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Welcome to ECF23, the 23rd European Conference on Fracture.

The European Conference on Fracture has been a reference forum for the discussion
of relevant scientific and technical developments in a multitude of topics concerning
both behaviour and perfornrace of Engineering materials and structures.

The conference scientific program is structured in thematic sessions for the different
research fields and topics on a total of 69 sessions, plus an additional Poster session.
The program further includes a seft 14 plenary lectures from internationally known
researchers.

ECF23 should have been organized back in 2020, but was postponed two years on
account of the difficult period the world is now coming out of due to the pandemic. As
Chairmen, we share our dmiisiastic expectation ECF23 will make up for this absence
period and expect the presented research and fruitful discussions will be a reference
for future research directions, developments and innovation, and that they will foster
the collaboration betweernresearchers, engineers, designers, experts and students
from around the World. We wish you a very productive and pleasant conference as
well as an enjoyable stay in MadeiRgrtugal.
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#PLI Prediction of fracture of polymer composite materials across
different length scales

Pedro Camanho
Faculty of Engineering of Thigniversity of Porto
Portugal

ABSTRACT

The accurate prediction of the onset and grow of damage mechanisms in laminated polymer composite
materials, as well as the final collapse of composite structures, has been challenging the scientific
community over the last decades. In this work, several analysis models that span different time and length
scales will be described. Computational micromechanical models enable the detailed representation of the
damage mechanisms at the scale of the naiimig fibres, however this level of detail is associated with

high computational costs, especially when using direct numerical simulation. This calls for the development
of mesomechanical models that, ideally, use information obtained at smaller scadesaddeanical

models typically combine continuum damage mechanics, which represent ply damage, with cohesive zone
models, which represent delamination. While being a methodology that properly balances accuracy with
reasonable computing times, mesomechamuadlels alone are not wedlited to perform uncertainty
guantification and management analysis as the computational cost would be too high. This calls for
micromechanical models, developed at the length scale of the laminate, and their combinationhiii ma
learning techniques. This work will show how to use thepriged machine learning to generatdd&sis
allowables used in the certification of aircraft structural details.
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#PLIl Fatigue and Fracture of Additively Manufactured Metallic Materials
and Components

Ali Fatemi
Ring Companies Professor and Department Chair
Department of Mechanical Engineering, The University of Memphis, Memphis, TN, USA
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FunchaiMadeira, Portugal
June 27 July 1, 2022

ABSTRACT

Additive manufacturing (AM) has recently gained much interest from researchers and industry practitioners
due to the many advantages it offers, as compared to the traditional subtractive manufacturing methods.
However, porosity and lack of fusialefects, residual stresses due to the thermal history of the part during
the fabrication process, and anisotropy of the properties are some of the distinguishing features of AM
metals. These features play important roles in controlling fatigue perforrodd in general, and in

their multiaxial fatigue behavior in particular because of their ralidéictionality. This talk will present an
overview of these issues using recent data generated fr6il-AV and 174 PH stainless steel specimens
made by lasr-based powder bed fusion (EBBF) and subjected to axial, torsion, and combined -axial
torsion loadings and under a variety of conditions including thenachanical treatment and different
surface roughness. Issues important to fatigue performances atothponent level, such as stress
concentrations and variable amplitude loading typical of service load histories will also be included. Model
frameworks for fatigue analysis and life predictions using both critical plane and crack growth approaches
will be illustrated by correlating and predicting fatigue data and life under the variety of materials,
geometries, pogtrocess treatments, and loading conditions considdiéehtemi
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#PLIII Probing nanoscale mechanical properties of additively
manufactured metallic alloys

Jianying He
Faculty of Engineering, Norwegian University of Science and Technology (NTNU)
Trondheim, Norway

Additive manufacturing (AM), also termed as 3D printing, is currently one of the most emerging
and disruptive engine@g technology that changes the way of designing and manufacturing
products. AM is an innovative technology that builds tkdigeensional (3D) parts layday-layer

guided by a computaideddesign (CAD) model. Compared with the conventional manufacturing
methods, the superiority of AM lies in the fast fabrication speed and the greatdesage
freedom. Therefore, AM has been widely applied in producingpeggformance components for
aerospace, medical, energy, construction, and automotive areagdAftallic materials
commonly experience a complex thermal history involving repeated melting and rapid
solidification as well as subsequent heatbogling cycles after solidification, which lead to the
inhomogeneous microstructure associated with high uakidtress and locally different
mechanical properties, impacting the overall performance of theedMomponent. The highly
inhomogeneous microstructures lead the conventional testing methods like tension or compression
to be inapplicable for the explomam of the mechanical properties in a constrained size or irregular
shapes. Hereby nanoindentation is employed to investigate the local mechanical properties in AM
ed metallic alloys. The effect of heat input during AM process and the deformation meghanism
i.e. dislocation activities, indentation size effect, creep mechanism, etc, are explored, serving as a
reference for improving the performance and further engineering applications-efiAivetallic
materials.
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#PLIV Fracture in Structural Adhesives Joirts- Achievements and
Challenges

Bamber Blackman
Imperial College London
UK

ABSTRACT

Advances in structural adhesives technology and the development of a wide range of advanced
lightweight materials such as fibre reinforced composites, light metal alfmypolymers has led

to the rapid adoption of structural adhesive bonding. Such adhesively bonded structures allow
modern transport vehicles to be designed with lower structural weight together with other
advantages such as improved fatigue resistandesahanced impact resistance. However, as
adhesives have become more fracture resistant, so the fracture test methods used to assess them
have had to develop in parallel. The lecture will describe how fracture mechanics has been used
to assess the intatyr of adhesively bonded joints over a range of anticipated operating conditions,

and will consider some of the current challenges faced by researcher in this field.
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#PLV Mechanical behaviour of biomedical materials

Vadim V. Silberschmidt

Wol fson School of Mechani cal , El ectrical and
Loughborough University
Ashby Roaldy, LUKL1 3

Analysis of mechanical problems related to biomedical applications has gained significant
momentum in recent years, in part to meet demands related to technical advancements in
personalized medicine. However, our understanding of mechanics of biologgasti their
properties and performance as well as their interaction with biomedical devices remains limited.
Even traditional engineering materials, used for medical applications, when exposed to physiological
conditions, demonstrate specific featuresdeformation, damage and fracture processes. Their
supposed longerm performance is significantly affected by such exposure, resulting in deterioration
of their properties and performance. Besides, in some applications, a special emphasis is on
controlleddeterioration of medical implants, e.g., biodegradation of stents (that could be metallic

and plastic) and scaffolds, contrasting with traditional ideas of structural integrity.

This paper focusses on the effect of environmental conditions on mechamipattips and
performance of, on the one hand, collagen that can be found in many biological tissues, and, on the
other hand, biopolymers used in personalised medical devices, manufactured with 3D printing. It
demonstrates that physiological conditionsseasignificant changes in mechanical behaviour of

different biomaterials.
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#PLVI Finite Fracture Mechanics to predict the initiation of new cracks in
brittle materials

Dominique Leguillon

I nstitut Jean -lSerbokhe dniversitéh BNRE mb er t
Pais, France.
dominique.lequillon@upmc.fA-33630276104

Crack nucleation modeling often requiresetailed knowledge of the microstructure and involves
complexmicreme c hani sms. The question is: following
study of the growth of a prexisting crack, can we have a macroscopic criterion, based on few
material @rameters, to predict the nucleation of new cracks in a brittle material?

Among other more numerical methods like cohesive zone models or phase field method, Finite
Fracture Mechanics tries to provide an answer. This approach has many variations,iaw @verv
proposed of one of the most successful one: the coupled criterionTi@)ommon feature of all
criterions predicting crack nucleation is the need of two failure parameters. Material toughness and
tensile strength are the two ingredients of then®@i&h states that crack initiation can occur if two
conditions are fulfilled simultaneously: the released energy by a potential crack with llength

large enough and the tension acting all along the presupposed crack path is larger than the material
strength. In this sense, it is a ntwtal criterion. A consequence of these two conditions is that
initiation is an unstable process, the crack jumps a given length that can be determined, and then
goes on growing or stops. The CC enjoys an interesting propg : It coincides
criterion in case of a prexisting crack and with the maximum tensile stress condition if no stress
concentration.

The CC is available in 2D and 3D in two versions: a full Finite Element computation and an
asymptotic approach, the latter allowing qeesalytical expressions of the criterion provided the
asymptotic framework holds true. Examples from various origins illustrate the presentation.

28


mailto:dominique.leguillon@upmc.fr

#PLVII Structural Integrity of prestressed bridges

GiuseppeAndrea Ferro
Department of Structural, Building and Geotechnical Engineering, Politecnico di Torino
Italy

ABSTRACT

In the last years, Italy experienced the collapse of five road bridge: Petrulla viaduct (2014), Annone
(2016) and Ancona (2017) overpassEsessano viaduct (2017) and Polcevera (2018) bridge.
Around the world several collapses also have been occurred.

Although for deeply different reasons, the collapses occurred can all been gathered into the same
common cause: the (lack of) knowledge of é#fiective structural condition, a serious problem
that affects existing constructions.

Different problems such as missing of thebadt designs, an appropriate construction and
movement precautions, a heavy vehicle checking, and a material decay mgnian
nevertheless be addressed as an inadequate knowledge of what is happening to/in the structure.

In the first part of the lecture, it will report a short description of the failures for some bridges,
while in the second part a main set of problemwived in bridge safety and maintenance will be
discussed.

Finally, in the third part, a review on innovative and peculiar investigation and monitoring
techniques will be illustrated. The collected results can shed new light on future perspectives for
the Civil Engineering sector, sector that has to be ready for facing the challenges of preservation,
restoration and/or replacement of the existing infrastructural constructions, worldwide.
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#PLVIII Dependence of fatigue life on the sequence of individuaad
cycles of different amplitudes and mean valuesxplained by fracture

mechanics
Alexander Bosch

MTU Aero Engines AG, Dachauer Str. 665, 80995 Minchen Germany
Alexander.Bosch@mtu.gde49 89 1489 5755

Michael Vormwald
Technische Universitat Darmstadt, Materials Mechanics Group, FrarBiska Str. 3, 64287

Darmstadt, Germany
vormwald@wm.tsdarmstadt.de+49 6151 16 23082

Abstract

The sequence of variable amplitude loads, which are characterized by different amplitudes, mean
values and temperatures, can strongly influence the service lifdréheently used Palmgren

Miner rule does not consider the sequence of the individual load cycles, any deviation from this
rule can be classified as a sequence effect. The resulting fatigue life of a component under variable
amplitude loading is the resuf several sequence effects that can amplify or cancel each other
out. Another finding is dependent on crack lengths: Overloads reduce fatigue life for short cracks,
while fatigue life for long cracks is mainly increased. Fracture mechanics concepisemtéabt
consider these effects.

As part of a completed research project, an extensive experimental database was created in
collaboration with the Fraunhofer IWM in Freiburg to quantify sequence effects and validate the
models developed. The test pragrancluded unnotched and notched specimens as well as welded
joints made of austenitic stainless steel 1.4550 (X6CrNiNINK18AISI 347). Several types of

load sequences (constant amplitudes as basestbge, eighttage and service load sequences)
were applied.

The developed concept for the calculation of the short and long crack propagation life uses the
effective cyclic Jdintegral as crack driving force. It can be seen as an improvement and extension
of the established;Roncept. The improvemerdase achieved by substituting the crack growth law

and performing a crack growth calculation instead of a damage accumulation calculation. Further
improvements in accuracy can be achieved by capturing the transition from the short crack to the
long crack tineshold and by taking transient crack closure into account.

In summary, it can be said that the scatter of the ratio of experimentally determined lifetimes under
variable amplitude loading to those calculated with the new concept is only in the order of
magnitude of the scatter of the lifetimes in constant amplitude tests.
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#PLIX Revisiting Cleavage Fracture Modeling in Steels: From the Griffith
Assumption to the Beremin Model, and Beyond

Claudio Ruggieri
University of S&o Paulo, S&o Paulo, Brazlaudio.ruggieri@usp.br

There has been a long history of concern with the brittle fracturing of materials in connection with
the need to understand and control the often sudden catastrophic failure with low energy absorption
associated with thiailure mode In view of the greatechnological importance of brittle fracture
behavior of engineering structures ever since the late nineteenth century, much earlier attention
focused on a qualitative analysis of the fracture process until A. A. Griffith bridged the gap
between stress alysis and crack size in his semimntribution published in 1921, thereby
providing a major impetus for developing the field of fracture mechaniaier Gr i f f i t h o
fundamental concept of energy conservation applied to stress analyses qftbexekisliowed a

long hiatus until further development was achieved in advancingcture mechanics based
approaches for quantitative analysisiobtable fracture by cleavages of interest in assessments

of cracklike flaws formed during irservice operatiofior many structural applicatiomaade of

carba and lowalloy steels. However, while these approaatiearly simplifystructuralintegrity
assessments, theften have limited ability to predict the potential strong influence of constraint

on fracture behaor and, perhaps more importantly, do not address the strong sensitivity of
cleavage fracture to material characteristics at the microl@be. early recognition of these
limitations prompted a surge of interest in analyzing, predicting and unifyingriesg measures
across different crack configurations and loading modes based on a micromechanics interpretation
of the cleavage fracture process. Among these earlier research efforts, the semkratl tve

French group Beremiprovided the impetus for development of a framework establishing a
relationship between the microregime of fracture and macroscopic crack driving forces (such as
the J-integral) by introducinghe Weibull stresss a probabilistic fracture parameter dikect
connected to the statistics of microcracks (weakest link philosophy).

The presentation will focus on key aspects of cleavage fragpiarening from fundamental
assumptionsexperimental characterization and temperature dependence of cleavage fracture
stress to the development and application of conventional and novel procedures for cleavage
fracture assessments, includiegmputational and probabilistic modeling at the micro and
mesoscale levelsDespite pwerful compuational resources now availablehete are still
restrictions imposed by our current understanding of the methodology and its fundamental
concepts to obtain meaningful predictions which are reasonably invariant to model details,
including cack and loading configuration, Clearlthe needto incorporate all the relevant
mechanical and metallurgical microfeatures into the model to obtain a more accurate description
of the physical mechanism (thereby placing emphasis on developing a more fundamental,
scientific model) should be tempered by theed to develop a relatively simpler, but yet highly
effective, engineering model capable of dealing with complex situatithnly modest effort.
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#PLX Void-based predictive framework for hydrogen embrittlement

Zhiliang Zhang
Department of Struatal Engineering, Norwegian University of Science and Technology
(NTNU), Trondheim, Norway

Abstract

The attention to hydrogen embrittlement (HE) has been recently intensified in light of hydrogen
as a carboifree energy carrier. The drastic consequenceliBfis the transgranular to quasi
cleavage and intergranular fracture transition. Despite the worldwide research, the intrinsic
mechanism causing the fracture transition even for quasistatic loading condition remains a matter
of debate, and there is a lack mechanisrbased predictive tool which can capture the whole
transition process. This talk starts from an atomistic study of HE mechanism and highlights the
importance of the nanoscale voiding process prior to decohesion. Enlightened by the nanoscale
findings and supported by the experimental evidence that the dimples are still visible on khydrogen
induced fracture surfaces but their sizes become significantly smaller, -has®d predictive
framework is developed to model the hydrogrestuced ductile tdorittle transition. The complete
Gurson model, designed to predict ductile failure by void nucleation, growth and coalescence, is
extended to include failure by decohesion. In the absence of hydrogen, void coalescence controlled
ductile failure prevailsHowever, with the increase of hydrogen concentration, the likelihood of
void coalescence failure is gradually replaced by the decohesion failure driven by a hydrogen
informed decohesion failure criterion. Coupled with hydrogen diffusion, the proposed caadel
predict a realistic level of embrittlement as well as the suppression of dimples in a hydrogen
induced fracture surface. The model may serve as a basis for interpretation of laboratory
experiments and enable the transferability of the laboratorytsasuthe integrity assessment of
engineering components in hydrogen environment.
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#PLXI Creating a new generation of functional multtmaterial fatigue
resistant solidstate joints

Filippo Berto

Abstract

Future innovations lie in parts that derieir multifunctionality from material complexity at all

scale levels. This is made possible by combining properties in thin multilayers by packaging
(combining electrical, mechanical, fluidic and optical devices) and exploiting nanoscale effects
(quantumconfinement, surface states). To fulfil these needs, for example,-rar@manojoining

have become an integral part of microelectronic, medical, aerospace and defence industries. Still,
the development of the field faces challenges because of thadagercing of the devices. One

of the most important property is the capacity of bearing properly fatigue loadings by means of
highly resistant bonding interfaces. Another fundamental aspect is the capacity of joining together
different materials with a flekie and quick process able to assure high mechanical properties. In
this work an overview of different solistate welding techniques will be carried out introducing
some recent and interesting developments in field. With the ambition of creating hitgne fa
resistant joints it will be shown how it is possible to take full advantage of recent advances in
macroscale low temperature metal joining to create a unique, controlled process for microjoining
with the ambition to scale it down to nanojoining.
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#PLXII Revisiting characteristic region description for crack initiation in
very-high-cycle fatigue
Youshi Hong (hongys@imech.ac.cn)
Institute of Mechanics, Chinese Academy of Sciences, Beijing 100190, China

Abstract
With regard to verhigh-cycle fatigee of metallic materials, we proposed the concept of characteristic
region of crack initiation with the characteristic parameter of relatedlJFatigue 2014,;58:1441), and
proposed the Numerous Cyclic Pressing (NCP) model to reveal the formation mecludnthis
characteristic region (IJFatigue 2016; 8911D8). This characteristic region is-salled fine granular area
(FGA) for highstrength steels or rough area (RA) for titanium alloys. The proposed NCP model suggests
that the formation of FGA or RAamograin layer requires two basic conditions: (1) the existence of
compressive stress between originated crack surfaces to result in the contacting and pressing between the
crack surfaces, and (2) sufficient number of loading cycles to provide enough afepeated contacting
and pressing. Between 2016 and 2018, we presented plenary talks in ECF21 (2016), VHCF7 (2017), 12th
Int Fatigue Congress (Fatigue 2018), ECF22 (2018) and other international events to share our findings.
Since then, further invegtitions and revelations regarding this topic have arisen. This plenary presentation
will revisit the concept of characteristic region and the NCP model by introducing the newly results of ours
and others in the literature. After the brief description didaropensities for characteristic region and
NCP model, the following issues will be addressed. Does the microstructure refinement as well as nanograin
formation in characteristic region happen before or after crack initiation? What is the correlatiearbe
applied stress ratio and the formation of characteristic region? What are the details of refined microstructure
in characteristic region including the thickness and the distribution of nanograins? Does vacuum
environment is the necessary conditiontfte formation of characteristic region? What are the features of
characteristic region in different materials and different loading modes? Such issues of revisiting will be an
addition to the descriptions of this topic in our previous review article fT2817;92:33150).
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#PLXIII Modeling the Contribution of Fiber Bridging in Unidirectional
Composites
Leslie BanksSills, Hila Ben Gur

Dreszer Fracture Mechanics Laboratory, School of Mechanical Engineering, Tel Aviv University, Ramat
Aviv, 6997801, Isrdebanks@tauex.tau.ac.il
Fiber bridging Fracture resistance curve Fatigue

Abstract Composite materials angidely used in aerospace applications in order to increase
strengthto-weight ratios as compared to metals, thus decreasing the weight of structures and
consuming less fuel A common type of composite is a polymer matrix reinforced with fibers
arranged in one direction. Bedype specimens are commonly used to determine the fracture
toughness of this type of material, and in mode | double cantilever beam (DCB) specimens are
usually tested. DCB speci mensr obfr iudngiidnigroe c tai opr
that occurs when a delamination, the most common failure mode in laminate composites,
propagates as a result of an external load. While propagating, reinforcement fibers from one face
of the delamination cross over to the othard, such that fibers are simultaneously pulled from
both faces, increasing the apparent resistance of the material to delamination propagation.
However, in most applications fiber bridging is not observed in components containing a
delamination, and inugh cases fiber bridging may be considered an artifact of fracture toughness
laboratory testing performed on DCB specimens.

The aim of this investigation is to determine the fiber bridging contribution to the energy release
rate of the material. To thend, analytical and numerical models are developed that describe the
material behavior during interlaminar delamination propagation. These models are based on mode
| laboratory tests conducted in quatatic and fatigue loading on coupons of a carbomiepo
composite, and may be used to predict failure of composite laminate structures. The experimental
work for quasistatic delamination propagation consists of standard testing, adjusted to enable the
determination of fiber bridging parameters. The resflthese tests allow determination of the
fracture toughness of the material, as well as the fiber bridging parameters required to model the
material response. For determination of fatigue delamination propagation parameters, two test
protocols are usedThe first protocol consists of testing a specimen containing a delamination in
fatigue for about three million cycles with no intervention during the testing procedure. The second
protocol consists of a series of fatigue test sequences applied coredgdotiz single specimen.

The results of the quastatic and fatigue tests are used in the calibration of the respective
numerical models.

In order to construct a numerical tool to predict delamination propagation, the cohesive zone
approach is used toadel the behavior of the material. A cohesive zone model is used in both
guaststatic and fatigue loading. Each of the two cohesive zone models is implemented in finite
element analyses via a user element (UEL) subroutine coded for that purpose.uliiefrése
laboratory tests are used to calibrate the models. Good correlations are obtained for both the quasi
static and fatigue tests. The cohesive zone models enable determination of the contribution of fiber
bridging to the energy release rate @ thaterial in both quasitatic and fatigue loading. Thus,

the actual energy release rate of the material is obtained.
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#PLXIV Simulation of anisotropic thermomechanical fatigue crack growth
in nickel base alloys

Author: Prof. Meinhard Kuna

Co-authors: Dr. Ludwig, Dr. Rabold (TU Freiberg), Dr. Schurig, Dr. Schlums (Rxdigce
Germany)

Abstract:

ALLVAC r718Plus is a nickel base superalloy possessing outstanding abilities to withstand
both mechanical and thermal loads, which make this matdgal for turbine disks and
blades in aero engines. The thermomechanical fatigue (TMF) crack growth behavior
depends on temperature;sarvice load cycles and material orientation. In particular, the
crack growth at high temperature dwell time shows dicanit influence of material
anisotropy due to plateldike precipitations, which leads to crack deflection from the
maximum principal stress direction. These specific properties must be taken into account
properly to ensure a safe design and the desfeguirle of components. The focus of this
presentation is to develop an appropriate fracture criterion to describe crack deflection for
such kind of anisotropic material resistance. This criterion and the associated crack growth
laws for thermomechanicaltigue are implemented in the FEM softwairORRACK for

fully automated thredimensional crack propagation simulation. The numerical
simulation of experiments on G3pecimens with various material orientations provided
evidence that the software can cagpttive actual fracture behavior. Moreover, a suitable
set of material parameters could be identified. The performance of the presented approach
to predict realistic thredimensional TMF crack propagation is demonstrated by an
application to a typical turbe component made fromLAVAC r 718Plus.
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#001 Understanding the effects of hydrogen on the transition reference
temperature of a reactor pressurevessekteelusing sub-sizedpre-cracked
Charpy specimens

SiddharthSuman, P. Spétig,H.P. Seifert

Laboratoryfor NuclearMaterials, NuclearEnergyand Safety Paul Scherrernstitute,5232
Villigen PSI, Switzerland

“siddharth.suman@psi.ch

Impacttest Ductile-brittle transition Mastercurve

Abstract The reactor pressure vessel (RB\Mhick steel container that houses the nuclear
reactor core for fission power generatiors consideredirreplaceable and that is why
maintaining its structural integrity during the whole lifetime of reactor is indispensable.
Irradiation embrittlement which lowers the ductitebrittle transition temperature of RPV
steels poses serious concerns to its hitiegiven lifetime extension of reactors worldwiéle
as it will cause more accumulation of defects and microstructural changes. Embrittlement of
RPV should be monitored periodically with evaluation of fracture toughness, usually carried
out with surveillace Charpy specimens. Given the limited number specimens in surveillance
capsulesthepossibilityof usingsubsizedspecimenso monitortheintegrity of RPV hasbeen
receivingalot of attention.In the presentesearchguaststaticanddynamicfracturetoughness
of the reference steel JRQ for reactor pressure vessels was investigated usizgdspbe
cracked Charpy specimens. Fracture behaviour in the dtmfilgttle transition region was
evaluated in accordance with the master curve ogetvhich is an alternative to assess the
irradiationembrittlementeffectsof RPV. Effectsof hydrogenwhich canbepickedupfromthe
high-temperature water environment, and of loading rates on the reference transition
temperature are discussed. In &iddi, fractography analyses were performed to identify change
in the failure mode in samples tested with absorbed hydrogen and at different taseing
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#002Innovative crystallizing materials for waterproofing concrete
L.Restuccia, D. Fallian@, G.A. Ferr@, G. Comettd
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3Supershieldtalia S.r.l.,CorsoMontevecchio, 5010129, Torino)taly

Concrete Waterproofing Crystallineformations

Abstract Nowadaysjn the constructiorsector the ability of a structuralsystemto perform
thefunctionsfor whichit wasdesignedundercertainconditionsof useandfor afixed operating
time, isincreasingly associated with the concept of durability.

