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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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regido preferencial

_ ) do projecto
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 resisténcia e seguranca
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custo
do controlo do risco

custo do risco

equilibrio
risco/custo

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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Figure 1: FN-curves for road, rail and air transport 1967-2001
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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
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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 circunstancias definidas
/ probability of a harm occurring under defined circumstances,

seguranca / safety - condicdo de ndo 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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1971:

2022:

: consequéncia A . eventos : consequéncias
rsco| - =frequéncia| - ximpacto
intervalo de tempo intervalo de tempo evento

ex.: acidentes auto, EUA, 1971:
15x10° acidentes; 1 em 300 com uma morte. Risco societal de morte por acidente auto é:

0° acidentes « 1 morte —50000 mortes

ano 300 acidentes ano

15x1

e se a populacdo é ~200x10°, o risco individual é
50000 mortes/ano
200x10° pessoas pessoaxano

_p £ Mortes

mortes
pessSoaxano

em 2022: 1.27x10™

‘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.
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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Fig. 2. Risk diagram

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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F, Cumulative Frequency of N

Figure 6. Maximum tolerable societal RACs for the public established in various countries
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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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FIGURE 62 Frequency of Natural Events Involwving
Fatalities.

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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S, R - carregamento, resisténcia (variaveis aleatorias)
probabilidade de sobrevivéncia R, =P[R > S]

probabilidade de colapso P, =P[R <S|=P[(R-S)<0] e R,=1-P,
margem de seguranca, estado limite Z, Z=R-S
médiade Z, Z =R-S ; desvio padrio, s, = \/m
P, =P[Z<0] = P[S>R]
R-S

(S = n° de desvios-padréo entre carga media e resisténcia média; aumentar £ = diminuir P,)

indice de seguranca (reliability index) g: f=2/s, =

vere.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., 'Avaliacdo da resisténcia a fadiga da ponte Luiz I', estudo efectuado para o Instituto da Construcao,
FEUP, Marco de 1996
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2 — Fadiga; mecanica da fractura
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durabilidade, fadiga
aspectos basicos,
iniciacao:

* Wodbhler, curvas SN baseadas em tensoes Iog Ao

elasticas, Basquin, ... \
propagacao:
* |eide Paris, ...

e entre outros desenvolvimentos, |Og N
iniciacao:
e estudos elasto-plasticos: Coffin-Manson,

Neuber, .... |
* multiaxialidade /
acumulacao de dano:
* Miner, contagem de ciclos, .... Iog d_a
propagacao: dN
* razdo de carga R = carga max. /carga min.,

limiar de propagacao, ....

log AK
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FCGR % (mm/cycle)
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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
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carregamentos:
forcas, deslocamentos, condi¢oes fronteira, ...

fendas propriedades do material
comprimento ‘a’, ou geometria ... tensao de cedéncia e de rotura,
tenacidade, ....
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Stephen Timoshenko George Irwin Paul Paris
1878-1972 1907-1998 1930-2017

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
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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

X-FEM prediction of crack path for mode | situation

S, Mises
(Avg: 75%)

+3.316e+08
+3.039e+08
+2.763e+08
+2.487e+08
+2.210e+08
+1.934e+08
+1.658e+08
+1.382e+08
+1.105e+08
+8.28%e+07
+5.526e+07
+2.763e+07
+0.000e+00

Y

ﬁ > Step: Step-1
% Increment 0. Step Time = 0,000

Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +2.827e+01
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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

X-FEM prediction of crack path for mixed mode situations

S, Mises
{(Avg: 75%)

+1.931e+07
+1.770e+07
+1.609e+07
+1.448e+07
+1.287e+07
+1.126e+07
+9.654e+06
+8.045e+06
+6.436e+06
+4.827e+06
+3.218e+06
+1.609e+06
+0.000e+00

Y

! » X Step: Step-1

Increment 0: Step Time = 0.000
Primary Var: S, Mises
Deformed Var: U Deformation Scale Factor: +1.001e+01
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ISO 2394: 1998, ‘General principles on reliability for structures’
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S. R. White, et al., ‘Autonomic healing of polymer composites’, Nature, vol.409, pp.794—797, 2001

o— Catalyst @
@

Microcapsule—g
E

®Polymerized
healing gagent

Figure 1 The autonomic healing concept. A microencapsulated healing agent is
embedded in a structural composite matrix containing a catalyst capable of polymerizing
the healing agent. a, Cracks form in the matrix wherever damage occurs; b, the crack
ruptures the microcapsules, releasing the healing agent into the crack plane through
capillary action; ¢, the healing agent contacts the catalyst, triggering polymerization that
bonds the crack faces closed.
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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

a Physical approaches

|—|— Interfacial regions

Phase-separated morphologies

Damage

o 6 /\/ o
oo{gé/QQ 00&
oy © o

Shape-memory recovery

C Physico-chemical approaches

+Fe,0, Melting interdiffusion

b Chemical approaches

_._z . B T -

. Covalent rebonding
Reactive — -

chain ends PR aaE LYY
Free-radical rebonding

~a B~ ‘__,j,l_,--«
H-bonding
- stacking

Supra- Guest—host chemistry

molecular —|

chemistry € 9 :

