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1 – Risco; fiabilidade
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Hammurabi's Code:

#229 If a builder builds a house for someone, and does not construct it 
properly, and the house which he built falls in and kills its owner, then 
that builder shall be put to death.

https://www.smithcurrie.com/publications/common-sense-contract-law/construction-law-the-history-is-ancient/pdf/
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adaptado de: J. Wolfram, ‘Safety and risk: models and reality’, 
Proceedings of the Institution of Mechanical Engineers, Part E: 
Journal of Process Mechanical Engineering, vol.207, (1), pp.3-
11, 1993
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adaptado de: B. M. Ayyub, ‘Risk Analysis and Management’, section #207 of: R. C. Dorf, ed., ‘The Engineering Handbook’, 
2nd ed, CRC Press, 2005
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W. Evans, ‘Transport fatal accidents and FN-curves 1967-2001’, prepared by University College London for the Health and 
Safety Executive - HSE, 2003
https://www.hse.gov.uk/research/rrpdf/rr073.pdf

road

aviation

rail
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dano / harm - resultado ou impacto adverso / adverse outcome or impact,

perigo / hazard – qualquer fonte potencial de dano / any potential source 
of harm,

risco / risk - probabilidade de um dano ocorrer sob circunstâncias definidas 
/ probability of a harm occurring under defined circumstances,

segurança / safety - condição de não estar exposto - ou de estar protegido - 
de danos / condition of not being exposed to or being protected from harm.

http://biosafety.org.za/information/know-the-basics/gmo-safety/hazard-harm-risk-and-safety
https://www.ccohs.ca/oshanswers/hsprograms/hazard/hazard_risk.html
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6

consequência eventos consequências
risco =frequência ×impacto

intervalo de tempo intervalo de tempo evento

ex.: acidentes auto, EUA, 1971:

15×10  acidentes;  1 em 300 com uma morte. Risco soci

     
     

    

6

6

-4

6

etal de morte por acidente auto é:

acidentes 1 morte mortes
15×10 × =50000

ano 300 acidentes ano

e se a população é 200×10 ,  o risco individual é

50000 mortes/ano  mortes
=2.5×10

200×10  pessoas pessoa×ano

em 202



4  mortes
2 :   1.27 10

pessoa×ano

−

1971: ‘Reactor safety study. An assessment of accident risks in U.S. commercial nuclear power plants’, U.S. Nuclear 
Regulatory Commission, Report WASH- 1400 (NUREG 75/014), Oct. 1975. Page 9 of main report.

2022: https://en.wikipedia.org/wiki/Motor_vehicle_fatality_rate_in_U.S._by_year
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adaptado de: T. Vrouwenvelder et al., ‘Risk assessment and risk communication in Civil Engineering’, in: Int. Conf. Safety, 
Risk, and Reliability - Trends in Engineering, Malta, March 22-23, 2001 
ver tb.: T. Vrouwenvelder et al., eds., ‘Risk assessment and risk communication in Civil Engineering’,  CIB Report 259, 2001 
(ver sections 4.2 e 4.3)
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B. Bhattacharya, R. Basu, K. Ma, 'Developing target reliability for novel structures: the case of the Mobile Offshore Base', 
Marine Structures, vol.14, 2001, pp.37-58
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Center for Chemical Process Safety, - CCPS ‘Guidelines for Developing Quantitative Safety Risk Criteria’, Wiley and American 
Institute of Chemical Engineers, 2009 
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US Nuclear Energy Commission, ‘Reactor Safety Study’, WASH-1400, NUREG 75/014, 1975 (the ‘Rasmussen Report’)
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US Nuclear Energy Commission, ‘Reactor Safety Study’, WASH-1400, NUREG 75/014, 1975 (the ‘Rasmussen Report’)
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ver e.g.:
• F. Moses, C. G. Schilling, K. S. Raju, 'Fatigue evaluation procedures for steel bridges', National Cooperative Highway 

