COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | CIVIL ENGINEERING

DEPARTMENT
EDUCATION LEVEL | UNDERGRADUATE
COURSE CODE | 1075 | SEMESTER | 6

COURSE TITLE | 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: | MANDATORY CORE COURSE

[evikoU YmmoBdBpou, Eidikou YréBabpou, EidikétnTag

PREREQUISITE KNOWLEDGE:

COURSE AND EXAMS LANGUAGE: | GREEK

COURSE OFFERED TO| Yes, but attendance is difficult without at least some knowledge

ERASMUS STUDENTS: | of the Greek language. The course is taught in Greek and the
material on the course website is in Greek. Relevant English-
language literature is recommended for Erasmus students.
Examinations for Erasmus students are conducted in English, if
requested.

COURSE WEBSITE (URL): | https://helios.ntua.gr/course/view.php?id=1561

2. LEARNING OBJECTIVES

Learning Objectives

lMepiypdeovral Ta uabnaoiakd ammoreAéouara Tou HabnuaTog ol GUYKEKPIUEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KaraAAnAou emirédou mou Ba aTTOKTHOOUV OI QOITNTEG UETA TNV ETTITUXT OAOKAPWON Tou pabnuarog.
SupBouAcureite o lMNMapdaptnua A
o [lepiypagn Tou Emimédou Twv Mabnaoiakwy AmoteAeaudrwy yia kG6e éva kUkAo atmoudwv oUuewva e lNAaioio Mpoodviwy rou
Eupwrraikou Xwpou Avwrartng Ekmraideuong
o [lepiypagikoi Acikteg Emmimédwy 6, 7 & 8 rou Eupwrraikou lMAaigiou lNMpoodviwy Aig Biou Mabnaong kai lMapdptnua B
o [lepiAnmTik6g Odnyos auyypaens Mabnoiakwy AmroteAsoudTwv

After successfully attending the course, students:
- Will have acquired appropriate knowledge so that they:
o0 Describe the advantages and disadvantages of steel as a construction material.
0 Recognize cases in which the choice of steel as a structural material is appropriate.

o Combine basic principles of mechanics and statics from previous courses with knowledge of the
Eurocodes for the design of steel structures that they will acquire in this course, in order to determine
the actions and resistances of design of members and connections of steel structures.

- They will have acquired appropriate skills:
o To understand the behavior of members and connections of steel structures.

0 To apply the above for the verification and dimensioning of members and connections of steel
structures.

- They will have acquired appropriate competences so that they can:
0 Form the static system of simple metal structures.
o Evaluate the advantages and disadvantages of alternative solutions.

o Design simple steel structures.




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

- 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, work phases of a structural engineer in steel structures, types
of structural steel works, production methods of structural steel, hot rolling, standard cross-sections, cross-
section shapes, tables of standard cross-sections, cold rolling, thin-walled cross-sections, steel sheets,
built-up cross-sections, steel project implementation stages, manufacturing, construction, mechanical
properties of steel, steel grades, comparison of construction materials, advantages-disadvantages of steel,
the role of regulations, Eurocodes and EC3, failure and serviceability limit states, actions and resistances,
partial load factors and material factors, loads, combinations of loads.

Members in tension

Examples from practice, mechanical behavior, full section yield strength, reduced section fracture strength,
EC3 ultimate strength, ductility criterion, zigzag bolts, critical reduced section, eccentrically connected
members. Application examples.

Simple bolted and welded connections

Examples from practice, types of connections in steel structures, advantages and disadvantages of
bolting/welding, selection of a suitable method of connection based on the criteria of the place of execution
and the possibilities of transportation and erection, geometry of bolts, bolt grades, distance limits,
mechanical behavior of simple shear bolts, bolt shear resistance, bearing resistance, single and multiple
shear planes, bolts in tension, bolts in shear and tension, EC3 provisions, long-length boltings, ductility
criterion, welding technology, types of welds (fillet welds — full/partial penetration butt welds), welding
errors, quality checks of welds, resistance calculation, EC3 provisions, long-length welds. Application
examples.

Members under axial compression

Examples from practice, mechanical behavior, possible failure mechanisms (yielding, flexural buckling,
local buckling), necessity to formulate equations in the deformed geometry, flexural buckling differential
equation, critical buckling loads, buckling modes, concept of lateral support, interaction of yielding and




buckling, influence of initial imperfections, buckling curves, resistance of compression member according
to EC3, buckling about strong and weak axis, local buckling, classification of cross sections of
compression members into categories, influence of boundary conditions, equivalent buckling length,
buckling of columns in frames. Application examples.

Laterally protected members under transverse loads

Practical examples, mechanical behavior, bending and shear, concepts of moment of inertia, elastic
moment of resistance and shear surface, advantageous cross-sectional shapes and proper orientation,
elastic verification, bending/shear interaction, von Mises equivalent stresses, serviceability checks,
elastoplastic behavior of a member under transverse loads, plastic verification, EC3 provisions, local
buckling of flexural members and EC3 classification of cross-sections. Application examples.

