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PREFACE

This book contains printed abstracts of the papers presented at the 22" European Conference
on Fracture (ECF 22) — Loading and Environment Effects on Structural Integrity, held in
Belgrade, Serbia, August 26-31, 2018. Many important topics of Fracture Mechanics and Structural
Integrity are covered, including a number of mini-symposia, with many inspiring titles. A total of 563
participants from 47 countries took part in presenting 10 Plenary Lectures, 375 oral presentations and
118 posters.

Proceedings shall be published electronically, in a special edition of Procedia Structural
Integrity. High quality papers in their extended form shall be considered for publishing in special issues
of ESIS associated journals (WoS), Engineering Fracture Mechanics, Engineering Failure Analysis,
International Journal of Fatigue and Theoretical and Applied Fracture Mechanics, as well as the DIVK
journal Structural Integrity and Life, indexed in SCOPUS and ESCI Clarivate Analytics.

The introductory lecture was presented by Prof. James Rice. It has been an honour to witness
Prof. James Rice presentation on the J integral, particularly on the occasion of the 50" anniversary of
probably the most important paper in Fracture Mechanics history.

ESIS supported two special actions for researchers, and ESIS/Elsevier young scientist award.
There were 35 supported researchers, and the best paper awards were presented to young scientists.
For the first time, the best paper in Weldment Fracture Mechanics was awarded by Dr. Galip Buyuk-
yildirim, on the behalf of the Turkish welding community, in the memory of Prof. Stojan Sedmak, who
has been the heart and soul of all Fracture Mechanics and Structural Integrity activities in ex-
Yugoslavia and later in Serbia.

The ECF 22 is the first ECF conference held in Serbia. The Serbian DIVK — Society for
Structural Integrity and Life — ‘Prof. Dr Stojan Sedmak’ is thankful to the ESIS Council for choosing our
country as the ECF 22 venue.

We would like to thank ESIS president Prof. Francesco lacoviello and former president Prof.
Leslie Banks-Sills for their kind support.

Prof. Aleksandar Sedmak, ECF 22 Chairman
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Analysis of stress corrosion cracking in X80 pipeline steel: An
approach from the Theory of Critical Distances
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Abstract

This paper presents an analysis of Stress Corrosion Cracking (SCC) based on the Theory of Critical Distances (TCD). The
research is based on an experimental program composed of fracture specimens with notch radius varying from 0 mm (crack-
like defect) up to 1 mm, and tensile specimens. A pipeline steel was used in this work (X80). It has been analysed in one
hydrogen embrittlement situation. The study has been completed with Finite Elements Simulation analysis. The capacity of
the TCD to analyse SCC processes has been proven.
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Embrittlement of RPV metal under long-term irradiation:
state-of-the-art and challenges

Sergiy Kotrechko®*

‘GV Kurdyumov Institute for Metal Physics of National Academy of Sciences of Ukraine, 36, Academician Vernadsky Blvd., Kyiv, 03142,
Ukraine

Abstract

Long-term irradiation is one of the harshest operating conditions for structural alloys. RPV metals function just in such
conditions. To date, the development of both physical models of radiation embrittlement of RPV steels and engineering
methods of lifetime prediction is a challenge for the science of materials’ strength and structural integrity. That's why, this
article reviews two main constituents of above problem, namely: (i) micro-mechanisms of radiation embrittlement of RPV
metal, and, in particular, "late blooming effect”; (if) development of physics-based engineering methods for prediction of
RPV integrity during their long-term operation. In addition to the conventional analysis of micro-mechanisms of radiation
hardening, the phenomenon of radiation-induced decrease in brittle strength of irradiated metal is discussed. The existing
engineering approaches to prediction of RPV integrity under thermal-shock load are summarised. In general, they don’t
enable to use directly advances of physics of fracture of the irradiated material. A large “gap” exists today between the
physics-based models of metal degradation under irradiation and engineering models for assessment of RPV lifetime. It is
shown that proposed engineering version of the Local approach to fracture, may be one of the ways to solve this problem.
The results of employment of this approach to predict life-time of WWER-1000 RPVs are presented.
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Effect of condensate corrosion on tensile and fatigue
properties of brazed AISI 304L stainless steel joints using
gold-base filler metal
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Abstract

As brazed joints have to resist static and cyclic loads in corrosive environments, the effect of a condensate corrosion acc. to
VDA 230-214 on the mechanical properties of brazed AISI 304L/BAu-4 joints is investigated. A significant and time-
dependent degradation of tensile and fatigue properties is determined over 6 weeks. For an evaluation of local deformations
within the small area of the brazing seam, the digital image correlation technique in combination with a triggered image
acquisition is used during tensile and fatigue tests. Here, an increasing influence of the gauge length on strain values is
identified for increasing stress levels, enhanced by notch-containing surfaces of the pre-corroded brazed joints. Fatigue and
corrosion fatigue damage processes are evaluated using scanning electron microscopy.
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Lifetime assessment of additive manufactured polymer
materials by means of the rolling ring test using cyclically
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Abstract

Compared to other methods of fatigue testing which are in need of expensive testing machines and often highly time-
consuming, the developed rolling ring tester is cost-effective, easily to handle and allows relatively fast data acquisition.
Within only a few days essential information for fast quality assurance of laser-sintered parts are available such as about the
influence of the processing conditions on the lifetime under cyclic loading. The number of cycles at break has been found to
increase nearly logarithmically with decreasing deformation of the laser-sintered rolling rings made of polyamide 12. This
behavior corresponds to a transition from fully stable fatigue crack growth to mixed stable—unstable crack propagation.
Furthermore, the number of cycles at break increases linearly with increasing energy density used during the laser sintering
process.

Peer-review under responsibility of the ECF22 organizers.

Keywords: polymer materials; additive manufacturing; cyclic loading; lifetime estimation

* Corresponding author. Tel.: +49 3461 46-2780; fax: +49 3461 46-2592.
E-mail address: ralf.lach@psm-merseburg.de



ECF22 - Loading and Environmental Effects on Structural Integrity

Hard body impact on glass panes and the fracture energy
equilibrium

Stefan Reich **, M. Raghu Sagar Vanapalli®
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Abstract

The Griffith theory describes the behavior of brittle materials. For the description of a crack creation, an energy equilibrium
is used. At annealed glasses, this equilibrium is reduced to a simple formula containing the mechanical energy in the glass
and the surface energy needed for crack creation. The paper deals with the question, whether ball drop test allows the
demonstration of the crack creation principles. Furthermore, the specific surface energy is the coefficient that describes the
energy needed to create cracks. Therefore it will be discussed whether ball drop tests produce similar specific surface energy
values like static tests, e.g. double cantilever of three-point-bending tests. The testing results show a constant surface energy
coefficient at different drop height. Nevertheless, the measured coefficient showed a significant difference to statically
determined surface energy coefficients. This was explained by the only partly use of the potential energy of the ball drop for
the crack creation. The damping of the glass pane, that is supported in a gasket play a significant role in energy absorption.
At a ball drop test the energy amount is defined and the energy input cannot be stopped during the experiment. Despite its
easy build-up and conduction, the ball drop test seems not to be an appropriate investigation for the fracture mechanism of
brittle glass.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Glass, equilibrium; surface energys; brittle fracture; ball drop

* Corresponding author.
E-mail address: stefan.reich@hs-anhalt.de



ECF22 - Loading and Environmental Effects on Structural Integrity

Damage and fracture of ductile sheet metal: New biaxially
loaded specimens for material parameter identification
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Abstract

The paper deals with an experimental series of the new biaxial X0-specimen to study the damage and fracture
behavior of ductile sheet metal. The specimens have been fabricated from the aluminum alloy EN AW 6082
(AISiMgMn) and are proportionally loaded with different ratios. Firstly different specimen geometries from the
literature for the material parameter determination of sheet metal are discussed and in this context new specimen
geometries are motivated and presented. In continuation a corresponding phenomenological continuum damage
model is briefly introduced. Main focus is given on experimental results with the biaxial X0-specimen whereas
results of new load cases are presented and discussed. The geometry indicates good applicability while
advantages and disadvantages are pointed out and finally a perspective to future work is given.
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Effect of gradient plasticity on crack initiation and
propagation in the ductile-brittle transition region of ferritic
steel
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Abstract

Micro-crack initiation in ductile-brittle transition region of ferritic steel is often observed through cracking of
carbides near or at ferritic grain boundary. The main reason is that the dislocation pile-up at a grain boundary
induces high stresses in the carbide. This mechanism cannot be modelled by classical plasticity. In the present
study, the effective gradient plasticity (scalar gradient plasticity) together with cohesive zone models is
employed in a unit cell model to adress this mechanism at the microscale.
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Fracture behavior of rock plate under static and dynamic
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Abstract

It is critical to understand the dynamic fracture and crack propagation of confined rocks in geophysics and geoengineering
application, such as earthquake fault rupture and in-situ stress measurement. The objective of this paper is to characterize the
dynamic fracture behavior of rock plate especially under uniaxial compression using the DIC method combined with ultra-
high speed photography. Using a modified hydraulic pump, the uniaxial compression was exerted at the top and bottom ends
of the rock plate. Dynamic crack propagation tests of plate specimen were conducted using split Hopkinson pressure bar
(SHPB) and the fracture processes were captured by an ultra-high speed photography. The displacement and strain fields of
the dynamic fracture process were calculated using DIC. By setting the virtual digital extensometer, the crack-tip position,
crack propagation velocity and the dynamic fracture toughness were obtained. Results show that the fracture toughness
increases from 1.39 MPa-m'? to 2.25 MPa-m'?, and the crack propagation velocity increases from 843.6 m/s to 1148.3 m/s
when the incident velocity increases from 8.95m/s to 19.3m/s. The crack propagation velocity is higher than that obtained
from small specimen such as NSCB specimen (Gao et al., 2015). Crack propagation velocity in rock plate is higher than that
in small specimen such as notched semi-circular bending (NSCB) specimen of rock. There is one main crack path under
lower gas pressure, while crack bifurcation occurs under high loading pressure. Crack propagation velocity and crack arrest
length decrease with the increase of the hydraulic compressive pressure. If the plate is free of confining stress before
dynamic loading, the crack propagation velocity is about 965.0 m/s. The crack propagation velocity decreases with the
increase of hydraulic confining stress, and it reduces to about 452.4 m/s at hydraulic pump pressure of 30 MPa or confining
stress of 10.6 MPa. Micro cracks could be observed near the crack path and the crack tip when the rock plate subjected to
hydraulic compression and dynamic loading. Therefore, DIC method combined with ultra-high speed photography could be
used to study the dynamic rock fracture under confining stress, which provides a new method for high speed failure
investigation of underground rock that concerned in geophysics and geoengineering application.
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Biaxial experiments on the effect of non-proportional loading
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Abstract

The paper deals with a series of new experiments to study the effect of non-proportional loading paths on damage and
fracture behavior of ductile metals. In this context, a thermodynamically consistent anisotropic continuum damage model is
presented. It takes into account the effect of stress state on damage conditions as well as on the evolution of damage strains.
Different branches of the damage criteria corresponding to various ductile damage and fracture mechanisms depending on
stress state are considered. The two-dimensionally loaded X0-specimen covering a wide range of stress triaxialities and Lode
parameters in the tension and shear stress domains is being used. These tests are driven under different non-proportional
loading paths. The formation of strain fields of the specimens is recorded by digital image correlation technique.
Furthermore, scanning electron microscope analysis of the fracture surfaces clearly shows various failure modes
corresponding to these loading conditions.
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Applicability of local approaches to assessment of cleavage
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Abstract

The paper presents results and analysis from an on-going investigation to better understand and quantify the effects of
constraint on cleavage fracture under various initial stress and plastic strain conditions. Specifically, new fracture toughness
data obtained with three-point bend specimens with crack-to-width ratios 0.4, 0.2 and 0.05 is shown for as-received material
and material with 5% initial uniaxial plastic strain. Firstly, analysis with the J-Q approach is used to argue that while pre-
strain initial conditions change the fracture toughness, the shape of the failure locus in the J-Q space might remain
unaffected. The implication is significant reduction of tests required for assessments taking constraint into account. The
potential to use current local approach methods to allow a fracture prediction, which is independent of initial conditions, is
then investigated by application of modified Beremin models. It is demonstrated that the local approaches are capable of
predicting changes in the apparent toughness across the three constraint levels for the as-received material. It is further
shown that accommodation of load history effects, such as the initial plastic strain, requires an advancement of the classical
approach, a subject of on-going work.
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“Department of Mechanical and Industrial Engineering, Norwegian University of Science and Technology (NTNU), Richard Birkelands vei
2b, 7491 Trondheim, Norway.
School of Mechanical Engineering, Iran University of Science and Technology, Narmak, 16846, Tehran, Iran.

Abstract

The indentation technique has been widely studied as a technique for fatigue crack growth retardation. However, the
majority of the researches are limited only to crack tip indentation technique. The aim of current research is to investigate the
effect of three different methods of indentation on the fatigue crack growth life of the pre-cracked specimens. Fatigue tests
were performed on a group of specimens repaired by crack tip indentation using various indentation loads and the results
were compared with the samples repaired by the double indentation and triple indentation methods. The experimental results
revealed that the higher indentation loads results larger domain of compressive residual stress at the vicinity of the crack tip
and consequently improve the fatigue crack growth life of the pre-cracked specimen. Additionally, the location of the
indentation plays an important role in the efficiency of this method. For the specimens repaired by double and triple
indentation methods, indenting ahead of the crack tip led to retardation in more crack growth compared to the other
horizontal positions of indentation. The triple indentation technique which was proposed in this research provided higher
fatigue crack growth retardation compared to single and double indentation methods.
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Fatigue strength of notched specimens made of Ti-6Al-4V
produced by SLM technique

S.M.J. Razavi**, F. Berto®

“Department of Mechanical and Industrial Engineering, Norwegian University of Science and Technology (NTNU), Trondheim 7491, Norway

Abstract

As an Additive Manufacturing (AM) method, Selective Laser Melting (SLM) allows fabrication of metallic components of
any desired geometry with densities greater than 99.5%. This method is usually used for geometrically optimized
components with complex geometries including various kinds of notches. Hence, it is important to have a clear information
about the fatigue behavior of notched components made by SLM method. This paper evaluates the fatigue behavior of Ti-
6Al1-4V blunt V-notched and circular notched samples produced by SLM. The fatigue results were then compared with those
of the corresponding smooth samples. The fracture surfaces of the tested samples were evaluated using Environmental
Scanning Electron Microscopy (ESEM) and the crack initiation points and fracture mechanisms were identified.
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Determination of residual fatigue life of welded structures at
bucket-wheel excavators through the use of fracture
mechanics
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Abstract

This paper presents a methodological approach for the assessment of service life of vital welded structures of a bucket-wheel
excavator Sch Rs 650/5x24 ("Thyssen Krupp', Germany) boom, subjected to cyclic loading with a variable amplitude through
the use of experimental tests carried out in order to determine operational strength and growth of a fatigue crack. Realized
researches and results presented in this paper offer great possibilities for the analyses of behaviour of vital welded structures
of the bucket-wheel boom. By the application of the measurement device with 8 channels for registration and processing of
electric signals HBM Spider 8 and measurement tapes HBM 6/350xXY31 deformations were measured at vital welded
structures of the boom in the area of the bucket-wheel, made of steels St 37.2 and St 52.3 in accordance with standard DIN
17100, or steels S235J2G3 and S355J2G3 in accordance with standard EN 10025-2. The objective of the test is to determine
if there is a possibility of occurrence of plastic deformations or initial cracks due to fatigue at vital welded structures. Tests
that refer to the growth of the fatigue crack located at the welded joint have been carried out by bending at three points with
asymmetric load R = 0.5 (R = omin/ OGmax) at the specimen with a single edge notch. Tests were performed through the use of
controlled force, ranging between Fmax and Fmin at the high-frequency pulsator *Cracktronic’, while obtainment of data
regarding the crack growth was carried out through the use of measurement gauge ARM A-10.
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Effect of hygrothermal environment on the fatigue behaviours
of composite laminates

He Yuting®*, Feng Yu?

“Air Force Engineering University, China

Abstract

Effect of hygrothermal environment on the fatigue behaviors of composite laminates were investigated in this paper.
Absorbing moisture property was analyzed and the micro-damage evolution during the absorbing process was observed. A
modified Fick model considering the side absorbing was proposed. Then the static tensile properties after hygrothermal
exposure was studied in term of failure strength/strain, stress-strain curves and failure modes, with a comparison with the
pristine laminates. Aged specimens have multi-damage fracture and the fracture positions show more uncertainty, which is
far different from the pristine laminates. Finally the tension-tension fatigue performances of aged laminates were
investigated. The median fatigue life of aged laminates decrease seriously under various stress level. Aged laminates has
more serious damage than the virgin specimens at the same fatigue life percentage, which results in the more serious
decrease in stiffness of saturated composite laminates.
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Identification of crack positions and crack loading quantities
from strain gauge data by inverse problem solution

Ramdane Boukellif»*, Andreas Ricoeur?

“Institute of Mechanics, Department of Mechanical Engineering, University of Kassel, 34125 Kassel, Germany

Abstract

A method for the detection of cracks in finite and semi-infinite plane structures is presented. This allows both the
identification of crack position parameters such as length, location and inclination angles with respect to a reference
coordinate system and the calculation of stress intensity factors (SIFs). The method is based on strains measured at different
locations on the surface of a structure and the application of the dislocation technique. Cracks and boundaries are modelled
by continuous distributions of dislocation densities. This approach gives a set of singular integral equations with Cauchy
kernels, which can be solved using Gauss-Chebyshev numerical quadrature [Erdogan et al. (1973)]. Once knowing the
dislocation densities, the strain at an arbitrary point can be calculated. The crack parameters as well as external loads are
parameters which are determined by solving the inverse problem with a genetic algorithm. Once knowing loading and crack
parameters, the SIFs can be calculated.
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The effect of negative stress triaxialities on ductile damage
and fracture behavior in metal sheets

Marco Schmidt®*, Steffen Gerke?, Michael Briinig?

“Institut fiir Mechanik und Statik, Universit at der Bundeswehr Miinchen, Werner-Heisenberg-Weg 39, 85579 Neubiberg, Germany

Abstract

The paper deals with an anisotropic continuum damage and fracture model and a series of biaxial experiments with focus on
negative stress triaxialities. The continuum model is based on the assumption that different damage mechanisms are present
and have to be taken into account depending on stress triaxiality and Lode parameter. Therefore, modeling of onset and
evaluation of damage are based on a stress-state-dependent damage condition and a stress-state-dependent damage rule. To
identify the corresponding parameters biaxial experiments with specimens taken from aluminum sheets have been performed
and results of corresponding numerical simulations are discussed in detail. The experimental behavior has been analyzed
with a digital image correlation system to compare the strain fields with those obtained by numerical simulations. In
addition, fracture modes are detected by scanning electron microscopy. Based on the experimental and numerical results a
stress-state-dependent cut-off value for negative stress triaxialities is proposed.
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INCEFA-PLUS (increasing safety in NPPs by covering gaps
in Environmental Fatigue Assessment)
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Abstract

INCEFA-PLUS is a European Project (funded by the European Commission HORIZON2020 program) that started in July
2015 and lasts five years (until June 2020). The project consists of 16 members from all over Europe and has as its main goal
to guarantee safety in operations of Nuclear Power Plants (NPPs) by delivering experimental data to support the
development of improved environmental fatigue assessment guidelines. The issues that are being studied (experimentally)
are those of common interests to all participants: the effects of mean strain/stress, hold time, strain amplitude and surface
finish on the fatigue performance of austenitic stainless steels in the LWR (Light Water Reactor) environment.

Within the framework of the CEN (European Committee for Standardization) workshop FATEDA, the consortium
developed a fatigue data format. This data format was used in an online environmental fatigue database, where the
experimental data are made available for all participants. Later in the project, it is intended to develop an environmental
fatigue assessment procedure on the basis of this data.

The paper will introduce the project and describe phase one (of three) testing, including conditions such as surface finish and
hold time. The plans that are being made for phase two testing will be detailed. The materials used in the tests, the surface
finish data and some experimental results for phase one will be presented, together with a summary of the INCEFA-PLUS
testing protocol. Finally, a review of existing assessment methodologies and a summary of dissemination activities will be
provided.
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Application of the PAM method in the milk production sector

Ivana Franji¢®*, Dubravka Zivoder®

“Croatian Agricultural Agency, Croatia

Abstract

Agricultural production in the Republic of Croatia has followed many problems since the Second World War. At that time
the development of agriculture was subordinated to the development of the industry. There were few economic activities that
were important for the development of agriculture. These were, above all, guidelines, which served as incentives for a
successful future for agriculture, and were sufficient only to prevent the abolition of agricultural production, that is, to ensure
sufficient food supply, because by the cessation of the population's employment with agricultural production, would be the
end of food production. Family farms face major changes that have long been transformed but due to the fear of something
new, this has not happened yet. Based on outdated conceptions and management systems, they are not able to respond to
market economy conditions. In order for the economy to adapt, it will have to be seen as an enterprise or a family farm will
become the basic organizational form in agricultural production and management in market economy conditions will become
an important factor in their business. One of the main goals of agrarian policy is to develop the market structure and adjust
the institutional framework in line with market trends. Thus, in 2001, prescribed by the Law on Agriculture and Measures
Measured under the Measure of Market Price Policy. Market price policy affects the stability of the domestic market of
agricultural products, while strengthening the competitiveness of Croatian agriculture and the implementation of obligations
in accordance with international trade agreements. Market price policy consists of the following set of measures: prescribed
prices, cash incentives and fees, Measures to encourage sales and consumption, agricultural balancing measures, trade
measures. The aim of this paper is to present the calculation of the matrix of political analysis under the name of the PAM
method in the milk production sector with the aim of considering the difference between private and economic prices in
relation to the costs or inputs traded on domestic inputs and on the basis of calculating the condition of state intervention
well thought out or the sector has caused problems. Also, data on the dairy sector in the Republic of Croatia are presented in
this paper.
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Computer simulation of cleavage fracture surface
morphologies in steel plates

Taiko Aikawa?, Shuji Aihara®* ,Tomoya Kawabata?, Fuminori Yanagimoto?,
Kazuki Shibanuma?

“The University of Tokyo, 7-3-1, Hongo, Bunkyo, Tokyo, 113-8656, Japan

Abstract

A computer simulation model has been developed to reproduce brittle fracture surface morphologies. Local stress intensity
factor along a propagating crack front is calculated considering the fracture surface irregularity and crack front non-
straightness. Shear stress exerted at fracture surface steps and crack closure stress by uncracked ligament are also taken into
consideration in calculating the local stress intensity factor. The local stress intensity factor is compared with assumed
critical value to judge if a crack propagate or arrests at each crack front location. The model was found to reproduce chevron
markings and shear-lips, both of which are typical of cleavage fracture in steels. The present model was applied to wide-
plate crack arrest test with temperature-gradient. Changes of fracture surface morphologies and arrest crack length were well
reproduced by the present model.
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Simulated running ductile fracture experiment using rubber
tube

Yasuyuki Furuta?, Yuki Nishizono?, Shuji Aihara®*, Fuminori Yanagimoto?,
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Abstract

Dynamic frack propagation experiment using rubber tubes has been developed which is intended to simulate running ductile
fracture in high-pressure gas pipelines. Crack velocity was measured by high-speed camera. It ranged 100 to 500m/s,
depending on pressure. The crack velocity decreased more rapidly in helium gas test than in the air test. This result was
explained by a comparison of crack propagation velocity and sound velocity of the gas media. The crack opening shape was
found similar to that of full-scale burst tests of steel pipes. Also, crack deviation leading to ring-off and crack arrest took
place, which was similar to full-scale burst tests. Bi-axial stress state was suggested as a factor controlling the crack
deviation.
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Investigation on brittle crack propagation and arrest
behaviors under high crack driving force in steel
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Abstract

The brittle crack propagation and arrest behaviors under high stress intensity factor conditions have been an unsolved
problem in the fracture mechanics. Although a numerical model based on the local fracture stress criterion indicated growth
of unbroken shear lips due to SIF increasing was a cause of the problem, such model depended on many assumptions and it
lacked experimental discussion on the behaviors. This study carried out brittle crack arrest experiments under high SIF
condition using wider specimens. The experiments and finite element analyses of them showed that the unbroken shear lip
formation was governed by the effective SIF. The numerical model was modified based on this result and the predictions by
the modified model showed better agreement with the experimental results than those by the conventional model.
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Testing of Brazilian disk specimens with a delamination
between a transversely isotropic and a tetragonal composite ply

Mor Mega?, Leslie Banks-Sills**

“The Dreszer Fracture Mechanics Laboratory , School of Mechanical Engineering, Tel Aviv University, 6997801 Ramat Aviv, Israel

Abstract

Fracture toughness tests using the Brazilian disk specimen (BD) were carried out to determine the toughness properties of a
delamination between two fiber reinforced composite plies. The upper ply is a transversely isotropic UD fabric with fibers
oriented in the Oe-direction and the lower ply is a tetragonal plain balanced weave with fibers oriented in the +45¢/ -45° -
directions. The composite is manufactured as a wet-layup. With the BD specimen, mixed mode combinations are achieved
by changing the loading angle ®, between the load line and the delamination. Eight specimens were tested at four loading
angles, two for each angle. Based on the test results, finite element (FE) analyses were carried out in conjunction with two
methods, the three-dimensional conservative M-integral and displacement extrapolation (DE) to obtain the stress intensity
factors along the delamination front for each specimen resulting from mechanical loads, as well as residual stresses. The two
methods were used in order to validate the results. Both methods were extended for this specific interface and made use of
the first term of the asymptotic solution of the displacement field. The stress intensity factors were superposed, and the
critical interface energy release rates and phase angles were calculated and plotted.
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Application of singular integral equation to crack moving
near an inclusion in two-dimensional infinite plate
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Abstract

This paper describes application of singular integral equation method to crack moving near an inclusion in two-dimensional
infinite plate which is subjected to a tensile loading at infinity. The theoretical formulation is based upon the superposition of
the problem of a continuous distribution of edge dislocations spread along the crack locus in an infinite plate with single
inclusion and the problem for the same geometry without crack which is subjected to a tensile loading. The superposition
leads to simultaneous singular integral equation, and they relate the surface zero-tractions to the dislocation densities along
the curved crack locus. The stress intensity factors are derived directly from the crack-tip stress field. Then, the crack tip is
automatically moved to a direction as satisfying the restriction that the stress intensity factor Ku is zero, which was
developed in this study. The direction search is conducted by rotating the tip of virtually incremented crack around the origin
crack tip. The search and extension processes are repeated in sequence. In this numerical calculation, the influence of the
initial crack locations on crack moving path is discussed.

Peer-review under responsibility of the ECF22 organizers.

Keywords: singular integral equation method, stress intensity factor, crack tip stress field

* Corresponding author. Tel.: +81-3-5876-1823; fax: +81-3-5876-1823.
E-mail address: marai@rs.tus.ac.jp

23



ECF22 - Loading and Environmental Effects on Structural Integrity

Cutting resistance of polymeric materials: experimental and
theoretical investigation

A. Spagnoli®* R. Brighenti* , M. Terzano? , F. Artoni?® , P. Stéhle®
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*Division of Solid Mechanics, Lund University, SE-221 00 Lund, Sweden

Abstract

In the present paper, an experimental campaign is carried out with reference to the steady state propagation of an existing cut
in polymeric plates, ranging from glassy to soft polymers. The steady state propagation is investigated by considering a
commercial cutting tool under different insertion velocities of the blade. Full-field finite strain maps are experimentally
recorded by means of digital image correlation technique, along with the recording of the insertion force vs displacement
curve. It is shown that the cutting resistance is dependent on the fracture toughness of the target material and on the
sharpness of the cutting tool. Different scenarios of steady state cut propagation are observed if either a relatively blunt or a
relatively sharp blade penetrates in the material. Alternative blade sharpness parameters can be used to discriminate the
different conditions of cut propagation observed in the experiments. A theoretical interpretation of the experimental
outcomes is provided.
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Impact of aggressive media on the interlaminar shear
strength of innovative glass fiber reinforced
polyurea/polysilicate hybrid resins

Mark Kopietz**, Bernd Wetzel?

“Institut fiir Verbundwerkstoffe GmbH, Erwin-Schrédinger-Str. 58, 67663 Kaiserslautern, Germany

Abstract

In this work the impact of different media (water, sodium hydroxide (NaOH), and hydrochloric acid (HCI)) especially on the
interlaminar shear strength (ILSS) of glass fiber reinforced plastics (GFRP) were explored. The ILSS served as an indicator
for the adhesion between fibers and matrix. Furthermore, the media uptake and loss of non-bonded chemicals were
determined.

