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KISALTMALAR

VS=Sismik Kauguk izolatorler

SI ve SI-P=Sismik Celik Kaymali izolatdrler
MHD =Sismik Hidrolik Damperler
F=Kuvvet

d=Yer Degistirme

FT =Tepki Kuvveti

v=Hiz

i



SEKIL LISTESI

Sekil 1-Dr.Calenterient'in CaliSmMas..........cccueeevviieeiiieeiiiieeeiie e eeree e e 2
Sekil 2-Diinyada Sismik izolatér Kullanan UIKeler................ccevevevreereereereceerercenen. 2
Sekil 3- Tepki SPEeKtUITUMUL......ccciiiieiiieeiiie ettt 5
Sekil 4- izole Edilmis ve izole Edilmemis Binalarin Deformasyonu........................... 6
Sekil 5- Elastomerik Kauguk Mesnetler Diisey-yatay Dogrultuda Calismasi.............. 7
Sekil 6-Ozel KauguK MalZEmME............cooveveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 7
Sekil 7- Ankraj Plakali Kauguk 1Zolator (VS).......covvovevoeeeeeeeeeeeeeeeeeeeeeeeeeeee, 9
Sekil 8- Farkli Kauguk izolatorler I¢in (F) — Yer Degistirme (d) Grafigi.................... 9
Sekil 9- Kuvvete Maruz Kalan Izolatérlerin Sekil Degistirmesi............ocoovvevuevevennnnes 10
Sekil 10- Ankrajli Celik 1ZolatSr(SI).......ovvevevieeeeeceeeeeeeeeceee e, 10
Sekil 11-SI-P Tipi Ankraj Plakali Celik IZolator...........covveveveeeeeeeeeeeeeeeeeeeae, 11
Sekil 12- Farkli izolatérler i¢in Kuvvet(F)- Yer Degistirme- (d) grafigi...................... 11
Sekil 13- Kauguk veya Celik izolatorlerle izole Edilmis Yap ........ccccoevveveveveveeeenennnne. 12
Sekil 14- izolatdrlerin Yukaridan GOIUNUST ..........ccoveveveveveeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeenn, 12
Sekil 15-Kauguk izolatér ve MHD Hidrolik Soniimleyicilerle Yapinin

TZOIASYONU. ...t ss s senenans 13
Sekil 16- izolatérler Séniimleyicilerin Plan GOrtNGiSii............coevevvevveerevreereieeerrenans 13
Sekil 17- KOPIii BOYKESIti. .....eetiieiiieiieiiieie et 14
Sekil 18-Elastomer Mesnet YerleSimi........c..oocociuiieieiiiiiieieciie e 15
Sekil 19-Koprii Yerlesim Plani..........ccociieiiiiiiiiiiiieiecceeeee e 16
Sekil20-KOPIil BOYKESI.....c..eeiuiieiieiieiiieiie ettt ettt 17
Sekil21-SAP2000 Matematik Model .........cc.cooviiiiiiiieiicceeeecee e 18
Sekil 22- SAP2000 Matematik Modeli............ooooeiiiiiiiiiiiii e 33
Sekil 23-Sismik Izolatdrlerin SAP'ta GOTHNTMIL. ..........voveveeeeeeeeeeeeeeeeeeeeeeeeeee e 34
Sekil 24-Sismik Kauguk izolatorlere Ait Standart Uretim Tablosu................cc.ce......... 49
Sekil 25-Sismik izolatdrsiiz viyadiikiin deformasyonu-1.......c..ccocoeveniiniininicnennennnn. 57
Sekil 26- Sismik izolatorsiiz viyadiikiin deformasyonu-2............cccccveeevieeecreeencneeennnen. 58
Sekil 27-Sismik izolatorsiiz viyadiikiin deformasyonu-3............ccccoeeveviieniencieeninennnen. 59
Sekil 28-Sismik izolatorsiiz viyadiikiin deformasyonu-4.............cceevveviieniencieennennnen. 60
Sekil 29-Sismik izolatdrsiiz viyadiikiin deformasyonu-5..........ccocoeveviinieicnicnennennee. 61
Sekil 30-Sismik izolatorsiiz viyadiikiin deformasyonu-6.............cccccveevvveeriieenieeennenn. 62
Sekil 31-Sismik izolatorsiiz viyadiikiin deformasyonu-7.........c.ccccceevveeriienieeecieeninennnen. 63
Sekil 32-Sismik izolatorsiiz viyadiikiin deformasyonu-8............ccccoeeveviienienieennennnen. 64
Sekil 33-Sismik izolatorsiiz viyadiikiin deformasyonu-9............c.ccoeveviieniincieennennen. 65
Sekil 34-Sismik izolatdrsiiz viyadiikiin deformasyonu-10.........c..coceviiniininicnennennnn. 66
Sekil 35-Sismik izolatorsiiz viyadiikiin deformasyonu-11...........ccccvveviieeiiieinieeennen. 67
Sekil 36-Sismik izolatorsiiz viyadiikiin deformasyonu-12............ccceveviieiiienieeninennnen. 68
Sekil 37-Sismik izolatorsiiz viyadiikiin deformasyonu-13............cccooveviieiiinieennennen. 69

il



Sekil 38-Sismik izolatdrsiiz viyadiikiin deformasyonu-14.........c..cccevieiiiiiniinenncnnnn. 70

Sekil 39-Sismik izolatorsiiz viyadiikiin deformasyonu-15...........ccccvveviveeniieenieeennnn. 71
Sekil 40-Sismik izolatorsiiz viyadiikiin deformasyonu-16............c.ccccvevevieiienieeninennnen. 72
Sekil 41-Sismik izolatorsiiz viyadiikiin deformasyonu-17..........cccoeeveviienienieennennen. 73
Sekil 42-Sismik izolatdrsiiz viyadiikiin deformasyonu-18.........cccccceviiiiiiinininnennnn. 74
Sekil 43-Sismik izolatorsiiz viyadiikiin deformasyonu-19...........ccccceeevvveeiiieenieeennnn. 75
Sekil 44-Sismik izolatorsiiz viyadiikiin deformasyonu-20............cccceeevvveeriieenveeennenn. 76
Sekil 45-Sismik izolatorsiiz viyadiikiin deformasyonu-21............cccevveviieiiienieeninennen. 77
Sekil 46-Sismik izolatorsiiz viyadiikiin deformasyonu-22............cceevveviieniienieeninennen. 78
Sekil 47-Sismik izolatdrsiiz viyadiikiin deformasyonu-23.........c..ccccevienieiinienennennnn. 79
Sekil 48-Sismik izolatorsiiz viyadiikiin deformasyonu-24.............cccceevevveeviieenveeennenn. 80
Sekil 49-Sismik izolatorsiiz viyadiikiin deformasyonu-25...........ccceeveviieiienieeninennen. 81

Sekil 50-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-1 82
Sekil 51-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-2 83
Sekil 52-Sismik izolatdrlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-3 84
Sekil 53-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-4 85
Sekil 54-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-5 86
Sekil 55-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu -6 ~ 87
Sekil 56-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu- 7 88
Sekil 57-Sismik izolatdrlerin kolon altina yerlestirilmis viyadiikiin deformasyonu- 8 89
Sekil 58-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu- 9 90
Sekil 59-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-10 91
Sekil 60-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-11 92
Sekil 61-Sismik izolatdrlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-12 93
Sekil 62-Sismik izolatdrlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-13 94
Sekil 63-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-14 95
Sekil 64-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-15 96
Sekil 65-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-16 97
Sekil 66-Sismik izolatdrlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-17 98
Sekil 67-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-18 99
Sekil 68-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-19 100
Sekil 69-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-20 101
Sekil 70-Sismik izolatdrlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-21 102
Sekil 71-Sismik izolatdrlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-22 103
Sekil 72-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-23 104
Sekil 73-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-24 105
Sekil 74-Sismik izolatorlerin kolon altina yerlestirilmis viyadiikiin deformasyonu-25 106

v



TABLO LiSTESI

Table 1: Base REACIONS.........cceiiiiiiiieciieeee e e
Table 2: JoINt REACIONS. .....cciuiiiiiiiiiiiieite ettt
Table 3: Modal Load Participation Ratios..........c.ccccueriieiiieriieiiienieeieecie e
Table 4: Modal Participating Mass Ratios, Part 1 of 2........ccccooeviiniininiiniiinienen,
Table 5: Modal Participation Factors. ..........coceeiiiiiiieiiiiiieiecieeee e
Table 6: Modal Periods And Frequencies..........ccceccveeeeiieeiiieeeieecieecee e
Table 7: Base REACHONS. .....ccuiiiiiiiiiieiieiieieeee ettt et
Table 8: JOINt REACHONS. ....ccviriiiiiiieiiieiieierteriteies ettt

Table 9: Modal Load Participation RatioS...........ccccecenienennene

Table 10: Modal Participating Mass Ratios..........cccveeriieeiiieeiiieeieeciee e
Table 11: Modal Participating Mass Factors..........cccceecveerieeiiienieeiienieeieesiee e
Table 12: Modal Periods And Frequencies. .........cocveeeiverieeieenieeiieeiieeieeee e

Tablo13:Kolon Temel Birlesim Bolgesi Toplam Kesit Tesirleri

19
20
29
30
31
32
35
36
45
46
47
48
53



RESIM LiSTESI

RESIM L.t e e et e e et e e e e eeatae e e e eeaaeeeeeaans 107
RESIM 2.t e e et e e e et e e e e e b e e e e eetae e e e eearreeeenans 107
RESIM 3.ttt et et e e et e e e ab e e e tae e e tae e eaeeeeanes 108
RESIM G et e e e e e et e e e e eaa e e e e e tae e e e eeareeeeaans 108
RESIM 5. e et e ettt e e e e et e e e e e eata e e e eeearreeeeanns 109
RESIM O.eiee e e et e e et e e e e e e e e ntae e e e eaareeeenans 109
RESIM 7.ttt e e e et e e ab e e e aae e e eabeeeaae e erae e enraeeeans 110
RESIM ..ot e et e e et e e e e e tae e e e eeareeeeaans 110

vi



ONSOZ

Bu tezin hazirlanmasi sirasinda bilgi, deneyim ve manevi destegini esirgemeyen Sn. Dr.
Erdal COSKUN Bey’e, tezin yazim sirasinda verdigi teknik destekten dolay1 Ins . Miih Sn.
Kayra Deniz CALIKOGLU na ve ¢alismalarim esnasinda her tiirlii teknik destegini esirgemeyen

Ins. Yiik. Miih. Sn. Zeynal AKSOYa tesekkiir ederim.

vii



SUMMARY

In this era of technological revolution, the world of seismic engineering is in need of creative
thinking and advanced technologies beyond conventional solutions. Seismic isolation is the best
available technology for seismic protection of a variety of infrastructures that have the requisite
dynamic characteristics. The ability of the isolation system to dissipate energy in a controlled
and non-degrading manner makes it consistent with contemporary thinking in seismic
engineering. Isolation technology has matured in recent years to a highly dependable and reliable
level.

Practical application of seismic isolation in a variety of building projects is technically and
economically feasible. Seismic isolation has been successfully installed in many new and several
seismic retrofit projects. Design of isolated buildings, viaducts, etc. requires attention to many
unique issues that affect the overall building design.

This study investigates the effect of installing rubber isolators in places of the bridges supports

to reduce earthquake structural responses.
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1.GIRiS

Yurdumuz diinyanin en etkin deprem kusaklarindan birinin tizerinde bulunmaktadir. Gegmiste
yurdumuzda birgok yikict depremler oldugu gibi, gelecekte de olusacak depremlerle biiyiik
can ve mal kaybina ugrayabilecegimiz olasidir. Deprem Bolgeleri Haritasi'na gore,
Tiirkiye’nin %92'sinin deprem bolgeleri igerisinde oldugu, niifusumuzun %95'inin deprem
tehlikesi altinda yasadigi ve ayrica biiylik sanayi merkezlerinin %98't ve barajlarimizin
%93'liniin deprem bdlgesinde bulundugu bilinmektedir. Son 58 yil igerisinde depremlerden,
58.202 vatandasimiz hayatin1 kaybetmis, 122.096 kisi yaralanmis ve yaklasik olarak 411.465
yap1 yikilmig veya agir hasar goérmiistiir. Sonug olarak denilebilir ki, depremlerden her yil
ortalama 1.003 vatandagimiz 6lmekte ve 7.094 bina yikilmaktadir.

Tektonik levha smirlarindaki fay diizlemlerinde ani kirilmalar sonucu olusan titresimler,
yapilara mesnet olusturan temellerde zamana bagli yerdegistirme hareketi meydana getirerek
dinamik etkiler ve buna bagl olarak i¢ kuvvetler olusturur

Zemine ankastre olarak bagli olan yapi, yer aniden hareket ettiginde kiitlesinin ataleti ile
harekete kars1 koymaya calisir. Kendi ataletinin yarattig1 kuvvetler, deprem nedeniyle yapiya
etkiyen kuvvetlerdir.

Deprem Miihendisligi’ nde ve yiiriirliikkteki yonetmeliklerde hedeflenen, oncelikle deprem
etkisine maruz yapilarda bulunan insanlarin yagamlarin1 kurtarmak ve en az hasar ile depremi
atlatabilmektir.

Yapilarin klasik yontemlerle depreme karsi giivenli hale getirilmesinin yanisira ¢esitli
mekanik araclarla deprem giivenliginin saglanmasi da giiniimiizde deprem miihendisliginin
calisma ve uygulama alanlarindandir.

Sismik izolatorler ve enerji soniimleyiciler bu tiir mekanik araglarin baginda gelmektedir.

1909 yilinda ingiliz tip hekimi Dr. Calenterients, yapinin temeli ile tastyic1 duvarlar arasinda
ince kum tabakasi1 olusturmak suretiyle yatay harekete izin veren ¢alismasini tasarlamis ve
patent almistir. Sismik izolatorlerinin ileri iiretim teknolojileri ve gelismis miihendislik
tekniklerine sahip firmalarca {iiretilmeleri ve patentlerinin alinmaya baglanmasi 30 yil

oncelerine dayanir (Sekil 1).
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Sekil 1 Dr. Calenterients’in Caligsmasi[5]

Deprem etkileri kesit boyutlarini artirdigindan gerek ekonomik gerekse fonksiyonel agidan
yapilart olumsuz etkilemektedir.

Deprem kuvvetlerini kiigliltmek, ayni zamanda deprem olasiligina karsi olusabilecek yatay
kuvvetleri azaltmak amaciyla insaat sektorii teknoloji gelistirme arayislari i¢ine girmistir.
Yapilan caligmalar sonucunda sismik izolatorler ilizerinde durulmus, laboratuar ortaminda
yapilan deneysel c¢aligmalarda istenen parametreler saglanmis, bunun yapilarda
uygulanmasima deprem riski tasiyan {ilkelerde karar verilmistir. Deprem arastirmalar
konusunda gelismis olan ABD, Cin Halk Cumhuriyeti, Japonya ve Rusya gibi iilkelerde
sismik izolatorlerin kullanimi amaciyla yonetmelikler diizenlenerek,cesitli uygulamalar

yapilmistir. Sekil 2°de Diinya’da sismik izolator kullanan tilkeler gosterilmistir.

W Japan

W Russia
OP.R. China
O USA

W ltaly

O Armmenia

O New Zealand

Sekil 2 Diinyada Sismik izolatér Kullanan Ulkeler[5]



Biitiin deplasmanlarin temel ile iist yap1 arasinda olmasini saglamak ve sonlimleyici elemanin
miimkiin oldugu kadar deprem enerjisini yutmasini ve soniimlemesini temin etmektir. Bu
amacgla yapinin dinamik Ozellikleri degistirilerek depremde yapiya gelecek yatay yiikiin
deprem kuvveti gelecektir.Yapinin periyodu 2-2.5 sn kadar uzatilirsa, deprem kuvvetlerinde
onemli bir azalma olmaktadir. izolasyonlu sistemde yapinin yer hareketini biiyiitme orani 0.9-
1.0 civarindadir. izolasyonlu yapi Rijit kiitle hareketi yapmaktadir. izolasyonsuz yapi ise yer

hareketini 3.0 - 6.0 kat biiyiitmektedir.

Sismik izolatorlerinin se¢iminde; onceki siddetli depremler etkisi altindaki davranislar1 ve
performanslari, projelendirmede statik ve dinamik hesap yontemlerine uygunlugu, tasiyici
sistemlere uygulanabilirligi, satin alma maliyetleri, bakim gereksinimi olup olmadigi, dis
etkenler de dikkate alindiginda izolatoriin omrii gibi faktorler projeyi yapan, danigman

miihendis ve ilgili idare tarafindan lizerinde 6nemle durulmasinda gereken konulardir.

Diinyada ve {ilkemizde bu konuyla ilgili arastirma ve gelistirme calismalari devam
etmektedir.
Sismik izolatorlerin kullanildig1 yapn tiirleri,
-Kopriiler ve viyadiikler
-Konut, biiro, otel binalar1
-Itfaiye yapilar1
-Hastane yapilari
-Kontrol ve bilgi islem merkezleri
-Telekomiinikasyon yapilar1
-Depolama tanklari
-Niikleer enerji tesisleri

olarak siniflandirilabilir.



2. AMAC VE KAPSAM

Bu calismada, Izmit ili, Kirazliyali ilgesindeki liman tesislerini D100 devlet yoluna
baglantisin1 saglayan betonarme kopriide kaucuk esashi sismik izolatdr uygulanmis, sistem
SAP2000 sonlu elemanlar yazilimi yardimiyla modellenerek analiz edilmis ve sonuglar

irdelenmistir.

S6z konusu ornekte SAP2000 modeli yapilirken miimkiin oldugunca gercege yakin
modelleme yapilmasina 0zen gosterilmistir. Kopriiyli olusturan her bir eleman ayri ayri

modellenerek gz oniine alinmustir.

Yapilan ¢aligmada esas olarak tiim kopriiyii tasiyan koprii ayaklarinin ve koprii temellerinin
durumu incelenmistir. Depremde en fazla zorlanan kesitler, koprii ayaklar1 ve buna bagh
olarak da koprii temelleridir. Koprii {ist yapisinin durumu bu 6rnekte incelenmemis olup
gercekte de koprii iist yapist baglik kirislerine gerek elastomerler gerekse de mesnet

elemanlar1 yardimiyla oturdugundan alt yapiya ciddi momentler aktarmamaktadirlar.

3-SISMiK iZOLATORLERIN GENEL PRENSIiPLERI

Deprem miihendisliginde enerji korunumlu yaklasimda, yapiya giren enerji ve soniimlenen
enerji
El=EE + EK + EH + EV
ED=EH+EV
seklinde ifade edilebilir. Burada,

El = Yapiya giren sismik enerji
EE= Elastik enerji
EK= Kinetik enerji
ED= Soniimlenen enerji
(EH=Histeretik enerji ve EV= Viskoz enerji)
dir.
El <EE + EK + EH + EV
EH + EV =ED



olduguna gore, Kapasite>Talep olmalidir. Genel anlamda sismik izolasyon kullanimindaki

amag, yapiya giren sismik enerjinin (EI) azaltilmasidir.