Durability, in turn, is linked to very different variables (correct design and construction of
the structural elements, quality of the materials and their exact prescription, environmental
conditiong and it is often too expensive to achieve, both in economic and designing terms.
Furthermore, in case of materials such as concrete, neglecting even one of the variables, the
possibility of guaranteeing the durability of a structure is compromised pcbthdé neither
major nor expensive restoration works are carried out.

Thiswork is partof theresearchine concerninghestudyof innovativematerialdo increase
thedurability of concreteconstructionsln particular,it wantsto demonstratéhe effectiveness
of amultifunctional,readyto-use,ecologicaland watetbased crystallizing liquitteatmento
waterproofand protect concrete and all cembased materials. This additive is characterized
by a"green"connotationgaseof use(it canbesprayedirectly onthesurfaceof theelements),
andcosteffectivenesgherefordts applicationis particularlyinterestingn thefield of concrete
technologysinceit canbeasmartandasustainablsolutionto ensurghedurability of concrete
in structures.

The experimentatampaignconsideredhe preparatiorof standarcdconcretespecimensnd
concrete specimens treated superficially with the innovative and ecological waterproofing
additive. Based on the indicatiopsovided by UNI 7699:2018, the absorption of water at
atmospheripressuravasdeterminedor all samplesyaryingtheir nature theageandthe state
of degradationTheprimarypurposevasto evaluatehe phenomenaonnectedo thedurability
of the concrete, which can be largely attributed to the transport of liquids in their porous
structure due to both the capillary rise and the pressure gradients.

Theresultsof thisresearctwork haveshownthattheliquid crystallizationtreatmentllows
a decease in water penetration on the treated samples. Furthermore, this innovative smart
additive is extremely capable of making the concrete hydrophobic by forming a water
repellency on the surface and showing a good resistance against hydrostatic wates. press
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#004Fracture mechanicsperformance of 3D printed amorphous
thermoplastic polymers at impact and quasistatic loading
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Thermoplastipolymers 3D printing Crackgrowthbehaviour

Abstract Rapid manufacturing of individualizeproducts made from plastics using 3D
printing technologies will now become a highly growing market. However, the influence of
morphology and processing parameters (such as speed of printing and screen angle) on the
fracture mechanics performance of suclditiely produced materials is still inadequately
investigated. Therefore, the effect of processing parameters, loading rate (impact and quasi
static loading) on the craagowth behaviour (unstable and stable crack growth) of
thermoplastigolymers(acrylonitrilei butadienéstyrenecopolymer (ABS)andpolycarbonate
(PC)) has been analysed using instrumented Charpy impact test, esseriiaf-fracture
approach and craealesistancecurve concept combined with nalestructive methods.
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#005Microstructure and fracture behaviour of the TRIP/TWIP laminate
produced by accumulative roll bonding
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TRIP steel Acaumulativeroll bonding  Laminatedmetalcomposite

Abstract The 4layered bimetal laminate made of X5CrMnNi6-6-6 (TRIP steel) and
X5CrMnNil16-6-9 (TWIP steel) was manufactured by accumulative roll bonding (ARB). The
intermediate annealing betwesslling passes allowed to achieve good bonding between the
laminate layers. The microstructure of the laminate at each step of production was analysed
with a main focus on the bonding interface and deformation lenses by means of electron
microscopy, incluthg chemical and orientation mapping techniques, and microhardness
measurements. The tensile specimens were cut out from the laminate and tested under quasi
staticloadingwith subsequennicrostructurabndfracturesurfaceanalysis Subsequenblling
and annealing of the steel layers resulted in the alteration of the grain size and microhardness.
The microstructure of a deformation lens was found to fully change from severely deformed
brittle steelmatrix with excessivexygencontent afterolling (Fig. 1b)to aductile mixture of
submicron globular oxides and austenite grains after annealing (Fig. 1c). These ductile
deformationensesnsureexcellentbondingof layers(Fig. 1d) andmicrocrackslunting. This
allowedto achievea remarkablecombinationof mechanicapropertiesof the4-layeredTRIP-

TWIP laminate with the yield strength up to 800 MPa and elongation to failure up to 45%,
which resulted in the work of deformation up to 41 GPa-%.

1200 R 200 um |

Figure 1 - Backscatterecklectron(BSE)imagesof a tensilespecimercrosssectioned

parallel to the loading axis after failure. (a) Overall view with the indication of layers.
Magnifiedviewsof the(b) annealeddeformation lens(c) nonannealeddeformationlenses,
(d) fully bondedTRIP/TWIPinterface.
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#006In situ damagemonitoring during ultrasonic fatigue testing by the
advanced acoustic emission technique
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Ultrasonicfatiguetesting Acousticemission Digital signalprocessinc

Abstract Ultrasonic fatigue testing (USFT) is an effective method for rapid determination of
thefatiguepropertieof structuramaterialsunderhighcycle( O 8cyxles)oading.However, the
occurrence and accumulation of fatigue damage in this test method semeartain due to the
limitations of existing measurement methods. Currently used monitoring methods allow to
detectfatigue cracks,but only on the late stage<of failure. Despitethe superiorsensitivity to
localized processes in materials, the us¢hefacoustic emission (AE) method in ultrasonic
testingis extremelydifficult dueto the presencef resonantoise.Theaim ofthiswork wasto
suppressesonanhoiseandextractthesignalfor theearlydetectiorof fatiguedamageSamples
of the alumnum alloy AISi9Cu3 were tested under asymmetric cyclic loading (R = 0.1) at a
resonant frequency of 19.5 kHz with a thresholdless continuous AE streaming. The fracture
surfaces were analyzed by electron and optical microscopy. The AE were processed by the
digital filtering methodconsistedn detectingesonanhoiseandremovingit from thespectrum.

The processed spectrograms were integrated by frequency with further extraction of the AE
events by the threshold method. Digital filtering methedealed correlation between AE
signals and fatigue damage, whereas the undamaged control sample showed no signals.
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Figure 11 Graphicalabstractof thework, showing(a) digital processingf theacoustic
emission (AE) data duringltrasonic fatigue testing, (b) resulting AE activity, and (c)
fracturesurfacea specimerafter fatiguefailure with fracture stages
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#007Patterns of Structural Formation of Tricalcium PhosphateNano-
coating by DensityFunctional Method
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TricalciumPhosphate Abinitio Calculations

Adhesivestrength
Coatings

Abstract The focus of this research is to propose a methochluulating the adhesive
strength of a nanorystalline structure of Tricalcium Phosphéta material used in dentistry
to cover a titanium tooth implant to increase osseointegration, which is the conduciveness of its
matingto boné by usingDensityFunctionalTheory(DFT). Thenanacrystallinestructure of
Tricalcium Phosphate has shown to increase osseointegration between the coating and the bone.
While fast osseointegration is most attractive, it is important to have a strong adhesive bond
betweerthe coating and the titanium implant. A measure of the coahsgbstrate (titanium
implant) binding energy is the energy of this bond. We suggtéstaaetical method how to
calculate the adhesion strength of Tricalcium Phosphate coating on titanistnatjlusingb
initio calculations.We slowly i b ui g @ T r i Rhasphatdoyuway of calculating the
binding energy between its constituent parts and titanium. We used the Gaussian09 DFT
B3LYP with abasissetof 6-31Gto structurallyanalyzehebondlengths bondanglesdihedral
angles, and point charges to understand the interactions of these substances and how they
contribute to the strengtfiable 1- Binding Energy Calculations

Molecule PO, Ca TiO, TiO,PQ, TiOx(PQy)2 TiO,Ca(PQy):,
Picture

'/ - 3 t’f -

SN ‘ J 2
Ti-O Bond Lengths (&) N/A N/A 1.63 1.76& 1.63 1.85&1.60 1.70& 1.71

Ti-O Bond Angles(degrees)

N/A

N/A

107.61

103.95

106.89

114.57

Ground Energy (a.u.)

-638.2

-674.2

-995.0

-1633.8

2272.6

-4295.9

Charge of Titanium

N/A

N/A

0.961

1.156

1.188

1.127

Binding Energy (a.u.)

N/A

N/A

N/A

0.59

0.54

0.62
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#008Extensionof Finite Fracture Mechanicsto dynamic crack initiation
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Crackinitiation Coupledcriterion Dynamic

Abstract The dynamic extension of the coupled criterion [1] appears as one of the remaining
challengesvithin theframeworkof Finite FractureMechanicqd2]. It includesseverakopicsto
be assessed such as, for instance, dynamic crack initiation under static or dynamic loadings.

The energy condition of the coupled criterion relies on the following balance of external
forcework (Wexy), potential(Wp), kinetic (Wk) andcracksurfacecreation( Gepergiedetween
two states prior to and just after crack initiation:

&Np+ Bh+l= Mext (1)

The quasstatic form of the coupled criterion consists in considering a ptase initial
state |l eading to an increas®wWlOinwkinoéatiatl!| ewsr
the energy condition of the coupled criterion as theWalhg inequality:

@BNext -8M0 (i G: S (1)

where S is the newly created crack surface @adhe material fracture toughness. The
energy condition in the quastatic form of the coupled criterion thus writes as an inequality
from which anoptimization problem can be written in order to determine the initiation crack
surface and imposed loading. It turns out that most of the time, the solution of this problem
corresponds to replacing the inequality (2) by an equality, thus neglecting #tie kinergy
creation during the new crack formation.

The objective of this work is to take into account the dynamic crack propagation and the
resulting inertial effects in the coupled criterion. It yields to writing the energy condition in a
new fashion avertheless consistent with the qustsitic formulation. Several crack initiation
configurations are studied, such as the influence of dynamic crack initiation under tensile or
compressive loading of circular hole specimens or transverse crack initiatio/90/0
laminates. The dynamic extension of the CC enables assessing crack initiation under quasi
staticor dynamicloading. Thecrack velocity profileduringinitiation appearso havea strong
influence on the initiation loading.

[1] Leguillon, D. Strenth or toughness? A criterion for crack onset at a notch. Eur. J. of
Mech.- A/Sol. 2002;21:6172.

[2] Weissgraeber, P., Leguillon, D., Becker, W. A review of Finite Fracture Mechanics:
crack initiation at singular and naingular stress raisers. Archppl. Mech 2016:352401.
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#009Analysis of additively manufactured PLA containing notchesusing
Failure Assessment Diagrams

SergioCicerd, Victor MartinezMata', MarcosSanchez SergioArrieta*

1 LADICIM (Laboratoryof Materials Scienceand Engineering), Universityf Cantabria,
E.T.Sdelngenierosde Caminos Canalesy Puertos,Av/ Los Castros44, Santander39005
Cantabria, Spain

AdditivelyManufacturedPLA Notch Failure Assessmeriagram

Abstract This paperprovidesamethodologyfor the estimationof theload bearingcapacity
of additively manufactured (AM) PLA specimens that may be applied to both cracked and
notched conditions. The methodology is based on the use of Failure Assessment Diagrams
(FADSs), which are, in practice, the main fractylastic collapse assessment tool provided by
structural integrity assessment procedures. When dealing with -typiehdefects, the
methodologyrequires, additionallythe applicationof a notchcorrectionthatit is based orthe
Theoryof Critical DistancegTCD) andthe CreageiParisstresglistributionaheadf thecrack
tip. The results show that the FAD methodology (alone, in cracked conditions, or in
combination with the TCD in notched conditions) daa successfully applied in this AM
polymer.

Figure 117 PLA SENBspecimercontaininga U-notch(radius= 2.0 mm)
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#010Environmentally Fatigue Analysis of nuclear componentswithin the
framework of INCEFA -SCALE project

SergioArrietal, SergioCicerd, Kevin Mottersheadl RomanCicerd, Alec McLennari, Stephan
Courtirf, Zaiging Que

1LADICIM (Laboratoryof Materials Scienceand Engineering)Universityof Cantabria,
E.T.Sdelngenierosde CaminosCanalesy Puertos Av/Los Castros44, Santander39005
Cantabria, Spainsergio.arrieta@unican.es

2Jacobs(UK), ®Inesco IngenierogSpain),*EDF (France),’VTT (Finland)

environmentallyassisted pressurizedvaterreactor long-termoperation
fatigue

Abstract This paper provides the current status of the H2020 INCEEALE project.
INCENFA-SCALE is afive-yearproject,which begann October2020,andits mainobjective
Is to improve the ability of predicting the lifetime of Nuclear Power Plants components
subjected to environmental assisted fatigue.

EPRI,in theUSA, is leadinga seriesof componeniscaleenvironmentafatiguetestswhich
are expected to advance data availability significantly; however, the ability to address
transferabilityof laboratoryscale test$o real componergeometries and loadingsll still be
constrained by limited test datahi¥ is the knowledge gap addressed by INCESRALE; it
is recognized worldwide as significafthe project strategy will be: (1) the development of
comprehensive mechanistic understanding; and (2) testing focussed on particular aspects of
componeniscalecyclic loading.Sofar, thedatamining of differentfinishedprojectINCEFA-
PLUS, USNRC, EPRI, MHI and AdFaM) has been carried out, and test conditions for filling
the knowledge gaps have been established. Nowadays, testing campaign is focused on
produdng referencalata,analysingcomplexwaveforms(variableamplitude)andthe effect of
the surface finishing. Next testing phases will focus on particular conditions:-axiddi tests,
notches, stress/strain gradient effect and size effecthermore, the microstructural analysis
of common material and guidelinefor fatiguestriations measurement on thacturesurface
have been developed. This article provides an update to the project status and the advances
made in data analysis, mednzal understanding and testing conditions.

Figure 17 INCEFASCALEWorkPackagesnterdependencies

45


mailto:sergio.arrieta@unican.es

#011FRACture mechanicsTEsting of irradiated RPV steelsby meansof
SUb-sized Specimens

MarcosSancheg SergioCicerd, Borja Arroyot, SergioArrietat
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E.T.Sdelngenierosde CaminosCanalesy Puertos Av/Los Castros44, Santander39005
Cantabria, Spain

FRACTESUS Miniature CompactTension ReactorPressurevesse
Steel

Abstract

Abstract This work presentsthe overall structureof the FRACTESUSproject and the
progres<arried out so far, showing the first experimental results. The project is part of the
EURATOM workprogramme 2012020, topic NFRF4: Innovation for Generation Il and 11l
reactors. The project developments will contribute to the-teng safe operation of nuclear
power plants, addressing the goals of the European Union in terms of sustainable mand gree
energy, where thdecarbonisationf the energysystemis a priority. FRACTESUSintendsto
demonstraté¢he viability of measuringhe fracturetoughnes®f reactorpressurevesselsteels
by meanf sub sizedspecimensge.g.,0.16CTor mini-CT specimen)s Thiswill allow,among
othersto notably increase the number of specimens available in the surveillance programs of
the nuclear poweplants.
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#013The effectof cooling transients on tearing resistance ofa rolled steel
S.Lindqvist!, T. Seppéanen.,. Sirkia
!Researchscientist Kemistintie3, 02150,Espoo Finland and Sebastian.lindgvist@vtt. fi

Coolingtransient Tearingresistance Normalizationmethod

Abstract The fracture toughness in the upper shelf area is determined -Ritbudves.
Presently, there is no data, nor predictions, regarding {Recdirve development during a
decreasing thermal transient. In this study, the effect of rapid coolingRorcutves is
investigated.

Fracture toughness specimens of a rolled steel S 460coeled from 300 °C to the room
temperature at a cooling rate of 2 °C/s determined at the center location of the specimen. The
coolingrateis fastercloseto the surface Thecoolingratewasselectedo bein the samerange
as during a loss aoolant accident. The following was concluded:

1. No brittle fracture in the upper shelf region was observed for the investigated material
during the cooling transient. The transient can promote splitting observed in the specimens.

2. Basedon theresults when doing structuralintegrity analyzeof thermaltransientsn the
upper shelf region, it is recommendable to use the lowest fracture toughness properties in the
investigated temperature range, if no other information is available.

The objective of the westigation is to develop a model for prediction of th durve behavior
during a cooling transient.
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#014Phasefield modelling of hydrogen assistedracture
Emilio MartinezParied4 Philip K. Kristensef, ChristianF. Niordsor?

!Departmenof Civil and EnvironmentaEngineering)mperial CollegeLondon

’Departmenbf MechanicalEngineering, Technicdlniversityof Denmark

Hydrogenembrittlement Phasefield fracture Chememechanics

Abstract Hydrogen is ubiquitous and causes catastrophic failures in metallic components.
The sensitivity ofmetals to hydrogen damage increases with material stresggtipromising
decade®f metallurgicalprogressandextendingthe problembeyondaggressivenvironments
(e.g, offshore structures) to numerous applications across the transport, energy, defence and
construction sectors. However, the development of mardgdable of predicting cracking in
hydrogensensitive environments remains an elusive challenge.

In this work, we present a phase field framework for predicting hydrogen assisted fracture
in elastieplastic solids. The model builds upon: (i)caupled mechanical and hydrogen
diffusion response, driven by chemical potential gradients, (i) a strain gradient plasticity
description of crack tip deformation, and (iii) a hydrogmpendent fracture energy
degradatiotaw groundedn first-principlescalculationsThetheoreticamodelis numerically
implementedisinga mixedfinite elemenformulationandseveralD and3D boundaryalue
problems are addressed to gain physical insight and showcase model predictions. The results
reveal the critical r@ of plastic strain gradients in rationalising decoheb@ased arguments
and capturing the transition to brittle fracture observed in hydragberenvironments. Crack
growth resistance curves are computed in a wide variety of scenarios, showing thatiéhe
can appropriately capture the sensitivity to material strength, loading rate and hydrogen
concentrationModel predictionsarealsoquantitativelycomparedvith laboratoryexperiments,
showingagoodagreementMoreover themodelis usedto enableVirtual Testingby delivering
largescale multiphysics predictions in technologicaltglevant applicationt see Fig 1.

Figure 171 Evolutionfdamage'n a pipeline.Thecorrosionpits, measuredvith in-line
inspection, are introduced in the nedby prescribing the initial value of the phase field.
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#015The role of plastic strain gradientson metallic fracture
Emilio MartinezPafiedg NormanA. Fleck

1 Departmenof Civil and EnvironmentaEngineering)mperial CollegeLondon

2Departmenbf EngineeringUniversityof Cambridge

Fracture Straingradientplasticity Finite elementnalysis

Abstract Macroscopidracturingin metallicmaterialsdependsensitivelyon propertieghat
pertain to the micro and atomic scalesur&bility predictions of engineering components
require enriching continuum theories to properly characterize behaviour at the small scales
involvedin cracktip deformationThedeficienciesntrinsicto conventionaplasticitymotivate
the development of mechanisticallased models. Namely, unrealistically low stresses are
predicted ahead of the crack tip, with toughness being unbounded for cohesive strengths of
approximately 3 times the yield stress in a perfectly plasticrmabieiH) » © i a mild
hardenedsolid). Tensilestressesn the orderof 3-5 timestheinitial yield stresdail to explain
decohesion at the atomic scale. Brittle fracture in the presence of significant plastic flow has
been observed inumerous material systems; wkllown examples include ferritic steels at
low temperatures, hydrogembrittled metals or metakeramic interfaces. Since atomic
separation requires traction levels on the order of the theoretical lattice strengtl gf10
larger), classic continuum theories would appear to rule out a fracture mechanism based on
atomic decohesion whenever plasticity develops in the vicinity of the crack.

We investigate the implications of using strain gradient plasticity to providehar
descriptionof fracturein metallicmaterials Straingradientplasticity canphenomenologically
capturegheincreasedlislocationdensitydueto gradientsn plasticstrainnearthe cracktip and
the associated local strengthening. We aim at:n@deustanding the nature of the associated
crack tip stress elevation, and (ii) assessing the influence of strain gradients in crack growth
resistance. Thus, we first examine analytically the asymptotic nature of crack tip fields. Our
findings, corroboratedy finite elementanalysisyevealthe existenceof aninnerelasticstress
state, reminiscent @& dislocation fregone. Crack growth is thearedicted forshort and long
cracks using a cohesive zone model, and a rational basis is providedtferfracture in the
presence of plasticity
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#016Correlation found betweenthe tensilestrength and the length scale
parameter in phasefield fracture based on the coupled criterion

GergelyMolnart, AurélienDoitrand, RafaélEsteve?, Anthony Gravouit

! LaMCoS,Univ Lyon, INSALyon,CNRSUMR5259,69621Villeurbanne Lyon, France
2 MATEIS,Univ Lyon,INSALyon,CNRSUMR5510,69621Villeurbanne Lyon, France

3 SIMaP,GrenobleINP, CNRSUMR5266,Univ. GrenobleAlpes,38000Grenoble France

Phasefield Lengthscale Tensilestrength

Abstract In the last decade, phaBeld models [1] have gained significant popularity in
fracture simulation. These models regularize the sharp crack by diffusing the damage into the
material. Using a continuous gradient, a damage variable establishes the connection between
intact and broken solids. The approaches introduce a length scale parameter to achieve their
goals, which controls the amount of smearing. Since their first usas ibeen a continuous
debate whether the length scale bears any physical meaning.

This work [2] presents a macroscopic approach, using the coupled energy andasteelss
criterion[3], to investigateherelationshigbetweertensilestrengthandtheinternallengthscale.
We established a unique correlation by comparing the maximum reaction force, the initiation
angl e, and the crackodés arrest l engt h. Furth
homogeneous solution of the fracture problem. Tloeeefwe argue that rather than a single
curve, the fracture strength can be obtained using a failure surface:

_ o /E
O_( ic)_m..l.\ :r’{v,_[}‘ &
. 0-_7 /(_‘

wheref i s a function dependirgndtheratiP ofithe grincipdi s ¢ 0 €
stresses. WhilEi s Yo un g0 g, isthe fdaatireussirface energy, dnds the length

scale parameter.

[1] C. Miehe, F. Welschinger, M. Hofacker, Thermodynamically consistent-filke
models of fractureVariational principles and multfield FE implementations,
InternationalJournalfor NumericalMethodsn Engineering33(10),1273 1311,2010.

[2] G.Molnar, A. Doitrand, R. EstevezA. Gravouil, Toughnessr strength?Regularization
in phasefield fractureexplained by the coupled criterion, Theoretical and Applied
Fracture Mechanics, 109, 102736, 2020.

[3] D. Leguillon,Strengthor toughness? criterion for crackonsetat a notch,European
Journal of Mechanics A/Solids 21,iG@R, 2002.
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#017Stressjustification of aeronautical structure by modeling of four -point
bendingtestson bondedwovenoxide/oxideceramic matrix compositejoints
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ISafranCeramicsa technologyplatformof SafranTech,rue de Touban33185Le Haillan,
France,thomas.vandellos@safrangroup.com

Wovenceramicmatrix Interfaceand composite Modelingpredictionand
composites damageamechanisms experimentatests

Abstract Safran Ceramics develops ceramic matrix composite (CMC) materials and
structures. One of them is an oxide/oxide CMC exhemtsé for aeronautical applications. In
orderto avoid bucklingunderpressureandoscillationsundervibrations,stiffenersareused.In
this study,ceramicbondallowsthebondingbetweeroxide/oxideCMC stiffenersandthe CMC
cone. The industrial desigof this part is partially justified by a foyooint bending test on
bonded woven oxide/oxide CMC joints.

