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ELASTiK ZEMINE OTURAN TIMOSHENKO KiRiSiNIN SONLU
ELEMANLAR YONTEMIiYLE ELASTOPLASTIK ANALIZi

OZET

Giintimiizde teknolojinin ilerlemesine paralel olarak gelisen bilgisayar programlari,
degisik bilim dallarina ait problemlerin ¢oziimiinde kolayca uygulanmakta, bu
sayede muhtelif kosullar altinda c¢esitli sistemlerin davramiglar1 Onceden
belirlenebilmektedir.

Bu calismada pek ¢ok miihendislik probleminin ¢éziimiinde oldukca iyi bir yaklagim
saglayan sonlu eleman yontemi kullanmilarak FORTRAN dilinde yazilan  bir
elastoplastik coziimler elde edilmistir. Bu program yiiksek lisans tezine konu olan
Timoshenko kiriglerinin tabakali ve tabakasiz halleri ic¢in, farkli zemin kosullari,
yiikklemeler ve degisik malzeme durumlarinda davramiglarinin incelenmesinde
kullanilmigtir. Timoshenko kirisleri genel kiris teorisine ilaveten enine kayma sekil
degistirmelerini de dikkate alir ve L/h (genisliginin yiiksekligine orani) degeri kiiciik
olan problemlerde ¢ok daha dogru sonuclar verdiginden “Kalin Kirig” teorisi olarak
da bilinir.

Calismanin giristen sonraki boliimiinde bir boyutlu elastoplastik problemler ve
¢oziim yontemlerinden bahsedilmistir. Uciincii boliimde Timoshenko kirisi ayrintilt
olarak irdelenerek sonlu eleman yaklagiminin bu kirislere uygulanmasina ait esaslar
verilmigtir. Dordiincii  bolimde kullanilan bilgisayar programlarina ait akis
diyagramlar1 verilmis, ana ve alt programlar ve bu programlarda kullamilan
komutlarin iglevleri ayrintili olarak sunulmustur. Besinci boliimde Timoshenko
kirislerinin elastik zemine yataklanma durumu da dahil olmak tizere tekil ve yayili
yiik etkileri altinda uygulamalar yapilmistir. Aym1 boliimde tabakali hal i¢in de
¢Oziimler bulumaktadir. Altinc1 ve son boliimde 6nceki boliimde yapilan ¢oziimler
irdelenerek sonuclar verilmistir.
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ELASTOPLASTIC FINITE ELEMENT ANALYSIS OF TIMOSHENKO
BEAM ON ELASTIC FOUNDATION

SUMMARY

Nowadays computer programs has developed in parallel with technological
advancement. Most of these programs could be easily applied to solution process of
various problems relating to various branches of science. Thanks to these
applications attitudes of different systems can be determined easily.

In this study elastoplastic solution of Timoshenko beam is achieved by using the
finite element method which provides fairly well approximate solutions for many
engineering problems. Mathematical calculations were carried on a computer
program which taken from the literature and improved by the author of this thesis in
Fortran programming language. This program is used to obtain the behaviour of the
nonlayered Timoshenko beams at different foundation conditions, loading types and
material properties. The layered beam case is also analyzed.

This thesis consist of six chapters. The first chapter is introduction. The second
chapter is devoted to one dimensional elastoplastic problems and the summary of the
general four solution methods. In the third chapter the essentials of Timoshenko
beam theory is explained in detail and the principals of finite element method for
Timoshenko beam is introduced. In the fourth chapter computer programs is given
with flow charts. Master and subroutine programs are examined with all of their
commands. In the fifth chapter Timoshenko beam applications were presented under
the concentrated and uniform loading conditions including the embedment in the
elastic foundation. In the same chapter some solutions for the layered case also
introduced. In the last chapter the results of the numerical solutions assessed and
conclusion is presented.
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1. GIRIS

1.1 Konu

Kirisler yapilarda doseme ve duvarlardan gelen yiiklerle yapinin kullanim amacina
gore degisen yiik etkilerini diisey tasiyici elemanlara aktaran ve diisey tasiyicilarin

baglanarak cergeve sisteminin olusturulmasini saglayan yapi elemanlaridir.

Uygulamada en ¢ok kullanilan kiris teorisi Euler-Bernoulli kiris teorisidir. Bunun
nedeni basitligidir. Bu teoride sekil degistirmeden Once ortalama diizleme dik olan
kesitin sekil degisiminden sonra da dik kaldigr varsayilir. Timoshenko kirig
teorisinde ise enine kayma sekil degistirmeleri de dikkate alimir. Yani sekil
degistirmeden Once ortalama diizleme dik olan kesit sekil degisiminden sonra bu
diizlemle bir ag¢1 yapar, ancak diizlem kesit yine diizlem kalir (Bernoulli-Navier
hipotezi). Timoshenko kiris teorisi Euler-Bernoulli kiris teorisinden daha gelismis ve
bir anlamda onun iyilestirilmis halidir. Ozellikle kisa ve yiiksek kirisler, yani
aciklik/yiikseklik orani diisiik olan kirisler, icin Euler-Bernoulli teorisine nazaran

daha dogru sonuglar verir.

1.2 Calismanin Amaci ve Kapsam

Giiniimiizde bilgisayar teknolojisi ve yazilimlardaki gelismelere paralel olarak bircok
bilim dalinda oldugu gibi yap1 miihendisligi alaninda da cesitli yap1 elemanlarinin
farkli kosullar altindaki davramslarimi degisik yaklagimlarla incelemek ve daha

hassas sonuglar elde etmek oldukg¢a kolaylagmistir.

Bu c¢alismanin amaci bir parametreli elastik zemine (Winkler zemini) oturan
Timoshenko Kirisinin elastoplastik davranisinin  sonlu eleman yaklagimiyla
incelenmesidir. Calismanin kapsami iginde bir boyutlu dogrusal olmayan problemler

ve ¢Oziim yontemleri 6zetlenmis, bir boyutlu elastoplastik problemler agiklanmistir.



Timoshenko Kirisinin sonlu elemanlar yontemi ile elastoplastik analizi agiklanarak
¢Oziim amaciyla kullanilan ve literatiirde daha once gelistirilmis olan bir bilgisayar
programi hakkinda bilgi verilmistir. Tez kapsaminda s6z konusu programda bazi
iyilestirmeler yapilarak ilgili rutinler tadil edilmistir. Keza programda elastik zemine

oturma haline ait eklenti ve degisikliklikler de yapilmistir.

Once tabakasiz hale ait bilgisayar programi agiklanmus, daha sonra tabakali hal igin

yapilan degisiklikler gosterilmistir. Program FORTRAN dilinde kodlanmstir.

Tabakasiz hal ig¢in kullanilan programdaki rijitlikler yerine kayma sekil
degistirmelerini dikkate alan rijitlik matrisi konularak bulunan ¢éziimler dncekiler ile
karsilastirilmistir. Bu hal icin ayrica elastik zemine yataklanma durumu da

incelenmistir.

Yukarida aciklanan problemlerle ilgili programlara ait giris bilgileri ve cikis
diizenleri anlatilmisg, sayisal uygulamalara ait sonuglar grafikler ve ¢iktilar halinde

verilmistir.



2. BIR BOYUTLU DOGRUSAL OLMAYAN PROBLEMLER

Bilim ve miihendisligin bir¢ok daliyla ilgili olan dogrusal olmayan pek ¢ok problem,
katsayilar1 ana degiskenlere bagl fonksiyonlardan olusan denklemlere indirgenerek
¢Oziim yapilabilir. Bu baglik altinda tez konusuna esas olan problemin ¢6ziimiinde

kullanilacak olan yontemler agiklanacaktir.

2.1 Dogrusal Olmayan Problemler icin Basit Sayisal Coziim Yontemleri

Sonlu eleman yonteminin dogrusal olmayan problemlerin cogunun c¢oziimiinde

kullanilan denklem formu;

Ho+f=0 (2.1)

seklindedir. Bu denklemde “¢” temel bilinmeyenler vektoriind, “ f “ yiik vektoriinii,
“ H ” rijitlik matrisini temsil etmektedir. Yapisal problemlerde “yiik” ve “rijitlik”
terimleri dogrudan kullanlabilirken, diger miihendislik ve fizik problemlerinde bu

terimlerin anlamlar1 gbz oniine alinan fiziksel probleme gore degisebilmektedir.

Bu denklemdeki H matrisi, eger ¢ bilinmeyenleri veya tiirevlerine bagli ise problem
dogrusal olmaz. Bu durumda (2.1) denkleminin dogrudan c¢oziimii genellikle
miimkiin olmaz ve iteratif ¢oziim yollar1 kullanilir. Iteratif ¢oziim yontemlerinin en
cok uygulananlari asagida siralanmigtir:

2.1.1 Dogrudan iterasyon (veya ardisik yaklasim) yontemi

Bu yontemde ardisik ¢oziimler kullanilir. Her bir ¢oziim bir onceki ¢oziimdeki ¢

bilinmeyenlerinin H(p) matrisindeki degerini tahmin etmek icin kullanilir.

(2.1) denklemi yeniden yazilir ve (r+1). Iterasyon icin diizenlenirse



o=-[H(Q)|" - f 2.2)

o =Hlp )" 2.3)

olur. Eger ¢6ziim yakinsiyorsa, yani r sonsuza giderken, ¢ dogru sonuca yaklagir.
(2.3) denkleminden goriildiigii gibi her iterasyon adimu i¢in rijitlik matrisi H yeniden
hesaplanmalidir. Coziime baslarken ¢ bilinmeyeninin tahmini baslangi¢ rijitlik

matrisinin hesaplanabilmesi i¢in gereklidir.
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Sekil 2.2:Tek degiskenli problem i¢in direkt iterasyon yontemi-digbiikey H-¢ iliskisi

2.1.2 Newton- Raphson yontemi

Dogrudan iterasyon yoOntemindeki iteratif ¢oziim yoOnteminin herhangi bir
agsamasinda sonuca yakinsama olmadan (2.1) denklemi saglanamaz. Newton-
Raphson yonteminde artik kuvvetlerin oldugu varsayilir ve bu kuvvetlerin sistem

cOziimiindeki varligr asagidaki gibi gosterilir.
v=Hep+f+0 24

Bu yontemde bir @’ baslangic degeri ile yaklasima baglanir. Sekil (2.4)’te goriildiigii
gibi J(o" egrisi ile ¢" noktasinin kesistigi yerden J (0'ye cizilen tegetin yatay ekseni
kestigi yer yani ¢' bir sonraki yaklagimin baglangi¢ noktasidir. Bu sekilde ¢, 0% ...,

¢" ile egrinin teZetinin yatay ekseni kesim noktalari bulunarak koke yaklagilir.



Newton-Raphson yonteminde egrinin kendisi yerine tegeti kullanilarak lineerlestirme

yapilir. Ardisik yaklasim, kok degeri izin verilen en biiyiik hata degerinden kiiciik

olunca sona erer.
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Sekil 2.3:Tek degiskenli problem i¢in Newton-Raphson Metodu-disbiikey H-¢
iligkisi
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Sekil 2.4: Tek degiskenli problem i¢cin Newton-Raphson Metodu-i¢biikey H-g
iligkisi

2.1.3 Tegetsel rijitlik yontemi

degistirmenin derecesine bagli oldugu dogrusal olmayan durumlarda H, yapinin
herhangi bir noktasindaki kuvvet-yer degistirme iliskisinin yerel degisimine esittir ve
bu tegetsel rijitlik olarak tanimlanir. Artimlar halinde ¢6ziime gidilen problemlerin
analizinde ¢6ziim yapimin sadece o andaki yer degistirmelerine degil onceki yiikleme

gecmisine de baglidir. Herhangi bir yiik adiminda problem dogrusallastirilabilir.
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Sekil 2.5:Tek degiskenli problem i¢gin tegetsel rijitlik coziim algoritmasi

2.1.4 Baslangic rijitligi yontemi
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Sekil 2.6:Tek degiskenli problem i¢in baslangi¢ rijitligi ¢oziim algoritmasi

Yukarida bahsedilen diger 3 yontemde her iterasyonda denklem takiminin tekrar
¢oziimii gereklidir. Deneme degerlerinin hesabinda baglangictaki denemeye karsi
gelen rijitlikler kullanilirsa her adimda denklem takiminin tekrar ¢oziimii gerekmez.
Bu halde tiim denklem takiminin ¢oziimii yalmizca ilk iterasyonda yapilir ve bunu
takip eden yaklasimlarda rijitlik icin bu deger kullanilir. Her adimda, aym rijitlik

matrisi kullamildigindan, sadece adimin sag tarafindaki terimler indirgenir. Bu,



Sekil(2.6) da goriildiigii lizere ¢6ziim siiresini énemli bir oranda azaltir, ancak
yakinsaklik oranini da diisiiriir. Iterasyon algoritmas tegetsel rijitlik yontemindeki ile
idantikdir. Bu yontem kosulsuz olarak yakinsaktir ve malzemeden olusan negatif
rijitlikli hallerde de kullanilabilir. Baslangi¢ rijitligi ya da tegetsel rijitlik
yontemlerinden hangisinin daha ekonomik oldugu ilgilenilen probleme ait
nonlineerlik derecesinin biiyiikliigi ile alakalidir. Optimum algoritma her iki
yontemin karisimi ile bulunabilir, yani secilen iterasyon araliklar igin rijitlikler

degistirilebilir.

2.2 Bir Boyutlu Elastoplastik Problemler

Elastoplastik davranig, baslangictan belirli bir gerilme degerine kadar elastik olan
malzeme davramisinin bu seviyeden sonra plastik davranisa doniismesi olarak
tanimlanabilir.

Plastik sekil degistirme yiiklemenin kaldirilmasiyla geri cevrilemez. Plastik sekil
degistirmenin baslangici (veya akma) akma kriteri ile tanimlanir ve genellikle akma
sonrasinda peklesme bolgesi adi verilen sekil degistirme diliminde malzeme rijitligi
onemli dl¢iide azalir.

Bir boyutlu problemlerde elastoplastik davranisin tam anlamiyla tanimlanabilmesi
icin gerekli olan malzeme parametreleri malzemeye tek eksenli cekme testi

uygulanarak elde edilir.
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Sekil 2.7: Elastoplastik davranis

Sekil(2.3) de bir malzeme icin ideallestirilmis gerilme-sekil degistirme egrisi
goriilmektedir. Cekme ve basing etkileri altinda malzemenin benzer davranig
gosterdigi varsayilmistir.

Malzeme, baslangicta gerilme tek eksenli akma gerilmesi o, degerine ulagincaya
kadar egimi elastisite modiiline (E) esit olacak sekilde dogrusal elastik sekil
degistirme yapar. Yiikiin gerilme akma smirimi asacak sekilde artirilmasiyla
malzemenin dogrusal olarak peklestigi varsayilir. Peklesen kisimdaki dogrunun
egimi tegetsel elastisite modiilii (Et) ile gosterilir ve E degerine gore oldukga yatik
oldugu goriilmektedir.

Yiikiin akmadan sonra artmaya devam etmesi sonucu akmadan sonra bir dé&
arimindan dolay1 do gerilme artimi meydana gelsin. Sekil degistirmenin iki ayri

bolgeye ayrilabildigi varsayilirsa

d€:d£e+d€p (2.5)

yazilabilir.
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Burada H’ ile gosterilen bir peklesme parametresi tanimlansin:

_do

H =
de,

(2.6)

Bu parametre gerilme-sekil degistirme egrisinin plastik kisminin elastik sekil

degistirme bilesenin kaldirilmasindan sonraki egimi olarak aciklanabilir.

do E,

H = = 2.7)
de—de, 1-E,/E

Dogrusal yer degistirme yapan tek eksenli ¢ubuk elemam dikkate alalim. Enkesit
alan1 A olan ve artan bir eksenel F kuvveti etkisinde olan bu elemanda o=F/A
degerinin o,’ye esit ya da kiigiik oldugu durumlarda malzeme elastiktir. Bu aralikta
cubuktaki eksenel yer degistirme J ve malzeme davramiginin elastik oldugu

diistiniilerek K, rijitligi

F .
Kk =L-E4 (2.8)

g - EA { ! ‘1} 2.9)

dir. F kuvveti malzeme akana kadar arttirilsin. Bu noktadan sonra elemanda ilave bir
uzamaya (do) neden olan bir yiik artimi1 (dF) olacaktir. Eleman uzunlugu L ise bu

durumda agagidaki ifadeler yazilabilir:

do=(de,+de,)L (2.10)

dF =doA=AH'de, (2.11)

12



Bu durumda malzemenin tegetsel rijitligi ise

_dF _ AH'de,

=2 (2.12)
" do L(do/E+de,)
veya (2.6) denklemini kullanarak
K, =E—A(1— E j (2.13)
L E+H

sekillerinde yazilabilir.

Sonug olarak elastoplastik malzeme davranisi icin eleman rijitlik matrisi

1 -1
gko=-EA(__E_ (2.14)
» L U E+H -1 1

ile verilir. (2.14) denkleminde matristen Onceki ilk terim (2.9) denkleminde de
goriilebilecegi gibi elastik rijitligi, ikinci terim ise akmadan dolayr malzeme

elastikliginde meydana gelen azalmanin rijitlikteki etkisini gostermektedir.

Sonlu elemanlar yonteminde eleman rijitlik matrisinin standart ifadesi asagidaki

gibidir:
L
K = j B'DBdV = A j B"DBdx (2.15)
\ 0

Tek boyutlu elemanlarda D=E olmak iizere

© © _
po| N aN; {_1 l} (2.16)
dx dx L L
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yazilabilir. Burada N\” ve N dogrusal yer degistirmeye karsi gelen sekil

fonksiyonlandir.
X
—>
N©@ e e N
L L2 —»<¢«— L2 41
Sekil 2.8: Sekil fonksiyonlari

N; e) _ 1 _ X

2 L

(2.17)

N, © l + 1

2 L

Netice olarak elastoplastik malzeme davranisi i¢in tegetsel rijitlik matrisi D yerine

D,, konularak elde edilebilir:

E
D, =E-|1- , 2.18
* ( E+Hj (2-15)

Tam (perfekt) plastik malzeme halinde akmadan hemen sonra H'=0 ve (2.14)
bagintisindan K;) =0 olur. Bu durumda elastoplastik tegetsel rijitlik matrisi tekil
olur ve ¢oziim i¢in tegetsel rijitlik yontemi kullanilamaz. Bu giicliik baslangig rijitligi
yontemi ile yenilebilir, bu halde her hesap adiminda elastik eleman rijitlikleri

kullanmlir.
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3. ELASTOPLASTIK TIMOSHENKO KiRiS ANALiZi

Elastoplastik kiris analizinin yapilacagi bu boliimde oncelikle kiris analizi ile ilgili

iki ana teori, Euler-Bernoulli ve Timoshenko Kkiris teorileri, tanimlanacaktir:

Euler-Bernoulli Kiris Teorisi: Kiibik yer degistirmeleri esas alan
deplasman yontemi olan ve basitligi nedeniyle miithendisler tarafindan en ¢cok
kullanilan teoridir. Burada kayma sekil degistirmeleri dikkate alinmaz.
Hermitian elemanla temsil edilebilen bu halde egilme momentleri eleman

boyunca lineer bir sekilde degisebilir.

Timoshenko Kiris Teoremi: Bu teori kayma gerilmelerinin etkilerini goz
Oniine alir.En basit Timoshenko kiris eleman dogrusal yer degistirmeleri esas
alan Hughes elemanidir. Bu elemanda egilme momentleri eleman boyunca

sabittir.

Euler-Bernoulli kiris teoremi daha sik kullanilsa da, bu ¢alismada elastoplastik kiris

analizinde kullanmak iizere Timoshenko Kiris teoremi ve sabit momentli sonlu

elemanlar secilmistir.

Oncelikle Timoshenko kiris teorisi ile ilgili temel varsayimlar 6zetlenmis ve elastik

hal i¢in Hughes elemanina ait formiilasyon verilmistir.

Timoshenko kirislerinin elastoplastik analizi i¢in iki yaklasim mevcuttur;

Tabakasiz Yaklasim: Bu yontemde egilme momenti akma degerine
ulagtiginda tiim kiris enkesitinin ani bir sekilde plastiklestigi varsayilir.
Bagslangicta kirigin dig lifleri plastiklesirken hizla kesitin tamaminda asamal

bir sekilde plastiklesme meydana gelir ve tiim kesit plastiklesene kadar siirer.
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e Tabakal Yaklasim: Bu yaklasimda kiris yiiksekligi boyunca her biri farkli
plastiklesen tabakalara ayrilir. Tabaka sayis1 arttikca kiris yliksekligi boyunca
plastikliklesme kademeleri daha gercekgi bir sekilde temsil edilir.

3.1 Timoshenko Kiris Teorisinin Temel Varsayimlari

Tipik bir Timoshenko kirisinde sekil degistirmeden 6nce tarafsiz eksene normal olan
dogrular sekil degistirmeden sonra da dogru olarak kalir, ancak tarafsiz eksene

normal kalmalar gerekmez.
Herhangi bir (x,z) noktasindaki eksenel yer degistirme u, normalin ¥(x) donmesi

cinsinden dogrudan ifade edilebilir;

P APPSO |

Sekil 3.1

u(x, 7) = —z1X(x) (3.1)

Burada normal déonme #}(x), tarafsiz eksenin egimi ( % ) ile enine kayma sekil
x

degistirmelerinden olusan donmenin (B) farkina esittir. Yani

16



sr=2"_z 3.2)
dx

Herhangi bir (x,z) noktasindaki yanal yer degistirme (w ) tarafsiz eksene ait yanal yer

degistirmeye esittir.

w(x,z) = w(x) (3.3)
3.1.1 Gerilme-sekil degistirme bagintilari:

Timoshenko kiris teoresinde diizlem gerilme analizi i¢in kullanilan elastik gerilme-
sekil degistirme bagmtilar biraz degistirilerek kullanilir.

Kirisin x-z diizlemi boyunca yiiklenmis oldugu kabul edilerek izotrop elastik

malzemeye ait gerilme-sekil degistirme bagintilar:

o, E I v 0 £,

o.|= v 1 0 |e€, 3.4
l1-v (1-v)

T)CZ 0 0 2 ?/XZ

dir. Burada E elastisite modiilii, v ise Poisson oramdir. ¢, ’nin sifira esit oldugu

kabul edilir.

£ =—v-€ 3.5)

ve (3.4) denkleminde £, yerine konulursa;

o.=E-¢ , 1,=Gy, (3.6)

E
2(1+V)

bagintilan elde edilir. Burada (G) kayma modiilii izotrop malzeme icin G =

formiilityle bulunur.
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3.1.2 Sekil degistirme-yer degistirme bagintilar::

Genellikle kiiciik yer degistirme teorisi kabul edilir ve eksenel sekil degistirme € ;

o

£ =— 3.7

S 3.7)
olur. (3.1)’ deki yaklasim ile bu sekil degistirme

dé

£, =—7— 3.8

! dx (5:3)
dir. Benzer sekilde kayma gerilmesi yy, :

ou ow

= + — 3.9
T o G
olur. Eger (3.2) yaklagimm benimsenir ise vy,:
y =0+ _p (3.10)

dx

olarak elde edilir.

3.1.3 Virtiiel is prensibi

Kalinlig1 t olan ve genisligin kalinlik boyunca tarafsiz eksene gore simetrik degistigi

bir Timoshenko kirisini ele alalim. Kiris q tiniform yayil1 yiikiine maruz olsun.

Eger kiriste bir grup virtiiel yanal yer degistirmeler (6 w), virtiiel normal donmeler
(08%) , bunlarla baglantili virtiiel egrilik —z-[d (66)/d x] ve virtiiel kayma sekil

degistirmeleri Jf meydana gelirse buradan virtiiel is denklemi:
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[ t/2 b(t/2) d 56
(_Z (99)

0 —t/2b(-t/2)

1
o, +pt, dedzdx — [ 8wqdx=0 (3.11)
0

olarak veya

J d(5ﬂ)M+§ﬂQ)dx I§wqu 0

0
yazilabilir. Burada M egilme momenti ve Q kesme kuvveti:

t/2 b(1/2)

M= [ [z0, dyd (3.12)
—1/2b(-1/2)
t/2 b(t/2)

0= [ [r.-dy-dz (3.13)
—t/12b(-t/2)

dir. M ve Q denklemlerinde o, ve 7 yerine konulursa

t/2 b(t/2) de

M=| [ [ ZEdyd ( j EI(——) (3.14)
—t/2  b(-t/2) dx
t/2 b(t/2)

0=| [ [ Gdvdz|B=GAp (3.15)
—t/2b(-t/2)

bagintilarn elde edilir. Burada EI egilme rijitligi, GA: kayma rijitligi olup kesit
carpilmasim goz oniinde bulunduran & diizeltme carpanin1 dikkate almak iizere GA

ile degistirilir( A=Ala ). Ornegin dikdértgen kesit icin o= 1.5 almir.

(3.13) ve (3.14) esitliklerindeki M ve Q degerleri yukaridaki degisiklige gore yeniden
diizenlenirse (3.11) denklemi asagidaki gibi yazilabilir:
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J.(d(ée)E1ﬁ+5,3GA,B—5qudx=O (3.16)
dx dx

0

3.1.4 Kiris yaklasimlarmin karsilastirilmasi:

Bu karsilastirma i¢in diizgiin yayili q yiikii etkisindeki dikdortgen kesitli basit bir

tizere elastik bolge icindeki yanal yer degistirmeler;

e Diizlem gerilme halinde;

<t (S EEE] e

¢ Timoshenko kirisi halinde;

e 2@4 1];41 HGT _%GJZ +%} +GJ2 [2a-(14v)] B_GJZD (3.17b)

e Euler-Bernoulli kirisi halinde;

LoaL [Kﬁj _E.(ﬁj +iD (3.17¢)
24| |\L) "2\L) "16

olarak elde edilir. Yaklasimlar karsilastirildiginda (t / L) oraninin kii¢iik oldugu uzun

ve narin kirislerde Euler-Bernoulli teoreminin uygun sonuclar verdigi, Timoshenko
yaklagimmin tiim boyutlardaki kirislerde yeterli ve dogru bir teori oldugu

goriilmektedir.
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3.2 Dogrusal Elastik Timoshenko Kirisi icin Sonlu Eleman Yaklasim

3.2.1 Yer degistirme ve sekil degistirme

Hughes elemaninda yanal yer degistirme (w ):

WO =N w4 N 3.18)

olup burada w” ve w{’ Sekil(3.2) de gosterilen elemamn 1 ve 2 diigiim

noktalarindaki yanal yer degistirmeleri gostermektedir.

(e) (e)

X1 X2
° °
1 2

N,©
-

N, /}

Sekil 3.2

xl(e) ve xz(e) : local diigiim noktalar1 1 ve 2’nin x koordinatlari, 1©: eleman uzunlugu,

x: eleman iizerindeki bir noktanin x koordinati olmak iizere,
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o _ <e)) ( e _ <e))
N© — (xz X ve N© — X X
1 - 2 -

[ [ olarak yazilir. Benzer sekilde eleman

icinde herhangi bir noktadaki ¢ normal dénmesi
FO = NO -+ N - 5 (3.19)

fle verilir. Burada ¢ ve ¢, 1 ve 2 diigiim noktalarindaki normal dénmeleri gosterir.

Egrilik-yer degistirme bagintilari:

(e) (e) (e)
o (2
x X X
veya
w
1 176"
e =0 [ 0 e | wléeq =B -9 seklinde yazilabilir.Burada
6y

B}") egrilik-yer degistirme matrisidir. Kayma sekil degistirmesi-yer degistirme

iligkisi ise

(e) (e) (e)
dN, . dN . .

(ﬂ_ﬂj =(_j 'Wf"’)—Nf"’”%“)*(_zj i) =Ny (3.21)

dx dx dx

veya
wl(")

© (e (@) _ P

O O N 0 D W 0 11 = IO

s T 1 1 1 1© w;") =b, ¢
9

olarak yazilabilir. Burada da B, kayma sekil degistirmesi-yer degistirme matrisidir.
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3.2.2 Rijitlik matrisinin teskili

Onceki boliimde verilen eleman gerilme-sekil degistirme iliskilerini ve virtiiel is

yaklagimini kullanarak hakim denklem asagidaki gibi yazilabilir:
[K,+K] ¢—f=0 (3.22)

Burada (e) elemani i¢in K¢, Ky alt matrisleri ile f alt vektorii asagida verilmistir:

R
K}") _ J’ [B}") ]T (ED) -B}") - dx

)
Rl

(e)

K9 = j (897 -(GA)" B -dx (3.23)
A0

Xé”
ro=ve o N9 oof gedx
(e)

e
Rl

Egilme elemanina ait rijitlik matrisi bir boyutlu Gauss-Legendre Kurali kullanilarak

asagidaki gibi yazilabilir:

0 0 0 O
@10 1 0 -1

K'Y :(?j 1o 0 o o (3.24)
0 -1 0 1

K’yi de iki boyutlu Gauss-Legendre kuralina gore yazarsak;
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I

2 2

N
KO=|Z24] |2 3 2 6 (3.25)

: / [ [

R

roo1r

olur.

Bu formiilasyonla fazla rijit sonucglar elde edildigi gosterilebilir. Kilitlenme adi
verilen bu sorun K(“"yi bir boyutlu Gauss-Legendre kurali ile elde ederek

coziilmekte ve dogru sonuglar elde edilebilmektedir:

Lo L
2 2
(e) i ﬁ _i ﬁ
K© = ( % J 2 41 2 41 (3.26)
-1 == 1 ==
2 2
L
L2 4 2 4]
Esdeger diigiim noktas1 kuvvet vektorii:
(e) (e)
f(e) — |:(q12) 0 (qlz) 0 (3.27)

dir. Burada Euler-Bernoulli kiibik Hermitian elemaninin aksine sadece yanal diigiim

noktas1 kuvvetleri mevcuttur.
Tabakasiz elastoplastik Timoshenko kiriginin sonlu elemanlar yontemiyle analizinde

kiris egilme momenti plastiklesme momenti (M) ‘a ulastiginda biitiin sistem plastik

......

......
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3.2.2.1 Kayma sekil degistirmelerini dikkate alan cubuk rijitlik matrisi

Bizim problemimize konu olan elastik zemine oturan tabakasiz Timoshenko kiriginin

¢Oziimii i¢in kullandigimiz kayma sekil degistirmelerini hesaba katan ¢ubuk rijitlik

matrisi asagidaki gibidir.

12EI 6E] __12EI 6El
P(1+p) I*(1+ ) 1+ 4) I*(1+ )
6EI 4EI(1+0.258)  6EI 2E1 (1-0.55)
k - U+p) 11+ ) ;Fa+p) 1 (1+p)
ek = __12EI __6EI 12E1 __6EI
1+ 4) 1+ B) Fa+p) I’(1+5)
6El 2EI (1-058)  6EI  4EI (1+0.25p5)
| Pa+p) L (1+p) ra+p) 1 (1+p)
12E1 . . e cee 1 L
Burada £ = CAL? dir. Elastik zemin etkilerini igceren rijitlik matrisi ise;
E.K l.K.ﬁ i-K‘l _i K-I?
35 210 \ 70 420 \
A1 K-I? ﬁ E.K.IZ _K”
K, .. = 210 105 420 140
’ i‘K‘l i.[{.lz E-K-l _A.K.lz
70 420 35 210 \
3
_i. 12 _Kl —1—1‘K-12 K-l
L 420 140 210 105

K= koy(yatak katsayis1 t/m3) * b(kiris genisligi)

Sekil 3.3

(3.27)

(3.28)

Elastik zemin halinde iki matrisin toplami kullanilacaktir. K=0 halinde elastik

yataklanmanin olmadigr agiktir.
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3.2.3 Eleman i¢ kuvvetleri

(3.14) ve (3.15) denklemleri yardimiyla her bir eleman icin egilme momentini ve

kesme kuvvetlerini hesaplayabilecegimiz ifadeleri elde edebiliriz.

Her eleman i¢in sabit olan egilme momenti

Wl(e)
(e) € pie) () (e) 1 1 191(6) El « (€) (€)
M =(EI) 'Bf K4 =(EI) 10 ]© 0 _l(e) 'W(e) = T (291 _292)
2
z9(6)
2

(3.29)

Ifadesi ile bulunur. Kesme kuvveti her elemanda dogrusal olarak degisir, fakat bir

xl(e) + xée)

yaklagim olarak kesme kuvvetinin eleman ortasindaki (x = ) degeri alinip

kesme kuvvetinin eleman boyunca bu degere esit oldugu varsayilacaktir. Kesme

kuvveti agagidaki baginti ile elde edilir:

(e)
W

Q(e)=(GA)(8).B§*").¢(")=(GA)(8)'[—I(16) —% z<1'~”> —ﬂ 19{1

W,

9
(3.30)

_ A\ (e) W;‘))_W(") ﬂ(€)+192(€)
_(GA) {( l(e) 1 _ 1 >
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3.3 Elastoplastik Timoshenko Kirisleri

3.3.1 Akma momenti

Egilme momenti etkisinde bir Timoshenko kirisini gbz Oniine alalim. Timoshenko
yaklagimina gore eksenel gerilme ve eksenel sekil degistirme kesitin derinligi
boyunca dogrusal olarak degisir. Egilme momentinin artmasiyla beraber kesitin alt
ve iist baghiklarindaki liflerde plastiklesme meydana gelir ve yiikiin biraz daha
artmasityla beraber plastiklesme tiim kesit plastiklesene kadar kesitin diger

kistmlarina da yayilmaya baslar. Sonunda en kesit tam plastik hale gelir. o ve

7. ’in etkilesimi kesitin akmasi boyunca ihmal edilmistir. Bu ihmal dogru olmamakla

beraber 6zellikle ince kirislerde fark ¢ok azdir.

Tamamiyla plastiklesmis kesitte meydana gelen limit momentin degeri, akma

gerilmesi o, cinsinden hesaplanabilir:

b(t/2) t/2
My= [ [ zoydzdy (3.31)
b(=t/2)—-t/2

Bu deger genisligi b olan bir dikdortgen kiris i¢in M, = o, - (bt%) dir.

3.3.2 Elastoplastik egilme

Onceki boliimlerde belirtildigi gibi elastoplastik davrams, baslangigta elastik
davranmis gosteren malzemenin artan gerilme ile egilme momenti akma momenti
degerini gectiginde olusan plastik sekil degistirmeler ile tamimlanir. Plastik sekil
degistirme yiiklemenin kaldirilmasiyla geri donmez ve plastik sekil degistirmenin
baslamasi akma kriteri ile belirlenir. Peklesme aninda malzeme rijitliginde ciddi bir

azalma goriiliir.
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Egilme momenti

Elastoplastik davranig
egrisi(EDy

M,
Elastik davranig : : des
egrisi (EI) P (dege
(dep)e e :
| Egrilik
de

Sekil 3.4: Elastoplastik davranis

Sekil(3.4)’te goriilmektedir. Kiris baslangicta egilme rijitligine (EI) bagh olarak
elastik bir sekilde sekil degistirir. Bu deformasyon egilme momentinin tiim kesitin
plastiklestigi asamadaki degerine gelmesine kadar siirer.

Yiikiin biraz daha arttirrlmasiyla malzemenin tegetsel egilme rijitligi (ED)r ile
tanimlanan dogrusal plastik davranis gézlenir. Akma sinir1 gegildikten sonra ilave bir
yiik arttm1 oldugunda bu artis egilme momentinde egriligin degisimiyle sonuclanan

bir artis (de;) meydana getirir. Egriligi elastik ve plastik olmak iizere ikiye

ayrirsak;
de, =(de,) +(de,), (3.32)
Bu durumda peklesme parametresi H ':(dd—) olarak tanmimlanabilir. Bu
I
f

p
parametrenin degeri elastik egrilik kisminin ¢ikarilmasindan sonra moment-egrilik

grafiginin plastik kisminin egimi olarak tanimlanabilir.
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_ _ 3.33)
de, — (dgf )e 1 (EI)T/
EI
(3.31) bagintis1 biraz daha diizenlenirse
de, - L7 dM, _adM(H +,EI) (3.34)
El H El-H
ve artimsal moment-egilme iliskisi asagidaki gibi yazilabilir:
M = EI—H, -de, 3.35)
(EI+H')
Akma esnasinda artimsal gerilme-sekil degistirme bagintist
aM =EIl|1- ET ARLE:
ElI+H
3.36)

dQ=GA-de,

olur. Moment-egrilik iliskisinin elastoplastik olmasina karsilik kesme kuvveti-kayma
gerilmesi iligkisi her zaman elastiktir. Akmadan sonra egilme rijitligi asagidaki

degerle degistirilecektir.

Bl 1-—EL_
EI+H

Peklesme parametresi H malzeme davranmisi perfekt elastoplastik oldugunda sifira
esit olur. Bu durumda elastoplastik ¢cubuk eleman tegetsel rijitlik matrisi tekil olur.

Bu giicliik baglangig rijitlik yontemi kullanilarak yenilir.

29



3.3.3 Lineer olmayan denklemlerin ¢6ziimii

Elemana ait yanal yer degistirmeleri, donme, egrilik ve kayma sekil degistirmelerini
bulabilmek i¢in dogrusal olmayan denge denklemleri virtiiel is prensibi yardimiyla
genellestirilebilir. Sonlu eleman aginin herhangi bir noktasindaki yanal yer

degistirme ve donmeler asagidaki ifade ile elde edilebilir:

w
{0}:Aﬁw (3.37)

Buradaki sekil fonksiyonu matrisi N,

N,.0,N,0.......N,0
_ (3.38)
0,N,.0,N,.....0,N

ve diigiim noktas1 yer degistirmeleri vektorii o,
T
¢ =[w.0,.,w,,0,....w,.6, ] (3.39)

Yukaridaki denklemlerde w yanal yer degistirmeyi, 6 donmeyi, N; herhangi bir
diigiim noktasina ait global sekil fonksiyonunu temsil etmektedir. Sonlu eleman

sisteminin tamamu i¢in herhangi bir noktadaki egrilik ve kayma sekil degistirmesi ise

dé dw
—-—— =B ¢ ve ——9=B -gl) 3.40
dx 4 dx * ( )

olarak gosterilebilir. Burada

B, = 0,—ﬂ,0,— N, yeeeees0,— an, (3.41)
dx dx dx

B, = ﬂ,—Nl,%,—Nz, ..... ,@,—Nn (3.42)
dx dx dx
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Virtiiel egrilikler ve kayma sekil degistirmeleri sirasiyla asagidaki gibidir.

dEié'H) =B, op  ve M —060 =B, -0¢p (3.43)
x dx

Diigiim noktast virtiiel yer degistirmeleri vektorii de
o9 =[6w,,66,,60,,00,.......6w,,60,] (3.44)

olarak yazilir. Virtiiel is prensibi kullanilarak

! l !

[[60] -[B,] -M-dx+[[p] -[B] - dx—[[Sp] [N] q-dx=0 (3.45)
0 0 0

olur. Burada N ;

N =[N,,0,N,,0......,N,,0] (3.46)

dir. (3.45) esitligi virtiiel yer degistirmelerin (J¢) her bir degeri i¢in dogru

olmalidir. Bunun sonucunda denklem asagidaki hali alir:
1 . 1 , [

{j[Bf] M -dx+|[B,] -Q-dx}—j[zv] .q-dx=0 (3.47)
0 0 0

Veya p— f =0 olarak da yazilabilir. Bu esitlik aslinda plastikligin s6z konusu
olmadig (3.22) esitligine 6zdestir.

Elastoplastik problemlerde M dogrusal olmayan bir fonksiyondur ve genellikle p
vektorii ancak yaklagik olarak bulunur. Bu yiizden (3.47) esitligi dogrusal
olmadigindan ve p yaklasik olarak bilinebildiginden (p-f) degeri artik bir (o)

degerine esit olacaktir.

31



Bir e elemaninin p’ye yaptigi katkiyr genel bigimde gosterirsek,

_ {
- l(e)
_ _ X9 — xé“’)
9 A ©
@ 1 @ 1 Q7 -dx
' (e) T
po= 11 e a |
xf”’ 1 x© xl(c) x(e)
- 1@ | 1@ ]
(o) @17
— _Q(e),M(e) _ (le) ’Q(e) —M (e) _ (le) :|

(3.48)

3.4 Elastoplastik Tabakalh Timoshenko Kirisleri

3.4.1 Tabakal kirislerde akma

Tabakali yaklasimda kiris yiiksekligi boyunca secilen bir tabaka sayisina boliiniir.
Sonlu eleman yaklagiminda distaki tabakalarin ortasindaki gerilme akma degerine
ulagir ulasmaz bu tabaka plastiklesir, kesitin geri kalan kismi elastiktir. Yiik arttikca
plastiklesme i¢ tabakalara dogru devam eder ve tiim kesit plastiklesene kadar devam

eder.

3.4.2 Tabakal Kkiris icin rijitlik matrisinin olusturulmasi

Tabakali yaklasimda, tabakasiz yaklasimda oldugu gibi i¢ kuvvetler cinsinden degil
gerilmeler cinsinden calisilir. Bir tabakanin ortasindaki gerilme degeri o tabakanin
tamamu i¢in mukayese gerilmesi olarak varsayilir. i¢ kuvvetlerin (M ve Q) katkilari,
her tabaka icin tabakanin kalinlig iizerinde integrasyon yapilarak ayri ayri bulunur.
Daha sonra her tabakaya ait katkilar eklenerek kirisin tamamina ait egilme
momentleri ve kesme kuvvetleri elde edilir.

Yer degistirme alani, gerilme-gsekil degistirme iliskisi ve sekil degistirme-yer

degistirme iligkisi bu boliimiin basinda (3.1)-(3.10) bagintilar ile verilmistir.
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(3.11) denkleminde verilen virtiiel is prensibinden, orta nokta kurali kullanilarak

egilme momenti (M) ve kesme kuvveti (Q) degerleri bulunur:

M = EI(— ﬁj ve O=GA-¢ (3.49)
dx

Burada;

EI=) E b -z -1, (3.50)

ve

GA=YG b t, (3.51)

Yukaridaki ifadelerde;

b;: tabaka genisligi

ti: tabaka kalinlig

z;: tabakanin orta noktasina ait z koordinati
E;: tabaka malzemesinin elastisite modiilii

G;i: tabaka malzemesinin kayma modiiliinii gostermektedir.