Bu amagla yap1 ile yapmin temeli arasina diisiik sertlikte mekanik cihazlar yerlestirerek

yapinin periyodu artirilip, enerjinin soniimlenmesi saglanmaya caligilmaktadir.( Sekil 3)

Sekil 3- Tepki Spekturumu [4]

Sekil-4’de ornek bir yapiya ait tepki spektrumunundan goriilecegi gibi sismik izolatdrsiiz
yapinin periyodu 0.2-0.5 sn’dir. Bu ylizden katlar arasinda biiyiik yer degistirmeler olusur.
Bunun sonucu istenmeyen ¢atlaklar olusabilecegi gibi yapida agir hasarlar da yaratabilir.
Sismik izolatorlii yapida ise daha yiiksek spektral ivmelerle temel periyodu degistirilmistir.
Rezonans etkilerden kaginilmistir, yapimnin deformasyonu engellenmis bir hareket yapmasi

saglanmustir. ¥ ( Sekil 4)



Sekil 4- Izole Edilmis ve Izole Edilmemis Yapilarin Deformasyonu[4]

3.1 Sismik Izolasyon Cesitleri

Sismik izolasyon teknigi basit bir ilkeye dayanmaktadir :

Yapinin temellerinin iistiinde diisey tasiyict mesnetlerinde yatay harekete izin verecek bir
diizenleme yapmak. Bu ilkeye dayali olarak gelistirilen ve uygulamalart son on yilda biiytik

artis gosteren sismik izolasyon teknolojileri iki ana grupta toplanmaktadir.

1. Kauguk Izolatérler (VS)
2. Siirtiinmeli Sarkag Izolatorler (SI ve SI-P)

3.1.1 Kaucuk izolatérler (VS)

Elastomerik kauguk mesnetler diisey dogrultuda yapinin kendi agirligin1 ve hareketli yiikleri,
deprem kuvvetleri etkisiyle meydana gelebilecek diisey dogrultuda basing veya g¢ekme
kuvvetlerini tasiyabilecek sert yay, yatay deprem kuvvetleri altinda ise yatay dogrultularda
yatay hareket yapabilme 6zelligi ile bu yiikleri sondiirerek rahatca tasiyabilecek yumusak yay

gorevini Ustlenirler. (Sekil 5)
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Sekil 5 Elastomerik kauguk mesnetler diisey-yatay dogrultuda ¢alismasi[5]

Bu tip mesnetlerin diisey yiikleri tagima, ayni zamanda deprem titresimlerini azaltma ve
deprem enerjisini soniimleme islevleri vardir. Elastomerik sismik izolatorlerin diisey yiikler
altinda rijit, yatay yiikler altinda elastik davranmalar1 gerektiginden, diisey yiikler altinda
gerekli dayanimi saglamak i¢in mesneti kuvvetlendiren celik levhalar ve yatay yer

degistirmeleri gerceklestirebilmek amaciyla bazi 6zel kauguk malzeme kaliteleri dikkate

alinarak tasarlanmalidirlar. (Sekil 6)

Sekil 6 Ozel kauguk malzeme[5]
Bu tip mesnetler, iiretici firmalarin teknolojilerine ve deneyimlerine bagli olarak farkl
sekillerde ve adlarda iiretilirler. Aranan ortak ozellikler; bakim gerektirmemeleri, ekonomik
olmalari, kolay montaj imkani saglamalar1 ve yap1 Omrii boyunca dis etkilere (ozon,

atmosferik etkiler) karsi dayanikli olmalaridir. Izolatoriin kimyasal ve fiziksel 6zeliklerinin



yonetmeliklerde istenen degerleri sagladigi testlerle gosterilmeldir. Ortasinda ¢ubuk seklinde
kursun malzemeden bir ¢ekirdek ilavesiyle iiretilen daha sinirli kayma deformasyonuna sahip
ve az da olsa elastoplastik davranis sergileyen deprem izolatorleri daha yaygin olarak
kullanilmaktadir. Ornegin, 0,1g degerinde etkili yer kaya yatay ivmesi kararlastirilan bir
bolgede insa edilecek koprii ve viyadiiklerin projelendirilmesinde, sadece statik esdeger
kuvvet metoduna gore hesaplar yapilir ve elastomer kaucguk c¢elik levhalarla vulkanize
yontemiyle aderansi saglanarak kuvvetlendirilmis basit standart elastomerik kaucuk mesnetler
kullanilmaktadir. Bu mesnetlerde de yatay rijitlik (en biiyiik. kayma deformasyonu g =0,7),
elastik Ozelikler, kimyasal ve dayanim Ozeliklerinin saglamasi gereken degerler i¢in ilgili
yonetmeliklere bakilmali ve iiretim sirasinda imalat¢i firmanin yapacagi kaucuk malzeme
fiziksel ve kimyasal testlerinin raporlar1 istenmeli, ayrica ilgili idare tarafindan {iretim
sonrasinda bitmis mesnetler arasinda gelisigiizel sec¢ilecek numuneler iizerinde laboratuarda
yiikleme, boyut, fiziksel vb. testler yaptirilmali ve daha sonra onaylanip kullanim izni
verilmelidir. Sik¢a kullanilan elastomerik kauguk standart mesnetlerde, 6rnegin V=4500kN
diisey yiik etkisi altinda, toplam 130 mm. kalinlikli 400x800mm. dikddrtgen veya 650mm.
capl daire kesitler (ve g =0,7) i¢in yatay deplasman 65mm. kadardir. Pratikte genellikle
kullanilan HDRB deprem izolatorlerinde, toplam kalinliklar 200-450mm. i¢in, yatay
deplasmanlar 12-40 cm. mertebelerinde diistiniilmekte, projesine gore boyutlari biiyiiltiillerek
yatay hareket kabiliyeti de arttirilabilmektedir. Deprem esnasinda en az 2-3 saniyelik bir
periyot ile titresirler. Yukarida adi gecen mesnetlerin montajlari ¢ok hassasiyet gerektirmeden
oldukca basit bir sekilde yapilabilmektedir. Standart basit tip kauguk mesnetlerin iginde
enerji soniimleyici 06zel bir malzeme  bulunmayip, uygulamalarin c¢ogunda enerji
sOniimleyebilen bazi ekipmanlarla birlikte kullanilmalar1 gerekir. Buna karsin ¢elik levhalar
ile kuvvetlendirilmis (kursun malzemeden yapilmis bir ¢ekirdegi olan LRB veya yliksek
soniimleme kabiliyetli HDRB gibi) elastomerik kaucuk 6zel mesnetler, siddetli deprem
yiikleri esas alinan ¢ogu projelerde, hem diisey yiikleri tasiyan standart mesnet iglevi gorir,
hem de yatay yiikleri sondiirebilen deprem izolatorii olarak yeterli olmaktadir. Yatay ivmesi
0,1g degerinden biiyiik elde edilen bdlgelerde insa edilecek koprii ve viyadiiklerin kullanim
amaci ve onemine, aciklik sayisina ve diger bazi kriterlere bagli olarak daha detayli dinamik
hesaplarin yapilmasi gerekebilir.. Bu hesap metoduna gore; HDRB, LRB gibi gelistirilmis
0zel kauguk mesnetler sinifindaki deprem izolatorlerinin kullanilmasi; depreme dayanikli bir
yapinin yapilabilmesi ve yapiy1 etkileyebilecek biiylik deprem yiiklerinin taginabilmesi, ayrica
insaat yapim maliyetinde ekonomi saglanmasi agisindan 6nemle dikkate almmalidir.?

(Sekil 7)



Sekil 7- Ankraj Plakali Kauguk Izolator (VS) [4]

Kaucuk izolatorler bir¢ok kauguk ve ¢elik plakadan katmanlarinin 6zel bir prosesle
yapistirtlmasindan meydana getirilir. VS’ler dikey etkiyi merkeze ileterek yanal esnekligi
saglar. Kendi kendini merkezleme kapasitesi kaucuk yiiksekligine ve malzemenin kesme
modiiliine baglidir.(0.6-1.0 N/mm?) . Daha yiiksek kesme modiilii sert izolasyon davranist
gosterirler ve istenmeyen ozelliktir.

VS’lerin soniimlenmesi istege gore ayarlanabilinir.Diisiik sontimleyiciler %6 , yiiksek
soniimleyicilerde %15’ e varan degerlere ulasilabilir. Soniimlenme yiizdesi artikca maliyetde
artacaktir, ancak aralarinda lineer bir bagint1 yoktur. Yani %15°1ik bir yiiksek sontimleyici ,
%6’a gore %90 daha pahalidir. Bunun yerine veya gerekli kosullarda ek soniimleme cihazi
olarak séniimleyiciler konulabilir. Boylelikle daha ¢ok enerji séniimlenmis olur.*

(Sekil 8)
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e

Sekil 8- Farkli Kauguk izolatérler I¢in (F) — Yer Degistirme (d) Grafigi[4]



Kuvvet uygulandiginda izolatérlerin sekil degistirilmeleri Sekil 9 “de gosterilmistir.?

Sekil 9- Kuvvete Maruz Kalan Izolatorlerin Sekil Degistirmesi[5]

3.1.2 Siirtiinmeli Sarkac izolatérler (SI ve SI-P)

Siirtiinmeli sarkag izolatorler 3 celik parcadan olugmaktadir. Bunlar daima kiiresel sekilde
olup donme ve yatay hareketlere izin verirler. Boylelikle i¢ kisimda bir kayma yiizeyi

olusturulur (Sekil 10).

Sekil 10- Siirtiinmeli Sarkag Izolatorler (SI) [4]
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Bu tip izolatoérlerde VS ¢ deki gibi bir ¢alisma prensibine dayanir.Gelen dikey yiikleri
merkeze iletip, serbest yatay esneklik saglar.SI tipleri i¢in kauguk izolatdrlerle sonlimleyiciler
arasina yerlestirilmistir.

Stirtinmeli sarka¢g  izolatorler, SI-P ve SI sistemlerindeki gibi kendini merkezlemeye
sahiptir.Yapinin yatay yer degistirmesi dikey olarak kaldirildigi zaman d>100mm’e kadar
birikmis enerjiyi yapinin orta pozisyona kaymasini saglar.

Bunlarda sonliimlenme orani %5-%35 arasinda degisir.Daha fazla sontiimlenme i¢in ek olarak

soniimleyiciler yerlestirilebilir.* (Sekil 11-12)

Sekil 12- Farkli Celik izolatérler Icin Kuvvet(F)- Yer Degistirme (d) grafigi[4]

11



4. SISMIiK iZOLASYON SISTEMLERI

Sistemler yapinin bosluk durumuna ve sismik etkiye gore ayarlanir. Elde edilebilir parcalarla

uygun ekonomik kosullarda en iyi teknik ¢oziime ulasilir.

4.1 Diisiik Sismik Enerji Girisi

Diisiik sismik enerji girisi ve diisiik deprem giigleri i¢in US ve SI birim sistemlerinde basitge
yapmin altina kurulmustur(Sekil 11). izolatorler, sismik hareketin +/- 100 ile +/- 150 mm
araligina gore ayarlanilip , +/- 150 mm’den daha biiyiik hareketlerden kaginilmalidir.

(Sekil 13-14)

Sekil 14- izolatérlerin Plan Goriiniisii[4]
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Izolatorlerin sayis1 ve olgiileri dikey yiiklere istenen yatay sertlife uygun ve yatay yer

degistirmeye ve soniimlenmesi gereken enerji miktarina baglhidir.*
4.2 Siddetli Sismik Hareket Girisi

Daha siddetli deprem ivmeleri altinda VS veya SI’larin yanina ek olarak daha fazla enerji
sonlimleyebilmeleri MHD tipi soniimleyiciler birlikte kullanilmalidir. Boylelikle sistemde +/-

100 - +/- 150 mm arasinda salinim saglanir. (Sekil 15-16)

Sekil 16 - izolator ve Soniimleyicilerin Plan Goriiniisii[4]

Izolatérlerin ve soniimleyicilerin sayis1 ve dlgiileri dikey yiiklere istenen yatay sertlige uygun

yer degistirmeye ve soniimlenmesi gereken enerji miktarina baghdir.*

13



5.INCELENEN KOPRU

Calismada incelenen koprii Izmit ili, Kirazliyali ilgesindeki liman tesislerini D100 devlet
yoluna baglantisin1 saglamaktadir. Koprii liman tesisleri ile D100 devlet yolu arasindaki
T.C.D.D demiryolu hatlarinin iizerindeki hemzemin kesisimi kaldirmak amaciyla yapilmistir.
Koprii L=135.00m wuzunlugunda ve B=11.10m genisliginde projelendirilerek yerinde
uygulanmstir.

Tip en kesitinde goriildiigii gibi koprii temelleri altina 100cm ¢apinda 18.00m uzunlugunda

fore kaziklar yapilarak yiiklerin ana kayaya aktarilmasi saglanmistir. (Sekil 17)

P2VOT EKSEN?
KOPRU EKSEN?

G 4

TU)

KAZKU TEMEL 40.00
—— —— ]

100em FORE KAZIK

B
Sekil 17 Koprii Tip Enkesiti[12]
Sismik izolatdr gorevi gorecek elastomerler Sekil 18°de gosterildigi gibi ongermeli prekast

kiris altlarina konarak {ist yap1 ile alt yap1 baglantis1 saglanmistir. (Sekil 18) .Sekil 19°te
kopriiye ait yerlesim plani , Sekil 20°te de kopriiye ait boy kesit verilmistir.(Resim 1-8.)
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Sekil 18 Elastomer Mesnet Yerlesimi[12]

S6z konusu ornekte SAP2000 modeli yapilirken miimkiin oldugunca gercege yakin
modelleme yapilmasina 6zen gosterilmistir. Kopriiyli olusturan her bir eleman ayr1 ayri
modellenerek gbz oniine alinmistir.

Doseme ekseninden gegen bir plak yardimiyla doseme kalinligr ve doseme genisligi gergek
boyutlar1 ile modelde dikkate alinmistir.

Prekast kirigler kendi agirlik ekseninde ayni kesit karakteristik ozelliklerine sahip cubuk
elemanlarla tanimlanmis ve bu elemanlar dosemelere rijit fiktif elemanlarla baglanmistir.
Prekast kiriglerin {izerine oturdugu mesnet bloklar1 yine kendi kesit boyutlar1 ile modelde
tanmitilmistir. Mesnet bloklar1 baslik kirisi eksenine kadar uzatilmis ve baslik kirisi ile
baglantisi yine rijit fiktif elemanlarla yapilmistir.

Orta ayaklardaki baslik kirisleri modelde yine kendi kesit boyutlar1 ve malzeme 6zellikleri ile
tanmitilmustir.

Orta ayaklar elips seklinde oldugundan bunlara ait kesit karakteristikleri (Kesit Alani, Atalet
Momenti, Mukavemet Momenti ..) elle hesaplanmis ve hesaplanan bu kesit 6zelliklerine sahip
yeni bir kesit tanimlanarak modelde analize katilmistir.

S6z konusu modelde kolonlarin temele baglantis1 ankastre ve sismik izolatorlii olarak iki
sekilde incelenmistir.

Modelde tanimlanan fiktif elemanlarin model iizerindeki etkisini incelemek amaciyla fiktif
elemanlarin kesit ve malzeme 6zellikleri degistirilerek modeldeki kesit sonug¢larinin ne kadar
etkilendigi incelenmis gerekli kontroller yapildiktan sonra bu fiktif elemanlarin boyutlarina
karar verilmigtir. Fiktif elemanlarin malzeme Ozellikleri bagli olduklar1 koprii elemaninin
malzeme Ozellikleri ile ayn1 alinmstir.

Hazirlanan SAP2000 modeli bir koprii tip kesiti tizerinde ¢izilerek hesaplarda incelenecek her

iki durum icinde hazirlanmis olan matematik model hesap girislerinin Oniinde verilmistir.

15
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Sekil 20 Koprii Boykesiti[12]

17



5.1 Sismik izolatorsiiz Viyadiik
Bu bdliimde modelimizde sismik izolatér olmadan yap1 periyodu 0.46 olarak

bulunmustur.(Sekil 21)
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Sekil 21- SAP2000 Matematik Model[12]
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Table 1: Base Reactions

OutputCase CaseType Step GlobalFX GlobalFY GlobalFZ GlobalMX GlobalMY GlobalMz
Text Text Text KN KN KN KN-m KN-m KN-m

1 LinStatic 1.323E-08 -4 .585E-08 12890.736 | 152143.1037 -662345.00 -1.231E-06
EIGENMODES LinModal Mode 1 -21.157 3799.560 3642.394 76261.1450 | -31956.1568 | 129966.2915
EIGENMODES LinModal Mode 2 2777.246 -9504.094 1119.936 | 142192.4194 42000.8783 -604081.15
EIGENMODES LinModal Mode 3 -2192.150 2235.107 -477.358 | -28902.5288 21729.3088 | 170544.2907
EIGENMODES LinModal Mode 4 -10612.947 -3616.813 -3984.464 34022.8341 | 120133.3034 14809.3225
EIGENMODES LinModal Mode 5 15408.031 6181.863 2592.017 | -77582.9650 | -173951.251 69117.8579
EIGENMODES LinModal Mode 6 10160.298 7140.333 -901.386 | -98108.3170 | -146466.114 | 228919.2594
EIGENMODES LinModal Mode 7 4372.715 -3303.831 755.306 25818.4027 | -125488.044 | -291662.717
EIGENMODES LinModal Mode 8 -553.760 -6793.473 -3316.076 59802.0252 | -29283.1101 -343367.29
EIGENMODES LinModal Mode 9 -2850.487 1956.727 -5703.247 | -22687.5302 | 272241.1057 | 331013.1816
EIGENMODES LinModal Mode 10 3040.653 12928.880 -23554.386 -318440.45 | 1825819.490 | 325302.6446
EIGENMODES LinModal Mode 11 1352.559 -876.511 -1385.024 | -20706.8675 | 136026.0127 | 181603.6865
EIGENMODES LinModal Mode 12 501.995 -8448.130 -4724.043 | -68198.4530 | 317290.1923 | -1481398.12
EIGENMODES LinModal Mode 13 -98.058 -1729.866 -66.693 78285.8489 -8731.0919 | -275613.858
EIGENMODES LinModal Mode 14 17463.622 -9597.800 -6349.300 94008.4863 | 794857.3035 | -281561.528
EIGENMODES LinModal Mode 15 30916.420 -20449.559 -9638.184 | 256060.8271 | 1355864.567 -567461.23
EIGENMODES LinModal Mode 16 -2350.104 -7700.062 1210.181 | -48084.9018 | -166214.671 | -131284.810
EIGENMODES LinModal Mode 17 570.507 516.653 -463.834 -8533.2545 32023.3544 18683.0627
EIGENMODES LinModal Mode 18 874.055 631.648 -476.703 -9855.6345 26906.9993 23710.4854
EIGENMODES LinModal Mode 19 654.374 602.178 -1398.654 | -13851.0426 90960.9470 26758.7227
EIGENMODES LinModal Mode 20 406.336 -1086.220 -1120.160 6530.8658 | 123624.1351 | -53048.6432
EIGENMODES LinModal Mode 21 -9883.516 -21156.146 3836.100 | 213504.4546 -338123.40 | -1296913.37
EIGENMODES LinModal Mode 22 11425.093 15568.232 -11299.574 | -240142.255 | 639327.7836 | 534914.4585
EIGENMODES LinModal Mode 23 5356.119 -17279.387 -5206.262 | 144052.8443 | 440598.9335 | -2231217.09
EIGENMODES LinModal Mode 24 -5172.580 17620.991 1309.070 | -59230.4256 | 295695.1339 | 2621446.088
EIGENMODES LinModal Mode 25 -12560.010 11076.813 37061.504 | 112107.8686 | -1426156.78 | 517367.8186
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Table 2: Joint Reactions

Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

10 1 LinStatic 24.176 201.319 996.112 -774.0455 116.3744 -5.1690
10 EIGENMODES LinModal Mode 1 -28.157 489.293 1134.553 -1877.5045 -98.1629 -15.5575
10 EIGENMODES LinModal Mode 2 394.286 243.216 1235.032 -976.8427 1707.5031 -83.1112
10 EIGENMODES LinModal Mode 3 -228.257 132.868 1943.870 -481.0124 -898.2890 -164.4152
10 EIGENMODES LinModal Mode 4 -349.448 -77.977 -592.555 366.4435 -1512.4312 -5.5590
10 EIGENMODES LinModal Mode 5 345.173 86.529 343.816 -415.2782 1487.7063 11.9691
10 EIGENMODES LinModal Mode 6 207.714 79.359 24.018 -371.5157 891.4041 3.7415
10 EIGENMODES LinModal Mode 7 38.090 5.609 125.591 -17.6913 162.4368 0.4041
10 EIGENMODES LinModal Mode 8 -191.329 -88.933 2174 393.6753 -815.7101 9.1339
10 EIGENMODES LinModal Mode 9 -62.546 -28.776 -41.024 129.1063 -269.5206 -5.2715
10 EIGENMODES LinModal Mode 10 337.166 227.649 -192.539 -1002.2819 1441.2637 -13.4701
10 EIGENMODES LinModal Mode 11 100.742 15.253 254.565 -33.7103 419.6518 -25.7433
10 EIGENMODES LinModal Mode 12 -149.939 18.772 -563.501 -152.3502 -614.0766 62.4999
10 EIGENMODES LinModal Mode 13 -47.603 -8.516 -118.246 20.3666 -197.4748 14.3408
10 EIGENMODES LinModal Mode 14 -25.127 -216.005 -23.528 908.1016 -85.7570 -49.4964
10 EIGENMODES LinModal Mode 15 -79.490 -334.698 1337.130 1468.5934 -373.7424 74.8994
10 EIGENMODES LinModal Mode 16 -40.191 1047.873 4500.857 -3453.8053 -95.2534 -65.4742
10 EIGENMODES LinModal Mode 17 -3.944 8.463 -23.363 -33.6967 -16.0327 0.7616
10 EIGENMODES LinModal Mode 18 -5.006 8.838 -37.836 -35.3473 -20.8207 2.0794
10 EIGENMODES LinModal Mode 19 -3.776 7.489 -27.590 -30.3299 -15.4324 1.2326
10 EIGENMODES LinModal Mode 20 6.422 -15.494 69.309 62.0405 26.8251 -3.0581
10 EIGENMODES LinModal Mode 21 -194.023 294.166 6454.340 -899.8959 -553.5463 -430.8539
10 EIGENMODES LinModal Mode 22 -458.643 747.739 3546.782 -2681.0085 -1657.2323 -268.4534
10 EIGENMODES LinModal Mode 23 448.368 170.828 -5569.241 -539.0876 1650.8222 43.4573
10 EIGENMODES LinModal Mode 24 -319.289 -63.405 782.800 265.8482 -1167.5678 34.0320
10 EIGENMODES LinModal Mode 25 22.341 1017.161 -4219.821 -3303.0493 79.7834 -133.7949
15 1 LinStatic 26.757 203.886 714.803 -779.2195 124.5935 -4.6816
15 EIGENMODES LinModal Mode 1 -25.937 492.752 724.720 -1881.3055 -90.8450 -7.5128
15 EIGENMODES LinModal Mode 2 413.385 54.664 322.760 -259.3127 1775.8004 -104.6958
15 EIGENMODES LinModal Mode 3 -205.001 -212.971 -2466.316 795.7381 -812.8093 -112.3771
15 EIGENMODES LinModal Mode 4 -352.227 -37.029 1153.738 248.0239 -1521.0151 0.7098
15 EIGENMODES LinModal Mode 5 346.463 59.934 -1324.624 -349.4368 1491.2379 4.0445
15 EIGENMODES LinModal Mode 6 208.665 58.137 -1001.112 -309.3335 894.4700 -3.2108
15 EIGENMODES LinModal Mode 7 39.229 -0.631 48.065 -0.9054 165.6701 0.7790
15 EIGENMODES LinModal Mode 8 -194.869 -45.964 692.378 244.7607 -827.8014 18.4787
15 EIGENMODES LinModal Mode 9 -62.225 -27.535 405.836 134.5245 -268.0261 -5.3228
15 EIGENMODES LinModal Mode 10 341.252 150.486 -2057.534 -741.8262 1456.0278 -28.7918
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

15 EIGENMODES LinModal Mode 11 108.637 -50.760 600.180 206.1926 446.3224 -31.5052
15 EIGENMODES LinModal Mode 12 -168.476 165.142 -1754.839 -692.7188 -676.1041 73.3943
15 EIGENMODES LinModal Mode 13 -51.930 27.960 -270.646 -112.2714 -211.8693 17.1529
15 EIGENMODES LinModal Mode 14 51.881 -107.617 2056.981 514.2718 140.9354 125.3098
15 EIGENMODES LinModal Mode 15 -126.641 -295.400 2672.927 1305.3792 -518.5222 -7.4320
15 EIGENMODES LinModal Mode 16 -14.735 969.324 3929.969 -3161.3006 -15.0692 -42.3024
15 EIGENMODES LinModal Mode 17 -4.279 12.579 -13.178 -46.5215 -17.0692 0.3676
15 EIGENMODES LinModal Mode 18 -5.786 16.630 0.675 -60.8842 -23.2635 1.3636
15 EIGENMODES LinModal Mode 19 -4.238 12.954 -4.628 -47.6930 -16.8458 0.6772
15 EIGENMODES LinModal Mode 20 7.582 -27.936 -9.172 102.0649 30.3469 -1.6595
15 EIGENMODES LinModal Mode 21 -87.560 -955.972 -6883.350 3351.9926 -203.4910 -320.7215
15 EIGENMODES LinModal Mode 22 -409.334 66.752 -6015.851 -299.9659 -1486.4822 -218.2325
15 EIGENMODES LinModal Mode 23 444.606 294.097 2738.588 -976.1798 1633.3414 16.9931
15 EIGENMODES LinModal Mode 24 -353.057 1.037 -4278.299 52.4891 -1266.6222 37.7043
15 EIGENMODES LinModal Mode 25 47.483 681.538 -593.078 -2199.8668 160.2237 -81.9234
20 1 LinStatic 48.815 49.836 668.157 -254.1230 197.8901 -2.9486
20 EIGENMODES LinModal Mode 1 28.343 191.230 221.435 -880.6308 92.0806 2.5698
20 EIGENMODES LinModal Mode 2 148.152 53.371 529.116 -234.6147 668.2313 -151.0788
20 EIGENMODES LinModal Mode 3 -45.149 -55.085 -725.622 220.3203 -240.5498 39.9618
20 EIGENMODES LinModal Mode 4 -284.171 -168.132 -1000.249 703.7532 -1263.5181 19.6993
20 EIGENMODES LinModal Mode 5 246.244 230.667 1067.691 -953.6881 1110.1755 -27.0518
20 EIGENMODES LinModal Mode 6 101.604 202.338 726.020 -828.2772 477.4411 -34.7038
20 EIGENMODES LinModal Mode 7 40.077 -7.426 15.557 30.6166 172.8764 5.3259
20 EIGENMODES LinModal Mode 8 -67.244 -151.770 -631.833 622.1681 -316.7322 50.1103
20 EIGENMODES LinModal Mode 9 -54.219 -67.219 -266.631 278.3217 -240.2869 -2.9432
20 EIGENMODES LinModal Mode 10 78.778 440.502 1406.045 -1795.1039 412.7066 -93.3272
20 EIGENMODES LinModal Mode 11 37.020 -102.183 -121.406 418.2003 150.1099 -30.0344
20 EIGENMODES LinModal Mode 12 -39.128 331.811 584.567 -1353.6175 -133.8202 61.2599
20 EIGENMODES LinModal Mode 13 -13.347 50.785 60.698 -207.2781 -52.6731 16.1647
20 EIGENMODES LinModal Mode 14 154.069 -325.831 -676.812 1318.1208 606.7890 72.5402
20 EIGENMODES LinModal Mode 15 276.417 -722.679 -1780.789 2892.0390 1047.4740 152.0566
20 EIGENMODES LinModal Mode 16 33.114 -0.825 -371.589 -40.5503 97.7827 -2.1139
20 EIGENMODES LinModal Mode 17 -6.794 11.703 50.480 -47.2584 -27.1150 -2.3074
20 EIGENMODES LinModal Mode 18 -7.570 14.143 56.166 -57.4908 -30.0979 -2.2843
20 EIGENMODES LinModal Mode 19 -6.635 11.661 50.654 -46.7454 -26.4268 -2.5086
20 EIGENMODES LinModal Mode 20 11.597 -21.635 -108.507 87.9072 46.9541 5.1517
20 EIGENMODES LinModal Mode 21 95.378 -513.400 -2258.399 2010.3607 293.7296 89.1355
20 EIGENMODES LinModal Mode 22 9.887 -132.085 2795.393 255.3945 -193.1016 2.5488
20 EIGENMODES LinModal Mode 23 697.564 -1036.905 6154.057 3504.7107 2331.3156 86.0497
20 EIGENMODES LinModal Mode 24 987.271 -833.807 4452.504 2699.0639 3404.5216 260.1859
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

20 EIGENMODES LinModal Mode 25 1455.713 -2041.942 9610.227 6631.6432 4733.6155 399.5943
25 1 LinStatic 50.411 50.564 -17.608 -252.8502 205.9327 -2.9670
25 EIGENMODES LinModal Mode 1 22.826 197.492 -439.838 -903.1193 72.3162 3.1234
25 EIGENMODES LinModal Mode 2 271.284 -91.782 -1158.189 384.1364 1197.0741 -150.6165
25 EIGENMODES LinModal Mode 3 -93.986 5.271 994.902 -9.1316 -428.9656 36.1378
25 EIGENMODES LinModal Mode 4 -306.037 -140.505 385.097 595.7355 -1350.8258 21.0600
25 EIGENMODES LinModal Mode 5 277.308 191.875 -315.685 -803.3983 1232.7008 -28.3515
25 EIGENMODES LinModal Mode 6 138.869 156.795 -91.873 -649.3227 625.9668 -35.3795
25 EIGENMODES LinModal Mode 7 34.946 -0.626 -111.176 3.6804 151.7809 5.4184
25 EIGENMODES LinModal Mode 8 -116.495 -93.232 33.683 386.7946 -516.4471 50.3165
25 EIGENMODES LinModal Mode 9 -53.422 -67.932 -42.354 283.7505 -234.9823 -2.5132
25 EIGENMODES LinModal Mode 10 175.765 324.462 216.780 -1335.9874 800.4585 -94.1124
25 EIGENMODES LinModal Mode 11 60.331 -126.486 -334.231 525.3547 250.0587 -29.0670
25 EIGENMODES LinModal Mode 12 -84.211 377.792 750.124 -1560.7667 -329.5517 58.7946
25 EIGENMODES LinModal Mode 13 -26.434 64.413 140.618 -266.6536 -107.8436 15.6827
25 EIGENMODES LinModal Mode 14 76.131 -240.562 -704.834 979.8438 300.9504 71.0112
25 EIGENMODES LinModal Mode 15 113.499 -522.802 -1095.984 2116.4131 405.6376 152.9650
25 EIGENMODES LinModal Mode 16 22.844 13.031 -308.217 -80.7397 68.1767 -0.4447
25 EIGENMODES LinModal Mode 17 -4.170 8.606 25.267 -35.5532 -17.1428 -2.4427
25 EIGENMODES LinModal Mode 18 -5.400 11.507 16.418 -46.7504 -21.1453 -2.4569
25 EIGENMODES LinModal Mode 19 -3.535 7.929 25.036 -33.1499 -15.0013 -2.5855
25 EIGENMODES LinModal Mode 20 5.838 -14.601 -52.002 61.5104 24.9902 5.2146
25 EIGENMODES LinModal Mode 21 -32.607 -353.153 907.540 1435.3166 -173.0044 81.0525
25 EIGENMODES LinModal Mode 22 -67.686 -33.324 2843.606 -29.2111 -416.0852 -21.2570
25 EIGENMODES LinModal Mode 23 472.719 -723.910 2650.260 2498.4930 1595.3379 55.8446
25 EIGENMODES LinModal Mode 24 554.300 -317.555 2319.720 929.3318 1912.4578 204.3993
25 EIGENMODES LinModal Mode 25 631.075 -969.063 1651.685 3132.5040 2004.6447 287.8223
30 1 LinStatic 13.490 82.542 844.680 -349.8903 67.2365 -5.6432
30 EIGENMODES LinModal Mode 1 12.002 255.903 600.178 -1080.8276 32.1790 0.6866
30 EIGENMODES LinModal Mode 2 -120.720 -249.352 -859.424 1070.9813 -451.5633 -164.2303
30 EIGENMODES LinModal Mode 3 -42.436 29.286 58.757 -127.1306 -181.9325 34.0682
30 EIGENMODES LinModal Mode 4 -273.982 -143.288 -430.729 571.8405 -1184.8238 18.1802
30 EIGENMODES LinModal Mode 5 338.937 142.185 738.561 -598.8864 1366.1456 -19.1855
30 EIGENMODES LinModal Mode 6 202.673 72.724 574.825 -329.0987 760.5741 -23.3879
30 EIGENMODES LinModal Mode 7 49.714 16.991 -117.829 -58.0972 208.6854 -2.5768
30 EIGENMODES LinModal Mode 8 -37.204 -27.749 -13.446 113.3193 -148.2363 45.0244
30 EIGENMODES LinModal Mode 9 -73.674 -81.625 -50.005 326.3660 -305.2844 0.4722
30 EIGENMODES LinModal Mode 10 160.332 159.644 365.038 -681.0630 558.9263 -79.7402
30 EIGENMODES LinModal Mode 11 -77.209 -132.821 -657.244 574.4175 -270.1098 -43.7030
30 EIGENMODES LinModal Mode 12 240.104 400.443 1248.780 -1682.6928 871.5869 79.1289
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

30 EIGENMODES LinModal Mode 13 43.536 72.965 275.955 -309.0565 156.8965 20.5030
30 EIGENMODES LinModal Mode 14 256.687 -162.610 471.533 641.4289 1016.5583 69.6419
30 EIGENMODES LinModal Mode 15 413.111 -325.077 854.976 1289.3831 1655.5481 146.3806
30 EIGENMODES LinModal Mode 16 -51.012 50.806 83.932 -196.8200 -191.6458 -10.1746
30 EIGENMODES LinModal Mode 17 -25.976 16.267 -74.806 -56.1366 -92.0347 -7.6606
30 EIGENMODES LinModal Mode 18 -28.318 20.152 -88.665 -70.0069 -100.2083 -8.5353
30 EIGENMODES LinModal Mode 19 -26.138 15.151 -71.577 -52.3512 -92.2358 -6.9322
30 EIGENMODES LinModal Mode 20 59.556 -27.577 134.774 95.9462 207.1016 9.4803
30 EIGENMODES LinModal Mode 21 501.842 -461.034 1704.462 1654.8101 1704.5468 146.3778
30 EIGENMODES LinModal Mode 22 -2017.828 811.053 -3543.544 -2652.7375 -6753.1361 -233.7120
30 EIGENMODES LinModal Mode 23 -2005.426 580.706 -1258.200 -1627.5931 -6350.2808 -278.3311
30 EIGENMODES LinModal Mode 24 -607.736 778.523 3738.875 -2648.4907 -1589.2566 -58.6153
30 EIGENMODES LinModal Mode 25 -764.374 9.862 19747.254 -88.0182 -2248.9675 -51.6875
35 1 LinStatic 20.473 81.849 232.345 -344.1544 96.0729 -5.8222
35 EIGENMODES LinModal Mode 1 7.947 257.022 -484.723 -1084.4845 19.4431 0.5476
35 EIGENMODES LinModal Mode 2 90.599 -342.024 757.374 1447.5407 404.2300 -163.8334
35 EIGENMODES LinModal Mode 3 -84.135 48.928 -106.689 -206.3457 -353.0827 34.2828
35 EIGENMODES LinModal Mode 4 -301.326 -131.520 403.119 525.6000 -1291.4016 18.3094
35 EIGENMODES LinModal Mode 5 361.454 132.731 20.687 -558.5724 1460.4848 -19.9558
35 EIGENMODES LinModal Mode 6 221.597 64.758 207.356 -290.4690 850.3878 -24.4761
35 EIGENMODES LinModal Mode 7 79.526 4.886 391.462 -21.3143 299.2030 -2.0515
35 EIGENMODES LinModal Mode 8 -96.887 -2.358 -56.272 10.5095 -386.9519 45.3188
35 EIGENMODES LinModal Mode 9 -90.922 -74.592 -111.995 305.6568 -356.1158 0.1245
35 EIGENMODES LinModal Mode 10 274.055 111.803 547.786 -490.7591 1004.8091 -80.6686
35 EIGENMODES LinModal Mode 11 23.592 -174.559 701.831 723.0544 84.6856 -42.4937
35 EIGENMODES LinModal Mode 12 82.361 465.067 -929.162 -1920.1686 301.4083 77.5213
35 EIGENMODES LinModal Mode 13 0.718 90.556 -262.854 -372.9575 3.5811 20.0609
35 EIGENMODES LinModal Mode 14 153.800 -116.892 239.317 465.6420 620.8316 67.8085
35 EIGENMODES LinModal Mode 15 199.055 -228.912 345.569 919.8653 830.3841 143.2663
35 EIGENMODES LinModal Mode 16 -32.473 43.084 56.381 -168.2173 -123.9796 -9.7060
35 EIGENMODES LinModal Mode 17 -16.061 6.993 -21.060 -26.4217 -56.7381 -2.1836
35 EIGENMODES LinModal Mode 18 -17.245 9.676 -30.533 -36.5997 -60.7161 -2.5251
35 EIGENMODES LinModal Mode 19 -16.175 7.142 -16.239 -26.2525 -56.9042 -2.8251
35 EIGENMODES LinModal Mode 20 40.345 -18.732 92.172 64.8607 139.4166 8.6631
35 EIGENMODES LinModal Mode 21 247.056 -326.659 1014.405 1185.1568 781.5364 133.2086
35 EIGENMODES LinModal Mode 22 -1405.637 523.636 -2645.006 -1704.2514 -4716.2648 -180.1563
35 EIGENMODES LinModal Mode 23 -1073.402 169.388 312.316 -313.9485 -3375.9774 -194.5144
35 EIGENMODES LinModal Mode 24 -308.224 650.671 1131.237 -2267.4695 -699.0713 -10.3294
35 EIGENMODES LinModal Mode 25 -390.906 4.433 3693.684 -52.4273 -1160.2534 -11.6149
40 1 LinStatic 63.082 74.778 929.046 -297.0217 214.7009 -8.9142
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

