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Dersin Adi: Sonlu Elemanlar Yontemi

| Course Name: Finite Element Methods

Ders Uygulamasi, Saat/Hafta
Kod Yariyih Kredi AKTS Kredi (Course Implementation, Hours/Week)
(Code) (Semester) | (Local Credits) | (ECTS Credits) Ders Uygulama Laboratuvar
(Theoretical) (Tutorial) (Laboratory)
INS 425E 7 2,5 4 2 1 -

Bolim/Program insaat Mithendisligi
(Department/Program)] (Civil Engineering)
Dersin Turii Segmeli Dersin Dili ingilizce
(Course Type) (Elective) (Course Language) (English)
Dersin Onkosull.’:‘\r.l Yok/None
(Course Prerequisites)

. . Temel Bilim ve Temel Miihendislik/Mimarlik .
D.ersm Mesleki Matematik Miihendislik Tasarim Genel Egitim
Bilesene Katlasi, % (Basic Sciences and (Engineering (Engineering/Architecture (Gene.ral
(Course Category by Math) Science) Design) Education)
Content, %)

- 50 50 -

Dersin Tanimi
(Course Description)

Giris, Genel kavramlar, Co6ziim yonteminin basit bir 6rnekle 6zetlenmesi, Kafes kiris
¢O6ziimlemesi, Degisim ve agirlikh kalanlar yontemleri, Yapi mihendisligi problemlerinin
¢O6ziimilinde genel yaklasim, Toplam potansiyel enerjinin minimumu ilkesi ve virtiel
yerdegistirmeler yontemi, Sekil fonksiyonlari, Yakinsaklik kriterleri, CO anlaminda siirekli
sekil fonksiyonlari, Bir, iki ve G¢ boyutlu sonlu elemanlar, Gerilme analizi, Diizlem gerilme
ve duzlem sekildegistirme, Kiris sonlu eleman, Eleman rijitlik matrisi ile yik vektoriiniin
elde edilmesi, li¢ boyutlu gerilme analizi, CO anlaminda siirekli yliksek mertebeden sekil
fonksiyonlari, C1 anlaminda surekli sekil fonksiyonlari, isoparametrik elemanlar ve sayisal
integrasyon.

Introduction. General concepts. Summary of analysis procedure by a simple example.
Truss analysis. Variational and weighted residual methods. General approach to
structural analysis. Principal of minimum potential energy and virtual displacement
methods. The shape functions. Parameter functions. Convergence requirements. CO
continuous shape functions. One, two and three dimensional elements. Stress analysis.
Plane stress and plain strain. Beam and frame elements. Substructuring element rigidity
and load matrices. 3D stress analysis. CO continuous higher order shape functions. C1
continuous shape functions. Isoparametric elements and numerical integration.

Dersin Amaci
(Course Objectives)

Bir, iki ve U¢ boyutlu yapi elemanlarinda dis etkiler nedeniyle olusacak i¢ kuvvetler ile yer
degistirmeleri belirlemek ve bu etkilere gore yapi sistemlerinin mihendislik tasarimini
gerceklestirmek amaciyla gli¢li bir yontem olan Sonlu Elemanlar Yontemini tanitmak.

To introduce a powerfull and general numerical method in determining displacements
and internal forces of one, two and three-dimensional structures due to the time
independent external loads and perform engineering design of structures according to
this loads.

Dersin Ogrenme
Ciktilan

(Course Learning
Outcomes)

1. Bir, iki ve U¢ boyutlu yapi sistemlerinin modellenmesi

2. Siireklilik kosullari ve bu streklilik kosullarini saglayan interpolasyon fonksiyonlarinin
belirlenmesi

3. Sonlu eleman rijitlik matrisleri ile ylk vektorlerinin belirlenmesi

4. Eleman rijitlik matrisleri ve yiik vektorleri birlestirilerek sistem rijitlik matrisi ile sistem
yuk vektoérinin belirlenmesi