Eger tabakanin ortasindaki gerilme degeri tabaka malzemesinin tek eksenli akma

gerilmesi degerine ulasirsa biitiin tabakanin plastiklestigi kabul edilir ve E; degeri

E,
E|l-——
E +H

3.4.3 Lineer olmayan denklemlerin ¢6ziimii

asagidaki gibi degistirilir:

(3.11) esitligi tekrar yazilirsa
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[ (e o

X

1
O'X+§,3-TXZJ-dy-dz-dx—J.éW-q-dx=0 (3.52)
0

0 —t/2b(~t/2)

olur. 11k iki integralin elde edilebilmesi icin orta nokta kurali kullanilirsa
[50]" [P, + P ][00 - r =0 (3.53)

yazilir. Burada P, ve P, ifadeleri agagida verilmistir.
l o 1 o

P =[] -M-ax ve P=[[B] 0 d
0 0

Burada By, B ve 00 sirasiyla (3.41), ( 3.43) ve (3.44) denklemlerinde gosterilmistir.

M ve Q
M=>b-0, 71 (3.54)
Q=>b-7,1 (3.55)

dir. (3.52) esitligi virtiiel yer degistirmelerin herhangi bir durumu i¢in dogru

oldugundan

py+p,—f=0 (3.56)

yazilabilir. Her bir elemanin py ve ps ‘e olan katkilar1 ayr1 ayr1 asagida gosterildigi

gibi elde edilebilir:

0 40 —\ (@ —~@7"
X X
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(3.57)

(S TS TS N
xs[_l“) T2 0@ _5} o

xf[)—{—@ﬁ (Ql)(e) 0 _(@)(6)}

2 2

(
J’ B“ 09 - dx=
x©

(3.58)
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4. PROBLEMLERIN COZUMUNDE KULLANILAN BIiLGiSAYAR
PROGRAMLARINA AiT BiLGILER

Timoshenko kirislerinin elastoplastik analizi icin tabakali ve tabakasiz olmak iizere
iki yaklasim mevcuttur. Problemlerin iki yaklasim icin farkli ¢6ziimlerini
kolaylastirmak iizere tabakali yaklasim icin TIMLAY ve tabakasiz yaklasim i¢in
TIMOSH bagliklarn altinda diizenlenmis FORTRAN programlar1 kullanilmstir.
Bizim problemimizin ¢6ziimii icin tabakasiz yaklagim durumuna elastik zemin
ozelliklerini de hesaba katan ilaveler yapilmistir. Bu kisimlar koyu font ile
ayrilmistir. Gerekli olan yerlerde programlarin Ozgiin halleri boliim sonunda

verilmistir.

4.1 Tabakasiz Kiris Programm (TIMOSH)

Tabakasiz yaklagim i¢in kullanilmis olan ana program MASTER BEAM asagidaki
gibidir.

PROGRAM MASTER BEAM

(Cstesteste st st s st she sk e s st shesfe s ke shest s ke sfe sk st stese ke st stk sheste s she e s steste s seste st s stesteseshe e st sk steste s e st st s steste stk st st st stk st skesloskestokolk kol ok

C  ELASTOPLASTIC NONLAYERED TIMOSHENKO BEAM PROGRAM WITH ELASTIC
C FOUNDATION
C********************************************************************************
COMMON/UNIM1/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK,TOLER NALGO,NSVAB,NDOFN,NINCS,NEVAB,
NITER,NOUTP,FACTO,PVALU,EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52), TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52), ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
CALL DATA
CALL INITIAL
DO 30 [INCS=1,NINCS
CALL INCLOD
DO 10 ITER=1,NITER
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CALL NONAL
IF(KRESL.EQ.1) CALL STIFFB
CALL ASSEMB
IF(KRESL.EQ.1)CALL GREDUC
IF(KRESL.EQ.2)CALL RESOLV
CALL BAKSUB
CALL REFORB
CALL CONUND
IF(NCHEK.EQ.0) GOTO 20
IF(IITER.EQ.1.AND.NOUTP.EQ.1) CALL RESULT
IF(NOUTP.EQ.2) CALL RESULT

10  CONTINUE
WRITE(6,900)

900  FORMAT(1H0,5X,"SOLUTION NOT CONVERGED")
STOP

20  CALL RESULT

30  CONTINUE
STOP
END

TIMOSH programinin yapisi bir akis diyagramiyla gosterilecek olursa;
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DATA
Geometriyi tanimla, yiikleme ve sinir kosullarini ve malzeme
ozelliklerinin gir.

INITIAL
Anlik artis degerleri i¢in verileri gir.

INCLOD
Dizileri sifirla ve yiik vektoriinii giincelle.

NONAL
Gostergeyi ¢oziim algoritmasini gosterecek sekilde ayarla.

YUK ARTIM DONGUSU

ITERASYON DONGUSU

—i HAYIR \
gerekiyor mu?

Yeni eleman
rijitlik matrisi

EVET
STIFFB

Eleman rijitlik matrisini hesapla ve kaydet.

ASSEMB and GREDUC or RESOLYV and BAKSUB

¢oz.

Global eleman ve yiik vektoriinii teskil et ve denklem takimini

REFORB
Artik kuvvet vektoriinii hesapla.

CONUND

HAYIR Sonug yakinstyor mu?

EVET

RESULT
Sonuglar1 goster.

Sekil 4.1: TIMOSH programi akis diyagrama.
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Sekil (4.1)’de goriildiigli gibi ana programin ¢alistirilmasi i¢in Data, Initial, Increm,
Nonal, StiffB, Assemb, Greduc, Resolv, Baksub, Reforb, Conund ve Result alt

programlar kullanilmistir. Sirasiyla islevleri ve detayli yapilar1 gosterilecek olursa;

4.1.1 Subroutine DATA

(e s sheste s sheste st s she st sk she st she st shestestese sheste st s ste st sieste stesie s ste st e steste st seste st stesiesieste st ste stetostestesieok steiosioloskoloskokstololoksiokolkolsiokoslorok

C
C  INPUTS DATA DEFINING GEOMETRY LOADING BOUNDARY CONDITIONS ETC
C
C********************************************************************************
COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
NITER,NOUTP,FACTO,PVALU,EZK
COMMON/UNIM2/PROPS(5,4), COORD(26),L.NODS(25,2),IFPRE(52),
. FIXED(52), TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
DIMENSION ICODE(2),VALUE(2), TITLE(18)
READ(5,965)TITLE
WRITE(6,965)TITLE
965  FORMAT(18A4)
READ(5,900)NPOIN,NELEM,NBOUN,NMATS,NPROP,NNODE,NINCS,NALGO,
NDOFN
900  FORMAT(9IS)
WRITE(6,905)NPOIN,NELEM,NBOUN,NMATS,NPROP,NNODE,NINCS,NALGO,
NDOFN
905  FORMAT(IX,"NPOIN="15,3X,"NELEM=",15,3X,"NBOUN=",15,3X,
"NMATS=",15//1X,"NPROP=",15,3X,"NNODE=",15,3X,
"NINCS="15,3X,"NALGO="15//1X,"NDOFN=",15)
'NEVAB=NDOFN*NNODE
NSVAB=NDOFN*NPOIN
WRITE(6,910)
910  FORMAT(1H0,5X, MATERIAL PROPERTIES')
DO 10 IMATS=1,NMATS
READ(5,915) JMATS,(PROPS(JMATS,IPROP),IPROP=1,NPROP)

10 WRITE(6,915) JMATS,(PROPS(JMATS,IPROP),IPROP=1,NPROP)
915 FORMAT(I10,4F15.5)
WRITE(6,920)

920 FORMAT(1H0,3X,"EL NODES MAT.")
DO 20 IELEM=1,NELEM
READ(5,925) JELEM,(LNODS(JELEM,INODE),INODE=1,NNODE), MATNO(JELEM)

20 WRITE(6,925) JELEM,(LNODS(JELEM,INODE),INODE=1,NNODE), MATNO(JELEM)
925 FORMAT(415)
WRITE(6,930)

930 FORMAT(1H0,5X,"NODE",5X,"COORD.")
DO 30 IPOIN=1,NPOIN
READ(5,935) JPOIN,COORD(JPOIN)
30 WRITE(6,935) JPOIN,COORD(JPOIN)
935 FORMAT(110,F15.5)
DO 40 ISVAB=1,NSVAB
IFPRE(ISVAB)=0
40 PEFIX(ISVAB)=0.0
IF(NDOFN.EQ. 1) WRITE(6,940)
940 FORMAT(1H0,1X,"RES.NODE",2X,"CODE",3X,"PRES.VALUES")
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945

950

50

955

60

70

80

970

971
960

Herhangi bir sonlu eleman analizinde veri girisi 3 ana gruba bdliinebilir. Birinci
olarak yapinin geometrisi ve mesnetlenme durumu veri olarak girilmeli, ikinci olarak

malzeme Ozellikleri tanimlanmali, {iglincli ve son olarak da ylikleme durumlarini

IF(NDOFN.EQ.2) WRITE(6,945)
FORMAT(1HO0,1X,"RES.NODE",2X,"CODE",3X,"PRES.VALUES",2X,
. "CODE",3X,"PRES.VALUES")
DO 50 IBOUN=1,NBOUN
READ(5,950) NODFX,(ICODE(IDOFN),VALUE(IDOFN),IDOFN=1,NDOFN)
WRITE(6,950) NODFX,(ICODE(IDOFN),VALUE(IDOFN),IDOFN=1,NDOFN)
FORMAT (110,2(I5,F15.5))
NPOSN=(NODFX-1)*NDOFN
DO 50 IDOFN=1,NDOFN
NPOSN=NPOSN+1
IFPRE(NPOSN)=ICODE(IDOFN)
PEFIX(NPOSN)=VALUE(IDOFN)
WRITE(6,955)
FORMAT(1H0,2X,"ELEMENT",10X,"NODAL LOADS")
DO 60 IELEM=1,NELEM
DO 60 IEVAB=1,NEVAB
RLOAD(IELEM,IEVAB)=0.0
READ(5,960)JELEM,(RLOAD(JELEM,IEVAB),JEVAB=1,NEVAB)
IFJELEM.NE.NELEM) GO TO 70
DO 80 IELEM=1,NELEM
WRITE(6,960) IELEM,(RLOAD(IELEM,IEVAB),IEVAB=1,NEVAB)
READ(5,970) EZK
FORMAT(E15.6)
WRITE(6,971) EZK
FORMAT(“ ELASTIC SOIL COEFFICIENT= “E15.6)
FORMAT(I10,5F15.5)
RETURN
END

veren veri girisi saglanmalidir.

Veri girisi i¢in kullanilan Subroutine Data alt programindaki kontrol parametrelerini

kisaca aciklayacak olursak;

NPOIN: Yapidaki toplam diigiim noktasi sayisi,

NELEM: Yapidaki toplam eleman sayisi,
NBOUN: Sinir kosullariin sayist,

NMATS: Yapidaki farkli malzemelerin toplam sayist,

NPROP: Malzeme karakteristigini tam olarak belirleyebilmek icin gereken malzeme

parametresine ait numara.
4-Elastoplastik problemler icin

2-Diger tiim uygulamalar i¢in kullanilacak deger.

41



NNODE: Her bir eleman i¢in diiglim sayisi,

NINCS: Tiim yiikleme boyunca yapilan yiik artimlarinin sayist,

NALGO: Problemin ¢oziimii i¢cin kullanilacak ¢oziim algoritmasini tanimlayan
gosterge.
1- Dogrudan iterasyon yontemi
2- Newton-Raphson yontemi (Quasiharmonik problemler icin.)
Tegetsel rijitlik yontemi (Lineer olmayan elastik ve elastoplastik
problemler i¢in.)
3-Baslangic rijitligi yontemi.
4-Sadece bir yiik artimu igin ilk iterasyonda rijitligin yeniden hesaplandigi
durumlar i¢in baslangi¢ rijitligi ve tegetsel rijitlik yontemlerinin
kombinasyonunun kullanildig1 durumlar.
baslangic ve tegetsel rijitlik yontemlerinin kombinasyonunun

kullanildigt durumlar.

NDOFN: Her bir diigiim noktasi icin serbestlik derecelerinin degeri.
1-Tek eksenli problemler i¢in.

2-Timoshenko kirisleri i¢in.

COORDIPOIN): Her bir diigiim noktasinin koordinati referans eksen takimina gore
tamimlanmalidir. COORD ile koordinat, IPOIN ile diigiim noktalarimin sayisi

tanimlanir.

LNODS(NUME, INODE): Her bir elemanin geometrisini diigiim noktasi sayisina
bagh tamimlamak i¢in kullanilir. Burada NUMEL g6z Oniine alinan eleman sayisini

belirtir. INODE ise 1’den NNODE(toplam diigiim noktas1 sayis1)’na kadar degisir.

MATNO(NUMEL): Her eleman malzeme 6zellikleri bakimindan farkli olabilecegi

icin bu farkliliklar1 tanimlayici olarak kullanilir. Burada eleman numarasinit NUMEL
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temsil eder ve MATNO(NUMEL) belirtilen numarali elemanin farkli bir malzeme

ozelligine sahip oldugunu gosterir.

PROPS(NUMAT, IPROP): Coziim i¢in gerekli olan malzeme ozellikleri farkli
uygulamalarda degisiklik gosterir. Burada NUMAT malzeme numarasin1 ve IPROP
o malzemenin 6zelliklerini belirtir. Elastoplastik problemler i¢in;
PROPS(NUMAT,1)-Malzemenin elastisite modiiliinii,
PROPS(NUMAT,2)-Elemanin kesit alanini,

PROPS(NUMAT,3)-Malzemenin tek eksenli akma gerilmesini,

PROPS(NUMAT ,4)-Malzeme i¢in lineer peklesme parametresini (H’) temsil

etmektedir.

ICODE(IDOFN): Ilgili diigiim noktasinda hangi dereceden serbestlik degerinin
atanacagini belirlemek i¢in kullanilir.

VALUE(DOFN): Serbestlik derecesinin degerini tanimlar.

RLOAD(IELEM, IEVAB): Yapiya ve dolayisiyla elemanlara uygulanan yiikleri

tanimlamak i¢in kullanilir.

EZK(t/m%): Elastik zemin katsayisi. Yatak katsayisi (ko) ile kiris genisliginin (b)
carpimina esit olan katsay1 (K).

4.1.2 Subroutine INITIAL

(st steste st st s st she sk e she st ke st s ke shest s ke sfe sk st st s ke st stk sheste s ke e s steste s seste st s steste stk e st sk ste st seste st s steste stk st st skt stk sk steloskostokok ok ok

C
C INITIALIZES TO ZERO ALL ACCUMULATIVE ARRAYS
C
C********************************************************************************
COMMON/UNIM1/NPOIN, NELEM, NBOUN, NLOAD, NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
NITER,NOUTP,FACTO,PVALU,EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52), TLOAD(25,4),RLOAD(25,4), ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
DO 20 IELEM=1,NELEM
PLAST(IELEM)=0.0
DO 10 IDOFN=1,NDOFN
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10

20

30

STRES(IELEM,IDOFN)=0.0
DO 20 [IEVAB=1,NEVAB
ELOADIELEM,IEVAB)=0.0
TLOAD(IELEM,IEVAB)=0.0
DO 30 [POIN=1,NPOIN

DO 30 IDOFN=1,NDOFN
TDISP(IPOIN,IDOFN)=0.0
TREACIPOIN,IDOFN)=0.0
RETURN

END

INITIAL yardimce1 programinin fonksiyonu diger yardimei programlar tarafindan da

kullanilan bazi dizilerin degerini sifirlamaktir.

4.1.3 Subroutine INCLOD

(e s e st s sheste st s she st sk she s she shese s stestese seste st s ste st sieste stesie s ste st s steste st seste stk stesiesieste stk stestelostestolieokstelsiolokoloskokstololokoiokolkolsiokoslkorok

C
C
C

INPUTS DATA FOR CURRENT INCREMENT AND UPDATES LOAD VECTOR

(e s e st s sheste st s she st st ke shestese e shese shestestese seste st s ste st sieste stesie s ste st e steste st seste stk stesiesieste et sttt stestoliok stelsiolokoloskok stolokoksiokolkolsiokoslorok

900

905

10

COMMON/UNIM1/NPOIN, NELEM, NLOAD, NPROP, NNODE, IINCS, IITER,
KRESL, NCHEK, TOLER, NALGO, NSVAB, NDOFN, NINCS, NEVAB,

NITER, NOUTP, FACTO, PVALU, EZK

COMMON/UNIMZ/PROPS(S 4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52), ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)

READ(S 900) NITER, NOUTP, FACTO, TOLER

FORMAT(2I5,2F15.5)

WRITE(6,905) IINCS, NITER, NOUTP, FACTO, TOLER

FORMAT(1HO0,5X,"TINCS=",15,3X,"NITER=",15,3X,"NOUTP=",15,

3X,"FACTO=",E14.6,3X,"TOLER=",E14.6)

DO 10 IELEM=1,NELEM

DO 10 IEVAB=1,NEVAB

ELOAD(IELEM, IEVAB)=ELOAD(IELEM, IEVAB)+RLOAD(ELEM, IEVAB)*FACTO

TLOAD(IELEM, IEVAB)=TLOADIELEM, IEVAB)+RLOAD(IELEM, IEVAB)*FACTO

CONTINUE

RETURN

END

INCLOD yapiya uygulanan yiiklerin artimin1 kontrol eden alt programdir. Her yiik

artiminda iterasyonun iist limitlerine gore bu veri kontrol edilir. Cikt1 sikligi, yiik

artminin miktar1 ve tolerans limitine yakinsama degerlendirme kriterleridir. Bu

gorevleri programa yaptiran terimler;
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NITER: izin verilebilir en fazla iterasyon sayisi. Bu ¢dziim siireci yakinsamadiginda
problemin ¢6ziimii agisindan koruyucu bir Onlemdir. Niter iterasyon dongiisii
tamamlandiktan sonra program sona erer.
NOUTP: Cikt1 sonuglarinin sikligim1 kontrol eden parametredir. Kullanicinin ¢ikti
almak istedigi asamalara gore degisir;
0- Her yiik artminda ancak lineer olmayan ¢6ziim i¢in yakinsama oldugunda
sonuclar bas.
1- Tlk iterasyondan sonra ve her yiik artinm icin yakinsama oldugunda sonuglari
bas.
2- Her yiik artiminda ve her iterasyondan sonra sonuglar1 bas.
FACTO: Yiik arttminin biyiikliigiinii kontrol eden parametredir.

TOLER: Yakinsama i¢in izin verilen toleransi kontrol eden parametredir.

4.1.4 Subroutine NONAL

(Cstestestesteste st ste she st s she st e shesie e shesie s sesfesi sheste s se st steske shestes e stesi sk stestesi sestesie skt stesieoste st steskeste stk stesteoskostetololoskokokoskok siokokoiokoskokoiokoskorok

C
C SETS INDICATOR TO IDENTIFY_TYPE OF SOLUTION ALGORITHM
C
(Ot sttt otk e ke etttk ke stk ottt ol okl e ket ol et kel etk s ekt el
COMMON/UNIM1/NPOIN, NELEM, NBOUN, NLOAD, NPROP, NNODE, IINCS, IITER,
KRESL,NCHEK,TOLER,NALGO,NSVAB, NDOFN,NINCS,NEVAB,
. NITER, NOUTP, FACTO, PVALU, EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
. REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
KRESL=2
IF(NALGO.EQ.1)KRESL=1
IF(NALGO.EQ.2)KRESL=1
IF(NALGO.EQ.3.AND.IINCS.EQ.1.AND.IITER.EQ.1)KRESL=1
IF(NALGO.EQ.4.AND.IITER.EQ.1)KRESL=1
IF(NALGO.EQ.5.AND.IINCS.EQ.1.AND.IITER.EQ.1)KRESL=1
IF(NALGO.EQ.5.AND.IITER.EQ.2)KRESL=1
IFITER.EQ.1.OR.NALGO.EQ.1) GOTO 20
DO 10ISVAB=1,NSVAB
10  FIXED(ISVAB)=0.0
RETURN
20 DO 30ISVAB=1,NSVAB
30  FIXED(ISVAB)=PEFIX(ISVAB)*FACTO
RETURN
END

NONAL alt programiin temel gorevi c¢oziim yontemi parametresinin(NALGO)

degerine gore ¢6ziim yontemini kontrol etmektir. KRESL gostergesinin NALGO’ya,
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iterasyon numarasi IITER’e ve artim numarasi IINCS’e bagli olarak degerini (1 ya
da 2) ayarlamaktir. Dogrudan Iterasyon ve Newton-Raphson yontemlerinin her
asamast i¢cin KRESL=1 iken, Baslangic Rijitligi yonteminde yiik artiminin ilk
iterasyonu icin KRESL=1"dir ve bundan sonra 2 olarak alinir. Baglangi¢ Rijitligi ve
Tegetsel Rijitlik yontemlerinin birlesiminde de aymi sekilde ilk iterasyon icin 1 ve
diger asamalar icin 2 alinir.

NONAL yardimci programinin diger rolii de bilinmeyenlerin 6nceden tahmin edilmis

degerlerini gercek degerleriyle degistirmektir.

4.1.5 Subroutine STIFFB

(e s sheste s seste st s sheste st ke she st s she e s e st s seste s s e st s e shes s st st ke stese s sheste sk stese st st sk stestese sheste sk e st st skt ste st ste stk etk okl ok

C

C CALCULATES ELEMENT STIFFNESS MATRICES

C

C********************************************************************************

COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK,TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
. NITER,NOUTP,FACTO,EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52), TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2),TREAC(26,2),ASTIF(52,52),ASLOD(52),
. REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
REWIND 1
DO 20 IELEM=1,NELEM
LPROP=MATNO(IELEM)
EIVAL=PROPS(LPROP,1)
SVALU=PROPS(LPROP,2)
HARDS=PROPS(LPROP 4)
NODEI1=LNODS(IELEM, 1)
NODE2=LNODS(IELEM,2)
ELENG=ABS(COORD(NODE2)-COORD(NODE1))
IF(PLAST(IELEM).NE.0.0) EIVAL=EIVAL*(1.0-EIVAL/(EIVAL+HARDS))
beta=12.*EIVAL/SVALU/ELENG**2

VALU1=12.*EIVAL/ELENG**3/(1.+BETA)
VALU2=6.*EIVAL/ELENG*#*2/(1.4BETA)
VALU3=4.*EIVAL*(1.+0.25*BETA)/ELENG/(1.+BETA)
VALU4=2.*EIVAL*(1.-0.5*BETA)/ELENG/(1.4+BETA)
ESTIF(1,1)=VALU1+(13./35.)*ezk*eleng
ESTIF(1,2)=VALU2+(11./210.) *ezk *eleng**2
ESTIF(1,3)=-VALU1+(9./70.)*ezk*eleng
ESTIF(1,4)=VALU2-(13./420.)*ezk*eleng**2
ESTIF(2,2)=VALU3+(1./105.)*ezk*eleng**3
ESTIF(2,3)=-ESTIF(1,4)
ESTIF(2,4)= VALU4-(1./140.)*ezk*eleng**3
ESTIF(3,3)=ESTIF(1,1)
ESTIF(3,4)=-ESTIF(1,2)
ESTIF(4,4)=ESTIF(2,2)
DO 10 ISTIF=1,4
DO 10 JSTIF=ISTIF,4

10 ESTIF(JSTIF,ISTIF)=ESTIF(ISTIF,JSTIF)
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20

WRITE(1) ESTIF
CONTINUE
RETURN
END

Bu yardimci programin temel amaci eleman rijitlik matrislerinin elde edilmesi ve

denklem ¢6ziim rutinlerinde kullanmilmak iizere kaydedilmesidir.

Bu yardimc1 programin orijinal hali asagidaki gibidir (Owen-Hinton).

SUBROUTINE STIFFB

(Cstestestesteste st st she st s she st e she st shesie s sesfesi sheste stese sesfesieske shestese sestesi sk steste s sestesteshestestesi ke stesteskeste sttt sttt stosieolostetokoskokoiokoskokok kol siokoskorok

C

CALCULATES ELEMENT STIFFNESS MATRICES

(Cstestestesteste s st she st e she st e she st ke shesie s seshesi sheste stese seste stk shestesi s shesi sk ke ste s seste st skt st stk stesteskeste sttt st skekosiolostokosioloskoiokoskokokoslkoksiokoskor sk

10

20

COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
) KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
) NITER,NOUTP,FACTO

COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),

) FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),

MATNO(25),STRES(25,2),PLAST(25),XDISP(52),

TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),

) REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)

REWIND 1
DO 20 IELEM=1,NELEM

LPROP=MATNO(IELEM)

EIVAL=PROPS(LPROP, 1)

SVALU=PROPS(LPROP,2)

HARDS=PROPS(LPROP.4)

NODE1=LNODS(IELEM, 1)

NODE2=LNODS(IELEM,?2)
ELENG=ABS(COORD(NODE2)-COORD(NODE1))
IF(PLAST(IELEM).NE.0.0) EIVAL=EIVAL*(1.0-EIVAL/(EIVAL+HARDS))

VALU1=0.5*SVALU
VALU2=SVALU/ELENG
VALU3=EIVAL/ELENG
VALU4=0.25*SVALU*ELENG
ESTIF(1,1)=VALU2
ESTIF(1,2)=VALU1
ESTIF(1,3)=-VALU2
ESTIF(1,4)=VALU1
ESTIF(2,2)=VALU3+VALU4
ESTIF(2,3)=-VALU1
ESTIF(2,4)=-VALU3+VALU4
ESTIF(3,3)=VALU2
ESTIF(3,4)=-VALU1
ESTIF(4,4)=VALU3+VALU4
DO 10 ISTIF=14
DO 10 JSTIF=ISTIF,4
ESTIF(JSTIF,ISTIF)=ESTIF(ISTIF,JSTIF)

WRITE(1) ESTIF
CONTINUE
RETURN
END
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4.1.6 Subroutine ASSEMB

(e s steste s seste st s sheste st ke she st s she s s sfeste s seste s s e st s e she s s e st ke stese s sheste sk stese st st seskeste stk sheste sk e skt st skt ste st ste stk etk okl ok

C
C ELEMENT ASSEMBLY ROUTINE
C
C********************************************************************************
COMMON/UNIM 1/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
. NITER, NOUTP, FACTO, PVALU, EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)

ELEMENT ASSEMBLY ROUTINE

aaan

REWIND 1
DO 10 ISVAB=1,NSVAB
10  ASLOD{JSVAB)=0.0
IF(KRESL.EQ.2) GOTO 30
DO 20 ISVAB=1,NSVAB
DO 20 JSVAB=1,NSVAB
20  ASTIFJSVAB, JSVAB)=0.0
30 CONTINUE

ASSEMBLE THE ELEMENT LOADS

[oNoNe!

DO 50 IELEM=1,NELEM
C read(1,’(4f15.6)°) ((ESTIF(i,j),j=1,4),i=1,4)
READ(1,’(4E15.7)) ((ESTIF(i,j),j=1,4),i=1,4)
DO 40 INODE=1,NNODE
NODEI=LNODS(IELEM,INODE)
DO 40 IDOFN=1,NDOFN
NROWS=(NODEI-1)*NDOFN+IDOFN
NROWE=(INODE-1)*NDOFN+IDOFN
ASLOD(NROWS)=ASLOD(NROWS)+ELOAD(IELEM,NROWE)

ASSEMBLE THE ELEMENT STIFFNESS MATRICES

ann

IF(KRESL.EQ.2)GOTO 40
DO 40 INODE=1,NNODE
NODEJ=LNODS(IELEM,JNODE)
DO 40 JDOFN=1,NDOFN
NCOLS=(NODEIJ-1)*NDOFN+JDOFN
NCOLE=(JNODE-1)*NDOFN+JDOFN
ASTIF(NROWS,NCOLS)=ASTIF(NROWS,NCOLS)+ESTIF(NROWE,NCOLE)
40 CONTINUE
50 CONTINUE
RETURN
END
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Bu alt programin goérevi eleman diigiim noktas1 yiiklerini toplayarak global yiik
vektoriinii olusturmaktir. Ayrica her elemanin katkisin1 global rijitlik matrisinde bir
araya getirir.

Bu alt programa 6zgii komutlar;

ASLOD(MSVAB): Birlesmis yiik vektorii.

ASTIF(MSVAB, MSVAB): Birlesmis global rijitlik matrisi.
RLOADMEVAB): Eleman yiik vektorii.

ESTIF(MEVAB, MEVAB): Eleman rijitlik matrisi.

IELEM, NELEM, MELEM: Sirasiyla bir elemana ait icerik, numara, maksimum
deger.

IFILE: Dosya girisi.

IDOFN, JDOFN: Her bir diigiim noktasi i¢in serbestlik derecesi degeri.
NDOFN: Her bir diigiim noktast i¢in serbestlik derecesi numarast.

INODE, JNODE: Her bir eleman i¢in diiglim noktasi icerigi.

NNODE: Her eleman i¢in diigiim noktas1 numarast.

MNODE: Her eleman diigiim noktasi i¢cin maksimum deger.

ISVAB, JSVAB: Global yapisal degisken endeksi.

MSVAB: Maksimum global yapisal degisken degeri.

NSVAB: Global yapisal degisken numarasi.

JFILE: Dosya ciktisi.

KRESL: Denklem ayirma parametresi.

LNODS(MELEM, MNODE): Her eleman i¢in listelenmis diigiim noktas1 numarasi.
NODE I: Diigiim noktasi [

NODE J: Diigiim noktas1 J

NCOLS: Yapisal global rijitlik matrisindeki siitun sayisi.

NROWS: Yapisal global rijitlik matrisindeki ve yiik vektoriindeki satir sayisi.
NCOLE: Eleman rijitlik matrisindeki kolon sayz1si.

NROWE: Eleman rijitlik matrisindeki ve yiik vektoriindeki satir sayisi.

MEVAB: Eleman degiskenlerinin maksimum degeri.
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Bu programin ASSEMBLE THE ELEMENT LOADS kisminin orijinal hali (Owen-

Hinton):

C
C ASSEMBLE THE ELEMENT LOADS
C

DO 50 IELEM=1,NELEM
READ(1) ESTIF

DO 40 INODE=1,NNODE

NODEI=LNODS(IELEM,INODE)

DO 40 IDOFN=1,NDOFN
NROWS=(NODEI-1)*NDOFN+IDOFN

NROWE=(INODE- 1)*NDOFN+IDOFN
ASLOD(NROWS)=ASLOD(NROWS)+ELOAD(IELEM,NROWE)

4.1.7 Subroutine GREDUC

(e s sheste s seste st s sheste st ke sheste s she e s sheste s seste s s e st s e s s st st ke stese s sheste sk stese st st seskesteste s sheste sk e s sfeste sk skt ste st ste stk etk okl ok

C
C GAUSSIAN REDUCTION ROUTINE
C
C********************************************************************************
COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
NITER,NOUTP,FACTO,PVALU,EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52), TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)

C
C GAUSSIAN REDUCTION ROUTINE
C
KOUNT=0
NEQNS=NSVAB
DO 70 IEQNS=1,NEQNS
IFIFPRE(IEQNS).EQ.1) GOTO 40
C
C REDUCE EQUATIONS
C

PIVOT=ASTIF(IEQNS,IEQNS)

IF(ABS(PIVOT).LT.1.0E-10) GOTO 60

IF(IEQNS.EQ.NEQNS) GOTO 70

IEQN1=IEQNS+1

DO 30 IROWS=IEQN1,NEQNS

KOUNT=KOUNT+1

FACTR=ASTIF(IROWS,IEQNS)/PIVOT

FRESV(KOUNT)=FACTR

IF(FACTR.EQ.0.0) GOTO 30

DO 10 ICOLS=IEQNS,NEQNS

ASTIF(IROWS,ICOLS)=ASTIF(IROWS,ICOLS)-FACTR*ASTIF(IEQNS,ICOLS)
10 CONTINUE

50



ASLOD(IROWS)=ASLODJIROWS)-FACTR*ASLOD(IEQNS)
30 CONTINUE
GOTO 70

ADJUST RHS(LOADS) FOR PRESCRIBED DISPLACEMENTS

[oNeXe!

40 DO 50 IROWS=IEQNS,NEQNS
ASLOD(IROWS)=ASLOD(IROWS)-ASTIF(IROWS,IEQNS)*FIXED(IEQNS)
50 CONTINUE
GOTO 70
60 WRITE(6,900)
900 FORMAT(5X,15HINCORRECT PIVOT)
STOP
70 CONTINUE
RETURN
END

Bu program Gaussian indirgeme yontemiyle ¢oziilen denklemlerde denklem giderme

islemini yapan alt programdir. Farkli degiskenlerin isimleri ve gorevleri;

ASLOD(MEQNS): Birlesmis yiik vektorii.

ASTIF(MEQNS, MEQNS): Birlesmis global rijitlik matrisi.

IEQNS, NEQNS, MEQNS: Sirasiyla denklemlerin igerigi, numarasi ve maksimum

degeri.

IFPRE(MEQNS): Bir diigiim noktasinin baglilik(mesnetlenme bi¢cimi) durumunu
tanimlayan vektor.
0-Serbest
1-Baglh

FIXED(MEQNS): Ongoriilmiis yer degistirmelerin vektorii ( eger 6nceden bir deger
Verilmemisse 0 alinir.)

ICOLS: Yapisal rijitlik matrisindeki kolonlarin igerigi.

IROWS: Yapisal rijitlik matrisindeki satirlarin igerigi.

FACTR: Gaussian indirgeme faktorii.

FRESV( ): Kaydedilmis Gaussian indirgeme faktorleri.

PIVOT: Silinmis degiskenin kdsegen terimi.
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4.1.8 Subrotine RESOLV

(e s sheste s seste st s sheste st ke sheste s she e s e st s seste s s e st s e shes s st st ke ste s s sheste sk stese st st sestestestese shestesheske e st ste sk sheste st st ste stk etk okl ok

C
C
C

RESOLVING GAUSSIANREDUCTION ROUTINE

(e s sheste s seste st s sheste st ke sheste s she e s sheste s seste s s e st s sfe s s st st ke stese s sheste sk stese st st sk stestese shestesheske e skt stk skt steseosfeste stk etk otk sk

oNeXe!

10

[oNoNe!

20

30
40

COMMON/UNIM 1/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
. NITER,NOUTP,FACTO,PVALU,EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2),TREAC(26,2),ASTIF(52,52),ASLOD(52),
. REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
KOUNT=0
NEQNS=NSVAB
DO 40 IEQNS=1,NEQNS
IF(IFPRE(IEQNS).EQ.1) GOTO 20

REDUCE RHS

IFIEQNS.EQ.NEQNS) GOTO 40

IEQN1=IEQNS+1

DO 10 IROWS=IEQN1,NEQNS

KOUNT=KOUNT+1

FACTR=FRESV(KOUNT)

IF(FACTR.EQ.0)GOTO 10
ASLOD(IROWS)=ASLODIROWS)-FACTR*ASLOD(IEQNS)
CONTINUE

GOTO 40

ADJUST RHS TO PRESCRIBED DISPLACEMENTS

DO 30 IROWS=IEQNS,NEQNS
ASLOD(IROWS)=ASLOD(IROWS)-ASTIF(IROWS,IEQNS)*FIXED(IEQNS)
CONTINUE

CONTINUE

RETURN

END

RESOLV alt programi standart Gaussian yok etme yontemini kullanarak yiik

terimlerini azaltir. Gaussian carpanlara ayirma terimleri subroutine GREDUC alt

programindan elde edilir, kaydedilir ve RESOLV programinda bu verilerden

yararlanilir.
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4.1.9 Subroutine BAKSUB

(st st e st st s st st s e s st ke sfe sk ke shest s ke st sk s st stese ke st stk shestese ke e shesteste s seste st s steste stk sfe st s ste st e ste st s steste stk st st skt ste skt st skt stk kol ok

C
C
C

BACK-SUBSTITUTION ROUTINE

(Cstestestesteste st ste she st s she st e shesie ke shesie s sesfesi sheste s se st steske shestesi s ke shesteste s st stesheste st stk stesteskeste st stk st sekosieolostekosiol skeiolkokotokoslkoksiokoskor sk

[oNeNe!

10

20
30

40

100

50

110

51

60
70

COMMON/UNIM 1/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
NITER,NOUTP,FACTO,PVALU,EZK

COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),

FIXED(52), TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)

BACK-SUBSTITUTION ROUTINE

NEQNS=NSVAB

DO 10 IEQNS=1,NEQNS

REACT(IEQNS)=0.0

CONTINUE

NEQN1=NEQNS+1

DO 40 IEQNS=1,NEQNS

NBACK=NEQNI-IEQNS

PIVOT=ASTIF(NBACK,NBACK)

RESID=ASLOD(NBACK)

IF(NBACK.EQ.NEQNS) GOTO 30

NBACI=NBACK+1

DO 20 ICOLS=NBAC1,NEQNS

RESID=RESID-ASTIF(NBACK,ICOLS)*XDISP(ICOLS)

CONTINUE

IF(IFPRE(NBACK).EQ.0) XDISP(NBACK)=RESID/PIVOT

IF(IFPRE(NBACK).EQ.1) XDISP(NBACK)=FIXED(NBACK)

IF(IFPRE(NBACK).EQ.1) REACT(NBACK)=-RESID

CONTINUE

GO TO (100,110,110,110,110),NALGO

KOUNT=0

DO 50 IPOIN=1,NPOIN

DO 50 IDOFN=1,NDOFN

KOUNT=KOUNT+1

TDISP(IPOIN,IDOFN)=XDISP(KOUNT)

TREAC(IPOIN,IDOFN)=REACT(KOUNT)

GO TO 120

KOUNT=0

DO 51 IPOIN=1,NPOIN

DO 51 IDOFN=1,NDOFN

KOUNT=KOUNT+1

TDISP(IPOIN,IDOFN)=TDISP(IPOIN,IDOFN)+XDISP(KOUNT)

TREAC(IPOIN,IDOFN)=TREA C(IPOIN,IDOFN)+REACT(KOUNT)

DO 90 IPOIN=1,NPOIN

DO 60 IELEM=1,NELEM

DO 60 INODE=1,NNODE

NLOCA=LNODS(IELEM,INODE)
IF(IPOIN.EQ.NLOCA) GOTO 70
DO 80 IDOFN=1,NDOFN
NPOSN=(IPOIN-1)*NDOFN+IDOFN
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IEVAB=(INODE-1)*NDOFN+IDOFN
80 TLOAD(IELEM,IEVAB) = TLOAD(IELEM,IEVAB)+REACT(NPOSN)
90 CONTINUE
120 CONTINUE
RETURN
END

Bu alt programa 6zgii degisken parametreler;

ASLOD(MEQNS): indirgenmis yiik vektorii.

ASTIF(MEQNS, MEQNS): Indirgenmis global rijitlik matrisi.

IEQNS, NEQNS, MEQNS: Sirasiyla denklemlerin igerigi, numarasi ve maksimum

degeri.

IFPRE(MEQNS): Diigiim noktasinin baglanma durumunu tanimlayan
parametrelerin vektorii.

FIXED(MEQNS): Ongoriilmiis yer degistirme vektorii. (Onceden bir deger

atanmamigsa 0 alinir. )

PIVOT: Yok edilen degiskenin kdsegen terimi.

REACT(MEQNS): Ongoériilmiis yer degistirmeli diigiim noktalarindaki tepkiler.

XDISP(MEQNS): Diigiim noktalarindaki yer degistirmeler.

Bu programin yardimci programin orjinal hali (Owen-Hinton):

SUBROUTINE BAKSUB

(e s e st s sheste st s she st s ke she st she st shestestese seste st s ste st sieste stesie s ste st e steste st seste stk stesiesieste stk sttt stestolkoskstelosiolokoloskok stololoksiokololsiokoslkorok

C BACK-SUBSTITUTION ROUTINE
C********************************************************************************
COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
NITER,NOUTP,FACTO,PVALU
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52), TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)

BACK-SUBSTITUTION ROUTINE

[oNeXe!