40 EIGENMODES LinModal Mode 1 -23.001 314.107 703.776 -1225.5493 -84.4286 -10.0195
40 EIGENMODES LinModal Mode 2 -129.333 -852.533 -1887.364 3317.1257 -475.9225 -94.6164
40 EIGENMODES LinModal Mode 3 -35.315 161.172 301.803 -625.3142 -136.4075 25.9936
40 EIGENMODES LinModal Mode 4 -713.776 -96.684 -1598.616 383.7375 -2452.5366 -7.1183
40 EIGENMODES LinModal Mode 5 59.336 119.898 -288.722 -468.9830 423.5140 -23.3609
40 EIGENMODES LinModal Mode 6 -374.566 55.901 -1815.133 -195.0312 -1074.5407 -71.4860
40 EIGENMODES LinModal Mode 7 122.657 -43.817 1783.482 88.6149 472.7664 138.5781
40 EIGENMODES LinModal Mode 8 -129.760 73.034 175.557 -295.0323 -375.9881 36.3123
40 EIGENMODES LinModal Mode 9 -270.866 -54.425 -1962.461 266.1357 -902.2926 -93.3508
40 EIGENMODES LinModal Mode 10 -223.051 -18.185 -278.129 39.1487 -705.8944 -2.4035
40 EIGENMODES LinModal Mode 11 195.365 -324.519 1488.308 1163.4575 637.3944 154.1255
40 EIGENMODES LinModal Mode 12 -153.898 665.153 548.781 -2515.9890 -453.8864 -110.5067
40 EIGENMODES LinModal Mode 13 -54.679 144.037 -190.433 -532.3178 -169.4303 -42.7121
40 EIGENMODES LinModal Mode 14 121.685 27.948 -235.612 -103.0578 572.2998 13.9670
40 EIGENMODES LinModal Mode 15 244974 85.060 -410.442 -312.2193 1112.4627 35.1801
40 EIGENMODES LinModal Mode 16 -26.143 31.307 12.879 -117.1609 -118.3055 -4.2495
40 EIGENMODES LinModal Mode 17 -21.886 -64.431 -176.017 176.2468 -70.5371 114.6454
40 EIGENMODES LinModal Mode 18 -28.207 -69.193 -210.887 189.0764 -88.9321 122.3501
40 EIGENMODES LinModal Mode 19 -24.192 -49.028 -179.110 136.2151 -76.3453 82.2178
40 EIGENMODES LinModal Mode 20 -8.685 5.849 94.228 -27.5133 -17.8377 7.1097
40 EIGENMODES LinModal Mode 21 -12.679 250.400 1328.984 -943.8817 -21.1930 74.3165
40 EIGENMODES LinModal Mode 22 704.016 27.323 -5233.810 -5.3194 2061.4224 102.0402
40 EIGENMODES LinModal Mode 23 1912.664 114.635 -5285.007 -333.3513 5747.5002 345.1376
40 EIGENMODES LinModal Mode 24 1290.720 304.982 1032.680 -1067.7840 3970.6275 -72.8216
40 EIGENMODES LinModal Mode 25 -1901.734 6.881 306.479 -118.7641 -5629.8467 -253.5971
45 1 LinStatic 87.784 78.971 526.379 -308.5371 297.3499 -10.1800
45 EIGENMODES LinModal Mode 1 -10.960 313.876 -638.354 -1224.9832 -34.3262 -10.7540
45 EIGENMODES LinModal Mode 2 57.469 -852.105 1652.757 3316.4763 184.8965 -90.4043
45 EIGENMODES LinModal Mode 3 -91.849 160.860 -323.346 -624.5579 -331.0997 24.3683
45 EIGENMODES LinModal Mode 4 -722.399 -103.871 -923.621 403.4041 -2469.6748 -3.0617
45 EIGENMODES LinModal Mode 5 101.091 115.587 -1177.233 -457.1883 570.1352 -12.7647
45 EIGENMODES LinModal Mode 6 -206.075 46.145 -1078.299 -168.6238 -512.8671 -52.1652
45 EIGENMODES LinModal Mode 7 -314.771 -43.619 -2830.205 88.6735 -928.2251 125.5556
45 EIGENMODES LinModal Mode 8 -246.579 72.107 -1034.673 -292.3920 -750.7744 29.7877
45 EIGENMODES LinModal Mode 9 23.548 -57.958 1569.886 275.2962 38.2908 -82.5436
45 EIGENMODES LinModal Mode 10 -288.273 -25.879 -2197.065 60.7160 -881.6791 12.7794
45 EIGENMODES LinModal Mode 11 -249.476 -324.088 -1976.286 1163.3125 -802.7999 142.1103
45 EIGENMODES LinModal Mode 12 77.315 668.357 -517.122 -2525.0157 338.4487 -108.1142
45 EIGENMODES LinModal Mode 13 57.185 144.696 320.963 -534.3301 198.1354 -40.8499
45 EIGENMODES LinModal Mode 14 119.878 26.879 -175.676 -100.3730 538.7190 18.9610
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

45 EIGENMODES LinModal Mode 15 225.060 84.097 -129.697 -310.0061 992.4016 41.5594
45 EIGENMODES LinModal Mode 16 -24.298 31.035 -65.806 -116.4649 -106.1545 -3.4545
45 EIGENMODES LinModal Mode 17 -9.218 60.986 -22.134 -159.7691 -36.5645 -113.3675
45 EIGENMODES LinModal Mode 18 -13.138 65.874 -44.075 -172.7432 -47.6561 -122.3547
45 EIGENMODES LinModal Mode 19 -16.363 41.803 -61.575 -106.8402 -55.4470 -81.2920
45 EIGENMODES LinModal Mode 20 -5.973 14.062 -36.152 -49.6003 -12.0125 -4.5310
45 EIGENMODES LinModal Mode 21 -192.736 260.630 -304.061 -971.6514 -616.8623 94.0077
45 EIGENMODES LinModal Mode 22 348.359 -6.061 -334.567 84.2038 994.3314 36.5898
45 EIGENMODES LinModal Mode 23 847.647 70.933 -1051.870 -217.7754 2456.9916 276.3979
45 EIGENMODES LinModal Mode 24 1595.721 329.223 2617.488 -1132.5425 4878.1873 -101.3418
45 EIGENMODES LinModal Mode 25 -1136.979 26.509 -5424.622 -170.3819 -3319.7725 -130.6468
50 1 LinStatic -16.937 56.338 1104.304 -187.4438 -37.0402 -7.3604
50 EIGENMODES LinModal Mode 1 -26.448 327.950 704.680 -1072.2685 -92.2924 -24.4018
50 EIGENMODES LinModal Mode 2 132.860 -1103.342 -2683.635 3609.1303 376.2522 69.4132
50 EIGENMODES LinModal Mode 3 0.327 240.062 506.662 -785.0242 -36.5004 -10.6381
50 EIGENMODES LinModal Mode 4 931.901 -121.651 -1198.010 397.7629 2310.2498 32.6413
50 EIGENMODES LinModal Mode 5 1052.085 222.018 1244.782 -722.2876 3055.2545 24.2591
50 EIGENMODES LinModal Mode 6 599.588 253.900 -1928.085 -805.4216 1759.2959 100.8575
50 EIGENMODES LinModal Mode 7 -496.660 -188.092 -800.715 604.1053 -1281.3455 -322.1683
50 EIGENMODES LinModal Mode 8 -343.382 -242.067 -1227.727 743.6445 -836.6437 -38.0442
50 EIGENMODES LinModal Mode 9 -194.293 247.866 -3267.378 -715.8576 -493.1734 83.6605
50 EIGENMODES LinModal Mode 10 -290.630 219.909 -1724.823 -710.9849 -827.3898 -43.8513
50 EIGENMODES LinModal Mode 11 123.084 -229.268 4200.733 568.1683 355.7500 97.1624
50 EIGENMODES LinModal Mode 12 107.756 -536.315 -607.370 1705.2970 249.4083 -65.6126
50 EIGENMODES LinModal Mode 13 -74.248 -40.074 -1273.990 171.5616 -204.3690 -57.2169
50 EIGENMODES LinModal Mode 14 226.589 36.838 -542.812 -108.7862 808.7687 4.6396
50 EIGENMODES LinModal Mode 15 409.706 76.478 -912.810 -226.1217 1474.4760 5.8283
50 EIGENMODES LinModal Mode 16 -41.498 8.218 27.955 -26.4684 -163.5282 -4.8140
50 EIGENMODES LinModal Mode 17 83.952 -9.759 29.406 25.4365 242.5271 -237.4148
50 EIGENMODES LinModal Mode 18 40.389 -89.579 -116.173 209.7660 126.0148 -100.3330
50 EIGENMODES LinModal Mode 19 -31.870 -124.108 -218.320 282.2447 -73.1201 69.5805
50 EIGENMODES LinModal Mode 20 3.278 -2.233 -95.961 -6.5895 1.6204 16.3940
50 EIGENMODES LinModal Mode 21 73.504 484.914 -479.793 -1508.6609 -23.4568 -29.3538
50 EIGENMODES LinModal Mode 22 -98.646 -99.810 787.696 316.3612 76.6746 20.8016
50 EIGENMODES LinModal Mode 23 811.307 847.502 -2011.293 -2600.9507 1998.6254 48.5646
50 EIGENMODES LinModal Mode 24 1521.302 -877.702 -4333.297 2728.6929 3826.4265 8.7335
50 EIGENMODES LinModal Mode 25 -2200.890 -198.484 1820.723 585.1286 -5732.6292 -115.8620
55 1 LinStatic -3.463 61.823 852.436 -200.2239 8.2273 -7.3646
55 EIGENMODES LinModal Mode 1 22.267 327.602 -719.173 -1071.5145 66.8031 -24.3753
55 EIGENMODES LinModal Mode 2 -45.059 -1102.580 2485.362 3607.5560 -162.9729 66.7417
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

55 EIGENMODES LinModal Mode 3 32.857 239.986 -637.118 -784.8364 58.4168 -10.5486
55 EIGENMODES LinModal Mode 4 887.357 -124.140 -657.707 403.7803 2159.5013 17.0161
55 EIGENMODES LinModal Mode 5 997.818 223.728 343.368 -726.4962 2899.9910 8.1397
55 EIGENMODES LinModal Mode 6 195.495 241.062 -2244.571 -775.7590 657.9416 86.8174
55 EIGENMODES LinModal Mode 7 919.468 -191.160 -463.617 611.1811 2535.5048 -292.1381
55 EIGENMODES LinModal Mode 8 -280.381 -251.949 -2795.854 766.7216 -625.1318 -31.8981
55 EIGENMODES LinModal Mode 9 -525.607 240.592 493.556 -698.9524 -1409.0570 83.8289
55 EIGENMODES LinModal Mode 10 -67.644 205.049 -2953.481 -676.4236 -243.7576 -34.9623
55 EIGENMODES LinModal Mode 11 -199.636 -229.619 -4765.221 569.3949 -561.3220 92.8675
55 EIGENMODES LinModal Mode 12 24.038 -539.533 4.505 1712.6948 197.4801 -77.0002
55 EIGENMODES LinModal Mode 13 109.770 -40.424 1303.330 172.2961 321.9902 -54.7911
55 EIGENMODES LinModal Mode 14 195.877 31.929 -257.536 -97.6354 732.7700 1.7980
55 EIGENMODES LinModal Mode 15 348.661 68.591 -285.600 -208.2342 1329.5314 0.6475
55 EIGENMODES LinModal Mode 16 -32.186 8.597 -0.468 -27.3124 -132.9251 -5.0159
55 EIGENMODES LinModal Mode 17 60.255 1.451 27.863 -0.1763 184.7196 235.0814
55 EIGENMODES LinModal Mode 18 31.685 77.755 -53.872 -171.7730 104.2982 99.3866
55 EIGENMODES LinModal Mode 19 -28.985 125.601 -179.046 -286.8450 -68.2754 -66.1697
55 EIGENMODES LinModal Mode 20 5.429 30.788 -83.813 -81.8422 9.2164 -18.8317
55 EIGENMODES LinModal Mode 21 44.340 488.947 -609.693 -1517.5522 -37.4881 -25.1779
55 EIGENMODES LinModal Mode 22 -149.483 -100.099 1209.274 317.0881 -68.8124 11.5064
55 EIGENMODES LinModal Mode 23 538.080 838.331 -1706.005 -2580.2982 1308.5625 29.0565
55 EIGENMODES LinModal Mode 24 1614.249 -906.446 -2485.861 2793.0819 4042.2998 -17.2069
55 EIGENMODES LinModal Mode 25 -1852.808 -188.276 982.347 561.5935 -4780.3315 -63.8892
60 1 LinStatic 9.157 28.983 1014.175 -78.4292 35.8610 -4.8092
60 EIGENMODES LinModal Mode 1 -40.541 298.320 575.001 -769.3466 -112.2971 -22.1768
60 EIGENMODES LinModal Mode 2 57.090 -1233.106 -2342.737 3176.6380 159.8892 63.4055
60 EIGENMODES LinModal Mode 3 -66.580 300.694 593.282 -774.7687 -194.0272 -12.3133
60 EIGENMODES LinModal Mode 4 -777.812 -124.424 358.702 316.6712 -1855.8117 -4.3499
60 EIGENMODES LinModal Mode 5 -894.347 286.049 1190.311 -737.6525 -1534.8286 -42.8035
60 EIGENMODES LinModal Mode 6 1561.360 433.656 2393.981 -1134.8608 3522.9225 -9.0868
60 EIGENMODES LinModal Mode 7 1177.655 -367.923 -1557.755 989.5978 2656.0788 242.2426
60 EIGENMODES LinModal Mode 8 16.622 -549.547 -4047.361 1451.2089 139.8006 -172.3792
60 EIGENMODES LinModal Mode 9 753.160 448.039 102.868 -1198.9158 1635.5582 241.0402
60 EIGENMODES LinModal Mode 10 -298.077 569.622 -2935.758 -1410.4554 -750.8931 -30.7033
60 EIGENMODES LinModal Mode 11 -290.927 205.844 4156.981 -687.4509 -625.1823 -85.5582
60 EIGENMODES LinModal Mode 12 18.883 -2542.295 -2221.282 6408.4761 78.0578 -20.7198
60 EIGENMODES LinModal Mode 13 -240.386 -261.371 -3055.305 771.0997 -509.7657 -89.6172
60 EIGENMODES LinModal Mode 14 222.765 -34.449 -619.913 92.9376 757.1643 -3.7168
60 EIGENMODES LinModal Mode 15 418.346 -134.295 -1155.655 351.1020 1424.4018 -10.2817
60 EIGENMODES LinModal Mode 16 -57.445 -55.140 -3.152 139.2343 -194.6369 -2.7462
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

60 EIGENMODES LinModal Mode 17 -84.150 52.917 27.241 -102.1974 -175.4431 251.5672
60 EIGENMODES LinModal Mode 18 106.009 96.662 120.555 -179.1287 258.1898 -201.4743
60 EIGENMODES LinModal Mode 19 41.364 -186.115 -256.651 318.8314 110.8947 -73.7407
60 EIGENMODES LinModal Mode 20 -31.037 -98.138 -143.661 189.4637 -79.4324 56.6389
60 EIGENMODES LinModal Mode 21 -210.645 -505.546 -770.872 1280.4196 -769.2834 -72.8410
60 EIGENMODES LinModal Mode 22 214.770 121.083 111.044 -305.2583 955.1339 15.0310
60 EIGENMODES LinModal Mode 23 117.286 -346.399 -1327.138 881.9903 20.3164 -99.8783
60 EIGENMODES LinModal Mode 24 909.866 100.963 -1272.357 -251.2768 1835.1470 141.8056
60 EIGENMODES LinModal Mode 25 -1579.743 -108.612 3023.607 249.9941 -3405.5600 -28.2882
65 1 LinStatic 24.133 37.913 882.213 -94.8140 74.9165 -5.1545
65 EIGENMODES LinModal Mode 1 22.164 297.594 -578.490 -768.1220 54.4729 -22.2374
65 EIGENMODES LinModal Mode 2 -109.106 -1229.429 2379.791 3170.3845 -294.5591 64.5485
65 EIGENMODES LinModal Mode 3 -38.073 300.756 -562.804 -774.9247 -113.1285 -12.0014
65 EIGENMODES LinModal Mode 4 -786.445 -116.407 791.006 302.3072 -1874.7551 7.4646
65 EIGENMODES LinModal Mode 5 -788.013 285.495 0.492 -737.2031 -1262.1589 -24.4117
65 EIGENMODES LinModal Mode 6 1756.672 440.632 -164.904 -1147.9937 3922.6067 -33.9090
65 EIGENMODES LinModal Mode 7 -289.771 -366.734 2127.734 987.3834 -509.5194 208.6288
65 EIGENMODES LinModal Mode 8 1119.021 -566.392 -248.402 1482.2952 2511.5574 -162.1799
65 EIGENMODES LinModal Mode 9 -714.021 429.274 -4375.298 -1164.4354 -1535.7998 215.9001
65 EIGENMODES LinModal Mode 10 -146.247 538.733 -2981.951 -1354.1965 -412.9272 -24.2958
65 EIGENMODES LinModal Mode 11 319.692 204.471 -4823.890 -684.7317 657.2377 -73.1159
65 EIGENMODES LinModal Mode 12 39.680 -2542.851 1624.344 6409.9292 168.3500 -23.2940
65 EIGENMODES LinModal Mode 13 290.029 -261.777 3102.904 771.7420 643.4317 -81.4265
65 EIGENMODES LinModal Mode 14 227.681 -45.196 -438.983 112.1246 776.6573 -5.2421
65 EIGENMODES LinModal Mode 15 437.375 -152.894 -600.922 384.2685 1486.4992 -13.2228
65 EIGENMODES LinModal Mode 16 -48.535 -53.211 154.451 135.8252 -172.3097 -2.6093
65 EIGENMODES LinModal Mode 17 -58.757 -34.283 -19.103 55.0796 -129.3550 -245.1249
65 EIGENMODES LinModal Mode 18 81.881 -84.740 65.204 147.8615 210.5390 199.8860
65 EIGENMODES LinModal Mode 19 30.946 233.462 -245.612 -437.5256 89.9043 73.2736
65 EIGENMODES LinModal Mode 20 -20.824 63.634 -77.848 -102.1070 -56.5225 -59.1729
65 EIGENMODES LinModal Mode 21 -10.897 -507.310 824.494 1283.6270 -244.8535 -69.1913
65 EIGENMODES LinModal Mode 22 166.160 121.942 -205.201 -306.8013 837.4530 11.2848
65 EIGENMODES LinModal Mode 23 373.417 -353.529 103.663 894.9564 721.5932 -108.6323
65 EIGENMODES LinModal Mode 24 568.325 85.258 -1723.777 -222.7200 907.3616 130.4855
65 EIGENMODES LinModal Mode 25 -1462.023 -81.863 2638.347 201.1017 -3166.8442 6.2464
70 1 LinStatic 23.033 -4.202 962.890 2.8306 69.8944 -2.0803
70 EIGENMODES LinModal Mode 1 -59.740 193.119 314.777 -364.9429 -124.2690 -17.5642
70 EIGENMODES LinModal Mode 2 158.146 -982.910 -1641.401 1855.9723 299.4225 72.0149
70 EIGENMODES LinModal Mode 3 -135.729 267.851 394.767 -505.8655 -292.3257 -18.2507
70 EIGENMODES LinModal Mode 4 -281.027 -70.578 -655.566 134.1441 -740.0392 8.3545
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

