COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | CIVIL ENGINEERING

DEPARTMENT
EDUCATION LEVEL | UNDERGRADUATE
COURSE CODE | 1259 | SEMESTER IE

COURSE TITLE | Plates & Shells - Special Issues in Finite Element Analysis

COURSE UNITS HOURS ECTS CREDITS
O€ TTEPITITWAN TTOU 01 OIOAKTIKEG ATTOVEUOVTAI OE OIAKPITA €PN TOU IAORUATOG TT.X.
AiaAééei, Epyaotnpiakég AOKRoeIS K.ATT. Av ol SI0QKTIKES ATTOVELIOVTAI EVIQia yia TO
oUvoAo Tou pabnuarog avaypawretigeBdouadiaicg hours didackaAiagkaitooUuvoAo
TwV OIOAKTIKWYV [ovadwv / ECTS

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

COURSE TYPE: Mandatory for the Structural Engineering and Geotechnical
I"evikou YroBd6pou, Eibikou YmoBabpou, Eidikomrag [Engineering routes

PREREQUISITE KNOWLEDGE: Structural Analysis of Statically Determinate Structures, Structural
IAnalysis of Statically Indeterminate Structures, Matrix Structural
Analysis — 1d Finite Elements, Dynamics of the Rigid Body

COURSE AND EXAMS LANGUAGE: | Greek

COURSE OFFERED TO | Yes
ERASMUS STUDENTS:

COURSE WEBSITE (URL): | https://helios.ntua.gr/course/view.php?id=1641

2. LEARNING OBJECTIVES

Learning Objectives
lMepiypaeovral Ta pabnaoiakd ammoreAéouara Tou HabnuaTrog ol GUYKEKPILEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
karaAAfAou emiédou mou Ba aTTOKTHTOUV O YOITNTEG UETG TNV ETTITUXT 0AOKApwan Tou pabnuarog.
SupBouAeureite 1o MNapdprnua A
o [lepiypaer) Tou Emimédou Twv Mabnaiakwy AToteAeaudTwy yia KAOe éva KUkAo amoudwv aUuewva e lNAaioio Mpoodviwy rou
Eupwrmraikou Xwpou Avwrartng Ekmraideuong
o [lepiypagikoi Acikteg Emrirédwv 6, 7 & 8 rou Eupwriraikou MAaiciou Mpoaoviwy Aid Biou Maénang kai MNapdptnua B
o [lepiAnmrikog Odnyos ouyypaerns Mabnoiakwy AmoteAsoudrwyv

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

1. Understand the fundamental properties that govern the response of plate and shell structurs from
an analytical and a numerical standpoint.

2. Apply appropriate numerical simulation methodologies and

3. Develop rational simulation strategies




General abilities

AauBavovTagumrown Tic YEVIKES IKAVOTNTES TTOU TTPETTEI VA EXEI ATTOKTHOEI O TITUXI0UXOG (OTTWS QUTEC avaypd@ovTal GTO
lNapéprnua AimAwparog kai mapariBevral akoAoUBwg) o€ moia / TToIEG AT QUTES ATTOOKOTIEI TO UGonuas;.

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

TANPOQOPIWY, HE TN XPACON Kal TwV Qmapaitniwyv ZeBaouog arn d1apopeTIKOTNTA Kal aTNV TTOAUTTOAITIOUIKOTNTA 2€RA0UOS
TEXVOAOYIWV 070 QUOIKO TTEPIBAAAOV

lNpooapuoyn o€ véeg karaaTtaaeis Anwn Emideiénkoivwvikng, emayyeAuarnikngkainOikng umeubuvorniag kai
amopdoewv euaiobnoiag og Béuara puAou

Aurévoun epyacia Ouadikn A0oKNon KPITIKAS Kal QUTOKPITIKAG

epyaacia lNpoaywyn g eAeUBEPNS, ONUIOUPYIKAS KAl ETAYWYIKAS OKEWNS

Epyaaoia o€ diebvég mepiBariov
Epyacia g€ diemoTnuoviké mepiBdAiov
lMapaywyn véwv EpEUVNTIKWV IOEWV

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

Development of new research concepts

Individual working

Developing critical thinking and reflective thinking

3. COURSE DESCRIPTION

i. Elements of theory of elasticity. Stress, displacements and strains. Constitutive equations,
equations of equilibrium, compatibility equations of strains.

ii. Thin plates with small deflections. Basic Kirchhoff theory assumptions. Bending surface
and its geometrical properties.

ii. Stress resultants. Differential equation of the plate and boundary support conditions for
straight and curvilinear boundaries.

iv. Rectangular plates. Analytical and approximate methods for solving thin plates with small
deflections.

v. Plate equation and stress resultants in polar coordinates. Circular and annular plates
under axisymmetric and arbitrary loading.

vi. Shear effect on plate behavior.

vii. Principles of discretization. Different finite element (FE) types and fields of their
application. Discretization and numerical errors.

viii. Introduction to the theory of shells. Membrane and bending behavior. Analytical and
numerical treatment by FEs of cylindrical and axisymmetric shells under axisymmetric
loading.

iX. Rectangular isoparametric Reissner-Mindlin shell elements. Shear locking. Selective and
reduced integration. Triangular plate element with selective application of the Reissner-
Mindlin theory.