As matrices served phosphate-containing polyurea/polysilicate resin (3P Resins®) as a reference and a recently developed
phosphate-free hybrid resin denoted as 2P. Additionally, the 2P hybrid resins were modified by 1 vol% of the nonionic
surfactant Efka® WE 3110. It was found that the phosphate-free resin (2P) reaches both, a significantly increased ILSS and
fiber/matrix adhesion, and simultaneously, a lower media uptake compared to the 3P. These properties were further
enhanced by the presence of the surfactant. Besides, the market established reference resin showed a mass loss indicating the
diffusion of unfavorable phosphates from the composite into the media.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Fiber-reinforced plastics, interlaminar shear strength, polyurea/polysilicate hybrid resins, media resistance

* Corresponding author. Tel.: +49 (0)631/2017-147; fax: +49 (0)631/2017-199.
E-mail address: mark.kopietz@ivw.uni-kl.de

25



ECF22 - Loading and Environmental Effects on Structural Integrity

Tensile and compression properties of variously arranged
porous Ti-6Al-4V additively manufactured structures via SLM
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Abstract

Additively manufactured porous structures find increasing applications in the biomedical context to produce orthopedic
prosthesis and devices. In comparison with traditional bulk metallic implants, they permit to tailor the stiffness of the
prosthesis to that of the surrounding bony tissues, thus limiting the onset of stress shielding and resulting implant loosening,
and to favor the bone in-growth through the interconnected pores. Mechanical and biological properties of these structures
are strongly influenced by the size and spatial arrangement of pores and struts. In the present work irregular and regular
cellular as well as fully random porous structures are investigated through tensile and compression uniaxial tests. Specific
point of novelty of this work is that, beside classical compressive tests, which are standard characterization methods for
porous/cellular materials, tensile tests are carried out. Mechanical tests are complemented with morphological analysis and
porosity measurements. An attempt is made to find correlations between cell arrangements, porosity and mechanical
properties.
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TiZrNbTaMo high-entropy alloys designed for orthopedic
implants: optimization for mechanical properties

Shao-Ping Wang® Jian Xu®*

“Institute of Metal Research, Chinese Academy of Sciences, China

Abstract

Combining the high-entropy alloy (HEA) concept with property requirement for orthopedic implants, we proposed an idea to
develop new alloys applicable for orthopedic implants, chemically based on biocompatible refractory elements such as Ti,
Zr, Nb, Ta and Mo. Using equiatomic TiZrNbTaMo alloy as composition starting point, dependence of microstructure and
mechanical properties on Mo concentration are investigated in arc-melted (TiZrNbTa)100-xMox (08x<20) HEAs. The arc-
melted (TiZrNbTa)100-xMox alloys structurally consist of two bcc phases. It is shown that with increasing the Mo
concentration in the alloys, compressive strength, [1y, and Young’s modulus, E, increase from 1020 MPa and 115 GPa for
the Mo-free quaternary to 1460 MPa and 155 GPa at 20% Mo, respectively. Meanwhile, Mo-concentrated alloys result in
deterioration in ductility and toughness, showing a decrease in notch toughness, Ko, from 29 MPallm for the Mo-free alloy
down to 19 MPallm at 20% Mo. Moreover, fracture mode at crack tip undergoes a transition from the intergranular to the
transgranular. To compromise the strength and toughness, the (TiZrNbTa)90Mol0 exhibits an optimal combination of
stiffness (E=137 GPa), compressive yield strength (cy,=1300 MPa) and fracture toughness (Ko=20 MPaVm). Suh an alloy is
expected to possess improved wear resistance superior to the titanium alloys, and potentially to be used in hard-tissue
prosthesis with loading bearing surfaces. Future efforts will focus on the optimization of mechanical properties via
processing, and the understanding of corrosion and tribocorrosion behavior in simulated physiological environment.
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Application of material forces and path independent integrals
to the prediction of crack initiation and crack paths
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Abstract

Next to the shape of a growing crack, it is of importance to predict the initiation of new cracks, especially in structures with
stress concentrations due to e.g. holes or notches. In the past, different criteria for crack initiation have been discussed.
Furthermore, cracks growing in the vicinity of such stress concentrations in general are deflected and therefore complex
crack paths arise. The prediction of crack initiation and the shape of crack paths becomes even more complicated if a
material exhibits anisotropic constitutive properties or fracture toughnesses. In this paper, a unified approach of material
forces for the prediction of the initiation and growth of a crack is presented. The material or configurational forces as crack
driving quantity are strongly related to path-independent integrals, e.g. the J k -integral. A novel methodology is presented
for accurately calculating material forces at cracks employing local numerical data. Material tractions at a round U-notch are
investigated and related to crack initiation.
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Effect of the geometrical defectiveness on the mechanical
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Abstract

Metallic lattice biomaterials can be very complex structures that are often impossible to be fabricated with other
manufacturing technologies than additive manufacturing (AM). Residual stresses and geometric defects such as severe
notches and distorted struts are inevitably introduced into the printed structures and these can affect the mechanical and
biological properties. Micro X-ray Computed Tomography (LCT) has been proven to be a very powerful tool for accurately
measuring the mismatch between the as-designed CAD model and the SLM structure. In this work, selective laser melting
(SLM) Ti6Al4V lattices were measured using a metrological uCT system to identify and classify the geometrical distortions
introduced by the printing process. The pCT measurements have also been used to build Finite Element (FE) models based
on beam elements that make possible a quantification of the effect of these defects on the elastic modulus of the lattice by
comparison with FE models based on the ideal geometry. Moreover, solid FE models of the junctions between the struts
have been built by importing the CT data in Ansys® to calculate the stress concentrations caused by the severe notches.
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Fracture behaviour and microstructure-mechanics
relationship of human aortic aneurysms
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Abstract

Aortic aneurysms are amongst the leading vascular diseases that claim millions of lives every year. They cause dilatation of
aorta, leading pathological changes in its microstructure and resulting in ruptures and fatal clinical events. Although
mechanical properties of the diseased aorta have been studied, literature on its fracture behaviour and microstructure-
mechanics relationship does not exist. Objectives of this study are to investigate the fracture behaviour of diseased human
aorta and to explore the disease driven changes in microstructural components on its mechanical behaviour.

Methods:

Aortic aneurysm affected aorta regions were collected from eight patients and stored in liquid nitrogen. Tissue pieces were
thawed prior to testing and tissue strips were cut from their intima, media and adventitia layers, along both the
circumferential and the axial artery directions. Unnotched uniaxial tensile and single edge notched uniaxial tensile tests were
performed on all strips and force versus tissue displacement data were collected. Immunohistochemical analysis was used to
quantify microstructural components of each tissue.

Results:

Unexpectedly, the failure stress of notched circumferential adventitia strips was found to be significantly (p=0.015) higher
and the failure stresses of notched axial adventitia (p=0.083) and axial media (p=0.13) strips marginally higher than their
corresponding unnotched counterparts. Bilinear regression analysis revealed strong correlations between increase in collagen
and a corresponding decrease in glycosaminoglycan contents of circumferential media (r2=0.86) and axial adventitia
(r2=0.81) strips with increases in their tangential moduli at 200 kPa. The same microstructure-mechanics relationship was
also observed for the 50 kPa tangential moduli of axial intima (r2=0.87) and circumferential media (r2=0.94) strips.
Discussion:

Differences in original healthy structural organisation, cellular environment and mechanical response of distinct arterial
layers could underlie the variations in the relationship between changes in their microstructural components and mechanical
behaviour.
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Prediction of fracture in sandwich-structured composite
joints using case-based reasoning approach
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Abstract

Repair and replacement of damaged composites are costly and time-consuming processes, therefore a prediction of fracture
is highly beneficial, and may enhance structure reliability. In this study, a case-based reasoning (CBR) methodology as a
problem- solving method of artificial intelligence is utilized to predict fracture occurrence in adhesively bonded sandwich
joints. CBR is an intelligent technique for solving new problems by finding previous similar problems based on the
experiences and cases which have similar solutions. In this paper, the experimental data of sandwich joints which
experienced static and dynamic loadings under various environmental conditions are analyzed and stored on the case base.
The case base of the implemented system is also enriched by numerical simulation results. The developed tool is
appropriately designed with the optimized cases which are performed to reach high robustness in the fracture prediction.
Furthermore, the case-base updates while using the system by earning from the gathered data as requested problems.
Therefore, higher performance in future problems can be achieved. The proposed intelligence system has a general reliability
to apply for different types of joints in sandwich-structured composites in order to predict failure load and type of failure.
The quality of the obtained results of this research fully demonstrated the usefulness of the proposed intelligent system.
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Temperature and humidity influence analysis on the behavior
of thick composite plates using high order theory

B. Boukert®*, A. Benkhedda?, E.B Adda®, M. Khodjet-Kesba?

“Laboratoire des Sciences Aéronautiques, Institut d’Aéronautique et des études spatiales, Université Blida 1, B.P 270 route de Soumaa, Algerie
*Laboratoire de Matériaux et Hydrologie, Université de Sidi Bel Abbés,Algerie

Abstract

The composite materials fields is very important with their wide use in various fields, in aeronautics these materials
represent a great potential throught their rigidity and lightness, the aeronautical structures work in variable environmental
conditions because of altitude change ,consequently the temperature and the humidity in which the structure is located vary,
these parameters generate an internal stresses which influence the behavior of the material, for this the determination of the
hygrothermal stress is very important in the engineering phase.

This study investigates the behavior of thick composite laminates using the high order method through hydrothermal stress
calculation, the composite laminate is working in a hygrothermal environment, temperature and humidity are used and taken
into account for stress calculation, different Simulations are carried out using different values of temperature and
concentration, to see the influence of one on the other, other simulations are made by varying the distribution shape of
temperature and humidity along the thickness of the laminate, the plate size is also taken into account in the simulations (a/b:
ratio of length to width, a/h: ratio length to thickness).
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Effect of moisture absorption on the elastic properties in
cracked composite laminates with transient hygrothermal
conditions
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Abstract

A modified Shear-lag model was used to predict the effect of transverse cracks on the elastic properties degradation for
[6m/90n]s composite laminates and under different environmental conditions by the variation of temperature and transient
moisture concentration distribution in absorption case. Good agreement is obtained by comparing the prediction models and
experimental data published by Joffe. Furthermore the cracked angle-ply laminate is submitted to hygrothermal conditions.
The transient and non-uniform moisture concentration distribution gives rise to the transient mechanical properties. The
obtained results represent well the dependence of the mechanical properties degradation on the cracks density, fibre
orientation angle of the outer layers and transient hygrothermal conditions.
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Quantification of the fatigue severity of porosity in aluminium
alloy 7050-T7451 thick plate

Simon Barter®*, Ben Dixon?

“DST-Group Australia

Abstract

Porosity in aluminium alloy components are well-known initiators of fatigue. This is well understood for many situations
where castings are used, what is less well realised is that thick wrought plates of high strength aluminium alloys can also
suffer from porosity initiated fatigue cracking. Such plates are used in aircraft components and porosity may be significant
due to the lack of sufficient rolling prior to machining. This was particularly the case in the early production F/A-18 aircraft,
where in some structural durability tests, some fatigue cracks were observed to initiate from porosity in the main aluminium
bulkheads. This demonstrated the potential for porosity to cause fatigue cracking in these components during service. The
present study quantifies the fatigue severity of porosity present in the Aluminium Alloy 7050 T7451 thick plate that was
used for some F/A-18 components. To this end, over one hundred polished 7050-T7451 coupons were fatigue tested to
failure and the fracture surfaces were then examined using quantitative fractography. The data produced by this process were
used to determine the effect of the porosity as if it had been a fatigue crack of a size that would have produced the same
fatigue crack growth. This metric, denoted as the equivalent pre-crack size of the porosity, defined the fatigue severity for
each porosity discontinuity examined here. These equivalent pre-crack sizes were then used to estimate the distribution of
porosity fatigue severities in 7050-T7451 thick plate. The use of an equivalent pre-crack size to define fatigue severity
facilitates the use of fatigue crack growth prediction models to make deterministic and probabilistic fatigue life predictions
for realistic service spectra loading conditions for this discontinuity type. Moreover, it allows the fatigue severity of porosity
to be compared to those of other discontinuity types that cause fatigue cracks in other similarly manufactured 7050-T7451
components.
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Computational evaluation of artery damage in stent
deployment
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Abstract

This paper aims to evaluate damage in an arterial wall and plaque caused by percutaneous coronary intervention using a
finite-element (FE) method. Hyperelastic damage models, verified against experimental results, were used to describe stress-
stretch responses of arterial layers and plaque in the lumen; these models are capable to simulate softening behaviour of the
tissue due to damage. Abaqus CAE was employed to create the FE models for an artery wall with two constituent layers
(media and adventitia), a symmetric uniform plaque, a bioresorbable polymeric stent and a tri-folded expansion balloon. The
effect of percutaneous coronary intervention on vessel damage was investigated by simulating the processes of vessel pre-
dilation, stent deployment and post-stenting dilation. Energy dissipation density was used to assess the extent of damage in
the tissue. Overall, the plaque experienced the most severe damage due to its direct contact with the stent, followed by the
media and adventitia layers. Softening of the plaque and the artery due to the pre-dilation-induced damage can facilitate the
subsequent stent-deployment process. The plaque and the artery experienced heterogeneous damage behaviour after the stent
deployment, caused by non-uniform deformation. The post-stenting dilation was effective to achieve a full expansion of the
stent but caused additional damage to the artery. The computational evaluation of the artery damage can be also potentially
used to assess the risk of in-stent restenosis after percutaneous coronary intervention.
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Pearlitic ductile cast iron: fatigue crack paths and damaging
micromechanisms
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Abstract

The influence of the graphite nodules morphology (shape, dimension and distribution) on ductile cast irons (DCls)
mechanical properties is experimentally confirmed both in static, quasi static and cyclic loading conditions. According to the
most recent results, these graphite elements cannot be merely considered as ‘‘microvoids embedded in a metal matrix’’, but
their presence implies a modification of the damaging micromechanisms and this modification I s influenced by the metal
matrix microstructure.

In this works, the different damaging mechanisms that are active in the graphite nodules in a pearlitic DCI are semi-
quantitatively analyzed using light optical microscope observations of the fracture surface profiles.
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Prediction of steel weld HAZ Charpy impact property based
on stochastic fracture model incorporating microstructural
parameters
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Abstract

The present study proposed a model to predict Charpy impact absorbed energy for steel weld HAZ of predominantly upper
bainite containing martensite-austenite constituent (MA) as a second phase. Probability distribution of local fracture stress
for cleavage crack nucleation is calculated from microstructural parameters. On the other hand, local stress and strain are
calculated from dynamic elastic-plastic finite-element analysis. Applying the weakest-link mechanism, probability of
cleavage fracture is calculated. Charpy impact tests were conducted for steel simulated HAZ with various cooling rates. As a
result, the predicted Charpy absorbed energy transition curves agreed well with the experiment and the model was validated.
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Pressurized Thermal Shock analysis of the reactor pressure
vessel
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“Trampus Consulting & Engineering, Hungary

Abstract

Pressurized Thermal Shock (PTS) is an overcooling transient which causes a thermal shock to the reactor pressure vessel
(RPV), while the pressure is either maintained or the system is re-pressurized during the transient. The thermal stress due to
the rapid cooling of the vessel wall in combination with the pressure stress results in large tensile stresses nearby the vessel
inside surface. Also, a unique ageing phenomenon called irradiation embrittlement, caused by fast neutron bombardment as
environmental effect, occurs in the RPV wall reducing the structural material’s fracture toughness and shifting the ductile-
brittle transition temperature in the direction of higher temperature. In the case if a flaw would exist in an area of the vessel
wall near to the inside surface where the material properties degraded due to fast neutron irradiation and a PTS transient
would happen, the RPV integrity would be jeopardized.

PTS analysis is a substantial part of the RPV design safety assessment, and it is especially crucial when a plant owner
applies license for operation beyond the design life. The presentation describes the methodology and the basic results of the
PTS analysis performed for Paks nuclear power plant, Hungary, to support the plant’s life extension application. It includes
the initiating events selection and the thermal-hydraulic calculations as necessary inputs for the structural analysis. The end-
of-life fluence calculations and the RPV surveillance results provided the input for the material characterization (Klc).
Temperature and stress field calculations were performed by solving the system of equations of elasticity. Under-cladding
crack was postulated for fracture mechanics calculation (KI). Comparison of these two parameters (KI < Klc), i.e.
evaluation of whether the postulated flaw stability criteria was met, gave the result. Then, the allowable critical temperature
of brittleness was derived from the criterion and the safe lifetime of the RPV was determined.
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Experimental investigation of deformation and failure in
ductile alloys under shear loading
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Abstract

Conventional ductile fracture models such as the Gurson-Tvergaard-Needleman model has been developed based on the
mechanics of void growth due to volumetric strain and subsequent void coalescence leading to fracture. It has now become
evident that these models are not capable of capturing fracture in dominant shear deformation scenarios, which arise
commonly in the form of shear localizations in polycrystalline metallic materials. In this paper, we report in-situ multiscale
examination of deformation and failure mechanisms in Al 6061-T6 under low stress triaxiality levels using modified Arcan
specimens. Strains at the grain and subgrain levels were measured in a scanning electron microscope by in-situ tracking of
the changes in grain size and morphology, and at the macroscale level with the means of digital image correlation. Strains in
the range of 2-2.5 were measured at the grain level without any indication of damage. High strain heterogeneity at the grain
was evidenced and quantified, and its relation with grain size and morphology was evaluated. The interaction of matrix
grains and particles was monitored and correlated with force data to examine the effect of particle fracture on load carrying
capacity and final failure of the material under shear loading.
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Grain size influence on fatigue behaviour in a CuZnAl PE SMA
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Abstract

Due to their capability to recover the initial shape, Shape Memory Alloys (SMAs) are widely used in many applications.
Different grades are commercially available and they can be classified considering either their chemical compositions (Cu
based, Ni based, Fe based and so on..) or according to their mechanical behaviour. The most used SMAs are the Ni based
alloys thanks to their performances both in terms of mechanical resistance and in terms of fatigue resistance, but their costs
are quite high. Cu based alloys are good competitors of the Ni based alloys. The recent optimization of their chemical
composition improved both the corrosion resistance in aggressive environments and their mechanical performances. In this
work, the influence of the grain size on fatigue crack propagation in two Cu-Zn-Al SMAs focusing on the damaging
micromechanisms.
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Abstract

Blending hydrogen into natural gas pipelines is a recent alternative adopted for hydrogen transportation as a mixture with
natural gas. In this paper, hydrogen embrittlement of steel pipelines originally designed for natural gas transportation is
investigated. Solubility, permeation and diffusion phenomena of hydrogen molecules into the crystalline lattice structure of
the pipeline material are followed up based on transient evolution of internal pressure applied on the pipeline wall. The
transient regime is created through changes of gas demand depending on daily consumptions. As a result, the pressure may
reach excessive values that lead to the acceleration of hydrogen solubility and its diffusion through the pipeline wall.
Furthermore, permeation is an important parameter to determine the diffusion amount of hydrogen inside the pipeline wall
resulting in the embrittlement of the material. The numerical obtained results have shown that using pipelines designed for
natural gas conduction to transport hydrogen is a risky choice. Actually, added to overpressure and great fluctuations during
transients that may cause fatigue and damage the structure, also the latter pressure evolution is likely to induce the diffusion
phenomena of hydrogen molecules into the lattice of the structure leading to brittle the pipe material. The numerical
simulation reposes on solving partial differential equations describing transient gas flow in pipelines coupled with the
diffusion equation for mass transfer. The model is built using the finite elements based software COMSOL Multiphysics
considering different cases of pipe material; API X52 (base metal and nutrided) and API X80 steels. Obtained results
allowed tracking the evolution with time of hydrogen concentration through the pipeline internal wall based on the pressure
variation due to transient gas flow. Such observation permits to estimate the amount of hydrogen diffused in the metal to
avoid leakage of this flammable gas. Thus, precautions may be taken to prevent explosive risks due to hydrogen
embrittlement of steel pipelines, among other effects, that can lead to alter safe conditions of gas conduction.
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Phase transformation in white etching area in rolling contact
fatigue
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Abstract

Rolling contact fatigue (RCF) involves microstructural change in the subsurface of contact. The changed microstructure is
generally termed as white etching area (WEA) as it appears white under optical microscope when etching in nital solution.
WEA has been acknowledged as one of the primary failure modes in RCF since it causes severe local inhomogeneity of
microstructure.

It was reported that WEA consists of nano ferrites as martensite grains and carbides are significantly refined in the WEA.
Some carbides are dissolved. In some cases, an amorphous-like structure was occasionally observed in the WEA, indicating
that phase transformation may possibly occur. In the current study, two types of WEA were observed in the subsurface. One
appears largely sheared morphology with elongated carbides. The other exhibits compact morphology with no carbides
observed. We studied the two types by using scanning electron microscopy (SEM), transmission electron microscopy (TEM)
and Electron back scattered diffraction (EBSD). The result showed that there is a big difference between these two types of
WEA. The first type consists of refined martensites and carbides. It does not involve phase transformation. However, the
other type is dominated with an amorphous phase with martensite, austenite and carbides embedded interior. A distinct
interface between the matrix and the WEA was present, as shown in Fig.1. In addition to grain refinement down to
nanometers, phase transformation including amorphization and austenitization happened in WEAs. The content of austenite
was increased from 2% in the matrix to 20% in the WEA. The analysis showed that phase transformation are controlled by
plastic deformation mechanism. In view of the above results, WEA was suggested to be categorize into deformed and
transformed bands based on whether phase transformation occurs.
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Effects of pharmaceutical wastes usage as partial replacement
of cement on the durability of high-performance concrete
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Abstract

This paper reports an experimental study of the influence of ash produced from incinerated hospital wastes used as partial
substitute for Portland cement (PC) on the mechanical properties and durability of high performance concretes. The analysis
of the experimental results on concrete at 10 % content of ash resulting from incineration of pharmaceutical wastes with a
fineness modulus of 8000 cm?/g, in a chloride environment, showed that it contributes positively to the perfection of its
mechanical characteristics, its durability with respect to migration of chloride ions and oxygen permeability. On the basis of
the experiments performed, it can be concluded that the ash is suitable for formulation of high performance concretes (HPC)
and their properties are significantly better compared to the reference concrete (RC). This paper points out the directions for
the proper uses of ash of pharmaceutical wastes in concrete.
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Abstract

Rolling contact fatigue (RCF) involves microstructural change in the subsurface of contact. The changed microstructure is
generally termed as white etching area (WEA) as it appears white under optical microscope when etching in nital solution.
WEA has been acknowledged as one of the primary failure modes in RCF since it causes severe local inhomogeneity of
microstructure.

It was reported that WEA consists of nano ferrites as martensite grains and carbides are significantly refined in the WEA.
Some carbides are dissolved. In some cases, an amorphous-like structure was occasionally observed in the WEA, indicating
that phase transformation may possibly occur. In the current study, two types of WEA were observed in the subsurface. One
appears largely sheared morphology with elongated carbides. The other exhibits compact morphology with no carbides
observed. We studied the two types by using scanning electron microscopy (SEM), transmission electron microscopy (TEM)
and Electron back scattered diffraction (EBSD). The result showed that there is a big difference between these two types of
WEA. The first type consists of refined martensites and carbides. It does not involve phase transformation. However, the
other type is dominated with an amorphous phase with martensite, austenite and carbides embedded interior. A distinct
interface between the matrix and the WEA was present, as shown in Fig.1. In addition to grain refinement down to
nanometers, phase transformation including amorphization and austenitization happened in WEAs. The content of austenite
was increased from 2% in the matrix to 20% in the WEA. The analysis showed that phase transformation are controlled by
plastic deformation mechanism. In view of the above results, WEA was suggested to be categorize into deformed and
transformed bands based on whether phase transformation occurs.
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Microscopic strain calculations at the onset of coalescence in
nodular cast iron
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Abstract

At the microscale, ductile materials fail through void nucleation, growth, and coalescence. The understanding of these
micromechanisms is crucial for the formulation of macroscale models that can be applied in industrial applications. The
present work focuses on void coalescence for a nodular cast iron. The objective of this study is to propose a strain-based
coalescence criterion.

The methodology employed is a combination of three techniques: in situ Synchrotron Radiation Computed Laminography,
Digital Volume Correlation, and Finite Element simulations. Thanks to this framework, immersed microstructures and
realistic boundary conditions can be used in numerical simulations with advanced meshing capabilities.

Equivalent strain values prior to coalescence in the intervoid ligament resulting from Digital Volume Correlation and Finite
Element simulations are compared for different pairs of coalescing voids. The limitations given by the spatial resolution of
each technique and their complementarity are discussed. After this comparison, the numerical study is generalized to a more
numerous group of void pairs in order to obtain more representative data. The obtained results are used to discuss the
possibility of establishing a strain-based coalescence criterion while taking into account the occurrence of two coalescence
mechanisms, internal necking and void-sheet coalescence.
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Subcritical crack growth in sandstone in aqueous
environment with different calcium ion concentration
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Abstract

Investigating the time-dependent fracturing in sandstone is crucial to consider the long-term integrity of a sedimentary rock
mass surrounding structures. Subcritical crack growth is one of the main causes of the time-dependent fracturing in rock
materials. For the long-term integrity, it is essential to investigate subcritical crack growth in rock, which is influenced by
the surrounding environmental conditions. Numerous cementitious materials are used to construct various structures such as
underground repositories for radioactive waste, underground power plants, etc. In these cases, the calcium ion concentration
in the ground water in a rock mass surrounding these structures is high. Therefore, investigation on the subcritical crack
growth in rock in water with a high calcium ion concentration is essential. In this study, subcritical crack growth in
sandstone is measured in distilled water and calcium hydroxide solution (Ca(OH)2) to investigate the influence of calcium
ions on the time-dependent fracturing in rock. Berea sandstone was used as a rock sample. The load-relaxation method of the
double-torsion test was used to measure the crack velocity and the stress intensity factor. All measurements have been
carried out under controlled temperature and relative humidity. It was shown that the crack velocity in a calcium hydroxide
solution is lower than that in distilled water even though the pH was high. In previous researches, it has been considered that
the crack velocity in rock increased when the pH was high from the measurements in water and sodium hydroxide solution
(NaOH). Therefore, it is considered that calcium ion affects the decrease of the crack velocity. It is concluded that a water
environment with a high calcium ion concentration is suitable for the long-term integrity of a sedimentary rock mass.
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Fracture assessment of an internal surface cracked vessel
using the modified Master Curve method
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“Islamic Azad University, Iran
b Amirkabir University of Technology, Iran

Abstract

This paper represents the ability of a recently developed methodology for evaluating fracture probability of the Ferritic steel
structures which can cause a reduction in the inherent conservatism of the standard Master Curve (SMC) failure assessment
method. Due to crack tip geometrical constraint, these structures may experience significant changes in their effective
fracture toughness under a given load and temperature whereas the SMC method predicts a certain amount of fracture
toughness for them. The conservatism associated with SMC method for low constraint geometries is investigated for a
pressurized cylindrical vessel containing an internal semi-elliptical axial crack. A modification of SMC is introduced based
on Q parameter as the crack tip constraint. The usability of the modified Master Curve (MMC) approach for structure
integrity assessment is studied. It is shown that MMC enables more cost-effective design and accurate analysis of Ferritic
components which potentially leading to plant life extension. The comparison of three methodologies including, classical
procedure, SMC, and MMC for fracture toughness assessment of the pressure vessel in transition region, demonstrate the
capability of the MMC approach in reduction of conservatism in failure assessment.
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A comprehensive study of the mechanical properties of woven
materials for various types of loading and temperatures

Maria Temerova®"

“Perm National Reserch University, Russia

Abstract

The structure of the woven material can be designed in such a way as to satisfy the requirements associated with various
features of making a composite or using a fabric as a functional structure. In the production of composites, different types of
weaving and types of fabrics are used, they differ in weight, thickness, type, linear density of the yarn. To model such
materials, knowledge of the mechanical properties of the raw materials, and behavior during deformation is necessary.
Determining the mechanical characteristics of the structural components of the woven composite at each scale level (fiber-
thread-cloth) is relevant for a number of reasons. Firstly, the widespread use of woven composite materials in the industry
requires solving the problem of optimizing the composition and structure of the woven composite for specific operating
conditions, which can not be solved without data on the deformation and strength characteristics of structural components.
Secondly, at the present stage of the development of computer technology and technology, direct multiscale modeling is
used increasingly in the numerical simulation of concrete assemblies and connections from woven composite materials, for
the realization of which constant constants are required, starting with the fiber.

The subject of the study are yarns and woven tapes in the initial and impregnated state. The work includes the study of the
behavior of various types of fabrics by the type of interlacing and assignment at elevated and normal temperatures, as well as
under different loading effects.
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Evolution of deformation fields in the regions of defects and
concentrators in inelastic deformation and destruction of
composite objects

Elena Strungar ®*, Valery Wildemann?
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Abstract

The bearing capacity of the basic elements of many structures is usually determined by the stress state and strength
conditions in the places of concentration, because it is there that first of all comes the ultimate state and destruction. That is
why in the field of mechanics of a deformable solid, one of the topical problems is to study the influence of various types of
stress concentrators on the behavior of structural elements. The work is focused on the study of the laws of deformation and
destruction of bodies with stress concentrators, by which are meant both technological defects and holes of various shapes.
In work modern loading systems and means of data recording and non-destructive methods of control are used (contactless
three-dimensional video system of deformation fields analysis). The aim of the work is to solve methodological issues and to
experimentally study the patterns of deformation and fracture of composite elements with stress concentrators using a non-
contact optical video system. The work uses a non-contact optical video system Vic-3D, the mathematical apparatus of
which is based on the method of digital image correlation (DIC). The paper presents the main theoretical positions of the
DIC method, presents the composition and procedure of the test using Vic-3D. The issues of ensuring the required accuracy
when working with a video system are considered and a number of test tests are carried out.

Experimental studies of inhomogeneous displacement and deformation fields in bodies with concentrators by the method of
digital image correlation are carried out. An evaluation of the operability of samples of constructively similar elements was
made when using a video system. When using composite materials in the industry, there is a need to monitor the state of the
structure due to damage and defects. Common defects include defects such as discontinuity: stratification, non-gluing, non-
pressing, cracks, air or gas shells. These defects must be eliminated by improving the process or diagnose during operation.
In this paper we obtain experimental data on stretching and joint stretching with torsion of samples of layered composite
materials with pre-embedded technological defects that correspond to possible non-pressing and non-gluing of layers of
material in a given limited area.
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Mechanical behaviour and fracture of composite sound-
absorbing sandwich panels by tension and compression tests
at normal and increased operating temperature

Dmitrii Lobanov®*

“Perm National Research Polytechnic University, Russia

Abstract

At present, composite materials are being widely introduced into aircraft structures — parts and units of airframes and
aviation gas turbine power plants. The composite parts of aircraft engines, as a rule, have a rather complex reinforcement
scheme, including several layers of a (honeycomb, tubular, or cellular) filler, imbedded elements, composite flanges, etc.
During their operation in the structure of a propulsion unit, various defects, including those caused by casual mechanical
actions, inevitably arise.

Work present results of experimental research mechanical behaviour and fracture of aircraft composite sound-absorbing
sandwich panels by tension and compression tests at normal and increased operating temperature. The tests were carried out
at the Center of Experimental Mechanics of Perm National Research Polytechnic University on an Instron 5882 universal
electromechanical testing system.
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Investigations of the hydrogen embrittlement susceptibility of
T24 boiler tubing in the context of Stress Corrosion Cracking
of its welds
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Abstract

For the membrane and spiral walls of the new USC boilers, the advanced T24 material was developed. In 2010, however,
extensive T24 tube weld cracking during the commissioning phase of several newly built boilers was observed. As the
dominant root cause, Hydrogen Induced - Stress Corrosion Cracking was reported.

An investigation into the interaction of the T24 material with hydrogen was launched, in order to compare its hydrogen
embrittlement susceptibility with that of the T12 steel commonly used for older boiler evaporators. Both base materials and
simulated Heat Affected Zone (HAZ) microstructures were tested. Total and diffusible hydrogen in the materials after
electrochemical charging were measured. Thermo Desorption Spectrometry was used to gain insights into the trapping
behaviour and the apparent diffusion coefficient at room temperature was determined.

