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ONSOZ

Plaklar, iki boyutu yaninda iigiincii boyutu ¢ok kiigiik olan ve diizlemine dik olarak
yilkk tagiyan yaprt ve makina elemanlanidir. Ugak kanatlari, tiirbin kanatlan v.b. gibi
elemanlardaki degisik plak uygulamalarinda, zamanmimizda mukavemet/agirhik oranlarinin
kiigiik olmasindan dolayr kompozit (anizotrop) malzemeler kullamlmigtir. Kompozit
(anizotrop) malzemelerin hafif olmasi, bir ¢ok alanda kullamilmasi igin en 6nemli neden
olabilir. Bir makina elemaninda siireksizlife sebep olan centik, catlak gibi yapilar aym
zamanda gerilme yighilmalari meydana getirmektedir. Anizotrop yapiya sahip olan,
efilmeye calisan kompozit plaklarda meydana gelen gerilmeleri hesaplarken sonlu
elemanlar metodu kullanilmugtir,

Bu ¢aligmamda bana yardimci olan Sayin Hocam Dog.Dr.Muzaffer TOPCU Bey’e
sonsuz tesekkirlerimi sunanm.
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OZET

Kompozit ‘(anizotrop) malzemeler mukavemet/agirhk oranimmi kiigciik olmasindan
dolay: giiniimiizde pek ¢ok sahada uygulama alam1 bulmuglardir. Centik, gatlak gibi yapilar
bu tiir malzemelerde siireksizlife sebep oldufu i¢in gerilmeler ve gerilme yigilmalar
meydana gelir.

Bu ¢aliymada egilmeye caligan ankastre plaklar iizerinde birkag Ornek ¢6ziim
yapiimgtir. Coziimler aym smir sartlarinda fakat ilk olarak izotrop ikinci olarak anizotrop
yapida iken ¢Sziilmiigtiir. Daha sonra smur gartlar deZistirilmis ve her iki hal igin
gerilmeler sonlu elemanlar metodu kullamlarak bulunmustur. Plak {izerine agilan farkls
boyutlardaki delikier i¢in smir sartlar1 verilmis, izotrop, anizotrop hal i¢in ¢8ziimler
yapilmug, ¢entik civarindaki gerilmelerin degisimi incelenmigtir.

Elde edilen sonuglar, grafikierle, izotrop ve anizotrop durumlardaki plak elemanlar,
karsilagtirllmig, her iki halde delik civarindaki degisimler gozlemlenmis, diigtim
noktalarindaki ¢okmeler gosterilmigtir.



ABSTRACT

Nowadays composite materials take a very large place in our life in many
applications for the propotion of strength/weight is smaller than the other materials.
Because of notch, crack etc. changes the contiunity in that kind of materials the stress and
strain is formed.

In this thesis some problems are solved about bending plates are fixed from three
axis. The stress of problems are solved as they are either isotropic or anisotropic plates by
the help of finite elements methods. On the other hand plates are used which have different
to observe the changing of the stress around the dimensioned holes.

The results are supported and compared by the graphics.
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BOLUM 1
1.GIRIS

Kalinhf1 tagiyici boyutlar1 yaninda ¢ok kiicik ve orta diizlemine dik olarak
yiiklenmis diizlemsel tagiyic1 sistemlere plak denir.

Kompozit plaklarda sekillendirme sirasinda meydana gelen g¢entik ve catlaklar
gerilme y13ilmalarina sebep olurlar. Kompozit plaklarda gerilme analizi ile ilgili birgok
inceleme yapilmugtr.

Durlofsky ve Uchiyama, sonlu elemanlar metoduyla hem {i¢ diigiimiii hem de dort
diigtimli elemanlara ayrilmg d6rtgen plaklarin efilmesini incelemiglerdir. Formiilasyonlar
Mindlin plak teorisine dayanarak yapilmis ve plaklarin yanal yer degisiminin bagimsiz
fonksiyonlar gibi davrandif1 goriilmiigtiir /1/.

Kwon, egilmeye maruz siirekli fiber takviyeli kompozit plaklarda yeni bir sonlu
elemanlar modeli olugturarak nonlineer analizini yapmigtir /2/. Bir bagka incelemesinde
catlaklardan dolay: olugan ¢esitli kirik fiberler tizerinde ¢ahismus, tek y6nlii kompozit
plaklardaki ¢atlaklary, fiber ve lokal matriks catlaklar1 gibi mikro ¢atlaklarin etkilerini
incelemistir. Matriks ve fiberlerin farkh malzeme 6zelliklerini de kullanarak ¢&ziimlerini
sonlu elemanlar metodu ile genigletmigtir /3/.

Weissman ve Taylor, birlikte yaptiklar1 ¢aligmada, 6zellikle Hellinger-Reissner
fonksiyonlarim, Hu-Washizu’nun gesitli prensipleriyle formiilize ederek ve Reissner-
Mindlin plak teorilerine bagli olarak plaklarm egilmesini incelemiglerdir /4/.

Joshi ve Iyengar, laminat kompozit plaklarda, Mindlin plak teorisine bagl olarak,
sonlu elemanlar metoduyla, dokuz diigiimlii izoparametrik elemanlar kullamilarak gerilme
analizi yapmuglardir /5/.

Yiiceoglu, Toghi ve Yavuz, ortotropik, dairesel, kompozit plaklarda ve disklerde
klasik lineer elastiste teorisi kullanarak gerilmeleri incelemislerdir /6/.



Savithri ve Varadan, yaprak seklinde ince tabakalardan olugan laminat ortotropik
plaklan, tam efme altinda incelemisler ve bundan o6nceki teorilerden yararlanarak,
uzunlugu belli olan ortotropik laminat plaklar igin de gegerli oldugu teorisini ortaya
cikarmiglardir /7/.

Mohammed, Baluch ve Azad, kahn dikdortgen plaklarda gerilme analizi
yapmuglardir /8/.

Gerhardt, gentikli izotrop malzemeler igin sonlu elemanlar metodu ile gerilme analizi
yapmugtir. Diizlem halde elips ve dairesel delikli anizotrop malzemeler igin uygulamalar
yaparak, ¢oziimleri difer metotlarla karsilagtirmagtir /9/.

Grueters, Hackl ve Willims, ¢izgisel veya yiizeysel yikleme altindaki dikdortgen
plaklarin boyutlandinilmasim, dikdértgen plaklarda olusan biiyiik deformasyonlarin
olusturdugu gerilmeleri incelemiglerdir. Plaklarda olugan deformasyon ve gerilme
dagihmlarim, sonlu elemanlar metodu yardimi ile nonlineer kabuk teorisi kullanarak
niimerik olarak hesaplamiglardir. Sonuglan deneysel veriler yardimiyla giiglendirerek yeni

sonugclar elde etmiglerdir /10/.

Chang, kompozit plaklarda olugan artik gerilmelerin belirlenmesi i¢in nonlineer
sonlu elemanlar metodu kullanilmuigtir. Bu yayinda grafit/epoksi tabakalarinda varsayilan
deformasyonlan, deneysel sonuglarla kargilagtirmigtir. Serbest koge etkilerinin lineer
yaklagimlarla benzerlik gostermedigini mevcut analizlerle saptamustir /11/. Bir bagka
aligmasinda, kalinhg degisken olan kompozit plaklarda gerilme yogunluk faktorini
hesaplamigtir /12/.

Hwu ve Yen, iki boyutlu anizotrop plaklarda, elips seklindeki deligin sinir kogullar:
verilerek, Green fonksiyonunu gelistirmiglerdir. Bu gelistirmeyi Stroh formiilasyonu
kullanarak gerceklestirmiglerdir. Bu fonksiyon ile smir eleman metodunun kombinasyonu
yapildiginda delikli problemlerin ¢ozimii igin en etkili yonteme yaklagildigim
gormiislerdir /13/. Hwu, tek bagma yaptif1 bir bagka ¢aligmasinda, tizerinde kare, oval veya
tiggen delikler bulunan anizotrop plaklarin iiniform yik altinda veya egilme durumundaki

gerilmelerini incelemigtir /14/.



Kamel, Sherif ve Koth, tiniform yiik altinda anizotrop egri plaklarda iki karsi kenar
sabitlenip diger iki kenar serbest birakilarak, plaklarin davramglarimi analiz etmigler ve
tizerinde genig ¢aligmalar yapmuglardir. Sapma ve esneklik davranmiglanim, egrilik agis1 ve

esneklik/rijitlik oram gibi gesitli parametrelere bagh olarak incelemiglerdir /15/.

Sato, kismi diferansiyel denklemler kullanarak, tamamlanmig kompozit plaklar ile
tamamlanmamig kompozit plaklar arasindaki baglantiyr aragtrmigtir. Mevcut metodun
ayn: zamanda, siirekli tamamlanmamig kompozit plaklarin ve diger tipteki yiiklerin yandan
¢Okme sonuglarini saptarken uygulanabilir oldugunu gérmiistiir /16/.

Lachemi ve Lahoud, dikdértgen seklindeki egilmis plaklan sonlu elemanlar metodu
ile dort digiimlii elemanlara ayirarak analizini yapmuglar, elde edilen sonuglan diger
elemanlar ve analiz metotlar ile kargilagtirmiglardir /17/.

Sherbourne ve Pandey kiriglerin ve kompozit plaklarin egilme analizinde kullanilan
diferansiyel alan hesabim yapmuglardir. Dikdértgen, ortotropik ve anizotropik, simetrik
kompozit tabakalarda problem goziimlerini genisletmislerdir /18/.

Theocaris ve Demakos ortotropik elastik plagi, sonlu elemanlar metoduyla,
Lekhnitskii teorisi kullanilarak, fiberleri i¢ catlafa dogru dik olarak yonlendirmigler ve
eliptik bir delikle zayiflatarak gerilme analizi yapmiglardir /19/.

ikinci bolimde, kompozit malzemeler, avantajlann uygulama sahalan ve

stniflandinlmas: kisaca agiklanmigtir.

Ugiincii boliimde, plaklar, plak diferansiyel denklemlerinin ¢ikanlmasi igin yapilan
kabuller belirtilmigtir. Diferansiyel geometri yardimiyla deformasyon bilesenleri ile
deplasman bilegenleri arasindaki bagintilar ¢ikanlmig, gerilmelerin bilegkesi olarak
momentler ele alinmigtir. Diferansiyel elemanin dengesi ile plak diferansiyel denklemi
bulunmustur. Ankastre plak igin simir sartlari verilmigtir. Anizotrop plaklanin egilmesi

incelenmistir.



Dérdiincii  boliimde, problemlerin sonlu elemanlar formiilasyonu tzerinde
durulmugtur. Klasik plak modeli ile sonlu eleman modeli olugturulmustur. Coziim
bolgesinin elemanlara ayrnilmasinda dort digimli izoparametrik dortgen elemanlar

kullaniimigtir.

Besinci boliimde, orek ¢oziimler igin sinir sartlari verilmistir. Ornek problemin sinir
sartlart verilirken, plagin bir kenar1 ankastre, difer kenan boyunca yayili yik altinda
oldugu dikkate alinmigtir. Izotrop ve anizotrop plaklar i¢in ayn elastiste modiilii simr
sartlarinda belirtilmistir.

Altinci bolimde, sinir sartlari besinci bolimde verilmis olan plak modellerinin
herhangi bir kesitindeki gerilmeler ve ya yer degistirmeler grafiksel olarak gosterilmistir.
Bir plagin her elemamndaki gerilmeleri ve her diigim noktasindaki yer degistirmeleri

gorebilmek i¢in baz1 problemlerin sayisal sonuglan da verilmigtir.



BOLUM 2

2. KOMPOZIT MALZEMELER

Malzemeler genellikle; metaller, seramikler ve organik malzemeler olmak iizere {i¢
ana gruba ayrilirlar. Bunlarin birbirlerine gére tistlin veya zayif yonleri vardir. Bu nedenle,
aym veya farkli gruplardan iki ya da daha fazla malzemenin uygun olan 6zeﬂik1eriﬁi tek
malzemede toplamak, yeni bir 8zellik ortaya ¢ikarmak amaciyla, makro seviyede
birlesmesiyle kompozit malzemeler olusturulmustur.

Kompozit malzemelerin avantaji en iyi 6zelliklerin bir araya getirilmesi ve bazi
Ozelliklerin gelistirilmesidir. Olugturulan malzemede biitlin 6zellikler iyilesmez. Zaten
buna gerek de yoktur. Kullanim yerine ve dzelliklerine bagh olarak tespit edilen, ihtiyag
duyulan 6zellikler arttmlir. Istenen 6zelliklerde kompozit malzemeler iiretilebilmesi igin
kompozit malzemelerin genel olarak yapilar1 ve yap: dzellikleri iyi bilinmelidir.

Bu malzeme grubunun, hava ve uzay endiistrileri, kara ve deniz tasimacilifi, gesitli
spor malzemeleri, tip geregleri, robot yapimi, kimya sanayi, elektroteknik ve elektronik,
miizik aletleri yapimu gibi birgok uygulama sahasi vardr.

Kompozit malzemeleri uygulama sahasi ¢ok fazladir. Dolayisiyla bunlar:
smiflandirmak giictlir. Makina miihendislifinde yaygin olarak kullamilan bir smiflandirma
yapacak olursak bi¢imlerine gére siniflandirabiliriz.

a)Elyaf takviyeli kompozit malzemeler: Burada matris kuvvetleri elyafa iletilir.
Kuvvet tiimiiyle elyaf tarafindan tagmir. Bu tiir malzemelerde cam takviyeli plastiklerde
oldugu gibi dzellikler anizotroptur.

b)Kiigiik parcaciklarla dayanimi arttirilmig malzemeler: Kuvvetler matris tarafindan
tagmir. Ozellikler izotropiktir.

o)iri pargacik takviyeli kompozit malzemeler: Yiikii matris ve elyaf birlikte tagirlar.
Ozellikler izotropiktir /20/.



BOLUM 3
3.PLAKLAR

Kalinhi: tasiyict boyutlar1 yanminda ¢ok kiigclik ve orta diizlemine dik olarak
yliklenmis diizlemsel tasiyici sistemlere plak denir.

Plak diferansiyel denklemlerini ¢ikarmak i¢in baz1 kabuller vardir. Bunlar;

a)Plak kalinh@: dier boyutlar1 yaminda gok kii¢iiktiir ve ihmal edilebilirler.

b)Sehimler plak kalmh: yaninda ¢ok kiiciiktiir.

¢)Plak kalinhfmin orta noktalarmmn geometrik yeri bir diizlemdir. Yikler orta
diizleme diktir.

d)Deformasyondan Once orta diizlemin herhangi bir noktasiin normali ile
deformasyondan sonra meydana gelen elastik yilizeyin normali aynidir.

e)Plak orta diizlemine dik dogrultudaki o; normal gerilmeleri yok sayilabilecek kadar
kiigiiktiir. Gergekte plakta ii¢ dogrultuda gerilme sdz konusudur. Fakat ddsemenin herhangi
bir (xg,y,) noktasinda o;’in A yliksekligince degigimi incelenirse,

=01 X0,Y0:2)
=-h/2 i¢in g;=-p ; (p, birim alana gelen yiik) @G.1D)
z=h/2 i¢gin ;=0

G, o degerleri o; degerleri yaninda ¢ok biiyiiktiir. Boylece o;=0 almabilir.
f)Bu varsaymma bagh olarak &0 ahnabilir.

&= l/E[c-V(o:+ay)] ; =0 (3.2)

Goriildiigi gibi z dogrultusundaki boy degisimleri de yok sayilabilecek kadar kiigiik
olur. Demek ki deformasyon sirasinda plak kalinhifmin degismedigi kabul ediliyor.

g)Kesitin orta diizleminde deformasyon yoktur. Birim boy ve ag¢1 degisimleri
yaklagik sifir olur.



Bu varsayimlardan yola gikarak; plak probleminde ilk adim, plaga etkiyen yiikler ile
bunun sonucu olan deformasyonlar arasindaki diferansiyel bagintimin gikartiimasidir /21/.

3.1.Diferansiyel Geometri

Diferansiyel geometri yardimiyla, deformasyon bilesenleri ile deplasman bilesenieri
arasindaki bagintilar ¢ikarilacaktir.

Bir plagi deformasyondan once ve sonra y=sabit diizlemiyle Sekil 3.1 deki gibi
keselim.

®

Z,W * |
(@ (b)
Sekil 3.1 Deformasyondan 6nce ve sonra plak elemant
Plagin noktalari, xy diizlemi deforme olmasi orta diizlemindeki x, y, z koordinat

eksenine gore dlgiilir. Sekil 3.1°de gorildigi gibi orta diizleme ait (x,y,0) noktasi, z ekseni
dogrultusunda bir w yerdegistirmesine maruz kalir ve bu noktadan gegen, orta dizleme dik
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olan normal, bir miktar egilir. Bu egilme % %;’;_ agilar1 yardmuyla belirtilir. Orta

diizlemden z mesafesinde bulunan bir (x,y,z) noktasi ise plagin gekil degistirme gsnasmda‘

Uz, Vg, W, Yer degistirmelerine maruz kalacaklardir.

Plagm x dogrultusundaki egimi Sekil 3.1.b’den,

u, ow
t’ _ 2 = 3.3
anf~f —— (3.3)
' ow
=z. tanfi=z— 34
u, =z tanf z— G349
U= uz' cosf 3.5

B agisi gok kiictik oldufu igin yaklagik sifir degerini alr. B&ylece cosf=1 olur. (3.5)
bagntis1 (3.6) bagntis1 halini alir.

’

u=u, (3.6)

u, yerdegisimi Sekil 3.1°de gortildiiza gibi x ekseninin ters yoniindedir. O halde,

ow
N i 3.
U;=-z 2 3.7
ow N
V;=-z— (3.8)
oy
plak kalinlif1 ¢ok kiigtik oldufundan,

W=w 3.9



Bir bagka bagmti; plagm x=sabit kesitindeki gekil degisiminden bulunur. Orta
diizlemden z mesafesinde bulunan ve oradakine paralel bir alan elemanmm gekil
degistirme bilesenleri u,, v, ve w, yerdegistirme bilesenleri yardimiyla, yani (3.7) ve (3.8)
bagmtilar: dikkate ahnarak,

Ou, ow
§,=—F=—z—"
ax ox
&, = %, _ —zg-zlz"- (3.10)
oy oy
- %.F.?.Kz. =2z azw
"% o awy
bagmtilar elde edilir.
P
>
X
y

Sekil 3.2: Plagin z—-—-% h yiiziine p(x,y) yayili kuvvetinin etkimesi

Simdi Sekil 3.2°deki gibi orta diizleme dik olarak ve +z dogrultusunda tesir eden yiik
stirekli olarak dagtildifinda ve plagin z=-%h yiiziine tatbik edildiginde bunun birim alana

isabet eden siddeti p(x,y) olup bu genel olarak x, y koordinatlarma baghdur. Piagm alt ve
{ist ylizeyleri i¢in asagidaki smir sartlan gegerlidir /21/.
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=-%h; G=-pXxy); =0, 5=0

(3.11)

=+-;—h; =0; 1=0; =0

Plak igerisinde o,;-p(x,y) ile 0 arasinda degigen degerler alir. 6.’nin, z=-h/2 yiiziinde
meydana gelen mutlak degeri, o, ve oy nin smir degerlerine nazaran kiigtik oldugundan o,
gerilme bilegeni ihmal edilir. BSylece &, €y, Yxy gerilme-gekil degistirme denklemleri
(3.12) da belirtilmigtir.

g, = —;—(ax -vo,)

&, = —I-(O'y -vo,) (3.12)
E
E
= e— ; G =
Yo =G 21+0)

Bu bagntilardan hareketle o, oy, Ty bilesenleri gekilirse,

E
o, = ITv-'z—(gx +l)8y)

E
o, =:17(8y +ve,) (3.13)

Ty = Gy,y

Buradan gerilme ve deplasmanlar arasindaki iligki de sudur,
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Ez &w Jw
o, = I—vz(&rz —vayz) (3.19)
Benzer gekilde,
o = Ez (azw_vazw)
> 1_02 6}’2 ax2
(3.15)
Ez &w
Ty = ————
1+v ox oy

Gorildugu gibi; gerilme bilesenleri, orta diizlemden olan z mesafesiyle orantili olup,
plak kalinli1 boyunca lineer olarak degisirler,

3.2.Gerilmelerin Bilegkesi Olarak Momentlerin Bulunmasi

Vv .

orta diizlem
i
. P el ]
h/z / ’J— ——————— —le m— - oy pE—
) 7 I
e
”
e _
h/2 ” /
7
& T
Oy v

5

Sekil 3.3 Birim alanda meydana gelen gerilmeler
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Birim boyda etki eden momentleri M,, My, M,y ile gosterilir. Demek ki dy=1, ox
gerilmelerinin tarafsiz eksene gore momentine My denir. dz yliksekligindeki diferansiyel
elemana etkiyen kuvvet oxdF olur (dF=dydz). Bu kuvvetin tarafsiz eksene gére momenti;
oxdFz olur. Plak yiiksekligi boyunca integre edilirse,

K2
M= jax.dF.z

-hi2
M= [o,24, (3.16)

o,=a.z alinirsa

hi2
M=a I Z’dz=a
-h12

hi2
z_a{
3 ~h/2

M= . (3.17)

halini alir. Atalet momenti I=Ih*/12 oldugundan,
M,=a.l, seklinde ifade edilebilirler {21/ .
3.3.Diferansiyel Elemanmm Dengesi ve Plak Diferansiyel Denklemi

Plaga tesir eden yiikiin, yiizeye dik oldufunu, sehimlerin plak kalmhigma gére kiigiik
oldugu ve c¢evrede plak kenarlarmin plak diizleminde serbestge hareket edebildigi daha
once belirtilmigti. Bu nedenle kenardaki reaksiyonlar plak dfizlemine dik olur. Bu
varsayinlara gére egilme esnasmnda plagin orta diizlemindeki herhangi bir gekil degistirme
ihmal edilebilir. Asagida x ve y eksenlerinin plagmn orta diizleminde, z ekseninin ise bu
diizleme dik olacak sekilde bir eleman alinacaktir /23/.
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Sekil 3.4 Birim alana isabet eden kuvvet ve momentler

Bir plagin basit egilmesiyle ortaya ¢tkan My ve My egilme momentleri ile My
burulma momentine ilave olarak burada elemamn yiizeylerine tesir eden, x ve y
eksenlerine paralel olan birim uzunluga isabet eden Qx ve Qy diigey kesme kuvvetleridir.
Bir plak elemanina tesir eden gerilmeler Sekil 3.4’de gosterilmistir. Burada pdxdy ile
yiiklenmig olan hacim elemanm dengede tutmak igin, T, ve Ty, kayma gerilmeleri de
meydana gelir. Burada normal gerilmeler plak kalinlif1 boyunca lineer ilerlediginden buna
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bagl olarak kayma gerilmelerinin de dogru eksenli ve dikdortgen kesitli gubuklarda
oldugu gibi yine kalinlii boyunca parabolik olarak dagilir. (3.11) denklemindeki simr

sartlarina uygun olarak T, ve Ty, kayma gerilmeleri de z=th/2 kenarlarinda sifir olmalidir.

