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TURKCE OZET

Karsilagiian mihendislik problemlerinin ¢ogunun ¢oziimini elde etmek i¢in sonlu
elemanlar yontemi bir sayisal metoddur. Bu yontemin iki alt boliimii vardir Birincisi
yapinin eleman kuvvetleri ve digiim noktas: yer degistirmelerinden saglanan sinirh
elemanlardan yararlanmaktir. Digert ise 1s1 transferi, akigkanlar mekanidi ve mekanik
problemlerin yaklasik ¢oziimlerini elde etmek i¢in siirekli elemanlar kullamlir. Sinirh
eleman kullanan formulasyon, yapilarin matris metodu olarak bilinir ve klasik yapi analiz
sonuglarini elde eder. Sonlu elemanlar yonteminde tkinci yaklagim gergek sonlu
elemanlar yontemidir. Digiim noktasi olarak adlandirlan 6zle noktalarda istenen
parametrelerin degiskenlerin degerlerini yaklagik olarak elde eder.. Bir genel amagh sonlu
elemanlar bilgisayar programi, bu nedenle, hem problemlerin tipine hem de sonlu
elemanlar yonteminin ¢éziiminde hem sinirh eleman hem de suirekli eleman

formiilasyonu sikstk kullaniimaktadir.

Sonlu elemanlar yontemi lineer ve lineer olmayan denklem sistemlerinin tretiminde bir
¢ok matematiksel kavramlar birlestirmektedir. Denklem sayisi, genellikle ¢ok genistir,
bazi yerde 20 den 20,000 e kadar veya daha fazla denklem sistemi igeren bilgisayar
giiciine thtiyag vardir. Bilgisayarin bulunmadig: hallerde bu metod ¢ok az pratik degere

sahiptir.

Sonlu elemanlar metodunun bir analiz yontemn olarak ortaya ¢ikmas: esaas olarak
elektronik dijital bilgisayarlanin  gelismesiyle olmustur. Bir yapt veya sureklilik
probleminin niimerik sonuglarini elde edebilmek i¢in sozkonusu sistemin tepkimelerinden
olusturulmug cebirsel denklemlerini yazmak ve de ¢ozmek gerekmektedir. Karmagik
problemlerin cebirsel denklemlerinin etkili bir bigimde olusturulup ¢ozillmesi, bilgisayarda
sonlu elemanlar metodunun kullamimastyla miimkiin  olmaktadir. Sonlu elemanlar
metodunun yayginlagmasina, segilen sistemlerin genel sistemler olmasi, esas
denklemlerinin olugturulmasinin kolay olmasi ve de sistem matrislerinin niimerik

dzelliklerinin 1yi olmast sebep olmustur.



Sonlu elemanlar metodu ilk dnceleri yapt mekanigi problemierinin analizinde kullaniimak
izere fiziki bazda gelistirilmigtir. Ancak daha sonralart bu metodun pek ¢ok farkli
problem sinifina da rahathikla uygulanabilecegi farkedildi. Burada kati cisim ve yap:

mekanigindeki lineer problemlerde sonlu elemanlar metodunun uygulanisi incelenecektir.

Bu problemlerin ¢ozimu i¢in Fortran bilgisayar programlama dilinde ti¢ adet bilgisayar
programi gelistirilmistir. Bu programlar FRAME, 3DTRUSS, ve STRESS’dir. FRAME
programu ile duizlem gergeve, kafes, kirig ve eksenel cubuk eleman tipindek: problemlerin
analizi elde edilir. 3DTRUSS program ile G¢ boyutlu uzay kafes elemanlarin analizi
yapiimaktadir. STRESS program: ile iki boyutlu dizlem gernilme hallerint igeren

problemler incelenmektedir.



INGILIZCE OZET

The finite element method s a numerical prodecure for obtaining solutations to many of
the problems encountered in engineering analysis. It has two primary subdivisions. The
fist utilizes discrete elements to obtain the joint displacements and member forces of a
structural framework. The second uses the continuum elements to obtain approximate
solutations to heat transfer, fluid mechanics, and solid mechanics problems. The
formulation using the discrete elements 1s reffered to as the “matrix analysis of
structures” and yields results identical with the classical analysis of structural
frameworks. The second approach is the true finite element method, It yields approximate
values of the desired parameters at specific points called nodes. A general finite element
computer program, however, is capable of solving both types of problems and the name
“finite element method” is often used to denote both the discrete element and the

continuum element formulations.

The finite element method combines several mathmetical concepts to produce a system
of linear or nonlinear equations. The number of equations is usally very large, anywhere
from 20 to 20,000 or more and requires the computational power of the digital

computer. The method has little practical value if a computer 1s not available.

It 1s impossible to document the exact origin of the finite element method because the
basic concepts have evolved over a period of 150 or more years. The method as we
know it today is an outgrowth of several papaers published in the 1950s that extended
the matrix analysis of structures to continuum bodies. The space exploration of the 1960s
provided money for basic research, which placed the method on a firm mathmetical
foundation and stimulated the development of multiple purpose computer programs that
implemented the method. The design of airplanes, missiles, space capsules and the like,

provided application areas.



Although the origin of the method 1s vague,i its advantages are clear. The method 1s
easily applied to irregular shaped objects composed of several different materials and
having mixed boundary conditions It 1s applicable to steady state and time dependent
problems as well as problems involving nonlinear material properties. General computer
programs that are the user independent can be, and have been developed. User assisting
programs that generate a grid from a limited number of shape defining points are
available as well as programs that analyze the results and display them in graphic from

for further study.

The finite element method is the computational basis of many computer assited design
programs. The increased use of computer assisted design makes it imperative that the

practicing engineer have a knowledge of how the finite element method works.



1. GIRIS

Kargilagilan muhendislik problemlerinin ¢ogunun ¢oziimunii elde etmek igin sonlu
elemanlar yontemu bir sayisal metoddur. Bu yontemin iki alt boliimu vardir. Birincisi
yapinin eleman kuvvetleri ve dugiim noktasi yer degistirmelerinden saglanan sinirh
elemanlardan yararlanmaktir. Diger1 ise 1s1 transferi, akigkanlar mekanig ve mekanik
problemlerin yaklasik ¢oziumlerini elde etmek igin sirekli elemanlar kullanilir. Sinirh
eleman kullanan formiilasyon, yapilarin matris metodu olarak bilinir ve klasik yap: analiz
sonuglarini elde eder. Sonlu elemanlar yonteminde ikinci yaklasim gergek sonlu
elemanlar yontemudir. Dugim noktast olarak adlandinlan 6zle noktalarda istenen
parametrelerin degiskenlerin degerlerini yaklagik olarak elde eder.. Bir genel amach sonlu
elemanlar bilgisayar programu, bu nedenle, hem problemierin tipine hem de sonlu
elemaniar yonteminin ¢ozimiinde hem sirh eleman hem de siirekli eleman

formiilasyonu siksik kullanilmaktadir.

Sistem elemanlara ayrilirken, elemalarin yeter dereced kiigiik alinmasi gerekmektedir.

Ozellikle i¢ kuvvetlerin hizli degistigi bolgelerde elemanlar daha da kiigiik segilmelidir.

Uygulamada ¢ok sik rastlanan bazi surekli elastik siirekli sistemlere ait fiktuf esdeger
cubuk sistemlerin karakteristiklerinin ve stireklr sisteme ait aranan i¢ kuvvet bilesenlerinin
nasil tayin edilecegi asagida sira ile gosterilmigtir. Burada strekli ortamin i1zotrop ve
lineer elastik malzemeden yapilmis bulundugu ve deplasmanlarin gok kugiik oldugu kabul

edilmistir.

Sonlu elemanlar yontemi lineer ve lineer olmayan denklem sistemlerinin Gretiminde bir
cok matematiksel kavramlart birlestirmektedir. Denklem sayisi, genellikle ¢ok genistir,
baz1 yerde 20 den 20,000 e kadar veya daha fazla denklem sistemi igeren bilgisayar
giictine ihtiya¢ vardir. Bilgisayarin bulunmadi§ hallerde bu metod gok az pratik degere

sahiptir.



Bu problemlerin ¢6zimil igin Fortran bilgisayar programlama dilinde ii¢ adet bilgisayar
programi gelistirtlmistir. Bu programlar FRAME, 3DTRUSS, ve STRESS’dir. FRAME
programi ile diizlem gergeve, kafes, kiris ve eksenel gubuk eleman tipindeki problemlerin
analizi elde edilir. 3DTRUSS programu ile ii¢ boyutlu uzay kafes elemanlanin analizi
yapimaktadir. STRESS programi ile iki boyutlu diizlem gerlme hallerini iceren

problemler incelenmektedir.



2 SONLU ELEMANLAR YONTEMI

Metod kangik sinir sartlarina ve ¢ok farkli malzemelerden birlesen duzensiz sekilli
nesnelere kolay bir sekilde uygulanabilir. Sonlu elemanlar yontemi bir ¢ok bilgisayar
destekli ¢izim programlarina bir temel teskil etmektedir. Bbilgisayar destekli ¢izim

programlarinin kullaniminin artmast ile sonlu elemanlar yontemi ¢aligmalari artmigtir.

Sonlu elemanlar metodunun bir analiz yontemi olarak ortaya ¢ikmasi esaas olarak
elektronik ~ dijital  bilgisayarlarin  gelismesiyle olmustur. Bir yapt veya sureklilhik
probleminin nimerik sonuglarin elde edebilmek igin sézkonusu sistemin tepkimelerinden
olusturulmug cebirsel denklemlerini yazmak ve de ¢ozmek gerekmektedir Karmagik
problemlerin cebirsel denklemlerinin etkili bir bigimde olusturulup ¢6zilmes:, bilgisayarda
sonlu elemanlar metodunun kullaniimastyla miumkin olmaktadir. Sonlu elemanlar
metodunun  yayginlagmasina, segilen sistemlerin  genel sistemler olmasi, esas
denklemlerinin olusturulmasinin  kolay olmasi ve de sistem matrislerinin niimerik

ozelliklerinin 1yi olmasi sebep olmustur.

Sonlu elemanlar metodu 1lk onceleri yapi mekanigi problemlerinin analizinde kullaniimak
uzere fiziki bazda gelistinimistir. Ancak daha sonralan bu metodun pek ¢ok farkh
problem sinifina da rahathikla uygulanabilecegi farkedildi. Burada kati cisim ve yapi

-mekamgindeki lineer problemlerde sonlu elemanlar metodunun uygulanisi incelenecektir

Sonlu elemanlar metodunun icat edilisine ait kesin bir tarith verilememesine kargin.
metodun kokler1 (¢ ayn arastirma grubuna kadar uzanmaktadir, uygulamal
matématikgiler, fizikgiler ve de miihendisler. Aslinda sonlu eleman metodu esas
gelismesini mihendisler tarafindan siirdiriilen bagimsiz ¢alismalarda gosterdi. Onemli ve
oryinal katkilar, Turner, Argyris ve Kelsey’in makalelerinde ortaya ¢ikti. Sonlu elemanlar
adi Clough tarafindan, diizlem gerilme analizi igin kullandigt metodu anlattigr makalede
kullanildi.






O zamandan beri bu teknik tizerine pek ¢ok arastirma yapilmigtir. Glinuimuzde de sonlu

elemanlar metoduyla ilgili pek ¢ok yayin bulunmaktadir.

Bugiin sonlu elemanlar kavrami ¢ok genig bir alam kapsamaktadir. Kati cisim ve yapi
mekanigi analizleriyle sinirlasak bile metodu uygulamanun pek ¢ok degistk yolu
mevcuttur. Varyasyonlu formiilasyonlar sézkonusu oldugunda metodun bu 6zelligi agik
bir bigimde goriilebilmektedir. Pratik problemlerin ¢6ziimii igin yaygin olarak kullanilan
dnemli bir formiilasyon ise deplasmana baght sonlu elemanlar metodudur. Pratik olarak
biitiin genel amaglt analiz programlann bu formilasyonu kullanarak yazilmigtir. Bu
formiilasyon basitligi, genelligi ve de iyi nimerik Ozelliklere sahip olusuyla dikkat
cekmektedir. Deplasmana bagh sonlu elemanlar metodunun uygulamsinda kullamlacak

olan numerik teknikler diger formiilasyonlara da direkt olarak uygulanabilmektedir.

2.1 Sonlu Elemanlar Yonteminin Uygulama Alanlan

- Yapi mihendisligi = Cubuk yapilar, plaklar ve kabuklar, burulma

- Zemin mekanigi = Sevlerin, bargjlanin, tinellerin gerilme analiz1 ve sizma
- Hidrolik = Viskoz akis, tortu (¢okelti) nakh, dalga yapiimasi
- [si transfert = Is1 iletimi

- Elektrik mihendishgi = devre analizi, manyetik potansiyel dagihm

2.2 Avantajlar

1- Diizensiz ve Gniform olmayan simir kogullar
2- Diizensiz ve tiniform olmayan yiikleme ve geometrt
3- Problemin boyutu sinirh degildir.

4- Kompleks ve yiiksek mertebeden problemlerin ¢oziimii uygulanabilir.



2.3 Analiz Sonu¢larimin Yakinsakhig:

Genel olarak sonlu elemanlar metodu fiziki problemin idealizasyonunu yapip mekanik bir
tammlama yapmayi ve de sonrada bu idealizasyonun sonlu elemanlar ¢oziimiinu
bulmaktan ibarettir. Sekil 2.1 de bu kavramlar 6zetlenmistir. Pratik bir analizde fiziksel
problemin sonlu elemanlar idealizasyonu direkt olarak yapilmaktadir. Ancak eleman
sayisi arttik¢a sonlu eleman ¢ozumiinin yakinsakligini inceleyebilmek i¢in sonlu eleman
gosteriminde mekanik 1dealizasyonun yapildigim akildan ¢ikarmamak gerekir Yani.
dogru bir sonlu elemanlar ¢6ziimiinde (eleman sayisi arttikga sonug) kesin sonuglar
veren diferansiyel denklemlerin analitik sonuglarina yakin olmahidir. Dahasi bu yakinsama
sonlu elemanlar semasinin  butun karakteristiklerini sergilemektedir. Ciinka hareketin
diferansiyel denklemlerinin kesin olmasi igin tim degigskenlerin (gerilme, deplasman, sekil
degistirme) denklemleri saglamasi gerekmektedir. Diferansiyel denklemeler bilinmiyor
veya analittk sonuglar elde edilemiyorsa, sonlu elemanlar sonuglarinin yaklasikligi ancak

mekanik idealizasyondaki kinetik, statik sartlarin saglanmasiyla olgulebulir.

Sonlu elemanlar ¢ozimuyle kesin ¢oziim arasindaki yaklasikhigt incelerken sonlu
elemanlar sonuglarimi etkileyen degisik hata kaynaklan  oldugunu da hatirdan
¢itkarmamak gerekir. Tablo 2.1 genel hata kaynaklari oOzetlenmistir. Bilgisayardan
kaynaklanan yuvarlatma hatas: olabilir, hareket denklemlerinin nimerik entegrasyonunda
dinamik tepkime hesaplarinda hata olabilir. Mod superpozisyonu analizinde sadece birkag

modla getirildigt i¢in hatalar olabilir, iterasyon ¢oziimii sirasinda da hatalar olabilir.

Burada sadece sonlu elemanlar dsikretizasyon hatalan izerinde durulacaktir. Bu hatalar
yapinin idealizasyonuna, sonlu elemanlarinin sireklilifine ve sonucun degiskenlerinin
interpolasyonuna baghdir. Bu arada diger hatalarin olusmadigt sadece diskretizasyon
hatasinin 1glendigi bir model 6rnek incelenecektir. Lineer elastik statik bir problem ele

alinacaktir. Boyle bir problemin analizinde kullanilan deplasmana bagli sonlu elemanlara



bagl olarak, eleman sayist artirildik¢a kesin sonuca monotonik veya monotonik olmayan

bir sekilde yakinsama olabilir.

Esas Fiziki Problem

Geometri

Malzeme

Yiikler

Slrixr Sartlart
Mekanik Idealizasyon
Kinetik kafes

diizlem gerilme
. Gi¢ boyutlu
. Kirchoff plag:

Malzeme 1zotropik lineer
elastik Hareket Ana Diferansiyel Denklemleri
© Mooney Rivlin lastigi

Yiikler . konsantre

. santrifu

Sinir Sartlan deplasmanlar

Sonlu Eleman Cézimu

Mekanik idealizasyonun yaklastk tepkisi

Eleman se¢imi ve sonug prosediirii

Sekil 2.1 Sonlu eleman ¢6ziim prosedirt



Tablo 2.1 Sonlu eleman ¢6ziim hatalar

Hata

Hatanin Olusum Sebebi

Diskritizasyon

Uzayda numerik entegrasyon

Dinamik denge denklemlerinin ¢ozimii

Itarasyonla sonlu elemanlar

denkleminin ¢ozimu

sonlu elemanlar enterpolasyonu kullanimi

nimerik entegrasyonla sonlu eleman

matrislerinin degerlendiriimesi

Direkt zaman entegrasyonu mod

siiperpozisyonu

Denklemleri kurma ve ¢oziim

Monotonik yakinsama olabilmesi i¢in elemanlar tam ve biribirine uygun olmahdir. Bu

sartlar saglandiginda, sonlu elemanlar ag1 daha kiigiik elemanlara boliindik¢e ¢ozimin

hassashg: da artmaktadir. Ag iyilestirmek i1¢in mevcut eleman ikt veya daha ¢ok elemana

boliinmelidir. Boylece yeni ag eski agi da iginde saklamig olmaktadir. Bu da matematiksel

olarak su anlama gelmektedir. Sonlu elemanlar interpolasyon fonksiyonlarinin yeni ver

daha once kullanilan yer igerecektir. Ag iyilestikge sonlu eleman ¢oziim yerinin boyutu

kesin ¢ozumu buluncaya kadar strekli artarak bayiyecektir.

Eleman butinlugu sarti elemanin deplasman fonksiyonunun sabit sekil degistirme

durumlarimi ve de rijit cisim deplasmanlarint gosterebilmest anlamina gelmektedir.



Rilit cisim deplasmanlari, elemanin i¢inde gerilme olusmadan riyjit cisim kalabildig
deplasman modlaridir. Ornegin iki boyutlu diizlem gerilme elemam dizlemini her iki

yoniine de uniform olarak aktarabilmeli ve sekil degistirmeden donebilmelidir.



3 iKi BOYUTLU ALAN DENKLEMLERI

Sonlu elemanlar yontemi ¢ alt adima boélunebilir. Bunlar, (1) eleman enterpolasyon
ozelliklerinin kurulmasi, (2) eleman matrislerinin degerlendiriimesi ve (3) gercek bir

problemin ¢oziimudir. Eleman matrisin iki boyutlu alan denklemi asagidaki gibidir.

ng-c—?JrDy 22/?—(}¢+Q:O 31

3.1 Diferansiyel Denklemlerin Diizenlenmesi

Dairesel olmayan kesitlerin burulmasinda (3.2) denklemi kullanilir.

léngléz—?nLZH:O (3.2)
g™ g

Burada g elemanin kayma modilt, 6 donme agisidir. (3.2) denklemi, (3.1) denkleminden
Dx=Dy=1/g, G=0 ve Q=2 0 alnarak elde edilmgtir. Akigkanlar mekaniginde ideal
irrasyonel akis 1¢in (3.3) denklemi kullanilir.