NEQNS=NSVAB
DO 10 IEQNS=1,NEQNS
REACTIEQNS)=0.0

10 CONTINUE
NEQNI=NEQNS+1
DO 40 IEQNS=1,NEQNS
NBACK=NEQNI-IEQNS
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PIVOT=ASTIF(NBACK,NBACK)
RESID=ASLOD(NBACK)
IF(NBACK.EQ.NEQNS) GOTO 30
NBACI=NBACK+1
DO 20 ICOLS=NBAC1,NEQNS
RESID=RESID-ASTIF(NBACK,ICOLS)*XDISP(ICOLS)
20  CONTINUE
30  IF(IFPRE(NBACK).EQ.0) XDISP(NBACK)=RESID/PIVOT
IF(IFPRE(NBACK).EQ.1) XDISP(NBACK)=FIXED(NBACK)
IF(IFPRE(NBACK).EQ.1) REACT(NBACK)=-RESID
40  CONTINUE
KOUNT=0
DO 50 IPOIN=1,NPOIN
DO 50 IDOFN=1,NDOFN
KOUNT=KOUNT+1
TDISP(IPOIN,IDOFN)=XDISP(KOUNT)
50  TREAC(IPOIN,IDOFN)=REACT(KOUNT)
RETURN
END

4.1.10 Subroutine REFORB

(Csteste e st st s st she st e s st shesfe sk ke shest s ke st s st stese e st stk sheste sk e s steste s seste st s steste stk e st s ste st e ste st s steste stk st st skt stk st stetoskostokok ok ok

C
C CALCULATES INTERNAL EQUIVALENT NODAL FORCES
C
C********************************************************************************
COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
. KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
. NITER,NOUTP,FACTO,PVALU,EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
. FIXED(52), TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
. REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
DO 10 IELEM=1,NELEM
DO 10 IEVAB=1,NEVAB
10  ELOAD(IELEM,IEVAB)=0.0
DO 70 IELEM=1,NELEM
LPROP=MATNO(IELEM)
EIVAL=PROPS(LPROP, 1)
SVALU=PROPS(LPROP,2)
YIELD=PROPS(LPROP,3)
HARDS=PROPS(LPROP4)
NODE1=LNODS(IELEM, 1)
NODE2=LNODS(IELEM,?2)
ELENG=ABS(COORD(NODE2)-COORD(NODE1))
beta=12.*EIVAL/SVALU/ELENG#+2
ELAML=(EZK/4./EIVAL)**0.25*ELENG

VALU1=12.*EIVAL/ELENG**3/(1.+BETA)
VALU2=6.*EIVAL/ELENG*#*2/(1.+BETA)
VALU3=4.*EIVAL*(1.40.25*BETA)/ELENG/(1.+BETA)
VALU4=2.*EIVAL*(1.-0.5*BETA)/ELENG/(1.4+BETA)
EK(1,1)=VALU1+(13./35.)*ezk*eleng
EK(1,2)=VALU2+(11./210.)*ezk *eleng**2
EK(1,3)=-VALU1+(9./70.)*ezk*eleng
EK(1,4)=VALU2-(13./420.)*ezk *eleng**2
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EK(2,2)=VALU3+(1./105.)*ezk*eleng**3
EK(2,3)=-ESTIF(1,4)
EK(2,4)=VALU4-(1./140.)*ezk*eleng**3
EK(3,3)=EK(1,1)
EK(3,4)=-EK(1,2)
EK(4,4)= EK(2,2)
DO 11 ISTIF=1,4
DO 11 JSTIF=ISTIF 4

11  EK(STIFISTIF)=EK(STIF,JSTIF)

WNOD1=XDISP(NODE1*NDOFN-1)
WNOD2=XDISP(NODE2*NDOFN-1)
THTA1=XDISP(NODE1*NDOFN)
THTA2=XDISP(NODE2*NDOFN)

P1=EK(1,1)*WNOD1+EK(1,2)*THTA1+EK(1,3)*WNOD2+EK(1,4)*THTA2
P2=EK(2,1)*WNOD1+EK(2,2)*THTA1+EK(2,3)*WNOD2+EK(2,4)*THTA2
P3=EK(3,1)*WNOD1+EK(3,2)*THTA1+EK(3,3)*WNOD2+EK(3,4)*THTA2
P4=EK(4,1)*WNOD1+EK(4,2)*THTA1+EK(4,3)*WNOD2+EK (4,4)*THTA2
EMORT=0.5*%(1.-ELAML*%*4/96.)*(P2-P4)-0.125%(1.-13./1440.* ELAML**4)*(P1+P3)

STRAN=(THTAI1-THTA2)/ELENG
STLIN=EMORT
STCUR=STRES(IELEM,1)+STLIN
PREYS=YIELD+HARDS*ABS(PLAST(IELEM))
IF(ABS(STRES(IELEM, 1)).GE.PREYS) GOTO 20
ESCUR=ABS(STCUR)-PREYS

IF(ESCUR.LE.0.0) GOTO 40
RFACT=ESCUR/ABS(STLIN)

GOTO 30

20 IF(STRES(IELEM, 1).GT.0.0.AND.STLIN.LE.0.0) GOTO 40
IF(STRES(IELEM,1).LT.0.0.AND.STLIN.GE.0.0) GOTO 40
RFACT=1.0

30 REDUC=1.0-RFACT
STRES(IELEM, 1)=STRES(IELEM, 1)+REDUC*STLIN+

RFACT*EIVAL*(1.0-EIVAL/(EIVAL+HARDS))*STRAN
PLAST(IELEM)=PLAST(IELEM)+RFACT*STRAN*EIVAL/(EIVAL+HARDS)
GOTO 50

40 STRES(IELEM, 1)=STRES(IELEM, 1)+STLIN

C50 STRESUELEM,2)=STRES(IELEM,2)+(SVALU/ELENG)*(WNOD2-WNOD1)

C . -0.5*SVALU*(THTA1+THTA?2)

50 STRES(IELEM,2)=STRES(IELEM,2)+0.5*(P3-P1)
ELOAD(IELEM,1)=ELOAD(IELEM,1)-STRES(IELEM,?2)
ELOAD(IELEM,2)=ELOAD(IELEM,2)+STRES(IELEM, 1)

-0.5*ELENG*STRES(IELEM,2)
ELOAD(IELEM,3)=ELOAD(IELEM,3)+STRES(IELEM,2)
ELOAD(IELEM,4)=ELOAD(IELEM,4)-STRES(IELEM, 1)

. -0.5*ELENG*STRES(IELEM,?2)

70 CONTINUE
RETURN
END
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Yararlanilan kaynaktaki 6zgiin hali asagidaki gibidir. (Owen-Hinton)
SUBROUTINE REFORB

(Cstestestesteste s st she st s she st sesfe st shesie s e sfesi sheste stese se st stesle shestesi s shesi sk stestese st stesheste st stk stesteskeste st sttt sk sieolostekosioloskoiolkokotoloslkokoiokoskor sk

C CALCULATES INTERNAL EQUIVALENT NODAL FORCES
C********************************************************************************
COMMON/UNIM 1/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
. KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
. NITER,NOUTP,FACTO
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
. FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
. REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
DO 10 IELEM=1,NELEM
DO 10 IEVAB=1,NEVAB
10 ELOAD(IELEM,IEVAB)=0.0
DO 70 IELEM=1,NELEM
LPROP=MATNO(IELEM)
EIVAL=PROPS(LPROP, 1)
SVALU=PROPS(LPROP,2)
YIELD=PROPS(LPROP,3)
HARDS=PROPS(LPROP4)
NODE1=LNODS(IELEM, 1)
NODE2=LNODS(IELEM,?)
ELENG=ABS(COORD(NODE2)-COORD(NODE1))
WNOD 1=XDISP(NODE1*NDOFN-1)
WNOD2=XDISP(NODE2*NDOFN-1)
THTA 1=XDISP(NODE1*NDOFN)
THTA2=XDISP(NODE2*NDOFN)
STRAN=(THTA1-THTA2)/ELENG
STLIN=STRAN*EIVAL
STCUR=STRES(IELEM, 1 )+STLIN
PREYS=YIELD+HARDS*ABS(PLAST(IELEM))
IF(ABS(STRES(IELEM, 1)).GE.PREYS) GOTO 20
ESCUR=ABS(STCUR)-PREYS
IF(ESCUR.LE.0.0) GOTO 40
RFACT=ESCUR/ABS(STLIN)
GOTO 30
20 IF(STRES(IELEM,1).GT.0.0.AND.STLIN.LE.0.0) GOTO 40
IF(STRES(IELEM, 1).LT.0.0.AND.STLIN.GE.0.0) GOTO 40
RFACT=1.0
30 REDUC=1.0-RFACT
STRES(IELEM, 1)=STRES(IELEM, 1)+REDUC*STLIN+
RFACT*EIVAL*(1.0-EIVAL/(EIVAL+HARDS))*STRAN
PLAST(IELEM)=PLAST(IELEM)+RFACT*STRAN*EIVAL/(EIVAL+HARDS)
GOTO 50
40  STRES(IELEM,1)=STRES(IELEM, 1)+STLIN
50  STRES(IELEM,2)=STRES(IELEM,2)+(SVALU/ELENG)*(WNOD2-WNOD1)
. -0.5*SVALU*(THTA1+THTA2)
ELOAD(IELEM, 1)=ELOAD(IELEM, 1)-STRES(IELEM.,?2)
ELOAD(IELEM,2)=ELOAD(IELEM,2)+STRES(IELEM, 1)
-0.5*ELENG*STRES(IELEM,?2)
ELOAD(IELEM,3)=ELOAD(IELEM, 3)+STRES(IELEM,?2)
ELOAD(ELEM,4)=ELOAD(IELEM,4)-STRES(IELEM, 1)
. -0.5*ELENG*STRES(IELEM,?2)
70  CONTINUE
RETURN
END
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4.1.11 Subroutine CONUND

(e s steste s seste st s sheste st ke sheste s e s s she st s seste s s e st s e she s s e st ke st s s sheste sk stese st st seskestestese sheste sk e s stestesk skt steseosteste stk etk okl ok

C
C CHECKS FOR SOLUTION CONVERGENCE
C
C********************************************************************************
COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
NITER,NOUTP,FACTO,PVALU,EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
DIMENSION STFOR(52), TOFOR(52)
NCHEK=0
RESID=0.0
RETOT=0.0
DO 10 ISVAB=1,NSVAB
STFOR (ISVAB)=0.0
10  TOFOR (ISVAB)=0.0
DO 20 IELEM=1,NELEM
IEVAB=0
DO 20 INODE=1,NNODE
NODNO=LNODS(IELEM, INODE)
DO 20 IDOFN=1,NDOFN
IEVAB=IEVAB+1
NPOSN=(NODNO -1)*NDOFN+IDOFN
STFOR(NPOSN)=STFOR(NPOSN)+ELOAD(IELEM, IEVAB)
20  TOFOR(NPOSN)=TOFOR(NPOSN)+TLOAD(IELEM, IEVAB)
DO 30 ISVAB=1,NSVAB
REFOR=TOFOR(ISVAB)-STFOR(ISVAB)
RESID=RESID+REFOR*REFOR
30  RETOT=RETOT+TOFOR(ISVAB)*TOFOR(ISVAB)
DO 40 IELEM=1,NELEM
DO 40 IEVAB=1,NEVAB
40 ELOAD(IELEM, IEVAB)=TLOAD(IELEM, IEVAB)-ELOAD(IELEM, IEVAB)
RATIO=100.0*SQRT(RESID/RETOT)
IF(RATIO.GT.TOLER) NCHEK=1
IF(IITER.EQ.1) GOTO 50
IF(RATIO.GT.PVALU) NCHEK=999
50  PVALU=RATIO
WRITE(6,900) ITER,NCHEK,RATIO
900  FORMAT(1HO,5X,"ITERATION NUMBER="15/
1H0,5X,"CONVERGENCE CODE=",14,3X,
"NORM OF RESIDUAL SUM RATIO=",E14.6)
RETURN
END

CONUND yardimec1 programi yakinsamanin artik kuvvet degerlerine bagh

hesaplandig alt programdir.
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Yakinsama kriteri;

%100 < TOLER 4.1)

I
UN

1
1D
—_—
AN
Y
et
L 1

T

Burada N;toplam diigiim noktasi sayisi ve r; iterasyon sayisidir. Yakinsamanin olup

olmadigin1 gosteren parametre ise NCHEK dir.

4.1.12 Subroutine RESULT

(Cstestestesteste st ste she st s she st e shesiesle sesie s sesfesi sheste stese seste stk shestesi s ke she ke ste s st stesheste st stk stesteskoste sttt st steksiolostekosioloskoiokokokokoslkoksiokoskor sk

C
C OUTPUTS DISPLACEMENT,REACTIONS AND STRESSES
C
C********************************************************************************
COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLOAD,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
) NITER,NOUTP,FACTO,PVALU,EZK
COMMON/UNIM2/PROPS(5,4),COORD(26),LNODS(25,2),IFPRE(52),
) FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(25),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
) REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4)
IF(NDOFN.EQ. 1) WRITE(6,900)
900 FORMAT(1HO0,5X,"NODE" 4X,"DISPL.",12X,"REACTIONS")
IF(NDOFN.EQ.2) WRITE(6,910)
910 FORMAT(1H0,5X,"NODE",4X,"DISPL.",12X,"REACTION",
7X,"DISPL.",12X,"REACTION")
DO 10 IPOIN=1,NPOIN
10 WRITE(6,920) IPOIN,(TDISP(IPOIN,IDOFN), TREAC(IPOIN,IDOFN),
. IDOFN=1,NDOFN)
920  FORMAT(110,2(E14.6,5X,E14.6))
IF(NDOFN.EQ.2) WRITE(6,930)
930  FORMAT(1H0,2X,"ELEMENT",12X,"STRESSES", 12X,"PL.STRAIN")
IF(NDOFN.EQ.1) WRITE(6,940)
940  FORMAT(1H0,2X,"ELEMENT",5X,"STRESSES",5X,"PL.STRAIN")
DO 20 IELEM=1,NELEM
20  WRITE(6,950) IELEM,(STRES(IELEM,IDOFN),IDOFN=1,NDOFN),
. PLAST(ELEM)
950  FORMAT(I10,3E14.6)
RETURN
END

Cikt1 siklign INCLOD alt programi ile ayarlanan ana programin sonuglarimi ve

ciktilarin1 almay1 saglayan programdir.
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4.2 Tabakah Kiris Programm (TIMLAY)

Tabakali kiris programinin yapis1 Sekil (4.1)’de gosterile akis diyagramiyla aynidir.
Burada sadece STIFFB alt programinin yerine STIFBL ve REFORB alt programi
yerine de RFORBL gelir. STIFBL alt programi da ilave bir LAYER alt programini
cagirir. Tabakali kirig ana program1 MASTER BEML asagidaki gibidir.

PROGRAM MASTER BEML

(e s e st s sheste st s she st s ke shesteseshe st s ste st s seste st s ste st sieste stesie s ste st e steste st seste stk stesiesieste st st steteostestesieok steisioloskoloskokstoioloksiokololsiokoslokok

C

C ELASTOPLASTIC LAYERED TIMOSHENKO BEAM PROGRAM

C

Otttk st st otk ok ok stk s sl ke et kel etk st kel ok s kel ek s ket ol ek
COMMON/UNIM1/NPOIN,NELEM,NBOUN,NLAYR,NPROP,NNODE,IINCS,IITER,

KRESL,NCHEK,TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,

. NITER,NOUTP,FACTO
COMMON/UNIM2/PROPS(5,25),COORD(26),LNODS(25,2),IFPRE(52),

. FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(250),XDISP(52),
TDISP(26,2),TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4),

. STRSL(250,2)
CALL DATA
CALL INITIAL
DO 30 IINCS=1,NINCS
CALL INCLOD
DO 10 IITER=1,NITER
CALL NONAL
IF(KRESL.EQ.1) CALL STIFBL
CALL ASSEMB

IF(KRESL.EQ.1) CALL GREDUC
IF(KRESL.EQ.2) CALL RESOLV
CALL BAKSUB
CALL RFORBL
CALL CONUND
IF(NCHEK.EQ.0) GOTO 20
IF(IITER.EQ.1.AND.NOUTP.EQ.1) CALL RESULT
IF(NOUTP.EQ.2) CALL RESULT

10  CONTINUE
WRITE(6,900)

900 FORMAT(1H0,5X,"SOLUTION NOT CONVERGED")
STOP

20  CALLRESULT

30  CONTINUE
STOP
END

Program bir akis diyagramu ile gosterilecek olursa;
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DATA
Geometriyi tanimla, yiikleme ve sinir kosullarini ve malzeme
ozelliklerinin gir.

INITIAL
Anlik artis degerleri i¢in verileri gir.

INCLOD
Dizileri sifirla ve yiik vektoriinii giincelle.

NONAL
Gostergeyi ¢oziim algoritmasini gosterecek sekilde ayarla.

Yeni eleman

ITERASYON DONGUSU

HAYIR rijitlik matrisi
gerekiyor mu?

EVET
STIFFBL

Eleman rijitlik matrisini hesapla ve kaydet.

ASSEMB and GREDUC or RESOLYV and BAKSUB
Global eleman ve yiik vektoriinii teskil et ve denklem takimini
¢cOZ.

YUK ARTIM DONGUSU

RFORBL
Artik kuvvet vektoriinii hesapla.

CONUND

Sonug yakinstyor mu?

EVET

RESULT
Sonugclar1 goster.

END

Sekil 4.2: TIMLAY programi akis diyagrama.
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TIMOSH programindan farkli olan alt programlarin icerikleri ve gorevleri asagidaki

gibidir.

4.2.1 Subroutine STIFBL

(e s e st s sheste st s she st sk shestese e shese sheste st s seste st s ste st sieste stesie s ste st s steste s sestesieste stesiesieste st st stetostestesieok steisioloskoloskok stololoksiokololsiokoslokok

C
C CALCULATES ELEMENT STIFFNESS MATRICES
C
C********************************************************************************
COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLAYR,NPROP,NNODE,IINCS,ITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
. NITER,NOUTP,FACTO
COMMON/UNIM2/PROPS(5,25),COORD(26),LNODS(25,2),IFPRE(52),
. FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(250),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4),
. STRSL(250,2)
REWIND 1
DO 20 IELEM=1,NELEM
LPROP=MATNO(IELEM)
CALL LAYER(IELEM,EIVAL,SVALU)
HARDS=PROPS(LPROP 4)
NODE1=LNODS(IELEM, 1)
NODE2=LNODS(IELEM,?2)
ELENG=ABS(COORD(NODE2)-COORD(NODE1))
VALU1=0.5*SVALU
VALU2=SVALU/ELENG
VALU3=EIVAL/ELENG
VALU4=0.25*SVALU*ELENG
ESTIF(1,1)=VALU2
ESTIF(1,2)=VALUI
ESTIF(1,3)=-VALU2
ESTIF(1,4)=VALUI
ESTIF(2,2)=VALU3+VALU4
ESTIF(2,3)=-VALU1
ESTIF(2,4)=-VALU3+VALU4
ESTIF(3,3)=VALU2
ESTIF(3,4)=-VALU1
ESTIF(4,4)=VALU3+VALU4
DO 10 ISTIF=1,4
DO 10 JSTIF=ISTIF,4
10 ESTIFJSTIF,ISTIF)=ESTIF(ISTIF,JSTIF)
WRITE(1) ESTIF
20 CONTINUE
RETURN
END

STIFBL elastoplastik-tabakali Timoshenko kirisi icin eleman rijitlik matrislerini

hesaplayan alt programdir.
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4.2.2 Subroutine RFORBL

(st st e st st s st st st e s st shesfeshe ke shest s ke st sk st stese e st stk shestese ke e s steste s seste st s steste stk sfe st s ste st e ste st s steste stk st st skt stk st stesloskestokok ok ok

C
C CALCULATES INTERNAL EQUIVALENT NODAL FORCES
C
C********************************************************************************
COMMON/UNIM I/NPOIN,NELEM,NBOUN,NLAYR,NPROP,NNODE,IINCS,IITER,
KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
. NITER,NOUTP,FACTO
COMMON/UNIM2/PROPS(5,25),COORD(26),LNODS(25,2), IFPRE(52),
. FIXED(52),TLOAD(25,4),RLOAD(25,4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(250),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4),
. STRSL(250,2)
DIMENSION STRAN(2)
DO 15 IELEM=1,NELEM
DO 10 IEVAB=1,NEVAB
10ELOAD(IELEM,IEVAB)=0.0
DO 15 IDOFN=1,NDOFN
15STRES(IELEM,IDOFN)=0.0
KLAYR=0
DO 70 IELEM=1,NELEM
LPROP=MATNO(IELEM)
YOUNG=PROPS(LPROP, 1)
SHEAR=PROPS(LPROP,2)
YIELD=PROPS(LPROP,3)
HARDS=PROPS(LPROP4)
THKTO=PROPS(LPROP,5)
NODE1=LNODS(IELEM, 1)
NODE2=LNODS(IELEM,?2)
ELENG=ABS(COORD(NODE2)-COORD(NODE1))
WNOD 1=XDISP(NODE1*NDOFN-1)
WNOD2=XDISP(NODE2*NDOFN-1)
THTA 1=XDISP(NODE *NDOFN)
THTA2=XDISP(NODE2*NDOFN)
STRAN(1)=(THTA1-THTA2)/ELENG
STRAN(2)=(WNOD2-WNOD1)/ELENG
. -0.5%(THTA1+THTA?2)
ZMIDL=-THKTO/2.0
KOUNT=5
DO 50 ILAYR=1,NLAYR
KLAYR=KLAYR+1
KOUNT=KOUNT+1
BRDTH=PROPS(LPROP,KOUNT)
KOUNT=KOUNT+1
THICK=PROPS(LPROP,KOUNT)
ZMIDL=ZMIDL+THICK/2.0
STLIN=YOUNG*STRAN(1)*ZMIDL
STCUR=STRSL(KLAYR,1)+STLIN
PREYS=YIELD+HARDS*ABS(PLAST(KLAYR))
IF(ABS(STRSL(KLAYR,1)).GE.PREYS) GOTO 20
ESCUR=ABS(STCUR)-PREYS
IF(ESCUR.LE.0.0) GOTO 40
RFACT=ESCUR/ABS(STLIN)
GOTO 30
20  IF(STRSL(KLAYR,1).GT.0.0.AND.STLIN.LE.0.0) GOTO 40
IF(STRSL(KLAYR,1).LT.0.0.AND.STLIN.GE.0.0) GOTO 40
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RFACT=1.0

30

40
45

50

70

REDUC=1.0-RFACT
STRSI(KLAYR,1)=STRSI(KLAYR,1)+REDUC*STLIN+ RFACT*YOUNG
*(1.0- YOUNG/(YOUNG+HARDS))*STRAN(1)*ZMIDL
PLAST(KLAYR)=PLAST(KLAYR)+RFACT*STRAN(1)*YOUNG/(YOUNG+HARDS)
*ZMIDL
GOTO 45
STRSL(KLAYR,1)=STRSL(KLAYR,1)+STLIN
STRSI(KLAYR,2)=STRSL(KLAYR,2)+STRAN(2)*SHEAR
STRES(IELEM, 1)=STRES(IELEM, 1)+STRSL(KLAYR,1)*
BRDTH*THICK*ZMIDL
STRES(IELEM,2)=STRES(IELEM,2)+STRSL(KLAYR,2)*
BRDTH*THICK
ZMIDL=ZMIDL+THICK/2.0
CONTINUE
ELOADIELEM,1)=ELOAD(IELEM,1)-STRES(IELEM,,?2)
ELOADIELEM,2)=ELOADIELEM,2)+STRES(IELEM,1)
-0.5*ELENG*STRES(IELEM,?2)
ELOADIELEM,3)=ELOADIELEM,3)+STRES(IELEM,2)
ELOADIELEM,4)=ELOAD(IELEM,4)-STRES(IELEM, 1)
-0.5*ELENG*STRES(IELEM,?2)
CONTINUE
RETURN
END

RFORBL orta nokta kuralim kullanarak tabakal1 kiris icin p degerini elde eder.

4.2.3 Subroutine LAYER (IELEM, EIVAL, SVALU)

(e s sheste s seste st s sheste st ke she st s she e s sheste s seste s s e st s e shese s st st ke stese s sheste sk stese st st seskeste st sheste sk e st ste s sheste st st ste stk etk okl ok

C
C
C

CALCULATES INTEGRATED VALUES FOR EI AND GA THROUGH DEPTH

(e s sheste s seste st s sheste st ke sheste s she e s she st s seste s s e st s e shese s e st ke stese s sheste sk stese st st sk stestese sheste sk e s e stk skt ste st ste stk etk otk sk

COMMON/UNIM1/NPOIN,NELEM,NBOUN,NLAYR,NPROP,NNODE,IINCS,IITER,

KRESL,NCHEK, TOLER,NALGO,NSVAB,NDOFN,NINCS,NEVAB,
NITER,NOUTP,FACTO

COMMON/UNIM2/PROPS(5,25),COORD(26),LNODS(25,2),IFPRE(52),

EIVAL=0.0

FIXED(52),TLOAD(25,4),RLOAD(25.4),ELOAD(25,4),
MATNO(25),STRES(25,2),PLAST(250),XDISP(52),
TDISP(26,2), TREAC(26,2),ASTIF(52,52),ASLOD(52),
REACT(52),FRESV(1352),PEFIX(52),ESTIF(4,4),
STRSL(250,2)

SVALU=0.0
LPROP=MATNO((IELEM)
KLAYR=(IELEM-1)*NLAYR
SHEAR=PROPS(LPROP,2)
HARDS=PROPS(LPROP,4)
THKTO=PROPS(LPROP,5)
ZMIDL=-THKTO/2.0
KOUNT=5

DO 10 ILAYR=1,NLAYR
KLAYR=KLAYR+1
YOUNG=PROPS(LPROP,1)
IF(PLAST(KLAYR).NE.0.0) YOUNG=YOUNG*(1.0-YOUNG/(YOUNG+HARDS))
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KOUNT=KOUNT+1
BRDTH=PROPS(LPROP, KOUNT)
KOUNT=KOUNT+1
THICK=PROPS(LPROP,KOUNT)
ZMIDL=ZMIDL+THICK/2.0
EIVAL=EIVAL+YOUNG*BRDTH*THICK*ZMIDL*ZMIDL
SVALU=SVALU+SHEAR*BRDTH*THICK
ZMIDL=ZMIDL+THICK/2.0
10 CONTINUE

RETURN

END

LAYER egilme rijitligi EI’'nin yaklasik degerini ve GA’nin gercek degerini orta

nokta kurali ile bulan alt programdir.

65



66



5. UYGULAMALAR

Onceki boliimlerde aciklanan tabakali ve tabakasiz Timoshenko Kkirisi elastoplastik
¢cOziimleri ile ilgili olarak 2 farkli yiikleme (tekil ve yayili yiikleme) icin ¢6ziim
yapilacaktir. Ayrica tabakasiz yaklasimda kirigin elastik zemine oturmasi durumu

icin de uygulamalar yapilacaktir.
5.1 Tabakasiz Elastoplastik Timoshenko Kiris Ornekleri

5.1.1 Tekil yiiklii tabakasiz Timoshenko Kiris 6rnegi

Asagida geometrisi ve yiikleme sekli verilen basit kirise ait elastoplastik ¢6ziim

aranmaktadir.

P=1260kN ] A

300mm

10*300mm=3000mm

A
A 4

< »
K »

Sonlu eleman idealizasyonu 150mm

Kiris en kesiti

Sekil 5.1: Tekil yiik etkisi altindaki kiris
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Problemin girisi ile ilgili parametreler asagida verilmistir:

11(NPOIN) 10(NELEM) 2(NBOUN) 1(NMATS) 4(NPROP) 2(NNODE)14(NINCS)
2(NALGO) 2(NDOEFN)

1(1nolu malzeme) 7.0875e10(EI) 2423070.(GA/1.5) 843750.(M,) 0.(H')

Elemanlara ait giris bilgileri asagida tablo halinde 6zetlenmistir:

Cizelge 5.1: Eleman ideallestirilmesi ile ilgili giris bilgileri.

Eleman No 1 j X; Xj Malzeme
No
1 1 2 0 300 1
2 2 3 300 600 1
3 3 4 600 900 1
4 4 5 900 1200 1
5 5 6 1200 1500 1
6 6 7 1500 1800 1
7 7 8 1800 2100 1
8 8 9 2100 2400 1
9 9 10 2400 2700 1
10 10 11 2700 3000 1
Diugiim nokta Mesnetlenme Moment ¢cokme Donme Disaridan

numarasi durumu
1(3i1k) 1(tutulu)
11(son) 1(tutulu)
Eleman  ilk D.N.’daki
numarasi yiik
6 1260.
10 0.

degeri

0.
0.

Ik D.N’daki

moment

0.
0.
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degeri  verilmis donme
0. 0.
0. 0.
Son D.N’daki  Son D.N’daki
yiik moment
0. 0.
0. 0.




0.0E-3 (elastik zemin degeri=0)

100(iterasyon 2(NOUTP 0.30(yiikiin %30’u ile 0.5(tolerans
sayisi her yiik hesaba baslanir ve her sefer degeri)
yiik artimi ve icin bu siitundaki oran kadar
icin iterasyonda arttirilarak bir 6nceki degere
kN) sonuclar basar.) eklenir.ilk degeri 378kN)
100 2 0.20 (630kN) 0.5
100 2 0.10 (756kN) 0.5
100 2 0.10 (882kN) 0.5
100 2 0.05 (945kN) 0.5
100 2 0.05 (1008kN) 0.5
100 2 0.05 (1071kN) 0.5
100 2 0.05 (1134kN) 0.5
100 2 0.02 (1159kN) 0.5
100 2 0.02 (1184kN) 0.5
100 2 0.02 (1209kN) 0.5
100 2 0.02 (1234kN) 0.5
100 2 0.01 (1247kN) 0.5
100 2 0.01 (1260kN) 0.5

Formath veri girisi:

11 10 2 1 4 2 14 2 2
17.0875e10  2423070. 843750. 0.
2 1

= eI o N BN N R
= 000U AW~
NoHCC RN le NEU RRNRON
N TS SO S
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4 900.
5 1200.
6 1500.
7 1800.
8 2100.
9 2400.
10 2700.
11 3000.
1 1 0. 0 0.
11 1 0. 0 0.
6 1260. 0. 0 0
10 0. 0. 0 0
0.0E-3
100 2 0.30 0.5
100 2 0.20 0.5
100 2 0.10 0.5
100 2 0.10 0.5
100 2 0.05 0.5
100 2 0.05 0.5
100 2 0.05 0.5
100 2 0.05 0.5
100 2 0.02 0.5
100 2 0.02 0.5
100 2 0.02 0.5
100 2 0.02 0.5
100 2 0.01 0.5
100 2 0.01 0.5

Veri girisi sonrasi alinan sonuclar:

NPOIN= 11 NELEM= 10 NBOUN= 2 NMATS= 1
NPROP= 4 NNODE= 2 NINCS= 14 NALGO= 2

NDOFN= 2
0 MATERIAL PROPERTIES
1 .7087500E+11 .2423070E+07 .8437500E+06 .0000000E+00
0 EL NODES MAT.
1

SOOI UN AW
e e e e

1

0 11 1

0 NODE COORD.
1 .00000
2 300.00000
3 600.00000
4 900.00000

S0V AW~
—= 0 00 AN AW —

70



1200.00000
1500.00000
1800.00000
2100.00000
9 2400.00000
10 2700.00000
11 3000.00000
0 RES.NODE CODE PRES.VALUES CODE PRES.VALUES

[c<BEN e WV}

1 1 .00000 0 .00000
11 1 .00000 0 .00000
0 ELEMENT NODAL LOADS
1 .00000 .00000 .00000 .00000
2 .00000 .00000 .00000 .00000
3 .00000 .00000 .00000 .00000
4 .00000 .00000 .00000 .00000
5 .00000 .00000 .00000 .00000
6 1260.00000 .00000 .00000 .00000
7 .00000 .00000 .00000 .00000
8 .00000 .00000 .00000 .00000
9 .00000 .00000 .00000 .00000
10 .00000 .00000 .00000 .00000
ELASTIC SOIL COEFFICIENT=  .000000E+00
0 IINCS= 1 NITER= 100 NOUTP= 2 FACTO= .300000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .892957E-01
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.189001E+03 .300001E-02 .000000E+00
2 .911402E+00 .000000E+00 .288001E-02 .000000E+00
3 .175080E+01 .000000E+00 .252001E-02 .000000E+00
4 244621E+01 .000000E+00 .192000E-02 .000000E+00
5 .292561E+01 .000000E+00 .108000E-02 .000000E+00
6 .311701E+01 .000000E+00 -.424235E-09 .000000E+00
7 .292561E+01 .000000E+00 -.108000E-02 .000000E+00
8 .244620E+01 .000000E+00 -.192000E-02 .000000E+00
9 .175080E+01 .000000E+00 -.252000E-02 .000000E+00
10 .911402E+00 .000000E+00 -.288001E-02 .000000E+00
11 .000000E+00  -.189001E+03 -.300001E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .283500E+05 .189001E+03 .000000E+00
2 .850501E+05 .189001E+03 .000000E+00
3 .141750E+06 .189001E+03 .000000E+00
4 .198451E+06 .189000E+03 .000000E+00
5 .255150E+06 .188999E+03 .000000E+00
6 .255150E+06 -.188999E+03 .000000E+00
7 .198450E+06 -.189000E+03 .000000E+00
8 .141750E+06 -.189001E+03 .000000E+00
9 .850502E+05 -.189000E+03 .000000E+00
10 .283500E+05 -.189000E+03 .000000E+00
0 IINCS= 2 NITER= 100 NOUTP= 2 FACTO= .200000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .382387E-01
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.315001E+03 .500000E-02 .000000E+00
2 .151900E+01 .000000E+00 .480000E-02 .000000E+00
3 .291800E+01 .000000E+00 .420000E-02 .000000E+00
4 .407700E+01 .000000E+00 .320000E-02 .000000E+00
5 .487600E+01 .000000E+00 .180000E-02 .000000E+00
6 .519500E+01 .000000E+00 -.268042E-09 .000000E+00
7 .487600E+01 .000000E+00 -.180000E-02 .000000E+00
8 .407700E+01 .000000E+00 -.320000E-02 .000000E+00
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9 .291800E+01

10 .151900E+01

11 .000000E+00
0 ELEMENT

.000000E+00 -.420000E-02
.000000E+00 -.480000E-02
-.315001E+03 -.500000E-02

.000000E+00
.000000E+00
.000000E+00

STRESSES

O 00 J O\ N Wi —

472501E+05
.141750E+06
.236250E+06
.330750E+06
425250E+06
425250E+06
.330750E+06
.236250E+06
.141750E+06

.315000E+03
.315000E+03
.315001E+03
.315000E+03
.315000E+03
-.315000E+03
-.315001E+03
-.315000E+03
-.315000E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .472500E+05 -.315000E+03 .000000E+00

0 IINCS= 3 NITER= 100 NOUTP= 2 FACTO= .100000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .189532E-01
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.378000E+03 .600000E-02 .000000E+00
2 .182280E+01 .000000E+00 .576000E-02 .000000E+00
3 .350160E+01 .000000E+00 .504000E-02 .000000E+00
4 .489240E+01 .000000E+00 .384000E-02 .000000E+00
5 .585120E+01 .000000E+00 .216000E-02 .000000E+00
6 .623400E+01 .000000E+00 -.104533E-09 .000000E+00
7 .585120E+01 .000000E+00 -.216000E-02 .000000E+00
8 .489240E+01 .000000E+00 -.384000E-02 .000000E+00
9 .350160E+01 .000000E+00 -.504000E-02 .000000E+00
10 .182280E+01 .000000E+00 -.576000E-02 .000000E+00
11 .000000E+00  -.378000E+03 -.600000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .567001E+05 .378000E+03 .000000E+00
2 .170100E+06 .378000E+03 .000000E+00
3 .283500E+06 .378000E+03 .000000E+00
4 .396900E+06 .378000E+03 .000000E+00
5 .510300E+06 .377999E+03 .000000E+00
6 .510300E+06 -.378000E+03 .000000E+00
7 .396900E+06 -.378000E+03 .000000E+00
8 .283500E+06 -.378000E+03 .000000E+00
9 .170100E+06 -.378000E+03 .000000E+00
10 .567000E+05 -.378000E+03 .000000E+00
0 IINCS= 4 NITER= 100 NOUTP= 2 FACTO= .100000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.441001E+03 .700000E-02 .000000E+00
2 .212660E+01 .000000E+00 .672000E-02 .000000E+00
3 .408520E+01 .000000E+00 .588000E-02 .000000E+00
4 .570780E+01 .000000E+00 .448000E-02 .000000E+00
5 .682640E+01 .000000E+00 .252000E-02 .000000E+00
6 .727300E+01 .000000E+00 .101090E-09 .000000E+00
7 .682640E+01 .000000E+00 -.252000E-02 .000000E+00
8 .570780E+01 .000000E+00 -.448000E-02 .000000E+00
9 .408520E+01 .000000E+00 -.588000E-02 .000000E+00
10 .212660E+01 .000000E+00 -.672000E-02 .000000E+00
11 .000000E+00  -.441000E+03 -.700000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .661500E+05 .441000E+03 .000000E+00
2 .198450E+06 .441000E+03 .000000E+00
3 .330750E+06 .441000E+03 .000000E+00
4 .463050E+06 .441000E+03 .000000E+00
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5 .595350E+06 .441000E+03 .000000E+00
6 .595350E+06 -.441001E+03 .000000E+00
7 .463050E+06 -.441001E+03 .000000E+00
8 .330750E+06 -.441000E+03 .000000E+00
9 .198450E+06 -.441000E+03 .000000E+00
10 .661500E+05 -.441000E+03 .000000E+00
0 IINCS= 5 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .146137E-01
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.472500E+03 .750000E-02 .000000E+00
2 .227850E+01 .000000E+00 .720000E-02 .000000E+00
3 .437700E+01 .000000E+00 .630000E-02 .000000E+00
4 .611550E+01 .000000E+00 .480000E-02 .000000E+00
5 .731400E+01 .000000E+00 .270000E-02 .000000E+00
6 .779250E+01 .000000E+00 .233608E-09 .000000E+00
7 .731400E+01 .000000E+00 -.270000E-02 .000000E+00
8 .611550E+01 .000000E+00 -.480000E-02 .000000E+00
9 .437700E+01 .000000E+00 -.630000E-02 .000000E+00
10 .227850E+01 .000000E+00 -.720000E-02 .000000E+00
11 .000000E+00  -.472500E+03 -.750000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .708750E+05 .472500E+03 .000000E+00
2 .212625E+06 .472500E+03 .000000E+00
3 .354375E+06 .472500E+03 .000000E+00
4 .496125E+06 .472500E+03 .000000E+00
5 .637875E+06 .472500E+03 .000000E+00
6 .637875E+06 -.472500E+03 .000000E+00
7 .496125E+06 -.472500E+03 .000000E+00
8 .354375E+06 -.472500E+03 .000000E+00
9 .212625E+06 -.472500E+03 .000000E+00
10 .708750E+05 -.472500E+03 .000000E+00
0 IINCS= 6 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .891275E-02
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.504000E+03 .800000E-02 .000000E+00
2 .243040E+01 .000000E+00 .768000E-02 .000000E+00
3 .466880E+01 .000000E+00 .672000E-02 .000000E+00
4 .652320E+01 .000000E+00 .512000E-02 .000000E+00
5 .780160E+01 .000000E+00 .288000E-02 .000000E+00
6 .831200E+01 .000000E+00 -.220702E-10 .000000E+00
7 .780160E+01 .000000E+00 -.288000E-02 .000000E+00
8 .652320E+01 .000000E+00 -.512000E-02 .000000E+00
9 .466880E+01 .000000E+00 -.672000E-02 .000000E+00
10 .243040E+01 .000000E+00 -.768000E-02 .000000E+00
11 .000000E+00  -.504000E+03 -.800000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .756000E+05 .504000E+03 .000000E+00
2 .226800E+06 .504000E+03 .000000E+00
3 .378000E+06 .504000E+03 .000000E+00
4 .529200E+06 .504000E+03 .000000E+00
5 .680400E+06 .504000E+03 .000000E+00
6 .680400E+06 -.504000E+03 .000000E+00
7 .529200E+06 -.504000E+03 .000000E+00
8 .378000E+06 -.504000E+03 .000000E+00
9 .226800E+06 -.504000E+03 .000000E+00
10 .756000E+05 -.504000E+03 .000000E+00
0 IINCS= 7 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00

0 ITERATION NUMBER= 1
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0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.535500E+03 .850000E-02 .000000E+00
2 .258230E+01 .000000E+00 .816000E-02 .000000E+00
3 .496060E+01 .000000E+00 .714000E-02 .000000E+00
4 .693090E+01 .000000E+00 .544000E-02 .000000E+00
5 .828920E+01 .000000E+00 .306000E-02 .000000E+00
6 .883150E+01 .000000E+00 .128388E-09 .000000E+00
7 .828920E+01 .000000E+00 -.306000E-02 .000000E+00
8 .693090E+01 .000000E+00 -.544000E-02 .000000E+00
9 .496060E+01 .000000E+00 -.714000E-02 .000000E+00
10 .258230E+01 .000000E+00 -.816000E-02 .000000E+00
11 .000000E+00  -.535500E+03 -.850000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .803250E+05 .535500E+03 .000000E+00
2 .240975E+06 .535500E+03 .000000E+00
3 .401625E+06 .535500E+03 .000000E+00
4 .562275E+06 .535500E+03 .000000E+00
5 722925E+06 .535500E+03 .000000E+00
6 .722925E+06 -.535500E+03 .000000E+00
7 .562275E+06 -.535500E+03 .000000E+00
8 .401625E+06 -.535500E+03 .000000E+00
9 .240975E+06 -.535500E+03 .000000E+00
10 .803250E+05 -.535500E+03 .000000E+00
0 IINCS= 8 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .884383E-02
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.567000E+03 .900000E-02 .000000E+00
2 .273420E+01 .000000E+00 .864000E-02 .000000E+00
3 .525240E+01 .000000E+00 .756000E-02 .000000E+00
4 733860E+01 .000000E+00 .576000E-02 .000000E+00
5 .877680E+01 .000000E+00 .324000E-02 .000000E+00
6 .935100E+01 .000000E+00 -.716963E-10 .000000E+00
7 .877680E+01 .000000E+00 -.324000E-02 .000000E+00
8 .733860E+01 .000000E+00 -.576000E-02 .000000E+00
9 .525240E+01 .000000E+00 -.756000E-02 .000000E+00
10 .273420E+01 .000000E+00 -.864000E-02 .000000E+00
11 .000000E+00  -.567000E+03 -.900000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .850500E+05 .567000E+03 .000000E+00
2 .255150E+06 .567000E+03 .000000E+00
3 .425250E+06 .567000E+03 .000000E+00
4 .595350E+06 .567000E+03 .000000E+00
5 .765450E+06 .567000E+03 .000000E+00
6 .765450E+06 -.567000E+03 .000000E+00
7 .595350E+06 -.567000E+03 .000000E+00
8 .425250E+06 -.567000E+03 .000000E+00
9 .255150E+06 -.567000E+03 .000000E+00
10 .850500E+05 -.567000E+03 .000000E+00
0 IINCS= 9 NITER= 100 NOUTP= 2 FACTO= .200000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .470999E-02
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.579600E+03 .920000E-02 .000000E+00
2 .279496E+01 .000000E+00 .883200E-02 .000000E+00
3 .536912E+01 .000000E+00 .772800E-02 .000000E+00
4 750168E+01 .000000E+00 .588800E-02 .000000E+00
5 .897184E+01 .000000E+00 .331200E-02 .000000E+00
6 .955880E+01 .000000E+00 .581999E-10 .000000E+00
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0 NORM OF RESIDUAL SUM RATIO=