Gerilme bilesenleri ile kesit biiyiikliikleri arasindaki bagintilar sunlardir,

h/2

M= J‘ax.z dz
-hi2
hi2
M= J.ay.z dz
-h/2
hi2 hi2
M= J.'rv.z dz =-M,= _“ryx.z dz (3.18)
-h/2 -h/2
h2
£2x== j.tgz. dz
~h/2
hi/2
o= Iryz. dz

-h!/2

Buradaki gerilme bilegenleri yerine (3.14) ve (3.15) deki denklemler yerine konularak
integrasyonlar yapilirsa,

id

w
j‘f; =='"l)(}§;3-'Fl)ézV2 )
w  O'w
My = _D(ayz +U§ (319)

o*w

Ox Oy

M, =-M, =-D(-v)

xy
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bagintilarini elde edilir. Burada belirtilen D egilme rijitligi (plak rijitligi ) dir.

En’®

D= - 20

3

Atalet momenti I=lThz— oldugundan egilme rijitligi D=1—E££; seklinde de tammlanabilir.
-V

Sekil 3.4’de birim alana isabet eden kuvvet ve momentlerin dengede oldugu kabul
edilir. Denge sartlari olarak; > P, =0; > M, =0; > M, =0 ifadeleri gekilden bakilarak

yazilir,

sz =0 denge sartindan gerekli iglemler yapilarak,

=P (3.21)

oM, M,
e + & =0, (3.22)

> M, =0 denge sartindan gerekli iglemler yapilarak,

a;jy +% =0, (3.23)

sonuglan bulunur.

A, Laplace operatorii agagidaki gibi tammlamir.
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2. 2,
Aw=%—:zl + gy—? (324

Kesme kuvvetleri Laplace operatorii cinsinden (3.25) seklini alirlar.

Qﬁ-D% Aw
(3.25)

Q,,=-D-§y— Aw

Kesme kuvvetlerinin tiirevleri ile dig yiikle deformasyonlar arasindaki diferansiyel
denklem bulunabilir. (3.21) denklemi tekrar diizenlenirse,

4
‘Zx‘f +2 &6:;)2 - Z; L/ =% (3.26)
AAVFARF% (3.27)
A*w=Vw ile gosterilirse,
vw=L (3.28)

Lineer, kismi, dordiinci mertebeden ve homojen olmayan bu denklem plagin w(x,y)
elastik ylzeyini karakterize eder ve plak denklemi adim alir. Bu denklemin, belirli
yiikklemeye maruz bir plak i¢in yiikleme ve mesnetlemeden meydana gelen biitiin sinir
sartlan dikkate alinarak integrasyonu yapilirsa, problemin kesin ¢6ziimii elde edilmis olur
121/,/22/.
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3.4.Ankastre Plak I¢in Simir Sartlan

x ve y kenarlaninin plagin kenarlarina paralel oldugu ve plagin bir kenarinin ankastre
oldugu farz edilirse, bu kenar boyunca sehim sifir olur ve egilmiy orta yiizeye bu kenar
boyunca ¢izilen teget, diizlem plagin baslangigtaki orta yiizey oldugu goriiliir. x ekseninin
ankastre kenar tizerinde bulundugu farz edilirse simr gartlar: sunlar olur.

(W)y=0=0 (3.29)
( % Jy0=0 (3.30)

Kenar boyunca % ve (3.19) denklemlerindeki My de sifira egit olur. O halde tam

ankastre olan plak kenarlarinda bir burulma momenti meydana gelmez. Dolayisiyla
reaksiyon kuvvetleri, plak kesme kuvvetlerinin sinir degerine esit olur /23/.

3.5.Anizotrop Plaklarn Egilmesi

Daha once malzemenin izotrop olmasi halindeki gerilmeleri incelenmigti. Simdi
malzemenin anizotrop oldugu dustiniiliirse, bitin dogrultularda 6zellikleri birbirlerinden
farkli olan malzemeler anizotropik malzemeler olarak tamimlamr.

Plak malzemesinin, elastik $zellikleri bakimindan ii¢ simetri diizleminin var oldugu
kabul edilsin. Bu diizlemler koordinat diizlemi olarak alinirsa xy diizlemindeki bir diizlem

gerilme hali igin gerilme-gekil degistirme bilesenleri arasindaki bagintilar asagidaki
denklemlerle gosterilebilir,

o=ELtE's,
0,=E'ye,+E"%: (3.31)

Ty=Gry
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Bu ifadelerden goriiliiyor ki diizlem gerilme halinde malzemenin elastik 6zelliklerini
karakterize etmek i¢in dort E'y, E'y, E” ve G sabitine ihtiyag vardir.

Egilmeden once plagin orta diizlemine (xy diizlemi) dik olan lineer elemanlar,
efilmeden sonra da dogrusal ve plafin elastik yiizeyine dik kalacak gekilde bir
malzemeden yapildifn farz edilen bir plagin egilmesi g6z O6mine alindifinda, gekil
degigtirme bilegenleri i¢in 6nceki ifadeler kullamlabilir.

o'w
2.
g, = —z%—‘f (3.32)
o'w o'w
Ve = -2z &, ="
» T oy ox

bu durumda gerilme bilegenleri (3.31) denklemlerinden,

o'w o'w
e By
o’w O'w
ay=-z(E;—a?+E” P ) (3.33)
2
Ty=-2Gz ow
Oxdy

olarak bulunur. Gerilme bilegenlerinin bu ifadeleri ile egilme ve burulma momentleri,



hi2 o*w o*w
M= _};[f'x.z dz= (D pw +D1—;
he o'w o’w
Mz [0,z de=(Dy—+D1—;
—hl2 ax
hi2 2
My~ [z .z dz=2D, ow
~h/2 ax

olur. Burada belirtilen D,, Dy, D; ve Dy, degerleri (3.35) de belirtilmistir.

D~E%.K/12 , D~E}h/I2

D=E"W/12 , Dy=GH/I2

)

)
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(3.34)

(3.35)

Bu ifadeleri (3.26) denge denkleminde yerine konulursa, anizotropik plaklar iin su

denklemi elde edilir.
o'w o*w o*w
ngxT+2(D_,+2ny) a2y +D, > =p
Burada,
H=D,;+2D,,
notasyonu kullanilarak,

4
Z‘: +t2H afz;yz ow -

D;

elde edilir.

(3.36)

(3.37)

(3.38)



BOLUM 4
4.SONLU ELEMANLAR FORMULASYONU
4.1.Klasik Plak Modeli

4.1.1.Yerdegistirmeler

Klasik plak teorisi yer degistirmeler {izerine kurulmustur. Boliim 3°deki Sekil 3.1°e
tekrar bakildifinda ve yerdegistirme denklemleri;

ow
uix,y,zt)=u—z—
1%,5,2,1) Pw

ux(x, ,z,t)=v—z% 4.1

us(x,y,z,t)=w(x,y,t)

burada u;, wp, us; X, y ve z yOnleri boyunca herhangi bir x, y, z noktasmin yer
degistirmelerini, u, v ve w ise t zamaninda pladin ortasindaki herhangi bir x, y, 0
noktasmin yer degistirmelerini gOsterir. Plagm yer degistirme denklemleri, virtiiel yer
degistirme prensibi olarak tiiretilebilir. Burada virtiiel yer degistirmeler, sonlu elemanlarin
genel denklemini saglamaziar. Ortotropik malzemeler ve sonsuz kiigiik gerilmeleri esas
alan lineer teori i¢in plak icerisindeki yer degistirmeler u ve v, ¢6kmeden ayrilmiglardir.
Plak igerisindeki yer degistirmeler B6liim 3° deki plak diferansiyel denklemindeki gibi
tanimlanabilir /25/.

(4.1) denklemindeki w ¢8kme fonksiyonundan dolay: lineer yer degistirmeler
asagidaki gibidir.
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Fw
&, gfz
£, t=—z4 ———:’— g 4.2)
oy
28, ) o’w
. &@J
burada £,,~0, £y,=0 ve £,~0’dur.
4.2.2.Virtiiel Is Durumu

Bir cismi tegkil eden noktalarin, bu cismin mesnet sartlarina, kati formuna uygun
olarak ve gekil degistirmelerin sonsuz kiigiik olmas: halinde yapabilecegi yer degismelere
virtiiel yer degistirmeler denir. Dengede bulunan bir cisme, denge konumunu bozacak
sekilde bir virtilel yer degistirme verilecek olursa (cismin durumunun sonsuz kii¢iik bir
degigimi ile ilgili olarak) bu takdirde dig kuvvetlerin yapacag i (yiikkler ve hacim
kuvvetleri), i¢ kuvvetlerin igine esit olur/22/.

Zamana bagli durumlar igin virtiiel yer degistirme prensibi,

3 2
0o I[pzz(a&v Ow 0w Fw )+p5w_ql
Vl

+—
ox oot oy oyor or
+0¢0, +06,0,+ Z&UGWW
~ [ fowdxdy - § (-M,,%nﬂw;&v)ds (4.3)
Qe

Burada ilk ii¢ terim, ii¢ koordinat yoniindeki atalet kuvvetleri tarafindan yapilan igi
gosterir, hacim integrali iginde geri kalan terimler ise plak iginde yiiklii virtiiel ¢okmeyi
tammlar. Son iki integral ise (Q° plagin ortasindaki, I'° sirlarindaki) M, ve V, kenar
yiikleri ve yayili yiik f{x,y) tarafindan yapilan virtiiel isi g6sterir(Sekil 4.1). (Sekil 4.1°de
moment yoniine karar vermek icin sag el kuralindaki toplam kullamlir. Momentler ¢ift ok

ile gosterilmigtir.)
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Sekil 4.1 Geometri, moment ve kayma kuvvetleri

Ve=Q%(-1/2.h,,1/2.h) oldugu igin agisal yer degistirme ve gerilme, x ve y’nin tek
bagina fonksiyonlan olarak ve z’nin fonksiyonu olarak (4.4)deki gibi aynlabilir.

F(xy,2)=gxy)fz) (44)
Virtiiel ¢gokme igin, hacim integralini, (4.1) ve (4.2) denklemlerinde yerine koyarsak,

ag1sal yer degistirmeyi (4.3) denkleminde yerine koyarsak, z’ye bagh integral alindiginda
(4.5) denklemini elde ederiz.

I,

3
0 I‘M vzva&v a2 af:swlzasw2
o ox ‘oxot dy oyt

FPow Pw w
-M -M —oM — fow
x 6x2 ¥ 6}72 xy axa-y f JM
§ ( M ——+V&w)ds (4.5)

Burada daha dnceden de hatirladifimiz gibi My, My egilme momentleri, Myy burulma
momentidir [Bolim 3, (3.18)].
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Ip ve I, kiitle atalet momentleridir, (4.6)’da bunlar gésterilmistir.

hi2

1, = J.sz:l’h

-hi!2
(4.6)
hi2

1
L= [ pids=—pht

~h/2

M, ve My’nin kenardaki eSilme ve burulma momentini gosterdigini belirtmek

gerekir. V, kesme kuvvetidir. Lineer ortotropik malzemeler i¢in momentler;

2 2
M =—(D 0 W+D,2-a——“i)

x 11 ? @2
o*w 0w
My = ~(D12 7&2— + D22 _a)_){) (47)
O*w
M v = —2D,, axdy

seklindedir. Bilindigi gibi D; plak rijitligidir. Bunlar (4.8)de belirtilmistir.

h3
p =—B"
12(1 - 012021)

___EF
=
12(1-v,v,,)

(4.8)

— vszzh3
. 12(1 - Ulzvzl)

1
D“ = EGuhs
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Smir kuvvetleri M, ve Vi, My, My ve My, ye bagh olarak asagidaki sekilde ifade
edilebilir.

M,=Mn+ M, +2M, nn,

- ow ow
Qn = anx +Qyny + IZ(axatz nx + ayatz n)’)
4.9)
Mos=(My-Mynn,+Myy(n’-n2)

oM, , oM,
& Y

Q.=

oM, M

burada ny ve ny, smirdaki I'"’deki birim normalinin kosiniisleri ySniindedir. (4.7)
denklemini (4.5) denkleminde yerine yerlestirildiginde, problemin sonlu elemanlar genel
denklemine uymadig goriiliir.

2 3 3
0= I[&vloaf+65wlz 6w2+66w : aw2
g o oax ‘oxdt® oy oyt

*w o*w )\ d* 6w o*w o*w ) 8% 6w
HDuom+Dpy 5 |oF+| De sz + D=5 |7
ox oy° ) ox ox oy ) oy

*w 8*6w
axdy Oxdy

—{_(—Mn%ﬂfné’w)ds 4.10)

+4Dy,

—onf ]akdy
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w’yi tammlayan diferansiyel denklem daha dnceden bilindii gibi agagida gosterilmigtir.

2 2 2 2 2 2
a—z-(Dnaw+Dnaw)+a (D aW+Dn-3—w-J

o 6x2 ayz ayz 12 axz 6y2
0° o*w *w 0* (2*w &*w
+2 2D - f+1 -1I =0 4.11
axay( SGaxay) f 0 atz Zatz(axz +ay2) ( )

burada ilk fi¢ terimdeki parantez igindeki ifadeler, (4.7)’deki -Mx, -My ve -Myy moment
ifadeleridir.

Tabii ki fig-adim islemi kullamlarak (4.11)’deki denklem, tekrar (4.12)’deki gibi
yazilabilir.

2 2 2 2 2 2
0= J{‘;‘:(Duzx 0, 22)+ 20, 22+ 0, 22
n‘

2 2 2 3 3
cap,. 2 aw_‘{f”ové;%”z(av Pw v awﬂH

66 A 7t 2
OxDy oxdy ox oxot® Oy oyor
oM aMxy 6Mxy oM ow o*w
—iv 24 —Zip +| —2+—L1n +1, n, + n
x oy x oy )’ exarr " oyor® 7
oy ov
+{, [Ex' (M5, +M_n )+ 5(Mwn, +Mn, )}ds 4.12)

buradaki v, agirhik fonksiyonunu gosterir, w=v ve ilk degisim olarak tiiretilir. Daha sonra
tiirevieri dikddrtgen koordinat sekline (x,y) doniigttriiliir ki bunlar lokal normal ve tegetsel
koordinatlara (n,s) baghdir. Bu tammlar (4.12)’nin integral simrlarinda kullamildiinda
(4.13) denklemi elde edilir.

ov ov ov
—_=np.——-n, —
ox on 7 os

(4.13)
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boylece sinir integrali s6yledir,
A ov ov
-qvQds+q | —M _ +—M_\ds 4.14
{0, i(an "o m) (414

buradaki On, M, ve M, (4.9)°da tanimlanan degerlerdir. Ikinci integraldeki iinci terim,
sonugtaki ifadenin elde edilmesi i¢in bir parantezde toplanirsa,

s OM,) v
{_[V(Q,,+ ~ ) anM,,]ds (4.15)

parantez icindeki ifade ¥, ile gosterilir ve tanimlamasi Kirchhoff serbest kenar kosullari
olarak bilinir. (VM,,);=0 kabul edilir.

4.2.Sonlu Elemanlar Modeli

(4.10)°daki denklemin siir teriminin bir drnefi sayesinde, gerekli smir kogullari
¢Okme fonksiyonu w’yi ve w’nin normal tiirevini tanimlar. w’nin normal tiirevi problemin
esas degiskenlerini igerir. Bunu Euler-Bernoulli kirig teorisiyle birlikte diigiinmek gerekir.
Burada w’nin sonlu elemanlar interpolasyonu w, dw/on, ow/ds olmahdwr ki kesigme
smirlarinda stirekli olsun. Bilinmelidir ki 6/0n ve 0/0s bagntilar1 da 6/0x ve &/0y global
tirevlere baghdur. ((4.13) denklemindekilerin tersidir).

0 0
—=n,—+n,—
on Y oy
(4.16)
0 0 0
Os oy Tox

bdylece diigiimlerdeki esas degiskenler (4.12)’den direkt olarak w, ow/0x ve ow/Oy
seklinde elde edilir.
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Eger w, sekil fonksiyonlarinin interpolasyonu ise,

w=3A4,Gx) @.17)

=

burada A; w ve tiirevinin diiffimlerdeki deferlerini gdsterir ve ¢y(x,y), Hermite
interpolasyon fonksiyonudur. Dért diitimlii dikdértgen bir elemanm her bir diigtim{indeki
w, Ow/0x, Ow/0y degerleriyle ¢;’yi elde etmek icin polinom yaklagim 12 terim (n=12)’e
ihtiya¢ duyulur. Bu polinom dordiincii dereceden tam bir polinom degildir.

=qj +a2x+a3y+a4xy+a5x2 +a6y2 +a7x2y+agxy2 +agc’+a 10y3 +ayx’ y+A] zxy3 (4.18)
ti¢ diigtimlii ticgen bir elemanda ¢;’yi elde etmek igin dokuz terim(n=9)’li polinom segilir.
w=aj+ax+asy+agy+as’ +ag’ +aeyxy’) +age ragy’ (4.19)
bu tam figiincii dereceden bir polinomdur. Ciinki x%y ve x)” bagimsiz olarak degismezler.

Baz1 yorumlarda i¢ ylizeylerdeki siirekliligi saglamak igin dért diigtimlli dikdértgen
eleman ve fi¢ digimli Gcgen eleman igin w ve dw/dn’e ihtiyag oldugu belirtilir.
Dikdortgen elemam goz 6niine alindiginda, (4.18) denkleminden de bilindigi gibi herhangi
bir x=sabit veya y=sabit dogrusu boyunca w, kiibik olarak degisir. Her bir noktadaki kiibik
degisime tek bagina karar vermek igin verilen bir kenar boyunca iki diigiim ve iki deger w
ve Ow/On vardr. Bundan sonra, elemanm smir1 ve i¢ ylizeylerin sinir1 boyunca siirekli
olarak w, tek bagma tammlamr. ow/dn gosterir ki x=sabit hattinda dw/0x’de y kenar
boyunca kiibik bir fonksiyon olarak degisir. dw/0x’in sadece iki degeri hat boyunca
bilindiginden kiibik degisim tek bagina elde edilemez ve normal egim sirekliligi
saglanamaz. Streklilik kogulunu saglamayan elmanlar klasik plak teorisine uygun olmayan
elemanlar olarak bilinir. Bu ylizden (4.18)’de w ile tanimlanan dért diigiimli dikddrtgen
eleman uygun eleman degildir. Buna rafmen iyi sonuglar verir.ve CPT(N) olarak
adlandinihr. Buradan anlagjildign gibi ii¢ diigiimli {icgen elemanlarda klasik plak
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teorisine uygun degildir. Ek olarak tiggen eleman kesin bir ag i¢in tekil davramslar ve

sonuca yaklagilan problemlere ulagilir.

w ve Ow=0;(i=1,2,......,n) igin (4.17) denklemi, sonlu elemaniar yontemi yardimiyla
(4.1) denklemi igine konulursa,

e g} [ o= v 07 @20)

burada K/, My ve f asagidaki gibi tanimlanir,

. 0°¢, 0’9 o'¢, 0’9, ¢, 0°9,
Kij =J-e Dll ‘21 21 +D12 ¢; 2J + ¢;' 21
Q ox® ox o’ oyt oyt ox

P00 509
2 o “axayaxay]“b‘d’

0@ 0@,
M;=L{Io¢,.¢,-+lz@ﬁ ;’;%‘j ;;ﬂm

£ =, 18 ,dedy

+D

4.21)

0 =§. (M, Lesr g, i

donme ataleti I,=1/2(ph’) seklindedir. Plak kalinlig1 olan h, goguntukla ihmal edilir.

Sonug olarak sonlu elemanlar yontemindeki klasik plak egilmesi yukandaki gekilde

tamimlanmus olur.



BOLUM 5
5.0RNEK PROBLEMLER

Bu boliimde dort dugimlti izoparametrik elemanlar kullamlarak, sonlu elemanlar

yontemiyle ornek problemlerin simr sartlart verilecektir. Coziilecek olan problemlerin
hepsinde A kenarindan ankastre oldugu kabul edilecektir. Birinci ve ikinci problemde,
Sekil 5.1°de goriildisgi gibi 60 N/mm niform yiik altinda goziim yapilacaktir. Geri kalan
diger problemlerde, $ekil 5.3°de goriildiigii gibi B kenar1 boyunca z yoniinde 60 N/mm
yayih yiik tatbik edilecektir. Bu durum problemlerde simir sartlarinda verilmistir.

Sekil 5.1: Uniform yiiklenmis ankastre plak
5.1. Problem 1

$ekil 5.2°de sonhu eleman modeli verilen 25x25 mm? boyutundaki plagm 60 N/mm

tniform yiik altinda ve izotrop haldeki sinir artlar;

1 41 0 0 0 0 O

5 5

555 5 5

555 5 5

25.0E6 25.0E6 0.5E6 0.SE6 0.2E6 0.25E0 0.0E0 0.2EQ
60

18

123456178910111213 141516 17 18
0.00.00.0000.0000.00.00.00.00.00.00.00.00.00.00.00.0

0



Sekil 5.1°deki 25x25 mm” boyutundaki yiiklii plagin sonlu eleman modeli goyledir.