, L Y 4
(ﬁ- s &

R Metal-ligand coordination

lonic interactions

van der Waals interactions

Encapsulation

Cardiovascular network

Fig. 1| Self-healing mechanisms. a | Physical processes to realize self-healing include interdiffusion of polymer chains,
the introduction of phase-separated morphologies, shape-memory effects and the introduction of active nanoparticles
into a polymer matrix. b | Chemical processes to facilitate self-healing involve either introducing reactive chain ends or
supramolecular chemistries. ¢ | Physical and chemical processes can be combined to realize self-healing. Self-healing

is achieved by incorporating enhanced van der Waals interactions, or encapsulating nanocapsules or microcapsules
containing reactive liquids to heal a wound, or by mimicking cardiovascular architectures composed of hollow fibres filled
with reactive chemicals to heal a polymer matrix.
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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

658 C. DOOLEY AND D. TAYLOR

Fig. 2 Examples of damage and repair in molluscs. (a) Impact damage created a hole in the shell of this limpet, which has been repaired by
patch formation (previously unpublished photograph). (b) Repair of a crack in the shell of a bivalve (photographed from both sides), show-

ing how the new patch material formed underneath the cracked area.'” [Colour figure can be viewed at wileyonlinelibrary.com]
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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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Engineering
Fracture
Mechanics

PERGAMON Engineering Fracture Mechanics 69 (2002) 421-449

www.clsevier.com/locate/engfracmech

Development of the Euro fracture toughness dataset

J. Heerens *, D. Hellmann

Institute of Materials Research, GKSS Research Centre Geesthacht, Max-Planck-Street, D-21502 Geesthacht, Germany
Received 7 February 2000; received in revised form 12 January 2001; accepled 26 January 2001

424 J. Heerens, D. Hellmann | Engineering Fracture Mechanics 69 (2002 ) 421449

Table | (continued)

Laboratory Test laboratories T (°C) Size MNumber of Steel block
number lests indication

SCK CEN, Boeretang 200, 0 1/2T 22 SX8
B2400 Mol, Belgium 0 IT 11 SX10,8
1T 5 SX6

VTT, Melals Laboratory, —20 1T 20 S5X16
Kemistintie 3, 02150 Espoo, Finland 20 ITSG 20 5X14
1T SX18

Consulting partners

11 Magnox Electric, Berkeley Centre, Glou. GL139PB, United Kingdom

12 memlagy. Risely Lab, RD3/122, Warrington WA3J 6AT, United Kingdom

13 mi 0. de. Engen. IDMEC, Rua dos Bragas, 4099 Porto, Portugal

14 mperial College, Dep. of Mech. Engineering, Exhibition Road, London SW7 2BX, United Kingdom
15 Fraunhofer Institut fiir Werkstoffmechanik, Wohlerstrasse 11, D79108 Freiburg, Germany

https://www.sciencedirect.com/science/article/pii/S0013794401000674
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Statistical and Geometrical Analysis
of Fracture Toughness Data

Carla Costa e Silva*, Elza M Fonseca*,
José Laiginha Leal*, Paulo M S T de Castro™

Departamento de Engenharia Mecidnica e Gestdo Industrial
Faculdade de Engenharia da Universidade do Porto
Rua dos Bragas, 4099 Porto
Portugal

Contribution of the Universidade do Porto to phase I of the EC
M&T Project no. MAT CT940080, 'Fracture Toughness of Steel in
the Ductile to Brittle Transition Regime'.

Porto, 23rd July 1996

C. C. eSilva, E. M. Fonseca, J. L. Leal, . 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

1

Measurement and Testing Programme
Contract MAT1-CT-940080

FINAL REPORT

Fracture Toughness of Steel in the Ductile
to Brittle Transition Regime

I. Heerens
D. Hellmann
GKSS Forschungszentrum Geesthacht

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

February 1999

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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MAT CT940080 - ‘Fracture Toughness of Steel in
the Ductile to Brittle Transition Regime’, 23rd
Carla Costa e Silva*, Elza M Fonseca*, July 1996
José Laiginha Leal*, Paulo M S T de Castro™

Departamento de Engenharia Mecidnica e Gestdo Industrial
Faculdade de Engenharia da Universidade do Porto
Rua dos Bragas, 4099 Porto

Portugal
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Fatigue Fract. Engng Marer, Struct. Yol. 16, No. 11, pp. 1231-1284, 1993 8756-758X/93 £6.00 + 0.00
Printed in Great Britain. All rights reserved Copyright © 1993 Fatigue & Fracture of
Engineering Materials & Structures Lud

VALIDATION OF THE FRACTURE MECHANICS TEST

METHOD EGF P1-87D (ESIS P1-90/ESIS P1-92)
Twenty-one laboratories participated in the study; these are listed below:

Admiralty Research Establishment, Holton Heath, UK.
BAM, Berlin, FRG.

CEGB, UK.

CENIM, Madrid, Spain.

"The Weldine  C[SE spa, Milan, Italy.

Creusot-Loire Industrie, Le Creusot, France.

David Taylor Naval Ship R&D Center, Annapolis, USA.
ECN, Petten, The Netherlands.

EDF, Moret-sur-Loing, France.

Fraunhofer IWM, FRG.

GKSS, Geesthacht, FRG.

MPA, Stuttgz

Unwcrmdade do Porto, Portugal.
K /CEN, Belgium.
Statens Provningsanstalt, Boras, Sweden.
Sulzer, Winterthur, Switzerland.
Technische Universiteit Delft, The Netherlands.
TWI, Cambridge, UK.

UKAEA, Harwell, UK.