X. Isogeometric Analysis, IGA Kirchoff-Love elements.

xi. Modelling of a real surface structure using a FE program. (e. g. modelling of a bridge,
cylindrical shell roof, etc.)

xii. A priori error estimate. H and p refinement. Hierarchical FEs.

xiii. Mixed formulations

4. TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS: | 1. Face to face contact

lMpdowmouempoowmo, E€ | 2, Asyschronous teaching via material that is curated on the
ATTOOTACEWS EKTTAIOEUAN K.ATT. course website

Epyaatnpiakry Ekmaideuan, atnv Emkoivwvia

TEACHING MEDIA: [The lecture material is handwritten in the lecture room on
XprionT.[1.E.omAidackaAia,omv |a tablet and projected on the monitor. The handwritten
. |[notes are then uploaded on the course webpage.

IE TOUS QPOITNTEG
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

1. Lecture notes
2. Code snippets

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

O10aoKkalia, EKTaIOEUTIKEG ETTIOKEWEIS, EKmTovnon
ueAétng (project), Zuyypaen epyaciag / pyaciwy,
KaAAirexvikn énuioupyia, K.ATT.

Avaypd@ovral ol WPES LUEAETNS TOU QoITNTH YIa KAOE
uabnaoiakh 6pacTnpIdTNTa KaBws Kal O WPES un
KaBodnyoupevng UEAETNS WOTE O OUVOAIKOS POPTOS
epyaaiag o€ emimedo €€aunvou va avrioToIxEl oTa
standards rou ECTS

COURSE ARRANGEMENT: ACTIVITY IMPORTANCE
lNepiypapovrar avaAurika o 1pO1Tog
Kal péBodol didaokaliag.
AiaAééeis, Sepvapia, Epyaotnpiak Aoknon, Aoknon | Lectures
Mediou, MeAérn &  avaAuon  BiBAoypagias, | 13 \weeks * 4 hours 52 hours
®povriaripio, [lpakrik (Tomobérnan), KAviki
Aoknon, KaMirexviké  Epyaoripio, Aiadpaoriki | Self-study

13 weeks * 3 hours

39 hours
Projects
1 ject * 30 h
projec ours 30 hoursc
Programming sessions
2 sessions * 2 hours 4 hoursg
OVERALL: 125

STUDENT ASSESSMENT:
lepiypaen tng diadikaciag aéloAdynong

MNwooa  AloAdynong,  MéBodor  aioAdynong,
Aiquoppwriky i Zuutepacuariki,  Aokipaoia
MoAamAng  EmAoyng, Epwrhoeic  2ovroung
Amavrnong, Epwrroeis Avarmrruéng Aokipiwv, EmmiAuon
lMpoBAnudarwyv, [pamrm) Epyaocia, ‘Ek6eon /
Avagopd, lMpogopikn Eééraon, Anuéoia
lNMapouaiaon,  Epyaotnpiaky  Epyacia,  KAvikn
Eééraon AoBevoug, KaAAitexvikni Epunveia, AAAn /
AMeg

Avagépovral pnrd mpoadIopIouéva KpITHpIa
aéioAéynang kai eav kai ou ivar mpooBdoiua amrod
TOUG QOITNTES.

Student assessment is performed on the basis of
1. A final written exam weighting 70% on the final grade
2. A term 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

-Mpoteivéuevn BiBAoypaepia :

rPON=

2005.

-Zuvaeprn €MICTNUOVIKA TEPIOOIKA:

Computational Mechanics, Springer

Oewpia NAakwy, E. Zamouvtldakng, Ekdooeig E.M.M., 2005.

The Boundary Element Method For Plate Analysis, J. Katsikadelis, academic press, elsevier, 2014.
AvdAuon ®opéwv Me Tn MéBodo Twv MNemepacpévwy Ztowxeiwy, M. Mamadpakakng, 1996.
M£Bodo¢ Nemepacpévwy Xtoixeiwy |, . ToapacgUpog, E. OsotdkoyAou, EKGoEIg ZuppeTpia,

5. Memepacpéva Xtowxeia Xtnv AvaAuon Kataokeuwy, X. MpoBatidng, EkGooelg T{o0Aa, 2016.
6. Xtatikn twv Aopikwy Popéwv, Topog B, A. Ztaupiong, Ekdoocelg KAsidapiBpog, 2008.

Computer Methods in Applied Mechanics and Engineering, Elsevier