30

B
31 32 33 34 35
@ | @ | ® ®)
25 26 27 28 29
@
19 20 21 22 23
W | @ | ® ®)
13 14 15 16 17
©® | @ ®
7 8 9 10 11
OB NONNONNONNG
1 2 3 4 5
A
Sekil 5.2: 25x25 mm® boyutundaki bir plagmn sonlu eleman modeli
5.2. Problem 2
1.problemdeki plagin anizotrop olmasi halindeki sinir gartlari;
1 4 1 0 0 0 O O
55
5 5§ 5 5 5
5 § 5§ 5 5
25.0E6 1.0E6 0.5E6 0.5E6 0.2E6 0.25E0 0.0E0 0.2E0
60
18

1 2345678 9101112131415 16 17 18

36

30

24

18

12
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0.00.00.00.00.00.00.00.0000.00.0000.00.00.00.00.00.0

S A

Sekil 5.3: A kenarindan ankastre, B kenar1 boyunca yayil yiikklenmis plak

5.3. Problem 3

Sekil 5.3’°de goriilen plagin, A kenarindan ankastre, B kenarindan z yoniinde 60
N/mm’ yayih yiiklenmesi halindeki sonlu eleman modeli Sekil 5.2’deki gibidir. Bu plagin
izotrop haldeki sinir sartlar;

1 4 1 0 0 0 0 O

5 5

5 55 55

5 5 5 5 5

25.0E6 25.0E6 0.5E6 0.5E6 0.2E6 0.25E0 0.0EO 0.2E0
0.0

18

1234567891011 1213 14 1516 17 18
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
6

91 94 97 100 103 106

6 12 12 12 12 6

5.4. Problem 4

Ugiincii problemdeki plagin anizotrop olmas: halindeki simir sartlar;

1 0 0 0 0 O
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585 5 5

25.0E6 1.0E6 0.5E6 0.5SE6 0.2E6 0.25E0 0.0EO 0.2E0

0.0

18

12345678 910111213 1415 16 17 18
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
6

91 94 97 100 103 106

6 12 12 12 12 6

5.5. Problem S
B

31 32 33 34 35 36
@ | @ | @

25 26 27 28 29 30
@ (7

19 20 21 22 23 24
W | ® ®)

13 14 15 16 17 18
©® | @ ©,

7 8 9 10 11 12
O OO NONNO

1 2 3 4 5 6

A

Sekil 5.4: 25x25mm” boyutundaki bir plagin ortasina 5x5 mm® lik delik agilmas:

durumundaki sonlu eleman modeli
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Sonlu eleman modeli Sekil 5.4’de verilen 25x25 mm® boyutundaki plagin ortasinda
5x5 mm™1ik delik agtifimizda ve plagin izotrop olmas: durumundaki sinir sartlars;

2 4 00 00O O
24 36
2 8 7

3 9 8

4 10 9

5 11 10

6 12 11

8 14 13

9 15 14

10 16 15

10 11 17 16

11 12 18 17

13 14 20 19

14 15 21 20

16 17 23 22

17 18 24 23

19 20 26 25

20 21 27 26

21 22 28 27

22 23 29 28

23 24 30 29

25 26 32 31

26 27 33 32

27 28 34 33

28 29 35 34

29 30 36 35

10 0 15 0 20 0 25 O
10 515 5 20 5 25 5
10 10 15 10 20 10 25 10
1015 1515 20 15 25 15
10 20 15 20 20 20 25 20
525 1025 15 25 20 25 25 25
.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0E1

B O WnVWOoO wno
[V IRV SV RV, IRV, |
—
80'0010

DN DD et et

o))

78910111213 14 15 16 17 18
0.00.00.00.00.00.00.00.00.00.00.00.00.00.0

oo
© v
o

o w
[« NN
S

0.

o

OO == O~ O0OO0OOOCO

91 94 97 100 103 106
6 1212 12 12 6
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5.6. Problem 6

5. problemdeki plagin anizotrop olmasi halindeki sinir sartlar;

2 4 00 00O0 O
24 36

OO0 QU D W
[a—y
OOV H WN

ot

N

(S

fa—ry

0 05 010 015 020 025 O

0 55 510 515 520 525 5

010 510 10 10 15 10 20 10 25 10

015 515 1015 1515 2015 25 15

020 520 1020 1520 20 20 25 20

025 525 1025 1525 20 25 25 25

25.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3EO 1.0E1 2.0E1
0
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6 12 12 12 12 6
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5.7. Problem 7
B
3l 32 33 34 35 36
@
25 26 27 28 29 30
© @
19 20 21 2 23 24
@ |® ®
13 14 15 16 17
18
©®@ |@ ©,
7 8 9 10 11 12
® | ® ©, ®
1 2 3 4 s 6
A

Sekil 5.5: 25x25 mm® boyutundaki bir plagin ortasina 10x10 mm*lik delik agilmast

durumundaki sonlu eleman modeli

Sonlu eleman modeli $ekil 5.5°deki 25x25 mm® boyutundaki plagin ortasinda 10x10
mm?lik delik aghgimizda ve plagin izotrop olmas: durumundaki simir sartlart;

2 4 00 0O0O0 O
24 36

O 0D WN =
O VOO NV hAh WN
[um—y
%)
pam—y
o

[
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10 11 17 16

11 12 18 17

13 14 20 19

14 15 21 20

16 17 23 22

17 18 24 23

19 20 26 25

20 21 27 26

21 22 28 27

22 23 29 28

23 24 30 29

25 26 32 31

26 27 33 32

27 28 34 33

28 29 35 34

29 30 36 35

00 50 75 0 175 0 20 0 25 O
05 55 75 5 175 5 20 5 25 5
0755 75175 75175 7520 7525 175
0 175 5 175 7.5 17.5 175 175 20 175 25 17.5
020 520 7520 17520 2020 2520
025 525 7525 17525 2025 2525
1.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0E1
0

18

1234567891011 1213 1415 16 17 18
0.00.00.0000.00.00.00.00.00.00.00.00.00.00.00.00.00.0
6

91 94 97 100 103 106

6 12 12 12 12 6

5.8. Problem 8:
7. problemdeki plagin anizotrop olmas: halindeki simr sartlar;

2 4 00 0O0O0 O
24 36

8 7
3 9 8
4 9
5 11 10
6 12 11
8 14 13
9 15 14
9 10 16 15

10 11 17 16
11 12 18 17
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13 14 20 19

14 15 21 20

16 17 23 22

17 18 24 23

19 20 26 25

20 21 27 26

21 22 28 27

22 23 29 28

23 24 30 29

25 26 32 31

26 27 33 32

27 28 34 33

28 29 35 34

29 30 36 35 ‘

0 0 50 75 0 175 0 20 0 25 O
05 5§35 755 175 5§ 20 5 25 5
0 755 7575 75175 7520 7525 75
01755 175 75 175 175 17.5 20 17.5 25 175
020 520 7520 17520 2020 2520
025 525 7525 17525 2025 2525
25.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3EO 1.0E1 2.0E1
0

18

1234567891011 1213 14 15 16 17 18
0.00.00.00.00.0000.00.00.00.00.00.00.00.00.00.00.00.0
6

91 94 97 100 103 106

6 12 12 12 12 6

5.9. Problem 9

Sonlu eleman modeli $ekil 5.6’da verilen 25x25 mm® boyutundaki plagn ortasinda
15x15 mm*’lik delik agtiimizdaki ve plagin izotrop olmasi durumundaki simir sartlars,

2 4 00 0O0O0 O
16 32

2 8 17

3 9 8
4 10 9
5 11 10
6 12 11
8 14 13
12 16 15
13 14 18 17
15 16 20 19
17 18 22 21
19 20 26 25
21 22 28 27

—
U BN -
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27 28 29 30 31

@ (®) ()
21 22 23 24 25
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17 18 19
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13 14 15
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@ @ ® @ ®
1 2 3 4 5

Sekil 5.6: 25x25 mm? boyutundaki bir plagn ortasina 15x15 mm*’lik delik agilmas:

A

durumundaki sonlu eleman modéli

(9. problemin sinir gartlarinin devami)

21
22
23
24
25

O=OOOCOC OO

18

22
23
24
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26

28 27
29 28
30 29
31 30
32 31

1
1
2
2

o Wwno Wwmo
[V IRV RV IV, IRV IRV,
N B = e

WNWOoO wno v o
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10 5
20 10
20 15
10 20
10 25

15 0 20 0 25 O
15 5 20 5 25 5
25 10
25 15
15 20
15 25

2020 25 20
2025 25 25

.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0E1

123456789101112 13 141516 17 18

32

26
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0.00.00.00.00.00.00.00.00.0000000000.00.00.00.00.0
6
91 94 97 100 103 106

6 12 12 12 12 6

5.10. Problem 10

9. problemdeki plagin anizotrop olmas: halindeki sinir sartlari:

2 4 00 0O0O0 O
16 32

oy

w
N ot ek

NS oaRrRowaunsdwn
[y
[+ ]
pasned
\]

25 26 32 31

10 0 15 0 20 0 25 0

10 5 15 5 20 5 25 5

20 10 25 10

2015 2515

10 20 1520 20 20 25 20

025 525 1025 1525 2025 2525

25.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0E1
0
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91 94 97 100 103 106
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5.11. Problem 11

B

43 44 45 46 47 48 49
® | @ | & 69

36 37 38 39 40 41 42
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22 23 24 25 26 27 28
@ @ | ©

15 16 17 18 19 20 21
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Sekil 5.7: 30x30 mm® boyutundaki bir plagin sonlu eleman modeli

Sonlu eleman modeli Sekil 5.7de verilen 30x30 mm?® boyutundaki bir plagin izotrop

olmasi durumundaki sinir gartlar,

1 0 0 0 0 O

[V IR, e
[V, BV, o NN
(Vv
[V NV
[V RV
[V IRV, ]
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25.0E6 25.0E6 0.5E6 0.5E6 0.2E6 0.25E0 0.0E0 0.2E0

60

21

12345678 910111213 14 1516 17 18
19 20 21

000000000000000000000000000000000000000000
0

5.12, Problem 12

11. problemdeki plagin anizotrop olmas: halindeki simr gartlan:

5 5 5
5 5 5
6 0.5E6 0.5E6 0.2E6 0.25E0 0.0E0 0.2E0

§

123456738 910111213 141516 17 18
19 20 21

0.00.00.00.00.00.00.0000.00.00.00.00.00.00.00.00.00.00.00.00.0
0

5.13 Problem 13

Sonlu eleman modeli Sekil 5.8°de verilen 30x30 mm? boyutundaki plagn ortasinda
5x5 mm™lik delik agtigimizda ve plagin izotrop olmasi durumundaki smnir sartlari;

2 4 00 0O0O0 O
24 36
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Sekil 5.8: 30x30 mm® boyutundaki bir plagin ortasina 5x5 mm>lik delik agilmasi
p

A

durumundaki sonlu eleman modeli

(13. problemin sinir gartlarinin devami)

17 18
19 20
20 21
21 22
22 23
23 24
25 26
26 27
27 28
28 29
29 30
00
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0 125

24
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0175 75175 125 175 175 175 225 17.5 30 175
0225 75225 125225 175 225 225 225 30 225
030 7530 12530 17530 22530 3030
1.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0El
0
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5.14, Problem 14

13.problemdeki plagin anizotrop olmasi halindeki sinir gartlar:

2 4 00 0O0O0 O
24 36

O 0 J W W

10 11 17 16

13 14 20 19
14 15 21 20
16 17 23 22
17 18 24 23
19 20 26 25
20 21 27 26
21 22 28 27
22 23 29 28
23 24 30 29
25 26 32 31
26 27 33 32
27 28 34 33
28 29 35 34
29 30 36 35
0 0 75 0 125 0 175 0 225 0 30 O
0 75 75 75 125 75 175 75 225 175 30 175
0125 7.5 125 125 125 175 125 225 125 30 125
0175 75175 125 175 175 175 225 175 30 175
0225 75225 125 225 175 225 225 225 30 225
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S.15.Problem 15
B

42 43 44 45 46 47 48
@) @) )

35 36 37 38 39 40 41
@ @ @ @

28 29 30 31 32 33 34
@

22 23 24 25 26 27
®) ®

15 16 17 18 19 20 21
@ O, @ ®)

8 9 10 11 12 13 14
@ @ © @ ® ©®

1 2 3 4 5 6 7

A

Sekil 5.9: 30x30 mm? boyutundaki plagin ortasina 10x10 mm?>lik delik agilmas:

durumundaki sonlu eleman modeli
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Sonlu eleman modeli $ekil 5.9°da verilen 30x30 mm? boyutundaki plagin ortasinda
10x10 mm*’lik delik aghgimizda ve plagin izotrop olmas: durumundaki sinir sartlars;

2 4 00 0O0OTO
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4 11 10
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35 36 43 42

36 37 44 43

37 38 45 44

38 39 46 45

39 40 47 46

40 41 48 47

0 10 0 15 020 0 25 0 30 O
510 515 520 525 530 5
0 1010 1510 20 10 25 10 30 10
51015 20 15 25 15 30 15

0 10 20 1520 20 20 25 20 30 20
525 1025 1525 20 25 25 25 30 25
530 10 30 15 30 20 30 25 30 30 30
1.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0E1
0

21

1234567891011 1213 14 15 16 17 18 19 20 21

QO OCCO
WINDN — =
oS WO Wn o



0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
7

124 127 130 133 136 139 142
5 10 10 10 10 10 5

5.16. Problem 16

15. problemdeki plagin anizotrop olmas: halindeki sinir sartlan:

2 4 00 00O0 O

N

4
2 9 8
310 9
4 11 10
512 11
6 13 12
7 14 13
9 16 15
10 17 16
10 11 18 17
11 12 19 18
12 13 20 19
13 14 21 20
15 16 23 22
16 17 24 23
19 20 26 25
20 21 27 26
22 23 29 28
23 24 30 29
25 26 33 32
26 27 34 33
28 29 36 35
29 30 37 36
30 31 38 37
31 32 39 38
32 33 40 39
33 34 41 40
35 36 43 42
36 37 44 43
37 38 45 44
38 39 46 45
39 40 47 46
40 41 48 47
0 0S5 010 015 020 025 030 O
510 515 520 5 25 5 30 5§
10 10 10 15 10 20 10 25 10 30 10
15 10 15 20 15 25 15 30 15

O 00OV W W= W

0 55
010 5
015 5
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020 520 1020 15 20 20 20 25 20 30 20
025 525 1025 1525 20 25 25 25 30 25
030 530 1030 1530 20 30 25 30 30 30
25.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0E1
0
21
1234567891011 12 13 14 15 16 17 18 19 20 21
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
7
124 127 130 133 136 139 142
5 10 10 10 10 10 5§

5.17. Problem 17

Sonlu eleman modeli Sekil 5.10°da verilen 30x30 mm? boyutundaki plagin ortasinda
15x15 mm™lik delik agtifimizda ve plagin izotrop olmas1 durumundaki sinir sartlar::

2 4 00 0O0O0 O

(98]
N

O 0NN AW~
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42 43 44 45 46 47 48
@ D) G| @

35 36 37 38 39 40 41
@ @ & ®| @

28 29 30 31 32 33 34

W |®

22 23 25 |26 27
24

® ®

15 16 |17 | . 1819 |20 21
| . | @

8 9 10 111 12 13 14
@ ® O, ®| ©®

1 2 3 4 5 6 7

A

Sekil 5.10: 30x30 mm® boyutundaki bir plagin ortasina 15x15 mm®lik delik agilmasi

durumundaki sonlu eleman modeli

(17. problemin sinir gartlarinin devami)

37 38 45 44

38 39 46 45

39 40 47 46

40 41 48 47

00 50 75 0 15 0 225 0 25 0 30 O
05 55 755 15 5 225 5 25 5 30 5
0 755 75175 7515 75225 7525 7530 175
015 515 7515 22515 25 15 3015
0225522575225 15 225 225225 25 225 30 225
025 525 7525 15 25 22525 2525 3025
030 530 7530 15 30 22530 2530 3030
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1.0E2 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0E1
0
21
1234567891011 1213 14 15 16 17 18 19 20 21

0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
7

124 127 130 133 136 139 142
510 10 10 10 10 5

5.18. Problem 18

17. problemdeki plagin anizotrop olmas: halindeki simur gartlar:
2 4 00 0O0O0 O

W
N

4
2 9 8
3 10 9
4 11 10
5 12 11
6 13 12
7 14 13
9 16 15
10 17 16
10 11 18 17
11 12 19 18
12 13 20 19
13 14 21 20
15 16 23 22
16 17 24 23
19 20 26 25
20 21 27 26
22 23 29 28
23 24 30 29
25 26 33 32
26 27 34 33
28 29 36 35
29 30 37 36
30 31 38 37
31 32 39 38
32 33 40 39
33 34 41 40
35 36 43 42
36 37 44 43
37 38 45 44
38 39 46 45
39 40 47 46
40 41 48 47
00 50 75 0 15 0 225 0 25 0 30 0
05 55 75 5 15 5 225 5 25 5 30 5

O 0NV bW
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0 755 7575 7515 75225 7525 7530 75
015 515 7515 22515 25 15 3015
0225522575225 15 225 225 225 25 22.5 30 225
025 525 7525 15 25 225125 2525 3025
030 530 7530 15 30 22530 2530 3030
25.0E3 1.0E2 0.3845E2 0.3845E2 0.3845E2 0.3E0 1.0E1 2.0El
0
21
1234567891011 1213 14 1516 17 18 19 20 21
0.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.00.0
7
124 127 130 133 136 139 142

5 10 10 10 10 10 5



BOLUM 6

6. SONUCLAR

Bu béliimde besinci bolimde smnir sartlan verilen problemlerin sonuglan grafikler
halinde gosterilecektir. Elemanlarda meydana gelen gerilmelerin hepsini gostermeye gerek
yoktur. Fakat bazi problemlerde karsilagtirma yapabilmek igin sonuglar sayisal olarak da
verilmistir. Asagidaki grafiklerdeki degerler, genel olarak delik civarinda meydana gelen
gerilme degerleridir.

Sonug olarak, plag1 ortasindan kestifimizde, elemanlarda olugan gerilmeler ve
diigtmlerdeki yer degistirmeler grafiklerle belirtilmigtir. Deliklere yakin olan elemanlar
daha ¢ok zorlanmaktadir. Plafin kompozit(anizotrop) olmasi, izotrop halde olmasindan
daha avantajlidir, ¢linkii grafiklerden de gorildugi gibi gerilme degerleri biraz daha
kugiiktir.
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6.1 Sonuglarin Grafiklerle Gosterilmesi

6 1
4 4
2 4
0

2 4

Gerilmeler (N/mmz)(xloz)

NN

-8 4
-10 4
J2 4

-14 4

-16 <

Eleman
Numaralari

—&— Sigma x —&—Sigma y
—&— Sigma xy —é— Sigma xz
—&— Sigma yz

Sekil 6.1: (Problem 1) P=60 N/mm iiniform yiiklenmis, izotrop plak elemanlarinda

olusan gerilmeler

40

Gerilmeler (N/mm?)(x10)

-80 -
-100
-120
-140

\&

cay ray

—— Sigma x —i—Sigma y
—a&— Sigma xy — Sigma Xz
—8— Sigma yz

15

Sekil 6.2: (Problem 2) P=60 N/mm iiniform yiiklenmis, anizotrop plak elemanlarinda

olugan gerilmeler
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Gerilmeler (N/mm®)

-1,5 4 : :
—&— Sigma X —¢—Sigmay
2 4 —&— Sigma xy - Sigma xz
- —&— Sigma yz

Sekil 6.3: (Problem 3) B kenarindan P=60 N/mm yayili yiiklenmis izotrop bir plagn, bir
kesit boyunca elemanlarinda meydana gelen gerilmeler

NE 0,5 4
£ 03
§ 0,1 - ______fof___>- .
5o o T
Eleman
3
o Numaralar
0,5
0,7
0,9
-1,1 4
—o— Sigma x —i—Sigmay
-1.3 —a&— Sigma xy ——Sigma Xz
™ —&— Sigma yz

Sekil 6.4: (Problem 4) B kenarindan P=60 N/mm yayih yiiklenmis anizotrop bir plagn,
bir kesit boyunca elemanlarinda meydana gelen gerilmeler
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—
£ (= -] (=}
i e i A

Yerdegistirmeler(mm)(x10°)

8]
A

Dagi
Numaralari
e

2 1

17 18

A

o9

———Cokme —#—Tetax —a—Tetay

Sekil 6.5: (Problem 5) B kenarindan P=60 N/mm yayih yiiklenmis 5x5 mm’® delikli
izotrop bir plagn, delik kenarindaki bir kesit boyunca diiglim noktalarinda meydana gelen

yer degistirmeler
N
% 11 4
=
E o]
5
E 7
Ry
>~
34
Diigtim
14 Numaralar:
e = i i
-1 4 13 14 17 18
&< —o—(Cokme —F—Tetax —d—Tetay
5x5 mm’ delikli

Sekil 6.6: (Problem 6) B kenarindan P=60 N/mm yayihi yiklenmis

anizotrop bir plagmm, delik kenarmdaki bir kesit boyunca diiiim noktalarinda meydana

gelen yer degistirmeler
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Yerdegistirmeler(mm)(x10™*)

1% —&— Cokme —¥—Tetax —a—Teta y

Sekil.6.9: (Problem9) B kenarmndan P=60 N/mm yayih yiiklenmis 15x15 mm? delikli
izotrop bir plagmn, delik kenarindaki bir kesit boyunca diigiim noktalarinda meydana gelen
yer degistirmeler

A
1,7 4
1,4 4
1,1 1

0.8

Yerdegistirmeler(mm)(x10™)

0’5 7 D(.E.i
0,2 Numaralar1

— R —— ; 3 o
’ 7 3 9 10 I —

0,4 4

0,7

«1 o
—o— Cokme —#—Teta x —aie— Teta y

Sekil 6.10: (Problem 10) B kenarmdan P=60 N/mm yayih yiiklenmis 15x15 mm? delikli
anizotrop bir plagm, delik kenarindaki bir kesit boyunca diigiim noktalarmda meydana
gelen yer degistirmeler
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®

L 4
4

1 /
24 4

19 4

Yerdegistirmeler(mm)(x10”)

r;‘_cakme —i=Teta X +Tetﬂ|

Sekil 6.11: (Problem 11) B kenarindan P=60 N/mm yayih yiiklenmis izotrop bir plagm, bir
kesit boyunca diigiim noktalarinda meydana gelen yer degistirmeler

/

é

29 4 -

24 -

Yerdegistirmeler(mm)(x10~)

—O—DePlasman —ii—Teta X J

e Teta

Sekil 6.12: (Problem 12) B kenarindan P=60 N/mm yayih yiiklenmis anizotrop bir plagmn,
bir kesit boyunca diigiim noktalarinda meydana gelen yer degistirmeler
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10,5 9

L =]
i

/"\

(=,
2

+a

-
[* ]
L

Yerdegistirmeler(mm)(x10™)
=3

L5 ]
i

Dilgiim
Numaralari

—o—(Cdkme —#—Tetax —d—Tetay

e
—
IS

|
—
-
W
A

1
W
1

Sekil 6.13: (Problem 13) B kenarindan P=60 N/mm yayili yiiklenmig 5x5 mm’ delikli
izotrop bir plagmm, delik kenarindaki bir kesit boyunca diigiim noktalarinda meydana gelen
yer degistirmeler

bt
e
]

b
—
i

Yerdegistirmeler(mm)(x10™)

wh
A

W
1

Diigiim
Numaralari

-1 - 13 14 1 17 18

—o—(CSkme —#—Tetax —d&—Tetay

Sekil 6.14: (Problem 14) B kenarmdan P=60 N/mm yayih yiiklenmig 5x5 mm’ delikli
anizotrop bir plagm, delik kenarindaki bir kesit boyunca diigiim noktalarinda meydana
gelen yer degistirmeler



w
3

Ed
(.
1

—
W
B

Yerdegistirmeler(mm)(x10™)

—
2

0.5 1

Sekil 6.15: (Problem 15) B kenarindan
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—4— Cokme —#—Tetax —a—Teta y

P=60 N/mm yayih yiiklenmig 10x10 mm’ delikli

izotrop bir plagmn, delik kenarindaki bir kesit boyunca digim noktalarinda meydana gelen

yer degistirmeler
1
2,5
2 4
1,5 -

1 4

Yerdegistirmeler(mm)(x10™)

0.5 =

Numaralar1

0

-0,5 -

i3 o

—&— Cokme —"—Tetax —a— Teta y

Sekil 6.16: (Problem 16) B kenarindan P=60 N/mm yayil1 yiiklenmis 10x10 mm’ delikli
anizotrop bir plagm, delik kenarindaki bir kesit boyunca diigiim noktalarinda meydana

gelen yer degistirmeler




0.5 1
0,4 4
0,3 1
0,2 4

0,1 4

Yerdegistirmeler(ram)(x10™")