79,79

0 33
17 SR, 7 (3-3)

3.2 Deplasmana Bagh Sonlu Elemanlar Metodunun Formiilasyonu

Deplasmana baglt sonlu elemanlar metodu, deplasman metodunun bir uzantisi olarak
kabul edilebilir. Deplasman metodu kiris ve kafes sistemlerin analizinde uzun yillar
kullanilmaktadir. Kiriy ve kafes sistemlerin deplasman metoduyla analizinde takip
edilecek temel adimlar sunlardir:

1) Bitin yaptyi kiris ve kafes elemanlarin  diigiim noktalarinda birlesiminden

olugmus sekilde idealize etmek,
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2) Bilinmeyen digim noktalar1 deplasmanlarinin tanimlanarak idealize edilms
butiin sistemin tepkimesinin olugturulmas,

3) Kuvvet - denge denklemlerinin bilinmeyen digum noktas: deplasmanlarina
uygun gelecek sekilde olusturulmast ve de ¢ozimi,

4) Kirig ve kafes elemanlarimin u¢ deplasmanlarmin bulunmasindan sonra igsel
eleman gerilme dagihmmmn hesaplanmasi,

5) Yapilan kabulleri de dikkate alarak idealize edilmis sistemden elde edilen

deplasman ve gerilmelerin yorumlanmasi.

Pratik analiz ve dizaynda en 6nemli adimlar, adim 1’deki gibi sistem se¢imi ve de adim
5’deki sonuglarin dogru yorumlanmasidir. Analizt yapilacak esas sistemin karmagikhigina
bagh olarak, sistemin karakteristifi ve de mekanik davramsi hakkinda esash bilgiye

ihtiyag duyulabilir.
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4. DUZLEM CERCEVE ELEMANI

Mafsalli ve kaynakl diigiim noktalar yapi gercevelerinde sikga kullanilir. Butiin kaynakls
digumler ve iki ve dah fazla mafsalli digtumler rijit diigiim noktalari olarak hareket
ederler. Bir ryjit diigimde birlesen elemanlar ayn: miktarda doner ve iletirler. Rijit bir
digimde birlesen elemanlar egilme momenti gibi eksenel vekayma kuvvetler

desteklerler.

4.1 Yapisal Model

Diizlem gergeve elemany, iki boyutlu eksenel kuvvet elemani ve kiris elemanin bir
kombinasyonudur. Her noktada yatay ve diisey yer degistirmeye ve bunlara ilave olarak

donmeye sahiptir. Onemli eleman degiskenleri E elastisite modili, A enkesit alani, I

atalet momenti ve L. uzunlugudur.

4.2 Eleman Rijitlik Matrisi

At adet yer degistirme olmasindan dolayi, eleman rijitlik matrisi alti satir ve kolondan

olusur. Eleman rijitlik matrisi asagidaki gibidir.

r 2 2
ALy AL 0 0
i : )i
0 12 6L 0 —12 6L
w1 LIl 0 61 417 0 -6 2[° )
[k ]“7? Al AL’ 0
[ L
0 -12 -6L 0 12 -6L
0 6L 2I* 0 6L 417
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Koordinat déntugiim matrisi (4.2) de goraldigi gibidir.

[ cos® sinf 0 0 0 0
-sind cosf O 0 0 0
[T] _ 0 0 1 0 0 0
0 0 0 cos@ sinf 0
0 0 0 -sinf cos@ O

0 0 O 0 0 1]
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5 ELASTISITE TEORISI
5.1 Gerilme, Sekil Degistirme ve Hooke Kanunu

Bir noktadaki gerilme hali alti gerilme bilegeni ile tamimlanmaktadir. Bu gerilme
bilesenleri, uygulanan dis kuvvetlere karg1 koyan i¢ kuvvetler tarafindan uretilirler. Disa
dogru normal koordinat yoniinde ve pozitif koordinat yoniindeki gerilme bilesenler:

poazitiftir. Bu alt1 bilesen {a} kolon vektorunde yer alirlar.

{O-}T:[O-xr o, 0. O, O, aw] (5.1)

Bir kat1 cisme kuvvet ve/veya 1st uygulanmasi, cisimde deformasyona neden olur. Cismin
her bir noktasi yeni bir yere taginir. Sonug yer degistirme x, y ve z eksenlerine paralel u, v
ve w isimli Gi¢ bilegendir. Gerilme ve elastik sekil degistirme bilesenleri Hooke Kanunu
olarak bilinenbir takim katsayilar ile ilgilidir. Sekil degistirme deformasyonlarm

olgiilmesinden hesaplanir.

Hooke Kanunu asagidaki gibi yazilabilir.

{e}=[Cll o} veya {o}=[D]{¢} 62

1~y -4 0 0 0

w1 -4 0 0 0
(S I ool (53)
£1 0 0 0O a 0 0 ’

0 0 0 0 a 0O

0 0 0 0 0 a

Burada, E elastisite modiiliinii z# poisson orani ve a = 2¢1+ )

[d b b 0 0 0]

b d b 00 0
[D]:ibbdooo (5.4

1+4{0 0 0 ¢ 0 0

0 00 0c O

0 0 0 00 c|
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,_ l-u 1
d_1~2/1 ve vec—é

[D][C]=[C][P]=[/] dir Burada [/] birim matristir. Poisson orant 1/2 den az oldugunda
(5.3) ve (5.4) gegerlidir.

5.2 Sekil Degistirme - Yer Degistirme Denklemleri

Her bir noktadaki her bir yer degistirme bilesent ti¢ koordinat yoniinde bir fonksiyondur.
u=f(x,y,z), v=g(x,y,2) ve w=h(x,y,z) (5.5)
Sonlu elemanlar yaklasiminda bu fonsiyonlar streklidir.

U

vi=[N{v@) (5.6)

w
Burada, {U(e)}e]eman dugiim noktalari yer degistirmelerini kapsayan bir kolon
vektordur. [N ] matrist eleman sekil fonksiyonlarini kapsar; t¢ satir ve {U © } bilesen:

kadar kolondan olusur.

Sekil degistirme bilesenleri {e} ve yer degistirmeler birbirleriyle iliskilidir. Bu iliskiye sekil

degistirme ve yer degistirme denklemlen iliskisi denilmektedir.

ou V7% M
“Tx Ty =T h
“ (57)
V7 Ja7. Y u 7Y
en =t sz:"—‘*“‘-—— ew:”+_
3 & & & k&

5.3 Gerilme Bilesenleri

Yapisal ve makina bilesenlerinin tasarim kriteri, gertlme bilegnlerinin veya maksimum yer
degistirme degerini icermektedir. Dugim noktast yerdegistirmeleri, sonlu elemanlar
yontemiyle ¢ozillen denklemler sisteminde mevcuttur. Eleman gerilme bilesenleri, bilinen

eleman dugum noktast yer degistirmelerinin hesaplanmasidir.
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{o}=[Dlel (5.8)
{oo} =D BHUe} (5.9)

5.4 Spesifik Problemler icin Genellestirilmis Koordinat Modelleri

Spesifik problemlerle ilgili sonlu eleman matrislerinin genel sonlu elemanlar
denklemlerinden olusturulmas: asagidadir Her ne kadar teoride ii¢ boyutlu ¢oziimde
mevcut ise de problemin pratik analizi agisindan boyut sayisini azaltmak gerekli
olmaktadir. Sonlu elemanlar analizinde atilacak ilk adim eldeki problemin ne g¢esit
olduguna karar vermektir. Bu karar spesifik problemlerin ¢oziimiinde kullanilan elastisite
teorisi yaklasimina bagh olarak yapilan kabullere dayanmaktadir. Kargilastlan problemler
su sekilde simiflandirilabilir: 1) Kafes 2) Kirig 3) Duzlem geriime 4) Dizlem sekil
degistirme 5) Eksene gore simetrik 6) Dénme 7) Ince kabuk 8) Kalin kabuk 9) Genel ug
boyutlu. Tim bu problemlerde genel formiilasyon gegerlidir. Ancak uygun deplasman

gerilme ve sekil degistirme degiskenleri kullaniimalidir.

Ornegin dizlem gerilme durumunda u ve v deplasmanlan igin basit lineer polinom
kabuller: kullamilabilir. Bu durumda polinomlardaki bilinmeyen katsayilar genellestiritmis
koordinatlar olarak tamimlanir. Boylece polinomlardaki bilinmeyen katsayilarin sayisi
eleman digum noktast deplasman sayisina esit olur.Genellestirilmis koordinatlar eleman
dugum noktas: deplasmanlan olarak ifade edildiginde su sonu¢ denel olarak ortaya-
¢tkacaktir, her polinom katsayist gergekte fiziksel deplasma olmamakla birlikte eleman

dugum noktast deplasmanlarinin lineer kombinasyonuna isittir.

Bilinmeyen katsayilar genellestinimig koordnatlar olarak sayilan bir fonksiyon geklinde
ve deplasmanlann degiskenligi kabul edilerek formiile edilmig sonlu elemanlar matrisien
genellestinimig koordinat sonlu eleman modellert olarak tanimianmaktadirlar. Eleman
deplasmanlarini  yaklagik olrak hesap etmekte polinomlarin kullamimasi tercih
edilmektedir. Ciinka polinomlar bilinmeyen fonksiyonlan yaklasik ¢oziimlemeklte yaygin

olarak kullanilmaktadir. Polinomun derecesi ne kadar yiksek olursa sonugtaki
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yaklasiklikta o kadar iy1 olacaktir. Bunun yam sira polinomlarin tirevini almak kolay
oldugu i¢in 6rnedin polinomlarin kullanimiyla bulunan deplasmanlardan kolayca sekil
degistirmeleri de bulmak mumkindir. Polinom deplasman kabilinu yaparak, yap:

mekanigindeki butiin problemler i¢in pek ¢ok sayida sonlu elemanlar gelistirilmigtir.
5.5 Kafes ve Kiris Elemanlan

Kafes ve kirts elemanlant yapt muthendisliginde ¢ok yaygin olarak kullaniimaktadir

(Ornegin gergeve ve kopriilerde).

Bu elemanlarin ryithk matrisleri  diferansiyel denge denklemlerinin  ¢éziiminden
hesaplanabilir. Bu konuyla ilgili literatirde pek ¢ok yayin mevcuttur. Bu tirevlerin
sonuglan deplasman metodu analizi ve moment dagilm metodu gibi yaklasik ¢oziim
tekniklerinde kullamlmugtir. Ancak kompleks kiris geometrilerinde ve geometrik lineer
olmayan analizde, rijithik matrislerini sonlu eleman formiilasyonu ile (6zellikle virtiiel is

prensibi ile) olusturmak daha etkilidir.
5.6 Eksene Gore Simetrik Elemanlar

Eksene gore simetrik elemanlar bir eksen etrafinda rotasyonel bir sekilde simetrik olan
yap! bilesenlerini modellemede kullanilir. Eger bu tip yapilar ayni zamanda eksene gore
simetrik yiklemeye maruzsa yapinin birim radyanlik bir pargasinin ikt boyutlu analizi,

butiin gerilme ve sekil degistirme dagilimini verir.

Diger taraftan ekene gore simetrik yapt eksene gore simetrik olmayan yiklere maruz
kalirsa, o zaman ug boyutlu analiz gerekmektedir. Yiklerinde Fourier simetrik olmayan

¢ozumle Fourier dekompozisyonu yapilir.
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5.7 Plak Egilmesi ve Kabuk Elemanlar

Plak egilmest ve kabuk analizlerinde yap1 bir yonde ince oldugu i¢in bazi kabuller
yapilabilir:

1) Kalinlik boyunca gerilme sifirdir.

2) deformasyondan once orta yiizeye dik ve diz ¢izgi lizerinde olan malzeme
taneler1 deformasyondan sonra da diiz ¢izgi tizerinde ve orta yiizeye dik kalirlar. Kirchoff
teorisinde, kesme deformasyonlarn ihmal edilmistir. Midlin teorisnde ise, kesme
deformasyonlari1 thmal edilmemis ve boylece deformasyondan sonra diiz ¢izgi ahlinde ve

orta yuzeye dik kalmadiklart dikkate alinmigtir.

Egilmeye maruz ince plaklanin modellemesinde kullanilan ilk sonlu elemanlar Kirchoff
plak teorisine dayanmaktadir. Elemanlarin yakinsaklik gereklerini saglamalan ve
aplikasyonda pek etkili olamamalar1 bazi zorluklar dogurmaktaydi Bu elemanlarin
gelistirilebilmest i¢in pek ¢ok ¢aba harcanmistir. Son yillarda Mindlin teorisiyle

olusturulan elemanlarin pek de etkili olamadiklar: farkedilmisgtir.

Bir kabuk elemani elde etmek igin s6yle bir basit yaklasim mevcuttur. Plak egilme rjithig
ile duzlem gerilme membran rijithginin eklenmesi. Bu yolla kabuklarin diiz bilesenlerini
modellemeye yarayacak duz kabuk elemanlar elde edilmektedir. Bunlar ayni zamanda

egri kabuklarin diz elemanlarla modellenmesinde de kullanilabilmektedir.
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6. iIKi BOYUTLU ELASTISITE

Kati mekanik problemlerinde sonlu elemaniar metodunun uygulamalan kapsamlidir. Bu
uygulamalar elastisite problemlerini, plak ve kabuklarin analizini, yapilarin

burkulmalarim, stirekli titresimler ve viskoelastisite analizini igerir.
6.1 Diizlem Gerilme

Elastik cistm ¢ok ince ve kalinligina paralel koordinat yoniinde uygulanan bir vyiik
olmadiginda dizlem gerilmenin mevcut oldugu séylenir. Uygulanan yikler x-y

dizleminde oldugunda, kalinlik yoniyle birlesen gerilme bilesenleri o

2z

o, ve o, ¢ok

kuguktiar ve sifir alinirlar.

Gerilme vektori asagidaki gibi yazilabilir.

{O’}T :[O'xx o o;y] (6.1)

»

Hooke Kanununa gore

{e}= [(;’]{o—} veya {8}:[D]{£} (6.2)
Burada [C} matrist  katsayilar matnsidir. Z ‘eksem dogrultusundak: kayma sekil

degistirmeler1 sifirdir. Elastik sekil degistirme vektori (6.3) deki gibidir.

{g}'/‘:[sﬂ £, 8@,] (6.3)
1 u 0
I
[D]:1~ ~lu 10 (6.4)
Flo o LA
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Kesin sonug¢lara monoton yakinsama saglayabilmek i¢in elemanlarin tam ve uygun olmasi
gerekmektedir. Bir duzlem gerilme analizinde u ve v deplasmanlan sureklidir Ayni
sekilde plak egilme problemi analizinde w bilinmeyen olarak kabul edildiginde,
deplasman w ve onun turevleri v/ ve S/ * de siireklidir. Deplasmanlarda s6z
konusu olan bu sureklilik eleman sinirlart boyunca olusan gerilmeler igin s6z konusu

degildir.

Eleman gerilmeleri deplasmanlarin tiirevier: ainarak hesaplanmaktadir. Eger 1y bir sonlu
elemanlar modellemesi segilmediyse komsu 1ki elemanmn sinirlani boyunca hesaplanan

gerilmeler birbirim tutmayacaktir.

Sonlu elemanlar agi iyilestirildikge sinirlardaki gerilme degerleri birbirine yaklasik
sonuglar verecektir. Pratikte en uygunu iki komsu elemanin degerlerinin ortalamasini
kullanmaktir. Bazen de elemanlarin igsel gerilme dagilimi gerekebilir. Ozellikle elemann

spesifik bir noktasinin gerilmelerinin bulunmasi gerekebulir.

Eleman sinirlann boyunca gerilmelerin sirekli olmamasi gibi eleman yizeyr boyunca da
gerilmeler digardan uygulanan ¢ekmelerle dengede degildir. Yapiyt modellemede
kullanilan eleman sayis1 artttk¢a kuvvet dengest saglama limitine de vyaklasilir Pratikte
eleman ylzeyindeki kuvvet dengesinin saglamp saglanmadiginin kontroli, eleman siniri
boyunca gerilmelerin sureksizliginin durumuna bakilarak 1y1 bir modelleme yapilip

yaptlamadig: kontrol edilmis olur.
6.2 Diizlem Sekil Degistirme
Kuvvet uygulanan dizlemin dik dogrultusunda genisleyen serbest olmayan elemanlarda

diizlem sekil degistirme hali meydana gelir. Yiklerin x-y dizlemi iginde kaldigini kabul

edersek, o zaman z yonundek: yer degistirme w sifirdir ve u ve v yer degistirmeler:
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sadece x ve y nin fonksiyonlaridir. Bu yer degistirme sisteminde &,, =&, =¢,, =0 dir.

Hooke Kanununun {0'} = [D]{s} ise burada [D] matrisi asagidaki hali alir.

d b 0
[D]={b d © (6.5)
1
0 0 A
Burada d = -4 ve b= diir
—2u —2u
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7. PROGRAMLAMA

Onceki bolimlerde eleman rijitlik matrisleri [k(") ] ve gerilme matrisleri o] gelistirlmistir
Idealize edilen yapinin her elemant igin rijitlik matrislerinin hesaplanmast ve sonra komple
yap! i¢in yapinn her yerinde ryjitlik matrist [k] kurulmasi, bir sonlu eleman ¢oziimii

gerekmektedir.

Yapinn rijitlik matrisi [k] {6} yer degistirme vektorii (7.1) denkleminde {7} vektoru

ile gosterilen yiiklerle ilgilidir.
{F}=[k){s} (7 1)

Ryjitlik metodu analizinde bilinmeyen nicelikler yer degistirmelerdir. Bu nedenle ¢6ziim

prosediriiniin amaci (7.1) denklemindeki dugiim noktas: yer degistirmelerini {5} tesbit
etmektir. [k olarak eleman gerilme matrisi [0'] kullanilarak eleman gerilmeler:

hesaplanabilir.

Herhangi bir gergek yapt i¢in bu analizi yerine getirmek i¢in sayisal galisma gerektiren.
sonlu eleman metodunun uygulanmasinda baglica yardime: bir elektronik bilgisayardir
Bu bolimde bir ¢ok teknigi igeren uygun bir bilgisayar programi incelenecektir

Bilgisayar programlart birbirine bagh kiigiik fonksiyonlardan olusan alt programlardan

olugsmaktadir. Ornegin [k(e)] eleman ryithk matrisinin olusturulmasi i¢in problem tipine

ve eleman sekline 0zgu olarak genellikle eleman sekil fonksiyonunun alt programinin
yaziimast ve problem tipt olarak dizlem sekil degistirme ve duzlem gerilme

olabilmektedir.

Yapisal idealizasyon veya sonlu elemanlara bolme hem lineer yapilar hem de surekh
ortamlar i¢in incelenmektedir Eleman rijitliklerinin saptanmas: ve gerilme matrislerinin bu

tir elemanlar i¢in benzer olmast temel adim olarak gorilmektedir Buna benzer olarak
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duagiim noktasi yer degistirmeleri ve eleman gerilmeleri denklemlerin ¢oziimii igin eleman
tipinden bagimsiz bir model eleman kullanilir. Bu programin bazi alt programlarinin
geligtirilmes i¢in bir sonlu eleman bilgisayar sistemine olanak verir. (7.1) denleminde tarif
edilen benzer denklemlerin ¢ézimii 1¢in yazilan alt programlar acik bir 6rnektir. Cesitli

alt programlarin kullanimi ve ana rutinlerin kontrol siras1 da gerekir.

7.1 Bilgisayar Analizi

Sonlu eleman metodu tarafindan bir problemin komple ¢6ziimi i¢in Tablo 7.1 bilgisayar
programinin temel gereksinimlerini 6zetlemektedir. Digim noktast yer degistirmelerini
ve eleman gerilmelerini kapsayan ¢ikislarint gostermesi, idealize yapinin ve yuklerinin
tamamen tanimlanmasinda vert girislert kullanilarak ¢oziim gergeklestirilmektedir. Tablo

7.1 deki adimlarin her birt simdi ayrt ayr incelenecektir.