Duringtheexperimentatests fractureof the CMC materialoccurred However aninterface
damage was also expected. Then, in ordarmiderstand the behavior of this assembly, we
realized several simulations of the fqoint bending test using ONERA Damage Model
(ODM) for CMC substrateandbilinear CohesiveZzoneModel (CZM) for theinterface. ODM
describegnatrix damagesndyarnfracturesof thewovenoxide/oxideCMC materialwhereas
CZM allows describing both the onset and the propagation of delamination at the interface
between the CMC substrate and the ceramic bond. The simulations describe the damage
mechanismebservediuringexpeimentaltests(Figurel). Moreover,the correlationbetween
experimental and numerical results allows an identification of interface properties.

This work participates to the industrial justification of the oxide/oxide CMC exhaust cone
(Figure 1).

Justification

I Y e N |

failure

Figure 17 Illustration of (a) the stiffened CMC exhaust cone, (b) the-pmunt bending
testonbondedCMC joints, (c) thefracture of the specimerand(d) theassociategimulation
with damagenodels
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#018Intrinsic fracture properties of an epoxyadhesivemodified with Core
Shell Rubber (CSR) naneparticles

Alojz Ivankovict, DongQuart, Neal Murphy!
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Fractureprocesszone CSRnanoparticles Intrinsic fracture properties

Abstract This combined experimentaumerical study presents recent achievements
understandinghefracturebehaviourof CSRmodifiedepoxyadhesiveandadhesivgoints. The
size of the fracture process zone (FPZ) is measured in single edge notchgubithtréend
(SENB)andtapereddoublecantileverbeam(TDCB) specimensisingoptical (Figurel.a)and
transmission electron microscopy (Figure 1.b) [1]. Hence, it was possible to calculate the
intrinsic fractureenergy,Go associatedvith FPZ.It is foundthatthe FPZthicknessandfailure
strain measured from the SENB testgh two different spans and from TDCB tests with
different bond gap thicknesses are essentially constant [2]. This indicates that FBZaead
intrinsic, geometry independent fracture properties, which can be used to link the results from
tests conductk on different geometries. To achieve this, cohesive zone parameters were
extracted from the measured FPZ &gland the fracture behaviour of single edge notched
threepoint bending test (SENB) and tapered double cantilever beam (TDCB) test were
successfily predicted. The variation of the total fracture energy in different fracture tests is
attributed to the varying féfreld plastic deformation energy (dissipated outside of FPZ) with
different stress states while the intrinsic fracture energy is corgidematerial property.

TOM-Bright field

TOM-Cross polarise

Figure 1 - Microscopyimagesof fractured3PBspecimens{a) Optical microscopyimagesof PDZ,
(b) TEM imagesof FPZ.

[1] D. Quan, N. Murphy, A. Ivankovic, Fracture behaviour of a ranualified structural epoxy adhesive: bond
gap effects and fracture damage zone, Int. J. of Adhesion and Adhé&iv¢2017), 138150, DOI
10.1016/j.ijjadhadh.2017.05.001.

[2] D. Quan, N. Murphy, P. &diff, A. lvankovic, The intrinsic fracture property of a rublmeodified epoxy
adhesive: geometrical transferability, Engineering Fracture Mechand@3 (2018), 246249,
https://doi.org/10.1016/j.engfracmech.2018.04.035
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#019Hydrogen embrittlement of a 2205duplex stainlesssteelunder in-situ
hydrogen charging
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33203, Gijon, Spain

Hydrogenembrittlement Duplexstainlesssteel In situ hydrogencharging

Abstract: The expected extensive use of hydrogen derived from renewable energy sources
is nowadaysdimited by lack of effectiveandeconomicabktorageandtransporisolutions.Steels
able to be used in contact with high pressure hydrogen gas are needed for the manufacture of
safe and reliable storage vessels. On this context, this paper studies the mechanical behaviour
of a2205duplexstainlessteel(54%ferrite and46%austenitepy meanf tensiletestsusing
plain and notched specimens, submitted to simultaneous electrochemical hydrogen charging.
The effect of different charging conditions (applied current density from an acid aqueous
medium) representative offérent hydrogen pressures was evaluated, and also the influence
of theapplieddisplacementate.Hydrogenembrittlemenindexeswveredetermineccomparing
tensile propertied measured in tests performed in air with hydrogen charged ones. Finally, the
failedsurface®f all thetestedspecimensverethoroughlyexaminedunderanscanningelectron
microscope and the prevalent failure micromechanisms were disclosed.

Embrittlement indexes increase when the applied current density increases (higher hydrogen
enrance) and the applied displacement rate decreases (longer time for hydrogen movement in
the specimen). Failure mechanisms change from ductile (microvoids coalescence) in tests
performed in air to brittle (quasieavage) under hydrogen and, in this lattase, clear
morphologicaldifferencesnvereobservedetweerthetwo constitutivesteelphasesterrite and
austenite.

HZSE 188rme ;SB'VZG SEI

RS

Figure 17 Failed surfaceof a plain tensiletestwith in situ hydrogencharging.Ductile
versusgbrittle micromechanisms
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#021Macro to Micro in Fracture - A Modification to Griffith Barrier

Dov Sherman
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FractureEnergy BondBreakingMechanisms Dynamiccleavage

Abstract We joined continuum mechanics of fracture and atomistic aspects of fracture. Our
approach was to correlate the macro fracture properties and crack front shape to the atomistic
bondbreaking events along the crack front. The key variables in our missm anly the

ERRatinitiation, Go(ap), butalsoits gradient @ dGo(ao)/da. Generallyspeakinglong cracks
are characterized by lo@, short cracks by higip.

Importantly, while the initiation energy is alway®=2g or 2gcc(free surface energy and
surface energy due to stress corrosion cracking, respectively), crack dynamics shows that the
energyspeed relationship is govern by a higher cleavage energytiatiom, =G (Q) [1].

From the macroscopiccleavageenergy to the microscopic bondbreaking mechanisms,

Q@governsrackmechanicg&ndphysics.Thus,all theimportantvariablesare Qdependentthe
cleavageenergy,&@=G& (@) andalsothe crackfront curvature Furthermorecrackdynamicss
also controlled by, by G (Q)=Go(1-VICr) (Fig. 1) is replacingZg=Go(1-V/Cr) [2].

The suggestebdondbreakingmechanismarebasedon in-planesteplike kinks, kink advance
(migration) and formation (nucleation). While
the energy density dissipated by kink advance

mechanisms is somewhat higher thankink
formation energy can be more than double.
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An important result of this investigation is that
the strength of a material ap increase
significantly comparego Griffith [3] prediction.
For high @, this increase may be tens {oent
9] higher.
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Figure 117 The energy speed relationship of a crack propagating on (112)[ldw energy
cleavage system of silicon crystal. The experimental results (full line) where predicted by a
single equation with our new variable®@,and xbs.

References

[1] ShaheerMualim, M., andShermanD. (2018).Int. J. of Eng.Sciencel29111-128.
[2] Freund L. B. (1998).DynamicfracturemechanicsCambridgdJniversity PressUK.
[3] Griffith, A. A. (1921).Phil. Trans.R. Soc.Lond. A 221,163.

54


mailto:dovsherman@tauex.tau.ac.il

#022PBF-LB/M/316L vs.hot-rolled 316L - comparisonof cyclic plastic
material behavior
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Germany
PowderBedFusionof 316L Cyclic Plasticmaterial Hot-rolled andannealec
using alLaser behavior 316L

Abstract PowderBed Fusiorof 316L (1.4404) usingalaser(PBFLB/M) is knownfor its
very high cooling rate of up to 40 K/us. This high cooling rate results in a fine Adexlle
microstructure. Compared tioat, hotrolled, annealed 316L consists of coarser grain structures.
The quasstatic tensile properties, therefore, differ significantBBFLB/M- manufactured
316L has a yield strength of up to 600 MPa whereas the yield strength-abhed and
annealedB16L is at 2007 220 MPa. This may resultin a completelydifferent cyclic plastic
material behavior due to the grain boundary strengthening during the B'BFmanufacturing
process.

This study compares the cyclitastic material behavior of PBEB/M-manufactured 316L

with hotrolled, annealed 316L. Stragontrolled fatigue testing of both, PBB/M and hot

rolled anneale®16L, wasconductedThe strainamplitudesvary from 0.5% to 3.0% in steps

of 0.5%. A microstructuralnvestigationof selectedpecimensvasconductedeforeandafter

the testing. It consists of surface etching, electron backscatter diffraction (EBSD) as well as
energydispersive xray spectroscopy (EDX). The orientation, phase transformation, twinning
formation as welbs the general microstructure was compared.

It was found, that the PBEB/M-manufactured specimens mainly showed a softening
behavior. Only from 2.5 % applied strain amplitude, a secondary hardening phenomenon was
observed. The heablled and annealed sgiemens on the other hand mainly showed a
continuoushardening behavior. The maximwngineeringtress vsthe numbenf cyclesfor

both PBFLB/M and hotrolled specimens is shown in Fig. 1.
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Figure 17 Maximumengineeringstressvs.numberof cyclesfor boththe PBF~LB/M-
process and the hablling process
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#023Investigation of hydrogenembrittiement in a high manganese
twinning induced plasticity steel- a multiscale approach

HeenaKhanchandanj Leigh T. Stephensoh Dierk Raabé, StefanZaefferet, BaptisteGault-?
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’Departmenbf Materials,RoyalSchoolf Mines,Imperial College Prince ConsortRoad LondonSW7
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Email: h.khanchandani@mpie.de

Abstract Hydrogen embrittlement deteriorates the mecharpcaperties of higtstrength
metallic materials [1,2]. Twinning induced plasticity (TWIP) steels are promising structural
materials but are highly prone to hydrogen embrittlement [3]. Our current work is aimed at
examining the hydrogen embrittlement susiteity of a Fe 28Mn 0.3C (wt.%) TWIP steel

alloy. We have studied the effect of hydrogen charging on microstructure evolution during
tensile deformation and defect behavior, i.e., the dislocation density and arrangement, the
st acki ng -rhasandietbg usiagnetectrah channeling contrast imaging (ECCI). We
also performed the sHgpecific atom probe tomography (APT) studies after charging the
samples with hydrogen/deuterium in order to investigate the role of grain boundaries as
hydrogen trapping &s which will be discussed during the talk.

References

1. M. Koyama, E. Akiyama, Y.K. Lee, D. Raabe, K. Tsuzaki, Overview of hydrogen
embrittlement in highMn steels, Int. J. Hydrogen Energy. 42 (2017) 127Q@623.
doi:10.1016/j.ijhydene.2017.02.214.

2. P.Sofronis,|.M. RobertsonYiable mechanismsf hydrogenembrittlement A review,

AIP Conf. Proc. 837 (2006) 640. doi:10.1063/1.2213060.

3. D. An, W. Krieger,S. Zaefferer, Unravellinghe effect ohydrogen ommicrostructure
evolution under lowcycle fatigue m a highmanganese austenitic TWIP steel,
International Journal of Plasticity (2019). doi: 10.1016/}.ijplas.2019.11.004.
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Predictions from Subsize PrecrackedCharpy Specimens
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Weibull stress Cleavagdracture Plasticstrain

Abstract Accurateassessments structuralintegrity andremaininglife of reactorpressure
vessels (RPVs) play a key role to ensure the continued and safe operation of existing nuclear
powerplantswhile, atthesametime, to extendits operationalife. A caseof particularinterest
and major concern involves strong degradation of the vessel material by neutron irradiation
embrittlement in the beltline region which may limit the servicedffauclear RPVs and lead
to catastrophidastfractureof thevessematerial Becaus®f limitationsin materialavailability
and, further, to facilitate fracture testing of irradiated RPV materials, current reactor vessel
surveillance programs extensivelyngloy fracture testing of precracked Charpyndtch
(PCVN) specimens in thrgaoint bending to assess changes in fracture toughness properties
over its operational and service life. However, the specimen measuring capacity prior to
constrainiossfor smal specimergeometriesnaybeinsufficientto properlydescribecleavage
fracture toughness under well contained yielding conditions at the crack tip.

To address these issues, much current research focuses on the development of
micromechanics modelacorporating key microfeatures of the cleavage fracture process that
approachmaterialfailure by a probabilisticinterpretatiorof the stresscontrolled transgranular
cleavage mechanism. In particular, the early work of Beremin coined the condepalof
approachedgo fracture (LAFs) by employingweakestink statisticsandanad-hocdistribution
describing the microcrack size to introduce the Weibull stregsag a probabilistic crack
driving force. Here, the underlying probabilisfiamework assumes that fractured brittle
particles (which are associated with Griffitke microcracks) occur immediately at yielding
of thecracktip regionsothatthestatisticaldistributiondescribinghe microcracksizeremains
invariantwith changsin loading.However there areclearevidence®f the potentialncrease
of cleavagemicrocrackingn ferritic steelsdueto increasegblasticstrain.Becauseveakestink
based models assume that cleavage failure is controlled by a3offdah instability of the
largestof mostfavorablyorientedmicrocrack anumberof studiesprovideacompellingreason
to consider the potential effects of plastic strain on the density of GiiKghmicrocracks
which implicitly enter the fundamentiorm of the Weibull stress.

A probabilistic, micromechanidsased methodology incorporating plastic strain effects on
cleavage fracture and its dependence on the microcrack distribution is the focus of this paper.
The present work extends current develepts of a local approach to fracture (LAF) derived
from a plastiestrain based modification of the Weibull stress, phrased in terms of a new
parameter denoted ag@to assess changes in cleavage fracture toughness for a reactor pressure
vessel (RPV) steel due to constraintloss effects in subsizeprecrackedCharpy (PCVN)
specimensCleavagdracturetoughnesslatafor anA533 Gr B reactorpressureressekteelare
employedio demonstratéhe capabilityof the modified LAF in predictingspecimergeometry
effects on experimentally measured values ofttireegral, (5; By combining detailed nen
linear, 3D finite element analyses for sidgooved C(T) and subsize PCVN specimens with
varying geometries, the newg@based methodologis shown to effectively remove the
geometry dependence on-values thereby generating more accurate predictions of cleavage
fracture behavior in larger crack configurations from small specimens.
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ceramicmatrix composites SPS wear

Abstract Silver particles and graphene nanoplatelets-GAPs) have been employed as
reinforcements to prepare the seilbricating silicon nitride (SN4) matrix composites via
simple ball milling (Turbula mixer) and spark plasma sintering technique. The prepared
composites were characterized by scanning electron microscope with energy dispersive
spectroscopy, Vickers hardness tester and reciprocating ball tribometer. Microstructural
characteristicshamely the various present phase composition, grain sizes, and distributions,
were assessed. Microstructural analysis confirmed that silver in combination with GNPs
introduced into the ceramic matrix were helpful to prevent porosity or crack defedts than
improved sinterability. The additives helped to eliminate the structural defects preserving the
original hardness and toughness of the ceramic matrix. As a result of good sinterability, there
was no interface region and no defects such as poresiaraaracks in the materialFracture
surface morphology of sintered composites was observed and the results inthegtetential
reinforcement mechanism by the ductile silver phase. The mechanical properties testing
revealed that Si3N4 composites witly and GNPs incorporation exhibited lower hardness and
slightly lower toughness compared with monolithic silicon nitride. Friction and wear behaviour
was tested by in unlubricated conditions at ambient temperature and humidity, using a reciprocal
ball-on-disk tribometer. The wear damage was analysed in terms of microstructural fracture
phenomena. The series of tests were performed at the following conditions: a normal load of 1,
2.5, 5 N, sliding speed of 0.1 m/s and total sliding distance of 500 m withraball as the
counter body. The development of the coefficient of friction during the test was measurement
and recorded. The material losses (volume of the Wweaaks) due to wear were measured by a
high precision confocal microscope, and then spewiéiar rates (W) were calculated in terms
of the volume loss per distance and applied load. The coefficient of friction and wear in
composites exhibited the lower values in 1N friction force testing range. There was a significant
improvement from 1.05 to 18mes in the wear resistance. The uniformly distributed GNPs
together with the present silver formed threction film, which provided an effective lubricating
effect at the sample surface resulting in improved wear resistance at 1N. The metallographic
analysis confirmed that for themonolithic sample without the silver and GNPs additives, the
dominant wear mechanism was delamination. The wear mechanism of-SiBEMNPs
composite samples was abrasion accompanied with creation of an oxidation film. €nhe silv
additive acts as friction film reservoir due to its good distribution in ceramic matrix. Exfoliation
of the GNPs by shear stresses and their incorporation into the silver lubricating film is probable
and potentially leads to strengthening of this filnmé contribute to high wear resistance. This
composite material design with the presented preparation method is usable for low friction loads
(up to 1N), where it resulted in the near zero wear
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Fatigue Elastomer Metal Forming

Abstract Cold forging is gaining in importance for the mass production of-Qighlity
technical parts due to its better material efficiency compared to machining and lower energy
consumption compared to hot forging. Therefore, there is a demamatifeasingly complex

cold forged partsThis leadsto a challengingstressstatein forging tools, sincethey haveto
withstandhigh contact pressures in intricate geometries. The resulting alternating cyclic load
makes fatigue the dominating failure meaisan in forging dies for complex part geometries.
Since fatigue failure not only causes costs for the production of new tools, but also machine
downtime and production stops, an accurate prediction of tool life is necessary in order to better
coordinate tol changes.

Current attempts to calculate the service life of cold forging dies face the problem of limited
availability of materialdataconcernindgatigue.Additionally, thetestsusedto generatehis data
strongly simplify tstate whicb is bebesatednay Icyiclicadlyxsivedlihg s t r ¢
inner pressures. Additionally, reinforcements are often used to prestress forging dies, so that
thetool loadalternatedetweena multiaxial compressiveanda multiaxial tensile/compressive

stress state. To accurately model this and enable the experimental analysis of different
prestressing systems, a new fatigue test is necessary.

Forthispurposeatestthatincorporategyclically swellinginnerpressuresnhollow specimen

is analysed within this research. The test setup is based on using an elastomer material as a
pressurenedium.Thatway, cyclic testingwith high hydrostatiqpressuresf atleast2000MPa

can be achieved, since the elastomer recovers its oridinpesafter each load cycle. One
challenge in the concept is wear on the elastomer specimen. In each cycle, the edge of the
specimen is pushed into the gap between the hollow fatigue specimen and the punch used to
apply the load causing a continuous de@easlastomer volume.

To ensurea stabletest setup, this weareeds to be minimized. Therefore, #féect ofthegap

size between punch and fatigue specimen as well as the test load and frequency are analysed
experimentally with regard to theccurring elastomer wear. The die load is measured during
thetestusingstraingaugessothattheeffectof elastomewearonthet o ostredsstatecanbe

taken into account. In addition to the proof of concept of the test setup, this allows the
recomnendation of test parameters to be used in future fatigue testing using elastomers as
pressure media.
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Abstract

Abstract Degradation, ageing and-gervice defects in piping are commonly associated with
welds since the inhomogeneous metallurgy and residual stresses facilitate degradation and
defect growth.Therefore the accuracyof structuralintegrity assessmermirocedures iweld

residual stress fields is very important. In this view, design and execution of innovative,
simulation oriented, largscale experiments on five different meggs have been planned
within EU funded Atlas+project. Among them, a foypoint bending test on a narrow gap
junction for experimental investigation of the ductile tearing of aged austenitic stainless welds
is performed at LISN/CEA in collaboration with Framatome.

Two pipeswereprovided forthis study.A junction TOCE (TIG Obital, Narrow Gagunction)

was manufactured on pipes with an external diameter of 400 mm and with a thickness of 35
mm,with achamferangleof 5 °. Thefirst specimerwith 1.2m lengthis devotedo the4 points
bending testwhile the second one is used for fine characterization of the weld via a specific
experimental program. Approximately % is used for characterizing the initial state. The
remaining % of the crown has undergone aging in a big capacity oven at the same ttiee

first specimen, with a thermal treatment of 400°C during 3000 hours.

An experimental campaign on laboratory specimens watorbhavea fine characterization of
theweld. Tensilespecimensveretakenacrossheweldjunction,sothattheevolutionof tensile
propertieswithin thedifferentzonesof theweld couldbeinvestigatedCT specimensvereused

to investigate the ductile crack propagation within the weld. Then, a-dagde 4points
bending test was performed on the aged pipghtidlenge the issues of transferability of
laboratorydatato the componenscale A crossingdefecthasbeenmachinedn aquarterof the

tube perimeter passing by the middle of the weld. The specimen notch was designed using
numericalcalculations, so that the most suitable geometry could be found. Two extension
tubulararmshavebeen weldedo the specimerto increasaheleverarmandsodecreasinghe
necessary levels of load to make propagate the defect. A -sligitd image corriation
technique was used for ftfield deformation measurements and follow the ductile crack
propagatiorduringthepipe-bendingtest. Theresultsof thelarge scaletesthavebeendiscussed

and compared to those obtained on laboratory specimens.
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#031Application of UncoupledDamageModelsto Predict Ductile Fracture
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SheeBlankingSimulation Crackpropagation Remeshing

Abstract The increasing demand of higjuality products has promoted the development of
severamocklsto predictdamageccumulatiorandfractureduringtheirmanufacturingrocess.

Due to their simplicity and overall accuracy, the uncoupled damage models (fracture criteria)
havebeenthepreferrecchoiceto simulateductilefailure, especiallyin engineeringpplications.
Nevertheless, theredictivecapabilitiesof thesetype of modelswereclassicallylimited by the
complexity of the loading paths encountered in several forming processes, making them not
suitable for all cases. Thdrawback is attributed to the use of stress triaxiality as the only
variable introducing the influence of the stress state into their formulations, contrasting with
several recent studies where it has been demonstrated that the Lode angle also ptéis a cru
role in damage accumulation [1]. Consequently, some advanced models have been recently
formulated in the space of equivalent plastic strain, stress triaxiality and Lode angle, with
successful results in a wide range of loading conditions.

In this work, a comparative study of different uncoupled damage models for the numerical
prediction of ductile fracture in the blanking process is performed. The selected
phenomenological models were recently implemented in a fully implicit homemade Finite
Elementcode [2], which considers large strains, frictional contact, remeshing and crack
propagatior{i.e. elementdeletionmethod) All themodelsconsideredhereaccounfor damage
sensitivity to both the stress triaxiality and the Lode angle. The materiacté@zation is
performed thanks to different mechanical tests under different stress states and a full inverse
analysis, taking into account the entire loading paths to fracture. Finally, the numerical
predictions obtained for different process parameterscompared with experimental results,
where especial attention is given to the final shape of the sheared edge.
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Composite AdditiveManufacturing Curvilinear Fibre Steering

Abstract A curvilinear fibre layup for additively manufactured (AM) necked double shear
lugs is developed. The fibre trajectories follow the maximum and minimum principal stress
directions due to axial tension loading derived from-tiimensional finite element alyais
(FEA), seeFigure 1.The composite lugs were manufactured with the help of fibre steering
slicing (NanoGcode) software and Composer A4. The motivating factorusderstand and
elaborate the relation between layer height and fibre volume fraction and its influence on the
mechanical properties of AM composite lugs. The result of first mechanical tests on the AM
composite lugs is an increase in ldashring abilly by 60% with an increase in fibre volume
of 10 % with decreasing layer height.

10 mm

Figure 1 Calculatedfibre trajectoriesand photographyof AM compositdugsusingresearch
oriented software, @and &) calculated Max. and Min. principal stredgections for fibre
placement, respectively and. @nd ) Printed single layer of lug specimen based on
calculated principal stress directions.
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J-integral Surfacecrack Bendingstress paralleto crack

Abstract In order to estimate required limit load for complex structures in structural integrity
assessments, a local limit load model waseloped [1] by the author for plate/shell type
components containing surface defects. The developed model was a plate of finite width
containing a rectangular surfaceack. The model should be loaded by the prinséigsses of

the component at the cradication obtained from elastic uncrackieddy stress analysis
includingthe membranendthroughthicknessendingstressesiormalto the crackplaneand
themembranestresseparallelto thecrackplane.Thismodelhasbeenvalidatedusingthefinite
elementFE) elasticplasticJ resultsfor defectiveplatesandcylindersundervariousloadtypes

and load combinations. However, recent examinations on more complex structures like
defective elbows and pipe branches have shown that there caulieadsrong bending stress
parallel to the crack plane at the crack location and ignoring this bending stress might
overestimatdéimit loadvaluesandleadto non-conservativel predictionswhensuchlimit load

is usedin thereferencestressl schemd2]. In this paper the effectof bendingstresgarallelto

the crack plane on the limit load and elagtiastic J is investigated and the local limit load
model developed in [1] is modified to include such effect.

