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Sunil Bhat Crack tip energy release rate in weldedraiterial

, Analytical model for estimation of energy release rate at mode | crack tip
in bi-material of identical steels joined by a over-matchedweld interlayer

Sunil Bhat

Department of Mechanical Engineering, SET, Jain University, Bangalore -5&f&12
snibhat@rediffmail.com

Structurefabricated by welding identical steelsadiractured steetomponentepaired by
steelweld filler of different strength leadto the presence of two interfaces with strength
mismatch across thenoneinterfacebetween parg steel and weld anthe other between
weld and back up steeMlode | crack in such a {mnaterialupon growing across the weld
interlayerexperiences the effect tfeinterfaces that manifests byay of change ircrack tip
energy release ratd,;,, from the far field valug Jappieca The papepresents a strain based
analytical model for estimation dnerrace and therebyd,,, at all the positionsof the crack

under SSY oK dominant conditions. Results of moderack in front of a single strength
mismatched interface have been reported earlier. Sequential effect of two interfaces over the
cracktip is taken up in the present work. The weld interlayer is assumed to be homogeneous
and overmatchedwhich possesses giner strength than that of tlwnstituentsteels. The
modulus of elasticity is same throughout the domatlye craclof variousdiscreteengtrs, c,

is investigated in infinite body under uniform monotonic tengibd50 MPain plane stress
situation fordemonstration of the model behavior. Influence of weld thickness Qs

also examined.
| Elastically affected zonia weld «l Continuous tack tip yield zone a Plastically affected zone in back up steel

Back upsteel Weld Parent steel
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Main author et al, Short title if too long

, A review of present status and challenges of using additive manufacturing

technology for offshore wind applications

A. Ermakoval, A. Mehmanparast, S. Ganguly?

1 Offshore Renewable Energy Engineering Centre, Cranfieldedsity, UK
2 Welding Engineering. Laser Processing Centr€ranfield Uniersity, UK

Abstract

Offshore wind is an efficient sustainable source of energy, which is a preferable alternative
to burning fossil fuels in the United Kingdom and Europe. About 85% of existing offshore wind
turbines have a monopile foundation, which are made of large wpldezk. The residual
stresses locked mmonopilestructurehave a great impact on its fatigue life. The new emerged
technology of additive manufacturig@M), which is widely used in other industries such as
aerospace and autotive, hagotential to sigificantly improvea lifespan of the structure by
managing the residual stress fields and microstructure in the future monopiles, and moreover
reduce the manufacturing cost. New materials that are used for additive manufacturing parts
fabrication and theirbehaviour in harsh marine environmental and operational loading
conditions needs to be understood. Also purely welding fabrication technique employed during
AM process isikely to significantly affectrack growth behavioun air as well as in seawater.

This paper presents a review of additive manufacturing technology and suitable techniques for
offshore structures. Existing literature that reports current data on fracture toughness and fatigue
crack growth tests conducted on AM parts is summarisedradygsad, highlighting different

steel grades and applications, with the view to illustrating the requirements for the new
optimised functionally graded structures in offshore wind built by means of AM technique.
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Main author et al, Short title if too long

Numerical analysis of timedependent deformation effects on preload relaxation

behavior of offshore wind turbine bolted connections
A. Mehmanparast

1 Offshore Renewable Energy Engineering Centre, Cranfielddusity, UK

Abstract

Offshore wind is a reliable source of clean energy which is becoming a preferred solution
for meetingthe ekctricity demand in Europand worldwide The majority ofoperating
offshore wind turbines are supportdy monopile type foundationsvhich consistof
cylindrical welded cans typically made of structural steel plates. In a considerable number of
recent generatianof offshore wind farms, the monopile foundations are attached to a
transition piece using bolted flange connections. One of the majotusalumtegrity issues
associated with these connections, is the deom and longerm preload relaxation in
individual bolts and atsduring operation which requires frequent inspections to ensura that
minimum allowable preload level is maintained ieach bolt. One of the key mechansm
which can significantly influence the shaerm elaxationof offshore wind turbine bolted
connections is the timdependent elongation of the bolt and nut materials under a constant
load, which is referred to asom temperature creegeformation A numerical investigation
has been performed in the present study to examine the effecisnoftemperature creep
deformation on shotterm preload loss in M72 bolted connections. The results from this
study show that althah creep is usually neglecteat low temperaturesat preload levels
close to the yield stress of the bolt material relatively ldegels of creemleformation may
occur which subsequently reduce the remaining preload in bolted connedti@rsfore,
recommendations have been made to consider room temperature creep properties in analysis
of preload loss in monopile to transition piece bolted flange connections. Fanabwnsitivity
analysishas beertarried outto investigatethe influence of creep pperties on the extent of
preload loss in M72 bolted connections.
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J. Kleiman, RSM: An Indispensable Tool

Residual Stress M anagement - RSM: An Indispensable Tool in Structural
Integrity

J. Kleiman

Structural Integrity Technologies (Sintec) Inc., 80 Esna Park Drive, Units 7-9, Markham,
Ontario, L3R 2R7, Canada, E-mail: jkleiman@sintec.ca

Abstract Residual stresses introduced before, during or after welding and other operations
like machining, forging, rolling, surface treatments, casting, heat treatment, etc., may change
considerably the engineering properties of materials and structural components by affecting
their structural integrity through a decrease in their fatigue life, introduction of digtortions,
reducing the dimensional stability, decreasing corrosion resistance, etc. They play an
exceptionally significant role in fatigue of welded elements.

The concept of residua stress management therefore is becoming an indispensable tool in
fully understanding the effects of residua stresses by addressing major aspects of residual
stresses in welds, and in welded and assembled structures [1, 2]. According to the concept
three major stages, i.e. RS determination, RS anadysis and RS redistribution are considered
and evaluated, either experimentally or theoretically to achieve the optimum structura
integrity and performance.

The sound structural integrity of parts and components benefits directly from the RSM
concept at al stages of welding and other processes. This presentation will provide an
overview on the advancements made in addressing the development of instrumentation for
providing solutions in the mgor stages of the RSM concept. Examples of industria
applications of the developed engineering tools for residua stress anaysis and fatigue life
improvement of welded elements and structures are given.

Keywords:  Structurd integrity, residua stresses, ultrasonic method, non-destructive
measurement, underwater ultrasonic peening, UltraM ARS®-7, UltraPeen®

1. J Kleiman, Increasing Fatigue Life in Marine Structures through Effective Residual
Stress Management, Shipbuilding Technology Forum, Ottawa, Canada, 1 March,
2018;

2. J Kleman and Y. Kudryavtsev, Residual Stress Management in Welding: Residua
Stress Measurement and |mprovement Treatments, 10" International Conference on
Resdua Stresses, (ICRS-10), 3-7 duly, 2016, Sydney, Australia.
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J. Kleiman et al, Measurements of Stresses by Ultrasound Method

L atest developmentsin nondestructivetesting of residual stressesin welded
structures by ultrasonic method

J. Kleiman' and Y. Kudryavtsev?

! Sructural Integrity Technologies (Sntec) Inc., 80 Esna Park Drive, Units 7-9, Markham,
Ontario, L3R 2R7, Canada, E-mail: jkleiman@sintec.ca

2 Structural Integrity Technologies (Sintec) Inc., 80 Esna Park Drive, Units 7-9, Markham,
Ontario, L3R 2R7, Canada, E-mail: ykudryavtsev@sintec.ca

Abstract Using the well-developed acousto-elastic theory of interaction of acoustic waves
with materials and the existing linear relationships between the dependence of acoustic wave
propagation in materials on stresses, a portable system for non-destructive measurements of
resdual stresses, the Yong Modulus, Poisson Ratio and thickness was developed and used
successfully in numerous applications [1,2]. The sysem includes a measurement unit with
transducers and basic supporting software. The developed system alows measuring the RS
either averaged through thickness or in surface or subsurface layers, with the results displayed
on the screen of the instrument as a continuous curve.

The present version of the system allows measuring the averaged through thickness biaxia
RS in parts ~ 2 - 150 mm thick as well as the surface/subsurface RS at the predetermined
depth from hundreds of microns to a fewv mm in depth. Additiona features of the system
allow also measuring the Y ong Modulus and Poisson ratio as well as the thickness of material.

A number of changes were introduced recently into the software and measurement
protocols of the system and the transducer design. The presentation will include new
information on recent updates to the system and will present examples of stress measurements
in large scale welded specimens and structures.

Keywords: residua stresses, non-destructive measurements, ultrasonic  method,
measurement of Y oung Modulus and Poisson Ratio, bulk, surface, subsurface stresses

Figure 1 — Ultrasonic complex for non-destructive measurements of residual and applied
stresses- UltraMARS-7
References

1. Y. Kudryavtsev and J. Kleiman, Ultrasonic Measurement of Residual Stressesin
Welded Elements and Structures, 19th World Conference on Non-Destructive Testing
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2. J. Kleiman, Non-destructive M easurements of Residual Stressesin Bridges Using an
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Feiyang He, Muhammad Khan

, Material Mechanics of Crack Growth in Structural Dynamics

Feiyang Heé%, Muhammad A. Khan®, Behzad Ahmed Zaf

#PhD Student, Cranfield University, Bedford MK43 OAL, UK
bSenior Lecturer ifFatigue and Damage Tolerance, Throdie Engineering Services
Institute, Cranfield University, Bedford MK43 OAL, UK
‘Department of Engineering Sciences, PN Engineering College, National University of
Sciences and Technology (NUST), Pakistan

Abstract This review paper presents the latest research focusing on the crack propagation
of the structures under complicated dynamic loads. The reviewed publications involve the
variable methodologies to study the fracture mechanics of structures under thedtnggse
regime. Besides, the paper discusses the fatigue crack growth under different loads. The paper
presents the research about the themmechanical fatigue and fracture of the structure with
metal, composite and polymer materials. In the end, thenfmtehallenges and the current
research gaps are summarised.

* Corresponding author. Tel.: +447851975879.

E-mail addressfeiyang.he@cranfield.ac.uk
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Cruzet al, Sructural Analysis of a crane

., Analysis of the structural girders of a crane for thelicense renewabf a

BWR nuclear power plant

Juan Cruz-Castro!, Edgar HernandezPalafoxt, Luis Héctor HernandezGomeZ,
Gilberto Soto-Mendoza, Yunuén LépezGrijalba 2, Alejandra Armenta Molina !, Pablo

Ruiz-L6épeZ

linstituto Politécnico NacionalSEPI ESIME Zacatencbtnidad Profesional Adolfo Lopez
Mateos, Edificio 5, Segundo Pjstolonia LindavistaAlcaldia Gustavo A. Madero, C.P.
07738, Ciudad de Méxic&-mail: luishector@hanail.com

2Instituto Politécnico Nacional. Unidad Interdisciplinaria Profesional de Ingenje@&mpus
Hidalgo, carretera Pachucéctopan km 1+500, C.P. 42162, San Agustini@tzs Hidalgo

3Comision Nacional de Seguridad Nuclear y SalvaguardiasJosé Ma. Barragan No. 779,
Colonia NarvarteDel. Benito Juarez, C. P. 03020, Ciudad de México

Abstract This work presenta TimeLimited Aging Analysis (TLAA). Theobjective was
to determine the Cumulative Usage Factor (CUF) of the structural girders of an dverhea
traveling bridge crane. This crane is locateside the reactor building of a nuclear power plant
type BWR. This analysis is important to comply with tequirements for the renewal of an
operating license of a nuclear power plant.

The Finite EEment Method (FEM) is appliedith the ANSYS code. Analyzes weecarried
out threedimensionalAlternating stresses were determined at the critical points aiirtlee
rule was used to estimate the Cumulative Usage Factor (CUF) projected at 60 years.

The results shown two critical cases (Figure 1, case 3 and 19). These are the test of the crane
before each operation and the handling of spent fuel containers. Al&iwa Usage Factor
(CUF) of 0.000259 projected at 60 years was calculated. This complies with the 10 CFR 54.21
(c) (1) (ii) standard. It shows that the CUF remains less than one. This ensures that the integrity
of the structural girders is maintained itdigran extended period of the operating license.
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A FPadilhaet al, AISI 316Ldegradation

, Degradation of microstructure and properties of an AlSI 316L steel tube

after more than 100,000 hours usage at 640°C apetrochemical industry

Flavio Pereira de Moraes, Sandro Francisco Alves Juniot, Ronald Lesley Plaut,

Angelo Fernando Padilhd"

!Departamento de ienharia Metallrgica e de Materiais da Escola Politécnica da
Universidade de S&o Paulo (EPUSRv. Professor Mello Moraes 2463, Cidade
Universitaria, 0550830, Sao Paulo, SP, Brasil.

"Presenting author

Abstract AISI 316L austenitic stainless steel is one of the most widely usedteéislass,
especially at high temperature. In this work, samples for analysis were taken from a tube of
AISI 316L with a nominal 203 mm external diameter and 15 mm thick exposedbdat a
100,700 hours at 640°C with internal pressure of 4.5 MPa in a reactor of a petrochemical plant.
Modifications in microstructure, mechanical properties and corrosion resistance were
investigated and the most important results are presented. Resutshehprecipitation of
intermetallic phases, mainly sigma phase at grain boundaries and inside the grains. Precipitation
caused increased hardness, yield strength and ultimate tensile strength and decreased ductility,
toughness and intergranular corrosiesistance.

Keywords:DegradationAlSI 316L; Microstructure; Mechanical properties; Corrosion.
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Brunner et al, Damage Size Quantification

, Microscopic Damage Size in FibeiReinforced PolymerMatrix

Composites:Quantification Approach via NDT Measurements

Andreas J. Brunner!, Philipp Potstada?, Markus G. R. Sausé

Empa,Swiss Federal Laboratories for Materials Science and Technology, Laboratory for
Mechanical Systems Engineering, Ueberlandstrasse 1298608 Duebendorf, Switzerland
andreas.brunner@empa.ch

2Universityof AugsburgInstitute for MaterialsResourcéManagement

Abstract Themesascale morphology of fibereinforced polymematrix (FRP)composites
with fiber plies induces a range of microscopic damage mechanismsRRRieis subjecto
mechanical othermemechanical loadingBoth, for improving the daage resistance of FRP
composites and for structural design guidelinesderstanding the different damage
mechanisms and their interaction is importaabustic Emission (AE) monitoring of load tests
on laboratoryscale FRP specimengelds information a the occurrence of damage as a
function of stress level, antypically allows for roughly locating signal sources, amith
sophisticated pattern recognitidor identification of differentmicro- or mesoscopic damage
mechanismsin FRP components andeehentsempirical criteria for assessing structural
integrity, e.g., AE Felicity-ratio, yield quantitative servicéife predictions.Combining AE
information on microscopic damage with macroscopic, empirical criteria has not received much
attention yet (seee.g., [Potstada et al. 2018, Figure 1dentifying whether stresselaxation
or friction of existing crack faces induces the onset of AE signdi®P andhus defines the
Felicity-ratiois important for structural integrity characterizatidhis approactto the Felicity
effect on the microscopic scaedits advantages and limitatiomsepresented and discussed.

*  matrix cracking / interfacial failure | 0. 98‘
* fibre breakage .
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Figure 1 - Example of layup#45 0 £45] including Felicity Ratios evaluated for fibre
breakage signals (red) and matrix crackingteifiacial failure related signks (blue)in
combination with selected cressctions from higiesolution insitu synchrotron computed
tomography revealing damage state at load A and B marked in the graph.

[Ref] P. PotstadaS. Rosini, M Mavrogordato, .ISinclair, SM. Spearing, MG. R. Sause
Proceedings 38European Coference on Soustic Emission Testing, Paper N, (2018).
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R. Brancoet al, Cyclic behaviour ofAA7050

,Effect of pre-strain on cyclic plastic behaviour of 7050T6 aluminium alloy

R. Branco', L.P. Borrego??, J.D. Costd, J.A. Martins Ferreira®

! Department of Mechanical Engineering, University of Coimbra, Coimbra, Portugal
2Department of Mechanical Engineering, Polytechnic Institute of Coimbra, Coimbra,
Portugal

Abstract High-strength 7xxx series aluminium alloys are widely usethe aerospace
industry due to their excellent strengthweight ratio, high stressorrosion cracking
resistance, good fracture toughness, and low cost. These superior mechanical properties make
them ideal for applications which experience repeated Igdudstories as a result of complex
operational conditions and adverse environmental actions. Despite their large use in aircraft
structural parts, and the plenty of literature data available about their mechanical properties, the
effect of a prestrain onfatigue life has not been deeply investigated. Nevertheless, the
manufacturing cycle or assembly process of the parts may induce stresses whose effects on
mechanical behaviour are usually not considered in design. This paper aims at studying, in a
systemat manner, the effect of pigtrain on lowcycle fatigue behaviour of 70506
aluminium alloy. Different series of tests under fuidyersed strakcontrolled tests for various
strain amplitudes and various gstain levels are performedfter the tess, the fracture
surfaces are examined by scanning electron microscopy to identify the main damage micro
mechanismsThe results show that thegher thepre-strain leve] the lower ighe fatigue life.

This effecttends to increag®er higher strain amplitdes.
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Hell et al, Load Sequence Effects on Fatigue

, Load Sequence Effects othe Fatigue and Structural Durablity of
Components under Service Loadlime Functions

Matthias Hell?, Rainer Wagener

!Research Group/M, Technische UnarstitatDarmstadt, Magdalenenstrasse 4,
64289 Darmstadt, Germangell@sam.tedarmstadt.de

2Fraunhofer Institute for Structural Durability and System Reliability LBF, Darmstadt,
Germany

Abstract The failure of components under service loadingasised byocalized fatigue
phenomena, which agovernedy the local stresstrain responsef the materiato an external
cyclicloadng. Due to stress concentratioaisnotchlike featuressuch asfor examplebearing
shouldersgroovesor any other abrupt chgaesin the crosssectionof the componentalso
macroscopically elastic external loading may induce a localized plastic deformation of the
materal. In order tobe able toconsider elastic as well as elagiastic loadingduring the
numerical evaluation of the stitural durability strainbased fatigue design approaches with
elasteplastic material behaviour are the method of chodsethe precision of the numerical
fatigue life assessment with strdbased approaches depends mainly on the accurate estimation
of the stresstrainstate, the consideration of the speaifiaterial behaviour and load sequence
effects is crucial for the result of the fatigue life estimation and the experimental validation.

The local cyclic elastplastic stresstrain state substaatly depends on the stresgain
behaviour, the component geometry and the externattimedfunction.In order to transfer the
stressstrain behaviour as well as the fatigue behaviour from the spec¢ortee component
geometry, different influencing €¢ors related to the component size and the localized plasticity
haveto be considered. &ouning for size and notch support effects, which affect the local
stressstrain state as well as the resulting fatigue héguiresfinite element analyses on liss
of the cyclic stresstrain behaviour, the component geometry and the dsaumptionUnder
variable amplitudedading, especiallythe load sequencef purely elasticand elastoplastic
loadingandtransient effects in the stresgain behavioumfluencethe evolution of the local
stressstrain state and the accumulated damage. majority of fatigue desigguidelines and
standards suggettte treatment of loadequence effects with general safety factors, which are
either applied as magnifigah factors on the load spectrumams reduction factoon the SN
curve being used fahe damage accumulation. As the load spectrum, commonly derived by
rainflow countingof the loadtime function does not contain any information about the load
sequence this practice leads to unquantifiable uncertainties which may result either in
oversizingor acritical reduction in safety margins.

Considering the influence of the load sequemith physically sound modelgenerally
requires dime consumingpieceavise calculation of the elasfastic stresstrain statéor each
load step The presented work wilemonstratehow a severe reduction in calculation effort
may be achievewith a simplified approacior the evaluation of the local stressain state
under variable amplitude loadin@n basis of ataticfinite element simulatioripads, which
cause a shift in mean stresses and mean strains, are extracted from -tiraddadction
storing also their position in the original leiche function. Withelasteplastic finite element
analysis, the shift in mean stresses duéhéload sequends calculated and added to the
original loadtime function afterwards. A subsequéieardamage accumulation with the
modified loadtime function in order taondude thefatigue life estimatian shows a good
accordance with the results from the experimental investigatiothsr service loading
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Sireet al, Fatigue of riveted joints

, Study of the influence of the load ratio on the high cycle fatigue behawio

of double shear riveted joints

Stéphane Siré, Bernard Espior?, Muriel Ragueneat?

tUniversity of Brest, IRDL, UMR CNRS 6027, 29200 Brest, France
2ULB, BATIr, Civil Engineerindepartment, 1050 Brussels, Belgium
3SNCF Réseau, DGIDA, 93210 La Plaine Saienis, France

Abstract : The understandingf the mechanical behaviour of hot riveted joints is a major
issuefor the maintenance of old metal structuresparticular, thdatigueresistancef these
connectionsis paramountfor the lifetime assessment of iron and stemlway bridges
subjected toa large number of load cyclethe amplitude ofwhich have also increased
significantly with the increase in traffic during 18® 150 years of exploitation. This paper
discusses the influence of the load ratio onhigé cycle fatigue behaviofHCF) of double
shear riveted connectiossibjected to tensiomModern steel (S235¢st pecimenshave been
specifically dsigned andmanufactured. e results of adedicatedfatigue experimental
campaign will be presented including two different load ratios. These results will be

compared with the results of the literature. Failure modes will also been analysed.
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S. Tsouliet al, Corrosion and tensile behavior oftainless steel concrete reinforcement

, Corrosion and tensile behavior of 316L stainless steel concrete

reinforcement in harsh environments containing a corrosion inhibitor

S. Tsoult, A.G. Lekatou!, C. Nikolaidis?, S. Kleftakist

luniversity of loannina, Department of Materials Science &Engjiimg, Laboratory of
Applied Metallurgy, 45110 loannina, Greece, alekatou@cc.uoi.gr

Abstract The electrochemical performance of 316L stainless steel rebars in a solution of
pH~8 consisting of Ca(OH)2 and fly ash-ZB wt.% of the dry mixture) in an acidin
simulating solution was investigated by reverse polarization. Concrete cubes cont&2bing O
wt.% fly ash and reinforced with 316L or 304L rebars were subjected to salt spraying. The salt
sprayingdue degradation of the rebars was studied by tensti@de The beneficial effect of
fly ash up to 20 wt.% content on the electrochemical behavior of 316L rebars is demonstrated.
However, this trend is reversed at 25 wt.% FA. The tensile behaviour of 316L and 304L rebars
after 2 m of salt spraying was nogsificantly affected by the fly ash presence. 316L and 304L
embedded rebars performed similarly on tensile testing after salt spraying.
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Sharda Locharet al, Bolted Connections

,A Review of Fatigue Performance of Bolted Connections iOffshore Wind

Turbines

Sharda Lochart, Ali Mehmanparast?!, John Wintle?

'Renewable Energy Engineering Centteanfield University, Cranfield, Bedfordshire
MK43 0AL UK

2The Welding Institute (TWIGranta Park, Great Abington, Cambridge, CB21 6AL, UK

Abstract Flanged bolted connectisrare used in offshore wind turbines to connect the
monopile to the transition piecandthe transition piece tdhe tower. Forces andnoments
generated by the effects of winds, waves and currents subject these connections to variable
amplitudecyclic loads in the harsh offshore environment. Areas such as bolt threads in flanged
connections are vulnerable to fatigue cracking and failsire@ gesult of irservice conditions
and their structural integrity is influenced by coatings, lubricants and manufacturing tolerances.
One of the key challenges in fatigue life assessment of large scale bolts (e.g. M72) used in
offshore wind turbine is thiack d experimental data points fromhich new fatigue design
curves for largesize bolts can be derivedihis paper presents a review of the main challenges
in fatigue life assessment and the factors affecting the fatigue performaMg2abolted
conrections Moreover, the existing standards and guidelirdeng with different fatigue
assessment methods for offshore windings are collated and discussaderms of their
suitability for fatigue life assessment of M72 bolted connections in offstiaceturbinesLast
but not least, recommendations have been made to improve the current best practice adopted in
the offshore wind industry and subsequently potential areas for further investigation are
proposed for future research on large scale bottedections.
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Mousaet al, Fracture toughness ofFGM

Mixed Mode Crack Growth in Functionally Graded Material Under Three-

Point Bending

S. Mousat, A.A. Abd-Elhady?, A. Abu-Sinna3, T. Enab*, W.H. Alhazmi !, H. Sallan®

1 Faculty of Engineering, Jazan University, Jazan 706, Kingdom of Saudi Arabia
samousa@jazanu.edu.s&aalhazmi@jazanu.edu.sa

2 Mechanical Design Dept., Faculty of Engineering, Helwan University, Cairo 11718, Egypt
3Force and Material Metralgy Dept, National Institute for Standards, Giza 136, Egypt
4 Faculty of Engineering, Mansoura University P.O. 35516 Mansoura, Egypt.

®>Materials Engineering Department, Zagazig University, Zagazig, Egypt

Abstract

Functionally gradednaterials, FGM, permit tailoring of the material volume fractions to
extract maximum benefit from their-lmmogeneity. Such materials offer great potential for
components which operate under severe thermal or mechanical loadings, such as spacecraft
heat &ields, plasma facings for fusion reactors, crucial jet fighter structures and engine
components.In the present work, polyester matrix reinforced by varying glass fiber
distribution was used to obtain polymeric composite FGM. The handpagchnique was
adopted to manufacture the FGWWhe fracture toughness of glass fiber/polyester FGM under
three point bend beam was measured. The mechanical properties, such as tensile, compressive,
in-plane shear, and flexural strength were determined experimentaiy Rotchof 3 mm
depthwith seven different inclination angles was made to study the mixed mode fracture
toughness of FGM at different modaxities (Ki/K)). It is found that nxed mode fracture
toughness of FGNMhcreased with increasing the ratiorabde-mixities. For a high value of
modemixity, notchinsensitivityphenomenon has been observed as shown in Fig. 1.

Figure 1 - Notchinsensitivityphenomenon in FGM
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Alhazmi et al, Notch strength of CFREplate

, Notch tensile strength of carbon fiber/epoxy composite plate with a center

hole under static and cyclic loading

W.H. Alhazmi!, A.A. Abd-Elhady?, A. Abu-Sinna’, S. Mousat, H.E.M. Sallam?,

! Faculty of Engineering, Jazan University, JaZ@6, Kingdom of Saudi Arahia
waalhazmi@jazanu.edu.saamousa@jazanu.edu.sa

2 Mechanical Design Dept., Faculty of Engineering, Helwan University, Cairo 11 T\tE
3Force and Material Metrology DeptNational Institute for Standards, Giza 136, Egypt

4 Materials Engineering Department, Zagazig University, Zagazig, Egypt

Abstract

The tensile and fatigue properties of epoxy reinforced with 68 volume peadiun fiber,
CFRP, have been fully investigated. The effect of the presence of an open circular hole on
tensile, fatigue residual strength, and fatigue strength of CFRP plates was studied
experimentally and numerically. The results of pin bearing, i.k-Ilb@ded holes, tests were

also investigated and evaluated. A thdemensional orthotropielastic finite element code

was developed to calculate the stress concentration factors of open circular holes or bolt
loaded holes in composite materials.