.963762E-02



7 .897184E+01 .000000E+00 -.331200E-02 .000000E+00
8 .750168E+01 .000000E+00 -.588800E-02 .000000E+00
9 .536912E+01 .000000E+00 -.772800E-02 .000000E+00
10 .279496E+01 .000000E+00 -.883200E-02 .000000E+00
11 .000000E+00  -.579600E+03 -.920000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .869400E+05 .579600E+03 .000000E+00
2 .260820E+06 .579600E+03 .000000E+00
3 .434700E+06 .579600E+03 .000000E+00
4 .608580E+06 .579600E+03 .000000E+00
5 .782460E+06 .579600E+03 .000000E+00
6 .782460E+06 -.579600E+03 .000000E+00
7 .608580E+06 -.579600E+03 .000000E+00
8 .434700E+06 -.579600E+03 .000000E+00
9 .260820E+06 -.579600E+03 .000000E+00
10 .869400E+05 -.579600E+03 .000000E+00
0 IINCS= 10 NITER= 100 NOUTP= 2 FACTO= .200000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .219712E-02
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.592200E+03 .940000E-02 .000000E+00
2 .285572E+01 .000000E+00 .902400E-02 .000000E+00
3 .548584E+01 .000000E+00 .789600E-02 .000000E+00
4 766476E+01 .000000E+00 .601600E-02 .000000E+00
5 .916688E+01 .000000E+00 .338400E-02 .000000E+00
6 .976660E+01 .000000E+00 .484551E-10 .000000E+00
7 .916688E+01 .000000E+00 -.338400E-02 .000000E+00
8 .766476E+01 .000000E+00 -.601600E-02 .000000E+00
9 .548584E+01 .000000E+00 -.789600E-02 .000000E+00
10 .285572E+01 .000000E+00 -.902400E-02 .000000E+00
11 .000000E+00  -.592200E+03 -.940000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .888300E+05 .592200E+03 .000000E+00
2 .266490E+06 .592200E+03 .000000E+00
3 .444150E+06 .592200E+03 .000000E+00
4 .621810E+06 .592200E+03 .000000E+00
5 .799470E+06 .592200E+03 .000000E+00
6 .799470E+06 -.592200E+03 .000000E+00
7 .621810E+06 -.592200E+03 .000000E+00
8 .444150E+06 -.592200E+03 .000000E+00
9 .266490E+06 -.592200E+03 .000000E+00
10 .888300E+05 -.592200E+03 .000000E+00
0 IINCS= 11 NITER= 100 NOUTP= 2 FACTO= .200000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .474426E-02
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.604800E+03 .960000E-02 .000000E+00
2 .291648E+01 .000000E+00 .921600E-02 .000000E+00
3 .560256E+01 .000000E+00 .806400E-02 .000000E+00
4 782784E+01 .000000E+00 .614400E-02 .000000E+00
5 .936192E+01 .000000E+00 .345600E-02 .000000E+00
6 .997440E+01 .000000E+00 .410544E-10 .000000E+00
7 .936192E+01 .000000E+00 -.345600E-02 .000000E+00
8 .782784E+01 .000000E+00 -.614400E-02 .000000E+00
9 .560256E+01 .000000E+00 -.806400E-02 .000000E+00
10 .291648E+01 .000000E+00 -.921600E-02 .000000E+00
11 .000000E+00  -.604800E+03 -.960000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN

1 .907200E+05 .604800E+03 .000000E+00
2 .272160E+06 .604800E+03 .000000E+00
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453600E+06 .604800E+03
.635040E+06 .604800E+03
.816480E+06 .604800E+03
.816480E+06 -.604800E+03
.635040E+06 -.604800E+03
.453600E+06 -.604800E+03 .000000E+00
.272160E+06 -.604800E+03 .000000E+00
10 .907200E+05 -.604800E+03 .000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

O 001NN b~ W

0 IINCS= 12 NITER= 100 NOUTP= 2 FACTO= .200000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .232051E-02
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.617400E+03 .980000E-02 .000000E+00
2 .297724E+01 .000000E+00 .940800E-02 .000000E+00
3 .571928E+01 .000000E+00 .823200E-02 .000000E+00
4 .799092E+01 .000000E+00 .627200E-02 .000000E+00
5 .955696E+01 .000000E+00 .352800E-02 .000000E+00
6 .101822E+02 .000000E+00 .250100E-09 .000000E+00
7 .955696E+01 .000000E+00 -.352800E-02 .000000E+00
8 .799092E+01 .000000E+00 -.627200E-02 .000000E+00
9 .571928E+01 .000000E+00 -.823200E-02 .000000E+00
10 .297724E+01 .000000E+00 -.940800E-02 .000000E+00
11 .000000E+00  -.617400E+03 -.980000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .926100E+05 .617400E+03 .000000E+00
2 .277830E+06 .617400E+03 .000000E+00
3 .463050E+06 .617400E+03 .000000E+00
4 .648270E+06 .617400E+03 .000000E+00
5 .833490E+06 .617400E+03 .000000E+00
6 .833490E+06 -.617400E+03 .000000E+00
7 .648270E+06 -.617400E+03 .000000E+00
8 .463050E+06 -.617400E+03 .000000E+00
9 .277830E+06 -.617400E+03 .000000E+00
10 .926100E+05 -.617400E+03 .000000E+00
0 IINCS= 13 NITER= 100 NOUTP= 2 FACTO= .100000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .751606E-02
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.623700E+03 .990000E-02 .000000E+00
2 .300762E+01 .000000E+00 .950400E-02 .000000E+00
3 .577764E+01 .000000E+00 .831600E-02 .000000E+00
4 .807246E+01 .000000E+00 .633600E-02 .000000E+00
5 .965448E+01 .000000E+00 .356400E-02 .000000E+00
6 .102861E+02 .000000E+00 .296988E-09 .000000E+00
7 .965448E+01 .000000E+00 -.356400E-02 .000000E+00
8 .807246E+01 .000000E+00 -.633600E-02 .000000E+00
9 .577764E+01 .000000E+00 -.831600E-02 .000000E+00
10 .300762E+01 .000000E+00 -.950400E-02 .000000E+00
11 .000000E+00  -.623700E+03 -.990000E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .935550E+05 .623700E+03 .000000E+00
2 .280665E+06 .623700E+03 .000000E+00
3 .467775E+06 .623700E+03 .000000E+00
4 .654885E+06 .623700E+03 .000000E+00
5 .841995E+06 .623700E+03 .000000E+00
6 .841995E+06 -.623700E+03 .000000E+00
7 .654885E+06 -.623700E+03 .000000E+00
8 .467775E+06 -.623700E+03 .000000E+00
9 .280665E+06 -.623700E+03 .000000E+00

10 .935550E+05 -.623700E+03 .000000E+00
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S o oo

O 001N N W~

10
11

IINCS=

.975200E+01
.815400E+01
.583600E+01

.303800E+01
.000000E+00

14 NITER= 100 NOUTP= 2
ITERATION NUMBER= 1
CONVERGENCE CODE=
NODE DISPL.
.000000E+00
.303800E+01
.583600E+01
.815400E+01
.975200E+01
.103900E+02

REACTION
-.630000E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.

.100000E-01
.960000E-02
.840000E-02
.640000E-02
.360000E-02
.245570E-09

FACTO=

.000000E+00 -.360000E-02
.000000E+00 -.640000E-02
.000000E+00 -.840000E-02
.000000E+00 -.960000E-02
-.630000E+03 -.100000E-01

0 ELEMENT

STRESSES

1

O 01NN W

.945000E+05
.283500E+06
472500E+06
.661500E+06
.843750E+06
.843750E+06 -.630000E+03
.661500E+06 -.630000E+03
472500E+06 -.630000E+03
.283500E+06 -.630000E+03

.630000E+03
.630000E+03
.630000E+03
.630000E+03
.630000E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.952363E-07

.952363E-07

.000000E+00
.000000E+00
.000000E+00

10 .945000E+05 -.630000E+03 .000000E+00
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.100000E-01 TOLER=

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00

.500000E+00

.618578E+03



Uygulanan yiik (kN)

1400

1200 -

L
*

L

1000

800 -

600

P=1260 k1T

400

10*200mm=3000mm

Sonlu eleman idealizasyonu

150mm

Kirig en kesiti

300mm

200

0,0

5,0

10,0 15,0
Orta noktadaki ¢cokme (mm)

‘ —&— Tabakasiz kiris ‘

Sekil 5.2: Tekil yiiklii tabakasiz Timoshenko kirisi 6rnegi
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5.1.2 Elastik zemine oturan tekil yiiklii tabakasiz Timoshenko Kirisi 6rnegi

300mm

10*#300mm=3000mm

A
A 4

Sonlu eleman idealizasyonu 150mm

Kiris en kesiti

Sekil 5.3: Tekil yiik etkisi altindaki kiris

Bu ornekte elastik zemin etkilerini daha iyi gozlemleyebilmek icin mesnetler
kaldirilarak ¢oziim yapilmistir. Kayma sekil degistirmelerini iceren sistem rijitlik
matrisi ilk 6rnekte oldugu gibi hesaba katilmistir.

Kiris malzeme ozellikleri ilk ornekteki gibi olup Kkg(Elastik zemin katsayisi)

6000t/m’ alinmistir.Bu durumda;

EZK=ko*b = 6.10°>kN/mm?>)*150(mm)=9.10" kN/mm

Kiris malzeme o6zellikleri ilk ornekteki gibidir. Veri giris bilgilerinde ilk 6rnekten
farkli olarak kiris mesnetlenmesinden kaynaklanan farklilik asagida gosterilmistir.

Mesnetlenme durumu ve elastik zemin katsayist degeri disinda veri girisi 6rnek 5.1

ile aynidir.

Diugiim nokta Mesnetlenme Moment ¢cokme Donme Disaridan

numarasi durumu degeri degeri  verilmis donme
1(ilk) 0 (serbest) 0. 0. 0.
11(son) 0 (serbest) 0. 0. 0.
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Veri girisi sonrasi alinan sonuclar;

NPOIN= 11 NELEM= 10 NBOUN= 2 NMATS= 1
NPROP= 4 NNODE= 2 NINCS= 14 NALGO= 2

NDOFN= 2
0 MATERIAL PROPERTIES
1 .7087500E+11 .2423070E+07 .8437500E+06 .0000000E+00
0 EL NODES MAT.
1

— b b e

1
2
3
4
5
6
7
8
9

SOOI AW

1
10 10 11 1

0 NODE COORD.
1 .00000

2 300.00000

3 600.00000

4 900.00000

5 1200.00000

6

7

8

— O 00 JN LN A~ W~

1500.00000
1800.00000
2100.00000
9  2400.00000
10 2700.00000
11 3000.00000
0RES.NODE CODE PRES.VALUES CODE PRES.VALUES
1 0 .00000 0 .00000
11 0 .00000 0O .00000
0 ELEMENT NODAL LOADS
1 .00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
1260.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
.00000 .00000 .00000 .00000
10 .00000 .00000 .00000 .00000
ELASTIC SOIL COEFFICIENT=  .900000E-02

O 001N U B W

.336351E+02

0 IINCS= 1 NITER= 100 NOUTP= 2 FACTO= .300000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION
1 .133092E+02 .000000E+00 .977460E-03 .000000E+00
2 .136042E+02 .000000E+00 .969804E-03 .000000E+00
3 .138955E+02 .000000E+00 .915887E-03 .000000E+00
4 .141626E+02 .000000E+00 .768534E-03 .000000E+00
5 .143701E+02 .000000E+00 .479602E-03 .000000E+00
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6
7
8
9

10
11

0 ELEMENT

O 001N N AW~

.144684E+02
.143702E+02
.141627E+02
.138958E+02
.136045E+02
.133096E+02

.271286E+04
.136619E+05
.357551E+05
.692193E+05
.114243E+06
.114243E+06
.692209E+05
.357563E+05
.136625E+05

.000000E+00
.000000E+00 -.479327E-03
.000000E+00 -.768266E-03
.000000E+00 -.915625E-03
.000000E+00 -.969544E-03
.000000E+00 -.977204E-03
STRESSES

.181826E+02
.549391E+02
.924781E+02
.130723E+03
.169502E+03
-.169509E+03
-.130719E+03
-.924745E+02
-.549402E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .271384E+04 -.181772E+02 .000000E+00
0 ITERATION NUMBER= 2

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 01NN W

10
11

.272934E+02
275897E+02
.278835E+02
281532E+02
.283628E+02
.284619E+02
.283629E+02
.281535E+02
.278840E+02
275904E+02
272941E+02

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.975518E-03
.000000E+00 -.979695E-03

DISPL.
.980206E-03
.976034E-03
.923957E-03
.775983E-03
.484097E-03
.267290E-06

-.483567E-03
-.775460E-03
-.923438E-03

.139451E-06

0 ELEMENT

STRESSES

O 001NN AW =

.282956E+04
.141671E+05
.368415E+05
.708572E+05
.116215E+06
.116216E+06
.708589E+05
.368428E+05
.141678E+05

.188959E+02
.566872E+02
.944785E+02
.132289E+03
.170095E+03
-.170093E+03
-.132281E+03
-.944778E+02
-.566788E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283064E+04 -.188928E+02 .000000E+00
0 ITERATION NUMBER= 3

0 CONVERGENCE CODE=

.000000E+00 -.959937E-03
.000000E+00 -.960143E-03
PL.STRAIN

DISPL.
.960905E-03
.960703E-03
.912560E-03
.768469E-03
480417E-03
.392654E-06

-.479636E-03
-.767695E-03
-.911791E-03

0 NODE DISPL. REACTION
1 .412920E+02 .000000E+00
2 .415832E+02 .000000E+00
3 .418730E+02 .000000E+00
4 421399E+02 .000000E+00
5 .423478E+02 .000000E+00
6 .424463E+02 .000000E+00
7 .423480E+02 .000000E+00
8 .421403E+02 .000000E+00
9 .418737E+02 .000000E+00
10 .415841E+02
11 .412932E+02
0 ELEMENT STRESSES
1 .283206E+04 .189067E+02 .000000E+00
2 .141778E+05 .567215E+02 .000000E+00

3 .368643E+05 .945234E+02 .000000E+00
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.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00

.308732E+02

.308614E+02



J708912E+05 .132318E+03
.116255E+06 .170102E+03
.116256E+06 -.170105E+03
J708929E+05 -.132322E+03
.368656E+05 -.945218E+02
.141785E+05 -.567185E+02

O 03O\

0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283313E+04 -.189092E+02 .000000E+00
ITERATION NUMBER= 4

0 NODE DISPL.

1

O 00 J N U B~ Wi

10
11

.552910E+02
.555769E+02
.558625E+02
.561264E+02
.563326E+02
.564306E+02
.563329E+02
.561270E+02
.558634E+02

.555781E+02
.552926E+02

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.943908E-03
.000000E+00 -.940134E-03

DISPL.
.941146E-03
.944925E-03
.900760E-03
.760645E-03
.476568E-03
.517624E-06

-475537E-03
-.759621E-03
-.899741E-03

0 ELEMENT

STRESSES

0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

O 001NN B~ W —

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368660E+05
.141787E+05

.189151E+02
.567250E+02
.945198E+02
.132323E+03
.170113E+03
-.170107E+03
-.132318E+03
-.945282E+02
-.567262E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283318E+04 -.189036E+02 .000000E+00
ITERATION NUMBER= 5

0 NODE DISPL.

1

O 00 J N U B~ W

10
11

.692900E+02
.695705E+02
.698520E+02
J701130E+02
J703174E+02
.704149E+02
J703178E+02
J701138E+02
.698532E+02

.695720E+02
.692919E+02

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.927871E-03

.000000E+00 -.920116E-03

DISPL.
921377E-03
929137E-03
.888951E-03
.752815E-03
472715E-03
.642217E-06

-471435E-03
-.7151541E-03
-.887683E-03

0 ELEMENT

STRESSES

O 001NN Wi —

.283211E+04
.141780E+05
.368648E+05
[708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189112E+02
.567275E+02
.945309E+02
.132314E+03
.170109E+03
-.170111E+03
-.132318E+03
-.945233E+02
-.567308E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189081E+02 .000000E+00

0 ITERATION NUMBER= 6

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=
REACTION

0 NODE DISPL.

DISPL.

82

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.308624E+02

.308666E+02

308717E+02



O 0 J N N Wi~

10
11

0 ELEMENT
.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708935E+05
.368660E+05
.141787E+05

1

N=le BN Mo NV, EE RSN S

.832890E+02
.835642E+02
.838415E+02
.840996E+02
.843022E+02
.843991E+02
.843027E+02
.841005E+02
.838429E+02

.835660E+02
.832913E+02

STRESSES

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.911829E-03
.000000E+00 -.900093E-03
PL.STRAIN

.901611E-03
.913351E-03
.877145E-03
.744987E-03
.468865E-03
769919E-06
-.467330E-03
-.743458E-03
-.875621E-03

.189152E+02
.567193E+02
.945251E+02
.132318E+03
.170112E+03
-.170104E+03
-.132312E+03
-.945262E+02
-.567197E+02

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283315E+04 -.189097E+02 .000000E+00
0 ITERATION NUMBER= 7

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1

O 01NN W

10
11

.972880E+02
.975578E+02
978311E+02
.980861E+02
.982870E+02
.983834E+02
.982876E+02
.980872E+02
.978327E+02

.975600E+02
.972906E+02

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.895790E-03
.000000E+00 -.880073E-03

DISPL.
.881844E-03
.897565E-03
.865339E-03
J137159E-03
.465015E-03
.897078E-06

-.463225E-03
-.735376E-03
-.863560E-03

0 ELEMENT

STRESSES

1

O 00NN bW

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368660E+05
.141787E+05

.189130E+02
.567233E+02
.945254E+02
.132322E+03
.170109E+03
-.170107E+03
-.132316E+03
-.945203E+02
-.567172E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189129E+02 .000000E+00
0 ITERATION NUMBER= 8

0 CONVERGENCE CODE=

0 NODE DISPL.

O 00N LN AW —

10

.111287E+03
.111551E+03
.111821E+03
.112073E+03
112272E+03
.112368E+03
112272E+03
.112074E+03
.111822E+03

.111554E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.879748E-03

DISPL.
.862079E-03
.881781E-03
.853534E-03
.729333E-03
461166E-03
.102571E-05

-.459119E-03
-.727292E-03
-.851498E-03

83

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.308738E+02

.308706E+02



11

0 ELEMENT

O 001NN B~ W —

.111290E+03

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06

.116257E+06
.708936E+05
.368661E+05
.141788E+05

.000000E+00 -.860050E-03
STRESSES

.189145E+02
.567250E+02
.945234E+02
.132318E+03
.170110E+03
-.170101E+03
-.132318E+03
-.945237E+02
-.567243E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283321E+04 -.189138E+02 .000000E+00
0 ITERATION NUMBER= 9

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1

O 001N N W

10
11

.125286E+03
.125545E+03
.125810E+03
.126059E+03
.126257E+03
.126352E+03
.126257E+03
.126061E+03
.125812E+03

.125548E+03
.125289E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.863711E-03
.000000E+00 -.840032E-03

DISPL.
.842310E-03
.865992E-03
.841725E-03
J7121502E-03
457313E-03
.114991E-05

-.455017E-03
-.719213E-03
-.839441E-03

0 ELEMENT

STRESSES

PL.STRAIN

O 00 1O\ N W —

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189114E+02
.567160E+02
.945229E+02
.132316E+03
.170106E+03
-.170111E+03
-.132322E+03
-.945243E+02
-.567225E+02

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189121E+02 .000000E+00
0 ITERATION NUMBER= 10

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .139285E+03 .000000E+00 .822542E-03
2 .139539E+03 .000000E+00 .850205E-03
3 .139800E+03 .000000E+00 .829916E-03
4 .140046E+03 .000000E+00 .713672E-03
5 .140241E+03 .000000E+00 .453461E-03
6 .140336E+03 .000000E+00 .127557E-05
7 .140242E+03 .000000E+00 -.450914E-03
8 .140047E+03 .000000E+00 -.711132E-03
9 .139802E+03 .000000E+00 -.827381E-03
10 .139542E+03 .000000E+00 -.847671E-03
11 .139289E+03 .000000E+00 -.820011E-03
0 ELEMENT STRESSES PL.STRAIN
1 .283211E+04 .189008E+02 .000000E+00
2 .141780E+05 .567239E+02 .000000E+00
3 .368648E+05 .945270E+02 .000000E+00
4 708919E+05 .132324E+03 .000000E+00
5 .116256E+06 .170113E+03 .000000E+00
6 .116257E+06 -.170112E+03 .000000E+00
7 .708935E+05 -.132319E+03 .000000E+00
8 .368660E+05 -.945233E+02 .000000E+00

84

.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308743E+02

.308653E+02



9

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

.141787E+05 -.567197E+02 .000000E+00
10 .283315E+04 -.189158E+02 .000000E+00
0 ITERATION NUMBER= 11

0 NODE DISPL.

1

(=R RN I NIV, RSN S

10
11

.153284E+03
.153532E+03
.153789E+03
.154032E+03
.154226E+03
.154320E+03
.154227E+03
.154034E+03
.153792E+03
.153536E+03
.153288E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.831634E-03
.000000E+00 -.799993E-03

DISPL.
.802773E-03
.834417E-03
.818108E-03
.705842E-03
.449609E-03
.140045E-05

-.446812E-03
-.703052E-03
-.815323E-03

0 ELEMENT

STRESSES

1

O 01NN WwWN

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189027E+02
.567259E+02
.945314E+02
.132326E+03
.170108E+03
-.170111E+03
-.132318E+03
-.945245E+02
-.567306E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189143E+02 .000000E+00
0 ITERATION NUMBER= 12

0 CONVERGENCE CODE=

0 NODE DISPL.

0NN AW

9
10
11

.167283E+03
.167526E+03
.167779E+03
.168019E+03
.168211E+03
.168305E+03
.168212E+03
.168021E+03
.167781E+03

.167530E+03
.167287E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.815596E-03
.000000E+00 -.779975E-03

DISPL.
.783004E-03
.818629E-03
.806299E-03
.698012E-03
.445757E-03
.152541E-05

-.442710E-03
-.694972E-03
-.803264E-03

0 ELEMENT

STRESSES

1

O 001NN Wi

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189048E+02
.567220E+02
.945239E+02
.132323E+03
.170110E+03
-.170104E+03
-.132325E+03
-.945270E+02
-.567246E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189142E+02 .000000E+00
0 ITERATION NUMBER= 13

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

VAW =

.181282E+03
.181520E+03
.181768E+03
.182006E+03
.182196E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.7163237E-03
.802842E-03
.7194492E-03
.690183E-03
.441906E-03

85

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308690E+02

.308595E+02

.308835E+02



6
7
8
9

10
11

0 ELEMENT

O 001N N AW~

.182289E+03
.182197E+03
.182008E+03
.181771E+03
.181524E+03
.181287E+03

283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.000000E+00
.000000E+00 -.438605E-03
.000000E+00 -.686890E-03
.000000E+00 -.791203E-03
.000000E+00 -.799556E-03
.000000E+00 -.759953E-03
STRESSES

.189170E+02
.567282E+02
.945263E+02
.132323E+03
.170108E+03
-.170107E+03
-.132311E+03
-.945216E+02
-.567231E+02

.165202E-05

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189128E+02 .000000E+00
0 ITERATION NUMBER= 14

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 001N L W

10
11

0 ELEMENT

O 00 J NN Wi —

.195281E+03
.195513E+03
.195758E+03
.195992E+03
.196181E+03
.196273E+03
.196182E+03
.195994E+03
.195761E+03
.195518E+03
.195286E+03

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368660E+05
.141787E+05

STRESSES

.189120E+02
.567233E+02
.945300E+02
.132324E+03
.170103E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.783517E-03
.000000E+00 -.739934E-03
PL.STRAIN
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.743468E-03
.787055E-03
.7182684E-03
.682353E-03
.438054E-03
177730E-05

-.434503E-03
-.678809E-03
-.779144E-03

-.170113E+03
-.132318E+03
-.945308E+02
-.567180E+02

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283316E+04 -.189141E+02 .000000E+00
0 ITERATION NUMBER= 15

0 CONVERGENCE CODE=

.000000E+00 -.767481E-03
.000000E+00 -.719917E-03
PL.STRAIN

DISPL.
.723698E-03
J171265E-03
.770874E-03
.674522E-03
.434200E-03
.190059E-05

-.430402E-03
-.670731E-03
-.767088E-03

0 NODE DISPL. REACTION
1 .209280E+03 .000000E+00
2 .209507E+03 .000000E+00
3 .209747E+03 .000000E+00
4 .209979E+03 .000000E+00
5 .210166E+03 .000000E+00
6 .210257E+03 .000000E+00
7 .210167E+03 .000000E+00
8 .209981E+03 .000000E+00
9 .209751E+03 .000000E+00
10 .209512E+03
11 .209286E+03
0 ELEMENT STRESSES
1 .283211E+04 .189050E+02 .000000E+00
2 .141780E+05 .567165E+02 .000000E+00

3 .368648E+05 .945195E+02 .000000E+00

86

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308754E+02

.308728E+02



J708919E+05 .132312E+03
.116256E+06 .170108E+03
.116257E+06 -.170108E+03
708936E+05 -.132314E+03
.368661E+05 -.945234E+02
.141787E+05 -.567264E+02

O 03N N b

0

0 CONVERGENCE CODE=

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283317E+04 -.189102E+02 .000000E+00
ITERATION NUMBER= 16

0 NODE DISPL.

1

O 001N N bW

10
11

.223279E+03
.223501E+03
.223737E+03
.223965E+03
.224150E+03
.224242E+03
.224152E+03
.223968E+03
.223740E+03

.223506E+03
.223285E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.751441E-03
.000000E+00 -.699897E-03

DISPL.
.703930E-03
.7155477E-03
.759066E-03
.666692E-03
.430348E-03
.202627E-05

-.426299E-03
-.662650E-03
-.755028E-03

0 ELEMENT

STRESSES

0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

O 00 JON WUN AW —

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708935E+05
.368660E+05
.141787E+05

.189067E+02
.567244E+02
.945236E+02
.132320E+03
.170108E+03
-.170109E+03
-.132317E+03
-.945163E+02
-.567234E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283318E+04 -.189133E+02 .000000E+00
ITERATION NUMBER= 17

0 NODE DISPL.

1

(=R RN le NIV, I NNOSE S

10
11

.237278E+03
.237494E+03
.237726E+03
.237952E+03
.238135E+03
.238226E+03
.238137E+03
.237954E+03
.237730E+03

.237500E+03
.237284E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.735402E-03
.000000E+00 -.679876E-03

DISPL.
.684162E-03
.739691E-03
.7147258E-03
.658863E-03
426497E-03
.215285E-05

-.422195E-03
-.654568E-03
-.742968E-03

0 ELEMENT

STRESSES

Nelie BN Ne N R N S

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368660E+05
.141787E+05

189121E+02
.567177E+02
.945254E+02
.132320E+03
.170113E+03
-.170099E+03
-.132326E+03
-.945217E+02
-.567204E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189164E+02 .000000E+00

0 ITERATION NUMBER= 18

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=
REACTION

0 NODE DISPL.

DISPL.

87

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.308681E+02

.308727E+02

.308728E+02



O 0 J NN Wi —

10
11

251277E+03
.251488E+03
.251716E+03
.251938E+03
.252120E+03
.252210E+03
252121E+03
.251941E+03
.251720E+03

.251493E+03
.251284E+03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.719365E-03

.000000E+00 -.659858E-03

.664394E-03
.723903E-03
.735450E-03
.651033E-03
422644E-03
.227748E-05
-.418093E-03
-.646489E-03
-.730910E-03

0 ELEMENT

STRESSES

1

O 001N U B~ Wi

283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189082E+02
.567263E+02
.945242E+02
.132310E+03
.170109E+03
-.170110E+03
-.132319E+03
-.945226E+02
-.567309E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283317E+04 -.189147E+02 .000000E+00
0 ITERATION NUMBER= 19

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 00 1O\ W

10
11

.265276E+03
.265482E+03
.265705E+03
.265925E+03
.266105E+03
.266194E+03
.266106E+03
.265928E+03
.265710E+03

.265487E+03
.265283E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.703329E-03
.000000E+00 -.639841E-03

DISPL.
.644622E-03
J708112E-03
.7123638E-03
.643200E-03
418789E-03
.239958E-05

-.413993E-03
-.638411E-03
-.718854E-03

0 ELEMENT

STRESSES

1

O 00 J N U B~ Wi

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189040E+02
.567160E+02
.945164E+02
.132319E+03
.170110E+03
-.170110E+03
-.132315E+03
-.945266E+02
-.567207E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283317E+04 -.189107E+02 .000000E+00
0 ITERATION NUMBER= 20

0 CONVERGENCE CODE=

0 NODE DISPL.

O 00 1O\ N B~ Wi —

10

.279275E+03
.279475E+03
.279695E+03
279912E+03
.280090E+03
.280179E+03
.280091E+03
279915E+03
.279699E+03

.279481E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.687291E-03

DISPL.
.624853E-03
.692324E-03
.711830E-03
.635370E-03
.414936E-03
.252458E-05

-.409891E-03
-.630331E-03
-.706795E-03

88

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308703E+02

.308558E+02



11

0 ELEMENT
.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

O 00 JON WN B~ WN—

279282E+03

.000000E+00 -.619823E-03
STRESSES

.189062E+02
.567245E+02
.945273E+02
.132321E+03
.170111E+03
-.170103E+03
-.132321E+03
-.945290E+02
-.567208E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189108E+02 .000000E+00
0 ITERATION NUMBER= 21

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1

O 0NN Wi

10
11

.293274E+03
.293469E+03
.293684E+03
.293898E+03
.294075E+03
.294163E+03
.294076E+03
.293901E+03
.293689E+03

.293475E+03
.293282E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.671253E-03
.000000E+00 -.599804E-03

DISPL.
.605084E-03
.676536E-03
.700021E-03
.627539E-03
411084E-03
.264932E-05

-.405789E-03
-.622251E-03
-.694737E-03

0 ELEMENT

STRESSES

O 00 JON LN B WN =

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189084E+02
.567269E+02
.945260E+02
.132312E+03
.170107E+03
-.170108E+03
-.132315E+03
-.945308E+02
-.567262E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189099E+02 .000000E+00
0 ITERATION NUMBER= 22

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .307273E+03 .000000E+00 .585314E-03
2 .307463E+03 .000000E+00 .660747E-03
3 .307674E+03 .000000E+00 .688212E-03
4 .307885E+03 .000000E+00 .619708E-03
5 .308059E+03 .000000E+00 .407230E-03
6 .308147E+03 .000000E+00 .277350E-05
7 .308061E+03 .000000E+00 -.401687E-03
8 .307888E+03 .000000E+00 -.614172E-03
9 .307679E+03 .000000E+00 -.682679E-03
10 .307469E+03 .000000E+00 -.655216E-03
11 .307281E+03 .000000E+00 -.579786E-03
0 ELEMENT STRESSES PL.STRAIN
1 .283211E+04 .189065E+02 .000000E+00
2 .141780E+05 .567189E+02 .000000E+00
3 .368648E+05 .945265E+02 .000000E+00
4 708919E+05 .132316E+03 .000000E+00
5 .116256E+06 .170110E+03 .000000E+00
6 .116257E+06 -.170112E+03 .000000E+00
7 .708936E+05 -.132314E+03 .000000E+00
8 .368661E+05 -.945259E+02 .000000E+00

89

.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00

.308629E+02

.308601E+02



9

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

.141787E+05 -.567252E+02 .000000E+00
10 .283320E+04 -.189091E+02 .000000E+00
0 ITERATION NUMBER= 23

0 NODE DISPL.

1

O 00 JON N B~ W

10
11

.321272E+03
.321456E+03
.321663E+03
.321871E+03

.322044E+03
322131E+03
.322046E+03
321875E+03
.321669E+03

.321463E+03
.321280E+03

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.639181E-03

.000000E+00 -.559770E-03

DISPL.
.565543E-03
.644956E-03
.676400E-03
.611875E-03
.403375E-03
.289545E-05

-.397588E-03
-.606094E-03
-.670624E-03

0 ELEMENT

STRESSES

1

O 001N L B~ W

283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141788E+05

.189082E+02
.567208E+02
.945247E+02
.132312E+03
.170112E+03
-.170112E+03
-.132315E+03
-.945229E+02
-.567198E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.000000E+00
.000000E+00

10 .283321E+04 -.189158E+02 .000000E+00
0 ITERATION NUMBER= 24

0 CONVERGENCE CODE=

0 NODE DISPL.

0NN AW~

9
10
11

0 ELEMENT

1

O 001N B~ W

.335271E+03
.335450E+03
.335653E+03
.335858E+03
.336029E+03
.336116E+03
.336031E+03
.335862E+03
.335658E+03

.335457E+03
.335280E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.545772E-03
.629165E-03
.664589E-03
.604042E-03
.399520E-03
.301802E-05

-.393488E-03
-.598017E-03
-.658568E-03

.000000E+00 -.623145E-03
.000000E+00 -.539754E-03
STRESSES
.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141788E+05

.189030E+02
.567157E+02
.945220E+02
.132314E+03
.170112E+03
-.170106E+03
-.132316E+03
-.945204E+02
-.567272E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283321E+04 -.189110E+02 .000000E+00
0 ITERATION NUMBER= 25

0 CONVERGENCE CODE=

0 NODE DISPL.

(U RO I

.349270E+03
.349444E+03
.349642E+03
.349844E+03
.350014E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.526002E-03
.613377E-03
.652780E-03
.596212E-03
.395668E-03

90

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308720E+02

.308681E+02

.308660E+02



6
7
8
9

10
11

0 ELEMENT

O 001N N AW~

.350100E+03
.350016E+03
.349848E+03
.349648E+03
.349451E+03
.349279E+03

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368660E+05
.141787E+05

.000000E+00 .314297E-05
.000000E+00 -.389385E-03
.000000E+00 -.589936E-03
.000000E+00 -.646508E-03
.000000E+00 -.607106E-03
.000000E+00 -.519734E-03
STRESSES

.189057E+02
.567186E+02
.945272E+02
.132317E+03
.170107E+03
-.170112E+03
-.132324E+03
-.945242E+02
-.567169E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189071E+02 .000000E+00
0 ITERATION NUMBER= 26

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1

O 01NN W

10
11

.363269E+03
.363437E+03
.363632E+03
.363831E+03
.363999E+03
.364084E+03
.364001E+03
.363835E+03
.363638E+03
.363445E+03
.363279E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.591065E-03

.000000E+00 -.499711E-03

DISPL.
.506236E-03
.597592E-03
.640974E-03
.588384E-03
.391818E-03
.327089E-05

-.385280E-03
-.581853E-03
-.634446E-03

0 ELEMENT

STRESSES

O 001NN AW =

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708935E+05
.368660E+05
.141787E+05

.189153E+02
.567221E+02
.945269E+02
.132320E+03
.170109E+03
-.170098E+03
-.132312E+03
-.945208E+02
-.567237E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283318E+04 -.189140E+02 .000000E+00
0 ITERATION NUMBER= 27

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .377268E+03 .000000E+00 .486465E-03
2 .377431E+03 .000000E+00 .581802E-03
3 .377621E+03 .000000E+00 .629163E-03
4 .377818E+03 .000000E+00 .580552E-03
5 .377983E+03 .000000E+00 .387963E-03
6 .378068E+03 .000000E+00 .339325E-05
7 .377985E+03 .000000E+00 -.381180E-03
8 .377822E+03 .000000E+00 -.573776E-03
9 .377628E+03 .000000E+00 -.622391E-03
10 .377439E+03 .000000E+00 -.575030E-03
11 .377278E+03 .000000E+00 -.479696E-03
0 ELEMENT STRESSES PL.STRAIN
1 .283211E+04 .189032E+02 .000000E+00
2 .141780E+05 .567163E+02 .000000E+00

3 .368648E+05 .945175E+02 .000000E+00

91

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00

.308823E+02

.308761E+02



J708919E+05 .132321E+03
.116256E+06 .170104E+03
.116257E+06 -.170105E+03
.708936E+05 -.132313E+03
.368661E+05 -.945236E+02
.141788E+05 -.567176E+02

O 03O\

0

0 CONVERGENCE CODE=

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189137E+02 .000000E+00
ITERATION NUMBER= 28

0 NODE DISPL.

1

O 00 J N U B~ Wi

10
11

391267E+03
.391425E+03
.391611E+03
.391804E+03
.391968E+03
.392053E+03
.391970E+03
.391808E+03
.391617E+03

.391433E+03
391277E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.558991E-03
.000000E+00 -.459675E-03

DISPL.
466698E-03
.566015E-03
.617356E-03
.572723E-03
.384112E-03
.351936E-05

-.377077E-03
-.565694E-03
-.610331E-03

0 ELEMENT

STRESSES

0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0NN AW —

9

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189094E+02
.567227E+02
.945263E+02
.132322E+03
.170115E+03
-.170112E+03
-.132322E+03
-.945285E+02
-.567204E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283318E+04 -.189167E+02 .000000E+00
ITERATION NUMBER= 29

0 NODE DISPL.

1

O 00 J N U B~ W

10
11

.405266E+03
.405418E+03
.405600E+03
405791E+03
.405953E+03
.406037E+03
405955E+03
405795E+03
.405607E+03

405427E+03
405277E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.542955E-03
.000000E+00 -.439659E-03

DISPL.
.446927E-03
.550225E-03
.605545E-03
.564891E-03
.380257E-03
.364228E-05

-.372976E-03
-.557616E-03
-.598275E-03

0 ELEMENT

STRESSES

O 001NN Wi —

.283211E+04
.141780E+05
.368648E+05
[708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189032E+02
.567166E+02
.945227E+02
.132310E+03
.170108E+03
-.170101E+03
-.132318E+03
-.945204E+02
-.567281E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189121E+02 .000000E+00

0 ITERATION NUMBER= 30

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=
REACTION

0 NODE DISPL.

DISPL.