A plate containing a sensllliptical surface crack is selected as a typical surface crack case
to investigatahe effect othe bending stress parallel to the crack plamé¢heelasticplastic J
and limit load. Elastic and elasttastic FE analyses are performed to obtain J valuahtdor
surfacecrackedplateundercombinedmembranendthroughthicknessstressesormalto the
crackplaneandmembranetresgarallelto thecrackplanewith/without bendingstresgarallel
to the crack plane. The results show that the benstirggs parallel to the crack plane, as
expected, does not affect thigess intensity factdSIF) but itdoes affect elastiplasticJ and
the degree of effect depends on the intensitydarettion of the parallel bending stress. Then
a limit load estimtion considering the bending stress parallel to the crack plane is developed
andvalidatedby the FE Jresultsvia theuseof thereferencestress) schemeTheresultsshowed
that when thdimit load evaluated using theewly developedimit load solutionis used in the
reference stress J scheme, the FE J results can be well predicted. Finally, the local limit load
model is modified using the newly developed limit load solution.
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High-temperaturdatigue Defectformation Defectcoalescenci

Abstract WC-Co hard metal are composite materials of choice when it comes to coping with
elevated levels of mechanical atiebrmal loads, such as e.g. present at the cutting edges of
cyclically loadedmetalworkingtools.Currently thefatiguebehaviorof hardmetalsat elevated
temperaturess notwell-understoodespeciallyin the caseof crackpropagationn vacuumthat

is relevant when intrinsic subsurface defects form the origins of fracture. The investigated
material was a W&o hard metal with a Co binder content of 12 wt. % and an average WC
grain size of 500 nm to 800 nm. Eddy current heating was applied to asserstanto
temperature of 700°C in the hourglatsmped specimens tested in a sdrydraulic machine
equipped with a vacuum chamber to avoid oxidation. Strength investigations under
monotonously increasing load and cyclic tests until fracture were perforntkt uniaxial
loading.Cyclic testswereperformedunderastresgatio R = Smin/ Smax= -1 atseverakonstant

stress levels above the fatigue limit. Scanning electron microscopy was used to determine the
sizeand densityf defects incrosssectionsof the materialzolume priorto fracture anan the
obtained fracture surfaces. In the case of monotonously increasing load, no #rdtereait
defects were observed at the origins of fracture such as was the case for cyclic loading. The
commonlyknowninverseproportionalitybetweerthe sizeof materiatinherentdefectssuchas
non-metallic inclusions and pores at the origin of fracture and the observed number of load
cycles to specimen failure was violated for the case of cyclic loadmg effectively loaded
volumeof bothloadcasesvasin thesameorderof magnitudeasdeterminedy finite element
basedanalysis.Theresultsimply thatthe coalescencef voidsandcavitiesthatwereobserved

to form andaccumulaten thematerialduringloadingarethedominantfracturemechanisnior
monotonouslyncreasingoadingandareveryimportantfor R =-1 cyclicloading.Foragiven

WC-Co hard metal microstructure, a certain combination of stress amplitude, load cycle number
andtest temperature exists, at which a transition occurs from failure control by i) thaf size
materialinherentdefectsthatexistprior to loading,to ii) thekineticsof plasticity- (and creep

induced initiation of voids and the coalescence of these voids that fesita iduringloading.
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ductile-to brittle transition ferritic steel fracture mechanics

Abstract This paper presents a review of different approaches through history concerning
DTB transitionphenomenoof ferritic steelsandtheircharacterizationsingFM conceptfrom
theearlieststudiesbasedbn LEFM to theapplicationof theEPFMconceptThelargescattering
of the experimental fracture toughness data, characteristicfefrdic steels in the transition
temperature region, has imposed the need of including statistical methods for data processing.
Such approach that began in the 1970s can be encountered even nowadays as the base of
fracturetoughnesslatainterpretatiorin DTB problems An overviewof studieswith statistical
interpretatiorof experimentadatain the transitiontemperatureegionis alsogiven,aswell as
constraint effects due to fracture of tested specimens. Aforementioned provides a foundation
for novel approaches in DTB transition problems, which include size effects and scaling of
geometrically similar specimens.
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MasterCurve Elevated_oadingRate Ductile to Brittle Transition

Abstract ASTM E1921 Annex 1 describes the determination of the reference temperature
To,x evaluatingestsatelevatedoadingratesin theductileto brittle transitionregionof fracture
toughnessX denoteghelogarithmof theloadingrateroundedo the nearesinteger.1T C(T)-
tests were performed according to ASTM E1820 Al14 at loading rates frostiR@& a m/ &€ t o 1
MP a a mith specimensnachinedrom two steelswith differentstrength22NiMoCr3-7 from
a reactor pressure vessel (Biblis C) and low temperature high strength quenched and tempered
steel S690QL1. Previous investigations testing specimens made from the steel 22NMoCr3
atloadingratesabowe 10° MP a & showeddeviationsfrom the standardshapeof the Master
Curve, causing differences of up to 30 °C between reference temperajsregaluated for
lower and for higher test temperatures. This project analyzes the behavior at intermediate
loading rates. An example is given in figure 1, where the evaluation ofexstsited at 10
MPaéadam/ s s hows a3l ¥dforthereferencetemperatuss @btaihed by single
temperature evaluation at a test temperatures ahgy#han the sigle temperature evaluation
at test temperatures neaysl(-21 °C) and lower-@1 °C). Impact otrack arrest phenomena
and temperature creation during the fracture mechanics tests distthaitionof thedynamic
fracture toughnessvaluesK ¢4 and suggestiondor the modification of the Master Curve
evaluation for elevated loading rates are disedsfor the loading rates AMP a 4 to/1¢
MP a & rof Ith materials.Using the large databasef resultsof fracture mechanictests,
executedn this project("Verification of theMasterCurveConceptat Elevated Loading Rates"
funded by the German Federal Ministry for Economic Affairs and Energy, 1501563), it is
possible for the first time to analyze the distribution of dynamic frattwghness values;Kq
with sufficient statistical significance.
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Figure 1 - Comparisorbetweemulti-temperaturéMasterCurveevaluationandsingle
temperature Master Curve evaluation at different test temperatures¥oAR0a & m/ s
22NiMoCr37 (Biblis C)
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Notches Low CycleFatigue Superalloy

Abstract Turbine blades often contain cylindric holes used to generate an air film that
protectghebladealloy from thehotgasesThesecoolingholesof diameteraroundonemmare
drilled by laser through the thickness of the blades. Unfortunatelyrethdting stress
concentration and the drillinimgduced damage are known to favor crack initiation from the
holes.It is thusnecessaryo assessheimpact ofthesecoolingholeson the structuralintegrity
of the blades. Since cracks initiate very regdihe fatigue life of the components is mainly
controlled by the propagation of the cracks in the stress gradient induced by the holes.

For this purposedisplacementontrolledhigh-temperaturé.CF (Low-Cycle-Fatigue)tests
were performed witltenter hole specimens of a coagsained Nickel base Superalloy. The
tests were stopped after a defined load drop. In addition, crack propagation tests with Double
Edge Notch specimens were performed. Moreover, specimens with different hole surface
finisheswereinvestigatedyhich showeda detrimentakeffectof thehole surfaceroughnessin
parallel, an evaluation of the LCF tests based on a fracture mecbhasied model (Madia et
al., Eng. Fract. Mech.2018)has been applied. Thereby, gmecimen lié is controlled by the
crack propagation time until failure. Crack growth is controlled by a modified NASGRO
equation accounting for largeeale yielding and a progressive builg of crack closure. The
initial crack size has been derived from the measentsnof defects around the borehole. A
reasonable agreement between predicted and measured lifetimes is observed if one keeps in
mind the large uncertainty regarding the effective shape of the cracks.

Figure 17 Cracksemanatingroma cylindrical holein a flat LCF specimen
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Fatigue Metastable Micromechanics

Abstract Microstructuralchangesaccompanyinghefatigueof a metastabla@usteniticsteel
comprisewo mainfactors:(a) microcrackingand(b) nucleationof the martensitigphaseBoth
factors produce changes in the effective elastic properties that can be monitored by high
precision acoustic techniques. In order to focus on monitoring microcracking, its effect on the
elastic properties should be separated from the effect of the martensgecthhtihas elastic
constanthataresomewhatlifferentfrom theonesof theaustenitigphaseTo thisend,theeddy
current technique is used to monitor volume fraction of martensite. The volume fraction
parameters generallyinsufficientfor the predidion of the elasticpropertiesincetheydepend
not only on the volume fraction but, also, on the shapes of the martensitic partitégsare
complex and not fully clear. It is shown, however, that, if the elastic contrast between the
austenitiandmartensitigphasess weakto-moderatethe effectof shapesanbeneglectedso
that the volume fraction information is sufficient [3]. This allows one to combine the acoustic
and the eddy current data in such a way as to focus on mogitaicrocracking [1,2].
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Cyclic deformation VHCF Electrical resistivity

Abstract Detailed studies of the Very High Cydiatigue (VHCF) behavior of the medium
carbonsteelSAE 1050,usedfor wheelsof high speedrains,wereperformedwith anultrasonic
testing facility (UTF). The design of the UTF allows to control the test parameters and the
online monitoring ofparameters like generator power, electrical resistivity, displacement
amplitudeandspecimertemperaturevhich canbe usedto characterizehe cyclic deformation
behavior at 20 kHz. In preliminary load increase tests (LIT) critical stress amplitudes were
identifiedwhich leadto a changeof the procesgparametersThe appliedmeasuringechniques

allow to detect fatigue induced changes in the microstructure significantly before final failure
occurs.BasedontheLITs, constantamplitudetests(CAT) wereperformed testudythe cyclic
deformation behavior in the VHCF regime in detail, which is especially affected by the local
microstructure. Fig. 1 exemplarily shows the development of the change of the specific
electricalresistancep Rn awheelcrosssectonswith differentferrite fractions.It is remarkable
thatthepoint of increaseof g Ris inverselyproportionalto thelocal ferrite fraction. The cyclic
plasticdeformationandthe changeof microstructuras morepronouncedn volumeareaswith
higherferrite contentsConsequentlyheincreaseof gp Roccursearlierin thespecimervolume

with the higher ferrite content. SEM investigations show that the increase of generator power,
displacemenamplitudeandtemperatureorrelatecloselywith theformationof slip bandsand
theinitiation of fatiguecrackspredominanthat ferritei cementitgphaseboundarie®f thetest
material. In TEM investigations, it could be shown that defined changes in the dislocation
structure occur also ispecimens running 2@ycles without failure.
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Figure 1 - Electrical resistivityanalysisof a wheelsteelin the VHCF regime
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fatiguecrackgrowth finite elemensimulation TMF experiment:

Abstract Due to combined cyclic mechanical and thermal loading during operation, the
material of exhaust gas conducting components of combustion engines is exposed to
thermomechanical fatigue (TMF). This leads to formation and growth ofraskecially at

the most highly stressed points of these components. In order to better predict the service life
of crackedcomponentdeforefailure, it is necessaryo identify acrackpropagatiodaw for the
materialused.Isothermakrackpropagationestshavebeencarriedout at severatemperatures

with a typical cast iron to identify such a law. The crack length is measured by the potential
dropmethod.The compliancemethod fractographyandthermographicamerameasurements

have been used to wdhte and calibrate the potential drop measurements. Each of the
isothermal tests has been simulated using a specially developeealgBNhm based on
remeshing and remapping. This algorithm has been implemented in python and ABAQUS.
Thereby, the crackpiregion is modeled by collapsed Quad8 elements. From the individual
simulationsthecyclic cracktip openingdisplacemenfDCTOD) is extractecandregardedasa
potentialfracturemechanicparametewhich controlsthecrackgrowthrate.By combiningthe

data from the experiments and the simulations, the crack propagation law has been identified.
Finally, anisothermal crack propagation tests have been performed for validation of the crack
growth law.

Figure 17 Experimentabetupfor crackpropagationexperiments
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Infrared thermography Fatigueanalysis High cyclefatigue

Abstract This study focuses on analyzing fatigue performance and temperature evolution
during uniaxial cyclic loading. Fatigue specimens of four different geometries were machined
from the42CrMo4+QTbarproducedn asingleheat.Two sampletypesareof hourglassype,
two are ofdogbonetype, all with the circular crossection. Specimens séries A0O1 and A02
have4dmmdiametemvith thetransitionfillet of 24mmfrom thegrippedheadto theactivecross
section. ThA03 and A04 samples hawediameterof 8mm and transition radius of 32mm. In
contrast to hourglass samples of A0O1 and AO03 types, series A02 and A04 have the 20mm
prismatic part in the middle to enlarge the volume with the critical <sessmal area.

All fatigue tests were carried out on the Amsler resonant pulsator with a load cell of
100kN under load control at the load ratioPof-1. The tests were monitored with the FLIR
A315thermal camera. Tmeasurdghe temperaturenthe surfacef the sampleslLablIR black
coat paint with high emissivity (HERPT-MWIR-BK-11) was applied.

Thetemperatureesponséo cyclic loadingwasanalyzedandthreeparameterghatcan
reflect fatigue behavior were focused on. It was found thab¢havior of samples from this
steelwasdifferentduringcyclic loadingfrom anyexpectedesponselhetemperatureesponse
lacked the stabilized temperature region. Thus, the application of thermographic methods to
estimate the fatigue limit and methotis predict the fatigue life performance on a single
specimen (with variable amplituad load) was not thus possible. This led us to analyze other
parameterd-orthe estimationof thefatiguelimit, thetemperaturéncreaseaatein thefirst and
second phases (see Figure 1) was used instead of the stabilized temperature from the second
phase as proposed by (Luongo, 1997) and (La Rosa and Risitano, 1999.

Also, theanalysisof thelimiting energy(Fargioneetal., 2001),whichis theareaunder
temperatureevolutionduring cyclic loadinguntil failure (seeFigurel), relieson the stabilized
phase, which is not observed here. This limiting energy is considered as a material parameter
for a specific geometry and material. In the cases presentedthisr@arameter is highly
dependent on the amplitude of the load; see Figure 2. It cannot be assumed that there is a
constantvailableto predictthe numberof cyclesto failure as Fargiong@ostulatedAs thelast
observed parameter, the cooling phafter failure of a specimen was analyzed so that the
method proposed by Meneghetti (Meneghetti, 2006) could be applied.
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Dynamiccalibration

Optical extensomete

Abstract A new method for dynamic calibration of the bar instrumentation, i.estth@e
measurement, of a split Hopkinson pressure bar is proposed. The dynamic calibration is
necessaro obtaintherelationshipbetweerthemeasuredoltagesof thestraingaugesttached
to thebarsandtherespectivestrainsin the barsthatareeventuallyusedto calculateforcesand
displacements within the specimen. The conventional measurement incorporates the striker
velocity andthe assumptiorof momentunconservationTheseassumptionsanbe omittedby

the proposed method.

Themethodappliesanopticalmeasuremertf displacementef thebar/specimemterfaces.
Themeasuredime-dependentlisplacementarethencomparedvith thosedisplacementghat
arecalculated fromthe (uncalibratedyoltage/timemeasurement§.he calibrationfactorswill

thenaccount foithe actual sensitivity dhe strain gauges at threcident and transmitted bars.

Finally, two calibration factors, one for each bar, are obtained. The determination of a

transmission factor is no

t necessary.

It wasfoundthatthis methodcanbe performedduringanactualtest,seeFigurel. Hencet
washeithemecessaryo rearrangehebarsnorto usearectangulamcidentpulsefor calibration
purposes. The amount of pulse shaping that is desired factbal test can be used. The
displacements calculated from the strain gauge readings in Figure 1a are given in Figure 1b.
After the dynamic calibration according to this method, there is a very good congruence
betweerthemeasuredndcalculateddisplacemats. Thedynamiccalibrationwasthenusedto
calculate forces from the strain gauge signals, the force/displacement relationship and, in this
case, the stress/strain curve.
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Figure 1 - Measured and calculated signals (with pulse shaping (PS) and spgcimen
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the interfaces incident bar (IB)/specimen (1) and specimen/transmitted bar (TB) (2).

(b) Comparison of opticallyneasured and calculated (from strain gauge (SG))
displacements after dynamic calibration.
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FE numericalmodel homogenizatiompproach cohesivdaw

Abstract Earthbuilding technique$avebeenaroundfor thousand®f years Amongthem,
it is worth mentioning: cut blocks, poured earth, superadobe, adobe, cob, rammed earth,
compressedstabilised earth blocks, wattle and daub, shaped earth, and-c&isawAn
innovative technique among the earth building ones, and nameéastiottechnique, is the
topic of the presenpaper.Thetechnologyemploysa specificmixture of theshotearth(named
shotearth 772) consisting of 7 parts of excavated soil, 7 parts of aggregates and 2 parts of
cement (by volume): the mixture stream is projected at high velocity onto a surface, adding
about 3% of water (by volume) at the spraying nozzle (FiguréHB.present research work
dealswith thenumericalsimulationof fracturebehaviouiof theshotearth772.More precisely,
anexperimentatampaigrperformedo computedhefracturetoughnessf thematerialis here
numerically simulated. To such an aim, a Finite Element m@aechanical numerical model
is used wherethe materialheterogeneitys consideredy meansof ahomogenizatiompproach.
In fact, such a model is able to properly consider the effeceofdid volume fraction on the
macroscopic material properties, such as the elastic modulus, the compressive, tensile and
flexural strengths, and the fracture toughnebBse material fracture process is described by
means of a cohesiMection law which isintroduced within the cracked zone, whereas an
elastic law is adopted for the w@nacked region of the material. Finally, the numerical results
are compared with the experimental ones.

Figure 1 - Mixture streamprojected athigh velocityontoa surface.
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Variable Amplitude VHCF Strainaging

Abstract With the onset of Very High Cycle Fatiguesearch, an anomaly in the Miner
paradigm started occurring repeatedly: instead of decreasing the residual lifetime of a
specimen, low load cycles just below thecadled endurance limit increase lifetimempared

to constant amplitude tests even if otthg cycles of the highest load block are counted; the
low load cycles contribute a negative amount of damage in damage accumulation
computations. We give a brief overview over related anomalies and discuss conditions of
occurrence as well as possible mmukms, identifying stressnhanced static strain aging and
oxide-induced crack closure as the most likely ones. We present experimergldwahat

holdingaspecimerattensilestressesnhancestaticstrainagingcomparedo holding the same
specimerat zero stress
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3D printing CarbonFibre PhaseField
Abstract

Abstract In recentyears Additive LayerManufacturingALM) hascapturednoreandmore
interest among both industrial aadademic players due to the incredible opportunities that this
technologyoffers.In thisfield, oneparticularbranchseemso bepromisingfor thepossibilities
offered from the design point of view: the continuous carbon fibre depositierpossibiliy
of deposing continuous Carbon Fibre (CF) along with common polymeric material allows the
designer to give particular attention to regions of the component which could be subjected to
higher stresses for whichever reason (notches, discontinuities, .jdihes)einforcement of
such areas with CF allows a better resistance to catastrophic phenomena like fracture which
couldleadto thefailure ofthecomponent. Therefor#his depositiontechniques of particular
interest and object of study in this wotR.the first part, a problem studied experimentally by
Akasheh et al. [1] is analyzed numerically by means of the Phase Field fracture modelling,
demonstrating the optimal capabilities of this approach to capture not only the experimental
crackpathbutalsothe StressStrainresponsef the specimensested Validationof thematerial
parameters is of particular importance especially for novel materials like the ones used in the
experiments performed by the authors. Once both the capabilities of Peébeardd the
materialpropertieshavebeenverified by meansof the numericalsimulationsdescribedabove,
thesearenow exploitedto studyawell know problemin thefield of mechanicandaeronautics:
structural joints. The aim is to use Phase Field @a®laable to predict failure load and failure
modeof acomponensubjectedo operatingoadingconditions for instanceThis couldallow
thedesigneto exploitthecapabilitiesof continuouscarborfibre depositiorto generatdracture
resistanceomponentshy meansof accurataeinforcemenbf themostcritical regions,where
failureis most likely to occurThe Open Hold ension test is simulatedumerically by means
of the same tools described above, taking into consideration diffgemetries for the
reinforcement around the hole. The specimens with different reinforcements show different
mechanical responses and crack patterns, thus highlighting the influence of the continuous
carbon fibre reinforcement on the fracture scenario.

[1] Akasheh, F. and H. Aglan (2019). Fracture toughness enhancement of carbon fiberi reinforced
polymer com- posites utilizing additive manufacturing fabrication. Journal of Elastomers and Plastics 51 (7-8),
698i 711.
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Hydrogen Steel Straintlife

Abstract The clearest conclusion that can be made after a century of inquiry into the
phenomenonf hydrogenembrittlements thatthe effectof hydrogenon ametalis complicated.
Understandinghe myriad of effectsthathydrogenhason a metal,from its bondingstrengthto
plasticityinteractionsjs further complicatedoy uncertaintiesn mechanicatestingtechniques
dueto bothtestingapparatugoncernsandthe statisticalnatureof phenomenauchasfracture.
Theinfluenceof hydrogeron plasticitymeanghatseparatinglasticeffectsfrom plasticeffects
in tensile testing is difficult.Distinguishing and connecting the effects of hydrogen on these
two regimes comprises one of the primary debates of the hydrogen embrittlement field.

Onetechniquehatshowspromisefor separatingutthedifferenteffectsof hydrogenonthe
elasticandplasticportionsof the mechanicatesponsés fully -reversedstrainlife testing. This
technique of mechanical testing is not trivial, particularly in a hydrogen atmosphieee.
facilities at NIST have been adapted to accommodate these tests. Four different alloys were
investigated in high pressure hydrogen gas undey-fallersed straktontrolled loading.
Results on a 100% polygonal ferrite high strength low alloy (HSLA) steel will be compared
with severapressureessemartensiticsteelsacurrentlyusedcommercial130alloy, andtwo
higherstrengthsteelswhich would be desiredfor hydrogenpressureszesseluse. Thestrainlife
results will be compared to demonstrate how the different steel microstructures respond to a
hydrogen environment, particularly differences in elastic and plastic respoBsegarly,
changes in microstructure evolution with different stidan loading will be examined to
ascertain the effect of hydrogen on damage accumulatioplications as to the operating
embrittlement mechanisms will be discussed.
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Fatigue Friction drilling Threadforming

Abstract Production of detachable joints in lightweight components using friction drilling
andinternalthreadforming processesouldbeconsideredslightweightdesignstrategywhich
can reduce the material dintime consumption. Innovative front face friction drilling
perpendiculato thethicknessof thin-walled castprofiles enablesnanufacturinga borewith a
diameter larger than the profile thickness. Furthermore, tangentially shearing and radially
expansio of materialby afriction drill facilitatesa chiplessforming of the bores utilizing the
positive aspect of workardening. Afterward, using a cold thread forming for the tapping
process instead of thread c uniposinghagfurteenwoekn c e s
hardening into the subsurface of the formed threads.

Prestudy indicated that oversizing the friction drilled bores as a pilot bore can hinder the
complete deformation of the thread profiles during the thread forming processctBugpn
oversized internal thread to the static and dynamic load encourages bending of the thread
profiles (nut dilation) instead of shearing them, which can decrease the static and dynamic
strengthof formedinternalthreadsonsequentlyDeterminingthe properdimensiorof thepilot
boresdepend®n materialpropertiesandmanufacturingtrategiesAdaptingthemanufacturing
parameters of the friction drilling process according to material properties can enhance the
quality of friction drilled bores anfibllowing formed threads, consequently.

In this study M6 internal threads were manufactured intewltbed AISi10Mg cast profiles.