The modilus of elasticity, tensile strength, and maximum elongation of CFRP are
approximately equal to the values found in the technical data sheet of the supplier. A rule of
mixtures type relation is adequate to predict the modulus of elasticity of such CRRBP pla
This may be attributed to the high mechanical properties and high volumetric content of the
fibers compared with the matrix, i.e. there is a marginal contribution of the strength of the
matrix or the fibermatrix interfacial bond strength. Based on ti@ stress analysis, there is
no difference between the mechanical behavior of smooth andhobesh specimens, i.e.
notch insensitivity. This is due to the incapability of the matrix to transfer the load from the
discontinuous part. The same behavior va#s found under cyclic loading. Due to the
weakness in the bond between the fiber and matrix or in the shear strength of the matrix
compared with the tensile strength of the fiber, the failure mode of all testetbdusd
unidirectional CFRP plates shearout. Furtherthe strength of such bolted joints is mainly
dependent on the size of the contact area between the hole and the bolt.
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Baptista et al, Fatigue lasershock 2024 T3

Fatigue crack growth behavior oflase -shock processe@024T3 aluminum

C.A.R.P. Baptistal, M.S.F.deLima?, R. Riv&?, R.H.M. Siqueira?

lUniversity of Sao Pauld.orena School of Engineerif§EL/USP),Lorena,Brazil
(carlos.baptista@usp.br)

?Institutefor Advanced Studies (IEAv/DCTA),J. dos CampoByrazil

Abstract Various surface modification techniques are aimed at enhancing the resistance to
wear, corrosion and fatigue of structural alloys. Among them, laser shock processing (LSP) is
a competitiveprocess due to its favorable combination of resulting microstructure, surface
finishing and residual stress field, thus improving the damage tolerance of critical parts. In LSP,
a pulsed laser is focused on the target by an optical set, the target yd¢aeyaporates and,
by absorbing energy from the laser, is immediately ionized. The expansion of the plasma is
confined by a transparent layer (usually water) and its collapse generates a shock wave, which
In turn propagates into the target metal, jtadiyy deforming the material and inducing deep,
high magnitude compressive residual stresses. In the conventional process, a thin ablative layer
is placed between the water overlay and the target surface in order to enhance the beam coupling
efficiency (dsorptivity). More recently, LSP without coating (LSPwC) has been gaining
ground, using lasers with lower energies (a few Joules or less), shorter pulse duration, smaller
laser spots and higher surface coverage per shot. In the present work, LSPwC tin@asnen
performed in both sides of pogacked 4.5 mm thick compact tension specimens of aluminum
alloy 2024T3. A pulsed (9 ns) Nd:YAG laser system operating in the second harmonic (532
nm) at 10 Hz repetition rate and with pulse energy of about 270 mgosa®mned with a 500
mm focal distance lens in order to conduct LSP with an estimated power density of 5.22GW/cm
and two distinct overlapping rates: 50% and 75%. Figure 1 shows a fatigue specimen with LSP
footprint ahead of prerack The objective of th work was to investigate the effect of the LSP
and cyclic load condition on the crack closure behavior and fatigue crack growth rate shown by
the specimens. The LSP samples wenaluated as for the resulting microstruetiand
hardness surface roughnesand residual stresses. The fatigue crack growth tests were
conductd at high and low stress ratios and linearquadratic spline method was employed
in the crack closure calculations.

Figure 1 - View of the fatigue specimen withR.Bnpression aheadf pre-crack
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FIBER-OPTIC STRAIN SENSORS AND NUMERICAL SIMULATION
RESULTS

Kosheleva N.AL, Matveenko V.P2, Serovaev G.S?
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614990, Perm, Russiaataly.kosheleva@gmail.com
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1 Akademika Koroleva str., 614013, Perm, Russia

Structural health monitoring of the construction, especially during the operationaldoad
an important and relevant task. Permanent collection of information about the current state of
the object in real time provides the data necessary to prevent breakdowns caused by aging and
the effects of external factors. Objects made from polymeposite materials (PCM), along
with numerous advantages, have a probability of unexpected damage development during
operation. That is why it is necessary to create monitoring systems that allow to detect
damages in the early stages of appearance, befese |&#ad to the destruction of the
construction.

Implementation of fibeoptic strain sensors (FOSS) between the PCM layers at the stage
of technological process of layers stacking has the potential of creation defect identification
systems. Straimeasurement is one of the main tasks when using FOSS in the PCM. The
sensitivity of FOSS on Bragg gratings to changes in the sitesia state of a material makes
it possible to detect smadize damages, since they cause changes in the strain figlts in
material.

This study presents a technique that allows you to capture defects that occur in a
structurally similar polymer composite sample in the form of a flange, as well as to monitor
their growth and development. The technique includes a prelimmamngrical simulation of
the stresstrain state of the flange, the definition of monitoring areas with the mandatory
location of sensors in the stress concentration areas and in moderate stress areas, as well as an
analysis of the relationship of senseadings. To test this technique, a tensile experiment was
performed on flanges made of PCM.

It was noted that the defects (in delamination form) that appear along the edge with
increasing loads, which are a zone of stress concentration, are uneveriyteidtri his is a
natural consequence of the asymmetry of the sample manufacture and its loading.
Experimental results from various sensors in the form of the dependence of the strain values
on the load values show that as the load increases, the rati@ssbfain values change as the
defects appear. Experimental results from various sensors in the form of the dependence of
the strain values on the load values shows that as the load increases, the ratios of the strain
values change as the defects appear.

The appearance of defects was recorded visually. It should be noted that large values of
strains, as well as in a numerical experiment, was recorded by sensor located in the zone
opposite to the area where the largest defects occur.

This study was suppa@d by the Russian Science Foundation (project Nd.91G0243).
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There is airectcorrespondence between the relative change in the resonance wavelength
of the reflected signal caused by a change in the Bragg grating wavelengitraamelong
the optical fiber only under the condition of uniaxséiainof the optical fibewhen singge-
mode fiberoptic strain sensor§~OSS)on Bragg gratingare used In the general case
complexstressed state is realized in the Bragg grating wdvem an optical fiber ismbedded
into a material, in particular, into a polymer composite matéR&M). In this regard the
problem arises gbrovidinguniaxialstrainof the Bragg gratingvhenFOSS isembedded it
material. To do this, it is necessary to change the parameters of the material surrounding the
fiber, which, in a constructive implementation, means the use of an additoatig
(capillay) around the fiber in the area of the Bragg gratgchcoaing may be uniform or
nonuniform.

Additional coaing is characterized by the geometric dimensions and mechanical
characteristics of an isotropic materidlhe case of a homogeneoasaing includes the
option of having a cavity with the dimensions of an additia@ing. For an additional
coaing, various variants of its interaction with an optical fiber can be realized, from ideal
contact to ideal slip along the contact surfa&e.inhomogeneous shell is represented by an
outercoatng of an elastic isotropic matial and an inner cavity between the outesing and
the optical fiber.

The additionalkcoatng must ensure the fulfillment of two conditiortéie realizatn of a
uniaxial stress state the Bragg gratingreaand an adequatdraintransferfrom materal to
the sensorg,e. similar values ostrairs in the fiber along its length astrairs in the material
in the direction of the fiberln addition, it is necessary to estimate the additional stress
concentration in the vicinity of the optical fiberusad by the use of a capillary and
evaluation of the performance of the capillary functions in the range of operational loads.

The parameters of the additiortaaing are selected by numericadodelingbased on the
calculation of the stresstrain state of a fragment of a polymer composite material in the form
of a cube in which an optical fiber with an additionahing is embeddedlhe dimensions of
the cube significantly excdethe length of the aditbnal coaing. For this task the most
unfavorable loading optiom which external influences are perpendicular to the fizer
considered.The results associated with the features of the essonal geometry of the
capillary, when aFOSS is embeddento anisotropic materiahre presented.

This study was supported by the Russian Science Foundation (project N&00343).
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Abstract

Fiber Reinforced Polymers (FRP) and steel had proven to be very effective as externally
bonded shear strengthening materials However, they both have their shortcomings. Recently
developed high strength Aluminum Alloy (AA) platpsssess desirable characteristics that
may overcome some of the shortcomings of FRP and steel.

The aim of this paper is to study the behavior of Reinforced Concrete (RC) beams
strengthened with externally bonded AA plates as shear reinforcement. Thim@aRE were
designed to fail in shear and two of them were strengthened with externally bonded AA plates
that were oriented at 9@&nd at 45 The beams were tested under fpomt bending until
failure while magnitudes of loads and rspan deflections we recorded. The results of the
tested beams showed an increase in the load carrying capacity of up to 38% compared to the
capacity of urstrengthened control beam. All beams failed in shear with diagonal shear
cracks followed by déamination/debonding & AA plates near the support and near the
applied load. This study demonstrated that AA plates can be used as externally bonded
material to enhance the shear capacity of RC beams, however, further investigation is needed
to further validate these results.
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Abstract Damagetolerant designs admit the pegistence of defects and small cracks,
which lead to stress redistribution in structural components. The accurate knowledge of the
stress fiedl in parts under these conditions is important for damage accumulation analysis and
residual life prediction. In this work, a numerical model via finite elements is proposed to
determine the stress field ahead of crack tips in a plate under cyclic |@aingastolstic
regime. The analyzed centeracked plate simulates a M(T) specim@ade of 6005T6
extrudedaluminum alloy. From the triple symmetry condition, one eighth of the plate has been
discretized with tetrahedral solid finite elementgoédratic order (Figure 1a). The refinement
of the mesh has been concentrated around the crack tip region. The cyclistsirszirve of
the material has been experimentally obtained by st@mtrolled fatigue tests. With this curve,
elastic and plag parameters have been determined, considering elastoplastic material with
isotropic hardening governed by Swift's law. Such a model differs from most usual stress
analyzes in components with cracks, in which the possibility of hardening is not comsltiere
IS important to emphasize that the law of nonlinear hardening adopted in this work does not
allow the analytical solution of the present mechanical problem. Cyclic loading with ratios R =
0 and R =1 has been applied from an initial crack of 11 nmntength. The crack growth was
imposed by means of a simplified node release scheme. For each increment of 0.2 mm, stress
fields and equivalent plastic strain have been determined for loading and unloading. Figure 1b
shows the equivalent stress curves ol at the maximum load for crack lengths of 11, 13
and 15 mm. The obtained numerical results justify the experimental data found for crack
propagation in the same load ratios.
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Figure 1 - Boundary problem definition (a) and equivalent streswves for three distinct
crack sizes at peak load (b).
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Abstract: Railway track maintenance & crucialaspectfor the managementf this type
of transportationinfrastructureregardingthe technical andeconomicperformarmce of the
system. Track conditiorevaluationis usually carried outthrough laborintensive visual
inspection campaigns owith dedicated track inspection vehicles endowed with onboard
vision systems. Howevehoth techniquesdo not provide useful information on the causes
that lead to track performanaegradabn and thus maintenance actions tend to be more
corrective and less preventive.

A R&D Projectwas recentlycompletedin Portugalthat aimedat designing, developing
and demastrating the applicability of an innovative and integrated approach to assess the
performanceand conditiorof railway tracks. A system prototypeasdevelopedandinstalled
on board of a selpropelled railway maintenance vehicle. The system is designed
continuously evaluate theertical stiffness of the track artd detect disturbances on the
wheel and rail dynamic contacinteractions The system is also abl® postprocess the
acquired data taking into account structural aspects of the track.

Following the work described in another papabmitted to ICSR019 this paperpresents
the methodology used in thigojectto process the acquired data and determine the relevant
structural railway track parameters, such as railway track vertical stiffness, some geometrical
properties of the rails and characteristic resonance frequencies of the -vahidgamic
interaction. It also presents the results obtained from the first test using the prototype on a
railway track under regulaopeaation For this purpose a section ofthe track was
instrumented with additional esite equipment tprovide data fofurther systemassesment
and validation The instrumentedsectioncomprised part of d@ridge over Ribeira de Sao
Martinhoand theadjacentransitionzong near Alcacer do Sain Portugal Thedataobtained
from this proof of concepttest together with the results gathdriecom previous phases of this
project,suggest thathe proposed approachadequaten this context.

a)
Figure 1 - Aspects oproof of conceptest: a)overall view of the instrumented rail track
section b) passage of theehicleoverthe instrumented section
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Failure Mechanisms in High-Strength Eutectoid and Duplex Stainless Steel

Wires Subjected to Tensile and Transverse Loads
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3 Prof. Aranguren St., 28040, Madrid, Spamihaela.iordachescu@upm.es

Abstract: Multi-wire strands arehte most common resistant componetstructural
tendons used in a wide rangeadfil engineeringapplications. The tendons are designed to
withstand high tensile loads, but they can also be subjected to permanent or accidental
transverse loads that increase the contact forces between the wires and thus alter their tensile
behavior.

This paper presesta comparative experimental analysegncerning the tensilbearing
capacity of two classes of higitrength steel wiresubjectedthis peculiar type of biaxial
loading. The firstone, made from eutectoid staslcommonly used today for prestressing
strands fabrication and the second, made from duplex stainless, is a potential candidate for
replacing it due to its higher durability.resulted thathe wiresdo not differ in the empirical
criterion of fracture found to predict their tensile bearing ciypas a function of the applied
transverse load=igure 1 showshar similitude in themacroscopic failure mechanism comes
from the local biaxiality of the stress state and from the micrctsiral alteration induced by
the locally applied transverse thaHowever, the pearlitic nature of the eutectoid steel and the
bi-phasic structure of the duplex stainless stwel the rootcauseof detected qualitative
differences.The failure originates in an inclined slipand along which plastic instability
occurshefore fracture propagatebhis band arises from the alignment and concentration of
microcracksformed in the microstructural layers forced to gradually elongate and bend
because of their proximity to the locally applied load.

Figure 1. a) Sketch offie test showing the inclined failure origin from microcracks alignment;
Macroscopic views of failure: b) Eutectoid steel wire; c) Duplex stainless steel wire
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,The study of plastic deformation at fatigue crack tip during biaxial loading

A. Vshivkov, A. Iziumova, O. Plekhov

Institute of Continuous Media Mechanics of the Ural Branch of Russian Academy of Science,
614013Perm, RussigAcademika Koroleva str., 1

The origin and initial development of fatigue cracks occur under the action of the maximum
tangential stress, which is less than the mode one and it is achieved at an early stage of the
formation of a fatigue crack. It was experimentally shown that thek cessistance of steel is
reduced when a shear loading component is introduced, which cannot be ignored when
assessing the performance of structural elements under mixed loading corfdigsas.
processes lead to irreversible deformation and failure thaaccompanied by energy
accumulation and dissipation. Theoretical and experimental investigation of thermodynamics
of crack propagation process is one of the key issues in fracture mechanics.

A number of experimental and theoretical studies were devotn tstudy of the features
of fatigue cracks propagation, which are based on the assumption that, from a physical point of
view, the determining factor for the process of crack propagation is the energy balance at its
top. To calculate the energy balanites necessary to know the deformation energy and the
dissipated energy. Today, for their determination, the method of infrared thermography, the
method of correlation of digital images and the method of thermal stress analysis are used. This
work is aimed at measuring the strain field at the fatigue crack tip under biaxial loading for
subsequent analysis of the strain energy.

Experimental study ostrain field at the fatigue crack tip was carried out on the plane
specimens of stainless steel AISI 304 with a thick of 3 mm. The specimens were weakened by
central notch to initiate fatigue crack. To measuredgfermation the method of digital image
correlation wa used based on strainmaster system. There used macro lens and spatial resolution
of 3 um was obtained.he biaxial tests with different biaxial parameter (0, 0.5, 1) were carried
out with biaxial testing machine Biss-B0-502.

The shape and size of pliasarea near the fatigue crack tip was obtairfféwese data will
allow verification of models describing the behavior of fatigue cratks.result of numerical
simulation are coresponded with experimeriakere is decrease of plastic zone with increase
of biaxial coefficient. This can be caused by an increase in the influence of the shear strain
component with increasing side load.
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Abstract

The application of adhesively bonded joints in the automotive industry has increased
significantly mainly driven by the need for lighter vehicles, improved fuel economy and
reducedemissions [1]. Epoxy resins are one of the most used structural adhesives, due to their
versatility as well as their mechanical, thermal and chemical resistance and can be modified so
that their properties can vary from very stiff and strong to flexibteductile by inclusion of a
second phase. Several materials can be used to modify the epoxy mechanical properties, so that
a uniform stress distribution along the overlap can be obtained. Natural materials, such cork,
can modify epoxy adhesives. Theraliso pressure on industries to use these type of materials,
in order to reduce their carbon footprint. Cork as an interesting cell structure that can be applied
to reinforce a brittle adhesive. Cork is able to improve the adhesive mechanical properties
without detrimental effects on the curing process and on the hydrothemgnatiaigon of the
adhesive [A4].

The present study deals with the effects of temperature and cyclic loading condition on
strength of single lap adhesive joints enhanced with differunts of micro cork particles.
To achieve this, different joints with various overlap lengths were manufactured and tested.
The joints were tested at two different temperatt@®C and 78C) in quasistatic conditions.
Results of high temperature5’C) show that the joints tensile strength decreases with the
amount of cork particles. For low temperati2XC), the strength of the joint withvbl% of
cork increased however, higher amount of cork lead to reduction of the joint strength. To

investicate the influence of cork particles on fatigue endurance of the joints, they were tested
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at room temperature under sinusoidal cyclic loading. Based on the experimental data it was
found that the cork particleuld significantly improve the fatigue lifef@dhesive joints (up
to 4.6 times). Micro failure analysis of the tested joints was also performed using the scanning

electron microscope (SEM) technique.

Acknowledgements

Financial support by Foundation for Science and Technology and Balc&o2020ROTCI>
FEDERO028035) are greatly acknowledged.

References

[1] da Silva, L. F., Ochsner, A., & Adams, R. D. (Edslandbook of adhesion technology.
Springer Science & Business Media, (2011).

[2] Barbosa, A. Q., et al, Methods to increase the toughness of structural adhesives with
micro particles: an overview with focus on cork particles. Materialwissenschaft und
Werkstofftechnik, 47(4), 30325 (2016).

#085 80



#086

81



#087

82



#088

83



#089

84



#090

85



#091

86



#093

87



#094

38



#095

89



#096

90



#098

91



#099

92



#100

93



4101

94



4102

95



#103

96



#103

97



Pavel Pokornyet al, Influence of humidity on crack propagation in steels
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Abstract Fatigue crackinitiation and propagationin engineering structusecould lead to
fatigue failurewith disastrous consequencésthe case of variable amplitude loadineof
the mostsignificant factors which influence fatigue lifetimes threshold value. This value
separatesa load spectrum into two partBrst part withcycles ofhigh load amplitudewhich
contributes to crack propagation ansecondone with cycles oflow load ampltudes which
doesnot. This workshowsa strong influence of humidity on measurédeshold values for
three differentsteels (steels EA4T and EALN used for manufacturing of railway axles and
steel S355J0 used for constructiafistructural elementsf bridgesor crans). In the casef
railway axle steels the M(T) specimegth parameter 2W=60 mm, thickness t=5 magre
used andatigue crack propagatiotestswere measued at load ratio R -1. First part of
specimens was measurad laboratory air (withnatural humidity) and second pasas
measuredvith special chambefior redudion of humidity, see Figre 1. In the case of EA4T
there is a drop of threshold vallgaxnfrom 7 MPamY?(naturally humid air) to 4.4 MPai
(dry air), see details ifd].

R=-1 T=23°C
relative ‘
humidity —_—

O 4-11% "ﬂj

relative

humidity |
® 30-40% [ |

Figure 1 - Effect of humidity on threshold valugailway axle steel EA4AT
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Similar behaviour exhibits ste&355J0 usednainly in civil industry, see Figure 2In this

case influence of humidity on threshold value was experimentally determined at CT
specimens(with parameter W=50 mm, thickness t=10 mat) load ratio R = 0.1The
measurement of fatigue cragkowth rates was done in two different periods of yesammer

and winter. In summer natural relative humidity in lettory was in range from 585%, but

in winter natural humidity in laboratorywas below 30%. Summer conditions lead to
threshold value Kaxt 7-10 MPant’2 and winter conditiongwhen air is naturally dry) to

4.55 MPam'?,

Figure 2 - zeffect of humidity on threshold valugsteel S355J0

Measured reduction in threshold value is dominantly caused by phenomena of oxide induced
crack closure, sedl] or [2]. Measured drop in threshold values which is caused just by
change of humidity level is sonmense, that there can be enormous change in fatigue
lifetimes. Therefore, effect of humidity should be swoiered for fatigue lifétne predictions

and environmental spectra could be important for such type of steels.

[1] Pokorny P, Vojtek T, Nahlik L, Hutar P. Crack closure in rteagshold fatigue crack
propagation in railway axle steel EA4T. Eng Fract Meck017;185:249.
doi:10.1016/j.engfracmech.2017.02.013

[2] Suresh S, Zamiski GF, RitchRO. Oxidelnduced Crack Closure: An Explanation for
NearThreshold Corrosion Fatigue Crack Growth Behavior. Metall Trans A 1981;12#4335
doi:10.1007/BF02643688.
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Abstract When transplanting bentissue is not a possibility, tissue engineering is
responsible for developing solutions to substitute the functions of the missing bone structure or
support the process of bone regenerat@ne of the most important solutions is the use of
scaffolding. Scdfolds can be used to fulfill this mission by supporting the loads that were
applied to the missing bone, supporting the cell regenerating prattessng for the necessary
nutrients and oxygen diffusion and delivering growth factors or drugs. Theraféeasible
scaffold must be fabricated in a material with the necessary mechanical strength and that is non
toxic and biocompatible. The geometry design must support static and dynamic loads up to 20
MPa in order to replace human trabecular bone. Alsboitild generate macro and micro pores
to support cell growth and minenatecipitation, while all pores should be interconnected for
nutrient and oxygen diffusion. In this paper two different scaffold geometries were analyzed.
These scaffolds were produtbhy fused filament fabrication (FFF) Bbly(lactic acidPLA),
using a commercial 3D printer (BlkstecZero). PLA is a biodegradable polymeric material,
allowing for a customizable and inexpensive production of scaffolds for biomedical implants.
Specinens were fabricated according to AST845 standard (12.7x12.7x25.4 mm) using two
different layouts. Figure 1 a) shows the orthogonal configuration with 90° between layers, while
Figure 1 b) shows the isometric configuration with 120° between laAdrspecimens were
produced with 50% porosity and a theoretical distance of 0.8 mm between each filament. A
nozzle of 0.4 mm in diameter was used, and the scaffolds were produced at 215°C with a
deposition rate of 30 mm/s. The specimen morphology was analyzedabping electron
microscopy (SEM)It was possible to verify that scaffolds pores are interconnected, and the
final scaffold dimensions are in good agreement with the theoretical ones. Several different FFF
defects were also identified. Both geometriesrav fatigue tested using different load
amplitudeswith a frequency of 0.25 Hz, until 3600 cycl&he specimen height during the test,
the strain amplitude, deformation energy and the compression modulus were proportional to
the applied stress amplitudeower stress amplitudes lead to a stable strain cycle and constant
compression modulus, while higher stress amplitudes lead to an intreasgression
modulus due téayer collapse. The orthogonal scaffold showed an improved behavior with the
compressiomodulus reaching 680 MPa, when a maximum stress of 14.4 MPa was applied.
Therefore both scaffolds show the potential to be uasdmplants for bone replacement in
dynamic applications.

a) b)
Figure 1 £SEM 40xa) Orthogonal and (b) Isometric Scdffd_ayouts.
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Abstract Fatigue is still one of the main concerns when dealing with mechanical
components failuréVhile it is fundamental to experimentally determine the fatigiagerial
behavior using standard specimens, testing large and complex component geometries can be
complicated. In these cases, the Finite Element Method (FEM) can beedfeosvesolution
but developing fatigue crack growth models is still a complddgsk.In order to solve this
problem, an algorithm for automatic crack propagation was developed. Using three different
modules, the algorithm can generate a complex FEM model including a fatigue crack; solve
this model even considering complex loadingnditions, by applying the superposition
method; and calculate the fatigue crack propagation rate, using it to update the original model.
The algorithm uses Python for the first module, Abaqus to solve the FEM problem and Matlab
to update the model with ¢hobtain fracture parametets. order to benchmark this solution
two different problems were analyzed. A modified compact tension (CT) spe(igeme 1
a)) was modeled, including a hole with variable center location, to assess the performance of
the algrithm when simulation fatigue crack growth in mixed mode conditions. By modifying
the specimen hole location and by simulating an initial crack, it was possible to understand how
the mixed mode conditions influence the fatigue crack path. The hole ot tite crack and
be considered a sink hole, or the crack may be deflected but still miss the hole. It was possible
to verify that the crack behavior is mainly influenced by the hole to crack vertical distance. In
order to assess the influence of the Ingcconditions in the fatigue crack path, a cruciform
specimer(Figure 1 b)was modeledThe crack propagates in biaxial mode conditions and the
crack trajectory depends on the proportional load ratio. Different initial crack directions were
analyzed, shwing that the crack will always propagate in a straight line if the load ratio is equal
to one. Increasing the load ratio will then increase the crack deflecting angle. and the crack
deflection angle increases with the load rafithe obtain solutions wereompared with
experimental results showing good agreement. Therefore the developed algorithm can be used
to predict the fatigue crack growth behavior on comgjeametriesand when different types
of loads are applied to the component.

a) b)
Figure 1 +(a) Modified CT and (b) Cruciform specimens
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Abstract Creepratchetingfatiguepropertiesof bainitic 2.25Cr1MoV forgé steel were
investigated at 458. Peak and peak/valley holding periods were incorporated to explore the
effect of creep on ratchetirfgtigueduring cycic loading Thepeakivalley stres$olding

widened stresstrainhysteresigoop, while creep strain produced. Long pstaikessholding

period brought high strain energy densi@yeep strain produced during peak holding
transformed from instantaneouslyegsible to permanently irreversible as holdpsgiod
extended from 2 s to 60 s. The elongation of either peak or peak/valley holding period would
elevatethe minimum strain rate of the steady ratcheting deformation stage and therefore
shorten fatigue |#. The linear damage summation rule gave satisfactory predictions for peak
holding mode, but provided unsafe estimations for peak/valley holding mode, which were
iImproved by introducing stress ratio into the evaluation of creep damage. However, 95% of
fatigue lives in ratchetingatigue and creepatchetingfatigue conditions predicted from the
minimum strain rate method fell within a scatter band of 1.5. Therefore, minimum strain rate
was considered as a critical control parametereépratchetingfatigue life.

Figure 1 fatigue life prediction
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Abstract Additive manufactured (AM) parts made in TiAI6V4 alloy are increasingly used in
medical devices and aeronautical industry, because of its high strength, low weight and
excellent biocompatibility. Most of these components work under environtyeassisted

cyclic loading, i.e. the corrosieiatigue. Fatigue performance of additive manufactured alloys

is significantly influenced by the porosities, residual stresses, which can be reduced by
optimizing the process parameters, thermal treatmehtst @ostatic pressing (HIP). Porosities,
residual stresses and anisotropic microstructure of the AM materials can also contribute
significantly to the propagation of cracks under corro$aiigue, needing steel significant
research work.

Current workstudied the fatigue crack propagation of titanium TiAl6V4 specimens produced

by selective laser melting (SLM), comparing the response of samples subjected to stress release
treatment and HIP processes. Environmental effect was obtained studying thecdatagie

crack propagation in corrosive solutions, namely artificial saliva. Tests were performed using
standard 6 mm thick compact specimens (CT) and tested at R=0. The main objective was to
study the effect of the heat treatment and environment soloti@a/dN”". FXUYHYVY DQG RQ V
fatigue failure mechanisms.
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Abstract Integrity of natural gas transmission systems is of great importance for energy and
environmental security. Deterioration occurs in natural gas transit pipelines due to operational
conditions and action of corrosion and hydrogenating media and leads ngesha
microstructure and mechanical properties of pipeline steels, which influenced on pipeline
performance. Hydrogenation of metal during corrosion process together with working stresses
facilitates a development of-toulk damaging at nan@nd microsales. It provokes not only

a development of macrocracking in pipes but also is often the main reason of decrease of
pipeline steels characteristics of brittle fracture resistance undertitpegoperation.
Reducing the fracturand impactoughnessandincreasing susceptibility of pipeline steels to
stress corrosion cracking, which increases significantly a risk of uncontrolled failure of gas
pipelines by subcritical crack propagation, is associated witlulika material degradation.
Therefore hydrogen assed degradation of transport pipelines steels under operation calls for
effective methods for waboratory accelerated degradation. The present study is dewoted

the development of the procedure of laboratory simulation efeimice degradation of
pipeline steels. The procedure of accelerated degradation of pipeline steels under the
combined action of axial loading and hydrogen chargwag developed and induced in the
laboratory. The steel specimens before testing were subjected-labamatory accelrated
degradation procedure, consisted in consistently subjecting of the specimens to electrolytic
hydrogen charging, to an axial loading up and to an artificial aging. Pipeline steels in different
states (aseceived, posbperated and afterdlaboratoy degradation) were investigatethe

tensile mechanical behavior pfpeline steelavas experimentally studie&usceptibility to

stress corrosion cracking and impact toughness of tested pipelinevateelsstimatedThe
characteristics of the operatpieline steelsvere compared with the properties of pipeline
steels after accelerated degradation.