7.2 Veri Girisi

Probleme 6zgu veri girigi, veri girigtyle bilgisayara temin edilmest gereklidir. Bu materyal,
idealize yapinin geometrisi, malzeme oOzellikleri ve uzayda yukleme ve mesnetlenmesini
icerir. Duizlem gerilme, duzlem sekil degistirme problemlerini 1saret eden kontrol
numaralarini, toplam diagim noktast ve eleman sayilari gibit kontrol rakamlan ven
girisiyle saglanmasi, veri girisinde programin etkinlifini ve genellestirilmesine olanak
tanir. Bu 1slem ayni zamanda ne kadar vert depolanabilecegi ve problemin smirlarinin

tesbiti 1¢in de yardimeci olur.

Ihtiyag duyulan veri girigleri asagidadir:
1) Dugiim nontalarinin koordinatlar1 ve sayisi
2) Sonlu elemanlarin numaralanmast
3) Malzeme ve eleman 6zelliklerinin veriimesi
4) Uygulanan yukler

5) Mesnet ve sinir sartlarn
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Mevcut sonlu elemanlar tiplerinin ¢ogu ya da yalnizca problemin ihtiyag duyabilecegi alt
programlardan her birini bilgisayar programu ihtiyag duyabilmektedir. Ana program o6zel
bir ¢oztim 1¢in ryithik matrisi elemam tipipni isaret eden kontrol sayisina gereksinim

duyabilir veya duymayabilir. Bir ¢ok problemde bir tip eleman kullanitmaktadir.

Eleman ryjitlik matrisinin alt programi, veri girisinin igindeki belli bilgilerin hesaplanmasi
gerekmektedir. Bu biigiler digiim noktasi koordinatlert ve eleman ozellikleridir. Bu
bilgiler ana program tarafindan okunur okunmaz her bir eleman igin eleman rijitlik
matrisleri hesaplanabilir. Daha sonra gerekli matris ¢arpimlan gibi cebrik ifadeler, daha
karmagik ifadelerde ise sik sik nimerik entegrasyon geerekmektedir. Alt programin

ayrintilari eleman tipine baghdir.

Her bir riitlik matrisi eleman rijitlik matnisi olusturuldugunda, genel rijitlik matrisinin
iginde diizenlenmesi gerekmektedir. Genel olarak yapr degisik yer degistirmelerin

Onlenen bir ¢ok diigiim noktalarindan olusur.

Cogu problemlerde son olarak denklem takimi oldukga genis olacaktir. Genis denklem
sistemlerinin ¢ozimu 1¢in ¢ogu projede degisik metodlar mevcuttur. Bunlar Gauss
eliminasyon, Gauss-Seidel iterasyon ve Cholesky en kiigiik kareler metodularidir. Mevcut
rijitlik matrisinin ¢6ziimii olduk¢a zaman alict bir iglemdir. Problemin tiiriine gore bu

metodlardan birini kullanmak zaman tasarrufu saglayacaktir.
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Tablo 7.1 Sonlu Elemanlar Programi igin Bir Akis Diyagrami

Veri Girig
Geometri, malzeme ¢zelliklen,
yiukleme, mesnet kosullan

/

Tek tek eleman rijitlik
matrislerinin degerlendirilmesi

/

Yapt igin genel rijitlik matrisinin
olusturulmasi

/

Sinir kosullarinin uygulanmasi

Cozum

y

Gerilmelerin hesaplanmasi

y

Sonuglarin Yazimi




T
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8. ANALIZ ICIN KULLANILAN PROGRAMLAR

Hazirlanan bilgisayar programlart FRAME, 3DTRUSS ve STRESS’dir. 3DTRUSS ii¢
boyutlu uzay kafes gergevelerin aanlizini yapan program FRAME duzlem gergeve

programina benzemektedir.

8.1 Frame Program

FRAME bilgisayar programi, bir ve iki boyutlu dizlem yapilarin analizinde kullanilir
Program, diizlem gergeve, iki boyutlu kafes, kirig ve eksenel elemanlarinanalizi igin direkt
rijitlik matris metodunu kullanir. Program bes alt programdan olusmaktadir. Bunkar:
MODFRM, DCMPBD, SLVBD,CONVERT ve INVERT dir.

MODFRM: Satir ve situnlarin silinmesi metodu kullanilarak sistem denklemleri
igerisindekl diigim noktast yer degistirmelerini kapsar. Bu alt programda konsantre
kuvvet ve moment degerleri dogrudan kuvvet matnsine eklenmesi yapimaktadir. Bu

program ayni zamanda CONVERT ve INVERT isimli alt programi da ¢agirir.

DCMPD: Gauss eliminasyon yontemi ile genel rijitlik matrisini Gist iggen matris formuna
donagtartr. Genel rmjitlik matrisi simetrik ve pozitif bir matris oldugundan bunun

elemanlart band genisligi i¢inde matrisin diyagonali ve diyagonalin iistinde ver alir.

SLVBD: DCMPBD programinin bir bilesenidir. Bu genel kuvvet vektorinu pargalayarak

sistem denklemini ¢ozer.

CONVERT: FRAME programi igerisinde eksenel kuvvet kirig, kafes ve cergeve
elemanlanm uretir. ITYP parametresinin degerine gore bir digum noktasinda bir, iki, ig

yer degistirme degerine sahiptir.
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Tablo 8.1 FRAME Proraminin Yapisi

FRAME
y y y
MODFRM DCMPBD CONVERT
y y
SLVBD INVERT

8.2 Stress Programi

STRESS programt tki boyutlu elastisite problemlerinin ¢oziiminde kullanilir. Programin

dort alt programi mevcuttur. Bunlar ELSTMX, MODIFY, DCMPBD, SLVBD’dir.

DCMPBD ve SLVBD isimhi alt programlarin islevlieri, FRAME programinda
aciklanmigtt MODIFY programida MODFRM programinin bir benzeridir.

ELSTMX: Eleman rijithk matrislerinde lineer Gggen eleman kullanmaktadir. Program

ayni zamanda eleman rijitlik matrislerin1 de olusturup sonuglarini vermektedir.

Tablo 8.2 STRESS Proraminin Yapisi

STRESS

L |

ELSTMX MODIFY DCMPBD DCMPBD
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8.3 Frame Veri Giris Dosyasi

Bashk :
Parametreler 'NN NE NSP IEM ITYP
Kesit Ozellikleri INSP1 A I
Eleman Koordinatlan 1 x1 yl
2 x2 y2
3 x3y3
Eleman Bilgiler: 1 NSP1 1
. 2 NSP1 f g
Bilinen Kuvvetler 4 FI
. 0

Bilinen Deformasyonlar 20

NN: Digum noktasi saylsl':
NE: Sistemdeki eleman sayist
NSP: Kesit ozellikler1 sayisi
IEM: Elastisite modiili
1- Celigin elastisite modiilii
2- Kullanic: tarafindan verilecek olan deger
ITYP: Cozilecek problem tipi numarast
1- Eksenel kuvvet elemani
2- Duzlem kafes eleman:
3- Kirig elemani
4- Diizlem gergeve elemani
A: Kesit alani

I: Kesit atalet momenti
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8.4 3DTruss Veri Giris Dosyasi

Bashk :
Parametreler ' NN NE NSP IEM
Kesit Ozellikleri 'NSP1 A I
Eleman Koordinatlar 1 x1 yl zl

L2 x2y2 22

L3 x3 y3 23
Eleman Bilgileri I NSP1 1 ;

. 2 NSP1 f g
Bilinen Kuvvetler 4 F1

)

Bilinen Deformasyonlar 20

NN: Dugim noktasi sayisi 5
NE: Sistemdek: eleman sayisi
NSP: Kesit ozellikler: sayisi
IEM: Elastisite moduili
I- Celigin elastisite modulu
2- Kullanict tarafindan verilecek olan deger
A: Kesit alani

[: Kesit atalet moment:
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8.5 Stress Veri Giris Dosyasi

Baghk :
Parametreler NN NE IPLVL
Malzeme Ozellikleri ~ : EM PR TH
Eleman Koordinatlan 1 x1 yl

2 x2 y2

13 x3 v3
Eleman Bilgilen: 11 k

2fgh
Bilinen Kuvvetler 4 F1

: 0

Bilinen Deformasyonlar 20

NN: Dugum noktast sayxslE
NE: Sistemdeki eleman sayisi
IPLVL: Eleman matnslerini
0-) Basma
1-) Bas
E: Elastisite modulu
PR: Poisson oarni

TH: Elemanin kalinhg;
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9. SONUC VE ONERILER

Sonlu elemanlar metoduyla ¢ozim, muihendislikte kangik problemlerin bilgisayarla
¢oziimii igin gok populer bir teknik olmustur. Matris cebri ile sonlu elemanlar yontemini
kullanarak dizlem gerilme, diizlem gekil degistirme, ekseni simetrik (aksonometrik), ii¢
boyutlu, levha ve plak turtindeki problemlerin ¢oziimiine ulasilir. Coziim ve sonuglarin

dogrulugu i¢in eleman tipi, sonlu elemanlarin sayis1 ve idealizasyomu biyik o6nem

tasimaktadir.

Bu problemlerin ¢6ziimi igin Fortran bilgisayar programlama dilinde t¢ adet bilgisayar
programi gelistirilmigtir. Bu programlar FRAME, 3DTRUSS, ve STRESS dir. FRAME
program ile diizlem gergeve, kafes, kiris ve eksenel gubuk eleman tipindeki problemlerin
analizi elde edilir. 3DTRUSS program: ile Gg¢ boyutlu uzay kafes elemanlarin analizi
yapilmaktadir. STRESS programu ile iki boyutlu dizlem gerilme hallerini igeren
problemler incelenmektedir. Sonug olarak yukarida isimler: gecen bilgisayar programlart,
ginimiizde kullamlan bilgisayar programlarina gore olduk¢a hzli ve dogruluk dereces:

yiiksek sonuglar vermektedir.
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$SDEBUG
PROGRAM FRAME
DIMENSION NS(6),ESM(6,6),EF(6),F(6),XC(100),YC(100)
DIMENSION ELMOD(2),PROP(50,2),NEL(50,2),ISECT(50)
DIMENSION ICK(100)
CHARACTER GIR*8,CIK*12,EXT1*4
COMMON/TLE/TITLE(20)
COMMON/AV/A(5000),JGF,JGSM,NP,NBW
COMMON/CTATYP,IB
DATA ELMOD /20000000.,0./
DATA YC/100%0.0/

WRITE(*,*)NAME OF THE INPUT DATA FILE (NOT ALLOWED EXTENSIONY'

READ(*'(A8)) GIR

ind=index(gir,".")

if(ind.ne.0) then
write(* *)NOT ALLOWED EXTENSION'
write(*,*)'Program Terminated!!"
GOTO 222

endif

c... WRITE(*,*) NAME OF THE OUTPUT FILE'
¢... READ(*'(A8)) CIK

EXTI1=.0UT

CIK=GIR//EXT1

OPEN (7, FILE = GIR,STATUS='OLD")

OPEN (8, FILE = CIK,STATUS=NEW")

(ks ok sk ok ok o o ook KSR KR KA R s o sk K o ok ok s e s o ok ok o o o s o
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C

C DEFINITION OF THE INPUT VARIABLES FOR THIS PROGRAM
C THIS LIST DOES NOT INCLUDE VALUES

C READ BY THE SUBROUTINE MODFRM

C

(% ok 3K oot koK sk ook ok o SRR SR R s ok ok o ok ek s ok s o o K ok ok ke ok o K o
(3R ko ok ok ok s o e sk ks ks ok oo ok ook ook ko o s sk s ok sk ke e ke o o K o oK K Ko ks K o

TITLE AND PARAMETERS

TITLE - DESCRIPTIVE STATEMENT OF THE PROBLEM
BEING SOLVED
NN - NUMBER OF NODES
NE - NUMBER OF MEMBERS
NSP - NUMBER OF SETS OF SECTION PROPERTIES
IEM - ELASTIC MODULUS INDEX
1 - STEEL, SI UNITS, NEWTONS/SQ. CM.
2 - EXTERNALLY DEFINED VALUE
ITYP - TYPE OF PROBLEM
1 - AXTAL FORCE MEMBERS
2 - TRUSS MEMBERS
3 - BEAM MEMBERS
4 - FRAME MEMBERS

slololokekekekeNe ko ko ko ko R ko RO XO XS]

SECTION PROPERTIES



NSEC - SECTION NUMBER
PROP(NSEC, 1) - CROSS SECTIONAL AREA
PROP(NSEC,2) - AREA MOMENT

EXTERNALLY DEFINED ELASTIC MODULUS VALUE
ELMOD(2) - READ WHEN IEM=2, SKIPPED WHEN [EM=1

NODAL COORDINATES

Y COORDINATES NEEDED ONLY FOR TRUSS AND FRAME
PROBLEMS

ELEMENT DATA

N - ELEMENT NUMBER

ISECT(N) - SECTION NUMBER OF ELEMENT N
NEL(N,I) - NODE NUMBER OF NODE I

NEL(N,J) - NODE NUMBER OF NODE J

O0O0O00O00O00000000O00N0ON000n
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C
C INPUT SECTION OF THE PROBLEM
C

CHRFHAEFEA AR A AR A AAAA KR A AR A KA KKK A A KK Aok o
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C
C  INPUT OF THE TITLE CARD AND THE CONTROL PARAMETERS
C

READ(7,1) TITLE
1  FORMAT(20A4)

READ(7.*) NN, NE,NSP [EM,ITYP

WRITE(S.3) TITLE

3 FORMAT(1H1////10X,20A4)

COMPARISION OF NN. NE, NSP, [EM, AND ITYP WITH
THE DIMENSIONED VALUES

ISTOP=0
CHECK NN
IF (NN.LE.100) GOTO 32
WRITE(8.31)
31 FORMAT(10X,27HNUMBER OF NODES EXCEEDS 100/
+10X,20HEXECUTION TERMINATED)
ISTOP=1
C CHECK NE
32 IF (NE.LE.50) GOTO 34
WRITE(8,33)
33 FORMAT(10X,29HNUMBER OF ELEMENTS EXCEEDS 50/
+10X,20HEXECUTION TERMINATED)
ISTOP=1

O o000

XC(I) - X COORDINATES OF THE NODES IN NUMERICAL SEQUENCE
YC(I) - Y COORDINATES OF THE NODES IN NUMERICAL SEQUENCE



C  CHECK NSP
34 IF(NSP.LE.50) GOTO 36
WRITE(8,35)
35 FORMAT(10X,29HNUMBER OF SECTIONS EXCEEDS 50/
+10X,20HEXECUTION TERMINATED)
ISTOP=1
C CHECK IEM
36 IF(IEM.LE.2) GOTO 38
WRITE(8,37)
37 FORMAT(10X,34HNUMBER OF MODULUS VALUES EXCEEDS 2/
+10X,20HEXECUTION TERMINATED)
ISTOP=1
C CHECKITYP
38 IF (ITYP.LE.4) GOTO 40
WRITE(3,39)
39 FORMAT(10X,21HTYPE NUMBER EXCEEDS 4/
+10X,20HEXECUTION TERMINATED)
ISTOP=1
40 IF (ISTOP.EQ.1) STOP
WRITE(8,5)
FORMAT(//10X, 1 7THSECTON PROPERTIES/10X,7HSECTION,
+6X 4HAREA 9X,11HAREA MOMENT)

wn

INPUT OF THE SECTION PROPERTIES

oNeKe!

DO 4 I=1 NSP

READ(7,*) NSEC,PROP(NSEC, 1),PROP(NSEC,2)
WRITE(8.8) NSEC,PROP(NSEC, 1),PROP(NSEC.2)
FORMAT(13X,13,2E15.5)
[FITYP.EQ.1.0R.ITYP.EQ.2) PROP(NSEC,2)=0.
IFITYP.EQ.3) PROP(NSEC, 1)=0.

[

INPUT OF A DIFFERENT ELASTIC MODULUS VALUE

[oXeEe R

IF(IEM.EQ.2) READ(7,*) ELMOD(2)
6 WRITE(S.7) ELMOD(IEM)
7 FORMAT(/10X.17HELASTIC MODULUS =E15.5)
C
C  INPUT AND ECHO PRINT OF THE NODAL COORDINATES
C
WRITE (8,12)
12 FORMAT(///10X,17THNODAL COORDINATES/10X,
+4HNODE.9X. 1HX. 14X, 1HY)
C

if (ityp.eq.l.or.ityp.eq.3) then
do 90 i=1,nn
90 READ(7.,*) xc(i)
else
do 91 i=1,nn
91 READ (7,%) xc(i),yc(1)
endif
C

DO 13 I=1,NN
13 WRITES,14) LXC(),YC()
14 FORMAT(10X,14,F12.2,3X,F12.2)



INPUT AND ECHO PRINT OF ELEMENT DATA

oNolNe!

WRITE(8,21)
21 FORMAT(/10X,12ZHELEMENT DATA/32X ,4HNODE/
+10X, 7THELEMENT ,3X, 7THSECTION,3X,7THNUMBERS)
DO 23 I=1LNE
READ(7,*) NLISECT(N),NEL(N,1),NEL(N,2)
23 WRITE(8,24) NLISECT(N),NEL(N,1),NEL(N,2)
24 FORMAT(12X,13,5X,14,4X,214)

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

C
C ANALYSIS OF THE NODE NUMBERS
C

CFFRRREFFAEK AR
oL i it e i S L L

C
C  INITIALIZATION OF A CHECK VECTOR
C
DO 500 I=1,NN
500 ICK(I)=0
C
C  CHECK TO SEE IF ANY NODE NUMBER EXCEEDS NP
C
DO 501 =1 NE
DO 502 J=1.2
K=NEL(LJ)
ICK(K)=1
502 IF(K.GT.NN) WRITE(8,503) J,[,NN
503 FORMAT(/10X.4HNODE,14,11H OF ELEMENT, 4.
+13H EXCEEDS NN = [4)
501 CONTINUE

C

C CHECK TO SEE IF ALL NODE NUMBERS THROUGH
C NN ARE INCLUDED

C

DO 505 I=1,NN
505 IF(ICK().EQ.0) WRITE(8,506) 1
506 FORMAT(/10X,4HNODE,[4.15H DOES NOT EXIST)

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

C
C  INITIALIZATION OF THE A VECTOR
C

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

C

C  DETERMINATION OF THE BANDWITH, NBW

C NBW - BANDWITH OF THE SYSTEM OF EQUATIONS
C

NBW=0
DO 52 I=1,NE
IJ=IABS(NEL(I, 1)-NEL(I,2))

52 IF(IJ.GT.NBW) NBW=IJ



NBW=(NBW+1)*3

write(8,999) nbw

999 format(//10x, BANDWITH ='13)

C
C
C

INITIALIZATION OF THE COLUMN VECTOR A()

NP=NN*3

JGF=NP
JGSM=JGF+NP
JEND=JGSM+NP*NBW
DO 61 I=1,JEND

61 A(1)=0.0

IF(JEND.GT.2500) GOTO 62
GOTO 69

62 WRITE(8,63)

63

FORMAT(//10X,26HMEMORY REQUIREMENTS EXCEED

+30H THE DIMENSION OF THE A VECTOR)

STOP

b A ELEEEEELELLE L

CHFHAA AR AAAK KA Kk

C
C
C

GENERATION OF THE SYSTEM OF EQUATIONS

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

CFFRFFHREAKATNHEH

C
69

2000

<

oNoNe!

oXeX®)

[FORCE=0
EM=ELMOD(IEM)
KK=1

RETRIEVAL OF THE SECTION PROPERTIES

J=ISECT(KK)
AREA=PROP(J.1)
RI=PROP(J.2)

CALCULATION OF THE GEOMETRIC DATA

JN=NEL(KK.2)
J2=NEL(KK.,1)
XL=XC(I1)-XC(J2)
YL=YCJ1)-YC(J2)
EL=SQRT(XL*XL+YL*YL)
CS=XL/EL

SN=YL/EL

CALCULATION OF THE ELEMENT DEGREES OF FREEDOM

NS(1)=J2%3-2
NS(2)=J2*3-1
NS(3)=J2*3

NS(4)=J1*3-2
NS(5)=J1*3-1



NS(6)=J1*3

CALCULATION OF THE ELEMENT STIFFNESS MATRIX

OO0

RM=EM/EL
ESM(1,1)=(AREA*CS**2+12.*RI*SN**2 /EL**2 )*RM
ESM(2,1)=(AREA-12.*RI/EL**2 )*CS*SN*RM
ESM(2,2)=(AREA*SN**2 +(12.*RI/EL**2 )*CS**2 )*RM
ESM(3,1)=-(6.*RI/EL)*SN*RM
ESM(3,2)=RM*CS*6.*RI/EL
ESM(3,3)=4.*RI*RM
ESM(4,1)=-ESM(1,1)
ESM(4,2)=-ESM(2.1)
ESM(4,3)=-ESM(3.1)
ESM(4,4)=+ESM(1,1)
ESM(5.)=-ESM(2.1)
ESM(5,2)=-ESM(2,2)
ESM(5,3)=-ESM(3.2)
ESM(5,4)=+ESM(2,1)
ESM(5,5)=+ESM(2,2)
ESM(6,1)=+ESM(3,1)
ESM(6,2)=+ESM(3,2)
ESM(6,3)=+2.*RI*RM
ESM(6,4)=-ESM(3,1)
ESM(6,5)=-ESM(3,2)
ESM(6,6)=+ESM(3.3)

DO 73 I=1,5
K=I+1
DO 73 J=K.6
73 ESM(1,H)=ESM(J,])
IF(JFORCE.EQ.1) GOTO 85

C

C  DIRECT STIFFNESS PROCEDURE

C
DO 76 [=1.6
[I=NS(I)

DO 75 J=1.6
JI=NS()-NS(I)+1
[FUJJLE.0) GOTO 75
J1=IGSM+(JJ- D)*NP+II-(JJ-1)*(JJ-2)/2
AJD=AJD+ESM(L])
75 CONTINUE
76 CONTINUE

C

C  ANOTHER ELEMENT?