The speci mens were manufactured with two dif
find the propeprocess parameters. FBidy indicated that a decrease in speed of the friction
drill for 25%at the beginningof theprocesgpenetratiorof the conicalpart inspecimensgan
decreas¢heexpansiorof thecreatecore.ComputedomographyCT) waschoserto measure

the dimension deviation of manufactured bores and threads. Mechanical properties of
manufactured Méhreads were investigated by subjecting the four initial thread turns to the
staticandcyclic loads.Theresultsfrom conductedensileand fatiguetestswerecomparedand
correlated to the Ganalysis. Dimensional analysis with CT declared that increasing the tool
diameter for 0.1 mm increased the inner volume of the friction drilled bore, which led to an
incomplete deformation of the tta@ profiles and decreased static and cyclic strength
accordingly. Although friction drilling with an adaptive speed reduced the oversizing of the
created bore in comparison to the friction drilled bores with a constant speed, measuring the
volume of the fomed threads into mentioned bores indicated an opposite trend. While the
formedM6-threadsnto thefriction drilled bores withconstanspeedshoweda better strength

in quaststaticandLCF regions manufacturedhreadsvith anadaptivespeedndicatedahigher
dynamic strength in HCF regions. The fatigue tests wemeitored through NDT methods by
measuring the change in deformatioduced temperature and potential (ACPD). The
measured results were correlated to plastic strain up to faiburesponding to occurred
softening, hardening or possible cracks initiation and propagation in thread profiles.
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Fatigue Crack Growth Rate Residual Stress Electron Beam Welds

Abstract Electron beam (EB) welding has the potential to reduce the cost of manufacturing processes dt
its capability to be readilgutomated. It also has a smaller heat affected volume than other techniques suct
gas tungsten arc welding and has a lower total heat[bp@EB welding has existed for over seventy years, but
the attention of safety critical industries has only recently turned towards it with a focus on its possible fall
mechanics. This paper investigates the effect of residual stress created duringviildiBdprocess on fatigue
crack growth. EB welds create complex microstructure around the fusion zone (FZ) as well asiaiulti
residual stress fields which can have a noticeable effect of the fatigue behaviour of the material. The pre
focusses omvestigating 316L pipe sections.

First the residual stress present within the pipe near the weld is measured using a combination of contour me
x-ray diffraction, and incremental deep hole drilling. Contour measurements carried out by VEQTER Ltd sho
in Figure 1shows maximum residuatresses of approximately 400MP4. Mechanical poperties of the weld
and parent are measured using a laser micrometre tensile test method. Compact test (CT) specimens were
to conduct the fatigue crack growth rate tests in line with ASTM E647. The CT specimens are cut from
parent material andield region. The position of the CT samples cut from the weld region is determined &
cutting three initial CT samples each with differing notch position, being on the weld centreline and around
FZ boundary. These tests help to identify the most atitication to carry out the fulicale tests.
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Figure 1- Contour plot showing averaged hoop stress through thick
of the weldment, OD is outer diameter and ID is inner diametel

[1] M. Mokhtarishirazabadtal, St udy of the Fracture Am 6ag.tMeoh.E8g. i n
Press. Vessel. Pip. Div. PYRol. 6A-2019, Nov. 2019, doi: 10.1115/PVP2033655.

[2] G.Homme,DThomas, A. Collett, A. Clay, M. Cott, and A
Predicting Residual Stress in Pove a m  W@rh. &ac., Miech. Eng. Press. Vessel. Pip. Div.,RgP 6B
2019, Nov. 2019, doi: 10.1115/PVP20638528.
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Abstract A multiscale model for predicting fatigue strength of bainitic steel is proposed based on a generalis
methodfor evaluatinggrainb o u n d @Bs)effextéonfatiguecrackgrowth.The proposechodelisa

modificationof our previousworksthatextendgheapplicabilityfrom only low-grade ferrite steels to higjrade
bainite steels. A microstructure model was developed considbgdistancebetweerGBsand
misorientationdetweeradjacengrains.Themodel was validated by comparing with eximents using two
ferrite-pearlite and one bainite steel; resuiicatethe modelpredictedfatiguelives andlimits of steelswith
microstructuregrom coarse ferrite to fine bainite grains.
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Hydrogenembrittlement Dual phasesteel U-bendtest,

Abstract Advanced high strength steels (AHSSs) ased in structural applications and
automobiles to achieve higher strength to weight ratio. However, the AHSSs which exhibit a
tensile strength of 1.5 GPa are prone to hydragdaced delayed fracture. In general, the
applied stress, diffusible hydrogeontent, and microstructure atensidered the determining
factors for the delayed fracture. In addition, given that the automobile parts undergo forming
operationstheplasticstrainalsoplaysacritical role in delayedracturesusceptibilityandhence
must be factored in. In this context, thebend test is an effective trfialse test method to
evaluate the hydrogen embrittlement behavior.

In the current work, we evaluate hydrogen embrittlement susceptibility of a 1.5 GPa class
ferrite/martensiteluatphasgDP) steelusingthe U-bendtest. The steelis initially bentin a U-
shape and subsequently loaded by-bghtening. The applied stress was controlled by the
extent of boktightening. This was followed by galvanostatic hydrogen charging in & 3w
NaCl agueous solution containing MFCN, wherein the hydrogen charging current density
was increased in a stepwise manner until fracture. Fractography studies revealed a quasi
cleavage fracture. Furthermore, with an increase in applied stress, &geotisat the crack
initiation sitereachedhesurface We explaintherole of plasticstrainandmicrostructuren the
formation of surface cracks.
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shotearth soll sustainableoractice

Abstract The techniques used to build with soil arecient and have made an impact all
over the world.An innovative earttbased construction technique is the stantth technique.
Such a technology employs a material, named-sadh, composed by a dry mixture of
excavatedoil, aggregateandwater,where the soil may be eitherunstabilisedr stabilisedoy
a chemical binderThe mixture stream is projected at high velocity onto a surface, where the
impact compacts the material (Figure 1h the present paper, the fracture toughness of a
specific mixtue of shotearth (named shetarth 772), consisting in 7 parts of soil, 7 parts of
aggregates? partsof cement(by volume)andabout3% of water(by volume)is computedoy
using the Modified TweParameter Model, recently proposed by the authors.

3 s

Figure 1 - Shotearthtechnique.
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Impactdamage Ultrasonictesting Numericalsimulations

Abstract Polymericcompositematerials suchascarbonor glassfiber reinforcedpolymers,
are widely used in the aircraft industry owing to their numerous advantages, especially low
weight, which is critically important for theonstruction of aircraft components. One of the
mostimportantandcurrentlyinvestigategroblemss thesusceptibilityof compositeso impact
damage. Aircraft may suffer from impact damage as a result of hail, runway debris impacts,
bird strikes in flidit, or dropped tools during maintenance procedures.-éaked Visible
Impact Damage (VIS), like damage caused by a bird strike, is less of a problem since it is
detectableluringroutinevisioninspectionsandit oftenqualifiesthe componentor arepar or
replacementA morecomplicateds the occurrencef Barely Visible ImpactDamaggBVID),
which appearssa resultof low-velocity impactandis detectablenly duringinspectionswith
the use of a specialized equipment that allows to deteminal damage. According to the
damageolerancemethodologyaircrafthasto beincludedin appropriatanaintenanc@rogram
basedn performingperiodicinspectionaisingnondestructivaesting(NDT) methodswhich
ensuresietectingdamagebeforeit propagateso thelevel causing reducintpe strength othe
structurebelow an acceptablenit. One of themost widely used NDT method applied foe
aircraftinspectionss ultrasonictesting(UT) owing to the high ability of this methodto detect
and localize internal damage as well as identify its size and depth location. Through such
inspectionsit is possibleo monitorthepropagatiorof thedetectedlamagendmakedecisions
aboutadmissiorof theaircraftto operatioror thenecessityo takeanintervention. Thepurpose
of thestudiegperformedby theresearcheamwasto developamethodologymakingit possible
to predict the residual life of composites based on data acquired from UT and numerical
evaluation of structural degradation.main concept of the proposed approach was based on
reverse engineering by a reconstruction of the real shape of BVID in three dimensions using
imageprocessingndimageanalysismethodsFor this purposedataextractedrom ultrasonic
scansvereprocesse@ndnumericalmodelswerepreparedyhich reflectwith ahigh accuracy
the current technical condition of the composite specimens. The specimens were tested also
using Xray computed tomography (XCT), which allowed obtaining reference data and
adusting the models. The residual strength was investigated based on experimental and
simulated Compression After Impact (CAl) tests. This study summarizes the obtained results
of the ongoing research project, which indicated that the proposed methodofmgynising
and may be used as a tool of an enhancement of BVID identification as well as prediction of
the structural residual life
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SEM Undermatching Martensitic

Abstract Fracture surfaces on welded joints made of martensitic steels X 10 CrMa¥Nb 9
and Armox500T wereanalyzed Weldingwasperformedusinga combinationof nickel based
and austeniticferritic additional material, which achieved an undermatching effect. The
fractures offour testspecimensvereanalyzediwo of which weremadefrom tubeandhavea
rectangular crossection,while the othertwo testspecimensveremadefrom plateandhada
squarecross section. Fractures of all specimens occurred in the weld metal zone. A scanning
electron microscop€éSEM) was usedto analyzethe fracture surfaces.The obtainedresults
showedthat the fracture was caused by the mechanismiofovoids coalescence in the
presence of different inclusions and with different degrees of plastic deformation on the face
and root of the weld metal. The presence of a large amount of chromium in the additional
material contributes to increasing theesyth of the welded joint and its resistance to work at
high temperaturebutalsotheformedchromiuminclusionsaretheinitial sitesfor theformation
of secondary cracks.

SEM MAG: 500 x DET: SE Detector —_ ]
Hy: 20,0 kY DATE: 03/08:21 100 um Vega ©Tescan
VAC: Hivac Device: VEGA TS 5130MM Digital Microscopy Imaging

Figure 11 Fracturesurfaceof thespecimerCl-1
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Multi-cracking Thermalresidualstresses  CoupledCriterion

Abstract Whenaliquid waterdropfalls onavery cold plate,ice is formedalmostinstantly
after the impact on the cold surface. If the plate is cold enough, cracks may appear in the ice
layer. Depending of the temperatureof the plate, three cracking regimes were observed in
experiments. Foflc > -20 °C, a first regime shows that the water solidifies into ice without
creating cracks. Aecond regime appeasoundT.=-30 °C, the water solidifies entirely into
ice, then suldenly closely spacedcracksare formed.A third regime ispresented forT. < -
30 °C, cracks appear following a hierarchical order while the water is still solidifying, these
cracks are significantly more spaced than in the second regime.

Thesethreemechanismsareparadoxicallndeed the plateexertsa thermal loadingthe colder

the plate, the more intense the loading. We would therefore expectcnagking to be more
dense for higher loadings, and the opposite is observed. Based on a simplifieati2l, the
Coupled Criterion is able to explain this surprising phenomenon.
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polyproylene recyclate slowcrackgrowth

Abstract Recycling of plastics has already gained increasing attention in seutgrs,
including science, industry and commerce, due to the economic and technological importance
of thematerialsaswell asthe environmentabndsocialchallengesssociateavith the circular
economy of plastic products. In Europe, the amountlastic waste which is recycled and
furtherprocessethto newproductss currentlyonly about13%in 2018.0Oneoptionto process
highervolumesof postconsumerecyclatesnto newproductds blendingwith virgin materials.

In orderto investigatehe effect of recyclaten structuralmaterialpropertiesa postconsumer
polypropyleneaecyclatgPRr) wasaddedo avirgin polypropylengPRv) in differentcontents

T 10%, 25% and 50%, respectively. Mechanical and fracture mechanical properties were
analyzed and compared with initial conditions of the original materials (virgin and recycled).
In addition,theinfluenceof qualitativelydifferent recycledPP-r types(PPRrl andPRr2) were
examined by using grades of a low and high melt flow rate (MR&3ults demonstrate that
theblendingof virgin materialwith recyclateshada clearinfluenceon the materialproperties.

MFR values increased with higher recyclate content. Tensile tests showed a reduction of the
Y o u nrgodutusandtheyield strengthwith increasingecyclatecontentwhile theelongation

at break decreased and increased depending on the used recycled PP grade (FHR2).

While for the tensile test properties the values already changed significantly at a recyclate
conten of O10 %, Charpy impact strength was aff
and50%for PRrl andPRr2, respectively Theresistancagainstslow crackgrowth (SCG)of

the materials was analyzed by the crack round bar (CRB) test. Results inlatadesmall
recyclate amount of 10% does not significantly reduce the SCG resistance of the blend
compared to the virgin material. However, the SCG resistance decreases dramatically with
higher recyclate content.
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Structuralhealthmonitoring  Optimalsensomplacement Historical masonrystructures

Abstract Since destructive tests cannot be performedistorical structures, numerical
model updating using accelerometers has gained attraction in the last decade. Furthermore,
another application of structural health monitoring is damage detection foreat¢tme
monitoringof culturalheritageassetshat canalsobeasinfrastructuresuchasmasonnbridges.

High cost is the main problem that discourages the use of-damje structural health
monitoringsystemsandmodalpretestanalysiss requiredto planandoptimizethemodaltests.

For thispurpose, various optimal sensor placement (OSP) techniques have been developed to
derive the operational modal analysis results with a minimum number of sensors, leading to a
lower cost.

In this light, various OSP techniques have been applied on tweitabes. The first case
study is a masonry tower located in Tgnsberg, Norway and the second one isgantwo
masonryarchbridgein RhodesGreeceBaselindfinite elementmodelsweredevelopedefore
performing the ambient vibration tests and model updaprocess. The optimum sensor
locations were detected using various techniques, and a comparative study was conducted on
theresults.Furthermoreasensitivityanalysisvasdoneon eachmodelto investigatehe effect
of mat er i acertpinties pretmetOBReresalts.
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Adhesiveloint ShearStrength SurfaceFree Energy

Abstract In recent yearssignificant advances in the field of adhesive materials chemistry
have led to the constant development of bonding technology. The effectiveness of bonding
depends to a large extent on the suitable selection of the adhesive and the use of appropriate
surfa@ treatment technology. It is difficult to imagine virtually any modern industry without
adhesive joints, be it the aircraft, aerospace or automotive industries; which simultaneously
highlights the great importance of adhesives and adhesive materialsef@rdsent day
economy. Adhesive joining is a typical method for joining structural materials (including
composite substrates) in crucial machines and devices operating in various conditions of
thermomechanical loads. However, the phenomena occurring antéérface between the
substratendthe adhesivearesocomplexthatit is not possibleto developaneffectivegeneral
purpose adhesive for all materials.

Theinfluenceof cyclic thermalloadingonthestrengthpothstaticanddynamic,of lapjoints
is relativelypoorly known,especiallyin theaspecbf themechanechemicalchange®ccurring
within theadhesiveForthemostreliablepredictionof theadhesivgoint performancef carbon
composite substrates under variattiermomechanical loading conditions it is necessary to
understand the behaviour of the adhesive subjected to shock changes in the operating
temperature. Thermal fatigue of cured adhesives may imply aging processes and thus change
the mechanical properties.

The prepared adhesive joint specimens were subjected to cyclic thermal loading, following a
specificprogramjn thethermalshockchambeatthetemperatureangefrom -40°Cto +60°C, in
a specified number of cycles (200, 500 and 1000). The assumeer&tunp range for tests is
typical for the operation of machines, including aircrafts.

Theprimaryaim of the studywasto determingheinfluenceof thermalloading(fatigue)as
a function of shear strength of adhesive joints of carbon composite seasiraé results of
the tests were analysed statistically, observing the appropriate scientific standards.
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Hydrogenembrittlement Martensiticstainlesssteel Microstructure

Abstract Martensitic stainless steel -4PH is a precipitation hardening material with a
combinationof high strengthandgoodductility andwidely usedin variousmodernindustries.
However, this material is susceptibleitpdrogen embrittiement, HE, in some environments
and applications. In this study, the correlations between the microstructures in the solution
annealed condition and different tempering conditions were investigated, when exposed to
hydrogen. The differerémbrittlement mechanisms in -#7PH stainless steel in the various
heattreatmentonditions weradentified. Insitu electrochemicahydrogen chargingndslow
strain rate tensile tests, SSRT tests, were used to evalaute susceptibility to hydrogen
embritlement and fracturmechanisms. Fracture morphology and microstructurésecteel
were studied using scanning electron microscope techniques such as EBSD and ECCI. It was
found that 174 PH steel in the solution annealed condition is susceptible toodmmalr
embrittlement. Intergranular cracking and transgranular cleavage are two main mechanisms.
Tempering at 51®21°C reduces the susceptibility to hydrogen embrittlement, mainly by the
precipitationof nanoaustenitigphaseandchangeof dislocationstrudures.This hasalsocaused
fracture mechanism transitions from intergranular cracking to transgranular cleavage, and
finally a ductile cracking mode. This work will increase the knowledge to reduce and finally
avoid the susceptibility to hydrogen embattient in 174PH material.

Figure 11 Fish eyeat HE fracture
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Multiaxial fatigue Smalldefects Out-of-phasdoads

Abstract Non-metallic inclusions can often =een in the fatigue crack initiation site in
high-strength steels (Fig. 1(a)). These inclusions are known to be detrimental to the fatigue
strength, as they behave as stress concentration elerfiaetsame is valid for small defects
such as notches, holasd scratches. The goal of this research is to investigate not only the
effect of noametallic inclusions but also of small artificial defects on the fatigue strength of
the AISI 4140 steel under multiaxial loading conditions. In order to do so, tweatiifiane
based multiaxial fatigue nmud€epammeter EBhissaupl ed
empiricalparametenwvhichis usedo estimatehe uniaxialfatiguestrengthof metalscontaining
small defects (or inclusions). One of the major meritgifi—Parameter is the fact that the
material fatigue limits (under pugdull or torsion) can be estimated by considering only the
materialhardnesandthe geometry(area)of the smalldefect,i.e no costlyandlengthyfatigue
testsarerequired.To validatetheanalysisexperimentsindercombinedpushpull andtorsional
loading in and oubf-phase have been conducted in smooth and also in specimens containing
anartificially producednicrohole.Comparisorbetweertheestimateprovidedby thecoupled
critical planep&+—®arameter multiaxial criterion and data provided very good results, with
errors around 20%. Fracture surface analyses were also carried, as seen in Figure 1.

-
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Figure 11 Crackinitiation in nonrmetallicinclusion(a) andin artificial micro hole(b) seen
on the fracture surface of AISI 4140 steel specimens.
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Finite Element Hydrogentransportand Thermomechanicabading
trapping

Abstract In afuturehydrogenbasececonomycomponenteliability is akey prerequisiteas
hydrogen can contribute to a structureds eal
Hydrogen permeatioim conjunctionwith appliedthermomechanicdields, hasto becontrolled
to ensure the safety of 4gervice structures. In the specific case of nuclear fusion devices,
hydrogen permeation and retention in components is also linked to safety issues.

In ITER, the divertor plasmfacing components are actively cooledmoblocks. They
consist of tungsten armor and CuZrCr cooling pipes in which pressurised water evacuates the
heat deposited by the plasma power loads. A significant part of the plasma load is carried by
energetic tritium ions that impact on the componeotsyhich a fraction permeates in the
monoblock to remain trapped or even enter the coolant flow. The related tritium retention and
permeation must be understood.

For a better understanding of this permeation process, a simulation of monoblock plasma
expasureis conductedy meanof the Abaqusfinite elemensoftware Hydrogendiffusionand
trapping,assistedy thermomechanicdields, is modelled usingspecificdevelopmentsvhich
permit the simultaneous resolution of transient heat transechanical stresses (including
expansion) and diffusion and trapping problems. In the specific case of multimaterial
componentschemicalpotentialcontinuityis assumedo belinked only to theratio of hydrogen
concentration and solubility. Thenparanetric study is conductetb capturehe influenceof
the boundary condition on the hydrogen retention and permeation in monoblocks.
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In-planeconstraint Out-of-planeconstraint Brittle fracture

Abstract Cracktip constrainttanhaveasignificanteffecton fracturetoughnessGenerally,
alossof cracktip constrainttancauseanincreasen fracturetoughnessThis meanghrougha
fracture test with standard specimens which have a high level oftipacdnstraint, only the
lower bound toughness of the material is obtained. Therefore, to make the best use of the low
constraineffectandreduceoverconservatisnin structuralintegrity assessmernt,is important
to quantify the constraint level and to correlate it with fracture toughness variation.

Constraint is often divided into 4plane and oubf-plane. Currently, there are many
parameters that are used to characterize iroahdf plane constraint separately. Thetress
andQ, whichwereadoptedy R6 andBS 7910flaw assessmemroceduresareusedto assess
the inplane constraint level, whil€z works as an owbf-plane constraint. However, it can be
difficult to quantify the combined effects of constraint in different directions in a real case.
Thus, some unified measurement parameters have been introduced to characterize such
combined effects. & example, the AndersbBodds method{i and Ar. Although these
parameters were validated by many numerical studies, applications to comprehensive
experimental data of materials with different yield to elastic modulus ratios are far and few
betweenThelack of large scaleexperimentalalidationhaslimited their applicationin safety
critical industries such as nuclear.

In this study the effectivenessf severalvell-knownconstrainfpparametersvasinvestigated
for two differentmaterials:AI7075 T651andBS1501224 28B steel. Al7075 T651,a gradeof
aluminum prone to brittle fracture, was tested at room temperature, while B325®8B
steel, a ferritic steel, was tested-&t6 0 . A series of SEN( B) and
different thicknessesna a/W, which ensure a large range ofplane and oubf-plane
constrainttonditions,weretestedo establisha detailedexperimentatlatabasef fracturetests
which was then analyzed by finite element modelling. All simulations were conducted with
ABAQUS6.14.Then thoseconstrainparametersverecalculatedy thesimulationresultsand
compared to evaluate their effectiveness.

It is found that, for AI7075 T651 and BS15Q24 28B steel at brittlacture, T-stress and
Tz can only quantify irplane and oubf-plane constraint, separately. The param€&eran
partially characterize both constraint levels, but it is not possible to establish a monotonic
correlation with fracture toughness. The unified parameters are shdvenstensitive to both
measures of constraints, and there is a high order relationship between them and fracture
toughness.
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Biaxiality Uniaxiality Constraintlevel

Abstract Cracktip constraint is defined as the resistance of a structure againsttiprack
plastic deformation. A loss @fracktip constraint can cause an increase in fracture toughness.
Thereforethestandardestgeometriesuchascompactensionspecimensredesignedo have
high levels of constraint so they can be used to measure the lower bound level of toughness.
The factorsthatcanaffectthe constrainievel areoftenconsideredo be componenthickness,
crackandligamentiength,geometryandtypeof loading.Currently,widely accepteadonstraint
parameters such §sandAp are used to quantify their effect on toughness. The effectiveness
of suchparametertasbeenvalidatedusingspecimensvith uniaxialloadingsuchasC(T) and
SEN(B). Howevera largenumberof industrial assets experiensedes of loading othehan
uniaxial. While multi-axiality hasbeenconsiderec&nimportanteffectin variousstandardsind
assessments, its effect on the toughness has often been considered separate from constraint.

In this study, a number of cruciform Point Bend
biaxial specimens as well asPint Bend specimens
of BS 1501224 steel were tested at lower shelf
160 ). The results wer g
includes results of 281m thick C(T) and 10mm thick
SEN(B) tests carried out previously. Finite elemd
analysis of all tests was conducted with ABAQU|
6.14, and essential results were extracted to calc
Q and a unified measure of constraint.

dat as ¢

It wasfoundthatthe effectof biaxiality is captured
successfully on cruciform specimens using a unif
measure of constraint. The constraint levels
cruciform and rectangular specimens are lower t
those of C(T) and SEN(B) specimens. Paramé&eff
and the unified measurements quantify toughn! Fi‘gurelhotograpmfcruciformspecimen
variations in C(T) and SEN(B) specimens but cant experimental setup
be used for combining uniaxial and biaxial bending
conditions.
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bucketwheelexcavator weldedstructure fault-treeanalysis

Abstract The main part of this paper is consisted of presentation of a new method for
determination of reliability of the structures. Presented method provides more knowledge and
confidence when evaluating the construction of vital welded structures and determining the
causeof theirfailure in service.The probabilisticandsemiprobabiligic approachebhavebeen
defined for expressing the coefficient of v
weakening (d), while reliability (R) has bee
welded structures on bucket wheel exatavs in service (Fig. 1).