It was definitely concluded thdhe applied procedure causes the changes in the mechanical
properties of the metat the same level compared to the propedegradatiordue tolong-

term operationThe developed procedure oflaboratory accelerated degradation of pipeline
steels enables, on a laboratory scale, simulating of the degradation of the pipeline isigel dur
long-term operation under simultaneous action of hydrogenation and working lpaduohg

makes it possible to predict the susceptibility of operaipdline steels to stress corrosion
cracking
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Abstract: The high strength ste@355is frequently usedn civil engineering to design
bridges, its elements @imple engineering part3he properties of the steel leadgavings
both material ¥nd economical meeting strict constructi@guirementsFrom this reason,
fatigue resistance ofhe material is in focus of researchers. Results obtained from
experimental observations provideliable inputs to lifetime assessments and numerical
simulations of bridge structures and other constructideghese constructions adesigned
for a long life, we have studied the properties of material in the field ofdyigle and very
high-cycle fatgue. Testsof two standard S355 JO and S355 J2 steel grnadesperformed on
ultrasonic fatigue testing systef@oth steels exhibited fatigue behavior in gigacycle region
while S355 J2 exhibited higher number of cycles to failtracture surfaces westudied
and showedboth surfaceand subsurfacerack initiation
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Abstract: Carbon Fiber Reinforced Plastics (CFRP) laminates are tested using Acousto
Ultrasonic Approach. The materials are subjected to out of plane impact and the Acousto
Ultrasonic Approach is used to test the materials both before and after the impact event. The
Waveform of the recorded signal before and after the impact is used to characterize the
structural integrity of the material. The recorded Waveforms are decompbséalwver levels
to identify the frequency band associated with the recorded sigal®let Packet Transform
(WPT) analysis was used to decompose the Wavelets. The WPT analysis is preferred over the
conventional Discrete Wavelet Analysis (DWT) owingle possibility of analyzing both the
approximation and details of the decomposed WavEletn the WPT results, the spectral
energy in the time domain associated with each of the recorded wavelets are analyzed. The
spectral energy is successfully used haracterize the integrity of the CFRP material before
and after the impact everithe magnitude of the spectral energy in both the longitudinal and
transverse direction of the specimen is observed to be lowered after the impactsiwent.
this techniqueijt is possible to characterize the integrity of the material even before it is
subjected to loading.

Figure 1 t£Spectral Energy of the Recorded Waveform in Transverse Direction after
Impact
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Abstract: The fatigue failure of PolymethyMethacrylate (PMMA) polymer material
componerg of an automotive lamijg a common occurrence. Currently, because of complex
structural elements, virtual prototypase notavailable.Lamp assemblies are subjected to
accelerated random vibration testuring design to assess their integrityer alife time
exposure to random vibration loadir@ften, the optical componeistmade of PMMAfail by
fracturing during accelerated random vibration teghis results in a costly and time
consuming design cycksdesign changes and modification of the injection mouldingao®l
needed Numerically predicting the fatigue lifef this opticalcomponent prior to producing
an assembly prototypeill eliminate these shortcoming$iowever,there are challenges
numerically predicting the fatigue of polymershe mlymers exhibit complex behavior
during deformation the stresstrain relationship of polymers is notably Rlamearwithin the
elastic limitand they also exhibit intesample variation due to mafacturing process The
key todeveloping an accurate model to predrct fatigue life of PMMA materlas a good
understanding of itsomplex behavior.

The objective of this paper is tevelop a robust numericttigue Ife prediction modefor
PMMA polymer material of automotiveamp componentsubjected to random vibration
loading,with considerion for material nodinearity. The fatigue lifebased on initial elastic
modulus and secant modulis predictedusing ANSYS softwareand compar@ to the
experimentally obtained fatigue lif€éhree fatigue life prediction models, Steinberg, Narrow
Band and Wirschingvere used.Twelve specimens cubut from njection moulded optical
bladesof PMMA were tested to obtain the fatigue life. All the specimens halmible sided
u-notch positioned10mmfrom the clamp andblock steelwas bonded tdhe tipto generate
weight. The specimen connectedtte test fixturavasdriven byelectrodynamic shakersng
standarchutomotive random vibration loading.

The average experimental fatiguie lWas obtained from the twelapecimens teste@heuse
of initial elastic range based modulus givesfatigue life that is 47% lower thanthe
experimental resultwhile for the secanmodulusbasedanalysis the fatigue life accurately
matches the experimental result with ohlg% difference. The significant error in the result
of initial elastic modulus clearly reflects the evidence of materiallinearity. The numerical
result is based on Wirsching fatigue mqdehich provides amore accurate prediction than
Steinberg and NarrolBand models.
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Abstract: The objective of this paper is to measure the dynamic response transmissibility and
fatigue life of vacuun cast Polyurethane polymer material used in the construction of
automotive lamg Polymers used in automotive lamps, if mass produced, are injection moulded.
For Ultra Low volume productionhowever, thecost of tooling for these traditional
manufacturingnethods is often very high. Hence, alternative approaches such as Silicone Tool
+Vacuum casting are used. Thealgernative approaches may result in inferior dynamic
performance, which is the subject thiis research.

Automotive lamps, like other autonina¢ components, are Bjected to vibratiotoadingduring
vehicle operationin order to ensure that the langye robust enough to withstand the exposure
to thisvibration lbading over their life cycledurability tess areperformed duringhe design.
Thelight weight, good mechanical properties and design flexilofifyolymers mke them the
preferred choice of material foonstructingautomotive lampg-dowever, the vibration induced
fatigue failure of lamp assembbf polymer materia during the durability testing is notably
challenging.Designing a robust lamp assemielysentidy requires agood understanding of
the dynamic behavior and fatigue liferofterials involved.

In this paper, the dynamic response and fatigue life of va@ast polyurethane are assessed
The specimens for dynamic response and fatigue testing wereutdtom a vacuum cast
polyurethanglate An instrumented beamas mounted oashaler table and using sirseeep
base excitationhe dynamic response was measutésing measured acceleratjaesponse
transmissibilitieswere calculated The degree of nonlinedrehavior was investigated by
varying the input amplitudeThe bending fatigue properties were measured usi@pant
berding based resonance test appardths.apparatus with the test specimen was mounted on
the shaker to generate base input. Bé@mwas then excited at the first natural frequebay
atvarying base acceleration to find the fatigue properfieseries 6 tests were carried out to
obtain average performanparameters

The dynamic response shows nonlinearity expected opolymers and large variation in
dynamic response is observed from Zmés30m/$ input loading. Above 30mfsnput, the
variation in the dynamic response becomes miniffilaé obtained fatigue life curve shows
scatteiwhich inaea®s as the loading decreaselse microscopic fractography of the fatigued
specimens shows morphological variatidn.in-depth discusen of this phenomenon is given.
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Abstract Airframes of commercial aircrafts offer the greatest challengeatizelightweight design.

To achieveveight reductiorof the aircrafandto improvepassenger safeit the same timéightweight
load-bearing structures of high performance have to be developed. For metallic fuselage, one innovative
way is to use welding instead of rivetinQue to significant advantages pertaining to production costs,
weight, and corrosion resistandbere is an increasing use of advanced joining technolsgigs as

laser beam welding (LBW) and friction stir welding (FSf) the production of metallic civil aircraft
structureg1].

Thetwo joining techniques LBW and FSW lead to a type of stru¢hats close to an integral structural
design. This design offers benefits fréhe weightreduction and manufacturirgpst points of view.

The reasorwhy these techniques do not find a more widespread application is clearly linked to the
inferior damageolerancebehaviorof the welded integral structurEd. To assure safety requirements

as well as to achieve further gains in structural performaheelded structuredocal modification
technologies should be implemen{8eB]. One of the most important concerns in the design of airframe
structures is related to fatigue iss{@ls Therefore beforeweldingis widely applied in more sensitive
areas of the fuselage construction, it is necessary to achieve significant imprevéméatigue
resistance and residual strength of the welded structure. In this context, the residdahsaessethods

can be applied, which can significantly improve the fatigue behavior of the metallic strii8jures

The present study deals witinovative joining processesgplied to higkstrengthaluminum alloys used
in the aircraft industry and displays their advantages compared with the riveting techeggueing
structural integrity, weight and material savingsice thedevelopment anthdustrial implementation
of CO, LBW for aluminumairframe fuselage components at Airbus by the end of last ce@tulydal
engineering techniques were further developed, that can significaptigve the fatigue resistance of
fuselage structure$4{8]. The present works demonstrates current achievements in applicalbmalof
engineering technique®r airframes The techniquesre based either on optimization of structural
design(e.g. introducing of systematic thickness variatiptj$ or onintroduction of beneficial residual
stressesisingadvanced laser processes such as laser he@ltimgdlaser shock peening].
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Abstract Ice wall formation is one of the most frequently used techniques for
waterproofing of mines constructed in wasaturated rock massifs. In this work, we have
developed a complex intelligent monitoring system for control of formation of ice wall at the
first shaft of the Petrikov mine. The system includes hypthservation and temperature
monitoring wells combined with simulation module. The two hyolbservation wells of depth
82 m and 202 m located around the periphery of the mine shaft. The severarevalied for
temperature monitoring by original fieptic measuring system developed at the Ml UB RAS.

At the beginning of the monitoringrocesswe observed contradictory indications of
ice wall clssingmomentby hydreobservation ancemperature matoring parts of the systems.
One of the possible explanation of this effect is initiation of intensive cryogenic suction. To
study this effect we introduced in the simulation module three models of ground freezing, which
variously consider (in differentoenbination) the key effects observed during the propagation
of the phase transition front in a saturated soil (the nonequilibrium moisture content in the soll
at negative temperatures, kinetic peculiarities of wiagtransition in a porous medium and
redistribution of moisture in partially saturated soil).

Based on the detail simulation model we have shown that moisture content inside the
closed ice wall can decrease due to water migration towards the phase transition front, which,
consequently, slows @ the water yield of hydrobservation wells. Analysis of the solution
of the problem on the coalescence of two frizzing zones showed that the redistribution of
moisture content leads to a decrease of humidity in the coalescence region and, as a
consequece, to inhomogeneous content of ice in the ice wall. In particular, the difference in
ice content was by more than 30% at the points near the freeze column and at the points of
closure of the frozen zones.

The redistribution of moisture content is proncemhén partially saturated soil in the
inner closed region of the growing ice wall. The motion of the liquid towards the front of phase
transition leads to a drop of humidity within tbgindrical ice wallby more than 10%. This
effect can compensate fdret pressure caused bg@mpressiorof the soil horizon during the
waterice phase transition and cause the slowing down of the water yield of the- hydro
observation wells.

The complex model allows us to increase a precision and predictive ability the
monitoring system and well control the process of formation and deformation ice wall at first
shaft of the Petrikov mine.

The work was supported by the Russian Science Foundation (grab@N6-.30008.
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Abstract Fibre reinforced polymers are important materials used in aviation due to their
excellent specific properties enabling the reduction of fuel consumption. For example, carbon
fibre reinforced epoxy resins are used in fuselage and wing structures. Glass filoreedin
phenolic resins are mainly used for the interior panels due to their low weight and favourable
fire properties. All these composite materials used in aviation have one thing in common: they
are maamade. Renewable materials like fibres and bieresins are under investigation for a
long time for composites but they did not made it into modern aircraft in high amounts yet.

The project ECGCOMPASS under Horizon 2020 aims to bundle the knowledge of 19
partners from China and Europe to develop ecollgmproved composites for the use in
aircraft interior and secondary structures.-Based reinforcements, epoxy resin and sandwich
cores are developed and improved for their application in aviation. Furthermore the use of
recycled carbon fibres to inase the mechanical strength and multifunctional aspects -of bio
composites are evaluated. In order to withstand the special stresses in aviation environment,
protection technologies to mitigate the risks of fire, lightning and moisture uptake are under
investigation. An adapted modelling and simulation will enable the optimization of the
composite design. Electrical conductive composites for electromagnetic interference shielding
and lightning strike protection are under investigation in ECOCOMPASS as Tiedl.
cooperation includes the exchange of knowledge and materials in order to optimize the
development of ecological friendly composites.

The aim of the presentation at the ICSI2019 conference is to give an overview of the project
objectives and its speadibackground with the collaboration of Chinese and European partners.
Selected topics and final results of the ECOMPASS project will be presented.

7KLV SURMHFW KDV UHFHLYHG IXQGLQJ IURP WKH (XURSH
innovation programme under grant agreement No 690638 and the Special Research Plan on
&LYLO $LUFUDIW RI OLQLVWU\ IRU ,QGXVWU\ DQG ,QIRUPD!
(MIT) under Grant No M:2015H-G-103.
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Abstract Thework is devoted to experimental investigation and numerical of freezing and
thawingprocesses dhe watersaturated porous soiks is known, the thawing and freezing
processes of porous medige accompanied by thmeass and heat transfehetformation of
cryogenic flows anadthanges in the stressstrain state of the mediurihese effecthiave a
significant influence on infrastructure and industry objects in north regiesign and
monitoring such objects need to develop numerical model which describes the adverted effects
but everynumerical model must be verified by natural experimértterefore, it is important
to developgthelaboratory setup fanvestigation of coplex effects which accompairiye phase
transition in watesaturated soils.

In thiswork the fiber Bragg gage§BG) is appled for analysisof the freezing process in
watersaturated sand. The experimental setup casisiemperature and deformation FBG
sensos, which located in different secti®iof cylindrical specimen. The temperature FBG
sensors arequipped with quartz shell for protext from deformationTemperature of process
also effec$ on deformatiorof FBG sensors. It is important to make tergiure compensation
procedure after measurements.

Also in thepresent work the numerical simulation of freezing provesscarried outTwo
different models of phase transition are considerbd.maindifference betweethe modes is
the possibility totake into account nosequilibrium humidity during phase transition.
Calibration of material parameters f&and and parartré identification of models are carried
out by the solution ahverse problems

As a resultit has beershownthe possibility to determine quality evolution of strain during
the freezing in different areas of specimen using FBG senBoestemperature compensation
was performedto determine the value of straifihe temperature distribution in volumes
obtained byprotected temperature FBG sensors and confirmed by thermocouple detectors. The
numerical simulation allowsis to define material parameters of tested sdihe non
equilibrium humidity and phase transition rate obtained by simulation are in a good agreemen
with the experimental results.

The work was supported by the Russian Science Foundation (grant-Mo01204).
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Abstract Friction Stir Welding (FSW)is a high performing solidtate joinlQJ SURFHVV W
good mechanical performance and operational benefits have led its push for industrial adoption.
However when welding in overlap configuration leads to significantly lower performance when
compared to bufpining, limiting the potential idustrial application of this welding
technology. To overcome this drawback hybrid Friction Stir ABsading, combining FSW
and adhesive bonding (AB), has been proposed. Safety critical structural applications such as
in aeronautical fuselages or autometivwody in white (BIW)can be subjected to high strain
rate loading. The performance of such joints when subjected testrgjhrates is a critical
input for design engineers and will be required for further adoption of the joining method in
such structres. In this work a testing apparatus was developed to load single lap joints at
varying highstrainrates and Friction Stir WelBonded joints were tested. Benchmarking was
made against AB and FSW joints.

Figure 1 +Scheme of Friction StWeldbonded joint
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Abstract Nowadays, traditional concretaixture uses as a binder well known Portland
cement. However, the production of the Portland cement is not environmentally friendly, due
to high production of C®in thefabricationprocess.In recent yearsthere are some trends to
use secondary materials as a binder or as replacement of aggregate in the process of making the
concrete mixture. This modified matenedes alkali reaction in the hardening of fresh mixture,
therefore aralkali activated concret@AAC) term is used. This AAC is then usedformwork
as it was traditional concretdue to similar propertiePespite the use of advanced material,
standards for structural design do rmbvide any instructiorfor practical application
Subsequently, the knowledge of fracture of this material is limitéeé fracture mechanical
properties help to perform advanced structural analysis, especially when some of the structural
elements have a crack. The load presence on thewstrwan be divided into tensjshear, and
into combination of tension and shear. Therefore, it is necessary to perform test, which covers
mixed mode I/ll loading conditions. One of the tests usually used for the evaluation of fracture
resistance of conete istheBrazilian disc teswvith a central notchThis contribution evaluates
the fracture resistance of alkali activated concrete, which will be used as a replacement for
traditional structural concrete with cement binder, subjected to mixed mottatihg. The
generalized maximum tangential stress (GMTS) criterion was used for the evaluation of the
fracture resistance curve.

(@) (b)

Figure 1 - Brazilian disc with central notciHloading scheme (a) and actual test
setup(b).

Acknowledgment Financial support from project nBAST-J-19-5783 and GJ182289Y
is gratefully appreciated.
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Transverse load influence on tensile fatigue resistance of higitrength steel
wires for structural applicationsin civil engineering
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Abstract: Today, multi-wire strands manufactured withigh-strength coledrawn lean
duplex stainless steare an emerginglternative to the conventional ones, madecalt-
drawn eutectoid steeto significantly reducethe stress corrosion risk when employed in
prestressed concrete or in postsioned structuress stay cableOne of the uncertainties
that raiss from this application is the behavior of lean duplex wires under the combined
action of cyclic tension and transverse loads that occur due to their mutual ¢ontaet
multi-wire strandsor due to the strands deviatian the anchorage or floating coupling
systens.

In this view, present research experimentally assesses and compares the behayhor of
strengthlean duplex wires with that girestressingeutectoid steel wires when subjected to
such biaxial loadingsnamely tensile fatigue anstatic transverselocal compressionThe
results indicate that both wire types, even when supporting transverse compression loads of
almost 40% of their tensile strength, preserve the fatigue endurance limit required by the
current standards for prestressing steel wireg fromtransverse loads. Thietectedrailure
mechanism#n both casesalthough similar at macroscale, are fully distinct at microsmade
strongly related with each microstructure type (Fig 1).

Figure 1. a) Sketch of théensile fatigue test undéransverse loaghowing the inclined
failure origin; Fatiguemarksin: b) Lean diuplex stainlessteel wire; c)Eutectoidsteel wire
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Abstract Threewater tanksvere requiredor the support backup systeshthe fuel operating

group and cargo compleaf the Lisbon Airport The short timeline of theroject was
determined by two factors: the immediate need for thestané the job site locatlinside the

airport near the landing runway. The largest of the three tatsm in diameter+needed to

hold about1700 m® of water.A posttensioned precast concrete solution assesseallowing

for greater quality control of the manufactured products, increased speed of installation and
lower impact of the constructioAs a result, aery thin costeffective,wall structure made

of prestressed concretgasdesigné. The exterior wall panels were cast using a conventional
concrete mix angverejoined byposttensionng.

Figure 1 +Viewof the largest tank
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Influence of the SMA constitutive model
on thelongitudinal seismic response of R@ridges
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Abstract Several studies indicate that thecentring capacity presented Siyperelastic Shape
Memory Alloys (SMA)canreduce the displacemeras structuressubjected teearthquakes.
To quantify the erroref numerical predictionwith different constitutive modelpeak, relative
and residual displacements of fawo-frame reiriorced concrete (RC) bridgdsked by SMA
bars, subjected to seismic actignsere numericallyassessedifferent ratios ofthe elastic
natural period of vibration dhe frames of the bridges were adoptagmped plasticity models
were used teimulae the behaviour of the reinforced concrete colunfinge SMA uniaxial
models were considerechmbininglinear, nonlinearjsothermablnd nonisothermalonditions
The seismic action was modelled i@alaccelerograms.

The esults shown thahe elative displacements are more sensitive to the adopted SMA

model than the peak and residual displacements. Signifiektive differencesup to 70%,
were obtained.

Figure 1 +Model of the twdrame reinforced concrete bridges
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Abstract High susceptibility of magnesium alloys to the stresgosion cracking (SCC)
IS among the main reasons impeding theirluséhe industry. Although it is believed that the
SCC of Mg is associated with hydrogen embrittlement, the exact role of hydrogen in the crack
growth process is unclear. To address this issue in the present study the round specimens of
AZ31 and ZK60 allog were slow strain rate tensile (SSRT) tested in air as well as in
corrosion solution. The gauge parts of the S$&Ted specimens were subjected to the hot
extraction hydrogen geamnalysis before and after chemical removing of corrosion products.
For boh the alloys strong drop of mechanical properties as well as substantial increase of
hydrogen concentration due to the SSRT testing in corrosion media are observed. Before
removing of corrosion products desorption of hydrogen is found in the whole teumperat
range from 25 to 450 °C However no detectable desorption of diffusible hydrogen (i.e. below
300 °C) is found after removing of corrosion products. Therataseconcludedhat: (i) the
concentration of diffusible hydrogen in the matrix of the alleyhjected to SCC is
negligible; (ii) the desorption of hydrogen below 300 °C from the specimens covered with
corrosion products is associated with decomposition of corrosion products. It is suggested that
DFFHVV RI GLIIXVLEOH K\GU R JsH&3trict@dbRthe/dtiace fivdd g v PDW
hydride and/or hydroxide which decomposition results in hydrogen desorption peak at around
450 °C on extraction curves for both the alloys. The mechanism, including alternated
formation and brittle cracking of treurface film of hydride, is assumed to be responsible for
the SCC of AZ31 and ZK60 alloys.

Financial support from the Russian Science Foundation through theig@dtNo. 18
1900592 is gratefully appreciated
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Part Il: Tensile Test Results
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Abstract The Hybrid Metal Extrusion & Bonding (HYB) cess is a e solid statgoining
techniquewhich, by the use of filler material additipenables joining of both similar and
dissimilar metalg1]. The present investigation is concerned with butt welding of 2 mm thin
AA6060-T6 profiles at room temperature (RT), usitng HYB process and AA608P4 as
filler material.In the aswelded condition, the 1000 mm long butt weld is seen to be straight
and free from global distortions. At the same time both weld fappsar slick and display a
nice surface finish. This is showin Figure 1.In the present investigation, a more detailed
examination of the weld mechanical properties will be given, by focusing on transverse
hardness measurements and tensile testing of theTomioint reaches a relatively high yield
strength 6146 MPa, which isn the range ofhat reported focomparabldriction stir welds
produced using high strengB®00 seriesluminum alloysas base material.

(a) (b) (c)
Figure 1 tPhotographs of the 2 mm AA60%6 HYB butt joint; (a) Overview tiie as
welded profile, (b) Closep of weld face, (c) Closgp of weld root.

1. @. Grong, L. Sandnes, and F. BeAoStatus Report on the Hybrid Metal Extrusion &
Bonding (HYB) Process and Its ApplicatiodMaterial Design & Processing
Communications, 2019.0(ja): p. e41.
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, Fatigue damage analysis of offshore wind turbine monopile weldments

Romali Biswal, Ali Mehmanparast
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Abstract Offshore wind turbineOWT) are subjected to harsh environmental conditions in
addition tothe variable service loads. The present study is aimed at performing a realistic
fatigue life estimation of the monopile structure usopgrationalservice loads recorddualy
online monitoringsystemsFatigue damage analydias beeronducted at theircumferential
weld jointsusing finite elemenfFE) methodby considering geometrical and material property
discontinuitiesas well as welding residual stressgsupon scale modelling results on welded
joints have shown thah aswelded conditionthe weldtoeis the critical sitavhere cracks are
most likely to initiate and propagat€éhe SN fatigue design approacdmd maximum stress
amplitude at the weld tobave been used to determine the fatigue crack initiationitife
monopiles in the presence of residual stresg@ssequently, theemainingdife of themonopile
has beerstimatedy simulating the fatigue crack propagatiging the stress intensity factor
range as thappropriate fracture mechanigarameterTheresults from the proposed approach
show that a realistic life assessment can be made on n@stpctures by accounting ftire
geometricakffects as well as residual stress distribution at the circumferential welds.
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temperatures
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Abstract The actual tasks of the mechanics of composite materials are studies of the laws
of deformation, fracture and mechanical behavior of composites under the influence of high
and low (workng) temperatures, climatic factors and working dirty environments. No less
urgent task is to study issues related to the analysis of the conditions of destruction, the
accumulation of damage and the survivability of composites during cyclic loads. Irctonne
with the above tasks, the paper presents the results of experimental studies of the effect of high
temperatures on the fatigue life of aviation structural fiberglass plastics. Studies were conducted
at the Center for Collective Use of the Centerxgi&imental Mechanics PNRRi#h an Instron
5882 universal electromechanical test system equipped a tempetaanber with working
temperatures fromt W R  ariKcyclic load were conducted on electrodynamic test
system ElectroPuls E 100@Quipped daemperaturehamber with working temperatures from
A00to2 z KThe longitudinal deformations of the samples were measured by an AVE Instron
2663821 The objects of the study were samples of structural fiberglass for aerospace purposes,
which were manuHctured by serial technology of autoclave molding from glass fiber prepreg.

In the course of research, static mechanical characteristics were determined (refined), strain
diagrams were constructed at normal and high temperatures, temperature deperfdgaties o
tensile strength and elastic modulus were obtained, temperature dependences of fatigue life
were obtained, and conditions for changing the fracture mechanisms of fiberglass samples were
analyzedfig. 1).

Figure 1 - fracture of GFRPspecimerafter cyclicloadsby increased temperature

Acknowledgement The research was performed at the Perm National Research
Polytechnical University at support of the Russian Scientific Fund (project Ntg-08209)
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Abstract The analysis of standard and approved methods for composite matsialg
samples was carried out. The choice and reason of the optimal research direction, the plan for
experimental and theoretical work with regard to the capabilities and features of the modern
experimental equipment was made. Formed a plan of expeahstuatlies to determine the
basic characteristics of composite materials under tension, compression and shear as well as
advanced tests using nontrivial methods of tension and compression samples with a hole
(ASTM D5766 and ASTM D6484), bending of a curvéeéam (ASTM D6415) and
compression of plates after impact (ASTM D7136 and ASTM D7137). In addition, the task for
the manufacture of netmivial samples was set.

CFRP samples were made in terms of 3D preforms in the form of strip samples in accordance
with the requirements of ASTM D3039, ASTM D3410 and ASTM D5379. Standart
(installation) test methods have been adapted for existing Instron equipment, with the
corresponding methods formulated in the specialized Bluehill 2 software, and the necessary
restrictions were set. Experimental studies of the polymer composite materials mechanical
behavior were carried out according to standard methods for determining the installation
characteristics of tension, compression and shear. The main mechanical charadetistics
presented composite materials are determined. Based on the test results, calculations of
characteristics recommended by ASTM standards are carried out. In some cases, the tests were
proceed using additional facilities for observation to increasmtbiemation content.

The plan for theoretical studies and modeling was formed. A mathematical description and
development of methods for modeling structures of composite materials in the working areas
of samples were carried out. In accordance with the pkperimental research are conducted
for three options: an effective isotropic area, an effective anisotropic area, and a layered
composite with textural layers of an effective anisotropic area. Boundary conditions for their
fixation and loading were seEhe formation of finite element meshes arsd talculations were
performed.

This work was carried out in Perm National Research Polytechnic University using the
equipment of the Centre of Collective Usage «Complex test and diagnostic equipment for study
of structural and functional materials properties under complex thermomechanical impacts»
(http://www.ckprf.ru/ckp/353547/), with supported by the Russian Foundation for Basic
Research (project No. 4&1-00763 A).
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, Mechanical behavior of structural steel under biaxial lowcycle fatigue at
room and elevated temperatures
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Ph. D. in Technical Sciences, Associate Professor, Department of Experimental Mechanics
and Structural Materials, Perm National Research Polytechnic University (29, Komsomolsky
av., Perm, 614990, Russian Federatiomail: ilinih@yandex.com)

’Postgraduate Student of Department of Experimental Mechanics and Structural Materials,
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The results of experimental studies of the HJopele fatigue characteristics of heat
resistant structural steel X15CrNiRXor aircraft purposes (chemistry:-©.13%; Cr- 12.5%;
Si- 0.05%; Ni- 2.05%; Mo- 1.50% , W- 0.70%; Nb- 0.20%; V- 0.20%) under biaxial cyclic
loading are presented. For cyclic tests a specialized Instron 88&ixasdesting system was
used, which allows the planning of cyclic and static tests with arbitrary stress sequence under
the conditions of tension and torsion €MBpsilon 355@10M duataxis dynamic strain sensors
for testing at normal temperatures and the Epsilon 3550@5M for testing at high
temperatures were used to determine the values of axial and shear strains during the
experiments. The test methods foiaxial cyclic loading under normal and elevated
temperatures are described, which allow to analyze the mechanical behavior and structural steel
destruction processes under plane stress conditions. Tests results -tésiséant alloy
X15CrNi122 under lowcycle fatigue at different temperatures and cyclic strain paths with
proportional and noproportional changes in axial and shear deformations are pre¢Emged
1). For different types of tests hysteresis loops are represented in the form of depeofiences
normal and shear stresses on axial and shear deformations, respectively. It is shown that the
durability of X15CrNi122 steel in these parameters significantly depends on the cyclic strain
path, the shape of the cycle and the test temperature. Inatiee af norproportional
deformation, the fatigue life of X15CrNii2 steel decreases 125times as compared with
proportional loading at different test temperatures. Depending on the strain path, a significant
decrease in fatigue life at a temperaturé&@d ° C by 1744% in comparison with the room
temperature was observed.

a) b) c)

Figure 1 - Variation of axial (continuous) and shear (dashed) deformations under cyclic
simple ((a) triangular and (b) Mhaped cycle modes) and complex gegding

This work was carried out in Perm National Research Polytechnic University using the
equipment of the Centre of Collective Usage «Complex test and diagnostic equipment for study
of structural and functional materials properties under complex theest@nical impacts»
(http://www.ckprf.ru/ckp/353547/)
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Abstract Facing the stringent requirements fimel economy in automotive industry,
composite materials are seen toutiBzed for structural lightweightingThis paper focuses on
thefatigue test developmeand fatiguebehavior ofa biaxial[0/90] carbon/epoxy nowrimp
fabric composite for automotive application®\ new fatigue test specimen wssccessfully
developedfor fatigue testing undefully reversed loading, i.estress ratio, R4 at room
temperaV X U H D Q The developed test specimarevents bucklingluring testingvithout
attachingan antibuckling fixture 3D Digital image correlation strain mappiatsorevealed a
uniform strain distribution on thesurfaceof this specimengeometry Fatigue test results
LQGLFDWHG WKDW WKH IDWLJXH EHKDYLRU DW ERWK URRP
(see Fig. 1)All the fatigue data werevell fitted into theBasquin equatiorés L &;:t 0 ;°

Figure 1 tFatigue test resultsat room temperature and 130 XQGHU VWUHLYVV UDWL
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Abstract

Fatigue cracking is a major concern for many aging steel bridges in the United States. A
common form of crack remediation is the drilling of crackest holes, increasing the crack tip
radius and thus reducing the applied stress intensity. However, jbatynaf cracking that
occurs in bridge structures is caused by distorio G XFHG IDWLJXH LQ ZKDW LV
JDS UHJLRQVY LQ S-am@éfetcdd darietdtedvby diftéiRntia girder displacement
produce multiaxial, mixednode fatigue loadg at the intersection of the girder web, flange,
and connection plate, producing cracking along -teestiffener welds and flang®-web
welds. Crackarrest holes are often used as a first line of defense at these cracks. However,
crackarrest holes defm outof-plane under distortieinduced fatigue loading, and have been
found to be of limited utility in this application.