60

0
0,1 -

-0,2 4

-0,3

0.4 4

—o—(Cokme —¥—Tetax —a—Teta y

Sekil 6.17: (Problem 17) B kenarindan P=60 N/mm yayih yitklenmis 15x15 mm’ delikli
izotrop bir plagmn, delik kenarindaki bir kesit boyunca digim noktalarmda meydana gelen

yer degistirmeler

e o 2
w - w

%
o

Yerdegistirmeler(mm)(x10)

-0,3 4

0,4 4

F—O—Cakme —i—Teta X -—*—Tetall

Sekil 6.18: (Problem 18) B kenarmdan P=60 N/mm yayih yiiklenmis 15x15 mm” delikli
anizotrop bir plagm, delik kenarindaki bir kesit boyunca dugiim noktalarmda meydana

gelen yer degistirmeler
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Bazi problemlerin sayisal sonuglarmi verecek olursak;

6.2 Ugiincii Problemin Sayisal Sonuglar

ELEMAN TIPI (1=LINEER,2=QUADRATIK) = 1
ELEMAN DUGUM SAYISI =4

AGDAKI TOPLAM ELEMAN SAYISI = 25
AGDAKI TOPLAM DUGUM SAYISI = 36
SERBESTLIK DERECESI =3

MALZEME OZELLIKLERIL

MODUL , E1 = 0.25000E+08

MODUL , E2 = 0.25000E+08

KAYMA MODULU , G12,G13,G23 = 0.5000E+06 0.5000E+06 0.2000E+06
POISSON ORANI , NU12 = 0.25000E+00

KAYMA DUZELTME KATSAYISI , K = 0.83333E+00

MALZEME YOGUNLUGU , RHO = 0.00000E+00

PLAK KALINLIGI , H = 0.20000E+00

YUK SIDDETI , P= 0.00000E+00

BELIRTILEN DEPLASMAN KOD NUMARALARI VE DEGERLERI:

1 0.0000
2 0.0000
3 0.0000
4 0.0000
S 0.0000
6 0.0000
)/ 0.0000
8 0.0000
9 0.0000
10 0.0000
11 0.0000
12 0.0000
13 0.0000
14 0.0000
15 0.0000
16 0.0000
17 0.0000
18 0.0000

BELIRTILEN KUVVET KOD NUMARALARI VE DEGERLERI:
91 6.0000

94 12.0000
97 12.0000
100 12.0000
103 12.0000

106 6.0000



1 1 2
2 2 3
3 3
4 4 5
5 5 6
6 7 8
7 8 9
8 9 10
9 10 10
10 I 12
11 13 14
12 14 15
13 15 16
14 16 17
15 17 18
16 19 20
17 20 21
18 21 22
19 27923
20 23 24
21 25. 26
22 26 27
23 27 28
24 28 29
25 29 .30

8

9
10
11
12
14
15
16
17
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NOD(LJ)

DUGUMLERIN SISTEM KOORDINATLARI:

DUGUM  X(I)
1 0.0000
2 5.0000
3 10.0000
4 15.0000
5 20.0000
6 250000
7 0.0000
8 5.0000
9 10.0000

10 15.0000

11 20.0000

12 25.0000

13 0.0000

14 5.0000

15 10.0000

16 15.0000

17 20.0000

18 25.0000

19 0.0000

Y(D
0.0000
0.0000



20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

SISTEM RIJITLIK MATRiéI YARI BAND GENISLIGI = 24

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

DUG.NO. W

0.0000E+00
0.0000E+00

- 0.0000E+00

0.0000E+00
0.0000E+00
0.0000E+00
0.8275E-06
-0.1080E-05
-0.1013E-05
0.4578E-07
-0.1612E-05
0.1389E-05
-0.1162E-05
0.3647E-05
0.3687E-05
0.1563E-05
0.5509E-05
0.1359E-05
-0.2460E-05
-0.1957E-04
-0.2129E-04
-0.1867E-04
-0.2903E-04
-0.1910E-04
0.1304E-04
0.6859E-04
0.7244E-04
0.7238E-04

15.0000 _
15.0000
15.0000
15.0000
15.0000.
20.0000
20.0000
20.0000
20.0000
20.0000
20.0000
25.0000
25.0000
25.0000
25.0000
25.0000
25.0000

TETA-X
0.0000E-+00
0.0000E+00
0.0000E-+00
0.0000E+00

0.0000E-+00
0.0000E+00

-0.1056E-05

-0.274TE-05

-0.3135E-05

-0.2720E-05

-0.2636E-05

-0.4175E-05
0.1713E-05
0.4763E-05

0.5082E-05
0.4183E-05
0.3556E-05
0.6757E-05

-0.8700E-06

-0.7981E-05

-0.8064E-05

-0.6733E-05

-0.4087E-05

-0.1399E-04

-0.5456E-05
0.1597E-04
0.1488E-04
0.1423E-04
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TETA-Y
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E~+00
0.0000E+00
0.0000E+00
0.8298E-07

-0.8194E-06

~0.1488E-05

-0.2048E-05

'<0.1556E-05

-0.2013E-05
-0.4910E-06
0.1125E-05
0.1499E-05
0.2331E-05

- 0.2027E-0S

-0.1258E-06
0.3817E-05
0.4227E-05
0.6062E-05
0.6377E-05

'0.3652E-05
0.1793E-04 .

-0.1690E-04

-0.3675E-04

-0.4153E-04

-0.4944E-04



29
30
31
32
33
34
35
36

0.8958E-04
0.5006E-04
0.3872E-03
0.3925E-03
0.4721E-03
0.4622E-03
0.4626E-03
0.5063E-03

0.9008E-05

0.3636E-04
-0.8126E-05
-0.7130E-04
-0.3439E-04
-0.3627E-04
-0.3786E-04
-0.5326E-04

~0.3413E-04
-0.7124E-04
-0.1165E-03
-0.1006E-03
-0.1258E-03
-0.1180E-03
-0.1307E-03
-0.1191E-03

X-KOOR Y-KOOR SIGMAX SIGMAY SIGMAXY SIGMAXZ SIGMAYZ

2.500 . 2.500 ~0.500E+00 -0.309E+00 -0.235E-01 -0.476E+00 -0.349E-01
7.500 2.500 ~0.25TE+00 -0.641E+00 -0.328E-01 -0.610E+00 -0.131E+00
12.500  2.500 -0.125E+00 -0.915E+00 -0.321E-01 -0.566E+00 -0.163E+00
17.500  2.500 ~0.218E+00 -0.955E+00 -0.243E-01 -0.627E+00 -0.176E+00
22.500  2.500 ~0.648E+00 -0.105E+01 -0.363E-01 -0.584E+00 -0.152E+00
2500  7.500 0.454E+00 0.456E+00 0.550E-01 0.399E+00 0.414E-01
7.500  7.500 0.310E+00 0.131E+01 0.772E-01 0.417E+00 - 0:170E+00
12.500  7.500 0.362E+00 0.193E+01 0.770E-01 0.311E+00 0.116E+00
17.500  7.500 0.386E+00 0.209E+01 0.664E-01 0.343E+00 0.175E+00

22,500 7.500 0.808E+00 0.157E+01 0.726E-01 0.317E+00 0.487E-01
2500 12.500 -0.589E+00 0.171E+01 -0.665E-01 -0.760E+00 -0.470E-01
7.500 12.500 0.574E+00 0.206E+01 -0.118E+00 -0.716E+00 -0.265E+00

12.500 12.500 0.689E+00 0.232E+01 -0.115E+00 -0.555E+00 -0.755E-01

17.500 12.500 0.916E+00 0.165E+01 -0.108E+00 -0.588E+00 -0.313E+00

22.500 12.500 -0.475E+00 0.480E+01 -0.813E-01 -0.568E+00 0.619E-01
2500 17.500 -0.295E+00 -0.155E+02 -0.348E-03 0.178E+01 -0.172E+00
7.500 17.500 -0.622E+01--0.237E+02 '0.220E+00 0.163E+01 0.199E+00

12.500 17.500 -0.671E+01 -0.275E+02 0.182E+00 0.160E+01 -0.193E+00
17.500 17.500 -0.693E+01 -0.251E+02 0.233E+00 0.158E+01 0.430E+00

22.500 17.500 -0.381E+01 -0.327E+02 0.203E+00 0.161E+01 -0.362E+00
2.500 22.500 -0.220E+02 -0.464E+02 -0.469E+00 -0.464E+01 0.354E+00
7.500 22.500 -0.320E+00 -0.371E+02 -0.833E+00 -0.432E+01 -0.632E+00
12.500 22.500 -0.109E+02 -0.409E+02 -0.500E+00 -0.474E+01 -0.790E+00

17.500 22.500 -0.128E+02 -0.445E+02 -0.474E+00 -0.457E+01 -0.113E+01

22.500 22.500 -0.644E+01 -0.377E+02 -0.810E+00 -0.459E+01 -0.976E+00

6.3 Dérdiincii Problemin Sayisal Sonuclar

ELEMAN TiPi (1=LINEER,2=QUADRATIK) = 1
ELEMAN DUGUM SAYISI = 4

AGDAKI TOPLAM ELEMAN SAYISI = 25
AGDAKI TOPLAM DUGUM SAYISI = 36
SERBESTLIK DERECESI = 3

MALZEME OZELLIKLERL

MODUL, E1 = 0.25000E+08

MODUL, E2 = 0.10000E+07

KAYMA MODULU, G12,G13,G23 = 0.5000E+06 0.5000E+06 0.2000E+06
POISSON ORANI, NU12 = 0.25000E+00



KAYMA DUZELTME KATSAYISL K = 0.83333E+00
MALZEME YOGUNLUGU, RHO = 0.00000E+00

PLAK KALINLIGL H = 0.20000E+00
YUK SIDDETI, P = 0.00000E+00

BELIRTILEN DEPLASMAN KOD NUMARALARI VE DEGERLERI:

BELIRTILEN KUVVET KOD NUMARALARI VE DEGERLERI:

1 0.0000

2 0.0000

3 0.0000

4 0.0000

S 0.0000

6 0.0000

7 0.0000

8 0.0000

9 0.0000

10 0.0000

11 0.0000

12 0.0000

13 0.0000

14 0.0000

15 0.0000

16 0.0000

17 0.0000

18 0.0000

91 6.0000
94 12.0000
97 12.0000
100 12.0000
103 12.0000
106 6.0000
1 1 2 8
2 2 3 9
3 3 4 10
4 4 5 11
5 5 6 12
6 7 8 14
7 8 9 15
8 9 10 16
9 10 11 17
10 11 12 18
11 13 14 20
12 14 15 21
13 15 16 22
14 16 17 23
15 17 18 24

7

8

9
10
11
13
14
15
16
17
19
20
21
22
23

NOD(L))



16 19 20 26 25
17 20 21 27 26
18 21 22 28 27
19 22 23 29 28
20 23 24 30 29
21 25 26 32 31
22 26 27 33 32
23 27 28 34 33
24 28 29 35 34
25 29 30 36 35

DUGUMLERIN SISTEM KOORDINATLART:
DUGUM X(D) Y(@)

1 0.0000 0.0000
2 5.0000 0.0000
3 10.0000 0.0000
4 15.0000 0.0000

5 20.0000 0.0000
6 25.0000 0.0000

7 0.0000 5.0000
8 5.0000 5.0000
9 10.0000 5.0000
10 15.0000 5.0000
11 20.0000 5.0000
12 25.0000 5.0000
13 0.0000 10.0000
14 5.0000 10.0000
15 10.0000 10.0000
16 15.0000 10.0000
17 20.0000 10.0000
18 25.0000 10.0000
19 0.0000 15.0000
20 5.0000 15.0000
21 10.0000 15.0000
22 15.0000 15.0000
23 20.0000 15.0000
24 25.0000 15.0000
25 0.0000 20.0000
26 5.0000 20.0000
27 10.0000 20.0000
28 15.0000 20.0000
29 20.0000 20.0000
30 25.0000 20.0000
31 0.0000 25.0000
32 5.0000 25.0000
33 10.0000 25.0000
34 15.0000 25.0000
35 20.0000 25.0000
36 25.0000 25.0000
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SISTEM RIJITLIK MATRISI YARI BAND GENISLIGI = 24

DUG.NO. W

O 001 Wt & W) =

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1006E-05
-0.1489E-05
-0.1461E-05
-0.3639E-06
-0.2537E-05
0.9969E-06
-0.1669E-05
0.4674E-05
0.5053E-05
0.3098E-05
0.7770E-05
0.2089E-05
0.9654E-06
-0.1701E-04
-0.1863E-04
-0.1602E-04
-0.2613E-04
-0.1417E-04
0.1034E-04
0.6598E-04
0.6970E-04
0.6947E-04
0.8647E-04
0.4792E-04
0.4057E-03
0.4118E-03
0.4940E-03
0.4847E-03
0.4863E-03
0.5329E-03

TETA-X
0.0000E+00
0.0000E~+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

-0.1280E-05
-0.3335E-05
-0.3735E-05
-0.3234E-05
-0.3006E-05
-0.5017E-05
0.2069E-05
0.5728E-05
0.5972E-05
0.5023E-05
0.4200E-05
0.8460E-05
-0.2240E-05
-0.9766E-05
-0.9639E-05
-0.8376E-05
-0.5831E-05
-0.1640E-04
-0.2866E-05
0.1803E-04
0.1674E-04
0.1623E-04
0.1108E-04
0.3803E-04
-0.1053E-04
-0.7470E-04
-0.3641E-04
-0.3920E-04
-0.4033E-04
-0.5728E-04

TETA-Y
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

0.2094E-06
-0.1123E-05
-0.1876E-05

-0.2477E-05 -

-0.1927E-05
-0.1834E-05
-0.5940E-06
0.1234E-05
0.1327E-05
0.1484E-05
0.1938E-05

-0.2208E-05

0.2354E-05
0.2781E-05
0.5157E-05
0.6777E-05
0.2234E-05
0.1842E-04
-0.1080E-04
-0.3011E-~04
-0.3557E-04
-0.4347E-04
-0.2778E-04
-0.6340E-04
-0.1348E-03
-0.1112E-03
-0.1414E-03
-0.1312E-03
-0.1472E-03
-0.1336E-03

X-KOOR Y-KOOR SIGMAX SIGMAY SIGMAXY SIGMAXZ SIGMAYZ

2500 2.500 -0.517E+00 -0.143E-01 -0.297E-01 -0.585E+00 -0.461E-01
7.500  2.500 -0.108E+00 -0.311E-01 -0.391E-01 -0.735E+00 -0.174E+00
12500 2.500 0.114E+00 -0.424E-01 -0.378E-01 -0.680E+00 -0.212E+00
17.500  2.500 0.462E-01 -0.436E-01 -0.285E-01 -0.741E+00 -0.232E+00
22.500 2500 -0.513E+00 -0.427E-01 -0.397E-01 -0.689E+00 -0.182E+00
2500  7.500 0.406E+00 0.196E-01 0.645E-01 0.492E+00 0.467E-01
7.500  7.500

-0.250E-01 0.554E-01 0.906E-01 0.499E+00 0.193E+00



12.500
17.500
22.500
2.500
7.500
12.500
17.500
22.500
2.500
7.500
12.500
17.500
22.500
2.500
7.500
12.500
17.500
22.500

7.500

7.500

7.500
12.500
12.500
12.500
12.500
12.500
17.500
17.500
17.500
17.500
17.500
22.500
22.500
22.500
22.500
22.500
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-0.947E-01 0.707E-01 0.876E-01 0.384E+00 0.102E+00
-0.129E+00 0.770E-01 0.823E-01 0.415E+00 0.189E+00
0.572E+00 0.406E-01 0.831E-01 0.393E+00 0.220E-01
-0.958E+00 0.354E-01 -0.877E-01 -0.923E+00 -0.768E-O1
0.106E+00 0.548E-01 -0.143E+00 -0.854E+00 -0.319E+00
0.101E+00 0.922E-01 -0.136E+00 -0.704E+00 -0.950E-01
0.446E+00 0.603E-01 -0.138E+00 -0.746E+00 -0.366E+00
-0.153E+01 0.194E+00 -0.114E+00 -0.735E+00 0.135E-~01
0.323E+01 -0.428E+00 0.414E-01 0.190E+01 0.484E-01
-0.474E+00 -0.741E+00 0.25SE+00 0.169E+01 0.449E+00
-0.403E-01 -0.910E+00 0.224E+00 0.166E+01 0.101E+00
-0.855E+00 -0.811E+00 0.263E+00 0.165E+01 0.708E+00
0.383E+01 -0.108E+01 0.260E+00 0.169E+01 -0.273E-01
-0.114E+02 -0.216E+01 -0.480E+00 -0.473E+01 0.398E+00
0.881E+01 -0.178E+01 -0.908E+00 -0.437E+01 -0.427E+00
-0.131E+01 -0.195E+01 -0.532E+00 -0.484E+01 -0.662E+00
-0.209E+01 -0.209E+01 -0.536E+00 -0.466E+01 -0.986E+00
0.203E+01 -0.188E+01 -0.844E+00 -0.472E+01 -0.753E+00

6.4 Beginci Problemin Sayisal Sonuglan

ELEMAN TiPi (1=LINEER,2=QUADRATIK) = 2
ELEMAN DUGUM SAYISI = 4

AGDAKI TOPLAM ELEMAN SAYISI = 24
AGDAKI TOPLAM DUGUM SAYISI = 36
SERBESTLIK DERECESI =3

MALZEME OZELLIKLERI:

MODUL, E1 = 0.10000E+03

MODUL, E2 = 0.10000E+03

KAYMA MODULU, G12,G13,G23 = 0.3845E+02 0.3845E+02 0.3845E+02
POISSON ORANI, NU12 = 0.30000E+00

KAYMA DUZELTME KATSAYISL K = 0.83333E+00

MALZEME YOGUNLUGU, RHO = 0.10000E+02

PLAK KALINLIGIL, H = 0.20000E+02

YUK SIDDETI, P = 0.00000E+00

BELIRTILEN DEPLASMAN KOD NUMARALARI VE DEGERLERI:

00 ~1 O\ WV b W N =

0.0000
0.0000
0.0000
0.06000
0.0000
0.0000
0.0000
0.0000
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9 0.0000

10  0.0000
11 0.0000
12 0.0000
13 0.0000
14 0.0000
15  0.0000
16  0.0000
17 0.0000
18 0.0000
BELIRTILEN KUVVET KOD NUMARALARI VE DEGERLERI
91 6.0000
94  12.0000
97  12.0000
100  12.0000
103 12.0000
106 6.0000
ELEMAN KOD NUMARALARI MATRISI.... NOD(LJ)
1 1 2 8 17
2 2 3 9 8
3 3 410 9
4 4 511 10
5 5 6 12 11
6 7 8 14 13
7 8 9 15 14
8 9 10 16 15
9 10 11 17 16
10 11 12 18 17
11 13 14 20 19
12 14 15 21 20
13 16 17 23 22
14 17 18 24 23
15 19 20 26 25
16 20 21 27 26
17 21 22 28 27
18 22 23 29 28
19 23 24 30 29
20 25 26 32 31
21 26 27 33 32
22 27 28 34 33
23 28 29 35 34
24 29 30 36 35
DUGUM X(@) Y()
1 0.0000 0.0000

2 5.0000 0.0000



O 03O\ bW

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

SISTEM RIJITLIK MATRiSI YARI BAND GENISLIGI = 24

10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

DUG.NO. W

— OOV 0OV AW

ot b

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.2430E-03
0.2641E-03
0.2459E-03
0.2289E-03
0.1996E-03

0.0000

0.0000

0.0000

0.0000

5.0000

5.0000

5.0000

5.0000

5.0000

5.0000
10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
15.0000
15.0000
15.0000
15.0000
15.0000
15.0000
20.0000
20.0000
20.0000
20.0000
20.0000
20.0000
25.0000
25.0000
25.0000
25.0000
25.0000
25.0000

TETA-X
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-0.3325E-04
-0.6198E-05
-0.3374E-05
~-0.2410E-05

0.4050E-05
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TETA-Y
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

-0.8429E-04
-0.7307E-04
-0.6516E-04
-0.6478E-04
-0.7308E-04



12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

0.1282E-03
0.1013E-02

'0.1088E-02

0.7676E-03
0.7628E-03
0.9571E-03
0.6542E-03
0.3090E-02
0.3093E-02
0.3491E-02
0.3673E-02
0.2721E-02
0.2262E-02
0.8304E-02
0.7722E-02
0.7686E-02
0.7739E-02
0.7583E-02
0.6524E-02
0.1910E-01
0.1863E-01
0.1893E-01
0.1898E-01
0.1897E-01
0.1828E-01

0.2476E-04
-0.7361E-04
-0.2943E-04
-0.4455E-05
-0.1279E-04
0.1070E-04
0.3623E-04
-0.1419E-03
-0.6052E-04
-0.1758E-04
-0.7388E-04
-0.2818E-05
0.5206E-04
-0.2104E-03
-0.9873E-04
-0.6768E-04
-0.5156E-04
-0.1428E-04
0.6129E-04
-0.1246E-03
0.3432E-04
0.3401E-04
0.4520E-04
0.8073E-04
0.1849E-03

71

-0.9008E-04
-0.1500E-03
-0.1487E-03
-0.1123E-03
-0.1136E-03
-0.1495E-03
-0.1607E-03
-0.2486E-03
-0.2286E-03
-0.3315E-03
-0.3360E-03
-0.2460E-03
-0.2740E-03
-0.3143E-03
-0.3394E-03
-0.3655E-03
-0.3637E-03
-0.3546E-03
-0.4133E-03
-0.2397E-03
-0.3390E-03
-0.3394E-03
-0.3410E-03
-0.3338E-03
-0.3847E-03