UKAEA, Risley, UK.

https://onlinelibrary.wiley.com/doi/abs/10.1111/j.1460-2695.1993.tb00736.x
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AN EGF EXERCISE IN PREDICTING DUCTILE
INSTABILITY: PHASE 1, COMPACT
TENSION SPECIMENS

APPENDIX 2

Central Electricity List of Participants
Ainsworth R. A. CEGEB BNL (U.K.)
Baudendiste! E. IWM Freiburg (Germany)

Bradford R. CEGB SWR SSD (U.K.)
Chell G. G. CEGB CERL (LI.K )

Dormagen D. HK Aachen (Germamny
Duarte J. A. O. F. University of Porto (Portugal)

Ewing D. J. F. "EGB CERL (UK.)
Garwood S. J. Welding LK)
Harrison R. P. CEGB GDCD (UK.
Hellmann D. GKSS (Germany)
Hodulak L. iWM Freiburg (Germany)
Nyilas A. ITP Karlsruhe (Germany)
Packeiser R. BAM Berlin (Germany)

Steenkampf P. A. I. M. University of Delft (Holland)
Williams D. CEGB SWR SSD (UK.}

Ductile Instability round-robin, European Group on Fracture EGF (actualmente ESIS), organizado por |. Milne:

* | 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
| 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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Fatigue Fract. Engng Mater. Struct. Vol. 9, No. 4, pp. 231-257, 1986 B756-758X,/86 $3.00 + 0.00
Printed in Great Britain Fatipue of Engineering Materials Lid

AN EGF EXERCISE IN PREDICTING DUCTILE
INSTABILITY: PHASE 2, CRACKED PRESSURE

VESSEL
‘ List of Participants
Eﬂﬁfj Ainsworth R A, CEGB BNL (UK.
Bradford R. CEGB SWR 55D (UK.}
Cairns H. Rolls Royee & Ass. Lid (ULK.)
Chell G. G. CEGB CERL (UK.
Cornec A. GKSS Geesthacht (W. Germany)
Curr R. M. Imperal Collepe (1K)

Dormagen D. Aachen (W, Ger

Duarte J. A, O. F.
Etemad M. R. e ner K.
Ewing D. I. F. CEGB CERL (U.K.)
Garwood 5. T, The Welding Institute (LK)
Hodulak L. I'WM Freiburg (W. Germany)
Marchim F Imperial College (U.K.)
Packeiser R. BAM Berlin (W. Germany)
Slatcher 5. Det Norske Veritas (Norway)
Turner C. E. Imperial College (U.K.)
Witts N. NNC (UK.)

ANONYIMOous

Ductile Instability round-robin, European Group on Fracture EGF (actualmente ESIS), organizado por |. Milne:

* |. 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

* |. 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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TEST SECTION

cIRE WELDS

Fig. 6. Geometry of vessel.

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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4 — Analise e prevencao de roturas
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Technology, Law and Insurance, 1996 1, 143-150

Failure analysis: a methodology

P.M.S. T. DE CASTRO, F. M. F. OLIVEIRA and A. A. FERNANDES

Departamento de Engenharia Mecanica e Gestao Industrial, Faculdade de Engenharia da Universidade do Porto,
Porto, Portugal

Available online at www.sciencedirect.com

EpGIENCBE@DIHEGT;‘-le Materials
& Design
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ELSEVIER Materials and Design 25 (2004) 117-123

www.clsevier.com/locate/matdes

Methodologies for failure analysis: a critical survey

Paulo M.S.T. de Castro *, A.A. Fernandes

Faculdade de Engenharia, Universidade do Porto, Rua Dr Roberto Frias, 4200-465 Porto, Portugal
Received 16 June 2003; accepted 23 September 2003
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CASE STUDIES IN ENGINEERING MECHANICS AND MATERIALS

l The International Journal

D.J. Cartwright T.P. Rich

Editor Editor

Mechanical Engineering Department Mechanical Engineering Department
The University Bucknell University

Southampton, Hants Lewisburg, Pennsylvania

S09 5NH England 17837 USA

Our Ref: DJC/IP/AO

11th November 1981

Dr. P.M.S.T. Castro

Departamento de Engenharia
Mecanica

University of Orporto

Rua dos Bragas

4099 Porto

Portugal.

Dear Dr. Castro,

CASE STUDIES IN ENGINEERING MECHANICS
AND MATERIALS
THE INTERNATIONAL JOURNAL

As a result of a large market survey conducted during 1980, Applied
Science Publishers have decided to launch the above journal to be edited by
Professor T.P. Rich and myself. The description of the journal is attached
and I think you will agree, as did the majority of people surveyed, that the
journal offers a unique forum for the exchange of scientific ideas which
should be of great benefit to practising engineers, teachers and students in
a wide range of engineering disciplines.

We expect to set a high standard for the first issues and we would like
to invite you to contribute a Case Study of about 8-10 pages length (4000~
5000 words). We are in the process of inviting a distinguished international
Editorial Board which will represent a wide subject base and reflect the
strong interdisciplinary nature of the Journal,

I hope you will be able to accept this invitation and I look forward to
hearing froam you.

Yours sincerely,

Published by:

Applied Science Publishers Lid
22 Rippleside Commercial Estate
Barking Essex IG11 0SA England
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Custos de falha incluem (Milne, 1994):

e custo directo de reparacao ou substituicao;

* perda de receita enquanto indisponivel;

» custos de servicos/itens de substituicdo durante indisponibilidade;

e custos de danos consequentes;

* custos para evitar falhas em itens semelhantes;

* outras implicacdes (seguranca, perda de confianca, imagem e
comércio).

