COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | CIVIL ENGINEERING

DEPARTMENT
EDUCATION LEVEL | UNDERGRADUATE
COURSE CODE | 1064 | SEMESTER IE

COURSE TITLE | NONLINEAR BEHAVIOR OF STEEL STRUCTURES

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
gUvoAo Tou pabnuarog avaypayrerigeBoouadiaicgwpes d1daoKkaAiagkaiToauvoAo
TwV OIOAKTIKWYV [ovadwv / ECTS

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

COURSE TYPE: | ELECTIVE

[evikoU YmmoBdBpou, Eidikou YréBabpou, EidikétnTag

PREREQUISITE KNOWLEDGE:

COURSE AND EXAMS LANGUAGE: | GREEK

COURSE OFFERED TO | No, because attendance is impossible without knowledge of the
ERASMUS STUDENTS: | Greek language.

COURSE WEBSITE (URL): | https://helios.ntua.gr/course/view.php?id=1554

2. LEARNING OBJECTIVES

Learning Objectives

lMepiypaeovral Ta pabnaoiakd ammoreAéouara Tou Pabnuarog ol GUYKEKPILEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KaraAAnAou emmiTédou Tou Ba aTTOKTHOOUV 01 QOITNTEG UETA TNV ETTITUXT OAOKANPWON ToU Labnuarog.
SupPBouAcureite o lMNMapdptnua A
o [lepiypagn tou Emimédou Twv Mabnaiakwy AmoteAeaudrwy yia Kabe éva kUkAo armoudwv auuewva e MAaioio Mpoadviwy rou
Eupwrraikou Xwpou Avwrartng EKraideuong
o [lepiypagikoi Acikteg Emmirédwv 6, 7 & 8 rou Eupwriraikou MAaiciou lMpoadviwv Aid Biou Maénang kai lNapdprnua B
o [lepiAnmTikog Odnyos ouyypaerns Mabnoiakwy AmoteAsoudrwyv

After successfully attending the course, students:
- Will have acquired appropriate knowledge so that:

o0 They understand the concept of non-linear behavior and the sub-cases of geometry and material
nonlinearity.

o0 They understand the importance of initial imperfections.
o0 They recognize cases where non-linear behavior is important and must be considered in design.

0 They understand the theoretical background of the design regulations for steel structures where non-
linearity is taken into account to determine the design strength.

- They will have acquired appropriate skills so that:
0 They can select initial imperfections for nonlinear analyzes with appropriate shape and size.
0 They can perform nonlinear analyses with initial imperfections using the finite element method.
0 They can evaluate the results of such analyses.

- They will have acquired appropriate competences so that:

0 They can design steel structural elements with complex geometry and/or variable cross-section along
their length, as well as steel structures with non-conventional geometry, through non-linear finite
element analyses.




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 aT0 QPUOIKO 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
Epyaaia ot diemiotnuoviké mepifdAiov
lMapaywyn véwv EpEUVNTIKWV IOEWV

- Search, analysis and synthesis of data and information, using the necessary technologies
- Adaptation to new situations

- Decision making

- Autonomous work

- Teamwork

- Work in an international environment

- Work in an interdisciplinary environment

- Generating new research ideas

- Project planning and management

- Respect for the natural environment

- Demonstrating social, professional and ethical responsibility and sensitivity to gender issues
- Exercise criticism and self-criticism

- Promotion of free, creative and inductive thinking

3. COURSE DESCRIPTION

Introduction

Objectives and organization of the course, prerequisites of linear behavior, basic concepts of nonlinear
behavior, types of nonlinear behavior, material nonlinearity, geometric nonlinearity, interaction of
nonlinearities, influence of imperfections, examples of nonlinear behavior (cylindrical shell in compression,
bar in compression, von Mises triangular truss, lattice triangular arch), recapitulation of forms of non-linear
behavior, importance of imperfections and types of analysis.

Material nonlinearity

Constitutive behavior of steel (real — idealized), complex stress-state, failure criteria, elastoplastic behavior
of cross-section under pure bending, the concept of plastic hinge, elastoplastic behavior of cross-section
under compression and bending, elastoplastic behavior of rectangular cross-section under shear and
bending, elastoplastic behavior of a simply-supported beam, fixed beam, continuous 2-span beam, hinged
frame, fixed frame.

Geometric nonlinearity — 1-DOF systems

Concept of geometry nonlinearity, linear and nonlinear buckling theory, equilibrium or Euler method,
energy method (equilibrium and stability criteria), dynamic method (phase diagram, constrained and
unconstrained motion, correlation of eigenfrequencies and stability, influence of initial conditions, influence
of damping ), examples of perfect and imperfect 1-DOF systems that fail through a symmetric stable,
symmetric unstable or asymmetric bifurcation point, or through a limit point, proposed methods of analysis
of such systems, influence of imperfections, correlation with real structures.

Geometric nonlinearity — Multi-DOF systems

Equilibrium or Euler method, energy method, dynamic method, linear and non-linear theory, buckling
modes, influence of the shape and size of initial imperfections, interaction of buckling modes, effect of
critical load ratio and initial imperfection ratio on the nonlinear response.




Numerical solution of nonlinear problems

Peculiarities of finite element method for nonlinear problems, techniques for solving the nonlinear system
of equations, numerical algorithms for solving nonlinear problems, application of step loads, Newton-
Raphson method, modified Newton-Raphson method, convergence criteria, analysis method selection
criteria, number of steps, number of iterations, convergence limits, load/displacement control, arc-length
methods, finite element software applications, von Mises truss, elastic and inelastic buckling of
compression bars, buckling of frames, cylindrical shell under transverse load, compression plate with and
without ribs, local buckling.