Previous esearch has shown that mechanical treatment of-araekt holes has the potential
to improve the efficacy of craekrrest holes for halting crack propagation forglane fatigue,
but the performance of such treatments is unknown for distartduced fatigue cracks. A
research program sponsored by the Kansas Department of Transportation (KDOT) is
investigating the effesteness of one such technology for controlling crack propagation in steel
bridge girders susceptible to distortimtuced fatigue. This technology produces a -cold
worked region around the craekrest hole, introducing a field of compressive residuatste
aimed at retarding crack pragation. The research includes both analytical evaluation and
physical experimentation. Testing is conducted on scaled gwawpssframe bridge
components, providing a unique and realistic test specimen that mimuistthitioninduced
fatigue experienced on steel highway bridges. A comparison is made between treated and
untreated cracharrest holes in terms of tirte-crackreinitiation, and evaluation of hole sizing
and location is performed. This paper will predesatkground on the problem, an overview of
the research project, and preliminary findings of the study.
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Abstract

Distortionrinduced fatigue cracking in aging steel bridges is a primary concemdoy
bridge owners and stakeholders, accounting for the majority of fatigue cracks in steel bridges
in the United States. Currently Departments of Transportation primarily use visual inspections
to locate and characterize fatigue cracks. However, thisoapiprhas drawbacks, as recent
studies have shown that visual inspections are not able to consistently identify realistically
sized fatigue cracks in highway infrastructure. Additionally, it requires significant time and cost
to perform visual inspectionsnd both inspectors and the traveling public are placed at risk
during the inspection. Bridge owners and stakeholders would benefit from the development of
inspection techniques that do not rely on hamafiuman visual inspectiofio reduce the risks
of harm to the inspectors and traveling public, increase reliability, and decrease the time and
cost of performing inspections.

Vision-based technologies are an active area of research in the field of structural health
monitoring, aimed at developing alterivas to manual inspection for identifying damage to
transportation infrastructure. The majority of these studies have focused onrintbcators
of damage, including identifying excessive corrosion, concrete deck deterioration, and large
displacements dut substructure movement. Digital image correlation (DIC) is one such
vision-based technology that shows promise for detecting and characterizing fatigue cracks, but
investigations and applications have thus far been limitedpéaime cracking.

Threedimensional DIC measurements have the ability to capturdiéldl displacements
and surface strains, allowing for the potential of identifying and characterizirgf-plane
fatigue cracks, such as those occurring on steel bridges exposed to loadigh thfierential
girder displacement. Since the majority of fatigue cracks arise frorofquane loading,
investigating the efficacy of DIC for detecting distortimaluced fatigue cracks is of clear value.

This paper and presentation describe an exgatah study in which a scaled steel girder
to-crossframe specimen was cyclically loaded to produce distarduced fatigue cracking
in the girder. To examine the potential usefulness of DIC for future automated bridge
inspections the resulting fatigueacks were characterized using DIC and visual inspection. It
was found that the DIC methodologies applied were capable of producing accurate and reliable
crack detection results, introducing the potential for future automated techniques.
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Abstract In this work, the influence of polygonal cavity on fracture behaviour of cement
composite (concrete) is investigate8pecimens of the nominal dimenssod0 x 40 x
160mm with polygonal cavity of 8 x 8 x 40m were provided witlaninitial central edge
notch withadepth =, L st mm, which wasmade by diamond blade saw, $eg. 1
To determine the influence @blygonal cavity oriracture behaviar, fracture tests were
conducted via threpoint bending

The aim of this work is to analyse the behaviour of such specimen by means of finite
element method (FEM) principles in Ansys, liscitware. A simplified 2D model of plane
strainbased on th&acturetest configuration wasreatedMaterials were modelled as linear,
elastic andsotropic, which are represented by their elastic constants, i.e. Poiss@n¥/ L R
andYoung's modulug&. The potentialcrack was mode&td as ideally sharp with a radial mesh
around the crackf. The crack propagaticsissessmemwas based onriterion of an average
value of tangential stres8 over a certain distanakdetermined in dependence on the polar
angle . It is assumed that the crack is initiated whenaheragevalue & :3a,;reaches its
critical value & .,:&,;, which depends on thalue offracture toughness ; f the material
andonthedistanced.

From the detailed numerical analysis of the described fracture testcomaudel
thattheactual crack depth=, must be greatern other wordsdiamond blade sawamage
thespecimen more than expectethis damageis due to the small distanceetween
thebottom peak of theinclusion and the crackip, which is approximately 2.34 mnit is
obvious thasuch asmall area above the crack tip cannot resist the tbad is caused
by cutting thespecimen byliamond blade saw and must inevitably lead tpatgialfailure.

Figure 1 £Specimen geometry and fracture test configuration

Acknowledgement This outcome has been achieved with the financial support
of theBrno University of TechnologynderprojectNo. FAST-J-19-6079
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Abstract

One of the main interests aferaft industries is to reduce the structural weightha airframe
this resulted in the development of innovative, lightweight and-sigimgth3™ generatiorAl-Cu-Li
alloys. Aluminum alloy AA2198 is aew generatiorof Al-Cu-Li-alloy thathas been developed for
fuselage and skin applications in aircraft structufesong othersjaser beam welding (LBW) of
AA2198 is a very promising method for joining aircrafaiterials andtructures. Laser beam welded
joints are already beaxploitedin airframe structuresas they provide higher buckling strength and
essentialower weight by eplacingtherespective riveted differential structures.

The effect of laser beam welding process parameters on porosity formation and solidifination
cracking for high thicknessAA2198 sheets isexamined in the present workVelding process
parameterske laser power, welding speed and the resulted lineairmdtplay gpivotalrole in the
quality of laser beam welded joints. Therefore, the main objective of the present work is to identify
the appropriate process parameterptoduce autogenolys(without filler wire) welded jointsof
high quality in absence ofracks and poresThe effect of the welding parameters ¢me
microstructureof the weldwas investigated usiniight optical and scanning electron microscopy.
The results showed that fglenetration was not achievient heat inputsessthan50 J/Jmm Advanced
characterization of geometry of thesion zoneshapgV-shape orectangularwas performedit was
found that theV-shapefusion welds present lowertensile strengthvalues. To thisend, the
investigation was focuseauh the welds witha geometical factorclose totherectangular shapand
the existence obther geometrical defects likenderfill. The mechanical behavior optimal butt-
weldedjoint configurations wer@gvestigatedy hardness measurements and tensgts

* presenting author: Theano.Examilioti@stud.leuphana.dedt.examilioti@aegean.gr
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Abstract

Carbon basedanostructurg such as nanotubes, nanofibers, nanoplatelets;onsideredo be
a promisingreinforcing materialfor many advanced technologicapplications They areoften
praised ashemost effectivaeinforcemenever discovered, having100 times the strength of steel
Severalexperimental efforts havieeen carried out in order to stuthy@r mechanical properties
Most researchers agrd®atthar modulus of Elasticity (Eis at aroundl TPa Severalstudies cite
the ultimatetensile strength ranging between 120 and 130 GPBevertheless, calculating the
mechanical properties of the nanocomposite materials, séwa@tationsoccur due texperimental
errors measurement uncemiéies, microstructural defecisfegularities and instrunent errors
which leadto inaccuratéestresults.

In the present workhe mechanicgbroperties ofCEM-1 cementitious matdesreinforced with
C-basedhanostructures ofariousformsaresimulated pridging a gap inheinternationaliterature.
Severalexperimental test results with varying type and concentration of-meamimrcement have
been performedni order tosimulate /estimate thenechanicalpropertiesof the nanocomposites
with modern computational methodSeveralanalytical methodsave beerchosen e.g.the Mori-
Tanaka and mukstep homogenization methods, order to achievéehaviour simulatiorof the
heterogeneous microstructas theypermittheinput of varying orientation inclusien

The first step in the modelling procedure includgglication of the aforementioned analytical
methods (Fig. 1)Preparation iglmostidentical for both methodshe specimeis divided in small
domains in order to simulate the shape repnéation and reinforcemeatientation. The selected
methodologyprovides the opportunity to applyherandom filleraxis algorithm. Since thé-based
nanostructures.e.the filler of the present researdf real(i.e. nonideal) materialsexhibitrandom
distribution, satisfying resultghat can exclusively be attained by using the random filler axis
algorithm.At this point the two analytical methods are appliédthe next step, by usintgefinite
element methada large specimen consisting of many domains will be simulatedyder to
calculate the realmaterial§ characteristicsThe major outcome is thereation of tables /
diagrammeshat correlatéactors such as material characteristitsanareinforcement and matrix,
volumefractionanddispersiorparameters to real compositeaterial predicted properties.
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Abstract

Al-Cu-Li alloys are increasingly usetoh aerospace applicationdue to the excellent
combination ofeduced weight, high specific strengfood fatigue crack growth performance
and improved corrosion resistandé|. Thar improved mechanical properties are often
attributed to their complex microstructure and especially theecipitation of several
strengtlening intermetallic (IM) phases. These phaseglude / (AlsLi), (Al2Cu), T1
(Al2CuLi) andS(Al2CuMg) [2], with theT1to be the major strengthening phaske formation
of suchIM phasescan be accelerated by artificial ageing Heaatment.However, these
precipitates may influence the electrochemical behaviour of such alloys and increase corrosion
susceptibility. Corrosiorhas a deteriorating effect on the aluminium allogechanical
properties and must be taken into account for the assesshtiee structural integrity of aircraft
componentsHence the investigation of corrosion mechanisms is of major importéhee.
corrosionmechanisms othe innovative AL-Cu-Li alloys arenotinterpretedn the literature.
Guerin et al[3] showed thatte fatigue life of AA2050 presented higher reduction percentage
at the T34 state than at Z8vhere intragranular corrosidakes place. Most of thgublished
articles with regard to the newly developed AA2198 alloy are dealing with weldability, plastic
deformation4], fatigue[5] and fracture behaviour aspefis.

In the presentvork, the corrosiomesistanceof AA2198in T8 temper gnderageing will
be investigatedhrough electrochemical analysis and compared against T3 teffy@eR2xxx
aluminium alloyswere found tohave higher corrosion resistancerhen artificially aged at
certain tempers, such as T6 or, f&an at T37]. Hence, it is of major importance to investigate
the corrosion resistan@nd mechanism®f AA21R8 in differenttempes. Small rectangular
specimeng10 * 20 mm)were machined from aluminium sheets atarfdl T3 tempersf 3.2
mm nominal thickness anexposed to exfoliation corrosion solution (EXC@)5 % NaCl
VROXWLRQ DV ZHOO Dn\{3.B%ramnipbiwr svlRhat \0.53/RNa&iMditfdrent
exposure timesAfterwards they were electrochemically testethrough electrochemical
impedance spectroscofy the evaluation of corrosidsinetics (corrosion rate®f this alloy.
Fracture surfacesere examined using Scanning Electron Microscopy (SEM) to determine the
corrosioninduced fracture mechanisrasd crosssections were examined through light optical
microscope for the examination of the corrosion morphology
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Abstract Dam monitoring and their safety are an important concern of dam engineers.
Seepage collected data are indicators of structure behavior, since seepage is influenced by
environmental actions, such as air temperature, water temperature, and water level variation,
and seepage flow rate is greatly influence by the presence of &mctdonsequently, the
analysis of seepage collected data is an important monitoring task, as variations in the seepage
can be the alarm for subsequent failures. Seepage data are widely analyzed with statistical
models. In this work, we assess the perforreaaf support vector regression machine and
random forest models to predict seepage at different points in a case study and identify the most
important environmental variables affecting flow rate.
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Abstract In this study different finite element simulation approaches araleveloped and
implemented to study residud stress distribution in a welded boxtype structure. The
component is a vital part in several load carrying structural applications and the residual
stresses are important to quantify from a structural integrity point of view. The welded
box structuresstudied have fully penetrated and partially penetrated weldsThe thermal
history from simulations has been verified with experimental measurements. Tensile
residual stresses are observed at the weld root of fully penetrated weldecbmponents
while compressive residual stresses are estimated at the weld root of partially penetrated
welded components Using rapid dumping method, together with lumping method is able
to reduce computational time significantly, compared to thermeelastic-plastic method.

Figure 1 tExperiments and simulations of welded box type structure
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Abstract Many decadeagq aluminum- copper (AtCu) 2024 alloy has been widely used in

the wings and barrel sections of airctfucturedue to its high damage tolerarzagabilities.
Innovative aluminum copper- lithium (Al-Cu-Li) alloys such as 2198, have been recently
developed and is supposed to replateminum alloy AA) 2024 in aerospace industappli

cdions. Thecurrenttrend of theaerospace industriés to furtherreducethe airframestructural
weight andrespectivananufacturing costas well as tontrodue advanced welding methods

as alternative to the classical riveting process for manufactafipgmary aircraft structuse

Laser beam welding (LBW) of fuselage structures from aluminum alloys is already established
in the aircraft industry fotower fuselagepanels since the welded pang@iovide higher
buckling strength and lower weigivhencompared to the classical riveted designs

The mechanicalbehavior of botmonweldedand laser beam welded alumirithium
alloy 2198specimens arexamined in the present work. Sheetth nominal thicknessf 3.2
mm were laser beam butt weldesing two differentfiller wires, namely AA4047Al-Si) and
AA2319 (Al-Cu), of diametersl.2 mm and 1.0 mm, respectivelythe specimens were
machinedfrom thetwo types ofwelded sheetsaccording tothe ASTM standads Some of
the specimenwereartificially aged before and post to the welding proask70°C and for
different ageing times so as to bring the materiallipossible ageing conditions.

The gecimens were examinaudth the aid of light optical microscopéo investigate the
morphology formatiorof the precipitatiors on the fusion zoneandthe heataffected zone for
the different filler materials.

It was shown that the different filler wirgays a critical role on the fracture properties of
the welded joint and especially for the fracture toughnese Al-Cu filler wire responded
more accurately to the artificial ageing conditicosnpared tahe respective ASi filler wire.
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Abstract

The wildfires that tragically occurred in October 2017 in Portugal devastated not only a
dense forest and housing area, causing a distortion of our territory and fatalities, but also were
responsible for the significant destruction of industrial plants setvere economic and human
losses. In this abstract, the possible structural damages resulting from the fire in a dryer were
analyzed.

The Industrial Dryer under study performs drying and moisture control processes of wood
components. The drying of theseod components is an important process in that the removal
of excess water reduces effective weight and improves the mechanical, electrical and thermal
properties of the wood, as well as the handling processes. This type of dryer has a water
absorption cpacity of 2 to 65 t/h. The dryer operation is based on direct heating on a
combustion chamber or cogeneration. It bears one or three stages of execution, exit and
separation of the product with exit elbow, drop box or cyclone separator, separation of dust
with high efficiency cyclones and additional filter systems, gas return system to reduce waste
gas volume and power consumption, as well as a last generation control and visualization
system.

The structure of the Dryer under study is dividied three parts that make up a total of 20
meters in length. The thickness of the frame (drum) is 15 mm. The mass of all the structure is
89 tons. This abstract focuses in the analysis and identification of the multiple damages on the
structure of the grer using hardness tests and microstructural examination.
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Abstract

The forklift mentioned in this report is an electric vehicle adapted for loading, transporting
and unloading paper rolls with a specially designed clamp. It's composed of-stttgeé&SW
mast with a maximum height of 6.5 meters. The reported failurn@riorklift mast was
described as premature wear in a specific area, which prevented normal operation of the forklift.

In order to identify the source and cause of the visible damage, static and dynamic analysis
were carried out to identify stress concatitms. This study involved several procedures, such
as the design and structural verification of the set mass centers, static numerical analysis in
ABAQUS and dynamic modeling and simulation with multibody dynamics software.
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Abstract
In the last ten years, 1125 crane accidents have been repartedvide, resulting in 780
fatalities. According to reports and published statistics, the causes of crane accidents can be
grouped into several categories, one of which is reviewed in this communication.

Tower cranes are commonly used in the construatiohbuildings, large structures and
transportation/movement of heavy loads. Due to their height and unique operating conditions,
they are subject to a vast number of loading conditions, both with and without carrying loads
or adverse weather conditions.eTanalysis of the dynamic characteristics of cranes therefore
becomes fundamental for the design and effective use of the cranes, as they can be subjected to
cyclic loads due to pendulum movements of the suspended loads. The dynamic analysis that
has beerarried out follows the general basis of several research publications on structures of
this kind, consisting on the creation of a 3D model and performing a numerical analysis with
the finite element method. This analysis enabled determination of the idyclaanacteristics
of the crane, natural frequencies and vibration modes, which, in turn, are used to explain the
structural behavior when carrying out load movement operations, where cyclic movements
identical to those of a gravity pendulum occur.
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Abstract

Storage tanks or reservoirs, are containers for siditiids at atmospheric or higher
pressures. Design and manufacture of pressure tanks follows specific requirements, depending
on the type of fluid to be stored, storage conditions, purpose and location. For storage of fluids
such as petroleum and its dextives, APl 650 code for the construction of reservoirs that can
vary from 2 m in diameter to 50 m or more is usually followed.

Regular and periodic maintenance, checking and cleaning of the structures and equipment
for storing the products are essentadtors to maintain the durability of the tank, preventing
stored products degradation or spillage.

However, according to statistical data there have been more than 242 storage tank accidents
worldwide in the last 40 years. About 30% of these accidenkspia@e in noroil industries
and were caused by factors such as fire, explosion, lightning, human error, poor construction
and lack of maintenance. It can also be noted that in 242 accidents, 31 were directly related to
fatigue and fracture.

The accidenteported in this communication occurred with a reservoir of 2765 mm in
diameter and 6052 mm in height, used in the food industry for storing vegetable oil. Analysis
of the failure has shown that the feet supports of the reservoir had collapsed.

Based orthe identification of the deformed and damaged area, technical drawings and the
analysis of the weld beads at the bottom of the reservoir, the root cause of the accident was
determined and verified.

4149 137



Shayan Eslamet al, friction stir welding of polymers

, Friction stir welding of polymers: recent developments

Shayan Eslamt’, Paulo J. Tavares, Pedro M.G.P. Moreira!

LINEGI #Institute of Science and Innovation in Mechanical and Industrial Engineering,
4200465 Porto, Portugal *email: seslami@inagi.up.pt

Abstract

The main objective of thisvork was to develop a newiction stir welding conceptual
solution to weld polymeric materials. For this purpose, there are various aspects that needed to
be addressed carefully. In order to dentiis the flexibility of the developed system, welding
was performed in two commonly used configurations in indubtug-joint and lapjoint. The
main focus of this study was to develop a welding tool without the use of an additional heat
source, capablef welding different materials using higher welding speed than the ones in the
literature The final tooldesign wasble to generate frictional heat up to 400°C and weld 1
times faser than the initial tool desigmproducingjoints with a tensile strength within 97% of
WKH SDUHQW P DW H UA &&fixedwahivd_deHcevinasUdelv@ldpabikko monitor
all the generated forces in three-plefined directions during the welding process, and support
the evaluation oftte weld quality as a function of load output. With the developed clamping
device, it was possible to find the relationship between the vertical load and the weld quality,
even when using a position control approadreover, it was claimethat unlike medillic
materials, polymer FSW is not a sefthte welding process, since the welding temperature will
UHDFK DERYH WKH SDUH Q WFd? Polyrkied ESWO welldirgHA0 IV th@ hoStR L Q W'\
Important factor, and all the parameters are under infludrtbe ¢tool design and its geometry.
Basically, with the appropriate tool design and judicious parameters, FSW is capable of
producing strong welds with good mechanical properties to weld a wide range of
similar/dissimilar polymeric materials in differerdgrdfigurations
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Abstract

Joining methods of lightweight materials, particulagplymers and compositesre
becoming progressively important in the manufaetiiightweightstructures for engineering
applications Glassfiber-reinforced polymer (GFRPand carbonfiber-reinforced polymer
(CFRP) compositesare the most common thermoplastic composites Hrat beingused in
lightweight structuredn this study, an innovative spot welding tool was developed, which is
capableof spot weld similar/dissimilar polymers and composites. The developed tool consists
of a stationary fixture that clamps the base materigidly in the desired positiomand a
consumablg@robe thapenetrates into the base material under an axial fdfeeconsumable
probe or thdiller material is located inside a rotating shaft made of brass, which is surrounded
by a stationary copper sleeve to generate frictional heat during the plunging stage. The top and
the bottom of the fixture is designed in a bt guide thelasticizedfiller material to create
the riveting effect under the axial force. The main benefit of this newly developed welding tool
is thecombination of the friction stir spot weldimgethod with riveting on thsides Using this
tool, dissmilar polymers and identical short carbdiber thermoplastic were welded
successfully. The produced joints showed a promising results as it stirs the base materials with
therotatingfiller, andtherivets on the two sides create a secondary bonding tcmmdivhich
enhanced the joint efficiency¥his welding technique can be developet m portabledevice
to weldfepair thermoplastic based composite and polymer structures.
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Abstract

In this researcha 40m-long shallow railwayrock tunnelknown asSsORQWH 6HFR WXQQ
located atVitoria-Minas Railway in Brazil is studied. It has been scanned by a 3D Terrestrial
Laser Scanning (TLS) instrumentation and its geometry was reconstagatpdintcloud The
obtained shape lacked geometridatailsin some regions due to geometry complexityl a
irregulaities. Then a smallscalemodel was built through additive manufacturingorder to
be used inaboratory testsA demonstrator was developed relying ®3D laser scanning
system (LSS)encompassing a circular laser and a capteracquirethe tunnel profileThe
studied tunneinodelwas compressively loaded from the exterior wall &mdeformation was
monitored by a 3D Digital Imag€orrelation (DIC) system. Promising results have been
DFFRPSOLVKHG DQG WKH DbBdud nHcietl e @xpeQi€igeoniedw v8tR L Q W
minimal occlusions. Owing tthesuccessful resultsbtainedon the geometrgcquisition a 3D
LSSsystento be operated in the real environmesais outlined

Keywords: Railway tunnel, 3D Laser scanning system, Shaqupuisition, DIC.
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Abstract

This work aims at acquiring thiaterior shape of wind towerby means of a 3D Laser
Scanning Systemlypically, towers are made of S355J@teel sheets antheir fabrication
consists ofoll bonding and weldingf abutted rolled sheet$his task is typically carried out
by welding robots moving though the tower structiitee developed setup consisf a camera
DQG D FLUFXODU ODVHU PRGXOH PRXQWHG RQ WKH ZHOGLQ
a constant linear velocity. Theployed system assistsexaminng WKH WRZHUfV LQWHUL
making it possibleto obtain its3D profile. It will thereforebe beneficialto monitor the
geometric changewhich occur overthe welding process due to the residual stress and the
towerq ¥wn weight. Encouraging results have beshieved in theharacteriation of the
tower{ \geometry contributing tothe assessent of the robustness and accuracy of the
deployed 3D laser scanning system.

Keyword: Wind towers, 3D laser scanning, Image processing, Inspection.
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Abstract

This contributionaims to establishreautomated inspectiomethodto monitor defect®n
railway tunnelsandbuild a demonstratdior this procedureMonitoring and detecting defects
have been principally manual tireensuming procedusetherefore,an automated designed
system willincreasethe standards and qualitfhe presentesearch relies on a 3D laser
scanning technique to study the inspection of the tunnel degradadidicularlyin terms of
structural integrityTo assess the applicability and accuracy of the deployed 3D laser system,
the implementation of a model potype on a scaled tunnek proposed for the laboratory
experiments. Local defects and geometry changes could be detected by comipiarney
profiles. Thereby postprocessing analysis is performed to measure internal variables such as
displacement andtrain fields with an optical measuring tool developed based oDigital
Image CorrelatioDIC). In conclusion, encouraging results are presenteitiéavaluaton of
the tunnel conditions artiemonitoringof the tunnel profile in static scanning n&énd DIC
data that shows the displacement field progress of an introduced structuraisdefesented

Keywords: Railway tunnel inspection, Defect detection, 3D Laser scabi€r,
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Abstract

The emegence of reliabléechniquego predict the failure mechanism of the engineering
structuresn automotive and aeronautic industries in particular sheet metal forming promises
to underpin a novel advance in materials research. In this refjahMg alloys deliver the
largest formabily range. This study aims at determining the mechanical propertiaa of
AA5352 aluminum alloy, using Digital Image Correlation, DIC. Thus, tensile sheet specimens
manufactured from the corresponding alloy are mechanically tested under a uniaxial condition
and deformation fields are monitored. Considering the force/displacement response and
VWUHVYVY VWUDLQ FXUYHV WKH PDWHULDO 3RLVVRQ FRHI
coefficient in the transverse direction are characterized by the experimentdafaldt aims
to obtain accurate and reliable mechanical properties to be considered in the future processing
analyses. Numerically, adopting the experimentally obtained material properties, the-Gurson
TvergaareNeedleman (GTN) damage model is implemenisihg finite element method
FEM tformulation to forecast the ductile fracture performance of the tested AA5352 sheet. The
predicted results are then compared to the experimental DIC solution verifying good agreement
with the force/displacement responsed atme deformation fields. Overall, the acquired
numerical results imply that the GTN fracture criterion is capable to render an accurate
prediction upon a high stress triaxiality state.

Keywords: DIC, GTN, FEM, Ductile Damage, Experimental mechanics.
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Abstract This paperaims to explore a new technique &tructuraldamageadentification
using cubic spline interpolation. The method is based on the interpolation of modal rotations
measured with speckle shearograplmyorder to locate the damaged areas, we make use of
the analytical derivative of the cubic spline function to compute theahwodvature, which is
known to be very sensitive to damage.comprehensive parametric study of the spatial
sampling interval is carried out to find its influence on noise filterifgrthermore, the
identification qualitydependencyn the modeshapeandrespective noise ialso examined.
The results obtained witthe proposed method shotihe consistency othe localizations.
Additionally, the challengingtasks of identifying small and multiple damage (Figure 1) are
tackled, yielding a good performance.