X-KOOR Y-KOOR SIGMAX SIGMAY SIGMAXY SIGMAXZ SIGMAYZ

1.057  1.057 -0.414E-02-0.176E-01-0.193E-02-0.158E-~03 0.103E-02
1.057  3.943 -0.712E-03-0.166E-01-0.144E-02-0.589E-03-0.485E-03
3943  1.057 -0.372E-02-0.162E-01-0.734E-03-0.521E-04 0.115E-~02
3.943  3.943 -0.285E-03-0.152E-01-0.236E-03-0.194E-03-0.243E-03
6.057 1.057 -0.458E-02-0.157E-01-0.302E-03-0.626E-04 0.118E-02
6.057 3.943 -0.422E-02-0.155E-01 0.487E-04-0.234E-03-0.137E-03
8943  1.057 -0.428E-02-0.146E-01-0.177E-03-0.515E-04 0.115E-02
8943 3.943 -0.392E-02-0.145E-01 0.174E-03-0.192E-03-0.885E-04
11.057  1.057 -0.425E-02-0.143E-01-0.238E-03-0.445E-04 0.111E-~02
11.057 3.943 -0.412E-02-0.143E-01-0.221E-03-0.166E-03-0.920E-04
13.943  1.057 -0.423E-02-0.142E-01-0.195E-03-0.408E-04 0.105E-02
13.943 3943 -0.411E-02-0.142E-01-0.178E-03-0.152E-~03-0.149E-03
16.057  1.057 -0.409E-02-0.145E-01-0.215E-03-0.467E-04 0.976E-03
16.057 3.943 -0.327E-02-0.143E-01-0.583E-03-0.174E-03-0.254E-03
18943  1.057 -0.440E-02-0.156E-01 0.717E-04-0.215E-04 0.836E-03
18.943  3.943 -0.358E-02-0.153E-01-0.297E-03-0.801E-04-0.484E-03
21.057 1.057 -0.409E-02-0.166E-01 0.372E-03-0.396E-04 0.663E-03
21.057 3.943 -0.147E-02-0.158E-01-0.383E-03-0.148E-03-0.755E-03
23943  1.057 -0.474E-02-0.187E-01 0.129E-02 0.414E-04 0.333E-03
23943 3943 -0.211E-02-0.179E-01 0.536E-03 0.154E-03-0.127E-02
1.057  6.057 0.227E-02-0.129E-01-0.212E-02-0.922E-03 0.192E-02
1.057 8.943 0.444E-02-0.122E-01-0.256E-02-0.140E-02 0.668E-03



3.943
3.943
6.057
6.057
8.943
8.943
11.057
11.057
13.943
13.943
16.057
16.057
18.943
18.943
21.057
21.057
23.943
23.943
1.057
1.057
3.943
3.943
6.057
6.057
8.943
8.943
16.057
16.057
18.943
18.943
21.057
21.057
23.943
23.943
1.057
1.057
3.943
3.943
6.057
6.057
8.943
8.943
11.057
11.057
13.943
13.943
16.057
16.057
18.943

6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057
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0.189E-02-0.141E-01-0.136E-02-0.354E-03 0.229E-02
0.407E-02-0.135E-01-0.180E-02-0.650E-03 0.933E-03
-0.294E-02-0.148E-01-0.355E-03-0.832E-03 0.211E-02
-0.130E-03-0.140E-01 0.913E-03-0.229E-02 0.826E-03
-0.185E-02-0.112E-01 0.629E-03-0.693E-03 0.125E-02
0.957E-03-0.103E-01 0.190E-02-0.192E-02 0.269E-03
-0.335E-02-0.105E-01-0.233E-03-0.215E-03 0.953E-03
-0.453E-02-0.109E-01-0.310E-03-0.226E-03 0.749E-04
-0.342E-02-0.107E-01-0.646E-03-0.233E-03 0.998E-03
-0.460E-02-0.111E-01-0.722E-03-0.344E-~03 0.102E-03
-0.139E-02-0.114E-01-0.161E-02 0.358E-04 0.122E-02
0.767E-03-0.107E-01-0.284E-02 0.738E-03 0.211E-03
~-0.245E-02-0.149E-01-0.853E-03 0.222E-03 0.179E-02
-0.286E-03-0.142E-01-0.208E-02 0.111E-02 0.481E-03
-0.186E-03-0.151E-01-0.624E-03-0.449E-03 0.157E-02
0.426E-03-0.149E-01-0.366E-03-0.116E-02 0.183E-03
0.348E-04-0.144E-01-0.409E-03-0.469E-04 0.426E-03
0.647E-03-0.142E-01-0.152E-03-0.710E-03-0.904E-03
0.520E-02-0.174E-01-0.424E-02-0.208E-02 0.777E-02
0.991E-02-0.160E-01-0.341E-02-0.347E-02 0.602E-02
0.591E-02-0.150E-01-0.259E-02-0.112E-02 0.760E-02
0.106E-01-0.136E-01-0.176E-02-0.211E-02 0.605E-02
-0.887E-03-0.221E-01-0.156E-02-0.204E-02 0.856E-02
0.139E-02-0.215E-01-0.774E-02 0.112E-03 0.654E-02
-0.619E-02-0.398E-01-0.762E-03-0.151E-02 0.114E-01
-0.391E-02-0.391E-01-0.695E-02 0.836E-03 0.784E-02
-0.554E-02-0.408E-01-0.464E-02-0.904E-03 0.119E-01
0.502E-03-0.390E-01 0.949E-03-0.609E-02 0.827E-02
-0.741E-03-0.248E-01-0.253E-02-0.283E-03 0.747E-02
0.530E-02-0.230E-01 0.306E-02-0.496E-02 0.520E-02
0.382E-03-0.199E-01-0.170E-02-0.169E-02 0.555E-02
0.411E-02-0.188E-01-0.244E-~02-0.240E-02 0.370E-02
-0.259E-03-0.220E-01-0.394E-03-0.11CE-02 0.470E-02
0.346E-02-0.209E-01-0.114E-02-0.149E-02 0.267E-02
0.143E-01-0.107E-01-0.398E-02-0.519E-02 0.243E-01
0.182E-01-0.958E-02-0.598E-02-0.850E-02 0.229E-01
0.126E-01-0.165E-01-0.263E-02-0.356E-02 0.223E-01
0.165E-01-0.153E-01-0.463E-02-0.655E-02 0.204E-01
0.265E-02-0.181E-01-0.979E-02 0.363E-04 0.204E-01
.0.114E-02-0.186E-01-0.638E-02-0.232E-02 0.187E-01
0.557E-02-0.838E-02-0.103E-01 0.784E-03 0.172E-01
0.406E-02-0.883E-02-0.691E-02-0.170E-02 0.163E-01
-0.112E-01-0.989E-02-0.292E-02-0.189E-03 0.158E-01
-0.198E-02-0.713E-02-0.264E-02-0.131E-02 0.152E-01
-0.109E-01-0.908E-02 0.295E-03-0.947E-03 0.153E-01
-0.174E-02-0.632E-02 0.576E-03-0.129E-02 0.148E-01
0.111E-01-0.563E-02 0.677E-02-0.681E-02 0.167E-01
0.681E-02-0.691E-02 0.318E-02-0.358E-~02 0.158E-01
0.802E-02-0.159E-01 0.527E-02-0.562E-02 0.210E-01
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18943 18.943 0.373E-02-0.172E-01 0.168E-02-0.276E-02 0.193E-01
21.057 16.057 0.543E-02-0.214E-01-0.320E-02-0.352E-02 0.215E-01
21.057 18943 0.806E-02-0.206E-01-0.456E-02-0.587E-02 0.194E-01
23.943 16.057 0.427E-02-0.253E-01-0.228E-02-0.242E-02 0.186E-01
23.943 18943 0.689E-02-0.245E-01-0.364E-02-0.456E-02 0.162E-01
1.057 21.057 0.306E-01 0.210E-01 0.423E-02-0.892E-02 0.595E-01
1.057 23.943 0.366E-01 0.228E-01 0.937E-03-0.675E-02 0.606E-01
3.943 21.057 0.278E-01 0.116E-01 0.633E-02-0.667E-02 0.591E-01
3.943 23.943 0.338E-01 0.134E-01 0.303E-02-0.399E~02 0.594E-01
6.057 21.057 0.575E-02 0.290E-02 0.814E-02-0.188E-02 0.593E-01
6.057 23.943 0.177E-02 0.170E-02 0.927E-02 0.171E-02 0.594E-01
8943 21.057 0.673E-02 0.614E-02 0.674E-02-0.142E-02 0.602E-01
8.943 23.943 0.275E-02 0.495E-02 0.788E-02 0.183E-02 0.606E-01
11.057 21.057 0.498E-02 0.656E-02 0.782E-02-0.103E-02 0.605E-01
11.057 23.943 0.436E-02 0.637E-02 0.767E-02 0.850E-03 0.610E-01
13.943 21.057 0.485E-02 0.613E-02 0.761E-02-0.752E-03 0.606E-01
13.943  23.943 0.423E-02 0.594E~02 0.746E-02 0.108E-02 0.610E-01
16.057 21.057 0.958E-02 0.733E-02 0.808E-02-0.155E-02 0.608E-01
16.057 23.943 0.936E-02 0.726E-02 0.800E-02 0.772E-03 0.612E-01
18943 21.057 0.951E-02 0.710E-02 0.800E-02-0.863E~03 0.615E-01
18.943 23.943 0.929E~02 0.703E-02 0.792E-02 0.144E-02 0.619E-01
21.057 21.057 0.194E-01 0.103E-01 0.338E-02-0.556E-02 0.619E-01
21.057 23.943 0.230E-01 0.114E-01 0.373E-02-0.234E~02 0.623E-01
23943 21.057 0.197E-01 0.113E-01 0.465E-02-0.405E-02 0.622E-01
23943 23.943 0.233E-01 0.124E-01 0.500E-02-0.526E-03 0.627E-01

6.5 Altinc: Problemin Sayisal Sonuclan

ELEMAN TiPi (1=LINEER 2=QUADRATIK)= 2
ELEMAN DUGUM SAYISI = 4

AGDAKI TOPLAM ELEMAN SAYISI = 24
AGDAKI TOPLAM DUGUM SAYISI = 36
SERBESTLIK DERECESI = 3

MALZEME OZELLIKLERI

MODUL, E1 = 0.25000E+04

MODUL, E2 = 0.10000E+03

KAYMA MODULU, G12,G13,G23 = 0.3845E+02 0.3845E+02 0.3845E+02
POISSON ORANIL, NU12 = 0.30000E+00

KAYMA DUZELTME KATSAYISL K = 0.83333E+00

MALZEME YOGUNLUGU, RHO = 0.10000E+02

PLAK KALINLIGI, H = 0.20000E+02

YUK SIDDETI, P = 0.00000E+00

BELIRTILEN DEPLASMAN KOD NUMARALARI VE DEGERLERI{

1 0.0000
2 0.0000
3 0.0000
4 0.0000
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5 0.0000
6 0.0000
7 0.0000
8 0.0000
9 0.0000
10 0.0000
11 0.0000
12 0.0000
13 0.0000
14 0.0000
15 0.0000
16 0.0000
17 0.0000
18 0.0000

BELIRTILEN KUVVET KOD NUMARALARI VE DEGERLERI:
91 6.0000

94 12.0000
97 12.0000
100 12.0000
103 12.0000
106 6.0000

ELEMAN KOD NUMARALARI MATRISI.... NOD(,J)

1 1 2 8 7
2 2 3 9 8
3 3 410 9
4 4 511 10
5 S 6 12 11
6 7 8 14 13
7 8 915 14
8 9 10 16 15
9 10 11 17 16
10 11 12 18 17
11 13 14 20 19
12 14 15 21 20
13 16 17 23 22
14 17 18 24 23
15 19 20 26 25
16 20 21 27 26
17 21 22 28 27
18 22 23 29 28
19 23 24 30 29
20 25 26 32 31
21 26 27 33 32
22 27 28 34 33
23 28 29 35 34

N
=S
N
\©

30 36 35
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DUGUMLERIN SISTEM KOORDINATLARI:

DUGUM X
1 0.0000
2 5.0000
3 10.0000
4 15.0000
5 20.0000
6 25.0000
7 0.0000
8 5.0000
9 10.0000

10 15.0000

11 20.0000

12 25.0000

13 0.0000

14 5.0000

15 10.0000

16 15.0000

17 20.0000

18 25.0000

19 0.0000

20 5.0000

21 10.0000

22 15.0000

23 20.0000

24 25.0000

25 0.0000

26 5.0000

27 10.0000

28 15.0000

29 20.0000

30 25.0000

31 0.0000

32 5.0000

33 10.0000

34 15.0000

35 20.0000

36 25.0000

SISTEM RIJITLIK MATRIiSi YARI BAND GENISLIiGi =24

DUG.NO. W

NNV R W=

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.3354E-03

YD
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000

10.0000
10.0000
10.0000
10.0000
10.0000
10.0000
15.0000
15.0000
15.0000
15.0000
15.0000
15.0000
20.0000
20.0000
20.0000
20.0000
20.0000
20.0000
25.0000
25.0000
25.0000
25.0000
25.0000
25.0000

TETA-X
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

-0.1282E-05

TETA-Y
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

-0.8540E-04
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9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

0.2569E-03
0.2194E-03
0.1963E-03
0.1600E-03
0.1507E-03
0.1224E-02
0.1084E-02
0.7428E-03
0.7435E-03
0.9024E-03
0.6961E-03
0.3449E-02
0.3109E-02
0.3471E-02
0.3656E-02
0.2686E-02
0.2352E-02
0.8730E-02
0.7796E-02
0.7752E-02
0.7767TE-02
0.7613E-02
0.6736E-02
0.1941E-01
0.1883E-01
0.1909E-01
0.1912E-01
0.1909E-01
0.1874E-01

-0.4281E-07
0.5240E-07
-0.2612E-07
0.3786E-06
0.1339E-05
-0.3353E-05
-0.1097E-05
0.1081E-06
0.1254E-06
0.9329E-06
0.1937E-05
-0.7012E-05
-0.2660E-05
-0.4568E-06
-0.3786E-05
0.3572E-06
0.2656E-05
-0.1515E-04
-0.7571E-05
-0.5616E-05
-0.4172E-05
-0.1712E-05
0.2463E-05
-0.1264E-05
0.9440E-05
0.1072E-04
0.1227E-04
0.1468E-04
0.1880E-04

X-KOOR Y-KOOR SIGMAX
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-0.8656E-04
-0.7355E-04
-0.7120E-04
-0.8358E-04
-0.9342E-04
-0.1528E-03
-0.1736E-03
-0.1289E-03
-0.1211E-03
-0.1718E-03
-0.1690E-03
-0.2614E-03
-0.2663E-03
-0.3614E-03
-0.3661E-03
-0.2741E-03
-0.2885E-03
-0.3654E-03
-0.3877E-03
-0.3942E-03
-0.3956E-03
-0.3960E-03
-0.4246E-03
-0.3400E-03
-0.3633E-03
-0.3706E-03
-0.3718E-03
-0.3687E-03
-0.4018E-03

SIGMAY SIGMAXY SIGMAXZ SIGMAYZ

1.057
1.057
3.943
3.943
6.057
6.057
8.943
8.943
11.057
11.057
13.943
13.943
16.057
16.057
18.943
18.943
21.057
21.057

1.057
3.943
1.057
3.943
1.057
3.943
1.057
3.943
1.057
3.943
1.057
3.943
1.057
3.943
1.057
3.943
1.057
3.943

-0.384E-02-0.172E-01-0.972E-04-0.113E-03 0.146E-02
-0.254E-03-0.171E-01-0.149E-03-0.423E-03-0.121E-03
-0.388E-02-0.173E-01-0.422E-04-0.108E~03 0.117E-02
-0.294E-03-0.173E-01-0.936E-04-0.405E-~03-0.429E-03
-0.495E-02-0.168E-01 0.210E-03-0.509E-04 0.103E-02
-0.467E-02-0.168E-01 0.787E-03-0.190E-03-0.523E-03
-0.449E-02-0.153E-01 0.214E-03-0.505E-04 0.940E-03
-0.422E-02-0.153E-01 0.791E-03-0.188E-03-0.471E-03
-0.448E-02-0.147E-01 0.410E-04-0.310E-04 0.880E-03
-0.471E-02-0.147E-01 0.146E-03-0.116E-03-0.471E-03
-0.440E-02-0.144E-01 0.375E-04-0.313E-04 0.804E-03
-0.463E-02-0.144E-01 0.142E-03-0.117E-03-0.522E-03
-0.402E-02-0.148E-01-0.197E-03-0.488E-~04 0.709E-03
-0.284E-02-0.148E-01-0.746E~03-0.182E-03-0.656E-03
-0.445E-02-0.162E-01-0.179E-03-0.472E-04 0.526E-03
-0.327E~02-0.162E-01-0.728E-03-0.176E-03-0.971E-03
-0.414E-02-0.172E-01-0.115E-03-0.869E-05 0.433E-03
-0.136E-02-0.171E-01-0.552E-03-0.324E-04-0.115E-02



23.943
23.943
1.057
1.057
3.943
3.943
6.057
6.057
8.943
8.943
11.057
11.057
13.943
13.943
16.057
16.057
18.943
18.943
21.057
21.057
23.943
23.943
1.057
1.057
3.943
3.943
6.057
6.057
8.943
8.943
16.057
16.057
18.943
18.943
21.057
21.057
23.943
23.943
1.057
1.057
3.943
3.943
6.057
6.057
8.943
8.943
11.057
11.057
13.943

1.057
3.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
6.057
8.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057

7

-0.448E-02-0.183E-01-0.726E-04-0.493E-05 0.360E-03
-0.170E-02-0.183E-~01-0.510E-03-0.184E-04-0.133E-02
0.299E-02-0.143E-01-0.551E-03-0.632E-03 0.238E-02
0.594E-02-0.142E-01-0.142E-02-0.895E-03 0.106E-02
0.231E-02-0.165E-01-0.506E-03-0.605E-03 0.206E-02
0.526E-02-0.165E-01-0.138E-02-0.857E-03 0.523E-03
-0.318E-02-0.161E-01 0.145E-02-0.657E-03 0.166E-02
0.341E-04-0.161E-01 0.286E-02-0.180E-02 0.173E-03
-0.208E-02-0.124E-~01 0.150E-02-0.651E-03 0.901E-03
0.114E-02-0.124E-01 0.291E-02-0.178E-02-0.246E-03
-0.355E-02-0.109E-01 0.275E-03-0.114E-03 0.679E-03
-0.328E-02-0.109E-01 0.517E-03-0.247E-04-0.323E-03
-0.336E-02-0.102E-01 0.279E-03-0.115E-03 0.832E-03
-0.309E-02-0.102E-01 0.521E-~03-0.248E-04-0.112E-03
-0.103E-02-0.116E-01-0.156E-02 0.351E-04 0.101E-02
0.135E-03-0.116E-01-0.326E-02 0.761E-03-0.589E-04
-0.236E-02-0.160E-01-0.154E-02 0.442E-04 0.136E-02
-0.120E-02-0.160E-01-0.324E-02 0.775E-03-0.125E-03
-0.284E-03-0.171E-01-0.510E-~03-0.304E-03 0.117E-02
-0.156E-03-0.171E-01 0.482E-04-0.102E-02-0.416E-03
0.153E-03-0.157E-01-0.508E-~03-0.286E-03 0.305E-03
0.281E-03-0.157E~01 0.502E-04-0.100E-02-0.114E-02
0.721E-02-0.210E-01-0.159E-02-0.128E-02 0.824E-02
0.133E-01-0.209E-01-0.883E-~03-0.208E-02 0.629E-02
0.776E-02-0.191E-01-0.150E-~02-0.123E-02 0.718E-02
0.138E-01-0.191E-01-0.790E-~03-0.201E-02 0.540E-02
-0.260E-03-0.245E-01 0.106E~02-0.127E-02 0.784E-02
0.263E-02-0.244E-01-0.515E~02 0.131E-02 0.558E-02
-0.512E-02-0.407E-01 0.111E-~02-0.124E-02 0.107E-01
-0.223E-02-0.406E-01-0.510E-02 0.135E-~02 0.697E-02
-0.535E-02-0.430E-01-0.183E-02-0.523E-03 0.115E-01
0.431E-02-0.429E-01 0.451E-02-0.476E-02 0.748E~02
-0.389E-03-0.265E-01-0.168E-02-0.495E-~03 0.690E-02
0.927E-02-0.264E-01 0.466E-02-0.470E-02 0.445E-02
0.346E-04-0.212E-01-0.919E-04-0.146E-02 0.505E-02
0.379E-02-0.211E-01-0.851E-03-0.193E-02 0.309E-02
-0.560E-03-0.232E-01-0.344E-04-0.143E-02 0.457E-02
0.319E-02-0.231E~01-0.793E-03-0.190E-02 0.242E-02
0.188E-01-0.213E-01-0.123E-~02-0.323E-02 0.239E-01
0.281E-01-0.212E-01-0.200E-02-0.557E-02 0.219E-01
0.182E-01-0.233E-01-0.109E-02-0.314E-02 0.215E-01
0.275E-01-0.232E-01-0.186E-02-0.544E-02 0.194E-01
0.461E-02-0.205E-01-0.626E-~02 0.167E-02 0.196E-01
0.389E-02-0.205E-01-0.232E-02 0.764E-04 0.177E-01
0.769E-02-0.102E-01-0.627E-02 0.171E-02 0.167E-01
0.697E-02-0.102E-01-0.233E-02 0.114E-03 0.157E-01
-0.136E-01-0.657E-02-0.623E-03 0.887E-03 0.154E-01
0.256E-03-0.640E-02-0.480E-03 0.181E-03 0.148E-01
-0.135E-01-0.620E-02-0.412E-03 0.844E-03 0.147E-01
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13.943 18943 0.369E-03-0.603E~02-0.268E-03 0.189E-03 0.141E-01
16.057 16.057 0.161E-01-0.961E-02 0.552E-02-0.521E-02 0.160E-01
16.057 18943 0.112E-01-0.967E-02 0.141E-02-0.220E-02 0.151E-01
18943 16.057 0.128E-01-0.203E-01 0.544E-02-0.514E-02 0.204E-01
18943 18943 0.796E~02-0.204E-01 0.134E-02-0.215E-02 0.185E-01
21.057 16.057 0.600E-02-0.249E-01-0.147E-02-0.286E-02 0.211E-01
21.057 18943 0.114E-01-0.248E-01-0.210E-02-0.490E-02 0.188E-01
23.943 16.057 0.551E-02-0.266E-01-0.138E-02-0.281E-02 0.188E-01
23.943 18943 0.109E-01-0.265E-01-0.201E~02-0.483E-02 0.163E-01

1.057 21.057 0.428E-01 0.556E-02-0.610E-03-0.585E-02 0.572E-01

1.057 23.943 0.519E-01 0.567E-02-0.660E-03-0.430E-02 0.577E-01

3.943 21.057 0.428E-01 0.543E-02-0.471E-03-0.570E-02 0.581E-01

3.943 23.943 0.519E-01 0.554E-02-0.521E~03-0.412E-02 0.586E-01

6.057 21.057 0.105E-01 0.496E-02 0.784E-03 0.278E-04 0.588E-01

6.057 23.943 0.858E-02 0.493E-02 0.748E-03 0.149E-02 0.592E-01

8.943 21.057 0.105E-01 0.487E~02 0.753E~03 0.613E-04 0.598E-01

8.943 23.943 0.855E-02 0.484E-02 0.718E-03 0.151E-02 0.603E-01
11.057 21.057 0.878E-02 0.482E-02 0.115E-02 0.569E-04 0.602E-01
11.057 23.943 0.909E-02 0.483E-02 0.116E-02 0.423E-03 0.606E-01
13.943 21.057 0.879E-02 0.485E-02 0.116E-02 0.841E-04 0.603E-01
13.943 23943 0.910E-02 0.485E-02 0.117E~02 0.451E~03 0.607E-01
16.057 21.057 0.138E-01 0.507E-02 0.129E-02-0.826E-03 0.604E-01
16.057 23.943 0.136E-01 0.507E-02 0.145E-02-0.661E-04 0.609E-01
18943 21.057 0.139E-01 0.548E-02 0.129E-02-0.781E-03 0.609E-01
18.943 23.943 0.137E-01 0.548E-02 0.145E-02-0.214E-04 0.614E-01
21.057 21.057 0.225E-01 0.555E-02-0.101E-02-0.483E-02 0.616E-01
21.057 23.943 0.224E-01 0.555E-02-0.121E-02-0.258E-~02 0.621E-01
23.943 21.057 0.223E-01 0.503E-02-0.102E-02-0.475E-02 0.630E-01
23.943 23943 0.222E-01 0.503E-02-0.121E-02-0.251E-02 0.634E-01