Research Program – NCHRP report 299, Nov. 1987
• P. Albrecht, ‘S-N fatigue reliability analysis of highway bridges', ASTM 798, pp.184-204, 1983
• F. Oliveira, et al., 'Avaliação da resistência à fadiga da ponte Luiz I', estudo efectuado para o Instituto da Construção, 

FEUP, Março de 1996
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Matlab.  9  ;  6  ;   0.9  ;  1.0R SR S s s= = = =
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Matlab.  9  ;  6  ;   0.9  ;  1.0R SR S s s= = = =
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Matlab.  9  ;  6  ;   0.9  ;  1.0R SR S s s= = = =
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2 – Fadiga; mecânica da fractura
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durabilidade, fadiga
aspectos básicos,
iniciação:
• Wöhler, curvas SN baseadas em tensões 

elásticas, Basquin, ...
propagação:
• lei de Paris, ...

e entre outros desenvolvimentos,
iniciação:
• estudos elasto-plásticos: Coffin-Manson, 

Neuber,  ....
• multiaxialidade
acumulação de dano:
• Miner, contagem de ciclos, ….
propagação:
• razão de carga R = carga max. /carga min., 

limiar de propagação, ….
………

log
da

dN

log 

log N

log K
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plot from: P. P. Milella, ‘Fatigue and Corrosion in Metals’, Springer, p.528, 2013
P. C. Paris, ‘The fracture mechanics approach to fatigue’, in: Proceedings of the 10th Sagamore Conference, p. 107, Syracuse 
University Press, 1965
P. C. Paris, M. P. Gomez, W. E. Anderson, ‘A rational analytic theory of fatigue’, The Trend in Engineering, vol.13, (1), pp.9–14, 
1961
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K – stress intensity factor George Irwin

( )local f K

K Y a
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carregamentos: 

forças, deslocamentos, condições fronteira, ...

propriedades do material 

tensão de cedência e de rotura, 

tenacidade, ….

Fract.
Mechs.

fendas

comprimento ‘a’, ou geometria …
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Paul Paris
1930-2017

George Irwin
1907-1998

Stephen Timoshenko 
1878-1972

E. H. Mansfield, D. H. Young, ‘Obituary: Stephen Prokofievitch Timoshenko’, Biographical Memoirs of Fellows of the Royal 
Society, vol.19, pp.679–694, 1973
A. A. Wells, ‘George Rankin Irwin. 26 February 1907 — 9 October 1998’, Biographical Memoirs of Fellows of the Royal 
Society, vol.46, pp.269–283, 2000
A. Ingraffea, M. Kuna, editorial, ‘Dr. Paul Croce Paris. August 7, 1930 – January 15, 2017’, Engineering Fracture Mechanics, 
vol.187, pp.1-10, 2018



comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 26

( )
mda

C K
dN

= 

K Y a =

K Y a  = 



comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 27

/2

1 1
2 2

1 1

1
2

m

o

m m
m

o f

a
N

m
C K a a

− −

 
 

= −    −     

1 1
2 2

21
2

m m

o f

m m m

a a
N

m
C Y  

− −

−
=

 
−  

 



comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 28

X-FEM prediction of crack path for mode I situation

Maria Hermosilla, S. M. O.Tavares, P. M. S. T. de Castro, 'Stress Intensity Factor Calculation using Conventional and Extended 
Finite Element Method', Mechanical Engineering Conference 2016 (CEM2016) promoted by LAETA; June 1-2, 2016, Porto, 
Portugal
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X-FEM prediction of crack path for mixed mode situations

Maria Hermosilla, S. M. O.Tavares, P. M. S. T. de Castro, 'Stress Intensity Factor Calculation using Conventional and Extended 
Finite Element Method', Mechanical Engineering Conference 2016 (CEM2016) promoted by LAETA; June 1-2, 2016, Porto, 
Portugal
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ISO 2394: 1998,  ‘General principles on reliability for structures’



