COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | CIVIL ENGINEERING

DEPARTMENT
EDUCATION LEVEL | UNDERGRADUATE
COURSE CODE | 1142 | SEMESTER | 8

COURSE TITLE | NONLINEAR STRUCTURAL ANALYSIS

COURSE UNITS HOURS ECTS CREDITS

O€ TTEPITITWAN TTOU 01 OIOAKTIKEG ATTOVEUOVTAI OE OIQKPITA €PN TOU IABAUATOG TT. X.
AiaAééeig, Epyaotnpiakég AOKRoeIS K.ATT. Av ol SI0QKTIKEG ATTOVELIOVTQI EVIQia yia TO
oUvoAo Tou pabnuarog avaypawretigeBdouadiaicghours didackaAiagkaitooUuvoAo
TwV OIOAKTIKWYV [ovadwv / ECTS

4 5

COURSE TYPE: Mandatory for the Structural Engineering and Geotechnical
levikou YmroBdBpou, Eidikou YrréBabpou, Eidikétnrag Engineering routes

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

COURSE AND EXAMS LANGUAGE: | Greek

COURSE OFFERED TO | Yes
ERASMUS STUDENTS:

COURSE WEBSITE (URL): |https://helios.ntua.gr/course/view.php?id=1589

2. LEARNING OBJECTIVES

Learning Objectives

lMepiypaeovral Ta pabnaoiakd ammoreAéouara Tou HabnuaTog ol GUYKEKPILEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KataAAnAou emmiTédou Tou Ba aTTOKTHOOUV OI QOITNTEG META TNV ETTITUXT OAOKANPWON ToU Labnuarog.
SupBouAeureite 1o MNapdprnua A
o [lepiypaer) Tou Emimédou Twv Mabnaiakwy AToTeAeaudTwy yia KAOe éva KUkAo atmoudwv aUuewva e lNMAaioio Mpoodviwy rou
Eupwrraikou Xwpou Avwrartng Ekmraideuong
o [lepiypagikoi Acikteg Emrirédwv 6, 7 & 8 rou Eupwriraikou MAaiciou Mpoaoviwy Aid Biou Maénang kai MNapdptnua B
o [lepiAnmTik6g Odnyos auyypaens Mabnoiakwy AmmoteAsoudrwv

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

acknowledge and understand the basic principles of the plastic behavior of frame structures
appreciate the concept of collapse and the basic static behavior principles that govern it
define the collapse mechanisms of skeletal structures

evaluate the collapse load of skeletal structures either manually or via computational tools
understand the fundamental principles of nonlinear computational modelling

A




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

Resarching, analysingand 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. Advantages of plastic versus elastic structural analysis. Meaning of forces redeployment. Plasticity.
Link of the plastic consideration with Steel, Concrete and Earthquake Codes.

i. Plastic bending. Rectangular Cross section. Cross section of steel and concrete. Beam of random
cross section.

ii. Emppor Tou afovikoU gopTiou. Em@dveieg aAnAemtidpaaong. AmogopTion. Influence of axial loading.
Interaction Surfaces. Unloading.

iv.  Plastic bending with shear.

v. Plastic joint of zero length. Use of Structural Analysis | and Il for performing the step-by-step
elastoplastic analysis of determinate and over-determinate structural systems. Exploring the
developed displacements before collapse.

vi. Formulation of PVW in elastoplastic analysis. Statically accepted distribution of moments.
Kinematically acceptable mechanisms.

vii. Analogue loading. Proof and meaning of upper and lower limit theorems. Significance of lower limit in
design of structures. Linking with concrete and steel codes. Theorem of uniqueness. Properties of the
collapse load.

viii. Independent mechanisms. Method of mechanisms superposition. Applications in finding collapse load
in frame structures.

ix. Optimum plastic design. Graphical solution.

X.  Material nonlinear analysis. Development of method-computational steps. Elastoplastic stiffness
matrix (Plastic Flow Law). Semester Project. Introduction to simulation (concentrated, distributed
plasticity).