5. Elde edilen yapi sistem modellerinin bilgisayar ortamina aktariimasi ve ¢6ziim elde




edilmesi
6. Giris seviyede dogrusal Elastisite teorisi bilgisi edinmek

1. Modelling of one, two and three dimensional structural systems

conditions
3. Determination of finite element stiffness matrix and load vectors

system matrix and load vector

6. 6. Basic introduction to linear elasticity theory

2. Continuity conditions and choosing interpolation functions satisfy those continuity

4. Assembly of element stiffness matrices and load vectors to obtain corresponding

5. Implementation of custom computer code to solve the derived system models.

DERS PLANI
Dersin
Hafta Konular Ogrenme
Ciktilan

1 |Giris, Genel kavramlar. -

) Seri baglh yay sistemleri ve normal kuvvet ¢ubugunun rijitlik matrislerinin eldesi ve 6rnek 13-
sistem ¢oziimlenmesi.

3 Normal kuvvet cubugunun 2D kafes cubuguna dondstirilmesi icin transformasyon 13-
matrislerinin elde edilmesi.

4 2D Kafes sistem yazilimi gelistirimesi ve yapilan ¢éziimlerin ticari sonlu-eleman yazilimlari ile 3.4.5
dogrulanmasi.

5 ] Degisim ve agirlikh kalanlar/artiklar yontemleri. 3

6 [|Sekil fonksiyonlarina genel bakis, sureklilik tipleri ve yakinsaklik kriterleri 2

7 ]Yapi mihendisligi problemlerinin ¢dziimiinde genel yaklagim. 1-3

8 |Toplam potansiyel enerjinin minimumu ilkesi ve virtiiel yerdegistirmeler yontemi. 2

9 |2D Kiris sonlu eleman, Eleman rijitlik matrisi ile ylik vektorinin elde edilmesi. 1-3-4

10 3D kiris transformasyon matrisleri ve 3D kesit durusglarinin tayini. Elde edilen sonuglarin 1-3-4-5
yazilima eklenerek érnekler ¢oziilmesi.

11 ]Sonsuz kiiglik sekil degistirme tansori tansoérd. 6

12 ]Gerilme tansori ve blnye bagintilar. 6

13 3D elastisite eleman formulasyonu hakkinda genel bilgi, isoparametrik elemanlar ve sayisal 3-4-6
integrasyon teknikleri.

14 | 2D Dizlem gerilme ve diizlem sekil degistirme elemanlari formilasyonu ve programlanmasi. 1-3-4-5




COURSE PLAN

Course
Week Topics Learning
Outcomes

1 |Introduction, General concepts -

) Analysis of springs in serial connection and axial bar systems. Summary of the FE analysis 13-
procedure by simple examples.

3 Turning the axial bar problem into 2D truss bar solution through proper coordinate 13-
transformations.

4 Computer implementation of the 2D Truss system and comparisons/verifications of the 345
analysis results with well-known commercial FE software.

5 ]Variational and weighted residual methods. 3

6 |The shape functions, continuity types and convergence requirements 2

7 |General approach to structural analysis 1-3

8 [ Principal of minimum potential energy and virtual displacement methods 2

9 ]2D Beam and frame elements, derivations of stiffness and load matrices 1-3-4

10 ]3D Frame transformation matrices and implementation of the custom cross-section angle. 1-3-4-5

11 |Small strain tensor 6

12 |]Stress tensor and the constitutive equations of linear elasticity 6

13 An introduction to 3D solid element formulation, isoparametric elements and numerical 3.4-6
integration.

14 ]2D plane stress/strain elements and their computer implementations. 1-3-4-5




Dersin insaat Miihendisligi Ogrenci Ciktilariyla iliskisi

Katki Seviyesi

Programin mezuna kazandiracagi bilgi ve beceriler (programa ait giktilar) 1 > 3

Mihendislik, fen ve matematik ilkelerini uygulayarak karmasik muihendislik

problemlerini belirleme, formiile etme ve ¢6zme becerisi.