S. R. White, et al., ‘Autonomic healing of polymer composites’,  Nature, vol.409, pp.794–797, 2001

comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 31



comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 32

S. Wang, M. W. Urban, ‘Self-healing polymers’, Nature Reviews. Materials,  vol.5, pp. 562–583, 2020.  
https://www.nature.com/articles/s41578-020-0202-4 



https://phys.org/news/2023-01-secrets-self-healing-roman-concrete.html 
L. M. Seymour, ‘Hot mixing: Mechanistic insights into the durability of ancient Roman concrete’, Science Advances. 6 Jan. 
2023, vol. 9, issue 1, DOI: 10.1126/sciadv.add1602
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C. Dooley, D. Taylor, ‘Self-healing materials: what can nature teach us?’, Fatigue and Fracture of  Engineering Materials and 
Structures, vol.40, pp.655–669, 2017
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C. M. Barr, et al., ‘Autonomous healing of fatigue cracks via cold welding’, Nature, vol.620, 17 August 2023, pp.552-556. 
https://www.nature.com/articles/s41586-023-06223-0 
https://www.nature.com/articles/s41586-023-06223-0 
https://phys.org/news/2023-07-stunning-discovery-metals.html
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3 – Metodologia; round robin 
programmes
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https://www.sciencedirect.com/science/article/pii/S0013794401000674



C. C. e Silva, E. M. Fonseca, J. L. Leal, P. M. S. T. 
de Castro, ‘Statistical and geometrical analysis of 
fracture toughness data’, EC M&T project no. 
MAT CT940080 - ‘Fracture Toughness of Steel in 
the Ductile to Brittle Transition Regime’, 23rd 
July 1996 
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EC M&T project  MAT CT940080 - ‘Fracture Toughness of 
Steel in the Ductile to Brittle Transition Regime’. Project 
leader: GKSS; partners: AEA, BAM, CISE, CEA, Imperial 
College, FhG, IRSID, Nuclear Electric, Siemens, TWI, IEHK-
Aachen, SCK-CEN, VTT, Universidade do Porto-IDMEC. 
Concerted action aprovada em Nov. 1994. 1995 - 1998. 
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C. C. e Silva, E. M. Fonseca, J. L. Leal, P. M. S. T. 
de Castro, ‘Statistical and geometrical analysis of 
fracture toughness data’, EC M&T project no. 
MAT CT940080 - ‘Fracture Toughness of Steel in 
the Ductile to Brittle Transition Regime’, 23rd 
July 1996 
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https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1460-2695.1993.tb00736.x



Ductile Instability round-robin, European Group on Fracture EGF (actualmente ESIS), organizado por I. Milne:
• I Milne, 'An EGF exercise in predicting ductile instability: phase 1, compact tension specimens', Fatigue and Fracture of 

Engineering Materials and Structures, vol. 9, (2), pp.79-94, 1986
• I Milne, 'An EGF exercise in predicting ductile instability: phase 2, cracked pressure vessel', Fatigue and Fracture of 

Engineering Materials and Structures, vol. 9, (4), pp.231-257, 1986 
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Ductile Instability round-robin, European Group on Fracture EGF (actualmente ESIS), organizado por I. Milne:
• I. Milne, 'An EGF exercise in predicting ductile instability: phase 1, compact tension specimens', Fatigue and Fracture of 

Engineering Materials and Structures, vol. 9, (2), pp.79-94, 1986
• I. Milne, N. Knee, 'An EGF exercise in predicting ductile instability: phase 2, cracked pressure vessel', Fatigue and 

Fracture of Engineering Materials and Structures, vol. 9, (4), pp.231-257, 1986 
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I. Milne, 'An EGF exercise in predicting ductile instability: phase 2, cracked pressure vessel', Fatigue and Fracture of 
Engineering Materials and Structures, vol. 9, (4), pp.231-257, 1986 



4 – Análise e prevenção de roturas
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Custos de falha incluem (Milne, 1994): 

• custo directo de reparação ou substituição;
• perda de receita enquanto indisponível;
• custos de serviços/itens de substituição durante indisponibilidade;
• custos de danos consequentes;
• custos para evitar falhas em itens semelhantes;
• outras implicações (segurança, perda de confiança, imagem e 

comércio).