70 EIGENMODES LinModal Mode 5 1833.250 247.462 478.036 -463.1624 3461.6730 8.5904
70 EIGENMODES LinModal Mode 6 -1100.604 545.717 3050.869 -1035.5952 -1465.1293 -53.6112
70 EIGENMODES LinModal Mode 7 -334.939 -670.635 594.609 1222.5385 -346.4522 -79.0705
70 EIGENMODES LinModal Mode 8 2788.226 -804.751 -1281.583 1555.8826 4725.2557 243.4294
70 EIGENMODES LinModal Mode 9 152.227 683.615 2386.713 -1355.6227 193.9669 -260.3012
70 EIGENMODES LinModal Mode 10 86.241 672.830 -2691.500 -1229.4151 -75.7220 48.7683
70 EIGENMODES LinModal Mode 11 -992.715 929.282 1182.434 -1742.0727 -1648.2820 -254.2512
70 EIGENMODES LinModal Mode 12 -510.875 -3749.596 -5228.692 6997.6793 -647.3441 -27.6039
70 EIGENMODES LinModal Mode 13 -827.593 27.733 -5845.758 217.7737 -1307.4443 -179.5711
70 EIGENMODES LinModal Mode 14 -59.542 -131.362 -1480.672 256.8900 309.1298 -7.1136
70 EIGENMODES LinModal Mode 15 -72.171 -387.024 -2833.724 745.8384 658.7917 -12.8954
70 EIGENMODES LinModal Mode 16 -8.796 -109.765 57.903 204.2272 -113.9043 21741
70 EIGENMODES LinModal Mode 17 70.320 -82.039 -69.905 91.2013 146.7032 -163.8285
70 EIGENMODES LinModal Mode 18 -120.038 202.978 116.233 -282.9069 -179.0859 293.4128
70 EIGENMODES LinModal Mode 19 111.396 -32.281 -56.945 21.5824 220.8285 -230.8249
70 EIGENMODES LinModal Mode 20 -91.569 -465.812 -343.590 631.6726 -175.9075 214.3235
70 EIGENMODES LinModal Mode 21 -101.970 -2034.635 -2634.337 3821.0483 -562.5558 -11.7438
70 EIGENMODES LinModal Mode 22 0.328 411.606 -450.004 -769.6862 754.1587 -3.0632
70 EIGENMODES LinModal Mode 23 -65.576 -3139.641 -5025.692 5890.1257 -333.6902 -37.1603
70 EIGENMODES LinModal Mode 24 698.144 3571.446 5854.896 -6697.7805 835.2749 80.3069
70 EIGENMODES LinModal Mode 25 -415.750 691.679 3030.360 -1313.0086 -832.2424 7.4227
75 1 LinStatic 35.159 13.000 946.486 -19.9796 93.1344 -2.6090
75 EIGENMODES LinModal Mode 1 24.278 192.021 -332.835 -363.6246 40.7308 -17.4365
75 EIGENMODES LinModal Mode 2 -198.526 -976.440 1636.632 1848.2417 -393.2625 72.5316
75 EIGENMODES LinModal Mode 3 -49.683 266.718 -498.704 -504.4576 -124.6935 -16.9593
75 EIGENMODES LinModal Mode 4 -343.632 -72.429 -400.760 137.2370 -852.5979 11.7705
75 EIGENMODES LinModal Mode 5 1905.974 239.539 -259.001 -453.6491 3577.9630 -23.6947
75 EIGENMODES LinModal Mode 6 -901.723 571.582 1279.045 -1070.9793 -1074.0870 -30.2706
75 EIGENMODES LinModal Mode 7 493.704 -654.651 1100.308 1201.5983 944.2019 -66.9521
75 EIGENMODES LinModal Mode 8 951.989 -781.649 3287.221 1526.0164 1690.1613 185.4897
75 EIGENMODES LinModal Mode 9 2648.537 683.226 -2769.850 -1355.1603 4214.0042 -259.8832
75 EIGENMODES LinModal Mode 10 -491.742 608.242 -3886.148 -1144.5141 -958.9027 42.9029
75 EIGENMODES LinModal Mode 11 1254.830 923.032 -1513.768 -1734.4376 1999.7561 -231.1668
75 EIGENMODES LinModal Mode 12 244.484 -3744.647 3992.504 6993.3803 366.2924 -6.1987
75 EIGENMODES LinModal Mode 13 867.807 24.278 5831.390 221.8613 1398.4631 -158.3510
75 EIGENMODES LinModal Mode 14 -49.434 -168.191 -1055.889 304.6572 333.6128 0.0268
75 EIGENMODES LinModal Mode 15 -39.037 -452.232 -1569.139 830.4246 721.4953 0.3119
75 EIGENMODES LinModal Mode 16 -4.612 -101.600 403.861 193.7128 -113.5822 0.9002
75 EIGENMODES LinModal Mode 17 47.823 136.914 -131.359 -194.1323 117.9251 159.2253
75 EIGENMODES LinModal Mode 18 -87.117 -139.803 -30.375 163.7118 -135.6987 -285.9024
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Joint OutputCase CaseType Step U1 u2 u3 R1 R2 R3

Text Text Text Text KN KN KN KN-m KN-m KN-m

75 EIGENMODES LinModal Mode 19 84.218 102.670 -158.944 -154.2986 187.1207 223.7932

75 EIGENMODES LinModal Mode 20 -69.900 380.921 -146.158 -471.3538 -150.4391 -207.7095

75 EIGENMODES LinModal Mode 21 76.455 -2031.725 3935.888 3818.1606 -312.7432 -2.8929

75 EIGENMODES LinModal Mode 22 -20.247 399.813 -1776.369 -754.7813 746.0616 -7.7551

75 EIGENMODES LinModal Mode 23 322.825 -3129.719 5270.096 5878.1612 280.9300 -38.7613

75 EIGENMODES LinModal Mode 24 120.334 3563.122 -5977.489 -6687.5307 -137.0319 68.2920

75 EIGENMODES LinModal Mode 25 -492.556 722.926 311.109 -1354.4164 -967.2823 16.6946
Table 3: Modal Load Participation Ratios

OutputCase ItemType Item Static Dynamic

Text Text Text Percent Percent

EIGENMODES Acceleration | UX 0.9907 0.8768

EIGENMODES Acceleration | UY 0.9924 0.8591

EIGENMODES Acceleration | UZ 0.9703 0.4948
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Table 4: Modal Participating Mass Ratios, Part 1 of 2

OutputCase Step Period UXx uy uz SumUX SumUY SumUz RX RY RZ

Text Text Sec Unitless Unitless Unitless Unitless Unitless Unitless Unitless Unitless Unitless
EIGENMODES Mode 1 0.461757 3.188E-06 0.10745 0.09872 3.188E-06 0.10745 0.09872 0.05418 0.13326 0.02255
EIGENMODES Mode 2 0.382206 0.02691 0.31563 0.00440 0.02691 0.42307 0.10311 0.24806 0.02779 0.02300
EIGENMODES Mode 3 0.352749 0.01219 0.01266 0.00057 0.03910 0.43573 0.10369 0.00563 4.103E-05 0.00209
EIGENMODES Mode 4 0.317212 0.18663 0.02168 0.02639 0.22573 0.45741 0.13008 0.04733 0.01084 0.00750
EIGENMODES Mode 5 0.291976 0.28248 0.04546 0.00797 0.50821 0.50288 0.13805 0.06001 0.00070 0.00417
EIGENMODES Mode 6 0.263221 0.08108 0.04007 0.00062 0.58929 0.54295 0.13867 0.02527 0.02010 0.00015
EIGENMODES Mode 7 0.259283 0.01412 0.00808 0.00044 0.60341 0.55103 0.13912 0.00070 0.00392 0.00321
EIGENMODES Mode 8 0.247739 0.00019 0.02846 0.00677 0.60359 0.57948 0.14589 0.02523 0.01861 1.966E-05
EIGENMODES Mode 9 0.244455 0.00474 0.00223 0.01893 0.60834 0.58172 0.16482 0.00572 0.00016 0.01812
EIGENMODES Mode 10 | 0.230474 0.00428 0.07720 0.25588 0.61261 0.65892 0.42069 0.00296 0.14552 0.03101
EIGENMODES Mode 11 | 0.227326 0.00080 0.00034 0.00082 0.61342 0.65925 0.42151 7.067E-05 0.00153 0.01985
EIGENMODES Mode 12 | 0.216043 8.967E-05 0.02546 0.00798 0.61351 0.68471 0.42949 0.00090 0.00173 0.30575
EIGENMODES Mode 13 | 0.213212 3.206E-06 0.00101 1.321E-06 0.61351 0.68572 0.42950 0.01000 3.927E-05 0.00945
EIGENMODES Mode 14 | 0.188029 0.06240 0.01884 0.00826 0.67591 0.70457 0.43776 0.02494 0.03822 0.02595
EIGENMODES Mode 15 | 0.184412 0.18095 0.07916 0.01759 0.85686 0.78373 0.45535 0.11193 0.11853 0.09922
EIGENMODES Mode 16 | 0.172272 0.00080 0.00855 0.00021 0.85766 0.79228 0.45556 0.00345 0.00129 0.00600
EIGENMODES Mode 17 | 0.152887 2.900E-05 2.435E-05 2.065E-05 0.85769 0.79230 0.45558 3.225E-06 5.510E-06 7.152E-08
EIGENMODES Mode 18 | 0.151026 6.507E-05 3.374E-05 1.912E-05 0.85775 0.79234 0.45560 5.895E-06 1.000E-06 2.311E-07
EIGENMODES Mode 19 | 0.148548 3.409E-05 2.951E-05 0.00016 0.85779 0.79237 0.45576 2.962E-06 2.589E-05 8.244E-07
EIGENMODES Mode 20 | 0.145325 1.199E-05 8.691E-05 8.944E-05 0.85780 0.79245 0.45585 0.00012 0.00026 2.509E-06
EIGENMODES Mode 21 | 0.140802 0.00629 0.02882 0.00094 0.86409 0.82127 0.45679 0.00701 0.00117 0.00582
EIGENMODES Mode 22 | 0.136279 0.00737 0.01368 0.00721 0.87146 0.83495 0.46399 0.00253 0.00028 0.00065
EIGENMODES Mode 23 | 0.125113 0.00116 0.01196 0.00106 0.87262 0.84691 0.46506 0.00689 0.00102 0.05256
EIGENMODES Mode 24 | 0.116937 0.00082 0.00951 5.668E-05 0.87344 0.85642 0.46511 0.00049 0.00301 0.06670
EIGENMODES Mode 25 | 0.107155 0.00341 0.00265 0.02967 0.87685 0.85908 0.49478 0.00967 0.00314 0.00058
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Table 5: Modal Participation Factors

OutputCase Step Period Ux uy uz RX RY RZ ModalMass ModalStiff
Text Text Sec KN-s2 KN-s2 KN-s2 KN-m-s2 KN-m-s2 KN-m-s2 KN-m-s2 KN-m
EIGENMODES Mode 1 0.461757 -0.111782 20.522090 19.670702 207.302784 821.690351 | -336.715914 1.0000 185.15384
EIGENMODES Mode 2 0.382206 10.270595 -35.173460 4.152427 443.578095 375.206174 | -340.036958 1.0000 270.24947
EIGENMODES Mode 3 0.352749 -6.911031 7.044864 -1.498100 -66.854735 -14.418107 102.409267 1.0000 317.26934
EIGENMODES Mode 4 0.317212 -27.046850 -9.218387 -10.171329 193.754293 | -234.334964 194.196131 1.0000 392.33773
EIGENMODES Mode 5 0.291976 33.275227 13.348898 5.588490 | -218.178407 -59.506497 | -144.762967 1.0000 463.09104
EIGENMODES Mode 6 0.263221 17.827183 12.532863 -1.564249 | -141.576035 | -319.092498 -27.534496 1.0000 569.79709
EIGENMODES Mode 7 0.259283 7.439593 -5.626992 1.317496 23.525488 | -140.926108 | -127.067459 1.0000 587.23489
EIGENMODES Mode 8 0.247739 -0.851882 -10.561580 -5.152326 141.463095 | -307.086162 -9.943205 1.0000 643.23926
EIGENMODES Mode 9 0.244455 -4.311505 2.958114 -8.613868 67.379210 -28.387865 301.813150 1.0000 660.63613
EIGENMODES Mode 10 0.230474 4.094775 17.395639 -31.669617 -48.415797 858.668350 | -394.860610 1.0000 743.21442
EIGENMODES Mode 11 0.227326 1.773774 -1.148237 -1.793347 -7.486930 88.151414 315.898267 1.0000 763.94630
EIGENMODES Mode 12 0.216043 0.592845 -9.989550 -5.592885 -26.718027 93.536479 | -1239.85223 1.0000 845.82173
EIGENMODES Mode 13 0.213212 -0.112092 -1.991797 -0.071969 89.047490 -14.105768 | -217.927811 1.0000 868.43301
EIGENMODES Mode 14 0.188029 15.639548 -8.594198 -5.690639 140.659248 440.076102 361.220053 1.0000 1116.62709
EIGENMODES Mode 15 0.184412 26.632279 -17.615408 -8.304182 297.962243 774.942815 706.306675 1.0000 1160.86505
EIGENMODES Mode 16 0.172272 -1.766676 -5.787635 0.906566 -52.348419 -80.726688 173.650351 1.0000 1330.24006
EIGENMODES Mode 17 0.152887 0.337124 0.308924 -0.284506 -1.599294 5.283502 -0.599664 1.0000 1688.95474
EIGENMODES Mode 18 0.151026 0.505019 0.363673 -0.273750 -2.162327 2.250955 1.077975 1.0000 1730.82980
EIGENMODES Mode 19 0.148548 0.365520 0.340076 -0.790517 1.532869 11.452705 2.035874 1.0000 1789.06274
EIGENMODES Mode 20 0.145325 0.216818 -0.583657 -0.592098 9.764310 36.268255 3.551675 1.0000 1869.30228
EIGENMODES Mode 21 0.140802 -4.965616 -10.628190 1.917522 74.557601 -77.056445 | -170.996604 1.0000 1991.32118
EIGENMODES Mode 22 0.136279 5.375278 7.323939 -5.314406 -44.827100 37.394281 -57.071992 1.0000 2125.70252
EIGENMODES Mode 23 0.125113 2.131755 -6.846697 -2.041604 73.934796 71.897118 | -514.081626 1.0000 2522.06299
EIGENMODES Mode 24 0.116937 -1.793090 6.105650 0.471369 -19.622932 123.407978 579.098116 1.0000 2887.07956
EIGENMODES Mode 25 0.107155 -3.654847 3.224418 10.783966 -87.590255 126.208259 -54.021051 1.0000 3438.25249
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Table 6: Modal Periods And Frequencies

OutputCase Step Period Frequency CircFreq Eigenvalue
Text Text Sec Cyc/sec rad/sec rad2/sec2

EIGENMODES Mode 1 0.461757 2.1656E+00 | 1.3607E+01 1.8515E+02
EIGENMODES Mode 2 0.382206 2.6164E+00 | 1.6439E+01 | 2.7025E+02
EIGENMODES Mode 3 0.352749 2.8349E+00 | 1.7812E+01 | 3.1727E+02
EIGENMODES Mode 4 0.317212 3.1525E+00 | 1.9808E+01 | 3.9234E+02
EIGENMODES Mode 5 0.291976 3.4249E+00 | 2.1520E+01 | 4.6309E+02
EIGENMODES Mode 6 0.263221 3.7991E+00 | 2.3870E+01 | 5.6980E+02
EIGENMODES Mode 7 0.259283 3.8568E+00 | 2.4233E+01 | 5.8723E+02
EIGENMODES Mode 8 0.247739 4.0365E+00 | 2.5362E+01 | 6.4324E+02
EIGENMODES Mode 9 0.244455 4.0907E+00 | 2.5703E+01 | 6.6064E+02
EIGENMODES Mode 10 | 0.230474 4.3389E+00 | 2.7262E+01 | 7.4321E+02
EIGENMODES Mode 11 | 0.227326 4.3990E+00 | 2.7640E+01 | 7.6395E+02
EIGENMODES Mode 12 | 0.216043 4.6287E+00 | 2.9083E+01 | 8.4582E+02
EIGENMODES Mode 13 | 0.213212 4.6902E+00 | 2.9469E+01 | 8.6843E+02
EIGENMODES Mode 14 | 0.188029 5.3183E+00 | 3.3416E+01 1.1166E+03
EIGENMODES Mode 15 | 0.184412 5.4226E+00 | 3.4071E+01 1.1609E+03
EIGENMODES Mode 16 | 0.172272 5.8048E+00 | 3.6472E+01 1.3302E+03
EIGENMODES Mode 17 | 0.152887 6.5408E+00 | 4.1097E+01 1.6890E+03
EIGENMODES Mode 18 | 0.151026 6.6214E+00 | 4.1603E+01 1.7308E+03
EIGENMODES Mode 19 | 0.148548 6.7318E+00 | 4.2297E+01 1.7891E+03
EIGENMODES Mode 20 | 0.145325 6.8811E+00 | 4.3235E+01 1.8693E+03
EIGENMODES Mode 21 | 0.140802 7.1022E+00 | 4.4624E+01 1.9913E+03
EIGENMODES Mode 22 | 0.136279 7.3379E+00 | 4.6105E+01 | 2.1257E+03
EIGENMODES Mode 23 | 0.125113 7.9928E+00 | 5.0220E+01 | 2.5221E+03
EIGENMODES Mode 24 | 0.116937 8.5516E+00 | 5.3732E+01 | 2.8871E+03
EIGENMODES Mode 25 | 0.107155 9.3323E+00 | 5.8637E+01 | 3.4383E+03

Model deformasyon sekilleri EKLER kismina eklenmistir.'?
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5.2 Sismik izolatorler Kolon Altina Yerlestirilmis Viyadiik

Bu boliimde modelimizde sismik izolatorlii yapi periyodu 0.74 olarak bulunmustur.(Sekil 22)

3-D SAP modeli sismik izolatorler Sekil 23 te gosterilmistir.

NEuERENEARNRE

BASLIK KIRISI

KOPRU AYAGI
KOPRU AYAGI

KOPRU EKSENI

k-

= KAZIKLI TEMEL =
SISMIK 1ZOLATOR SISMIK 1ZOLATOR

Sekil 22 SAP2000 Matematik Modeli[12]
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Table 7: Base Reactions

OutputCase CaseType Step GlobalFX GlobalFY GlobalFZ GlobalMX GlobalMY
Text Text Text KN KN KN KN-m KN-m

1 LinStatic -3.101E-08 -2.356E-07 12890.736 | 152143.1037 -662345.00
EIGENMODES LinModal Mode 1 -108.695 798.727 1489.824 39655.0018 | -13130.5477
EIGENMODES LinModal Mode 2 2201.162 1086.889 -245.222 | -24201.0268 33438.6763
EIGENMODES LinModal Mode 3 5803.461 1573.231 63.875 | -27958.9721 42453.5174
EIGENMODES LinModal Mode 4 -5725.193 2528.811 -1564.317 | -61879.0365 -8214.8183
EIGENMODES LinModal Mode 5 77.732 8284.014 -39.207 | -102434.790 | -19285.4626
EIGENMODES LinModal Mode 6 -1766.142 1270.149 138.704 2634.5711 20306.0444
EIGENMODES LinModal Mode 7 3639.152 686.191 -3790.061 | -24486.4760 | 186578.4603
EIGENMODES LinModal Mode 8 -166.027 -662.675 -5292.881 | -24546.0834 | 564172.2977
EIGENMODES LinModal Mode 9 547.899 2953.636 1786.811 | -14431.6686 | -104959.392
EIGENMODES LinModal Mode 10 -453.132 3181.005 -296.469 | -30886.5037 25707.2217
EIGENMODES LinModal Mode 11 -277.348 3972.214 158.134 -9624.2588 -4664.5002
EIGENMODES LinModal Mode 12 -543.806 -439.157 1373.956 10576.1614 33768.4648
EIGENMODES LinModal Mode 13 -1664.374 422.917 11593.130 60708.7419 -908533.83
EIGENMODES LinModal Mode 14 326.051 -6742.237 1477.253 80657.7517 | -116595.262
EIGENMODES LinModal Mode 15 239.138 -5543.682 1079.575 31324.9648 | -85405.1396
EIGENMODES LinModal Mode 16 33.440 -2528.126 193.955 | -11554.2170 | -15991.9120
EIGENMODES LinModal Mode 17 182.388 -2281.504 191.440 -3619.5620 | -12984.4535
EIGENMODES LinModal Mode 18 -2352.208 -4961.136 27.509 38632.4697 | -46143.1935
EIGENMODES LinModal Mode 19 7058.902 686.282 -602.091 | -31863.8714 99438.5659
EIGENMODES LinModal Mode 20 408.319 -80.361 192.860 12478.3522 5578.4499
EIGENMODES LinModal Mode 21 49.628 -3803.459 -280.103 | 177354.2687 38771.1301
EIGENMODES LinModal Mode 22 81.061 -28.323 -434.381 -2337.7999 23601.0587
EIGENMODES LinModal Mode 23 -326.807 -338.379 393.458 24190.9731 | -11194.1605
EIGENMODES LinModal Mode 24 1.882 25.779 765.496 4207.2422 | -72055.6135
EIGENMODES LinModal Mode 25 21.840 -1.019 -408.891 -2177.2523 24253.2311
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Table 8: Joint Reactions