C
KK=KK+1
IF(KK.LE.NE) GOTO 70

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

C

C  MODIFICATION AND SOLUTION OF THE SYSTEM OF EQUATIONS
C DATA IS CALLED BY MODFRM

C

C****#**********



CHFFRAIEAEFR R KKK

C ,
C  SETTING ZERO DIAGONAL VALUES TO ONE
c
DO 101 I=1,NP
IF(A(JGSM+1).GT.0.01) GOTO 101
AUJGSM+1)=1.0
101 CONTINUE
C .
C  THE SOLUTION SUBROUTINES

C
CALL MODCER
CALL DCMPBD
CALL SLVBD
C
C  OUTPUT OF THE CALCULATED DISPLACEMENT VALUES
C
WRITE(8,110) TITLE
110 FORMAT(IH1///10X,20A4///10X,25HNODAL DISPLACEMENT VALUES)
[F(ITYP.EQ.1) WRITE(8,111)
111 FORMAT(//10X,4HNODE,6X,12HX DEFLECTION)
IF(ITYP.EQ.2) WRITE(8,112)
112 FORMAT(//10X,4HNODE,6X, 12HX DEFLECTION,6X.12HY DEFLECTION)
[F(ITYP.EQ.3) WRITE(8,113)
113 FORMAT(//10X,4HNODE,6X,12HY DEFLECTION 8X.10HZ ROTATION)
IF(ITYP.EQ.4) WRITE(8,114)
114 FORMAT(//10X,4HNODE,6X,12HX DEFLECTION,6X,12HY DEFLECTION,
+8X,10HZ ROTATION)
DO 102 I=1,NN
IF(ITYP.EQ.1) WRITE(8,103) I, A(I*3-2)
IF(ITYP.EQ.2) WRITE(8,103) I A(I*3-2),A(I*3-1)
IF(ITYP.EQ.3) WRITE(8,103) LA(I*3-1),A(I*3)
IF(ITYP.EQ.4) WRITE(8,103) LA(I*3-2),A(I*3-1),A(I*3)
102 CONTINUE
103 FORMAT(11X,13.3X.E15.6,3X.E15.6.3X,E15.6)

(kbR ook ok KK ok K
Ok Rk Rk Ak kK R

C
C  CALCULATION OF ELEMENT NODAL FORCES
C

Cosdd sk AR A Aok Kk
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C
C  OUTPUT OF HEADINGS
C
WRITE(S8,80)
80 FORMAT(////10X,20A4//10X,20HELEMENT NODAL FORCES)
IFATYP.EQ.1.OR.ITYP.EQ.2) WRITE(8,82)
82 FORMAT(//10X,7HELEMENT,3X,4HNODE. 4X,1 IHAXIAL FORCE)
IFITYP.EQ.3) WRITE(8,83)
83 FORMAT(//10X,7HELEMENT,3X 4HNODE, 4X,11HSHEAR FORCE,
+3X,14HBENDING MOMENT)
IF(ITYP.EQ.4) WRITE(8,81)
81 FORMAT(//10X,7THELEMENT,3X 4HNODE, 4X,1 1HAXIAL FORCE,



+4X,11HSHEAR FORCE,3X,14HBENDING MOMENT)

EVALUATION OF THE ELEMENT STIFFNESS MATRIX

oXeoXe!

IFORCE=1
EM=ELMOD(IEM)
KK=1

GOTO 70

CALCULATION OF THE ELEMENT FORCES IN
THE LOCAL COORDINATE SYSTEM

o000

DO 86 I=1,6
EF(1)=0.0
DO 86 J=1,6
K=NS(J)
EF(=EF(D)+ESM(L,J)*AK)

TRANSFORMATION OF THE ELEMET FORCES
TO THE MEMBER COORDINATE SYSTEM

o000

F(1)=CS*EF(1)+SN*EF(2)
F(2)=-SN*EF(1)+CS*EF(2)
F(3)=EF(3)
F(4)=CS*EF(4)+SN*EF(5)
F(5)=-SN*EF(4)+CS*EF(5)
F(6)=EF(6)
C
C  OUTPUT OF THE ELEMENT NODAL FORCES
C .
IF(ITYP ©Q.1.0R.ITYP.EQ.2) WRITE(8,95) KK NEL(KK.1).F(1).
+NEL(KK.2),F(4)
95 FORMAT(/13X,12,5X,13,1X,E15.6/20X I3, 1X.E15.6)
[FITYP.£Q.3) WRITE(8,96) KK NEL(KK, 1), F(2).F(3),
+NEL(KK.2),F(5),F(6)
96 FORMAT(/13X.12,5X,13,1X,2E15.6/20X.13,1X,2E15.6)
IF(ITYP.EQ.4) WRITE(8.,93) KK NEL(KK 1),F(1).F(2).F(3).
+NEL(KK,2).F(4),F(5),F(6)
93  FORMAT(/13X,12,5X,13,1X,3E15. 6/20X I3,1X,3E15.6)

C
C ANOTHER ELEMENT?
C

KK=KK+1
[F(KK.LE.NE) GOTO 70
ENDFILE 8
close(7)
close(8)
stop 'job finished!'

222 END

C
C

SUBROUTINE MODFRM
COMMON/AV/A(5000),JGF ,JGSM,NP,NBW
COMMON/CTATYP,IB



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

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

oloNelolokeXe!

INPUT OF THE NODAL FORCE VALUES
IB - DEGREE OF FREEDOM OF THE FORCE
BV - VALUE OF THE NODAL FORCE
INPUT OF IB AND BV IS TERMINATED BY
INPUTTING A ZERO VALUE FOR IB

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

NIW=0

202 READ(7,*)IB

IF(IB.LE.O) GOTO 216
TF(NIW.EQ.0) WRITE(8,201)

201 FORMAT(//10X,31HCONCENTRATED FORCES AND MOMENTS)

NIw=1
CALL CONVERT
READ(7,*%) BV

A(GF+IB)=A(JGF+IB)+BV
CALL INVERT
WRITE(8,203) IB,BV

203 FORMAT(10X.I3,E15.5)

GOTO 202

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

@

C
C
C
C
C

@

INPUT OF THE PREDESCRIBED NODAL VALUES
IB - DEGREE OF FREEDOM OF THE KNOWN NODAL VALUE
BV - KNOWN NODAL VALUE
INPUT OF IB AND BV IS TERMINATED BY INPUTTING
A ZERO VALUE FOR IB

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

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

216

NIW=0

209 READ(7.*) IB

IF(IB.LE.O) RETURN
IF(NIW.EQ.0) WRITE(8,208)

208 FORMAT(//10X,/KNOWN DISPLACEMENT VALUES"

oXoleXele!

NIw=1
CALL CONVERT
READ(7.,*) BV

MODIFICATION OF THE GLOBAL STIFFNESS MATRIX AND
THE GLOBAL FORCE VECTOR USING THE METHOD
OF DELETION OF ROWS AND COLUMNS



10

K=IB-1
DO 211 J=2,NBW
M=IB+J-1
IF(M.GT.NP) GOTO 210
1J=JGSM+(J-1)*NP+IB-(J-1)*(J-2)/2
A(JGF+M)=A(JGF+M)-A(I))*BV
A(IN)=0.0

210 IF(K.LE.0) GOTO 211
KJ=JGSM+(J-1)*NP+K-(J-1)*(J-2)/2
A(JGF+K)=A(JGF+K)-A(KJ)*BV
AKI)=0.0

=K-1

211 CONTINUE
A(JGF+IB)=A(JGSM+IB)*BV

221 CONTINUE
CALL INVERT
WRITE(8,203) IB,BV
GOTO 209
END

SUBROUTINE MODCER
COMMON/AV/A(5000),JGF,JGSM,NP NBW
COMMON/CTATYP,IB

(koo ok ok
(S L ELL LR L L

@]

C INPUT OF THE NODAL FORCE VALUES

C IB - DEGREE OF FREEDOM OF THE FORCE
C BV - VALUE OF THE NODAL FORCE

C INPUT OF IB AND BV IS TERMINATED BY

C INPUTTING A ZERO VALUE FOR IB

@!

(AR AR A A o K
(kK ke ko Rk ok o ok oK K

WRITE(8.201)
201 FORMAT(//10X,CONCENTRATED FORCES AND MOMENTS)

444 READ(7.*) B

IF(IB.EQ.0) THEN
GOTO 888
ELSE
CALL CONVERT
BACKSPACE 7
READ(7,*) IB, BV
A(JGF+IB)=A(JGF+IB)+BV
CALL INVERT
WRITE(8,203) IB,BV
203  FORMAT(10X,13,E15.5)
GOTO 444
ENDIF

C******************
C******************
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INPUT OF THE PREDESCRIBED NODAL VALUES
IB - DEGREE OF FREEDOM OF THE KNOWN NODAL VALUE
BV - KNOWN NODAL VALUE
INPUT OF IB AND BV IS TERMINATED BY INPUTTING
A ZERO VALUE FOR IB

ool oo o]

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

888 WRITE(8,208)
208 FORMAT(//10X,’KNOWN DISPLACEMENT VALUES")

999 READ(7.,*) IB

IF(IB.EQ.0) THEN
GOTO 411
ELSE
CALL CONVERT
BACKSPACE 7
READ(7,*) IB, BV

MODIFICATION OF THE GLOBAL STIFFNESS MATRIX AND
THE GLOBAL FORCE VECTOR USING THE METHOD
OF DELETION OF ROWS AND COLUMNS

oo leReRe!

K=IB-1
DO 211 J=2,NBW
M=IB+J-1
IF(M.GT.NP) GOTO 210
U=JGSM+(J-1)*NP+IB-(J-1)*(J-2)/2
A(JGF+M)=A(JGF+M)-A(I])*BV
A(1))=0.0

210 IF(K.LE.0) GOTO 211
KJI=JGSM+(J-1)*NP+K-(J-1)*(J-2)/2
A(JGF+K)=A(JGF+K)-A(KJ)*BV
AKJ)=0.0
K=K-1

211 CONTINUE
A(GF+IB)=A(JGSM+IB)*BV

221 CONTINUE

CALL INVERT
WRITE(8,203) IB,BV
GOTO 999
ENDIF
411 END

O

SUBROUTINE DCMPBD
COMMON /AV/A(5000),JGF,JGSM,NP,NBW

C***************
C***************
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DECOMPOSITION OF A BANDED MATRIX INTO AN UPPER
TRIANGULAR FORM USING GAUSSIAN ELIMINATION

oReNoXe!

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

C**************
NP1=NP-1
DO 226 I=1, NP1
MI=I+NBW-1
IF(MJ.GT.NP) MJ=NP
NJ=I+1
MK=NBW
IF((NP-I+1).LT. NBW) MK=NP-I+1
ND=0
DO 225 J=NJ.MJ
MK=MK-1
ND=ND+1
NL=ND+1
DO 225 K=1,MK
NK=ND+K
JK=JGSM+(K-1)*NP+]J-(K-1)*(K-2)/2
INL=JGSM-+(NL- 1)*NP+I-(NL-1)*(NL-2)/2
INK=JGSM-+(NK-1)*NP+I-(NK- 1)*(NK-2)/2
=JGSM+]

225 A(JK)=A(JK)-A(INL)*A(INK)/A(I)
226 CONTINUE

RETURN
END

SUBROUTINE SLVBD
COMMON/AV/A(5000),JGF, JGSM,NP NBW
NP1=NP-1

CFF AR AR KK

TOLhb L AL LT

C
C DECOMPOSITION OF THE GLOBAL FORCE VECTOR
C .

feLE L L L LI L)
Sk AL L L

DO 230 1=1,NP1

MI=[+NBW-1

IF(MJ.GT.NP) MI=NP

NI=I+1

L=1

DO 250 J=NJ .MJ

L=L+1

IL=JGSM+(L-1)*NP+I-(L-1)*(1.-2)/2

250 A(JGF+1)=A(JGF+])-A(ILY*A(JGF+I)/A(JGSM+I)

CFFstrokkokdok &k
o L e LB T

C

C  BACKWARD SUBSTITUTION FOR DETERMINATION OF
C THE NODAL VALUES
C



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

A(NP)=A(JGF+NP)/A(JGSM+NP)
DO 252 K=1,NP1
[=NP-K
MJ=NBW
IF((I+NBW-1).GT.NP) MJ=NP-I+1
SUM=0.0
DO 251 J=2,MJ

=[+J-1
U=JGSM+(J-1)*NP+I-(J-1)*(J-2)/2

251 SUM=SUM+A(IJ)*A(N)
252 A(D=(A(JGF+])-SUM)/A(JGSM+I)

oo

oNoNe]

LA OEeNe!

oNeNe!

RETURN
END

SUBROUTINE CONVERT
COMMON/CTATYP.IB
IFITYP.EQ.4) RETURN
IFITYP.GT.1) GOTO1

AXIAL FORCE MEMBER

[B=3*IB-2
RETURN
IND=(IB+1)/2
ICK=(IB/2)*2
IFITYP.GT.2) GOTO2

TRUSS MEMBERS

[F(ICK.NE.IB) IB=3*IND-2
IF(ICK.EQ.IB) IB=3*IND-1
RETURN

BEAM MEMBERS

[F(ICK.NE.IB) IB=3*IND-1
[F(ICK.EQ.IB) IB=3*IND
RETURN

END

SUBROUTINE INVERT
COMMON/CT/ATYP,IB
[FITYP.EQ.4) RETURN
IF(ITYP.GT.1) GOTO1

AXIAL FORCE MEMBER

IB=(1B-2)/3

RETURN
ICK=(IB-2)/3*3+2
IFATYP.GT.2) GOTO3

13
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TRUSS MEMBERS

IF(ICK EQ.IB) GOTO2
IND=(IB+2)/3
[B=2*IND-1

RETURN
IND=(IB+1)/3
[B=2*IND

RETURN

BEAM MEMBERS

IF(ICK.EQ.IB) GOTO4
IND=IB/3

[B=2*IND

RETURN

IND=(IB+1)/3
IB=2*IND-1

RETURN

END



SDEBUG

PROGRAM TRUSS
DIMENSION NS(6).ESM(6.6).EF(6),F(6),XC(100),YC(100).ZC(100)
DIMENSION ELMOD(2).PROP(50.2).NEL(50.2),ISECT(50)
DIMENSION ICK(100)
CHARACTER GIR*8.CIK*12. EXT1*4
COMMON/TLE/TITLEQ20)
COMMON/AV/A(5000).JGF,JGSM.NP.NBW
COMMON/CTATYP.IB
DATA ELMOD /200..0./
DATA YC/100*0.0/
WRITE(*.*)NAME OF THE INPUT DATA FILE (NOT ALLOWED EXTENSION)'
READ(*.'(A8)) GIR
ind=index(gir.".")
iftind.ne.0) then

write(*.*)NOT ALLOWED EXTENSION'

write(* *)'Program Terminated!!!'

GOTO 222
endif

c... WRITE(*.*) NAME OF THE OUTPUT FILE'
¢... READ(*(A8)) CIK
EXTI="0OUT

CIK=GIR//EXTI
OPEN (7. FILE = GIR.STATUS='OLD")
OPEN (8. FILE = CIK.STATUS=NEW")

(s R o KR KRR SRR R AR AR o R KR R S kR K R ks kKR sk ko

(3% i ot o KRR o R o o KR o R K o e o ok ke ok ks ok ok e e e RSk sk o o

C
C
C
C
¢

DEFINITION OF THE INPUT VARIABLES FOR THIS PROGRAM
THIS LIST DOES NOT INCLUDE VALUES
READ BY THE SUBROUTINE MODFRM

(e i ke sk oo e o e ok ool R o SR ko R Rk e ok ke ok e ok ke ke o o ke o 3 ke s ok ok sk

(0 ok 3 kel stk kR s s oo o ok ko ok R e ol sk o e ke sk ke sk ok ke o sk ok o

C

C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C
C

TITLE AND PARAMETERS

TITLE - DESCRIPTIVE STATEMENT OF THE PROBLEM
BEING SOLVED
NN - NUMBER OF NODES
NE - NUMBER OF MEMBERS
NSP - NUMBER OF SETS OF SECTION PROPERTIES
I[EM - ELASTIC MODULUS INDEX
1 - STEEL, SI UNITS, NEWTONS/SQ. CM.
2 - EXTERNALLY DEFINED VALUE
ITYP -TYPE OF PROBLEM
1 - AXIAL FORCE MEMBERS
2 - TRUSS MEMBERS
3 - BEAM MEMBERS
4 - FRAME MEMBERS

SECTION PROPERTIES



NSEC - SECTION NUMBER
PROP(NSEC.1) - CROSS SECTIONAL AREA
PROP(NSEC.2) - AREA MOMENT

EXTERNALLY DEFINED ELASTIC MODULUS VALUE
ELMOD(2) - READ WHEN [EM=2, SKIPPED WHEN [EM=1
NODAL COORDINATES
XC(I) - X COORDINATES OF THE NODES IN NUMERICAL SEQUENCE
YC(I) - Y COORDINATES OF THE NODES IN NUMERICAL SEQUENCE
ZC(1) - Z COORDINATES OF THE NODES IN NUMERICAL SEQUENCE
ELEMENT DATA
N - ELEMENT NUMBER
ISECT(N) - SECTION NUMBER OF ELEMENT N

NEL(N.]) - NODE NUMBER OF NODE I
NEL(N.J) - NODE NUMBER OF NODE J

sloRalslolaislalalalolalsNaNoloNaNoloNsiole!

