COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL

CIVIL ENGINEERING

DEPARTMENT

EDUCATION LEVEL

UNDERGRADUATE

COURSE CODE

1195 | SEMESTER |7

COURSE TITLE

Finite Element Analysis of Structures

COURSE UNITS
O€ TTEPITITWAN TTOU 01 OIOAKTIKEG ATTOVEUOVTAI OE OIQKPITA €PN TOU JABAUATOG TT.X.
AiaAééeig, Epyaotnpiakég AOKNOeIS K. ATT. Av ol BIOQKTIKEG QTTOVELIOVTQI EVIQia yIa TO
gUvoAo Tou pabnuarog avaypayretigeBdouadiaicgwpes d1daoKaAiagkaiToauvoAo
TwV OIOAKTIKWYV [ovadwv / ECTS

HOURS ECTS CREDITS

lMpoobéoTe aeipég av xpeiaarei. H opyavwaon didaokaliag Kai o1
010aKTIKEG UEBODOI TTOU XPNOILOTTOIOUVTal TIEPIYPAPOVTAl aVaAUTIKG aTO 4.

COURSE TYPE:

levikoU YmmoBda6pou, Eidikou YréBabpou, EidikétnTag

Mandatory for the Structural Engineering route and optional for
the Geotechnical Engineering route

PREREQUISITE KNOWLEDGE:

Structural Analysis of Statically Determinate Structures,
Structural Analysis of Statically Indeterminate Structures, Matrix
Structural Analysis — 1d Finite Elements, Mechanics of the
Deformable Body

COURSE AND EXAMS LANGUAGE: | Greek
COURSE OFFERED TO | Yes
ERASMUS STUDENTS:
COURSE WEBSITE (URL): | https://helios.ntua.gr/course/view.php?id=1608

2. LEARNING OBJECTIVES

Learning Objectives

SupBouAeureite 1o MNapdprnua A

Eupwrraikou Xwpou Avwrartng Ekmraideuong

lMepiypaovral Ta pabnaoiakd ammoTeAéouara Tou Pabnuarog ol GUYKEKPIUEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KataAAnAou emmiTédou mou 6a aTTOKTHOOUV OI QOITNTEG META TNV ETTITUXT OAOKANPWON ToU Labnuarog.

o [lepiypagn tTou Emimédou Twv Mabnaiakwy AtmoteAeaudrwy yia Kabe éva kUkAo ammoudwv auuewva e lMAaioio Mpoadviwy rou

o [lepiypagikoi Acikteg Emrirédwv 6, 7 & 8 rou Eupwriraikou MAaiciou Mpoaoviwv Aid Biou Maénang kai lMNapdptnua B
o [lepiAnmrik6g Odny6g ouyypaersc Mabnoiakwy AmoreAsoudrwv

KOTOAOKEUWV.

applied via simulation software

In successfully completing the course, the students will be able to:

1. KaTavoouv TIG BaCIKEG apxEG TNG MEBBOOU WG PeBOdoU eTTiAuCNG cUCTAUATWY BIAPOPIKWV
eClowoewy Kkal TNV eE€10IKEUON TNG 0€ TTPORBAANATA TTPOCONOIWONG UNXAVIKWY CUCTARATWY KOl

2. €&oikelwBoUV 0€ KAVOVEG TIPOCONOIWONG KAl XPrONG UTTOAOYICTIKWY EPYAAEIWV (EUTTOPIKG
TIPOYPAUMATA KAl TTNYaiol KWOIKEG).

3. Understand and appreciate the fundamental principles of the finite element method as an
approximate solution procedure for partial differential equations in general and more specifically for
the case of mechanical systems and structures

4. Develop critical skills vis-a-vis simulation methodologies and their implications when these are




General abilities

AauBavovTagumrown TiS YEVIKES IKAVOTNTES TTOU TTPETTEI VA EXEI ATTOKTHOEI O TITUXI0UXOG (OTTWS QUTEC avaypd@ovTal GTO

lNapéprnua AirAwparog kai mapariBevral akoAoUBwg) o€ moia / TToIEG AT QUTES ATTOOKOTIEI TO UGonuas;.

Avadnmon, avdAuon kai ouvBeon OgdOUEVWY  Kal 2X€01a0UOS Kal OlaxEipion Epywv

TANPOQOPIWY, HE TN XPHAON Kal Twv QmapaitnTwyv ZeBaouog arn d1aopeTIKOTNTA Kal aTNV TTOAUTTOAITIOUIKOTNTA 2€RA0UOS
TEXVOAOYIWV 070 PUOIKO TTEPIBAAAOV

lNpooapuoyr o€ véeg karaaTtaaeis Anwn Emideiénkoivwvikng, emayyeAuarnikngkainOikng umeubuvorniag kai
amopdoewyv euaiobnoiag os Béuara puAou

Aurévoun epyacia Ouadikn A0oKNon KPITIKAS Kal QUTOKPITIKAG

epyaacia lNpoaywyn NG eAeUBEPNS, ONUIOUPYIKAS KAl ETAYWYIKAS OKEWNS

Epyaaia oe digbvég mepiBaiiov
Epyacia g€ diemoTnuoviké mepiBdAiov
lMapdywyn véwv EpEUVNTIKWV IOEWV

