COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | CIVIL ENGINEERING

DEPARTMENT
EDUCATION LEVEL | Undergraduate
COURSE CODE | 1139 | SEMESTER | 8

COURSE TITLE | STEEL STRUCTURES Il

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

Lectures and Exercises 3 4

lMpoobéoTe aeipég av xpeiaarei. H opyavwon didaokaliag Kai o1
OI0QKTIKES [1E60O0I TTOU XPNTILOTTOIOUVTAI TTEQIYPAPOVTAI AVAAUTIKA OTO 4.

COURSE TYPE: | ELECTIVE

[evikoU YmmoaBpou, 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=1586

2. LEARNING OBJECTIVES

Learning Objectives
lNeprypapovrail Ta pabnoiakd amoreAéouara Tou Habnuarog ol CUYKEKPILEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KaraAAnAou emirédou mou Ba aTTOKTHOOUV 01 QOITNTES UETA TNV ETTITUXT OAOKANPWON ToU Labnuarog.
SupuPBouAcureite o lMNMapdptnua A
o [lepiypagpn rou Emmédou rwv Mabnoiakwv ArroteAsoudrwy yia kGOe éva kUkAo amoudwy alupwva e lAaioio Mpoodviwy Tou
Eupwrraikot Xwpou Avwrarng Ekmaidsuong
o [lepiypagikoi Acikteg Emmirédwv 6, 7 & 8 rou Eupwriraikou MAaiciou lMpoooviwv Aid Biou Maénang kai lMNapdprnua B
o [lepiAnmrTikdg Odnyog ouyypapns Mabnoiakwv AtmoteAeoudrwy

With the successful completion of the course the students:
- Will have acquired appropriate knowledge to:

o Evaluate the analysis methods proposed by the EC3 and EC9 for the structural design of steel and
aluminium structures.

o0 Understand the theoretical background of strength verification checks for structures made of
stainless steel and aluminium.

o0 Evaluate the mechanical behaviour of steel joints.

o ldentify solutions from scientific literature regarding the calculation of member resistances against
buckling when applying the equivalent member method for various structural arrangements.

o Evaluate the mechanical behaviour of built-up members.
- Will have acquired appropriate skills to:
o0 Select and apply the appropriate analysis method for a structure according to EC 3 and 9.
o Perform analyses with second-order effects for the economical and safe design of metal structures.

o Execute strength verification checks for members and cross-sections made of alternative metal
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materials such as stainless steel and structural aluminium, taking into account their special
mechanical behaviour.

o Properly design joints to ensure adequate seismic behaviour and the desired mechanical behaviour
regarding moment bearing behaviour (moment-resisting connections, pinned connections, etc.).

o Calculate critical buckling loads for the elements of the structural system depending on support
conditions and the influence of adjacent structural elements, as well as the specifics of the system's
geometry.

o0 Utilize modern software for the design of metal structures, applying their new knowledge.
- They will have acquired appropriate abilities to:

0 Design metal constructions and built-up members, from steel or non-conventional materials, through
nonlinear finite element analyses, analytical relationships, and combinations thereof."




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

- 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

Alternative design methods

Introduction, selection of the appropriate analysis method according to the new generation of EC 3,
material and geometric non-linearities, stability loss, global frame imperfections and local member
imperfections, simulation of imperfections of steel structures, classification of cross-sections into buckling
categories, practical examples.

Calculation of critical buckling loads

Introduction — Flexural buckling, isolated members and frames with negligible lateral displacement,
continuous members with constant flexural stiffness, intersecting members, isolated members and frames
with lateral displacement, bridge members and networks, elastically supported compressed members -
Torsional and torsional- flexural buckling, members of open cross-sections with point, single or double
symmetry, members of open single-symmetric cross-sections, members of nonsymmetric cross-sections,
members with continuous lateral support and beams on elastic ground - Lateral torsional buckling, beams
with doubly symmetric cross-sections, beams with single-symmetric cross-sections - boundary conditions,
spring stiffness and continuous elastic supports, scissor support conditions, | cross-sections with discrete
intermediate torsional supports, lateral supports against lateral torsional buckling, beddings and
continuous elastic supports.

Special Issues in the design of steel joints

EC 3-1-8 Node Design, bolt resistances, equivalent stab method T - Design of moment-resisting
connections, design resistance of beam-to-column or beam-to-beam connections, welds, calculation of
joint torsional stiffness, rotational capacity of joint, design resistances - Design of nominally pinned
connections, ductility and rotational capacity, base plate design, seismic design of steel building
connections, design resistances node, detachment — Column base design, column base with anchors,
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column base with bolts - EC 8-1-2, Annex E, seismic design of steel building connections, composite
joints, plastic hinge positions, design resistances, general requirements for seismic pre-approved nodes,
column panel design, weld, joints with stiffeners at the flanges, connections of stiffeners.