Questões para o(s) perito(s) incluem (Rossmanith, 1995):
• o que aconteceu?
• onde aconteceu?
• como aconteceu?
• o que  causou?
• quem é o responsável pelo que aconteceu?
• quais são os custos para reparar ou substituir?
• quais são os danos sofridos pelas diversas partes envolvidas?

I. Milne, ‘The importance of the management of structural integrity’, Engineering Failure Analysis, vol.1, (3), pp.171–81, 1994
H. P. Rossmanith, ‘Structural failures – liability, learning from failures, technical insurance and legal consequences’. Invited lecture 5th special 
chair AIB-Vinçotte 1995, Vrije Universiteit Brussel, 21 February 1995



comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 52

Por ex. em estruturas de Eng. Civil, causas de falhas incluem, (Carper, 1989)
• erros de selecção e desenvolvimento de localizações
• deficiências de programação
• erros de projecto (incluindo falha em considerar alguma combinação de 

cargas, falta de redundância, detalhes de ligações, ...)
• erros de construção
• deficiências de materiais
• erros operacionais (incluindo mudança de uso, manutenção 

inadequada, ... )

Petroski (1992) inclui duas ‘listas’ de causas,
• a primeira sendo abrangente: ignorância; economia; lapsos ou 

descuidos; ocorrências incomuns (terremotos, tempestades extremas, 
incêndios, ...) 

• a segunda não pretendendo ser exaustiva: estados limites (sobrecarga, 
resistência insuficiente, movimentos, deterioração). Perigos aleatórios 
(incêndios, inundações, explosões, terramotos, impactos de veículos). 
Erros de base humana (erros de projecto, erros de construção).

K. L. Carper, ‘Learning from failures’, in: K. L. Carper KL, ed., ‘Forensic Engineering’, Elsevier, pp. 14–31. 1989
H. Petroski, ‘To engineer is human: the role of failure in successful design.’, Vintage Books, 1992.
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Prolongamento da vida útil dos equipamentos ou instalações existentes.

elementos de uma abordagem sistemática para este problema incluem: 
(Rossmanith, 1995):

• avaliação das condições materiais;
• tipo de dano (fadiga, fluência, ambiental, etc.);
• local do dano (superfície, volume, interface);
• extensão do dano (localizado, global);
• nível de dano (insignificante, comprometendo a funcionalidade, 

causando perigo);
• condições de carregamento;
• temperatura.

H. P. Rossmanith, ‘Structural failures – liability, learning from failures, technical insurance and legal consequences’. Invited lecture 5th special 
chair AIB-Vinçotte 1995, Vrije Universiteit Brussel, 21 February 1995
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Os itens de uma metodologia de análise de falhas são normalmente 
(Robinson e Cox, 1983; Wulpi, 1985):
• definição do problema;
• obter informações básicas;
• investigar e recolher informações;
• examinar evidências (exames macroscópico e microscópico como SEM 

...;
• avaliar mecanismo, sequência e causas da falha;
• realizar testes exemplares;
• análises e cálculos, incluindo método dos elementos finitos (MEF) e 

análises de mecânica da fractura;
• avaliar o risco;
• tirar conclusões com base em todas as evidências e fazer 

recomendações.