Questdes para o(s) perito(s) incluem (Rossmanith, 1995):

* 0 que aconteceu?

* onde aconteceu?

e como aconteceu?

e 0 que causou?

* quem é o responsavel pelo que aconteceu?

* (uais sao os custos para reparar ou substituir?

e quais sao 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-Vingotte 1995, Vrije Universiteit Brussel, 21 February 1995
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Por ex. em estruturas de Eng. Civil, causas de falhas incluem, (Carper, 1989)

e erros de seleccao e desenvolvimento de localizacoes

e deficiéncias de programacao

* erros de projecto (incluindo falha em considerar alguma combinacdo de
cargas, falta de redundancia, detalhes de ligacdes, ...)

* erros de construcao

* deficiéncias de materiais

e erros operacionais (incluindo mudanca de uso, manutencao
inadequada, ...)

Petroski (1992) inclui duas ‘listas’ de causas,

e aprimeira sendo abrangente: ignorancia; economia; lapsos ou
descuidos; ocorréncias incomuns (terremotos, tempestades extremas,
incéndios, ...)

* asegunda nao pretendendo ser exaustiva: estados limites (sobrecarga,
resisténcia insuficiente, movimentos, deterioracdo). Perigos aleatorios
(incéndios, inundacoes, explosdes, terramotos, impactos de veiculos).
Erros de base humana (erros de projecto, erros de construcao).

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 util dos equipamentos ou instalagdes existentes.

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

e avaliacao das condi¢cdes materiais;

* tipo de dano (fadiga, fluéncia, ambiental, etc.);

* Jlocal do dano (superficie, volume, interface);

* extensao do dano (localizado, global);

* nivel de dano (insignificante, comprometendo a funcionalidade,
causando perigo);

e condicOes de carregamento;

* temperatura.

H. P. Rossmanith, ‘Structural failures — liability, learning from failures, technical insurance and legal consequences’. Invited lecture 5th special
chair AIB-Vingotte 1995, Vrije Universiteit Brussel, 21 February 1995
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Os itens de uma metodologia de analise de falhas sao normalmente
(Robinson e Cox, 1983; Wulpi, 1985):

definicao do problema;

obter informacodes basicas;

investigar e recolher informacoes;

examinar evidéncias (exames macroscopico e microscopico como SEM
)

avaliar mecanismo, sequéncia e causas da falha;

realizar testes exemplares;

analises e cdlculos, incluindo método dos elementos finitos (MEF) e
analises de mecanica da fractura;

avaliar o risco;

tirar conclusdes com base em todas as evidéncias e fazer
recomendacoes

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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Figure 2 SEM fractograph of failed bolt (Antunes and de
Castro, 1985)
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Figure 3 Macro and micro fatigue crack growth data,
austenitic steels, Adapted from Bathias (1980). (m = Paris
law exponent. m = 6.5, macro data; m = 1.8, micro data)
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Figure 6 FEM mesh for the analysis of failed eyebar
(Duarte et al., 1985). A, crack initiation site

FAILED
EYEBAR

(a)

Figure 5 Machine to cut thin wood slices from logs:
failed eyebar and movement of the blade (1350 mm)
(Duarte et al., 1985)

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 4133 5
a methodology’, Technology, Law and Insurance, vol.1, pp.143-150, Y
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Figure 4 Failed cobalt hardfaced steel shaft (Fernandes
et al., 1985)

Figure 7 Tubular electric conductor of commercially
pure Al (Fernandes and de Castro, 1990). Original (failed)
design, and modified solution
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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

FCGRand StriationMarks  ESIGMZ3 ML, @mequz:

Striation Spacing and AK Measurements

SEM images were used to identify and
measure striation spacing.

Several measurements were performed and
an average value of striation spacing was
computed for each location.

Along with the striation spacing, it is

necessary to know the position were the image

was taken (distance between crack nucleation Y8

and crack front, a, at a given “time”). \x
00 mag CJ HV')”EetL WD x 45204 mm |

This crack length will be used to estimate the il IARIbERIuIN A Il

SIF at that “time” (crack front position). Striation Spacing and Global Position
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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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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
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Ponte Luiz 1

AVALIACAO DA RESISTENCIA A FADIGA
DA PONTE LUIZ 1

por

- Fermando Oliveira
Jodo Paulo Colejo
. Jodo Paulo Gongalves
Miguel Figueiredo
Pa u.ln Tavares de Castro

Antonio Augusto Fernandes

Estudo efectuado para o INSTTTUTO DA CONSTRUGAD, FEUP

Margo 1996
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Yazdani, Albrecht

J. Struct. Eng., 1987, ]
113(3):483-500 |

mild and HSLA steels
Yazdani, Albrecht

J. Struct. Eng., 1987,
113(3):483I-500
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5 - Serendipidade
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Preliminary Programme

Monday

17th  vemne

18th e

Afternoan

1 gth Morning

Afternoon

Evening

21st

Meeting of Task Groups
Official opening
Plenary session

Technical sessions
Plenary session
Technical sessions
Reception of EGF by the
Mayor of Lisbon

Technical sessions
Plenary session
Technical visits
Conference dinner

Technical sessions
Plenary session
Technical sessions
Meeting of EGF

echnical sessions
Technical sessions
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C. van ELST (N.L.)
0. FARIA (Portugal)

. J. CARLSSON (Sweden)
. E. TURNER (U.K.)

