COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | CIVIL ENGINEERING

DEPARTMENT
EDUCATION LEVEL | UNDERGRADUATE
COURSE CODE | 1141 | SEMESTER | 7

COURSE TITLE | DYNAMICS OF 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
oUvoAo Tou pabnuarog avaypawretigeBdouadiaicghours 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=1588

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

Understand the fundamental properties that govern the response of dynamic systems.
Appreciate the influence of dynamic excitation on the response of dynamic systems
Study the dynamic response of single and multi degree of freedom systems

Develop the equations of motion that govern the dynamic response of structures
Solve the equations of motion with analytical and/or numerical methods

Critically assess the results of dynamic analysis procedures
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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, analyzing and synthesing facts and data using pertinent technologies and methods
Promoting free, creative and inductive thinking

Individual working

Developing critical thinking and reflective thinking

COURSE DESCRIPTION

Vi.

Vii.

viii.

Introduction. Differences in static, dynamic behavior of structures. Dynamic loads. Dynamic
equilibrium. Degrees of freedom of a structure. Dynamic model and equation of motion. Formulation of]
equation of motion of one-degree of freedom with the method of direct equilibrium and with the
principle of virtual work.

Systems with one degree of freedom of motion. Free undamped and damped vibrations of single-
degree-of-freedom systems. Forced vibrations of single-degree-of-freedom systems. Study of forced
undamped and damped vibrations of single-degree-of-freedom systems subjected to harmonic and
periodic forces. Resonance. Forced undamped and damped vibrations for any external load. Duhamel
integral. Calculation of the Duhamel integral. Applications of the Duhamel integral. Response to step
and harmonic loads. Study of forced vibrations of single-degree-of-freedom systems subject to ground
motion. Response spectra. Influence of gravity on forced vibrations of single-degree-of-freedom
system.

Numerical calculation of dynamic response. Central Difference Method. Acceleration Method
(Newmark). Numerical calculation of the Duhamel integral. Demonstration of the dynamic behavior of
a single-degree-of-freedom system on PC.

Generalized single-degree-of-freedom systems. Shape functions. Calculation of elastic, kinetic
energy, virtual work of non-conservative forces.

Systems with many degrees of freedom of motion. Elastic, inertial and damping forces of a structure.
Formulation of stiffness matrix element with constant cross section. Formulation of stiffness matrix of a
structure. Formulation of mass matrix of multi-degree-of-freedom systems with lumped and distributed
mass. Geometric stiffness matrix structure. Formulation of stiffness matrix element with variable cross
section. Static condensation of degrees-of-freedom.

Dynamic analysis of multi-story buildings. Eccentricity matrix. Transformation matrix. Stiffness matrix
of a building. Mass matrix of a building.

Free vibration of multi-degree-of-freedom systems. Frequency equation of multi-degree-of-freedom
systems. Eigenvalues, mode shapes, natural mode shapes of vibration of multi-degree-of-freedom
systems. Orthogonality conditions of modes shapes. Properties of the eigenfrequencies and modes
shapes of free undamped of multi-degree-of-freedom systems. Forced vibrations of undamped of
multi-degree-of-freedom systems. Generalized mass, stiffness, external force of multi-degree-of-
freedom systems. Damped of multi-degree-of-freedom systems. Uncoupled damped equations of
motion. Evaluation of damping matrix of multi-degree-of-freedom systems. Dynamic response of
damped multi-degree-of-freedom systems.

Participation of the modes shapes in the mode superposition method. Modal contribution. Modal
contribution factor. Truncation error of higher modes. Base shear, Overturn moment of multi-degree-
of-freedom building.

4.

TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS: | 1. Face to face contact

lMpéowmopempoowmo, E¢ | 2. Asyschronous teaching via material that is curated on the
aTTOOTACEWS EKTTAIOEUTN K.ATT. course website
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TEACHING MEDIA:
XpnonT.I1.E.otmAidaokadia, otnv
Epyaotnpiaky Ekmaideuan, atnv Emkoivwvia

The lecture material is handwritten in the lecture room on
a tablet and projected on the monitor. The handwritten
notes are then uploaded on the course webpage.

ME roug(potmrég
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. Worked examples
3. Code snippets
4. Self-assessment quizzes
5. Passed exam questions.
All communication with the students is performed via the
course website where any relevant announcements are
also provided.
COURSE ARRANGEMENT: ACTIVITY IMPORTANCE
lMeprypdapovral avaAuTIKa o TPOTTOS
Kar péBodor didackaliag.
AiaAégeis, Sepivapia, Epyaotnpiakn Aoknon, Aoknon | Lectures 52 hours
lediou, MeAérn & avdAuon  BiBAioypagiag, 13 weeks * 4 hours
®povrioripio, [paktiky  (Tomobérnan), KAvikn
Acknon, Kaireviko  Epyactripio, Aiadpaorki | Self-study 39 hours

o16aoKkalia, EKTaIOEUTIKEG ETTIOKEWEIS, EKmévnon
LeAETNG (project), Zuyypagn epyaciag / pyaciwy,
KaAAitexvikn dnuioupyid, K.ATT.

Avaypdgovrai o1 WPES HEAETNS TOU QoITNTH yia KGO
uabnoiakn 6pactnpEIdTNTa KaBWs Kal Ol WPES un
KaBodnyoupuevng HEAETNG WOTE O GUVOAIKOS POPTOS
epyaciag o€ emimedo e€aunvou va avrioToIXEl aTa
standards rou ECTS

13 weeks * 3 hours

Projects 30 hoursg
1 project * 30 hours

Programming sessions 4 hoursg
2 sessions * 2 hours
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OVERALL:

STUDENT ASSESSMENT:
lMepiypaen tng diadikaciag aéloAdynang

MNwooa  AéioAdynong,  MéBodor  aéloAdynong,
Alquopowrtiky  n Zuumepacuarikn,  Aokiuaoia
lMoAamAng  EmAoyng, Epwrnoeig  2ovrouns
Amavrnong, Epwrrioeis Avarmrruéng Aokipiwy, EmmiAuon
lMpoBAnudarwv, Tpamr) Epyacia, EkBeon /
Avagopd, TMpogopikn Eé&éraon, Anuéoia
lMapougiaon,  Epyacmpiakh  Epyacia,  KAivikn
Eééraon AoBevoug, KaAAirexvikny Epunveia, AAAn /
AMeg

Avagépovral pnta mpoodIopICLEVA KPITHPIA
aéloAbynang kai eav kai ou givar mpooBdoiua amréd
TOUG QOITNTEG.

Student assessment is performed on the basis of
1. Afinal written exam weighting 80% on the final grade
2. Aterm project weighting 20% 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

- Suggested Bibliography:

KatoikadéAng I. ©., Auvauikry AvaAuon Twv Kataokeuwv, Zuppetpia, 2020.

Chopra A. K., Auvapuiki Twv Kataokeuwy - Oswpia kal EQappoyég otn Zeiopikry Mnxavikr], €kd. Ikioupdag,
2007

KoAi6trouAog M. K. - MavwAng I'. A., Auvapiki Twv Kataokeuwv pe EQapuoyég otnv AVTIOEIOUIKN
Mnxavikr, €kd. Ikioupdag, 2005

-Relevant scientific journals:
Journal of Engineering Mechanics, ASCE
Journal of Structural Engineering, ASCE
Journal of Earthquake Engineering and Structural Dynamics, Wiley