J. N. Robinson, D. O. Cox, ‘Failure analysis methodology’. ASME paper 83-PVP-33, 1983
D. J. Wulpi, ‘Understanding how components fail’, American Society for Metals, 1985
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P. M. S. T. de Castro, F. M. F. Oliveira, A. A. Fernandes, ‘Failure analysis: 
a methodology’, Technology, Law and Insurance, vol.1, pp.143-150, 
1996 
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P. M. S. T. de Castro, F. M. F. Oliveira, A. A. Fernandes, ‘Failure 
analysis: a methodology’, Technology, Law and Insurance, 

vol.1, pp.143-150, 1996 
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P. M. S. T. de Castro, F. M. F. Oliveira, A. A. Fernandes, ‘Failure analysis: 
a methodology’, Technology, Law and Insurance, vol.1, pp.143-150, 
1996 



F. K. Fiorentin, G. Lesiuk, M. Figueiredo, A. de Jesus, P. T. de Castro, 'Striation marks and fatigue crack growth rates relation in 
MAMed Nickel superalloy Inconel 625', ESIAM23- 3rd European Conf. on the Structural Integrity of Additively Manufactured 
Materials, Porto, Portugal, Sept. 4-6, 2023
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F. A. C. da Silva, P. M. S. T. de Castro, ‘Redesign of a failed 
hoisting shaft of a vertical transfer device’, Eng, 4, 
pp.1981–2002, 2023
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F. A. C. da Silva, P. M. S. T. de Castro, ‘Redesign of a failed 
hoisting shaft of a vertical transfer device’, Eng, 4, 
pp.1981–2002, 2023
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foto: https://www.construir.pt/2021/10/07/porto-reabilitacao-da-ponte-d-luis-i-vai-custar-33me
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A. A. Fernandes, P. T. de Castro, M. Figueiredo, F. Oliveira, ‘Structural integrity evaluation of highway riveted bridges’, in: E. 
Watanabe, D. M. Frangopol, T. Utsunomiya, ‘Bridge Maintenance, Safety, Management and Cost’, Procs. 2nd Int. Conf. on 
Bridge Maintenance, Safety and Management, Oct. 2004, Kyoto, Japan; abstract pp.839-841; paper CD-ROM, 8 pp., 2004 



comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 62



comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 63



comunicação à Academia das Ciências de Lisboa, 30 de Novembro de 2023 64



5 - Serendipidade
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últimas confs. organizadas no âmbito da Secção Técnica Fractura da Sociedade Portuguesa de Materiais (que 
integrou o Grupo Português da Fractura) 



6 – Aeronáutica e espaço
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https://planecrash.fandom.com/wiki/Aloha_Airlines_Flight_243?file=Aloha_243.jpg
https://admiralcloudberg.medium.com/falling-to-pieces-the-near-crash-of-aloha-airlines-flight-243-18f28c03f27b

https://miro.medium.com/v2/resize:fit:1100/format:webp/0*x5USeEfnfteM7sLD.jpg
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L. F. M. Silva, J. P. M. Gonçalves, F. M. F. Oliveira, P. M. 
S. T. de Castro, 'Multiple-site damage in riveted lap-
joints: experimental simulation and finite element 
prediction', International Journal of Fatigue, vol.22, 
pp.319–338, 2000 
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S. Pantelakis, P. de Castro, M. Guagliano, F. 
Berto, guest-editors, ‘Fatigue of 
aeronautical materials and structures’, 
special issue of: Fatigue and Fracture of 
Engineering Materials and Structures, 
vol.40, (10), 2017
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S. M. O. Tavares, P. M. S. T. de 
Castro, ‘An overview of fatigue 
in aircraft structures’, Fatigue 
and Fracture of Engineering 
Materials and Structurea, vol. 
40, pp.1510–1529, 2017
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S. M. O. Tavares, P. M. S. T. 
de Castro, Damage 
Tolerance of Metallic 
Aircraft Structures, Springer, 
2019



https://en.wikipedia.org/wiki/No_Highway

https://en.wikipedia.org/wiki/No_Highway_in_the_Sky

slide de palestra no VI Encontro Nacional de Estudantes de Engenharia Mecânica – VI 
ENEEM, Porto, 27-30 Mar. 2018, por P. T. de Castro 
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• Karen Willcox, ‘Digital twins and applications in aerospace engineering’, 172nd Meeting of the Aeronautics and Space 
Engineering Board, US National Academies, Irvine, CA, Oct. 17-18, 2023. https://vimeo.com/event/3792250