Based on the hardness and the diffusible hydrogen pick-up capacity of the materials, it was concluded that T12 is less
susceptible to hydrogen embrittlement than T24, as base material as well as in the HAZ condition and that the HAZ of T24 is
more susceptible to hydrogen embrittlement than the base material, both in the as welded and in the Post Weld Heat Treated
(PWHT) condition. However, based on the results of this investigation it could not be determined if the T24 HAZ is less
susceptible to hydrogen embrittlement after PWHT.
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Hydrogen diffusion along grain boundaries: atomistic
simulations and mechanistic model
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Abstract

Hydrogen embrittlement (HE) has been a conventional problem in the design of reliable structural materials. Grain boundary
(GB), acting as one of the main preferential lattice heterogeneities for hydrogen accumulation and transport, plays a key role
in understanding the HE mechanism. However, the kinetics of hydrogen along GBs has been a subject of high contention for
decades, with the co-existence of conflicting and even contradictory viewpoints. In this study, combining atomistics with
Kinetic Monte Carlo, we performed a comprehensive set of simulations to study hydrogen kinetics along GBs using nickel
as a model system. Various symmetric tilt GBs were constructed with key geometric parameters systematically varied. The
along-GB diffusion barriers and paths were identified, and diffusivities were computed. We found that hydrogen diffusion
can exhibit two distinct types of kinetics depending on the GB characteristics. In light of simulated results, one mechanistic
model was proposed to not only clarify the structural origin of the two distinct diffusion behaviors, but also predict the
occurrence of and transition between those behaviors as functions of the GB characteristics. Our findings provide critical
insights and new knowledge toward fundamental understanding of microstructure-mediated hydrogen kinetics in structural
metals.
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On induced anisotropy of stress-strain relations and fracture

resistance in filled elastomers

Konstantin Ustinov®*

“IPMech RAS, Russia

Abstract

The rubber manifests so many properties appearing illogical and contradictory each other that they give the challenge to put
forward a model to describe some of them and not go against any other. Among these properties we need to emphasize the
following:

anisotropy of Mullins effect (reduction of elastic hysteresis is well pronounced for successive loading in the
direction of pre-stretching and almost absent in the direction normal to pre-stretching);

less pronounced Mullins effect under bi-axial stretching than under uniaxial stretching;

anisotropy of swallowing after uniaxial stretching, with emphasis on reduction of expansion in the direction
normal to pre-stretching;

reinforcement in the direction of pre-stretching and reduction of strength in the direction normal to pre-stretching
(especially pronounced in tearing tests).

A model allowing qualitative description of the mentioned phenomena altogether is suggested based on the concept of
slippage of molecular chains over the particles of carbon black or strain induced crystals. The basic assumptions of the
model is the following:

elastic moduli in any direction is proportional to the number of molecular chains aligned in this direction (and
close directions) and decrease with the chain lengths (according to the classical theory of rubber elasticity);

sliding of polymer chains over the particles of carbon black or strain induced crystals leads to redistribution of
chains lengths, particularly to elongation of the chains aligned along the tension direction;

the total amount of segments forming the molecular chains conserves during loading; increase in the chain length
in the direction of tension is compensated with decrease in the chains number in other directions.

The model was realized in the simplest form of the finite number of chains model with a minimal number of parameters.
[llustrative examples are provided.
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On mode mixity of interface cracks in composed layers; some
analytical solutions

Konstantin Ustinov®*

“IPMech RAS, Russia

Abstract

The 2-D problem of semi-infinite crack propagating along interface separating two layers of different thicknesses and elastic
properties was considered. By applying Laplace transform it was reduced to matrix Riemann problem. In case of satisfying
the condition of vanishing the second Dundur’s parameter imposed on four elastic constants (two Young’s moduli and two
Poisson’s ratios) the analytical solutions were obtained for two particular cases:

—  two layers of equal thickness;

— one of the layers being infinitely thick.
The energy release rates and two modes of stress intensity factors (SIFs) were obtained in terms of three force parameters:
the total moment and two components (normal and shear) of the total force of stresses acting on the continuation of the crack
line. The available from the literature numerical data (corresponding to vanishing normal component of the total force) are in
good agreement with the obtained results. All functions involved are expressed in terms of well converging integrals of
elementary functions. For very small and very large ratios of Young’s moduli of the layers the simple asymptotics are
derived. The obtained results may find applications in problems of delamination and failure of coatings at various scales.
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Root cause failure analysis of superheated steam tube at a
petrochemical plant

Reza Khadem Hosseini®*

“Corrosion Research Group, Research Institute of Petroleum Industry (RIPI), Tehran, Iran

Abstract

The aim of the present study is to determine root causes of failure in a steam tube at a petrochemical plant. In this order, light
microscope and scanning electron microscope (SEM) were carried out observing the microstructures and hardness
measurements were used for metallurgical evaluation. In addition, phase composition of deposits were studied by using X-
ray diffraction (XRD). Based on the results, “short-term overheating” was recognized as the root cause of steam tube failure.
Metallographic studies showed distributed martensite as a brittle phase in ferritic matrix in the microstructure of damaged
area, while in the microstructure of non-damaged area only pearlite and ferrite were seen. These findings were confirmed by
hardness measurement results as well.
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International Fracture Mechanics Summer Schools in ex-
Yugoslavia
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Abstract

International Fracture Mechanics Summer Schools (IFMASS), founded 38 years ago, back in 1980, have been organized for ten
times, the last one (IFMASS 10) held in 2008 in Zlatibor, Serbia. Publishing the monographs after each School enabled to form
useful references for introduction of fracture mechanics as an effective tool for structural integrity assessment, but also
supporting its theoretical, experimental and numerical development. The first monograph, “Introduction to Fracture Mechanics
and Fracture-Safe Design”, published in 1981, based on lectures held at IFMASS 1 in 1980 in former Yugoslavia, had been
prepared after the request of participants, and also by strong support from the industry. In order to educate as much as possible,
several lecture in this monograph has been publish in both Serbian and English. It was an extended request from the industry to
organize the next School (IFMASS 2) “Modern Aspects of Design and Construction of Pressure Vessels and Penstocks” and
publish the monograph (in Serbian) in 1982. It turned out that IFMASS served not only to educate, but also as a forum to
exchange the experience and ideas among the participants and lecturers, many of them invited and attracted from abroad. Next
very important event was the joint Yugoslav - USA project “Fracture Mechanics of Weldments”, performed by six institutions
from former Yugoslavia and the National Institute of Standards and Technology (NIST), Boulder, Colorado, which started in
1982 and ended in 1992. Following already established pattern, IFMASS 3 “Fracture Mechanics of Weldments” was organized
1984, again for education and as a forum, followed by the monograph published the same year. The success of IFMASS was
continued through the fourth School “Prospective of Fracture Mechanics Development and Application” in 1986 and the
monograph in 1987, leading to the most successful, the fifth one, held under the title “The Application of Fracture Mechanics to
Life Estimation of Power Plant Components” in Dubrovnik, 1989. The IFMASS 5 was supported by the “Electricity of Serbia”,
with impressive number of 145 participants, and lecturers recognized in the power industry world-wide. The monograph under
the same title had been published in English by EMAS Publisher from England in 1990, and upon the request from our industry
in somewhat reduced version in Serbian in 1991.

With IFMASS 5, the flourishing period in fracture mechanics and structural integrity development was seaced due to
unfortunate chain of events in former Yugoslavia. It happened that during IFMASS 6 “Service Cracks in Pressure Vessels and
Storage Tanks” in June 1991 these unfortunate events started, making the confusion among the participants from Slovenia.
However, even IFMASS 6 was a successful one, though the publishing of the monograph was completed only in 1994. Once
again unfortunate circumstances prevented the organization of the next School up to 1997, when again with a strong support of
the Industry “GOSA”, IFMASS 7 was held under the title “Experimental and Numerical Methods of Fracture Mechanics in
Structural Integrity Assessment”. It was difficult time in our country, but IFMASS still saved its importance, attracting 137
participants and 8 foreign contributions out of 25 given lectures. The unfortunate events culminated in 1999 with NATO
bombardment, which delayed monograph publishing until 2000. Three years later IFMASS 8 was held under the title “From
Fracture Mechanics to Structural Integrity Assessment” in Belg—rade, in 2003, after the Society for Structural Integrity and Life
(DIVK) has been established in 2001 and took care about IFMASS. This was also very successful event, followed by the
monograph published in 2004. IFMASS 9 was held in 2005 in Golden Sand (Zlatni Pjasci), Varna, Bulgaria. Following already
established tradition, organizers decided to publish the monograph “The Cha-llenge of Materials and Weldments” with the
subtitle “Structural Integrity and Life Assessments”. Finally, after another successful IFMASS 10 in 2008, the monograph on
“Fundamentals of fracture mechanics and structural integrity assessment methods” was published. The last three monographs,
published in English, are available on ESIS website as free downloadable pdf documents.

Let us say at the end that IFMASS was possible due to gigantic efforts of his establisher and father of Fracture Mechanics in
ex-Yugoslavia, Prof. Stojan Sedmak (1929-2014).
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An experimental method for a high temperature non-
contacting measurements of a deformed specimen
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Abstract

The aim of paper is a non-touch experimental method for measure parameters of the specimen in a moment of high
temperature deformation. The method is consist of a photo camera, a lamp into a furnace, an electronic system send a pulse
to take a picture in each 0.1 mm stretching and a computer program for post processing. The specimen geometry was
measured remotely, with pictures taken during the experiment.

In a tension test the use of a developed noncontacting measuring system allowed us to see variations in the specimen shape
and to estimate the true stress in various cross-sections on the time. In post processing stage we can fix localization time by a
theoretical criterion automatically.
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Research on fatigue and dwell-fatigue crack growth in an
advanced austenitic stainless steel (Fe-20Cr-25Ni)

Jin Yan®*, Suyang Yu?, Hangyue Li?, Pual Bowen?

“University of Birmingham, United Kingdom

Abstract

Advanced austenitic stainless steel Alloy709 (Fe-20Cr-25Ni) has been developed as a candidate structural material for the
sodium-cooled fast reactor. This new grade has an outstanding cost-effective combination of excellent mechanical
properties, corrosion resistance and high temperature creep strength, compared with other austenitic stainless steels. This
paper will mainly focus on the study of the fatigue and dwell-fatigue crack growth of the material at temperatures from
550°C to 750°C. The mechanisms at different temperatures and environment (air and vacuum) have been identified. The
influence of environment on fatigue crack growth rate has been discussed.

The result shows that the influence of environment on fatigue crack growth rate is very small. And the dwell-fatigue crack
growth behaviour is influenced by the crack driving force. When AK is more than 40 MPa v m, the crack growth rate was
accelerated obviously when dwell at peak load, the fracture mode is obviously intergranular fracture with micro-voids. While
AK is less than 40 MPa v m, the fracture failure mode is transgranular, and the mechanisms change from fatigue striation to
ductile cracking at carbides/matrix surface.
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Investigation and modeling of local crack arrest in ferritic-
bainitic steels under dynamic loading
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Abstract

Local crack arrest is usually irrelevant under quasi-static loading conditions in the ductile to brittle transition region.
Elevated loading rates, however, allow cleavage fracture due to the dynamic embrittlement also at higher testing
temperatures compared to static loading. This behavior is generally accompanied by local crack arrest events. In addition,
adiabatic heating processes in the crack tip region increase local temperature as well, which further promotes crack arrest.
This complex interaction between crack initiation and crack arrest at clevated loading rates substantially changes
macroscopic fracture behavior, whereas its investigation is the core of this work.

An experimental database of dynamic fracture mechanics experiments for the reactor pressure vessel steel 22NiMoCr3-7 is
examined in this work that was previously tested at crack tip loading rates of about 103 to 105 MPavVm/s. Recent
fractographic examinations and statistics regarding the occurrence and characteristics of local crack arrest incidences are
shown for different loading rates and testing temperatures. Furthermore, an existing local probabilistic cleavage fracture
model is used to describe macroscopic fracture behavior for the provided experimental database, and also compared to other
assessment methods (i.e. Master Curve). The shortcomings in the numerical assessment methods can be linked to the amount
of observed local crack arrest incidences, and a micromechanically motivated model modification is proposed to consider the
mechanism of local crack arrest. The agreement between experimental results and numerical cleavage fracture assessment
can be significantly increased by using the modified model.
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Cohesive zone modeling for three-dimensional elastic-plastic
fatigue cracking with significant constraint effects

Huang Yuan®*

“Tsinghua University, China

Abstract

Damage tolerance assessment is a keen topic in modern industrial product design. Under certain loading conditions fatigue
crack growth is elastoplastic and the Paris' law becomes not applicable. In the past decades numerous cohesive zone models
were proposed and investigated for predicting elastoplastic fatigue crack growth. However, three-dimensional cracks were
not considered properly. The constraint effects to cohesive zone modeling were not explicitly studied so that the three-
dimensional crack cannot be analyzed reasonably. Different cyclic cohesive zone models were introduced but lacking in
experimental verifications. In the present paper cohesive zone models for three-dimensional crack growth under both
monotonic and cyclic loading conditions are critically reviewed and commented. A new cohesive zone model for both
monotonic fracture and cyclic fatigue crack growth has been suggested and implemented into a commercial finite element
code. The cohesive energy and cohesive traction are assumed to depend on the local stress triaxiaility around the crack front
and verified based on fracture and fatigue tests of a series of CT specimens with different thicknesses. The correlation
between the stress triaxiality, the cohesive traction as well as the cohesive energy can be determined from fracture mechanics
tests with help of detailed finite element computations. The model has been applied to predict rupture and fatigue crack
growth in surface cracked round tensile bar and confirm that the stress-triaxiaility-dependent cohesive zone model can
describe the elastic-plastic fatigue crack growth properly.
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Evolution and characterization of thermal shock damage in
oxide/oxide ceramics matrix composites
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Abstract

The ceramics matrix composites (CMC) has won keen attentions for its high temperature resistance and high specific
material strength. However, thermomechanical behavior of the CMC remains an interesting research topic for its application.
The material possesses low heat conductivity combined with high temperature resistance and it results in the high sensitivity
against thermal shock. Assessment of structural integrity under transient temperature loading conditions is of special
importance for such constructions.

In the present paper the oxide/oxide ceramics matrix composite has been studied under different heating and cooling loading
conditions. Experiments confirm that the CMC is extremely sensitive to the cooling rate and forms cracks under the sub-
surface even after one quench in water. The cracks grow in the parallel direction to the specimen surface. The crack
distribution becomes deeper into the material sub-surface with increasing cooling cycles and approaches stable. The macro-
scopic stiffness of the specimen sinks with cooling cycles and can be correlated with the crack density. With help of finite
element computations the thermal stresses in the thermal shock specimens can be determined and are responsible for the
thermal shock damage. It is confirmed that the thermal shock damage grows rapidly for the first shock cycles. With
increasing shock cycles, the damage growth rate becomes lower. The thermal shock damage is restricted within the region
near the specimen surface. A damage evolution equation is introduced based on continuum damage mechanics principle
under correlation with experimental thermal shock tests. The damage model can be applied to predict thermo-mechanical
damage in turbine components under both thermal and mechanical loading conditions.
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Cyclic plasticity modeling of multi-axial thermo-mechanical
fatigue tests with experimental verification on a nickel-based
superalloy

Huang Yuan®*, Jingyu Sun®

“Tsinghua University, China

Abstract

Turbine components are generally under mechanical and thermal loads. Recent works confirm significant effects of
thermomechanical loads to fatigue life assessment. In the present work, extensive experiments are performed for a nickel-
based superalloy under both iso-thermal and thermo-mechanical loading conditions to quantify influence of thermal phase
angle and loading non-proportionality. Thermo-mechanical and non-proportional loading affect mechanical behavior of
metals and change the constitutive modeling. In the present work, extensive experiments are performed for a popular nickel-
based superalloy Inconel 718 under both isothermal and thermo-mechanical loading conditions, to investigate the
constitutive behavior and computational modeling. Within the frame of the Ohno-Wang cyclic plasticity a modified
constitutive model has been suggested to meet the experimental observations, such as cyclic hardening/softening,
nonproportional hardening, thermo-mechanical phase effect, nonmasing effect etc. The suggested model agrees with both
isothermal as well as thermo-mechanical experiments reasonably. The implicit integration algorithm of the constitutive
model is developed and implemented into the commercial finite element code. Comparison between experimental results and
computations confirms that the model can predict the cyclic plastic behavior precisely under most different temperatures and
loading paths. Based on experimental data a thermomechanical loading parameter is introduced to assess fatigue failure. The
thermomechanical fatigue life can be calibrated based on the present concept reasonably.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Cyclic plasticity, multi-axial fatigue, theromechanical fatigue, temperature-gradient mechanical fatigue

* Corresponding author. Tel.: /
E-mail address: yuan.huang@tsinghua.edu.cn

62



ECF22 - Loading and Environmental Effects on Structural Integrity

The interlaminar fracture toughness fatigue behavior of fiber
metal laminates
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Abstract

The fatigue behavior of interlaminar fracture toughness test in the shearing mode was investigated in cyclically loaded
CARALL and GLARE type unidirectional fiber metal laminates. The tests were performed on the basis of End Notched
Flexure method. The critical strain energy release rates for the metal-composite adhesive joints were determined based on
Enhanced Beam Theory. Fracture opening/shear mode mixity at the crack tip, as well as the fatigue interlaminar crack
growth has been determined for nonhomogeneous asymmetrical fiber metal laminates.
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Using the Hybrid Metal Extrusion & Bonding (HYB) process
for dissimilar joining of AA6082-T6 and S355
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Abstract

Hybrid Metal Extrusion & Bonding (HYB) is a new solid state joining technique that uses filler material addition and plastic
deformation to create sound joints. The filler material addition makes the HYB process more flexible and less vulnerable to
weld defects compared to conventional solid state joining techniques. Moreover, the operational temperature during
processing is even lower than that reported for conventional joining techniques, which reduces the width of the heat affected
zone (HAZ) significantly as well as residual stresses and contaminants in the weld zone. Here we report the joining of the
dissimilar materials aluminum alloy 6082-T6 and structural steel 355. The joint is found to be free from defects like pores
and internal cavities and is fully characterized herein from a metallurgical point of view.
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Intermediate self-similar asymptotic presentation of the stress
and damage fields in the vicinity of the mixed mode crack tip
under creep regime
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Abstract

Higher order asymptotic fields of stress, creep strain rate and damage of a mixed mode I/II creep crack tip are obtained and
analyzed on the basis of Continuum Damage Mechanics by employing a similarity variable and similarity solution. In the
paper the class of the creep mixed mode crack problems in damaged power law materials under creep-damage coupled
formulation for plane strain conditions is considered. With the similarity variable and the self-similar representation of the
solution for a power-law creeping material and the classical Kachanov — Rabotnov power-law damage evolution equation the
near crack-tip stresses, creep strain rates and damage distributions for plane strain conditions are obtained. The approximate
solutions are based on the idea of the existence of the completely damaged zone near the crack tip. The multi-term
asymptotic expansions of the stress and damage fields outside the completely damaged zone are found. It is shown that the
asymptotical analysis of the near crack-tip fields results in nonlinear eigenvalue problems. The technique permitting to find
all the eigenvalues numerically is proposed and numerical solutions to the nonlinear eigenvalue problems arising from the
mixed-mode crack problems in a power-law medium under plane strain conditions are obtained. Using the approach
developed the eigenvalues different from the eigenvalues corresponding to the Hutchinson-Rice-Rosengren (HRR) problem
are found. For new eigenspectra and eigensolutions obtained the geometry of the completely damaged zone in the vicinity of
the crack tip is found for all values of the mixity parameter. Effect of the higher order terms of the asymptotic expansions on
the near crack tip field description is elucidated. Special attention is paid to angular distributions of the stress and damage
fields for mixed mode loading.
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Crack growth monitoring in corrosion-fatigue tests using
back face strain measurement technique

Ali Mehmanparast®*, Pietro Albani?, Victor Igwemezie?
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Abstract

Corrosion-fatigue crack growth tests are known to be considerably time consuming, particularly due to low loading
frequencies which often result in several months of testing. This study focuses on development of a material and load
dependent numerical model which correlates back face strains with crack lengths for standard compact tension, C(T),
specimen geometry. To validate numerical predictions, calibration fatigue crack growth tests were conducted in air on C(T)
specimens made of S355 steel, which is widely employed in offshore wind industry. The results obtained from these tests at
different load levels have been compared with those predicted from the numerical model. Characterization of isotropic-
kinematic hardening behaviour for the material adopted was carried out using the data available in the literature. The
numerical model presented in this work has proven to generate accurate estimates of crack length in corrosion-fatigue tests.
This model can be used in future experimental test programmes on S355 steel without needing to obtain experimental
correlations between crack length and back face strains from calibration tests performed in air.
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Application of the equivalent material concept to fracture of
U-notched solids under small scale yielding
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Abstract

This paper studies the applicability of the equivalent material concept developed by the author to the fracture of elastoplastic
material due to the presence of U-notches. The approach of equivalent material concept consists of simplifying the study of
an elastoplastic material reducing it to the linear elastic case with a maximum stress such as in a tensile test the deformation
energy is equal to the real material. This idea combined with the cohesive zone model allows to establish a procedure to
predict the failure of U-notched elements. The methodology has been successfully applied to five elastoplastic materials, and
in all of them, the level of plasticity regarding the load of plastic collapse has been determined. This analysis verifies the
proposed methodology and establish some application limits when the failure occurs within small scale yielding
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Surface modification methods for fatigue properties
improvement of laser-beam-welded Ti-6A1-4V butt joints

Fedor Fomin®*, Benjamin Klusemann®®, Nikolai Kashaev?

“Helmholtz-Zentrum Geesthacht, Institute of Materials Research, Materials Mechanics, Max-Planck-Straffe 1, 21052 Geesthacht, Germany
Leuphana University Lueneburg, Institute of Product and Process Innovation, 21337 Lueneburg, Germany

Abstract

Surface and internal defects formed upon laser beam welding (LBW) have been recognized as a serious problem because
they cause stress concentration leading to premature failure of a welded component. This paper seeks to remedy these weld
imperfections by applying various post-weld treatments and analyzing their effect on the high cycle fatigue (HCF)
performance of welded joints. High efficiency of laser-based post-processing techniques after welding such as laser surface
remelting (LSR) and laser shock peening (LSP) was demonstrated and compared with conventional approaches. The study
reveals that welding porosity determines the internal crack initiation of the surface-treated weldments. Influence of process
parameters on porosity level and the HCF properties is presented in detail. Based on an extensive experimental study,
practical guidelines needed to mitigate the notch effect from defects and to maximize the fatigue performance of the laser-
welded Ti-6A1-4V butt joints are given.
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Influence of crack initiation on short crack propagation and
cyclic lifetime of AA 7475-T761

Meike Funk®*, Jiirgen Bér®
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Abstract

The propagation of short cracks covers the main part of the lifetime of cyclic loaded components. Thus, investigations in this
field are necessary to enable reliable lifetime predictions.

To investigate the influence of different crack initiation scenarios on the cyclic lifetime, SEN-specimens were fatigued under
constant stress amplitude. For additional support of the crack initiation in some specimens a single overload was introduced
after 200 cycles, in others the crack initiation was forced by laser cuts in the notch root. In all experiments, the crack length
was measured with a high-resolution DC-potential drop method.

This investigation approves and explains the relationship between the cyclic lifetime and the presence of steps on the fracture
surface, as a reason of a retarded crack coagulation. The results clearly indicate that the scatter of the cyclic lifetime is
determined by the differences in the crack initiation scenarios. Further on, a significant influence of a single overload on the
cyclic lifetime can be verified.
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Are the mechanical field parameters sufficient to predict
uniquely the failure due to the ductile or cleavage mechanisms?
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Abstract

The most often observed failure mechanisms in metallic alloys are divided in two groups: brittle and ductile. Brittle failure
mechanism may proceed along grain boundaries (failure due to the creep process or aggressive environment) or along the
cleavage planes within the grain. Ductile fracture mechanism is most often the result of voids nucleation—growth—
coalescence process or by dislocation slip along slip planes. Tests were performed at three different temperatures: +20°C, —
20°C, —50°C, on five different specimens geometries, designed to provide different stress triaxialities, Lode factors as well as
critical strains and stresses at the moment of final failure. Numerical analyses were performed after careful calibration of the
real stress — logarithmic strains uniaxial curves. Calibration followed modified Bai—Wierzbicki procedure.
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A new design concept for prevention of hydrogen-induced
mechanical degradation: viewpoints of metastability and high
entropy
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Abstract

“How crack growth is prevented” is key to improve both fatigue and monotonic fracture resistances under an influence of
hydrogen. Specifically, the key points for the crack growth resistance are hydrogen diffusivity and local ductility. For
instance, type 304 austenitic steels show high hydrogen embrittlement susceptibility because of the high hydrogen diffusivity
of bce (o) martensite. In contrast, metastability in specific austenitic steels enables fcc (y) to hep (€) martensitic
transformation, which decreases hydrogen diffusivity and increases strength simultaneously. As a result, even if hydrogen-
assisted cracking occurs during monotonic tensile deformation, the e-martensite acts to arrest micro-damage evolution when
the amount of e-martensite is limited. Thus, the formation of e-martensite can decrease hydrogen embrittlement
susceptibility in austenitic steels. However, a considerable amount of e-martensite is required when we attempt to have
drastic improvements of work hardening capability and strength level with respect to transformation-induced plasticity
effect. Since the hep structure contains a less number of slip systems than fcc and bece, the less stress accommodation
capacity often causes brittle-like failure when the g-martensite fraction is large. Therefore, ductility of e-martensite is another
key when we maximize the positive effect of e-martensitic transformation. In fact, e-martensite in a high entropy alloy was
recently found to be extraordinary ductile. Consequently, the metastable high entropy alloys showed low fatigue crack
growth rates in a hydrogen atmosphere compared with conventional metastable austenitic steels with o'-martensitic
transformation. We here present effects of metastability to e-phase and configurational entropy on hydrogen-induced
mechanical degradation including monotonic tension properties and fatigue crack growth resistance.
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Experimental simulation of fatigue crack growth by
consecutive notches
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Abstract

Modified version of the crack compliance method is employed to describe an evolution of crack mouth opening
displacement (CMOD), stress intensity factor (SIF) and T-stress values during low-cyclic fatigue process. The technique
resides in modelling of crack propagation by making three successive notches after applying the different number of loading
cycles. Rectangular plane specimens of dimensions 180x30xt mm?® with central open hole of diameter 2ro = 3.0 mm (t =
4 mm) and 2ro = 4.0 mm (t = 5 mm) are the objects of the investigation. Two initial points of the first symmetrical notches
belong to the edge of the hole. The direction of all notches coincides with transverse symmetry axis of the specimen.
Notches width is Ab = 0.2 mm. The specimens are made from aluminum alloy of 2024 type. Experimental approach employs
optical interferometric measurements of local deformation response on small notch length increment. Initial experimental
data represent in-plane displacement component values measured by electronic speckle-pattern interferometry at some points
located at the notch borders. SIF and T-stress values are calculated by involving of the first four or the first five coefficients
of Williams’ series. The availability of high-quality interference fringe patterns, which are free from rigid-body motions,
indicates the real stress state inherent in the problem considered. Applied regular low-cyclic fatigue loading corresponds to
Ac = 333.3 MPa, R= - 0.33 for t = 4 mm and Ac = 350 MPa, R = —-0.40 for t = 5 mm. Maximal tensile stress for each
loading program corresponds to maximal circumferential strain value on the hole edge €omax = 0.01. The crack length curves
of CMOD, SIF and T-stress profiles are obtained at different stages of cyclic loading. These data provide constructing the
dependencies of fracture mechanics parameters for cracks of fixed lengths from the loading cycle number.
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Defect structure of deformed heterogeneous materials:
acoustic emission and X-ray microtomography
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Abstract

Laboratory investigations of deformation of heterogeneous brittle materials (rocks) by acoustic emission (AE) and X-ray
computer microtomography (CT) are presented. The experiments involved loading of cylindrical samples of Westerly
granite under the condition of uniaxial compression and recording of AE signals emitted during deformation of samples at
different loading-unloading stages. After each unloading of the sample a tomographic survey was performed. All in all, 11
loading-unloading stages and tomographic surveys were carried out. The defect structure evolution is considered in the
framework of the concept of self-organized criticality. It has been found that the type of the energy distribution function of
AE signals can be used as an indicator of the deformed material state and transition to a critical fracture stage. An
exponential function points to a noncritical state of a deformed material, and a power-law function indicates that the defect
accumulation has passed to a critical stage. This result is confirmed by X-ray microtomographic data.
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Abstract

The study investigates the influence of ultrasonically generated pulsed water jet peening of AISI 304 welded joints on its
surface integrity. The tungsten inert gas (TIG welded joints was subjected to the treatment process and the effect of the
parameters namely, type of nozzle and traverse speed of the nozzle at a pressure of 20 MPa on the surface characteristics
were investigated. The weld joints was treated using flat and circular nozzle of diameter 1 mm and 1.9 mm, respectively. In
order to evaluate the effectiveness of pulsating water jet technology as a surface treatment process, the residual stress of the
samples was measured before and after the treatment process using x-ray diffraction technique (XRD). An improvement in
the residual stress values was observed after the treatment process. The microstructure evolution of the near surface layers of
the treated welded joints using optical microscopy (OM) and scanning electron microscopy (SEM) shows the initial and
evolved erosion mechanism during the process. The results showed that the slip and twining phenomenon are responsible for
causing the plastic deformation of the welded surface and also for the change in the residual stress condition after the
treatment process. The improvement in the near surface residual stress of the welded joints shows the potential of using
pulsating water jet technology as a surface treatment process.
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Environmental effects in biaxially orientated Polymethyl
Methacrylate
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Abstract

Environmental stress cracking (ESC) is commonly found in polymers when submerged in an environment under applied
stress. In such conditions, a crack may initiate and propagate from a material defect until it reaches a critical size and causes
catastrophic failure. It is known that materials with a denser molecular structure are less prone to ESC, hence amorphous
polymers often suffer greatly from this effect. A fracture mechanics approach was employed to investigate the fracture
mechanism and crack growth in both air and environment. Two different grades of PMMA (amorphous and biaxially
stretched PMMA) were tested in solvents with similar solubility parameters as this is known to hasten crazing. Time for
crack initiation and crack speed were obtained and plotted against their corresponding fracture toughness. Thus, the ESC
resistance of each material can be compared and component life expectance can also be predicted. To validate the
experimental results, scanning electron microscopy (SEM) was used to examine the fracture mechanism of ESC.
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Optimization of the fracture mechanical properties of
additively manufactured EN AW-7075
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Abstract

Additive Manufacturing (AM) is a new innovative technique that allows the direct manufacturing of complex products based
on their 3D data in a layer technology without tools like molds. In the meantime there are lots of materials available for AM,
e.g. plastics or metals. They are used in several areas of application like aerospace, aircraft, medical technology and the
automotive industry. In order to fulfil the high requirements of these industrial branches, high-quality products are expected.
Selective Laser Melting (SLM) enables the production of finished parts, which can be mechanically and thermally stressed
to a very high level. In aerospace, aircraft and automotive industry the lightweight design is of paramount importance.
Consequently, in these industries materials with low density and high mechanical properties such as aluminum alloys are
used. Therefore, high strength aluminum alloy EN AW-7075 powder, which was not previously used for AM, was produced
by gas atomization and processed by SLM.