Joint OutputCase CaseType Step u1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
10 1 LinStatic 18.426 133.592 955.987 -849.7179
10 EIGENMODES LinModal Mode 1 57.116 151.001 549.131 -1021.1481
10 EIGENMODES LinModal Mode 2 358.708 177127 1426.678 -1079.8150
10 EIGENMODES LinModal Mode 3 683.840 52.332 930.750 -500.1513
10 EIGENMODES LinModal Mode 4 88.466 107.350 -322.453 -974.8584
10 EIGENMODES LinModal Mode 5 -259.689 3.859 -667.855 -262.7114
10 EIGENMODES LinModal Mode 6 315.301 -43.802 817.016 490.2469
10 EIGENMODES LinModal Mode 7 85.757 1.330 178.428 55.7049
10 EIGENMODES LinModal Mode 8 -1.493 -5.621 -2.074 24.6733
10 EIGENMODES LinModal Mode 9 16.704 114.935 -72.343 -505.9788
10 EIGENMODES LinModal Mode 10 -26.456 43.757 186.154 -100.0768
10 EIGENMODES LinModal Mode 11 -10.577 20.469 100.474 -30.8416
10 EIGENMODES LinModal Mode 12 -3.553 6.774 -14.074 -31.2442
10 EIGENMODES LinModal Mode 13 25.289 -20.836 28.939 69.0789
10 EIGENMODES LinModal Mode 14 -99.311 45973 -50.486 -67.8014
10 EIGENMODES LinModal Mode 15 -82.335 30.844 -53.580 -32.5943
10 EIGENMODES LinModal Mode 16 -10.082 1.089 -10.678 3.9124
10 EIGENMODES LinModal Mode 17 -46.205 3.347 -54.074 22.0329
10 EIGENMODES LinModal Mode 18 495.582 36.938 718.360 -419.4775
10 EIGENMODES LinModal Mode 19 -285.086 -119.361 -998.857 349.5220
10 EIGENMODES LinModal Mode 20 0.559 55.839 618.698 -258.7818
10 EIGENMODES LinModal Mode 21 162.413 -668.353 -3249.350 2923.3045
10 EIGENMODES LinModal Mode 22 3.930 -4.936 -40.000 22.5376
10 EIGENMODES LinModal Mode 23 393.302 -436.671 -3907.148 1976.7447
10 EIGENMODES LinModal Mode 24 -0.547 -0.149 2.390 0.8783
10 EIGENMODES LinModal Mode 25 -0.186 0.060 0.287 -0.1382
15 1 LinStatic 29.358 109.923 615.282 -725.5093
15 EIGENMODES LinModal Mode 1 63.838 110.654 130.517 -821.6760
15 EIGENMODES LinModal Mode 2 387.239 -48.084 -1627.522 -18.0345
15 EIGENMODES LinModal Mode 3 673.081 131.073 -986.535 -892.7755
15 EIGENMODES LinModal Mode 4 83.804 87.734 -519.241 -873.8661
15 EIGENMODES LinModal Mode 5 -272.135 70.991 74.417 -584.1516
15 EIGENMODES LinModal Mode 6 322.969 -55.730 -485.771 516.6080
15 EIGENMODES LinModal Mode 7 90.328 -24.095 -206.649 166.1461
15 EIGENMODES LinModal Mode 8 -2.577 4.433 -7.332 -22.4960
15 EIGENMODES LinModal Mode 9 41.621 -105.956 -240.267 515.2573
15 EIGENMODES LinModal Mode 10 -19.445 -43.360 860.629 3124722
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
15 EIGENMODES LinModal Mode 11 -6.348 -28.332 430.760 199.9502
15 EIGENMODES LinModal Mode 12 -2.167 -5.889 -13.195 27.0374
15 EIGENMODES LinModal Mode 13 20.334 27.199 -75.546 -150.2293
15 EIGENMODES LinModal Mode 14 -85.232 -93.143 395.974 558.0703
15 EIGENMODES LinModal Mode 15 -72.276 -68.922 289.434 414.1360
15 EIGENMODES LinModal Mode 16 -9.495 -5.408 21.516 32.3908
15 EIGENMODES LinModal Mode 17 -43.833 -22.320 89.448 134.4200
15 EIGENMODES LinModal Mode 18 487.084 155.217 -633.244 -922.6496
15 EIGENMODES LinModal Mode 19 -312.323 28.065 384.782 -184.7481
15 EIGENMODES LinModal Mode 20 -119.830 -76.131 -732.769 315.6027
15 EIGENMODES LinModal Mode 21 103.822 -532.551 -3468.606 2297.2644
15 EIGENMODES LinModal Mode 22 2.589 4.971 39.584 -21.9134
15 EIGENMODES LinModal Mode 23 272.100 480.318 3889.476 -2132.2600
15 EIGENMODES LinModal Mode 24 -0.588 0.829 -1.329 -3.8325
15 EIGENMODES LinModal Mode 25 -0.204 0.184 -0.356 -0.8407
20 1 LinStatic 37.594 109.008 778.234 -566.7817
20 EIGENMODES LinModal Mode 1 6.689 217.471 307.692 -1079.7691
20 EIGENMODES LinModal Mode 2 181.647 222.541 672.728 -1079.7486
20 EIGENMODES LinModal Mode 3 390.934 272.427 1182.115 -1304.3204
20 EIGENMODES LinModal Mode 4 -183.228 426.681 344.447 -2112.4350
20 EIGENMODES LinModal Mode 5 -44 647 252.265 283.438 -1262.5095
20 EIGENMODES LinModal Mode 6 211.772 -147.634 220.912 745.0204
20 EIGENMODES LinModal Mode 7 -23.439 -4.683 -14.596 24.6644
20 EIGENMODES LinModal Mode 8 19.516 10.390 51.388 -49.7539
20 EIGENMODES LinModal Mode 9 -562.840 -18.236 -955.016 62.2637
20 EIGENMODES LinModal Mode 10 110.619 -559.378 -816.116 2723.9029
20 EIGENMODES LinModal Mode 11 45.867 -292.889 -439.459 1426.1235
20 EIGENMODES LinModal Mode 12 -36.463 2.369 -56.275 -13.5332
20 EIGENMODES LinModal Mode 13 90.107 76.214 277.944 -363.6955
20 EIGENMODES LinModal Mode 14 -183.538 -365.605 -912.028 1753.1578
20 EIGENMODES LinModal Mode 15 -134.577 -266.087 -662.855 1274.0186
20 EIGENMODES LinModal Mode 16 -9.721 -18.493 -45.222 87.9767
20 EIGENMODES LinModal Mode 17 -40.526 -76.231 -187.838 362.1245
20 EIGENMODES LinModal Mode 18 230.661 428.123 1032.700 -2016.6385
20 EIGENMODES LinModal Mode 19 338.068 442.094 1036.116 -2071.5758
20 EIGENMODES LinModal Mode 20 21.510 16.005 53.221 -75.1067
20 EIGENMODES LinModal Mode 21 -6.147 198.029 439.708 -907.8571
20 EIGENMODES LinModal Mode 22 0.094 0.194 -0.262 -0.4172
20 EIGENMODES LinModal Mode 23 -59.057 -24.034 3.483 118.4418
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
20 EIGENMODES LinModal Mode 24 -0.410 1.820 2.924 -7.9027
20 EIGENMODES LinModal Mode 25 -0.223 0.580 0.495 -2.5794
25 1 LinStatic 55.454 99.302 50.970 -507.0598
25 EIGENMODES LinModal Mode 1 42.251 179.880 -346.811 -889.9061
25 EIGENMODES LinModal Mode 2 234.907 162.993 -581.512 -791.7438
25 EIGENMODES LinModal Mode 3 445.402 214.984 -1045.358 -1026.9285
25 EIGENMODES LinModal Mode 4 -84.242 315.520 -267.180 -1568.8767
25 EIGENMODES LinModal Mode 5 -110.412 331.006 -160.031 -1635.2720
25 EIGENMODES LinModal Mode 6 167.204 -97.700 -80.274 496.6357
25 EIGENMODES LinModal Mode 7 -20.002 -9.570 73.372 45.7060
25 EIGENMODES LinModal Mode 8 14.957 15.858 -35.161 -75.8064
25 EIGENMODES LinModal Mode 9 -476.376 -122.882 856.012 559.2123
25 EIGENMODES LinModal Mode 10 74.924 -520.952 231.697 2542.2000
25 EIGENMODES LinModal Mode 11 29.739 -275.896 142.107 1345.7634
25 EIGENMODES LinModal Mode 12 -32.140 -2.831 52.249 11.0886
25 EIGENMODES LinModal Mode 13 96.738 69.874 -197.932 -333.0936
25 EIGENMODES LinModal Mode 14 -257.080 -284.676 595.538 1366.1790
25 EIGENMODES LinModal Mode 15 -195.323 -198.627 438.247 951.5791
25 EIGENMODES LinModal Mode 16 -16.445 -10.809 32.010 51.3985
25 EIGENMODES LinModal Mode 17 -71.800 -40.835 133.199 193.9073
25 EIGENMODES LinModal Mode 18 512.298 106.582 -787.366 -490.6189
25 EIGENMODES LinModal Mode 19 521.534 233.572 -602.116 -1084.6415
25 EIGENMODES LinModal Mode 20 30.357 -0.706 -75.590 -4.6599
25 EIGENMODES LinModal Mode 21 49.932 128.345 16.636 -602.9010
25 EIGENMODES LinModal Mode 22 0.899 -0.331 -5.326 1.8759
25 EIGENMODES LinModal Mode 23 -70.714 -2.510 -36.475 26.3262
25 EIGENMODES LinModal Mode 24 0.494 0.784 2.464 -3.4529
25 EIGENMODES LinModal Mode 25 0.207 0.057 0.983 -0.3549
30 1 LinStatic -13.178 90.343 863.943 -432.5142
30 EIGENMODES LinModal Mode 1 -79.168 142.779 248.462 -671.3434
30 EIGENMODES LinModal Mode 2 61.025 100.669 262.410 -454.7780
30 EIGENMODES LinModal Mode 3 269.279 160.509 557.287 -708.6670
30 EIGENMODES LinModal Mode 4 -385.710 185.576 102.247 -900.0606
30 EIGENMODES LinModal Mode 5 100.633 508.135 1183.849 -2362.8583
30 EIGENMODES LinModal Mode 6 333.438 -32.156 296.511 170.2509
30 EIGENMODES LinModal Mode 7 -20.515 -16.241 -28.148 71.0921
30 EIGENMODES LinModal Mode 8 30.383 26.001 84.842 -118.3692
30 EIGENMODES LinModal Mode 9 -751.862 -281.202 -1346.939 1248.0141
30 EIGENMODES LinModal Mode 10 146.949 -546.650 -983.348 2543.8841
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
30 EIGENMODES LinModal Mode 11 64.399 -297.539 -508.648 1379.3055
30 EIGENMODES LinModal Mode 12 -45.894 -9.543 -69.375 40.9266
30 EIGENMODES LinModal Mode 13 80.091 66.704 220.413 -302.1189
30 EIGENMODES LinModal Mode 14 -32.010 -195.869 -402.214 892.5173
30 EIGENMODES LinModal Mode 15 -7.149 -119.236 -228.591 541.6379
30 EIGENMODES LinModal Mode 16 5.500 -0.164 8.243 0.1305
30 EIGENMODES LinModal Mode 17 27.397 8.785 51.220 -42.4815
30 EIGENMODES LinModal Mode 18 -399.716 -373.273 -1161.443 1722.5545
30 EIGENMODES LinModal Mode 19 -94.622 -78.677 -283.886 379.2077
30 EIGENMODES LinModal Mode 20 1.062 -4.354 -2.643 21.2748
30 EIGENMODES LinModal Mode 21 -74.261 73.051 8.619 -328.9611
30 EIGENMODES LinModal Mode 22 8.234 -6.187 38.330 22.6128
30 EIGENMODES LinModal Mode 23 -15.082 -7.128 -31.795 27.9310
30 EIGENMODES LinModal Mode 24 -1.208 -1.197 2.789 5.1084
30 EIGENMODES LinModal Mode 25 -1.266 0.681 -4.518 -2.4223
35 1 LinStatic 16.534 85.486 253.514 -400.0571
35 EIGENMODES LinModal Mode 1 -20.023 117.684 -182.322 -552.7537
35 EIGENMODES LinModal Mode 2 143.131 65.411 -250.021 -290.6687
35 EIGENMODES LinModal Mode 3 351.718 126.416 -581.432 -549.7505
35 EIGENMODES LinModal Mode 4 -233.567 118.353 97.799 -585.5373
35 EIGENMODES LinModal Mode 5 -1.535 558.448 -1004.547 -2588.4558
35 EIGENMODES LinModal Mode 6 254144 3.900 -167.968 4.0388
35 EIGENMODES LinModal Mode 7 -19.546 -17.008 74.058 74.6717
35 EIGENMODES LinModal Mode 8 22.942 29.532 -66.498 -134.1366
35 EIGENMODES LinModal Mode 9 -618.605 -344.329 1014.037 1532.2969
35 EIGENMODES LinModal Mode 10 106.245 -532.057 818.940 2468.6643
35 EIGENMODES LinModal Mode 11 41.756 -289.414 413.388 1340.0689
35 EIGENMODES LinModal Mode 12 -39.186 -12.641 45.226 54.8247
35 EIGENMODES LinModal Mode 13 89.808 63.193 -150.145 -284.9693
35 EIGENMODES LinModal Mode 14 -145.791 -146.650 318.199 665.3089
35 EIGENMODES LinModal Mode 15 -101.543 -77.832 180.275 351.1423
35 EIGENMODES LinModal Mode 16 -5.449 4.738 -5.970 -22.1321
35 EIGENMODES LinModal Mode 17 -21.401 30.719 -38.626 -142.0525
35 EIGENMODES LinModal Mode 18 39.722 -571.940 860.416 2620.5589
35 EIGENMODES LinModal Mode 19 206.076 -213.391 228.782 985.3129
35 EIGENMODES LinModal Mode 20 14.064 -10.369 9.587 47.8020
35 EIGENMODES LinModal Mode 21 -9.287 43.717 -48.725 -198.4465
35 EIGENMODES LinModal Mode 22 4.864 -1.395 4.713 5.3713
35 EIGENMODES LinModal Mode 23 -33.141 1.068 -6.731 -8.0209
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
35 EIGENMODES LinModal Mode 24 0.535 -1.802 1.131 7.8075
35 EIGENMODES LinModal Mode 25 -0.843 0.091 -0.963 -0.3496
40 1 LinStatic -24.614 19.673 784.590 -94.4248
40 EIGENMODES LinModal Mode 1 -39.063 14.029 66.284 -60.4384
40 EIGENMODES LinModal Mode 2 6.378 -94.437 -190.004 407.4877
40 EIGENMODES LinModal Mode 3 72.488 -58.090 -76.896 248.7938
40 EIGENMODES LinModal Mode 4 -179.132 -140.010 -392.316 607.2756
40 EIGENMODES LinModal Mode 5 23.357 932.785 2142.716 -4028.7732
40 EIGENMODES LinModal Mode 6 79.796 360.560 688.522 -1560.8252
40 EIGENMODES LinModal Mode 7 -58.130 87.868 -836.771 -368.6381
40 EIGENMODES LinModal Mode 8 -0.720 26.672 20.564 -114.8726
40 EIGENMODES LinModal Mode 9 -46.772 -216.323 174.630 928.7382
40 EIGENMODES LinModal Mode 10 218.041 -268.491 137.917 1117.3324
40 EIGENMODES LinModal Mode 11 -104.906 -55.907 -1734.267 306.2033
40 EIGENMODES LinModal Mode 12 6.983 -8.884 198.733 35.6769
40 EIGENMODES LinModal Mode 13 3.864 -39.124 73.674 163.8676
40 EIGENMODES LinModal Mode 14 14.611 308.914 444.705 -1318.5908
40 EIGENMODES LinModal Mode 15 9.555 255.885 390.597 -1092.3321
40 EIGENMODES LinModal Mode 16 -4.265 25.006 21.691 -105.9246
40 EIGENMODES LinModal Mode 17 -0.132 105.423 188.813 -451.2054
40 EIGENMODES LinModal Mode 18 32.266 -499.862 -942.254 2142.0152
40 EIGENMODES LinModal Mode 19 22.717 -396.721 -714.730 1688.6156
40 EIGENMODES LinModal Mode 20 2.941 -18.053 -33.231 76.5707
40 EIGENMODES LinModal Mode 21 -24.290 -41.042 -61.847 173.7455
40 EIGENMODES LinModal Mode 22 -17.229 -137.340 -67.519 440.3603
40 EIGENMODES LinModal Mode 23 -5.264 30.171 42.094 -125.1816
40 EIGENMODES LinModal Mode 24 -0.138 0.384 7.288 -5.6701
40 EIGENMODES LinModal Mode 25 1.734 14.555 -1.439 -47.4764
45 1 LinStatic 8.737 32.557 573.995 -135.5927
45 EIGENMODES LinModal Mode 1 -4.499 13.586 -0.846 -59.0196
45 EIGENMODES LinModal Mode 2 40.365 -95.871 164.401 412.0578
45 EIGENMODES LinModal Mode 3 117.126 -58.365 70.938 249.6706
45 EIGENMODES LinModal Mode 4 -115.804 -144.947 219.085 623.0305
45 EIGENMODES LinModal Mode 5 16.745 939.893 -1879.758 -4051.4175
45 EIGENMODES LinModal Mode 6 -25.834 360.707 -1118.615 -1561.3437
45 EIGENMODES LinModal Mode 7 -93.687 67.108 -1240.078 -302.4352
45 EIGENMODES LinModal Mode 8 7.619 26.659 -90.465 -114.6881
45 EIGENMODES LinModal Mode 9 -171.749 -215.719 1013.811 926.4199
45 EIGENMODES LinModal Mode 10 -138.652 -276.073 -592.760 1141.3008
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
45 EIGENMODES LinModal Mode 11 146.698 -56.547 1539.667 308.4038
45 EIGENMODES LinModal Mode 12 -1.477 -5.786 184.890 25.6663
45 EIGENMODES LinModal Mode 13 17.261 -36.877 70.776 156.3320
45 EIGENMODES LinModal Mode 14 -28.733 310.319 -409.636 -1322.8651
45 EIGENMODES LinModal Mode 15 -17.318 256.877 -371.769 -1095.9219
45 EIGENMODES LinModal Mode 16 5.389 25.326 -14.642 -106.9628
45 EIGENMODES LinModal Mode 17 3.973 106.672 -189.110 -455.3477
45 EIGENMODES LinModal Mode 18 -106.503 -515.205 920.417 2191.6962
45 EIGENMODES LinModal Mode 19 -9.684 -406.201 565.477 1718.6085
45 EIGENMODES LinModal Mode 20 0.790 -18.444 21.271 77.8179
45 EIGENMODES LinModal Mode 21 -9.331 -42.021 66.386 176.8554
45 EIGENMODES LinModal Mode 22 -8.222 126.922 -117.413 -398.1963
45 EIGENMODES LinModal Mode 23 -8.091 27.703 -26.048 -117.3462
45 EIGENMODES LinModal Mode 24 -2.337 8.365 -7.664 -31.0394
45 EIGENMODES LinModal Mode 25 -0.759 -11.802 -5.609 36.0769
50 1 LinStatic -37.881 -1.074 1039.088 -7.1022
50 EIGENMODES LinModal Mode 1 -12.766 6.879 -8.170 -25.0148
50 EIGENMODES LinModal Mode 2 31.177 -71.013 -119.697 261.7355
50 EIGENMODES LinModal Mode 3 122.854 -45.225 55.349 165.5828
50 EIGENMODES LinModal Mode 4 -224.414 -126.470 -572.971 469.5367
50 EIGENMODES LinModal Mode 5 4.523 958.177 2102.145 -3532.3181
50 EIGENMODES LinModal Mode 6 -437.135 624.004 1311.994 -2300.5888
50 EIGENMODES LinModal Mode 7 889.125 223.119 -717.738 -810.8853
50 EIGENMODES LinModal Mode 8 -4.497 -24.855 -129.875 92.5412
50 EIGENMODES LinModal Mode 9 -26.478 359.186 1379.447 -1335.2315
50 EIGENMODES LinModal Mode 10 -133.271 198.339 1452.940 -781.4657
50 EIGENMODES LinModal Mode 11 388.456 379.618 -1028.651 -1309.7346
50 EIGENMODES LinModal Mode 12 487.872 -25.050 1614.163 73.3033
50 EIGENMODES LinModal Mode 13 313.137 -98.427 1139.942 345.3523
50 EIGENMODES LinModal Mode 14 -44.044 143.918 29.286 -513.5233
50 EIGENMODES LinModal Mode 15 -46.888 78.349 -57.488 -275.6541
50 EIGENMODES LinModal Mode 16 427.925 -173.367 2155.396 519.8891
50 EIGENMODES LinModal Mode 17 -91.380 -17.248 -508.677 86.0092
50 EIGENMODES LinModal Mode 18 -41.776 506.094 921.999 -1850.8484
50 EIGENMODES LinModal Mode 19 0.518 173.524 332.125 -634.4683
50 EIGENMODES LinModal Mode 20 0.198 6.370 13.233 -23.2726
50 EIGENMODES LinModal Mode 21 -1.541 11.481 40.669 -42.2300
50 EIGENMODES LinModal Mode 22 31.600 -240.084 -115.622 657.2615
50 EIGENMODES LinModal Mode 23 -4.499 -5.053 -8.119 20.7370
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
50 EIGENMODES LinModal Mode 24 7.845 39.096 19.626 -106.7455
50 EIGENMODES LinModal Mode 25 -35.992 -158.478 -81.841 434.4462
55 1 LinStatic -35.734 22.660 999.233 -72.2628
55 EIGENMODES LinModal Mode 1 -13.649 6.580 -27.383 -24.1927
55 EIGENMODES LinModal Mode 2 19.067 -70.692 183.084 260.8550
55 EIGENMODES LinModal Mode 3 118.628 -42.384 248.848 157.7872
55 EIGENMODES LinModal Mode 4 -256.981 -132.882 -9.515 487.1355
55 EIGENMODES LinModal Mode 5 133.465 964.373 -1892.033 -3549.3316
55 EIGENMODES LinModal Mode 6 -372.372 625.703 -1383.120 -2305.2701
55 EIGENMODES LinModal Mode 7 902.526 198.590 -1643.846 -743.5905
55 EIGENMODES LinModal Mode 8 6.801 -26.463 -8.471 96.9533
55 EIGENMODES LinModal Mode 9 -32.298 370.297 -518.040 -1365.7153
55 EIGENMODES LinModal Mode 10 182.190 197.400 -1599.377 -778.8917
55 EIGENMODES LinModal Mode 11 -342.919 382.006 1103.437 -1316.2810
55 EIGENMODES LinModal Mode 12 499.815 10.657 1552.447 -24.6354
55 EIGENMODES LinModal Mode 13 313.198 -70.453 1344.370 268.6286
55 EIGENMODES LinModal Mode 14 101.013 146.447 134.407 -520.4578
55 EIGENMODES LinModal Mode 15 85.104 79.861 166.958 -279.8252
55 EIGENMODES LinModal Mode 16 -439.267 -174.401 -2139.150 522.7154
55 EIGENMODES LinModal Mode 17 106.027 -17.236 526.406 85.8919
55 EIGENMODES LinModal Mode 18 38.137 508.494 -854.486 -1857.5733
55 EIGENMODES LinModal Mode 19 -2.222 174.056 -334.052 -635.7562
55 EIGENMODES LinModal Mode 20 -0.268 6.364 -10.654 -23.2635
55 EIGENMODES LinModal Mode 21 -2.651 11.952 -11.632 -43.5219
55 EIGENMODES LinModal Mode 22 33.059 239.973 -105.798 -656.1402
55 EIGENMODES LinModal Mode 23 2.968 -10.249 23.795 34.9516
55 EIGENMODES LinModal Mode 24 13.363 -38.350 37.812 105.1089
55 EIGENMODES LinModal Mode 25 -35.744 157.181 -75.896 -428.9160
60 1 LinStatic 11.366 -13.923 957.563 27.8450
60 EIGENMODES LinModal Mode 1 -32.338 3.182 5.760 -9.5551
60 EIGENMODES LinModal Mode 2 61.731 -49.398 -86.201 148.1860
60 EIGENMODES LinModal Mode 3 265.575 -31.640 -36.730 94.6987
60 EIGENMODES LinModal Mode 4 -492.224 -96.624 -227.588 290.5560
60 EIGENMODES LinModal Mode 5 64.108 740.140 1379.765 -2221.1477
60 EIGENMODES LinModal Mode 6 -525.460 561.100 896.746 -1681.9853
60 EIGENMODES LinModal Mode 7 81.577 214.611 685.997 -648.0374
60 EIGENMODES LinModal Mode 8 133.596 -84.711 21.475 252.0496
60 EIGENMODES LinModal Mode 9 288.950 639.034 1509.138 -1924.8825
60 EIGENMODES LinModal Mode 10 -49.007 503.759 1059.780 -1516.4816
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
60 EIGENMODES LinModal Mode 11 -36.037 537.271 1174.103 -1617.1612
60 EIGENMODES LinModal Mode 12 -1298.071 -43.068 336.571 123.9085
60 EIGENMODES LinModal Mode 13 36.821 -49.550 2580.251 111.5681
60 EIGENMODES LinModal Mode 14 -118.192 -608.461 -1375.782 1849.2626
60 EIGENMODES LinModal Mode 15 -55.900 -517.616 -1048.625 1565.0200
60 EIGENMODES LinModal Mode 16 -486.771 -376.591 2339.620 963.0705
60 EIGENMODES LinModal Mode 17 658.837 -324.417 1468.426 860.1070
60 EIGENMODES LinModal Mode 18 4.654 118.520 233.789 -357.1528
60 EIGENMODES LinModal Mode 19 -8.725 152.509 242.276 -454.7212
60 EIGENMODES LinModal Mode 20 -0.655 7.510 12.932 -22.4229
60 EIGENMODES LinModal Mode 21 2.451 21.251 35.273 -63.3733
60 EIGENMODES LinModal Mode 22 6.634 -34.899 -11.800 73.4631
60 EIGENMODES LinModal Mode 23 -0.123 -21.133 -35.256 63.1646
60 EIGENMODES LinModal Mode 24 13.302 237.041 71.657 -527.4488
60 EIGENMODES LinModal Mode 25 14.577 -499.281 -156.946 1125.3950
65 1 LinStatic 14.213 23.303 940.481 -55.9395
65 EIGENMODES LinModal Mode 1 -31.795 3.221 -5.870 -9.6440
65 EIGENMODES LinModal Mode 2 49.914 -49.662 93.928 148.7809
65 EIGENMODES LinModal Mode 3 265.206 -31.230 77.518 93.7732
65 EIGENMODES LinModal Mode 4 -530.536 -99.034 129.299 295.9850
65 EIGENMODES LinModal Mode 5 235.947 746.477 -1337.044 -2235.4263
65 EIGENMODES LinModal Mode 6 -447.231 560.351 -1171.044 -1680.3073
65 EIGENMODES LinModal Mode 7 114.273 225.970 -143.449 -673.5913
65 EIGENMODES LinModal Mode 8 144.252 -78.759 336.918 238.6322
65 EIGENMODES LinModal Mode 9 264.368 652.327 -1049.208 -1954.7489
65 EIGENMODES LinModal Mode 10 -85.479 508.576 -991.147 -1527.3069
65 EIGENMODES LinModal Mode 11 -82.051 544.791 -980.863 -1634.1402
65 EIGENMODES LinModal Mode 12 -1271.915 -28.211 482.002 90.5041
65 EIGENMODES LinModal Mode 13 -8.183 47.186 2554.226 -105.9908
65 EIGENMODES LinModal Mode 14 217.185 -602.815 1891.504 1836.5200
65 EIGENMODES LinModal Mode 15 118.244 -514.179 1422.263 1557.3774
65 EIGENMODES LinModal Mode 16 513.679 -378.160 -2283.197 966.6031
65 EIGENMODES LinModal Mode 17 -683.748 -326.231 -1405.997 864.2167
65 EIGENMODES LinModal Mode 18 80.709 118.872 -277.925 -357.7037
65 EIGENMODES LinModal Mode 19 16.590 153.522 -252.550 -456.9552
65 EIGENMODES LinModal Mode 20 0.240 7.612 -12.547 -22.6526
65 EIGENMODES LinModal Mode 21 3.444 21.438 -36.654 -63.7913
65 EIGENMODES LinModal Mode 22 10.887 47.369 -49.339 -111.4488
65 EIGENMODES LinModal Mode 23 1.583 -22.088 34.342 65.3113
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
65 EIGENMODES LinModal Mode 24 13.285 -252.022 99.042 571.7142
65 EIGENMODES LinModal Mode 25 12.901 492.442 -129.240 -1103.4429
70 1 LinStatic 49.445 -37.729 985.856 66.4936
70 EIGENMODES LinModal Mode 1 -43.990 -0.998 0.262 2.2877
70 EIGENMODES LinModal Mode 2 82.150 -10.481 -17.379 24.4601
70 EIGENMODES LinModal Mode 3 358.627 -7.325 -9.899 16.9895
70 EIGENMODES LinModal Mode 4 -666.296 -29.864 -60.062 70.0443
70 EIGENMODES LinModal Mode 5 96.264 254.592 418.794 -593.8586
70 EIGENMODES LinModal Mode 6 -716.839 295.457 411.222 -687.2702
70 EIGENMODES LinModal Mode 7 261.198 155.798 294.575 -364.1238
70 EIGENMODES LinModal Mode 8 -1127.705 -105.506 -1609.875 273.7839
70 EIGENMODES LinModal Mode 9 70.503 807.691 1500.441 -1889.1130
70 EIGENMODES LinModal Mode 10 -112.084 699.261 1121.523 -1632.1698
70 EIGENMODES LinModal Mode 11 -88.357 729.227 1211.966 -1703.6333
70 EIGENMODES LinModal Mode 12 482.789 -33.094 -1452.297 105.1352
70 EIGENMODES LinModal Mode 13 -884.630 67.992 1900.019 -194.4729
70 EIGENMODES LinModal Mode 14 -472.017 -1577.436 -3959.010 3792.7549
70 EIGENMODES LinModal Mode 15 504.847 -1412.882 -222.579 3158.0913
70 EIGENMODES LinModal Mode 16 -137.946 -424.933 -199.623 957.9849
70 EIGENMODES LinModal Mode 17 -774.784 -585.234 1563.756 1187.3022
70 EIGENMODES LinModal Mode 18 -101.617 -817.020 -1079.528 1888.5037
70 EIGENMODES LinModal Mode 19 -44.418 -146.486 -220.663 340.3921
70 EIGENMODES LinModal Mode 20 -2.423 -4.719 -9.199 11.0179
70 EIGENMODES LinModal Mode 21 -0.116 -6.279 -14.365 14.7970
70 EIGENMODES LinModal Mode 22 2.303 -8.555 -5.357 15.2822
70 EIGENMODES LinModal Mode 23 5.518 2.929 2.744 -6.7228
70 EIGENMODES LinModal Mode 24 12.717 958.730 132.342 -1665.5267
70 EIGENMODES LinModal Mode 25 45.633 -59.854 -37.725 104.0764
75 1 LinStatic 51.861 34.395 990.668 -58.7091
75 EIGENMODES LinModal Mode 1 -44.139 -0.901 3.163 2.1207
75 EIGENMODES LinModal Mode 2 69.602 -10.645 16.954 24.7455
75 EIGENMODES LinModal Mode 3 361.570 -7.331 11.717 16.9968
75 EIGENMODES LinModal Mode 4 -717.834 -31.102 42.907 72.2013
75 EIGENMODES LinModal Mode 5 308.242 258.697 -407.822 -600.9966
75 EIGENMODES LinModal Mode 6 -608.432 295.618 -526.259 -687.5602
75 EIGENMODES LinModal Mode 7 312.288 160.809 -216.001 -372.8318
75 EIGENMODES LinModal Mode 8 -1107.888 -201.624 -1120.037 440.6216
75 EIGENMODES LinModal Mode 9 120.854 829.476 -1218.888 -1926.9556
75 EIGENMODES LinModal Mode 10 -96.439 705.799 -1221.903 -1643.5458
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Joint OutputCase CaseType Step U1 u2 u3 R1
Text Text Text Text KN KN KN KN-m
75 EIGENMODES LinModal Mode 11 -67.269 738.133 -1261.492 -1719.1285
75 EIGENMODES LinModal Mode 12 476.140 -125.674 -1174.631 265.8371
75 EIGENMODES LinModal Mode 13 -908.517 188.644 1469.422 -403.8892
75 EIGENMODES LinModal Mode 14 367.221 -1579.953 4526.034 3797.1841
75 EIGENMODES LinModal Mode 15 -604.377 -1419.725 648.724 3170.0315
75 EIGENMODES LinModal Mode 16 127.089 -428.592 279.578 964.3485
75 EIGENMODES LinModal Mode 17 785.306 -591.000 -1498.798 1197.3151
75 EIGENMODES LinModal Mode 18 224817 -827.932 1131.256 1907.4786
75 EIGENMODES LinModal Mode 19 55.820 -148.581 229.336 344.0336
75 EIGENMODES LinModal Mode 20 2.086 -4.617 7.998 10.8421
75 EIGENMODES LinModal Mode 21 10.262 -6.500 10.360 15.1807
75 EIGENMODES LinModal Mode 22 5.130 6.898 -3.451 -11.5289
75 EIGENMODES LinModal Mode 23 -3.353 2.706 -5.759 -6.3348
75 EIGENMODES LinModal Mode 24 11.796 -951.493 139.719 1648.7596
75 EIGENMODES LinModal Mode 25 47.805 59.573 -28.910 -103.1755
Table 9: Modal Load Participation Ratios
OutputCase ItemType Item Static Dynamic
Text Text Text Percent Percent
EIGENMODES Acceleration | UX 0.9933 0.8968
EIGENMODES Acceleration | UY 0.9969 0.8556
EIGENMODES Acceleration | UZ 0.9681 0.4654
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Table 10: Modal Participating Mass Ratios, Part 1 of 2