• S. M. O. Tavares, J. A. Ribeiro, J. Belinha, P. M. S. T. de Castro, ‘Aircraft structures life-cycle simulation through digital 
twins and model updating techniques’, XLIV Ibero-Latin American Congress on Computational Methods in Engineering -
CILAMCE 2023, Porto, Portugal, 13-16 Nov. 2023
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A Digital Twin is defined as

A set of virtual information
constructs that mimics the
structure, context and behavior of
an individual / unique physical
asset, or a group of physical
assets, is dynamically updated
with data from its physical twin
throughout its life cycle and
informs decisions that realize
value.



representação 
virtual

modelo numérico

modelo 
mate-
mático

sistema físico

exs.:

avião,

tumor no cérebro,

...

validação
verificação
incerteza

quantificação

do físico ao virtual
problema inverso

data assimilation
sensor fusion

model adaptation

do virtual ao físico
controlo automatizado

apoio à decisão
sensor steering

experimental design

adaptado de: Karen Willcox, ‘Digital twins and applications in aerospace engineering’, 172nd Meeting of the Aeronautics 
and Space Engineering Board, US National Academies, Irvine, CA, Oct. 17-18, 2023.
https://vimeo.com/event/3792250
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M. Windisch (presenter), N. Eigen, U. Glaser, H. Masny, G. Bartesch, M. Wimmer, U.Düfert, H.-U. Jüngling, G. Sinnema, K.-H. 
Trautmann, J. Schneider, P. M. G. P. Moreira, A. M. P. de Jesus, P. C. M. Azevedo, M. V. A. de Figueiredo, P. M. S. Tavares de
Castro, E. Sattler, “Damage tolerance characterization of 2195 base material and friction stir welds”, Workshop on Fracture 
Control of Spacecraft, Launchers and their Payloads and Experiments, ESA/ESTEC, Noordwijk, The Netherlands, 9 - 10 Feb.
2009.
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M. Windisch, U. Glaser, K.-H. Trautmann, P. M. S. T. de Castro, E. Sattler, ‘Damage tolerance characterization of 2195 base 
material and friction stir welds’, 11 th European Spacecraft Structures, Materials and Mechanical Testing Conference 
(SSMMT), Toulouse, 15-17 Sept 2009.
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N. Eigen, U. Glaser, G. Sinnema, P M. G. P. Moreira, J. Shneider, E. Sattler, ‘Microstructure and properties of AA 2195 base 
material and frictiozn stir welds’, 11 th European Spacecraft Structures, Materials and Mechanical Testing Conference 
(SSMMT), Toulouse, 15-17 Sept 2009. 



https://arxiv.org/ftp/arxiv/papers/2211/22
11.04295.pdf
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7 – Sustentabilidade na 
aeronáutica: Clean Sky, Clean 

Aviation
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Clean Aviation Joint Undertaking

• hydrogen propulsion to power future aircraft
• hydrogen-direct burn (replacing kerosene by hydrogen)
• fuel cell-based propulsion (the potential of mixing both oxygen through 

the air and hydrogen to produce electricity. 

• hydrogen storage onboard aircraft. 
• aircraft architecture, 
• storage device 
• keep the liquified hydrogen at – 253 degrees Celsius. 

• how to re-fuel,
• how to integrate it all into airport infrastructure 
• ensure that everything is safe both on the ground and during flight. 

European Union Aviation Safety Agency (EASA) participates in Clean 
Aviation projects to comply with certification requirements.
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S. Dubois, ‘Embracing Clean Aviation: hydrogen-powered aircraft technologies shaping a sustainable future’, European 
Energy Innovation, Autumn 2023, pp.16-17
https://www.europeanenergyinnovation.eu/PDF-Publications
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S. Dubois, ‘Embracing Clean Aviation: hydrogen-powered aircraft technologies shaping a sustainable future’, European 
Energy Innovation, Autumn 2023, pp.16-17
https://www.europeanenergyinnovation.eu/PDF-Publications
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8 – CTS, revistas
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https://agc.sg.mai.gov.pt/details?id=587962