Initially, several process parameters were varied in order to find the set of process parameters for the best possible result.
With this set of parameters samples were produced to examine the fracture mechanical properties. To investigate the
influence of the building direction regarding possible anisotropic behavior, specimens were manufactured with starting
notches parallel as well as perpendicular to the building direction. For the fracture mechanical examination compact tension
specimens, according to ASTM 647-08, were analyzed in order to achieve fatigue crack growth curves. To compare AM
products with the conventionally manufactured aluminum alloy EN AW-7075 two different conditions (as-built and heat-
treated) were examined.
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Abstract

Additive Manufacturing (AM) techniques such as selective laser melting (SLM) enable material efficient production of
individual and complex components in a short period of time. One typical material that is processable by SLM is the
titanium alloy Ti-6Al-4V. This alloy is frequently used in medicine technology because of low density, very high strength
and biocompatibility. The AM process leads to many advantages like the opportunity to produce complex parts with for
instance undercuts or lattice structures. As AM parts are used in various high-quality sectors the material properties are of
great interest. Many influencing factors have an impact on the resulting material properties of additively manufactured
Ti-6Al-4V products. For a reliable application and a fracture-safe construction the influence of different changes in the
production parameters on the material properties have to be known.

As Ti-6Al-4V is already processable and the mechanical and fracture mechanical properties for a defined powder particle
size distribution are known, the influence of a varied powder particle size, in this case of a significantly smaller, average
particle size is investigated in the scope of this paper. In detail, the mechanical and fracture mechanical behavior under
different heat treatments is compared to existing data for the higher average particle size. Because of the resulting residual
stresses during the building process a heat treatment is always necessary for a reliable structure. To determine the material
properties, tensile tests according to DIN EN 10002-1 were conducted. For the fracture mechanical examinations compact
tension specimens, according to ASTM 647-08 standard, were used. Fatigue crack growth curves with an R-ratio of 0.1 were
investigated.
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Influence of fracture mechanically graded materials on the
crack propagation behaviour in three-dimensional structures
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Abstract

Due to the constant improvement of technological materials we face new challenges in aspect of crack growth behaviour. It
shows different behaviour, depending on whether you use functionally graded materials and structures or if you deal with
homogeneous isotropic materials. The crack growth therefore is not only influenced by the actual local stress but also by the
local material properties. By accepting this new challenge it is necessary to develop a new fracture criterion which takes both
into account.

This paper introduces a new three-dimensional fracture mechanical concept which takes the material parameters into account
to calculate crack growth behaviour. The basic principle of this concept is set by the o1‘~criterion which requires the function
of the maximum principle stress along the crack front. By comparing this function with the local materialfunction it is
possible to calculate the expected crack kinking according to the TSSR concept. Implementing this new concept into the
crack growth program ADAPCRACK3DVERSION.KDIS made it possible to simulate the crack growth behaviour in three-
dimensional homogeneous isotropic materials as well as in functional graded structures. The influence of fracture
mechanically graded material with respect to the crack growth direction, the local crack growth rate and the lifetime of the
structures of graded materials can now be realistically calculated. The following paper presents simulation results of
structures of fracture mechanically graded materials such as an induction hardened cog wheel. Compact tension specimen
and compact tension mixed-mode specimen with various angles of material gradation and combinations of different material
properties are examined to emphasise the influence of material gradation on the crack growth. The results of the numerical
investigations focused on the crack growth direction as well as the influence on lifetime will be discussed in detail.
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Abstract

Lifetime of components or structures that are under cyclic loading rely upon the growth rate and the path of cracks that are
developed during its operation. Thus the prediction of fatigue crack growth reduces the adverse effects which can be caused
because of its behavior. Many simulation programs are available to foresee the crack growth and growth rate in structures,
thereby determining their lifetime. ADAPCRACK3D is an automatic crack growth simulation program which uses the finite
element method to simulate crack growth behavior in structures. FE-Simulations are performed in 3D models of structures to
determine the stresses that are developed due to the given loading situations. Thereafter, the software performs fracture
mechanical evaluation to determine crack path and the lifetime of components that are under mixed-mode loading.
ADAPCRACK3D is generally used for simulating mechanically loaded components. In addition to the stresses that are caused
because of mechanical loading, stresses developed due to the change in temperature in components can also have influence
on the crack growth behavior.

This paper is an attempt to introduce temperature as a new boundary condition in the software in addition to the mechanical
loading conditions that are already available. 3D models of structures are separately created with mechanical and thermal
loading conditions. Simulations are conducted to understand the crack growth in models that have only mechanical loading
and those having both the mechanical and temperature boundary conditions. The results obtained from both the simulations
are evaluated to understand the influence of applying temperature as an additional boundary condition.
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Abstract

The crack growth in tubular joints usually occurs along the weld's toe. That is the point where the chord and brace intersect.
The semi-elliptical crack appears in this area from the initial flaw that was created during the welding. Sensitivity to fatigue
depends on combination of cyclic loading, initial defects, environmental influences and the hot spot stresses, which are result
of the walls' bending during the loading of a structure. The principles of the linear elastic fracture mechanics (LEFM) are
applied here to crack growth in the tubular T-joint, subjected to axial load, in-plane and anti-plane bending. Influences of the
level and type of loading, as well as of the joint's geometrical characteristics, on the fatigue crack propagation and
consequently on the working life of the welded joint, are considered. Based on the conducted analysis, which implies a set of
assumptions, one can draw sufficiently relevant conclusion on the remaining working life of the tubular T-joint. The
assumptions included: the crack shape is semi-elliptical, there is only one crack propagating through the tube wall, the cyclic
plastic zone at the crack tip is small with respect to other geometrical variables and the crack grows only if the difference
between the stress intensity factor values at maximal and minimal loads is greater than the stress intensity factor necessary
for the fatigue crack growth initiation. Results are presented in the form of diagrams from which can be seen that for the
same load level the longer working life is achieved for the axial load of the joint than for the in-plane bending, while the
values for the anti-plane bending lie between these two limiting results.
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Cruciform welded joints: hot-dip galvanization effect on the
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Abstract

Even in a well-controlled technological process, a certain variability in the final product is present and this is very well the
case of welded joints, where each single joint is slightly different from the others in terms of fillet dimensions, distortion,
notch opening angle and root radius and material properties. When the fatigue life assessment of a welded joint is carried out
using the Notch Stress Intensity Factors, their dimensions, so their critical values, vary as a function of the notch opening
angle, according to William’s solution. This constitutes an adjunct level of complicacy in the implementation of the method,
the most explicative case being the inability to use the same material property value in the same joint, this varying from weld
toe to weld root. So considered, the local Strain Energy Density, averaged on a critical volume of carefully chosen radius on
the base of the class of material and surrounding the notch’s tip, has the great advantage of being a scalar value of relatively
simple numerical computation, almost independent of mesh refinement and independent of the notch-opening angle. The aim
of the paper is to adopt the local SED method to analyze the results of a series of tests executed on fillet welded galvanized
and non-galvanized cruciform steel joints. The tests are performed in atmosphere at room temperature. The interest is
particularly focused on the influence of the zinc layer on the fatigue life of the joint and on the fitness of the method for its
prediction, regardless of coating thickness.
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Abstract

An analysis of the resistance to crack appearance and growth in different zones of the hard-faced layers of the chromium
based hot-work tool steel H11 (AISI) is presented. The analyzed steel is mainly used for manufacturing the highly loaded
parts such as forging dies, casting and extrusion dies, as well as for hot rolling and it is aimed for operations at elevated
temperatures. It is characterized by the good impact toughness and high tensile strength, which remains stable at elevated
temperatures, as well. Experimental investigations included determination of fracture mechanics parameters - energies
needed for the crack initiation and growth in different zones of the hard-faced layer (the weld metal, the heat affected zone
and the base metal) on the Charpy pendulum, as well as monitoring the crack propagation due to the fatigue load on the
SENB samples. For the samples preparation a 15 mm thick plate of the considered steel was hard faced. Results are
presented in the form of diagrams of the crack growth per the loading cycle (da/dN).

Besides the experimental investigations, the numerical simulation of determining the fracture mechanics parameters was
conducted as well and results obtained by the two methods were compared to each other. Based on obtained results, the most
critical zones of the hard-faced layers for the crack appearance were defined. Those results can be used for predicting the
behavior of the hard-faced forging dies in exploitation.
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Abstract

The process of mixed-mode crack growth of three tropical species of the Gabonese forest, namely iroko (Milicia Excelsa),
okume (Pierre Aucoumea klaineana), and padouk (Pterocarpus soyauxii) is studied in this paper. Different tests were carried
out at room temperature for different thicknesses. A full-field measurement technique, namely the grid method, was used to
obtain both the displacement and deformation maps near the crack tip. The mechanical parameters, the specificities of the
wood species, the Arcan system and the grid transfer method are described in the paper. For all the samples, the initial crack
was oriented along the fiber direction (RL). Fracture tests were performed using modified Mixed Mode Crack Growth
(MMCQG) specimen. A thickness of the specimens is 20 mm, and a mixed mode ratio corresponding to 15 0 were studied.
The force-displacement curves, the crack growth process as well as the opening crack were deduced from grid images
treated with the grid method. The experimental critical energy release rate Gc was evaluated by the imposed displacement
compliance method. The different results show the predomi- nance of mode 1 compared to mode 2. The proportionality of
the initial value of the energy release rate with respect to the density of these species is also highlighted.
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Effects of eco-friendly corrosion inhibitors on the behavior of
API X65 pipe steel under dynamic loading
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Abstract

Several corrosion inhibitors are used in industry to reduce the corrosive effects of harsh environments on the mechanical
properties of steel structures. More recently, eco-friendly (green) inhibitors are being developed to replace synthetic ones
with toxic organic molecules. In the present study, Ruta Chalepensi (Fijil) green corrosion inhibitors are utilized with API
X65 pipe steel to study their effectiveness in reducing the corrosive effects of HCI acid. Notched specimens are immersed in
HCI and HCI with different concentrations of Fijil (3, 5, 10 and 30 vol.%) for 3, 7 and 10 days. Charpy tests are carried out,
after each period, on treated and untreated standard specimens to evaluate the response of the material under dynamic
loading. The load-displacement curves are found to consist of four zones corresponding to different crack advance events.
Immersion in green inhibitor (5 Vol%) for 10 days resulted in improving the fracture toughness of API 5L X65 by 43%.
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Abstract

The impact of environment can cause many types of degradations such as pitting corrosion, stress corrosion cracking and
sulphide stress cracking of metal structures. One of the serious problems of oil extracting industry is the corrosion process.
Recently there were number of resources failures, caused by internal corrosion, recorded in oil and gas industry, the reports
confirmed that the failures were due to the effect of traces Hydrochloric acid. Our objectives are to use the plant extracts,
such as corrosion inhibitors on API SL X52 steel. Indeed, these natural extracts contain many families of natural organic
compounds "Green", readily available and renewable. The mechanics tests carried out on this study of anti-corrosive
properties of natural products of plant origin will be to given so far promising results on the fracture mechanics properties.
The importance of this area of research is mainly related to the fact that natural products can replace toxic organic molecules
present condemned by the world directives for environmentally unacceptable.
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Failure analysis of gas sweetening tower absorber packing
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Abstract

Gas sweetening tower packing was failed in the form of corrosion damage after 3 month from installation. Pieces from the
failed packing as well as unused one were received for investigation to establish whether its failure was due to specific
material aspects or improper use.

The investigation showed that the packing was 316L stainless steel which failed due to intergranular chloride stress
corrosion cracking. The root cause of the failure of the received packing could be mainly attributed to the material residual
shear bands after packing sheet manufacturing process. The shear bands were formed due to lack of solution annealing after
cold deformation process. Corrosion is mainly controlled by chloride ions and residual stress. It is recommended to use high
quality material free from residual stresses by applying solution annealing heat treatment after cold deformation of the
packing sheets and removing of the chloride ions by controlling the inlet water.
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Flaw interaction under bending, residual stress and thermal
shock loading
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Abstract

Crack-like surface flaws in pipes, pressure vessels and other structural components sometimes occur near to one another.
When this happens, it is often necessary to take the mutual interaction of the flaws into account when performing fracture-
mechanics-based fitness-for-service assessment. Integrity assessment procedures including ASME BPVC Section XI, BS
7910 and R6 include interaction criteria which are used during flaw characterisation to ensure that interaction is accounted
for conservatively. This paper considers the interaction which occurs when flaws are loaded by a non-uniform through-wall
distribution of stress, as may arise due to bending, thermal shock or welding/cladding residual stresses. Using parametric
finite element analysis of a large number of crack pairs subjected to different distributions of stress, it is shown that the
degree of flaw interaction can be enhanced under non-uniform loading. Therefore, care should be taken when performing
integrity assessment using interaction criteria based on uniform tension loading only.
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Structural analysis and composite material testing for space
antenna reflector
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Abstract

Deployable space antenna reflectors are traditionally represented by a metallized mesh which needs additional tension to
ensure desirable accuracy of the reflective surface. But the growing demands on quality of space antennas require new
design solutions to increase weight efficiency and surface accuracy of the reflectors. The appropriate design of large aperture
reflector was developed jointly by JSC Information Satellite Systems Reshetnev, Reshetnev Siberian State University of
Science and Technology and Institute of Computational Technologies SB RAS.

The designed antenna reflector is 4 m diameter and has an umbrella structure with radial spokes. The reflective surface is
represented by a thin solid shell which is made of a biaxial carbon fiber woven composite. During space launch the reflector
is in a compact transport position while the composite shell is folded between spokes. According to this the material of the
reflector must have an appropriate stiffness and strength properties to ensure the shape stability in deployed position after
large flexural deformations.

To confirm the required reflector properties the complex structural analysis and composite shell material testing were
performed. Experimental studies included the determination of mechanical properties during tension, compression, shear and
bending tests. Additional determined properties included density and coefficient of thermal expansion. Based on the
experimental results the following studies were carried out by finite element method: estimation of the geometric stability
and strength of the reflector considering mechanical and thermal loads; simulation of folding the reflector into transport
position.

The results of numerical modeling and experimental studies confirmed that the considered design of the reflector meets the
technical requirements. Thus, at the next stage of the research program it is necessary to perform full-scale tests of the
reflector prototype to verify the simulation results and folding operation.

This work was done during the complex project and was financially supported by the Russian Federation Government
(Ministry of Education and Science of the Russian Federation). Contract Ne 02.G25.31.0147.
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The combined effect of pressure and autofrettage on the 3-D
stress intensity factor of an internally cracked spherical
pressure vessel
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Abstract

The distributions of the combined 3-D Stress Intensity Factor (SIF), KIN=KIP +KIA, due to both internal pressure and
autofrettage along the front of an inner radial lunular or crescentic crack emanating from the bore of an overstrained
spherical pressure vessel are evaluated. The 3-D analysis is performed using the finite element (FE) method employing
singular elements along the crack front. A novel realistic autofrettage residual stress field incorporating the Bauschinger
effect is applied to the vessel. The residual stress field is simulated using an equivalent temperature field in the FE analysis.
SIFs for three vessel geometries (Ro/Ri=1.1, 1.2, and 1.7), a wide range of crack depth to wall thickness ratios (a/t=0.01-0.8),
various ellipticities (a/c=0.2-1.5), and three levels of autofrettage (€ =50%, 75%, and 100%) are evaluated. In total, about
two hundred and seventy different crack configurations are analyzed. A detailed study of the influence of the above
parameters on the prevailing SIF is conducted. The results clearly indicate the favorable effect of autofrettage in
considerably reducing the prevailing effective stress intensity factor i.e., delaying crack initiation, slowing down crack
growth rate, and thus substantially prolonging the total fatigue life of the vessel by up to twenty-five-fold. This favorable
effect is found to be governed by oy/p - the ratio of the vessel's material initial yield stress to its internal. The higher the ratio
is, the more effective autofrettage becomes. Furthermore, the results emphasize the importance of properly evaluating the
residual stress field due to autofrettage while at the same time accurately accounting for the Bauschinger effect, including re-
yielding, as well as the significance of the three dimensional analysis herein performed.
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Effects of increased span on fracture toughness using non-
standard PCVN specimens and implications for the reference
temperature, To
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Abstract

This work addresses an experimental investigation on the effects of increased span on the cleavage fracture behavior for an
ASTM AS572 high strength, low alloy structural steel using non-standard PCVN configuration. Fracture toughness testing
conducted on PCVN specimen configurations with varying specimen span provides the cleavage fracture toughness in terms
of the J-integral at cleavage instability, J.. The experimental results show a rather marked effect of increased span on J.-
values which can help to mitigate the effects of constraint loss commonly observed in PCVN specimens. An exploratory
application to evaluate the reference temperature, 7o, based on the Master Curve methodology also provides additional
support for using non-standard PCVN specimens in routine procedures to assess fracture toughness behavior of ferritic
materials.
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Abstract

Degenerative diseases of the spine, when not solvable with clinical treatments or with suitable stabilization systems, can be
cured by means of the technique of arthrodesis through the interbody fusion of two or more vertebrae. The paper deals with
the tests carried out on commercial and innovative cervical cages, used in the primary stabilization of the vertebrae, able to
maintain the right distance and to assure the interbody fusion.

Additive manufacturing (AM) is a powerful new tool offering the necessary competitiveness to the biomedical
manufacturing companies, having the possibility to create materials with controlled porosity combined with solid parts,
providing to the workpiece excellent capacity in the subsequent phases of osseointegration.

Based on the knowledge developed either in the biomechanics of the spine or in the properties of biocompatibility and
osseointegration of titanium alloys, MT Ortho has developed some models of cervical cage made from modern additive
printing techniques with titanium alloy.

Three different cervical cage made of different materials were subjected to static compression test: a commercial cervical
intervertebral cage in PEEK and two cervical intervertebral cages in Ti alloy produced by the EBM process by MT Ortho.
Tests on the innovative cage produced by EBM have shown encouraging results. From this first preliminary analysis its
showed that the mechanical and functional failure of the innovative devices made in melted Ti alloy by EBM is achieved by
load values greater than physiological ones of the cervical spine.
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Cracking in paintings due to relative humidity cycles
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Abstract

A numerical study is performed using the finite element method to consider the effects of low-cycle fatigue, specifically
induced through relative humidity cycles on paintings. It has been identified that there are two major crack types in
paintings, these being (i) an interfacial crack (delamination) between paint and support and (ii) a through-thickness (channel)
crack in the paint layer itself, arresting on the interface. Therefore a 2D plane strain model for each type of crack has been
created, which both consist of an alkyd paint modelled using a visco-hyperelastic material model and a primed canvas which
is assumed to behave in a linear elastic manner. To account for fatigue damage in both models, cohesive elements located
along the interface or through the film thickness respectively, are used and the traction-separation law has been modified to
incorporate a fatigue damage parameter. It is possible to expose the models to the same relative humidity cycles, which
would typically be seen in museums, enabling the prediction of time to first crack and which crack type is more readily
grown in the painting.

Peer-review under responsibility of the ECF22 organizers.

Keywords: finite element; interface fracture; irreversible cohesive zones; low-cycle fatigue; thin films; through-thickness crack; viscoelastic.

* Corresponding author. Tel.: +44 (0)20 7594 7246.
E-mail address: m.charalambides@imperial.ac.uk

92



ECF22 - Loading and Environmental Effects on Structural Integrity

Micromechanical modeling of inter-granular localization,
damage and fracture

Tuncay Yalginkaya®", Izzet Ozdemir®, Ali Osman Firat?, Izzet Tarik Tandogan®

“Department of Aerospace Engineering, Middle East Technical University, Ankara 06800, Turkey
*Department of Civil Engineering, Izmir Institute of Technology, Urla, Izmir 35430, Turkey

Abstract

The recent developments in the production of miniaturized devices increases the demand on micro-components where the
thickness ranges from tens to hundreds of microns. Various challenges, such as size effect and stress concentrations at the
grain boundaries, arise due to the deformation heterogeneity observed at grain scale. Various metallic alloys, e.g. aluminum,
exhibit substantial localization and stress concentration at the grain boundaries. In this regard, inter-granular damage
evolution, crack initiation and propagation becomes an important failure mechanism at this length scale. Crystal plasticity
approach captures intrinsically the heterogeneity developing due to grain orientation mismatch. However, the commonly
used local versions do not possess a specific GB model and leads to jumps at the boundaries. Therefore, a more physical
treatment of grain boundaries is needed. For this purpose, in this work, the Gurtin GB model (Gurtin (2008)) is incorporated
into a strain gradient crystal plasticity framework (Yalcinkaya et al. (2011), Yalcinkaya et al. (2012), Yalcinkaya (2017)),
where the intensity of the localization and stress concentration could be modelled considering the effect of grain boundary
orientation, the mismatch and the strength of the GB. A zero thickness 12-node interface element for the integration of the
grain boundary contribution and a 10-node coupled finite element for the bulk response are developed and implemented in
Abaqus software as user element subroutines. 3D grain microstructure is created through Voronoi tessellation and the
interface elements are automatically inserted between grains. After obtaining the localization, the mechanical behavior of the
GB is modelled through incorporation of a potential based cohesive zone model (see Park et al. (2009), Cerrone et al.
(2014)). The numerical examples present the performance of the developed tool for the ntrinsic localization, crack initiation
and propagation in micron-sized specimens.
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Abstract

Having in mind that on the territory of the Republic of Serbia patent protection of domestic inventions has been at the level
of 20% of the total number of patents granted by the European Patent Office to inventors from Europe in the past twenty
years in the area of seismic reliability of structures and landslide remediation, this work complements research on the
continuity in the application of exceptional technical solutions of Serbian scientists in the field of civil engineering, that has
been started with the work with title: Common characteristics of main contributions of Roger Boscovich, Milutin Milankovi¢
and Branko ZeZelj to the development of civil engineering, 2017. Bearing in mind that ZeZelj has been active in patent
protection of his numerous inventions, during second half of the 20" century, this paper presents systematic overview of
patented inventions created in 21% century by Serbian scientists and inventors in the field of seismic safety of structures and
landslide remediation, as well as examples of their specific application.
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Fracture toughness for engineering application: There is a
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Abstract

Fracture toughness testing standards such as ASTM E1820 or ASTM E 1921 ISO 12350 are seldom used in practice.
Estimates of Kic or Jic by empirical correlations with classical Charpy impact tests are much more popular and often
preferred. The reasons for this unsatisfying situation is that the standard procedures of fracture toughness testing are much
more demanding than the Charpy test, in terms of costs, test material, test equipment and expertise of the laboratory
personal, whereas the much simpler CV-test still delivers useful estimates. However, between standard fracture toughness
testing and classical Charpy impact testing there is a wide space for possible new tests that are similarly simple as Charpy
tests and similarly informative as a fracture toughness tests. In the present paper, some suggestions for such more practical
fracture toughness tests are made.
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Abstract

Repair welding represents the activity that restores the working capability of machine or construction caused by some
damage due to working or environmental condition. Damages of burner pipes, part of the facility "Cold Rolling Mill"
Steelwork in Smederevo, which appeared on welded joints during the manufacturing of the burner, and its repairing are
presented in this paper. The damages occurred on welded joints along the weld as a result of the working conditions that
burner was exposed to. Due to high temperatures that can reach up to 850 °C and "explosion" during gas burning, a crack
may appear on the inner side of the burner. The base material of the burner pipes is stainless steel X12NiCrSi35-16. Repair
welding is preceded by a series of operations, and one of them is the selection of an electrode. It turned out that inadequate
selection of the electrode for repair welding had contributed to the occurrence of cracks on welded joints. Selecting a new
electrode and examining its characteristics, as well as performing test welding of pipe that is still in exploitation, had
confirmed the importance of proper selection of materials for repairing of burner pipes.
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Abstract

This paper describes the influence of oxide deposit thickness on the working life and integrity of pressure equipment such as
heater pipes, preheaters and other components with cylindrical forms in thermal power plants exposed to internal pressure
and boiling gases. Due to the influence of the oxides in the inner side of the pipes, the wall thickness of mentioned
components decreases as a result of corrosion-erosion. Within boiler, the thickness of the wall gradually decreases, both
from the outer and inner side of the pipes, which leads to increased mechanical stress during service life (i.e. exploitation).
Increased stress leads to reduced service life, due to cracking. A model will be presented showing the dependence of
thickness increase of the oxide deposit on the time of exploitation and the material, as well as the increase temperature in the
pipe walls due to the oxidation on the inner side of the pipe. With temperature increasing on the walls of the pipes, yield
stress consequently decreases, leading to the cracking of components.
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Abstract

In the case of welded steel structures (such as pressure equipment), welded joints are often critical location for stress
concentrations, due to different mechanical properties and chemical composition compared to the parent material, and due to
changes in geometry. In addition, the presence of imperfections (defects) in welded joints can contribute to the increase in
local stress, resulting in crack initiation. Recently, standards that are related to acceptable dimensions of various types of
defects in welded joints started taking fatigue loading into account as well.

For the purpose of this research, a 3D numerical model was made, of a welded joint with different types of defects (linear
misalignment and a crack in the weld metal), based on the previous work, which involved static loading of the same
specimen. In this case, fatigue was taken into account, and the simulation was performed using ABAQUS software, as well
as Morfeo, an add-on used for determining the fatigue behaviour of structures via XFEM (extended finite element method).
The welded joint was made using steel PA60NL1 as the parent material, and EPP2NiMo2 wire was used for the weld metal.
An additional model was made, whose defects included a crack and an overhang. Fatigue crack growth analysis was
performed for this model as well, and the results for stress intensity factors and stress/strain distribution were compared in
order to obtain information about how different defects can affect the integrity of a welded joint.
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Abstract

Veneers are thin dental restorations which cover vestibular, incisal and proximal teeth surfaces. Depending on the design of
the preparation, proximal extension of the veneer could be up to the contact point or could cover the entire proximal surfaces
of the teeth. This paper shows development of the experimental setup for determining the strain field and failure force of
direct composite veneers in upper and lower anterior teeth, subjected to compressive load up to the point of fracture.
Extracted teeth were prepared using the turbine diamond conical burrs with a rounded tip of 1.6 mm in diameter and 2°
conicity (Burr 6844-Komet Dental, Lemgo, Germany). The preparation was standardized so that the dental tissue was
removed 0.8 to 1 mm vestibularly, 0.5 to 0.8 mm proximally and 2 mm incisally. The veneers were made of composite
material (nanocomposite Geanial-GC Corp., Tokyo, Japan) using the direct layering technique. Bonding between the
material and dental tissue was achieved using an adhesive agent (G bond-GC Corp., Tokyo, Japan).

The prepared specimens, which consisted of a tooth-adhesive-composite system, were immersed in acrylic for easier
positioning into the tensile testing machine (Tinius Olsen H10KS). Contactless optical 3D system ARAMIS 2.0 was used for
measuring strain in the veneers. In order to simulate the effect of masticatory forces, the prepared specimens were positioned
under a 135 degree angle relative to the applied force.

This experimental setup will enable analysis of stress and strain of the tooth-adhesive-veneer system, based on clinically
relevant parameters (design of the preparation, material characteristics and angle of the applied force).
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Abstract

This paper presents the analysis of the influence of temperature and exploitation time on the cross-sectional hardness and
micro-structure changes of characteristic zones of a welded joint made of low-alloyed Cr-Mo steel A-387 Gr. B. Exploited
parent metal is a part of a reactor mantle which was working for over 40 years and is in the damage repair stage, i.e. part of
its mantle is being replaced with new material. Cross-sectional hardness of a butt-welded joint was measured and
macroscopic investigation of the welded joint and microstructural analysis of the parent material, weld metal and the heat
affected zone were performed. The comparison of parameters obtained for characteristic zones of a welded joint provides a
way to measure the justifiability of the selected welding technology.
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Abstract

The considered construction of the paint shop consists of two parts: main structure with columns and grill (global structure)
and substructure for robot supporting (local structure). Diagnostic of the cause of robot gearbox failure in the paint shop
company Magneti Marelli Kragujevac required the following activities: static analysis of the global structure deformation
using finite element method-FEM; dynamic calculation of its eigen-oscillations using FEM; determination of the transfer
function in frequency domain, i.e. dynamic amplification factor for the selected combination of excitation — response;
measurement of dynamic displacements and accelerations of the structure, as well as a visual overview of the state of the
construction. The basis of the overall diagnosis was related to determination the cause of unfavorable dynamic and resonant
behavior of the structure. Calculation was done to determine eigen-oscillations of global structure, i.e. appropriate
eigenvectors, which defined the planes and directions of unfavorable dynamic stiffness of the structure. Pulse robot motion,
with frequent changes in direction, produces excitation at all frequencies. If the global structure has low eigen-frequencies, it
can’t accept dynamic inertial forces due to robot motion. It leads to large dynamic deformation and resonant behavior. This
property of the structure negatively affected on the work of the robot gearbox. Required measurements aimed to verify
dynamic FEM calculation and to confirm resonant behavior of the structure. Experimental values of dynamic displacements
and accelerations should indicate if their overrun occur. Based on presented investigation of the failure, reparation and
sanation of the substructure was done. So, robot gearbox has been operating successfully.
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Abstract

Quality of weldments is the major factor that affect on structural integrity on railway tracks. Last decades, the emphasize on
quality of weldments increase due to amplifying requirements on speed, traffic frequency and axle loads. Major methods of
rail welding are flash butt welding (FW) and aluminothermic welding (AT). Frequency of flaws occurrence is higher during
AT welding method, and those flaws can nave significance influence on integrity of rail weldments. Due to the fact that the
AT welding us achieving by melting and solidification, i.e. casting it is clear that AT welding have Intrinsically higher level
of complexity in term of influencing factors compared to FW welding. The other thing that have significant impact on
quality of rail weldments are the training level of welding personnel, which means that the integrity of weldments very
complex question. This aim of this paper is to explain the mechanism of crack initiation on typical welding defects.
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Geotechnical aspects on seismic retrofit
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Abstract

In the paper numerical analysis of foundation of damaged masonry structures using finite element method is presented.
Retrofitting of those structures has been performed using technology DC90. By retrofit design, the foundation structure is
confined with the foundation collar, connected by anchors and in which the vertical stiffening elements are anchored.
Numerical quantification of benefit of seismic retrofit of building foundation in terms of future excitations was done.
Additionally, the soil-structure interaction issue has been addressed.
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Abstract

Permanent ground displacement analysis methods, as very important aspect of the seismic dynamic analysis is explained in
the paper. A methodology for probabilistic hazard assessment of permanent displacement across natural slopes and
landslides caused by earthquake rupture is presented, compatible with regions with low to moderate seismicity, as well as
comparison with the results of the other authors.

The results show that for the most cases, in terms of displacement of earthquake faults the displacement hazard is small, in
contrast to ground shaking hazard. From the other side, slope displacements (rockfalls landslides, mudflows) as side effects
may cause huge consequences during the earthquake.
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Abstract

Fatigue cracks frequently grow during a large portion of the cyclically loaded components. Therefore, any parameter that
significantly affects the growth of fatigue cracks can have a major effect on the total fatigue behavior of the components.
One such parameter is the stress ratio (ratio of the minimum stress to the maximum stress). This paper presents an
application of the extended finite element method (XFEM) in the modeling and analysis of simultaneous cracks propagations
in friction stir welded double T joint made of 2024-T351 aluminum-alloy plate. This material was selected because of its
frequent use in aircraft construction. A FSW numerical tool, based on ABAQUS software, has been developed for modelling
and results display.