(% RS R AR K AR R A AR A A AR R R o AR R SR R K Ko ok Kok
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C
C INPUT SECTION OF THE PROBLEM
C

(e s e K R R o R KRR SRR KR o o kR KRR OK K o ok
(38 sk ok bk AR SRR SRR R KRR A R SRR S o o kR oK KK Rk K ek o Sk R K K

C
C INPUT OF THE TITLE CARD AND THE CONTROL PARAMETERS
C
- READ(7.D) TITLE

I FORMAT(20A4)

READ(7.%) NN.NE.NSP.IEM.ITYP

WRITE(8.3) TITLE

3 FORMAT(1HI///10X.20A4)

COMPARISION OF NN. NE. NSP. [EM. AND ITYP WITH
THE DIMENSIONED VALUES

SESNS RS

ISTOP=0
C CHECK NN
IF (NN.LE. 100y GOTO 32
' WRITE@B.3D
31 FORMAT(10X.27HNUMBER OF NODES EXCEEDS 100/
+10X. 20HEXECUTION TERMINATED)
[STOP=1
C CHECK NE
32 IF(NE.LE.50) GOTO 34
WRITE(8.33)
33 FORMAT(10X.29HNUMBER OF ELEMENTS EXCEEDS 50/
+10X.20HEXECUTION TERMINATED)
ISTOP=1
C CHECK NSP



34 IF(NSP.LE.50) GOTO 36
WRITE(8.35)
35 FORMAT(10X.29HNUMBER OF SECTIONS EXCEEDS 50/
+10X.20HEXECUTION TERMINATED)
ISTOP=1
C  CHECK IEM
36 [FIEM.LE.2) GOTO 38
WRITE(8.37)
37 FORMAT(10X.34HNUMBER OF MODULUS VALUES EXCEEDS 2/
+10X.20HEXECUTION TERMINATED)
ISTOP=1
C  CHECKITYP
38 IF (ITYP.LE.4) GOTO 40
WRITE(8.39)
39 FORMAT(10X.21HTYPE NUMBER EXCEEDS 4/
+10X.20HEXECUTION TERMINATED)
[STOP=1
10 IF (ISTOP.EQ.1) STOP
WRITE(8.5)
5 FORMAT(//10X.17THSECTON PROPERTIES/10X.7THSECTION,
+6X_JHAREA.9X.1 ITHAREA MOMENT)

INPUT OF THE SECTION PROPERTIES

O ESNe!

DO 4 [=1.NSP

READ(7.%) NSEC.PROP(NSEC.1).PROP(NSEC.2)
WRITE(8.8) NSEC.PROP(NSEC.1).PROP(NSEC.2)
FORMAT(13X.[3.2E15.3)
IF(ITYP.EQ.1.OR.ITYP.EQ.2) PROP(NSEC.2)=0.
IF(ITYP.EQ.3) PROP(NSEC. 1)=0.

*©

INPUT OF A DIFFERENT ELASTIC MODULUS VALUE

OO+

IF(IEM.EQ.2) READ(7.*) ELMOD(2)
WRITE(8.7) ELMOD(IEM)
FORMAT(/10X.17THELASTIC MODULUS =EI13.5)

-~

INPUT AND ECHO PRINT OF THE NODAL COORDINATES

~eA

WRITE (8.12)
12 FORMAT(///10X.1THNODAL COORDINATES/10X,
+4HNODE VX . THX. 14X IHY 14X 1HZ)

if (itvp.eq. l.or.itvp.eq.3) then
do 90 i=1.nn
90 READ(7.%) xc(i)
clsc
do 91 i=1.nn
91 READ (7.%) xc(i).yc(i),zc(i)
endif

C
DO 13 [=L.NN

13 WRITE@S.14) LXC{1),YCT).ZC()

14 FORMAT(10X.14.F12.2.3X F12.2.3X,F12.2)

C



C INPUT AND ECHO PRINT OF ELEMENT DATA

C

WRITE(.21)

21 FORMAT(/10X.12HELEMENT DATA/32X,4HNODE/
+10X.7THELEMENT ,3X . 7THSECTION.3X,7THNUMBERS)
DO 23 {=1.NE
READ(7.*) N.ISECT(N),NEL(N.1),NEL(N,2)

23 WRITE(8.24) N.ISECT(N),NEL(N,1),NEL(N,2)

24 FORMAT(12X.13.5X.14.4X.214)

ok kR doRok ok ok
(SRR EE L L L

C
C ANALYSIS OF THE NODE NUMBERS

C

S EE I L L L E L
SRR ERIR EL L S L

C
C INITIALIZATION OF A CHECK VECTOR
C
DO 300 [=1 NN
500 ICK(Dh=0
C
C CHECK TO SEE IF ANY NODE NUMBER EXCEEDS NP
C

DO 501 I=1.NE
DO 502 J=1.2
K=NEL(L)
ICK(K)=1
302 IF(K.GT.NN) WRITE(8.503) J.ILNN
503 FORMAT(/10X 4HNODE.14.11H OF ELEMENT.14.
+13H EXCEEDS NN =14)
501 CONTINUE
C
C CHECK TO SEE [F ALL NODE NUMBERS THROUGH
¢ NN ARE INCLUDED
¢
DO 305 [=1.NN
303 JFAICK(D.EQ.0) WRITE(8.506) 1
506 FORMAT(/10X.4HNODE.14.15H DOES NOT EXIST)

(s R e ok R
(s o ke ok ko ok

C

C INITIALIZATION OF THE A VECTOR

C

(oo s ok ke e e

(st s ek ek s ok o ke

C

C DETERMINATION OF THE BANDWITH, NBW

C NBW - BANDWITH OF THE SYSTEM OF EQUATIONS
C

NBW=(

DO 52 I=1.NE

IJ={ABS(NEL(I.1)-NEL(L.2))
52 IF(IJ.GT.NBW) NBW=1J

NBW=(NBW+1)*3



(o]

write(8.999) nbw
999 format(//10x.' BANDWITH ='13)

C
C INITIALIZATION OF THE COLUMN VECTOR A()
C
NP=NN*3
JGF=NP
JGSM=]GF+NP
JEND=JGSM+NP*NBW
DO 61 =1 JEND
61 A(D=0.0
IFJEND.GT.2500) GOTO 62
GOTO 69
62 WRITE(8.63)
63  FORMAT(//10X.26HMEMORY REQUIREMENTS EXCEED
+30H THE DIMENSION OF THE A VECTOR)
STOP

ok R Rk R Rk K
SRR R E LT L e

C
C GENERATION OF THE SYSTEM OF EQUATIONS
C

(O o Rk ok kR Kok ok

(O itk ok et sk ok ok

C

6Y  IFORCE=0
EM=ELMOD(IEM)
KK=1

RETRIEVAL OF THE SECTION PROPERTIES

A AP I

J=ISECT(KK)
AREA=PROP(.1
Ri=PROP(J.2)

]

CALCULATION OF THE GEOMETRIC DATA

JI=NEL(KK.2)

R=NEL(KK.1)

XL=XC(U1-XCU2)
YL=YC(U1-YC(J2)
ZL=ZC(J1)-ZC(J2)
EL=SQRT(XL*XL+YL*YL+ZL*ZL)
CX=XL/EL

CY=YL/EL

CZ=ZL/EL

. CS=XL/EL
. SN=YL/EL

CALCULATION OF THE ELEMENT DEGREES OF FREEDOM

NS(1)=J2*3-2
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NS§(2)=J2*3-]
NS(3)=J2%3
NS(4)=J1*3-2
NS(3)=J1*3-1
NS(6)=J1*3

C CALCULATION OF THE ELEMENT STIFFNESS MATRIX

RM=AREA*EM/EL
ESM(L. D=RM*CX*CX
ESM(2. D=RM*CX*CY
ESM(2.2)=RM*CY*CY
ESM(3.1)=RM*CX*CZ
ESM(3.2)=RM*CY*CZ
ESM(3.3)=RM*CZ*CZ
ESM(4. )=-ESM(1.1)
ESM(4.2)=-ESM(2.1)
ESM(4.3)=-ESM(3.1)
ESM(4.4)= ESM(1L.1)
ESM(3.)=-ESM(2.1)
ESM(5.2)=-ESM(2.2)
ESM(5.3)=-ESM(3.2)
ESM(3.4)=+ESM(2.1)
ESM(5.5)=+ESM(2.2)
ESM(6.1)=-ESM(3.1)
ESM(6.2)=-ESM(3.2)
ESM(6.3)=-ESM(3.3)
ESM(6.4)=+ESM(3.1)
ESM(6.3)=+ESM(3.2)
ESM(6.6)=+ESM(3.3)
DO 73 1=1.5
K=1+1
DO 73 I=K.6

73 ESM(1L.)H)=ESM(.D
[F(IFORCE.EQ.1) GOTO 85

C
C DIRECT STIFFNESS PROCEDURE
¢

DO 76 1=1.6

f1=NS(h

DO 75 1=1.6

JI=NS()-NS(DH+1
IF{JJLE.O) GOTO 75
JE=JGSM+(JJ-1*NP+-(JJ-1)*(JJ-2)/2
A=A H+ESM(L))
75 CONTINUE
76 CONTINUE
C
C ANOTHER ELEMENT?
C
KK=KK+1
IF(KK.LE.NE) GOTO 70

AR AR kK
e LB LR E L L

C



C MODIFICATION AND SOLUTION OF THE SYSTEM OF EQUATIONS
C DATA IS CALLED BY MODFRM
C

O HR R A AAA A A K
oL LA EE L L EE LT

C
C SETTING ZERO DIAGONAL VALUES TO ONE
C
DO 101 I=1.NP
IF(AJGSM+D.GT.0.01) GOTO 101
A(JGSM+D=1.0
tot CONTINUE
C
C THE SOLUTION SUBROUTINES

C
CALL MODCER
CALL DCMPBD
CALL SLVBD
C
C OUTPUT OF THE CALCULATED DISPLACEMENT VALUES
c
WRITE(8.110) TITLE
110 FORMAT(1H1///10X.20A4///10X 25HNODAL DISPLACEMENT VALUES)
IFOTYP.EQ.1) WRITE(.111)
111 FORMAT(/10X 4HNODE.6X.12HX DEFLECTION)
IFATYP.EQ.2) WRITE(8.112)
112 FORMAT(/10X AHNODE.6X . 12HX DEFLECTION.6X.12HY DEFLECTION)
IFATYP.EQ.3) WRITE(8.113)
113 FORMAT(/10X 4HNODE.6X.12HY DEFLECTION.8X.10HZ ROTATION)
IFUTYP.EQ.4) WRITE(8.114)
114 FORMAT(/10X_4HNODE.6X.12HX DEFLECTION.6X.12HY DEFLECTION.
+6X.12HZ DEFLECTION)
DO 102 [=1.NN
IFOTYP.EQ.1) WRITE(8.103) 1 A(1*3-2)
IFATYP.EQ.2) WRITE(R.103) LA(1*3-2). A(I*3-1)
IFOTYP.EQ.3) WRITE(R.103) LA(I*3-1).A(I*3)
IFATYP.EQ.4) WRITE(K.103) LAI*3-2).A(1*3~1).A(I*3)
102 CONTINUE
107 FORMAT(11X 133X EI15.63X.E15.63X.E15.6)

(R KR R Rk K
(R RSk R ok Rk

C .
C CALCULATION OF ELEMENT NODAL FORCES
C

(‘*******************
C*******************
C
¢ OUTPUT OF HEADINGS
C
WRITE(8.80)
80 FORMAT(////10X.20A4//10X,20HELEMENT NODAL FORCES)
[FITYP.EQ.1.OR.ITYP.EQ.2) WRITE(8,82)
82 FORMAT(//10X,7THELEMENT,3X,4HNODE,4X, 1 1HAXIAL FORCE)
IFITYP.EQ.3) WRITE(8.83)



83 FORMAT(/10X.THELEMENT.3X 4HNODE. 4X,1 IHSHEAR FORCE.

+3X.14HBENDING MOMENT)
IF(ITYP.EQ.4) WRITE(8.81)

81 FORMAT(/10X,7THELEMENT.3X . 4HNODE.4X,I IH X FORCE .

C
C

®)

93

96

N2

N
Al

ORSES!

+4X.11HY FORCE .3X,11H Z FORCE)
EVALUATION OF THE ELEMENT STIFFNESS MATRIX

IFORCE=1
EM=ELMOD(IEM)
KK=1

GOTO 70

CALCULATION OF THE ELEMENT FORCES IN
THE LOCAL COORDINATE SYSTEM

DO 86 [=1.6

EF(DH=0.0

DO 86 J=1.6

K=NS(J)
EF(O=EF(D+ESM(LI)*A(K)

TRANSFORMATION OF THE ELEMENT FORCES
TO THE MEMBER COORDINATE SYSTEM

F(Ly=CX*EF(1)+CY*EF(2)+CZ*EF(3)
F(2y=CY*EF(1)+CZ*EF(2)+CX*EF(3)
FGy=CX*EF(1)+CY*EF(2)+CZ*EF(3)
F(H=CX*EF(1)+CY*EF(2)+CZ*EF(3)
F(5y=CY*EF(1)+CZ*EF(2)+CX*EF(3)
F(6y=CZ*EF(D)+CX*EF(2)+CY*EF(3)

OUTPUT OF THE ELEMENT NODAL FORCES

IFHTYP.EQ.1L.OR.ITYP.EQ.2) WRITE(8.95) KK.NEL(KK.1).F(1).
+NEL(KK.2).F(4)
FORMAT(/13X.12.53X 131X E15.6/20X.13.1X.E15.6)
[FOIITYP.EQ.3) WRITE(8.96) KK.NEL(KK.1). F(2).F(3),
FNEL(KK.2).F(5).F(6)
FORMAT(/13X.12.5X.13.1X.2E13.6/20X 13, 1X.2E15.6)
IF(ITYP.EQ.4) WRITE(8.93) KK.NEL(KK.1).F(1).F(2).F(3).
+NEL(KK.2).F(4).F(3),F(6)
FORMAT(/13X.12.5X . I3.1X3E15.6/20X.[3.1 X 3E15.6)

ANOTHER ELEMENT?

KK=KK+1
IF(KK.LE.NE) GOTO 70
ENDFILE 8

close(7)

close(8)

stop 'job finished!

222 END



C
C

SUBROUTINE MODFRM
COMMON/AV/A(5000),JGF JGSM.NP NBW
COMMON/CTATYP.IB

(ko koo kR Kok Kok ok
(R AR R AR KA K

C

C INPUT OF THE NODAL FORCE VALUES

C IB - DEGREE OF FREEDOM OF THE FORCE
C BV - VALUE OF THE NODAL FORCE

C INPUT OF IB AND BV IS TERMINATED BY

C INPUTTING A ZERO VALUE FOR IB

C

(ks AR KK

(R koA R Rk
NIW=0

202 READ(7.%) IB

IF(IB.LE.0) GOTO 216
IF(NIW.EQ.0) WRITE(8.201)
201 FORMAT(//10X.3 1HCONCENTRATED FORCES AND MOMENTS)
NIW=1
CALL CONVERT
READ(7.¥) BV

AUGF+B)=A(JGF+IB)+BV
CALL INVERT
WRITE(8.203) IB.BV

203 FORMAT(10X.I3.E15.5)

GOTO 202

(R Rk kR

(e e sk R ek

¢

( INPUT OF THE PREDESCRIBED NODAL VALUES

( IB - DEGREE OF FREEDOM OF THE KNOWN NODAL VALUE
C BV - KNOWN NODAL VALUE

( INPUT OF IB AND BV IS TERMINATED BY INPUTTING
( A ZERO VALUE FOR IB

C

(R kR Rk

(kR ekl ek e o

216 NIw=0

200 READ(7.*) IB

IF(IB.LE.0) RETURN
IF(NTW.EQ.0) WRITE(8,208)
208 FORMAT(//10X.KNOWN DISPLACEMENT VALUES))
NIW=1
CALL CONVERT
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READ(7.*%) BV

MODIFICATION OF THE GLOBAL STIFFNESS MATRIX AND
THE GLOBAL FORCE VECTOR USING THE METHOD
OF DELETION OF ROWS AND COLUMNS

oEoNoNaNe!

K=IB-1
DO 211 J=2.NBW
M=IB+]J-1
[FIM.GT.NP) GOTO 210
[J=1GSM+(J-1)*NP+IB-(J-)*(J-2)/2
AJGF+M)=A(JGF+M)-A(IDH*BV
A(1H=0.0

210 IF(K.LE.OYGOTO 211
KJ=JIGSM+(J- 1 Y*NP+K-(J-1)*(J-2)/2
AUJGF+K)=A(JGF+K)-A(K)*BV
A(KH=0.0
K=K-1

211 CONTINUE
A(JGF+IB)=A(JGSM+IBY*BV

221 CONTINUE
CALL INVERT
WRITE(8.203) IB.BV
GOTO 209
END

@'

SUBROUTINE MODCER
COMMON/AV/A(S000) JGF JGSM.NP.NBW
COMMON/CTATYP.IB

(e stk sk sk ok R K

(ol st s kR ok ok Kok ok

¢

¢ INPUT OF THE NODAL FORCE VALUES

C IB - DEGREE OF FREEDOM OF THE FORCE
C BV - VALUE OF THE NODAL FORCE

C INPUT OF IB'AND BV IS TERMINATED BY

C INPUTTING A ZERO VALUE FOR IB
¢

C*

(*

1 3¢ 242 ok S S sfe oK 3k ok ke ek

¢ ok s K ok ok ok ok sk kok ok

WRITE(®.201)
201 FORMAT(//10XCONCENTRATED FORCES AND MOMENTS")

444 READ(7.%) 1B

IF(IB.EQ.0) THEN
GOTO 888

ELSE
CALL CONVERT
BACKSPACE 7
READ(7.*)IB. BV
A(JGF+IB)=A(JGF+IB)+BV
CALL INVERT



WRITE(8.203) IB.BV
205 FORMAT(10X.I3.E15.5)
GOTO 444
ENDIF

o KRRk R ok Rk Kok
R KRR F R ok ok

C

C INPUT OF THE PREDESCRIBED NODAL VALUES

C IB - DEGREE OF FREEDOM OF THE KNOWN NODAL VALUE
C BV - KNOWN NODAL VALUE

C INPUT OF IB AND BV IS TERMINATED BY INPUTTING

C A ZERO VALUE FOR IB

C

(R KRR kK ok KKK
(AT SRR KKK KK

888 WRITE(8.208)
208 FORMAT(//10X.' KNOWN DISPLACEMENT VALUES")

990 READ(7.%) IB

[F(IB.EQ.0) THEN
GOTO 411

ELSE
CALL CONVERT
BACKSPACE 7
READ(7.%) IB . BV

MODIFICATION OF THE GLOBAL STIFFNESS MATRIX AND
THE GLOBAL FORCE VECTOR USING THE METHOD
OF DELETION OF ROWS AND COLUMNS

DEORSEONS!]