technical equipment

If you intend to present a paper,
If you want to receive the programme,
If you intend to exhibit some equipment

frite to: ECF 5
Prof. L. FARIA




UNIVERSIDADE
BEIRA INTERIOR

XVl Portuguese Conference on Fracture

Paulo Nobre Balbis dos Reis

Abilio Manuel Pereira da Silva

llidio Joaquim Sobreira Correia

Pedro Vieira Gamboa

Rogério Manuel dos Santos Simdes www.pcf2018.ubi.pt

Edited by:
Luis Reis, Manuel Fonte,
Manuel Freitas, Virginia Infante

COVILHA, 23-24th APRIL 2018
& s d
ultimas confs. organizadas no ambito da Sec¢do Técnica Fractura da Sociedade Portuguesa de Materiais (que
integrou o Grupo Portugués da Fractura)
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6 — Aeronautica e espaco
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AGARD-AG-176

JE\(G3/2\)8)D)

ADVISORY GROUP FOR AEROSPACE RESEARCH & DEVELOPMENT

AGARD-AG-176

7RUE ANCELLE 92200 NEUILLY SUR SEINE FRANCE

AGARDograph No. 176

Fracture Mechanics of
Aircraft Structures

Edited by
H.Liebowitz

NORTH ATLANTIC TREATY ORGANIZATION

DISTRIBUTION AND AVAILABILITY
ON BACK COVER
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DOT/FAAICT-93/69.11
DOT-VNTSC-FAA-93-13.11

FAA Technical Gantar
Atlantic City Airport,
NJ 08405

Damage Tolerance
Assessment Handbook

Volume [l: Airframe Damage Tolerance Evaluation

Rasearch and

Special Programs
Administration

John A. Volpe National
Transportation Systems Center
Cambridge, MA 02142-1083

Final Report
Octobar 1993

This document is available 1o the publ
through the National Technical Informauun
Service Springfield, Virginia 22181

e

.S Department of Transportation
Federal Avialien Administration

Damage Tolerance
Assessment Handbook
Volume |: Introduction
Fracture Mechanics
Fatigue Crack Propagation

Research and

Spacial Programs
Administration

John A. Volpe National
Transportation Systems Center
Cambridge, MA 02142-1093

Final Report
Octobar 1993

This document is availaie 1o the public
through the MNational Technical Information
Service Springfield, Virginia 22161

Q

US Deparment of Transportation
Federal Aviation Administration
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https://miro.medium.com/v2/resize:fit:1100/format:webp/0*x5USeEfnfteM7sLD.jpg

comunicagao a Academia das Ciéncias de Lisboa, 30 de Novembro de 2023

72



L. F. M. Silva, J. P. M. Gongalves, 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

International Journzl
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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

Volume 40/Issue 10/October 2017 ISSN 8756-758X

Fatigue & Fracture of

Engineering Materials & Structures

Editor-in-Chief: Youshi Hong
Editors: Richard W. Neu, Filippo Berto & Masahiro Endo

Special Issue:
Fatigue of Aeronautical Materials & Structures

Guest Editors:

Spiros Pantelakis, University of Patras; Paulo de Castro,

University of Porto; Mario Guagliano, Polithecnical University of Milan
Filippo Berto, Norwegian University of Science and Technology

The International Journal for Structural Integrity

WILEY
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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

Fatigue & Fracture of
& ‘ Engineering Materials & Structures
PECIAL I35UE - FATIGUE OF AERONAUTICAL MATERIALS & STRUCTURES

An overview of fatigue in aircraft structures

5.M. 0. TAVARES =" and P. M. 5. T. DE CASTRO
Factildade de Exigenbarai da Unitersdade dy Perts, 4200465 Parta, Portsigal
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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

A Digital Twin is defined as

A set of virtual information
constructs that mimics the
structure, context and behavior of

an individual / unique physical DIGITAL TWIN:

asset, or a group of physical DEFINITION & VALUE
assets, is dynamically updated

An AIAA and AIA Position Paper
> 020

with data from its physical twin
throughout its life cycle and
informs decisions that realize
value.
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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

do fisico ao virtual

sistema fisico oroblema inverso representac;ao
data assimilation

sensor fusion
model adaptation

exs..

validacao

verificacao
incerteza

quantificacao

modelo
mate-
matico

aviao,

tumor no cérebro, modelo numérico

do virtual ao fisico
controlo automatizado

apoio a decisao
sensor steering
experimental design

comunicac¢do a Academia das Ciéncias de Lisboa, 30 de Novembro de 2023 79



ECSS-E-ST-3201C Rev. 2
30 July 2021

EUROPEAN COOFERATION

'E

FOR SPACE STANDARDIZATION

Space engineering

Fracture control

ECSS Secretariat

ESA_ESTEC

Requirements & Standards Division
Noordwijk, The Netherlands

ECSS-E-ST-32-01C Rev. 1
6 March 2009

PERATION

5/

RDIZATION

ering

ECSS Secretariat

ESA-ESTEC
hents & Standards Division
Hoordwijk, The Netherlands

comunicac¢do a Academia das Ciéncias de Lisboa, 30 de Novembro de 2023

ECSS-E-30-014
13 April 1999

ECSS Secretariat
ESA-ESTEC

s & Standards Division
dwijk, The Metherlands




JSC 25863C

FRACTURE CONTROL PLAN FOR
JSC SPACE-FLIGHT HARDWARE

INOT MEASUREMENT
SENSITIVE

NASA-HDBK-5010
MAY 24, 2005

JSC Fracture Control Board

Public Release Statement:

This document has been reviewed for Proprietary, SBU,
and Export Control (ITAR/EAR) and has been determined
to be nonsensitive. It has been released to the public via
the NASA Scientific and Technical Information (STI)
Process DAA NF 1676 TN56113.