Tensile fatigue loading of 50 MPa at stress ratios ranging from -1 to 0.5 is applied to evaluate the mechanical properties.
Numerical simulations are developed for fatigue life estimation for each crack propagation step and stress intensity factors
next to the crack front for each step of crack growth.
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Crack growth resistance of weldment constituents
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Abstract

The overmatching can affect the occurrence of cold cracks after welding in high-strength low-alloyed steels of 770MPa yield
strength class. The welding consumable has been designed in a way to produce WM with slightly lower strength properties
compared to BM (undermatching effect). The application of high-strength low-alloyed steel SUMITEN 80P, required a large
scope of testing for estimation of behavior of welded joints under different loading conditions, in order to give the reliable
estimation of penstock safety.
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Abstract

An increasing diversity of operations, and increasingly different materials as well as different working conditions lead to
different constructive solutions. The structure design is the construction preparation which will efficiently fulfill the
anticipated exploitation conditions, economically and safely, i.e. there will be no damage resulting in loss of construction
functionality during the exploitation. In practice, however, there are fractures that can occur during the construction,
assembly, and exploitation. The fracture may be caused by overloading, static fracture, or by dynamic loading, fatigue
fracture. During calculation of static structural durability normal and tangential stresses are taken into account, while in the
dynamic durability calculation the structure resistance to crack formation and its propagation under the dynamic loading are
defined.

The aim of this paper is to demonstrate the possibility of applying fracture mechanics to the assessment of structure integrity.
To this end, the basic concepts of linear elastic fracture mechanics will be explained.
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Abstract

The research is focused on the risk and structural integrity assessment of pressure vessel in Reversed Hydro Power Plant
"Bajina Basta" . The risk matrix has been used to assess risk level according to probability and consequence in a more
descriptive way, whereas the Failure Assessment Diagramme (FAD) has been used as an alternative engineering approach,
both in its simplest form and in more advanced version, taking into account plasticity. Different FADs produced different
results indicating importance of plasticity, i.e. capability of material to deform in plastic range without failing at once.
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Abstract

In this paper is presented the principle of application of fracture mechanics parameters in determining the integrity of rotary
equipment. The behavior of rotary equipment depends on presence of cracks and basically determines the integrity and life
of such equipment. The locations of stress concentration (i.e. radius changes) represent a particular problem in rotary
equipment, and they are the most suitable places for the occurrence of microcracks i.e. cracks due to fatigue load. This
problem is most common in the shaft of relatively large dimensions, for example, turbine shafts in hydropower plants made
of high-strength carbon steel with relatively low fracture toughness, and relatively low resistance to crack formation and
growth. Having in mind that rotary equipment represents the great risk in the exploitation, whose occasional failures often
had severe consequences, it is necessary detail study of their integrity. For this purpose, it is necessary application of
parameters of linear-elastic fracture mechanics, such as stress intensity factor, which range defines the rate of crack growth
(Parisian law), and its critical value (fracture toughness) determines the critical crack length. The procedures for determining
the critical crack length will be described using the fracture mechanics parameters.
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Abstract

The results of research regarding the friction stir welding process of T-joints are presented in this paper. Experimental
welding of two and three aluminium plates were performed in order to obtain T-joints. Microhardness measuring and
macrostructural examinations of welded T-joints of aluminium alloy are processed. All phases of the welding process are
monitored by visual control.
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Effect of stiffeners on fatigue crack propagation of welded
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Abstract

The effects of stiffeners and mesh refinement on the values of stress intensity factor through the thickness of center-cracked
plates are presented. The main purpose of this analysis is to model the tensile behavior of a cracked stiffened panel in order
to identify special features of that behavior, in particular as concerns bending effects. When a crack is detected at a weld
joint, it is necessary to assess the service life remaining until the crack grows and leads to the failure. This paper presents an
application of the extended finite element method (XFEM) in the modeling and analysis of simultaneous cracks propagations
in friction stir welded joint plate made of 2024-T351 aluminum-alloy plate. This part of the study focuses on the most typical
fatigue cracks that start at the weld joint in TMAZ. A FSW numerical tool, based on ABAQUS software, has been developed
for modelling and results display. The crack propagation was investigated under uniaxial tensile loading with constant
amplitude (50 MPa) and stress ratio of 0 (R=0) at different welded joint plates (without stiffener, one stiffener and two
stiffeners).
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Abstract

This paper will present the analyses of influence of application of activating flux on the mechanical properties of the welded
joint in plasma welding of austenitic 316L class steel. In addition to standard mechanical tensile test, hardness
measurements, Charpy impact test, using elastic-plastic fracture mechanics, the opening of the crack tip at the standard three-
point bending tube was determined. SENB testing of the fracture mechanism was performed according to the ASTM
standard E1820-15a. The study revealed that the welded A-plasma compounds have very good mechanical properties that
confirm the reliability of the weld joints and a high level of quality.
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Abstract

The structural strength of a total hip prosthesis was investigated based on a 3D scanning procedure of a hip prosthesis and
Finite Element Analysis. 3D scanning was performed by the ATOS 3D scanner, and the CAD model was built using
Geomagic Design X software. The obtained CAD model was imported to Finite Element simulation software Abaqus to
generate a FEM model. By using the developed FEM model stress and strain distribution in the femoral component were
calculated for a typical human walking load case. The analysis was performed for a newly implanted prosthesis and for a
case with loosened femoral component of the same hip prosthesis. The analysis results show that in case of loosened femoral
component stress concentrations occur at locations where fatigue problems in real cases were observed.
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Abstract

During the welding process heat is introduced into the base material, and after the cooling residual stresses occur. The
typical distribution of residual stresses in a welded stiffened panel is such that tensile stresses occur at the weld site and
tensile residual stresses appear between the stiffeners. Using the ANSYS finite element method program, the distribution of
the KI stress intensity factors with respect to the crack length in stiffened panel fatigue test specimens was investigated,
taking into account welding residual stresses. The total stress intensity factor Kot is determined by the superposition of the
value due to applied external load and the residual strain, Kapp and Kires, respectively. Different residual stress distribution
patterns such as the rectangular, triangular and Green’s distributions were considered. For the considered specimen it was
shown that the tensile residual stresses initially increase the Kot value, and then the compressive residual stresses lower the
Kot value between adjacent stiffeners. Stress intensity factors due to residual stresses Kres have a significant effect on the
total value of Kt stress intensity factors. The effect of residual stresses on fatigue crack propagation life was considered.
Based on experimentally determined fatigue lives for the considered welded specimens and calculated stress intensity factors
Fatigue Crack Growth Rate (FCGR) diagrams were drawn. It was demonstrated that residual stress effects should be taken
into account for a proper FCGR assessment of welded stiffened panels.
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Abstract

In ship or aircraft structures a crack may initiate at sites of stress concentration, and under service loading further propagate
by fatigue mechanisms. Fatigue cracks may grow to a critical size, which can eventually lead to instantaneous failure of the
structure under an extreme service load condition. When cracks develop at several adjacent structural members, such as
stiffeners, multiple site damage (MSD) is created. In this paper, investigations are performed for the fracture mechanisms of
a plate damaged by a single crack or by multiple cracks subjected to lateral pressure, by fracture experiments and the
corresponding numerical simulation.

Results of finite element study on fracture behaviour of plate specimens damaged with multiple cracks and subjected to
lateral pressure are presented. Considered plate specimens with a single crack or an array of collinear cracks were tested by
using a specially designed experimental setup where monotonically increasing lateral pressure load was applied until fracture
occurred. Assessed critical pressure loads for considered stiffened panel specimens, based on the critical J-integral and crack
tip opening displacement (CTOD) values, were compared with experimentally obtained results and a good agreement was
observed.

In the finite element analysis an elastic-plastic fracture mechanics concept (EPFM) was implemented and critical pressures
associated with fracture onset in the specimens were assessed based on the critical Jc and 6c parameters. The described
procedure can be implemented for fracture assessment of real thin walled structures.
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Abstract

Aircraft structure is the most obvious example where functional requirements demand light weight and strong structures.
Shape and sizing optimization are being increasingly used nowadays for designing lightweight structural components. The
aim of this paper is to present optimization of I-section integral wing spar made of aluminum 2024-T3. The efficient design,
based on optimum fatigue life, was achieved using Extended Finite Element Method (XFEM) and its ability to simulate
crack growth in complex geometry. The computations were carried out in Morfeo/Crack for Abaqus software which relies on
the implementation of XFEM. Shape optimization of the aircraft wing spar beam was conducted by comparing the fatigue
crack growth lives for different cross section shapes, but constant cross section area of the spar. The analysis revealed that
XFEM is efficient tool for complex three-dimensional configurations optimization where extended fatigue life is one of the
most important objectives.
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Abstract

Total hip replacement implants are a substitution of a diseased hip joint and require complete removal in order to restore hip
joint functionality. Everyday physical activities produce dynamic load which is exerted onto joint surfaces. Under stated
conditions, fatigue represents the most probable mechanism of implant failure. The aim of this paper is to observe structural
behaviour from fatigue crack initiation to inevitable structural failure on a selected total hip replacement implant. Tendency
to fatigue and its growth besides chosen material highly depends on structural geometry. Locations with the highest stress
concentration are the most common place for crack initiation. Observing locations for numerical analysis are sharp edges on
the neck area of selected total hip replacement implant. Applied load for this testing is equal to the maximal exerted load on
a hip joint. Boundary conditions substitute the bone-implant contact.

Numerical analysis is performed in Abaqus software extension-Morfeo, suitable for XFEM analysis. XFEM generates the
mesh on a structure and with each new step in crack growth distributes nods evenly around the crack. Observation of crack
growth shows how geometry on a specified total hip replacement implant affects the structural life of a component.
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Abstract

Geometry and kinematics of intragranular as well as intergranular plastic deformation of polycrystals are discussed. Elastic
strain is covered by the effective medium homogenization method inside a representative volume element (RVE). Evolution
equation formed by tensor representation is derived from very simple micro-evolution equation. It has incremental form
obtained by Vakulenko's concept of thermodynamic time. The rate dependence takes place by means of stress rate dependent
value of the initial yield stress. Following strain geometry is based on constrained micro and free macro rotations in
intermediate reference configuration. This leads to the fact that evolution equation for plastic spin of RVE is an outcome of
evolution equation for plastic stretching. The theory is applied to slightly disordered fcc-polycrystals. For some characteristic
given stress histories (with low, medium and high strain rates) the micro-meso transition is tested and number of active slip
systems grains are found and compared with so-called J2-approach.
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High velocity impact response of 3D hybrid woven composites

Ahmed Sohail**, Zheng Xitao® Shiekh Muhammad Zakir?

“School of Aeronautics, Northwestern Polytechnical University, Xi’an PR China

Abstract

The aim of this work is to develop an efficient numerical model which can predict the behavior of 3D hybrid woven
composites under high velocity impact by utilizing the inbuilt constitutive and damage models within the finite element
software. To predict the constitutive and damage behavior of composites during the high velocity impact process, a
combination of cohesive contact and continuum shell elements is proposed in finite element (FE) model. Delamination
behavior is characterized by introducing the cohesive contact between the two adjacent laminas using the traction separation
law, while damage, induced during the impact process in each single layer of composite laminate, is depicted by continuum
shell elements with Hashin failure criterion. Connector elements containing the failure behavior are introduced into the
model to represent the z-yarns of the 3d woven composite. The proposed FE model reveals good capturing of damage
phenomenon during the impact process and indicates good agreement with experimental results, making it a valuable tool for
characterizing the impact response of 3D hybrid woven composites under high velocity impacts.
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Structural integrity assessment by using cross-correlated
modal identification
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Abstract

Early researches on steel structures integrity were mainly oriented on calculations and conventional experiments. Robust
numerical methods of a high accuracy are usually less reliable in estimation of dynamical properties and a true condition of a
steel structure. On the other hand, experiments on real structures, being in regular operation, could be very demanding to
conduct. Therefore, the implementation and justification of novel methodology in structural integrity analysis is presented
here. The main idea is to correlate experimental results with those obtained applying ANSYS software package. Throughout
a results cross-correlation and model adjustment the new presentation of the structure is created, involving natural frequency,
modal mass, stiffness and damping. By a proper definition of those parameters, and a 3D model of the structure, a
preliminary map of measuring points and measuring configuration are set in order to enable structural integrity assessment.
Example of application of this procedure is given.
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Model analysis of complex structures’ strength — advantages
of physical sub-scaled model testing and shortcomings in
physical model production
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Abstract

The possibilities of testing real constructions strength are often limited, especially in case of large constructions. Testing on
the model, instead of the actual construction, results in a great saving of money and time. Sub-scaled model of the
construction of the substructure, the slewing platform and the lower part of the pylons of the bucket wheel excavator
SchRs630 is made. Numerical calculations (using Finite Element Method) and experimental testing of the model were
performed. Experimental testing is performed using classical strain gauge method and Digital Image Correlation Method
(Aramis system). Once again, advantages of Digital Image Correlation method compared to classical measurement methods
are confirmed. The negative impact of conventional manufacturing methods in some zones is noticed.
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Bending fracture of Co-Cr dental bridges, produced by
additive technologies: experimental investigation

Tsanka Dikova®*

“Faculty of Dental Medicine, Medical University of Varna, 84 Tsar Osvoboditel Blvd, Varna 9000, Bulgaria

Abstract

The aim of the present paper is to investigate the fracture during bending test of Co-Cr dental bridges, produced by additive
technologies. Three groups of samples (four-part dental bridges from 1-st premolar to 2-nd molar) were produced by
conventional casting with handmade wax patterns, casting with 3D printed patterns and selective laser melting (SLM). The
bending test was done using Tira Test 2300 SE/50 kN machine and especially designed appliance, ensuring loading closest to
the actual during masticatory process. The loadings until cracking and fracture were evaluated. The fractured surfaces were
investigated by optical microscopy.

It was established that the SLM dental bridges of Co2I2-f alloy are being destroyed in 9.255 kN loading, which is
commensurable with that for cracking of the samples, cast from Biosil-F' alloy — 9.820 kN in conventional casting and
10.171 kN in casting with 3D printed patterns. The destruction of the cast Co-Cr bridges consists of three stages — crack
initiation in the most loaded area, its growth and final fracture, while the destruction of the SLM samples suddenly occurs
because of a network of cracks in the entire volume. The destruction type of the Co-Cr bridges, produced by SLM and
casting, is identical - ductile, but the way that fracture occurs is different due to their structure. The specific layered
macrostructure, the fine microstructure with dendritic morphology, the phase composition — the presence of e-phase and the
typical defects of the SLM Co-Cr alloy define the fracture mechanism during bending.
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Influence of friction and contact area on long term
performance of total prostheses

Igor Bala¢®*, Vladimir Buljak?, Milorad Milovancevi¢?

“Faculty of Mechanical Engineering, University of Belgrade

Abstract

In dentistry, for purposes of attaching and stabilizing the total prostheses in patients with no teeth, implants of different
dimensions are used. In terms of stability, long term performance of total prostheses is crucial for these patients. Retention
force (i.e. holding force) might decrease through intensive usage causing prostheses falling down and poor performance as
well. Influence of coefficient of friction and contact area on retention force is investigated through numerical methods with
the analysis of the prostheses-implant contact. This investigation confirmed that coefficient of friction and contact area have
significant influence on retention force as well as long term performance of total prostheses.
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Stress intensity factor for multiple cracks on curved panels
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Abstract

The aim of this paper is to explore and to demonstrate the capacity, performances and difficulties of stress intensity factors
(SIFs) calculations in a case of multiple cracks on curved panels analyzed by means of different computational methods. So-
called bulging effect, which is occurring in cracked curved panels, increases the effective stress-intensity factor, making the
SIFs assessment in case of multiple cracks more challenging. Here, the stress intensity factors are considered by using two
different computational methods: extended finite element method (XFEM) and the approximate method based on
superposition, which has been adjusted for curved panel application. The SIFs determination was carried out for aircraft
fuselage model: unstiffened panel with three cracked fastener holes, for four different curvature diameters, subjected to
uniform internal pressurization. The comparison of the results showed that conducted analyses delivered the data which can
be useful in evaluation of crack-growth rate, residual strength and fatigue life of curved aircraft structures with multi-site
damage.
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Modeling of internal corrosion damage on boiler tubes for
integrity analyses
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Abstract

Corrosion is irreversible process of material degradation. Due to the adverse effects on characteristics of the operating
material, especially in boiler tubing systems, this is one of the most important problems in the functioning of thermal power
plants and it is considered to be the main cause of many outages. The basis and the first step in process of equipment life
estimation done by using common methods, and determination of the probability of failure is the calculation of stresses in
tubes caused by presence of corrosion damage. In this paper are presented stress analyses attained by deterministic method
and finite element method analyses for tubes with internal corrosion damage. Those analyses were performed on a large set
of data collected for the first stage of re-heater at 350MW thermal power plant unit, which was in service for app 60000
hours. Comparison of stress analyses results was done and obtained difference was analyzed, as well as implications of
obtained results on integrity analyses of corrosion damaged tubes. Influence of gained results on remaining life assessment
and probability of failure results were studied as well, since these considerations are important for the risk-based inspection
and maintenance programs.
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Statistical correlation between the printing angle and stress
and strain of 3D printed models
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Abstract

In the strides of the most advanced technological achievements, the use of polymers is becoming increasingly evident both in
everyday life and in engineering practice. Complex structures made of polymers attract more attention from scientists and
researchers, as their application increases in the most diverse fields of science. This phenomenon requires constant
improvement of knowledge and technologies for the production of polymeric structures and parts, but it is equally important
to establish reliable databases on the behavior of newly-introduced materials under different load conditions. This work is
based on the establishment of statistical correlation between parameters of 3D printed models and their mechanical
characteristics in conditions of static axial loading.
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Load spectrums as the basis of fatigue calculation, simulation
as a tool and the significance of frequency analyses
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Abstract

Fatigue (work life) analysis of machine parts is present in engineering practice, including equipment that could cost millions
of euros. It should not be forgotten that inappropriately defined, unclear or suspicious input parameters provide questionable
results. Thus, micro-analyses of critical machine parts rely on the macro-analyses of exploitation conditions, which lead to
systematic prediction of what function a machines should perform and in what ways during its work life, which could last up
to 30 years.
In the case of internal transport and loading, the use of simulations as the contemporary tool for optimization, provides a
systematic approach to:
e  The design stage, wherein the simulations analyse the following:
o  All of the parameters that affect the number of cycles and exploitation condtions (exploitation fields,
loads as variables ranging from zero to maximum values)
o Load spectrums for previous conditions, which are the basis for defining of representative load
spectrums for further calculation
o  Load spectrums for various control system options — operating influence
e The significance of frequency analysis of structures subjected to dynamic loads and load spectrums and
e  Desired machine monitoring for the purpose of recording load spectrums as the basis for periodical calculations of
expired work life and assessing of the remaining fatigue life.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Machine life calculation, load spectrums, simulations

* Corresponding author. Tel.: /
E-mail address: georgije@uns.ac.rs

127



ECF22 - Loading and Environmental Effects on Structural Integrity

Gas cylinder rupture induced by local corrosion damage
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Abstract

Commercial gas cylinders are common type of pressure vessels in many health care and technical facilities. Unexpected
failures of gas cylinders occur despite of fact that the design, manufacture route, quality control, transportation, and handling
are specified by various standards and regulations, particularly in domain of periodic inspection. A case study of the sudden
failure of the 25 years old gas cylinder made of low-alloy steel is presented in this paper. Exploded cylinder was filled with
commercial mixture of nitrogen and CO/COz. Results of chemical analysis, mechanical testing and microstructure and
fracture surface examination of gas cylinder material are given in this paper. Key results from failure analysis revealed micro
corrosion pitting as a consequence of undesired traces of moisture. This slow crack initiation combined with gas mixture
filling and exhausting cycles, promoted the local damage which could explain the mechanism of failure. In addition, the
analysis of gas cylinder material in moment of failure is evaluated by using the critical distance parameter.
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Morphology of corrosion fatigue and stress corrosion cracks
on low alloy steels
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Abstract

The fracture surface appearances are slowly changed through decade’s side by advantages in technology of steel production.
Basic requirements for cleaner steels and lower energy consumption during production induce that newer steels have some
different fracture features compared to the old ones. This paper describes morphology of different corrosion fatigue and
stress corrosion cracks. The brief failure analysis with key results will be presented for each case mentioned in paper, and
emphasize will be on morphology and characteristic features of fracture surfaces. Macro appearance of fatigue cracks will be
discussed in detail and characteristic features of stress corrosion fractures will be analyzed. Also, the results from scanning
electron microscopy will be presented in this paper.
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Numerical simulation of crack propagation in high-strength
low-alloyed welded steel
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Abstract

The industrial application of high-strength low-alloyed steel (HSLA) in welded structures has increased the demand for
understanding fracture behavior and structural integrity assessment of this type of steel and produced welded joints. The aim
of this paper is to simulate the experimental evaluation of the fracture mechanics specimens by using the micromechanical
model. The investigation is performed on two standard single edge notch bend (SENB) specimens with imposed crack in the
central region. Numerical analysis was carried out by using Simulia Abaqus software package on 2D models used to
simulate the damage development on the local level. The comparison between numerical and experimental results is
presented through measured values of J-integral, load-line displacement v.. and crack growth resistance (J-Aa) curves. This
paper shows that numerical simulations are promising in respect to their accuracy. The application of this model enables to
decrease the amount of expensive experiments for determination of the load level that causes crack propagation.
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Experimental examinations of machinability of ceramic
materials during micro processing

Milos Pjevi¢®*, Mihajlo Popovi¢?, Ljubodrag Tanovi¢?, Goran Mladenovic¢?
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Abstract

In this paper experimental analyses were conducted in order to determine phenomenon that occurs during micro cutting of
brittle material based on the ceramic. In order to investigate interaction between tool and workpiece, diamond tool with tip
radius R0.2 was used. Cutting speed of 25 m/s and variable cutting depth were used. Experiments have shown that on the
small cutting depths, ductile mode can be achieved. In this region, no evidence of cracks growth in the material was present.
Critical penetration depth that represents threshold value of this region was determined. After exceeding critical penetration
depth, brittle fracturing occurs. Volume of removed material is much larger then desired one, however smooth surface
cannot be achieved. Furthermore, dependence of crack growth from the cutting depth was analyzed. In addition, one of the
objectives in this experiment was to determine the changes in the cutting force components (Fn and Ft) in the function of
cutting depth. Also, specific cutting energy was determined. Based on the microscopic observation of the machining
surfaces, mechanism of micro cutting ceramics was established.
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The influence of welded ribs on the stability of the X table
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Abstract

With the upward trend in designer furniture production, this inevitably imposed the need for using CAD/CAE systems in its
design and manufacturing. The reason for this is the increased competition in the market, necessitating new products to be
released as soon as possible with a lower price tag. This in turn requires manufacturing of a zero prototype which should
considerably correspond to the finished product later to be launched onto the market. A research was conducted to determine
the applicability of a computer aided product design and calculation system, considering only tables of larger dimensions.
The designer's original idea is firstly illustrated by a rough sketch or a CAD model of the table. The following step of the
designing process is to analyze the stiffness of a given table, i.e. determining its stress and deformation state.
Simultaneously, product manufacturing technology is also considered from a mechanical engineering point of view. Due to
products’ specificity, they are usually made as a combination of tubular semi-finished products and sheet metal parts with
thickness of 4-6mm. For selected table models, CAD models were generated using the Sheet Metal Module of the Autodesk
Inventor computer software and Finite Elements Analysis (FEA) performed. Depending on the numbers obtained for stress
and deformation state in the stress concentration zones, a modification of the shape is performed to fulfill the stiftness
requirements. Static calculations were also carried out in order to determine the dimensions of the table base for the selected
area of the worktop made of solid wood; usually oak. Experimental verification of acquired numerical results was conducted
after manufacturing of a physical prototype of the table. The results obtained point to a conclusion that the application of
CAD/CAE systems is justified in furniture design, particularly because it greatly reduces the time needed for designing good
and quality products.
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Case study - the Mehmed Pasha Sokolovic Bridge
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“DIVK, Belgrade, 11000, Serbia

Abstract

During the research were discussed numerous aspects of management and maintenance of which are based on structural
durability, reliability, risk management, integrity and service life with a special reference to the proposal consideration of the
Maintenance Design the historic stone bridge (including monitoring). The purpose of researches is designed to assist in
developing a basis for decision-making, and the purpose of the case study is to explain the importance of the introduction of
advanced system maintenance and monitoring of historical Mehmed Pasha Sokolovic Bridge.
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Development and testing of the reinforced wooden windows
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Abstract

Oversized window systems with extreme heights are becoming increasingly popular at European and global market. Such
sizes can cause problems of bending of wooden elements which results in the decrease of main window properties and
structural integrity. Double casement wooden windows of the 2 m height, with and without reinforcement, were tested at the
pressure load of 2000 Pa in order to define its behaviour and develop numerical simulation. Numerical models were defined
as an assembly of individual wooden elements with mutual contact, orthotropic behaviour, simulated dowels constrain and
insulated triple glass unit. Simulations have provided insight in to mutual behaviour of all individual elements and have
proven that contact between window and the wall represents weak point rather than the integrity of the wooden frame
elements as initially assumed. During the next phase special reinforcements used to restrain moments at the contact points
were tested both numerically and psychically.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Wood, window, reinforcement, orthotropic, numerical simulation

* Corresponding author. Tel.: /
E-mail address: uros.tatic@m-sora.si

134


mailto:uros.tatic@m-sora.si

ECF22 - Loading and Environmental Effects on Structural Integrity

Influence of glued-in reinforcement profiles on the thermal
characteristics of wooden window profiles
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Abstract

Nowadays wooden windows represent high aesthetic value to modern buildings. There is a strong trend of increasing their
dimensions, especially their height, which causes problems considering their stability and load bearing capacity. Aluminium,
stainless steel, carbon-fiber reinforced polymer profiles and glass-fiber reinforced polymer profiles, with different geometry
and orientation, were used to reinforce wooden window mullion. Since reinforcing materials have usually higher thermal
conductivity as wood, their effect on the thermal performance of the window as a whole, was examined in this study.
Thermal transmittance of several different reinforced profiles was analyzed to select an optimal solution. It was concluded
that reinforcing material does not have significant effect on thermal transmittance of window frame, if reinforcement is not
placed through the entire thickness of the window profile. If this is the case, only glass-fiber reinforced polymer, with a
maximum of 22 % reinforcing material in window profile, fulfils the standard criteria for low energy buildings. The effect of
type and geometry of reinforcing materials have minor effect on thermal transmittance of entire window, but have great
impact on the minimal local inside surface temperatures, which can lead to condensation and mould growth.
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Abstract

Short-fiber-reinforced polymers are widely used in industry. They are light-weight, have excellent mechanical properties and
can be processed via injection molding. This allows the mass production of high-quality components with high geometric
accuracy. Their superior electrical isolation properties make them a good choice for electrical housings in the automotive
sector. Due to the importance and precise nature of applications, in which such products are employed, many studies have
investigated the properties of these materials. Polybutylenterephthalat (PBT) with thermoplastic polyester elastomer (TPEE),
an impact-enhancing additive, is a typical example. Still, there is a lack of knowledge regarding the effect of TPEE on
mechanical and fracture behaviors of short-fiber-reinforced PBT and the effect of its microstructure on the dynamic
performance.

To study the characteristics of modified short-fiber-reinforced PBT and to assess the effect of the filament, two types of
polymers - standard PBT-GF10 and PBT-GF10 blended with 10% TPEE - were compared. Morphological investigation of
fracture surfaces produced in tensile tests at different loading rates was undertaken with scanning electron microscopy
(SEM). Further two-dimensional image analysis was completed with the image processing software Imagel.

The morphological analysis showed that TPE-E generally affected the microstructure of the material. Micrographs of
fracture surfaces demonstrated a decrease in the size of area of ductility with increasing loading rate. These results will
support the development and design of optimized parts and their processing methods.
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Abstract

Residual stress measurement is of fundamental interest in order to estimate the service life of engineering components and
structures subjected to various loading conditions operating in different environments. Destructive and non-destructive
techniques are used for the evaluation of residual stresses. Neutron diffraction, as a non-destructive technique, is widely used
to measure the elastic strain component of a specific atomic plane from which residual stresses can be calculated. Neutron
imaging is an alternative technique which enables residual stresses to be measured through strain mapping of the area of
interest. In this study, neutron diffraction measurements were performed in conjunction with neutron imaging to evaluate
residual strains in a compact tension, C(T), specimen extracted from a welded plate made of S355 structural steel. Neutron
diffraction and imaging are two complementary techniques which have been employed in this work by performing
measurements on the Engin-X and newly developed IMAT instruments, respectively, at the Rutherford Appleton
Laboratory. Neutron diffraction residual strain measurements in all three directions were conducted within the Heat Affected
Zone (HAZ) of the weld area whereas longitudinal residual strains were measured using the neutron imaging technique. A
comparison of the neutron diffraction and neutron imaging preliminary results has shown that neutron imaging can provide
acceptable measure of residual strains compared to those of obtained from neutron diffraction. The results have been
discussed in terms of the possible sources of error encountered in each measurement technique and the accuracy of each
technique against the other.
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bCNAREST, IRT, BP 14070, Libreville, Gabon

Abstract

Moisture levels are considered as a critical environmental impacting factor for wood and its components, as the moisture
content (MC) influences virtually all the physical and mechanical properties. Adsorbed moisture is known to cause
significant dimensional changes, as well as changes in mechanical properties such as the modulus of elasticity, stress factors
and brittleness. In green wood, water droplets moved away from the cell lumens around the crack tip. Drying of wood
induces micro-cracking and crack bridging as toughening mechanisms. To quantify the effect of humidity, fracture patterns
and properties at various moisture levels are numerically investigated. Finite element simulations were performed on a
modified Douglas Mixed-Mode Crack Growth specimen (MMCG). The crack growth process as well as the opening crack
under temperature and moisture variations were calculated under various mixed mode ratios, and mixed modes energy
release rates were evaluated. The distributed damage patterns in the most stressed regions between the area where
concentrated force is applied and the notch plane where the fracture initiates is also taken into account in this study.
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Analysis of fatigue damage of aluminium alloy under
multiaxial random vibration

Junji Sakamoto®*, Tadahiro Shibutani®

“Yokohama National University, 79-5 Tokiwadai, Hodogaya-ku, Yokohama, Kanagawa 240-8501, Japan

Abstract

Many studies have investigated the fatigue damage of materials under vibration. However, the mechanism of vibration-
induced fatigue damage remains unclear, and no method has been established for evaluating the vibration fatigue strength.
Therefore, it is important to establish an evaluation method for the vibration fatigue strength of materials to ensure
appropriate strength in their design. In this study, we performed experiments to investigate the fracture mechanism of a
material under multi-axial random vibration. We selected aluminium alloy A5056 as the test material and employed button-
head-type specimens with a notch. The multi-axial random vibration experiments were performed at different acceleration
inputs (10, 20, 30, 40, 50, 60, and 70 Gms) within a frequency band of 10-5000 Hz. During the vibration tests, we conducted
observations of vibration behaviour. After the vibration tests, we observed the fracture surfaces of the specimens using a
scanning electron microscope. The results show that the fatigue fracture was due to the bending resonance mode for the
given shape and dimensions of the specimens used in this study. In addition, cracks initiated at different areas on the fracture
surface and later propagated; subsequently, the cracks coalesced. Finally, we discussed whether the fatigue life of materials
subjected to vibration can be predicted using finite element analysis.
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Abstract

Unidirectional composites are very popular structural materials used in aerospace, marine, energy and automotive industries,
thanks to their superior material properties. However, the mechanical behavior of composite materials is more complicated
than isotropic materials because of their anisotropic nature. Also, stress concentration presence on the structure, like a hole,
makes the problem further complicated. Therefore, enormous numbers of tests are required in understanding the mechanical
behavior and strength of composites which contain stress concentration. Accurate finite element analysis and analytical
models enable us to understand mechanical behavior and predict the strength of composites without enormous number of
tests which cost serious time and money. In this study, unidirectional Carbon/Epoxy composite specimens with central
circular holes were investigated in terms of stress concentration factor and strength prediction. The composite specimens
which had different specimen width (W) to hole diameter (D) ratio were tested to investigate the effect of hole size on the
stress concentration and strength. Also, specimens which had same specimen width to hole diameter ratio, but different sizes
were tested to investigate the size effect. Finite element analysis were performed to determine the stress concentration factor
for all specimen configurations. Also, Point stress criteria (PSC) was used to predict strength of the specimens. For quasi-
isotropic laminate, it was found that the stress concentration factor at the hole tip increases approximately %15 as W/D ratio
decreased from 6 to 3. Also, it is observed that as W/D ratio quadrupled with constant specimen width the failure strength
increases by %62.4. For the specimens which had same width to hole diameter ratio but different (scaled) dimensions, the
stress concentration factor at the hole tip was seen to be identical as expected. For these specimens, as W/D ratio doubled the
specimen failure strength reduces by %13.2 because of the size effect. For all type of specimens, the PSC method could
predict the strength of specimens with maximum %8 error.
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Abstract

The present paper aims to analyse the fracture behaviour of date-palm fibre-reinforced mortar. The vegetable fibres have
been valorized over the last few years as a suitable reinforcement of cement-based matrixes used in non-structural
applications. As a matter of fact, the desirable characteristics of such fibres (for instance, low environmental impact,
biodegradability, low cost and density, and equitable stiffness and toughness) have led many designers to employ vegetable
fibres in building composite materials.

