COURSE DESCRIPTION

1. GENERAL INFORMATION

SCHOOL | CIVIL ENGINEERING

DEPARTMENT
EDUCATION LEVEL | UNDERGRADUATE
COURSE CODE | 1077 | SEMESTER | 6

COURSE TITLE | Matrix Structural Analysis — 1D Finite Elements

COURSE UNITS HOURS ECTS CREDITS
O€ TTEPITITWOI TTOU 01 OIOQKTIKEG ATTOVELOVTAl O€ OIAKPITA LIEPN TOU LaBiuarog
.x. AiaAééeig, Epyaotnpiakés AGKNOEISK.ATT. Av ol 010QKTIKEG aTTovépovTal
gviaia yia 1o oUvoAo Tou pabnuarog avaypawreTiceROouadIaies WPES
d10aokaAiagkaiToouvoAoTwy SIGAKTIKWY povadwv / ECTS

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

COURSE TYPE: Mandatory

[evikoU YmmoBdBpou, Eidikou YréBabpou, EidikétnTag

PREREQUISITE KNOWLEDGE: [Structural Analysis of Statically Determinate Structures, Structural
Analysis of Statically Indeterminate Structures, Strength of
Materials

COURSE AND EXAMS LANGUAGE: | Greek

COURSE OFFERED TO| Yes
ERASMUS STUDENTS:

COURSE WEBSITE (URL): | https://helios.ntua.gr/course/view.php?id=1563

2. LEARNING OBJECTIVES

Learning Objectives
lMepiypaeovral Ta pabnaoiakd ammoreAéouara Tou abnuaTrog ol GUYKEKPILEVES YVWOEIS, OEEIOTNTES KAl IKAVOTNTES
KataAAnAou emmiTédou mou 6a aTTOKTHOOUV OI QOITNTEG META TNV ETTITUXT OAOKANPWON ToU Labnuarog.
SupBouAeureite 1o MNapdprnua A
o [lepiypaer) Tou Emimédou Twv Mabnaiakwy AToteAeaudTwy yia KAOe éva KUkAo ammoudwv aUuewva e lNMAaioio Mpoadviwy rou
Eupwrraikou Xwpou Avwrartng Ekmraideuong
o [lepiypagikoi Acikteg Emrirédwv 6, 7 & 8 Tou Eupwriraikou MAaiciou Mpoaoviwy Aid Biou Maénang kai MNapdptnua B
o [lepiAnmrikog Odnyos ouyypaens Mabnoiakwy AmoteAsoudrwv

The course aims at providing students with the necessary skills and competences to perform numerical
analysis of skeletal structures. It further aims at enabling them to critically assess the results of numerical
simulation.

In successfully completing the course, students will be able to

1. develop displacement-based direct stiffness methods using matrix algebra,

2. appreciate the response of skeletal structures,

3. understand the methodological tools necessary for the development of numerical codes vis-a-vis the
analysis of skeletal structures assess the results of structural analysis and identify sources of error
during the simulation process.




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

Researching, analyzing and synthesizing 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

Vi.
Vil

Overview of matrix structural analysis and design. Primary structural members and their modeling — Matrix
structural analysis steps. Flexibility — stiffness methods. Computer programs and rational use. Basic steps of
programming the direct stiffness method. Degrees of freedom of plane and spatial structures.

Global and local systems of axes. Vectors of end-actions and end-translations of a plane truss element.
Transformation matrix. Calculation of local-global stiffness matrix of a plane truss element: analytical and
numerical (shape function, deformation matrix) methods. Vectors of nodal-forces and nodal-translations,
global stiffness matrix of a plane truss. Modification of global stiffness matrix due to support conditions —
Reordering matrix. Modification of global stiffness matrix of a plane truss due to inclined and elastic
supports. Plane truss subjected to member loading. Restrained — equivalent structure. Stress resultants of
plane truss members.

Vectors of end-actions and end-displacements of a plane frame element. Transformation matrix. Calculation
of local - global stiffness matrix of a plane frame element: analytical and numerical (shape functions,
deformation matrix) methods. Vectors of nodal-forces and nodal-displacements, global stiffness matrix of a
plane frame. Modification of global stiffness matrix due to support conditions — Reordering matrix.
Modification of global stiffness matrix of a plane frame due to inclined and elastic supports. Plane frame
subjected to member loading. Restrained — equivalent structure. Stress resultants of plane frame members.