OutputCase Step Period Ux uy uz SumUX SumUY SumUz RX RY RZ
Text Text Sec Unitless Unitless Unitless Unitless Unitless Unitless Unitless Unitless Unitless
EIGENMODES Mode 1 0.746112 0.00914 0.57917 0.00810 0.00914 0.57917 0.00810 0.12495 0.00291 0.02180
EIGENMODES Mode 2 0.501534 0.01807 0.00022 0.09132 0.02721 0.57939 0.09942 0.15902 0.15200 0.09461
EIGENMODES Mode 3 0.429607 0.00335 9.402E-05 0.00107 0.03055 0.57948 0.10049 2.555E-05 0.00216 0.00056
EIGENMODES Mode 4 0.391353 0.33946 0.01706 0.00826 0.37002 0.59654 0.10875 0.05220 0.00099 0.00222
EIGENMODES Mode 5 0.355226 0.00377 0.00228 0.00050 0.37379 0.59882 0.10925 0.00103 0.00214 0.00116
EIGENMODES Mode 6 0.321324 0.20859 0.06945 8.656E-05 0.58237 0.66827 0.10933 0.03525 0.00015 0.02612
EIGENMODES Mode 7 0.301362 0.05587 0.00579 4.928E-05 0.63824 0.67406 0.10938 0.00735 0.03124 0.11870
EIGENMODES Mode 8 0.284852 0.01806 0.00544 0.01282 0.65630 0.67950 0.12220 0.05539 0.01243 0.09500
EIGENMODES Mode 9 0.270617 0.00042 0.00050 0.00014 0.65672 0.68000 0.12234 0.00145 0.00031 0.00871
EIGENMODES Mode 10 | 0.251108 0.00229 0.00067 0.00255 0.65901 0.68068 0.12489 0.00254 0.00014 0.03711
EIGENMODES Mode 11 | 0.241010 0.00545 0.05665 0.23557 0.66446 0.73732 0.36046 0.00715 0.06528 0.09135
EIGENMODES Mode 12 | 0.231799 0.00035 1.796E-05 0.01205 0.66481 0.73734 0.37251 0.00212 0.00679 0.00324
EIGENMODES Mode 13 | 0.214757 0.00016 0.00052 0.00021 0.66497 0.73786 0.37272 0.01167 0.00043 0.00321
EIGENMODES Mode 14 | 0.199114 0.15381 0.05784 0.03401 0.81878 0.79571 0.40673 0.14147 0.19298 0.06645
EIGENMODES Mode 15 | 0.190949 0.03708 0.01768 0.02163 0.85587 0.81339 0.42836 0.00573 0.02382 0.01860
EIGENMODES Mode 16 | 0.187219 0.00189 0.00108 0.00043 0.85775 0.81447 0.42880 0.00366 0.00304 0.00093
EIGENMODES Mode 17 | 0.177975 0.00418 0.01674 0.02136 0.86193 0.83121 0.45015 6.205E-06 0.00613 0.01643
EIGENMODES Mode 18 | 0.154227 0.00919 0.00070 0.00903 0.87112 0.83190 0.45918 0.00436 0.00448 0.03027
EIGENMODES Mode 19 | 0.153018 1.089E-06 7.202E-05 2.858E-05 0.87112 0.83198 0.45921 5.361E-05 8.496E-07 0.00019
EIGENMODES Mode 20 | 0.151194 0.00015 0.00041 7.399E-06 0.87127 0.83239 0.45922 0.00010 2.815E-05 2.844E-06
EIGENMODES Mode 21 | 0.149639 0.00989 0.02056 4.534E-07 0.88117 0.85295 0.45922 0.00235 0.00215 0.00444
EIGENMODES Mode 22 | 0.148658 7.487E-06 0.00066 0.00010 0.88118 0.85361 0.45932 0.00013 1.619E-05 0.00010
EIGENMODES Mode 23 | 0.145876 0.00957 4.887E-05 0.00065 0.89074 0.85366 0.45997 0.00065 0.00040 0.00135
EIGENMODES Mode 24 | 0.145418 0.00021 1.134E-05 5.541E-05 0.89095 0.85367 0.46003 7.816E-06 0.00022 0.00015
EIGENMODES Mode 25 | 0.142916 0.00580 0.00188 0.00535 0.89675 0.85555 0.46537 0.00186 0.00085 0.00063
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Table 11: Modal Participation Factors