Figure 1 tExample of multiple damage identification using the first mode
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. Environmental Testing of FBG SensorSystemfor Structural Health

Monitoring of Building and Transport Structures
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Abstract Recently, there has been an increased interest in structural health mgr&étM)

of buildingand transporstructuresStandard strain gaugpkced orabeam surface are mostly

used to monitor the mechanical stresses of timber or concrete structures. However, these sensors
are susceptible to mechanical damagectromagnetic interference negative influences of

the measured data during the measurement. The fibre optic sensor system offers a more suitable
and reliablesolution tthe sensors can be integratdicectly into the load bearing structure

during its productionand thus protected by the construction material agansbient
environmental conditiongrirst part of his paper presents series of environmental tests of
measuring system based on Fibre Bragg Grating principle performed from 201@io 261

climate chamber. The chamber can generate defined humidity and/or temperature cycles, which
can simulate the behaviour of the structure under real environmental conditions. The tested
fibre optic sensor system is suitable for load bearing timberddaminated timber beams)

and concrete structurel the second pamnf this papermechanical loading tests of glued
laminated timber beam with integrated fiber optic sensors performed in 2016, 2017 and 2018
are presented.he article describes the desigf test cycles, gives the results of testemd is
concluded with the discussion of given results together with the outline of the future research
directions.
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Abstract The part of the large parametric study focused on the stability behagur of
compression single members and the member structures with various loadings and
boundary conditions is presented here. This part relates to the stability analysis of the
compression member on elastic springs. The span of the member L 2&4 ™ S1&the® «
length of the panel which equals to the distance between the neighbouring elastic
springs. The members under investigation have seven various numbers of the panels n =
tdA ud va wa xa y fet »a ST efe ¢ Sf t —ec™"e fetale% "<%o<
force N and (n 1) elastic springs with equal spring stiffness @ The results are
presented in the form ofdiagrams. The curves of diagrams were replaced by the straight
lines to be able derived approximate formulae for calculation of the critical fae. It is
shown that approximate formulae give the values of the critical forcesck which differ
from diagram values kr less than 3.3 %, being slightly on the safe side. The values of the
critical forces Fkr obtained from the solution of the stability equation are verified by
comparisons with results kr.iq of the computer program 1Q 100. Excellent agreement is
achieved between kg and Fkr. The presented solution of the compression member on
elastic springs may be used also for the calculation of theritical force of the
compression member on elastic foundation. The solution given in the paper creates
scientific background needed in the design of theemi-through bridge trusses

The obtained diagrams will be used in the following document which is n& in
preparation: CEN/TR 19931-103 Eurocode 3 Design of Steel Structures Part 1-103:
Elastic Critical Buckling of MembersThe results of the parametricstudy are compared
with results of other authors and verified by several numerical examples.

Table 1.Comparison®f the diagram values:F-approximate values.fzand exact valuescho

Cuw Fer Fera Difference Eerio
n [KN/m] [kN] [kN] between [kN]
Ferand R a
58.66 186.73 182.374 -2.73% 187.50

99.732 231.603 223.707 -3.324 % 23140
134.931 260.553 256.282 -1.841 % 261.09
74.505 202.652 200.398 -1.447 % 203.34
99.732 231.603 228.435 -1.282 % 231.40
134.931 260.553 257.235 -0.918 % 259.62

NOoO ok, N
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, An interactive cloud-based fatigue analysis tool
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Abstract An interactive with easy foursteps, cloudbased fatigue analysis and life
prediction tool is presented. Users around the globe may access it via Internet by means
of multiple platforms such as desktop and laptop computers, tablets and/or smagthones.
It is a selfexplanatory education software, which is aimed also to assist a designer in a-pre
prototype stage in fatigue life estimation of smooth or notched parts subjected to constant
amplitude, block loading, and spectrum loading histories. For spectrum gsfitude loading
a dedicated spectrum software package is provided, which is essential for a potential
cleanrup and/or desired modifications of a raw spectrum data. Subsequently, a rainflow
method is utilized and the corresponding hysteresis loops at theatch-URRW RU FULWLFD
VSRW" ORFDWLRadpOitedGHWHUPLQHG

JRU QRWFKHG FRPSRQHQWY D JHQHUDOL]JHG 1HXEHUYV U
XWLOL]JHG DQG GLVFXVVHG ,W LV VKRZQ WKDW wibkH VR FDC
analysis (shown in Fig. 1) is unique and is only material dependent KH 1HXEHUYfV 3PDVV
curve is interactive and is applicable for both monotonic and cyclic loading situations.
Examples of applications of the proposed method are presented for a céast, block, and
spectrum loading situations. Associated fatigue life predictions are illustrated using stress,
strain, and stress/strain approaches.
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. An estimation of Ramberg-Osgoodconstants for materials with and
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Abstract Tensile engineering stressrain curves for metallienaterials typicallyshow two

different behaviorsviz ZLWK /XGHUfV VWUDLQ DQG ZLWKRXW /XGHL
[2014 proposed a method to estimate the true ssa curves based on yield and ultimate
strengths. This method however, is not accurate enough fdi datD OV H[KLELWLQJ /XG
in their stressvWUDLQ EHKDYLRU +HQFH D QHZ SURFHGXUH IRU
VWUDLQ LV SURSRVHG 7KLV QHZ PHWKRG XVHV SODVWLF V
along with yield strength and ultineatensile strength to estimate constants in the Ramberg
Osgood(R-0) type of true stresgue strain relationship. The proposed approach was applied

WR GLITHUHQW PDWHULDOV ZLWK DQG ZLWKRXW /XGHUYV
addition an inverse method for assessing an apparent ultimate tensile stress (stress at point of

zero slope) for materials with low ductility due to quenchingasburizing is suggested.
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Structural Integrity Analysis and Life Estimation of a Gas Turbine Bladed
Disc
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Abstract Turbine bladesnd bladed discare critical components in an aegngine which

are subjected to severe conditions of high temperature and pressure. These conditions
cause high levels of stress leading to crack formatidrsahsequent failure in servida

this work, an attempt has é&® madeto investigate the influencef crack on vibration
parametes of a typical aeregengine gas turbinbladeanda life assessment approach for
turbine blade an8lladed disc is also describethitial investigations are carried out on
idealizationsinvolving cantilever beas with uniform crossection the procedures are
then extended to free standing turbine blades with asymnastra foil cross section
mounted on turbinéladed discDynamic characteristicsf the bladeare estimatecand

free vibratons analysshave been caied outfor healthybladeand ones with crackf
differentsizes Influence of craclsizeon natural frequencies and mode shapstudied
Resultsshow a difference of less than 1% in frequefocyracks less than 1mm in length

for larger crack lengththe frequency shifts are higher. Tlmaltical results are
compared wittexperimentatests on d.aser Doppler Vibrometesetup. Subsequently,
forced vibration analysis has been performed and a methgpdblas been developed,
XVLQJ /DIDQYYVY ODZ WR H[WUDFW PRGDO GDP$8lhdgJ UDWLR)
undemozzleexcitation pressure fluctuations. The modal damping ratios thus obtamed
indicativetheenergy dissipation in the component ursteesonditions.The possibility

of employing these modal damping ratios as indicators for the presence of crefekss d

is outlined. Damping ratio was calculated for the first two modes of the cantilevered
turbine bladeThese ratioshow a differace of the order of 5.2 betweerhealthy and
cracked bladefor the second modd&his observation leads to a conclusion that modal
damping can ba viable parametevith goodcorrelaton with blade structural integrity.
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Numerical analysis of shear crack propagation in a concrete beam without
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Abstract Crack formation and growth in reinforced concrete members nisainy cases the

cause of the collapse of technical structures. Such serious failures impair the structural behavior
and can also damage property and persons. An intensive investigation of the crack propagation
is indispensable. Numerical methods are beegtbped to analyze crack growth in an element

and to detect fracture failure at an early stage. For reinforced concrete components, however,
further research and action is required in the analysis of shear cracks. This paper presents
numerical simulationand continuum mechanical modeling of bending shear crack propagation

in a threedimensional reinforced concrete beam without transverse reinforcement. The analysis
will provide further understanding of crack growth and redistribution of inner forcesanete
members. As numerical method to map discrete cracks the extended finite element method
(XFEM) is applied. The crack propagation is compared with the smeared crack approach using
concrete damage plasticity. For validation, the crack patterns axeatiments are compared

with the results of the different finite element models. The evaluation is based on single span
beams under bending. With the analysis it is possible to predict the fracture behavior of concrete
members.

Figure 1 +Crack propagation in a concrete beam by using XFEM analysis of ABAQUS
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Abstract: Structural Health Monitoring (SHM) of aircraft structures, which are
manufacturedncreasinglyusing composite materglis a techniquevhich aims to improve
reliability andto redu@ maintenanceComposite materials present several difficulfiesthe
locationof damageslue to their mechanical properties (anisotropy, wave propagation, stiffness,
etc.).

In this study, the RAPID (Reconstruction Algorithm for Probabilistic Ioipa of Damage)
algorithm has been usethb detect and locatdamages irsmall surfacecompositematerial
samplesusing Lamb wavegenerated and recordedth piezoelectric transducers (PZThe
algorithm was applied to data from the pristine and custié structures, and only current
state data (baseline fregethod.

Someof these tests provide inaccurate predictions ofdhmagedocation, caused by
masking under the influence of path intersection points among transdLivensew proposal
for the enhanced algorithm solves this point performingemmetricalmodification of the
standard RAPIlgorithm

(a) (b) (c)

Figure 1 +(a) Composite thermoplastic with damage (red squai®)Predicted location
provided by standard RAPIlack point). (cPredicted location provided by enhanced
RAPID (black point)
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; Hydraulic tube inspection ofa Boeing aircraft
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Abstract Several failure analysis dydraulic systemhave been reported on literature,
therefore for safety reasons the root causes of these failures must be well identified in order to
avoid future accident3his article describean inspectionof the failure ofa hydraulictubeof
a commercial aircraffThe developed study comes following an accident occurred in va@hich
lack of oil was observed during servicehe failure occurred in the transition zone between
hydraulic hose and the connection composiehthe hydraulic systenin order to determine
the causes of the failure, a material analysis was performed, followed by a detailed study of
WKH IUDFWXUHYV VXUIDFH ERWK YLVXDOO\ DQG esVLQJ RS
From the analysis of the observations madeai$ concluded that the damaguffered by the
componentas promoted by aaverload imposed on the material that caused the fracture of
the inner hose of the flexible hydraulic tube and the localized plastic deformation of the
metallic mesh in the zone of crimping promoting the fsdsghtness of the component.
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Abstract This paper presents a detailed analysis of the failuie ddmestic frying pan
The failure occurred in theiings of the panThe main objective of the study was to obtain
the materialsresistance imendingof the wings when subjected to the more severe conditions
of temperature in service defined by the manufactUiee study was divided itnreephases:

15 phase The body of thdrying pan not insulated thermallyyassubjected to the amount of
heat neessary for the temperature oéthodyreach 210° C uniformlyAs soon as the above
condition is established, thg/ing panwasremain for one hour in that conditio®® phase-

The wings of the frying pan will simultaneously be subjected to a loadcodéasing value,
which imposes a bending effort, in order to simulate the procedure of removing the frying pan
from the heat sourc&yYhen any of the wings fracture or when it is found that the connection
between them and the body of the frying pan shogsssof not guaranteeing the normal
handling of the object under safe conditions, the value of the load that caused the\irasture
recorded; B phase +Repetition of  and 29 phase using a new frying paBuring the
analysis it was observed that significant change in the morphology of the wings of the
frying pans when subjected to temperatures close to 210 Ph€.frying pan materials
supported about 500 N (~ 51 kg) before the fracture of one of the wings whieyirlggpan

was subjected to a thegoint bending test to simulate the procedure of removingdryimey
panfrom the heat source
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Abstract Hybrid composites are becoming increasingly importanthightechnology
applications, particularly in the aeronautical industry. Actually, hybrid composites may offer
an effective solution for increasing the toughness of a composite material. Besides that, hybrid
composites can have high specific stiffnesghtspecific strength, low density, and reduced
cost.

Manufacturing process of a thin hybrid composite could be complex, and thickness error
could influence elastic properties of composite material. In fact, matrix weight has more
variability in thin compsites. Elastic properties can be computed using a homogenization
theory based on a representative volume element (RVE) approach, which assumes that the
composite material is locally formed by the spatial repetition of very small microstructures.
However,different thickness values due to different matrix weights causes a high variability
composite elastic properties. This variability can cause some uncertainty and errors in thin
composites design.

In this work, homogenization elastic properties charactgoa is performed for a thickness
range close to the desired one. The composites considered have a total of 4 plies of carbon and
glass fibers. These composite layers were manufactured, the thickness was measured, and tests
were performed considering a mbined loading of bending and torsion. A numerical
simulation, using Abaqus, was also performed in order to compare experimental tests with
numerical ones. With this comparative model is possible to optimize the homogenization
process in order to have therrect elastic properties considering thickness variability. In this
way, a sensitive analysis is also performed and manufactured plies can be rejected due to
thickness values variability.

By design, composite plates are usually aimed to have a corstkniess value. However,
thin plates can have high thickness variability due to manufacturing process. Preliminary results,
considering homogenized elastic properties, experimental tests and numerical analysis,
conclude that thickness variability has angigant influence in thin composite elastic
properties.

Keywords: Hybrid composites, carbon and glass fibers, homogenization, optimization
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Abstract With increasing share of renewable energy sources in the electricity production strict
demands are placed on fossil power plants thae @ cover the power shortagesore
frequently. Increasing number of steam turbine (ST) -sfast and shutdowns, as well as
requirements on higher ramping of operating conditibas detrimental effect on the overall
lifetime of ST componentdn the ST dsign processhis situation has to be dealy applying
advanced prediction methodologieandling thethermemechanical fatiguenechanismfor
instance. On the othdrand in the case of currently operating ssTegular inspection and
maintenance schedulas well as technologie®r turbine operation control havies be
reconsidered or newly developdth cope with these challengéke international consortium
of energetic turbine producers and reseanstitutes initiated the TURB®EFLEX project
funded E\ (8TV + S URd bfEnk principal aims of the project is development of
adamage tolerance approach suitable for scheduling tihet&TnaintenanceDecisive factors

in this effort are ST rotor operating conditions, material fracture propariggeometry that
constitute the crack initiation site and crack growth rate and directieig. 1. This forms
acomplex task that has to be hatihumerically by using an Hiased codaccompanied by
in-house scripts for detecting the most probable @fagrack propagatiorin our contribution

we are about to present thdoptedapproach andesults that have beachieved.

Figure 1 #A general scheme showing combination of individual analytical aspects in
development of thégamage tolerance map apgdible to ST rotors.
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Abstract Additive manufacturing (AMjechnologyallowsthefabricationof complex parts,
offering great flexibility with minimum scragcompareo subtractivemanufacturingSelective
Laser Melting (SLM)atypeof AM technique conductsalayer by layer fabricatioprocesof
metallic powdersfor low-volume high performancmetallic compaoents targeting multiple
industries.However, thereliability of SLM materials particularlyn aerospace industig an
ongoing concern, requiringadditional consideratios such asdynamic mechanical
characteristicef thecomponentsThis work investigates tharainrate sensitivityof maraging
steel AISI 18Ni300 manufacturedusing SLM process Metal powders were fuseidto test
coupons of 2mm thicknesses in order to examine the strain rate sensitivityfabricated
material Dynamic tension tests weoarried outusing Split Hopkinson Tension B&8HTB)
apparatus igonjunction withDigital Image Correlation (DIC) techniqguéomparative analysis
wasconductedetweenn-built and reat treated SLM materiate studythe effect of residual
stresses subjectedwade range of strain rates.
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, Structural integrity and durability of polymer composites: Achievements
and challenges
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Abstract Modern composites, made up of carbon fibres and toughened epoxy resins, are
lighter/stiffer/stronger and increase fuel efficiency in aircraft, compared with the aluminium currently
used. They have been used in the Airbus A380 super jumbo, the first fully dimdided passenger jet

(with more than 550 seats, but certified for 853 passengers) that took its first commercial flight in 2007,
WKH %RHLQJ K U HabdPtielAGHA th&iame ibtd-4¢mit®\in 201%he primary structure,
including the wing anduselage of the B787 206&eater passenger jet is built mostly from composite
materials and iadvertisedo be 20% more fuel efficient than current commercial planes with almost
60% more cargopmce than the Airbus A3E200. It is accepted that modemnapositesystemsffer a

variety of advantages, however, affordability (reduced acquisition and direct operating costs, while
maintaining or enhancing safety) is the key to survival in aerospace manufacturing, whether civil or
military. Therefore current search effort is devoted to analysis and computational simulation of the
manufacturing and assembly process as well as the simulation lainthéermperformance of the
structure, sincenese are intimately connected.

In this talk, applications of modegomposite systems will be discussed and achievements,
but also challenges and limitations, in the {ol@structive characterisation (microscopic) and
damage modelling of such material systems with some thoughts on future needs, developments
and prospectsof novel materials (graphene based composites, 3D woven architectures) and
processes, structural health monitoring (SHM), fatigue life, maintenance and repair

Professor Constantinos SoutisFREng is holding a Chair in Aerospace
Engineering, and he ithe Director of the Aerospace Research Institute and
Director of the Northwest Composites Centre at the University of Manchester
UK. Prior to this, he has heltademigositions at the University of Sheffield,
Imperial CollegeLondon University of Lei@ster,University of Cambridgend
visiting professorial posts &flassachusedtInstitute of Technology (MIT) and
University of South Carolina, USAHe is aFellow of the Royal Academy of
Engineering andeading authority on mechanics and failure of corntpeswith
significant contributions on modelling damage mechanisms and structural health
monitoring using low frequency Lamb waves techniques. His industrial research
and engineering experience includes work with the Structural Materials Centre of
the British Defence Evaluation & Research Agency (visiting research fellow,-200%), QinetiQ
(Trusted Expert, 2062003), Cambridge Consultants, Dowty Propelléygec Materials Engineering
and ABB Research in Switzerland. Professor Soutis is the authoraartivor of over400 archived
articles, which include more thab0 ISI listed journal paperspme30 PhD students have qualified
under his supervision and guidance. Professor SoutiseiDeputy Editor of Applied Composite
Materials Journahn Associat&ditor of the RAeS Aeronautical Journal asdved orthe International
Journal ofSHM.
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Abstract After an overview on biocompositaeaterials developed by an internationally joint project,
ECO-CAMPASS (Ecological and Multifunctional Composites for Application in Aircraft Interior and
Secondary Structures, 262619), roxinsourced epoxies and the composites are introduced as a
succeshll output of the project. The composites are jointly developed by a close cooperation of ACC
with the Ningbo Institute of Materials and Technology Engineering (NIMTE). The composites show
promising mechanical properties and processing ease in autocthiRI8h providing thus a suitable
alternative materials for interiors and rstnuctural applications. However, the interlaminar toughness
and impact damage resistance of them are not sufficient if comparing with the existing petroleum
sourced polymer makicomposites used in aviation.

To improve the toughness of the GREEN compositessittxtechnology has been used to modify the
roxin-sourced composites, either by reactioduced spinodal phase decomposition and inversion
mechanism, as well as by Vedike co-continuous toughening mechanism. The preliminary results
HIKLELW WKDW ERWK WKH LQWHUODPLQDU IUDFWXUH WRXJKQF
properties have been significantly improved, whereas the mgdame mechanical properties and
processing characteristics remain less affected. It can be expected thatdberbenl composites can

be used not only in secondary, but also in primary aerospace structures as a GREEN alternative
composites.

Professor Dr.-Ing. Xiaosu Yi, University of Nottingpam Ningbo
China (UNNC) and Aviation Industry of China (AVIC). He received
his PhD (DrzIng.) degree from the Faculty of Maschinenbau of
University of Paderborn, Germany in 1986. Prof. Yi is actively
involved in R&D of composite materials in academia anailistry over

30 years.
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Abstract In this overview, a new sokstate joining method for metals and alloys is presented, where
the best features of gas metal arc welding, friction stir welding and cold pressure welding areccombine
The invention, which is known as the Hybrid Metal Extrusion & Bonding (HYB) process, utilizes
continuous extrusion as a technique to squeeze the aluminum filler material into the groove between the
two plates to be joined under high pressure to actmatallic bonding. Originally, the idea was to use

the HYB process for simple butt joining of aluminum plates and profiles. However, over the years it has
evolved into a multfunctional joining process handling a wide range of different joint configuiation
(butt, fillet and slot welds) and base metal combinations (Al, Fe, Ti and Cu). At present, up to four
different metals can be joined together in one pass using the HYB PinPoint extruder and AA6082 as
filler wire.

Professor @ystein Grong (born 1956), received his PhD degree
from the Norwegian University of Science and Technology (NTNU)
in 1983. He has worked as a Research Scientist at the Norwegian
Defence Research Establishment, Kjeller, Norway and\asiting
Research Professor at Colorado School of Mines, Golden, Colorado
and National Institute of Standards and Technology, Boulder,
Colorado (USA). He was appointed Professor of Metallurgy at the
Norwegian University of Science and Technology in 1987Hsy
King of Norway and the Prime Minister. Professor Grong has a broad
interest and research experience in materials in general and
microstructural modelling in particular. A significant part of this
work is related to thermomechanical processing andimgelaf metals and alloys. He has educated 58
MSc and 22 PhD students and written 264 publications, including 94 major scientific papers in referred
international journals. He is also the author of the waguted textbook Metallurgical Modelling of
Welding, which formerly was ranked among the top ten books (best sellers) from the Institute of
Materials in London. In addition, he holds seven patents and has received four international awards and
one prestigious national award for his scientific contribgtioRrofessor Grong is currently self
employed through his own company and fully engaged in the development of the Hybrid Metal
Extrusion & Bonding (HYB) process together with industry partners and colleagues at the Department
of Mechanical and Industrialrigineering, NTNU.
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Sedmak A., Micromechanical Modelling of Weldment Cracking

: Micromechanical Modelling of Weldment Cracking

Aleksandar Sedmak

Faculty of Mechanical Engineeringgniversity of Bigrade, Serbia

Abstract. Local approach to ductile fracture has been used to anaigsk initiation and
propagation in welded joints made of high strength low alloyed steel. Complete Gurson
micromechanical model was appligal calculate J integral vs. crack lendthR curves)for
different locations of a crack, weld me(#M) and heataffectedzone(HAZ), both fine grain
(FG) and coarse graifCG) subzonesTwo different geometries were analysed, 3Bcimen
and tensilgpanel (TP) the first one as 2D, and the later one as 3D problem. Numerical results
were compared with the experintahones to verify the model, Fig. 1 and enable detailed
analysis of different effects, including constraint due to material heterogeneity and geometry,
l.e. stress triaxialityFig. 2& 3. It was concluded that material heterogeneiigct, although
notvery strongmay not be reduced justtatio of yield strengths of base metal and weld metal,
but rather, the hardening effect has to be taken into account, whereas geometry produces very
strong effect due to constraint phenomena, especially with 3P Bregrex

Figure 1 - Comparison between experimental and numerical fracture surfaces for WM

Figure 2 xStress triaxialityahead of crack tip Figure 3 £J-R cuwves
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ProfessorDr. Aleksandar Sedmak graduated from the Faculty of
Mechanical Engineering University of Belgrade #978, and
received his D.Sc. from the Faculty of Mathematics, dept. of
Mechanics, University of Belgrade, 1988. Since 1990 assistant
professor, and since 2001 full professor at the Faculty of Mechanical
Engineering University of Belgrade. Visiting professat Drexel
Univeristy, USA, 19922002. Assistant Minister for Science and
Technology Development 20€006. Vicerector for international
cooperation, University of Belgrade, 202609. Director of
Innovation Center of the Faculty of Mechanical Enginegrnn
Belgrade since 2006. Main topics of research and teaching are

Engineering Materials, Welding, Numerical Methods, Fracture Mechanics and Structural Integrity.
Advisor for more than 50 D.Sc. thesis, published several textbooks. He published 120rpsye$s i
journals with more than 500 citations, 120 papers in other journals, mono-graphs and conferences, total
more than 750 references, mostly in Fracture Mechanics, Welding and Material Science field. He is the
President of Serbian Structural Integrityddrife Society, Editotin-chief of Structural Integrity and

Life Journal, and the Viepresident of European Structural Integ-rity Society (ESIS), since 2014. He

is member of editor boards and reviewer of a number of prominent world journals in Fracture
Mechanics, and the Chairman of European Conference on Fracture (ECF22), Belgrade, 2018
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; Corrosion susceptibility of aeronautical AFLi alloys

N.D. Alexopoulos

Department of Financighnd Management Engineeririgniversity of the Aegeadl

Kountouriotou Str., 82100, ChioGreece

Abstract. The development of third generation-l alloys traced to the late
1980sin orderto design a weldable alumum based alloy having low density for use
in aerospace launch vehicles and cryogenic tankddes driving force for
development and use of Al alloys has been thenprovements in specific strength
(strength/density) and stiffness (elastiodulus/density offered by the addition of
lithium. Additionally, Al-Li products offer great advantagesn aerostructural
performance througldensity reduction, stiffness increase, increases in fracture
toughness and fatigue crack growth resistara®, well asenhancedcorrosion
resistance.

The improvements in strength properties oflAlalloys are attributed to their
composition and complex precipitation system that includégterent kind of
precipitates.Additionally, dispersoidparticles are formed by the addition of other
alloying elements that control the recrystallization of the melhis complex
precipitation system may influence the corrosion susceptibility of third generation Al
Li alloys because of the different eleath@mical potential of the formed phases
within the aluminum matrix orof the adjacent precipitatehe predominating
corrosion mechanisnan Al-Li alloys will be discussed at the microscale as well as at
the macroscale. At the micro scale, the effecthef precipitates and the chemical
composition on localized corrosion will be assesgedhe macro scale, the pitting
and micrecracking formation on the newly developed-@i-Li alloys will be
discussedas well astheir effect onthe structural integritycoupons andaircraft
components
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Pavel Steinbaueet al, Lighting Pole Health Monitoring for Predictive Maintenance

: Lighting Pole Health Monitoring for Predictive Maintenance

Pavel Steinbauet, Zdenek Neusset, Ivo Bukovsky! OLOR& PHUXGD

1Czech Technical University in Prague, Faculty of Mechanical Engineering, Technicka 4,
Praha 6, Czech RepublitELTODO, a.s.

E-mail:pavel.steinbauer@fs.cvut.cz

Abstract The structural health of lighting poles is of great intereBktensive corosive
damage of lighting poles may lead to unexpected falls of peleish may causeahgerous
injuries and accidents. 7TKH 5RFK 3 QIUDVWUXNWXUSURMHNW 6W!I
(Infrastructure Project: Street Lighting 2000) study on the structural stabilitye@sgstems,
which is representative on a Germamigle scale, found that 3.3% of all poles pose a hazard.
The standard prevention is regular replacement of lighting poles (e.g. Prague standard in Czech
Republic is replacement efachpole every 15 years).uB it has been shown that sopees
are deterioratedell before this perioavhile the other poles are in perfect state after 50 years
of operation

So the smart pole replacement based on predictive maintenance principles is more
appropriateand enableto achieve both higher safety asignificantly decreaseaintenance
costs. However, thie is huge number of pole® betreated(aboutl mil. poles in Czech
Republic only)

There are alreadyanymethodgo determine actual state of thghting pole, eg. based on
eddy currents, ultrasound, roentgen, static loading, frequency response functions etc.
Commercially availableRoch Test method is based on pole compliance measurement by
sophisticated device which regularly travels around pole set, loads kaebypdiydraulic
actuator and measures pole deflectibmese methods atene consumingmust be performed
by skilled worker, require installation of special equipment, access to thamubidten provide
local information only (related to the positionméasurement).

Theexperimental modal analysetlarger set of lighting poles with sardesign parameters
different state of heditwas carried outThe differences in higher eigen frequencies could
clearly determined. Sib the experimental modal analyses or at least one frequency response
function could be measured regularly, the change of selected eigen frequency will indicated
deterioration of pole state of health. Unfortunately, realizaifa@xperimental modal anags
measurement cannot be done by unskilled eogven for simple cases.i$ also even more

time demanding then pole loading by static force.

The pole healt detection method based on eigen frequency shift determination from
acceleration measurement ynising ambient excitation (mostly coming from the wind or
traffic) was developed. The method was testedactelerationdata measured in the field
laboratory installation of pole3he poles were excited by ambient wind only.