Design of steel structures through non-linear analyses

Design methodology of steel structures through non-linear numerical analyses, provisions of the new
Eurocode 3 edition for alternative design methods, choice of material law, choice of shape and size of
initial imperfections.

Applications from research

Nonlinear behavior of in-plane arches and their design methodology, local buckling of wind turbine towers
in the manhole area and strengthening design, interaction of global buckling, local buckling and yielding in
composite columns, wind turbine tower connections.

Applications from practice

Design of beams of variable cross-section at the Panathinaikos stadium in Votanikos, design of pylons and
main roof structures of Aristotle High School Hangar, underground oil pipeline Thessaloniki - Skopje at
intersections with active seismic faults, design of cladding and dome of Oval building.

4. TEACHING METHODS — STUDENT ASSESSMENT
~ TEACHING METHODS: | The course is delivered face-to-face, with a continuous flow of
lpdowropiempoowmo, E§amootdoews | theory and applications, using projected PowerPoint
EKTTAIOEUON K.ATT. . . iy
presentations as well as using a traditional chalkboard.
~_TEACHING MEDIA: | powerPoint presentations are used.
EpVwmp,fK%”‘gﬁ,{;’]@gg?f,‘;ﬁj‘?gﬁgjﬂ; All course material is posted on the course website. Included
veroucpoimréc | are PowerPoint presentations, course teaching notes, articles
from international literature and past exam papers.
Teachers communicate with students via e-mail sent to all
registered students via the course website.
Communication with individual students for guidance and
resolution of questions regarding the course or their individual
term projects is also done via e-mail.
ACTIVITY IMPORTANCE
COURSE ARRANGEMENT:
lMepiypdeovral avaAutiké o TpO1To¢ Kai E€6odol
o10aoKaAiag.
AiaAégers, Sepivapia, Epyaotnpiakn Aoknon, Aoknon | |ectures and applications 3x13=39

lediou, MeAén & avdAuon  BiBAioypagiag,
®povrioripio, [paktik  (Tomobérnan), KAvikn
Acgknon, KaMitexviké Epyaortipio, Aiadpadrikn
o10aokalia, EKTQIOEUTIKES ETTIOKEWEIS, EKTTOVnon
ueAémne (project), Suyypaen epyacias / epyaciwv, | Term-project in small groups 45
KaAAirexvikn énuioupyia, K.ATT.

Avaypdgovral ol WPeS LUEAETNS TOU QOITNTH Yid KABE

uabnaoiakn 6pactnpIdTNTa KaBWs Kal O WPES un
KaBodnyouuevng UEAETNS WOTE O OUVOAIKOS POPTOS
epyaoiag o€ emimedo e€aunvou va avrioToIXEl oTa
standards rou ECTS Home study 41

OVERALL: 125




STUDENT ASSESSMENT: | The evaluation language is Greek.

I j TS SIadIKaai A6 S : .
epiypagi mg oladikaoiag agioAynong The examination procedures include preparation of a term

MAwooa  AgioAdynong,  MéBodor  aioAdynone, | Project in small groups and a final examination.
Aiauopguwrikn 1 Supmepaoparikr,  Aokiwaoia | The sybject of the term project can be bibliographic,
PoManhng  Emdoyn¢, Epwrioeie  20viouns | om0 tational or design. After choosing their topic, the
Amavinong, Epwrroeig Avamtuéng Aokipiwy, EmiAuon P . g N oo 9 P ) .
MpoBAnuérwv, pammi  Epyacia, ExBeon /| Students are provided with initial bibliography and instructions
Avagopd,  lMpogopikny  E&éraon,  Anuéoia | from the lecturers, with whom they are then in collaboration to

Mapouvoiaon,  Epyaotnpiakr  Epyaoia, — KAivikii | golve questions that arise during the preparation. During the
Eééraon AobBevoug, KaMAirexvikn Epunveia, AAMn / q 9 brep ) 9

AMe last week of classes, each student delivers a technical report
< . :

(10 to 20 pages) and makes a 15-minute oral presentation to
Avagépovral pnTa TpoodiopIouéva KpITrpia the class using PowerPoint.

aéloAbynong kai eav kai ou givar mpooBaaiua arrod

rouc QOITTEC. The final exam includes qualitative questions of a synthetic

nature.

The final grade of the course, with a maximum of 10, results
from the final exam (with a weight of 50%) and from the term
project (with a weight of 50%).

These criteria are listed on the course website.

5.

TEXTBOOKS — BIBLIOGRAPHY

- Suggested Bibliography:

G.J. Gantes, "Nonlinear Behavior of Structures - Emphasis on Steel Structures”, Greek Academic
Electronic Books and Aids, 2016.

A.N. Kounadis, Introduction to the Non-Linear Theory of Elastic Stability.

A.N. Kounadis, Linear Theory of Elastic Stability.

- Related scientific journals:

Journal of Constructional Steel Research, International Journal of Steel Structures, International Journal of
Non-Linear Mechanics, Engineering Structures, Structures, Thin-Walled Structures, A.S.C.E. Journal of
Structural Engineering, A.S.C.E. Journal of Engineering Mechanics, Structural Engineering and Mechanics,
Structure and Infrastructure Engineering, Structural Engineering International, International Journal of
Space Structures, Journal of the International Association for Shell and Spatial Structures, Computers &
Structures.