6.6 Dokuzuncu Problemin Saysal Sonuclan

ELEMAN TiPi (1=LINEER,2=QUADRATIK) = 2
ELEMAN DUGUM SAYISI = 4

AGDAKI TOPLAM ELEMAN SAYISI = 16
AGDAKI TOPLAM DUGUM SAYISI = 32
SERBESTLIK DERECESI = 3

MALZEME OZELLIKLERI

MODUL, E1 = 0.10000E+03

MODUL, E2 = 0.106000E+03

KAYMA MODULU, G12,G13,G23= 0.3845E+02 0.3845E+02 0.3845E+02
POISSON ORANI, NU12 = 0.30000E+00

KAYMA DUZELTME KATSAYISL, K = 0.83333E+00

MALZEME YOGUNLUGU, RHO = 0.10000E+02

PLAK KALINLIGI, H = 0.20000E+02

YUK SIDDETI, P = 0.00000E+00
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BELIRTILEN DEPLASMAN KOD NUMARALARI VE DEGERLERI:

BELIRTILEN KUVVET KOD NUMARALARI VE DEGERLERI:

ELEMAN KOD NUMARALARI MATRISI.... NOD(LJ)

1 0.0000

2 0.0000

3 0.0000

4 0.0000

5 0.0000

6  0.0000

7 0.0000

8  0.0000

9  0.0000
10 0.0000
11 0.0000
12 0.0000
13 0.0000
14 00000
15 0.0000
16 0.0000
17 0.0000
18 0.0000
91 60000
94 12.0000
97  12.0000
100  12.0000
103 12.0000
106  6.0000
1 1 2 8
2 23 9
3 3 410
4 4 511
5 5 612
6 7 8 14
7 11 12 16
8 13 14 18
9 15 16 20
10 17 18 22
11 19 20 26
12 21 22 28
13 22 23 29
14 23 24 30
15 24 25 31
16 25 26 32

DUGUMLERIN SISTEM KOORDINATLARE:
DUGUM X()
0.0000

1



SISTEM RIiJITLIK MATRISI YARI BAND GENISLIGi = 24

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
20.0000
25.0000

0.0000

5.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

0.0000

5.0000
10.0000
15.0000
20.0000
25.0000

DUG.NO. W

[
O VOOV bW -

Pk el ek
BOW N e

0.0000E+00
0.0000E+00
0.0000E+00

0.0000E+00 -

0.0000E+00
0.0000E+00
-0.6576E-05
-0.3901E-05
0.3104E-05

0.3297E-04

0.1829E-03

0.1892E-03

-0.2006E-04
-0.1022E-04

0.0000
0.0000
0.0000
0.0000
0.0000
5.0000
5.0000
5.0000
5.0000
5.0000
5.0000
10.0000
10.0000
10.0000
10.0000
15.0000
15.0000
15.0000
15.0000
20.0000
20.0000
20.0000
20.0000
20.0000
20.0000
25.0000
25.0000
25.0000
25.0000
25.0000
25.0000

TETA-X
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.1205E-06
0.1275E-06

-0.5963E-06
-0.1138E-05
-0.1067E-05
0.1373E-04
0.2064E-06
-0.8412E-06
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TETA-Y
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

-0.1294E-06
0.6082E-07
-0.2787E-06
0.2090E-05
-0.4281E-04
-0.7062E-04
-0.1664E-05
0.1246E-05



15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

0.8974E-03
0.7924E-03
-0.5776E-04
-0.6699E-~05
0.2672E-02
0.2542E-02
-0.1025E-03
-0.1903E-04
0.4801E-~03
0.3475E-02
0.7677E-02
0.6590E~02
-0.3519E-04
-0.2222E-04
0.7774E-04
0.1308E-02
0.1109E-01
0.3067E-01

-0.2898E-04
0.1731E-04
-0.9848E-05
-0.3101E-05
-0.1036E-03
-0.7975E-05
-0.2471E-04
-0.3925E-04
-0.1502E-03
-0.2780E-03
-0.2878E-03
-0.9815E-04
-0.8435E-05
-0.1577E-04
-0.5500E-04
-0.1638E-03
-0.2931E-03
-0.2251E-03
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-0.1332E-03
-0.1266E-03
-0.8013E-05

0.3950E-05
-0.2504E-03
-0.2051E-03
-0.2274E-05
-0.2943E-05
-0.1739E-04
-0.1169E-03
-0.3082E-03
-0.3769E-03
-0.1531E-06
-0.6935E-06
-0.5010E-05
-0.3309E-04
-0.2039E-03
-0.3781E-03

X-KOOR Y-KOOR SIGMAX SIGMAY SIGMAXY SIGMAXZ SIGMAYZ

1.057  1.057 -0.555E~05-0.195E-04 0.125E-04 0.445E-05-0.391E-04
1.057 3.943 -0.466E-05-0.192E-04 0.209E-04 0.166E-~04-0.408E-04
3.943  1.057 0.169E-05 0.463E-05 0.128E-04 0.448E-05-0.285E-04
3943 3943 0.258E-05 0.490E-05 0.212E-04 0.167E-04-0.281E-04
6.057 1.057 -0.343E-04-0.125E-04-0.747E-05 0.931E-05-0.156E-04
6.057 3.943 -0.126E-03-0.400E-04-0.225E-04 0.348E-04-0.158E-04
8.943  1.057 -0.473E-04-0.556E-04-0.396E-~04 0.648E-05 0.901E-05
8943 3943 -0.139E-03-0.831E-04-0.547E-04 0.242E-04 0.518E-05
11.057 1.057 -0.105E-04 0.412E-04-0.162E-04 0.356E-04 0.618E-04
11.057 3.943 -0.793E-04 0.206E-04 0.890E-04 0.133E-03 0.659E-04
13.943  1.057 0.796E-04 0.342E-03-0.402E-04 0.335E-04 0.182E-03
13943  3.943 0.108E-04 0.321E-03 0.649E-04 0.125E-~03 0.211E-03
16.057  1.057 -0.485E-03-0.163E-02-0.816E-03 0.195E-03 0.364E-03
16.057 3.943 -0.475E-03-0.162E-02-0.281E-02 0.730E-03 0.227E-03
18943  1.057 -0.219E-02-0.732E-02-0.813E-03 0.196E-03 0.743E-03
18943 3943 -0.218E-02-0.732E-02-0.281E-02 0.731E-03 0.127E-03
21.057  1.057 -0.252E-02-0.105E-01-0.293E-03 0.224E-04 0.851E-03
21.057 3943 -0.646E-~03-0.993E-02-0.153E-02 0.836E-04-0.498E-04
23943  1.057 -0.358E-02-0.140E-01 0.363E-03 0.802E-04 0.765E-03
23943 3943 -0.170E-02-0.135E-01-0.871E-03 0.299E-03-0.432E-03
1.057  6.057 -0.111E~03-0.225E~03 0.483E-04 0.298E-04-0.861E-04
1.057 8.943 -0.245E-03-0.265E-03 0.169E-03 0.538E-04-0.104E-03
3.943  6.057 -0.717E-05 0.120E-03 0.147E-05 0.258E-04-0.454E-04
3943 8943 -0.141E-03 0.798E-04 0.122E-03 0.386E-04-0.341E-04
21.057  6.057 -0.764E-03-0.168E-01-0.321E-02-0.189E-03 0.231E-02
21.057 8943 0.323E-02-0.156E-01-0.169E-02-0.993E-03 0.768E-03
23943  6.057 0.545E-03-0.125E-01-0.182E-02 0.208E-03 0.151E-02
23943 8943 0.454E-02-0.113E-01-~0.289E-03-0.260E-03 0.344E-03
1.057 11.057 -0.161E-03-0.936E-03-0.276E-03 0.615E-04-0.249E-03
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1.057 13.943 0.828E-03-0.639E-03 0.126E-03 0.585E-04-0.332E-03
3.943 11.057 0.184E-03 0.213E-03 0.704E-04 0.726E-04-0.770E-05
3943 13943 0.117E-02 0.510E-03 0.472E-03 0.153E-03 0.691E-05
21.057 11.057 0.527E-02-0.202E-01-0.380E-02-0.176E-02 0.638E-02
21.057 13.943 0.115E-01-0.184E-01-0.208E-02-0.304E-02 0.436E-02
23943 11.057 0.675E-02~0.153E-01-0.161E-02-0.708E-03 0.656E-02
23943 13.943 0.130E-01-0.134E-01 0.107E~03-0.146E-02 0.495E-02
1.057 16.057 0.697E-03 0.823E-03-0.774E-03-0.298E-04-0.398E-03
1.057 18.943 -0.200E-02 0.132E-04-0.134E-02-0.268E-03-0.341E-03
3.943 16.057 0.216E-03-0.780E-03-0.172E-02 0.118E-04-0.106E-03
3.943 18.943 -0.248E-02-0.159E-02-0.228E-02-0.454E-03-0.184E-03
21.057 16.057 0.200E-01-0.104E-01-0.110E-~01-0.592E-02 0.225E-01
21.057 18.943 0.319E-01-0.680E-02-0.161E-01-0.125E-01 0.210E-01
23.943 16.057 0.156E-01-0.248E-01-0.683E-02-0.378E-02 0.194E-01
23943 18943 0.276E-01-0.213E-01-0.119E-01-0.935E-02 0.166E-01
1.057 21.057 -0.272E-02-0.386E-03 0.132E-02-0.330E-03 0.273E-03
1.057 23.943 -0.181E-02-0.112E-03 0.133E-02-0.262E-03 0.313E-03
3.943 21.057 -0.271E-02-0.370E-03 0.164E-02-0.571E-03 0.354E-06
3.943 23943 -0.180E-02-0.957E-04 0.164E-02-0.426E-03 0.415E-04
6.057 21.057 -0.208E-01-0.535E-~02 0.202E-02 0.911E-03-0.723E-03
6.057 23.943 -0.117E-01-0.262E-02 0.247E-02 0.149E-03-0.642E-03
8.943 21.057 -0.204E-01-0.407E-02 0.521E-02-0.861E-~03-0.243E-02
8943 23943 -0.113E-01-0.134E-~02 0.566E-02-0.857E~03-0.224E-02
11.057 21.057 -0.254E-01-0.213E-02 0.114E-02 0.118E-01-0.601E-02
11.057 23.943 -0.230E-01-0.140E~02 0.431E-02 0.710E-02-0.550E-02
13.943 21.057 -0.227E-01 0.693E-02 0.199E-02 0.950E-02-0.141E-01
13.943 23943 -0.203E-01 0.766E-~02 0.516E-02 0.502E-02-0.128E-01
16.057 21.057 -0.189E-02 0.171E-01-0.753E-02 0.261E~01-0.108E-01
16.057 23.943 -0.171E-01 0.125E-01-0.663E-02 0.484E~01-0.914E-02
18.943 21.057 -0.111E-02 0.197E-01-0.128E-01 0.255E-~01 0.640E-02
18.943 23.943 -0.163E-01 0.151E-01-0.119E-01 0.465E-01 0.825E-02
21.057 21.057 0.414E-01 0.288E-~01-0.938E-02 0.129E-01 0.401E-01
21.057 23.943 0.260E-01 0.242E-01-0.141E-01 0.888E-01 0.416E-01
23.943 21.057 0.374E-01 0.155E~01-0.148E-01 0.159E-01 0.115E+00
23.943 23.943 0.220E-01 0.108E-~01-0.19SE-01 0.905E-01 0.115E+00

6.7 Onuncu Problemin Sayisal Sonuclan

ELEMAN TIPI (1=LINEER 2=QUADRATIK) = 2
ELEMAN DUGUM SAYISI =4

AGDAKI TOPLAM ELEMAN SAYISI = 16
AGDAKI TOPLAM DUGUM SAYISI = 32
SERBESTLIK DERECESI = 3

MALZEME OZELLIKLERTI

MODUL, E1 = 0.25000E+04

MODUL, E2 = 0.10000E-+03

KAYMA MODULU, G12,G13,G23= 0.3845E+02 0.3845E+02 0.3845E+02
POISSON ORANI, NU12 = 0.30000E+00
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KAYMA DUZELTME KATSAYISL K = 0.83333E+00
MALZEME YOGUNLUGU, RHO = 0.10000E+02
PLAK KALINLIGI, H = 0.20000E+02

YUK SIDDETI, P = 0.00000E+00

BELIRTILEN DEPLASMAN KOD NUMARALARI VE DEGERLERI:

1 0.0000

2 0.0000

3 0.0000

4 0.0000

5 0.0000

6 0.0000

7 0.0000

8 0.0000

9 0.0000
10 0.0000
11 0.0000
12 0.0000
13 0.0000
14 0.0000
15 0.0000
16 0.0000
17 0.0000
18 0.0000
BELIRTILEN KUVVET KOD NUMARALARI VE DEGERLERI:

91 6.0000

94 12.0000

97 12.0000
100 12.0000
103 12.0000
106 6.0000

ELEMAN KOD NUMARALARI MATRISI.... NOD(LJ)

1 1 2 8 7
2 2 3 9 8
3 3 410 9
4 4 511 10
5 5 6 12 11
6 7 8 14 13
7 11 12 16 15
8 13 14 18 17
9 15 16 20 19
10 17 18 22 21

11 19 20 26 25
12 21 22 28 27
13 22 23 29 28
14 23 24 30 29
15 24 25 31 30



16 25 26 32 31
DUGUMLERIN SISTEM KOORDINATLART:
DUGUM  X(@) YD
1 0.0000 0.0000
2 5.0000 0.0000
3 10.0000 0.0000
4 15.0000 0.0000
5 20.0000 0.0000
6 25.0000 0.0000
7 0.0000 5.0000
8 5.0000 5.0000
9 10.0000 5.0000
10 15.0000 5.0000
11 20.0000 5.0000
12 25.0000 5.0000
13 0.0000  10.0000
14 5.0000  10.0000
15 20.0000  10.0000
16 25.0000  10.0000
17 0.0000  15.0000
18 50000  15.0000
19 20.0000  15.0000
20 25.0000  15.0000
21 0.0000  20.0000
22 50000  20.0000
23 10.0000  20.0000
24 15.0000  20.0000
25 20.0000  20.0000
26 25.0000  20.0000
27 0.0000  25.0000
28 50000  25.0000
29 10.0000  25.0000
30 15.0000  25.0000
31 20.0000  25.0000
32 25.0000  25.0000

SISTEM RIJITLIK MATRISI YARI BAND GENISLIGi. =24

DUG.NO. W

O 00 ~JANANWVi AWN —

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.3418E-05
0.2408E-05
0.3612E-05

TETA-X
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00

-0.1951E-08
0.8777E-08
0.1733E-07

TETA-Y
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
-0.4279E-06
-0.3069E-06
-0.2431E-06



10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32

0.3150E-04
0.1446E-03
0.1557E-03
0.9618E-05
0.9065E-05
0.8599E-03
0.7230E-03
0.2862E-04
0.1964E-04
0.2759E-02
0.2340E-02
0.1609E-04
0.1019E-03
0.8559E-03
0.3877E-02
0.7827E-02
0.6261E-02
-0.3127E-05
0.2206E-04
0.1961E-03
0.1507E-02
0.1127E-01
0.3059E-01

0.7153E-07
0.1578E-06
0.7760E-06
0.1089E-07
0.4714E-09
-0.8283E-06
0.1406E-05
-0.1366E-06
-0.6587E-07
-0.3311E-05
0.5323E-06
-0.4726E-05
-0.4688E-05
-0.1135E-04
-0.1615E-04
-0.1551E-04
-0.5153E-05
-0.3730E-05
-0.3809E-05
-0.7655E-05
-0.1437E-04
-0.1919E-04
-0.1120E-04
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0.2160E-05

-0.5129E-04
-0.8626E-04
-0.7273E-06
-0.6721E-06
-0.1477E-03
-0.1638E-03
-0.1668E~05
-0.1395E-06
-0.2590E-~03
-0.2837E-03
-0.1079E~05
0.3064E-06
-0.8519E-06
-0.9143E-04
-0.3362E-03
-0.4800E-~03
-0.2657E-06
-0.7196E-06
-0.4588E-05
-0.3515E-04
-0.2121E-03
-0.5272E-03

X-KOOR Y-KOOR SIGMAX SIGMAY SIGMAXY SIGMAXZ SIGMAYZ

1.057 1.057 -0.129E-04-0.806E-04 0.199E-05-0.137E-05 0.178E-04
1.057 3.943 0.182E-04-0.802E-04 0.736E-05-0.510E-0S 0.104E-04
3943 1.057 -0.864E-05-0.666E-04 0.247E-05-0.132E-05 0.145E-04
3.943 3943 0.224E-04-0.662E-04 0.784E-05-0.494E-05 0.840E-05
6.057 1.057 -0.859E-05-0.588E-04 0.185E-05 0.170E-05 0.151E-04
6.057 3.943 0.162E-04-0.585E-04 0.468E-05 0.635E-05 0.964E-05
8.943 1.057 -0.638E-05-0.514E-04 0.223E-05 0.174E-05 0.198E-04
8943 3943 0.184E-04-0.511E-04 0.506E-05 0.648E-05 0.150E-04
11.057 1.057 0.734E-04 0.538E-04 0.413E-04 0.380E-~04 0.627E-04
11.057 3.943 0.230E-03 0.557E-04 0.148E-03 0.142E-03 0.676E-04
13.943 1.057 0.157E-03 0.332E-03 0.437E-04 0.382E-04 0.175E-03
13.943 3.943 0.314E-03 0.334E-03 0.150E-03 0.142E-03 0.206E-03
16.057 1.057 -0.459E-03-0.183E-02-0.862E-03 0.154E-03 0.293E-03
16.057 3.943 -0.209E-03-0.183E-02~0.323E-02 0.574E-03 0.124E-03
18.943 1.057 -0.232E-02-0.803E-02-0.858E-03 0.154E-03 0.503E-03
18.943 3.943 -0.207E-02-0.802E-02-0.323E-02 0.575E-03-0.237E-03
21.057 1.057 -0.288E-02-0.118E-01-0.546E-03 0.169E-04 0.544E-03
21.057 3.943 -0.109E-02-0.117E-01-0.210E-02 0.630E-04-0.541E-03
23.943 1.057 -0.409E-02-0.158E-01-0.519E-03 0.193E-04 0.449E-03
23.943 3.943 -0.230E-02-0.158E-01-0.207E-02 0.720E-04-0.101E-02
1.057 6.057 0.125E-04-0.625E-04 0.888E-05-0.579E-05 0.253E-04
1.057 8.943 -0.487E-04-0.632E-04 0.596E-05-0.394E-05 0.195E-04
3.943 6.057 0.102E-04-0.701E-04 0.794E-05-0.567E-05 0.290E-04
3.943 8943 -0.510E-04-0.709E-04 0.502E~05-0.405E-05 0.225E-04



21.057
21.057
23.943
23.943
1.057
1.057
3.943
3.943
21.057
21.057
23.943
23.943
1.057
1.057
3.943
3.943
21.057
21.057
23.943
23.943
1.057
1.057
3.943
3.943
6.057
6.057
8.943
8.943
11.057
11.057
13.943
13.943
16.057
16.057
18.943
18.943
21.057
21.057
23.943
23.943

6.057
8.943
6.057
8.943
11.057
13.943
11.057
13.943
11.057
13.943
11.057
13.943
16.057
18.943
16.057
18.943
16.057
18.943
16.057
18.943
21.057
23.943
21.057
23.943
21.057
23.943
21.057
23.943
21.057
23.943
21.057
23.943
21.057
23.943
21.057
23.943
21.057
23.943
21.057
23.943

-0.751E-03-0.185E-01-0.243E~02-0.125E-03 0.188E-02
0.393E-02-0.184E-01-0.160E-~02-0.684E-03 0.167E-03

-0.954E-04-0.163E-01-0.236E~02-0.107E~03 0.757E-03

0.459E-02-0.163E-01-0.152E-02-0.649E-03-0.752E-03
-0.421E-05-0.126E-03 0.182E-04-0.156E-04 0.832E-04
0.231E-03-0.123E-03 0.836E-04-0.492E-04 0.715E-04
0.470E-04 0.448E-04 0.218E-04-0.154E-04 0.588E-04
0.282E-03 0.476E-04 0.872E-04-0.482E-04 0.629E-04
0.611E-~02-0.225E-01-0.154E-02-0.128E-02 0.618E-02
0.108E-01-0.225E-01-0.192E-02-0.237E-02 0.409E-02
0.581E-02-0.235E-01-0.147E-02-0.124E-02 0.480E-02
0.105E-01-0.235E-01-0.185E-02-0.230E-02 0.262E-02
0.354E-03 0.116E-03-0.238E-03 0.358E-~04 0.872E-05
0.260E-03 0.115E-03-0.245E-03 0.302E-03 0.191E-04
0.349E-03 0.994E-04-0.240E-03 0.370E~04 0.387E-03

~ 0.255E-03 0.983E-04-0.246E-03 0.302E-03 0.396E-03

0.200E-01-0.202E-01-0.467E-02-0.439E-02 0.218E-~01
0.389E-01-0.200E-01-0.996E-02-0.883E-02 0.199E~01
0.159E-01-0.340E-01-0.438E-02-0.429E-02 0.166E-~01
0.348E-01-0.338E-01-0.967E-02-0.867E-02 0.134E-~01
0.929E-04 0.860E-04 0.151E-03 0.323E-03-0.228E-03
-0.249E-03 0.819E-04 0.697E-04 0.117E-~03-0.220E-03
0.289E-04-0.127E-03 0.146E-03 0.323E-03-0.433E-03
-0.313E-03-0.131E-03 0.645E-04 0.116E-03-0.445E-03
-0.305E-01-0.686E-03-0.197E-04 0.386E-02-0.131E-02
-0.224E-01-0.588E-03-0.140E-03 0.174E-02-0.134E-02
-0.306E-01-0.100E-02 0.105E-03 0.375E-02-0.348E-02
-0.225E-01-0.902E-03-0.149E-04 0.166E-02-0.354E-02
-0.256E-01 0.148E-02-0.574E-02 0.167E-01-0.712E-02
-0.311E-01 0.142E-02-0.307E-02 0.104E-01-0.696E-02
-0.235E-01 0.844E-02-0.582E-02 0.166E-01-0.149E-01
-0.290E-01 0.837E-02-0.316E-02 0.103E-01-0.141E-01
0.164E-02 0.141E-01-0.177E-01 0.327E-01-0.114E-01
-0.141E-01 0.140E-01-0.147E-01 0.542E-01-0.101E-01
0.400E-02 0.220E-01-0.179E-01 0.327E-01 0.581E-02
-0.118E-01 0.218E-01-0.149E-01 0.541E-01 0.784E-02
0.548E-01 0.182E-01-0.142E-01 0.178E-01 0.392E-01
0.479E-01 0.182E-01-0.218E-01 0.950E-01 0.408E-01
0.488E-01-0.161E-02-0.143E-01 0.180E-01 0.113E+00
0.419E-01-0.169E-02-0.219E-01 0.952E-01 0.113E+00
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EK1:

PLAK BILGISAYAR PROGRAMI
(ORTOTROPIK PLAKLARIN STATIK VE DINAMIK ANALIZI)

.................................................................