In addition, cheap smart ssar has beerdeveloped. lis equipped with sensitive MEMS
accelerometearries out long term acceleratisariesmeasuremenperformsdata evaluation
based on eigen frequency shift and other quarstitdi is also connected into wirelesstwork
grid. The pole thus regularly reports its stateentral serverinspectiorand replacemertan
bethenaimed at problematic areas onhhe further potential the sensor grid is investigated.
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Liu, X, Research orBio-based Thermosets at NIMTE
, Research on Biebased Thermosets at NIMTE: From High
Thermomechanical Properties to Functionalization
Xiaoqing Liu
Ningbo Institute of Materials Technology and Engineering (NIMTE), Chinese Academy of

Sciences

E-mail: liuxg@nimte.ac.cn

Abstract Driven by the pressure from energy and environment, more and more attention
has been paid on the exploration of polymeesived renewable resources, i.e. Based
polymers. We are all very familiar with the Hiased thermoplastics, such as PLA, PHBV and
PBS et al. As for the bibased thermosets, the attention is far from enough. About 10 years
ago, we have been devotingrselves to the research on{based thermosets, for the purpose
of developing GREEN composites. In this talk, thelmsed epoxy made from rosin acid and
itaconic acid with high thermomechanical properties as well as their application demonstration
will be overviewed. After that, the functionalized epoxy derived from daidzein and genistein
will be introduced. Without addition of any flarnetardant elements, they demonstrate
excellent fire resistance, ranked as VO grade. It can be expected that, esipgdial chemical
structures of biomass, the thermosets with high performance could be developed, which has
great potential to partially replace the petrolebased ones for GREEN composites
manufacture.
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, High Strain-Rate Behavior ofCarbon-Epoxy Composites for

Lightning Strike Protection

SahandP. Shamchi2 Carmen Sguazzd, Anurag Singh?, Nuno V.M. Ramosg, Xiaosu

Yi345 Z. Zhao**,P.M.G.P. Moreira!

LINEGI, Institute of Mechanical Engineering ahdiustrial ManagemenRua Dr. Roberto
Frias, 400, 420465 Porto, Portugal
2FEUP, Faculty of Engineering, University of Por®a Dr. Roberto Frias, 420865
Porto, Portugal
3School of Civil Engineering, Harbin Institute of Teology, 73 Huanghe RoaHarbin
150090, PR China
4AVIC Composites Co., Ltd, 66 Shuanghe Road, Shunyi District, Beijing 101300, PR China

®Faculty of Science and Engineering, University of idgttam Ningbo China (UNNC), 199
Taikang East Road, Ningbo 315100, PR China

E-mail: spourhassa@ineqi.up.pt

Abstract The objective of this work is tmvestigatethe dynamicmechanicabehaviorof
carbon iber reinforced epoxgomposite with improved lightening striker protection (LSP)
characteristicsDynamic tension and compressiosttewere carried out using Split Hopkinson
Bar (SHB) apparatualong with high speed photography amgital Image correlatiofDIC)
technique to monitor the local strain distribution on specimensduring impact tests.
Experimental characterization undstandard conditionsvas also carried outin order to
examine the effesbf throughthicknesslectrial conductivitymodifieralong the interlaminar

regionsof the samplesn bothquastistatic and dynamic resporssg#f epoxybased carbon fiber
composits.

This work was supported by the funding: MOBTT Project reference JICAM/0002/2017
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Xian, G; Wang, A.Hydrothermal Ageing Performanceof Nano-clay Flax Fiber Fabric

. Hydrothermal Ageing Performance of Nanoaclay Modified Flax Fiber

Fabric Reinforced Epoxy Plates

Guijun Xian*, Anni Wang

School of Civil Engineering, Harbin Institute of Technology, Harbin 150090, China

E-mail: gixian@hit.edu.cn

Abstract The high hydrophilic characteristics of natural fibers brings in a concern of the
application of its reinforced polymer composites in many fields, becausediséure uptake
may deteriorate the dimension stability, mechanical and thermal properties. In the present
article, naneclay was used to modify a flax fabrics, and the modified fabrics were then
saturated with epoxy resin to prepare a composite plateamticuum assisted resin infusion
process. The plate was subjected to 80%RH at various temperatures. The moisture uptake,
mechanical properties and glass transition temperatures of the composite plates were studied as
a function of exposure time.

The water absorption pattern of these composites was found to follow the classic Fickan law.
The plate with nanalay treated flax fabric shows a saturated moisture uptake by 30.9%.
Compared to the control composite plate, the degradation in the tereilgtstand modulus
for the naneclay treated flax based composite plate was much reduced with the high humidity
exposure. The nanday is expected to reduce the diffusion of water molecules into the flax
fibers, and to increase the bonding between thefifteer and resin matrix, which contributes
to the enhanced hydrothermal ageing resistance of the composite plates.
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Pedro J.Sousaet al, Measurement of bridge deflection using Digital Image Correlation

. Experimental measurement of bridge deflection using Digital Image

Correlation

Pedro J. Sousé&?, Francisco Barrog, Paulo S. Lob@, Paulo J. Tavareg, Pedro M. G. P.

Moreira ?

IFaculty of Engineering, University of Porto, Rua Dr. Roberto Frias,4200-465 Porto,
Portugal,ppsousa@fe.up.pt

2INEGI - Institute of Science and Innovation in Mectzahiand Industrial Engineering
3CERIS- Instituto Superior €cnico, Universidade de Lisboa
Departamento de Engenharia Civil e Gagia, Universidade da Madeira
Abstract

Civil engineering bridges usually face a multitude of loads, ranging from strong winds to
intense traffic. Thus, it is important to understand their behaviour if one is to properly maintain
them in good operating conditions.

The present work presents an gaeasensing methodology for deflection measurement that
was employed on the EntAguas bridge in Cani¢caMadeira, PortugalFor the application of
two-dimensional Digital Image Correlation, it was necessary to place a target pattern in the
monitoring regon and a camera setup in stable ground on a plane orthogonal to the target. Two
different 2D DIC software packages were then used for the calculations, one commercial and
one seHldeveloped, enabling their comparison and increasing the confidence in the
experimental results.

The developed system was applied in order to analyze the effects of the passagpané 30
trucks in the bridge, with promising results.

Figure 1 +Average displacement of the speckle pattern obtained using the developed digital
image correlation system
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PedroJ.Sousaet al, Displacement analysis of rotating RC helicopter blade

,Displacement analysis of rotating RC helicopter blade using coupled CFD

FEA simulation and digital image correlation

Pedro J. Sous&?, Francisco Barros, Paulo J. Tavaregd, Pedro M. G. P. Moreira?

IFaculty of Engineering, University of Porto, RDa. Roberto Frias, s/r4200-465 Porto,
Portugal,ppsousa@fe.up.pt

2INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering, Rua
Dr. Roberto Frias, 400, 4200865 Porto, Portugal

Abstract

Rotating structures are commoniged important parts in the transportation and energy
generation fieldsyherea better understanding of these structures is advantageous for both the
design and the maintenance pha3é® present contribution presents a comparison of results
for the rotaing blades of an RC helicopter obtained using fitidicture interaction in a
computer fluid dynamics (CFD) model with measurements performed in the physical object
using a digital image correlation (DIC) methodologytst, in order to obtain an accugat
representation of the blades, t ReDWHULDO SURSHUWLHYVY RI WKH EODGHYV
B3RLVVRQYV 5DWLR DQG 'HQVLW)\ Théesd pararetetOvieteaedié SHULP +
simulation where fluidstructure interaction was defined betweefluid model usingReynolds
Stress Transpostiscosity formulationand a finite element modehfterwards, theobtained
results were compared withActual measurements and the differences between them are
analyzedIt was noticed that the major differexgcbetween these results are due to the coupling
between the blades and the Hilicetheformerare able to rotate freely in respect to letéer
and small gaps, in the range of 0.05 mm, highly affect the re3iits the present work
highlights the necessity @fccurate representation of hub connections, even if the gaps are
difficult to measureUsing live measurement techniques, it is possible to obtain the actual
behavior of the blades, and either reflect the meskdifferences in computational models or
detect issues with the physical specimen

Figure 1 +Boundary conditions and computational domains of the model
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Zubova E.Met al, Experimental study of the damage accumulation

, Experimental study of the damage accumulation in composite materials
and ceramic coatings by using of acoustic emission technique

Ekaterina M. Zuboval, ElenaM. Strungar?, Dmitriy S. Lobanov?, Valery E. Vildeman?

1 Center of Experimental Mechani®erm National Research Polytechnic University
Perm, Russiafrederatian, cem.zubova@mail.ru

2 Center of Experimental Mechani®erm National Research Polytechnic University
Perm RussianFederatin

Abstract. Wide application of composite materialsregliable structures leads to the need
for a detailed study of the processes of deformation, damage accumulation and fracture.
Additional diagnostic methods for the experimental study of such processes in materials under
the action of loads are usdRleceivng and analyzing new experimental data will allow in the
future to timely detect defects that indicate a decrease in the bearing capacity of the structure
or may lead to the loss of its integrity.

As an additional methods for diagnosing of damageumulation and destruction of a
ceramic coating under loading the method of digital image correlation (DIC) and acoustic
emission technique (AByere used in this worklhe main purpose of the work is to confirm
the operability of the coating under warkbs.

Acoustic emission signals were analyzed and graphs of the dependencies of the main
parameters of the signals on time were plotted. In addition, fields and diagrams of the
GLVWULEXWLRQ RI OR Qualatgtiele@titeQenGth dR sl BamBIQWer®
constructedThe parameters of acoustic emission signals that characterize the processes of
destruction of the ceramic coating were revealed. It is noted that the method of identifying the
parameters of the acoustic emission signal usedisrwork can be implemented on various
materials and coatings.

Acknowledgement. The reported study was funded by RFBR according to the research
S UR M H RBNM0G452.

Figure 1 - photo oftensiletest
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,  Development of LEDbased illumination system for highspeed digital

image correlation
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!Faculty of Engineering, University of Porto, RDa Roberto Frias, s/r4200-465 Porto,
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2INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering, Rua
Dr. Roberto Frias, 400, 420865 Porto, Portugal

Abstract

The present work describes tthesign and development of a dedicated illumination system
for application to higkspeed digital image correlation. This type of application requires image
acquisition to be performed with very short shutter times. This means that there is less time to
integrate the oncoming light and, as such, it is necessary to have significant light flux in order
to be able to acquire quality images. As such, illumination is usually the major concern in such
high-speed imaging applications.

The developed system uses alsiing highpower LED light source to tackle this issue, and
iluminate the specimen with a large light flux during a very short period. This reduces the
amount of heat that the specimen receives from the lighting source and has the advantage of
allowing the use of cameras that would otherwise be unable to use such short shutter times
effectively.

In this paper, the whole design of the device is described. From the control electronics to the
mechanical design, including the optical design of an appropefietor.

Figure 1 tFinal mechanical design of the developed system
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, Application of 3D electronic speckle pattern interferometry for analysis of

thermal response in printed circuit boards
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!Faculty of Engineering, University of Porto, Rua Dr. Roberto Frias,4200-465 Porto,
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2INEGI - Institute of Science and Innovation in Mechanical and Industrial Engineering, Rua
Dr. Roberto Frias, 400, 420865 Porto, Portugal

Abstract

The present work reports the development of a method for measurementateuieter
displacements due to the thermal response of printed circuit boards.

The developed system employs Electronic Speckle Pattern Interferometry in three
dimensions REWDLQLQJ WKUHH RUWKRJRQDO GLVSODFHPHQWYV
resulting phase maps. Afterwards, the displacements are corrected, removing the rigid rotation
of the physical support and the relative rotation between the two regions dftirdeadculated.

This method provides a very highsolution displacement measurement tool, which is very
important, for example, in the design phase of outdoor surveillance cameras to optimize image
quality.

X axis Y axis Z axis
Figure 1 tFiltered phase maps for the region of interest inside the specimen
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, Classification of multiple acousticemission features forthe safety

evaluation of a road bridge under serviceload and environmental changes

Imane Bayané, Joyraj Chakraborty 22, Andrzej Katunin 2, EugenBrihwiler *

! Laboratory of Maintenance ariafety of Structures (MCS), Swiss Federal Institute of
Technology (EPFL), Lausanne, Switzerlamdane.bayane@epfl.ch

2 NeoStrain Sp. z 0.0., Lipowa 3,-302 Krakow, Institute of Fundamentals of Machinery

Design, Silesian University of Technology, GliwiPeland joyraj@neostrain.pl

Abstract Monitoring the condition of road bridges in real time as a part of sustainable
management involves the use of rawstructive techniques to perform an appropriate
evaluation without creating damage or interruptiragfic. Acoustic Emission (AE) is a nen
destructive technique that was widely used for bridge assessitentpotential of tis
technigue to detect damage in reinforced concrete structural elewantdemonstrated in
different laboratory testdMany featues can be extracted froAE signal, but only detailed
analysis and appropriate correlations can lead to inclusive and useful information.

This paper presentsdaassification methodologgf multiple AE features to obtain useful
information about the statural safety of a reinforcecbncrete slab under servicAE
technique was used for re@he in-situ monitoring and was combined with strain gauges and
thermocouples to evaluate the variation of AE features with traffic and temperature changes.
The classBication was based on receiver operating characteristiesean optimum threshold
was calculatedor each feature.

It is shownthat some AE features are more sensitive to traffic and temperature variations
than others are. The correlatiorntloé classified AE featureggves useful information about the
changes in concrete and presents a base to an appropriate detection of elarhdiga in
reinforcedconcrete slabs under service loads and environmental changes.
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,Mechanical Properties of 18Ni300 maraging steemanufactured by LPBF

Thomas Simson, Jirgen Kocht, Jakub Rosenthat, Miloslav Kepké?, Miroslav Zetek?,

lvana Zetkova?, Gerhard Wolf3, Petr Tom pk?, Ji IKulhanek*

10TH AmbergWeiden KaiserWilhelmRing 23 92224 Amberg Germany
t.simson@otfaw.de

2University of West Bohemi#Fraunhofer UMSICHT*VSBTechnical University of Ostrava

Abstract Thepurpose of this document is to investigate the influence of heat treatment on
the mechanical properties of parts from MAR 300 (EN 1.2709) producksséypowder bed
fusion LPBF). In order to compare the influence of the heat treatment on the panst@sp
some parts were in the state solution annealed and others age hardeneddedtaddening
at 490 °C for 6 hours was applied for improving the mechanical propertesstarting
material has a decisive influence on the achievable quality apenies of the end product
and thus forms the basis of theeseninvestigations.

Therefore, powder characterization has been performed in order to work out ageing effects
after multiple use. As a major ageing effect an increasing oxygen content cad&htiied
which might affect process and parts quallyif erent powder states (e.g. new, siewad
waste) were characterized for this purpdSenilar samples were produced with the LPBF
processby an EOS M290 metal printefor industrial acceptance, AM parts need to be
produced to the best available tolerances and withumelerstood mechanical properties. For
this purpose, the mechanical properties of the LPBF samples have been analysed and are
compared to those propertis conventional samples. In this investigation, the mechanical
tests (hardness test, tensile test and notch impact resistance) have been performed in
horizontal and vertical directions of manufacturing by LPBF. The hardness increased from
333~341 HV10 t640~656 HV10 after heat treatment. Simultaneously, the ultimate tensile
strength Ry) increases from 1056~1096 MPa to 1964~2102 MPa, while the break elongation
(@) is reduced from 11.3~16.0% to 2.0~4.5%. Aged samples show a significant decrease in
toughness in the Notch Impact Test. A specifically designed ball joint test setup has shown
that the frame manufactured by LPBF provides comparable results as a conventionally
manufactured frame and is robust and suitable for the prototype production aofldast
headlamps.
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, On instabilities of growing bi-material interfaces
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2Solid Mechanics, LTH, Lund University, SE22100 Lund, Sweden

Abstract A variety of morphological patterns initially arise on surfaces of growing precipitates
at small length scales. The patterns could be ridges, wrinkles or fringes. Formation of these
patterns directly influences the final shape of precipitates, and areeasgube mainly caused

by the change of volume of the new phase. To better understand the cause of different patterns
an analytical study of the stability of the precipitatatrix interface is performed. First a wavy
interface perturbation is used to exaen the spontaneous variations that occur at the
precipitatematrix interface. The analysis utilizes Cerruti's solution to compute the perturbed
stress field surrounding the interface. It is shown that a virtually flat surface subjected to tension
Is in general unstable. The amplitude of sinusoidal perturbations decays for short wave lengths
and grow for longer wave lengths. Both a critical wave length for which the perturbation
amplitude is unaffected and a specific ditto which obtain maximum perturtzaberih rate

are derived.

Figure 1 zStress field at wavy interfaces
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Sensors
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Abstract Sandwich composite materials have been used in aerospace structures due to their high
stiffness and lightweight. The fact that these materials are anisotropi@aaadomplex failure modes

has led to the evolution of a structural health monitoring (SHM) systems, which uses sensing systems
to detect and characterize the structural integrity of a component. The configuration of a composite
makes it difficult to predit its structural behaviour using only surface sensors, since internal material
damage can occur, and cannot be detected byDMstructive Tests (NDT) or visual inspection. In
order to solve this problem, the embedded sensors appear as an alterna¢iasuiee rthe deformation

in internal regions of the composite. The objectives of this work are the development of a
methodology for introducing strain gauges and fibre Bragg grating sensors on the surface and
embedded them in a sandwich composite mateaaty out stiffness tests (flexural and tensile tests),

and creep testd his material consists of a cork agglomerate core with glass fibre skins and epoxy
resin. The core was selected since it is a material that presents a high mechanical resistaace to she
loads, good thermal and acoustic insulation capacity, which dissipates the deformation energy. The
obtained results are validated by comparison with the results provided by the Digital Image
Correlation program. Finally, it is intended to assess wheatteasurements are reliable and how
embedded sensors change the mechanical behaviour of the material.
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Composites
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Abstract The use of cork core sandwich composites has increased due to its high shear strength
when compared to other core materigsprovedthermal and acoustiosulation properties
and a lowenvironmental impactConsidering the nonlinear elastic behaviour of carks
important to predict accurately thieal structuralbehaviouwhen thistype of materials used

to manufacture composite componeinghis work,a standaréompositesandwichconsising

of acork agglomerate comeinforced withan fibreglass epoxygkin was modelled and studied
using finite element analysis (FEMYhe granularnature of this core material and the
production methodof the compositepanels difficult the numerical prediction. During
production, the laminate is hptessed which compresses the cork, increasingniiisl
stiffness The corkagglomeratealso absdrsresin,creating a regiomvherecork is reinforced

by resn impregnatedetweerthe initial cork panelandboth skins. Thefinite element model

of this composite was created in whachew layebetweertheinitial cork panelandbothskins

is modelled as a different materiddat will becomea function ofthe openporosity of the cork
agglomerateAll resultsobtainedare compared witHatafrom fourpoint bending tests carried
out in previows works, and allow t@onclude that this new FEM approach can be used to
accurately predict flexural behaviouraifferent cork core sandwich compositenfigurations
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Abstract Oxidativetreatment of Muli:DOOHG &DUERQ 1DQRWXEHV 0:&17
by chemical functionalization using mixture of sulfuric (H2S04) acid and nitric acid (HNO3).
Functionalization was governed by the parameters such as mixture acids concentration,
temperature,t PH R1 KHDWLQJ DQG DPRXQW Rl 0:&17V )XQFWLRQD
LQ GLPHWK\OIRUPDPLGH '0) DQG WKH DPRXQW RI 0:&:
IXQFWLRQDOL]DWLRQ DV ZHOO DV WKH SHUFHQWDJH RI VF
increasing the timef functionalization, it was observed that overall yield decreases but the
percentage of functionalized product inside the yield quantity remains the same. Material
characterization was also addressed.

&KHPLFDO IXQFWLRQDOL]DW L RignhifRdntforthierrfianhufavtudng @fH U D O O
polymerbased nanocomposites, since the oxidative treatment enhances their dispersion and
interfacial bonding within the epoxy matrix. A bibmsed epoxy resin was selected for the
manufacturing of nanocomposite sampléhwarious concentrations of not functionalized and
functionalized MWCNTSs. Mechanical and electrical characterization was finally carried out to
LQFUHDVH WKH NQRZOHGJH RQ WKH LQWHUDFWLRQ RI 0:&1°
system and their ihdfence on the original properties of the resin.
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TretyakovM.P.et al, Study ofthe Regularities of Postcritical Behavior and Failure

Study of The Regularitiesof Postcritical Behavior and Failure of Specimens

in the Testsof Composite Materials

Tretyakov M.P., Wildemann V.E., Lobanov D.S.
Perm National Research Polytechnic University, Center of ExpeRaenidRidsananics
Email:cem_tretyakov@mail.ru

Abstract The development of the models of mechanics of deformable solid, which describe
the pogcritical stage and the corresponding fracture conditions, is important for improving the
methods of refined strength analysis of critical structures, predicting their behavior and
estimating survivability, including the describing the processes at tlok Gt The wide
applicability of polymer composite materials in the manufacturing of critical structural
elements that operate under conditions of complex thermomechanical effects, determines the
actuality of studying the occurrence of limiting states #eddestruction of composites under
various loading conditions.

New experimental data on the regularities of deformation and fracture of layered glass and
carbon plastic composites with various reinforcement schemes were obtained. Particular
attention is paid to the manifestation of the postcritical behavior of cotappsvhich is
characterized by a decrease in the load that the sample is able to perceive, with a monotonous
increase in displacements. In this case, the postcritical deformation stage is associated with the
development of damage accumulated during thdimgaprocess, interaction of defects and
subsequent partial destruction of the structural elements of the composite material. The tests
were carried out on the samples of various shapes under tension, compression guirthree
bending in a wide range éémperatures. The influence of temperature on the regularities of
deformation and fracture of polymer composites and the realization degree of the postcritical
deformation stage has been estimated. Methodical issues of experimental study of the effect of
the rigidity of the loading system on the postcritical deformation and destruction of polymer
composites under compression, thpeent bending and interlayer shear (short beam method)
are considered when using various combinations of disc springs in ddendocircuit.
Experimental data on the effect of the rigidity of the loading system on the realization of the
equilibrium stage of postcritical deformation during the destruction of composite materials
during the interlayer shear are obtained. The stracithe destroyed prototypes was analyzed.

The work was carried out with support of the Russian Science Foundation (Profe®t 16
00069) in the Perm National Research Polytechnic University.
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,Crack closure measurement in Al2024 compact tension specimen subjected

to random loading
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Abstract In this work a new procedure for the experimental determination of crack opening
load based on ASTM offset complianogethod is presented. The methigdapplied to a
broadband random loading process on a fatigue crack grown on a compact tension Al2024
specinen. The very good results observed suggest that the newdpreceould be used for
generalloadingprocesssand not only foirconstant amplitude or slowly changing loadiag
it is recommended in the standaréldditionally, the good agreement between tipening load
experimentally obtained by the new procedure and the calculated values by the Strip Yield
Model increase the reliability of this model. It is expected to extend the proposed methodology
to other materials and loading spectra.
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synchrotron diffraction data
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Abstract In this work we present a novel methodologyattmalyse he plasticity inside
engineering materials. The plastic zone developed ahead of a fatigue crack in a bainitic steel
compact tension specimen is studiétie bulk of he steel is probed with synchrotronry
diffraction technique that can be used to measure the elastic strain field deep inside the material.
The procedure involves combining the experimental synchrotron data with numerical data to
obtain the equivalenttrein map. This map is then converted into a stress field where the
boundary of the plastic zone can be directly extraddesimmary of the procedure is shown
in Figure 1.The procedure is tested on different lengths of a fatigue crackhamesults are
compared toplane stress and plane strain models. The promising results will enable key
progress on understanding the mechanisms that generate the damage at the tip of fatigue cracks
in engineering components.

Figure 1 - Flow chart summarising theifferent steps for obtaining the plastic zone from
synchrotron Xray diffraction data.
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Martins, T. et al, SHM TB3QAircraft Structural Condition

, SHM TB30, Numerical Study of an Aircraft Structural Condition

Martins, T.2, Infante, V.1, Sousa, L, Antunes, P.J?, Moura, A.M.Z2, Serrano, B3

12 AETA, IDMEC, Instituto Superior Técnico, Universidade de LisboaRavisco Pais,
1049001 LisboaPortugal

2Critical Materials SA, Portugal
ICIDIUM, CIAFA, Academia da Forga Aérea, Pero, Pinheiro, Portugal

Abstract The purpose of this paper is the estimation of the Fatigue Lifetime of the
SRUWXJIXHVH $LU )R30BirdrflY, bySwainGaRa@@sah%ritical components of the
aircraft.

The experimental studies and knowledge of aircraft loads was used to reverse engineer a
suitable Finite Element Model of the structure, from which the stress fields in previously
identified structural hotspots weeretrieved.

Cumulative damage on the structure is calculated for reference loading spectra using the
PalgremMiner rule and suitable fatigue criteria.

7KH 6 WUHVV ,QWHQVLW\ )DFWRUV DW WKH FULWLFDO FRF
using two diffeent approaches: the Finite Element and Extended Finite Element Methods from
ABAQUS. Crack propagation was then modelled using several laws (Paris, Walker, NASGRO,
Forman). A comparison between the two numerical methods and the results of the several
propajation laws are presented. Parameters for the various equations for AT20#4
obtained through the fitting of prior experimental data.

Lastly, it was suggested new scheduling of maintenance activities to adjust the
PDQXIDFWXUHUTV \J&Hbadwy corditidhb\oiie@ \Alrdraty R
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: Prediction of fatigue life of aPortuguese Air Forceaircraft
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3Critical Materials SAPortugal

Abstract The objective of this @peris to collect and analyse the fatigue data of the PrtAF
Epsilon TB30 fleet related to vertical loads {@ctors) and stress in several critical points
along the wing and fuselage. This works compiles the analysis of more than 800 Flight Hours
DQG WKH GHILQLWLRQ RI WUDQVIHUHQFH IXQFWLRQ IURP *¢
on the data collected tiseverity of the Portuguese Air Force operation will be compared to the
severity stablished by the manufactured during real scale fatigue test. To do so, it was chosen
one wing critical location and a representative test samples was designed to repégpictih
stress field running on the wing. Two sets of 4 samples were produced, the first set was used to
simulate the PrtAF spectrum in the critical location and the other 4 were used to simulate the
manufacturer spectrum. The experimental results wargpared to the AFGROW simulations.
Base on the results of the experimental study the initial inspection intervals were adjusted to
guarantee that are adequate and suitable to the PrtAF sevenugration.
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, Failure Analysis of the Upright Component of FST08e Suspension System
Karas, H.1, Martins, T. %, Sousa, L%, Dias, J.}, Infante, V.1, Freitas, M.

1LAETA, IDMEC, Instituto Superior Técnico, Universidade de LisboaRAvisco Pais,
1049001 Lisboa, Portugal

Abstract

This paper presentsfailure analysis of thepright component othe suspensiorsystem
This component belongs to the suspension pfaotypevehicle of the Lisbon University
Formula Student team

The component was manufactured by a CNC machine in two steps with an upside down
exchange positionThis introduced some concentricity misalignments on the cylindrical
surfaces which support the axle bearings.a result, a large number of fatigue cyctese
during the rotation of the wheel, and a fatigue failure appears after some hours of running the
vehicle on the tracks and practice areas.

This work involved thedetailedanalysis  UDFW XUHYV VXUIDFH XVLQJ RSW
electron microscopieS.-hoseobservationsare intended to obtain the photographic images of
thefailure surfacefor failure mode determination.

A finite elementmodelwasperformed to verify these manufactured misalignments causes
such stress levels promoting the fatigue fractirtne component. Also a modified geometry
was created and analysed to improved strength of the component.
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, Numerical and Experimental Analysis of theSuspensionConnectionArea

of a Formula Student MonocoqueChassis

Formiga, J.1, Sousa, L, Infante, V.1
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1049001Lisboa, Portugal

Abstract

Sandwich structures are widely used in motorsport and transportation industry due to their
high bending stiffness allied to lightweight characteristics. Despite these properties, they are
very weak to withstand localized loadsquiring a reinforcement to disseminate the effort into
a larger area. Normally, those reinforcements are inserts but, in this work, a new approach is
studied where the honeycomb core is locally removed and the inner skin joins the outer one,
creating a gid attachment point called chamfer.

The monocoque chassis is the central piece of a racing car, so all other parts are connected
WR LW WUDQVPLWWLQJ HIIRUWYV 7KLV ZRUN IRFXV RQ WKH
formula student monocoque chiassanalysing these two types of reinforcements in terms of
inserts diameter and chamfer geometry. A finite element model was built in order to set the
comparison between the different geometries, first separately and then when included in a
suspension quier. Subsequently, the geometries with best results were chosen and a laminate
layup optimization was made. Lastly, for validation of the analytic model, four specimens of
each one of the two approaches were built and aoptiitest was performed on themith a
custom developed apparatus.