Researching, analyzing and synthesing facts and data using pertinent technologies and methods
Promoting free, creative and inductive thinking

Individual working

Developing critical thinking and reflective thinking

3. COURSE DESCRIPTION
i. Weak formulation, Principle of minimum total potential energy, FEM discretization, the Galerkin

method, strain displacement matrix, stiffness matrix and equivalent load vector

ii. Two and three node truss elements, 2D beam elements, transformation matrices, equivalent loads
and boundary conditions

iii. Constant Strain Triangle, quadrilateral plane stress/ strain elements, Lagrange and higher order shape
functions, Serendipity elements, quadrature rules

iv. Tetrahedral and hex elements, linear and higher order shape functions, Lagrange and Serendipity
elements

v. General description of the isoparametric mapping, Cartesian and natural coordinate systems,
isoparametric truss, plane stress and hex element, higher order elements, Numerical quadrature

vi. Introduction to Plate theories. Kirchhoff Love Plate Element

vii. Best practices, error estimation and stress recovery, mesh additivity, kinematic constraints,
Connection of different types of elements. Rigid offsets and diaphragms.

viii. Introduction to the use of finite element programs - troubleshooting. Simulation strategies,
implementation on real-life applications. Connection of different types of elements. Rigid offsets
and diaphragms.

4. TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS: | 1. Face to face contact

lNpdowmopempoowmo,E§ | 2. Asyschronous teaching via material that is curated on the
ATTOOTACEWS EKTTAIOEUTN K.ATT. course website

TEACHING MEDIA: [The lecture material is handwritten in the lecture room on
XpnonT.I1.E.omAidaokadia,omv |a tablet and projected on the monitor. The handwritten
Epyaompiaki) Ekmaideuon, oy Emkovwvia i gtes are then uploaded on the course webpage.
IE TOUS POITNTES
Programming sessions are also provided so that the
students may develop their own algorithms.

The entire course material is provided on the course
website. This includes

Lecture notes

Worked examples

Code snippets
Self-assessment quizzes

Pobp=

All communication with the students is performed via the
course website where any relevant announcements are
also provided.




COURSE ARRANGEMENT: ACTIVITY IMPORTANCE
lepiypapovrar avaAutika o TpOTToS
Kai péBodor di1daoKaAiag.

AiaAé€eis, 2evapia, Epyaotnpiakn Aoknon, Aoknon | Lectures 52 hours
lMediou, MeAétn & avdiuon  BiBAioypagiag, 13 weeks * 4 hours
®povrioripio, [paktik  (Tomobérnan), KAvikn
Aoknon, KaMirexviké Epyaorripio, Aadpaorkn | Self-study 50 hours
di6aokadia, Exkmaideutikés  emokéwers, Exmovnon | Projects 40 hoursg
LEAETNG (project), Zuyypagn epyacias / epyaciwy, 142
KaAAirexvikn énuioupyia, K.ATT. OVERALL:

Avaypdgovrai o1 WPES HEAETNS TOU goITNTH Yia KAOE
uabnaoiakn o6pacTnpIdTNTa KaBWs Kal O WPES un
KaBodnyouuevng UEAETNG WOTE O OUVOAIKOS POPTOS
epyaaiag o€ emimedo €€aunvou va avrioToIXEl oTa
standards rou ECTS

STUDENT ASSESSMENT:
lMepiypaen tng diadikaciag aéloAdynang

MNwooa  AéioAdynong,  MéBodor  aloAdynong,
Alquopowrtiky  n Zuumepacuarikn,  Aokiuaoia
lMoAamAng  EmAoyng, Epwrnhoeic  2ovrouns
Amavrnong, Epwrrioeis Avarrruéng Aokipiwy, EmriAuon
lMpoBAnudarwv, Tpamr) Epyacia, ExkBeon /
Avagopd, lpogpopikn Eééraon, Anuéoia
lMapougiaon,  Epyacmpiak  Epyacia,  KAivikn
Eééraon AaBevoug, KaAAirexvikn Epunveia, AAAn /
AMeg

Avagépovral pnTa mpoodIopICLEVA KPITHPIA
aéloAdynang kai eav kai mou givar mpooBaaiua arro
TOUS QOITNTEG.

Student assessment is performed on the basis of
1. Afinal written exam weighting 70% on the final grade
2. Aterm project weighting 30% on the final grade

The assessment criteria are described on the course webpage.

The final exam comprises problem solving questions and short

answer questions with the objective of assessing the student

critical skills.

5.

TEXTBOOKS — BIBLIOGRAPHY

-Recommended :

= WN -

-Relevant scientific journals:

1. Journal of Computers and Structures, Elsevier

2. Computer Methods in Applied Mechanics and Engineering, Elsevier

3. Computational Mechanics, Springer

AvaAuacn @opéwv e TN PEBodO Twv TTETTEPATUEVWY aToIxEiwv, M. Matradpakdkng, 1996

MéBodog Metrepacuévwy Z1oixeiwy I, . Toauaoeupog, E. @cotékoyAou, EkdooeIg ZuppeTpia, 1990.
Memepaopéva oToixeia oTnv avaAuon kataokeuwy, X. Mpofatidng, Ekdooeig T(i6Aa, 2016.

4 AvapTnon TTapoudidoswy Bewpiag-aoknoswyv oTo helios