K=IB-1
DO 211 J=2.NBW
M=[B+J- 1
IEEM.GT.NP) GOTO 210
W=JGSM+(J-)*NP+IB-(J-1)*(J-2)/2
A(UJGF+M)=A(JGF+M)-A(IH*BV
A(N=0.0
210 IF(K.LE.0) GOTO 211
KJ=JGSM+(J- 1) *NP+K-(J-1)*(J-2)/2
A(JGF+K)=A(JGF+K)-A(KH*BV
AKD=0.0
K=K-1
211 CONTINUE
A(JGF+IB)=A(JGSM+IB)*BV
221 CONTINUE
CALL INVERT
WRITE(8.203) IB.BV
GOTO 999
ENDIF
411 END
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SUBROUTINE DCMPBD
COMMON /AV/A(5000),JGF. JGSM,NP.NBW

ek skoiede ok kodeofe ok ok Ok
ko ARk ok Aok sk

C
C DECOMPOSITION OF A BANDED MATRIX INTO AN UPPER
C TRIANGULAR FORM USING GAUSSIAN ELIMINATION
C

(e ok KRk kR K

LRI LSS TR
NPI=NP-1]
DO 226 [=1.NP1
MJ=I+NBW-1
IF(MJ.GT.NP) MJ=NP
NJ=I+1
MK=NBW
IF((NP-I+1).LT.NBW) MK=NP-1+1
ND=0(
DO 225 J=NJ.MJ
MK=MK-1
ND=ND+1
NL=ND+I
DO 225 K=1.MK
NK=ND+K
JIK=JGSM+(K- 1)*NP+J-(K-1)*(K-2)/2
INL=JGSM+(NL-1)*NP+[-(NL-1)*(NL-2)/2
INK=JGSM+(NK-1*NP+I-(NK-1)*(NK-2)/2
[I=1IGSM+]

2235 AJK)=AJK)-A(INL)* A(INK)/A(ID)
226 CONTINUE

RETURN
END

SUBROUTINE SLVBD
COMMON/AV/A(53000).JGF JGSM.NP.NBW
NPI1=NP-1

C
C DECOMPOSITION OF THE GLOBAL FORCE VECTOR
C .

(s okskoRok Rk

DO 250 [=1.NP1
MJ=I+NBW-1
IF(MJ.GT.NP) MJ=NP
NI=I+1
L=l
DO 250 J=NJ.MJ
L=L+1
[L=JGSM+(L-1)*NP+I-(L-1)*(L-2)/2
230 AUJGF+H=A(JGF+N-A(ILY*A(JGF+I)/A(JGSM+I)
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(o e ok s Kok Kok
(et steste ek ok ok

C

C BACKWARD SUBSTITUTION FOR DETERMINATION OF
C THE NODAL VALUES

C

(kR Rk ok %
(O s ek o ok ok

A(NP)=A(JGF+NP)/A(JGSM+NP)
DO 252 K=1.NPI
[=NP-K
MI=NBW
[F({I+NBW-1).GT.NP) MJ=NP-1+1
SUM=0.0
DO 251 J=2 M}
N=1+J-1
=JGSM+(J-D)*NP+I-(J-1)*(J-2)/2
23] SUM=SUM+A(I))*A(N)
232 A{D=(AJGF+D-SUM)/A(JGSM+I)
RETURN
END

(g3 o

SUBROUTINE CONVERT
COMMON/CT/ITYP.IB
IFGTYP.EQ.4) RETURN
IF(ITYP.GT. 1) GOTOI

AXIAL FORCE MEMBER

[

[B=3*IB-2
RETURN

1 IND=(1B+1)/2
[CK=(1B/2)*2
IFTYP.GT.2) GOTO2

~

TRUSS MEMBERS
IFACK.NE.IB) IB=3*IND-2
IFUCK.EQ.IB) IB=3*IND-1
RETURN

BEAM MEMBERS

RSP RS

IFHCK.NE.IB) IB=3*IND-1
IF(ICK.EQ.IB) IB=3*IND
RETURN

END

SUBROUTINE INVERT
COMMON/CT/ATYP.IB
IFGITYP.EQ.4) RETURN
IFAITYP.GT.1) GOTO1



IDEoNEe
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AXIAL FORCE MEMBER

IB=(1B-2)/3

RETURN
ICK=(IB-2)/3*3+2
IFUTYP.GT.2) GOTO3

TRUSS MEMBERS

IF(ICK.EQ.IB) GOTO2
IND=(IB+2)/3
[B=2*IND-1

RETURN
IND=(IB+1)/3
[B=2*{ND

RETURN

BEAM MEMBERS

IF(ICK.EQ.IB) GOTO4
IND=IB/3 '
IB=2*IND

RETURN

IND=(IB+1)/3
[B=2*IND-1

RETURN

END



PROGRAM STRESS
COMMON/ELMATX/ESM(6.6).X(3).Y(3).D(3.3),IELR
COMMON/GRAD/B(3.6).AR2
COMMON/MTL/EM.PR.TH
COMMON/TLE/TITLE(20)
COMMON/AV/A(8500),JGF JGSM,NP,NBW
CHARACTER GIR*8. EXT*4.CIK*12

DIMENSION NEL(250.3),XC(200),YC(200)
DIMENSION NS§(6).U(6).STRA(3),STRE(6),ICK(250)
DATA IFE/l/

WRITE(*.*)NAME OF THE INPUT DATA FILE (NOT ALLOWED EXTENSION)Y
READ(*.'(A8)") GIR
ind=index(gir.".")
tf(ind.ne.0) then
write(* *YNOT ALLOWED EXTENSION'
write(* *)'Program Terminated!!!
GOTO 222
endif
EXT=0UT
CIK=GIR//EXT
OPEN (7. FILE = GIR.STATUS='0OLD")
OPEN (8. FILE = CIK.STATUS='NEW")

(ke e ke ok

(kR R R KKK

C DEFINITION OF THE INPUT VARIABLES FOR THIS PROGRAM
C

C THIS LIST DOES NOT INCLUDE VALUES READ BY

C THE SUBROUTINE MODIFY

C

(s seof ko oK
(kR R K

TITLE AND PARAMETERS

TITLE - A DESCRIPTIVE STATEMENT OF THE PROBLEM
NN - NUMBER OF NODES
NE - NUMBER OF ELEMENTS
IPLVL - PRINT LEVEL
0 - DO NOT WRITE THE ELEMENT MATRICES
I - WRITE THE ELEMENT MATRICES

MATERIAL PROPERTIES AND THICKNESS

EM - MODULUS OF ELASTICITY
PR - POISSON'S RATIO
TH - THICKNESS OF THE REGION

NODAL COORDINATES

XC(I) - X COORDINATES OF THE NODES IN NUMERICAL
SEQUENCE

YC(I) - Y COORDINATES OF THE NODES IN NUMERICAL
SEQUENCE

ool o lo oo Re o Enio e oo ol e il lo el



C

C ELEMENT DATA

C

C N - ELEMENT NUMBER

C NEL(N.D) - NUMERICAL VALUE OF NODE |
C NEL(N.J) - NUMERICAL VALUE OF NODE J
C NEL(N.K) - NUMERICAL VALUE OF NODE K
C

ks etk e e

(xR ARk K

C

C  INPUT SECTION OF THE PROGRAM

C

(s ko ok

o s dok koo

C

¢ INPUT OF THE TITLE CARD AND PARAMETER
C

READ(7.3) TITLE

3 FORMAT(20A4)

READ(7.*) NN.NE.IPLVL

NP=2*NN

IFJPLVL.GE. 1) IPLVL=1
C .. IF(NE.GE.10) IPLVL=00

C

C COMPARISON CHECK OF NN AND NE WITH THE VALUES USED
C IN THE DIMENSION STATEMENTS

C

{STOP=0)
C CHECK NN
IF(NN LE.200) GOTO 6
WRITE(8.10)
10 FORMAT(10X.27THNUMBER OF NODES EXCEEDS 200/
+TOX 20HEXECUTION TERMINATED)
ISTOP=1
¢ CHECKNE
6" IF(NE.LE.250) GOTO |
WRITE(8.2)
I FORMAT(10X 30HNUMBER OF ELEMENTS EXCEEDS 250/
+10X2OHEXECUTION TERMINATED)
ISTOP=1
I [FISTOP.EQ.1) STOP
C .
C INPUT OF THE MATERIAL PROPERTIES. THICKNESS
C AND NODAL COORDINATES
C
READ(7.*) EM.PR.TH

do 13 i=l.nn
13 read(7.*) xc(i).ve(i)

C OUTPUT OF TITLE AND DATA HEADINGS
C
WRITE(8.4) TITLENN.NE



4 FORMAT(IHL.////10X.20A4,//13X SHNN =16/13X.5HNE =[6)
WRITE(8,16) EM.PR.TH

16 FORMAT(//10X.16HPARAMETER VALUES/13X 4HEM =E15.5/13X 4HPR =
+E15.5/13X.4HTH =.E13.5)
WRITE(8.11)

11 FORMAT(//10X.17THNODAL COORDINATES/10X 4HNODE 53X IHX: 14X, 1HY)

do 14 1=l.nn
14 WRITE(R.12) IL.XCMD.YCD

12 FORMAT(10X.14.2E15.5)
C
C INPUT AND ECHO PRINT OF ELEMENT DATA
C CHECK TO SEE IF THE ELEMENTS ARE IN SEQUENCE
C
28  WRITE (8.8) TITLE
¥ FORMAT(1HI1.///10X.20A4//10X.3HNEL.4X.12HNODE NUMBERS)
NID=0
DO 9 KK=1.NE
READ(7.*) N.ANEL(N.I).I=1.3)
[F (N-1).NENID) WRITE(8.17) N
17 FORMAT(10X. THELEMENT.I4.16H NOT IN SEQUENCE)
NID=N
9 WRITE(8.5) N(NEL(N.I).I=1.3)
3 FORMAT(10X.13.2X.314)
C***********
C***********
C
C ANALYSIS OF THE NODE NUMBERS
C

C************
C************
C
¢ INITIALIZATION OF A CHECK VECTOR
¢
DO 500 1=1.NN
00 1CK(Hh=0
¢
¢ CHECK TO SEE IF ANY NODE NUMBER EXCEEDS NP
R

DO 301 1=1.NE
DO 302 j=13
K=NEL(L.J)
ICK(K)=1
302 IF(K.GT.NN) WRITE(8.503) J.LNN
503 FORMAT(/10X 4HNODE.I4.11H OF ELEMENT . I4.
~13H EXCEEDS NN =14)
501 CONTINUE

CHECK TO SEE IF ALL NODE NUMBERS THROUGH
NN ARE INCLUDED

nMHMM

DO 505 1=1.NN
505 IF(ICK(I).EQ.0) WRITE(8.506) 1
506 FORMAT(/10X.4HNODE.4.15H DOES NOT EXIST)
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C**********
C
C CREATION AND INITIALIZATION OF THE A VECTOR
C
C**********
C**********
C
C CALCULATION OF THE BANDWITH
C
IEL=0
INBW=0
NBW=t
DO 20 KK=1.NE
DO 23 1=1.3
23 NS(H=NEL(KK.I)
DO 21 1=1.2
[1=I+]
DO 21 J=1].3

NB=IABS(NS(I)-N8())
IF(NB.EQ.0) WRITE(8.26) KK
26 FORMAT(/10X.7THELEMENT.I3.
+39HHAS TWO NODES WITH THE SAME NODE NUMBER)
IF(NB.LE.NBW) GOTO 21
INBW=KK
NBW=NB
21 CONTINUE
200 CONTINUE
NBW=(NBW+1)*2
WRITE(8.27) NBW.INBW
7 FORMAT(10X.12ZHBANDWITH IS.I4.1 1H IN ELEMENT.I4)

INITIALIZATION OF THE COLUMN VECTOR A()

~ NS e

JGF=NP
JGSM=JGF+NP
JEND=JGSM+NP*NBW
IFUJEND.GT.8300) GOTO 22
JL=JEND-IGF
DO 24 =1 JEND

24 AD=0.0
GOTO 30

22 WRITE(8.23)

23 FORMAT(10X.30HDIMENSION OF A VECTOR EXCEEDED/
10X 20HEXECUTION TERMINATED)
STOP

Rk RR R Rk
ok ROk e sk ok ke

C

C GENERATION OF THE SYSTEM OF EQUATIONS
C

(st Rk Aok

(R R ek R R K

C
C  GENERATION OF THE MATERIALS PROPERTY MATRIX D



C
30 R=EM/(1.-PR**2)

D(1. =R
DQ.2)y=D(L.D)
D(3.3)=R*(1.0-PR)/2.
D(1.2y=PR*R
DR2.1)=D(1.2)
D(1.3)=0.0
D(3.1)=0.0
D(2.3)=0.0
D(3.2)=0.0

C

C START OF THE LOOP FOR THE ELEMENT MATRICES

C
IELR=0
KK=1

GENERATION OF THE NODAL DEGREES OF FREEDOM
RETRIEVAL OF THE NODAL COORDINATES

oNeNeNe

Py

2 DO 3 I=L3
J=NEL(KK.I)
NS(2*1-1)=J*2-1
NS2*)=J*2
X(h=XC

I Y(h=YCWh

Ee!

CALCULATION OF ELEMENT MATRICES
C
CALL ELSTMX(KK.IPLVL)
C
C DIRECT STIFFNESS PROCEDURE
¢
DO 33 [=1.6
I1=NS(D
DO 34 i=1.0
J=NSh+ -1
IFJJ.LE.O) GOTO 34
I =JGSM+( - 1y ENPHIT-(J-1)*(1J-2)/2
A DH=ADHHFESM(LD
34 CONTINUE
33 CONTINUE
KK=KK+I
IF(KK.LE.NE) GOTO 32
(bR R KK
G EEEEEE LT
C
C MODIFICATION AND SOLUTION OF THE SYSTEM OF EQUATIONS
C DATA IS CALLED BY THE SUBROUTINE MODIFY
C

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

WRITE(8.110) TITLE
110 FORMAT(1H1///10X.20A4)
CALL MODIFY(IFE)



CALL DCMPBD
CALL SLVBD
C
C OUTPUT OF THE CALCULATED DISPLACEMENTS
C
WRITE(8.112) ,
112 FORMAT(///10X.25HNODAL DISPLACEMENT VALUES/
+/10X 4HNODE.6X.12HX DEFLECTION.6X.12HY DEFLECTION)
DO 113 [=1.NN
13 WRITES.111) LAJ*2-1).A(I*2)
(11 FORMAT(11X.[3.3X.E15.6.3X.E15.6)

(% sk ke e e e ok e e
ekt ekt de ke ok

C

C CALCULATION OF THE ELEMENT STRESS AND STRAIN COMPONENTS
C AND THE PRINCIPAL STRESS VALUES

C

(0% 3k ok sk ok fof sk ok ok
IPLVL=0
[ELR=1
WRITE(8.110) TITLE
DO 96 KK=1.NE
IF(KK/9*9 EQ.KK) WRITE(8.110) TITLE
C
C GENERATION OF THE NODAL DEGREES FO FREEDOM
C  RETRIEVAL OF THE NODAL COORDINATES
C
DO 51 [=1.3
J=ENEL(KK.D
NS(2*I-1)=2%*]-]
NS(2*¥D)=2%*]
Xh=XCWh
S1Y(h=YC
C
C RETRIEVAL OF THE ELEMENT NODAL DISPLACEMENTS
C
63 DO 73 1=1.62
NSI=NS(h
NS2=NS(I+1)
Uh=A(NS
T3+ D=ANS2)
¢
C CALCULATION OF THE STRAIN VECTOR. (STRAIN) = (B) (U)
¢
CALL ELSTMX(KK.IPLVL)
DO 1155 1=1.3
STRAM=0.0
DO 1155 K=1.6
1135 STRA(D=STRA(D)+B(1.K)*U(K)/AR2
C
C CALCULATION OF THE STRESS VECTOR, (STRESS) = (D) (STRAIN)
C
DO 38 [=1.3
STRE(H=0.0



DO 58 K=1.3
38 STRE(D)=STRE(I)+D(LK)*(STRA(K))
C
C CALCULATION OF THE PRINCIPAL STRESSES
C
AA=(STRE(1)+STRE(2))/2.
AB=SQRT(((STRE(1)-STRE(2))/2.)**2+STRE(3)**2)
S1=AA+AB
S2=AA-AB
TM=AB
IF(ABS(STRE(1)-STRE(2)).LT.0.001) GOTO 93
AC=ATAN2(2.*STRE(3).STRE(1)-STRE(2))
THM=((180.0/3.141592635)*AC)/2.0
GOTO 94
93 THM=90.0
C
C PRINTING OF THE RESULTS
c
94  WRITE(8.57) KK
57 FORMAT(/ 10X.7THELEMENT.I4)
WRITE(8.95) STRA(1).STRE(1).S1.STRA(2).STRE(2).S2.
+STRA(3).STRE(3).TM.THM
93 FORMAT(15X SHEXX =.E12.5.5X.5HSXX =E12.5.5X.5HS] =.
+E12.515X SHEYY =.E12.5.5X.5HSYY =.E12.5.5X.5HS2 =
~E12.5/15X.3HGXY =.E12.5.5X 5HTXY =E12.5.4X.
~6HTMAX =.E12.5/59X.SHANGLE.F8.2.4H DEG)
96 CONTINUE
ENDFILE 8
CLOSE (7)
CLOSE (8)
STOP 'JOB FINISHED!'
222 END

C
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¢

SUBROUTINE ELSTMX(KK.IPLVL)
COMMON/MTL/EM.PR.TH
COMMON/GRAD/B(3.6).AR2
COMMON/ELMATX/ESM(6.6).X(3).Y(3).D(3.3).IELR
DIMENSION C(6.3)
c
C GENERATION OF THE B MATRIX
R
DO 20 [=1.3
DO 20 J=1.6
20 B(l.)H)=0.0
B(1.DH=Y(2)-Y(3)
B(1.3))=Y(3)-Y(1)
B(1.3)=Y(1)-Y(2)
B(2.2)=X(3)-X(2)
B(2.H)=X(1)-X(3)
B(2.6)=X(2)-X(1)
B(3.1)=B(2.2)
B(3.2)=B(1.1)



B(3.3)=B(2.4)
B(3.4)=B(1.3)

B(3.5)=B(2.6)

B(3.6)=8(1.5)
AR2=X(2)*Y()+X3)*Y(D)+X(D*Y(2)-X(2)*Y(1)-
FXGY*FY(2)-X()*Y(3)

IFIELR EQ.1) RETURN

MATRIX MULTIPLICATION TO OBTAIN C = (BT) (D)

NN n

DO 22 i=1.6
DO 22 J=13
Cy=0.0
DO 22 K=1.3
22 CLH=CUAN+BK.I*D(K.))
C
C MATRIX MULTIPLICATION TO OBTAIN ESM
C ESM=(BT) (D) (B)=(C) (B)
C
DO 27 I=1.6
DO 17 J=1.6
SUM=43.0
DO 28 K=13
28 SUM=SUM+C(L.LK)*B(K.))
ESM(EL.)H)=SUM*TH/(2.*AR2)
27 CONTINUE

C
C OUTPUT OF THE ELEMENT STIFFNESS MATRIX
C

IF(IPLVL.EQ.0) RETURN
WRITE(8.30) KK
30 FORMAT(/5X 28HSTIFFNESS MATRIX FOR ELEMENT I3)
DO 3t 1=1.6
31 WRITE(8.32) (ESM(L)).J=1.6)
32 FORMAT(IX 6E13.5)
RETURN
END
¢
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¢

SUBROUTINE MODIFY(IFE)
COMMON/AV/A(8500) JGF JGSM.NP.NBW
(R sk A

INPUT OF THE NODAL FORCE VALUES
FOR FIELD PROBLEMS
1B - NODE NUMBER
BV - SOURCE OR SINK VALUE
FOR SOLID MECHANICS PROBLEMS
IB - DEGREE OF FREEDOM OF THE FORCE
BV - VALUE OF THE FORCE