92

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.308705E+02

.308718E+02

.308796E+02



O 0 J N N Wi~

10
11

0 ELEMENT

1

N=le BN Mo NV, EE RSN S

419265E+03
419412E+03
419590E+03
A1977TE+03
419938E+03
420021E+03
419940E+03
419782E+03
419597E+03

419421E+03
419276E+03

.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

STRESSES
.283211E+04

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.526915E-03
.000000E+00 -.419638E-03
PL.STRAIN

427159E-03
.534437E-03
.593737E-03
.557061E-03
.376406E-03
.376820E-05
-.368873E-03
-.549535E-03
-.586215E-03

.189105E+02
.567240E+02
.945263E+02
.132317E+03
.170114E+03
-.170109E+03
-.132321E+03
-.945136E+02
-.567193E+02

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283316E+04 -.189158E+02 .000000E+00
0 ITERATION NUMBER= 31

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 01NN W

10
11

433264E+03
.433405E+03
433579E+03
433764E+03
433923E+03
.434005E+03
433925E+03
433769E+03
433587E+03

433415E+03
433275E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.510876E-03

.000000E+00 -.399618E-03

DISPL.
.407392E-03
.518651E-03
.581931E-03
.549233E-03
.372555E-03
.389503E-05

-.364769E-03
-.541453E-03
-.574155E-03

0 ELEMENT

STRESSES

1

(=R RN Mo NIV, NN N S

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189151E+02
.567288E+02
.945212E+02
.132323E+03
.170112E+03
-.170105E+03
-.132318E+03
-.945255E+02
-.567227E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189067E+02 .000000E+00
0 ITERATION NUMBER= 32

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

O 00N LN AW —

10

447263E+03
447399E+03
447569E+03
A447T750E+03
447908E+03
447990E+03
447910E+03
A4TT55E+03
447576E+03

447409E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.494839E-03

DISPL.
.387622E-03
.502862E-03
.570121E-03
.541401E-03
.368701E-03
.401840E-05

-.360668E-03
-.533375E-03
-.562098E-03

93

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.308655E+02

.308668E+02



11

0 ELEMENT

O 001NN B~ W —

A4T7275E+03

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05

.368661E+05
.141787E+05

.000000E+00 -.379600E-03
STRESSES

.189078E+02
.567155E+02
.945227E+02
.132310E+03
.170105E+03
-.170102E+03
-.132322E+03
-.945249E+02
-.567261E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.000000E+00
.000000E+00

10 .283319E+04 -.189042E+02 .000000E+00
0 ITERATION NUMBER= 33

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 001N N W

10
11

461262E+03
461393E+03
461558E+03
461737E+03
461892E+03
461974E+03
461895E+03
461742E+03
461566E+03

461403E+03
461274E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.478802E-03
.000000E+00 -.359582E-03

DISPL.
.367852E-03
.487072E-03
.558311E-03
.533570E-03
.364848E-03
.414225E-05

-.356567E-03
-.525295E-03
-.550040E-03

0 ELEMENT

STRESSES

O 00 1O\ N W —

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189126E+02
.567204E+02
.945238E+02
.132315E+03
.170109E+03
-.170105E+03
-.132320E+03
-.945255E+02
-.567305E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283317E+04 -.189086E+02 .000000E+00
0 ITERATION NUMBER= 34

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .475261E+03 .000000E+00 .348083E-03
2 .475386E+03 .000000E+00 .471284E-03
3 .475548E+03 .000000E+00 .546502E-03
4 475724E+03 .000000E+00 .525739E-03
5 .475877E+03 .000000E+00 .360995E-03
6 .475958E+03 .000000E+00 .426694E-05
7 .475880E+03 .000000E+00 -.352464E-03
8 .475729E+03 .000000E+00 -.517215E-03
9 .475556E+03 .000000E+00 -.537982E-03
10 .475397E+03 .000000E+00 -.462764E-03
11 .475273E+03 .000000E+00 -.339563E-03
0 ELEMENT STRESSES PL.STRAIN
1 .283211E+04 .189093E+02 .000000E+00
2 .141780E+05 .567233E+02 .000000E+00
3 .368648E+05 .945230E+02 .000000E+00
4 708919E+05 .132312E+03 .000000E+00
5 .116256E+06 .170111E+03 .000000E+00
6 .116257E+06 -.170110E+03 .000000E+00
7 .708936E+05 -.132314E+03 .000000E+00
8 .368661E+05 -.945278E+02 .000000E+00

94

.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308638E+02

.308619E+02



9

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

.141787E+05 -.567245E+02 .000000E+00
10 .283320E+04 -.189087E+02 .000000E+00
0 ITERATION NUMBER= 35

0 NODE DISPL.

1

(=R RN I NIV, RSN S

10
11

489260E+03
489380E+03
489538E+03
489710E+03
489862E+03
489943E+03
489865E+03
A489715E+03
489546E+03
489391E+03
489273E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.446726E-03
.000000E+00 -.319545E-03

DISPL.
.328313E-03
.455495E-03
.534693E-03
.517909E-03
.357142E-03
439131E-05

-.348363E-03
-.509136E-03
-.525924E-03

0 ELEMENT

STRESSES

1

O 01NN WwWN

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189127E+02
.567147E+02
.945167E+02
.132310E+03
.170107E+03
-.170108E+03
-.132319E+03
-.945232E+02
-.567236E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189078E+02 .000000E+00
0 ITERATION NUMBER= 36

0 CONVERGENCE CODE=

0 NODE DISPL.

[c IR e NV, I UV RN SR

9
10
11

.503259E+03
.503374E+03
.503527E+03
.503697E+03
.503847E+03
.503927E+03
.503849E+03
.503702E+03
.503535E+03

.503385E+03
.503272E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.430691E-03
.000000E+00 -.299528E-03

DISPL.
.308542E-03
439705E-03
.522882E-03
.510076E-03
.353287E-03
451416E-05

-.344263E-03
-.501058E-03
-.513867E-03

0 ELEMENT

STRESSES

1

O 001NN Wi

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189067E+02
.567211E+02
.945194E+02
.132316E+03
.170113E+03
-.170103E+03
-.132321E+03
-.945274E+02
-.567255E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283318E+04 -.189099E+02 .000000E+00
0 ITERATION NUMBER= 37

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

VAW =

.517258E+03
.517367E+03
S517517E+03
.517683E+03
.517832E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.288771E-03
423915E-03
.511071E-03
.502243E-03
.349432E-03

95

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308838E+02

.308592E+02

.308817E+02



6
7
8

9

S517911E+03
.517834E+03
.517689E+03
.517525E+03

10 .517379E+03

11

0 ELEMENT

O 001N N AW~

S517271E+03

283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.000000E+00 .463624E-05

.000000E+00 -.340163E-03
.000000E+00 -.492981E-03
.000000E+00 -.501811E-03
.000000E+00 -.414655E-03
.000000E+00 -.279512E-03
STRESSES

.189144E+02
.567167E+02
.945236E+02
.132312E+03
.170108E+03
-.170109E+03
-.132317E+03
-.945246E+02
-.567203E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283321E+04 -.189167E+02 .000000E+00
0 ITERATION NUMBER= 38

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 001N L W

10
11

0 ELEMENT

O 00 J NN Wi —

.531257E+03
.531361E+03
.531506E+03
.531670E+03
.531816E+03
.531895E+03
.531819E+03
.531676E+03
.531515E+03
.531373E+03
.531271E+03

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708935E+05
.368660E+05
.141787E+05

STRESSES

.189040E+02
.567248E+02
.945279E+02
.132321E+03
.170102E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.398616E-03
.000000E+00 -.259492E-03
PL.STRAIN
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.269002E-03
408127E-03
499262E-03
494413E-03
.345580E-03
476175E-05

-.336060E-03
-.484900E-03
-.489752E-03

-.170109E+03
-.132318E+03
-.945231E+02
-.567230E+02

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189074E+02 .000000E+00
0 ITERATION NUMBER= 39

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

.000000E+00 -.382576E-03
.000000E+00 -.239472E-03
PL.STRAIN

DISPL.
.249234E-03
.392340E-03
487455E-03
.486584E-03
.341729E-03
.488788E-05

-.331956E-03
-.476818E-03
-.477692E-03

0 NODE DISPL. REACTION
1 .545256E+03 .000000E+00
2 .545355E+03 .000000E+00
3 .545496E+03 .000000E+00
4 .545656E+03 .000000E+00
5 .545801E+03 .000000E+00
6 .545880E+03 .000000E+00
7 .545804E+03 .000000E+00
8 .545662E+03 .000000E+00
9 .545505E+03 .000000E+00
10 .545367E+03
11 .545270E+03
0 ELEMENT STRESSES
1 .283211E+04 .189101E+02 .000000E+00
2 .141780E+05 .567249E+02 .000000E+00

3 .368648E+05 .945304E+02 .000000E+00

96

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308584E+02

.308783E+02



J708919E+05 .132327E+03
.116256E+06 .170114E+03
116257E+06 -.170111E+03
708935E+05 -.132321E+03
.368660E+05 -.945160E+02
.141787E+05 -.567198E+02

O 03N N b

0

0 CONVERGENCE CODE=

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283318E+04 -.189104E+02 .000000E+00
ITERATION NUMBER= 40

0 NODE DISPL.

1

O 001N N bW

10
11

.559255E+03
.559348E+03
.559485E+03
.559643E+03
.559786E+03
.559864E+03
.559789E+03
.559649E+03
.559494E+03

.559361E+03
.559270E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.366539E-03
.000000E+00 -.219454E-03

DISPL.
.229466E-03
.376552E-03
475647E-03
AT78754E-03
.337876E-03
.501279E-05

-.327854E-03
-.468739E-03
-.465634E-03

0 ELEMENT

STRESSES

0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

O 00 JON WUN AW —

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189056E+02
.567205E+02
.945286E+02
.132317E+03
.170109E+03
-.170110E+03
-.132315E+03
-.945293E+02
-.567305E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189088E+02 .000000E+00
ITERATION NUMBER= 41

0 NODE DISPL.

1

(=R RN le NIV, I NNOSE S

10
11

.573254E+03
.573342E+03
.573475E+03
.573630E+03
.573771E+03
.573848E+03
.573774E+03
.573636E+03
.573484E+03

.573354E+03
.573269E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.350499E-03
.000000E+00 -.199433E-03

DISPL.
.209698E-03
.360765E-03
.463839E-03
470925E-03
.334025E-03
.513880E-05

-.323751E-03
-.460657E-03
-.453574E-03

0 ELEMENT STRESSES

Nelie BN Ne N R N S

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368660E+05
.141787E+05

.189067E+02
.567218E+02
.945259E+02
.132325E+03
.170115E+03
-.170105E+03
-.132318E+03
-.945166E+02
-.567219E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283317E+04 -.189126E+02 .000000E+00

0 ITERATION NUMBER= 42
0 CONVERGENCE CODE=
0 NODE DISPL.

DISPL.

97

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=
REACTION

REACTION

.308588E+02

.308708E+02

.308644E+02



O 0 J NN Wi —

10
11

0 ELEMENT

1

O 001N U B~ Wi

.587253E+03
.587336E+03
.587464E+03
.587616E+03
.587756E+03
.587832E+03
.587759E+03
.587622E+03
.587474E+03

.587348E+03
.587268E+03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.189932E-03
.344979E-03
.452033E-03
463098E-03
.330175E-03
.526656E-05
-.319645E-03
-.452574E-03
-.441512E-03

.000000E+00 -.334458E-03
.000000E+00 -.179411E-03
STRESSES
283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708935E+05
.368660E+05
.141787E+05

.189100E+02
.567190E+02
.945256E+02
.132322E+03
.170111E+03
-.170104E+03
-.132318E+03
-.945187E+02
-.567219E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.000000E+00
.000000E+00

10 .283317E+04 -.189065E+02 .000000E+00
0 ITERATION NUMBER= 43

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1

O 00 1O\ W

10
11

.601252E+03
.601329E+03
.601454E+03
.601603E+03
.601740E+03
.601817E+03
.601744E+03
.601609E+03
.601464E+03

.601342E+03
.601268E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.318422E-03
.000000E+00 -.159393E-03

DISPL.
.170162E-03
.329191E-03
.440224E-03
455267E-03
.326322E-03
.539072E-05

-.315544E-03
-.444495E-03
-.429455E-03

0 ELEMENT

STRESSES

1

O 00 J N U B~ Wi

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189069E+02
.567161E+02
.945190E+02
.132314E+03
.170108E+03
-.170107E+03
-.132322E+03
-.945251E+02
-.567257E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189041E+02 .000000E+00
0 ITERATION NUMBER= 44

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

O 00 1O\ N B~ Wi —

10

.615251E+03
.615323E+03
.615443E+03
.615589E+03
.615725E+03
.615801E+03
.615728E+03
.615596E+03
.615453E+03

.615336E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.302382E-03

DISPL.
.150394E-03
.313404E-03
428416E-03
447437E-03
.322470E-03
.551669E-05

-.311440E-03
-.436413E-03
-.417394E-03

98

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308650E+02

.308651E+02



11

0 ELEMENT
.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708935E+05
.368660E+05
.141787E+05

O 00 JON WN B~ WN—

.615267E+03

.000000E+00 -.139372E-03
STRESSES

.189079E+02
.567234E+02
.945225E+02
.132321E+03
.170114E+03
-.170109E+03
-.132319E+03
-.945246E+02
-.567169E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283315E+04 -.189139E+02 .000000E+00
0 ITERATION NUMBER= 45

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1

O 0NN Wi

10
11

.629250E+03
.629317E+03
.629433E+03
.629576E+03
.629710E+03
.629785E+03
.629713E+03
.629582E+03
.629443E+03

.629330E+03
.629267E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.286347E-03
.000000E+00 -.119357E-03

DISPL.
.130624E-03
.297614E-03
416606E-03
.439606E-03
.318616E-03
.563994E-05

-.307340E-03
-.428335E-03
-.405338E-03

0 ELEMENT

STRESSES

O 00 JON LN B WN =

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141788E+05

.189127E+02
.567161E+02
.945239E+02
.132314E+03
.170113E+03
-.170111E+03
-.132315E+03
-.945224E+02
-.567243E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189208E+02 .000000E+00
0 ITERATION NUMBER= 46

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .643249E+03 .000000E+00 .110855E-03
2 .643310E+03 .000000E+00 .281826E-03
3 .643422E+03 .000000E+00 .404797E-03
4 .643562E+03 .000000E+00 .431775E-03
5 .643695E+03 .000000E+00 .314764E-03
6 .643769E+03 .000000E+00 .576447E-05
7 .643698E+03 .000000E+00 -.303238E-03
8 .643569E+03 .000000E+00 -.420256E-03
9 .643433E+03 .000000E+00 -.393280E-03
10 .643324E+03 .000000E+00 -.270309E-03
11 .643266E+03 .000000E+00 -.993378E-04
0 ELEMENT STRESSES PL.STRAIN
1 .283211E+04 .189095E+02 .000000E+00
2 .141780E+05 .567130E+02 .000000E+00
3 .368648E+05 .945293E+02 .000000E+00
4 708919E+05 .132318E+03 .000000E+00
5 .116256E+06 .170103E+03 .000000E+00
6 .116257E+06 -.170109E+03 .000000E+00
7 .708936E+05 -.132321E+03 .000000E+00
8 .368661E+05 -.945304E+02 .000000E+00

99

.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308863E+02

.308686E+02



9

0 CONVERGENCE CODE=

.141787E+05 -.567240E+02 .000000E+00
10 .283320E+04 -.189085E+02 .000000E+00
0 ITERATION NUMBER= 47

0 NODE DISPL.

1

O 00 JON N B~ W

10
11

.657247E+03
.657304E+03
.657412E+03
.657549E+03
.657680E+03
.657754E+03
.657683E+03
.657556E+03
.657422E+03
.657318E+03
.657265E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.254273E-03
.000000E+00 -.793214E-04

DISPL.
.910834E-04
.266035E-03
.392985E-03
423942E-03
.310908E-03
.588672E-05

-.299138E-03
-412178E-03
-.381224E-03

0 ELEMENT

STRESSES

1

O 001N L B~ W

283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189111E+02
.567208E+02
.945212E+02
.132320E+03
.170110E+03
-.170109E+03
-.132316E+03
-.945219E+02
-.567254E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189099E+02 .000000E+00
0 ITERATION NUMBER= 48

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

0NN AW~

9
10
11

0 ELEMENT

1

O 001N B~ W

.671246E+03
.671298E+03
.671401E+03
.671536E+03
.671664E+03
.671738E+03
.671668E+03
.671543E+03
.671412E+03

.671312E+03
.671265E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.713165E-04
.250249E-03
.381179E-03
416114E-03
.307058E-03
.601424E-05

-.295033E-03
-.404095E-03
-.369162E-03

.000000E+00 -.238232E-03
.000000E+00 -.592990E-04
STRESSES
.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708935E+05
.368660E+05
.141787E+05

.189157E+02
.567255E+02
.945220E+02
.132324E+03
.170113E+03
-.170101E+03
-.132310E+03
-.945244E+02
-.567199E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189107E+02 .000000E+00
0 ITERATION NUMBER= 49

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

(U RO I

.685245E+03
.685291E+03
.685391E+03
.685522E+03
.685649E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.515513E-04
.234465E-03
.369374E-03
.408287E-03
.303209E-03

100

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308645E+02

.308797E+02

.308843E+02



6
7
8
9

10
11

0 ELEMENT

O 001N N AW~

.685722E+03
.685653E+03
.685529E+03
.685402E+03
.685306E+03
.685264E+03

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.000000E+00 .614260E-05

.000000E+00 -.290927E-03
.000000E+00 -.396011E-03
.000000E+00 -.357101E-03
.000000E+00 -.222190E-03
.000000E+00 -.392770E-04
STRESSES

.189172E+02
.567272E+02
.945200E+02
.132320E+03
.170108E+03
-.170107E+03
-.132317E+03
-.945208E+02
-.567199E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283319E+04 -.189168E+02 .000000E+00
0 ITERATION NUMBER= 50

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 01NN W

10
11

.699244E+03
.699285E+03
.699380E+03
.699509E+03
.699634E+03
.699706E+03
.699638E+03
.699516E+03
.699392E+03
.699300E+03
.699264E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.206153E-03
.000000E+00 -.192590E-04

DISPL.
.317822E-04
.218676E-03
.357565E-03
.400457E-03
.299356E-03
.626692E-05

-.286826E-03
-.387932E-03
-.345043E-03

0 ELEMENT

STRESSES

O 001NN AW =

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189016E+02
.567179E+02
.945255E+02
.132312E+03
.170104E+03
-.170111E+03
-.132316E+03
-.945214E+02
-.567304E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283317E+04 -.189151E+02 .000000E+00
0 ITERATION NUMBER= 51

0 CONVERGENCE CODE=

.000000E+00 -.190118E-03
.000000E+00 .757291E-06
PL.STRAIN

DISPL.
.120107E-04
.202886E-03
.345753E-03
.392624E-03
.295501E-03
.638930E-05

-.282726E-03
-.379855E-03
-.332987E-03

0 NODE DISPL. REACTION
1 .713243E+03 .000000E+00
2 713279E+03 .000000E+00
3 .713370E+03 .000000E+00
4 .713495E+03 .000000E+00
5 .713619E+03 .000000E+00
6 .713691E+03 .000000E+00
7 713622E+03 .000000E+00
8 .713503E+03 .000000E+00
9 .713381E+03 .000000E+00
10 .713294E+03
11 .713263E+03
0 ELEMENT STRESSES
1 .283211E+04 .189153E+02 .000000E+00
2 .141780E+05 .567256E+02 .000000E+00

3 .368648E+05 .945171E+02 .000000E+00

101

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308792E+02

.308708E+02



J708919E+05 .132319E+03
.116256E+06 .170105E+03
.116257E+06 -.170105E+03
[708936E+05 -.132317E+03
.368661E+05 -.945253E+02
.141787E+05 -.567258E+02

O 03O\

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189104E+02 .000000E+00
0 ITERATION NUMBER= 52

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1

O 00 J N U B~ Wi

10
11

J127242E+03
J127272E+03
.127359E+03
J727482E+03
J727604E+03
1276 75E+03
.727607E+03
J727489E+03
727371E+03

.7127288E+03
J127262E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.174080E-03
.000000E+00 .207757E-04

DISPL.
-.775882E-05
.187097E-03
.333944E-03
.384793E-03
.291648E-03
.651357E-05
-.278624E-03
-.371775E-03
-.320929E-03

0 ELEMENT

STRESSES

0NN AW —

9

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189128E+02
567171E+02
.945172E+02
.132311E+03
.170108E+03
-.170109E+03
-.132316E+03
-.945206E+02
-.567250E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189096E+02 .000000E+00
0 ITERATION NUMBER= 53

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 00N U B~ W

10
11

J741241E+03
.741266E+03
.741349E+03
.741468E+03
.741589E+03
.741659E+03
.741592E+03
.741476E+03
J741361E+03

J741282E+03
.7141262E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.158043E-03
.000000E+00 .407940E-04

DISPL.
-.275286E-04
.171308E-03
.322135E-03
.376962E-03
.287795E-03
.663765E-05
-.274523E-03
-.363696E-03
-.308871E-03

0 ELEMENT

STRESSES

O 001NN Wi —

.283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189047E+02
.567214E+02
945177E+02
.132316E+03
.170111E+03
-.170107E+03
-.132321E+03
-.945279E+02
-.567240E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
10 .283320E+04 -.189087E+02 .000000E+00

102

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308821E+02

.308591E+02



0 ITERATION NUMBER= 54

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

O 00 IO N AW =

10
11

.7155240E+03
.7155260E+03
7155338E+03
.755455E+03
.755573E+03
7155643E+03
1555TTE+03
.755463E+03
.7155351E+03

.7155276E+03
[7155261E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.142005E-03
.000000E+00 .608128E-04

DISPL.
-.472976E-04
.155519E-03
.310326E-03
.369132E-03
.283942E-03
.676233E-05
-.270420E-03
-.355616E-03
-.296813E-03

0 ELEMENT

STRESSES

1

Nelie BN Mo NV RE NS E S

283211E+04
.141780E+05
.368648E+05
.708919E+05
.116256E+06
.116257E+06
.708936E+05
.368661E+05
.141787E+05

.189075E+02
.567182E+02
.945292E+02
.132313E+03
.170107E+03
-.170106E+03
-.132315E+03
-.945240E+02
-.567240E+02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283320E+04 -.189087E+02 .000000E+00

103

REACTION
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.308620E+02



Uygulanan yiik (kN)

1400

1200

1000

800

600

400

200

P=1260k7 ] ""&"
300mm
) 10*300mm=3000mm ¢+ | | ¥
<.
i Senlu eleman idealizasyonu 150mim
Eirig en kesiti
0,0 100,0 200,0 300,0 400,0 500,0 600,0

Orta noktadaki ¢okme (mm)
—a—K0=0.00006 kN/mm3 |

Sekil 5.4: Elastik zemine oturan tekil ytiklii tabakasiz Timoshenko kirisi 6rnegi
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5.1.3 Uniform yayih yiiklii tabakasiz Timoshenko Kirisi 6rnegi

Her biri 68.85 kN +
20mm

0 N A A

10*300mm=3000mm ’—'*
Sonlu eleman idealizasyonu QZOULQ

Kiris kesit alani

Sekil 5.5: Uniform yayil yiik etkimesi hali

Kirisin malzeme ozellikleri:

E (Elastisite modiilii)=210 kN/mm?
v (Poisson orani1) = 0.3

oo (Akma gerilmesi) = 0.25 kN/mm?
H' (Peklesme parametresi) = 0.0

Kiris geometrisi:
b= 150mm
t=300mm

1=3000mm

Bu problemin ¢oziimii icin kayma sekil degistirmelerini dikkate alan rijitlik matrisi

kullanilmuistir.
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Probleme ait bilgilerin programa giris listesi:
Buradaki ideallestirme Problem 5.1.1°deki gibidir.Yiikleme durumu hari¢ diger tiim

veriler formath girise uygundur.

11 10 2 1 4 2 14 2 2
11.43808e¢10  516921.6 212000. 0.

112 1
2 2 3 1
33 4 1
4 4 5 1
556 1
6 6 7 1
77 8 1
8 8 9 1
9 9 10 1
1010 11 1
1 0.
2 300.
3 600.
4 900.
5 1200.
6 1500.
7 1800.
8 2100.
9 2400.
10 2700.
11 3000.
11 0. 1 0.
11 0. 1

0.0E-3 (Elastik zemin degeri=0)

106



Eleman

numarasi

100
100
100
100
100
100
100
100
100
100
100
100
100
100

O 0 N N N A WD =

—
o

N S B S S S S S "I S S ST S )

flk D.N.’daki

yiik

68.85

68.85

68.85

68.85

68.85

68.85

68.85

68.85

68.85

68.85

0.30 0.5
0.20 0.5
0.10 0.5
0.10 0.5
0.05 0.5
0.05 0.5
0.05 0.5
0.05 0.5
0.02 0.5
0.02 0.5
0.02 0.5
0.02 0.5
0.01 0.5
0.01 0.5

ilk D.N’daki

moment

S oo o000 o o0

107

Son D.N’daki
yiik

68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85

Son D.N’daki

moment

S oo o000 o o0



Veri girisi sonrasi alinan sonuclar;

NPOIN= 11 NELEM= 10 NBOUN= 2 NMATS= 1
NPROP= 4 NNODE= 2 NINCS= 14 NALGO= 2
NDOFN= 2

0 MATERIAL PROPERTIES
1 .1438080E+11 .5169216E+06 .2120000E+06 .0000000E+00
0 EL NODES MAT.

11 2 1

2 2 31

33 41

4 4 5 1

55 61

6 6 7 1

7 7 8 1

8 8 9 1

9 9 10 1

10 10 11 1

0 NODE COORD.

1 .00000
2 300.00000
3 600.00000
4 900.00000
5 1200.00000
6 1500.00000
7 1800.00000
& 2100.00000
9  2400.00000
10 2700.00000

11 3000.00000
0 RES.NODE CODE PRES.VALUES CODE PRES.VALUES

1 1 .00000 1 .00000
11 1 .00000 1 .00000
0 ELEMENT NODAL LOADS
1 68.85000 .00000  68.85000 .00000
2 68.85000 .00000  68.85000 .00000
3 68.85000 .00000  68.85000 .00000
4 68.85000 .00000  68.85000 .00000
5 68.85000 .00000  68.85000 .00000
6  68.85000 .00000  68.85000 .00000
7  68.85000 .00000  68.85000 .00000
8  68.85000 .00000  68.85000 .00000
9  68.85000 .00000  68.85000 .00000
10 68.85000 .00000  68.85000 .00000
ELASTIC SOIL COEFFICIENT=  .000000E+00
0 IINCS= 1 NITER= 100 NOUTP= 2 FACTO= .300000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .114560E-03
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.206550E+03 .000000E+00  -.102242E+06
2 .369650E+00 .000000E+00 .155120E-02 .000000E+00
3 .101910E+01 .000000E+00 .206826E-02 .000000E+00
4 .167690E+01 .000000E+00 .180973E-02 .000000E+00
5 .214913E+01 .000000E+00 .103413E-02 .000000E+00
6 .231947E+01 .000000E+00 .112103E-08 .000000E+00
7 .214913E+01 .000000E+00 -.103413E-02 .000000E+00
8 .167690E+01 .000000E+00 -.180973E-02 .000000E+00
9 .101910E+01 .000000E+00 -.206826E-02 .000000E+00
10 .369650E+00 .000000E+00 -.155120E-02 .000000E+00
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0 ELEMENT

11

1
2

3
4
5
6
7
8
9

.000000E+00

-.743582E+05
-.247861E+05
.123930E+05
.371790E+05
495721E+05

-.206550E+03 .000000E+00

STRESSES

.185895E+03
.144585E+03
.103275E+03
.619652E+02
.206549E+02

A495722E+05 -.206550E+02
371791E+05 -.619651E+02
.123930E+05 -.103275E+03
-.247861E+05 -.144585E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

10 -.743582E+05 -.185895E+03 .000000E+00

0 INCS= 2 NITER= 100 NOUTP= 2 FACTO=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.344250E+03 .000000E+00
2 .616083E+00 .000000E+00 .258532E-02
3 .169850E+01 .000000E+00 .344710E-02
4 .279482E+01 .000000E+00 .301621E-02
5 .358188E+01 .000000E+00 .172355E-02
6 .386578E+01 .000000E+00 .741700E-09
7 .358188E+01 .000000E+00 -.172355E-02
8 .279482E+01 .000000E+00 -.301621E-02
9 .169850E+01 .000000E+00 -.344710E-02
10 .616083E+00 .000000E+00 -.258533E-02
11 .000000E+00  -.344250E+03 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 -.123930E+06 .309825E+03 .000000E+00
2 -413101E+05 .240975E+03 .000000E+00
3 .206549E+05 .172125E+03 .000000E+00
4 .619650E+05 .103275E+03 .000000E+00
5 .826200E+05 .344251E+02 .000000E+00
6 .826201E+05 -.344249E+02 .000000E+00
7 .619650E+05 -.103275E+03 .000000E+00
8 .206550E+05 -.172125E+03 .000000E+00
9 -.413101E+05 -.240975E+03 .000000E+00
10 -.123930E+06 -.309825E+03 .000000E+00
0 IINCS= 3 NITER= 100 NOUTP= 2 FACTO=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.413100E+03 .000000E+00
2 .739300E+00 .000000E+00 .310239E-02
3 .203820E+01 .000000E+00 .413652E-02
4 .335379E+01 .000000E+00 .361945E-02
5 .429826E+01 .000000E+00 .206826E-02
6 .463893E+01 .000000E+00 .241158E-09
7 .429826E+01 .000000E+00 -.206826E-02
8 .335379E+01 .000000E+00 -.361945E-02
9 .203820E+01 .000000E+00 -.413652E-02
10 .739300E+00 .000000E+00 -.310239E-02
11 .000000E+00  -.413100E+03 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 -.148716E+06 .371790E+03 .000000E+00
2 -495721E+05 .289170E+03 .000000E+00
3 .247859E+05 .206550E+03 .000000E+00
4 .743580E+05 .123930E+03 .000000E+00
5 .991440E+05 .413101E+02 .000000E+00
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.102243E+06

.200000E+00 TOLER=

0 NORM OF RESIDUAL SUM RATIO=

REACTION
-.170404E+06
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.170404E+06

.100000E+00 TOLER=

0 NORM OF RESIDUAL SUM RATIO=

REACTION
-.204485E+06
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.204485E+06

.500000E+00

.380970E-04

.500000E+00

.144935E-04



6 .991440E+05 -.413100E+02
7 T43580E+05 -.123930E+03
8 .247860E+05 -.206550E+03
9 -495721E+05 -.289170E+03

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 -.148716E+06 -.371790E+03 .000000E+00

0 IINCS= 4 NITER= 100 NOUTP= 2 FACTO= .100000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .147003E-04
0 NODE DISPL. REACTION  DISPL. REACTION

1 .000000E+00  -.481950E+03 .000000E+00  -.238565E+06

2 .862516E+00 .000000E+00 .361945E-02 .000000E+00

3 .237790E+01 .000000E+00 .482594E-02 .000000E+00

4 .391275E+01 .000000E+00 .422270E-02 .000000E+00

5 .501463E+01 .000000E+00 .241297E-02 .000000E+00

6 .541209E+01 .000000E+00 .288634E-09 .000000E+00

7 .501463E+01 .000000E+00 -.241297E-02 .000000E+00

8 .391275E+01 .000000E+00 -.422270E-02 .000000E+00

9 .237790E+01 .000000E+00 -.482594E-02 .000000E+00

10 .862516E+00 .000000E+00 -.361945E-02 .000000E+00

11 .000000E+00  -.481950E+03 .000000E+00 .238565E+06
0 ELEMENT STRESSES PL.STRAIN

1 -.173502E+06 .433755E+03 .000000E+00

2 -.578341E+05 .337365E+03 .000000E+00

3 .289169E+05 .240975E+03 .000000E+00

4 .867509E+05 .144585E+03 .000000E+00

5 .115668E+06 .481951E+02 .000000E+00

6 .115668E+06 -.481950E+02 .000000E+00

7 .867510E+05 -.144585E+03 .000000E+00

8 .289169E+05 -.240975E+03 .000000E+00

9 -.578341E+05 -.337365E+03 .000000E+00

10 -.173502E+06 -.433755E+03 .000000E+00
0 IINCS= 5 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .871332E-05
0 NODE DISPL. REACTION  DISPL. REACTION

1 .000000E+00  -.516375E+03 .000000E+00  -.255606E+06

2 .924124E+00 .000000E+00 .387798E-02 .000000E+00

3 .254775E+01 .000000E+00 .517065E-02 .000000E+00

4 419223E+01 .000000E+00 .452432E-02 .000000E+00

5 .537282E+01 .000000E+00 .258532E-02 .000000E+00

6 .579867E+01 .000000E+00 .152198E-09 .000000E+00

7 .537282E+01 .000000E+00 -.258532E-02 .000000E+00

8 .419223E+01 .000000E+00 -.452432E-02 .000000E+00

9 .254775E+01 .000000E+00 -.517065E-02 .000000E+00

10 .924124E+00 .000000E+00 -.387798E-02 .000000E+00

11 .000000E+00  -.516375E+03 .000000E+00 .255606E+06
0 ELEMENT STRESSES PL.STRAIN

1 -.185895E+06 .464738E+03 .000000E+00

2 -.619651E+05 .361463E+03 .000000E+00

3 .309824E+05 .258188E+03 .000000E+00

4 .929474E+05 .154913E+03 .000000E+00

5 .123930E+06 .516376E+02 .000000E+00

6 .123930E+06 -.516375E+02 .000000E+00

7 .929475E+05 -.154913E+03 .000000E+00

8 .309824E+05 -.258188E+03 .000000E+00

9 -.619651E+05 -.361463E+03 .000000E+00

10 -.185895E+06 -.464738E+03 .000000E+00
0 IINCS= 6 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .612585E-05
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0 NODE DISPL.

O 001N N Wi~

10
11

.000000E+00
.985733E+00
.271760E+01
A4T7171E+01
.573101E+01
.618524E+01
.573101E+01
A4T7171E+01
.271760E+01
.985733E+00
.000000E+00

REACTION
-.550800E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.000000E+00
413652E-02
.551536E-02
482594E-02
.275768E-02
.195499E-09

-.275768E-02
-.482594E-02
-.551536E-02

.000000E+00 -.413652E-02
-.550800E+03 .000000E+00

0 ELEMENT

STRESSES

0 IINCS= 7 NITER= 100 NOUTP= 2 FACTO=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.585225E+03 .000000E+00
2 .104734E+01 .000000E+00 .439505E-02
3 .288745E+01 .000000E+00 .586007E-02
4 475120E+01 .000000E+00 .512756E-02
5 .608920E+01 .000000E+00 .293003E-02
6 .657182E+01 .000000E+00 -.126934E-10
7 .608920E+01 .000000E+00 -.293003E-02
8 .475120E+01 .000000E+00 -.512756E-02
9 .288745E+01 .000000E+00 -.586007E-02
10 .104734E+01 .000000E+00 -.439505E-02
11 .000000E+00  -.585225E+03 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 -.210681E+06 .526703E+03 .000000E+00
2 -702271E+05 .409658E+03 .000000E+00
3 .351134E+05 .292613E+03 .000000E+00
4 .105340E+06 .175568E+03 .000000E+00
5 .140454E+06 .585225E+02 .000000E+00
6 .140454E+06 -.585225E+02 .000000E+00
7 .105340E+06 -.175567E+03 .000000E+00
8 .351134E+05 -.292613E+03 .000000E+00
9 -702271E+05 -.409658E+03 .000000E+00
10 -.210681E+06 -.526702E+03 .000000E+00
0 IINCS= 8 NITER= 100 NOUTP= 2 FACTO=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.619650E+03 .000000E+00
2 .110895E+01 .000000E+00 .465358E-02
3 .305730E+01 .000000E+00 .620478E-02
4 .503068E+01 .000000E+00 .542918E-02
5 .644739E+01 .000000E+00 .310239E-02
6 .695840E+01 .000000E+00 .715151E-10
7 .644739E+01 .000000E+00 -.310239E-02

1
2

3
4
5
6
7
8
9

-.198288E+06 .495720E+03
-.660961E+05 .385560E+03
.330479E+05 .275400E+03
.991439E+05 .165240E+03
.132192E+06 .550800E+02
.132192E+06 -.550800E+02
.991439E+05 -.165240E+03
.330479E+05 -.275400E+03
-.660961E+05 -.385560E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 -.198288E+06 -.495720E+03 .000000E+00
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REACTION
-.272646E+06
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.272646E+06

.500000E-01 TOLER=

0 NORM OF RESIDUAL SUM RATIO=

REACTION
-.289687E+06
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.289686E+06

.500000E-01 TOLER=

1 NORM OF RESIDUAL SUM RATIO=

REACTION
-.306727E+06
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.500000E+00

.500000E+00

.510589E+01



8 .503068E+01 .000000E+00 -.542918E-02 .000000E+00

9 .305730E+01 .000000E+00 -.620478E-02 .000000E+00

10 .110895E+01 .000000E+00 -.465358E-02 .000000E+00

11 .000000E+00  -.619650E+03 .000000E+00 .306727E+06
0 ELEMENT STRESSES PL.STRAIN

1 -212000E+06 .557685E+03 -.770063E-06

2 -743581E+05 .433755E+03 .000000E+00

3 371789E+05 .309825E+03 .000000E+00

4 .111537E+06 .185895E+03 .000000E+00

5 .148716E+06 .619650E+02 .000000E+00

6 .148716E+06 -.619650E+02 .000000E+00

7 .111537E+06 -.185895E+03 .000000E+00

8 .371789E+05 -.309825E+03 .000000E+00

9 -.743581E+05 -.433755E+03 .000000E+00

10 -.212000E+06 -.557685E+03 -.770062E-06

112



Uygulanan yiik (kN/mm)

0,50

*

0,45 D

0,40

0,35
0,30 -

0,25 1

Her biri 68.85 kN

jLHHHHE o

10*300mm=3000mm

0,20

0,15 1

S

Sonlu eleman idealizasyonu 200mm
0,10 —_

Kirig kesit alarn

0,05 -

0,00 ‘ ‘ ‘ ‘ ‘ ‘ ‘
0,0 2,0 4,0 6,0 8,0 10,0 12,0 14,0 16,0

Orta noktadaki ¢cokme (mm)

‘ —e— Tabakasiz kiris ‘

Sekil 5.6: Uniform yayih yiiklii tabakasiz Timoshenko kirisi 6rnegi
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5.1.4 Elastik zemine oturan uniform yayih yiiklii Timoshenko Kirisi 6rnegi

Her biri 68.85 kN

ZDmm‘

oy 200mm

10*300mm=3000mm

Sonlu eleman idealizasyonu LIZUULQ

Kirig kesit alani

Sekil 5.7: Uniform yayil yiik etkimesi hali

Elastik zemin etkilerini daha iyi gdzlemleyebilmek i¢in ankastre mesnetler ¢okmeye
serbest birakilmistir. Hesapta kayma sekil degistirmelerini igeren sistem rijitlik
matrisi kullanilmistir.

Zemin yatak katsayist 6000t/m”’tiir. Verilerde elastik zemin degeri 0.0E-3 yerine
12.0E-3 alinur.Ilgili data satirlarindaki degisiklik asagida gosterilmistir.

Diugiim nokta Mesnetlenme Moment ¢cokme Doénme Disaridan
numarasi durumu degeri degeri  verilmis donme
1(ilk) O(serbest) 0. 1. 0.
11(son) O(serbest) 0. 1. 0.
8 68.85 0. 68.85 0.
9 68.85 0. 68.85 0.
10 68.85 0. 68.85 0.
12.0E-3
100 2 0.30 0.5
100 2 0.20 0.5
100 2 0.01 0.5
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Veri girisi sonrasi alinan sonuclar;

NPOIN= 11 NELEM= 10 NBOUN= 2 NMATS= 1
NPROP= 4 NNODE= 2 NINCS= 14 NALGO= 2

NDOFN= 2
0 MATERIAL PROPERTIES
1 .1438080E+11 .5169216E+06 .2120000E+06 .1000000E+00
0 EL NODES MAT.
1

SOV AW
Ptk ok ke

1

0 11 1

0 NODE COORD.
1 .00000

2 300.00000

3 600.00000

4 900.00000

5 1200.00000

6

7

8

1
2
3
4
5
6
7
8
9
1

SOOI U AW~

1500.00000
1800.00000
2100.00000
9 2400.00000
10 2700.00000
11 3000.00000
0 RES.NODE CODE PRES.VALUES CODE PRES.VALUES
1 0 .00000 1 .00000
11 0 .00000 1 .00000
0 ELEMENT NODAL LOADS
1 68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
10 68.85000 .00000  68.85000 .00000
ELASTIC SOIL COEFFICIENT=  .120000E-01

O 01NN WwWN

.870388E+01

0 IINCS= 1 NITER= 100 NOUTP= 2 FACTO= .300000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION

1 .114685E+02 .000000E+00 .000000E+00 .103197E+04

2 .114685E+02 .000000E+00 .220105E-08 .000000E+00

3 .114685E+02 .000000E+00 -.173750E-09 .000000E+00

4 .114685E+02 .000000E+00 -.913881E-08 .000000E+00

5 .114684E+02 .000000E+00 -.166174E-07 .000000E+00

6 .114684E+02 .000000E+00 -.215181E-07 .000000E+00

7 .114684E+02 .000000E+00 -.221003E-07 .000000E+00
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8
9
10
11

.114684E+02

.114684E+02
.114684E+02
.114684E+02

.000000E+00
.000000E+00
.000000E+00

.000000E+00 .000000E+00

-.166932E-07
-.884009E-08
-.310441E-08

0 ELEMENT

1

O 00 J N N B~ W

10

.102706E+04
.102727E+04
.102759E+04
.102752E+04
.102740E+04
.102719E+04
.102690E+04
.102678E+04
.102688E+04
.102701E+04

STRESSES
-.448227E-03
.882149E-03
.600815E-03
.648499E-04
-.381470E-05
-.147724E-02
.129700E-03
-.127506E-02
-.158310E-03
.632286E-03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

0 ITERATION NUMBER= 2

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .229369E+02 .000000E+00 .000000E+00
2 .229369E+02 .000000E+00 .157937E-09
3 .229369E+02 .000000E+00 -.411525E-08
4 .229369E+02 .000000E+00 -.146539E-07
5 .229369E+02 .000000E+00 -.231541E-07
6 .229369E+02 .000000E+00 -.285291E-07
7 .229369E+02 .000000E+00 -.291365E-07
8 .229369E+02 .000000E+00 -.226566E-07
9 .229369E+02 .000000E+00 -.135627E-07
10 .229369E+02 .000000E+00 -.557963E-08
11 .229369E+02 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .205431E+04 -.324249E-04 .000000E+00
2 .205453E+04 -.489235E-03 .000000E+00
3 .205483E+04 -.629425E-04 .000000E+00
4 205473E+04 -.715256E-04 .000000E+00
5 .205458E+04 .164986E-03 .000000E+00
6 .205435E+04 .877380E-04 .000000E+00
7 .205401E+04 -.110817E-02 .000000E+00
8 .205388E+04 -.394821E-03 .000000E+00
9 .205393E+04 -.128174E-02 .000000E+00
10 .205405E+04 .113583E-02 .000000E+00

0 ITERATION NUMBER= 3

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .344053E+02 .000000E+00 .000000E+00
2 .344053E+02 .000000E+00 -.514861E-09
3 .344053E+02 .000000E+00 -.535709E-08
4 .344053E+02 .000000E+00 -.162124E-07
5 .344053E+02 .000000E+00 -.248831E-07
6 .344053E+02 .000000E+00 -.302327E-07
7 .344053E+02 .000000E+00 -.305214E-07
8 .344053E+02 .000000E+00 -.238264E-07
9 .344053E+02 .000000E+00 -.140224E-07
10 .344053E+02 .000000E+00 -.587083E-08
11 .344053E+02 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .308151E+04 .103951E-03 .000000E+00
2 .308171E+04 -.991821E-04 .000000E+00
3 .308200E+04 .507355E-03 .000000E+00
4 308190E+04 .597954E-03 .000000E+00
5 .308174E+04 .864029E-03 .000000E+00
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.000000E+00
.000000E+00
.000000E+00
-.103210E+04

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.205923E+04

.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.205912E+04

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.308642E+04
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.308627E+04

437467E+01

.292046E+01



0

0 CONVERGENCE CODE=

O 03N

.308149E+04
.308116E+04
.308101E+04
.308109E+04

-.577927E-03
-.588417E-03
-.135803E-02

.165939E-03

10 .308120E+04 -.100136E-03
ITERATION NUMBER= 4

0 NODE DISPL.

O 001NN AW —

10
11

458738E+02
458738E+02
A458738E+02
A458738E+02
A458738E+02
A458738E+02
A458738E+02
A58737E+02
A58737E+02

A458737E+02
A458737E+02

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00 .000000E+00

DISPL.