Torsion and warping

Examples from practice, shear center of cross-sections, ways of dealing with torsion, mechanical behavior
of a circular cross-section bar under torsion, torsional constant, behavior of closed sections, pure torsion or
St. Venant torsion, behavior of open sections, warping, stress due to warping, torsion/ warping differential
equation, EC3 provisions. Application examples.

Laterally unprotected members under transverse loads

Concept and mechanism of lateral buckling, behavior of closed and open sections, differential equation of
lateral buckling, elastic critical lateral buckling moment, influence of shape of bending moment diagram,
location of load application and boundary conditions, EC3 provisions, lateral constraints. Application
examples.

Cross-sections under combined actions

Examples from practice, types of stresses produced by each action effect, superposition of stresses and
elastic interaction, plastic interaction of axial force, shear forces and bending moments for various cross-
sectional shapes, interaction diagrams, EC3 provisions. Application examples.

Members under combined actions

Examples from practice, possible failure modes of members under axial compression and bending
moment (yielding, flexural buckling about strong/weak axis, local buckling, torsional-flexural buckling),
interaction of axial compression and bending moment, differential equation of equilibrium, elastic
interaction coefficient, EC3 provisions. Application examples.

Standard single-storey steel hangars

Examples from practice, geometry, main structural members (main frames, bracings, purlins, head-beams,
end columns) and their role, load-carrying mechanisms, common cross-sections and their orientation,
typical connections. Application examples.

4,

TEACHING METHODS — STUDENT ASSESSMENT

~ TEACHING METHODS: | The course is delivered face-to-face, with a continuous flow of
lNpdowmopempéowmo, E¢armootoews | theory and applications, using projected PowerPoint
EKTTQIOEUDN K.ATT. . . i
presentations as well as using a traditional chalkboard.

TEACHING MEDIA: | PowerPoint presentations are used.

XprionT.l.E.arnAidackalia, o L .
Epvaamp,mﬁ,n E',’maiawa,;no;nv ;,T,K;,vwr\% All course material is posted on the course website. Included
vetoucpoimréc | 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:

lNepiypdagpovral avaAuTika o Tpo1ToS Kai uéBodol
d10aokaliag.

AaAéeig, Seuivapia, Epyaatnpiakr Aoknan, Aoknon
lMediou, MeAétn & avdiuon  BiBAioypagiag,
®povriothpio, [paktikA  (Tomo8éman), Khwvikn | Lectures 3x13=39
Aoknon, KaMAirexviké Epyaotrpio, AiadpacTikn




O10aoKkalia, EKTaIOEUTIKEG ETTIOKEWEIS, EKmovnon
ueAéTng (project), Zuyypagn epyaciag / pyaciwy,
KaAA 7 0 ja, K.ATT. . .

GAAITEXVIKT) Offiotpyid, K.ATr Exercises and applications 2x13=26
Avaypdgovral ol WPES UEAETNS TOU QoITNTH YIa KABE
pabnoiakn opaoctnpIdTnTa Kabws Kal Ol WPES N

KaBodnyoupevng UEAETNS WOTE O OUVOAIKOS POPTOS

epyaoiag oc emitedo e€aunvou va avrioToixEl oTa Voluntary laboratory exercises 0
standards tou ECTS

Home study 85

OVERALL: 150

] STUDENT ASSESSMENT: | The evaluation language is Greek. Examinations for Erasmus
Iepiypagn g diadikaoiag agioAéynang students are conducted in English, if requested.

Mwooa  AgioAéynong,  MéBodor  aioAdynone, | The examination procedures include a preliminary examination
Aiapoppwriky 1 Zupmepaopark,  Aokiwacia | (around the 8th week of the course) and a final examination.

loMamAng ~ Emhoyric, — Epwrmoeic  Suviouns | Both the preliminary and final exams include problem-solving
Amavrnong, Epwrrioeis Avarrruéng Aokipiwy, EmmiAuon

MpoBAnuérwy, Tpamm Epyacia, Ex8eon / and short qualitative questions.

Avagopd,  Tpogopiki  Eé&éraon,  Anuéoia | The final grade of the course, with a maximum of 10, is
lMapougiaon,  Epyacmpiaky  Epyacia,  KAivikn calculated as follows:

Eééraon AoBevoug, KaAAirexvikni Epunveia, AAAn / " . Lo
AMec a) If the grade of the final exam is below 4.0, this is also the

overall grade
Avagépovral pnta mpoodIopICLEVA KPITHPIA . . .
atioAdynone Kai £6v Ka TTou Elver TpoaBdoa aTTd b) If the final exam grade is 4.0 or higher, then the total grade

TOUS QPOITNTEC. is the maximum of the following
i) 100% of the final exam grade

ii) 30% of the preliminary exam grade + 70% of the final
exam grade

These criteria are listed on the course website.

5. TEXTBOOKS - BIBLIOGRAPHY

- Suggested Bibliography:
I. Vagias, |. Ermopoulos, G. loannidis, "Design of structural steel works with application examples”, 2013.

I. Vagias, X. Gantes, |. Ermopoulos, G. loannidis, "Examples of application in special issues of metal
constructions", 2013.

- Related scientific journals:

Journal of Constructional Steel Research, International Journal of Steel Structures, 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, Soil Dynamics and Earthquake
Engineering, Earthquake Engineering and Structural Dynamics.