To the best knowledge of the authors, there are no studies in the literature related to the fracture behaviour of a cement-based
mortar reinforced by a date-palm fibre mesh. In the present paper, the fracture behavior of a cement mortar reinforced by
short fibres extracted from date-palm mesh is analysed. An experimental campaign is carried out on single edge-notched
specimens, by examining five different values of fibre content. The experimental tests are performed under three-point
bending loading and crack mouth opening displacement control. The Modified Two-Parameter Model proposed by the
authors is herein adopted in order to compute the fracture toughness. Such a method is able to take into account the possible
crack kinking occurring during the stable crack propagation, which is typical of quasi-brittle materials.
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Improvement of strength-toughness combination in
nanostructured bainite

Avanish Kumar?, Aparna Singh®*
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Abstract

The present study makes an effort to improve strength-toughness combination of a high carbon carbide free nanostructured
bainite by investigating the effect of content, size and morphology of constituent phases when austempered at 250-350°C.
Tension tests showed that the tensile strength increases sharply with refinement of bainitic microstructure with decrease in
austempering temperature while retaining significant ductility. However, degradation of toughness was observed with an
increase in strength. Processing-microstructure-properties correlations have been formulated in addition to detailed electron
microscopy to explain the experimental trends.
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Nanoscale wear and fracture of graphene and protection by
graphene
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Abstract

Excellent elastic, friction, and wear properties of graphene make it a promising candidate for various protective coatings.
Chemical vapour deposition (CVD) is a simple and cost-effective method for the production of large-area graphene
necessary for applications. Prerequisite for these technological applications is a good understanding of graphene mechanical
properties at nanoscale. Atomic force microscope (AFM) is an appropriate experimental tool for this purpose since it allows
not only imaging, but also characterization, scratching and various mechanical manipulations of graphene with a high spatial
resolution. At the same time, molecular dynamics (MD) is an excellent numerical method to study graphene mechanics.
Here we will cover our recent results on wear and friction of graphene studied by combined AFM measurements and MD
simulations.

It will be shown that the graphene wear consists of the following processes: the plastic deformation for lower normal loads,
followed by a sudden fracture of graphene for high enough normal load, with subsequent graphene peeling off from the
substrate [1]. Wear resistivity of CVD graphene is degraded due to out-of-plane graphene deformations - wrinkles [2]. Wear
of free graphene edges with increasing normal load consists of the following processes: small step-edge increase at
graphene-substrate interface, elastic deformations of graphene edges, stable wrinkle formation causing plastic deformation of
graphene edges, and finally, fracture initiated from graphene edges [3]. As a protective coating, graphene can be used for
friction and wear reduction [1] and for the mechanical protection of fragile nanostructures [4]. Finally, we demonstrate use
of graphene as a controllable system for testing friction paradigms. It will be shown how complex epitaxial relations between
graphene and aromatic molecules determine preferential sliding directions for movement, as well as anisotropic friction
during rotations at room temperature experiments [5].
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Abstract

Technical codes for the design of steel structures allow repaired welded joints, provided that their performance is the same as
that of the as-designed new ones. The paper presents the experimental and analytical work carried out to assess the repairing
effects on the bearing and rotation capacities of structural welded configurations, alternatively obtained from an as-designed
weld or a repaired one. Precracked compact tensile specimens with the resistant ligament located in the heat affected zone
(HAZ) were used and their rotation capacity evaluated by means of a plane stress plastic collapse model as a quantitative
criterion to assess by comparison, the effectiveness of the repairing procedure. This permits separation the influences of
yielding and ductile fracture resistances in the moment-rotation diagram. The application of the method confirmed the better
behaviour of the base metal when comparing it with the HAZs of the tested joints, and shows that joint performance
improves by repairing.
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Investigation of heat-treatment-induced pore microstructural
variations in cold sprayed titanium
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Abstract

Cold-spray additive manufacture of titanium components has been the subject of considerable interest. However, titanium
has limited ductility compared to face-centred cubic (fcc) metals such as copper and aluminium. Consequently, Ti particles
do not deform to the same extent upon impact, and some porosity generally remains. To improve the strength and ductility of
the sprayed material, a heat treatment procedure is generally employed. From a practical perspective, understanding the
nature of the porosity before and after heat treatment is important, since if air or process gas (nitrogen) remains trapped,
high-temperature diffusion of oxygen or nitrogen into the bulk can cause embrittlement. Variations to the bulk density will
also have an effect on mechanical properties. A change from an open pore network to a closed structure will influence the
performance of corrosion- or oxidation-resistant titanium coatings.

Synchrotron-based high-resolution X-ray micro-computed tomography (CT) combined with the data-constrained modelling
(DCM) approach for investigation of three-dimensional pore structural variation in a cold-sprayed Ti sample before and after
heat treatment [1]. Quantitative analysis indicated that the heat treatment caused morphological changes to the pores and a
small decrease in the overall porosity. Interconnectivity between pores was reduced, which has implications for sealing and
trapping of contaminant gases in cold-sprayed parts.
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Meso-scale modelling of mechanical behaviour and damage
evolution in normal strength concrete
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Abstract

Modelling concrete at the meso-scale has been a topic of intensive research in the last decade, as this approach allows for
improved understanding of meso-structure effects on the damage and failure of concrete. The majority of previous works
focus on simple stress state, either tension or compression, which does not allow for clarifying the most suitable description
of the behaviour of concrete constituents: aggregates, mortar, interfacial transition zones (ITZ) between aggregates and
mortar, and entrapped voids. Here all these constituents are represented explicitly and a new combination of their behaviours
is explored, applicable to both tension and compression. The work is based on synthetically generated concrete with
spherical coarse aggregates and voids randomly packed without overlapping. The meso-structure is meshed and zero-
thickness cohesive elements are inserted at ITZs. Aggregates are considered elastic, concrete damage plasticity (CDP) model
with both tension and compression hardening is adopted for mortar, and cohesive zone model is used for ITZs. The results
presented demonstrate very good agreement with experiments in both tension and compression, in terms of stress-strain
curves as well as crack patterns. The proposed development is a promising step towards more realistic representation of
concrete behaviour, which is required in practical cases where concrete experiences complex triaxial stress states.
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Creep-fatigue behavior analysis in a rotor during a long-term
operation

Nailong Zhao**, Weizhe Wang®*, Richard A. Adjei?, Yingzheng Liu®

“Shanghai Jiao Tong University

Abstract

With the increasing steam parameters in power plants, much attention should be given to the significant creep and fatigue
behavior in ultra-supercritical steam turbines rotors, especially during a long-term operation with gradual variation in the
material characteristics. In the present study, the long-term creep-fatigue behavior of an ultra-supercritical critical steam
turbine rotor was predicted using a phenomenological lifetime model as a post processing of the finite element method. The
temperature and stress distributions of the rotor during the multiple cyclic processes were numerically studied using
ABAQUS. The creep-fatigue damage was subsequently computed and discussed, which disclosed that the maximum damage
maintained at the inlet zones. The radial temperature gradient had the positive correlation with thermal stress, and the
effective stress essentially reflected the tensile/extrusion state of the material, which was affected by the material stiffness
variation. By separate damage analysis, the blade groove zones suffered large fatigue damage, while great creep damage
mainly appeared at the inlet notch zones. In comparison, the probability of failure due to creep in the long-term operation
was much higher than that due to fatigue. Lifetime prediction of the key points was proved to be safe based on the ASME
creep-fatigue damage restriction curve.
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Quantifying the deleterious effect of sea water on the fatigue
life of welded steel joints using a fracture-mechanics
approach

Adam Smith®*, Mark Knop?

“Defence Science and Technology, 506 Lorimer Street, Fishermans Bend, VIC 3207, Australia

Abstract

Numerous studies have been conducted to investigate the deleterious effect of sea water on the fatigue life of welded joints
for offshore structures subjected to wave loading (0.15 Hz to 0.5 Hz). In contrast, little research has been conducted to
quantify this effect on the fatigue life of marine structures subjected to lower cycle frequencies. In the present study, a
fracture-mechanics based approach in conjunction with the finite-element method has been used to model fatigue tests
carried out on tee-butt welded joints in aqueous 3.5 wt.% NaCl (an analogue for sea water) under freely corroding conditions
and various cycle frequencies (from 1 Hz to < 0.001 Hz) subjected to a constant stress range. This type of analysis can now
be carried out because a more comprehensive corrosion-fatigue crack-growth-rate dataset for these low cycle frequencies has
recently been published. Fatigue cracking in tee-butt welded joints was successfully modelled, and the results of this
modelling, which are consistent with corrosion-fatigue crack-growth rates, indicate that the fatigue life of these tee-butt
welded joints can be reduced by up to about 6.7 times in a salt-water environment for very low cycle frequencies
(< 0.001 Hz) compared with the fatigue life in air.
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Enhancement of tensile properties due to pre-ratcheting of
Zircaloy 2 at 400°C

Rupendra Singh Rajpurohit®”, N.C. Santhi Srinivas?, Vakil Singh?

“[IT (BHU), Varanasi, India

Abstract

Asymmetric cyclic loading leads to plastic strain accumulation in a component which is known as ratcheting strain.
Ratcheting strain accumulation is a life-limiting factor in mostly piping components. The aim of this investigation was to see
the work hardening effect on the Zircaloy-2 at 400°C by pre-ratcheting up to 200 cycles. Stress-controlled fatigue tests were
performed at 400°C up to 200 cycles with different combinations of mean stress (om) and stress amplitude (ca). Tensile
properties of these samples were determined at 400°C. There was a marked improvement in the yield strength but less in
tensile strength, however, ductility was reduced due to prior ratcheting. The results are discussed in terms of prior work
hardening and consequent decrease in the size of dimples on the fracture surfaces due to ratcheting.
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A local limit load model for J prediction via the reference
stress method
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Abstract

A local limit load model is developed for shell/plate type components with surface cracks for determining the local limit load
or local reference stress used in J prediction via the reference stress J scheme for defective components. The model is a plate
which contains a rectangular surface crack circumscribing the real surface defect and has the same thickness as the
component at the crack location. The model is remotely loaded by the primary stresses of the component at the crack
location obtained from elastic uncracked-body stress analysis. The global limit load of this model is used as the local limit
load of the defective component. The model is validated using 273 cases of 3-D finite element (FE) J results for semi-
elliptical surface cracks in plates, cylinders and elbows. The results show that when this local limit load is used in the
reference stress J prediction scheme, the predicted J values are reasonably accurate but conservative, compared with the FE J
values.
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Abstract

The aim of this paper is to quantify particularly fracture properties of selected types of mortars prepared with an alkali
activated binder and hemp fibers. The main attention is focused on evaluation of three-point bending fracture tests of
prismatic specimens with an initial central edge notch made of alkali activated fly ash mortars. The load versus crack mouth
opening displacement (F—~CMOD) diagrams were recorded during the fracture tests and subsequently evaluated using the
Double-K fracture model. This model allows the quantification of two different levels of crack propagation: initiation, which
corresponds to the beginning of stable crack growth, and the level of unstable crack propagation. The course of fracture tests
was also monitored by acoustic emission method.
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Recent studies of hydrogen embrittlement in structural
materials
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Abstract

Mechanical properties of metals and their alloys are most often determined by interstitial atoms. Hydrogen, as one common
interstitial element, is often found to degrade the fracture behavior and lead to premature or catastrophic failure in a wide
range of materials, known as hydrogen embrittlement. This topic has been studied for more than a century, yet the basic
mechanisms of such degradation remain in dispute for many metallic systems. This work attempts to link, experimentally
and theoretically, between failure, caused by the presence of hydrogen, and second phases, lattice distortion, and
deformation levels.

The connection between hydrogen embrittlement and pathway is established through examination of the evolved
microstructural state by hydrogen. Calculations performed by thermal desorption analysis showed the effectiveness of high
trapping energy levels in preventing the hydrogen embrittlement phenomena. It was proved that the embrittlement model is
highly affected by the trapping mechanisms. These results were confirmed by a diffusion calculation model and a theoretical
model that predicts hydrogen trapping mechanisms.
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Retardation of the fatigue crack growth in AA2024-T3
through residual stresses induced by laser shock peening

Sergey Chupakhin®®, Benjamin Klusemann?, Norbert Huber?, Nikolai Kashaev?

“Helmholtz-Zentrum Geesthacht

Abstract

Laser shock peening is a very promising surface modification technique for retardation of fatigue crack growth in metallic
structures through generation of deep compressive residual stresses. The hole drilling method is a well-established technique
for determining such non-uniform residual stresses. In the light of these two points, the present work aims to optimize the
laser shock peening process in regard to high residual stress profiles, their correct measurement by the hole drilling method
and demonstration of the retardation of fatigue crack growth through the laser peening treatment. First, the methodology for
the correction of hole drilling plasticity effects when measuring residual stresses approaching the material yield strength is
established and experimentally validated. The correction methodology utilizes FE modelling and artificial neural networks.
This provides a practical way to correct any non-uniform stress profile for a wide range of stress levels and material
behaviors typically used in industrial applications. Second, the laser shock peening process is optimized in regard to the
generated residual stress profiles using design of experiments techniques. The measured stress profiles are subjected to
correction using the neural network methodology. The regression model obtained in the design of experiments study is used
for generating the desired residual stresses in the C(T)50 AA2024-T3 specimens for the fatigue crack propagation test.
Significant retardation of the fatigue crack growth due to the presence of deep compressive residual stresses is
experimentally demonstrated on the laboratory scale. This might lead to the fatigue life extension up to 8 times. It has been
found that the integrated residual stress over depth reflects the effect on the fatigue life best. Moreover, the regression model
provides the correlation between laser shock peening parameters and fatigue life improvement, which can be used for fatigue
life prediction.
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Effect of transversal loading on the fatigue life of cold-drawn
duplex stainless steel
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Abstract

The paper gives new insights on failure behavior of high-strength, heavily cold-drawn duplex stainless steel wires when
simultaneously subjected to static transverse and longitudinal loadings, with the latter ones being of a fully tensile or cyclic
nature. The wires might experience such combined actions when incorporated into strands of pre or post-tensioned cable
systems, today used in a wide spectrum of construction applications. The transversal loads are due to the contact forces
between the wires, and mainly occur by longitudinal tensioning of strands. In order to reproduce them, the experiments were
made with a specially designed device assuring the control of the locally applied transversal compression during the wire
loading in simple or cyclic tension. The results concerning the static bi-axial loading did not show significant differences
concerning the failure load of duplex stainless steel wires when compared with that of currently used prestressing eutectoid
wires: on this basis, an empirical fracture criterion predicting the critical load combinations was formulated. The
simultaneous action of transverse compressive loading and fatigue tensile loading of 200 MPa stress range produces a
nominally infinite lifetime of lean duplex wires for combinations of the compressive and maximum tensile loads
experimentally determined. These combinations could be roughly described as those given by compressive loads or
maximum tensile fatigue loads higher than 50% of the tensile bearing capacity of lean duplex wire.
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Hybrid Metal Extrusion & Bonding (HYB) — a novel solid
state joining process for aluminium alloys
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Abstract

Hybrid Metal Extrusion & Bonding (HYB) is a new solid state joining technique mainly developed for aluminium alloys. By
the use of filler material addition and plastic deformation, sound joints can be produced at operational temperatures below
400 °C. This makes the HYB process more flexible and less vulnerable to defects associated with conventional solid state
joining processes and is a considerable advantage. Thus, it is believed that the HYB process has the potential to compete, or
even outperform, conventional joining processes used for aluminium alloys in the future. In the present paper, a more
extensive analysis of the HYB joint mechanical properties is conducted, including both hardness measurements, tensile
testing and Charpy V-notch testing. The joint is found free from defects like pores and internal cavities, but a soft heat
affected zone (HAZ) is still present and reduces the joint load bearing capacity. Moreover, the joint yield strength is found to
be 54 % of the base material, with a joint efficiency of 66 %. The HYB joint mechanical properties is found to be slightly
better than that reported for comparable gas metal arc welds (GMAW), but it does not fully match that of sound friction stir
welds (FSW). Therefore, there is a potential for further optimization of the HYB process to bring it to the forefront of
aluminium welding technology. This work is now in progress.
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Experimental investigation and computational modelling of
the weaving type influence on the dynamic loading results in a
multilayer woven barrier
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Abstract

The dynamic interaction of multilayer woven barriers of aramid fibers with various forms of impactors is considered, and the
processes of energy dissipation are investigated. Experimental investigation of the interface friction coefficients is performed
under the conditions of the transverse compression for different weaving types of fabrics. The required range for the
compressive loads is estimated by the use of FE-modelling of impact loading of the multi-layer woven barriers. Static and
dynamic friction coefficients are determined for all possible combinations of textile-textile interfaces with plain and four
types of twill weaving patterns. It is obtained that the interface static friction coefficient for fabrics with various weaving
types can differ from the coefficients of the composing layers up to 20%. Moreover, it can also differ from the averaged
value of these two coefficients. For the higher values of the transversal compression the experimental equipment is proposed
and designed for pulling out a textile layer from a free multilayer structure of fabrics under the conditions of controllable
transverse compression loading. The numerical modelling of the load distribution in the tested fabric layer is accomplished
which allows us to estimate the irregularity of the transversal pressure in the specimen and to correct the experimental results
for friction coefficients. The finite elements models of different complexity for fabrics of five weaving types and for their
combinations are constructed. Verification of the models is carried out by full-scale ballistic experiments, and the simulation
error is estimated. The influence of the placement of layers with different weaving type in the woven barriers on the
impactor velocity after the rupture is analysed numerically. The advantages of the particular combinations of weaving type
placement in comparison with the uniform barriers with the same number of layers is shown. The research is carried out
using the equipment of the shared research facilities of HPC computing resources at Lomonosov Moscow State University.
The work was carried out in accordance with the scientific research plan of the Institute of Mechanics Lomonosov Moscow
State University.
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Assessment of the cortical bone micromorphology effect on
the crack propagation in the bone domain with single osteon
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Abstract

The structural integrity of bone plays an important role in the routine human activities. To understand the mechanism of the
bone disruption, it is necessary to develop adequate numerical models that allow to investigate the causes of bone fractures
at different hierarchical levels of cortical bone in details, in particularly, at the microscale level. The results of the finite-
element modeling of the single dominant crack propagation in a plane domain containing an interstitial matrix with a single
osteon surrounded by a cement line are presented in this research paper.

The crack propagation is modeled by using two-dimensional cohesive finite elements with four nodes and triangular solid-
state elements. The length of the initial crack on the free boundary of the domain is approximately 46 um; the position of the
initial crack is determined randomly on non-constraint side of the model; the model has been rigidly fixed on the side which
is opposite to the boundary with the initial crack. Periodic boundary conditions were established on two other parallel
boundaries of the model to control the displacements of the nodes which are located on the boundaries of the domain. This
approach makes it possible to use the developed model as a representative element for cortical bone on a microscale level.
The shapes of osteon and the surrounding cement line were approximated by ellipses with arbitrary orientation in the
interstitial matrix. The shape of the Haversian canal was approximated by a circle. The thickness of the cement line is a
constant value and equals to 5 um.

The effect of the orientation of the elliptical shape of the osteon and cement line, the geometric parameters of the osteon and
Haversian canal, and also the material properties of the osteon area, cement line and interstitial matrix on the crack
propagation were analyzed.
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Characterization of the long crack propagation behaviour in
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regime
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Abstract

In the regime of Very High Cycle Fatigue (VHCF), it appears questionable whether all the well-known stages of fatigue
crack propagation occur. Deviations must be expected through the very small dimension of the cyclic plastic zone ahead of
the crack tip and, hence, a strong interaction with microstructural features seems very likely. Investigations have shown that
“natural” crack initiation often takes place underneath the material surface leading to crack propagation without contact to
atmospheric components. In order to reproduce the crack growth behaviour, an ultrasonic fatigue testing system (USFT)
equipped with a small vacuum chamber was used for fatigue experiments in vacuum. The tests were carried out on the
aluminium alloy EN-AW 6082 in the peak-aged (pa) condition. Micro-notches were prepared in the USFT specimens by
means of the Focused-Ion-Beam technique. Systematic measurements in laboratory air in the region of the threshold value of
long fatigue crack growth revealed that primary precipitates significantly influence the crack growth behaviour. Depending
on the spatial distribution of the primary precipitates, strong crack retardation and localized crack arrest take place even far
above the threshold value. In vacuum only shear-stress-controlled VHCF long crack propagation were detected in EN-AW
6082 (pa) due to very pronounced single dislocation slip associated with the secondary precipitates of the aluminium alloy.
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Brazilian disk tests: Circular holes and size effects
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Abstract

Size effects related to circular notched samples imply that the strength of the structure decreases as the hole radius increases.
In this framework, Brazilian disk tests are carried out on brittle samples containing a circular hole. By considering two
different polymers, namely Polymethyl-methacrylate (PMMA) and General-purpose Polystyrene (GPPS), respectively, five
different notch radii were machined and tested for each material, keeping low the hole to disk diameter ratio in order to
reproduce an infinite geometry. Under this assumption, analytical relationship for the stress field and the stress intensity
factor can be implemented without loss of accuracy. The coupled finite fracture mechanics (FFM) is then applied to catch the
recorded failure stresses, allowing a complete description of the experimental size effects. On the contrary, the smallest
radius leads to a locally negative eometry, opening the discussion on the stability of crack propagation in circularly notched
plates under generic biaxial loadings.
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Abstract

Tensile behaviour of metals beyond the ultimate tensile strength (UTS) must be considered to calculate toughness or
absorbed energy till fracture. Structural steels, designed to withstand earthquakes, are the typical material where post
necking behaviour can be of paramount importance. This paper deals with the tensile stress-strain behaviour of Tempcore
Rebar, a specifically shaped structural steel. Helical, short ribs, formed by rolling, protrude from the cylindrical basic shape
of the Rebar. This help in increasing concrete/steel adherence in reinforced structures. On the other hand, those ribs make it
difficult to assess strain distribution in the necking area, according to well known theories describing neck profile. New or
modified experimental methods, along with new theoretical approaches must be developed to help in studying neck profile
evolution and corresponding stresses in rebars. Advances in such methods and theories are presented in this paper along with
comparison with Tempcore cylindrical bars necking behaviour. The effect of ribs is clearly identified.
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A novel micromechanics approach for understanding of
fatigue in nodular cast iron
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Abstract

Nodular cast iron (NCI) experiences failure under static loading in manner of nucleation, growth, and coalescence of voids.
Under cyclic loading, materials with elastic-plastic behaviour show an increase in porosity with each cycle which is called
void ratchetting. A number of finite element studies in literature proved this mechanism by means of a few cyles with unit
cell models. In the present study, low cycle fatigue (LCF) in nodular cast iron is investigated using the cell models for void
ratchetting till final failure. The cyclic necking due to plastic strain accumulation is observed as mechanism in the final
stage. The proposed methodology uses only input parameters defining the elastic-plastic material behavior and geometrical
features of the microstructure. The strain-life curves extracted from the simulations are compared with experimental data
collected from the literature. From the comparison, it is confirmed that void ratchetting is the relevant mechanism of LCF in
NCI. The effects of material strength, temperature and load sequencing on the fatigue behaviour are studied.
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Dynamic interfacial fracture of a thin-layered structure
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Abstract

To calculate the dynamic energy release rate of a crack is important for understanding a structure’s fracture behavior under
transient or varying loads, such as impact and cyclic loads, when the inertial effect can be significant. In this work, a method
is proposed to derive an analytic expression for the dynamic energy release rate of a stationary crack under general applied
displacement. An asymmetric double cantilever beam with one very thin layer is considered as a special case, with vibration
superimposed onto a constant displacement rate applied to the free end. The resulting expression for dynamic energy release
rate is verified using the finite-element method (FEM) in conjunction with the virtual crack closure technique. The mode-
mixity of the dynamic energy release rate is also calculated. The predicted total dynamic energy release rate and its
components, Gi and Gu, are both in close agreement with results from FEM simulations.
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Brittle fracture analysis of Dissimilar Metal Welds between
low-alloy steel and stainless steel at low temperatures
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Abstract

Dissimilar Metal Welds (DMW) between low-alloy steel (A533 steel) and austenitic 316L stainless steel are widely used
within the French nuclear power plants where they connect the main components to the primary circuit pipes. In these
DMW, the welding process and the post-weld heat-treatment generate a hard thin layer of carburized martensite and
austenite in the vicinity of the fusion line (FL), resulting in a heterogeneous microstructure with high mechanical properties
gradient, hence potentially, a higher sensitivity to brittle fracture in the hard layer. The present study aims to evaluate the
brittle behavior of the DMW at low temperatures and more particularly of the interface between the carburized martensite
and austenite (MA interface). Fracture toughness tests were carried out at temperatures between —120 °C and —50 °C, with a
precrack tip located on the ferritic side near the FL (i.e., between the ferritic steel and the stainless steel buttering). The
analysis of the fracture behavior of the DMW was based on a SEM examination of CT (Compact Tension) specimens
fracture surfaces. Coupled with a 2D plane strain numerical simulation of the tests, the results show that the presence of
austenite in the fatigue precrack front and subsequent ductile tearing towards FL produced higher solicitations on the hard
layer and caused intergranular fracture on the MA interface, resulting in lower toughness values for the specimen. To model
the brittle behavior of the MA interface, a stress based criterion was used. Tensile tests on axisymmetric specimen, which
were machined to initiate intergranular fracture in the MA interface and tested at —170-C, were used to define a threshold
stress (o), below which brittle fracture cannot occur. Then, a criterion to evaluate the brittle fracture risk of the DMW was
proposed and applied to the CT specimen.
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Abstract

A micro specimen for tensile testing was designed with two primary aims: (i) to characterise interface fracture behaviour
between fused 3D-printed polymer filaments; and (ii) to minimise material use of high-cost medical-grade polymer since a
high number of specimens are required for time-series studies (e.g. polymer degradation).

Polylactide specimens were fabricated on an extrusion 3D-printer as a single-filament-wide wall. The widths of filaments
were set individually, with a custom machine-control code, to achieve a higher width in the grip sections of specimens and a
narrower width in their gauge section. On average, the interface between filaments was 114 pm narrower than the widest
point of the filaments. Each specimen was tested in the build direction to determine the interfacial strength between 3D-
printed layers. Optical microscopy was employed to characterise geometry of specimens and fracture surfaces. Samples
fractured in the gauge section and the fracture surface demonstrated brittle characteristics.

The specimens utilised an order of magnitude less material than ASTM D638 samples, whilst maintaining repeatability for
tensile strength similar to that in other studies. The average strength was 49.4 MPa, which is comparable to data in the
literature. Further optimisation of the specimen design and 3D printing strategy could realise greater reductions in material
use.
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Scatter of fatigue life regarding stress concentration factor
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Abstract

The design process of new structural components requires to determine the fatigue life of those components at dynamic
loads that change over time. To extend the fatigue life, the shape of the component must maintain the smallest possible stress
concentration factor for all its surfaces. Verification calculations use the fatigue characteristics for each structural component
(or determined for the material used corrected by the fatigue notch factor) with the probability of failure at 5% or lower. The
probability is determined based on the analysis of risk for human life, economic losses, environmental risk etc. The study
shows the effects of the shape parameter on the scatter of the test results. The tests were carried out on AW-6063 aluminium
alloy, purchased as a 10 mm dia. drawn bar. The rotating bending fatigue tests were carried out on smooth and notched
specimens with 1.4, 2 and 2.6 stress concentration factor.
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Numerical and analytical model of long tubular bones with
anisotropic distribution of elastic properties
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Abstract

Elastic parameters of a cortical bone tissue at the macrolevel can vary for various bones, as well as in different parts or
anatomical quadrants, of the same bone. In this paper, an approach to finite-element modelling of the nonlinear anisotropic
and isotropic distribution of elastic properties of tubular bones is proposed. Dependences of the Young’s moduli, shear
moduli and the Poisson’s ratios on the spatial coordinates determining the position of the element in the bone model are
used. They were obtained on the basis of experimental data on anisotropic elastic properties of tubular bone. A comparative
finite-element analysis of the principal stresses and deformations caused by the action of own weight on the human femur
was carried out for nonlinear anisotropic and isotropic distributions of elastic properties. Differences between the levels of
maximum principal stresses and deformations for the three cases of elastic properties can reach approximately 10% and
30%, respectively.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Long tubular bone; anisotropic elastic property; numerical and analytical model; principal stresses, deformation

* Corresponding author. Tel.:/:
E-mail address: bosiakov@bsu.by

166


mailto:bosiakov@bsu.by

ECF22 - Loading and Environmental Effects on Structural Integrity

Local toughness of brittle fracture origins in irradiated
pressure vessel steel after fracture toughness tests

Artem Erak®”, Evgenia Kuleshova?, Aleksei Kiselev?, Andrey Bandura?,
Sergey Bubyakin?
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Abstract

Fracture toughness tests of surveillance-specimens of VVER-1000 pressure vessels are mandatory to validate the life-time
prolongation of operating pressure vessels and to verify theirs safe exploitation. To determine the embrittlement
mechanisms of pressure vessel steel under irradiation and to establish all fracture stages during three-point-bending tests
fractographic researches of tested specimens were carried out. During studies of fracture surfaces types and locations of
brittle fracture origins were defined in specimens tested in the initial and irradiated states. To specify mechanisms of
irradiation influence on materials local normal stresses at origins were defined. These parameters characterize comparable
brittle toughness of different origin types depending on steel state. Determination of such a local characteristic is feasible
with application of the calculative-experimental method involving making the finite-element model (for description of
stress-strain state of sample with a grown fatigue crack), conducting of fractographic researches (determination of all
fracture stages) and numerical description of fracture stages.