The applied "faultree" analysis enables quantitative and qualitative analysis of the failure
causesgiagnosticof behaviorandstructuraldegradationevaluationof integrity andestimate
of the service life of the vital weddl structures that have a flaw in the welded joint, as well as
creating a data base, by which the reliability of the bucket wheel excavators can be increased.
Themethodalsomakespossibleo efficiently testtheweldedjoints, duringthe manufacturing,
acceptance and assembling the new welded structures of the bucket wheel excavators, cranes
or bridges.

MBI T ot

AT ¥ —

Figure 1 - Thebucketwheelexcavator SR200020/5 inexploitation,Kostolac(Serbia)
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#070Effect of the manufacturing processon the bending characteristicsof hybrid
structures in Titanium-Lattice/FRP

Costanzdellini, RosarioBorrelli?, Francesc®i Capric, Vittorio Di Coccd, Stefania Franchittj Francesco
lacovielld, Larisa Patricia MocartuLucaSorrentind

Departmenof Civil andMechanicalEngineering Universityof Cassincand Southerri_azio,
Cassino, Italy

2 ManufacturingProcessesn Metallic MaterialsLab., CIRA, Capua,ltaly

EBM printing Compositematerial Bonding

Abstract Higherperformances in terms of mechanical properties, lightweight, and reliability
areincreasinglyrequiredto materialsusedn thetransportatiorfield, dueto theneed of reducing
pollutant emissions and increase the safety level. A solution totheset requirements is the
adoption of innovative hybrid structures made of metallic lattice core and commpaséagal
skins, becauseboth of them are characterizedy high specific strengthand stiffness. These
peculiarities are synergically increasedentihey are combined together, giving rise to a more
performant material. Compared to other commercial cores, like honeycomb, lattice core is more
rigid, but the loads applied to the structure are not uniformly distribdtegtp the particular
topologyof thelattice.For thisreasonskinsarerequired.The simplermpproacHor achieving
this objectiveconsistan producingboththeskinandthelattice cord¢ogetherjn suchamanner,
boththeskinandthe coreshouldbe madeof thesamematerial. This represents a very practical
solution from a manufacturing point of view since the whole part can be produced within a
single process; however, it may not be the best one in terms of perforespeaallyin terms
of strength/weightatio. For this reason|atticestructuresvith FRP (fibre reinforced polymer)
have been proposed. In fact, composite material is more lightveeigitaredo metal without
decreasinghe mechanicalperformance. Athis point, a question arises: what is thest
technological process to produce such hybrid structures?

In thiswork, two differentprocesseareanalysecandcomparedco-curingandbonding.In
the former case, the prepreg layers are laid up directly on the lattice, which acts as a mould.
Insteal, in thelattercase acompositemateriallaminateis curedalone,andthenit is bondedo
thecore.Theformerresultsto bemoreconveniensincea singlestepis sufficientto obtainthe
part,especiallyin the caseof complexshapeparts.Ontheotherhand,thelatterallowsthecure
of thelaminateon adedicatedsmoothmould,improvingthe quality of the laminateitself. The
aim of thework is to compareheflexural propertieof thelaminatesobtainedhroughthetwo
abovementioned processes. After the production of the laminates, specimens were extracted
and tested according to the thym@int bending procedure. Both types of specimens
demonstrated a similar stiffness, but thecooed one presented a higher strengtith an
improvement of about 10%. This finding, coupled with the greater process ease, makes co
curing the best technological solution.
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Brazilian Disc Test Truncated Brazilian Disc Tensilestrength

Abstract Since its introduction, almost eight decades ago, the Brazilian Disc testdsastilhg the interest of researchers
being a challenging topic both experimentally and analytically. In this direction, several alternatives are proposed f
time to time to improve the procedure and the reliability of the respective results (Rindptésneld Brazilian Disc test,
Circular semi ring test, etc.). In this context, a new configuration is here proposed: the Circularly Truncated Brazilian [
(CTBD) test (Fig.1a). The CTBD test aims to alter the biaxiality ratio of normal stresses aitdreo€éhe disc, in favor

of central fracture against potential premature cracking at thepldisen contact region. In this context it is believed that
CTBD could further guarantee the reliability of the test results providing accurately the teasighstf brittle materials.

The solution for the respectv€BEundament al problem of the CTBD is obt
potential technique [1], as recently applied in the case of the Flattened Brazilian disc [2]. Narh#ig dostact arc and

the contact stresgoundary conditions for the®IJproblem) are defined from the CTBE2micircularintender contact
problem (Fig.1b), and then th&droblem for the isolated CTBD is solved (Fig.1c) using conformal mapping. Théeoomp
potentials solving the problem are sought as:

. -1 2 . .
i (2) =2p(Ta:tl (X; ®)log(z z) ,f2) o
Kk . . 1 " . Z
= (X, ) - X Y, L
y(2) 20 + )azi( ; F)log(z z) ?F)T%(( ;| J)-'Z_g _0(27'
disMuskhelishvili 6s c Gfr)syb(a ard subjectad toddieemin@idonB D, and

leframe
Semicircular el R,
Plate indenter R, /\Rz ,

. Parabolically’
indenter distributed //, A
Circularly pressure //} y
truncated / A
Brazilian dis¢ CTBD oo/ sh'R

(a) (b) (c)
Figure 1- (a)The CTBD test; (b) Theontact problem; (c) the 1st problem for the CTBD.
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L-PBFAISI316L Low-cyclefatigue Cyclicresponse

Abstract While the LowCycle Fatigue (LCF) behaviour of wrought AISI 316L stainless
steelis generallywell documentedh theliterature lessstudieds thebehaviorof thesamesteel
made by Laser Powder Bed FusionKBF) additivemanufacturing. This works aims at
comparingthe cyclic responseandLCF strengthof an AISI 316L steelin bothwroughtandL-
PBFadditivemanufacturedAM) state. AM samplesvereobtainedby scanningoi-directional
tracks melted in layers of 0.025 mm wih0.12 mm laser beam moving at 600 mm/s and
providing 180 W of power. The exposure pattern consisted of 5x5 mm alternating islands.
During testing, AM material shows an initial cyclic hardening followed by softening until
failure; the wrought material ageveals a significant secondary hardening in lastgbaetst.
The wrought material exhibits a stramduced martensitic transformation of the austenitic
phase, whereas in the AM material thegphasic microstructure undergoes only the activation
of dislocations (local micrglasticity). At each strain amplitude, the cyclic stress values of L
PBF AISI 316L are almost always above those of wrought material. Despite the different
elastoplastic response, the two materials show a comparable LCF strerfgabto§raphic
analysis was also conducted on broken specimens to detect the microstructural defects
responsible for crack initiation.
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Figure 1 - Cyclic stressresponsendstraintlife curvesfor wrought(W)andL-PBF (A)
AISI 316L stainlesssteel.
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#073 Evaluation of tire vehicle stiffness under drift or cornering forces
FranciscaQ Melo?, NunoV. Ramos, PedroG. Moreiral, Paulo JTavare$

1UMAI, Unity of ExperimentaMechanicsandInnovation,INEGI, Instituteof Scienceand

Innovation; R. Dr Roberto Frias 378; 40565 Porto; Portugal

Tire radial stiffness Tire lateral stiffness VehicleDrift

Abstract Thetire is an essentiacomponenfor safevehiclefunctionality in peopleor goods
transportA vehicle tire is subjected to complex dynamic loads. In tire dynamics, there are three
dominant force directions that must be scrutinized: the circumferential, the radial and the
transverse. Attention is focused on #ifect oftransverse forces on tigiructure. This typ®f

forces has anajor influenceon vehicle behaviour,oncetransientlateral actionsaffect the
evennessf the vehicle trajectory, eventually potentiating its loss of control. The present work
proposes a simplified model for titateral stiffness calculation. The solution is based on the
balance of thenternal energyof the compressedir volume by tire deformation,versusthe
externalwork due to transverse force, thereby distorting the tire at the tire/soil contact surface.
Thestudy considers only the effect of lateral forces but includes also the coupling with radial
loads, as these affect the tire shoulder dimension by radial compression as described.

Points at tire diameter
where lateral distortion
vanishes: 8=(-1/2, x/2)

1 Tire deformation
v\ dueto drift

N

Fshear = Tire shear force
due to drift

drift displacement

Figure 17 Tire distortionby lateral forcedueto cornering.
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#075Heat treatment effecton stresslife curve of additively manufactured MS1
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Fatiguelife Additivemanufacturing Effectof heattreatment

Abstract Additive manufacturing (AM) is a rapidly developing technology with the
advantage to produce structural parts of complex shapes directly from 3D digital models
withoutfurthermachining Thepostheattreatmenbf AM metallicmaterialis oneof thefactors
influencingits mechanicapropertiesTheinfluenceof thetemperaturef agetreatmenbnthe
fatigue life of AM maraging steel (MS1) is not fully recognized. A few studies reported that the
agetreated specimens at #@exhibited increased fatigue life compared to specimens without
the heat treatment. The temperature of’@J0r age treatment of AM maraging steel (MS1) is
a standard applied value deduced from previously reported research on its positive effect on
tensilestrength. Thaim ofthepresent research is to analyhe effect oftheageing treatment
conducted at 4%C, 470C, and 498C on the fatigue lives of AM maraging steel (MS&hder
fully reversedaxial cyclicloading.Thestresdlive curveswereidentifiedthrough thenontlinear
KohoutV N ¢ medel. The influence of agetreatmenttemperatureon the tensile yield and
ultimate strengths is evident (Fig.1a). But their influence on fatigue life is not statistically
significant(Fig.1b). Thoughthe medianstresslife curvesareshiftedapproximately up to 8%,
thelife scattelis higherand theestimated 95%onfidencebounds foidataat 470C include all
median curves (Fig.1b.).
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Figure 17 Tensilestressstrain andstresslife curvesof additivelymanufacturedS1
maraging steel under different post heat treatments
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#076Influence of DMLS printing orientation on the strength of materials before and
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DMLSprinting Heattreatment Anisotropy

Abstract The basic mechanical properties are determined on the basis of appropriate
experiments carried out on samples cut from thent@serial. In most cases, neither the place
nor the direction of sampling affects the mechanical properties of the sample. In such a case,
we say that the material tested is homogeneous and isotropic. However, for additively
manufactured materials it is thfent. The materiahnalyzed in the paper will be 3D printed by
the EOSINT M280 metal 3D printer usingthe DMLS/SLM (Direct Metal LaserSintering)
method.Thistechnologyenableghedirectproductionof high quality metalpartsbasedon 3D
CAD models. However the specimens prepared in this technology are characterized by
anisotropic properties [1]. The strategy of printing specimens involved printing at different
orientations.It hasalreadybeenproventhatthedirectionof print buildupof the printing layers
has an impact on the strength of the tested materials [2].

The paper presents the results of a static tensile test for specimens printed before and after
heat treatment. The aim of the paper is to investigate the influence miriherientation on
the mechanical properties and cracking curse of the tested material, including heat treatment.
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#0773D analysisof HR-EBSD fields of indentation micro-cracksin (001) Silicon
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HREBSD StresdntensityFactor Indentation

Theresidualstrainfields of cracksinitiatedata Vickersmicro-indentationn a(001)Silicon
monao-crystal wafer have been investigated (Figure 1a). The symmetrical elastic deformation
field surrounding the indentation was calculated by-EBSD (highresoldion electron
backscatter diffraction) (Figure 1b) and integrated into the equivalent 3D displacement field
(Figurelc). Theout-of-planedisplacementsvere consistentvith thetopographymeasuredy
AFM (atomicforcemicroscopy).The 3D stresdntensityfactors(SIFs)werecalculatedvia the
J-integralandtheinteractionintegrals(without requiringknowledgeof theloadingor thecrack
geometry) in an anisotropic linear elastic finite element model that used the 3D displacement
field as a boudary condition. This found an opening mode | SIF for a {110} crack that was
orthogonalo thesurface, anéh-planesheammodell SIFfor aninclined{111} cleavagerack
(Figure 1d). The analysis method applied here to ex situ measurementyedidoal fields
could be applied to in situ studies to determine the critical SIFs.
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Figure 11 (a)(11f cleavage cracHueto Vickersindentationin (001) Silicon. (b) In-
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Structuralfuse Endurancdime method Hybrid coupledwall

Abstract One of the common lateral bracing systems in reinforced concrete structures is
shear walls. A coupling beam can be used daedioitectural limitations for connecting two or
multiple separataevalls. The behaviorof coupledshearwalls is governedoy couplingbeams
which arethe most vulnerablg@arts ofcoupledsheamwall systems. Thereforéeams couldbe
designedo act ageplaceable fusda the systemln this paperthe applicatiorof viscoelastic
coupling dampers (VCD) and replaceable steel coupling baamkighrise buildinglocated
in ahigh seismicityregionis investigatedA parametricstudyhasbeenconductedo determine
the optimal number and placement of the dampers to achieve enhanced seismic performance of
the structure. The endurandene analysis methotas beenutilized to comparethe seismic
performanceof a conventionabkteel coupled walbuilding to alternativedesigngncorporating
VCD. Theresultsshowthatthe structure'sapacitywith VCD is 17%higherthanthe structure
with steel link beams. The natural period of the structure increases by employing VCDs. By
replacing the steel coupf beams with less stiff VCDs, the lateral stiffness of the structure is
reduced, and the natural period is shifted beyond the predominant periods of typical
earthquakes. The added damping provided by the VCDs dissipates seismic energy and
effectively corrols excessive drifts.
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Veryhigh cyclefatigue Cantilevertest Strip steels

Abstract Duringthepastdecadesyery High CycleFatigue(VHCF) researclnasdeveloped
into an active and prioritized research area since the number of cycles upl@°l¢an be
reachedvithin areasonablyshortamountof time by the developmenbf 20-30 kHz ultrasonic
fatigue testing equipment. Howay testing of strip steels has not been conducted on a great
scale due to their low thicknesses, which create difficulties especially when it comes to the
grippingof thespecimendn thepreseneffort, cantileverbendingfatiguestudiesof cold-rolled
strip steelswereperformedn the VHCEF life region.An experimentasetup includingtheload
chain ultrasonic horn and specimen was designed for resonance. The design of the specimen
alongwith theFEM calculationof eigenfrequencgrepresentedi-atiguetestingwasperformed
at 20kHz in the cantilever bending conditions up to fatigue life 6ftdd® cycles. Three
martensiticstainlesssteelgradesandonecarbonsteelgradewereevaluatedandtheir nominal
composition, thickness antensile strength are presented in Table 1. Microstructural
characterization of the different grades was performed by SEM. Finally, the effect of
microstructural features on VHCF behavior and SEM fractography results are discussed in
detail.

Table 1. Nominalcompositionthicknessaandtensilestrengthof the testedgradesmaterials.

Thickness Tensile
Nominal chemicalcomposition(wt. %) strength
Grades (mm) (MPa)
C Si Mn Cr Mo Ni Y
A 0,40 0,20 0,55 13,3 0,35 1,35 0,35 0.60 1810
B 0,40 0,20 0,50 12 2,30 - 0,50 0,381 1910
C 0,38 0,45 0,55 13,5 1,0 - + 0,381 2100
D 1 0,30 0,40 0,15 - - - 0,381 2100
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#080A microstructure image-basednumerical modelfor predicting the fracture
toughness of alumina trinydrate (ATH)filled poly(methylmethacrylate) (PMMA)
composites
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Particulatecomposite Fracturetoughness FEA model

Abstract Particulate reinforced polymeric materials are a class of materials which appear
in numerous applications in our lives, such as in automotive parts, building materials and
various consumeproducts. On a macroscopic level they appear as continuous materials but
whenexaminedon asmallerscale the particulate reinforcememtispersednto thecontinuous
polymeric matrix marks the crucial link between structure and mechaedarmance. The
particles can have a wide size and shape distribution; they may be well dispersed in the
polymericmatrix or agglomeratedhto localisedregions.They couldbewell or poorly bonded
to the continuous polymeric matrix. In addition, theilatike amount by volume and the
contrast in their properties in comparison to those of the matrix can greatly affect the
compositebs bulk response. We Wwhchansidessvak | oped
these parameters and provides accurate prediat s of t he compositeds
providing a powerful design tool for optimising the performance of these materials in their
respective applications. In our study, we use microstructural images of such a composite
Aluminatrihydratefilled poy(methyl methacrylate) andwe feedtheseinto aFinite Element
model of a representative material volume. Our model is capable of simulating several failure
micro-mechanisms and not only predicts well the modulus and the strength of the composite
butalsogivesaccurateestimatesor the fracturetoughnes®f the compositeusinga noveland
simple approach, as a function of particle volume fraction and particle size. The estimation of
thefracturetoughnes particularfrom modelshasbeenalong-standinggapin thecomposites
literature. For example, the model is able to predict the effect of crack arrest caused by larger
particles associatedlith highertoughness, and tregglomeration ofmall particles leading to
matrix cracking associateslith lower toughness (see Figure 1). This work enables material
manufacturers to cost effectively develop tougher, hence safer and more durable, particulate
composites.

100 pm

Figure 1 Typical crack growth path (a) without arrest nor agglomeratinduced matix
crack, (b) with arrest,markedby thered circle and(c) with agglomeratiorinducedmatrix
crack, marked by green circle.
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ANP-5 Miniature CompactTension MasterCurve

Abstract The nuclear industry demands analyses that make possible tietongperation
of nucleampowerplants(beyonddOyears)In thissensepneof themainchallenges$o overcome
is the restricted amount of materalailable to extend the surveillance programs. To mitigate
this issue, miniC(T) specimens have been proposed to evaluate the fracture properties of
reactor pressure vessel (RPV) materials, and particularly, the corresponding Master Curve.
These specimermsan be taken from the broken halves of previously tested Charpy specimens.
In thiswork, mini-CT specimenfiavebeenemployedo evaluatehereferencaemperaturef
the RPV ANRS steel in nonrradiated conditions. The obtained results were compared with
those obtained by means of conventional fracture tests.

Figure 117 Comparisorbetweemini-CT andstandardCT specimens.
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Copperalloys CuMg Finite ElementMethod

Abstract Modern industry isocused among others but not limited to the efficiency of the

manufacturingprocessWhichis why, whenanewmaterialis beingdesignedt is necessaryo

assess its susceptibility to prospective cold working processes to the form of a final product.
Conductive materials with copper matrix usually find their origin in various casting lines and
the obtained cast rods or ingots are used as batch material for further drawing or cold/hot die
forgingprocessesl hestudypresentsesultsconcerningiumericalanalysisof thecold working
processesf CuMg alloyswith variousMg content(2 - 4 wt. %). UsingFinite ElementMethod

(FEM) simulations possibility of fracture occurrence was determined during plastic working.
The analysisof the obtainedresultsmadeit possibleto verify the bestgeometryof the tools,

i.e. the drawing half angle and the bearing length of the drawing die, as well as the optimal
shapeof theforging die limiting theflash.All theanalysisverebasednthe experimentatiata
regarding the Ultimate Tensile Strength of the alloys in order to estimate whether or not the
fractures would occur and thus the possibility of subjecting the designed materials to metal
working processes.
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Copperalloys CuMg Deformability

Abstract An increasing demand falectricity conducting materials caused by growing
demand for electrical energy made it necessary to improve existing materials and develop a
newtypeof alloys suchasCuMg alloyswith highwt. % of magnesiumThe obtainingof such
alloys using metallurgal synthesis have been proved to be possible in several scientific
publications, however, processing of the obtained ingots or cast rods is still to be questioned.
The proposed paper is dedicated to the susceptibility to deformability during cold wofking
CuMg alloys with Mg content ranging between 2 and 4 wt. %. The conducted uniaxial
compression tests determined at what Mg content and with what amount of deformations
fractures occurred. The materials were analyzed in four various states,ciast aste, after
homogeni zation and supersaturation, after dr
after drawing and recrystallization. The obtained results made it possible to analyze basic
properties such as hardness and electrical conductivity @mndeolution as the material
changed due to the tests it was subjected to. The analysis of the results made it possible to
determine the possibility of fracture occurrence during the deformation process and the
prospective final properties of the desigmeaterial.

PS hasbeenpartly supportedby the EU Project POWR.03.03.00P.0800-P13/18- PROM
NAWA
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Abstract Porous titanium scaffolds fabricated by additivenufacturing (AM) techniques such

as Selective Laser Melting (SLM) offer many benefits which have been identified as
advantageous over traditional biomaterials for bone reconstruction and osteochondral tissue
engineering strategies consisting of metal iandtro engineered catrtilage.

Themechanicapropertiesof theindividual strutsmakingup theseatticescanbesignificantly

different to the bulk material. These changes have been relafedttoes inherited from the

SLM process; among which are deions in the aduilt geometry from the adesigned. In

this regapdinhé ¢SPhnglbeased | aser scanning s
suitable for the fabrication of such lattice structures than more traditional camdbatch

(C&H) based approaches. In the SP approach strut thickness is determined by melt pool
thickness defined aa single exposure point for each build layer; offering the potential for a
smaller minimum feature size.

Herewe areseekingo 1.) definethe SPscanningstrategyfor thefabricationof arangeof strut

sizes and orientations via the control of laser spot size, power and exposure time and 2.)
characterize changes in mechanical properties of the induvial struts across this range. Special
attention is paid towds relating these properties back to deviations in tHrudisgeometry;

as has been done with C&H based approaches. Furthermore, we extend this work to draw
further conclusion from other straize dependent, process inherited factors including surface
roughness and microstructure. This knowledge will improve our understanding of how the
properties of micrdattices are influenced by the SLM process.
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funded by the European Regional Devel opment
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ThermalShock Crackpropagation Thickwalled cylinder

Abstract For a safe operation of nuclear power plants, the integrity of tb@&ator pressure
vessel (RPV) must be assessed. Experiments on real scale RPVs are expensive and almost
unfeasible. Ongvay to overcome thiglifficulty is to usethick walled cylinderg§mock-up). At
PSI,experiment®n downscaleanock-upsarecurrentlyplannedto be carriedout. At thesame

time, simulations of crack propagation with the implemented extended finite element method
(XFEM) in ABAQUS are performed but validation is required. In this contribution, the
simulationof crackpropagation iramockup subjectedo athermalshock transiengimilar to

a pressurized thermal shock occurring in a loss of coolant accident is presented. The
experimentatonditions (geometrfpadsandmaterials)aretakenfrom the FALSIREproject,
wheretheexperimeniwaswell documentedT heresultsof thesimulationarecomparedigainst
thecorresponding@xperimentatiata,with thefutureview ontheapplicabilityof XFEM onthe
planned downscaled modaips.

The material used in the finite element modetresponds to a specially hdegated ferritic

steel and mimics the fractureechanical behavior at the entllifetime of the reactor, i.e. it
exhibitsahighductile-to-brittle transitiontemperaturéDBTT) asahighly irradiatedRPV steel.
Correspondigly, this high DBTT is considered in the simulation approach. The temperature
dependence of material fracture toughness is described following the ASME models and is
relatedto the maximumprincipalstres<riteriafor theinitiation of crackpropagatiorandcrack

arrest, where linear elastic fracture mechanics (LEFM) is applied. Thus, the modified
temperature dependent stress criteria are included IABA&QUS simulation by means of a
subroutine UMDGINI.