Xi. Basic concepts. Simple and generalized yielding criteria.

xii. Distributed plasticity. Introduction, difference with concentrated plasticity. Calculation of member
forces.

xiii. Numerical techniques in computational elastoplastic analysis. Calculation of the tangent stiffness
matrix. Newton-Raphson Method.

xiv. Model of shear cantilever with plastic behavior. Formulation and solution of motion equations.
Presentation of results and annotation for seismic loading.

4. TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS: | 1. Face to face contact

lMpdowmopempoowmo,EE | 2. Asyschronous teaching via material that is curated on the
aTTO0TA0EWS EKTTAIOEUTN K.ATT course website

TEACHING MEDIA: [The lecture material is handwritten in the lecture room on
XprionT.I1.E.omAidaokaMia,omv g tablet and projected on the monitor. The handwritten
Epyaornpiaxi) Exmaideuan, omv Emkovwvia |y nteg gre 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

pPob-~

Students solve the questions of semester project using
EXCEL, Matlab, Python or similar. Use of commercial
software (eg. Seismostruct http://goo.gl/UqUgmE) for
non-linear static analysis based on the consideration of
concentrated and distributed plasticity, comparison to
the results obtained from EXCEL.

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

COURSE ARRANGEMENT:
lepiypdapovral avaAuTtikd o Tp0TTo¢
kar péBodor didackaliag. ACTIVITY IMPORTANCE
AiaAégers, 2epvapia, Epyaonpiakn Aoknon, Aoknon | Lectures 52 hours
lediou, MeAérn & avdAuon  BiBAioypagiag, 13 weeks * 4 hours
®povriaripio, [lpakrik  (TomoBémnan), KAk
Aoknon, KaMirexviko Epyaorripio, Aadpaorikr | Self-study 39 hours
di6ackalia, Exkmaideunikés emokéwers, Exmévnon | 13 weeks * 3 hours
LEAETNG (project), Zuyypagn epyacias / epyaciwy,
KaAAirexvikn énuioupyia, K.ATT.
Avaypdgovrai o1 WPES HEAETNS TOU QoITNTH Yia KAOE
uabnaoiakn 6pactnpIdTNTa KaBWs Kal O WPES un
KaBodnyouuevng UEAETNG LWOTE O GUVOAIKOS POPTOG -
gpyaoiac og EMTESO £EQuUVOU va avTioToIXEl OTA Prole_CtS 35 hoursg
standards tou ECTS 1 project * 20 hours
3 problem sheets * 5 hours
126
OVERALL:

STUDENT ASSESSMENT:
Mepiypaen ¢ diadikaaiag aloAdynong

MNwooa  AéioAdynong,  MéBodor  aloAdynong,
Alquoppwrtiky Zuumepaoarikn,  Aokiuaoia
MoAamAng  EmAoyng, Epwrhoeic  2ovroung
Amavrinong, Epwrioeic Avamruéng Aokiuiwy, EtriAuon

lMpoBAnuarwv, Tpamri Epyacia, EkBeon /
Avagopd, lpogopikn Eééraon, Anuéoia
lMapouaiaon,  Epyaotnpiakny  Epyacia,  KAvikn

Eééraon AoBevoug, KaMAirexvikny Epunveia, AAAn /
AMeg

Avagépovral pnrd mpoadiopiouéva KpItripla
aéioAdynang kai eav kai mou givar mpooBdaaiua arro
TOUC QOITNTEG.

Student assessment is performed on the basis of
1.
2. A term project weighting 20% on the final grade

3. Problem sheets weighting 10% on the final grade

critical skills.

5.

TEXTBOOKS - BIBLIOGRAPHY

A final written exam weighting 70% 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




-Recommended :

1. EmiAuon kai Zxediaopuog Twv Mpappikwy Popéwv pe Tnv MEBodo Tng MAACTIKOTNTAG
Bapkapdkng K.l. Ekddoeig E.M.I1. 1988 ABrjva.

2. Znueiwaoelg Z1aTikAg V. MAaoTikr avdAuon paBdwTwy Qopéwv. ZUyxpoveg péBodol.
Matradpakdakng M. Ekdéoeig TodTpag 2013 Abrva.

-Relevant scientific journals:

Journal of Engineering Mechanics, ASCE
Journal of Structural Engineering, ASCE
International Journal of Plasticity, Elsevier
Computers and Structures, Elsevier