Base on the results of investigations: 1) the nucleation time of an initial microcrack at origin were defined after tests of
irradiated and non-irradiated surveillance-specimens; 2) values of local normal stress during brittle fracture initiation in the
initial and irradiated states (up to fluence 74.4x10%> m?2) were calculated; 3) dependences between defined local
microstructural parameters of fracture surfaces and calculated fracture macroparameters obtained from mechanical test
results.
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Abstract

Elasticity and chemical resistance are only two of outstanding properties of elastomers and make them applicable in a broad
field of cyclic loaded components. During the cyclic loading, the failure is mainly related to crack growth mechanism. For
the description and prediction of the material failure, fracture mechanics concepts represent a valid tool. In the field of
elastomer failure under cyclic loading, two main approaches have been developed: (1) the crack nucleation dealing with the
lifetime of rubber, due to a specific number of cycles until appearance of a specific crack size and (2) the crack growth
approach, devoting the attention to the growth of pre-existing defects. Although both approaches represent effective
instruments for fatigue analysis, only little attention has been drawn on the impact of temperature on the failure behavior.
Moreover, scientific publications report that temperature influences the fatigue life of rubbers by decreasing the magnitude
by four orders. Therefore, a focus on the impact of temperature on the crack growth behavior seems indispensable to rise the
knowledge in this field. For the evaluation of the influence of temperature on the fatigue performance, crack growth tests
were implemented. For the characterization of the crack growth behavior, pure shear specimens equipped with a camera
system to measure the crack growth behavior and the temperature were monitored with contactless thermo-couples to
measure the surface temperature during the cyclic loading. Furthermore, the thermal conductivity was measured at different
temperatures to allow an accurate evaluation of temperature influence. With the obtained data, a further description of the
failure could be provided in order to extend the fracture mechanics approach through the implementation of the temperature
effect within different fatigue models for elastomers.
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Toward a non-destructive diagnostic analysis tool of exercises
pipelines: models and experiences
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Abstract

Strategic networks of hydrocarbon pipelines, in long time service, are adversely affected by the action of aggressive
chemicals transported with the fluids and dissolved in the environment. Material degradation phenomena are amplified in the
presence of hydrogen and water, elements that increase the material brittleness and reduce the safety margins. The risk of
failure during operation of these infrastructures can be reduced, if not prevented, by the continuous monitoring of the
integrity of the pipe surfaces and by the tracking of the relevant bulk properties. A fast and potentially non-destructive
diagnostic tool of material degradation, which may be exploited in this context, is based on the instrumented indentation
tests that can be performed on metals at different scales. Preliminary validation studies of the significance of this
methodology for the assessment of pipeline integrity have been carried out with the aid of interpretation models of the
experiments. The main results of this ongoing activity are illustrated in this contribution.
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Deformation behaviour and strain rate sensitivity of Inconel
617 alloy
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Abstract

The strain rate sensitivity of Inconel 617 alloy that is used for high temperature applications such as heat exchange in gas
cooled reactors and steam generator super heater and reheater parts, is determined over a range of temperature from Room
temperature to 900°C, using two different methods. In method one, tensile tests were done at three different strain rates
5-10% s, 5103 sT and 1-102 57! at series of temperatures and in method two strain rate jump tests were used to determine
strain rate sensitivity. The relationship of the temperature dependence of the strain rate sensitivity to the tensile curves of
both methods is determined, method 1 found more appropriate to correlate with DSA region for this alloy. Negative strain
rate sensitivity is found in the DSA region for this alloy (400-800°C). Serrations were observed in engineering stress strain
diagram in the temperature range of 300 to 700°C at three strain rates. Work hardening parameters were determined using
Ludwigson’s equation to describe the tensile true stress strain curves as this curve deviating from Hollomon equation, and
correlated the results with strain rate sensitivity with respect to temperature.
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Effect of hydrogen on the motion of dislocations during
nanoindentation
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Abstract

Hydrogen-induced softening of metallic materials is studied from a perspective of collective behavior of dislocations. Based
on dislocation density, a hydrogen-informed expanding cavity model is developed to describe the dynamic evolution of load-
displacement curve obtained from nanoindentation tests. Large-scale molecular dynamics simulations on the mechanical
behavior of FCC Ni with and without hydrogen (H) are performed to calibrate the proposed continuum model. The results
show that the H-induced decrease of pop-in load is caused by that the energy barrier for dislocation nucleation is lowered by
the solute drag of the H atmosphere formed around dislocations. No obvious reduction of pop-in load is observed with
increasing H concentration. It is found that the power-law exponent of the self-organized criticality of dislocations increases
due to the insertion of H atoms. Dislocation analysis shows that H can reduce the probability of the generation of dislocation
pile-up.
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Abstract

It is critically important to establish controllable fracturing techniques for safer and more effective operation in disintegration
(or partial removal) of complex structures made of solid materials. Therefore, we have been developing more precise
methods for controlled dynamic fracture of brittle solid materials based on the theory of wave dynamics that takes into
account the influence of wave propagation and interaction with inhomogeneities such as free surfaces, interfaces and e.g.
reinforcing steel bars in concrete. For this aim, instead of explosives, using more easily handleable electric discharge
impulses, we have experimentally investigated optimal geometrical and dynamic loading conditions for fracture of a given
structure in the field. Comprehensive experimental observations with a high-speed digital video camera and computations by
our fully three-dimensional finite difference simulator have indicated that crack development in brittle solid materials may
be governed by the combination of direct waves from blast holes (energy sources) and reflected / diffracted ones. Here, we
show especially that sets of blast holes surrounded or sandwiched by empty dummy holes may indeed control the dynamics
of waves (and thus main crack propagation and final disintegration pattern) in rectangular concrete structures, even when all
blast holes are simultaneously pressurized and waves are radiated from all energy sources concurrently. The technique
mentioned in this work may be employed to actualize not only crack extension in a desired direction but also rather precisely
controlled dynamic fracture of (parts of) brittle solid materials.
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Free vibration of functionally graded materials plates resting
on elastic foundation

Nebab Mokhtar®*, Hassen Ait Atmane?

“University Hassiba BenBouali of Chlef, Chlef, Algeria

Abstract

In this works, the free vibration of functionally graded materials plates on an elastic foundation was investigated, based on
the theory of first order shear deformation with different shear factors. The position of the neutral surface for the FG plate is
determined. The Winkler-Pasternak model of one or two parameters describe the elastic foundation. The material properties
of the functionally graded plate are supposed to vary according to the distribution of the power law of the volume fraction of
the constituents. The motion equations are derived using the Hamilton principle. The accuracy of the present solutions is
verified by comparing the results obtained with the solutions found in literature.
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Analysis of fracture behavior of exploded metal cylinders
with varied charge

Xinlong Dong®*, Xinlu Yu®, Yinggian Fu®
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bBeijing Institute of Technology, Beijing, China

Abstract

Explosively driven fragmentation of ductile metals cylinders is a highly complex phenomenon. The previous works shown
that several failure modes in the fragment cross-section could be occurs, including radial fracture, internal micro cracks,
shear-lip fracture, which are related to the characteristics of the impulsive loadings, the dynamic behavior of the materials,
the geometry of the shell structures, etc. In this study, TA2 titanium alloy tubular are explosively expanded to fragmentation
with varied charge. Fractographic and metallographic examination are carried out on the analysis of the fragmentations, to
identify the mode of fracture. The experimental results show that, under the higher explosion pressure, the cracking of the
cylinder is initialed from the middle region of specimen wall thickness and then propagates to the inner or outer surface. At
lower detonation pressure, the cracks start from the inner surface, and extend indirection of 45° or 135° to the radial. The
fracture mechanism is different. Furthermore, the deformation and fracture behavior of different loaded cylinders are
discussed numerically. Finite element analysis demonstrated that the localization at middle of the tuber wall was arose the
secondary plastic due to effect of reflection wave when the tube loaded by the explosive shock, the equivalent plastic strain
in the middle of the wall is always larger than that of the inner and outer surface. If the shock pressure is higher, it would
lead to damages and micro-crack initiation at the localization of specimen thickness and extends to the inner and outer
surfaces along the 45° or 135° to radial direction. While at lower pressure, fracture initiation from the inner surface of
specimen and propagate to the outer wall at directions of 45° or 135°, different from higher pressure, the failure occur at the
stage of tube free expansion of metal. Both failure mode is different. The tendency of finite element analysis is in good
agreement with the experiments.
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Influence of substrate stiffness and of PVD parameters on the
microstructure and tension fracture characteristics of TiN
thin films
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Abstract

Titanium nitride is widely used as wear resistant coating thin films in industrial parts. Mechanically they correspond to
nanometric 2D ceramic systems which are bound to a much thicker metallic substrate. Under uniaxial tension these films
respond by forming a periodic array of cracks. The separation between the cracks is primarily defined by the strength and
stiffness of the film. Secondary factors, as the elastic properties of the substrate, or the microstructure and/or induction of
residual stresses during processing may also have and effect. In the present work PVD TiN films were deposited by triode
magnetron sputtering in Brass and Aluminum substrates. The deposition characteristics of the films were varied by changing
the bias potential and the nitrogen supply during deposition (constant or variable). Tension fractures were observed in situ
using a traveling microscope and under nanoindentation/scratching tests. Energy Filtered TEM was used to access the
nitrogen levels across film thickness. The results were correlated with the film residual stress levels obtained in the different
deposition conditions.
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Update on the interaction between microstructure and stress
state in duplex stainless steels

Eduardo Maeda?, Claudio Schon®*

“University of Sdo Paulo, Sdo Paulo, Brazil

Abstract

In a recent work by one of the authors (A. Gallifa Terricabras, C. G. Schon, Mater, Sci. Eng. A, 717C, 2018, 20-25) a plastic
anisotropy observed in the necking region of tensile samples made of duplex stainless steels was traced back to the
underlying microstructure morphology. The present work continues this investigation by performing interrupted tensile tests
in samples produced from rolled plates of different thicknesses of a lean duplex stainless steel. It turns out that the
interaction between the underlying microstructure and the plastic flow in the necking zone is more complex than first
assumed. The lamellar microstructure, which remains stable in the homogeneously deformed portion of the sample, is
completely destroyed already in the initial stages of neck development. The necking zone present complex strain
heterogeneities, in particular, dual phase shear bands across the volume of the neck. Surprisingly, the lamellar microstructure
reforms close to the final fracture, in the region dominated by the plane strain state. This microstructural development is
discussed in terms of the material flux inside the necking zone of the specimens.
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Nonlinear deformation and failure analysis of laminated
composites

Evgeny Lomakin®>*, Boris Fedulov®
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Abstract

An approach to the characterization of different types of nonlinearity in the behavior of composite materials is proposed.
One of them is concerned usually observed in experimental studies the dependence of deformation properties of composite
materials on the type of external forces. Another type of nonlinearity lies in the fact that the shear stress-strain curves are
nonlinear, though they are linear ones when the load is applied along the reinforcement. To describe these effects, the
additional matrix is introduced into the proposed constitutive relations. There are different mechanisms of deformation of
these materials, which are dependent on the type of reinforcement, matrix properties, loading conditions, directions of loads
with respect to reinforcement and some others. These mechanisms and their interactions determine the stress-strain behavior
of materials that influence the damage evolution and fracture properties of composite materials. To describe the damage
accumulation process, the system of general failure model assumptions is formulated that include the choice of first ply
failure criterion, constitutive relations for damaged materials with the use of corresponding damage parameters, the
dependence of first ply failure criterion and elastic properties on the damage rate parameters and others. Some particular
models are considered taking into account different types of nonlinearities, Lomakin et al. (1981, 2007, 2014, 2015 and
2017). This approach is verified using complex loading experiments. The theoretical dependencies obtained on the base of
proposed models are compared with the results of experimental studies and good correspondence of them is shown. The
proposed approach to the formulations of constitutive models from simple to more complex ones allows to describe
adequately the behavior of composite materials under different loading conditions with the necessary precision.
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Dynamic fragmentation of ice spheres: Two specific fracture
patterns
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Abstract

Although ice materials are commonly found not only in our daily life on the earth but also in space, e.g. in the rings of
Saturn, their fracture mechanisms, especially those in a dynamic range, have not been fully clarified. In our previous
investigation, therefore, collision of a brittle ice sphere (diameter 25, 50 or 60 mm) that is free falling against a fixed plate of
ice or polycarbonate has been experimentally observed using high-speed digital video cameras at a frame rate of up to
150,000 frames per second. It has been recognized that there exist basically only two specific fracture patterns generated by
this dynamic impact: (i) “Top”-type fracture, normally at a relatively smaller impact speed, where only the bottom surface
areas of a sphere are fragmented into small pieces by the impact at bottom and a relatively large top-shaped portion is left
unbroken; and (ii) “orange segments”-type in which rather flat fracture planes extend approximately along the central axis of
the sphere and split the sphere into three or four larger segments of comparable size. Preliminary comparison of the
experimental findings with linear elastic wave fields obtained numerically by three-dimensional finite difference calculations
suggests two distinct spatiotemporal scales: (1) The “top” fracture pattern is induced by the propagation of surface waves
with relatively shorter wavelengths from the bottom along the free surface of the sphere, quickly producing fracture only
near the bottom; (2) In the “orange segments” -type fracture, a longer contact time makes largely stressed regions enlarge
more slowly and widely (quasi-statically-like) and larger fracture planes develop along the axis of the sphere. The above
speculations seem to be supported by recent computations adopting the Discontinuous Galerkin (DG) method that treat more
rigorously the mechanics of dynamic contact between the sphere and plate.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Ice; mechanics of dynamic contact; wave interaction

* Corresponding author. Tel.: /
E-mail address: yoshida@dyn.t.u-tokyo.ac.jp

178



ECF22 - Loading and Environmental Effects on Structural Integrity

Applied problems of fracture mechanics, resource and safety

of technical systems
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Abstract

The main trends in the development of complex technical systems are considered, including problems of technogenic safety,
structural materials science, reliability and risk analysis. On the basis of statistical data on the causes of failures of technical
systems (TS) of various applications and technological equipment in the "man-machine-environment" system, three groups
of limit states (LS) are formulated:

normative types of limit states (strength under static, dynamic and cyclic loading, plastic deformation, stability
loss);

limit states of technical systems with defects (brittle, quasi-brittle and ductile fracture, initiation and propagation of
fatigue and corrosion-mechanical cracks);

limit states of emergency situations (loss of load bearing capacity by 50...90%, of service life by 1...2 order,
formation of secondary fracture factors).

For the analysis of these limiting states, the criterial correlation of fracture mechanics and reliability theory is given; the
results of experimental determination of the characteristics of the mechanics of elastoplastic fracture of steels and aluminum
alloys have been proposed.

Computational and experimental methods and algorithms for the analysis of elastoplastic fracture of TS elements and
resource design of welded structures by the criteria of fracture mechanics have been developed. Based on methods of
fracture mechanics, reliability theory and risk analysis, a number of applied problems have been solved:

evaluation of reliability functions and risk of welded joints of the VVR-1000 reactor;

determination of the critical and allowable size of defects of boron-aluminum elements of truss structures of space
vehicles;

computational and experimental justification of the strength and reliability of metal-composite high-pressure tanks
for electric propulsion engines of heavy-class satellites;

verification calculations of load bearing capacity of truss constructions of starting rocket and space complex;
examination of the causes of accidents of the hydroelectric unit of the Sayano—Shushenskaya hydroelectric power
station.
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Fatigue testing at 1000 Hz testing frequency

Markus Berchtold®*, Ingbert Klopfer®

“RUMUL Russenberger Priifmaschinen AG Switzerland

Abstract

In 2014 RUMUL could present a new resonant fatigue testing machine, with a testing frequency of 1000Hz. The dynamic
load of maximum S50kN peak-peak is produced with an electromagnetic system. Similar to established resonant systems
which run on testing frequencies from about 40 up to 250H. The static portion of the load is provided by a mechanical
spindle, the maximum load of the system is +/- SOkN. Any load ratio can be selected. Flat and round specimen types that are
normally used in fatigue testing can be used. The new testing machine offers new possibilities for investigations of material
properties in the very high cycle fatigue (VHCF) regime. Compared to other systems used in the field of VHCF testing the
RUMUL GIGAFORTE provides several advantages. The size of the machine is smaller and energy consumption less
compared to a servo hydraulic system. The actually tested material volume is larger than the material volume that is tested
on ultrasonic systems. The testing frequency of 1000Hz allows normally continuous testing, without stopping for cooling
down the specimen.

In the past three years the new testing machine was intensively used for example at the laboratory of the Fraunhofer institute
IWS Dresden in Germany. Effects of the 1000Hz testing frequency on the fatigue behaviour of the material were observed.
This talk shows some example of heating up of the specimen related to the 1000Hz testing frequency and highlights some of
the found frequency related effects on fatigue strength.
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Numerical modelling of flexural fatigue behavior of
lightweight laminated cementitious composites
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Abstract

In this paper, numerical modelling of flexural fatigue behavior of lightweight laminated cementitious composites (LCCs) is
done to predict the corresponding failure fatigue lives. LCCs were developed by incorporating fly ash cenosphere (FAC) as
lightweight filler material (in various weight fractions of 40 %, 50 %, and 60 %), and PVA fibers as discontinuous
reinforcement in the matrix, while galvanized iron (GI) welded wire mesh and fiber glass (FG) as primary continuous
reinforcement. Both single and double layer reinforced LCC composites were cast. The developed composites were tested
for static flexural strength as well as flexural fatigue strength under three — point flexural loading. The fatigue lives, thus,
determined at various stress levels and stress ratios were used to develop S-N relationships, and equations were proposed to
predict the flexural fatigue strength of LCCs. The results suggested that the probabilistic distribution of fatigue life of
ferrocement can be modeled by two-parameter Weibull distribution. Thus, the Weibull distribution was further employed to
incorporate the failure probabilities into the fatigue life of LCC. The fatigue lives corresponding to different failure
probabilities have been calculated and the data so obtained have been used to generate Pf-S-N diagrams. The obtained results
were further validated by ProFatigue and artificial neural networks (ANN) modelling, for probabilistic assessment of
experimental fatigue data sets. It is found that FAC is useful in producing structural lightweight LCC elements with
enhanced ductility and improved flexural fatigue characteristics. Moreover, theoretical modelling by ProFatigue and ANN
elucidates two-parameter Weibull distribution model.
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Hydrogen effects on the formation of nickel based superalloys
cutting and wear products
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Abstract

The life cycle of advanced gas turbine structural elements consists of the manufacture (including mechanical processing) and
their subsequent operation (for example under friction conditions). One of the key process is applocation of lubricant cooling
liquids (LCL) for the machining of turbine parts: high speed cutting (HSC), high performance cutting (HPM) and high
dynamic cutting (HDC). They are intended for lubrication of friction surfaces, cooling of a cutting tool and machined
workpieces by HSC, facilitating the process of metal deformation, timely removal the chip from cutting area and tools of
wear during HDC, as well as for the temporary corrosion protection of equipments after HPM. Due to this LCL has increases
the stability of the cutting tool, improves the quality of the products, reduces the cutting power and the required power. The
high degree of steels and alloys alloying has a great influence on their processing due to the formation on the basis of
alloying elements the dispersed phases, solidifying the solid solution of the alloy, or of such solid component structures as
nitrides, carbides, intermetallic compounds, which intensively wear out cutting tools. It is known that nickel alloys are
difficult for mechanical treatmeny. One of the reasons is their tendency to slander, and a slight deformation leads to a strong
strengthening of the metal. The effect of LCL on the formation of chips for high-strength nickel superalloys has investigated.
The high nickel content leads to increased of viscosity and the formation of long chips, which worsen the processing
conditions. But the application of LCL has affect the morphology of chips due to the hydrogen effects. It has been
established that LCL application has reduces surface roughness (in comparison with dry cutting) by 20 times. LCL
application containing the different substances changes, like the chip morphology and surface roughness. The observed
hydrogen concentration is closely correlated with the roughness of the surface. The maximum detected hydrogen
concentration (12 ppm) in the chips coincides with an increase in surface roughness compared with concentrations
corresponding to the application of LCL with sunflower oil. It has established that in the conditions of LCL application
hydrogen has enters to chips material and involved in changing the mechanisms of alloys destruction. It is clear that the
morphology of wear products should be addressed to identify fracture processes, such as friction.
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Damage tolerance in biological and metallic materials
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Abstract

The ability of a material to undergo limited deformation is a critical aspect of conferring toughness as this feature enables the
local dissipation of high stresses which would otherwise cause fracture. The mechanisms of such deformation can be widely
diverse. Although plasticity from dislocation motion in crystalline materials is most documented, inelastic deformation can
also occur via in situ phase transformations in certain metals and ceramics, sliding of mineralized collagen fibrils in tooth
dentin and bone, rotation of such fibrils in skin, frictional motion between mineral “platelets” in seashells, and even by
mechanisms that also lead to fracture such as shear banding in glasses and microcracking in geological materials and bone.
Resistance to fracture (toughness) is thus a compromise - a combination of two, often mutually exclusive, properties of
strength and deformability. It can also be considered as a mutual competition between intrinsic damage processes that
operate ahead of the tip of a crack to promote its advance and extrinsic crack-tip shielding mechanisms that act mostly
behind the crack tip to locally diminish crack-tip stresses and strains. Here we examine the interplay between strength and
ductility and between intrinsic and extrinsic mechanisms in developing toughness in a range of biological and natural
materials, including bone, skin and fish scales, and in certain advanced, multiple-element, metallic alloys, including bulk-
metallic glasses, where the atomic origins of their damage-tolerance can be found in their short-range order, and high-
entropy alloys, some of which represent the toughest metallic materials on record.
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Trapping states of hydrogen and hydrogen embrittlement of
high strength steels
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Abstract

To clarify the function of hydrogen in embrittlement of high strength steels, determination of hydrogen trapping sites,
dynamic behaviour of hydrogen during deformation and strain-induced lattice defects enhanced by hydrogen are important.
In the present paper, the determination of hydrogen trapping sites in iron and steels using thermal desorption spectrometry
heated from lower temperature (L-TDS), the interaction between dislocations and hydrogen, evaluation of strain-induced
lattice defects associated with hydrogen such as vacancies and its clusters, and their relevance to hydrogen embrittlement are
discussed. For the determination of hydrogen trapping sites, L-TDS makes it possible to separate hydrogen desorption peaks
corresponding to various lattice defects such as dislocations, grain boundaries and vacancies in iron and steels. For the
interaction between dislocations and hydrogen, hydrogen desorption seldom increases under elastic deformation. In contrast,
it increases rapidly after the proof stress when plastic deformation begins, reaches its maximum, and then decreases
gradually with increasing applied strain. This desorption behaviour is probably closely related to moving dislocations during
plastic deformation and depends on the dislocation type such as edge or screw dislocations and dislocation mobility. For the
evaluation of strain-induced lattice defects associated with hydrogen, subjecting plastic strain in the presence of hydrogen
increases the amount of lattice defects corresponding to vacancies. In contrast, the presence of hydrogen has no effects on
the formation of lattice defects under subjecting elastic stress. These findings indicate that the lattice defects enhanced by
hydrogen affect the fracture in plastic region with hydrogen.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Hydrogen, hydrogen embrittlement, thermal desorption spectrometry, dislocation, vacancy, high strength steel

* Corresponding author. Tel.: /
E-mail address: takai@me.sophia.ac.jp

184



ECF22 - Loading and Environmental Effects on Structural Integrity

Statistical regularities of the parameter scatter of the crack
growth rate equation in service life estimation
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Abstract

The influence of parameter scatter of fatigue crack growth rate model on calculation of service life of structural elements
was studied using statistical modeling approach. A modified multiparametric model of fatigue crack growth was used for the
case of two-frequency loading. The effect of the scattering of the model parameters on the crack growth rate was estimated.
The studied parameters included the initial crack length, the stress amplitude, the yield stress, and the critical stress intensity
factor. Numerical simulation was performed by the Monte Carlo method. Based on the calculation results, the probability
distribution functions were constructed for the service life of structural elements under two-frequency loading. Calculations
were performed for typical welded joints, elements of crane structures and pressure vessel.
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Multiscale model of mechanical behavior of ceramics
composite with soft matter filling based on movable cellular
automaton
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Abstract

In this paper, movable cellular automaton method (MCA) is applied to the multiscale simulation of 3D samples of ceramics
composite with soft matter filler. MCA is an efficient numerical method in particle mechanics, which assumes many-particle
interaction among discrete elements and makes a feasible simulation of solid behavior including deformation, crack
initiation and propagation, and further fragmentation of the material at different scales. The lowest scale of the proposed
model corresponds to the characteristic size of the smallest pores/inclusions. Herein we start with modeling uniaxial
compression of several representative ceramics samples with an explicit account of small pores randomly distributed in
space. The results are the average values of Young's modulus, Poisson's ratio, and strength, as well as the parameters of the
Weibull distribution of these properties at the current scale. The data obtained allow us to describe the material behavior at
the next scale were large cylindrical inclusions are considered explicitly, while the influence of small pores is accounted via
the effective properties determined at the previous scale. The simulation results show that for each value of volume fraction
of cylindrical soft inclusions there is no scattering of elastic modulus values while the scatter of strength and Poisson’s ratio
values is significant. Random orientation of soft elongated inclusions results in higher strength value and does not change
Young’s modulus of the model composites.
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Abstract

Multilayer sandwich composites consisting of two skin metals and perforated interlayer are rapidly becoming a good
substitute for metal structures, especially in the automobile industry. Their good mechanical properties including excellent
fatigue and impact strength, as well as damage tolerance, are accomplished. In this study, aluminum-perforated brass-
aluminum sandwich composites are fabricated using roll bonding technique. Samples were made at different surface
roughness, and their bonding behavior was investigated using peel test. The fracture behavior under mode-I was
investigated. The effect of surface roughness (two different sand paper grits 50 and 80) on the fracture energy of mode-I
peeling failure is studied experimentally. It is found that, the peeling resistance increased with increasing the surface
roughness. To simulate the progressive failure of this sandwich composite, 3-D finite element model is employed in the
present work. Virtual-Crack-Closing-Technique (VCCT) debonding model has been adopted to predicate the peeling failure
in such sandwich composite. The concept of the maximum size of undamaged defect (dmax) has been adopted to predict the
effect surface roughness on peeling load numerically. The numerical and experimental results showed an agreement between
them. Therefore, the present 3D finite element model can be considered as a good candidate to expect the peeling damage in
sandwich composites.
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Molecular dynamics study of the influence of nonhydrostatic
stress on the diffusion behavior of hydrogen in bec-Fe
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Abstract

The precise estimation of hydrogen distribution and its time evolution in materials are important to predict materials
behavior under hydrogen atmosphere. It is well known that the hydrogen diffusion occurs toward high hydrostatic-stress
regions such as in front of mode I crack. Hence, various computer simulations which incorporated the effect of hydrostatic
stress have been performed [1]. On the other hand, Taketomi et al. revealed the importance of nonhydrostatic stress on the
hydrogen diffusion and distribution in bee-Fe through molecular dynamics (MD) simulations of hydrogen diffusion around
an edge dislocation [2]. Here, we first evaluated the diffusion coefficient and activation energy of hydrogen diffusion in bce-
Fe under various stress states by using MD simulations. It became clear that the diffusion coefficient of hydrogen has strong
dependence on the uniaxial stress along <100> direction, and pronounced difference of the coefficients appears between
tensile and orthogonal directions. The cause of the effects is anisotropic shape of octahedral (O-) site in bec lattice: the
change of the anisotropy of O-site by stress changes the stability of hydrogen at the site and influences the energy barrier of
hydrogen diffusion between two neighboring tetrahedral sites. The activation energy of hydrogen diffusion along loading
direction increases under tensile load, and it decreases under compressive load. On the other hand, the activation energy of
hydrogen diffusion along orthogonal directions to loading direction increases under both tensile and compressive uniaxial
load. Based on the MD results, we extracted an equation which gives the diffusion coefficient of hydrogen under arbitrary
stress state, and confirmed the accuracy of the equation by comparing with the MD result of hydrogen diffusion under
combined stress
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Abstract

The fatigue life of Ti-6A1-4V alloy exhibits significant scatter, which is derived from the statistical scatter of uncontrollable
material factors. In particular, crack propagation behaviors in microstructurally small cracks strongly depend on material
factors. It is necessary to understand the mechanisms underlying the scatter of fatigue properties. In this study, the dominant
material/mechanical factors of microstructurally small fatigue crack growth behaviors are extracted, and the mechanisms of
fatigue crack propagation life scatter derived from them are clarified. A Ti-—6Al-4V billet was studied in which the
microstructure was fully laminated with o and § phases. The major constituent phase was a. Microstructurally small artificial
defects were introduced at a center of prior B grains by a focused ion beam (FIB). A fatigue test was carried out at a stress
ratio R = 0, stress amplitude o, = 400 MPa, and frequency 1.3 x 102 Hz in a vacuum using scanning electron microscopy
(SEM). In situ SEM observation was carried out around each FIB notch. After the fatigue test, the dependence of the crack
growth path on crystallographic orientation was investigated by using electron backscattered diffraction. It was found that
microstructurally small crack growth behaviors depended on crystallographic orientation. The dominant crack growth
mechanism was the mode II crack growth mechanism by shear stress along the basal plane as a driving force. The dominant
factor that causes large scatter of fatigue life in a a- Ti-6Al-4V alloy is the difference in resolved shear stress along the basal
plane. Specifically, the difference in the angle between the basal plane and loading direction, the low reproducibility of the
mode II crack growth mechanism, and the random position of pre-existing damage cause the scatter of fatigue crack growth
rate.
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Abstract