The mockup under investigation contains a fullyaumferential initial crack. Both the loads

and geometry of the cylinder are axisymmetric, however in the implementation of XFEM in
ABAQUS, axisymmetric elements are not available. To avoid a full 3D finite element model
and taking advantage of this symnye we proposed a model based on a cyclic symmetry of
the cylinder. The results show that the crack propagates through the cylinder but comparison
against the experimental results shows an overestimation of the final crackTdeptiuality

of the soluton is demonstrated by a parameter analysis.
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ElectronBeamMelting Recyclingpowders Microstructure
Ti-6Al-4V Defects Plasma atomizatioprocess

Abstract Electron Beam Melting (EBM) is an additive manufacturing proteasforms
part of the Powder Bed Fusion (PBF) category. All the PBF processes share the same basic
printing steps and use as material feedstock the metal powder which is previously atomized
according to several existing methods. After the printing cyloke powder in excess may be
reused following &uitablesieving proceduré lowerthe production costs, otherwiselage
percentage of unused powder would be lost. The waste powder may differ in several respects
compared to the starting virgiones, depending on how many times it has been reused.
Moreover, degradations in powder properties and its chemical composition can lower the
qguality and the mechanical performances of the components fabricated by Electron Beam
Melting. The aim of this worls to investigate the microstructure variations in two batches of
Ti-6Al-4V powder:virgin powdersproducedisinga plasmaatomizationprocessandrecycled
powders more than one hundred times. Printed with the two batches of powder feedstock, 6
EBMed cylindrical bars were analyzed both from the point of view of microstructure and
internal defects using an Optical Microscope. The bars were firstly cut and then embedded in
resin, polished and etched with a Hydrofluoric acid (HF) solution. The experimesiiitisre
showseveratypesof internalimperfectionsncludingmacroporespnicrovoids,Lack of Fusion
(LOF) defectswhich are directlydependentn process parameteasidquality of the material
feedstock. While for the microstructure few changes weredidaath in powder particles and
in their printed bars.
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Additivemanufacturing Thermomechanicdhtigue Damagemechanism:

Abstract The aim of this work was to study the damage mechanisms in additively
manufactured 316L stainless steel subjected to thermomechanical fatigue. Both vertically and
horizontallybuilt specimensvereprintedandtested Cylindrical specimensveremachinedut
of bars and were cycled in-phase and ottf-phase loading modes in the temperature range
of 550 750 °C. The tests were stragontrolled with mechanical strain amplitudes of @3
and 0.5 % (iphase tests) and 0.3, 0.5 and 0.6 %-@fyghase tests). The material was
characterized both prior to and after testing by means of visible light microscopy, computed
tomography (CT), scanning electron microscopy and transmissionoelenicroscopy. The
grains in the initial microstructure exhibited elongation along the building direction. No lack
off usi on defects | arger than 5 em were reveal
the micronscalewerepresentTheinternalstructureafter cycling compriseddislocationcells
elongatedn <100>direction.Underin-phasdoadingconditions thevertically built specimens
exhibited higher fatigue lifetimes. The dominant damage mechanism was a creep mechanism
starting with the nueation of cavities along grain boundaries, followed by their growth and
coalescence, which can be attributed to the relatively high stresses at high temperatures. As a
result, intergranular damage was dominant. Undewobphase loading conditions, agahe
vertically built specimens exhibited higher lifetimes, however at notably lower stresses. The
dominant damage mechanism was oxidatiesisted crack initiation, which resulted in
numerousshort,shallowcracksrunningapproximatelyperpendiculato thesurface As aresult
of absent or relatively low creep damage at high temperatures, the character of damage was
transgranulaandtherewerestriationsatthefracturesurface Theobtainedexperimentatesults
are discussed in relation to the lifetitmehavior of the tested material.

D -‘ "“

Figure 1 - STEMmicrographsBF contrast)of thetransversafoils revealingdislocation
cells present prior to the testing. a) Vertical and b) horizontal building direction.
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bucketwheelexcavator structuralreliability reliability indexbasedon

SchR$30 stress

Abstract Structuralanalysisof largestructuresuchasbucketwheelexcavator§BWE) are
generally performed using the finite element analysis and assessed according to the portion of
thema t e ryieldinglimg. Consequentlyastructurds evaluatedust by the maximumstress
atthespecificlocation.In orderto addresshewholestructurakresponsef theobject,this paper
introducesastructuralreliability-basedevaluatiorpresentedn a casestudyof the BWE SchRs
630. Althoughthe BWE reliability hasbeenexploredn theliterature,mostof theresearctwas
based on the obtained failure of systems and structure over the years. Nevertheless, this
investigation is dividing the pure structural from the system failure by mapping and analyzing
thespecificstructuralzonesof theBWE. Finite elemenimethodobtainedrangeof randomized
stressegi.e.,D i demandf thestructure)n astructurds categorizedsindependenvariables
andmodeledusingprobability densityfunction. The sameis performedn caseof thecriterion

T yield strengthof thes t r u cntaterral@.&,€ i capacityof thestructure) seefigure below.
Furthermore, yield strength distribution its
meaning that mean value of the yield stres® ise reduced when used as a criterion for the
stressassessment$herefore, anarginfunctionis analyzed accordintp theequationM = C

i D. Consequentlythestructures assessedsawholethroughtheintroductionof thereliability

index based ostresses. Such evaluation could enable comparison between the corresponding
and similar structures in terms their structural response in more holistic manner.

Margin function:M=C-D

Yield
stress
(C - capacity)

| Stress
(D - demand)

0 100 200 300 400 500
Stress [MPa)

Figure 17 stresdistribution (statidoad) and probability densityfunctions BWE.
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Thicknessandscaleeffect Selectivd_aserMelting Sheetbasedattice structure

Abstract Additive Manufacturing (AM) has demonstrated significant advancements in
fabricating metallic components recently sificeas gained popularity due the invention in
the 1980s. It has been providing new possibilities in industries with complex geometries such
as lattice structures, which are considered as excellent candidates for numerous applications
from relatively small to large scales such as biomedical implantagoesgy absorption, and
heat dissipation. According to the recent literature studies, the mechanical properties of
components fabricated AM technique are highly dependent on the thickness and scales of the
parts. For metallic structures, the importance lef thickness and scale effect on lattice
structuredhasnotbeenfully investigated/et. Thereforethisresearchaimsto evaluatehewall
thickness and scale effect on the mechanical properties of uniformbstseet gyroid lattice
structuresunderquastistaticcompressiormndcyclic loadingconditions.First, specimensvere
designed and divided into three categories with the dimensional constraints of keeping the
constanporosity,wall thicknessandcubicsizein eachcategory Thenall thelattice structures
were fabricated via selective laser melting (SLM) technique with the material of AlSi10Mg
powder. All the manufactured specimens are subjected to-sgadisi and cyclic compressive
loadingconditionsto evaluatehemechanicastrengthandfatiguepropertiesTheexperimental
results from the compression tests are compared under each category and further investigated
with scanning electron microscope (SEM) to observe the fracture locations in a more detailed
manner, as well asnalyze the overhang regions and surface roughness. In addition, the
chemical etching technique is also introduced for the analysis of microstructure and grain size
distributions through optical microscopy. Furthermore, CT scans will also be used for the
purpose of measuring geometrical deviations of the lattice structures. Finally, conclusions are
obtainedbasedntheanalysisof surfaceroughnesdailure locations jnternalporositiesaswell
as geometrical accuracy.
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Thicknessffect Inconel718 Selectivd_aserMelting

Abstract Additive manufacturing (AM) technology has unlocked the possibilities of
fabricating complex structures of components such as lattice structures, which are preciously
unattainable through traditional manufacturing techniques. According t@dkatrliterature
review, the mechanical properties of traditionally designed components fabricated via AM
technologyaresignificantlydependentn thethicknessof thecomponentsThe significanceof
the thickness effect on more complicasductures such as lattice structures has not been
completely investigated yet, especially for metallic lattice structures. Therefore, this research
aims to study the wall thickness effect on the mechanical performance obabledtlattice
structures uner quasistatic compression and fatigue loading conditions. All the lattice
structures were fabricated via selective laser melting (SLM) technology with the material of
Inconel 718 powerwherethe nominalrelativedensitiesof 12.5%,25%, 37.5%,and50% were
considered, which resulted in different wall thicknesses of each geometry. First, all the
specimens were heat treated and then tested under cyclic compressive loading conditions to
obtainthefatiguedatafor eachrespectiveelativedensity.ln addition, the experimentatesults
from the compression fatigue tests were compared among each relative density and further
analyzedwith ScanningelectronMicroscope(SEM) to observehe fatiguefailure locationsin
amoredetailedmethod, asvell asthe surfaceroughnessndoverhangsegions.Furthermore,
metallurgical samples extracted from the SLM lattice specimens were subjected to chemical
etching to analyze microstructure and grain size distributions through both optical and digital
microscopy CT scanswereperformedn orderto havea clearunderstandingf thegeometrical
accuracy and possible internal defects in the components. Conclusions are drawn on the
thicknessdependencyf thefatigueperformance oSLM Inconel718lattice specimens based
on the analysis of surface roughness, internal porosity as well as dimensional accuracy.
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Al-Cu-Li alloy Laserbeamwelding Finite elemenimethod

Abstract Nowadays, aircraft industries mainly focus on the development of lightweight
structuraimaterialsvith high specificmechanicapropertiesandgoodweldability. Lithium (Li)
is thelightestmetallicelementwith low densitythereforeat wasintroducedo aluminumalloys
to reduce structural weight. It is estimated that by using high strengfh+-Al alloys such as
AA2198, the structural weight cdme reduced by about b % while its stiffness can be
increase by 20 %. A further reduction in structural weight and manufacturing costs can be
achieved with the introduction of advanced welding methods, as alterjatiirey processes
to replace converdnal rivets. Laser beamwelding (LBW) as a joining technique is already
established in the aerospace industry, due to higher buckling strength and lower weight by
replacing the conventical riveted differential structures.

In the present work, local tetsimechanical properties of the laser beaetded joints of
Al-Cu-Li AA2198alloy with Al-Si AA4047 filler wire wereexperimentallyinvestigatedising
micro-flat tensile(MFT) specimensThe MFT specimensvereextractedrom the fusionzone
(FZ) and heatffected zondHAZ). The effect of post welding heat treatment (PWldm)the
localtensilemechanicabehaviorof theweldedjoints wasalsostudiedunderdifferentartificial
ageingconditionsat 170°C, i.e.,underageing(UA), peakageing(PA) andoverageing(OA).
Theexperimentatesultswereusedasaninputto afinite elemenmodelto investigateheeffect
of weld geometryandgeometricalmperfectionoonthedevelopedtressandstrainfields in the
welded joint under axial loading.

Theexperimentatesultsshowedthatthe chemical compositioof thefiller wire affectsthe
localmechanicapropertiesn theFZ, which presentidecreas®y about26 % in yield strength
from theradiation exposursideto the weld root side. The REsults showhat themaximum
strain was observed in thawer region ofthe FZ fortheweld anglef 90° and 83, while for
lower weld angle8(° the positionof the maximumstrainwasobservedetweernthe upperand
the middle region of the FZ, whiatan be attributed to the change of the weld width that is
smaller in the lower region due to the respective effect of the angle. By applying PWHT,
maximum strain concentration can be noticed in the upper region of the FZ for all the ageing
times independely the geometrical imperfections
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Hot forging tool steel High cyclefatigue Corrosionfatigue

Abstract Hot forging tool steels are extensively utilized for manufacturing of die casting
tools because of their outstanding mechanical properties. Nevertheless, these components are
subjected to remarkable thermal and mechanical stresses, which limit their séevanedli
therefore inflate the money invested in tool upkeep by many different sectors. This fact is
further aggravated when these steels operate in contact with a corrosive medium or under an
aggressivenvironment. Th@resenstudydealswith theanalysisof high cyclefatigue(HCF)
behavior of H13 steels under normal conditions and in presence of a saline solution.

TheH13steelresultanfrom anelectroslagemelting(ESR)manufacturingprocessvasheat
treatedmachinedandpolished. Axialfatiguetests wergerformed orthe obtainedspecimens
applying different load ranges with the same stress ratio and loading frequency in order to get
theWohlerdiagram Likewise, fatiguetestsweredevelopedn specimens whilégheywereput
in contact wih a NaCl solution. Fracture surface analysis was carried out to assess the
mechanisms that lead to the failure of the specimens.

Theresultsshowedhatfatiguebehaviorof this steelis significantlyweakenedn acorrosive
environmentTheS-N diagramobtainedrom thecorrosionfatiguetestswvassteeperAs aresult,
differencedn fatiguelives weregreateratlower stresdevelsthanat higherones.Undernormal
test conditions, most fracture surfaces presented a single crack initiatiodopaietd at the
surface of the specimen. However, SEM images revealed the presence -wiketadic
inclusionsthatpromotednternalcrackinitiation in few specimensThesenclusionsaredefects
originated through the ESR process, that adti@ss concentrators and likely worsen fatigue
behaviorof thesteel.In corrosionfatiguetests crackinitiation is advancediueto thegeneration
of corrosion pits, which require a certain amount of time to be formed. Therefore, cycles to
failure are epected to increase with higher loading frequency and lower salt concentration.

Figure 17 SEMimagesof crackinitiation (a) at the surfaceand(b) inside theH13 specimen
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Abstract The use of glass in structural applications has been increasing during last years.
Neverthelesghe generalizediseof surfacemodified bearingglassis precludedoy thelack of
knowledgeabouttheir mechanicaperformanceThis experimentainvestigatiorcarriesoutthe
assessment of the fracture toughness and strength of glass subjected to laser blasting.

Annealedglassandheatstrengthenedlassplates weresubjectedo mid-infraredlasersurface
treatment to increase the surface roughness and improve the slip resistance in wet conditions.
The fracture toughness and fracture surface energy was experimentally detdrormdiae
observed radial cracks after midralentation with a pyramidal diamond indenter, and the
resultswereanalyzedn correlationto the laserprocessingonditionsandthe obtainedsurface
roughness. The Weibull graph and the cumulatareire probability of the aseceived and
lasermodified glass were obtained by the fqaaint bending test with fifteen repetitions.

It is observed that the fracture toughness of the-lalssted annealed glass is clearly reduced
by increments of the &er optical density on the sample surface. A maximum value of 0.95
MPa-m2 and minimum value of 0.43 MPa}fhwere obtained. On the contrary, the fracture
toughnes®f the heatstrengthenedlasswithin the exploredlaserblastingprocessingvindow
remaired constant around 1.12 MP&'m Regarding the obtained parameters of the Weibull
distribution,it is observe®3 % and26%reductionof thecharacterististrengthof theannealed

and heat strengthened glass, respectively. The Weibull modulusev@ased, resulting in a
narrow distribution of failure stress after laser processing.
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Figure 17 Experimentafracturesurf.energyasa functionof thelaserblastingenergy.
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Inconel625 Multi-run arc welding Weldingsimulatian

Abstract Design for sustainability asks for higher and higher performance materials and
enhanced techniques devoted to realizing their joints. For Advauited Supercritical
applicationstheemphasiss on high-temperaturstrengthjong-termcreeplife, phasestability,
oxidation resistance, and robust and flexible welding processes. In this scendraseNi
superalloy Inconel 625 is successfully used for mechanical components operating at high
temperatures and stresses, condititvas however may cause surface cracks. In the frame of
circulareconomyfusionweldingis thereforeusedasaconvenientepairingtechniqueaswell.
However correctprocesparameteravoidingmetallurgicalandmechanicatlefectsneedto be
known foreach casstudy. Computational welding mechanics is a proper tool used to reach
that goal, provided that the model is able to capture the main phenomena involved in the
weldingprocessin thiswork, a3D numericaimodelof Inconel625multi-passveldingprocess
is developed and validated through residual stressBsiyXdiffraction measurements. The
model showed a good accuracy (Fig. 1) and was therefore proved to be a powerful tool for
welding process design of such alloy.
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Internal Defects ProbabilisticModelling LaserBeamWelding

Abstract Laser beam welded joints or laser additive manufactured structural components
always contain metallurgical defects as a result of a manufacturing process. Typical examples
of defects are pores, nonetallic inclusions, cavities, lack of fusion aorrosion pits. These
metaldiscontinuitiesactasstresgaisergnotchesyndleadto prematurecrackformationin the
early stages of fatigue life. Therefore labased manufactured structures are particularly
susceptible to fatigue cracking duestoess concentration at the surface and internal material
defects. Despite significant benefits provided by the {aased manufacturing techniques,
there is still a lack of understanding, how these parts fail under cyclic loading. Therefore, this
study @ams to investigate the effect of internal material defects on the high cycle fatigue
behaviourof laser processed -BAI-4V. It is shownthat internal fiskeye fatigudractureis a
dominant failure mode if a subsequent surface treatment techniqueiedagpprobabilistic
lifetime assessmeffitameworkfor predictingthejoint durability andits scattelin thehighcycle

fatigue regime is developed (Figure 1). A good agreement between the modelling and
experimental results is achieved.
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Lifetimepredictions Notcheswith smallradii Veryhigh cyclefatigue

Abstract This research deals with the formulation and application of a method for fatigue
lifetime predictionsof notchedcomponentdn thefield of high andvery high-cyclefatigue.An
ultrasonicfatiguetestingmachinewvasusedor experimentapartof thestudyto performfatigue
tests at a frequency @0 kHz. The method for lifetime predictions is based on the theory of
critical distance, specifically the line method [1, 2], and uses numerical calculations for axial
stress distribution over the narrowest cross section of specimens. The introduced method for
lifetime predictionsof notchedcomponentsiseshecritical lengh parametetr This parameter

adepends on the number of cycles to fracture. The lifetime predictions were compared to
experimental fatigue data of specimens with various notch radii. The smallest difference
betweempredictedfatiguedataandexperimentallyobtainedvaluesis observedor notcheswith

small radii, where the critical length parameter is most stable over the rang&0fdonl 010

fatigue cyclesDetail comparision is shown in fig. 1.
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APIX80MOTMCP Steel Heataffectedzone CTOD

Abstract Offshore structures and equipment, used both foexdiaction and wind power
generationareconstantlyexposedo extremeapplicationconditions suchaslow temperatures,
corrosion and cyclic loading. Thus, to ensure the integrity of such components, the use of
materials with excellent mechanical propesttogether with good weldability is required. In
this sense, the main committees, institutes and normative societies creajedlfications,
codes and programs to evaluate and certify the weldability of steels applied in the offshore
industry.API RP 2Zprequalificationis onesuchstandardandis designedo ensurehat steels
developed for these applications have excellent fracture toughness in the heat affected zone
(HAZ). In this context, the effect of heat input and pwestd heat treatment (PMT) on the
HAZ toughness of welded joints of APl X80MO steel plates was evaluated, using the CTOD
(CrackTip OpeningDisplacementparameterlt wasfoundthatthis steel,of 37 mmthickness,
welded with heat inputs of 0.8 and 4.5 kJ/mm, with and withieaitafpplication of PWHT,
presented weldability characteristics and results fracture toughness suitable for APIRP2Z
standard requirements. Therefore, APl X80MO steel plates, produced by controlled rolling
followed by accelerated cooling, is an option for laggpion in the construction of offshore
structures and components.
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#101 Investigation into Mechanical Properties and Failure Mechanisms of Novel
SandwichCompositeMaterial with Carbon Fibre/Epoxy Facesheets and PVC Foam
Core
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SandwichComposites Failure Mechanisms CarbonFibre/Epoxy

Laminates

Abstract Sandwichcompositematerialshaveseena significantincreasan useacrossvarious
engineering fields and applications due to their exceptional mechanical properties, including
high specific strength and bending stiffness values. Because of their high strength properties,
the use of sandwich structures is preferred in diffeneddistries. It is crucial to investigate
material properties of novel composites in order to estimate their failure mechanisms under
different loading types. In this study, a Carbon Fibre/Epoxy Facesheets with two different
dimensions and PVC Foam Core samh composite was designed and fabricated. The
selection of PVC foam for this study is motivated by its wide use in load bearing components
in different industries. The sandwich composite material used for the experiments was
manufactured by using vacueassisted resin infusion moulding process (VARIM) by
IZOREEL n Izmir, Turkey.Failurestylesof thestructuran compressiorshearingandbending

were revealed by sandwich flatwise tension, core flatwise compression, sandwich edgewise
compression tests.aEesheet bending of manufactured composites have been investigated
experimentally. Tensile strength of the facesheets and sandwich material have been presented
separatelyTheanalyticalsolutionis derivedto calculatetheflexuralrigidity, sheaistresseand
maximum tensile, compression stresses in thmet bending specimens for the sandwich
composite. The detailed formulations and procedures were provided. The obtained results are
discussed, and it is seen that maximum tensile and compresdsigses in the thrgmint
bendingtestdependnthedirectionof theloadingwith respecto differentfacesheethickness.
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Carbon FibreCloth CarbonNanotubes Nanomaterials

Abstract Composite materials are mostly chosen due to their high strength to weight and
stiffness to weight ratios and widely used by different industries. On the other hand, smart
materials have created their own importance limm@as of science and technology especially

as design materials for civil engineering applications. Carbon Fibre composites provide civil
engineers with an extensive use of construction materials for construction of numerous
structuresand engineeringpgications. Thewidespreadadoptionof compositesn additionto
advanced technology allows engineers to maximise on reduced failure. However, failure
reasonsn thesecompositematerialsshouldnot beignoredandshouldbe studiedambiguously
andthoroughly. This study presents the studg@¥eral Carbofibre/Epoxy composites with

and without nanomaterials obtaining their material properties and studying their flexural and
tensile strengths.

First ofall, 200g 2x2 Twill 3KBlack Carbon Fibreloth with EL2 Epoxy neat resin and 450g
2x2Twill 12k CarbonFibreclothwith EL2 Epoxyneatresinwereusedn orderto manufacture

two different composite materials due to their high usage in construction industry. Hand lay
out technique was used for aflanufacturing process of composite materials. A vacuum is
appliedbetweerthemouldandbagto squeezéheresin/reinforcemertbgethermndremoveany

air. Tensile testing and-@oint bending testing procedures were applied to both composite
materials. Elasticity Modulus of composites were presented.

SecondEPOCYL128-06 CarbonNanotubegoncentratewereaddedo EL2 Epoxyneatresin

as additives in order to enhance its mechanical properties for the study. 200g 2x2 Twill 3K
Black CarbonFibre clothwith EL2 EpoxyneatresinandEPOCYL 12806 CarbonNanotubes

and then, 450g 2x2 Twill 12k Carbon Fibre cloth with EL2 Epoxy neat resin and EPOCYL
12806 Carbon Nanotubes were used to manufacture two different composite materials with
nanomaterialHand layout technique was used for all manufacturing process of composite
materials with nanomaterials as well. Tensile testing apdi® bending testing procedures
were applied to both composite materials with Carbon Nanotubes. Elasticity Modulus of
composites with Carbon Nanotubes were presented.

Material properties, tensile strength and flexural strength of all materials have been obtained.
The experimental procedures were completed to determine the strengthening effect of Carbon
Nanotubes. Comparison between composites with different Carbon Fibre weight as well as
betweercompositesvith andwithout CarbonNanotubesverediscussedh detail. Thelevel of
increase in flexural and tensile properties in composite laminatepvesented.
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Squarehole Finite Fracture Mechanics Modemixity

Abstract In this work, mixed mode crack initiation from square holed plates under
uniform remote uniaxial tension isanalysed. Aghe hole sizedecreases, the mode mixity
increases: thus, both the modulus of the crack deflection (with respect to the-nbtch

bisector) and the failure load increase. This behaviour is caught experimentally by

carrying out ad hoc tensile tests on PMMA notched samples order to get accurate

theoretical predictions, the coupled Finite Fracture Mechanics (FFM) approach is

employed numerically through a full finite element analysis (FEA) and analytically by an
asymptotic matching (AM) expansion.Thetensile strength and the fracture toughnessi.e.,
the two material properties involved by FFM,are identified by testing circular holeswith

different sizes. The FFM results are in good agreement with recorded data, despite the
great scatter observed for certain sizes, especially as regards the crack deflection angle,

which may be imputable to the notch radius effect and damage during thmachining
procedure.
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Figure 1 - Squareholedplatesand comparison betweesxperimentabnd FFM results.
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High strainrate Additivemanufacturing Digital imagecorrelation
Titaniumalloys

Abstract Titanium alloys have been the prime choicevarious applications such as
aerospace, defense, automobile and medical engineering thanks to their specific strength and
good corrosion resistance. Additive manufacturing (AM) has become a popular manufacturing
method, as it is able to overcome the limdas presented by traditional manufacturing
techniques. AM allows the generation of any complex shape while bypassing the time
constrains and multiple steps required by traditional manufacturing processes. The present
studyinvestigatesthe high ratedeformationbehaviorof SLM producedTi6Al4V alloy using
a splitHopkinson tensile bar equipped with ultvegh speed imaging equipmeni detailed
experimentatampaigns conductedor threedifferentlayup directionsaandtheirinfluenceon
thedynamicstrainlocalizationandtruestresstruestrainresponsés analyzedThepostnecking
behavior is investigated and compared to traditional Ti64. Furthermore, a numerical model is
establishedisingthe commerciallyavailableLSDYNA-Explicit solverfor low andhigh strain
rateloadingconditions A numericalktudyis conductedo analysdhestressstatein thenecked
section and its dependency on the directionality.
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Figure 1: Engineeringstress-strain responseand evolution of neckingdiameterfor traditional and additively
manufactured Ti6Al4V.
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AdditiveManufacturing Defects Fatiguelife prediction

Abstract Laser Powder Bed FusidrAdditive Manufacturing (LPBFAM) process has been
utilized for the fabrication ofstructural parts withcomplex geometries which were very
difficult to befabricatedwith conventionamanufacturingnethodqJiméneztal.,2019).0One
of the most common materials for the LPBF process #§ATli4V metal alloy that is
characterized by its high strength dod density, high corrosion resistance, heat treatability
andexcellentbiocompatibility (BeckeeandDhansay2021).For this reason, theiseof LPBF
AM process with Ti6Al-4V is very attractive for aerospace, automotive and biomedical
applicationsHowe\er, the developmenof residualstresseshe formation ofprocessnduced
defectstheroughsurfacefinish andthebrittle microstructuraffectthema t e merfariahce
significantly and consequently the overall fatigue life and structural integrity of a LPBF
component.