.000000E+00
-.594657E-09
-.552959E-08
-.165555E-07
-.253204E-07
-.306714E-07
-.309786E-07
-.243348E-07
-.144840E-07

-.616495E-08

0 ELEMENT

STRESSES

PL.STRAIN

0

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .573422E+02 .000000E+00 .000000E+00
2 .573422E+02 .000000E+00 -.785289E-09
3 .573422E+02 .000000E+00 -.590257E-08
4 .573422E+02 .000000E+00 -.170577E-07
5 .573422E+02 .000000E+00 -.259646E-07
6 .573422E+02 .000000E+00 -.313950E-07
7 .573422E+02 .000000E+00 -.316661E-07
8 .573422E+02 .000000E+00 -.248362E-07
9 .573422E+02 .000000E+00 -.149351E-07
10 .573422E+02 .000000E+00 -.645616E-08
11 .573422E+02 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .513584E+04 .159264E-03 .000000E+00
2 .513605E+04 .667572E-04 .000000E+00
3 .513634E+04 .790596E-03 .000000E+00
4 .513623E+04 -.304222E-03 .000000E+00
5 .513606E+04 .267029E-04 .000000E+00
6 .513581E+04 -.108719E-03 .000000E+00
7 .513547E+04 -.149727E-03 .000000E+00
8 .513532E+04 -.967026E-03 .000000E+00
9 .513539E+04 -.824928E-03 .000000E+00
10 .513549E+04 .190735E-04 .000000E+00

S oo

1

O 01NN W

410867E+04
410888E+04

410917E+04
410906E+04
.410890E+04
410865E+04
410832E+04
410817E+04
410824E+04

.120163E-03
.124741E-02
.612259E-03
-.537872E-03
-.251770E-03
-.395775E-03
-.391006E-03
-.116062E-02
.319481E-03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .410834E+04 -.400543E-04 .000000E+00
ITERATION NUMBER= 5

ITERATION NUMBER= 6

CONVERGENCE CODE=
NODE DISPL. REACTION  DISPL.
1 .688107E+02 .000000E+00 .000000E+00

2

.688107E+02

.000000E+00 -.109372E-08

117

1 NORM OF RESIDUAL SUM RATIO=

REACTION
411358E+04
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.411342E+04

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.514075E+04
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.514057E+04

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.616793E+04
.000000E+00

.219159E+01

.175385E+01

.146183E+01



0 JON N W

9
10
11

.688107E+02
.688107E+02
.688107E+02
.688106E+02
.688106E+02
.688106E+02
.688106E+02

.688106E+02
.688106E+02

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.652691E-08
.000000E+00 .000000E+00

-.649106E-08
-.178776E-07
-.269558E-07
-.324418E-07
-.325471E-07
-.254232E-07
-.152425E-07

0 ELEMENT

1

O 00 J N U B~ Wi

.616301E+04
.616322E+04
.616351E+04
.616340E+04
.616322E+04
.616296E+04
.616262E+04
.616247E+04
.616254E+04

STRESSES
.222206E-03
.154400E-02
.107765E-02
.648499E-04
441551E-03

-.101089E-02
.148773E-03

-.784874E-03
.546455E-03

10 .616264E+04 .333786E-04
0 ITERATION NUMBER= 7

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .802791E+02 .000000E+00 .000000E+00
2 .802791E+02 .000000E+00 -.698274E-09
3 .802791E+02 .000000E+00 -.572686E-08
4 .802791E+02 .000000E+00 -.168139E-07
5 .802791E+02 .000000E+00 -.256671E-07
6 .802791E+02 .000000E+00 -.311599E-07
7 .802791E+02 .000000E+00 -.314843E-07
8 .802791E+02 .000000E+00 -.247539E-07
9 .802791E+02 .000000E+00 -.149693E-07
10 .802791E+02 .000000E+00 -.638014E-08
11 .802791E+02 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .719015E+04 .141144E-03 .000000E+00
2 .719036E+04 .130844E-02 .000000E+00
3 .719065E+04 .705719E-03 .000000E+00
4 .719054E+04 -.413895E-03 .000000E+00
5 .719038E+04 -.820160E-04 .000000E+00
6 .719013E+04 -.148869E-02 .000000E+00
7 718979E+04 -.149918E-02 .000000E+00
8 .718965E+04 -.976563E-03 .000000E+00
9 .718970E+04 .461578E-03 .000000E+00
10 .718981E+04 .381470E-05 .000000E+00
0 ITERATION NUMBER= 8
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .917475E+02 .000000E+00 .000000E+00
2 917475E+02 .000000E+00 -.927704E-09
3 917475E+02 .000000E+00 -.617686E-08
4 O17475E+02 .000000E+00 -.174216E-07
5 .917475E+02 .000000E+00 -.264433E-07
6 .917475E+02 .000000E+00 -.319107E-07
7 917475E+02 .000000E+00 -.321646E-07
8 .917475E+02 .000000E+00 -.252451E-07
9 .917475E+02 .000000E+00 -.150635E-07
10 .917475E+02 .000000E+00 -.645382E-08
11 .917475E+02 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

118

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.616771E+04

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.719507E+04
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.719489E+04

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.822224E+04
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.822204E+04

.125317E+01

.109664E+01



O 0 J N N W~

10

.821732E+04
.821753E+04
.821782E+04
.821771E+04
.821754E+04
.821729E+04
.821695E+04
.821679E+04
.821686E+04

.821697E+04

.187874E-03
.152588E-03
.920296E-03
-.132561E-03
.228882E-03
-.119781E-02
.343323E-04
-.857353E-03
.494957E-03
.181198E-04

0 ITERATION NUMBER= 9

0 CONVERGENCE CODE=

0 NODE DISPL.

1

(=R RN I NIV, I NN S

10
11

.103216E+03
.103216E+03
.103216E+03
.103216E+03
.103216E+03
.103216E+03
.103216E+03
.103216E+03
.103216E+03

.103216E+03
.103216E+03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.652458E-08
.000000E+00 .000000E+00

DISPL.

.000000E+00
-.870899E-09
-.607351E-08
-.172885E-07
-.262949E-07
-.318646E-07
-.321572E-07
-.254216E-07
-.153709E-07

0 ELEMENT

STRESSES

PL.STRAIN

1

O 01NN W

.924448E+04
.924469E+04
.924498E+04
.924487TE+04
.924471E+04
.924445E+04
.924411E+04
.924395E+04
.924401E+04

.176430E-03
.120163E-03
.871658E-03
-.189781E-03
.189781E-03
-.120831E-02
-.122643E-02
-.759125E-03
-.721931E-03

10 .924412E+04 .324249E-04
0 ITERATION NUMBER= 10

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 001N N bW

10
11

.114684E+03
.114684E+03
.114684E+03
.114684E+03
.114684E+03
.114684E+03
.114684E+03
.114684E+03
.114684E+03

.114684E+03
.114684E+03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.681870E-08
.000000E+00 .000000E+00

DISPL.

.000000E+00
-.108366E-08
-.646953E-08
-.177724E-07
-.267319E-07
-.321484E-07
-.323526E-07
-.255517E-07
-.156089E-07

0 ELEMENT

STRESSES

PL.STRAIN

O 001N LN AW —

10

.102717E+05
.102719E+05
.102721E+05
.102720E+05
.102719E+05
.102716E+05
.102713E+05
.102711E+05
.102712E+05

.102713E+05

.219345E-03
.153923E-02
.105095E-02
-.190735E-05
.336647E-03
-.111008E-02
.135422E-03
-.683784E-03
-.614166E-03
.925064E-04

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

119

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.924940E+04
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.924920E+04

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.102766E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.102764E+05

.974871E+00

.877441E+00



0 ITERATION NUMBER= 11

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .126153E+03 .000000E+00 .000000E+00
2 .126153E+03 .000000E+00 -.748009E-09
3 .126153E+03 .000000E+00 -.588695E-08
4 .126153E+03 .000000E+00 -.170281E-07
5 .126153E+03 .000000E+00 -.258914E-07
6 .126153E+03 .000000E+00 -.313166E-07
7 .126153E+03 .000000E+00 -.315826E-07
8 .126153E+03 .000000E+00 -.246263E-07
9 .126153E+03 .000000E+00 -.146113E-07
10 .126153E+03 .000000E+00 -.623396E-08
11 .126153E+03 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .112988E+05 .151634E-03 .000000E+00
2 .112990E+05 .135231E-02 .000000E+00
3 .112993E+05 .781059E-03 .000000E+00
4 .112992E+05 -.325203E-03 .000000E+00
5 .112990E+05 -.381470E-05 .000000E+00
6 .112988E+05 -.143623E-02 .000000E+00
7 .112984E+05 -.150490E-02 .000000E+00
8 .112983E+05 -.107574E-02 .000000E+00
9 .112984E+05 .358582E-03 .000000E+00
10 .112985E+05 -.267029E-04 .000000E+00

0 ITERATION NUMBER= 12

0 CONVERGENCE CODE=

0 NODE DISPL.

O 001N N B~ W~

10
11

.137621E+03
.137621E+03
.137621E+03
.137621E+03
.137621E+03
.137621E+03
.137621E+03
.137621E+03
.137621E+03

.137621E+03
.137621E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.

.000000E+00
-.102279E-08
-.638731E-08
-.177130E-07
-.267759E-07
-.323834E-07
-.325367E-07
-.255131E-07
-.152966E-07

.000000E+00 -.652808E-08
.000000E+00 .000000E+00

0 ELEMENT

1

O 001N N B~ WwW

10

0 CONVERGENCE CODE=

.123260E+05
123262E+05
123265E+05
123264E+05
123262E+05
.123259E+05
.123256E+05
.123254E+05
.123255E+05

STRESSES
.207901E-03
.215530E-03
.102234E-02

-.572205E-05
.393867E-03

-.102520E-02
.164032E-03

-.756264E-03
.557899E-03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.123256E+05 .333786E-04 .000000E+00
0 ITERATION NUMBER= 13

0 NODE DISPL.

~N NN W=

.149090E+03
.149090E+03
.149090E+03
.149090E+03
.149090E+03
.149090E+03
.149090E+03

REACTION  DISPL.
.000000E+00 .000000E+00
.000000E+00 -.870586E-09
.000000E+00 -.611350E-08
.000000E+00 -.173597E-07
.000000E+00 -.264013E-07
.000000E+00 -.320260E-07
.000000E+00 -.324305E-07

120

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.113037E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.113035E+05

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.123309E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.123307E+05

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.133580E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.7197710E+00

7131262E+00

.675031E+00



8 .149090E+03
9 .149090E+03
10 .149090E+03
11 .149090E+03

0 ELEMENT

STRESSES

.000000E+00 -.255469E-07
.000000E+00 -.153908E-07
.000000E+00 -.660176E-08
.000000E+00 .000000E+00

PL.STRAIN

1

(=R RN I NIV, F RSN S

10

.133531E+05
.133533E+05
.133536E+05
.133535E+05
.133533E+05
.133531E+05
.133527E+05
.133526E+05
.133527E+05
.133528E+05

.176430E-03
.142384E-02
-.400543E-03
-.153542E-03
.244141E-03
-.111961E-02
-.114536E-02
-.730515E-03
.591278E-03
476837E-04

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

0 ITERATION NUMBER= 14

0 CONVERGENCE CODE=

0 NODE DISPL.

O 001N N AW~

10
11

.160558E+03
.160558E+03
.160558E+03
.160558E+03
.160558E+03
.160558E+03
.160558E+03
.160558E+03
.160558E+03
.160558E+03
.160558E+03

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00 .000000E+00

DISPL.

.000000E+00
-.109239E-08
-.652875E-08
-.179802E-07
-.270461E-07
-.324290E-07
-.324558E-07
-.254312E-07
-.152614E-07

-.667544E-08

0 ELEMENT

STRESSES

PL.STRAIN

O 001N N AW~

10

.143803E+05
.143805E+05
.143808E+05
.143807E+05
.143805E+05
.143802E+05
.143799E+05
.143797E+05

.143798E+05

.143799E+05

.221252E-03
.258446E-03
.110435E-02
-.119114E-02
-.837326E-03
-.103283E-02
.130653E-03
-.781059E-03
.580788E-03
.619888E-04

0 ITERATION NUMBER= 15

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .172027E+03 .000000E+00 .000000E+00
2 .172027E+03 .000000E+00 -.843453E-09
3 .172027E+03 .000000E+00 -.608078E-08
4 .172027E+03 .000000E+00 -.173600E-07
5 .172027E+03 .000000E+00 -.263798E-07
6 .172027E+03 .000000E+00 -.318369E-07
7 .172027E+03 .000000E+00 -.320212E-07
8 .172027E+03 .000000E+00 -.249905E-07
9 .172027E+03 .000000E+00 -.149882E-07
10 .172027E+03 .000000E+00 -.652867E-08
11 .172027E+03 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .154074E+05 .170708E-03 .000000E+00
2 .154076E+05 .141144E-02 .000000E+00
3 .154079E+05 -.408173E-03 .000000E+00
4 .154078E+05 -.145340E-02 .000000E+00
5 .154077E+05 -.109386E-02 .000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

121

.000000E+00
.000000E+00
.000000E+00
-.133578E+05

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.143852E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.143850E+05

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.154124E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.154122E+05

.626836E+00

.585061E+00



0

0 CONVERGENCE CODE=

6
7
8
9
10

.154074E+05
.154071E+05
.154069E+05
.154070E+05

-.124168E-02
-.134182E-02
-.926971E-03

495911E-03

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.154071E+05 .324249E-04 .000000E+00
ITERATION NUMBER= 16

0 NODE DISPL.

O 001N N Wi~

10
11

.183495E+03
.183495E+03
.183495E+03
.183495E+03
.183495E+03
.183495E+03
.183495E+03
.183495E+03
.183495E+03
.183495E+03
.183495E+03

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.638190E-08
.000000E+00 .000000E+00

DISPL.

.000000E+00
-.129151E-08
-.688677E-08
-.183775E-07
-.273839E-07
-.327344E-07
-.327385E-07
-.255351E-07
-.151622E-07

0 ELEMENT

0

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .194964E+03 .000000E+00 .000000E+00
2 .194964E+03 .000000E+00 -.803796E-09
3 .194964E+03 .000000E+00 -.604019E-08
4 .194964E+03 .000000E+00 -.173108E-07
5 .194964E+03 .000000E+00 -.263393E-07
6 .194964E+03 .000000E+00 -.317885E-07
7 .194963E+03 .000000E+00 -.319773E-07
8 .194963E+03 .000000E+00 -.249621E-07
9 .194963E+03 .000000E+00 -.150328E-07
10 .194963E+03 .000000E+00 -.645558E-08
11 .194963E+03 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .174618E+05 .163078E-03 .000000E+00
2 .174620E+05 .100136E-03 .000000E+00
3 .174623E+05 -.426292E-03 .000000E+00
4 .174621E+05 -.147247E-02 .000000E+00
5 .174620E+05 .183105E-03 .000000E+00
6 .174617E+05 -.126076E-02 .000000E+00
7 .174614E+05 -.135612E-02 .000000E+00
8 .174612E+05 -.923157E-03 .000000E+00
9 .174613E+05 .490189E-03 .000000E+00
10 .174614E+05 .171661E-04 .000000E+00

S oo

1

O 001N N W

10

.164346E+05
.164348E+05
.164351E+05
.164350E+05
.164348E+05
.164346E+05
.164342E+05
.164341E+05
.164341E+05

STRESSES
.262260E-03
.371933E-03
.125790E-02

-.104237E-02
.588417E-03

-.912666E-03
.209808E-03

-.781059E-03
.500679E-03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.164342E+05 .286102E-05 .000000E+00
ITERATION NUMBER= 17

ITERATION NUMBER= 18

CONVERGENCE CODE=

NODE DISPL. REACTION  DISPL.

1 .206432E+03 .000000E+00 .000000E+00
2 .206432E+03 .000000E+00 -.118948E-08

122

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.164395E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.164393E+05

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.174667E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.174665E+05

0 NORM OF RESIDUAL SUM RATIO=

REACTION
.184939E+05
.000000E+00

.548509E+00

.516253E+00

487579E+00



3 .206432E+03 .000000E+00 -.678514E-08
4 .206432E+03 .000000E+00 -.183955E-07
5 .206432E+03 .000000E+00 -.276516E-07
6 .206432E+03 .000000E+00 -.332648E-07
7 .206432E+03 .000000E+00 -.335495E-07
8 .206432E+03 .000000E+00 -.264024E-07
9 .206432E+03 .000000E+00 -.158619E-07
10 .206432E+03 .000000E+00 -.697015E-08
11 .206432E+03 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .184889E+05 .242233E-03 .000000E+00
2 .184891E+05 .329971E-03 .000000E+00
3 .184894E+05 .124073E-02 .000000E+00
4 .184893E+05 -.985146E-03 .000000E+00
5 .184891E+05 -.543594E-03 .000000E+00
6 .184889E+05 -.639915E-03 .000000E+00
7 .184885E+05 -.742912E-03 .000000E+00
8 .184884E+05 -.460625E-03 .000000E+00
9 .184884E+05 .763893E-03 .000000E+00
10 .184885E+05 .121117E-03 .000000E+00
0 IINCS= 2 NITER= 100 NOUTP= 2 FACTO=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .225546E+03 .000000E+00 .000000E+00
2 .225546E+03 .000000E+00 .414710E-09
3 .225546E+03 .000000E+00 -.659645E-08
4 .225546E+03 .000000E+00 -.239561E-07
5 .225546E+03 .000000E+00 -.378516E-07
6 .225546E+03 .000000E+00 -.466150E-07
7 .225546E+03 .000000E+00 -.473447E-07
8 .225546E+03 .000000E+00 -.367590E-07
9 .225546E+03 .000000E+00 -.214978E-07
10 .225546E+03 .000000E+00 -.867546E-08
11 .225546E+03 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .202008E+05 -.839233E-04 .000000E+00
2 .202011E+05 -.343323E-04 .000000E+00
3 .202016E+05 -.254631E-03 .000000E+00
4 .202015E+05 -.295544E-02 .000000E+00
5 .202012E+05 .166321E-02 .000000E+00
6 .202008E+05 -.292778E-03 .000000E+00
7 .202003E+05 -.100422E-02 .000000E+00
8 .202001E+05 -.238514E-02 .000000E+00
9 .202002E+05 -.330925E-03 .000000E+00
10 .202004E+05 .468254E-03 .000000E+00
0 ITERATION NUMBER= 2
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .244660E+03 .000000E+00 .000000E+00
2 .244660E+03 .000000E+00 -.873477E-09
3 .244660E+03 .000000E+00 -.898687E-08
4 .244660E+03 .000000E+00 -.271243E-07
5 .244660E+03 .000000E+00 -.414850E-07
6 .244660E+03 .000000E+00 -.503082E-07
7 .244660E+03 .000000E+00 -.509066E-07
8 .244660E+03 .000000E+00 -.399942E-07
9 .244660E+03 .000000E+00 -.237995E-07
10 .244660E+03 .000000E+00 -.996326E-08
11 .244660E+03 .000000E+00 .000000E+00
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.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.184936E+05

.200000E+00 TOLER=

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.202090E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.202088E+05

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.219210E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.219207E+05

.500000E+00

.7143641E+00

.685563E+00



0 ELEMENT
.219128E+05
.219131E+05
.219136E+05
.219134E+05
.219132E+05
.219128E+05
219122E+05
.219120E+05
219121E+05

O 00O\ N W —

STRESSES

.179291E-03
.713348E-03
.878334E-03
-.157070E-02
.566483E-03
-.140476E-02
.380516E-03
-.125790E-02
.399590E-03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .219123E+05 .729561E-03 .000000E+00
0 ITERATION NUMBER= 3

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 00 JON N B~ W

10
11

.263774E+03
.263774E+03
.263774E+03
.263774E+03
.263774E+03
.263774E+03
.263774E+03
.263774E+03
.263774E+03

.263774E+03
.263774E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.107985E-07
.000000E+00 .000000E+00

DISPL.

.000000E+00
-.166870E-08
-.105040E-07
-.293152E-07
-.443444E-07
-.533195E-07
-.537613E-07
-421584E-07
-.253244E-07

0 ELEMENT

O 001NN B~ Wi~

.236248E+05
.236251E+05
.236256E+05
.236254E+05
.236251E+05
.236247E+05
.236241E+05
.236239E+05
.236240E+05

STRESSES
.341415E-03
.118446E-02
.163364E-02

-.542641E-03

-.827789E-03

-.210762E-03

-.118732E-02

-.508308E-03
.880241E-03

10 .236242E+05 .899315E-03
0 ITERATION NUMBER= 4

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 001N U B~ W

10
11

0 ELEMENT
.253367E+05
.253370E+05
.253375E+05
.253373E+05
.253370E+05
.253366E+05
.253360E+05
.253358E+05
.253359E+05

O 00O\ N B~ W —

.282888E+03
.282888E+03
.282888E+03
.282888E+03
.282888E+03
.282888E+03
.282888E+03
.282888E+03
.282888E+03

.282888E+03
.282888E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

DISPL.

.000000E+00
-.151777E-08
-.102424E-07
-.289695E-07
-.438419E-07
-.526548E-07
-.530005E-07
-.413792E-07
-.249744E-07

-.107636E-07

.000000E+00 .000000E+00
STRESSES

.310898E-03
.110054E-02
.150967E-02
-.714302E-03
-.106430E-02
-.500679E-03
-.150013E-02
-.737190E-03
-.178814E-02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

124

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.236330E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.236326E+05

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.253449E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.253445E+05

.635902E+00

.592952E+00



10 .253361E+05 .891685E-03 .000000E+00
0 ITERATION NUMBER= 5

0 CONVERGENCE CODE=

0 NODE DISPL.

N=REeBEN Be N0 I O R

10
11

0 ELEMENT
.270486E+05
.270489E+05
.270494E+05
.270493E+05
.270490E+05
.270486E+05
.270480E+05
.270478E+05
.270478E+05

1

O 01NNk W

.302002E+03
.302002E+03
.302002E+03
.302002E+03
.302002E+03
.302002E+03
.302002E+03
.302002E+03
.302002E+03

.302002E+03
.302002E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

DISPL.

.000000E+00
-.120299E-08
-.965115E-08
-.282009E-07
-.430769E-07
-.519626E-07
-.525380E-07
-.413706E-07
-.250927E-07

-.107346E-07

.000000E+00 .000000E+00

STRESSES

.246048E-03
.915527E-03
.123310E-02
-.102711E-02
-.136185E-02
-.735283E-03
-.159550E-02
-.714302E-03
-.176907E-02

10 .270480E+05 .885963E-03
0 ITERATION NUMBER= 6

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 0 J N N Wi

10
11

.321116E+03
321116E+03
.321116E+03
.321116E+03
.321116E+03
321116E+03
321116E+03
321116E+03
.321116E+03

.321116E+03
.321116E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.

.000000E+00
-.137860E-08
-.996473E-08
-.286545E-07
-.435306E-07
-.522802E-07
-.524779E-07
-.405850E-07
-.240498E-07

.000000E+00 -.102705E-07
.000000E+00 .000000E+00

0 ELEMENT

1

O 001NN W

.287605E+05
.287609E+05
.287614E+05
.287612E+05
.287609E+05
.287605E+05
.287599E+05
.287597E+05
.287598E+05

STRESSES
.282288E-03
.101471E-02
.138950E-02

-.842094E-03

-.120544E-02

-.681877E-03

-.176716E-02

-.108624E-02
.514030E-03

10 .287600E+05 .790596E-03
0 ITERATION NUMBER= 7

0 CONVERGENCE CODE=

0 NODE DISPL.

(o) NNV, IS SO I (S

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

REACTION  DISPL.
.340230E+03 .000000E+00 .000000E+00
.340230E+03 .000000E+00 -.128259E-08
.340230E+03 .000000E+00 -.977270E-08
.340230E+03 .000000E+00 -.283333E-07
.340230E+03 .000000E+00 -.430625E-07
.340230E+03 .000000E+00 -.519967E-07

125

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.270568E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.270565E+05

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.287687E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.287684E+05

0 NORM OF RESIDUAL SUM RATIO=

REACTION

.304807E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.555434E+00

.522384E+00

.493045E+00



7 .340230E+03 .000000E+00 -.522505E-07 .000000E+00
8 .340230E+03 .000000E+00 -.405764E-07 .000000E+00
9 .340230E+03 .000000E+00 -.241681E-07 .000000E+00
10 .340230E+03 .000000E+00 -.102414E-07 .000000E+00
11 .340230E+03 .000000E+00 .000000E+00  -.304804E+05
0 ELEMENT STRESSES PL.STRAIN
1 .304725E+05 .263214E-03 .000000E+00
2 .304728E+05 .955582E-03 .000000E+00
3 .304733E+05 .128460E-02 .000000E+00
4 .304731E+05 -.100231E-02 .000000E+00
5 .304728E+05 -.135803E-02 .000000E+00
6 .304724E+05 -.784874E-03 .000000E+00
7 .304718E+05 -.181484E-02 .000000E+00
8 .304716E+05 -.106335E-02 .000000E+00
9 .304717E+05 .533104E-03 .000000E+00
10 .304719E+05 .784874E-03 .000000E+00
0 IINCS= 3 NITER= 100 NOUTP= 2 FACTO= .100000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO= .554298E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .363167E+03 .000000E+00 .000000E+00 .325366E+05
2 .363167E+03 .000000E+00 -.720775E-09 .000000E+00
3 .363167E+03 .000000E+00 -.101769E-07 .000000E+00
4 .363167E+03 .000000E+00 -.318791E-07 .000000E+00
5 .363167E+03 .000000E+00 -.492414E-07 .000000E+00
6 .363167E+03 .000000E+00 -.598670E-07 .000000E+00
7 .363167E+03 .000000E+00 -.604107E-07 .000000E+00
8 .363167E+03 .000000E+00 -.470656E-07 .000000E+00
9 .363167E+03 .000000E+00 -.280815E-07 .000000E+00
10 .363167E+03 .000000E+00 -.121173E-07 .000000E+00
11 .363167E+03 .000000E+00 .000000E+00  -.325363E+05
0 ELEMENT STRESSES PL.STRAIN
1 .325268E+05 .148773E-03 .000000E+00
2 .325272E+05 .923157E-03 .000000E+00
3 .325278E+05 .208759E-02 .000000E+00
4 .325276E+05 -.161266E-02 .000000E+00
5 .325272E+05 -.108719E-02 .000000E+00
6 .325268E+05 -.109673E-03 .000000E+00
7 .325261E+05 -.142193E-02 .000000E+00
8 .325258E+05 -.153446E-02 .000000E+00
9 .325260E+05 -.876427E-03 .000000E+00
10 .325261E+05 -.142193E-02 .000000E+00
0 ITERATION NUMBER= 2
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO= .521346E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .386104E+03 .000000E+00 .000000E+00 .345910E+05
2 .386104E+03 .000000E+00 -.186528E-08 .000000E+00
3 .386104E+03 .000000E+00 -.124583E-07 .000000E+00
4 .386104E+03 .000000E+00 -.352364E-07 .000000E+00
5 .386104E+03 .000000E+00 -.535010E-07 .000000E+00
6 .386104E+03 .000000E+00 -.647613E-07 .000000E+00
7 .386104E+03 .000000E+00 -.657545E-07 .000000E+00
8 .386104E+03 .000000E+00 -.522020E-07 .000000E+00
9 .386104E+03 .000000E+00 -.320235E-07 .000000E+00
10 .386104E+03 .000000E+00 -.140107E-07 .000000E+00
11 .386104E+03 .000000E+00 .000000E+00  -.345905E+05

0 ELEMENT
1 .345811E+05
2 .345816E+05
3 .345821E+05

STRESSES

PL.STRAIN
.383377E-03 .000000E+00
.161934E-02 .000000E+00
.323391E-02 .000000E+00

126



0

0 CONVERGENCE CODE=

O 03N N b

10

.345819E+05
.345816E+05
.345811E+05
.345804E+05
.345801E+05
.345802E+05

.345804E+05

-.619888E-04
-.181198E-02
-.615120E-03
-.187778E-02
-.227642E-02
.311852E-03
.155354E-02

ITERATION NUMBER= 3

0 NODE DISPL.

1

O 001N N bW

10
11

.409041E+03
.409041E+03
.409041E+03
.409041E+03
.409041E+03
.409041E+03
.409041E+03
.409041E+03
409041E+03

409041E+03
409041E+03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.132646E-07
.000000E+00 .000000E+00

DISPL.

.000000E+00
-.221239E-08
-.130926E-07
-.359375E-07
-.542992E-07
-.655587E-07
-.660397E-07
-.519210E-07
-.311476E-07

0 ELEMENT

STRESSES

PL.STRAIN

SO OO

O 00 JONWLN AW —

10

IINCS=

.366355E+05
.366359E+05
.366365E+05
.366362E+05
.366359E+05
.366354E+05
.366347E+05
.366344E+05
.366345E+05

.366347E+05

.453949E-03
.181961E-02
.916481E-03
.243187E-03
.110245E-02
-.298405E-02
-.187588E-02
-.251102E-02
-.181198E-04
.140095E-02

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

4 NITER= 100 NOUTP= 2

ITERATION NUMBER= 1

CONVERGENCE CODE=

NODE DISPL.

N=REeBEN Je NV N O N S

10
11

435801E+03
435801E+03
435801E+03
435801E+03
435801E+03
435801E+03
435801E+03
435801E+03
435801E+03

435801E+03
435801E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00 -.139941E-07
.000000E+00 .000000E+00

DISPL.

.000000E+00
-.184406E-08
-.137758E-07
-.397242E-07
-.602523E-07
-.725305E-07
-.728637E-07
-.562906E-07
-.333569E-07

FACTO=

0 ELEMENT

STRESSES

PL.STRAIN

0

0 CONVERGENCE CODE=

1

O 01NN W

10

.390322E+05
.390326E+05
.390333E+05
.390331E+05
.390327E+05
.390321E+05
.390313E+05
.390310E+05
.390311E+05

.390314E+05

.377655E-03
447273E-02
.182629E-02
-.295353E-02
.114441E-02
-.174522E-03
-.218678E-02
-.117016E-02
.578880E-03
.154972E-02

ITERATION NUMBER= 2

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

127

0 NORM OF RESIDUAL SUM RATIO=

REACTION
.366453E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.366449E+05

.100000E+00 TOLER=

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.390436E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.390432E+05

1 NORM OF RESIDUAL SUM RATIO=

492121E+00

.538871E+00

.507706E+00

.500000E+00



0 NODE DISPL.

O 01O\ Wi —

10
11

462561E+03
462561E+03
462561E+03
462561E+03
462560E+03
.462560E+03
.462560E+03
462560E+03
462560E+03

462560E+03
462560E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.

.000000E+00
-.236147E-08
-.148060E-07
-.411989E-07
-.621335E-07
-.745650E-07
-.154744E-07
-.591813E-07
-.354065E-07

.000000E+00 -.151646E-07
.000000E+00 .000000E+00

0 ELEMENT

0

0 CONVERGENCE CODE=

1

O 001N U B~ Wi

10

414289E+05
414294E+05
414300E+05
414298E+05
414294E+05
.414288E+05
414280E+05
414276E+05
414278E+05

414280E+05

STRESSES
.482559E-03
219727E-02
.233555E-02

-.227070E-02

-.648499E-03
J171523E-03

-.106716E-02

-.275326E-02
.123310E-02

.178814E-02

ITERATION NUMBER= 3

0 NODE DISPL.

O UN B WN —

9
10
11

489320E+03
489320E+03
489320E+03
489320E+03
.489320E+03
489320E+03
489320E+03
489320E+03
.489320E+03

.489320E+03
.489320E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.

.000000E+00
-.250487E-08
-.149612E-07
-.413326E-07
-.624962E-07
-.754608E-07
-.758183E-07
-.594756E-07
-.355565E-07

.000000E+00 -.154533E-07
.000000E+00 .000000E+00

0 ELEMENT

S o oo

1

O 00 J N U B~ Wi

.438256E+05
438261E+05
438268E+05
438265E+05
438261E+05
438255E+05
438247E+05
438243E+05
.438245E+05

STRESSES
.511169E-03
.225830E-02
.239468E-02
.420570E-03

-.392914E-03

-.415516E-02

-.937462E-03

-.266361E-02
.132275E-02

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .438247E+05 -.742912E-03 .000000E+00

IINCS=

5 NITER= 100 NOUTP=

ITERATION NUMBER= 1

CONVERGENCE CODE=

NODE DISPL. REACTION
1 .517991E+03 .000000E+00
2 .517991E+03 .000000E+00
3 .517991E+03 .000000E+00
4 .517991E+03 .000000E+00
5 .517991E+03 .000000E+00
6 .517991E+03 .000000E+00
7 .517991E+03 .000000E+00
8 .517991E+03 .000000E+00

DISPL.

.000000E+00
-.150016E-08
-.138032E-07
-.412807E-07
-.634064E-07
-.767419E-07
-.770674E-07
-.599900E-07
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2 FACTO=

REACTION
.414404E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.414399E+05

0 NORM OF RESIDUAL SUM RATIO=

REACTION
438371E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.438366E+05

.500000E-01 TOLER=

0 NORM OF RESIDUAL SUM RATIO=

REACTION

.464057E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

479972E+00

.500000E+00

.485765E+00



9
10
11

0 ELEMENT
463935E+05
463940E+05
463947E+05
463944E+05
463940E+05
463934E+05
463926E+05
463922E+05
463924E+05

O 001N LN AW =

S517991E+03

.517991E+03
.517991E+03

.000000E+00 -.358032E-07
.000000E+00 -.151864E-07
.000000E+00 .000000E+00

STRESSES

-.228119E-02
.181770E-02
.214863E-02

-.199413E-02
.534058E-04

-.364017E-02

-.578880E-03

-.250912E-02

-.127125E-02

10 .463926E+05 -.796318E-03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

0 IINCS= 6 NITER= 100 NOUTP= 2 FACTO=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .548574E+03 .000000E+00 .000000E+00
2 .548574E+03 .000000E+00 -.173059E-08
3 .548574E+03 .000000E+00 -.149329E-07
4 .548574E+03 .000000E+00 -.442178E-07
5 .548574E+03 .000000E+00 -.677652E-07
6 .548574E+03 .000000E+00 -.818085E-07
7 .548574E+03 .000000E+00 -.822712E-07
8 .548574E+03 .000000E+00 -.643538E-07
9 .548574E+03 .000000E+00 -.384332E-07
10 .548574E+03 .000000E+00 -.165508E-07
11 .548574E+03 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .491326E+05 -.223351E-02 .000000E+00
2 491331E+05 .209427E-02 .000000E+00
3 .491339E+05 .386238E-03 .000000E+00
4 .491336E+05 -.508308E-03 .000000E+00
5 .491331E+05 -.617981E-03 .000000E+00
6 .491325E+05 .104046E-02 .000000E+00
7 .491316E+05 .136852E-02 .000000E+00
8 .491312E+05 -.108433E-02 .000000E+00
9 .491314E+05 -.456810E-03 .000000E+00
10 .491317E+05 -.519753E-03 .000000E+00
0 IINCS= 7 NITER= 100 NOUTP= 2 FACTO=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE=
0 NODE DISPL. REACTION  DISPL.
1 .581068E+03 .000000E+00 .000000E+00
2 .581068E+03 .000000E+00 -.248667E-08
3 .581068E+03 .000000E+00 -.170415E-07
4 .581068E+03 .000000E+00 -.484671E-07
5 .581068E+03 .000000E+00 -.733522E-07
6 .581068E+03 .000000E+00 -.879133E-07
7 .581068E+03 .000000E+00 -.876518E-07
8 .581068E+03 .000000E+00 -.682234E-07
9 .581068E+03 .000000E+00 -.405830E-07
10 .581068E+03 .000000E+00 -.173186E-07
11 .581068E+03 .000000E+00 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .520429E+05 -.207901E-02 .000000E+00
2 .520435E+05 .267792E-02 .000000E+00
3 .520443E+05 .168133E-02 .000000E+00
4 .520440E+05 .149441E-02 .000000E+00
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.000000E+00
.000000E+00
-.464053E+05

.500000E-01 TOLER=

0 NORM OF RESIDUAL SUM RATIO=

REACTION
491457E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.491452E+05

.500000E-01 TOLER=

0 NORM OF RESIDUAL SUM RATIO=

REACTION
.520568E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.520563E+05

.500000E+00

.489264E+00

.500000E+00

.490776E+00



0 IINCS= 8 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION
1 .615473E+03 .000000E+00 .000000E+00 .551391E+05
2 .615473E+03 .000000E+00 -.200487E-08 .000000E+00
3 .615473E+03 .000000E+00 -.169635E-07 .000000E+00
4 .615473E+03 .000000E+00 -.503131E-07 .000000E+00
5 .615473E+03 .000000E+00 -.767383E-07 .000000E+00
6 .615473E+03 .000000E+00 -.926479E-07 .000000E+00
7 .615473E+03 .000000E+00 -.930759E-07 .000000E+00
8 .615473E+03 .000000E+00 -.728622E-07 .000000E+00
9 .615473E+03 .000000E+00 -.433170E-07 .000000E+00
10 .615473E+03 .000000E+00 -.183835E-07 .000000E+00
11 .615473E+03 .000000E+00 .000000E+00  -.551386E+05
0 ELEMENT STRESSES PL.STRAIN
1 .551243E+05 -.217628E-02 .000000E+00
2 .551250E+05 .256538E-02 .000000E+00
3 .551258E+05 .204182E-02 .000000E+00
4 .551255E+05 -.261974E-02 .000000E+00
5 .551250E+05 -.176239E-02 .000000E+00
6 .551243E+05 .267982E-03 .000000E+00
7 .551233E+05 .121117E-03 .000000E+00
8 .551228E+05 -.353527E-02 .000000E+00
9 .551230E+05 .908852E-03 .000000E+00
10 .551233E+05 -.149727E-03 .000000E+00
0 IINCS= 9 NITER= 100 NOUTP= 2 FACTO= .200000E-01 TOLER=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION
1 .650643E+03 .000000E+00 .000000E+00 .582894E+05
2 .650643E+03 .000000E+00 -.257591E-08 .000000E+00
3 .650643E+03 .000000E+00 -.182812E-07 .000000E+00
4 .650643E+03 .000000E+00 -.525195E-07 .000000E+00
5 .650643E+03 .000000E+00 -.797100E-07 .000000E+00
6 .650643E+03 .000000E+00 -.962541E-07 .000000E+00
7 .650643E+03 .000000E+00 -.967163E-07 .000000E+00
8 .650643E+03 .000000E+00 -.757692E-07 .000000E+00
9 .650643E+03 .000000E+00 -.451718E-07 .000000E+00
10 .650643E+03 .000000E+00 -.194118E-07 .000000E+00
11 .650643E+03 .000000E+00 .000000E+00  -.582888E+05
0 ELEMENT STRESSES PL.STRAIN
1 .582743E+05 -.205994E-02 .000000E+00
2 .582750E+05 .294876E-02 .000000E+00
3 .582758E+05 .275898E-02 .000000E+00
4 .582755E+05 -.156498E-02 .000000E+00
5 .582750E+05 -.423431E-03 .000000E+00
6 .582742E+05 -.343609E-02 .000000E+00
7 .582732E+05 .145435E-02 .000000E+00
8 .582727E+05 -.256634E-02 .000000E+00
9 .582729E+05 .149632E-02 .000000E+00
10 .582733E+05 .600815E-04 .000000E+00
0 IINCS= 10 NITER= 100 NOUTP= 2 FACTO=
0 ITERATION NUMBER= 1

O 00 3 N

.520435E+05
.520427E+05 -.179958E-02
.520418E+05
.520414E+05
.520416E+05

.176239E-02

.325108E-02
.142097E-03
.136375E-03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .520419E+05 -.365257E-03 .000000E+00
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.200000E-01 TOLER=

.500000E+00

490591E+00

.500000E+00

474386E+00

.500000E+00



0 CONVERGENCE CODE=

0 NODE DISPL.

0NN AW =

9
10
11

.686577E+03
.686577E+03
.686577E+03
.686577E+03
.686577E+03
.686577E+03
.686577E+03
.686577E+03
.686577E+03

.686577E+03
.686577E+03

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.

