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=PrL

Welcome!

= Who are the instructors?

= How is the learning process structured?

= What reading materials are recommended?
= \What does the curriculum include?

= How will my learning be assessed?

= Why is dynamic FEA important?

(Source: Sentek)



https://www.sentekdynamics.com/finite-element-analysis-animations

=PrL. ME-473 Teaching staff




=PrL

Tuesday 14h - 16h GCD 0386
Tuesday 16h - 17h GCD 0386
Thursday 11h - 12h ME A2 390

Moodle page: (Link)

An official platform for announcements and sharing materials, including lecture notes, exercises, practice problems,
and more.

Ed discussion forum: (Link)

A general student forum, where both lecturers
and fellow students can answer your questions.

EPFL

Problem set 1 - solutions

Linear elastodynamics
Strong and weak forms

MEA:
Stefan

namic finite element analysis of structures

2025

Slides Problem sets Problem solutions

Matlab drive (Link)

Read-only online MATLAB code repository.
Log in with your Switch-edu account



https://edstem.org/eu/courses/2008/discussion/166317
https://moodle.epfl.ch/course/view.php?id=14242#section-0
https://drive.mathworks.com/sharing/dacdc68a-7e63-4bd3-9619-d7681519ad43/

=PFL. Recommended books

Solid Mechanics and Its Applications

DYNAMIQUE
DES STRUCTURES

Analyse modale numérique Antonio ). M. Ferreira

S = Thomas Gmiir
MATLAB Codes Dynamique des structures (PPUR)

for Finite EPFL library: (07 534 GMU 2012)

Element
Analysis = Antonio Ferreira and Nicholas Fantuzzi

Soldsand Suctures MATLAB Codes for Finite Element Analysis
Second Edtion Available online (link)

Main references:

THOMAS GMUR

English All-time classics ME-372
A pl ied 0.C. ZIENKIEWICZ & R.L. TAYLOR Sotn E6ton METHODE

I-heo l Maria Augusta Neto - Ana Amaro M egha n ics L AUt Cosg inihg Dis ELEME“TS ""Is
N'l'e“t}‘eo%eme“t L s s ime Solids FINITE ELEMENT Finite Element Method P——
g;:::nsi?;::\;::lement Analysis E n g I nee n n g 1\/1 ET H O D o

Computation of ‘*&

Structures: The -

Finite Element
Thomas J. R. Hughes M eth od

Volume 1

THE BASIS

Allan F. Bower

) CRC Pres -
e FIFTH EDITION E

RESSES POLYTECHNIQUES ET UNIVERSITAIRES ROMANOES


https://link.springer.com/book/10.1007/978-3-030-47952-7

=PFL Syllabus

(Week [Module ~ [Lecture topic Problem set |Mini projects

1 Strong and weak forms
2 : Galerkin method 2
3 Ié:gzt%rd namics Finite element method 3 Groups formation
4 y Systematisation of the procedure 4 Project 1 statement
5 Solid elements and numerical integration
6 Trusses 6
7 _ Planar beams 7 Project 1 submission
8 Slzﬁzleanltztructural Frames and grids 8 Project 2 statement
9 Kirchoff plates 9
10 Riessen-Mindlin plates 10
1 _ Lancoz, subspace algorithms 11 Project 2 submission
12 Analysisoffree Gy oscopic and dissipative systems 12 Project 3 statement
13 a.nd f(?rced Newmark schemes 13
vibrations

14 Wilson schemes



=L Mini projects submission guidelines

Mini
project 3

>

Mini
project 2

2

Mini
project 1

>

= Objective: put course content into practice
= Groups: 3 to 4 students (register groups on Moodle)
= Group assessment:
= work divided equally among the group
= evaluation criteria on Moodle
= Deliverables:
= PDF report (explaining your analysis and detailing the code)
= Simulation file (MATLAB, ANSYS, Abaqus)

= Deadlines:
Project [Topic ___________[Statement _|Submission
1 Modal analysis of a solid September 30 October 31
2 Modal analysis of a structure November 4 November 28
3 Transient analysis December 2 January 9



=L Main learning objectives

1. Understand the fundamentals of dynamic FEA

Develop a strong theoretical foundation in the principles of dynamic analysis, including modal
analysis and frequency response.

2. Analyse the dynamic behaviour of structural components

Study the dynamic response of specific structures such as rods, trusses, beams, plates, and
shells under various loading and boundary conditions.

3. Develop proficiency in finite element formulation for dynamic problems

Learn to derive and implement finite element equations for time-dependent structural dynamics
problems, including damping and rotational effects.

4. Apply computational methods for solving dynamic systems

Utilise numerical techniques such as direct integration, modal superposition, and time-stepping
methods to solve complex dynamic problems.

5. Implement advanced applications in engineering design

Apply dynamic FEA to real-world engineering problems, such as vibration analysis and linear
dynamic response to dynamic loads, using commercial software.