Complex built-up members

Definition of built-up members, examples of built-up members in structures, basic characteristics and
application examples, shear deformations, global and local response, analysis of mechanical behaviour,
equivalent shear deformation according to EC3, analysis and verifications according to EC3, construction
arrangements, examples according to EC3.

Structures of alternative materials - Part 1: Stainless steel

Stainless steel, introduction, chemical composition, mechanical behaviour, member production methods,
alloy selection, stainless steel corrosion - EN 1993-1-4 general requirements, mechanical properties,
connections - alloys, construction analysis, section classification, ULS — cross-section verifications, ULS -
member verifications, SLS, connections - arrangements, Annex A - material selection and durability,
Annex B - continuous strength method, numerical example.

Structures of alternative materials - Part 2: Structural aluminium

Introduction, extraction, production, basic properties, alloys, manufacturing methods, welding, structure of
EN 1999, application examples, EN 1999-1-1: general structural rules, section classification, section
adequacy checks, comparison of section checks with steel, member stability checks, connections,
appendices A, B, C, D, F, summary of other provisions EN 1999-1-1, numerical examples.

4. TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS: | The course is delivered face-to-face, with a continuous flow of
lpéowmopempéowo, ESamootdoews | theory and applications, using projected PowerPoint slides as
EKTTAIOEUON K.ATT. . .
well as using a traditional chalkboard.

TEACHING MEDIA: | Students simulate the structure using a Finite Element Analysis

XononT.I1.E.amnAidaokaNia,omV | nrogram of their choice, wherever deemed necessary.
Epyaornpiakny Ekmaideuon, atnv Emkoivwvia

LIE TOUG QPOITNTES
Excel or MATLAB can be applied, if desired, for solving

analytical equations during member and cross-section
verification checks.

The 3D software Tekla is used for the construction design.

Course support and communication with students take place
through the electronic platform https://helios.ntua.gr/

ACTIVITY IMPORTANCE
COURSE ARRANGEMENT:

lepiypdpovral avaAuTiké o Tpo1Tog Kai uéBodol
d10aokaliag.

AiaAé€ers, Seuivapia, Epyaatnpiakn Aoknon, Aoknon | Lectures and applications 39

lediou, MeAétn & avdaiuon  BiBAioypagiag, - -
®povriaripio, [lpaktiky (Tomobérnan), KAviki Term-project in small groups 40

Acgknon, KaMireyviké Epyaaripio, Aiadpaortikii | Home study 41

O16aokalia, EKTaIOEUTIKES ETTIOKEWEIS, EKmTévnon
LeAETNG (project), Zuyypagn epyaciag / pyaciwy,
KaAAitexvikn dnuioupyid, K.ATT. OVERALL: 120

Avaypdgovrai o1 WPES HEAETNS TOU QoITNTH yia KGO
pabnoiakn opacTnpIdTNTa KabwG Kal oI WPES [N
KaBodnyouuevng UEAETNS WOTE O OUVOAIKOS POPTOS
epyaciag o€ emimedo e€aunvou va avrioToiXEl aTa
standards rou ECTS




I. Semester Project (50%) executed by teams of 2

STUDENT ASSESSMENT: to 3 students, comprising:

lMepiypaen tng diadikaciag aéloAdynong

MNwooa  AloAdynong,  MéBodor  aioAdynong,
Alquoppwriky i Zuutepacuariki,  Aokipaoia
MoAAamAng  EmiAoyng, Epwrioeig  2uvroung
Amavrnong, Epwrroeis Avarmrruéng Aokipiwv, EmmiAuon
lMpoBAnudarwyv, [pamr) Epyaocia, ‘Ek6eon /
Avagopd, TMpogopikn E&éraon, Anuooia
lNMapouaiaon,  Epyaotnpiaky  Epyacia,  KAivikn
Eééraon AoBevoug, KaAAitexvikny Epunveia, AAAn /
AMec

Avagépovral pnrd mpoadIopIouéva KpITHPIa
aéioAéynang kai eav kai ou givar mpooBdoiua armrod
TOUG QOITNTES.

Simulation of a steel or aluminium structure
using FEA software, selection of an
appropriate analysis method according to
EC3 or EC9 (M0-M5 or EM), simulation of
imperfections and second-order effects,
execution of member and cross-section
verification checks required by the proposed
analysis method, as well as application of a
further, inferior, analysis method for

obtaining comparative results, geometric
configuration of connections.

- Design of the construction in a 3D design
software, the use of which is taught within
the course.

[l.  Written Final Exam (50%) which includes:

- Questions based on the theory of the course
requiring critical engineering thinking.

- Solving numerical exercises related to the
lecture contents.

5.

TEXTBOOKS - BIBLIOGRAPHY

Suggested Bibliography:

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

I. Vayas, J. Ermopoulos and G. loannidis. “Design of Steel Structures to Eurocodes”, 2018.

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.