DEGISKENLERIN TARIFLERI

. Al,...A4.. DINAMIK ANALIZDE ITERASYON PARAMETRELERI

. AK. KAYMA DUZELTME FAKTORU

. ALFA......NEWMARK YONTEMINDEKi PARAMETRE

. BETA.......NEWMARK YONTEMINDEKI PARAMETRE

v Coverees ZAMANA GORE TUREV iCEREN TERIMIN KATSAYISI

. D@.J).........MALZEME SABITLERI MATRISI

. D44 D55... MATERIAL COEFFICIENTS (SHEAR)

. DT DINAMIK ANALIZDE ZAMAN ARTIMI

. ELE2.... X VE Y DOGRULTULARINDA ELASTISTE MODULLER] .
. ELP(i)....... ELEMAN KUVVET VEKTORU i

. ELXY(1,J) 1ELEMAN DUGUMUNUN JKOORDINATI (J=1,2) )

. GF(......... GLOBAL KUVVET VEKTORU.'SOLVE'DAN CIKINCA cOzﬂM
. GFO())......T ANINDA COZUM VEKTORU

. GF1(b).......COZOMUN ZAMANA GORE 1. TOREVI

. GF2(......COZUMON ZAMANA GORE 2. TUREVI

. GSTIF......GLOBAL RIJITLIK MATRISI(BANT FORMUNDA)

e Hovoo. PLAK KALINLIGI

. IBDY())... BELIRTILEN SISTEM DEPLASMANLARI DIZiNi

. IBSF()....BELIRTILEN(SIFIRDAN FARKLI) SISTEM KUVVETLERI

. IEL... ELEMAN TIPINI BELIRTEN PARAMETRE:
IEL=1, 4-DUGUMLU ELEMAN
I§1,=2 8/9 DUGOMLU ELEMAN

. ITEM......DINAMIK ANALIZ GOSTERGEsi(—l,EVEr =0,HAYIR)

. NCMAX...GSTTF 'IN KOLON BOYUTU

. NRMAX...GSTIF 'IN SATIR BOYUTU

. NOZERO..BASLANGIC SARTLARININ SIFIR(NOZERO=0) VE SIFIRDAN .

) FARKLI(NOZERO=1) OLMASINI BELIRTEN PARAMETRE

. NSTP........PLAGIN USTUNDEN YUKUN KALKTIGI ZAMAN ADIMI NO.SU .
: (DINAMIK ANALIZ iCIN)

. NTIME..... DINAMIK ANALIZDE TOPLAMZAMANADIMI

. NOD(1,J). KOD NUMARALARI(KOMSULUK) MATRISI

. NBDY......BELIRTILEN SERBESTLIK DERECESI TOPLAM SAYISI .

. NBSF.......BELIRTILEN SIFIRDAN FARKLI KUVVET TOPLAM SAYISI .

. PO, YAYILI VEYA TEKIL YUK $IDDET1

. STIF........ ELEMAN RIJITLIK MATRISI

B R DINAMIK ANALIZDE ZAMANI GOSTERMEKTEDIR .

. VBDY......IBDY DIiZININDEKI BELIiRTILEN DEPLASMAN DEGERLERI .

. VBSF.......IBSF DiZININDEKI BELIRTILEN KUVVET DEGERLER] .

. WO,W1,W2..BIR ELEMANDAKI GF0,GF1,GF2 LERE KARSILIK DIiZINLER .

. XY..... SISTEM DUGUMLERININ X VE Y KOORDINATLARI DiZINLERI.

......
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IMPLICIT REAL*8(A-H,0-Z)

CHARACTER*72 TITLE

CHARACTER*8 ALAO

DIMENSION GSTIF(283,93),GF(283), GF0(283),GF1(283),GF2(283),
1 VBDY(85),IBDY(85), VBSF(25),IBSF(25)
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COMMON/SHP/SF(9),GDSF(2,9).ELXY(9,2)
COMMON/STF/STIF(45,45),ELP(45), WO(45), W1(45), W2(45)
COMMON/MALZ/D(3,3),A0,A1,A2,A3,A4,D44,D55,C1,C2
COMMON/MSH/NOD(200,9),X(225),Y(225),DX(15),DY(15)
DATA NDF,NRMAX,NCMAX/3,283,93/
WRITE(*,*)' DATA DOSYASI iSMi=?
READ(*,1018) Al

1018 FORMAT(AS)
WRITE(*,*)’ CIKTI DOSYASI 1SMi=?
READ(*,1018) AO
OPEN(5,FILE=AL FORM=FORMATTED',STATUS='OLD")
OPEN(6,FILE=AO,FORM=FORMATTED',STATUS=NEW")

............................

READ (5,1111) TITLE
1111 FORMAT(A72)

READ (5,*) IEL,NPE,IMESH,NPRNT,ITEM,NTIME,NSTP,NOZERO
IF(IMESH.EQ.1)GOTO 20
READ (5,*) NEM,NNM
DO 10 =1, NEM
10 READ (5,*) (NODX(1,J),J=1,NPE)
READ (5,*) (X(D,Y(1),i=1,NNM)
GOTO 30
20 READ (5,*) NX,NY
NX1=IEL*NX-+1
NYI=IEL*NY+1
NX2=NX1-1
NY2=NY1-1
READ (5,*) (DX(),I=1,NX2)
READ (5,%) (DY (1),i=1,NY2)
DX(NX1)=0.0
DY(NY1)=0.0
CALL MESH(IEL NX,NY,NPE,NNM,NEM)
30 READ (5,*) E1,E2,G12,G13,G23,ANU12,RHO,H

READ (5,*) PO
READ (5,*) NBDY
READ (5,*) (IBDY(I),I=1, NBDY)
READ (5,%) (VBDY(}),I=1,NBDY)
READ (5,*) NBSF
IFQNBSF.EQ.0)GOTO 35
READ (5,*) (IBSF(i),i=1,NBSF)
READ (5,*) (VBSF(I),1=1,NBSF)
35 IFATEM.EQ.0)GOTO 40
READ (5,*) DT,ALFA
IF(NOZERO.EQ.0)GOTO 36
READ (5,*) (GFO(D),I=1,NEQ)
READ (5, (GF1(}),1=1 NEQ)
36 BETA=0.25*(0.5+ALFA)**2
DT2=DT*DT
A0=1.0/BETA/DT2
A2=1.0/BETA/DT
Al=ALFA*A2
A3=0.5/BETA-1.0
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A4=ALFA/BETA-1.0
IF(NOZERO.EQ.1)GOTO 40
DO 38 i=1,NEQ
GFo(h)=0.0
GF1(h=0.0

38 GF2()=0.0

VERI GIRISININ SONU

.................................................................

.................................................................

40 NEQ=NNM*NDF
NN=NPE*NDF
AK=5.0/6.0
ANU21=ANU12*E2/E1
DENOM=(1.0-ANU12*ANU21)
TOP=(H**3)/12.0
C1=RHO*H
C2=RHO*TOP
D(1,1)=E1*TOP/DENOM
D(1,2)=ANU12*E2*TOP/DENOM
D(1,3)=0.0
D(2,2)=D(1,1)*E2/E1
D(2,3)=0.0
D(3,3)=G12*TOP
D44=G13*H*AK
D55=G23*H*AK
DO 50 i=1,3
DO 50 J=1,3

C50 D(,=D(LY)

C
C

GIRILEN VERILERI VE AG ILE ILGILI BILGILERI YAZDIR

WRITE (6,260) TITLE
WRITE (6,310) IEL,NPE

WRITE (6,320) NEM,NNM,NDF

WRITE (6,330) E1,E2,G12,G13,G23,ANU12, AK,RHO,H,P0
WRITE (6,340)

DO 52 =1 NBDY

52 WRITE(6,266) }BDY(I),VBDY(I)
266 FORMAT(1X,15,2F15.4)

WRITE (6,350)
DO 54 i=1,NBSF

54 WRITE(6,266) IBSF(i), VBSF(1)
WRITE (6,360)
DO 60 i=1,NEM

60 WRITE (6,270) L(NOD(, J),J=1,NPE)
WRITE (6,370)
WRITE@6,*Y DOGOM  X(h) Y@y
WRITE(**) DOGOM X)) Y@
DO 233 I=1, NNM
WRITE(6,234)LX(1), Y (1)

233 WRITE(* 234)L X(), Y(®)
234 FORMAT(1X,I3,2X,2F15.4)
C YARI BANT GENISLiGININ HESABI

NHBW=0
DO 70 N=1,NEM



DO 70 i=1,NPE

DO 70 }=1 NPE

NW=(IABS(NOD(N,D)-NOD(N,)))+1)*NDF
70 IF (NHBW.LT.NW) NHBW=NW

WRITE (6,400) NHBW

C ZAMAN ADIMININ BASLADIGI DONGU

C

eNeXe!

T=0.0

IFATEM.EQ.1)WRITE (6,460) DT, ALFA BETA, A0,A1,A2 A3,A4
IF (NTIME.EQ.0) NTIME=1

DO 220 NT=1,NTIME

IFATEM.EQ.1 .AND. NT.GE.NSTP)P0=0.0

SISTEM RIJITLIK MATRISI VE YUK VEKTORUNUN SIFIRLANMASI

DO 80 i=1,NEQ
GF(1)=0.0
DO 80 J=1,NHBW

80 GSTIF(1,7)=0.0
WRITE(*,*)' ELEMAN RIJITLIK MATRISLERI HESABTI'
DO 130 N=1,NEM
WRITE(*,*)' ELEMAN NO:'N
L=0
DO 90 i=1,NPE
Ni=NOD(N,J)
ELXY(I,1)=X(NI)
ELXY(1,2)=Y(ND)
Li=(Ni-1)*NDF
DO 90 J=1,NDF
Li=Li+1
L=L+1
WO(L)=GFO(LD)
WIL)=GF1(LD)

90 W2(L)=GF2(L})

CALL STIFF(IEL,NPE,NN,P0,ITEM,NT,NOZERO)
IF (NPRNT.EQ.0) GO TO 110
IF (N.GT.1) GO TO 110
WRITE (6,380)
DO 100 i=1,NN
100 WRITE (6,300) (STIF(L,)),J=1,NN)
WRITE (6,410)
WRITE (6,300) (ELP(D),i=1,NN)
WRITE (6,410)
110 CONTINUE

C

WRITE(*,*)' SISTEM RIJITLIK MATRISINE KATILMASI'

C ELEMAN RIJITLIK MATRISININ SISTEM RIJITLIK MATRISINE KATKISI

C

DO 130 i=1,NPE
NR=(NOD(N,1)-1)*NDF
DO 130 ii=1,NDF
NR=NR+1

L=(i-1)*NDF+1I

GF(NR) = GF(NR) + ELP(L)
DO 130 J=1,NPE
NCL=(NOD(N,J)-1)*NDF
DO 130 JJ=1,NDF



91

M=(J-1)*NDF+JJ
NC=NCL+JJ-NR+1
IF (NC) 130,130,120
120 GSTIF(NR,NC)=GSTIF(NR,NC)+STIF(L,M)
130 CONTINUE
C
WRITE(*,*)' SINIR SARTLARININ ISE KATILMAST'
C KUVVET VE DEPLASMAN SINIR SARTLARI SISTEM DENKLEMINE KATILIYOR
c
IF(NBSF.EQ.0)GOTO 145
IF(NOZERO.EQ.1 .AND. ITEM.EQ.1)GOTO 145
DO 140 i=1,NBSF
NB=IBSF(l)
140 GF(NB)=GF(NB)+VBSF(I)
145 CALL BNDY(NRMAX,NCMAX NEQ,NHBW,GSTIF,GF,NBDY,IBDY,VBDY)
C
C SISTEM DENKLEMLERININ COZUMU iCIN "SOLVE" ALT-PROGRAMI
C CAGIRILIYOR

C
WRITE(*,*)' DENKLEM SISTEMININ COZOMU'
CALL SOLVE (NRMAX,NCMAX,NEQ NHBW,GSTIF,GF,0)
IFATEM.EQ.0)GOTO 180
IF(NOZERO.EQ.0)GOTO 160
IF(NT.GT.1)GOTO 160

5

BASLANGIC SARTLARI SIFIR OLMADIGINDA ZAMANA GORE IKINCi
TUREV HESAPLANIYOR

aaan

DO 150 i=1,NEQ
150 GF2(D=GF (1)
GOTO 220
C
C YENI HIZ VE IVMELERIN HESABI
C
160 T=T+DT
DO 170 =1,NEQ
GFo(h=A0*(GF(I)-GFo(l))-A2*GF1(l)-A3*GF2(})
GF1()=GF1(1y+DT*(1.0-ALFA)*GF2(l}+DT*ALFA*GFo(l)
GF2(1)=GFo(D)
170 GFOo(D)=GF (1)
WRITE 6,470) T
WRITE (*470) T
180 WRITE (6,420)
fi=0
DO 182 i=1,NEQ,NDF
fi=fi+1
182 WRITE(6,301) il,GF(0),GF(i+1),GF(i+2)
301 FORMAT(1X,i5,3E15.4)

oK@

.................................................................

C
(o} revveseussnaseassenssassasssass essaserasase s raaren
C
C EGILME GERILMELERININ HESABI GAUSS NOKTALARINDA)
C
WRITE(**)' TUREV VE GERILMELERIN HESABI'

WRITE (6,450)
DO 200 N=1,NEM
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WRITE(*,*)' ELEMAN NO:' N
L=0
DO 190 =1, NPE
Ni=NOD(N,)
ELXY(i,1)=X(NI)
ELXY(1,2)=Y(NI)
Li=(Ni-1)*NDF
DO 190 J=1,NDF
Li=Li+1
L=L+1

190 WO(L)=GF(LI)

200 CALL STRESS (NPE,NDF,IEL,W0,H)
I[FATEM.EQ.0)GOTO 230

220 WRITE (6,390)

230 STOP

C
C FORMATLAR
C

260 FORMAT (A72)

270 FORMAT (15,5X,1515)

280 FORMAT (8F10.4)

290 FORMAT (8F10.3)

300 FORMAT (8(2XE12.5))

310 FORMAT (/,5X,'/ELEMAN TiPi(1=LINEER,2=QUADRATIK)="12,/,5X,'ELEMAN
1 DUGUM SAYISI=' 12)

320 FORMAT ( 5X,'AGDAKI TOPLAM ELEMAN SAYISI =13/, 5X,'’AGDAKI TOPLAM
1 DOGUM SAYISI =13/, 5X'SERBESTLIK DERECESI =12,

330 FORMAT(SX'MALZEME OZELLIKLERI:'/10X'MODUL ,
1E1='E12.5,/,10X, MODUL , E2="E12.5,,10X, KAYMA MODULU,G12,G13,
2G23="3E11.4/,10X,’POISSON ORANI , NU12="E12.5,/,10X,KAYMA
3DUZELTME KATSAYISI K=' E12.5/,10X;MALZEME YOGUNLUGU,RHO="',
4E12.5/,10X,'PLAK KALINLIGI, H="[E12.5/,10X,'YUK SIDDET{, P='

5 E12.5))

340 FORMAT (/,5X,'BELIRTILEN DEPLASMAN KOD NUMARALARI VE DEGERLER{")

350 FORMAT (/,5X, BELIRTILEN KUVVET KOD NUMARALARI VE DEGERLERT")

360 FORMAT (/,5X,"ELEMAN KOD NUMARALARI MATRISI....NOD(L,J) /)

370 FORMAT (/,5X, DUGUMLERIN SISTEM KOORDINATLARTI:',/)

380 FORMAT (/,5X,ELEMAN RIJITLIK VE KUVVET MATRISLERL:'))

390 FORMAT (IX'......vcvueeremerenseenrenes 7))

400 FORMAT (/,5X,'SISTEM RIJITLIK MATRISI YARI BAND GENISLIGI='15,/)

410 FORMAT (/)

420 FORMAT (/,2X,'DUG. NO. ' DEPLASMAN W',8X,'TETA-X',8X, TETA-Y"))

450 FORMAT(//,3X,'’X-KOOR',4X,'Y-KOOR',3X,'SIGMAX',3X,'SIGMAY" 3X,
I'SIGMAXY',3X,'SIGMAXZ' 4X,'SIGMAYZ")

460 FORMAT(/,1X,'DT="E10.4,2X,' ALFA=' E10.4,2X,'BETA=" E10.4,/,1X,
1'ZAMAN PARAMETRELERI,A0,A1.ETC.."/,1X,5E12.4,))

470 FORMAT (/,5X,'”ZAMAN="E10.3,/)

END

SUBROUTINE STIFF(IEL,NPE,NN,P0O,ITEM,NT,NOZERO)

BU PROGRAM ORTOTROPIK PLAKLARI DA KAPSAMAKTADIR KAYMA DEFORMASYON-
LARI GOZ ONUNE ALINMAKTADIR. BURADA 4, 8 VE/VEYA 9 DOGUMLU
IZOPARAMETRIK ELEMAN VE HER DUGUMDE 3 SERBESTLIK DERECESI

(W,SX,SY) VARDIR.

.................................................................

aooanann
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IMPLICIT REAL*8(A-H,0-Z)
COMMON/STF/STIF(45,45),ELP(45), W0(45), W1(45), W2(45)
COMMON/MALZ/D(3,3),A0,A1,A2,A3,A4,D44,D55,C1,C2
COMMON/SHP/SF(9),GDSF(2,9).ELXY(9,2)

DIMENSION H(45,45), WT(4,4),GAUSS(4,4)

DATA GAUSS/4*0.0D0,-.57735027D0,.57735027D0,2*0.0D0,-.77459667D0,0
1.0D0,.77459667D0,0.0D0,-.86113631D0,-.33998104D0,.33998104D0,.8611
23631D0/

DATA WT/2.0D0,3*0.0D0,2*1.0D0,2*0.0D0,.55555555D0,.83888888D0,.555
155555D0,0.0D0,.34785485D0,2*.65214515D0,.34785485D0/

NGP=IEL+1
LGP=IEL
NDF=NN/NPE

ELEMAN MATRISLERI VE KUVVET VEKTORU SIFIRLANTYOR

oXole]

DO 10 I=1,NN

ELP(1)=0.0

DO 10 J=1.NN

H({D) =00

10 STIF(1,3)=0.0

C
C EGILME TERIMLERI UZERINDE GAUSS INTEGRASYONU(FULL) BURADAN
C BASLIYOR

DO 80 Ni=1,NGP
DO 80 NJ=1,NGP
XI=GAUSS(Ni,NGP)
ETA=GAUSS(NJ,NGP)
CALL SHAPE(NPE, XLETA,DET)
CNST=DET*WT(NI NGP)*WT(NJ,NGP)
DO 30 I=1,NPE
L=(l-1)*NDF+1
ELP(L)=ELP(L)+CNST*SF(i)*P0
30 CONTINUE

C

C RIJITLIK MATRISI 'STIF VE KUTLE MATRISI ‘H' NIN TARIFi

C

Ti=1

DO 70 I=1,NPE

J=1

DO 60 }=1,NPE

S’I‘IF(H+I,JJ+1)=STIF(H+1 JH1YHD(1,1)*GDSF(1,))*GDSF(1,1)
+D(3,3)*GDSF(2,0))*GDSF(2,1))*CNST

STIF(II+1 JH2)=STIF(+1,11+2)HD(1,2)*GDSF(1,)*GDSF(2,J)
+D(3,3)*GDSF(2,1)*GDSF(1,]))*CNST

STIF(H+2 JH1)=STIF(1+2,]7+1)+D(1,2)*GDSF(2,1))*GDSF(1,J)
+D(3,3)*GDSF(1,))*GDSF(2,]))*CNST

STIF(II+2 JH2)=STIF(II+2,JJ+2)+HD(3,3)*GDSF(1,1)*GDSF(1,J)
+D(2,2)*GDSF(2,1)*GDSF(2,]))*CNST

IF(ITEM.EQ.O)GOTO 60

H(ILJJy=H(1,1J) + C1*SF(D*SF(J)*CNST
H(I+1,JJ+1)=H(II+1,J1+1) + C2*SF(I)*SF(J)*CNST
H(I+2,JJ+2)=H(11+2,J}+2) + C2*SF(I)*SF(J)*CNST



60 JJ=NDF*J+1
70 I=NDF*I+1
80 CONTINUE
c
C KAYMA TERIMLERI UZERINDE GAUSS INTEGRASYONU(REDUCED) BURADAN
C BASLIYOR
DO 110 NI=1,LGP
DO 110 NJ=1,LGP
XI=GAUSS(NLLGP)
ETA=GAUSS(NJ,LGP)
CALL SHAPE(NPE, XLETA,DET)
CNST=DET*WT(NLLGP)*WT(NJ,LGP)
=1
DO 100 F1,NPE
JI=1
DO 90 J=1,NPE
s*rm(n,n) STIF(IL Iy +(D44*GDSF(1,Iy*GDSF(1,])+
D55*GDSF(2,])*GDSF(2,1))*CNST
STlF(II,JJ+l)=STlF(lI,JJ+l)-I—D44*GDSF(l D*SF()*CNST
STIF(T+1,JY)=STIF(I+1,17)+D44*SF(I)*GDSF(1,)*CNST
STIF(ILIF+2)=STIF(IL JJ+2)+D55*GDSF(2,Iy*SF(J)*CNST
STIF(I+2,3T)=STIF(II+2,11)+D55*SF(*GDSF(2,)*CNST
STIF(T+1,JF+1)=STIF(IF+1,J+1)+D44*SF(D)*SF(J)*CNST
STIF(I+2,J}+2)=STIF(IH+2, J+2)+DSS*SFD)*SF(J)*CNST
90 JJ=NDF*J+1
100 I=NDF*I+1
110 CONTINUE
IFCTEM.EQ.0)RETURN
c
C TRANSIENT ANALIZ iCIN ELEMAN HESAPLARI BURADAN BASLIYOR
C

IF(NOZERO.EQ.0 .OR. NT.GT.1)GOTO 130
DO 120 }=1,NN
ELP()=0.0
DO 120 FLNN
ELP(D=ELP(D)-STIF(LJ)*W0(J)
120 STIF(LJ)=H{,))
RETURN
130 DO 140 I=1,NN
DO 140 J=1,NN
ELP(=ELP(+H(L1)*(A0*WO(J)y+tA2*W1(J)}+A3*W2(D))
140 STIF(LT)=STIF(LJ)+A0*H(LJ)
RETURN
END

SUBROUTINE STRESS (NPE,NDF,IEL,W,H)

.................................................................