The processnduced defects detrimentally affect the fatigue strength of LPBFAT4V
material. The main types of defects found in LPBRarclude lackof-fusion, keyhole and
gas pores. Theskefects maye formed either by impropeelection of process parameters
by process instabilities (Snow et al., 2020). L-atkusion and keyhole defects usually result
from insufficientandexcess/e amountof input volumetricenergydensity respectively(Gong
etal., 2014).Although,processptimizationmayleadto a minimumporosityin LPBF parts,a
certainamountof defects habeenobservedn literatureworks (SanaeandFatemi,2020)and
these defects serve as stress raisers and fatigue crack initiation sites.

In the present work, the influence of the process parameters on the fatigue life oT-PBF
6Al-4V is investigated through a predictive framework. First, the prediction of the area
susceptible for defect formation in coupons is performed through a simulation of the LPBF
process with a finite element model for various process parameters combinations. Then, a
fracturemechanicsnodellingapproach fofatiguelife predictionis implementedto assesthe
effect of defect on fatigue life of LPBF -BAl-4V material. Literature available small fatigue
crack growth rates of AM T6Al-4V are used as an input to the defeased model as the
defectsaretreatedassmallcrackswhoseplasticzoneis generallyneglectedZhaietal., 2016).
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Sinrulation AdditiveManufacturing ResidualStresse:

Abstract LaserPowderBed FusionAdditive Manufacturing(LPBFAM) procesaitilisesa
laser beam to selectively melt metal powder on a substrate to fabricate-bytdgger part
with adesiredshape LPBFAM techniqueoffers superiordesignfreedom reproducibilityand
dimensionahccuracyfor partproduction[1]. Forthesereasonsl.PBF processasattractedhe
interestof researclandindustrialcommunitiesOnethe challengedo the wide adoptionof the
technology for the fabrication of reliable and safe critical parts are prowhssed residual
stress and distortion fields. Residual stresses are inherent to thermal manufacturing processes
such as AM processes and LPBF parts are subtepdi build defects and failure associated
with residualstressesluringtheir fabrication[2]. Therefore the predictionof residualstresses
and distortions of an LPBF part is critical to ensure the quality and the performance of a part.

In the presentwork, the developmenbf anumericalmodellingtechniqueor the prediction
of residual stresses and distortions of LPBF fabricated parts is preséntedpled thermeo
mechanical analysis is utilized to simulate the building conditions dfRB# process. Most
of the process parameters that significantly affect the thermal conditions are used as input
parameters in the modelling method. The wkelbwn element birth and death technique is
utilized to simulate the layer addition during the LP@®Bcess [3]. To efficient simulate the
processnanylayersareappropriateiumpedto alargerone.Everylumpedlayeris gradually
set to themelting temperaturef themetal powdematerial to reproducthe temperature field
during the LPBF process. Csgguently, the estimated thermal fields are imported into the
mechanical model as predefined fields. Temperatures are automatically mapped between
thermal and structural analyses and the thermal expansion drives the deformation of the
building part. Theresidualstressesinddistortionsof the building part areestimatecht theend
of the analysis on each lumped layer and on the substrate. Moreover, different meshing
techniques are employed and their accuracy and efficiency is assessed.

To testtheaccuracyof the proposed_PBF numericalmodellingmethodologycomparisons
with availableexperimentatesultswasperformed4]. Thecomparisorbetweemumericaland
experimental results successfully validated the numerical modelling method, making it a
suitable and efficient modelling strategy for the simulation of LPBF parts, towards the
estimation of the level of residual stresses and distortions.
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AdditiveManufacturing Lattice Structures NotchMechanics

Abstract In the design of mechanical components and structures, the presence of
geometrical discontinuities is unavoidable. These geometrical discontinuities are usually the
weakespointsof thestructureandactasstresgaisersandthereforeproneto localfailure under
mechanicaloading.Thereforejt is of greatimportanceo controlthe stresdevel aroundthese
areado preventearlyfailure of thestructure Thepresenpapermwill focusoninvestigatingcase
studies where the stress concentration atdbe notch has been minimized by incorporating
lattice structures around the main geometrical discontinuities for achieving enhanced fatigue
strength. For this aim, several cases of geometrically tailored notched specimestudiere
by performing numecal and experimental analyses and the effect of geometrical tailoring on
the fatigue behavior has been evaluated. The specimens were additively manufactured and
tested under cyclic loading. According to the experimental analysis, controlling the stress
condition in the notched specimens eventually led to better mechanical performance under
cyclic loading condition.
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Fiber-opticsensors  Additivetechndogies Strainandtemperaturaneasurement

Abstract Fiber-optic sensors (FOS) are widely used in various fields of technology, industry
and medicine due to their high sensitivity and accuracy of measurements, the ability to provide
measurements in difficult environmental conditions. Due to the small dimensions of FOS they
can be embedded in the controlled material at the manufacturing stapanding the
possibilities of registering the mechanical state during production and opefstpresent, the
direction of additive technologies is actively developing, which allows to significantly reduce
the development and design time. One of the most common materials used in the manufacture
of structures using additive technologies arertoglastic materials, which are subjected to
significant temperature changes, technological strains and shrinkage during the manufacturing
process.

The paper demonstrates the possibility of using embeddeebfitiersensors for registering
the mechanicaitate data of structures (strain, temperature) made by fused deposition modeling
(FDM) technology from thermoplastic material at the stages of manufacturing and loading the
finished structure.

An experimental demonstration of strain and temperature nmeasuat using embedded
fiber-optic sensors was carried out on the example of samples in the form of equal strength
beam. The process of creating a sample with embedded optical fiber lines with temperature and
strain FOSs describedA changen strains wasegisterediuringthe samplgrinting and after
printing was completed. It is shown that the main process of formation of technological
compression strains begins after the end of the printing process. Comparison of the results of
numerical simlation and experiment under loading of the finished sample with embedded FOS
is carried out.
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Notch Weldjoint Fatigue

Abstract In general, the welded joints armultifactorial notches. The article summarizes
preview results of the published experimental methodology of separation of two main
components of total notch effect of weld: geometrical notch factor (when the weld caebe

on the surface) and technologiicotch factor (internal defects of the weld joint, structural
changes of the material and residual stress). Experimental results are analyzed to create a
numerical FEM model. Methodology of FEM model creation will be presented. Results of
numerical simwutions of geometric notch of weld will be confronted with experimental results.
The result of the numerical simulation can be an expression of the influence of the external
weld geometry on the weld joint fatigue lifetime. The effect of removing this gieproe

outside surface to the fatigue lifetime of the weld joint wildizeussed.
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Figure 2 FEM simulationof theV-weld oftwo pipes.
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Pipeline Corrosiondefects Integrity

Abstract The ASME andDNV criteriamainly asses$argeareadefectson pressuregipelines.

For small corrosion defects, the use of these approaches leads to unduly conservative results for
the assessment of pipeline integrity. In the operation of piping systems, the most common cause
of accidents is the syner@f multiple effects on the piping. This paper will analyze the cases

of small corrosion defects when additional bending acts together on a pressure pipeline. Through
experimentally validated simulations, diagrams can be produced to assess the sgietynef p
operation: e.g. for nominal stress from internal pressure, corrosion defect size and length of the
deflected pipeline, an increase in stress with increasing deflection size from the original pipeline
centerline can be seen (Fig.1).
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Abstract The distributions of the combined3 Stress Intensity Factor (SIRn=Kip +Kia, due to

internalpressure and to autofrettage along the front of radial crack arrays emanating from the bore
of an overstrained spherical pressure vessel are evaluated-Oraedysis is performed using the

finite element (FE) method employing singular elements along the crack front. A novel realistic
autofrettage residuairessfield incorporatingthe Bauschingeeffectis appliedto the vessel.The
residualkstresdield is simulated using an equivalent temperature field in the FE analysis. Numerous
radial crack array configuratiorese analyzed.SIF distributionsare evaluatedor arraysof radial
crackscontainingoneto twenty cracksn=1-20, of crack depth to wlthickness ratios o&/t=0.01-

0.8, and ellipticities (crack depth to crack length)agd=0.2-1.0 prevailing in fully or partially
autofrettaged spherical vesselsooterto innerradii Ro/Ri=1.1,1.2,and1.7,bearingthreelevelsof

autofrettag€U=50%,75%,and100%).A detailed study of the influence of the above parameters on
the prevailing SIF is conducted few general conclusions regarding radial crack arrays emanating
from the inner surface of an autofrettaged spherical veasebe drawn from the above analysis:

a. As the number of cracks in the array increases, the combined SIF decreases along the entire crack
front as a result of crack interaction. Thi s
dept hs a/modef@telythicR yessélRy/Ri=1.2, and forcracks deeperthaa/ t O 0. 1
thick vesselfRo/Ri=1.7.

b. The beneficial effect of autofrettage decreases as the number of cracks in the array increases.
However, in the most critical part of the vessel's fatigue life when the cracks are vdnttsmal
number of cracks in the array has almost no influence on the combined SIF.

c. Inthe case of thick vesseR¢/Ri=1.7, the critical crack configuration consists of n=4 cracks. For
a thinner vessel such &/Ri=1.2, the resultfor arrays of n=18 are practically identical.
Thereforen=1 can be considered as the critical crack configuration.

d. The influence of the number of cracks in the am#gnsifies with crack depth and with the vessel's
wall thickness. Therefore, the presence of multgobecks will mainly affect the fatigue life of
relatively thick spherical pressure vessels that attain rather deep cracks before reaching
catastrophic fracture. The total fatigue life in all other cases can be estimated based on a single
crack.

e. The resultemphasize the importance of properly accounting for the Bauschinger effect including re
yielding, as well as the significance of the thdimensional analysis herein performed.

! AaronFishProfessoEmeritusof MechanicaEngineeringFractureMechancsandGraduatestudentespectively.
2 PresentlyPhDstudentFacultyof AerospaceEngineering,Technionisraellnstituteof TechnologyHaifa, Israel.
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Staticfatigue Corrosionenvironment Hydrogenassistedracking

Abstract Ultra-high-strengthsteel(UHSS)structuresareexposedo corrosiveenvironments
during service, and hydrogessisted cracking (HAC) may occur owing to stress corrosion
cracking and hydrogen embrittlement. In this study, the HAC threshold stress intensity factor
and fatigue life of UHSS steel are evaluated bylypg stress in a corrosive environment to
prevent structural fracture. On the surface of cracks, grain boundaries are embrittled by
corrosionandgrainsareclearlyobservedMeanwhile cracksin thesurfacedirectionpropagate
slightly, unlike cracksn the depth direction. The HAC threshold stress intensity factor of the
depthis determinedo be 1.960 0 0 U i T4 & . Thestaticfatiguelimit of UHSS(SKD11:HV670)is
determined to be 400 MPa, and the fatigue limit of the crack specimen eaalbated using
Equations (2) and (3). The experimental results agree well with the evaluation results.
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Friction stir weld Mechanicalproperty Immersiortest

Abstract Themechanicapropertiesandcorrosionbehaviorof Friction Stir Welding (FSW)
A6061aluminumalloy wereinvestigatedin theadvanceaide(As), theboundarybetweerthe
base metal (BM) and the nugget zone (NZ) is clear, but the retreating side (Rs) is faint. The
grain sizes of the nugget zone (NZ), hatiected zone (HAZ), and base material (BM) were
differentfrom eachother.As aresultof thehardnessest,theminimumandmaximumhardness
values were obtained in NZ and BM, respectively. As a result of the tensile test, fracture was
obliquely along the HAZ in AS of the welding progress directionvds shown that fracture
occurred in the relatively brittle region between NZ and HAZ. Immersion test was conducted
at5wt% NaClandNaOHsolutions.In NaCl,alot of pitting occurredwith theincreaseof time,
butlesspitting wasobservedaftera certaintime. Thisis becausé¢hecorrosionproductcovered
thepitting hole. Thesizeof pitting wasin theorderHAZ>TMAZ>BM>NZ. However afterthe
oxide film on the surface was peeled off in NaOH, and then there was little change over time.

TMAZ NZ TMAZ HAZ BM
(RS) (AS)
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Figure 1 Appearancen NaCl solution
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fatiguecrackgrowth finite elemensimulation plasticdeformations

Abstract If structuralcomponentsare exposedo intensive cyclicthermal and mechanical
loading in their service phase (Low Cycle Fatigue, LCF), the fatigue crack growth is
accompanied by large plastic deformations and creep in an extended region around the
cracktip. In this case, large scale yieldingnd loading history of plastic deformation have

to betakeninto accountduring crackgrowth, O E AwbysGitable simulation tools arerare.

In order to predict and evaluatesuchcrack behavior, a pragmatic finite elementsoftware,
ProCrackPlast, is developed forautomated simulation of fatigue crack growth in
arbitrarily loaded three-dimensional components under large scale inelastic
deformations. A special FEMalgorithm is implemented as Python script to conduct the
incremental crack growth by successive adaptiveemeshing, whereby the deformation
fields and internal state variables are mapped from the old mesh onto the new one for
eachcrack growth step.For the pre-processing the FEManalysis,and the post-processing
the commercial software ABAQUS is used, slmat any available or userdefined plastic
material law can be incorporated. The cyclic crack tip opening displacemendDCTOD) is
considered as an appropriate fracture mechanical parameter for LCF crack growth and
calculated for finite plastic crack tip ddormations. Efficient methods are implemented to
capture crack tip blunting and to determineDCTOD. Finally, some application examples
are presented for a typical cast iron, NResist, to show the capabilities and the
performance of ProCrackPlast.

Figure 17 Mixedmode crack growth in a 3PB specimen under LCF (region of crack
growth is shown in the Figure); Equivalent inelastic strain in an intermediate crack growth
step,thefocusednesharoundthe crackshowingthe opening;Meshdetailsof thefinal crack

shape;Final cracksurfaceafter the simulation.
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Hyperelastidbehavior Biaxial statictest EPDM rubber

Abstract Theexperimentatharacterizatiof hyperelastianechanicabehaviorof rubber
like materialgs oneof theessentiapreliminariesfor thestructuraldesignof componentsnade
of such materials. The hyperelastic behavior of isotropic ruliteematerials is defined by a
strain energy density parameter depending on the right Cabigt®n invariants [1]. The use
of only uniaxialtensiletestfor the characterizatiof suchstrainenergydensityis insufficient
as highlighted in previous researches [1]. A further experimental test, which uses several
directions of stretching, is required. Among the various mechanical tests available, the pure
shear ad the biaxial tensile tests are the most widely employed [2]. In this context, a new
fixture (Fig. 1a) has been developed to perform biaxial static tests using a uniaxial testing
machine Finally, the developedixture hasbeenvalidatedby performingexpeaimentalbiaxial
tensile tests on cruciform specimens (Fig. 1b) made of EthyengyleneDiene Monomer
(EPDM), which is typically employed to manufacture automotive seals.

VI . #lGrip of theaxial
7 ‘Westingmachine

| 2N
Movingplate|

|

Figure 171 (a) Developed fixture to perform biaxial testing of rubbers using uniaxial
testingmachines(b) Exampleof EPDM rubber cruciformspecimerunderbiaxial loading.
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Abstract The demand on lightveight structures and materials are steadily growing in
automotiveandaerospacendustries Hypo-eutecticAl-Si alloys arepromisingcandidatesiue
to its high specificmaterialstrengthandcorrosionresistancelNearnetshapemanufacturingy
additive manufacturing (AM) and castings e.g. die (DC) or sand casting (SC) allow a high
resource efficiency. The complex geometries lead to a high range of strietiuaés due to
processnducedvariationsin local coolingrate.Thereforetherelationshipsbetweerstructural
features (e.g. dendrites, grain, eutectic, porosity, lack of fusion) and fatigue behavior have to be
understood to enable a lighieight and eliable design of ASi alloys. In this study, the effect
of processandprocessnducedstructurafeatureonstressstrainbehaviorquasistatic, cyclic)
and high cyclefatigue behaviorat different stressratios (R = -2, -1, -0.5, 0.1, 0,5) were
characterizedThe specimensvereprocessetbhy powderbedfusionwith laserbeam(PBFLB,
short: AM), die casting (DC) with porosity variation and sand casting (SC) with variation in
dendrite arm spacing. Hereby, the digedenable AlSi alloys AlISi10Mg (AM10, SC10) and
AlSi7TMg (DC7, SC7) were investigated. AM batches were tested-buidtscondition. All
castingbatchegotaT6 heattreatmentindselectedcastingggot no HIP-densificationDC7p).

The quasstatic (QSS) and cyclic stresfrain (CSS) cums inFig. 1ashow a strong cyclic
hardeningf the DC and SChatchesvhile the AM batchegslifferencesetweernQSSandCSS
behavior is negligible. The fatigue results were analyzed based on nominal stresses according
to Woehler (SN curve,Fig. 1b) and effective Integral of Heitmann [1] at local fracture
initiating defects using elastastic fracture mechanics (EPFransformed to cyclic stress
intensityfactoraccordingo Shiozawd?2] (K-N curve,Fig. 1¢). S-N diagramshowsthehighest
scatter independent of process, stress ratio and defects.-BE&@¥edd KN diagram enables a
uniform fatigue damage tolerance (FDTegiction by one curve or lifetime law independent
of process and chemical composition related changes in microstructure anestetinss
behavior.This uniform FDT law for additivelymanufacture@ndcastAl -Si alloysallow asafe
design based on thecal stresses, stress ratio, defects and plasticity behavior.
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Figure 11 Uniform fatiguedamagetolerancelaw basedon batchspecific(a) CSScurves in comparison to QSS
curves, (b) SN diagram according to Woehler including defegilasticity and Rrelated scatter and (c) ¥
diagram according to Shiozawa using #féectivecyclic J-Integral at local fracture-initiating defect.
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High temperaturdatigue Additivemanufacturing Hot work tool steels

Abstract Additive manufacturings becomingmorecommonasamanufacturingechnique,
especially in tooling. Except the design freedom, laser powder bed tesiomology allows
improved cooling conditions in hot working tools by minimizing hot spots and getting more
efficientuniform cooling.AM producedool steelsarepresentlyunderstrongdevelopmenand
becoming commercially available at a strong kait one of their main fields of application
being die casting. Since the die is one of the most expensive parts in several hot forming
applications it is important to investigate the suitability of AM steels in such operations by
studyingtheir high tempeaturefatiguebehavior. Thisvork examineshewhot workdie steels
produced by AM technology using elevated temperature isothermal fatigue testing. The
materials examined are two new AM hot work die steel grades, one PM plus HIPed steel and
two conventiomlly castandforged,premiumgradeghatwill becomparedTheresultsprovide
crucialinformationsuchasfatiguelife andsofteningbehaviorof the steelsduringtheir fatigue
life (Figure 1).
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Figure 17 Plasticstrainevolutionduring fatiguetesting
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Fracture Mechanics Teaching SummeiSchool

Abstract International Fracture Mechanics Summer Schools (IFMASS), founded 40 years
ago, have been organized for ten times, the last one (IFMASS 10) in 2008. Publishing the
monographs after each School enabled to form usefetences for introduction of fracture
mechanics as an effective tool for structural integrity assessment, but also supporting its
theoretical, experiment al and numeri cal dev
FractureMechanicsandFractureSafeD e s i leldin 1,980in ex-Yugoslaviawasinitiatedby
Prof. Michael Wnuk, who was at his sabbatical leave in Belgrade, to work together with Prof.
StojanSedmakAs it turnedout to bea greatsuccessncludingstrongsupportfrom theindustry,
it wasonly naturalto organize¢henextSummeiSchool(IFMASS2) i Mo d Aspentsof Design
and Construction of Pressure Vessels and Pel
servedhotonly to educateputalsoasaforumto exchangeheexperiencandideasamongthe
participants and lecturers. Next very important event was the joint Yugo&I®A project
AFracture Mechani cs o $ixingtagutiomsiren dll § é¥,u republicsf o r me d
andtheNationallnstituteof StandardendTechnology(NIST), Boulder,Coloradowhich started
in 1982 and ended in 1992. Foll owing alrea:
MechanicofWe | d m evasbrganizedl 984 ,againfor educatiorandasaforum.Thesuccess
of|l FMASS was <continued through the fourth Sc
DevelopmenandA p p | i drel®8b,leadingto themostsuccessfulthefifth one,heldunder
thetitle A T W@plicationof Fracturévlechanicgo Life Estimationof PowerPlantCo mponent s 0
in Dubrovnik, 1989. The IFMASS 5 was supportedbt e A El ectri city of Serb
numberof 145 participantsandthe monographunderthe sametitle waspublishedfor thefirst
time in English by EMAS Publisher from England in 1990. With IFMASS 5, the flourishing
period in fracture mechanics and structural integrity development in was stopped due to
unfortunate chaionf eventsan exYugoslavia. lthappenedhatduring IFMASS 6 @ Emadksr i c e
in Pressur&/essels and Storadea n nsJunel991 theseinfortunate events started, but still
IFMASS 6 was asuccessfubne. Unfortunate circumstances prevented the organization of the
nextSchoolupto 1997, whenagainwith astrongsupportof the Industryfi G O G AMASS7
washeldunderthetitle i E x p e r antMuméeriealMethodsof FractureMechanicsn Struc
tur al I ntegrity Assessment o, attracting 137
lectures Theunfortunateeventsculminatedn 1999with NATO bombardmentwhich delayed
for 3 yearsthenextone(IFMASS 8), heldunderthetitle i F r [BramtureMechanicdo Structural
I ntegrity Assessment o i n B é&trugtara bhtegrity ana Lif€ 0 0 3,
(DIVK) has been established in 2001 and took over IFMASS. Later on, final two Summer
Schoolswereorganizedn VarnaGoldenSand,Varna,Bulgaria(IFMASS9i T ICkallengeof
MaterialsandWe | d m eandZlatibor, Serbia(IFMASS10A F r a MechaniesFundamen
tals and Structur al I ntegrity Assessment Prc
graphsarepublishedby in English,availableon ESISwebsite(www.structuralintegrity.eufor
free.After 2008,IFMASSdriving force,Prof. StojanSedmalhasretiredat ageof 80 andwe are
still waiting for somebody of his energy to carry on. Anyhow, in 201'8ESIS Fracture
MechanicsSummerSchoolwasheldin Belgradejn thescopeof ECF22,includingthe special
lecturedeliveredby Prof. JamesRiceontheoccasiorof the 50" Anniversaryof Jintegral,with
90 participants. Coincidently it was also'S@nniversary of the first important scientific
contributionon FractureMechanicdn ex-Yu, StojanS e d m Migsteriumthesis
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Abstract The present paper deals with the use of the Theor@rittal Distances to model the
detrimental effect of cracks and manufacturing defects irpi3med concrete subjected to static
loading. The validity and robustnesf the proposedapproachwas assesse@dgainsta number of
experimental results that wegenerated by testing, under thigaint bending, 3Dprinted rectangular
section specimens weakened by saw cracklike sharp notches, surface roughness (due to the
extrusion filaments) and manufacturing defects. The sound agredragveenexperimentsand
predictivemodel(Fig. 1) allowedusto demonstrat¢hat theTheoryof Critical Distanceds notonly a
reliabledesignapproachput alsoa powerful tool suitable for guiding and informing effectively the

additive manufacturing process.

3D-Printed Concrete

Figure 1. Accuracyof the TCD in modellingthe detrimentaleffectof cracksanddefectsn 3D-
printed concrete loaded in thrpeint bending.
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