INPUT OF IB AND BV IS TERMINATED BY
INPUTTING A ZERO VALUE FOR IB

oNoRololnEoEoNo N Re R



C

C************
C**’k*********

NIW=0
202 READ(7.*) IB
IF(IB.LE.0) GOTO 216
[F(NIW.EQ.0. AND.IFE.EQ.0) WRITE(8,200)
IF(NIW.EQ.0.AND.IFE.EQ.1) WRITE(8,201)
200 FORMAT(//10X.22HSOURCE AND SINK VALUES)
201 FORMAT(//10X.31HCONCENTRATED FORCES AND MOMENTS)
NIW=]
READ(7.*) BV
A(JGF+IB)=A(JGF+IB)+BV
WRITE(8.203) IB.BV
203 FORMAT(I0X I3.E13.5)
GOTO 202

(O R FR AR K
sk koo ko

C

C INPUT OF PRESCRIBED NODAL VALUES

C FOR FIELD PROBLEMS

C [B - NODE NUMBER

C BV - KNOWN VALUE OF PHI

C FOR SOLID MECHANICS PROBLEMS

C IB - DEGREE OF FREEDOM OF THE KNOWN DISPLACEMENT
C BV - THE VALUE OF THE DISPLACEMENT

C

C

C

C

INPUT OF 1B AND BV IS TERMINATED BY INPUTTING
A ZERO VALUE FOR IB

(kR R R K Rk K
Cxxxx**x***
216 NIW=0
209 READ(7.%) 1B
{F(IB.LE.0) RETURN
IFINIW.EQ.0.AND IFE EQ.0) WRITE(8.212)
IF(NIW . EQ.0.AND.IFE.EQ.1) WRITE(8.208)
212 FORMAT(//10X.25HKNOWN NODAL VALUES OF PHD)
208 FORMAT(//10X.23HKNOWN DISPLACEMENT VALUES)
NIW=]
READ(7.%) BV

MODIFICATION OF THE GLOBAL STIFFNESS MATRIX AND
THE GLOBAL FORCE VECTOR USING THE METHOD
OF DELETION OF ROWS AND COLUMNS

I Yalalake

K=IB-1
DO 211 J=2.NBW
M=IB+]-1
IF(M.GT.NP) GOTO 210
13=1GSM+(J- 1*NP+IB-(J-1y*(J-2)/2
AUGF+M=A(JGF+M)-A(1J)*BV
Abh)=0.0

210 IF(K.LE.) GOTO 211
Ki=JGSM+(J- 1)*NP+K-(J-1)*(J-2)/2
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AUGF+K)=AUJGF+K)-A(KD)*BV
AKNH=0.0
K=K-1
211 CONTINUE
A(JGF+IB)=A(JGSM+IB)*BV
221 CONTINUE
WRITE(8.203) IB.BV
GOTO 209
END
C

(O st ek stk ok S oo o ok sk ok o K ek e o sk sk o ook ok ek ke s s e e s ek ke s sk e sk ek sk sk ok

C

SUBROUTINE DCMPBD
COMMON /AV/A(8500).JGF JGSM.NP.NBW

ek Aok Kk ok
o FFRARAAF K E KAk

C
C DECOMPOSITION OF A BANDED MATRIX INTO AN UPPER
C TRIANGULAR FORM USING GAUSSIAN ELIMINATION
C

(O 30k K AR AN A K

NPU1=NP-1
DO 226 I=1.NPI
MJ=I+NBW-1
IF(MI.GT.NP) MJ=NP
NJ=1+1
MK=NBW
IF (NP-I+1D.LT.NBW) MK=NP-]+1
ND=0
DO 225 I=NJ.MJ
MK=MK-1
ND=ND+1
NL=ND+1
DO 223 K=1.MK
NK=ND+K
JK=JGSM+HK-1*NP+J-(K-1)*(K-2)/2
INL=JGSM+(NL-)*NP+]-(NL-1)*(NL-2)/2
INK=IGSM+(NK-1)*NP+I-(NK-1)*(NK-2)/2
H=JGSM~+]

2253 AJKI=AUKAUNL ¥ AINK ) /A

226 CONTINUE
RETURN
END

C

(0 F R A AAAAAAAAARA KA A A AA AR HAAAKAAA A A A A A A oA KA AR A A K

R

SUBROUTINE SLVBD
COMMON/AV/A(8500).JGF.JGSM.NP.NBW
NP1=NP-|

(kAR RO ok
AR A LA S L L

C

C DECOMPOSITION OF THE GLOBAL FORCE VECTOR
C
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DO 250 I=1.NPI
MJ=[+NBW-1
[F (MJ.GT.NP) MJ=NP
NJ=1+1
L=1
DO 250 J=NIMJ
L=L+1
[L=JGSM+(L- Y*NP+I-(L-1)*(L-2)/2
250 AJGF+)=AJGF+DH-A(ILY*A(JGF+I)/A(JGSM+I)
C************
C
C BACKWARD SUBSTITUTION FOR DETERMINATION OF
C THE NODAL VALUES
A(NP)=A(JGF+NP)/A(JGSM+NP)
DO 252 K=1.NPt
[=NP-K
MJ=NBW
[F ((I+NBW-1).GT.NP) MJ=NP-I+1
SUM=0.0
DO 251 J=2.M!
N=[+])-1
=JGSMHJ-D*NP+I-(J-1)*(J-2)/2
251 SUM=SUM-+A(1H)*A(N)
232 AMY=(AUJGF+D-SUMY/A(JGSM+D)
RETURN
END
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TEXTBOOK FRAME EXAMPLE

SECTON PROPERTIES
SECTION AREA AREA MOMENT
I .30000E+02  .40000E+03

ELASTIC MODULUS =  .20000E+08

NODAL COORDINATES
NODE X Y
1 .00 .00

2 282.80 282.80
3  682.80 282.80

ELEMENT DATA
NODE

ELEMENT SECTION NUMBERS
1 1 1 2
2 1 23

BANDWITH = 6

CONCENTRATED FORCES AND MOMENTS
5 -10000E+06

KNOWN DISPLACMENT VALUES
00000E+00
.00000E+00
.00000E+00
.00000E+00
9 .G0000E+00

o0 1 DN

TEXTBOOK FRAME EXAMPLE

NODAL DISPLACEMENT VALUES

NODE X DEFLECTION Y DEFLECTION Z ROTATION
1 .000000E+00 .000000E+00 - .817600E-03
2 664141E-01  -.199321E+00 .225716E-03
3 .000000E+00 .000000E+00 .000000E+00



ELEMENT NODE AXIALFORCE SHEARFORCE BENDING MOMENT

.140990E+06 .104370E+03 .192283E-02

1 1
- 140990E+06 -.104370E+03 .417389E+05

2

996211E+05 -231266E+03 -417389E+05

2 2
-.996211E+05 231266E+03 -.507676E+05

3



TWO DIMENSIONAL PLANE FRAME (APPLIED FINITE ANALYSIS)
SYSTEM

L=1

JOINTS

1 X=0 Y=0 Z=0

2 X=1282.84 Y=28284 Z=0

3 X=682.84 Y=28284 Z=0

RESTRAINTS
C  (X-Y PLANE)
1 R=L1,1,1,1,0
2 R=0,0,1,1,1,0

3 R=L1L111

FRAME
NM=1

1 A=30 E=20000000 I=400

— —

L=1 F=0.-100000
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PROGRAM:SAP90/FILE:fr2 F3F
TWO DIMENSIONAL PLANE FRAME (APPLIED FINITE ANALYSIS)

FRAME ELEMENT FORCES
ELT LOAD AXIAL DIST 1-2 PLANE 1.3 PLANE AXIAL

ID COND FORCEENDI SHEAR MOMENT SHEAR MOMENT TORQ
1

1-140989.95
0 10434 .00
400.0 10434 41736.84

1-99621.17
0 -231.27 41736.84
4000 -231.27 -50769.34



PROGRAM:SAP90/FILE:fr2. SOL
TWO DIMENSIONAL PLANE FRAME (APPLIED FINITE ANALYSIS)

JOINT DISPLACEMENTS
LOAD CONDITION 1 - DISPLACEMENTS "U" AND ROTATIONS "R"

JOINT U(X) uy) R(Z)
1 .0000E+00 .0000E+00 -.8176E-03
2 .066414 -199339 000226
3 .0000600 .000000 .000000

PROGRAM:SAPY0/FILE:fr2.SOL
TWO DIMENSIONAL PLLANE FRAME (APPLIED FINITE ANALYSIS)

REACTIONS AND APPLIED FORCES
LOAD CONDITION 1 - FORCES "F" AND MOMENTS "M”
JOINT F(X) F(Y) M(Z)

1 .9962E+05 .9977E+05 .8164E-11

2 - 1455E-10 -.1000E+06 .0000E+00

3 -.9962E+05 .2313E+03 -.5077E+05

TOTAL .0000E+00 .3268E-11 -.5077E+05



uzay kafes sistemin analizi
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ELEMENT AXIAL FORCE
1 313637E+01
2 901514E+01
3 313637E+01
4 313637E+01
5 .901514E+01
6 .313637E+01
7  .313637E+01
8 901514E+01
9 313637E+01

10 .313637E+01
11 .901514E+01
12 313637E+01
13 .185346E+01
14 .185346E+01
15 . 183346E+01

16 .185346E+01



uzay kafes sistemin analizi

SECTON PROPERTIES

SECTION  AREA AREA MOMENT
1 .20000E+01 .10000E+02
2 .40000E+01 .10000E+02
3 .60000E+01 .10000E+02

ELASTIC MODULUS =  20000E+03

NODAL COORDINATES

NODE X Y z
1 -4.00 .00 .00
yA .00 -4.00 .00
3 4.00 00 .00
4 .00 4.00 .00
5 -7.00 .00 4.00
6 .00 7.00 4.00
7 7.00 .00 4.00
8 .00 -7.00 4.00

ELEMENT DATA

NODE
ELEMENT SECTION NUMBERS

1 2 52

2 3 51

3 2 5 4

4 2 7 2

5 3 73

6 2 7 4

7 2 8 1

8 3 8 2

9 2 8 3
10 2 6 1
11 3 6 4
12 2 6 3
13 1 14
14 1 1 2
15 1 23
16 I 3 4

BANDWITH = 24

CONCENTRATED FORCES AND MOMENTS
3 .10000E+02
6 .10000E+02
9  .10000E+02
12 .10000E+02



KNOWN DISPLACEMENT VALUES

13
14
1S
16
17
18
19
20
21
22
23
24

00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
.00000E+00
00000E+00
.00000E+00
.00000E+00
.00000E+00

uzay kafes sistemin analizi

NODAL DISPLACEMENT VALUES

NODE X DEFLECTION Y DEFLECTION Z DEFLECTION
1 185346E-01 = -.960969E-10 .608548E-01
2 .00D000E+00 .185346E-01 .608548E-01
3 -185346E-01 .000000E+00 .608548E-01
4 -343690E-09  -.185346E-01 .608548E-01
5 .000000E+00 .000000E+00 .000000E+00
6 .000000E+00 .000000E+00 .000000E+00
7 .000000E+00 .000000E+00 .000000E+00
8 .000000E+00 .000000E+00 .000000E+00
ELEMENT NODE X FORCE Y FORCE Z FORCE
1 5 -243940E+01 .139394E+01 .139394E+01
2 -243940E+01 ~.139394E+01 .139394E+01
2 5 -540908E+01 .000000E+00 .721211E+01}
1 -.540908E+01 O00000E+00 721211E+0!
3 5 -243940E+01 -.139394E+01 .139394E+01
4  -243940E+01 - 139394E+01 .139394E+01
4 7 .243940E+01 .139394E+01 .139394E+01
2 243940E+01 .139394E-+01 .139394E+01
5 7  .540908E+01 .000000E+00 .721211E+01
3 .540908E+01 .0G00COE+00 .721211E+01
6 7 .243940E+01 -.139394E+01 .139394E+01
4 243940E+01 -.139394E+01 .139394E+01
7 8 .139394E+01 -.243940E+01 .139394E+01
1 .139394E+01 -243940E+01 .139394E+01



9

10

11

12

13

14

15

16

8 .000000E+00 -.540908E+01
2 .000000E+00 -.540908E+01

8 - 139394E+01 -.243940E+01
3 -.139394E+01 -.243940E+01

6  .139394E+01 .243940E+01
1 .139394E+01 243940E+01

6  .000000E+00 .540908E+01
4  .000000E+00 .540908E+01

6 -139394E+01 .243940E+01
3 - 139394E+01 .243940E+01

1 - 131060E+01 - 131060E+01
4 -.131060E+0]1 - 131060E+01

1 -131060E+01 131060E+01
2 -.131060E+01 .131060E+01

2 -131060E+01 - 131060E+01
3 - 131060E+01 -.131060E+01

3 131060E+01 - 131060E+01
4 131060E+01 -.131060E+01

T21211E+01
721211E+01

139394E+01
.139394E+01

.139394E+01

.139394E+01

721211E+01

.721211E+01

139394E+01

.139394E+01

.000000E+00

.000000E+00

.000000E+00

.000000E+00

.000000E+00

.0000600E+00

:000000E+00

.000000E+C0

R
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race-Truss Analys1s - PROKON Smmmzsmas=e

AFES SISTEM {KAYNAX: ADNAN CAKIR

AFES

6/ 2/1995 23:21:58

is=sezsrzs==== NODAL POINT COORDINATES

word ¥Y-coord Z-coord Node no. X-coord ¥-coord Z-coord
‘m) {m) (m} {m) (m) (m)
100 0.000 0.000 5 -7.000 0.000 4.000
100 -4.00¢ 30.000 € 3.0606¢ 7.000 4.000
00 0.000 0.000 7 7.000 0.000 4.000
100 4.000 0.000 8 0,000 ~7.000 4.000

ELEMENT DATA =

m. type Length Element Secn. type Length
(m) (m)
2 3.000 3-8 2 9.000
3 5.000 1-6 2 9.000
2 9.000 4-6 3 5.000
2 9.000 3-6 z 9.000
E 5.000 1-4 1 5.657
2 9.900 1-2 1 5.657
2 3.000 2-2 L 5.657
3 5.000 3-4 1 5.657

= SECTION PROPERTIES ====== zxz====

ton A E Density oT o
tm2) (kPa) {kN/m3) °C
2.000 200 0.000 0.00 12.00E-6
4,000 200 09.000 G.00 12.00E-§
6.000 200 0.000 0.00 12.00E-6

«

UPPORT DATA =====

.

Prescribed displacements _Sprxng Constants
v % Y Z X t z
‘m (m) {m} {kN/m} {kN/m) {kN/m)
2.00 0.00 4.00 0.00 0.00 G.0%0
2.00 .90 5.00 .00 3.00 0.00
N
9.00 5.00 .00 J3.00 0.00 0.00
.00 2.00 0.00 2.00 0.00 0.00
== LOADS ===

== LOAD CASE NO. 1 ==z==

JADS EE 2

[ Fy Fz
kN) (kN) (kN)
0.00 6.00 10.00
0.00 0.00 10.00
¢.00 0.00 10.00

5.00 0.00 10.00



= NODAL POINT DISPLACEMENTS at SLS

X-digp. Y-disp. 2-disp. Node Lcase X-disp. Y-disp. 2-Displ

(mm) (mm} (mm) (mm) (mm) (mm) .
18.53 0.00 50.85 S 1 a.00 0.00 0.00
-0.00 18.53 60.85 & L 0.00 0.00 0.00

-18.53 -0.00 60.85 7 1 0.00 ©.00 9.00
-0.00 ~18.53 60.85 8 1 0.00 0.00 0.00

== REACTIONS at VLS

X-force Y-force 2~force
{kN} {(kN} {kN)
10.29 -0.00 -10.00
0.00 -10.29 -10.00
-10.29 -0.00 -10.00
9.0C 10.29 -10.00

t CHECK AT ULS:

APPLIED LOADS MOMENTS about (0.0,0.0,0.0)
o ey £pz Mx My Mz
1.00 ¢.00 40.00 5.00 0.00 0.00

REACTIONS & REACTION MOMENTS about (0.0,0.0.0.0)

X IRy LRz IMRx LMRY MRz

3.00 Q.00 ~40.00 3.00 0.00 0.00

- ELEMENT END FORCES IN LOCAL ELEMENT AXES ac ULS ==

Lcase Axial Stress Zlement Lcase Axial Stress
ThN) MPa (kN) MPa

L 3.14 .00 3-8 1 3.14 0.00

3.32 .00 L-8 3.14 D.00

L 314 y. 00 -5 1 2.02 0.00

3.4 0.00 1-6 X 3.14 0.00

1 3.02 .06 L i 1.85 0.00

3.96G - : 1.85 2.00

P 14 3.0C - L 1.85 0.00

i 3.02 0.00 -4 L i.8% 2.00

t of structure = 0.00 kN

al numbers in Stiffness macrix = 255 (1530 bytes)

. to analyse = 2.09 Seconds

wer of : Nodes = 8
Elements © 16
Supports = 4

Section properties = 3
Load cases = 1

Load combinations = 0

oyTeuT
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PROGRAM:SAPS0/FILE:tr.SOL
UC BOYUTLU UZAY KAFES CERCEVENIN HESABI

JOINT DISPLACEMENTS
LOAD CONDITION 1 - DISPLACEMENTS "U" AND ROTATIONS "R"

JOINT Ux) uy) U2)
1 018535 .000000 .060855
2 000000 018535 .060855
3 -018535 .000000 .060855
4 000000 -018535 .060855
5 000000 .000000 .000000
6 .000000 .000000 .000000
7 .000000 .000000 .000000
8 .000000 .000000 .000000

PROGRAM:SAP0/FILE:tr.SOL
UC BOYUTLU UZAY KAFES CERCEVENIN HESABI

REACTIONS AND APPLIED FORCES
LOAD CONDITION 1 - FORCES "F" AND MOMENTS "M"

JOINT FX) FY) F@)
0000 0000  10.0000
0000 0000  10.0000
0000 0000  10.0000
0000 0000  10.0000
10.2879  .0000 -10.0000
0000 -10.2879 -10.0000
-10.2879 0000 -10.0000
0000 10.2879 -10.0000

P LN —

TOTAL .0000E+00 .0000E+00 .1776E-14



ELASTICITY EXAMPLE PROBLEM
16 18 1

20000000. 0.25 3.0

[
o B 0w N
O P NN

6 10

11 16
10 6 7 11

11 7 12 11
12 7 8 12
13 9 14 13
14 9 10 14
15 10 15 14
16 10 11 15
17 11 16 15
18 11 12 16

[«) NNV IRV SRV R VLI N T NG

26

~150000. .
28

-15000. O
0






ELASTICITY EXAMPLE PROBLEM

NN = 16
NE = 18

PARAMETER VALUES
EM = .20000E+08
PR=  25000E+00
TH= .30000E+01

NODAL COORDINATES

NODE X Y
1 .00000E+00  .00000E-+00
2 .10000E+02  .00000E+00
3 .20000E+02 .00000E-+00
4 .30000E+02  .00000E+00
5 .00000E+00 .10000E+02
6 .10000E+02  .10000E+02
7 .20000E+02  .10000E+02
8 30000E+02  .10000E+02
9 .00000E+00 .20000E+02
10 .10000E+02  .20000E+02
11 20000E+02  .20000E+02
12 .30000E+02  .20000E+02
13 .00000E+00  .30000E+02
14 .10000E+02  .30000E+02
15 .20000E+02  .30000E+02
16 .30000E+02  .30000E+02