Failure modes similar to those theoretically previewed were achieved and a finest correlation
between the experimental and analytical results were found for inserts than for chamfers,
probably due to inevitable manutadng errors. Lastly, the results were applied in the
FRQVWUXFWLRQ RI WKH WHDPYfV QHZ SURWRW\SH PRQRFRT?>
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. Numerical analysis of the influence of the last cyclechemeon plasticity

induced crack closure
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Abstract Plasticity Induced Crack Closure (PICC) is considered the main mechanism
related to the premature contact of thack flanks when a crack growader cyclic loadings.
7KLV SKHQRPHQRQ KDV EHHQ VWXGLHG QXPHULFDOO\ VLQF
approached to metal fatigue problems by means of the finite elemeysian®ost of these
analyses have been performed considerindirbensional models. Lately, the use of three
dimensional models has been extended.

A great number of numerical parameters have to be taken into account when this kind of
problems are analysetihe mesh size, the material model, the number of loading cycles, how
the contact between crack flanks is modelladien the nodes are released and other
parameterdiave a great influence on the results. The methodology considered in the three
dimensionaimodels is usually inheriteidlom previous bidimensional studies of the influence
of these parameters. The current computational capabilities allow a comprehensive study of
the influence of these numerical parameters in tdneensional models

When ruming a finite element analysis, it is not possible to consider all the loading cycles
involved in an experimental analysis. The computational cost is not accefiablerack
growth usually is simulated releasing nodes. The numerical rates are unrealistic
comparing with real one§.herefore,in this work,the crack growth scheme is analysed. In
particular, the influence of the number of loading cycles after releasing the last set of nodes
on the PICC results is studied.

For this purpose, £T aluminiun specimen ha®een modelled thredimensionally
Several calculations have been made in order to evaluate the influence of the number of
loading cycles after realising the last set of nodes. The results are analysed in terms of crack
opening and closurealues. Eight different cases have been analysed for a 3mm specimen
thickness. The load applied is which corresponds to a stress intensityKae&iviPa-nt’.
The plastic wake lengtpreviously developed is 0.4 times the plastic size. Two different
stresgatios are considered R=0.1 and 0.3. For eachfonedifferent number of load cycles
between node releases are considered ranging from 1 to 8 cycles.
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, Identification of high strain rate behaviour of wood based on an inertial

Impact test
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Abstract Wood is ahierarchicalcomposite materidbrmed by treeslt has a complex and
heterogeneoumorphologygenerated by thieiomechanics of theee.In recent decades,omd
and woodbased productbave beerenhanced by sustainable development policieBheir
engineering applications spread overa wide spectrum of loading scenarios including
viscoelastic, quasstatic, intermediate and high strain rate regimes.

In this work,a new imagéased inertial impact test was applied for the identification of the
high strain rate behaviour d?inus pinasterAit. wood. The approach coupled ftfield
deformation measurements provided by the grid method with the virtual fields method for
extractingdynamicparameters of the material in the formhaith the stiffness and strength
The test consistsf apply ashortcompressive puls® one face o rectangular specimemhe
pulse travelsit a given acceleration fieldrttugh the specimeammtil reaching it§ree edgeThe
pulse is then reflected in the form ofemsileloading eventually causing the specimen failure
From the displacement fields both strain and acceleration fields are then reconstructed. They
are needed as input in the @ifium equation of the Principle of the Virtual Workheinertial
impacttests were carried out using a custom built gas gunaveguideand projectilehad a
cylindrical configuration made ofl@minium. Wooden samples oriented on ttransversal
plane were tested with nominal dimensions of&X5 mn?. The specimenwerebondedto
the cylindrical wave guide using cyanoacrylate gloeges were recordaging a Shimadzu
HPV-X ultra-high speed camemoupled with aSigma 105 mm macrkens (Pixel array size
400x250 pixels; Total frames 128, QW HU 11U D P H; \@ticPgitch of 0.mm; Grid
sampling of 5 pixels/periogd Raw displacement resolutioestimation of P Strain
resolutionof the order of P PAcceleration resolutionf about6x1® m/s>. From the data
reduction schembased on the VFNboth elastic parameters and strength properti€&rafs
pinasterAit. wood were determined and discussed.
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, High strain rate compressivebehaviour of wood on the transverse plane
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Abstract Wood is abiological composite materiallt has a complex and heterogeneous
structure generated by tbeomechanics of thtree.Woo0d and wooébased products are at the
core of sustainable engineering materials. Their current applications may cover a spectrum of
loading scenarios including viselastic, quasstatic, intermediate and high strain rate regimes.

In this work,the high strain rate behaviour 8inus pinasteAit. wood has addressed using
the splitHopkinson pressure bar teBbr comparison purposes quasitic compression tests
were also considered. Tests were carried out using both radial and tangential specimens. The
nominal dimensions of the samples werg2@x5 mm® and 1x20x10 mm?, respectively, for
the quasstatic and high strain rate testhie digital image correlation teoique wasisedin
order to reconstruct the strain field at the gauge sedifotine specimen$y integrating
measurements over a few growth annual rifggsrelation criterion: @ro-normalized sum of
squareddifference shape function: affine; image inpalation bicubic spline interpolation;
image prefiltering: gaussian kernel size of 5 pixels; strain windows: 9 subsets; strain tensor:
GreenlLagrange; strain interpolation: bilinear quadrilater@he DIC MatchID software was
employed A CCD Manta G505 (2452x2056 pixels’, 1 fps)and Photron FASTCAM SAZ
(320x192 pixels’, 10° fps) cameras were selected for qustsitic and high strain rate tests,
respectively.

From the data reduction schemes of bothsteéke constitutive laws on both radiahd
tangential specimens were measufawm the constitutive behaviour, mechanical properties
LQFOXGLQJ <RXQJ PRGXO Xampesslvy strengificve &/BIVEtbdQmbQIG
strain rate regimes. It was founded that the measured mechanicafti@®pncreased by
increasing the strain rate. Young modulus were enhanced by an average factor of 6% and 22%
for radial and tangential directions, respectively, whilst the compressive strength were
increased by 105% and 122%.
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’ Experimental study of the influence of the strainstress state on the jerky
flow in metals and alloys
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1 Center of Experimental Mechanics, Perm National Research Polytechnic University,
15 Ac.Koroleva,Perm, Perm krai, Russia, 6149%@m.tertyakova@gmail.com

Abstract. High reliability of created structures and prevention of industrial accidents are
vastly determined by the availability of information about physical, mechanical and strength
characteristics aisedmaterials, considering the influence of real externabastwhich cause
the complex stressed staté material Failure processes in metals and allays associated
with changing in their structure and mechanical properties during lodelifegts of serrated
yielding lead to a significant decrease of sttt DQG SODVWLFLW\ DOVR UHGXF
surface Bending and the spontaneous macroscopic localization of plastic flow lead te a non
uniform thickness, and, as a consequence, to reempi fracture.

Figure 1 xInhomogeneous fields of locstrain rate during tensiotorsion loading of
carbon steel tube with concentrator

This work is concerned withimprovementof experimental methodfor studying the
influence of the stresstrain state on thgpatial time inhomogeneity die to the jerky flow on
the example of AMg alloys and carbon steels. The implementation of a complex stress state
is based on the use of specimens with special comgdigggometry and specimens with stress
concentratordVlechanical tests were carried out on uniaxial tension of plates with a rigid rim,
in the working part of which biaxial tensiaand combined tensiecompressiorioading is
realized.Tests on proportiondénsionwith torsion of thirwalled tubular samplesith stress
concentrators were provided as well (fig.. Bvolution of inhomogeneous strain and
temperature fields were analyzed by using digital image correlation technique and infrared
thermography.Experimental data on the kinetics of initiation and development of the
deformation bandslue to theChernovLidersbehaviorand PortevinLe Chateliereffectin
various types of stressrain state of the material were obtain€de work was carried out in
the Center of Experimental Mechanics of Perm National Resdwbtiechnic University and
IXQGHG E\ WKH 5XVVLDQ 6FLHQFH J)RXQGDWLR®IMRALRFRUGLQJ
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, Compressive strength of atural hydraulic lime mortars using soft

computing techniques
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Abstract In recent years, natural hydraulic lime (NHigortarshave gained increased
attention from researchers, not prds restoration materials for monuments and historical
buildings, but also as an etwendly material which can be used as binder to formulate
mortars for contemporary structures. In the present study, an extended database related to
natural hydraulic ine mortars is compiled, related to all three NHL grades (NHL5, NHL3.5,
NHL2) and soft computing techniques are utilized in order to reveal the influence of the
PRUWDUYfV PL[ GHVLJQ RQ PHFKDQLFDO VWUHQJWK DV ZHO
NHL mortar mixes.Namely, artificial neural networks (ANNs) and genetic programming
(GP) models are used in order to predict the compressive strengttLomortars Thus, the
influence of binder to aggregate, binder to water and maximum aggregate size on th
compressive strength of a mortar at different mortar ages is revealed, for the three grades of
QDWXUDO K\GUDXOLF OLPH IXUWKHU KLJKOLJKWLQJ DVSH
used as a binder since antiquity.
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Abstract Despite the abundance of research works, both experimental and theoretical,
conducted since the middle dfet previous century up to today, the determination of the shear
stress value is still remains an open issue of great interest in structural engineering. The need
for further research is indicated by the fact that the majority of available proposals, whethe
proposed by regulatory agencies or various individuals researchers, lead to the estimation of
different shear stress values; moreover, the comparison of estimated values with experimental
values demonstrates that the available proposals lead to an tiovaties or to an
XQGHUHVWLPDWLRQ RI InvtKidtredsurnohxskidy MikeHlbfidiaViatichHnétworks
approach is used to estimate the ultimate shear capacity of reinforced concrete beams with
transverse reinforcement. More specifically,regate approaches, such as artificial neural
network models, have been examined for predicting the shear capacity of concrete beams,
based on experimental test results available in the pertinent literature. The comparison of the
consequent results with theorresponding experimental ones as well as with available
formulas from previous research studies or code provisions makes obvious the ability of
artificial neural networks to evaluate the shear capacity of reinforced concrete beams in a
trustworthy and #ective manner.
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Abstract Wind power is currently the fastest growing energy source in the world, with an
annual growth rate of around 20 percent. Most new wind farms are being installed offshore
where large spaces and higher average wind speeds are available, dbogengnd more
efficient turbines to be installed.

Offshore turbines in shallow water are predominantly installed using a monopile foundation
onto which a transition piece and wind turbine are attachieel.monopile to transition piece
(MP-TP) connectim is generally made usirgggrouted connectighowever there have been
reported cases of grout failure causing turbine slippag@ng other issue®ne solution is to

use bolteding flange connections which providefirm fixing between the MAP connetion

using a large number of M72 balts

Offshore wind operators have begun to experience preload relaxation and even full loosening
of these bolts due to a number of influencing factors. It is in the interest of the offshore wind
operators to reduce thember of visits to these turbines due to large operation and maintenance
costs, which directly influence the levelised cost of electricity.

The present study focuses on the eftecpreloadf bolt tightening orbased orthe tensioning
method. A detailediiite element model of a sewolt representative segment of a monopile
flange has been developed with material properties obtained from the available literature. Three
analysis are made to examine the effect on preload after tightening, includingiahereioad

level applied to the bolts, the tightening sequence and finally the effect of and additional
tightening pass.

Three initial tightening loads based or9@% of the bolts yield strength are modelled, showing

a maximum preload reduction across bolts of around 5% experienced in all three cases. Two
conclusions of these models are that higher initial preload levels lead to a larger total preload
reduction and that lower initial preload levels are susceptible to a reduction below the minimum
required limit set by the standards.

The ightening sequence has no effect on the final preload value of the first bolt tighitened
any sequence, which experiences the largest reduction in preload. Tightening of the bolts using
sequences results in preloathter across the bolts. A second pass was modelled using the
same tightening sequence as the first pass which results in all bolts meeting the targeted level
of preload.
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Abstract

Claiming more than 1.35 million lives each year and causing up to 50 milliomesjuoad

traffic accidents represent the eight leading cause of death globally. Road traffic accidents is
currently the leading cause of death for children and young adults efege¢ars old. Road

traffic crashes cost most countries 3% of their grosseastic product representing a huge social
and economic issue. Two wheelers (TW) vehicles that includes motorcycles, mopeds and
bicycles represents 31% of the fatalities worldwide in traffic accidents. This way, accident
reconstruction takes a very impartaole in order to determine the accident dynamics and to
investigation of the causes and the responsibility of an accident. After the impact of a TW with
another vehicle or with an element of the road, it is going to suffer some damages and
deformationsStructural failure can occur especially in the front parts of the TW (front wheel
and front suspensions). What is the impact on the results of computational simulations of a
PTW accident when that deformations are not considered? Using the softw@resRCthe
influence of the change of geometry in a PTW due to its damages is going to be analyzed. To
consider the deformations of a PTW in the computational simulations, different multibody
models are going to be considered and modified (Figure 1). Thenmeovef the vehicles is

going to be analyzed in the impact phase and especially in themgustt phase. Also fracture

can occur in front suspension and that leads to the crash. A case study of a motorcycle that was
suspected to have fracture in thentrguspension is presented where from the analysis of the
fracture combined with the results of the accident reconstruction has proved that the fracture
occurred during the crash. Different examples with structural failure and separation of
structural elements as a consequence of the crash are examined to verify how this influences
the postcrash motion. In general the structural separation don’t affects significantly the post
crash motion.
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;Effects of residual stresses and localised straimardening on the fracture of

ductile materials

H. E. Coulesand G. C. M. Horne

Department of Mechanical Engineering, University of Bristol, Bristol, United Kingdom

Abstract The strain history of a ductile material can affect its apparent initiation fracture
toughness as well as its resistance to subsequent crack growth. Using aétraotion or
synchrotron Xray diffraction in conjunction with digital image correlation, it is possible to map
both the total strain around the tip of a propagating crack, and the elastic strain component.
Separating the elastic and irreversible stcmponents allows us to experimentally investigate

the effects that residual stresses and prior strainhardening have on crack propagation. This
article presents the results of two experiments using these techniques. In the first experiment, it
was showrthat residual stresses in a 7xsaries aluminium alloy affect not only the initiation

of fracture but also fracture propagation. During crack propagation, residual stress relaxation
occurs due to extension of the crack and plastic deformation in the r@ggad of the crack

WLS 7KLV DIIHFWV WKH PDWHULDOYV DSlaé&urmb@natr and DFN J
hence changes its fracture stability. In a second experiment, it was shown that the plastic zone
ahead of a crack in a ductile material (irstbase a ductile ferritic steel) can be modified by
localised strairhardening prior to fracture. Localised strhiardening using an indentation tool

ZDV REVHUYHG WR FDXVH VPDOO LQFUHDVHYV LQ WKH VSH!
absorption por to the onset of unstable tearing. Using synchrotron diffraction, it was shown
that is because hardening a region ahead of the crack tip causes stress redistribution to this
region and away from the crack tip itself during fracture loading. These fmdig inform

how ductile and serductile fracture is treated in structural integrity assessment procedures,
particularly in the presence of residual stress. They also suggest that new localised peening
treatments to improve the fracture resistance otgires in certain areas may be possible.

Figure 1: Stress distribution around the tip of a notch in two thin fracture specimen of
ferritic pressure vessel steel, measured using synchrotmay ®iffraction. Upper row: plain
specimen, lower row: sp@een with round indentation ahead of the notch tip.
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High-strain-rate fiber testing machine Ungeret al.

, I nvestigation of a test method for the determination of strain rate

dependent material properties of highperformance fibers

Reimar Unger?, Andreas Nocké and Chokri Cherif?!

Technische Universitat Dresden, Faculty of Madhal Science and Engineerinigistitute
of Textile Machinery and High Performance Materiachnology (ITM), 01062 Dresden,
Germany
reimar.unger@tudresden.de

Abstract For reinforcement in fiber reinforced plastic and concrete applications, the knowledge
of the high velocity impact and cradiehavior ofthe typically usedigh-performance fibers,
such as carbon fibe(€F), becomesnimportantaspecfor the designing and dimensioning of
new composite componenidore important than the impact velocisythe resulting strain rate

in the fiber which defines the failure behavioln the current literature, there is still an open
gapfor fiber materialtesting for strain ratesetween 100 and 1000 1/s, which is difficult to
close with the existing measurement setups. This gap betweenrhgeinanlic tensile testing
machines an&prLIT-HOPKINSONtensiorbarcanbe closed with a rotary drive principle (Frgu

1). The challengarisesin coupling the forcein a reliableclampng of the specimens and
high-speedacqusition of the stresstrain curve. In thémplementatiorprocess, speeds up to

40 m/s were currently achieved. The specimen and the movimgmie were prepared with
stochastic patterns (Figure 2) and evaluated by means of DIC. The force signal is recorded and
correlated from both of two independent senspiezoelectric load cell ancbupledonebar

as described irthe standard 1S@62031. For the analysis of the measuring system, an
analytical model was additionally set apd evaluatedising SPICE® simulation tool After
analysisof highrspeed imagesy DIC it can be concludetthat there is a partially elastic impact
and acceleratiodoes not reach its maxinmefore theV S H F L P H@el] Vhus X@ a precise
evaluation, the stress equilibriumas tobe taken into account and the impact protesstobe
further optimized.

Accelerated grip Impactor Specimen Fixedgrip Piezoelectric load cell
and Onebar

Figure 1 +Probe setup of hgh-strain-rate rotary drivebased fiber testing machine with
onebar| © ITM, 2019

Figure 2 +High-Speedmageof CF specimewhile high-velocity straining
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Abdallaet al, Evaluation of Fatigue life in 300 M steel
. Evaluation in Fatigue Life of 300 M Steel After Laser Carburizing an
Plasma Nitriding
Abdalla, A.J%; Santos, DY; Vasconcelos, G; Scheid, V.H.B.? Silva, D.F.%

Faculdade de Engenharia de GuaratinguelEEG/UNESP, Guaratingueta SP, Brazil
2Instituto de Estudos AvancadodEAv, Div. Fotonica, Sdo José dos Campos SP, Brazil

ajorgeabdalla@gmail.com

Abstract In this work is used a 300M steel after received a specific heat treatment. This
high-strength steel is used in aeronautic and aerospace industry. It was developed from SAE
4340 steel with a increment in a chemical composition, mainly vanadium and silicon. The
goal of this improvement was get better toughness in applications requirprgved in
mechanical properties. Initially the 300 M steel was submitted a heat treatment to obtained a
bainitica structure, it is heated at 850 °C for 30 minutes and after that is cooled at 300 °C for
60 minutes. Afterward was used two types of surfee@tments: (a) using leyower laser
COz (125 W) for introducing carbon into the surface of 300M steel and (b) plasma nitriding at
a temperature of 500° C in atmosphere havingarid B gas mixture. After surface treatment,
the metallographic preparatiovas carried out and made the observation with optical and
electronic microscopy. The analysis of the coating showed an increased in the hardness of
layer formed in the surface, mainly, in the nitriding layers. The thickness of the compound
layer formedon the surface was around 20 um and the heat affected zone was around 45 um
for de laser carburizing layer and around 60 pm for the plasma nitriding layer. The
mechanical properties were analyzed using tensile and fatigue (Fégt$). The results
showedthat the mechanical properties in tensile tests were strongly affected by the bainitic
microstructure. The steel that received the nitriding surface by plasma treatment showed
better fatigue behavior. The results are very promising because the layer forrsieel
surface, in addition to improving the fatigue life, still improves protection against corrosion
and wear.

Figure 1 tFatigue life curves of 300 M steel with different surface treatments.
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Ricardo Macielal, Fatigue Performance of
Friction Stir Weld-Bonded AFMg joints

’ Fatigue Performance of Friction Sir Weld -Bonded Al-Mg joints

Ricardo Maciel', Tiago Bentd, Daniel F.O. Bragd, Lucas daSilva?, Pedro M.G.P.

Moreira?3, Virginia Infante *

LLAETA, IDMEC, Instituto Superior Técnico, Universidade de LisboaRAvisco Pais,
1049001 Lisboa, Portugal.

2 FEUP, Campus da FEUP, Rua Dr. Roberto Fria#)4200465 Porto, Portugal
3 INEGI, Campus da FEUP, Rua Dr. Roberto Frias, 400 4266 Porto, Prtugal

Abstract The need for weight reduction and leaner manufacturing and assembly processes
in aircraft construction has léd the pursuit of alternative joining processes to conventional
riveting. One such technology that has been considered forafipcation is frictionstir
welding (FSW). Since it is a sohstate joining method, results inhigh performing joints in a
wide range of materials while avoiding overlap lengthd added weight from fasteners, crack
stoppers, doublers, etelowever, theadoption of this technology to the assembly of large
fuselage shell componensschallenging, due to geometric tolerance management requirements.
A hybrid friction stir weldbonding method combining overlap friction stir welding and
adhesivebonding has been proposed as an alternative. Fatigue performance of such joints were
assessed and benchmarked against overlap FSW and adhesive bonded joints.

Figure 1 - Overall viewof AA6082T6 hybrid overlap joints.
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Dalli et al, Crushingof F1 structures

, An experimental and numerical investigation of the crushing behavior of

2D woven CFRP Formula 1 crash structures

D. Dallil, L.F. Varandas!, G. Catalanottit, B.G. Falzort, S. Foste?

Iadvanced Composites Research Group (ACRG), Schiteafanical and Aerospace
Engineering, Queen's University Belfast, Belfast BT9 5AH, UK

2McLaren Racing Limited, McLaren Technology Centre, Chertsey Road, Woking, Surrey,
GU21 4YH, UK.

Abstract The commercial design tools currently available to F1 teamsotaater for
accurate simulations of composite material crushing. Consequently, extensive physical testing
is required during the development phase, making the process prohibitively expensive unless
significant limits are placed on the design space thrabeaexplored. Through the use of better
numerical predictive tools, namely Finite Element (FE) composite damage models, engineers
will be able to accurately predict the behaviour of crash structures, allowing them to better
optimise the final designs wiiin a shorter timeframand in a cosefficient manner.

Here we present a qualitative and quantitative experimental assessment of the crushing
behaviour of an F1 sidenpact structure subjected to quasatic loading.

A quaststatic crush simulation of the side impact structure is performed at the mesoscale
level, where each composite ply is modelled usisigirBensional (3D) reduced integration
brick elements (C3D8R), using an explicit formulation witthe software pekage Abaqus
An intralaminar damage model, based on the init@k of Faggiani and FalzonJland later
adapted to 2D woven materiais used to model damage initiation and propagation within the
3D ply elements. The interlaminar region between jdi@sodelled using the Abaqus® luilt
cohesive surface behaviour.

This work evaluates the potential for using mesoscale damage models to simulate the
progressive crushing of real industewel components. The numerical results are assessed on
the quantiative and qualitative accuracy of the simulation when compared to experiments.

Figure 1- F1 Side Impact Structure schematic
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Kuhn et al, Dynamic Rcurves of FRPs

., Intralaminar f racture toughness and crack resistance curves f&fRPs

under high rate loading
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Technical University of Munich, Department of Mechanical Engineering, Chair for Carbon
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SUNIDEMI, New University of Lisbon, Faculty of Sciences and Technology, Department of
Mechanical and Industrial Engineering, Campus de Caparica, Caparica,-28@9Portugal

Abstract To enable the reliable simulation of highly dynamic loading events ¢eagh,
foreign object impact), the strain rate sensitivity of the material properties should be known.
Under dynamic loading conditions, no standardized tests exist to measure neither the elastic
properties, nor the strength, nor thecftaie toughness.

Taking into account that automotive and aeronautical polysoerposite structures are
subjected to dynamic loading scenarios (ergsh, foreign object impact), strain rate effects
should be captured ladvanced composite material models to predict irotiaand evolution
of damage accurately. The strain rate sensitivity of the stiffnesstesmyjth components of
polymer composites has been intensively investigated and meiever the last decaddsa
addition, theexperimental investigation of the dyna interlaminar fracturéoughnesses has
received significant attention, motivated by the need to understand the delamination damage
within composite laminates after legnergy impact.

In contrast to the interlaminar fracture modes, very little is knmgarding the effect of
dynamic loading on the energy intensive intralaminar fiber failure modes. Therefore, there is
the need to develop experimental methods to measure the intralaminar fracture toughness in a
dynamic loading scenario.

In the presented wk, a methodology to measure the mode | intralaminacuRre in
compression is proposdd the case of dynamic loading. This approach uses the ngatio
between the size effect law atite energy release rate (ERR) and theuRre. The method
does not reqee the optical measurement of crack length, whose determination is found to be a
main source of errors in fracture mechanic tests, and is particularly critical for high loading rate
experiments, where high speed cameras with reduced resolution are his@tyn@imic tests
are conducted on a splldopkinsonbar (SB), which is a widelyusedsetup for dynamic
fracture tests

Doubleedge notched compression (DEN€ tension (DECT3pecimens are used for the
determination of the size effect law. This Sp&en type is well suited for SBitesting, as it is
found to be nonsensitive to complex wave deflections that might cause undesirable mixed mode
stress state during the loading of the specimen.
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An experimental gudy on the fracture behavior of different aluminium alloys

subjected to ballistic impact

Pradipta Kumar Jenal, K. Siva Kumarl, R.K. Mandal2 and A.K. Singhl

!Defence Metallurgical Research LaboratpKanchanbaghHyderabad500058, India
Email:pradipta@dmrl.drdo.in
2Department of Metallurgical Engineering, IIT (BHU), Varanas221005, India

Abstract: Armour materials are used to provide protection against different threats in the battle
field. Aluminium alloys are preferred as potential light armoutaddidatematerial owing to

their high strengtkto-density ratiogood energy absorption capability, ease of manufactaiiolg
excellent corrosion resistance propertiallistic impact isan imnensely localized process and
heat generated during such severe and rapid impakices local thermal softening and
microstructural instabilityTherefore, it ismperativeto investigatethe fracture behavior of the
material after projectile impact in adto understanis ballistic performancelhe presentvork

thus describesand analyses the experimental results pertinent tdodfiestic behavior of six
different series of commerciallgvailable aluminium alloys namely AA 2024, AA 2519, AA
5059,AA5083, AA 6061 and AA 7017 platemgainst7.62 mm lead projectileS hese results
include the observation of theamage area ahe front of the aluminium alloy platesThe
microstructures and micisardness values along the projectile penetration patle baen
investigated to understand the matedieformation behavioRost ballistic microstructure points

out towards an adiabatic shear band induced crack formation and eventual fracture of the
material. From theballistic testingexperiments, it is observed that A®17 plates display
higher ballistic resistance among the tested alumirallays. The ballistiqgperformance of the
aluminium alloy plates haseen correlated with their respective mechanical propextidgpost

ballistic microstructure

4218 199



M.C. Teixeiraet al, VHCF of a crankshaft steel

VHCF behavior of a high strength crankshatft steel
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Lisbon, 1049001, Portugal

3IDMEC, Instituto Superior Técnico, Lisbon University, Rovisco
Pais, 1, Lislea, 1049001, Portugal

Corresponding authottuis.g.reis@tecnico.ulisboa.pt

Abstract: Many industrial componentare designed for a fatigue life that exceeds 10
cycles.Crankshafts are one of the main four stroke engine structural parts that are
subjected to very high number of cycléfierefore,jt is a component subject ¥ery
high cycle fatigue (VHCE)VHCF testshave become viabldue to the existence of
piezoelectric actuated fatigue testing machines that applyfregluencieq20kHz),
thus enabling e to evaluate the fatigue behavian a region beyond what is
consideredas infinite fatigue life. The fracture surfacesorrespnding to fatigue
failure in this region may present speciicaracteristicsvhere crack initiation could
appearon inclusions and fatigue crack growth is characteraedisheye and fine
granular area (FGAltrasonic ftigue tets were carried outon a crankshaft steel
specimens; the crankshddiled in service Experimental tests were carried out under
a loading ratio R=1 in order to étermire the material fatigue strengtfihe fatigue
fracture surfaces were analyzaadd thefish-eye morphology as well gossible FGA
weredetected in some specimeBssednthis,stressmtensityfactor(SIF)calculation

forinternalcrackswasperformedthusobtainingvaluesof Kmax fish ieye@NdKmax Fc A

Keywords: very high cycle fatigue, crankshatft, fatigue life, fisye, fine granulaarea,
stress intensity factor
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; Fatigue testingof cruciform specimensunder VHCF

L. Reis!?", P. R. Costd, D. Montalvao® M. Freitas?

linstituto Superior Técnico, Universidade de Lisboa,Rawvisco Pais, 1, 104901 Lisbam,
Portugd

2IDMEC, Instituto Superior Técnico, Universidade de Lisboa,Rowisco Pais, 1, 104901
Lisbon, Portugal

3Department of Design and Engineering, Faculty of Science and Technology, Bournemouth
University, Poole House, Talbot Campus, Fern Barrow, PB&lé2 5BB, UK

Corresponding authottuis.g.reis@tecnico.ulisboa.pt

Abstract: The reliability of any given structure or machine subjected to dynamic loads is
mainly depended odetailedfatigue studyof the applied materials. As the demand for higher
fatigue liveswith more complex stress applicat&increases so does the necessity for new and
more complex fatigue testing methods. Since it was proventhibeg’s nofatigue limitin

certain conditionsultrasonic fatigue tests were developed for the study of the life beyond that
point, the Very High Cycle Fatigue (VHCF) regime. In these tepscimens are subjected to
stress cycles in frequencies as high as 20 kHz. Most ultrasonic fatigsi@gphkt uniaxial

streses but it is important to be able to apply complex multiaxial loading since most
components are subjected to a complex stress cycle. In this work cruciform specimens are used
in an ultrasonic fatigue machinsee fig. 1 Two differentgeoméries are instudy capable of
inducing a biaxial stress combination axaaial in the high frequency of ultrasonic fatigue tests.