.000000E+00
-.344739E-08
-.203069E-07
-.562686E-07
-.849193E-07
-.101814E-06
-.102213E-06
-.800679E-07
-.478181E-07

.000000E+00 -.203801E-07
.000000E+00 .000000E+00

0 ELEMENT

STRESSES

PL.STRAIN

1

O 001NN Wi

.614928E+05
.614934E+05
.614944E+05
.614940E+05
.614934E+05
.614926E+05
.614916E+05
.614911E+05
.614913E+05

.329971E-02
-.164032E-02
.393391E-02
-491810E-02
-.341034E-02
-.118542E-02
-.173092E-02
-.115108E-02
.223255E-02

10 .614916E+05 .543499E-02

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

0 NORM OF RESIDUAL SUM RATIO=

REACTION
.615082E+05
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.615075E+05

.459337E+00

0 IINCS= 11 NITER= 100 NOUTP= 2 FACTO= .200000E-01 TOLER=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .445344E+00
0 NODE DISPL. REACTION  DISPL. REACTION

1 .723276E+03 .000000E+00 .000000E+00 .647954E+05

2 723276E+03 .000000E+00 -.289005E-08 .000000E+00

3 .723276E+03 .000000E+00 -.195615E-07 .000000E+00

4 723276E+03 .000000E+00 -.557359E-07 .000000E+00

5 .723276E+03 .000000E+00 -.843223E-07 .000000E+00

6 .723276E+03 .000000E+00 -.102013E-06 .000000E+00

7 .723276E+03 .000000E+00 -.103419E-06 .000000E+00

8 .723276E+03 .000000E+00 -.819256E-07 .000000E+00

9 .723276E+03 .000000E+00 -.496119E-07 .000000E+00

10 .723276E+03 .000000E+00 -.213003E-07 .000000E+00

11 .723276E+03 .000000E+00 .000000E+00  -.647947E+05
0 ELEMENT STRESSES PL.STRAIN

1 .647797E+05 .318909E-02 .000000E+00

2 .647803E+05 .327301E-02 .000000E+00

3 .647813E+05 .367451E-02 .000000E+00

4 .647809E+05 -.515079E-02 .000000E+00

5 .647804E+05 .168610E-02 .000000E+00

6 .647796E+05 -.899315E-03 .000000E+00

7 .647785E+05 -.110912E-02 .000000E+00

8 .647780E+05 -.558758E-02 .000000E+00

9 .647782E+05 -.239086E-02 .000000E+00

10 .647785E+05 .445366E-03 .000000E+00
0 IINCS= 12 NITER= 100 NOUTP= 2 FACTO= .200000E-01 TOLER=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .432205E+00
0 NODE DISPL. REACTION  DISPL. REACTION

1 .760740E+03 .000000E+00 .000000E+00 .681511E+05

2 .760740E+03 .000000E+00 -.271328E-08 .000000E+00

3 .760740E+03 .000000E+00 -.195176E-07 .000000E+00

4 .760740E+03 .000000E+00 -.561930E-07 .000000E+00

5 .760740E+03 .000000E+00 -.855829E-07 .000000E+00

6 .760740E+03 .000000E+00 -.103643E-06 .000000E+00
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.500000E+00

.500000E+00



7 .760740E+03
8 .760740E+03
9 .760740E+03
10 .760740E+03
11 .760740E+03

.000000E+00 -.105568E-06

.000000E+00 -.841470E-07

.000000E+00 -.513446E-07
.000000E+00 -.221722E-07
.000000E+00 .000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.681504E+05

0 ELEMENT

1

O 00 J N U B~ W

.681351E+05
.681357E+05
.681367E+05
.681363E+05
.681358E+05
.681350E+05
.681339E+05
.681334E+05
.681335E+05

STRESSES
-.202560E-02
.322723E-02
.375843E-02
.376701E-03
-.290298E-02
-.128746E-03
-.539684E-02
-.478268E-02
-.186062E-02

10 .681339E+05 .620842E-03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

0 IINCS= 13 NITER= 100 NOUTP= 2 FACTO= .100000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .415953E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .798586E+03 .000000E+00 .000000E+00 .715409E+05
2 .798586E+03 .000000E+00 -.324405E-08 .000000E+00
3 .798586E+03 .000000E+00 -.206627E-07 .000000E+00
4 798586E+03 .000000E+00 -.582902E-07 .000000E+00
5 .798586E+03 .000000E+00 -.882569E-07 .000000E+00
6 .798586E+03 .000000E+00 -.106655E-06 .000000E+00
7 .T98586E+03 .000000E+00 -.107932E-06 .000000E+00
8 .798586E+03 .000000E+00 -.850141E-07 .000000E+00
9 .798586E+03 .000000E+00 -.514347E-07 .000000E+00
10 .798586E+03 .000000E+00 -.225792E-07 .000000E+00
11 .798586E+03 .000000E+00 .000000E+00  -.715402E+05
0 ELEMENT STRESSES PL.STRAIN
1 715247E+05 .326157E-02 .000000E+00
2 7T15254E+05 .357056E-02 .000000E+00
3 715264E+05 .441837E-02 .000000E+00
4 715260E+05 -.383091E-02 .000000E+00
5 .715254E+05 -.174332E-02 .000000E+00
6 .715246E+05 -.421429E-02 .000000E+00
7 .715234E+05 -.474072E-02 .000000E+00
8 .715229E+05 -.458813E-02 .000000E+00
9 .715232E+05 .342274E-02 .000000E+00
10 .715235E+05 .704765E-03 .000000E+00
0 IINCS= 14 NITER= 100 NOUTP= 2 FACTO= .100000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .400966E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .836814E+03 .000000E+00 .000000E+00 .749650E+05
2 .836814E+03 .000000E+00 -.402446E-08 .000000E+00
3 .836814E+03 .000000E+00 -.224762E-07 .000000E+00
4 .836814E+03 .000000E+00 -.610799E-07 .000000E+00
5 .836814E+03 .000000E+00 -.913456E-07 .000000E+00
6 .836814E+03 .000000E+00 -.109725E-06 .000000E+00
7 .836814E+03 .000000E+00 -.110184E-06 .000000E+00
8 .836814E+03 .000000E+00 -.864822E-07 .000000E+00
9 .836814E+03 .000000E+00 -.525237E-07 .000000E+00
10 .836814E+03 .000000E+00 -.225094E-07 .000000E+00
11 .836814E+03 .000000E+00 .000000E+00  -.749643E+05
0 ELEMENT STRESSES PL.STRAIN

1 .749486E+05 .342178E-02 .000000E+00
2 .749493E+05 .409698E-02 .000000E+00
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0NN LW

9

749503E+05 .176430E-03
749499E+05 -.263309E-02
749493E+05 -.488281E-03
749484E+05 -.313091E-02
749473E+05 .119495E-02
749468E+05 .111103E-02
.749470E+05 -.154781E-02

10 .749473E+05 .689507E-03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
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Uygulanan yiik (kN/mm)

0,50

0,45

0,40

0,35

0,30

0,25

0,20

0,15

0,10

0,05

0,00

i Her biri 68.85 kN +
LF
ARy -
10*300mm=3000mm
4 )
Sonlu eleman idealizasyonu L]Z"OLQ
Kirig kesit alani
0,0 100,0 200,0 300,0 400,0 500,0 600,0

Orta noktadaki ¢okme (mm)

—e—K0=0.00006 kN/mm3 |

Sekil 5.8: Elastik zemine oturan uniform yayili yiiklii tabakasiz Timoshenko kirisi 6rnegi

134



5.2 Tabakal Elastoplastik Timoshenko Kiris Ornekleri

Tabakali kirig orneklerinde elastik zemin durumu ve kayma sekil degistirmelerini

iceren sistem rijitlik matrisi kullanilmamastir.

5.2.1 Tekil yiiklii tabakali Timoshenko Kirisi 6rnegi

P=1260 kN

== 300mm
10*300mm=3000mm v

>l »
K »

Sonlu eleman idealizasyonu 150mm

Kiris kesit alan1

Sekil 5.9:Tabakali Timoshenko kirisinde sabit tekil yiik hali

Tabakasiz kirig orneklerindeki kiris kesitin 6 tabakaya boliinerek hesap yapildigi bu

durumda, kiris katmanlari en tistteki tabakadan asagiya dogru numaralandirilir.

bs h:
b2 h2
bs hs
b4 h4
bS hS
b: he

Sekil 5.10: Tabakal kiriste tabakalara ait boyutlarin simgesel gosterimi
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Kirisin malzeme 6zellikleri;

E (Elastisite modiilii)=210 kN/mm?

v (Poisson orani1) = 0.3
Oo (Akma gerilmesi) = 0.25 kN/mm?

H' (Peklesme parametresi) = 0.0
Kirisin kesit ozellikleri;
b1:b2:b3=b4=b5=b6= 150mm

h] =h2=h3=h4=h5 =h6= 50mm
1=3000mm

Probleme ait bilgilerin programa giris listesi;
Burada girilen verilerin aciklamasi yapildigi igin formath giristeki diizen
goziikmemektedir. Aciklamalarin hemen altina formatl veri giris bi¢imi ilave

edilmistir.

11 10 2 1 17(NPROP) 2 14 2 2 6(Tabaka sayis1)

1
210.(E)  53.846 (G/1.5) 0.25 (c0) 0. (H"
300.(h) 150.(by) 50.(hy) 150.(b2)
50.(hy) 150.(bs) 50.(hs) 150.(bs)
50.(hy) 150.(bs) 50.(hs) 150.(bs)
50.(he)

Diger veriler Ornek 5.1.1°deki gibidir.

Veri girisi sonrasi alinan sonuclar;

NPOIN= 11 NELEM= 10 NBOUN= 2 NMATS= 1
NPROP= 17 NNODE= 2 NINCS= 14 NALGO= 2

NDOFN= 2 NLAYR= 6
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0 MATERIAL PROPERTIES
1
210.00000  53.84600 .25000 .00000
300.00000  150.00000  50.00000  150.00000
50.00000  150.00000  50.00000  150.00000
50.00000  150.00000  50.00000  150.00000
50.00000
0 EL NODES MAT.
11 2 1
2 2 3 1
33 41
4 4 5 1
55 6 1
6 6 7 1
7 7 8 1
8 8 9 1
9 9 10 1
10 10 11 1
0 NODE COORD.
1 .00000
2 300.00000
3 600.00000
4 900.00000
5 1200.00000
6 1500.00000
7 1800.00000
8 2100.00000
9 2400.00000
10 2700.00000
11 3000.00000
0 RES.NODE CODE PRES.VALUES CODE PRES.VALUES
1 1 .00000 0 .00000
11 1 .00000 0 .00000
0 ELEMENT NODAL LOADS
1 .00000 .00000 .00000 .00000
2 .00000 .00000 .00000 .00000
3 .00000 .00000 .00000 .00000
4 .00000 .00000 .00000 .00000
5 .00000 .00000 .00000 .00000
6 1260.00000 .00000 .00000 .00000
7 .00000 .00000 .00000 .00000
8 .00000 .00000 .00000 .00000
9 .00000 .00000 .00000 .00000
10 .00000 .00000 .00000 .00000
0 IINCS= 1 NITER= 100 NOUTP= 2 FACTO= .300000E+00 TOLER=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO= .368134E+01
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.189001E+03 .308648E-02 .000000E+00
2 .930828E+00 .000000E+00 .296301E-02 .000000E+00
3 .178758E+01 .000000E+00 .259262E-02 .000000E+00
4 249617E+01 .000000E+00 .197531E-02 .000000E+00
5 .298253E+01 .000000E+00 .111109E-02 .000000E+00
6 .317260E+01 .000000E+00 -.280374E-08 .000000E+00
7 .298253E+01 .000000E+00 -.111110E-02 .000000E+00
8 .249617E+01 .000000E+00 -.197531E-02 .000000E+00
9 .178758E+01 .000000E+00 -.259262E-02 .000000E+00
10 .930827E+00 .000000E+00 -.296301E-02 .000000E+00
11 .000000E+00  -.189000E+03 -.308648E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
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.283585E+05
.850746E+05
.141789E+06
.198499E+06
.255205E+06
.255205E+06
.198499E+06
.141788E+06
.850743E+05

.189031E+03
.189028E+03
.189022E+03
.189017E+03
.189005E+03
-.189006E+03
-.189014E+03
-.189022E+03
-.189027E+03

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .283583E+05 -.189030E+03 .000000E+00
0 ITERATION NUMBER= 2

0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .114459E-01
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.189000E+03 .308571E-02 .000000E+00
2 .930600E+00 .000000E+00 .296229E-02 .000000E+00
3 .178714E+01 .000000E+00 .259200E-02 .000000E+00
4 .249557E+01 .000000E+00 .197486E-02 .000000E+00
5 .298183E+01 .000000E+00 .111086E-02 .000000E+00
6 .317186E+01 .000000E+00 -.376121E-11 .000000E+00
7 .298183E+01 .000000E+00 -.111086E-02 .000000E+00
8 .249557E+01 .000000E+00 -.197486E-02 .000000E+00
9 .178714E+01 .000000E+00 -.259200E-02 .000000E+00
10 .930600E+00 .000000E+00 -.296229E-02 .000000E+00
11 .000000E+00  -.189000E+03 -.308571E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .283500E+05 .189000E+03 .000000E+00
2 .850500E+05 .189000E+03 .000000E+00
3 .141750E+06 .189000E+03 .000000E+00
4 .198450E+06 .189000E+03 .000000E+00
5 .255150E+06 .189000E+03 .000000E+00
6 .255150E+06 -.189000E+03 .000000E+00
7 .198450E+06 -.189000E+03 .000000E+00
8 .141750E+06 -.189000E+03 .000000E+00
9 .850500E+05 -.189000E+03 .000000E+00

10 .283500E+05 -.189000E+03 .000000E+00

0 IINCS= 2 NITER= 100 NOUTP= 2 FACTO= .200000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO= .143241E+01
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.315001E+03 .514337E-02 .000000E+00
2 .155115E+01 .000000E+00 .493763E-02 .000000E+00
3 .297886E+01 .000000E+00 .432041E-02 .000000E+00
4 415969E+01 .000000E+00 .329173E-02 .000000E+00
5 .497018E+01 .000000E+00 .185159E-02 .000000E+00
6 .528692E+01 .000000E+00 -.175840E-08 .000000E+00
7 .497018E+01 .000000E+00 -.185159E-02 .000000E+00
8 .415968E+01 .000000E+00 -.329173E-02 .000000E+00
9 .297886E+01 .000000E+00 -.432041E-02 .000000E+00
10 .155115E+01 .000000E+00 -.493763E-02 .000000E+00
11 .000000E+00  -.315000E+03 -.514336E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .472556E+05 .315021E+03 .000000E+00
2 .141766E+06 .315019E+03 .000000E+00
3 .236276E+06 .315015E+03 .000000E+00
4 .330783E+06 .315011E+03 .000000E+00
5 .425287E+06 .315003E+03 .000000E+00
6 .425287E+06 -.315004E+03 .000000E+00
7 .330782E+06 -.315011E+03 .000000E+00
8 .236275E+06 -.315016E+03 .000000E+00
9 .141766E+06 -.315019E+03 .000000E+00

138



10 .472555E+05 -.315020E+03 .000000E+00
0 ITERATION NUMBER= 2

0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .859152E-02
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.315000E+03 .514286E-02 .000000E+00
2 .155100E+01 .000000E+00 .493714E-02 .000000E+00
3 .297857E+01 .000000E+00 .432000E-02 .000000E+00
4 415929E+01 .000000E+00 .329143E-02 .000000E+00
5 .496971E+01 .000000E+00 .185143E-02 .000000E+00
6 .528643E+01 .000000E+00 .489608E-11 .000000E+00
7 .496971E+01 .000000E+00 -.185143E-02 .000000E+00
8 .415929E+01 .000000E+00 -.329143E-02 .000000E+00
9 .297857E+01 .000000E+00 -.432000E-02 .000000E+00
10 .155100E+01 .000000E+00 -.493714E-02 .000000E+00
11 .000000E+00  -.315000E+03 -.514286E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .472500E+05 .315000E+03 .000000E+00
2 .141750E+06 .315000E+03 .000000E+00
3 .236250E+06 .315000E+03 .000000E+00
4 .330750E+06 .315000E+03 .000000E+00
5 .425250E+06 .315000E+03 .000000E+00
6 .425250E+06 -.315000E+03 .000000E+00
7 .330750E+06 -.315000E+03 .000000E+00
8 .236250E+06 -.315000E+03 .000000E+00
9 .141750E+06 -.315000E+03 .000000E+00

10 .472500E+05 -.315000E+03 .000000E+00

0 IINCS= 3 NITER= 100 NOUTP= 2 FACTO= .100000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO= .597672E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.378000E+03 .617168E-02 .000000E+00
2 .186128E+01 .000000E+00 .592481E-02 .000000E+00
3 .357443E+01 .000000E+00 .518421E-02 .000000E+00
4 499134E+01 .000000E+00 .394987E-02 .000000E+00
5 .596389E+01 .000000E+00 .222179E-02 .000000E+00
6 .634396E+01 .000000E+00 -.924345E-09 .000000E+00
7 .596389E+01 .000000E+00 -.222180E-02 .000000E+00
8 .499134E+01 .000000E+00 -.394987E-02 .000000E+00
9 .357443E+01 .000000E+00 -.518421E-02 .000000E+00
10 .186128E+01 .000000E+00 -.592481E-02 .000000E+00
11 .000000E+00  -.378000E+03 -.617168E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .567028E+05 .378010E+03 .000000E+00
2 .170108E+06 .378010E+03 .000000E+00
3 .283513E+06 .378008E+03 .000000E+00
4 .396917E+06 .378005E+03 .000000E+00
5 .510318E+06 .378002E+03 .000000E+00
6 .510318E+06 -.378003E+03 .000000E+00
7 .396916E+06 -.378005E+03 .000000E+00
8 .283513E+06 -.378008E+03 .000000E+00
9 .170108E+06 -.378009E+03 .000000E+00
10 .567027E+05 -.378010E+03 .000000E+00
0 ITERATION NUMBER= 2
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .776480E-02

0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.378000E+03 .617143E-02 .000000E+00
2 .186120E+01 .000000E+00 .592457E-02 .000000E+00
3 .357429E+01 .000000E+00 .518400E-02 .000000E+00
4 499114E+01 .000000E+00 .394971E-02 .000000E+00
5 .596366E+01 .000000E+00 .222171E-02 .000000E+00
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6 .634372E+01
7 .596366E+01
8 .499114E+01
9 .357429E+01
10 .186120E+01
11 .000000E+00
0 ELEMENT

.000000E+00 -.196708E-09
.000000E+00 -.222171E-02
.000000E+00 -.394971E-02
.000000E+00 -.518400E-02
.000000E+00 -.592457E-02
-.378000E+03 -.617143E-02

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

STRESSES

O 001N N AW~

.567000E+05
.170100E+06
.283500E+06
.396900E+06
.510300E+06
.510300E+06
.396900E+06
.283500E+06
.170100E+06

.378000E+03
.378000E+03
.378000E+03
.378000E+03
.378000E+03
-.378000E+03
-.378000E+03
-.378000E+03
-.378000E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .567000E+05 -.378000E+03 .000000E+00

0 IINCS= 4 NITER= 100 NOUTP= 2 FACTO= .100000E+00 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO= .515248E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.441000E+03 .720026E-02 .000000E+00
2 .217148E+01 .000000E+00 .691224E-02 .000000E+00
3 .417015E+01 .000000E+00 .604821E-02 .000000E+00
4 .582320E+01 .000000E+00 .460815E-02 .000000E+00
5 .695784E+01 .000000E+00 .259208E-02 .000000E+00
6 .740125E+01 .000000E+00 -.977916E-09 .000000E+00
7 .695783E+01 .000000E+00 -.259208E-02 .000000E+00
8 .582320E+01 .000000E+00 -.460815E-02 .000000E+00
9 .417014E+01 .000000E+00 -.604821E-02 .000000E+00
10 .217148E+01 .000000E+00 -.691224E-02 .000000E+00
11 .000000E+00  -.441000E+03 -.720025E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .661528E+05 .441010E+03 .000000E+00
2 .198458E+06 .441010E+03 .000000E+00
3 .330763E+06 .441007E+03 .000000E+00
4 .463066E+06 .441005E+03 .000000E+00
5 .595368E+06 .441002E+03 .000000E+00
6 .595368E+06 -.441002E+03 .000000E+00
7 .463066E+06 -.441005E+03 .000000E+00
8 .330763E+06 -.441008E+03 .000000E+00
9 .198458E+06 -.441009E+03 .000000E+00
10 .661528E+05 -.441010E+03 .000000E+00
0 ITERATION NUMBER= 2
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .105389E-01

0 NODE DISPL. REACTION  DISPL. REACTION

1 .000000E+00  -.441000E+03 .720000E-02 .000000E+00
2 .217140E+01 .000000E+00 .691200E-02 .000000E+00
3 .417000E+01 .000000E+00 .604800E-02 .000000E+00
4 .582300E+01 .000000E+00 .460800E-02 .000000E+00
5 .695760E+01 .000000E+00 .259200E-02 .000000E+00
6 .740100E+01 .000000E+00 -.271079E-09 .000000E+00
7 .695760E+01 .000000E+00 -.259200E-02 .000000E+00
8 .582300E+01 .000000E+00 -.460800E-02 .000000E+00
9 .417000E+01 .000000E+00 -.604800E-02 .000000E+00
10 .217140E+01 .000000E+00 -.691200E-02 .000000E+00
11 .000000E+00  -.441000E+03 -.720000E-02 .000000E+00

0 ELEMENT STRESSES PL.STRAIN
1 .661500E+05 .441000E+03 .000000E+00
2 .198450E+06 .441000E+03 .000000E+00
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.330750E+06 .441000E+03
463050E+06 .441000E+03
.595350E+06 .441000E+03
.595350E+06 -.441000E+03
463050E+06 -.441000E+03
.330750E+06 -.441000E+03 .000000E+00

.198450E+06 -.441000E+03 .000000E+00

10 .661500E+05 -.441000E+03 .000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

O 00 1O\ LN B~ W

0 IINCS= 5 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .238967E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.472500E+03 .771441E-02 .000000E+00
2 .232654E+01 .000000E+00 .740584E-02 .000000E+00
3 .446793E+01 .000000E+00 .648010E-02 .000000E+00
4 .623903E+01 .000000E+00 .493722E-02 .000000E+00
5 .745469E+01 .000000E+00 .277718E-02 .000000E+00
6 .792977E+01 .000000E+00 -.539610E-09 .000000E+00
7 T45469E+01 .000000E+00 -.277718E-02 .000000E+00
8 .623903E+01 .000000E+00 -.493722E-02 .000000E+00
9 .446793E+01 .000000E+00 -.648010E-02 .000000E+00
10 .232654E+01 .000000E+00 -.740583E-02 .000000E+00
11 .000000E+00  -.472500E+03 -.771441E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .708764E+05 .472505E+03 .000000E+00
2 .212629E+06 .472505E+03 .000000E+00
3 .354381E+06 .472504E+03 .000000E+00
4 .496133E+06 .472503E+03 .000000E+00
5 .637884E+06 .472501E+03 .000000E+00
6 .637884E+06 -.472501E+03 .000000E+00
7 .496133E+06 -.472503E+03 .000000E+00
8 .354381E+06 -.472504E+03 .000000E+00
9 .212629E+06 -.472505E+03 .000000E+00
10 .708764E+05 -.472505E+03 .000000E+00
0 IINCS= 6 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO= .197674E+04
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.504000E+03 .822870E-02 .000000E+00
2 .248164E+01 .000000E+00 .789955E-02 .000000E+00
3 .476579E+01 .000000E+00 .691210E-02 .000000E+00
4 .665496E+01 .000000E+00 .526636E-02 .000000E+00
5 .795166E+01 .000000E+00 .296233E-02 .000000E+00
6 .845841E+01 .000000E+00 -.615301E-09 .000000E+00
7 .795166E+01 .000000E+00 -.296233E-02 .000000E+00
8 .665496E+01 .000000E+00 -.526636E-02 .000000E+00
9 .476579E+01 .000000E+00 -.691210E-02 .000000E+00
10 .248164E+01 .000000E+00 -.789955E-02 .000000E+00
11 .000000E+00  -.504000E+03 -.822870E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .756014E+05 .504005E+03 .000000E+00
2 .226804E+06 .504005E+03 .000000E+00
3 .378006E+06 .504004E+03 .000000E+00
4 .529208E+06 .504003E+03 .000000E+00
5 .663153E+06 .504001E+03 .000000E+00
6 .663153E+06 -.504001E+03 .000000E+00
7 .529208E+06 -.504002E+03 .000000E+00
8 .378006E+06 -.504004E+03 .000000E+00
9 .226804E+06 -.504005E+03 .000000E+00

10 .756014E+05 -.504005E+03 .000000E+00
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0

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.504000E+03 .849157E-02 .000000E+00
2 .256050E+01 .000000E+00 .816243E-02 .000000E+00
3 .492351E+01 .000000E+00 .717499E-02 .000000E+00
4 .689155E+01 .000000E+00 .552926E-02 .000000E+00
5 .826712E+01 .000000E+00 .322524E-02 .000000E+00
6 .881331E+01 .000000E+00 -.148287E-09 .000000E+00
7 .826713E+01 .000000E+00 -.322524E-02 .000000E+00
8 .689155E+01 .000000E+00 -.552926E-02 .000000E+00
9 .492351E+01 .000000E+00 -.717499E-02 .000000E+00
10 .256050E+01 .000000E+00 -.816242E-02 .000000E+00
11 .000000E+00  -.504000E+03 -.849157E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .756007E+05 .504003E+03 .000000E+00
2 .226802E+06 .504003E+03 .000000E+00
3 .378004E+06 .504003E+03 .000000E+00
4 .529205E+06 .504003E+03 .000000E+00
5 .680406E+06 .504001E+03 .000000E+00
6 .680406E+06 -.504001E+03 .000000E+00
7 .529205E+06 -.504003E+03 .000000E+00
8 .378004E+06 -.504003E+03 .000000E+00
9 .226802E+06 -.504003E+03 .000000E+00
10 .756007E+05 -.504003E+03 .000000E+00
0 IINCS= 7 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .458286E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.535500E+03 .946905E-02 .000000E+00
2 .285456E+01 .000000E+00 .911933E-02 .000000E+00
3 .549928E+01 .000000E+00 .807015E-02 .000000E+00
4 772433E+01 .000000E+00 .632152E-02 .000000E+00
5 .931988E+01 .000000E+00 .387345E-02 .000000E+00
6 .996720E+01 .000000E+00 -.956933E-09 .000000E+00
7 .931988E+01 .000000E+00 -.387345E-02 .000000E+00
8 772433E+01 .000000E+00 -.632152E-02 .000000E+00
9 .549928E+01 .000000E+00 -.807015E-02 .000000E+00
10 .285456E+01 .000000E+00 -.911933E-02 .000000E+00
11 .000000E+00  -.535500E+03 -.946905E-02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .803277E+05 .535510E+03 .000000E+00
2 .240983E+06 .535509E+03 .000000E+00
3 .401638E+06 .535508E+03 .000000E+00
4 .562292E+06 .535507E+03 .000000E+00
5 .722945E+06 .535503E+03 .000000E+00
6 .722945E+06 -.535504E+03 .000000E+00
7 .562292E+06 -.535507E+03 .000000E+00
8 .401638E+06 -.535508E+03 .000000E+00
9 .240983E+06 -.535509E+03 .000000E+00
10 .803276E+05 -.535510E+03 .000000E+00
0 IINCS= 8 NITER= 100 NOUTP= 2 FACTO= .500000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO= .425359E+00
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.567000E+03 .104462E-01 .000000E+00
2 .314852E+01 .000000E+00 .100759E-01 .000000E+00
3 .607485E+01 .000000E+00 .896501E-02 .000000E+00
4 .855683E+01 .000000E+00 .711352E-02 .000000E+00
5 .103723E+02 .000000E+00 .452145E-02 .000000E+00

ITERATION NUMBER= 2
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.147266E+00



6
7
8
9

10
11

.111207E+02
.103723E+02
.855683E+01
.607485E+01
.314852E+01
.000000E+00

.000000E+00 -
.000000E+00 -
.000000E+00 -
.000000E+00 -

.596281E-09
452145E-02
711352E-02
.896501E-02

.000000E+00 -.100759E-01
-.567000E+03 -.104462E-01

0 ELEMENT

STRESSES

O 001N N AW

.850527E+05
.255158E+06
425263E+06
.595367E+06
.765470E+06
.765470E+06
.595367E+06
425263E+06
.255158E+06

.567010E+03
.567009E+03
.567008E+03
.567008E+03
.567002E+03
-.567004E+03
-.567007E+03
-.567009E+03
-.567009E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .850526E+05 -.567010E+03 .000000E+00

SO oo

1

O 01NN WwWw

10
11

IINCS=

.000000E+00
.326601E+01
.630491E+01
.888959E+01
.107929E+02
.115818E+02
.107929E+02
.888959E+01
.630491E+01
.326601E+01
.000000E+00

9 NITER= 100 NOUTP=
ITERATION NUMBER= 1
CONVERGENCE CODE=

NODE DISPL.

REACTION
-.579600E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

-.579600E+03

DISPL.
.108368E-01
.104582E-01
.932269E-02
.743009E-02
A4T78047E-02

-.115786E-08
-.478047E-02
-.743010E-02
-.932269E-02
-.104582E-01
-.108368E-01

2 FACTO=

0 ELEMENT

STRESSES

1

(=R RN Mo NIV, NN N S

.869411E+05
.260823E+06
434705E+06
.608587E+06
181372E+06
J181372E+06
.608587E+06
434705E+06
.260823E+06

.579604E+03
.579604E+03
.579604E+03
.579603E+03
.579601E+03
-.579601E+03
-.579603E+03
-.579603E+03
-.579604E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .869411E+05 -.579604E+03 .000000E+00
0 ITERATION NUMBER= 2

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.579600E+03 .110031E-01
2 .331592E+01 .000000E+00 .106246E-01
3 .640474E+01 .000000E+00 .948907E-02
4 .903933E+01 .000000E+00 .759649E-02
5 .109926E+02 .000000E+00 .494687E-02
6 .118064E+02 .000000E+00 -.186900E-08
7 .109926E+02 .000000E+00 -.494687E-02
8 .903933E+01 .000000E+00 -.759649E-02
9 .640474E+01 .000000E+00 -.948907E-02
10 .331592E+01 .000000E+00 -.106246E-01
11 .000000E+00  -.579600E+03 -.110031E-01
0 ELEMENT STRESSES PL.STRAIN

1

.869405E+05 .579602E+03 .000000E+00
2 .260821E+06 .579602E+03 .000000E+00

143

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.200000E-01 TOLER=

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

0 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.109134E+03

.500000E+00

.783295E-01



A434702E+06 .579602E+03
.608583E+06 .579602E+03
[182464E+06 .579601E+03
[182464E+06 -.579601E+03
.608583E+06 -.579602E+03
434702E+06 -.579602E+03 .000000E+00
.260821E+06 -.579602E+03 .000000E+00
10 .869404E+05 -.579602E+03 .000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

O 001NN b~ W

0 IINCS= 10 NITER= 100 NOUTP= 2 FACTO= .200000E-01 TOLER= .500000E+00
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO= .125104E+01
0 NODE DISPL. REACTION  DISPL. REACTION

1 .000000E+00  -.592201E+03 .137362E-01 .000000E+00

2 413617E+01 .000000E+00 .133494E-01 .000000E+00

3 .804028E+01 .000000E+00 .121891E-01 .000000E+00

4 .114803E+02 .000000E+00 .102552E-01 .000000E+00

5 .142240E+02 .000000E+00 .754781E-02 .000000E+00

6 .154295E+02 .000000E+00 -.264980E-07 .000000E+00

7 .142240E+02 .000000E+00 -.754781E-02 .000000E+00

8 .114803E+02 .000000E+00 -.102552E-01 .000000E+00

9 .804028E+01 .000000E+00 -.121891E-01 .000000E+00

10 .413617E+01 .000000E+00 -.133494E-01 .000000E+00

11 .000000E+00  -.592200E+03 -.137362E-01 .000000E+00
0 ELEMENT STRESSES PL.STRAIN

1 .888376E+05 .592228E+03 .000000E+00

2 .266513E+06 .592228E+03 .000000E+00

3 .444188E+06 .592227E+03 .000000E+00

4 .621862E+06 .592228E+03 .000000E+00

5 .799533E+06 .592212E+03 .000000E+00

6 .799532E+06 -.592214E+03 .000000E+00

7 .621862E+06 -.592229E+03 .000000E+00

8 .444187E+06 -.592226E+03 .000000E+00

9 .266512E+06 -.592227E+03 .000000E+00

10 .888373E+05 -.592227E+03 .000000E+00
0 ITERATION NUMBER= 2
0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO= .208280E+03

0 NODE DISPL.

1

O 00O\ B~ Wi

10
11

.000000E+00
413314E+01
.803424E+01
.114713E+02
.142121E+02
.154162E+02
.142121E+02
.114713E+02
.803424E+01

413314E+01
.000000E+00

REACTION
-.592200E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
-.592200E+03

DISPL.
.137261E-01
.133394E-01
.121791E-01
.102454E-01
.753824E-02
.256866E-08

-.7153824E-02

-.102454E-01

-.121792E-01

-.133394E-01
-.137261E-01

0 ELEMENT

STRESSES

0

1

O 001N B~ W

.888300E+05
.266490E+06
.444150E+06
.621810E+06
J197327E+06
197340E+06
.621810E+06
.444150E+06
.266490E+06

.592200E+03
.592200E+03
.592200E+03
.592200E+03
.592200E+03
-.592200E+03
-.592200E+03
-.592200E+03
-.592200E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .888300E+05 -.592200E+03 .000000E+00

ITERATION NUMBER= 3

144

REACTION
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00



0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

0NN AW =

9
10
11

.000000E+00
423122E+01
.823038E+01
117655E+02
.146044E+02
.158573E+02
.146041E+02
.117653E+02
.823026E+01
423115E+01
.000000E+00

REACTION
-.592200E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.140530E-01
.136663E-01
.125060E-01
.105723E-01
.786507E-02

.000000E+00 -.922331E-06
.000000E+00 -.786487E-02
.000000E+00 -.105721E-01
.000000E+00 -.125058E-01
.000000E+00 -.136661E-01
-.592200E+03 -.140528E-01

0 ELEMENT

STRESSES

1

O 001NN Wi

.888309E+05
.266493E+06
444155E+06
.621816E+06

.801621E+06

.592203E+03
.592203E+03
.592203E+03
.592203E+03
.592201E+03

.801607E+06 -.592202E+03
.621816E+06 -.592203E+03
444154E+06 -.592203E+03
.266493E+06 -.592203E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .888309E+05 -.592203E+03 .000000E+00
0 ITERATION NUMBER= 4

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

O 00O LN W=

10
11

.000000E+00
413279E+01
.803354E+01
.114702E+02
.142107E+02
.154146E+02
.142107E+02
.114702E+02
.803354E+01

413279E+01
.000000E+00

REACTION
-.592200E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.137249E-01

.133382E-01
.121780E-01
.102443E-01
J153712E-02
.502786E-08

.000000E+00 -.753712E-02
.000000E+00 -.102443E-01
.000000E+00 -.121780E-01
.000000E+00 -.133382E-01
-.592200E+03 -.137249E-01

0 ELEMENT

STRESSES

1

O 0N N bW

.888291E+05
.266487E+06
444145E+06
.621804E+06
.726081E+06

.592196E+03
.592197E+03
.592197E+03
.592197E+03
.592198E+03

.7126540E+06 -.592198E+03
.621804E+06 -.592197E+03
444146E+06 -.592197E+03
.266487E+06 -.592197E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .888291E+05 -.592197E+03 .000000E+00
0 ITERATION NUMBER= 5

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.592205E+03 .249185E-01
2 .749085E+01 .000000E+00 .245316E-01
3 .147496E+02 .000000E+00 .233710E-01
4 215440E+02 .000000E+00 .214366E-01
5 .276421E+02 .000000E+00 .187284E-01
6 .305200E+02 .000000E+00 -.316307E-04
7 .276337E+02 .000000E+00 -.187214E-01
8 .215377E+02 .000000E+00 -.214296E-01

145

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00

.208335E+03

J713193E+04

429344E+04



9
10
11

.147453E+02
.748874E+01
.000000E+00

.000000E+00
.000000E+00

-.233639E-01
-.245246E-01

-.592200E+03 -.249114E-01

0 ELEMENT

STRESSES

O 00 J O\ N Wi —

.888609E+05
.266583E+06
.444305E+06
.622027E+06
.843750E+06
.843750E+06
.622024E+06
.444303E+06
.266581E+06

.592317E+03
.592317E+03
.592310E+03
.592312E+03
.592255E+03
-.592270E+03
-.592308E+03
-.592317E+03
-.592308E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .888601E+05 -.592312E+03 .000000E+00
0 ITERATION NUMBER= 6

0 CONVERGENCE CODE=

0 NODE DISPL.

1

O 001N L B~ W

10
11

.000000E+00
.562139E+03
.112403E+04
.168543E+04
.224610E+04
.252372E+04
.224160E+04
.168206E+04
112178E+04
.561014E+03
.000000E+00

REACTION
-.593061E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

-.592758E+03

DISPL.
.187375E+01
.187334E+01
.187211E+401
.187007E+01
.186720E+01

-.168719E-01
-.186345E+01
-.186632E+01
-.186836E+01
-.186959E+01
-.187000E+01

0 ELEMENT

STRESSES

1

O 01N N W

9398 12E+05

.281916E+06
469851E+06
.656689E+06
.843750E+06
.843750E+06
.656673E+06
469849E+06
.281832E+06

.611537E+03
.611955E+03
.611161E+03
.611141E+03
.601170E+03
-.600514E+03
-.611422E+03
-.611741E+03
-.610982E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .939256E+05 -.611289E+03 .000000E+00
0 ITERATION NUMBER= 7

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.594414E+03 .357820E+01
2 .107347E+04 .000000E+00 .357779E+01
3 .214670E+04 .000000E+00 .357657E+01
4 .321944E+04 .000000E+00 .357453E+01
5 .429144E+04 .000000E+00 .357165E+01
6 .482696E+04 .000000E+00 -.205089E-02
7 .429090E+04 .000000E+00 -.357120E+01
8 .321903E+04 .000000E+00 -.357407E+01
9 .214643E+04 .000000E+00 -.357611E+01
10 .107334E+04 .000000E+00 -.357733E+01
11 .000000E+00  -.593303E+03 -.357774E+01
0 ELEMENT STRESSES PL.STRAIN
1 .937621E+05 .611518E+03 .000000E+00
2 .281122E+06 .610536E+03 .000000E+00
3 .468510E+06 .610801E+03 .000000E+00
4 .657174E+06 .610687E+03 .000000E+00
5 .843750E+06 .600417E+03 .000000E+00
6 .843750E+06 -.601277E+03 .000000E+00

146

.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.898786E+03

.942732E+03



0

0 CONVERGENCE CODE=

7 .656931E+06 -.610007E+03 .000000E+00
8 .468233E+06 -.611123E+03 .000000E+00
9 .280847E+06 -.610281E+03 .000000E+00
10 .936518E+05 -.610331E+03 .000000E+00
ITERATION NUMBER= 8

0 NODE DISPL.

0 ELEMENT

0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

O 001N N AW~

10
11

O 00 1N N Wi~

.000000E+00
.158481E+04
.316937E+04
475345E+04
.633679E+04
.713019E+04
.634019E+04
475600E+04
.317108E+04
.158566E+04
.000000E+00

.937621E+05
.281122E+06
46853 7E+06
.657147E+06
.843750E+06
.843750E+06

REACTION
-.593603E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.528265E+01
.528224E+01
.528102E+01
.527898E+01
.527611E+01
127737E-01

STRESSES
.610752E+03
.610755E+03
.611658E+03
.610558E+03
.601274E+03

-.599763E+03

.000000E+00 -.527895E+01
.000000E+00 -.528182E+01
.000000E+00 -.528385E+01
.000000E+00 -.528508E+01
-.593303E+03 -.528549E+01
PL.STRAIN
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.656903E+06 -.610098E+03
468233E+06 -.610372E+03
.280874E+06 -.611357E+03

.000000E+00
.000000E+00
.000000E+00

10 .936244E+05 -.610421E+03 .000000E+00
ITERATION NUMBER= 9

0 NODE DISPL.

0 ELEMENT

S oo

O 001NN AW —

10
11

1

O 01NN W

.000000E+00
.209614E+04
419204E+04
.628745E+04
.838213E+04
.943343E+04
.838949E+04
.629297E+04
419572E+04
.209798E+04
.000000E+00

.936800E+05
.281150E+06
468537E+06
.657205E+06
.843750E+06
.843750E+06

REACTION
-.593542E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
.698710E+01
.698669E+01
.698547E+01
.698343E+01
.698056E+01
.276080E-01

STRESSES
.610665E+03
.610873E+03
.610687E+03
.610310E+03
.600223E+03

-.600710E+03

.000000E+00 -.698670E+01
.000000E+00 -.698956E+01
.000000E+00 -.699160E+01
.000000E+00 -.699283E+01
-.593303E+03 -.699323E+01
PL.STRAIN
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.656946E+06 -.610955E+03
468233E+06 -.610795E+03
.280874E+06 -.610302E+03

.000000E+00
.000000E+00
.000000E+00

10 .936244E+05 -.610352E+03 .000000E+00
ITERATION NUMBER= 10

CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

NODE DISPL. REACTION
1 .000000E+00  -.593975E+03
2 .260748E+04 .000000E+00
3 .521471E+04 .000000E+00

DISPL.
.869155E+01
.869114E+01
.868992E+01

147

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00

.940630E+03

.947162E+03

.961740E+03



O 003NN

10
11

[182146E+04
.104275E+05
.117367E+05
.104388E+05
[182995E+04
.522037E+04
.261031E+04
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.870057E+01
-.593303E+03 -.870098E+01

.868788E+01

.868501E+01

424508E-01
-.869444E+01
-.869731E+01
-.869935E+01

0 ELEMENT

STRESSES

1

O 00 J N U B~ W

.937621E+05
.281204E+06
.468592E+06
.657068E+06
.843750E+06
.843750E+06
.656892E+06
.468233E+06
.280874E+06

.611010E+03
.610953E+03
.609867E+03
.610042E+03
.601287E+03
-.599279E+03
-.610512E+03
-.609655E+03
-.610641E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.000000E+00
.000000E+00

10 .936518E+05 -.610546E+03 .000000E+00
0 ITERATION NUMBER= 11

0 CONVERGENCE CODE=

0 NODE DISPL.

0NN AW —

9
10
11

.000000E+00
.311881E+04
.623738E+04
.935546E+04
.124728E+05
.140399E+05
.124881E+05
.936692E+04
.624502E+04
.312263E+04
.000000E+00

REACTION
-.593858E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.104083E+02
-.593303E+03 -.104087E+02

DISPL.
.103960E+02
.103956E+02
.103944E+02
.103923E+02
.103895E+02
.572994E-01

-.104022E+02
-.104051E+02
-.104071E+02

0 ELEMENT

STRESSES

1

O 00 J N U B~ W

937347E+05
.281150E+06
.468537E+06
.657260E+06
.843750E+06
.843750E+06
.656970E+06
.468233E+06
.280874E+06

.611058E+03
.610568E+03
.611122E+03
.610277E+03
.601372E+03
-.601036E+03
-.610521E+03
-.609929E+03
-.610421E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936244E+05 -.610471E+03 .000000E+00
0 ITERATION NUMBER= 12

0 CONVERGENCE CODE=

.000000E+00 -.121161E+02
-.593303E+03 -.121165E+02

0 NODE DISPL. REACTION
1 .000000E+00  -.593909E+03
2 .363015E+04 .000000E+00
3 .726006E+04 .000000E+00
4 .108895E+05 .000000E+00
5 .145182E+05 .000000E+00
6 .163431E+05 .000000E+00
7 .145374E+05 .000000E+00
8 .109039E+05 .000000E+00
9 .726967E+04 .000000E+00
10 .363496E+04
11 .000000E+00

0 ELEMENT STRESSES

1

DISPL.
.121005E+02
.121000E+02
.120988E+02
.120968E+02
.120939E+02
J121170E-01

-.121099E+02
-.121128E+02
-.121148E+02

PL.STRAIN

.937074E+05 .611067E+03 .000000E+00

148

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.946988E+03

.940865E+03



0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

O 001N LN AW

.281095E+06
468537E+06
.656932E+06
.843750E+06
.843750E+06
.656833E+06
.468233E+06
.280874E+06

.611131E+03
.610410E+03
.610789E+03
.600913E+03
-.601097E+03
-.610681E+03
-.609825E+03
-.610810E+03

ITERATION NUMBER= 13

0 NODE DISPL.

1

O 03NN WwWN

10
11

.000000E+00
414149E+04
.828273E+04
.124235E+05
.165635E+05
.186464E+05
.165867E+05
.124409E+05
.829432E+04

414728E+04
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00

.000000E+00
10 .936518E+05 -.610716E+03 .000000E+00

REACTION
-.593943E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.138238E+02
-.593303E+03 -.138242E+02

DISPL.
.138049E+02
.138045E+02
.138033E+02
.138012E+02
.137984E+02
.869437E-01

-.138177E+02
-.138206E+02
-.138226E+02

0 ELEMENT

STRESSES

0

0 CONVERGENCE CODE=

O 001N N Wi~

.937347E+05
.281122E+06
468592E+06
.657409E+06
.843750E+06
.843750E+06
.657032E+06
468233E+06
.280874E+06

.611050E+03
.610909E+03
.610375E+03
.609605E+03
.601023E+03
-.599180E+03
-.609786E+03
-.610010E+03
-.610502E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936244E+05 -.610552E+03 .000000E+00
ITERATION NUMBER= 14

0 NODE DISPL.

0 ELEMENT

0

1

O 00NN bW

10
11

1

O 01NN W

.000000E+00
465282E+04
.930540E+04
.139575E+05
.186088E+05
.209496E+05
.186360E+05
.139778E+05
.931896E+04

465960E+04
.000000E+00

.281122E+06
468565E+06
.656587E+06
.843750E+06
.843750E+06
.656676E+06
.468206E+06
.280847E+06

STRESSES
.937074E+05

REACTION
-.593979E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO

DISPL.
.155094E+02
.155089E+02
.155077E+02
.155057E+02
.155028E+02
.101773E+00

.000000E+00 -.155254E+02
.000000E+00 -.155283E+02
.000000E+00 -.155303E+02

.000000E+00 -.155316E+02
-.593303E+03 -.155320E+02
PL.STRAIN

.611133E+03
.610848E+03
.609923E+03
.611084E+03
.600853E+03
-.600371E+03
-.610643E+03
-.610917E+03
-.610712E+03

ITERATION NUMBER= 15

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
10 .936518E+05 -.610762E+03 .000000E+00

149

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.969131E+03

.939722E+03



0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

0NN B WN —

9
10
11

.000000E+00
.516416E+04
.103281E+05
.154915E+05

.206542E+05
.232528E+05
.206853E+05
.155148E+05
.103436E+05

517193E+04
.000000E+00

REACTION
-.594327E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
172138E+02
172134E+02
172122E+02
.172101E+02

.172073E+02
.116604E+00

.000000E+00 -.172332E+02
.000000E+00 -.172360E+02
.000000E+00 -.172381E+02

.000000E+00 -.172393E+02
-.593303E+03 -.172397E+02

0 ELEMENT

STRESSES

1

O 00NN B~ W

937895E+05
.281150E+06
.468510E+06
.657753E+06
.843750E+06
.843750E+06
.657189E+06
.468233E+06
.280874E+06

.611381E+03
.610688E+03
.610604E+03
.611319E+03
.601806E+03
-.601775E+03
-.609528E+03
-.609821E+03
-.610806E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936518E+05 -.610712E+03 .000000E+00
0 ITERATION NUMBER= 16

0 CONVERGENCE CODE=

0 NODE DISPL.

O 001NN B W —

10
11

0 ELEMENT

1

O 001N U B~ W

.000000E+00
.567549E+04
.113507E+05
.170255E+05
.226995E+05
.255561E+05
.227346E+05
.170518E+05
.113683E+05

.568425E+04
.000000E+00

REACTION
-.594268E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
189183E+02

.189179E+02
.189166E+02
.189146E+02
.189117E+02
.131438E+00

.000000E+00 -.189409E+02
.000000E+00 -.189438E+02
.000000E+00 -.189458E+02

.000000E+00 -.189471E+02
-.593303E+03 -.189475E+02
STRESSES
937347E+05
.281095E+06
.468537E+06
.655754E+06
.843750E+06
.843750E+06
.656258E+06
468233E+06
.280874E+06

.611454E+03
.610676E+03
.610695E+03
.610870E+03
.601573E+03
-.601673E+03
-.609971E+03
-.610245E+03
-.610737E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936244E+05 -.610787E+03 .000000E+00
0 ITERATION NUMBER= 17

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

0NN N B W~

.000000E+00
.618683E+04
.123734E+05
.185595E+05
.247449E+05
.278593E+05
.247839E+05
.185888E+05

REACTION
-.593894E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -
.000000E+00 -

DISPL.