ELASTICITY EXAMPLE PROBLEM

NEL NODE NUMBERS

e N e Y N oA e

18

6 3

e W~ o

4 8
109
6 10
11 10
6 7 11
712 11
7 8 12
9 14 13
9 10 14
10 15 14
10 11 15
11 16 15
11 12 16

[« QAW BRVREVL RIS I S B SV

BANDWITH IS, 12 IN ELEMENT



STIFFNESS MATRIX FOR ELEMENT 1

.12000E+08 .00000E+00 .00C00E-+00
.00000E+00 .32000E+08 -.80000E+07
.00000E+00 -.80000E+07 .32000E+08
-.12000E+08 .00000E+00 .000GOE+00
-.12000E+08 .80000E+07 -.32000E+08
.12000E+08 -.32000E+08 .80000E+07

-.12000E+08
.00000E+00
.00000E+00
.12000E+08
.12000E+08

-.12000E+08

STIFFNESS MATRIX FOR ELEMENT 2

.32000E+08 .00000E+00 -32000E+08

.00000E+00

-.32000E+08

.12000E+08

.12000E+08 .44000E+08
.80000E+07 -.12000E+08 -20000E+08
.00000E+00 -.12000E-+08 -.12000E+08
-.80000E+07 .00000E+00 .80000E~+Q7

.80000E+07
-.12000E+08
-.20000E+08

.44000E+08

.12000E+08
-.32000E+08

.12000E+08

STIFFNESS MATRIX FOR ELEMENT 3

.12000E+08 .00000E+00 .00000E+00
{00000E+00 .32000E+08 -.80000E+07
.00000E+00 - 80000E+07 .32000E+08
-.12000E+08 .00000E+00 .00000E+Q0
- 12000E+08 .80000E+07 -.32000E+08
.12000E+08 -.32000E+08 .80000E+07

-.12000E+08
.00000E+00
.00000E~+00
.12000E+08
.12000E+08

-.12000E+08

STIFFNESS MATRIX FOR ELEMENT 4

.32000E+08 .00000E+00 -.32000E+08

.00000E+00
-.32000E+08

.80000E+07 -.12000E+08 - 20000E+08
.00000E+D0 - 12000E+08 -.12000E+08

-.80000E+07

.12000E+08
.12000E+08

00000E+00

.80000E+07
-.12000E+08
-.20000E+08

44000E+08

.12000E+08
-.32000E+08

.12000E+08
.44000E+08

.80000E+07

STIFFNESS MATRIX FOR ELEMENT 5

.12000E+08 .00000E+00 .00000E+00
-.80000E+07
.00000E+00 -.80000E+07 .32000E+08

.00000E+00

- 12000E+08

- 12000E+08 80000E+(Q7 -.32000E+08
12000E+08 - 32000E+08 80000E+07

.32000E+08

00000E+00

-.12000E+08
.00000E+00
.00000E+00
.12000E+08
.12000E+08

-.12000E+08

.00000E+00

STIFFNESS MATRIX FOR ELEMENT 6

.32000E+08 .00000E+00 -.32000E+08

.00000E+00
-.32000E+08

.80000E+07 -.12000E+08 -.20000E+08
.00000E+00 -.12000E+08 -.12000E+08
-.80000E+07 .00000E+00 .80000E+07

.12000E+08
.12000E+08

.80000E+07
-.12000E+08
-.20000E+08

.44000E+08

.12000E+08
-.32000E+08

.12000E+08
44000E+08

STIFFNESS MATRIX FOR ELEMENT 7

.12000E+08 .00000E+00 .00000E-+00
.00000E+00 .32000E+08 -.80000E+07
.00000E+00 - 80000E+07 .32000E+08
-.12000E+08 .00000E+00 .00000E+00

-.12000E+08
.00000E+00
.00000E+00
.12000E+08

-.12000E+08 .12000E+08
.80000E+07 -.32000E+08
-.32000E+08 .80000E+07
.12000E+08 -.12000E+08
.44000E+08 -.20000E+08
-.20000E+08 .44000E+08

.00000E+00 -.80000E+07
-.12000E+08 .00000E+00
-.12000E+08 .80000E+07

.12000E+08 -.32000E+08

.12000E+08 .00000E+00

.00000E+00 .32000E+08

-.12000E+08 .12000E+08
.80000E+07 -.32000E~+08
-.32000E+08 .80000E+07
12000E+08 -.12000E+08
.44000E+08 -.20000E-+08
-20000E+08 .44000E+08

.00000E+00 -.80000E+07
-.12000E+08 .00000E+00
-.12000E+08 .80000E+07

.12000E+08 -.32000E+08

.12000E+08 .00000E+00

.00000E+00 .32000E+08

-.12000E+08 .12000E+08
.80000E+07 -.32000E+08
-.32000E+08 .80000E+07
12000E+08 -.12000E+08
.44000E+08 -.20000E+08
-.20000E+08 44000E+08

.00000E+00 -.80000E+07
-.12000E+08 .00000E+00
-.12000E+08 .80000E+07

.12000E+08 -.32000E+08

.12000E+08 .00000E+00

.00000E+00 .32000E+08

-.12000E+08 .12000E+08
.80000E+07 -.32000E+08
-.32000E+08 .80000E+Q7
.12000E+08 -.12000E-+08



-.12000E+08 .80000E+07 -.32000E+08 .12000E+08 44000E+08 - 20000E+08
.12000E+08 -.32000E+08 .80Q00E+07 -.12000E+08 -.20000E+08 44000E+08

STIFFNESS MATRIX FOR ELEMENT 8

32000E+08 .00000E+00 -.32000E+08 .80000E+07 .00000E+00 - 80000E+07
.00000E+00 .12000E+08 .12000E-+08 -.12000E+08 -.12000E+08 .00000E+00
-.32000E+08 .12000E+08 44000E+08 -.20000E+08 - 12000E+08 .80000E+07
.80000E+07 -.12000E+08 -.20000E+08 44000E+08 . 12000E+08 -.32000E+08
.00000E+00 -.12000E+08 -.12000E+08 .12000E+08 . 12000E+08 .00000E+00
-.80000E+07 .00000E+00 .80000E+07 -.32000E+08 .00000E+00 .32000E+08

STIFFNESS MATRIX FOR ELEMENT 9

.12000E+08 .00000E+00 .00000E+00 -.12000E+08 - 12000E+08 .12000E+08
.00000E+00 .32000E+08 -.80000E+07 .00000E+00 .80000E+07 - 32000E+08
O0000E+00 - 80000E+07 .32000E+08 .00000E+00 - 32000E+08 80000E+(7
-.12000E+08 .00000E+00 .00000E+00 .12000E+08 .12000E+08 - 12000E+08
- 12000E+08 .80000E+07 -.32000E+08 .12000E+08 .44000E+08 -.20000E+08
.12000E+08 -.32000E+08 .80000E+07 -.12000E+08 -.20000E+08 44000E+08

STIFFNESS MATRIX FOR ELEMENT 10

32000E+08 .00000E+00 -32000E+08 .80000E+07 .00000E+00 - 80000E+07
.00000E+00 .12000E+08 .12000E+08 -.12000E+08 -.12000E+08 .00000E+00
-.32000E+08 .12000E+08 .44000E+08 -.20000E+08 -.12000E+08 .80000E+07
B80000E+07 - 12000E+08 -.20000E+08 .44000E+08 .12000E+08 -.32000E+08
.00000E+00 -.12000E+08 -.12000E+08 .12000E+08 .12000E+08 .00000E-+00
- 80000E+07 .00000E+00 .80000E-+07 -.32000E+08 .00000E+00 .32000E+08

STIFFNESS MATRIX FOR ELEMENT 11

12000E+08 .00000E+00 .00000E+00 -.12000E+08 -.12000E+08 _12000E+08
.00000E+00 .32000E+08 -.80000E+07 .00000E+00 .80000E+07 - 32000E+08
D0000E+00 -.80000E+07 .32000E+08 .00000E+00 -.32000E+08 SCO00E+0D7
- 12000E+08 .00000E+00 .00000E+00 .12000E+08 .12000E+08 - 12000E+08
- 12000E+08 .80000E+(07 -.32000E+08 .12000E+08 44000E+08 - 20000E+08
12000E+08 -.32000E+08 .80000E+07 - 12000E+08 - 20000E+08 44000E+(08

STIFFNESS MATRIX FOR ELEMENT 12

32000E+08 .00000E+00 -.32000E+08 .80000E+07 .00000E+00 - 80000E+(7
O0000E+00 . 12000E+08 .12000E+08 -.12000E+08 - 12000E+08 00000E+00
-32000E+08 .12000E+08 44000E+08 -20000E+08 - 12000E+08  80000E+0O7
B0000E+07 - 12000E+08 -.20000E+08 .44000E+08 . 12000E+08 - 32000E+08
.00000E+00 -.12000E+08 -.12000E+08 .12000E+08 .12000E+08 .00000E+00
-.80000E+07 .00000E+00 .80000E+07 -.32000E+08 (Q0000E+00 .32000E+08

STIFFNESS MATRIX FOR ELEMENT 13

.12000E+08 .00000E+00 .00000E+00 -.12000E+08 - 12000E+08 .12000E+08
.00000E+00 .32000E+08 -.80000E+07 .00000E+00 .80000E+07 -.32000E+08
00000E+00 - 80000E+07 32000E+08 .00000E+00 -32000E-+08 .80000E+07
-.12000E+08 .00000E+00 .0G0000E+00 .12000E+08 .12000E+08 - 12000E+08
- 12000E+08 .80000E+07 -.32000E+08 .12000E+08 .44000E+08 -.20000E+08
.12000E+08 -.32000E+08 .80000E+07 -.12000E+08 -.20000E+08 .44000E+08

STIFFNESS MATRIX FOR ELEMENT 14
.32000E+08 .00000E+00 -.32000E+08 80000E+07 .00000E+00 - 80000E+07



.00000E+00 .12000E+08 .12000E+08 -.12000E+08 - 12000E+08 .00000E+00
-32000E+08 .12000E+08 .44000E+08 -.20000E+08 -.12000E+08 .80000E+07
80000E+07 -.12000E+08 -.20000E+08 .44000E+08 .12000E+08 -.32000E+08
00000E+00 -.12000E+08 -.12000E+08 .12000E+08 .12000E+08 .00000E+00
- 80000E+07 .00000E+00 .80000E+07 -.32000E+08 .00000E+00 .32000E+08

STIFFNESS MATRIX FOR ELEMENT 15

.12000E+08 .00000E+00 .00000E+00 -.12000E+08 -.12000E+08 .12000E+08
00000E+00 .32000E+08 -.80000E+07 .00000E+00 .80000E+07 -.32000E+08
.00000E+00 -.80000E+07 .32000E+08 .00000E+00 -.32000E+08 .80000E+07
-.12000E+08 .GO000E+00 .000Q00E+00 .12000E+08 .12000E+08 -.12000E+08
-.12000E+08 .80000E+07 -.32000E+08 .12000E+08 .44000E-+08 -.20000E+08
.12000E+08 -.32000E+08 .80000E+07 -.12000E+08 -.20000E+08 .44000E-+08

STIFFNESS MATRIX FOR ELEMENT 16

.32000E+08 .00000E+00 -.32000E+08 .80000E+07 .00000E+00 -.80000E+07
.00000E+00 _12000E+08 .12000E+08 - 12000E+08 -.12000E+08 .00000E+00
-.32000E+08 .12000E+08 .44000E+08 -20000E+08 -.12000E+08 .80000E+07
80000E+07 -.12000E+08 -.20000E+08 44000E+08 .12000E+08 -.32000E+08
.00000E+00 - 12000E+08 -.12000E+08 .12000E+08 .12000E+08 .00000E+00
-.80000E+07 .00000E+00 .80000E+07 -32000E+08 .00000E+00 .32000E+08

STIFFNESS MATRIX FOR ELEMENT 17

.12000E+08 .00000E+00 .00000E+00 -.12000E+08 -.12000E+08 .12000E+08
00000E+00 .32000E+08 -.80000E+07 .00000E+00 .80000E+07 -.32000E+08
.00000E+00 ~.80000E+07 .32000E+08 .00000E+00 -.32000E+08 .80000E+07
-.12000E+08 .00000E+00 .00000E+00 .12000E+08 .12000E+08 -.12000E+08
-.12000E+08 .80000E+07 -.32000E+08 .12000E+08 .44000E+08 -.20000E+03
.12000E+08 -32000E+08 .80000E+07 - 12000E+08 - 20000E+08 .44000E+08

STIFFNESS MATRIX FOR ELEMENT 18

32000E+08 .00000E+00 - 32000E+08 .80000E+07 .00000E+00 - .80000E+07

00000E+00 .12000E+08 .12000E+08 -.12000E+08 -.12000E+08 .00000E+00
-32000E+08 .12000E+08 .44000E+08 -.20000E+08 -.12000E+08 .80000E+07
80000E+07 -.12000E+08 -20000E+08 .44000E+08 .12000E+08 -.32000E+08

.00000E+00 -.12000E+08 -.12000E+08 .12000E+08 .12000E+08 .00000E+00
-.80000E-+07 .O0000E+00 .80000E+07 -32000E+08 .000COE+00 32000E+08
!

ELASTICITY EXAMPLE PROBLEM

CONCENTRATED FORCES AND MOMENTS
26 - 15000E+06
28 - 15000E+03

KNOWN DISPLACEMENT VALUES
1 GO00OE+00
2 .00000E+00
4 .0000OE+00
6  .00000E+00
8 .00000E+00
9  .00000E-+00
17  .00000E+00



25  .00000E+00

NODAL DISPLACEMENT VALUES

NODE X DEFLECTION Y DEFLECTION

.000000E+00
.629756E-03
.897129E-03
.967174E-03
.000000E+00
.618707E-03
.888582E-03
.978056E-03
.000000E+00
10 466215E-03
11 .595128E-03
12 .645497E-03
13 .000000E-+00
14  -.221425E-03
15 -.177750E-03
16 -.892793E-04

R DR N

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

-.183320E-02
-.118291E-02
-.589839E-03
-.263858E-03

-.405882E-02
-.229686E-02
-.106808E-02
-.416003E-03

-.717613E-02
-.313657E-02
-.129792E-02
-.454898E-03

ELASTICITY EXAMPLE PROBLEM

ELEMENT 1
EXX = .61871E-04
EYY =-.18332E-03
GXY = 65029E-04

ELEMENT 2
EXX = .62976E-04
EYY =-.11829E-03
GXY =-.11048E-05

ELEMENT 3
EXX = .26987E-04
EYY = - 11829E-03
GXY = 58202E-04

ELEMENT 4
EXX = .26737E-04
EYY = -.58984E-04
GXY = - 85470E-06

ELEMENT 35
EXX = 89474E-05
EYY = -.58984E-04
GXY = .31743E-04

ELEMENT 6
EXX = .70045E-05

SXX = .34220E+03 Sl = 41002E+03

SYY =-35809E+04 S2 =-36487E+04

TXY = 52023E+03 TMAX = 20293E+04
ANGLE 7.43 DEG

SXX = 71259E+03 S1 = 71262E+03

SYY =-.21877E+04 S2 =-21877E+04

TXY =-88387E+01 TMAX = .14502E+04
ANGLE -17DEG

SXX =-55153E+02 Sl = 34647E+02

SYY =-23796E+04  S2 =-24694E+04

TXY = 46562E+03 TMAX = 12520E+04
ANGLE 10.92 DEG

SXX = .25581E+03 S1 = .25585E+03

SYY =-11157E+04 S2 =-11158E+04

TXY = -68376E+01 TMAX = .68580E+03
ANGLE -.29 DEG

SXX =-12370E+03 S1 =-.67297E+02

SYY =-.12106E+04  S2 =-12670E+04

TXY = 25395E+03 TMAX = .59986E+03
ANGLE 12.52 DEG

SXX= 87053E+01 S1 = .88471E+01

-



EYY =-.26386E-04 SYY =-52554E+03 82 =-.52568E+03

GXY = .10882E-05 TXY = 87056E+01 TMAX = .26726E+03
ANGLE .93 DEG

ELEMENT 7

EXX = .46621E-04
EYY = -.22256E-03

SXX =-.19240E+03 S1 = .22790E+03
GXY = .17620E-03

SYY =-.44993E+04 S2 =-49196E+04
TXY = .14096E+04 TMAX = .25738E+04
ANGLE 16.60 DEG
ELEMENT 8
EXX = .61871E-04

SXX = 72580E+03 S1 = .78188E+03
EYY =-11139E-03

SYY =-20464E+04 S2 =-21025E+04

GXY = 49780E-04 TXY = 39824E+03 TMAX~= .14422E+04
ANGLE 801 DEG

1

ELASTICITY EXAMPLE PROBLEM

ELEMENT 9
EXX = .12891E-04
EYY =-.11139E-03

SXX =-31909E+03 S1 = .19059E+01
GXY = .10763E-03

SYY =-23077E+04 82 =-26287E+04

TXY = .86103E+03 TMAX = .13153E+04
ANGLE 20.45 DEG

ELEMENT 10

EXX = 26987E-04 SXX = 32067E+03 Sl = 36688E+03

EYY =-47824E-04 SYY =-87632E+03 S2 =-92253E+03

GXY = 29962E-04 TXY = .23969E+03 TMAX = .64471E+03
ANGLE 10.91 DEG

It

ELEMENT 11
EXX = .50370E-05
EYY =-47824E-04

SXX =-14761E+03 S1 =-59471E+02
GXY = 35862E-04

SYY =-99339E+03 S2 =-10815E+04

TXY = 28690E+03 TMAX = 51103E+03
ANGLE 17.08 DEG

ELEMENT 12

EXX = 89474E-05
EYY =-.15214E-04
GXY =-65774E-06

SXX = 10973E+03 S1 = [0981E+03

SYY =-27686E+03  S2 =-27693E+03

TXY =-52619E+01 TMAX = 19337E+03
ANGLE -.78 DEG

ELEMENT 13

EXX =-.22143E-04
EYY =-31173E-03

SXX =-21349E+04 = S1 =-47539E+03
GXY = .40396E-03

SYY =-67684E+04 S2 =-84279E+04

TXY = 32316E+04 TMAX = .39763E+04
ANGLE 27.18 DEG

ELEMENT 14

EXX = 46621E-04
EYY =-83971E-04

SXX = .54674E+03 S1 = 85483E+03
GXY = .10743E-03

SYY =-.15427E+04  S2 =-18508E+04

TXY = 85946E+03 TMAX = .13528E+04
ANGLE 19.72 DEG

ELEMENT 15

EXX = 43675E-05 SXX=-35467E+03 S1 = .99362E+02
EYY =-83971E-04 SYY =-17681E+04 S2 =-22221E+04
GXY = .11510E-03 TXY = .92081E+03 TMAX= .11607E+04



ANGLE 2625 DEG

ELEMENT 16
EXX = .12891E-04 SXX= .15243E+03 S1 = .32954E+03
EYY =-.22984E-04 SYY =-.42156E+03 S2 =-.59866E+03
GXY = 45590E-04 TXY = 36472E+03 TMAX = 46410E+03
ANGLE 25.90 DEG

ELEMENT 17
EXX = .88471E-05 SXX= .66159E+02 S1 = .72268E+02
EYY =-22984E-04 SYY =-.44313E+03 82 =-.44924E+03
GXY = .70141E-05 TXY = .56113E+02 TMAX = .26076E+03
ANGLE 6.21 DEG '

ELASTICITY EXAMPLE PROBLEM

ELEMENT 18
EXX = 50370E-05 SXX= 86711E+02 S1 = .11265E+03
EYY =-.38896E-05 SYY =-56113E+02 S2 =-82049E+02

GXY =-.82698E-05 TXY =-.66158E+02 TMAX = 97348E+02
ANGLE -21.41 DEG
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