March 2018

MNational Aeronautics and Space Administration

Lyndon B. Johnson Space Center
Houston, Texas 77058

Verify correct revision before use at
hitps://gmsmasterlist [sc.nasa.gov/Home aspx/Organization/31

ENTATION
ADS,
ARDWARE

DBOOK

N IS UNLIMITED

731-0005-83
REVISION A

L PLAN

ACE
(STS)

A J—

SP-8095

s

bNE 1971

ATION

SP-8040

)

[MAY 1970

RATION




M. Windisch (presenter), N. Eigen, U. Glaser, H. Masny, G. Bartesch, M. Wimmer, U.Difert, H.-U. Jingling, 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.

pAVOR

€) mT AEROSPACE

Damage Tolerance Characterization of
2195 Base Material and Friction Stir Welds

Workshop on Fracture Control of Spacecraft, Launchers and their Payloads and Experiments
9 - 10 February 2009
ESA/ESTEC, Noordwijk, The Netherlands

comunicac¢do a Academia das Ciéncias de Lisboa, 30 de Novembro de 2023



Damage Tolerance Characterization of 2195 Base @) mT AaeRosPAce
Material and Friction Stir Welds @ |

The given presentation is a summary of a study, which has been performed within the ESA
Technology and Research Programme:

Damage Tolerance of Cryogenic Pressure Vessels
(TRP T401-02 MC)
Reference: TEC-MCS/2006/1450/In/GS

The work has been mainly performed with the contribution of the following laboratories and
experts:

M. Windisch, N. Eigen, U.Glaser, H.Masny, MT Aerospace GERMANY
G.Bartesch, M.\Wimmer, U.Dufert, H.-U. Jungling

G. Sinnema ESA/ESTEC NETHERLANDS
K.-H. Trautmann, J. Schneider DLR GERMANY

= Vloreira, A.M.P. de Jesus
P C M. Azevedo, M.V.A. de Figueiredo,
P 1 avares de Castro

E. Sattler MPA GERMANY

ESA Workshop on Fracture Control of Spacecraft, Launchers and their Payloads and Experiments, M.Windisch, TEA: @ MT Aerospace AG | 9./10.02.2009 | Page 2
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Damage Tolerance Characterization of 2195 Base
Material and Friction Stir Welds

MT AEROSPACE

Target: Net Shape Formed Tank Tank Domes of AA2195 (incl. FSW)
Spin formed integral dome of FSW plate made of AA2219

Spin formed small scale dome of AA2195

ESA Workshop on Fracture Control of Spacecraft, Launchers and their Payloads and Experiments, M.Windisch, TEA: © MT Aerospace AG 19./10.02.2009 | Page 5
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DAMAGE TOLERANCE CHARACTERIZATION OF 2195 BASE MATERIAL AND
FRICTION STIR WELDS

M. Windisch @, U.Glaser @, G.Sinnema . K.-H. Trautmann @, P. M. S. T. de Castro . E.Sattler ©

m

MT Aerospace Augsburg, 49-(0)-821-505-2624, michael windisch@mt-aerospace.de
@ ]
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®  ESA ESTEC. 31-(0)-71-565-4642. gerben.sinnema(@esa.int
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@ INEGI Porto, 351-225081716, ptcastro@fe.up.pt
®  MPA Stuttgart, 49-(0)-711-6856-2568. erich.sattler@mpa.uni-stuttgart.de

1. ABSTRACT x - K piica

r -

The given paper is a summary of damage tolerance
investigations which have been performed within the
ESA Technology and Research Programme - Damage
Tolerance of Cryogenic Pressure Vessels (TRP T401-02
MC). The main goal of the study was to analyze the
potential of aluminium lithium alloy 2195 and its
friction stir weld (FSW) for the potential future
application of European upper stage cryogenic tank
structures. Strength. fatigne crack growth and fracture
testing has been performed both at RT and cryogenic
temperatures. The fracture test results were evaluated
with non-linear fracture mechanics methods and
compared with data from open literature data of the
space shuttle program. It could be demonstrated that the
material shows high damage tolerance potential and that
the general findings from literature could be confirmed
in most cases. The basic microstructure and material
investigations are presented in [1].

2. FRACTURE MECHANICS ANALYSIS

The test results of the fracture mechanics type tests of

material

L = Jr\e'f

-
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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.

Microstructure and Properties of AA 2195 T8 Material and Friction Stir Welds

N. Eigen”, M. Windisch™, H. Masny®, U.Glaser™, G. Sinnema®™, P. M. G. P. Moreira®, J. Schneider,
E. Sattler™
Y pT Aerospace, Augsburg, Germany
) ESA/ESTEC, Noordwijk, Netherlands

e
4)

INEGI, Porto, Portugal
DLR, Kdln, Germany

) MPA Stutteart, Germany

1. ABSTRACT

The study shows the main properties of AA2195 in
relation to the microstructure developing in the
friction stir  weld process. which were
comprehensively  investigated in the ESA
Technology and Research Programme — Damage
Tolerance of Cryogenic Pressure Vessels (TRP
T401-02 MC). Friction Stir Welding (FSW) on 5
mm sheets of AA2195 in T8 condition was
performed and process parameters were optimized.
Non-destructive Inspection (NDI) methods were
used to detect potential defects and metallographic
investigations were applied in order to detect their
origin. The properties on the friction stir joints were
determined and the influence of temperature down
to 20 K is shown.