Transformation matrix of a spatial truss element. Local - global stiffness matrices of a spatial truss element:
analytical and numerical methods. Steps of analysis of a spatial truss.

Transformation matrix of a spatial frame element. Basic transformation matrix. Transformation matrix with
special orientation. Transformation matrix for special auxiliary point. Formulation of transformation matrices
of elements of other type of skeletal structures. Local stiffness matrix of a spatial frame element.
Formulation, stiffness terms. Formulation of local stiffness matrices of members of all other types of skeletal
structures. Vectors of nodal-actions and nodal-displacement of a spatial frame.

Analysis of a grid structure. Solving a grid structure as a special case of a spatial framed structure.

Kinematic relations and equivalent actions between two points of a rigid body plane. Rigid joints in plane
framed structure. Kinematic relations and equivalent actions between two points of space rigid structure.
Rigid joints in space frame element.

Viii. Combined node method. Degrees of freedom of combined nodes. Assembly of total global stiffness matrix

with combined nodes. Computation of nodal actions of restrained and equivalent structures with combined
nodes. Elastic hinge. Internal releases— Method of modified stiffness matrices. Modified matrices and
internal releases. Restrained actions — Equivalent actions. Static condensation method. Physical
interpretation of static condensation. Qualitative examination of the stiffness coefficients of a hyper-
element. Stiffness matrix and restrained actions with elastic hinge

Stiffness matrix— Analytic evaluation and approximate computation. Restrained actions. Analytic evaluation
and approximate computation.




4.

TEACHING METHODS — STUDENT ASSESSMENT

TEACHING METHODS:
lNpéowrroue mpéowro, EE
ATTOOTACEWS EKTTAIOEUTT) K.ATT.

1. Face to face contact
2. Asyschronous teaching via material that is curated on the
course website.

TEACHING MEDIA:

Xprion T..E.atnAidackalia, atnv
Epyaatnpiakny 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.

LETOUS QOITNTES
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:
[Mepiypdpovial avaAuTKd o TpOTTo¢ ACTIVITY IMPORTANCE
Kar uéBodor didaokaliag.
AiaAégers, 2epvapia, Epyaonpiakn Aoknon, Aoknon | Lectures 52 hours
lMediou, MeAétn & avdiuon  BiBAioypagiag, 13 weeks * 4 hours
®povriaripio, [lpakrik (Tomobérnan), KAviki
Acgknon, KaMitexviké Epyaoripio, Aiadpadrikn Self'StUdy 39 hours
di6ackalia, Exkmaidsunikés emokéwers, Exmévnon | 13 weeks * 3 hours
ueAétng (project), Zuyypaen epyaciag / pyaciwy,
KaAAirexvikn énuioupyia, K.ATT.
Avaypdoovral o Wpes HEAETNS TOU QoITNTH Yia KGO
pabnoiakn opactnpiéTNTa Kabws Kai Ol WPES [N
KaBodnyouuevng UEAETNS WOTE O OUVOAIKOS POPTOS -
epyaciac ot emimedo efaunvou va avriotoyei ora | Projects 30 hoursg
standards tou ECTS 2 projects * 15 hours
Programming sessions 4 hoursg
2 sessions * 2 hours
125
OVERALL:

STUDENT ASSESSMENT:

Student assessment is performed on the basis of
1. A final written exam weighting 80% on the final grade
2. Two term projects 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

-Recommended :

1. Papadrakakis M. and Sapountzakis E.J. (2017) Matrix Methods for Advanced Structural Analysis,
Butterworth — Heinemann, Elsevier, ISBN 978-0-12-811708-8.

2. Namnadpakakng M. Tamouvtlakng E. (2015). Avaluon PaBdwtwv Qopéwv pe Mntpwikég MeBodoug —
MéBobog Apeong ZtiBapotntag, Tootpac.

3. Kwpodpoduog M. (2009). Avaiuon Kataokevwy, Namoacwtnpilou.

-Relevant scientific journals:
Journal of Engineering Mechanics, ASCE

Journal of Structural Engineering, ASCE
Journal of Earthquake Engineering and Structural Dynamics, Wiley