PROGRAM GAUSS NOKTALARINDA REDUCED INTEGRASYON YAPARAK EGILME
GERILMELERINI HESAPLAMAKTADIR. GERILMELER PLAGIN UST YUZUNDE
(VEYA TERSI ALT YUZUNDE) Ki DEGERLERDIR.

......

a0 O0an

IMPLICIT REAL*8(A-H,0-Z)
COMMONY/SHP/SF(9),GDSF(2,9),ELXY(9,2)
COMMON/MALZ/D(3,3),A0,A1,A2,A3,A4,D44,D55,C1,C2
DIMENSION W(45),GAUSS(4,4)
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DATA GAUSS/4*0.0D0,-.57735027D0,.57735027D0,2*0.0D0,-.77459667D0,0
1.0D0,.77459667D0,0.0D0,-.86113631D0,-.33998104D0,.33998104D0,.861 1
23631D0/

NGP=IEL

DO 40 NI=1,NGP

DO 40 NI=1,NGP
XI=GAUSS(NLNGP)
ETA=GAUSS(NJ,NGP)
CALL SHAPE (NPE XLETA,DET)
SIEX=0.0

SIYy=0.0

DWX=0.0

DWY=0.0

DSXY=0.0

DSYX=0.0

DSXX=0.0

DSYY=0.0

X=0.0

Y=0.0

DO 20 I=1,NPE
L=(I-1)*NDF+1
X=X+SF*ELXY(,1)
Y=Y+SFA*ELXY(,2)

10 DWX=DWX+GDSF(1,D)*W(L)

DWY=DWY-+GDSF(2,)*W(L)
SIX=SIX+SF(I)*W(L+1)
SIY=SIY+SF(I)*W(L+2)
DSXX=DSXX-+GDSF(1,D*W(L+1)
DSXY=DSXY+GDSF(2,))*W(L+1)
DSYX=DSYX+GDSF(1,D*W(L+2)

20 DSYY=DSYY+GDSF(2,D)*W(L+2)

40

AN an

SGMAX=(D(1,1)*DSXX+D(1,2)*DSYY)*6.0/(H**2)

SGMAY=(D(1,2)*DSXX+D(2,2)*DSYY)*6.0/(H**2)

SGMXY=D(3,3)*DSXY+DSYX)*6.0/(H**2)

SGMXZ=D44*(DWX+SIX)/H

SGMYZ=D55*(DWY+SIY)/H

WRITE (6,50) X,Y,SGMAX,SGMAY,SGMXY,SGMXZ,SGMYZ
CONTINUE

RETURN

50 FORMAT (1X,F7.3,3X,F7.3,10E10.3)

END

SUBROUTINE SHAPE(NNPE XLETA,DET)

----------

BU ALT-PROGRAM INTERPOLASYON FONKSIYONLARI (SF(D) VE

YEREL KOORDINATLARA GORE TUREVLERINI (DSF(J),AYRICA

SISTEM KOORDINATLARINA GORE TUREVLERINI (GDSF(L,3)) HESAPLAR.

4,8 VE 9 IZOPARAMETRIK DORTKEN ELEMAN GOZ ONUNE ALINABILMEKTEDIR.

SF().......ELEMANIN { DOGOMU ICIN INTERPOLASYON FONKSIYONU
DSF(L,)).....SF(J) 'IN XI'YA GORE TUREVI (1=1 ISE),
ETA ,YA GORE TUREVI (I=2 ISE)
GDSF(L]J)... SF(J) 'NIN X 'E GORE TOREVI (I=1 ISE),
*YE GORE TUOREVI ( I=2 ISE)
XNODE()J).. ELEMANIN 1. DUGOMUONU J.INCI KOORDINATI
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C NP()......ELEMAN DUGUMLERI DIiZiNi( SF VE DSF NIN TARIFi iCIN)
C. GI()).....JACOBIYEN MATRISI
C GIINV(])..JACOBIYEN MATRISIN TERSI

c
IMPLICIT REAL*8(A-H,0-Z)
DIMENSION XNODE(9,2),NP(9),DSF(2,9),GJ(2,2),GIINV(2,2)
COMMON/SHP/SF(9), GDSF(2,9),ELXY(9,2)
DATA XNODE/-1.0D0,2#1.0D0,-1.0D0,0.0D0,1.000,0.0D0,-1.0D0,0.0D0,
2 2#+.1.0D0,2*1.0D0,-1.0D0,0.0D0, 1.0D0,2*0.0D0/
DATA NP/1,2,3,4,5.7,6,8,9/
c
FNC(A,By-A*B

IF(NNPE-8) 60,10,80
C

C QUADRATIK INTERPOLASYON FONKSIYONLARI(8 DUGUMLU ELEMAN)
C
10 DO 40 I=1, NNPE
NI=NP(T)
XP=XNODE(NI, )
YP=XNODE(NL2)
XI10=1.0+XI*XP
ETA0=1.0+ETA*YP
X11=1.0-XI1*X1
ETAl=10-ETA*ETA
IF(LGT 4) GOTO 20
SF(NT)=0.25*FNC(XI0,ETAO)*(XI*XP+ETA*YP-1.0)
DSF(1,ND=0.25*FNC(ETA0,XP)*(2.0*XI*XP+ETA*YP)
- DSF(2,NI)=0.25*FNC(XI0,YP)*(2. 0*ETA*YP+XI*XP)
GO TO40
20 IF(LGT.6) GO TO 30
SFOND)=0.5*FNC(XI1,ETAQ)
DSF(1,ND=-FNC(XLETAO)
DSF(2,NI)=0.5¢FNC(YP,XI1)
GO TO 40
30 SF(NI)=0.5*FNC(ETA1,XI0)
DSF(1,NI)=0.5*FNC(XP ETALl)
DSF(2,NI)=-FNC(ETA,XI0)
40 CONTINUE
GO TO 130
c
C LINEER INTERPOLASYON FONKSIYONLARI (4 DUGUMLU ELEMAN)
C

60 DO 70 1=1,NNPE
XP=XNODE(,1)
YP=XNODE(,2)
X10=1.0+XI*XP
ETA0=1.0+ETA*YP
SF()=0.25*FNC(XI0,ETA0)
DSF(1,=0.25*FNC(XP,ETA0)

70 DSF(2,1=0.25*FNC(YP,X10)
GO TO 130

c

C QUDRATIK INTERPOLASYON FONKSIYONLARI (9 DUGUMLU ELEMAN)

c

80 DO 120 }=1,NNPE
NI=NP(l)
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XP=XNODE(NL1)
YP=XNODE(NL2)
X10=1.0+XI*XP
ETA0=1.0+ETA*YP
XI1=1.0-XI*XI
ETAl1=1.0-ETA*ETA
XI2=XP+XI
ETA2=YP*ETA
IF(L.GT 4)GOTO %0
SF(NI)=0.25*FNC(XI0,ETAO)*XI2ETA2
DSF(1,NI)=0.25* XP*FNC(ETA2 ETA0)*(1.0+2.0*X12)
DSF(2,NI)=0.25*YP*FNC(XI2, XI0)*(1.0+2.0*ETA2)
GOTO 120

90 IF(L.GT.6)GO TO 100
SF(NI)=0.5*FNC(X11, ETAO)*ETA2
DSF(1,NI)=-XI*FNC(ETA2,ETAO()
DSF(2,ND=0.5*FNC(XI1, YP)*(1.0+2.0°ETA2)
GO TO 120

100 IFILGT.8)GO TO 110
SF(NT)=0.5*FNC(ETAL,XI0)*X2
DSF(2,NIy=-ETA*FNC(XI2,XI0)
DSF(1,NI)=0.5*FNC(ETAL XP)*(L.0+2.0*XI2)
GO TO 120

110 SFONI)=FNC(XILETAL1)
DSF(1,NI)=-2.0*XI*ETA1
DSF(2,NI)=-2.0ETA*XI1

120 CONTINUE

130 DO 140 [=1,2
DO 140 J=1,2
GI(LJ)=0.0

- DO 140 K=1,NNPE
140 GI(1J)=GI(LJ+DSFLK)*ELXY(K,J)

DET=GJ(1,1)*G}(2,2)-GJ(1,2)*GJ(2,1)

GJINV(1,1)=GJ(2,2)/DET
GIINV(2,2)=GI(1,1)/DET
GIINV(1,2y=-GJ(1,2)/DET
GIINV(2,1)=-GJ(2,1)/DET
DO 150 I=1,2
DO 150 J=1,NNPE
GDSF(,J)=0.0
DO 150K=1,2

150 GDSF(L,J) = GDSF(L,J) + GIINV(LK)*DSF(K,])
RETURN

END
SUBROUTINE MESH(IEL,NX,NY,NPE,NNM,NEM)

..........................

BU ALT-PROGRAM ELEMAN DUGUMLERINt NOD(,J), KOORDINATLARINI X(1)
JY(), VE AG ILE ILGILI (NNM,NEM,NPE) DEGERLERI HESAPLAR DiK-

DORTKEN BOLGE LINEER UCGEN ELEMANLAR VE DORTKEN ELEMANLARA AY-
RILMAKTADIR X VE Y DOGRULTULARINDA NX VE NY SAYIDA BOLME YAPI
LIYOR.

..............

sXoleleloNoXoXoNe!

IMPLICIT REAL*8(A-H,0-7)
COMMON/MSH/NOD(200,9),X(225),Y(225),DX(15),DY(15)
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IFAEL.GT.0)GOTO 100
UCKEN ELEMAN AGI

anon

NEM=2*NX*NY
NX1=NX-+1
NY1=NY+1
NXX1=2¢NX
NYY1=2*NY
NNM=NX1¥NY1
NOD(1,1)=1
NOD(1,2)=2
NOD(1,3=NX1+2
NOD(2,1)=1
NOD(2,2)=NX1+2
NOD(2,3=NX1+1
K=3
DO 60 IY=1 NY
L=TY*NXX1
M=(IY-1)*NXX1
IFINX.EQ.1)YGOTO 40
DO 30N=K L2
DO 20 I=1,NPE
NODNN,D=NOD(N-2,I)+1
20 NOD(N+1,1)=NOD(N-1,I}+1
30 CONTINUE
40 TF(NY EQ.1)GOTO 60
DO 50 I=1,NPE
NOD(L+1,)=NODM+1,I)#NX1
50 NOD(L+2,)=NOD(M+2,D+NX1
60 K=L+3
70L=0
YC=0.0
DO 90 J=1.NY1 .
XC=0.0
DO 80 I=1, NX1
L=L+1
X(Ly=XC
Y(@L)=YC
80 XC=XC+DX(I)
90 YC=YC+DY())
RETURN
C
C 438 VEYE 9 DUGUMLU QUADRATIK DORTKEN ELEMAN AGI TESKIL EDILIYOR.
c
100 NEX1=NX+1
NEY1=NY+1
NXX=IEL*NX
NYY=IEL*NY
NXX1=NXX+1
NYY1=NYY+1
NEM=NX*NY
NNM=NXX1*NYY1-(EL-1)*NX*NY
IF(NPE EQ.9)NNM=NXX1*NYY1
K0=0
IF(NPE.EQ.9) K0=1

c
C DUGUM NUMARALARI DIZINt NOD(1,J) TESKIL EDIiLIYOR.
c
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NOD(1,1)=1
NOIX(1,2)-IEL+1
NOD(1,3-NXX1+(IEL-1)*NEX1+IEL+1
IF(NPE.EQ.9)NOD(1,3)=4*NX+5
NOD(1,4=NOD(1,3)-IEL
IF(NPE.EQ.4)GO TO 200
NOD(1,52
NOD(1,6)=NXX1+NPE-6)
NOD(1,7=NOD(1,3)-1
NOD(1,8=NXX1+1
IF(NPE EQ.9)NOD(1 9)=NXX1+2
200 IF(NY EQ.1YGOTO 230
=] -
DO 220 N=2 NY
L=(N-1)*NX+1
DO 210 ELNPE
210 NOD(L,Jy=NOD(M, [+ NXX 1-+{IEL-1)*NEX1-+K0*NX
220 M=L
230 IFNX EQ.1)GOTO 270
DO 260 NI=2,NX
DO 240 I=1,NPE
KI1=IEL
IF(LEQ.6 .OR. LEQ.8)K1=1+K0
240 NOD(NLI=NOD(NI-1,[)+K1
M=NI
DO 260 NI=2 NY
L=(NJ-1y*NX+NI
DO 250 J=1,NPE
250 NOD(L.,)=NODM, )+ NXX1+(EL-1*NEX 1+K0*NX
260 M=L
C
C X@VE Y@ KOORDINATLARI HESAPLANIYOR.
C

270 YC=0.0
IFONPE EQ. 9) GOTO 310
DO 300 NI =1, NEY1
I= (NXXI+(IEL-1)*NEX1)*(NI-1+1
1= (NI-1*IEL+1
X(0)=0.0
Y@= YC
DO 280 NJ = 1,NXX
1= K1
X(1) = X(I-1)+*DX(NJ)
280 Y(I) = YC
IF(NLGT.NY .OR. IEL.EQ.1)GO TO 300
J=J+1
YC = YC+DY(J-1)
I=11
XD =0.0
Y()= YC
DO 290 =1, NX
K =2+
I=H1
XM = X(A-1)+DX(K)+DX(K+1)
290 Y() = YC
300 YC<YC+DY(J)
RETURN

C
310 DO 330 NI=1,NYY1



100

I=NXX1*(NI-1)
XC=0.0

DO 320 NJ=1,NXX1
1=1+1

XM =XC
YOH=YC

320 XC=XC +DX(NJ)
330 YC=YC + DY(ND

oNoXoNoNol]

RETURN
END

SUBROUTINE BNDY(NRMAX,NCMAX,NEQ,NHBW,S,SL,NBDY,IBDY,VBDY)

BU ALT-PROGRAMDA SINIR SARTLARI DENKLEME SOKULUYOR.

IMPLICIT REAL*8(A-H,0-Z)
DIMENSION §(283,93),SL(93)
DIMENSION IBDY(NBDY), VBDY(NBDY)
DO 300 NB = 1, NBDY

IE = IBDY(NB)

SVAL=VBEDY(NB)

IT=-NHBW-1

I=IE-NHBW

DO 100 I=1,IT

=1+l

IF (I LT. 1) GO TO 100

B+

SL(D)=SL(D)-S(L J)*SVAL

S(LT)=0.0

100 CONTINUE

S(E, 1)=1.0

SL(IE)=SVAL

=IE

DO 200 [1=2,NHBW

=i+

IF( .GT. NEQ) GO TO 200
SL(D~=SL(N)-S(IE,M*SVAL
S(IE,IN=0.0

200 CONTINUE
300 CONTINUE

eleleRoXp

RETURN
END

SUBROUTINE SOLVE(NRM,NCM,NEQNS,NBW,BAND,RHS,IRES)

.....................

IRES>0 ISE SAG TARAF ELIMINASYONU YAPILMAYACAK.

IMPLICIT REAL*$(A-H,0-Z)
DIMENSION BAND(283,93),RHS(283)
MEQNS=NEQNS-1

IF(RES .GT. 0) GO TO %0

DO 500 NPIV=1,MEQNS
NPIVOT=NPIV+1
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LSTSUB=NPIV+NBW-1
IF(LSTSUB.GT.NEQNS) LSTSUB=NEQNS
DO 400 NROW=NPIVOT,LSTSUB
C
NCOL=NROW-NPIV+1
FACTOR=BAND(NPIV,NCOL)/BAND(NPIV,1)
DO 200 NCOL=NROW,LSTSUB
ICOL=NCOL-NROW-+1
JCOL=NCOL-NPIV+1
200 BAND(NROW,ICOL)=BAND(NROW,ICOL)-FACTOR*BAND(NPIV,JCOL)
400 RHS(NROW)=RHS(NROW)-FACTOR*RHS(NPIV)
500 CONTINUE
GO TO 101
90 DO 100 NPIV=1, MEQNS
NPIVOT=NPIV+1
LSTSUB=NPIV+NBW-1
IF(LSTSUB.GT.NEQNS) LSTSUB=NEQNS
DO 110 NROW=NPIVOT,LSTSUB
C
NCOL=NROW-NPIV+1
FACTOR=BAND(NPIV,NCOL)/BAND(NPIV, 1)
110 RHS(NROW)=RHS(NROW)-FACTOR*RHS(NPIV)
100 CONTINUE
C GERIDEN COZUM iSLEMI
101 DO 800 IK=2,NEQNS
NPIV=NEQNS-DK+2
RHS(NPIV)=RHS(NPIV)/BAND(NPIV, 1)
LSTSUB=NPIV-NBW-+1
IFLSTSUB.LT.1) LSTSUB=1
NPIVOT=NPIV-1
DO 700 JKI=LSTSUB,NPIVOT
NROW=NPIVOT-JKI+LSTSUB
NCOL=NPIV-NROW+1
FACTOR=BAND(NROW,NCOL)
700 RHS(NROW)=RHS(NROW)-FACTOR*RHS(NPIV)
800 CONTINUE
RHS(1)=RHS(1y/BAND(1,1)
RETURN

END



102

KAYNAKLAR

/1/ Durlofsky, H., Uchiyama, J.T., Three and four node composite plate bending
elements, Winter Annual Meeting of the American Society of Mechanical
Engineers, Atlanta, 1991, Enhancing Analysis Techniques for Composite
Materials American Society of Mechanical Engineers, v 10, s 261-266

2/ Kwon, Y.W., Material nonlinear analysis of composite plate bending using a new
finite element formulation, Monterey, 1991, Computers and Structures, v 41,
s1111-1117

/3/ Kwon, Y.W., Analysis of composite plates containing cracks, Winter Annual
Meeting of the American Society of Mechanical Engineers, Atlanta, 1991,
Recent Advances in Structural Mechanics-1991 American Society of
Mechanical Engineers, v 225, s 33-40

/4/ Weissman, SL., Taylor, R.L, Mixed formulations for plate bending elements,
Berkeley, 1992, Computer Methods in Applied Mechanics and Engineering,
v 94, s391-427

/5/ Joshi, S.P., Iyengar, N.GR., Analysis of hybrid laminated composite plates,
Arlington, 1990, Journal of Aerospace Engineering, v 3, s 78-90

/6/ Yiiceoglu, U., Toghi, F., Yavuz, K., Stresses in rotating, orthotrophic, circular,
‘composite disks and plates, Winter Annual Meeting of the American Society of
Mechanical Engineers, Dallas, 1990, Recent Developments in Composite
Materials Structures American Society of Mechanical Engineers, v 19, s 61-65

1/ Savithri, S., Varadan, T K., Accurate bending Analysis of laminated orthotrophic
plates, Madras, 1990, AIAA Journal, v 28, s 1842-1844

/8/ Mohammed, AK., Baluch, MH,, Azad, AK, Stress analysis for thick
rectangular plates, Dhahran, 1990, Transactions of the Canadian Society for
Mechanical Engineers, v 14, s 67-78

/9/ Gerhardt, T.D., A finite elements approach for stress analysis of notched
anisotropic materials, 1984, ASME Journal of Applied Mechanics, v 51,
s 804-810

/10/ Grueters, H., Hackl, K., Willms, H., Stress and strain analysis of rectangular
plates for large deformations. Part 1. Dimensioning of rectangular plates under
surface load and/or line load, 1990, Glastechnische Berichte, v 63, s 69-77

/11/ Chang, H.T., Nonlinear curing stress analysis for advanced composite materials,
Anaheim, 1990, National SAMPE Symposium and Exhibition, v 35, s 604-615

/12/ Chang, H.T., Curing stress concentration on advanced composite materials,
22 nd International SAMPE Technical Conferences, Boston, 1990, Advanced
Materials Looking Ahead to the 21 st Century National SAMPE, v 22, s 733-746



103

/13/ Bwo, C., Yen, W.J., Green’s functions of two-dimensional anisotropic plates
containing an elliptic hole, 1991, International Journal of Solids and Structures,
v27, s 1705-1719

/14/ Hwo, C., Anisotropic plates with various openings under uniform loading or
pure bending, Proceedings of the Winter Annual Meeting, Dallas, 1990,
American Society of Mechanical Engineers

/15/ Kamel, M.M., Sherif, G., Koth, M., Behaviour of anisotropic skew plates under
uniform distributed load,, Proceedings of the first International Offshore and
Polar Engineering Conferences, Edinburg, 1991, ISOPE, s 113-120

/16/ Sato, K., Theory and analysis of incomplate composite plates, Sapporo, 1991,
Memoirs of the Faculty of Engineering, v 18, s 1-4

/17/ Lachemi, M., Lahoud, A E., Refined quadrilateral element for the finite element
analysis of plates, 1991, Communications in Applied Numerical Methods, v 7,
s 527-537

/18/ Sherbourne, AN., Pandey, M.D., Differential quadrature method in the buckling
analysis of beams and composite plates, 1991, Computers and Structures, v 40,
$ 903-913

/19/ Theocaris, P.S., Demakos, C.B., Stress intensity variation of an orthotropic
perforated plate containing an interal crack, Athens, 1993, Archive of Applied
Mechanics, v 63, s 242-252

/20/ Aran, A, Elyaf Takviyeli Karma Malzemeler, Istanbul Teknik Universitesi
Makina Fakiiltesi, Teknik Universitesi Rektorliik Ofset Atdlyesi, Istanbul, 1990

21/ Berktay, 1., Plak Teorisi ve Uygulamalar, Istanbul Teknik Universitesi, Istanbul

/22/ Girkmann, K., (Ceviren, Tameroflu 8.S.) Ytzeysel Tagiyic1 Sistemler, Matbaa
Teknisyenleri Bastmevi, Istanbul, 1964

23/ Timoshenko, S., Theory of Plates and Shells, Stanford University, 1950

124/ Reddy, JN., An Introduction to the Finite Element Method, McGraw-Hill
International Editions, 1993

125/ Reddy, J.N., Energy and Variational Methods in Applied Mechanics, John
Wiley, New York, 1984



104

OZGECMIS

1974 yihnda Aydin’da dogdu. ilk, orta ve lise dfrenimini Aydin’da tamamladi. 1991
yihnda Dokuz Eyliil Universitesi, Denizli Miihendislik Fakiiltesi, Makine Miihendisligi
Boéliimiinde lisans Ofrenimine bagladi. 1995 yiinda mezun oldu. 1995-1996 bahar
yanyihinda Pamukkale Universitesi, Fen Bilimleri Enstitiisii, Makine Mithendisligi
Anabilim Dalinda Yiksek Lisans Ofrenimine bagladi.20 Kasim 1996’da Pamukkale
Universitesi’nde Fen Bilimleri Enstitisi Kadrosu ile goreve basladi. Yaymlan takip
edebilecek sekilde Ingilizce bilmektedir.