Particular attention is given to the microstructure
and the fracture characteristics of the friction stir
welds and base material. Optical and scanning
electron microscopy investigations are used fo
determine the failure mode. Additionally, the
influence of temperature is discussed on the basis of
samples fractured at RT. 77 K, 20 K and 4 K.

The Friction Stir Welding (FSW) process as joining
technique is chosen due to its good applicability to
a variety of aluminum alloys, such as AA2195 and
AA2219. as well as to combination of these alloys.
The layout of these tanks requires a reliable data
base for strength, fracture foughness, crack
propagation data etc. down to temperature of 20K.
Already. a large data basis for properties relevant
for cryogenic tank application is present for
AA2195. These data were verified by a
comprehensive material characterization program.
ESA-TRP - Damage Tolerance of Cryogenic
Pressure Vessels, including tests on friction stir
welds in order to evaluate the potential of the
material for a European launch vehicle [1]. These
tests also include fatigue tests in view of reusable
launcher applications.

In order to evaluate these test results with respect to
the applicability in a pofential serial production of
launcher components and tanks, it is necessary to
understand the influence of the process and thus the
microstructure on these properties. Therefore. in the
present paper the fracture behavior is related to the
microstructure of the material and thus to the
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Development, manufacturing and testing of small launcher structures from Portugal

Andre G.C. Guerra®, Daniel Alonso®, Catarina Silva®, Alexander Costa?, Joaguim Rocha?, Luis Colace®,
Sandra Fortuna®, Tiago Pires®, Luis Pinheiro®, Nuno Carneiro®, André Joio®, Gonealo Araij o®, Pedro
Meireles®, Stephan Schmid®
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* Comesponding Author

Abstract

Dunng the last decades the Aerospace Industry has seen the mumber of Earth orbiting satellites dse at a stunning
rate. Thiz race stems from the need to monitor Earth and better understand its environments at different scales as well
as to establish global commumication networks, for example. Nano, nucro, and small satellites have been a prime tool
for answenng these needs, with large and mega constellations planned for the near future, leading to a potential lamch
gap that can only be answered by an increase on the munber of yearly launches, to keep up with demand as well as
replenish established capacity. An effective and commercially appealing solution is the development of small
launchers. These can complement the current available launch opportunity offer, serving a large pool of different types
of clients, with a flexable and custom service that large conventional lawmchers cannot adequately assure. Rocket
Factory Augsburz, who has been developing its own small launcher for the last two vears, has parmered with CELLA,
a Pormguese engineering and product development centre_ for the development of several stmuctures for the RFA Cne
rocket. The objective has been the design of solutions that are low-cost, light, and custom-made, applying design and
mamifachoring concepts as well as technologies from other mdustries, like the aeronautical and automotive, to the
aerospace one. This allows for the implementation of a New Space approach to the launcher segment, while also
building a supply chain and a set of solutions that enables the industrialisation of such structures for this and future
small launchers. The two main systems under development have been a versatile Kick-Stage. for payload camrving and
orbit insertion, and a sturdy Payload Faining, both with mmltiple configurations. Even though the use of components
off-the-shelf have been widely accepted in the space industry for satellites, these two systems pose different challenges
as they mmst be: highly reliable during the most extreme conditions imposed by the launch. so that they can be
considered safe to launch all types of payloads; while allowing for the maxinmm paylead mass and volume, making
1ts business case sustainable. Additionally, the manufactunng methods had to be such to allow the easy scale up and
ultimately the creation of a production line for these structures. This paper thus dives deep on the solutions developed
in the last few years. presenting also lessons learned during the manufacturing and testing of these structures.
Keywords: Small Launcher, New Space. Structural Design, Structural Analysis, Structural Tests, Space System
Engineermg

Acronyms/Abbreviations of elements, mamly from the commercial sector (over
PF Payload SIF Separation Interface 60%) and linked to Earth observation (45%) and
Fairing Flanzes commuuications (19%:) [1]. These nussions, besides the
. T Risk Pricrite N number of planned satellites, require an imcreased
KST Rack SFage FEN Rl_‘L Prionity Number launcher flexbility or even dedicated launches, so not to
5 Severity FMEA illltlzre_h’[ade and Effect incur in loss of revenue or opportunities.
alysis Several projects for micro-launcher development or
O Oceurrence FEA Rocket Factory Augsburg  adaptation of large launcher capacity have been initiated
P Probability ESPA Expendable Secondary around the globe to answer this clear market need for
Payload Adapter increased lamcher capabilities. In Europe there are
D Detecti LV Launch Velicl several mitiatives like the one from the European Space
Erechon el vetnee Agency (ESA) for Light satellites Low-cost Launch
T service [2] or the cne from Rocket Factory Augsburg
}II DT‘E-&EI_)EEER%:OECT (RFA) with their REA ONE rocket.
The projected number of satellites to be lamched has mjsiomﬂfgngafééﬂgﬁﬁi u.n]_]]]:u:lj[t:&u; ﬂ;?n?;:ei
been increasing at a substantial rate, with a sigmificant . P oo e T =
porion of those future satellites as part of large installed competences, in alignment with the Portuguese

constellations, in some cases ascending to the undreds  Pace strategy [3]. allows Magellan to bring together fwo
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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

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,

e 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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Abril 93
Numero 18