=PFL. Assessment method

Final grade

Project 3
20% N

Oral exam
50%

Project 2
20%

«

Project 1
10%



=L The finite element analysis dichotomy '

Code developers Tool users

58 static public void verify() ot Nile Systems - echanicl ANSYS Mechania Enterore - o x
36 { Home  Resut  Display  Selection  Automation Quick Launch ~D O
37 cgiSolverBlazeClass solver = new cgiSolverBlazeClass(); @cometric - Quprevious &-Rotste -5¢ {-Rotste sx § panUp L PanDown M Rancom g 0. & g s Hsnowvertices | E oo
38 solver.createStructure(); flooes Quen coRotste -5y bRotste Sy mpan Left = PanRignt | S Rescale ::] 5 Close Vertices =
39 @views  angie| 10| Ortate -5z G otate 5z Qzoomin Qzoomout | Dveterences Show Ticksies e Dephy | PRSI  Eooe | Eptode] viewpors | shaw
40 StringBuilder sb = new StringBuilder(); o Arretaten e Ve Rl
a solver. getDefaultTestPath(ref sb); [EE cafelv & % £ QQ @@ st KMose- TEEREEBE P Hcibord- [Empry]| Sstend-
2 string sInputFileName = sb.ToString() + "\\tests\\newdodels\\Verify-Exanpled-Sparse.r3a" T
43 ¥ Tt bcomaten -t 12522112
n /1 the following should be called after createStructure() - Rete o
45 cgiSolverBlazeClass. ListMessageDelegate ListMsg = n J ceDelepate(Callback) Y ottt e 3 o
26 cgiSolverBlazeClass.StatusMessageDelegate StatusMsg = new A (StatusCallback); @ Tota Deformatin -Made 5 - 2793.1 iz
47 cgiSolverBlazeClass.SparseSolverProgressDelegate SparseMsg = new , (MlkProgress); T e e
48 solver. setListMessageFunction(ListMsg); 1 Tota Dot Mo s 314351
49 solver.setStat g ion(StatusMsg) ; szwm o
s solver. setsp atusFunction(Sparsetise); 2@ o oeomaton e 110055
51 8 Tota Defomatin - Mode 12 402391
52 solver. setModelType((int)cgiodelEnun. kModel_Frame2D); Y okt v 4 e
53 8 Totl beomaton -Hode 15457041
54 // LENGTH=ft;  DIMENSION=in; FORCE=kip; FORCE_LINE=kip/ft; MOMENT=kip-ft; FORCE_SURFACE=1b/ft"2; e e
55 // DISPLACEMENT_TRANS=in; DISPLACEMENT_ROTATE=rad; MODULUS=kip/in"2; WEIGHT_DENSITY=1b/ft"3; STRESS=1b/in"2 /@ Total Deformation - Mode 18 - 5300.9 Hz
56 // SPRING_TRANS_1D=1b/in; SPRING_ROTATE_1D=1b-in/rad; SPRING_TRANS_2D=kip/in"2; SPRING_TRANS_3D=kip/in"3 Y ottt v e
57 solver. setStandardEnglishUnits(); /8 Totl beomaton -Mode 215506354
58 e
59 /1 define materials 8 ot Deomaton -Hode 246015340
60 ListcgiMaterialCli> listMat = new List<cgiMaterialCli>(); /8 TotlDcfomation-Hode 25-6067.3 2 [

61 cgillaterialcli mat = new cgiMaterialcli(); < >

62 mat.setTd(1); Detais of “Total Deformation - Mode 8- 3+ § 01X

63 mat.setProperties("Default222", 29000, 0.3, 450); (| Scope A
4 Scoping Wethod [Geomey Seleton

64 listMat.Add(mat) ; Geomety i socies !

65 solver.setMaterials(listMat); = efnito v

66 e oot beformation

67 // define sections s

68 List<cgiSectionCli> listSect = new List<cgiSectionCli>(); =

3; Ziiii(;ﬁjg)“m newjcEISEctIoncl1(); Animation |4 b [W]] [ [070mes < [2secaue) | B @ I & = E

71 sectl.setProperties("W27X84", 24.8, 12.282, 12.7488, 2850, 106, 2.81); L6

72 listSect.Add(sect1); o

73 cgiSectionCli sect2 = new cgiSectionCli();

7 sect2.setld(2); e e

.75 sect2.setProperties("W27X84", 24.8, 12.282, 12.7488, 2850, 106, 2.81); :

76 listSect.Add(sect2); Ready N0 M -y y (in, I s i i
(Source: Cg-inc) (Source: Padt)



https://www.padtinc.com/2021/01/06/ansys-mechanical-outputting-results-1-high-resolution/
https://www.cg-inc.com/Product/SolverBlaze

=PFL Static analysis

(Source: Rfamec)

Static analysis determines
deformations due to constant loads.

= No matter how you apply the load, the
solver assumes it happens infinitely
slowly, meaning the loading method has
no impact on structural behaviour.,

= A constant load doesn’t mean a linear
response, buckling, yielding, and other
nonlinear effects can occur, but the
analysis remains static.

1


https://www.rfamec.com/accelerating-innovation-with-finite-element-analysis/
https://www.ansys.com/simulation-topics/what-is-finite-element-analysis

=L Dynamic analysis -

Modal analysis studies dynamic
properties in the frequency domain.

= Natural frequencies are fundamental property in structural
design; lower natural frequencies lead to larger
displacement and thus greater risk.

(Source: Caeflow) » Resonance occurs when external excitation coincides with
a natural frequency and can cause catastrophic failure.

Mode 1, Frequency =990 Hz  Mode 2, Frequency =1233 Hz Mode 3, Frequency = 3541 Hz

Transient analysis examines time-
dependent structural responses to
time-dependent excitations.

» Transient analysis helps predict peak stresses,
displacements, and vibrations during short-term dynamic
events such as impacts, blasts, or sudden load changes.

(Source: Enterfea)


https://enterfea.com/difference-between-static-and-dynamic-analysis/
https://caeflow.com/vibration_and_acoustics/fea-modal-analysis/
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https://www.youtube.com/watch?v=XggxeuFDaDU