OutputCase Step Period Ux uy uz RX RY RZ ModalMass ModalStiff
Text Text Sec KN-s2 KN-s2 KN-s2 KN-m-s2 KN-m-s2 KN-m-s2 KN-m-s2 KN-m
EIGENMODES Mode 1 0.746112 6.003506 -47.799313 -5.651997 315.050646 | -121.798312 | -331.869723 1.0000 70.91725
EIGENMODES Mode 2 0.501534 -8.443477 -0.930457 -18.980531 | -355.417365 | -879.527770 691.309009 1.0000 156.94944
EIGENMODES Mode 3 0.429607 -3.633536 -0.609010 2.052839 -4.505447 104.846919 -53.288372 1.0000 213.90298
EIGENMODES Mode 4 0.391353 36.594500 8.204892 5.708106 | -203.636774 70.868621 | -105.961744 1.0000 257.76393
EIGENMODES Mode 5 0.355226 -3.857653 -2.996553 -1.404701 28.632374 | -104.262703 -76.622230 1.0000 312.86031
EIGENMODES Mode 6 0.321324 28.685458 16.552188 -0.584348 | -167.330635 -27.419778 363.218150 1.0000 382.36098
EIGENMODES Mode 7 0.301362 14.845571 -4.778339 -0.440902 -76.421975 | -398.714178 | -774.332444 1.0000 434.69298
EIGENMODES Mode 8 0.284852 8.441121 4.633358 7.111273 | -209.758806 251.492761 | -692.719867 1.0000 486.54187
EIGENMODES Mode 9 0.270617 -1.286779 1.405395 -0.747364 -33.905674 -39.928537 | -209.772609 1.0000 539.07743
EIGENMODES Mode 10 0.251108 3.002790 -1.631658 3.170305 44.926665 26.535207 432.953789 1.0000 626.09452
EIGENMODES Mode 11 0.241010 4.637625 -14.949113 30.484385 75.350135 | -576.388431 679.270052 1.0000 679.65609
EIGENMODES Mode 12 0.231799 1.173616 0.266204 -6.894420 -41.004136 185.912508 | -127.913587 1.0000 734.74285
EIGENMODES Mode 13 0.214757 0.799610 1.434627 -0.909360 -96.269270 46.540696 127.366549 1.0000 855.98206
EIGENMODES Mode 14 0.199114 24.632986 -15.105820 -11.583394 335.229312 991.038893 579.341197 1.0000 995.76694
EIGENMODES Mode 15 0.190949 -12.094891 8.352359 9.237861 -67.459998 | -348.176891 | -306.490583 1.0000 1082.73690
EIGENMODES Mode 16 0.187219 -2.729078 2.062285 1.308504 -53.943311 | -124.300019 -68.575690 1.0000 1126.30949
EIGENMODES Mode 17 0.177975 -4.060437 -8.126151 9.178864 -2.220177 | -176.681035 288.125226 1.0000 1246.35571
EIGENMODES Mode 18 0.154227 -6.020631 1.657075 5.968925 -58.840758 | -151.070925 | -391.026561 1.0000 1659.73903
EIGENMODES Mode 19 0.153018 0.065532 -0.533022 -0.335749 6.525950 2.079392 30.874831 1.0000 1686.07006
EIGENMODES Mode 20 0.151194 -0.773233 -1.275674 -0.170845 9.071561 -11.970143 3.789877 1.0000 1726.98700
EIGENMODES Mode 21 0.149639 6.247787 9.006692 -0.042292 -43.159764 104.591703 149.821332 1.0000 1763.06818
EIGENMODES Mode 22 0.148658 -0.171861 -1.609229 -0.632800 10.067391 9.078041 -22.991982 1.0000 1786.41758
EIGENMODES Mode 23 0.145876 6.143158 -0.439065 1.603954 -22.726382 45.003725 82.686658 1.0000 1855.21315
EIGENMODES Mode 24 0.145418 0.904475 -0.211544 -0.467536 2.491752 33.394273 27.778905 1.0000 1866.92007
EIGENMODES Mode 25 0.142916 4.783806 2.725302 -4.591993 38.452815 65.810597 -56.458757 1.0000 1932.85791
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Table 12: Modal Periods And Frequencies

OutputCase Step Period Frequency CircFreq Eigenvalue
Text Text Sec Cyc/sec rad/sec rad2/sec2

EIGENMODES Mode 1 0.746112 1.3403E+00 | 8.4212E+00 | 7.0917E+01
EIGENMODES Mode 2 0.501534 1.9939E+00 | 1.2528E+01 1.5695E+02
EIGENMODES Mode 3 0.429607 2.3277E+00 | 1.4625E+01 2.1390E+02
EIGENMODES Mode 4 0.391353 2.5552E+00 | 1.6055E+01 2.5776E+02
EIGENMODES Mode 5 0.355226 2.8151E+00 | 1.7688E+01 3.1286E+02
EIGENMODES Mode 6 0.321324 3.1121E+00 | 1.9554E+01 3.8236E+02
EIGENMODES Mode 7 0.301362 3.3183E+00 | 2.0849E+01 4.3469E+02
EIGENMODES Mode 8 0.284852 3.5106E+00 | 2.2058E+01 4.8654E+02
EIGENMODES Mode 9 0.270617 3.6953E+00 | 2.3218E+01 5.3908E+02
EIGENMODES Mode 10 | 0.251108 3.9824E+00 | 2.5022E+01 6.2609E+02
EIGENMODES Mode 11 | 0.241010 4.1492E+00 | 2.6070E+01 6.7966E+02
EIGENMODES Mode 12 | 0.231799 4.3141E+00 | 2.7106E+01 7.3474E+02
EIGENMODES Mode 13 | 0.214757 4.6564E+00 | 2.9257E+01 8.5598E+02
EIGENMODES Mode 14 | 0.199114 5.0223E+00 | 3.1556E+01 9.9577E+02
EIGENMODES Mode 15 | 0.190949 5.2370E+00 | 3.2905E+01 1.0827E+03
EIGENMODES Mode 16 | 0.187219 5.3413E+00 | 3.3561E+01 1.1263E+03
EIGENMODES Mode 17 | 0.177975 5.6188E+00 | 3.5304E+01 1.2464E+03
EIGENMODES Mode 18 | 0.154227 6.4840E+00 | 4.0740E+01 1.6597E+03
EIGENMODES Mode 19 | 0.153018 6.5352E+00 | 4.1062E+01 1.6861E+03
EIGENMODES Mode 20 | 0.151194 6.6140E+00 | 4.1557E+01 1.7270E+03
EIGENMODES Mode 21 | 0.149639 6.6827E+00 | 4.1989E+01 1.7631E+03
EIGENMODES Mode 22 | 0.148658 6.7268E+00 | 4.2266E+01 1.7864E+03
EIGENMODES Mode 23 | 0.145876 6.8552E+00 | 4.3072E+01 1.8552E+03
EIGENMODES Mode 24 | 0.145418 6.8767E+00 | 4.3208E+01 1.8669E+03
EIGENMODES Mode 25 | 0.142916 6.9971E+00 | 4.3964E+01 1.9329E+03

Sonug olarak yapi periyodu 0.74 bulunmustur. Model deformasyon sekilleri EKLER kismina eklenmistir.'
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S6z konusu tez ¢alismasinda kullanilan sismik kauguk izolatorlere ait standart tiretim tablolar1

asagida verilmistir. Tabloda belirtilen 6l¢ii ve ebatlar standart tiretim 6l¢iileri olup hesap

sonucu ¢ikacak kesit tesirlerine gore gereken boyutlarda istege bagli olarak ta iiretilmektedir.

(Sekil 24) .S6z konusu izolatorler yuvarlak ve dikdortgen olarak da tiretilmektedirler.

- Kesme Modiiliisii: 0,6 or 1,0 N'mm?
- Sontiimleme:
- Olgiiler

6% or 15%

1100 x 1100 x 400 mm,
21100 x 400 mm

Dairesel sekil:

[zolatsr
yiiksbkligi

Dikdértgen sekil

3 Kauguk yastigin
Dikey lzolatoriin dig olgiileri
Yiik* Ankraj cubugu olmadan Olgiileri Yitkseklik degerleri Kauguk katman kalinhigi
uzuniuk (L) x genis. (W) | uzunluk (I) x genislik (W) | Kauguk yiiks. | Isolator height ** Toplam tek
veya cap (D) Veya cap (d) min  max min max | min max | layer
(MN) [mm] [mm] [mm] [mm] | [mm] fmm] | [mm] | [mm] | [mm]
0,37 /045 280 x 170 / 280 x 220 100 x 150 f 100 x 200 48 60 78 a0 16 24 8
0877084/ 1.0 330 X 220 / 330 % 270 330 % 320 150 % 2001 150 x 250 / 150 X 300 49 [l 78 101 16 32 B
070411 @380 /@ 430 @200 /@250
11271357157 380 x 270 / 380 x 320 / 380 x 320 200 x 250 / 200 x 300 / 200 x 350 58 83 88 123 24 48 8
187158 380 x 420/ @ 480 200 %400/ @ 300
18812251218 430 % 3201 430 x 420/ @ 530 250 x 300 1 250 x 400/ B 350 58 104 ES 134 24 56 B
2773371406 480 x 420/ 480 x 520 / 480 x 620 300 x 400 / 300 x 500 / 300 x BOO a4 132 124 172 36 72 12
2.82/367 @ 580/ @ 830 @400 / @ 450
3547441 530 %470 @680 350 %450/ @ 500 T a8 124 188 £ & iz
45/54/534 { 580 x 520 /580 x 820 / @ 730 400 x 500 / 400 x 600 / @ 550 100 164 140 204 48 88 12
B,07 /8,38 830 x 620/ @ 780 450 x 600 [ @600 100 184 140 204 48 108 12
B8,75/7,48 BB0 x 820 / @ 830 500 x 600 / @ 6850 i 100 164 140 204 48 120 12
817845 780 x 630 780 % 730 00 % 600 1600 % 700 118 294 158 264 54 144 6
8,685/8,94 @ BEO /@ 830 @700/@ 750
11.02/128 880 x 730 / 880 x B30 700 x 700 / 700 x 8OO 119 224 158 284 64 f 160 16
11311278 @980/ @ 1030 @800/ @ 850
144/ 1_4.3 uauxmrp 1080 -BOO x'800 / & 800 135" 308 175. 345 80 220 20
18,2 1080 % 930 900 % 500 135 305 175 345 80 220 20

Sekil 24 Sismik kauguk izolatorlere ait standart {iretim tablosu[4]
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Yapilan hesaplamalar sonucu modelde sismik izolatorlerin kullanilmasi halinde olusan en
biiylik diisey kuvvet Npyax = 12890.736 kN = 12.89 MN dur.

Buna gore yukaridaki tablodan bir se¢im yapacak olursak kullanilacak izolator boyutu
dikdortgen izolatorde 980x830 mm, dairesel izolatérde ise @1080mm ye karsilik gelmektedir.
Tablodan da goriilecegi ilizere bu izolatdrlerin tasidig yiikler :

Dikdértgen izolatérde Npax = 14.4 MN,

Dairesel izolatorde ise Npax = 14.3 MN dur.

Se¢ilen kaucuk izolator degerleri tez hesap degerlerinden daha biiyiik oldugundan her ayak
altina konacak bu izolatorler sistem yiiklerini ilettigi gibi ayn1 zamanda da gerekli yatay
Otelemeleri saglayacaktir. Yapilan sismik analiz sonucunda bulunan max yatay deplasmani
saglayacak kalinlikta kauguk konularak kauguk izolatoriin kaucuk kalinligi da kontrol
edilmelidir. Yatay deplasmanlarin biiyilik olmasi ve standart kauguk izolatérlerdeki kauguk
kalinliklarinin yetersiz kalmasi halinde bu deplasmanlari karsilamak amaciyla sisteme sismik
hidrolik damperler eklenerek bu deplasmanlar kontrol altinda tutulmalidir.

Sistemde ¢elik kaymali sismik izolatdrlerin kullanilmasi halinde izolatorlerdeki yatay
deplasmanlarin sinirli olmasindan dolay1 hesap sonucu bulunan yatay deplasmanlarin bu
degerlerden biiylik olmasi halinde yine yatay deplasmanlari kontrol altina almak amaciyla
sisteme sismik hidrolik damperler eklenmelidir. Celik kaymali sismik izolatorler deki bu
yatay deplasman sinirlandirmasi ve yiiksek maliyet bu tip izolatdrlerin kullanim alanim

kisitlamakta buna karsilik kauguk izolatorlerin daha yaygin kullanilmasini saglamaktadir.
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6.SONUCLAR VE DEGERLENDiRMELER

Giliniimiizde deprem tesirlerinin yapilardaki etkisini en aza indirgemek ve yapi
boyutlarinit kii¢iiltmek amaciyla uygulanan ¢esitli sismik izolatorler imal edilmektedir. Tez
konusuna ait sismik izolator tipi genellikle biiylik sanat yapilarinin boyutlandirilmasinda
kullanilan sismik kauguk izolatorlerdir.

Yapilan caligmada koprii iist yapisinin deprem etkilerinden ziyade esas olarak tiim
kopriiyii tastyan koprii ayaklarinin ve koprii temellerinin durumu incelenmistir. Depremde en
fazla zorlanan kesitler, koprii ayaklar1 ve buna bagh olarak da koprii temelleridir. Koprii {ist
yapisinin durumu bu 6rnekte incelenmemis olup gercekte de koprii iist yapist baslik kirislerine
gerek elastomerler gerekse de mesnet elemanlari yardimiyla oturdugundan alt yapiya ciddi
momentler aktarmamaktadirlar. Koprii prekast kiriglerinin baslik kirislerine oturdugu yerde
prekast kiris altina konan elastomerlerde bir nevi sismik izolatér gorevi yapmaktadirlar. Bu
elemanlarin boyutlandirilmasinda koprii ayaklarinin birbirlerine gore yaptiklar1 rolatif
deplasmanlar bulunarak bu deplasmana izin verecek bir elastomer kalinlig1 tespit edilmistir.
Dolayisiyla deprem aninda ayaklara {ist yapidan herhangi bir moment etkisi gelmeyecektir.
Koprii st yapist kendi ig¢inde izostatik bir sistem olarak diisiiniilmiis ve her acgiklik basit
kirigli olarak ¢oziilmiistiir. Sadece iist yap1 agirligindan dolay1r deprem de olusan yatay
kuvvetler ve diisey agirliklar gerek kolonlarin gerekse de koprii temellerinin dinamik
hesabinda g6z oniine alinacaktir.

Sismik izolatorler gerek malzemelerinin pahali olmasi gerekse de belli bir siire sonra
yenilenmelerinin gerekmesi sebebiyle pahali elemanlar oldugundan her yerde uygulanmasi
miimkiin olmamaktadir. Ulkemizde de son zamanlarda hazirlanmaya baslanan teknik
sartnameler yardimiyla bu konuda c¢aligmalara baslanilmistir. Sismik izolatorlerin uygulama
alanlar1 olarak; yapilacak yapilarin deprem kosullar1 altinda acil durumlarda agik olmasi
gereken koprii, viyadiik, hastane, itfaiye binasi gibi 6nemli yapilarda uygulanmasi gerektigi
onerilmistir. Sismik izolatorler deprem esnasinda olusan enerjinin ¢ogunu soniimlemeleri
sebebiyle deprem de olusacak can ve mal kaybini en aza indirmektedirler.

S6z konusu tez c¢alismast sismik izolatorlerin betonarme kopriilerdeki etkilerini
incelemektedir. Bu ¢alisma esnasinda koprii ayaklarinin altina konacak sismik izolatorlerin
yapiya gelen deprem etkilerini ne denli etkileyecegi incelenmis ve sonuglar asagida

Ozetlenmistir.
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Yapilan ¢aligmada sismik izolatér konulmamasi halinde koprii periyodu :
To = 0,46 olarak hesaplanmustir.
Buna gore A=0.40 S=1.00 alindiginda Amerikan koprii sartnamesi A.A.S.H.T.O ya gore
esdeger deprem kuvveti:
To < 4.0 sn oldugundan
Co=1.2*¥A*S/To *?
Co=0.806 olarak hesaplanacaktir.

Sismik izolator konulmasi halinde koprii periyodu:
T1= 0,74 olarak hesaplanmustir.
Buna gore A=0.40 S=1.00 alindiginda Amerikan koprii sartnamesi A.A.S.H.T.O ya gore
esdeger deprem kuvveti:
To < 4.0 sn oldugundan
Ci=1.2*A*S/To *?
C,=0.587 olarak hesaplanacaktir.

Yapilan ¢alismadan da goriilecegi lizere sismik izolatorlerin konulmasi halinde yapi periyodu
bliylimekte olup bu da yapiya etkiye esdeger deprem kuvvetinin azalmasi anlamina
gelmektedir. Yapilan calismada aynmi kopriiniin hem sismik izolatérli hem de sismik
izolatorsiiz haline ait yap1 periyotlar1 arasindaki oran:

A=To/T1=0,46/0,74 = 0,621 olarak bulunmustur.

Sismik izolatorlerin yapilara etkisi ayak yiiksekligine bagli olarak de§ismekle birlikte
s0z konusu ornekte bu oran %62 civarinda olmustur. Bu verilere gore elastik esdeger deprem
katsayilar1 arasindaki oran ayn1 zamanda hem orta ayaga gelen hem de koprii temellerine
gelen deprem kuvvetleri arasindaki orani yansitacagindan bu oran hesaplandiginda :
A=Cy/C1=0,806/0,587=1.373 olarak bulunmustur.

Buradan da goriilecegi tizere sismik izolatdrlerin kullanilmamasi halinde kesit tesirleri %37.3
daha fazla ¢ikacaktir. Yani sismik izolatorlerin kullanilmasi halinde yaklasik %37.3 tasarruf
saglanacaktir.

Yapilan bu tez ¢alismasina gore orta ayaklardaki toplam kesit tesirleri ekteki tabloda

Ozetlenmistir.(Tablo 13)
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Tablo 13: Kolon Temel Birlesim Bolgesi Toplam Kesit Tesirleri

Sismik izolatorsiiz

Sismik izolatorlii

OutputCase CaseType Step GlobalMX GlobalMY GlobalMX GlobalMY
KN-m KN-m KN-m KN-m

1 LinStatic 152143.1037 | -662345.00 | 152143.1037 | -662345.00
EIGENMODES LinModal Mode 1 76261.1450 | -31956.1568 | 39655.0018 | -13130.5477
EIGENMODES LinModal Mode 2 142192.4194 | 42000.8783 | -24201.0268 | 33438.6763
EIGENMODES LinModal Mode 3 -28902.5288 | 21729.3088 | -27958.9721 | 42453.5174
EIGENMODES LinModal Mode 4 34022.8341 | 120133.3034 | -61879.0365 | -8214.8183
EIGENMODES LinModal Mode 5 -77582.9650 | -173951.251 | -102434.790 | -19285.4626
EIGENMODES LinModal Mode 6 -98108.3170 | -146466.114 2634.5711 | 20306.0444
EIGENMODES LinModal Mode 7 25818.4027 | -125488.044 | -24486.4760 | 186578.4603
EIGENMODES LinModal Mode 8 59802.0252 | -29283.1101 | -24546.0834 | 564172.2977
EIGENMODES LinModal Mode 9 -22687.5302 | 272241.1057 | -14431.6686 | -104959.392
EIGENMODES LinModal Mode 10 -318440.45 | 1825819.490 | -30886.5037 | 25707.2217
EIGENMODES LinModal Mode 11 -20706.8675 | 136026.0127 | -9624.2588 | -4664.5002
EIGENMODES LinModal Mode 12 -68198.4530 | 317290.1923 | 10576.1614 | 33768.4648
EIGENMODES LinModal Mode 13 78285.8489 | -8731.0919 | 60708.7419 | -908533.83
EIGENMODES LinModal Mode 14 94008.4863 | 794857.3035 | 80657.7517 | -116595.262
EIGENMODES LinModal Mode 15 256060.8271 | 1355864.567 | 31324.9648 | -85405.1396
EIGENMODES LinModal Mode 16 -48084.9018 | -166214.671 | -11554.2170 | -15991.9120
EIGENMODES LinModal Mode 17 -8533.2545 | 32023.3544 | -3619.5620 | -12984.4535
EIGENMODES LinModal Mode 18 -9855.6345 | 26906.9993 | 38632.4697 | -46143.1935
EIGENMODES LinModal Mode 19 -13851.0426 | 90960.9470 | -31863.8714 | 99438.5659
EIGENMODES LinModal Mode 20 6530.8658 | 123624.1351 | 12478.3522 5578.4499
EIGENMODES LinModal Mode 21 213504.4546 | -338123.40 | 177354.2687 | 38771.1301
EIGENMODES LinModal Mode 22 -240142.255 | 639327.7836 | -2337.7999 | 23601.0587
EIGENMODES LinModal Mode 23 144052.8443 | 440598.9335 | 24190.9731 | -11194.1605
EIGENMODES LinModal Mode 24 -59230.4256 | 295695.1339 4207.2422 | -72055.6135
EIGENMODES LinModal Mode 25 112107.8686 | -1426156.78 | -2177.2523 | 24253.2311
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