(Ciéncia, S8

Técnica

e Valores
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https://agc.sg.mai.gov.pt/details?id=587962

ADCT - Associacao para a Divulgacao da Ciéncia e
Tecnologia, anteriormente designada de Associacao de
Ciéncia e Tecnologia para o Desenvolvimento — ACTD

Anteriormente denominada de Associacao de Ciéncia e Tecnologia para
o Desenvolvimento - ACTD. Sediada no Taguspark, Parque da Ciéncia e
Tecnologia, Nucleo Central, sala 309, na freguesia de Porto Salvo, no
concelho de Oeiras. (Anteriormente sediada no Instituto de Fisica e
Matematica, na Avenida Professor Gama Pinto, n2 2/Nossa Senhora de
Fatima/Lisboa). Alteracdo de estatutos em 1998-10-21. Dissolucdo em
2001-12-18. Natureza da Associagao: cientifica e tecnoldgica. Data da
constituicao da Associacao: 16 de setembro de 1985.

gue, caso ndo apareces-
sem candidafos, a ACTD
se extinguiria. Por isso,
segundo Artur Ravara,

assembleia eleitoral foi
cancelada e em seu lugar
haverd outra assembleia
“tendo como ponto unico
a extingdo da ACTD”, =
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Science, Technology

Curriculum Newsletter of the Lehigh University STS Program
& Technology Studies Resource Center

Editor: Stephen H. Cutcliffe
Guest Editor: Michael R. Notis

No. 85, September 1991
ISSN: 0275-8075

KNOWLEDGE, POWER AND BLACK BOXES:
AN APOLOGIA FOR THE SOCIOLOGY OF TECHNOLOGY

When I was twelve years old, 1 was
sure that I would grow up to be an
aeronautical engineer (in those far-off
days the term "aerospace” had not been
coined). After a number of academic
twists and turns I ended up a sociologist.
Yet my interest in technological hardware
had not left me, and with my first
academic appointment I began to teach a
course on the sociology of technology. (I
am somewhat embarrassed to report that
the course was entitled "Men and
Machines"--we have made some progress
since then in reducing sexist language!).
Then, as now, the field was peripheral to
mainstream sociology, and there was no
standard set of themes, topics, facts, and
methodologies.  This left me free to
define the course as I saw fit, a process
that continues to this day.

Although a sociological inquiry into
technology is not part of the established
sociology curriculum, it is still grounded in

the central concerns of the discipline, for
there are many natural connections
between the sociology of technology and
the kinds of issues that engage
sociologists of all descriptions and
specialties. The sociological relevance of
the study of technology follows from the
axiomatic principle that technology is a
social creation. Tools, techniques,
materials, and the organizational systems
that tie them together do not appear
through spontaneous generation, nor are
they simply the product of individual
human genius. The technologies found in
a particular society have been shaped by
the distribution of wealth and income,
cultural patterns, and power relationships.
A course on the sociology of technology
therefore will naturally gravitate towards
such themes as the rise of the factory
system, the role of the military, corporate
and governmental influence over
technological development, and the
"modernization" of "traditional" societies.

BULLETIN OF

SCIENCE,
TECHNOLOGY

SOCIETY
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despesa I&D, precos correntes, por origem
financiamento.
de 'l&D: 25 anos de estatisticas oficiais em
Portugal'

N

——

(o] N
—e—empresas % =—e=—estado % ensino sup %

IPSFL % =o=—estrangeiro %
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GDP 2021 Population GDP per capita
The World 2021 2021
Bank The World The World Bank
current USD Bank current USD
Germany 4,26 x 1012 83,196 x 106 51,2 x 103
Portugal 253,7 x 10° 10,325 x 108 24,6 x 103
ratio GDP population | GDP per capita
Germany/Portugal 16,8 x 8,1 X 2,1x

https://data.worldbank.org/indicator/NY.GDP.PCAP.CD?locations=PT-DE
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Ratios (2020) Germany Portugal
Manufacturing/BERD 59314/71032 666,2/1843,6
83,5% 36,1%
Financial/BERD 352/71032 147,7/1843,6
0,5% 9,0%

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
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https://www.pordata.pt/portugal/taxa+de+crescimento+do+pib-2298

(sobre recessdo: https://ffms.pt/pt-pt/estudos/documentos-do-comité)
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The
LEGACIES

LITERACY

CONTINUITIES AND CONTRADICTIONS
IN WESTERN CULTURE AND SOCIETY

Harvey J. Graff
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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/
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THE HISTORY OF LITERACY IN SWEDEN
In comparison with some other countries

Egil Johansson

no 12 1977




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/0085cbb42c¢19182d7f33770c27b5b6f24fd360af

comunicac¢do a Academia das Ciéncias de Lisboa, 30 de Novembro de 2023



coda ou codetta

comunicac¢do a Academia das Ciéncias de Lisboa, 30 de Novembro de 2023



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.

‘.... 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 ...’
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in effect of dwell time and environment on the resilience
of a strain-aged specimen of academia

Being a brief history of Fracture Mechanics up to the time

the Second Symposium on Elastic-Flastic Methods, 1381

A cycle In ten stanzas :

In the beginning was simplicity

And crystallinity

Then came stressz intensity

Which used a singularicy

To strip yvield of its complexity

And so help plasticity

Te spread to a wider community

In which instability

Helped design curves

Cf simplicity

12 pag. de manuscrito de C. E. Turner (Imperial College), visita a FEUP em 4-5 de Marco de 1982 (comunicagao privada)
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