ADCT - Associação para a Divulgação da Ciência e 
Tecnologia, anteriormente designada de Associação de 
Ciência e Tecnologia para o Desenvolvimento – ACTD

Anteriormente denominada de Associação de Ciência e Tecnologia para 
o Desenvolvimento - ACTD. Sediada no Taguspark, Parque da Ciência e 
Tecnologia, Núcleo Central, sala 309, na freguesia de Porto Salvo, no 
concelho de Oeiras. (Anteriormente sediada no Instituto de Física e 
Matemática, na Avenida Professor Gama Pinto, nº 2/Nossa Senhora de 
Fátima/Lisboa). Alteração de estatutos em 1998-10-21. Dissolução em 
2001-12-18. Natureza da Associação: científica e tecnológica. Data da 
constituição da Associação: 16 de setembro de 1985.
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9 – alguns dados sobre i&d
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GDP 2021

The World

Bank

current USD

Population

2021

The World

Bank

GDP per capita 

2021

The World Bank

current USD

Germany 4,26 x 1012 83,196 x 106 51,2 x 103

Portugal 253,7 x 109 10,325 x 106 24,6 x 103

ratio GDP population GDP per capita

Germany/Portugal 16,8 x 8,1 x 2,1 x
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https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=PT-DE



Ratios (2020) Germany Portugal

Manufacturing/BERD 59314/71032

83,5%

666,2/1843,6

36,1%

Financial/BERD 352/71032

0,5%

147,7/1843,6

9,0%
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https://ec.europa.eu/eurostat/databrowser/view/RD_E_GERDTOT__custom_5496989/default/table
https://ec.europa.eu/eurostat/databrowser/view/RD_E_BERDINDR2__custom_5508483/default/table



10 – PIB e literacia
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Lord Kelvin:
‘When you can measure what you are 
speaking about, and express it in 
numbers, you know something about 
it; but when you cannot measure it, 
when you cannot express it in 
numbers, your knowledge is of a 
meagre and unsatisfactory kind.’

https://physicsworld.com/a/in-praise-
of-lord-kelvin/



E. Johansson, ‘The history of literacy in Sweden : in comparison with some other countries’, 1977
https://www.semanticscholar.org/paper/The-history-of-literacy-in-Sweden-%3A-in-comparison-
Johansson/0085cbb42c19182d7f33770c27b5b6f24fd360af
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coda ou codetta
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‘…. The model shines especially when tasked to make connections between different areas of knowledge. Here is an
example where we ask the model to produce a poem in the style of a particular author, and then use the response to
garner additional insights into the topic and other creative avenues for exploration (to develop a deeper 
understanding of concepts and relationships across disciplines).

Write a poem about brittle fracture, in the style of Goethe.

Once upon a time, in a land of matter,
A phenomenon occurred with such fury and clatter.
Brittle fracture, a crack so sharp and clear,
Cut through substances with a vengeance so dear.
Atom after atom, a tale so small,
A crack grew and spread, leaving none.
With a pop and a snap, the bond broke strong,
The cry of failure, a sound so wrong.
The world around trembled and shook,
As the crack grew and spread, left and right.
Until finally, the last bond broke,
And the cry of failure, a sound so bright.

The poem tells the story of brittle fracture, a phenomenon that occurs when a crack grows and spreads until it 
reaches and breaks the last bond. The poem is written in the style of Goethe, known for his poetic works such as 
Faust and The Sorrows of Young Werther …’

M. J. Buehler, ‘MechGPT, a language-based strategy for mechanics and materials modeling that connects knowledge across 
scales, disciplines and modalities’, accepted manuscript, Applied Mechanics Reviews. paper no.: AMR-23-1057, 
https://doi.org/10.1115/1.4063843  published online: October 19, 2023.
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1ª pág. de manuscrito de C. E. Turner (Imperial College), visita à FEUP em 4-5 de Março de 1982 (comunicação privada) 
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