Kiresel, kltlirel, sosyal, cevresel ve ekonomik etmenlerle birlikte 6zel gereksinimleri
2 |saglik, givenlik ve refahi géz onine alarak ¢o6ziim Ureten mihendislik tasarimi] X
uygulama becerisi.

3 | Farkh dinleyici gruplariyla etkili iletisim kurabilme becerisi. X

Mihendislik gorevlerinde etik ve profesyonel sorumluluklarin farkina varma ve
4 |mihendislik ¢oziimlerinin kiresel, ekonomik, cevresel ve toplumsal baglamdaki] X
etkilerini géz 6nlinde bulundurarak bilingli kararlar verme becerisi.

Uyeleri birlikte liderlik saglayan, isbirlikci ve kapsayici bir ortam yaratan, hedefler
5 |belirleyen, gorevleri planlayan ve hedefleri karsilayan bir ekipte etkili bir sekilde X
calisma yetenegi becerisi.

Ozgiin deney gelistirme, yiritme, verileri analiz etme ve yorumlama ve sonug

6 ¢ikarmak icin mihendislik yargisini kullanma becerisi. X
7 Uygun o6grenme stratejileri kullanarak ihtiya¢ duyuldugunda yeni bilgi edinme ve X
uygulama becerisi.
Olgek: 1: Az, 2:Kismi,  3:Tam
Relationship of the Course to Civil Engineering Student Outcomes
Level of Contribution
Program Student Outcomes

1 2 3

1 An ability to identify, formulate, and solve complex engineering problems by X

applying principles of engineering, science, and mathematics.

An ability to apply engineering design to produce solutions that meet specified
2 |needs with consideration of public health, safety, and welfare, as well as global,] X
cultural, social, environmental, and economic factors.

3 | An ability to communicate effectively with a range of audiences. X

An ability to recognize ethical and professional responsibilities in engineering
4 |]situations and make informed judgments, which must consider the impact of] X
engineering solutions in global, economic, environmental, and societal contexts.

An ability to function effectively on a team whose members together provide
5 |leadership, create a collaborative and inclusive environment, establish goals, plan X
tasks, and meet objectives.

An ability to develop and conduct appropriate experimentation, analyze and

6 interpret data, and use engineering judgment to draw conclusions. X
7 An ability to acquire and apply new knowledge as needed, using appropriate X
learning strategies.
Scaling: 1: Little, 2:Partial, 3: Full

Tarih (Date) Bo6liim onayi (Department approval)




Ders kaynaklari ve Basari degerlendirme sistemi (Course materials and Assessment criteria)

1. Singuresu S. Rao; The Finite Element Method in Engineering, Elsevier Science,
Ders Kitabi 2010.

(Textbook) 2. M. Asghar Bhatti, Fundamental Finite Element Analysis and Applications: with
Mathematica and Matlab Computations 1st Edition 2005.

1. Klaus Jurgen Bathe; Finite element procedures, Prentice Hall, 1996.

2. Robert D. Cook, David S. Malkus, Michael E. Plesha; Concepts and applications of
finite element analysis, 4th edition 2002.

3. J. N. Reddy, Principles of Continuum Mechanics: Conservation and Balance Laws
with Applications 2nd Edition 2018.

Diger Kaynaklar
(Other References)

Odevler ve Projeler 5 Odev

(Homework & Projects) 5 Homeworks

Laboratuvar Uygulamalari Yok

(Laboratory Work) None

Bilgisayar Kullanimi Evet

(Computer Usage) Yes

Diger Uygulamalar Yok

(Other Activities) None
Faaliyetler Adedi Genel Nota Katki, %
(Activities) (Quantity) (Effects on Grading, %)

Yil igi Sinavlari
(Midterm Exams)

Kisa Sinavlar

(Quizzes)

Odevler
Basari Degerlendirme (Homework)
Sistemi Projeler
(Assessment Criteria) (Projects)

Dénem Odevi/Projesi
(Term Paper/Project)

Laboratuvar Uygulamasi
(Laboratory Work)

Diger Uygulamalar
(Other Activities)

Final Sinawvi
(Final Exam)