.206227E+02
.206223E+02
.206211E+02
.206190E+02
.206161E+02
.146275E+00
.206487E+02
.206515E+02

150

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.945441E+03

.943476E+03

97497TTE+03



9
10
11

0 ELEMENT

O 001N LN AW =

.123929E+05
.619658E+04
.000000E+00

.937621E+05
.281122E+06
46853 7E+06
.658614E+06
.843750E+06
.843750E+06
.657596E+06
.468233E+06
.280874E+06

.000000E+00 -.206536E+02
.000000E+00 -.206548E+02
-.593303E+03 -.206552E+02
STRESSES

.611040E+03
.611044E+03
.610714E+03
.610206E+03
.600594E+03
-.599236E+03
-.610306E+03
-.609991E+03
-.610483E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936518E+05 -.610388E+03 .000000E+00
0 ITERATION NUMBER= 18

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1

O 0NN W

10
11

.000000E+00
.669816E+04
.133961E+05
.200935E+05
.267902E+05
.301625E+05
.268332E+05
.201257E+05
.134176E+05
.670890E+04
.000000E+00

REACTION
-.593683E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.223626E+02
-.593303E+03 -.223630E+02

DISPL.
.223272E+02
.223268E+02
.223255E+402
.223235E+02
.223206E+02
.161103E+00

-.223564E+02
-.223593E+02
-.223613E+02

0 ELEMENT

STRESSES

1

O 0 IO\ N B W

.936800E+05
281177E+06
468537E+06
.653575E+06
.843750E+06
.843750E+06
.655268E+06
.468233E+06
.280874E+06

.610730E+03
.611083E+03
.611288E+03
.609840E+03
.600900E+03
-.600738E+03
-.608771E+03
-.609887E+03
-.611365E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936244E+05 -.610429E+03 .000000E+00
0 ITERATION NUMBER= 19

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.593985E+03 .240316E+02
2 .720950E+04 .000000E+00 .240312E+02
3 .144188E+05 .000000E+00 .240300E+02
4 216275E+05 .000000E+00 .240280E+02
5 .288356E+05 .000000E+00 .240250E+02
6 .324658E+05 .000000E+00 .175940E+00
7 .288825E+05 .000000E+00 -.240642E+02
8 .216627E+05 .000000E+00 -.240670E+02
9 .144422E+05 .000000E+00 -.240691E+02
10 .722123E+04 .000000E+00 -.240703E+02
11 .000000E+00  -.593303E+03 -.240707E+02
0 ELEMENT STRESSES PL.STRAIN
1 .937347E+05 .611177E+03 .000000E+00
2 .281122E+06 .610543E+03 .000000E+00
3 .468592E+06 .610995E+03 .000000E+00
4 .660773E+06 .609720E+03 .000000E+00
5 .843750E+06 .600342E+03 .000000E+00
6 .843750E+06 -.602392E+03 .000000E+00

151

.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.102228E+04

.102590E+04



0 ITERATION NUMBER= 20
0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.593742E+03 .257361E+02 .000000E+00
2 7T72083E+04 .000000E+00 .257357E+02 .000000E+00
3 .154414E+05 .000000E+00 .257344E+02 .000000E+00
4 .231615E+05 .000000E+00 .257324E+02 .000000E+00
5 .308809E+05 .000000E+00 .257295E+02 .000000E+00
6 .347690E+05 .000000E+00 .190770E+00 .000000E+00
7 .309318E+05 .000000E+00 -.257719E+02 .000000E+00
8 .231997E+05 .000000E+00 -.257748E+02 .000000E+00
9 .154669E+05 .000000E+00 -.257768E+02 .000000E+00
10 .773355E+04 .000000E+00 -.257780E+02 .000000E+00
11 .000000E+00  -.593303E+03 -.257785E+02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .937074E+05 .610848E+03 .000000E+00
2 281122E+06 .611055E+03 .000000E+00
3 .468565E+06 .610870E+03 .000000E+00
4 .648150E+06 .610901E+03 .000000E+00
5 .843750E+06 .600838E+03 .000000E+00
6 .843750E+06 -.601692E+03 .000000E+00
7 .652765E+06 -.609637E+03 .000000E+00
8 .468206E+06 -.610898E+03 .000000E+00
9 .280847E+06 -.610200E+03 .000000E+00
10 .936518E+05 -.610250E+03 .000000E+00
0 ITERATION NUMBER= 21
0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.594054E+03 .274405E+02 .000000E+00
2 .823218E+04 .000000E+00 .274401E+02 .000000E+00
3 .164641E+05 .000000E+00 .274389E+02 .000000E+00
4 .246956E+05 .000000E+00 .274369E+02 .000000E+00
5 .329262E+05 .000000E+00 .274339E+02 .000000E+00
6 .370722E+05 .000000E+00 .205636E+00 .000000E+00
7 .329811E+05 .000000E+00 -.274796E+02 .000000E+00
8 .247367E+05 .000000E+00 -.274825E+02 .000000E+00
9 .164915E+05 .000000E+00 -.274846E+02 .000000E+00
10 .824588E+04 .000000E+00 -.274858E+02 .000000E+00
11 .000000E+00  -.593303E+03 -.274862E+02 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 .937621E+05 .611171E+03 .000000E+00
2 .281204E+06 .610622E+03 .000000E+00
3 .468565E+06 .610131E+03 .000000E+00
4 .666202E+06 .610348E+03 .000000E+00
5 .843750E+06 .599732E+03 .000000E+00
6 .843750E+06 -.600335E+03 .000000E+00
7 .661093E+06 -.610076E+03 .000000E+00
8 .468233E+06 -.610276E+03 .000000E+00
9 .280874E+06 -.610768E+03 .000000E+00

S oo

7 .658597E+06 -.610506E+03 .000000E+00
8 .468206E+06 -.611568E+03 .000000E+00
9 .280847E+06 -.610377E+03 .000000E+00
10 .936518E+05 -.610427E+03 .000000E+00

10 .936518E+05 -.610673E+03 .000000E+00
ITERATION NUMBER= 22

CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

NODE DISPL.

1
2
3

.000000E+00
.874350E+04
.174868E+05

REACTION
-.593926E+03
.000000E+00
.000000E+00

DISPL.
.291450E+02
.291446E+02
.291433E+02

152

REACTION

.000000E+00
.000000E+00
.000000E+00

132725E+04

.138270E+04

.257394E+04



O 03N N b

10
11

.262295E+05
.349716E+05
.393755E+05
.350304E+05
.262736E+05
.175162E+05
.875820E+04
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.291935E+02
-.593303E+03 -.291939E+02

.291413E+02
.291384E+02
.220430E+00
-.291874E+02
-.291903E+02
-.291923E+02

0 ELEMENT

STRESSES

1

O 00NN AW

.936800E+05
.281150E+06
46853 7E+06
.634632E+06
.843750E+06
.843750E+06
.646526E+06
.468206E+06
.280847E+06

.611008E+03
.611215E+03
.610537E+03
.609726E+03
.600396E+03
-.600143E+03
-.609499E+03
-.611745E+03
-.610554E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936518E+05 -.610604E+03 .000000E+00
0 ITERATION NUMBER= 23

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

0NN AW =

9
10
11

.000000E+00
.925486E+04
.185095E+05
.277636E+05
.370169E+05
416787E+05
.370797E+05
.278106E+05
.185408E+05
.927054E+04
.000000E+00

REACTION
-.594224E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.309013E+02
-.593303E+03 -.309017E+02

DISPL.
.308495E+02
.308491E+02
.308479E+02
.308458E+02
.308426E+02
.235343E+00

-.308950E+02
-.308981E+02
-.309001E+02

0 ELEMENT

STRESSES

1

O 001NN AW

.937347E+05
.281150E+06
468565E+06
.679720E+06
.843750E+06
.843750E+06
.667335E+06
.468206E+06
.280847E+06

.611254E+03
.610272E+03
.610477E+03
.610818E+03
.600044E+03
-.600261E+03
-.609079E+03
-.610512E+03
-.610308E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936518E+05 -.610358E+03 .000000E+00
0 ITERATION NUMBER= 24

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

.000000E+00 -.326090E+02
-.593303E+03 -.326094E+02

0 NODE DISPL. REACTION
1 .000000E+00  -.593804E+03
2 .976618E+04 .000000E+00
3 .195321E+05 .000000E+00
4 292975E+05 .000000E+00
5 .390623E+05 .000000E+00
6 .439819E+05 .000000E+00
7 .391289E+05 .000000E+00
8 .293476E+05 .000000E+00
9 .195655E+05 .000000E+00
10 .978285E+04
11 .000000E+00

0 ELEMENT STRESSES

1

DISPL.
.325539E+02
.325535E+02
.325522E+02
.325502E+02
.325473E+02
.250097E+00

-.326029E+02
-.326058E+02
-.326078E+02

PL.STRAIN

.937347E+05 .610911E+03 .000000E+00

153

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

262991E+04

.609336E+04



0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

O 001N N B~ W

.281232E+06
.468565E+06
.600781E+06
.843750E+06
.843750E+06
.630919E+06
.468233E+06
.280874E+06

.610855E+03
.610508E+03
.610046E+03
.600602E+03
-.600784E+03
-.609191E+03
-.610306E+03
-.610306E+03

.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936518E+05 -.610211E+03 .000000E+00
ITERATION NUMBER= 25

0 NODE DISPL.

1

O 001N L B WwW

10
11

.000000E+00
.102776E+05
.205549E+05
.308317E+05
411077E+05
462852E+05
411783E+05
.308846E+05
.205902E+05

.102952E+05
.000000E+00

REACTION
-.593953E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.343169E+02
-.593303E+03 -.343173E+02

DISPL.
.342585E+02
.342581E+02
.342568E+02
.342548E+02
.342511E+02
.265129E+00

-.343104E+02
-.343136E+02
-.343157E+02

0 ELEMENT

STRESSES

0

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

O 001NN Wi —

.937347E+05
.281122E+06
.468537E+06
713571E+06
.843750E+06
.843750E+06
.682943E+06
.468206E+06
.280874E+06

.611062E+03
.610428E+03
.610591E+03
.610627E+03
.600072E+03
-.601472E+03
-.610687E+03
-.611887E+03
-.610552E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936518E+05 -.610458E+03 .000000E+00
ITERATION NUMBER= 26

0 NODE DISPL.

1

O 00O\ B~ Wi

10
11

.000000E+00
.107888E+05
215774E+05
.323656E+05
431529E+05
485884E+05
432275E+05
.324215E+05
.216148E+05

.108075E+05
.000000E+00

REACTION
-.593921E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.360245E+02
-.593303E+03 -.360249E+02

DISPL.
.359628E+02
.359624E+02
.359611E+02
.359591E+02
.359562E+02
.279762E+00

-.360184E+02
-.360213E+02
-.360233E+02

0 ELEMENT

STRESSES

0

1

O 001N B~ W

.937074E+05
.281095E+06
.468565E+06
.516182E+06
.843750E+06
.843750E+06
.591901E+06
.468206E+06
.280874E+06

10 .936244E+05 -.610490E+03 .000000E+00
ITERATION NUMBER= 27

.610952E+03
.611015E+03
.610439E+03
.610121E+03
.601307E+03
-.599866E+03
-.610515E+03
-.610790E+03
-.610441E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

154

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.614989E+04

.151202E+05



0 CONVERGENCE CODE=

0 NODE DISPL.

0NN AW =

9
10
11

.000000E+00
.113003E+05
.226004E+05
.338999E+05
A451984E+05
.508916E+05
452770E+05
.339587E+05
.226395E+05
.113199E+05
.000000E+00

REACTION
-.593958E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.377325E+02
-.593303E+03 -.377329E+02

DISPL.
.376676E+02
.376672E+02
.376660E+02
.376639E+02
.376589E+02
.295085E+00

-.377254E+02
-.377293E+02
-.377313E+02

0 ELEMENT

STRESSES

1

O 001NN Wi

.937621E+05
.281150E+06
.468510E+06
.782944E+06
.843750E+06
.843750E+06
.121964E+06
.468233E+06
.280874E+06

.611129E+03
.610784E+03
.609961E+03
.610223E+03
.600096E+03
-.599014E+03
-.609142E+03
-.610530E+03
-.610529E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936244E+05 -.610579E+03 .000000E+00
0 ITERATION NUMBER= 28

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

O 00O LN W=

10
11

.000000E+00
.118403E+05
.236803E+05
.355198E+05
473611E+05
.533101E+05
474115E+05
.355595E+05
.237067E+05
.118535E+05
.000000E+00

REACTION
-.594795E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00 -.395112E+02
-.591781E+03 -.395116E+02

DISPL.
.394675E+02
.394671E+02
.394659E+02
.394638E+02
.394778E+02
.181620E+00

-.395051E+02
-.395079E+02
-.395100E+02

0 ELEMENT

STRESSES

1

2
3
4
5
6
7
8
9

.941455E+05
.282190E+06
470399E+06
-.358639E+07
.843750E+06
.843750E+06
493744E+06
.468206E+06
.280847E+06

.612897E+03
.612174E+03
.612509E+03
.612491E+03
.600335E+03

-.601601E+03
-.609903E+03
-.609411E+03
-.609206E+03

PL.STRAIN

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .935970E+05 -.609545E+03 .000000E+00
0 ITERATION NUMBER= 29

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

00O\ N B W=

.000000E+00
.124109E+05
.248216E+05
.372317E+05
.495466E+05
.557106E+05
495694E+05
.371782E+05

REACTION
-.594413E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

DISPL.
413696E+02
413692E+02
413680E+02
413659E+02
407330E+02
.359782E+00

-413011E+02
-.413064E+02
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1 NORM OF RESIDUAL SUM RATIO=

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.138565E+05

413846E+06

.136702E+08



9
10
11

.247858E+05
.123930E+05
.000000E+00

.000000E+00 -.413085E+02
.000000E+00 -.413097E+02
-.591804E+03 -.413101E+02

0 ELEMENT

STRESSES

O 00 J O\ N Wi —

.943645E+05
.283094E+06
471823E+06
.140948E+09
.843750E+06
.843750E+06
.7185143E+06
.468480E+06
.281038E+06

.613621E+03
.612904E+03
.613684E+03
.609455E+03
.599533E+03
-.599496E+03
-.611887E+03
-.609892E+03
-.609697E+03

PL.STRAIN
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

10 .936518E+05 -.609722E+03 .000000E+00
0 ITERATION NUMBER= 30

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL.

1
2
3
4
5
6
7
8
9
10
11

0 ELEMENT

1

O 01N N W

.000000E+00
.386169E+07
172328E+07
.115847E+08
3927TTE+07
-.782481E+06
.364067E+07
.273135E+07
.182093E+07
.910474E+06
.000000E+00

.843749E+06
.843750E+06
.843753E+06
.140948E+09
-.164605E+14
.843750E+06
.843749E+06
.843750E+06
.843750E+06

REACTION
-.207091E+05
.000000E+00
.000000E+00
.000000E+00

DISPL.
.128723E+05
.128721E+05
.128717E+05
.128708E+05

STRESSES

-.235703E+06

.000000E+00 -.639166E+05
.000000E+00 .325150E+05
.000000E+00 -.302748E+04
.000000E+00 -.303465E+04
.000000E+00 -.303480E+04
.000000E+00 -.303489E+04
.842968E+04 -.303492E+04
PL.STRAIN
.149673E+06 -.677470E-01
.147007E+06 -.401720E-01
.149752E+06 -.125970E-01
.125970E-01
-.145952E+06 .401720E-01
.159207E+06 .677470E-01

-.211275E+05 -.206029E+00
-.222574E+05 -.123141E+00
-.223716E+05 -.402534E-01

10 .843750E+06 -.218629E+05 .402534E-01

156

.000000E+00
.000000E+00
.000000E+00

REACTION
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.000000E+00

.103968E+12



Uygulanan yiik (kN)

1400

1200 - . -
1000 -

800

600 | P=1260 kT

ﬁ: A.;A Z00tmm
400 : 10%300mm=30001111 B/ .
Sonlu eleman idealizasyonu 150mm
200 Eirig kesit alam
0 T T T T T T
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0

Orta noktadaki ¢okme (mm)

| —eTabakali kiris |

Sekil 5.11: Tekil yiikli tabakal kiris 6rnegi
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5.2.2 Uniform yayih yiiklii tabakali Timoshenko kirisi 6rnegi

Her biri 68.85 kN
213mm|

a J L L L J J J E m”lﬁie}— 200mm

% I |
10*300mm=3000mm | |

% N

S 7

Sonlu eleman idealizasyonu 4 200mm

Kirig kesit alani

+ /&

Sekil 5.12: Tabakali Timoshenko kirisinde uniform yayil yiik hali.

Sekil 5.12°te goriildiigii gibi kiris kesitinde 10mm kalinligindaki kisim 4’e

boliinmiistiir.

Probleme ait bilgilerin programa giris listesi;

11 10 2 1 17 2 14 2 2 6
1
210. 53.846 0.25 0.
200. 200. 20. 10.
40. 10. 40. 10.
40. 10. 40. 10.
40.

N O e AW =
o) U, B S UC B ]
0 N AN Lt AW

—_— e =
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8 8 9
9 9 10
10 10 11

100
100
100
100
100
100
100
100

O 0 N N N B~ WD =

O 0 N N N kAW =

p—
)

[N NS B S R S S L "I \S N )

1
1
1
0.
300.
600.
900.
1200.
1500.
1800.
2100.
2400.
2700.
3000.

68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85
0.30
0.20
0.10
0.10
0.05
0.05
0.05
0.05

oS oo oo oo o9

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85
68.85
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100 2 0.02 0.5
100 2 0.02 0.5
100 2 0.02 0.5
100 2 0.02 0.5
100 2 0.01 0.5
100 2 0.01 0.5

Veri girisi sonrasi alinan sonuglar;

NPOIN= 11 NELEM= 10 NBOUN= 2 NMATS= 1
NPROP= 17 NNODE= 2 NINCS= 14 NALGO= 2

NDOFN= 2 NLAYR= 6
0 MATERIAL PROPERTIES
1

210.00000  53.84600 .25000 .00000
200.00000  200.00000  20.00000 10.00000
40.00000 10.00000  40.00000 10.00000
40.00000 10.00000  40.00000 10.00000
40.00000

0 EL NODES MAT.

1

O 001NN B~ W~
O 0 IO\ N WwW
—_— = e e =

—_
(=)

1
10 10 11 1

0 NODE COORD.
.00000
2 300.00000
3 600.00000
4 900.00000
5 1200.00000
6
7
8

— O 00 1O\ LN A~ WM —

—_—

1500.00000
1800.00000
2100.00000
9 2400.00000
10 2700.00000
11 3000.00000
O0RES.NODE CODE PRES.VALUES CODE PRES.VALUES
1 1 .00000 1 .00000
11 1 .00000 1 .00000
0 ELEMENT NODAL LOADS
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000
68.85000 .00000  68.85000 .00000

AN N R W=
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7 68.85000 .00000  68.85000 .00000
8  68.85000 .00000  68.85000 .00000
9  68.85000 .00000  68.85000 .00000
10 68.85000 .00000  68.85000 .00000
0 IINCS= 1 NITER= 100 NOUTP= 2 FACTO= .300000E+00 TOLER=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 0 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.206550E+03 .000000E+00  -.102242E+06
2 .574987E+00 .000000E+00 .268247E-02 .000000E+00
3 .164811E+01 .000000E+00 .357662E-02 .000000E+00
4 .274993E+01 .000000E+00 .312954E-02 .000000E+00
5 .354515E+01 .000000E+00 .178831E-02 .000000E+00
6 .383257E+01 .000000E+00 .872816E-09 .000000E+00
7 .354515E+01 .000000E+00 -.178831E-02 .000000E+00
8 .274993E+01 .000000E+00 -.312954E-02 .000000E+00
9 .164811E+01 .000000E+00 -.357662E-02 .000000E+00
10 .574987E+00 .000000E+00 -.268247E-02 .000000E+00
11 .000000E+00  -.206550E+03 .000000E+00 .102242E+06
0 ELEMENT STRESSES PL.STRAIN
1 -.743579E+05 .185895E+03 .000000E+00
2 -.247860E+05 .144585E+03 .000000E+00
3 .123930E+05 .103275E+03 .000000E+00
4 371790E+05 .619650E+02 .000000E+00
5 .495720E+05 .206554E+02 .000000E+00
6 .495720E+05 -.206548E+02 .000000E+00
7 371790E+05 -.619649E+02 .000000E+00
8 .123930E+05 -.103275E+03 .000000E+00
9 -.247860E+05 -.144585E+03 .000000E+00
10 -.743580E+05 -.185895E+03 .000000E+00
0 IINCS= 2 NITER= 100 NOUTP= 2 FACTO= .200000E+00 TOLER=
0 ITERATION NUMBER= 1
0 CONVERGENCE CODE= 1 NORM OF RESIDUAL SUM RATIO=
0 NODE DISPL. REACTION  DISPL. REACTION
1 .000000E+00  -.344250E+03 .000000E+00  -.170404E+06
2 .958312E+00 .000000E+00 .447078E-02 .000000E+00
3 .274685E+01 .000000E+00 .596104E-02 .000000E+00
4 458322E+01 .000000E+00 .521591E-02 .000000E+00
5 .590858E+01 .000000E+00 .298052E-02 .000000E+00
6 .638763E+01 .000000E+00 .657992E-09 .000000E+00
7 .590858E+01 .000000E+00 -.298052E-02 .000000E+00
8 .458322E+01 .000000E+00 -.521591E-02 .000000E+00
9 .274685E+01 .000000E+00 -.596104E-02 .000000E+00
10 .958312E+00 .000000E+00 -.447078E-02 .000000E+00
11 .000000E+00  -.344250E+03 .000000E+00 .170404E+06
0 ELEMENT STRESSES PL.STRAIN
1 -.110015E+06 .309825E+03 .150757E-03
2 -413100E+05 .240975E+03 .000000E+00
3 .206550E+05 .172125E+03 .000000E+00
4 .619650E+05 .103275E+03 .000000E+00
5 .826200E+05 .344252E+02 .000000E+00
6 .826200E+05 -.344249E+02 -.299783E-03
7 .619650E+05 -.103275E+03 .000000E+00
8 .206550E+05 -.172125E+03 .000000E+00
9 -.413100E+05 -.240975E+03 .000000E+00

10 -.110015E+06 -.309825E+03 .000000E+00
0 ITERATION NUMBER= 2

0 CONVERGENCE CODE=

0 NODE DISPL.

1

.000000E+00

REACTION  DISPL.
-.344250E+03 .000000E+00

161

0 NORM OF RESIDUAL SUM RATIO=

REACTION
-.159888E+06

.500000E+00

.961086E-04

.500000E+00

.115487E+02

.640159E-01



O 001N N B~ W

10
11

.118594E+01
.337282E+01
.549372E+01
.698980E+01
[152575E+01
.698980E+01
.549372E+01
.337282E+01
.118594E+01
.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.598828E-02
.709916E-02
.597466E-02
.335989E-02
495058E-10
-.335989E-02
-.597466E-02
-.709916E-02

.000000E+00 -.598828E-02
-.344250E+03 .000000E+00

0 ELEMENT

STRESSES

PL.STRAIN

1
2

O 00N N B~ W

-.113341E+06
-.307938E+05
311713E+05
[724813E+05
931363E+05

931363E+05 -

.309825E+03 .606007E-03
240975E+03  .717924E-05
.172125E+03 .000000E+00
.103275E+03 .000000E+00
.344250E+02 -.717924E-05
.344251E+02 -.805616E-03

J724813E+05 -.103275E+03 .000000E+00
311713E+05 -.172125E+03 .000000E+00

-.307937E+05 -

.240975E+03 .000000E+00

10 -.113341E+06 -.309825E+03 .000000E+00

SO oo

1

O 00O\ W

10
11

IINCS=

.000000E+00
.189461E+01
.534397E+01
.847841E+01
.106273E+02
.113883E+02
.106273E+02
.847841E+01
.534397E+01
.189461E+01
.000000E+00

3 NITER= 100 NOUTP=
ITERATION NUMBER= 1
CONVERGENCE CODE=

NODE DISPL.

REACTION DISPL.

2 FACTO=

-.413100E+03
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.103292E-01
.108764E-01
.874121E-02
481768E-02
.162957E-08

.000000E+00 -.481768E-02
.000000E+00 -.874121E-02
.000000E+00 -.108764E-01
.000000E+00 -.103292E-01
-.413100E+03 .000000E+00

0 ELEMENT

STRESSES

1
2

O 00 JON N B~W

0 CONVERGENCE CODE=

-.114314E+06
-.151698E+05
591882E+05
.107774E+06
.110792E+06

.371790E+03

PL.STRAIN
.190828E-02

.289170E+03 .875358E-03
.206550E+03 .000000E+00
.123930E+03 .000000E+00
413098E+02 -.875358E-03

.110792E+06 -.413099E+02 -.225258E-02
.107774E+06 -.123930E+03 .000000E+00
S591882E+05 -.206550E+03 .000000E+00
-.151697E+05 -.289170E+03 .000000E+00
10 -.114314E+06 -.371790E+03 .000000E+00
0 ITERATION NUMBER= 2

0 NODE DISPL.

OB WN —

9
10

REACTION  DISPL.
.000000E+00  -.413100E+03 .000000E+00
.325417E+01 .000000E+00 .193929E-01
.943362E+01 .000000E+00 .200134E-01
.153201E+02 .000000E+00 .179514E-01
.202384E+02 .000000E+00 .140697E-01
.223872E+02 .000000E+00 -.720083E-07
.202384E+02 .000000E+00 -.140697E-01
.153201E+02 .000000E+00 -.179514E-01
.943361E+01 .000000E+00 -.200133E-01
.325416E+01 .000000E+00 -.193929E-01

162

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.159888E+06

.100000E+00 TOLER=

1 NORM OF RESIDUAL SUM RATIO=

REACTION
-.170082E+06
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.170082E+06

1 NORM OF RESIDUAL SUM RATIO=

REACTION
-.172113E+06
.000000E+00
.000000E+00
.000000E+00

.000000E+00

.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.128120E+02

.944435E+01

.500000E+00



11

0 ELEMENT

1
2

3
4
5
6
7
8
9

.000000E+00

-.116000E+06
-.171999E+05
.571582E+05
.106613E+06
.115152E+06

STRESSES

-.413100E+03 .000000E+00

PL.STRAIN
371790E+03  .462739E-02
289170E+03 .268810E-02
.206550E+03 .102382E-03
.123930E+03 -.102382E-03
413103E+02 -.268810E-02

115152E+06 -.413103E+02 -.527382E-02
.106613E+06 -.123930E+03 .000000E+00
.571580E+05 -.206550E+03 .000000E+00
-.172000E+05 -.289170E+03 .000000E+00

10 -.116000E+06 -.371790E+03 .000000E+00
0 ITERATION NUMBER= 3

0 CONVERGENCE CODE=

0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.413097E+03 .000000E+00
2 .144469E+02 .000000E+00 .940113E-01
3 .430100E+02 .000000E+00 .946194E-01
4 712765E+02 .000000E+00 .925451E-01
5 .985701E+02 .000000E+00 .886451E-01
6 .111905E+03 .000000E+00 .132569E-05
7 .985705E+02 .000000E+00 -.886454E-01
8 .712768E+02 .000000E+00 -.925454E-01
9 .430102E+02 .000000E+00 -.946197E-01
10 .144470E+02 .000000E+00 -.940116E-01
11 .000000E+00  -.413098E+03 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 -.116000E+06 .371786E+03 .270129E-01
2 -.168573E+05 .289164E+03 .176118E-01
3 .574994E+05 .206550E+03 .507694E-02
4 .107122E+06 .123933E+03 -.507694E-02
5 .116000E+06 .413106E+02 -.176118E-01
6 .116000E+06 -.413081E+02 -.301466E-01
7 .107123E+06 -.123932E+03 .000000E+00
8 .575000E+05 -.206549E+03 .000000E+00
9 -.168567E+05 -.289171E+03 .000000E+00
10 -.116000E+06 -.371788E+03 .000000E+00

0 ITERATION NUMBER= 4

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

0 NODE DISPL. REACTION  DISPL.
1 .000000E+00  -.479563E+03 .000000E+00
2 .813898E+06 .000000E+00 .542599E+04
3 .244169E+07 .000000E+00 .542599E+04
4 .406949E+07 .000000E+00 .542599E+04
5 .569729E+07 .000000E+00 .542599E+04
6 .484165E+07 .000000E+00 -.111303E+05
7 277560E+07 .000000E+00 -.264342E+04
8 .198257E+07 .000000E+00 -.264342E+04
9 .118954E+07 .000000E+00 -.264342E+04
10 .396514E+06 .000000E+00 -.264342E+04
11 .000000E+00  -.426317E+03 .000000E+00
0 ELEMENT STRESSES PL.STRAIN
1 -.116000E+06 .382303E+03 .162779E+04
2 -.439276E+05 .152445E+03 .108520E+04

3
4
5
6
7
8

.335876E+04

.135036E+03 .361731E+03

.259107E+05 .609809E+03 -.361731E+03
.116000E+06 -.217403E+03 -.108520E+04
-.235257E+12 .380937E+02 -.180866E+04
.800531E+05 .137936E+03 .000000E+00
.507325E+05 -.141871E+03 .000000E+00

163

172112E+06

1 NORM OF RESIDUAL SUM RATIO=

REACTION
-.171768E+06
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
171768E+06

REACTION
-.174186E+06
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
173751E+06

.926178E+01

.135229E+09



9 -.168567E+05 -.263931E+03 .000000E+00
10 -.116000E+06 -.359167E+03 .000000E+00
0 ITERATION NUMBER= 5

0 CONVERGENCE CODE=999 NORM OF RESIDUAL SUM RATIO=

.000000E+00 -.196048E+11
-.426317E+03 .000000E+00

0 NODE DISPL. REACTION
1 .000000E+00  -.567864E+08
2 .107387E+13 .000000E+00
3 .322161E+13 .000000E+00
4 .536936E+13 .000000E+00
5 751710E+13 .000000E+00
6 .160584E+14 .000000E+00
7 .205850E+14 .000000E+00
8 .147036E+14 .000000E+00
9 .882215E+13 .000000E+00
10 .294072E+13
11 .000000E+00

0 ELEMENT STRESSES

DISPL.
.000000E+00
715914E+10
715914E+10
T15914E+10
T15914E+10
497826E+11

-.196048E+11
-.196048E+11
-.196048E+11

PL.STRAIN

1 -.116000E+06 .231585E+08 .214774E+10

O 001N B~ W

.115948E+06 -.153284E+09

.143183E+10

-.115843E+06 .463163E+08 .477276E+09
-.114581E+06 .280103E+09 -.477276E+09
-.108605E+19 -.242609E+09 -.143183E+10
.192342E+19 -.463162E+09 -.238638E+10
-.110382E+06 -.529326E+08 -.153598E+03
-.111785E+06 .688126E+09 -.102398E+03
-.168567E+05 -.255842E+09 -.341320E+02
10 -.116000E+06 .295541E+09 .341320E+02

164

REACTION
877179E+09
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00
.000000E+00

.000000E+00
.173751E+06

424689E+12



Uygulanan yiik (kN/mm)

0,40

0,35

0,30

0,25
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0,15
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0,05

0,00

| Her biri 68.85 kN ’j;'i
LILILLLLLe

i j ? ol 200mm

10%300mm=3000mm . — B
e

Sonlu eleman idealizasyonu 4 200mm

| Kirig kesit alani

0.0 20,0 40,0 60,0 80,0 100,0

Orta noktadaki ¢cokme (mm)

—e— Tabakali kiris

Sekil 5.13: Uniform yayih yiiklii tabakali Timoshenko kirigi 6rnegi
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6. SONUC ve ONERILER

Bu ¢alismada Timoshenko kirisinin sonlu elemanlar yontemi ile elastoplastik analizi
yapilmistir. Bu amacla daha 6nce Fortran dilinde kodlanmis olan kapsamli bir sonlu

eleman programi Windows altinda tekrar yazilarak derlenmistir.

Kullanilan yazilimda iki serbestlikli ¢cubuk eleman (Hughes elemani) kullanilarak
yapilan yaklasima karsilik tezde kayma sekil degistirmesini dikkate alan kiris sonlu
eleman rijitlik matrisi kullamilmistir. Kirisin elastik zemine oturma hali de
incelenmistir. Bu amagla tek parametreli zemine (Winkler zemini) ait rijitlik matrisi
kayma sekil degistirmesini de iceren matrise eklenmistir. Mevcut program bu sekilde

degistirilmistir.

Aym yazilim kullanilarak en kesitin tabakali olmasi haline karsi gelen hal de
incelenmigtir. Tabakali halde, enkesit yiikseklik boyunca yeteri sayida tabakaya
ayrilmakta her tabakanin orta noktasinda olusan egilme momenti plastiklesme
momentine eristiginde o tabakanin plastiklestigi varsayilmaktadir. En dis tabakadan
ice dogru tiim tabakalar plastiklestiginde kesit tiimiiyle plastiklesmis olmaktadir.
Tabaka sayisi arttikca sonuglarin daha da iyilestigi agiktir.

Malzemenin ideal elastoplastik oldugu varsayillmistir. Ayni yazilimda peklesme de

dikkate alinabilmektedir.

Derlenen yazilim tekil yiik etkisindeki basit kiris ve yayili yiik etkisindeki ankastre
kiris Ornekleri tabakasiz ve tabakali haller i¢in kullamilmis, sonuglar cikti ve
diyagramlar halinde karsilastirilmali olarak sunulmustur. Basit kiris Orneginde

dikdortgen kesit, yayili yiik halinde ise (I) kesit alinmistir. Basit kiris orneginde 3
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farkl: elastik zemin i¢in yapilan uygulamalar, verilen ornek icin, degerlerin ¢cok fazla

fark etmedigini gostermektedir.

Tabakali halde yiik yer degistirme diyagraminin keskin koseler yerine, tabaka tabaka
plastiklesme oldugu icin, beklendigi iizere yumusak egriler seklinde olustugu
goriilmektedir. Bu halde diyagram tabakasiz hale ¢cok yakin, ama onun biraz altinda

seyretmektedir.

Bu gelistirilmis yazilim sayesinde Timoshenko kirisinin elastik zemine oturma halini
de kapsayacak sekilde elastoplastik analizi yapilabilmektedir. Tez kapsami igerisinde
iyilestirilmis yazilima ait program listesi ve giris bilgileri ayrintili olarak aciklanmig
ve aragtirmacilarin programi kolayca kullamimi saglanmistir. Sayisal hesaplardan
elde edilen sonuglar kaynaklardakiler ile ortiismektedir. Toplu sonuglar (Sekil6.1-

6.5) de diyagramlar ile karsilastirmali olarak verilmistir.

fleri bir adim olarak ayni yol izlenerek iki parametreli zeminler icin de analiz

yapilabilir.
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Uygulanan yiik(kN)

1400,0
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Kirig en kesiti
0,0 5,0 10,0 15,0 20,0 25,0 30,0 35,0
Orta noktadaki ¢cokme (mm)
—&— Tabakasiz hal icin referans kaynagin ¢oziimii(Owen-Hinton)  — -B — Tabakasiz kiriste kayma sekil degistirmelerini dikkate alan ¢6ziim

Sekil 6.1: Tabakasiz Kiriste Tekil Yiik Hali icin Referans Kaynak Coziimii ile Kayma Sekil Degistirmesini Dikkate Alan Coziimiin

Karsilagtirilmasi
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Uygulanan yiik (kN)

1400

AT AnnARSARS B BN BN EEARS BN B EEA a8 /7=
1200 -
1000 -
800 P=1260KN ) -
| 300tmtn
600 : A B
L 10%300mm=3000mm N R I 2
400 * > "_.:
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200 A Kirig en kesiti
O , T T T T T
0,0 100,0 200,0 300,0 400,0 500,0 600,0

Orta noktadaki ¢okme (mm)

‘ —&— Ko=3000 —&— Ko=6000 Ko=12000

Sekil 6.2: Tabakasiz kiriste tekil yiik halinde 3 farkh zemin durumu i¢in karsilastirma
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Uygulanan yiik (kN/mm)
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—e— Ko=3000 —&— Ko=6000 Ko=12000

Sekil 6.3: Tabakasiz kirigte yayih yiik halinde 3 farkli zemin durumunda karsilastirma
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Uygulanan yiik (kN)

1400,0

1200,0 -
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Sekil 6.4: Tekil Yiik Hali I¢in Tabakasiz Kirisle Tabakal Kirisin Karsilastiriimasi
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Uygulanan yiik (kN/mm)
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Sekil 6.5:Tabakasiz Kirise Yayih Yiik Etkimesi Hali I¢in Karsilastirma
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