The geometries are subjected to an experimental analysis to understand if they are working as
intended. Based on achieved experimentalles, some conclusions are drawn.

Figure 1 - Resonance mode shapes with the system components fer thge€Cimen

KEYWORDS: Cruciform specimensn-plane haxial stresses, Ultrasonitequencies
VHCF, experimental tests
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Strungar E.M.et al, Phenomenological
characteristics structural features research

’Experimental studies of 3D woven composites interweaving types effect on
the mechanical properties of a polymer composite material

Elena M. Strungar !, EvgeniaV. Feklistova !, Andrey V. Babushkin %, Dmitrii S.
Lobanov?

!PermNational Research Polytechnic University, Center of Experimental Mech&das,
Russia, cem.spaskova@mail.ru

Abstract. Composite materials have a set of properties and features differ from traditional
structural materials, in particular provide ample aynities both to improve existing designs
of the most diverse purposes and to develop new designs and technological processes. Three
dimensional spatial reinforcing fillers are used for hugitformance composite materials in
such industries as aerospaeagineering, aircraft and shipbuilding, metallurgy, nuclear and
power engineering. Multilayer carbon fabrics of bulk weaving are used as a reinforcing material
for carbon plastics, working in difficult and harsh conditions of tsgaed aerodynamic flow,
vibration and high temperatures.

Within the framework of the complex tests, experimental studies of tensile, tensile/
compression of samples with a hole, bent beam-pount bending, impact and compression
after impact, noruniform separation, and sheaithe plane were carried out. A total of 6 weave
patterns of 3D woven performs and two types of layered samples reinforced in the transverse
direction are considered. This paper presents experimental studies of tensile strain of solid
samples and with laole.

Using the Vie3D digital optical system, the deformed state of samples of 3D woven
polymeric composite materials based on preforms in the hub area is analyzed. With the help of
the video system the evolution of the deformation fields was recordedatbre of the field
heterogeneity was assessed, the mechanical characteristics of the material were determined.
The fields obtained showed a Roniform strain distribution and dependence on the types of
reinforcing fibers. In evaluating the mechanicAliacteristics, materials with the highest
elastic properties are noted.

In the course of the study, it was found that the crack in the sample extends perpendicular to
the axis of the load, which corresponds to the numerical patterns of the straintchstfiblds.

It was also noted that the strain distribution fields obtained using the digital video system are
heterogeneous and asymmetric, which is associated with the heterogeneity of the microstructure
of the sample material surface. Large deformatamasoncentrated in the areas of the recesses,
while smaller onesaround the recesses.

The morphology of destruction and distribution of deformation fields shows the destruction
of composite samples with a hole is associated with the breakage ofuiitatbe$ caused by the
technological processing of the material in the immediate vicinity of the Mofaerical fields
of strain distribution, as well as the direction of crack propagation are close to the experimental
results, while the study did ntdke into account the microstructure of the sample material.
Thus, we can conclude the methods used in this study are able to accurately predict the location
and direction of development of defects.

This work was carried out in Perm National Research €dfytic University using the
equipment of the Centre of Collective Usage «Complex test and diagnostic equipment for study
of structural and functional materials properties under complex thermomechanical impacts»
(http://www.ckprf.ru/ckp/353547/), with suppted by the Russian Foundation for Basic
Research (project No. 4&1-00763 A).
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Identification of material properties of a laminated plate

from measurements of natural frequencies and modal rotations
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Abstract This paper presents aethod for identification of material constants of a
laminated composite plate. An optimization problem, with an objective function relating
experimental and numerical natural frequencies, is formulated and solved. Three optimization
algorithms were applieih this study for comparison purposes: (1) particle swarm, (2) genetic,
and (3) pattern search algorithms. The identified material constants were validated by
comparing modal rotations measured with shearography with those computed by finite
element analsis.

Numerical Experimental

Figure 1 xCompaiison between the numerical and experimental modal rotations
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, Behavior of short concrete cylinders partially confined with GFRP
composites

Moussaoui B, Bouamra Y®, Ait tahar K P
2Department of civil engineering, University of TiziouzoAlgeria

bUniversity of Bouira, Laboratory LM2D*Algeria

Abstract: The confinement with Glass Fiber Reinforced Polymer (GFRP) compasittdse
concrete columns ieffective in increasing their capacity as demonstrated by many authors in
the field but few studies dealt with partially wrapped columns. The rohjective of this

work is to study the influence of the partially confinement with Glass Fiber Reinforced
Polymer (GFRPYomposites otthe behavior of the concrete cylinder under axial compressive
load. Different heights of the confined area are considered in ordedlawfohe evolution of

the global mechanical response of the cylinieFFRUGLQJ WR WKHwRd&UDPHWH
represents theatio of the height of the confined zotwethe total height of the cylinder. The
numerical results show that the partial confieatincreases the ultimate stress of the
confined short concret®ylinder andnfluences the mode of ruptur€he confrontation otthe
numericalresults withthe experimental one show a good concordance

Keywords : partial confinement, composite GFRi®mpression, numerical analysis.
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Fig .2. Histogram of stress values of specimassd
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Digital image correlation with a moving camera using structure from

motion calibration
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Abstract The application of digital image correlation (DIC) in structural monitoring can
benefit from theuse of remote controlled image acquisition systems such as unmanned aerial
vehicles (UAVSs) in cases where the structure to be assessed is of difficult accessibility.
However, this configuration does not always allow normal camera calibration procedoees to

followed.

In this work, a camera is manually moved around an object prepared with a speckle pattern,
in a reference state and later in a loaded state, in an attempt to emulate the behaviour of a UAV.
A structure from motion (SfM) algorithm is appliedttee captured images in order to obtain
FDPHUD FDOLEUDWLRQ SDUDPHWHUYV IRU HDFK LPDJH XVLQJ
An image pair from each state is chosen and 3D DIC is performed on the object using the
previously obtained calibration.

Figure 1 tlmages of the DIC specimen from the video taken by the moving camera and
corresponding camera positions and orientations obtained through the calibration algorithm
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Abstract This paper presents detailed experimental and noatstudies on the behaviour
of composite laminates subject to impact loading by soft objectives. In this researghngas
experiments employ woven carbon fibre reinforced poly (ettieer ketone) (CF/PEEK) and
gelatine projectiles to study the respemé composite laminates under soft impact loading. In
addition, the woven carbon fibre reinforced epoxy (CF/epoxy) composite specimens were also
tested using the same gelatine projectiles in investigate the effects of the matrix system on the
Impact respose of composite laminates. A higheed camera is employed to capture the
deformation of the projectiles and a thw@immensional (3D) Digital Image Correlation (DIC)
system is used to record the deformation of the impacted composite specimens. A numerical
finite-element (FE) model is developed to simulate the soft impact on the composite laminates.
Good agreement has been shown between the predictions from using the FE model and the
experimetal results.

Figure 1 - Schematic of the experimental-sgtfor the gasgun impact tests.
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,  Effect of medium carbon steemmicrostructure on tensile strengthand

fatigue crack growth
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Abstract

Purposed he purpose of this paper is to evaluate the effects of medium carbon steel
microstructure on theensile strength and fatigue crack growth (FCG) behavior.

Design/methodology/approachd o achieve this aim, four different heat treatment
methods formalizing, quenchingempering at 300°C and tempering at 600°C) were
considered. Microstructural evolutiovasinvestigated by scanninglectron microscopy.
FCG rate tests were conducted on the resuttembstructures with compact tension
specimens at room temperature by a standard testing method.

Findings H'he results show that the normalized mitmasture had the largest number of
cycles tofailure, indicatinga high fatigue resistance, followed by the as received, tempered at
600°C, tempered at 300°C aqdenched microstructure.

Originality/value H'he paper shows the influence of the microstruabaréhe fatigue
propagatiorbehavior with the definition of the Paris parameters of each heat treatment
condition.

Keywords Heat treatment, Microstructure, Fatigue crack growth, Medium carbdn stee
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Fatigue Testing at 1000Hz Testing Frequency
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Abstract

There is no infinite fatigue life. In the recent decades we learned that fatigue testing with higher number of load-eyulexdis

in some areas. The development of faster testing techniques e.g. Uttraget@ms testing on 20kHz have allowed the
conduction of many research activities in the giga cycle regime in the recent decades. In 2014 RUMUL could present a ne\
resonant fatigue testing machine, with a testing frequency of 1000Hz. The dynamic loaxkimium 50kN pealpeak is
produced with an electromagnetic system. The static portion of the load is provided by two mechanical spindles, the maximur
load of the system is +b60kN. Any load ratio can be selected. Flat and round specimen types that aaiynosed in fatigue

testing can be used. The actually tested material volume is larger than the material volume that is tested on ultemsenic syst
The new testing machine offers new possibilities for investigations of material properties in thegherydhe fatigue (VHCF)

regime.

In the past years the new testing machine was intensively used in several laboratories in Germany for example at the laboratc
of the Fraunhofer institute IWS Dresden in Germany. Some effects of the 1000Hz testing fremuéime fatigue behavior of

the material have been observed. This paper provides a summary how the frequency of an alternating load affectsafatigue life
material. And it highlights some of the found frequency related effects on fatigue strengthex@onmdes of heating up of the
specimen related to the 1000Hz testing frequency are shown. Normally continuous fatigue testing is possible, without stoppin
for cooling down the specimen.

© 2019 The Authors. Published by Elsevier B.V.
Peerreview under rgponsibility of the Gruppo Italiano Frattura (IGF) ExCo
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1. INTRODUCTION

MH7KHUH LV QR LQILQLWH IDWLJXH OLIH LQ PHWDOOLF PDWHULDOV
load cycles, in the range of up to 1010 cycles and more could well proof the finding published by Claude Bathia
and others. Thanks to the dem@inent of faster testing technics and the shortening of testing time a large number of
basic research activities took place in the recent decades. Ultrasonic fatigue testing systems work on the reson
frequency at about 20kHz, and require relatively srapkcimens with a specific geometry. Ultrasonic fatigue
studies showed that a fatigue limit in the traditional sense does not exist in the gigacycle regime. Cracks may occ
subsurface or on the surface, and may start for example from inclusions inténinfil].

Subsequent with higher testing frequency, an old question of fatigue testing #ightgld and cannot be
QHIJOHFWHG 3:KDW LV WKH HIIHFW RI WKH WHVWLQJ IUHTXHQF\ RQ I
lead to different damage mechanism than under real loading condition for example of an engine component.

Since inclusions and imperfection play an important role in VHCF the manufacturing process has a significan
effect on fatigue life in the Gigacycle regime. Particulady felatively inhomogeneous materials the testing of
material volumes that represents the scatter of the manufacturing process is a concern.

In 2014 RUMUL could present a new resonant fatigue testing machine, with a testing frequency of 1000Hz. The
dynamicload of maximum 50kN peafeak is produced with an electromagnetic system, similar to established
resonant fatigue testing systems which typically run on testing frequencies from about 40 up to 250Hz. The stat
portion of the load is provided by two megtical spindles, the maximum load of the system-iH8kN. Any load

2452-3216© 2019 The Authors. Published by Elsevier B.V.
Peerreview under responsibility of the Gruppo Italiano Frattura (IGF) ExCo
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ratio can be selected. Flat and round specimen types that are normally used in fatigue testing can be used. The
testing machine offers new possibilifiesstosunyesigistimosdd oodtpsapmties in the very high cycle fatigue
(VHCF) regime. Compared to other systems used in the field of VHCF testing the RUMUL GIGAFORTE provides
several advantages. The size of the machine is smaller and energy consumption less compared to a skevo hydre
system. The actually tested material volume is larger than the material volume that is tested on ultrasonic syster
The testing frequency of 1000Hz allows normally continuous testing, without intermittently stopping the test for le
the specimen coaown.

In the past four years the new testing machine was intensively used for example at the laboratory of tf
Fraunhofedinstitut furWerkstoff und Strahltechnik IWS in Dresden in Germany. It is used for testing material
samples and small components adlwSome effects of the 1000Hz testing frequency on the fatigue behavior of the
material were observed [2]. Recently the IWS laboratory developed a small salt spray chamber and mounted it on-
GIGAFORTE to perform fatigue testing under corrosive atmesph

2. Effects of the loading frequency on fatigue life

What is the effect of the frequency of an alternating load on fatigue life and fatigue testing? This question i
probably present since beginning of fatigue testing in any area of fatigue testingssadaldoading or rotating
bending; on room or elevated temperature or corrosive environment. In literature several investigations can be fou
that show an effect of the testing frequency on fatigue life, particular on very high testing frequencedativetyr
high load. For lower frequencies the effects can be neglected very often, however the sometimes unknow
magnitude of some effects led to a quite conservative approach of limiting the testing frequency in some areas
fatigue testing. The frequen effects can be divided in three areas: Temperature and environment as extrinsic
factors and strain rate as intrinsic factor [2, 3]. The effects may superimpose, and affecting fatigue life in the same
opposite direction.

2.1. Temperature

A higher materiatemperature reduces usually the fatigue life in a similar way as the ultimate strength of a
material is related to the temperature. And some materials show a temperature depending crystallograpt
transformation that affects the material properties ariguatlife. Maintaining the specified temperature range is
therefore a basic requirement for fatigue testing.

A material specific basic damping is always present when deforming a solid material. Microscopic plastic
deformation during cyclic loading leads @dditional damping and it is almost completely transferred to heat. The
damping energy and corresponding heat that is produced per load cycle and volume is constant for an even axic
loaded specimen. The produced heat per time is proportional to theffiy. The resulting material temperature
depends as well on the present heat losses, for example the heat flow to the fixture and to the ambient atmosph
Convectional cooling can be used to control the temperature during testing.

Some material do nathow the above described linear relation between temperature and testing frequency, witt
higher frequency the temperature does not increase as expected [4]. This finding may point to hardening (res
softening) mechanism which can be strain rate relatsiggction 2.3)

2.2.Environment
There are time related mechanisms such as oxidation, corrosion or creep that may play a role for the formation
a new surface during crack initiation and propagation. Depending on the relevance of such mechanisms a significe
frequency effect can be expected. For example, it is reported that some investigations show a significant frequen
dependency of aluminum alloys on fatigue life. The aluminum alloy-2083 shows almost now frequency effect
at 20kHz on fatigue life in iert atmosphere but in air [3].
2.3.Strain Rate

The strain rate is proportional to the testing frequency. However during loading in resonant condition the strail
rate is not constant, it follows a sinusoidal function. It is thought that the strain rate efsibéy deformation could
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affect fatigue life significantly. A relevant effect can be expected when the highest strain is present during the loac
cycle. Therefor the relation betwgrr Beduensy B anpsEsi blecetieobeofatignisostrengtimisamon 3

An influence of the testing frequency at 20 kHz on fatigue life could be found on quenched and tempered stee
50CrMo4 depending on the strength of the material. It was concluded that the found correlation of fatigue life anc
testing frequency is related to thieagn rate and is typical for cubic body centred metals. The frequency effect is
mainly seen on the left side, of finite life of thedBcurve. [3].

For metastable austenitic steel (1.4301, AISI 304) a frequency effect related to the transformation of
crydallographic structures was found during testing at 1000Hz with the GIGAFORTE. The analyses showed tha
higher amounts of straimduced Martensite and lower plastic strain amplitudes are observed when the cyclic
experiments are carried out at lower fremeye promoting higher fatigue strengths [2, 5].

3. Fatigue Testing with the GIGAFORTE
3.1.Fatigue life of steel 50CrMq87HRC

Tests were carried out in cooperation with Hochschule Osnabrukiversity of Applied Sciences on the
RUMUL TESTRONIC (95 Hz), GIGAFORE (1000 Hz) and an Ultra Sonic testing system (20 kHz). On 1000Hz
round specimen with diameter 6mm and hour glass shape were used and tested at RUMUL. Compressed air cooli
was used. On 1000Hz and on stress amplitude 500MPa and higher the heatingsignifieant and difficult to
control. The tests show the fatigue life results that are gained on 1000Hz are within the population of the results c
the tests carried on 95H» below, the latter is most likely related to the specimen heatind lup fatige life
results on 20 kHz are significantly higher, it is related to frequency and size effects [6] (as found in other
investigations, see 2.3).

Fig. 1 Woehler diagram steel 50CrMo4 37HRC on 95Hz 0HX) 20kHz testing frequengcp. Giertler 2019
3.2. Temperature records

RUMUL could look into heating up behavior of material samples in the last years. The specimens have beel
provided by interested laboratories. For Temperature recording a type K thermocouple was attached on th
specimenCompressed air was used to mitigate heating up if required. Load ratio was sdldoteall tests.

Table 1. Temperature recordings of various matergalsing fatigue testing

Material Specimen Gauge Testing condition Frequency Load amplitWe  Temperature
diam.
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Nodular Iron  round, cyl. and hour glass, 7 mm load increasing 1011 Hz 8.5 kN 38°C
*
4 w. thread Author namé Sructugqﬁ%%gﬁ%g%{ﬁ%ﬁg 002019) 000000 (220 MP?)
. o
?

9% Crsteel round, hour glass, w. threa 8 mm load increasing, 1024 Hz 18.6 kN 26°C
2*106cycles / step (373 MPa) 54°CY
compr. air cooling

Ti alloy round, hour glass, w. threa 5 mm const. load 996 Hz 5.52 kN 35°C
106¢cycles / step (280 MPa)
no cooling

Ferritic steel  round, cyl. w/o thread 8 mm load increasing, 1023 Hz 17 kN 62°C

HV30 ~ 220 106¢cycles / step (337 MPa)
no cooling, (Fig.2)

1) Cooling temporarily off
2) Temperature is not stabilizing, probably softening effect (see 2.3)
4999 212



Table 2 Temperature recordings of high strength bdltsng fatigue

Material ~ Specimen GaugelarkusTBsticigtaitiRtiticiural InfeggtePoycedizo@d 2009)i0@R000 Temperature Cycle to 5
s diam. failure
steel flange head bolt ~ M9x1.25  Constant load 1006 Hz 8.0kN 20.4°C 1
Mean load 37.9kN
7.5kN 20.5°C 1
7.0kN 20.4°C 1

4. Summary and Outlook

The RUMUL GIGAFORTE is an efficient tool for testing very high number of load cycles in a reasonable time.
Common specimen types and sizes can be used. Depending on material and load the specimen may heat up.
heating is usually low or moderate and can be mitigated with compressed air cooling, continuous testing is possibl
The possibility to test on 1000Hz testing frequency may help to further evaluate frequency effects and furthel
enhance the confidence onifme data in the high and very high cycle regime.

Next steps

X  More HCF test (19cycles and less) on high strength bolts for evaluation of the fatigue life results.

X  VHCF testing (18 cycles and more) on fibneinforced composite materials cooperation with TU
Dortmund Germany
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Figures
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Fig. 2 1000Hz Fatigue Testing Machine RUMUL GIGAFORTE with small sound enclosure

Fig. 3 RUMUL GIGAFORTE, round specimen without thretitirmocouple attached with tape.
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, Elastoplastic deformation and destruction of structural steel
under biaxial loading conditions

AnastasiyaV. Lykova, Artem V. llinikh , Valery E. Wildemann, Tatyana V. Tretyakova

1 Center of Experimental Mechaniderm National ReseardPolytechnic University
Perm, Russiafrederatian, cem.lykova@gmail.com

Abstract. Currently, relevant studies in the field of predicting the structural
materials and machine parts durability.The work is devoted to the mechanical behavior
laws study and prediction of EP517SHsteel (chemistry: C- 0.13%; Cr- 12.5%; Si-
0.05%; Ni- 2.05%; Mo- 1.50% , W- 0.70%; Nb- 0.20%; V- 0.20%) cyclic durability with
low-cycle fatigue under biaxial loadag conditions.

Experimental studies on lowcycle fatigue under conditions of biaxial loading with
simultaneous action of tensioncompression and torsion of thirwalled tubular
specimens with different forms of loading were carried out. The methodologicaksues
of tensile testing, torsion and the joint action of tensile with torsion at normal and
elevated temperatures are considered. For low cycle fatigue tests using servohydraulic
testing system Instron 8850 was employed with using Epsilon mounted twaxis
deformation temperature sensor. A tweaxis extensometer made it possible to carry out
cyclic tests and realize various rigidloading trajectories with proportional and non-
proportional changes in axial and shear deformationDuring the test a Dynacell baxial
load cell was used with maximum measured loads of + 160 kN in tension or
compression and £ 1 kNm in torsion. For test at elevated temperatures a high
temperature furnace SF 1770 was used. Experiments on legycle fatigue at normal and
elevated temperatures of structural steel EP5178 were carried out in the hard loading
mode. The tests were carried out according to the following loading schemes:
proportional change of axial and shear deformations (simple loading with triangular and
M-shaped cycle foms, respectively), nonproportional change of axial and shear
deformations (complex loading).

Thus, experimental data were obtained on the resistance of leaycle fatigue at
various cycle parameters, proportional and complex loadingf EP517SHsteel at namal
and elevated temperatures. The results of the test were processed to analyze the
possibility of using the criteria for the destruction of the energy type for different
schemes of cyclic deformation. Experimental data for a structural alloy has been
described using equivalent parameters (stress intensity), which make it possible to
analyze the possibility of using damage accumulation models to estimate cyclic
durability under biaxial loading.

The work was performed at Perm National Reseafch Politecbniwersity, Center of
Experemental Mechanics, and was supported by RSF project N&-A®069.
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’ Mechanical performance of Additive Manufacturing: Fundamentals,

results and a real case study

Marc Gardon?, Fernando Lasagnf

1AM Technical Manager, Renishaw Ibérica

2Chief Technical Officer Materials & Processes, CATEC

Abstract Additive Manufacturing processes such as laser powder bed melting are being
gualified as a valable manufacturing route in aerospace and biomedical sectors together with
distinct nicheapplications in different industries. During the last years, commercially available
platforms have been optimized to improve quality and boost productivity. Interdetween
laser(s) and powder has been optimized and laser control enhanced, which has led to reduced
defects in AM parts. Current fatigue results of mlater AM technology and main
fundamentals are shown. Furthermore, a real aerospace applicatiesasted.
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Incremental Hole Drilling Residual Stress Measurement in Thin Aluminum

Alloy Plates Subjected to Laser Shock Peening
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2Further Author affiliations [size 12, centered, italiones]

Abstract Residual stresses in aluminum alloy 7075 plates, with different thicknesses and
treated using the same laser shock peening (LSP) parametaitefermined by the incremental
hole drilling technique (IHD) using the integral method. The experimental results are
benchmarked against other residual stress measuring methods used as reference, such as
neutron diffraction (ND), energy dispersiverdy diffraction (EDXRD) and laboratory Xay
diffraction (XRD). A numerical simulation by the finite element method is carried out to
determine the expected strain relaxation errors due to the thin thickness of the samples, falling
outside the limits preconéd by the ASTM standard, and the feasibility of a correction
procedure to still use the ASTM standard to determine non uniform residual stresses in thin
samples is discussed and validated. The validation is achieved by comparing the IHD corrected
resultswith the results obtained by the reference techniques and with the IHD results based on
the integral method using necessary calibration coefficients for the actual thickness of the
samples, previously determined by the finite element method
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, New monitoring solutions for largecivil engineering structures
Project MEGE

Francisco Barrog, Luis Oliveira Santog, PauloJ. Tavares, Maria Graca Neve$, Rui
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Franco®, Décio Rodrigues
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3 ANA, Aeroportos de Portugal

Abstract This work presentshe ongoingproject aiming at thereinforcanent of the
monitoring systemto assess the structural healthtloé runway extensionandits maritime
protection aberm breakwater that protects the foundatiolumnsof theairport runway ane
nearbybreakwatethatprotecs the search and rescue aid statetrMadeira Airport.

Imagebased monitoring systems will be implemented in both structureswO@rof the
beams supporting the runway, in theuchdown zongdigital image correlation will be
performedn order to quantify the deflection of the beams caused by the impact of the landing.
In the same areagccelerometers arftber optic stain gauges will be installed in order to give
supplementary information and allowingc@amparison with the resultsoim the imagéased
monitoring system.

Thebermbreakwateandthesearch and rescleeakwaterwhicharesubject to erosion and
may therefore suffdong-termstructural evolutiopwill be regularlyinspected by an unmanned
aerial vehicle carrying a camefar 3D profile acquisition and comparison through time

Figure 1 tMadeira{ &frport runwayfoundation columns anoreakwates
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,Fatigue & fracture crack paths generated by manufacturinginduced
microstructural & strength anisotropy in cold drawn pearlitic steels: (a) In
the conceptual frame of Maurits Cornelis Escher andohann Sebastian
Bach; (b) An Orteguian approachandD WULEXWH WR )UD\ /XLV G
SGHFtDPRV D\HU”

Jesus Toribig,

Fracture & Structural Integrity Research Group (FSIRG), University of Salamanca (USAL)
E.P.S., Campus Viriato, Avda. Requejo 33, 49022 Zan8pain

Abstract This paper analyses both fatigue & fracture crack paths generated by
manufacturingnduced microstructural & strength anisotropy in cold drawn pearlitic steels, on
the basis of their microstructural evolution during manufacturing by st céd drawing
that produces slenderizing and orientation of the peatrlitic colonies, together with densification
and orientation of the Fe/Fe3C lamellae, reviewing previous research by the author and co
workers on fracture behaviour in inert and aggressiveec@mwments in the presence of crack
and notches, with focus on hydrogen embrittlement. Results demonstrate the key role of
manufacturingnduced microstructural anisotropy (orientation of the two microstructural
levels of pearlitic colonies and ferrite/cemiée lamellae as a consequence of the
progressive/repetitive cold drawing) in the fatigue & fracture crack paths, thus producing crack
path deflection/deviation/branching with mixetbde crack growth and associated anisotropy
of fatigue & fracture resistece and its linked anisotropic fatigue & fracture behaviour (strength
anisotropy), allowing the definition of a directional toughness depending on the specific crack
path with its propagation direction. From the point of view of the analysed material
(progessively cold drawn pearlitic steel, a hierarchically structured material with colonies and
lamellae), the present scientific work is related to the conceptual frame of Maurits Cornelis
Escher and Johann Sebastian Bach. In addition, the paper reprasamégaian approach (on
the basis of the circumstance formulated by José Ortega y Gasset) to the problem of fatigue &
fracture of progressively cold drawn pearlitic steel and a tribute to Fray Luis de Ledn’s
SGHFtDPRV D\HU’
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,  Postfire Performance of Novel Flame Retardant Composites

Xiaoling Liu ", Chenkai Zhu?, Chris Rudd?, Mandy Clement*
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Abstract

Apart from the improvemnt for flame retardant properties of polymer composites, the effect

of fire on the mechanical performance is essential for composite wb&sthg structure. This
research investigated the effect of novel intumescent mats (1# and 2#) with different
compositions on the podtre performance of carbon fibre reinforced composites. The sandwich
structure was designed for composites where 1# or 2# mat was covered. A significant reduction
in the peak heat release rate (PHRR) and total heat release (THR)seagedldrom the cone
calorimetric data, and carbon fibre reinforced composite with 1# mat showed the lowest value
of 148 kw/nt and 29 MJ/mfor peak heat release rate and total heat release, respectively. In
addition, a minor influence on initial mecharipaoperties was observed due to the variation

of composite thickness and resin volume in the composs&€an be seen from Figure het
postfire properties of composite were characterised, and the 1# mat presented better retention
for flexural strengtltand modulus of composites. With the comparison between simulated and
measured data, the feasibility of thayer model was confirmed to predict the pins
performance of composites and reduce the reliance on the large amounts of empirical data.

Figure 1 - The crosssection view of fire damaged composites after 50 \Néat fluxes.
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