A modeling of various effects of high-rate plastic deformation of metals on the basis of the relaxation model of plasticity is
considered. It is shown that the relaxation model of plasticity is an effective tool to describe both temporal dependencies of
the yield stress and a well-known yield stress drop effect on the deformation curve from the united viewpoint. One of the
problems is that the classical Johnson-Cook model and its modifications describe only gradient junction on the stage of
plastic deformation utilizing a smooth degree function of hardening. For higher strain rates, e.g. above 1000 1/s,
modifications of these empirical models for prediction of the yield strength are required. A comparison of material hardening
parameters of the modified Johnson-Cook model and parameters calculated within the relaxation model of plasticity is given.
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Abstract

The behavior of dynamic strength of concrete and rocks (granite, tuff) is analyzed using structural-temporal approach. An
influence of a saturation ratio on characteristic strength parameters of investigated materials is considered. The dynamic
tensile strength and the compressive strength of saturated and unsaturated rocks under quasi-static and dynamic loading are
compared. An increase of dynamic strength measured in terms of the incubation time parameter with the growth of the
saturation ratio is studied and explained.
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Abstract

We evaluated the strain rate sensitivity of the micro-damage evolution behavior in a ferrite/martensite dual-phase steel. The
micro-damage evolution behavior can be divided into three regimes: damage incubation, damage arrest, and damage growth.
All regimes are associated with local deformability. Thus, the total elongation of DP steels is determined by a combination
of plastic damage initiation resistance and damage growth arrestability. This fact implies that hydrogen must have a critical
effect on the damage evolution, because hydrogen enhances strain localization and lowers crack resistance. In this context,
the strain rate must be an important factor because it affects the time for microstructural hydrogen diffusion/segregation at a
specific microstructural location or at the damage tip. In this study, tensile tests were carried out on a DP steel with different
strain rates of 1072 and 10™*s™!. We performed the damage quantification, microstructure characterization and fractography.
Specifically, the quantitative data of the damage evolution was analyzed using the classification of the damage evolution
regimes in order to separately elucidate the effects of the hydrogen on damage initiation resistance and damage arrestability.
In this study, we obtained the following conclusions with respect to the strain rate. Lowering the strain rate increased the
damage nucleation rate at martensite and reduced the critical strain for fracture through shortening the damage arrest regime.
However, the failure occurred via ductile modes, regardless of strain rate.
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Abstract

We investigated hydrogen embrittlement in Fe20Mn20Ni20Cr20Co and Fe30Mn10Cr10Co (at.%) alloys pre-charged with
100 MPa hydrogen gas by tensile testing at three initial strain rates of 107, 1073, and 1072 s at ambient temperature. The
alloys are classified as stable and metastable austenite-based high-entropy alloys (HEAs), respectively. Both HEAs showed
the characteristic hydrogen-induced degradation of tensile ductility. Electron backscatter diffraction analysis indicated that
the reduction in ductility by hydrogen pre-charging was associated with localized plasticity-assisted intergranular crack
initiation. It should be noted as an important finding that hydrogen-assisted cracking of the metastable HEA occurred not
through a brittle mechanism but through localized plastic deformation in both the austenite and e-martensite phases
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Abstract

This paper is focused on the formulation of a numerical model for dynamic crack propagation on concrete aggregate
interface. The concept of energy release rate is incorporated in the algorithm that is conducted in Abaqus through Python
script interface. The proposed model is capable of manipulating free propagation of interface cracks. Thus, the on-surface
growth of the interface crack, as well as the crack penetration into the concrete matrix, are successfully implemented. A case
in point is the rupture behavior of concrete matrix containing one-single aggregate. Simulation of one matrix containing an
isolated aggregate was conducted. Influence of the side-edge constraint, the aggregate direction as well as the fracture energy
of the interface, was investigated. The results show that, tensile constraint on the side edge, a smaller angle between tensile
axis and aggregate, and higher fracture energy could lead to a higher rupture strength of the interface. Once the interface
starts to grow, it immediately and unstably propagates to the two ends of the aggregate major axis, and further enters the
matrix. The three factor influences less on the character of above rupture path. Though the conclusion is prudently stipulated
to concrete matrix with single aggregate, the numerical model can be also further modified to study the trans-scale
propagations of multiple cracks in concrete materials or components.
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Abstract

Additive manufacturing (AM) is a group of fabrication techniques through which materials are joined, usually layer upon
layer, to make objects from three-dimensional virtual models. Owing to its unique features, this disruptive technology is set
to transform the way designers across all engineering disciplines engage with manufacturing. Since this fabrication process
affect the way materials behave under static, dynamic and time-variable loading, it is evident that the mechanical
performance during in-service operation of additively manufactured (AM) materials must be studied in depth in order to
effectively de-risk their usage in situations of engineering interest. Not only by running appropriate experiments, but also by
re-analyzing a number of data sets taken from the literature, the present paper investigates the influence of raster orientation
as well as of non-zero mean stresses on the fatigue behavior of AM polylactide (PLA). PLA is a biodegradable polymer that
can be 3D printed easily and at a relatively low cost. As far as objects are manufacture flat on the build plate, the results
being obtained suggest that: (i) the effect of the raster direction can be neglected with little loss of accuracy; (ii) the presence
of non-zero mean stresses can be modelled effectively by simply using the maximum stress in the cycle.
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Abstract

The crack growth path is expected to be along the initial crack line when the pre-cracked components possess symmetric
geometry and loading conditions relative to the crack line. However, it has been previously shown that in some mode I
specimens the path of crack growth is not stable and deviates from its initial line after some stages of crack growth. The aim
of this paper is to develop an energy-based theoretical model for predicting the instability in the path of crack growth. The
theoretical model takes into account both the singular term of stress ahead of the crack tip and the first non-singular term
known as the T-stress. The corresponding two-term stresses are replaced in the energy relation around the crack tip and a
model is extracted for predicting instability of crack path under mode I loading. The results obtained from the energy-based
criterion was then compared to the results obtained from the well-known Generalized Maximum Tangential Stress (GMTS)
criterion, which is a two-parameter stress-based fracture criterion that considers the effect of T-stress. To validate the
theoretical model, the experimental results published recently from fracture test on several mode I cracked specimens are
used. Very good prediction is provided for the path of crack growth in these specimens. It is shown the crack path instability
is significantly geometry dependent and can be prevented by modifying the specimen geometry or loading type. The results
obtained in this research are important because an appropriate knowledge about the stability of crack path and fracture
trajectory can play a key role on the extent of damage that occurs in a cracked structure when it experiences mode I brittle
fracture.
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Abstract

The numerical analysis of factors governing the magnitude and distribution of residual thermal stress in an oxide/metal
system was carried out regarding industrial applications of Ni-based superalloys protected with the thermal barrier coating
system (TBC). The particular emphasis was paid on the microstructural characterization of damaging behavior of the a-
Al20O3 thermally grown oxide (TGO) and the integrity along the TGO/NiCoCrAlY-bond coat and TGO/ZrO2-Y20s top coat
interfaces which are the key to successful application of TBC systems.

The cross-sections of samples after the high temperature cyclic oxidation tests at 1100 °C in air were characterised by SEM-
EDS to study the fracture mechanisms and to model the TBC system. The data on the TGO thickness, its uniformity,
chemical and phase compositions, spallation occurrence, and geometry of the interfaces were obtained.

The numerical analysis of residual thermal stress was run for five different cooling rates using a finite element model. The
following parameters influencing the stress state developed during cooling from the oxidation temperature were considered:
physical and mechanical properties of the components, geometry of the interface including roughness and thickness. All the
material layers were assumed to creep at elevated temperature. Finally results have been discussed in relation with creep
mechanisms for TBCs layer.
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Abstract

Lamination-like defects in pipeline steels can be of both metallurgical and operational origin.
In pipelines transporting hydrocarbon usually such defects are not a big challenge since they do not propagate under
operating conditions. Nonetheless, in presence of a corrosion phenomenon and sour gas (H2S), it is possible to observe
blisters and cracks which may propagate in the steel. The observed damage mechanisms is Hydrogen Embrittlement and in
spite of a huge amount of study and publications available, it is quite difficult for a pipeline owner to get practical data
(crack propagation rate for instance) allowing a reliable estimate of the fitness for service of a pipeline.
Taking advantage of a pipeline spool containing internal defects that was in service for more than 10 years and recently
removed, a comprehensive study is underway to obtain a complete assessment of the pipeline future integrity.
The program is comprehensive of:
e  Study and comparison of ILI reports of the pipeline, to determine the optimum interval between inspections
e  Assessment of inspection results via an accurate nondestructive (UT) and destructive examination of the removed
section, to verify ILI results
e Lab tests program on specimens from the removed spool at operating conditions (75-80 bar and 30°-36° C) in
presence of a small quantity of water, H2S (5%) and CO:z (7%), in order to assess defect propagation and to obtain
an estimate of crack growth rate
e Test in field of available methods to monitor the presence of Hydrogen and/or the growth of defects in in-service
pipelines
This quite ambitious program is also expected to be able of offering a small contribution toward a better understanding of
HE mechanisms and the engineering application of such complex, often mainly academic, studies.
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Abstract

In order to reduce CO: emissions and fuel consumption and to respect current environmental norms, the reduction of
vehicles weight is a primary target of the automotive industry. Advanced High Strength Steels (AHSS) and Ultra High
Strength Steel (UHSS), which present excellent mechanical properties, are consequently increasingly used in vehicle
manufacturing. The increased strength to mass ratio compensates the higher cost per kg, and AHSS and UHSS are proving to
be cost-effective solutions for the body-in-white of mass market products.

Aluminized boron steel can be formed in complex shapes with press hardening processes by which higher strength without
distortion can be induced, thus increasing protection from crashes. On the other hand, the martensitic microstructure is
sensitiveto hydrogen delayed fracture phenomena and the dew point reduction in the furnace can produce hydrogen
consequently to the high temperature reaction between water and aluminum. The high temperature also promotes hydrogen
diffusion through the metal lattice under the aluminum-silicon coating, thus increasing the diffusible hydrogen content.
However, after cooling, the coating actsas a strong barrier preventing the hydrogen from going out of the component. These
phenomena in crease the probability of delayed fracture. As this kind of failure brings to the rejection of the component
during production, or, even worse, in operation, diffusible hydrogen absorbed in the component needs to be monitored
during the production process.

For fast and simple measurements of the response to diffusible hydrogen of aluminized boron steel, HELIOS II, one of the
HELIOS innovative instruments, was used. Unlike the Devanathan cell that need a double electrochemical cell, HELIOS II
isbased on a single cell coupled with a solid-state sensor. The instrument is able to give an immediate measure of the the
usible hydrogen content in steel sheets, semi-products or components, avoiding time-consuming palladium coating, and it
can be appliedwith a simple procedure that requires virtually zero training.

Two examples of diffusible hydrogen analyses are given for UsiborR1500-AS, one before hot stamping/quenching, and one
afterhot stamping/quenching. The results suggest that the increase in the number of dislocations during hot stamping could
be the mainresponsible for the lower apparent diffusivity of hydrogen.
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Abstract

The aim of the present work is to contribute to a microstructural-based predictive tool of Charpy impact toughness for the
design of new grades of quenched and tempered (QT) martensitic steels. The effect of carbides on the true strain to fracture
under uniaxial tension has been extensively studied; but very little attention has been paid yet to the effect of carbides on the
upper shelf energy (USE) of QT martensite. The present work focuses on the contribution of microstructural constituents,
carbide in particular, to the fracture behavior in the USE domain of the ductile-to-brittle transition curve. A hot-rolled,
martensitic 40CrMo4 steel bar, quenched from 875°C and tempered at 600°C was used. In order to keep similar matrix while
varying the carbide precipitation state, an additional tempering at either 690°C or 720°C was applied to some specimen
blanks. The three matrix microstructures and carbide populations were characterized in detail. The impact toughness, M3C
carbide size and intercarbide spacing were shown to increase with tempering temperature. Instrumented Charpy impact
curves were used to derive the respective contributions of initiation energy and propagation energy to the overall fracture
energy of each microstructure. The propagation energy gives a major contribution and a correlation has been proposed with
the intercarbide spacing distribution. The reported results shed new light on the effect of carbide size and spatial distribution
on the impact toughness behavior in the USE domain of QT martensitic steels.
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Abstract

Many biological materials exhibit interesting mechanisms to increase their fracture toughness and damage resistance, see e.g.
[1,2]. Deep-sea glass sponges utilize the so-called “material inhomogeneity effect” by having a multilayered microstructure
consisting of hard bio-glass and thin, compliant protein interlayers. This type of composite architecture causes a strong
decrease of the crack driving force when a crack enters the compliant interlayer, leading to crack arrest [3]. Arthropod
cuticles or lamellar bones utilize “twisted plywood structures” [2]; these are fiber reinforced composites with a progressive
rotation of the fiber direction so that crack propagation becomes very difficult. A methodology to determine the crack
driving force for such structures has been recently presented [4]. The analysis shows that again local minima in the crack
driving force appear which increase the fracture toughness.

Numerical investigations have been conducted in order to resolve these mechanisms and to apply such bio-inspired ideas for
the improvement of technical materials. Hereby we have used the concept of configurational forces, which is a powerful tool
for describing the behavior of defects in materials [3-6].

These bio-inspired mechanisms are effective only if the composite architectures fulfill certain design rules. Such design rules
have been worked out, e.g. for improving the fracture toughness of inherently brittle matrix materials by implementing thin,
soft interlayers; decisive architectural parameters are the thickness and the spacing of the interlayers [3,5].

Experiments have been conducted to check the theoretical findings. For example, various multilayer compounds consisting
of two different types of high-strength steels as matrix materials and a low-strength steel as interlayer material were
manufactured by hot-forging. Fracture mechanics experiments exhibit a strongly increased fracture toughness compared to
the homogeneous matrix material [6].
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Abstract

In our earlier work on the generation mechanisms of earthquakes and related failures, fracture phenomena were treated in the
framework of continuum mechanics, and the existence of the universal critical condition for earthquake nucleation as well as
the strong dependence of earthquake-induced structural failure patterns on the frequencies and types of incident seismic
waves was pointed out. However, other significant seismic phenomena such as landslides and liquefaction may not be
simply explained using the theories established for continuum media. For example, in order to clarify the physics of the
formation of the geological flame structure, possibly due to liquefaction and ensuing gravitational instability in water-
immersed sediments, the mechanical behavior of particles under dynamic load and the influence of waves, if any, on fracture
should be understood for granular media beforehand. Here, as an initial investigation into wave and fracture propagation
inside granular media, under dry conditions first of all, experimental technique of dynamic photoelasticity is employed.
Penny-shaped particles made of birefringent polycarbonate are prepared and placed on a rigid horizontal plane to form two-
dimensional model slopes with certain inclination angles. Dynamic impact is given to the top (approximately) horizontal free
surface of the slope, and the transient evolution of stress and fracture is recorded by a high-speed digital video camera. It is
shown that depending on the profile of energy imparted by the impact, (i) one-dimensional force-chain-like stress transfer or
(i1) widely spread multi-dimensional wave propagation can be found. While the case (i) results in mass flow, i.e. total
collapse of the slope, in (ii) waves can induce dynamic separation of only slope faces similar to toppling failure. The
experimentally observed wave and fracture phenomena in granular media are compared to those in continuum media and the
actual slope failure repeatedly caused in Japan, New Zealand and USA.
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Abstract

Fracture phenomena at small scales have been under discussion in the recent past. Intensive investigations have been made
regarding the simplifications made for static fracture toughness evaluations at small scales such as the use of notches cut
with a focused ion beam (FIB) as initial failures. Literature reports that J-integral based evaluation methods of
microspecimens with such FIB cut notches result in valid fracture toughness evaluations. It also reports a change in fracture
toughness at small scales, which is ascribed to the influence of size effects.

However, one challenge in small scale fracture analysis is testing highly ductile materials, where the assumptions for the
lower bounds of the J-integral based evaluation methods are violated. For this purpose, we performed fatigue crack growth
experiments as well as static fracture toughness measurements on microcantilevers made from the ductile nickelbase
superalloy CMSX4. We tested the differences between FIB cut notches and fatigue precracks as initial failures for the static
fracture toughness evaluations. The fracture toughness of microcantilevers has been compared to that of macroscopic
bending beams. The capability of a ductile material to grow fatigue cracks in micron sized specimens has been tested.
Thereby, the influence of size effects and grain boundaries on the fatigue crack growth behavior has been investigated as
well.

Our experiments show differences between notches and fatigue cracks as initial failures, indicating that the use of fatigue
precracks is inevitable for a fracture toughness evaluation even at small scales. However, a strong deviation between
microscopic and macroscopic fracture toughness values can still be measured. Finally, the fatigue crack growth experiments
show a distinct interaction of the cracks with the neutral axis of the bending beams and with grain boundaries. Overall, it
shows that care has to be taken when fatigue cracks and fracture phenomena are investigated at small scales.
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The crucial defects induced in austenitic stainless steel upon
hydrogen embrittlement by positron annihilation
spectroscopy

Masanori Fujinami®*, Akari Komatsu?, Luca Chiari®

“Department of Aeronautics and Astronautics, The University of Tokyo, Tokyo, Japan

Abstract

Austenitic stainless steels are considered to be one of the most important structural materials for hydrogen energy systems. It
is well-known that the Ni equivalent is strongly related to the hydrogen susceptibility. Hydrogen stabilizes the formation of
vacancies, so that their behavior in HE is very important. In this study, two types of austenitic stainless steels, ANSI 304 and
ANSI 316L, were investigated by positron annihilation lifetime spectroscopy (PALS) and the crucial defects in HE were
discussed.

ANSI 304 sheets were pre-charged with hydrogen by cathodic reaction and subject to tensile straining at room temperature
(RT). The H-charged layer (10 pm thick) of the 10%-strained sample was etched off and the mechanical properties were
compared before and after etching. The 10% strained ANSI 304 sheet did not show the formation of the strain-induced
martensitic phase, but the formation of vacancy clusters was revealed by the PALS results. On the other hand, the etched
sample showed HE after subsequent straining and vacancy clusters appeared after the fracture. Furthermore, the defects in
the etched sample annealed out at 100 °C, indicating that they became unstable by the release of hydrogen. It is, therefore,
concluded that the crucial defects upon HE in ANSI 304 are vacancy-hydrogen complexes in the fcc phase.

ANSI 316L sheets were exposed to 95 MPa of hydrogen gas at 300 °C for 72 h and the hydrogen concentration was
estimated to be 90 ppm. The specimens were subject to tensile stress at temperatures from -150 °C to RT. ANSI 316L
showed no hydrogen susceptibility at -150 °C and RT, while HE took place during straining at -70 °C. The fractured sample
strained at RT showed much smaller vacancy clusters, indicating the agglomeration of the monovacancies. The straining at -
150 °C induced monovacancy-related defects. On the other hand, larger vacancy clusters formed in the fractured sample
strained at -70 °C. It is understood that the straining at -70 °C induced highly strained fields, such as at the boundary between
the fcc and martensitic phases, where a lot of vacancy-hydrogen complexes locally formed. It is, therefore, concluded that
the crucial defects upon HE in the austenitic phase are vacancy-hydrogen complexes.
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Cleavage fracture assessment of cold charged steel slabs using
experimental and numerical approaches
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Abstract

Drop Weight Tear Test (DWTT) set-up has been used to investigate cleavage fracture of steel slabs at different elevated
temperatures up to 500°C. Fracture surfaces of broken samples have been analyzed using Scanning Electron Microscope
(SEM) to understand ductile and brittle fracture appearances at the elevated temperatures. The eXtended Finite Element
Method (XFEM)-based cohesive segment technique has been used to simulate the dynamic crack propagation of the DWTT
at all tested temperatures. The obtained numerical results were in good agreement with the observed experiments.
Eventually, a hybrid experimental-numerical method is proposed to define a set of critical cleavage stresses for cold/hot
charged steel slabs.
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Phase-field modelling of fracture in viscoelastic solids

Zhengkun Liu®*, Julian Roggel?, Daniel Juhre?

“Otto von Guericke University Magdeburg, Germany

Abstract

The phase-field modeling has emerged as an extremely powerful numerical method to simulate crack propagation with
significant success. The crack is herein modeled by a field variable that distinguishes between fully broken and undamaged
material. In the proposed phase-field model for crack propagation in viscoelastic solids, a model with a fracture threshold
similar to gradient damage theories is developed which can distinguish between fracture behavior in compression and
tension. A viscoelastic material model in the framework of finite deformations is used for rubber-like material response. The
full model is implemented in the framework of the FE program FEAP and allows both a monolithic and a staggered scheme
for the numerical solution. Within FEAP a parameter study and various numerical benchmark tests are realized. In the
parameter study phase-field parameters of a phase-field model with a fracture threshold are analyzed in details. In the
benchmark tests an L-bracket is reviewed, here the loading is a combination of the crack loading modes of fracture
mechanics. In this numerical example also plate with holes are examined and the influence of these holes concerning the
crack path is investigated. Finally, a summary of the results is presented and an outlook for improvements of the modeling
for fracture in viscoelastic solids is given.
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Analysis of fracture approaches based on a critical distance
and comparison with experiments for cross-ply laminates

Israel G. Garcia®»*, Vladislav Mantic?

“University of Seville

Abstract

The main objective of this work is the analysis of several fracture criteria based on a critical distance, used typically to
predict crack initiation under quasistatic loading. These fracture criteria are typically grouped in a common framework under
the terms of "finite fracture mechanics" or "theory of critical distances". Due to the existence of a critical distance (material-
based or problem-based) which does not necessarily scale with the geometry, these criteria typically predict a size effect in
the fracture phenomena studied. However the size effect predicted is different for each criterion, even qualitatively between
some criteria. Thus, this work focuses the comparison on this size effect.

When a cross-ply [0/90]s laminate is subjected to uniaxial tension along the outer-ply direction a size effect is found in
experiments: the critical strain for which the first cracks initiate depends strongly on the laminate thickness. This size effect
is well-known and has been interpreted using several criteria based on a critical distance. In fact this result has inspired many
of these criteria, even some of them which are not traditionally classified in the framework of the "theory of critical
distances".

For the comparison the main criteria are discussed and reformulated in a common notation. The elastic solutions required for
the application of each criterion are obtained from the same source for all the criteria: a very accurate Boundary Element
Analysis. The prediction of each criterion is compared with a new set of experiments designed to span the maximum range
of laminate thickness.
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Phase-field modelling of crack propagation in anisotropic
polycrystalline materials

Zhengkun Liu**, Daniel Juhre?

“Otto von Guericke University Magdeburg

Abstract

Nowadays, products consisting of polycrystalline materials have been widely used in engineering applications, e.g.
automobile and renewable energy. The macroscopic defects are generally strongly influenced by the fracture behavior of the
polycrystalline materials at the meso- and microscopic level. In this paper, the proposed phase-field model for anisotropic
fracture, which accounts for the preferential cleavage directions within each randomly oriented crystal, as well as an
anisotropic material behavior with cubic symmetries, has been used to simulate the complex crack pattern in solar-grade
polycrystalline silicon in a robust and straightforward manner. Furthermore, multi-field coupled finite element problems are
performed with monolithic solution schemes. A representative numerical example for crack propagation in polycrystals is
carried out. Finally, a summary of the numerical results in polycrystalline materials is presented and an outlook for next
work steps is given.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Finite elements; phase-field model; anisotropic fracture; solar-grade polycrystalline silicon

* Corresponding author. Tel.: /
E-mail address: zhengkun.liu@ovgu.de

208


http://www.ifme.ovgu.de/
http://www.ifme.ovgu.de/

ECF22 - Loading and Environmental Effects on Structural Integrity

Structures with bridged cracks and weak interfaces

Mikhail Perelmuter® *

“Institute for Problems in Mechanics, Moscow, Russia

Abstract

Structures with bridged cracks and weak interfaces under mechanical and thermal loading are considered. In the frames of
this analysis is assumed that: a) there are cracks at the interface between different materials; b) the crack surfaces interact in
some zones behind of the crack tips (bridged zones whose size can be comparable to the whole crack length); and c) the
interface between different material (including interface ahead of cracks tips) can be considered as non-ideal (weak)
interface, where a relative displacement of initially adjacent materials might occur.

The relation for these relative displacements is subdivided into two components for plane or axisymmetric problems:
transverse separation and slip tangent to the interface surface. Bonds properties at cracks bridged zones and at weak interface
regions define the fracture toughness of the composite material.

The bridged crack and weak interface models are incorporated into the program based on the direct boundary integral
equations method. The multi-regions technique is used for modeling of cracks with bridged zone and weak interface regions.
The supplement conditions along the ideal sub-regions boundaries (without cracks and weak zone) are used. The energy
characteristics of the crack such as the energy release rate and the rate of the energy dissipation by the bonds are considered.
These energetic characteristics are used for the nonlocal criterion of bridged crack growth.

The results for different properties of composite materials and bonds and for different sizes and shapes of the cracks are
presented. The key point of the proposed model is the possibility to consider a crack of different scales and, hence, the model
can be applied for microscopic and macroscopic cracks in brittle or quasi-brittle materials. It is possible to consider bonds of
different physical nature and artificial bonds due to repair of macroscopic flaw at an interface junction.
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Effect of crack opening velocity on the fracture behavior of
hyperelastic semi-structural adhesive joints subjected to mode
I loading

Christopher Schmandt®*, Stephan Marzi®

“Technische Hochschule Mittelhessen, Giessen, WiesenstrafSe 14, 35390, Germany

Abstract

Rubber-like adhesive joints provide substantial advantages compared to epoxy-based adhesive joints regarding their
damping properties, fatigue resistance and energy consumption under impact. Polyurethane-based adhesives with high
modulus are even used in structural applications like car body production. The work to be presented describes the
dependency of mechanical mode I failure of a hyperelastic semi-structural adhesive on loading rate.

Double cantilever beam (DCB) specimens were manufactured with an adhesive layer thickness of 3 mm. In a first test setup,
driving velocity of the testing machine was controlled on optically measured crack opening velocity, varying over several
orders of magnitude within external setpoint generation. The tests were driven until crack propagation took place and the
position of optical measurement was not valid anymore. The J-integral according to Rice (1968) was calculated directly from
measured force acting on the DCB specimen and rotation angle of force introduction points, using an analytical approach of
Anthony and Paris (1988). In a second test setup, driving velocity of the testing machine was varied over several orders and
tests were driven until complete failure of the adhesive joint. Pictures recorded from specimen’s edge were used to analyze
the rate dependency of crack propagation and fracture behavior.

The observed correlation between J and current crack opening velocity showed that fracture energy was significantly and
cohesive strength slightly increasing under higher crack opening velocities, while cohesive stiffness remained constant. In a
certain range of loading rates, discontinuous crack growth with stick-slip crack propagation was observed. Below and above
this range, crack propagation rate was tending to be more stable.
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Multi-scale analyses of the different interactions between
defects and hydrogen: on the contribution of the elastic fields

Christopher Xavier Feaugas®*, Guillaume Hachet?, Jiaqi Li?, Arnaud Metsue?,
Abdelali Oudriss?

“University of La Rochelle LaSIE UMR CNRS 7356 La Rochelle, France

Abstract

Hydrogen Embrittlement (HE) is one of the causes mainly evoked in premature rupture of industrial components exposed to
aggressive environment. Many studies have been conducted in order to understand the mechanisms involved during this
degradation, and the influence of metallurgical states. A good knowledge of hydrogen interactions with crystal defects is a
key element in the understanding of the different damage processes associated with the HE in fcc materials. In this state of
mind, we undertook a systematic study of these interactions in nickel alloys using coupled multiscales approaches. These
latter correspond to the association of the atomistic calculations (EAM, DFT) with experimental tests: Electrochemical
Permeation (EP), Secondary Ionization Mass Spectrometry (ToF-SIMS) analysis, Thermal Spectroscopy Desorption (TDS),
and Nanoindetation in order to evaluate the hydrogen states in the presence of different crystal defects. Among the major
results, we focus our attention on the interaction between hydrogen and vacancies in nickel single crystals, the trapping and
segregation of hydrogen for several dislocation distributions (cells, PSB, GBs,...) and the contribution of grains boundaries
(GBs) and precipitation to the hydrogen diffusion and trapping in nanocrystals, polycrystals and bicrystals of nickel. In all
the cases, we questioned the impact of elastic field associated with the defect to apparent solubility and diffusion of
hydrogen. In a second part, we explore the potential impacts of hydrogen on elastic properties and their implication on the
mechanisms of plasticity.
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Environmentally-assisted fatigue crack growth mechanisms in
ARMCO iron under high pressure of gaseous hydrogen

Tomoki Shinko?, Damien Halm?, Guillaume Benoit?, Gilbert Hénaff®"
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Abstract

Previous studies have shown that the fatigue crack growth resistance of steels can be severely altered under high pressure of
gaseous hydrogen. Meanwhile attempts to describe this phenomenon using numerical models based on coupled diffusion
laws and cohesive zone elements still fail in accounting for the tremendous fatigue crack growth enhancement observed at
high pressure and/or low frequency. This might be partly due to a lack of reliable data on some variables that generally
depend on the microstructure in a complex manner. In order to address this problem in the case of a simpler microstructure,
it was decided to conduct fatigue crack propagation tests on ARMCO iron using the HYCOMAT test rig under different
values of the gas pressure and for different load frequencies. This paper presents the fatigue crack growth results and their
analysis. The results indicate that fatigue crack growth rates in ARMCO iron are also substantially enhanced by hydrogen,
but a lesser extent than in a martensitic steel. In addition it is shown that at low DK values, the exposure to gaseous hydrogen
immediately induces a change in fracture mode without any concomitant effect on crack growth rates, with the presence of
numerous intergranular facets covered by regular markings, while the enhanced growth regime at high DK value is
characterized by a brittle transgranular fracture mode with the presence of coarse brittle striations. FIB milling of foils for
STEM observations has been carried out to analyze the dislocation substructures beneath these two typical fracture surfaces..

Peer-review under responsibility of the ECF22 organizers

Keywords: Hydrogen embrittlement, hydrogen diffusion and hydrogen solubility, defects, elastic fields

* Corresponding author. Tel.: /
E-mail address: gilbert.henaff@isae-ensma.fr

212


mailto:gilbert.henaff@isae-ensma.fr

ECF22 - Loading and Environmental Effects on Structural Integrity

Structural reliability of engineering plastics

Alexander Chudnovsky®*

“The University of lllinois, IL, United States

Abstract

Assessment of structural reliability is directly linked with an accelerated testing of failure. A mild loading is usually applied
to structures with long life expectancy (50 or 100 years). Accelerated testing is naturally conducted at much more severe
conditions in order to observe failure within a short time in comparison with life expectancy. The main requirements for
accelerated testing are (i) to reproduce the mechanisms of failures observed in service, and (ii) to have a scientifically
justified procedure for extrapolation of a relatively short test results into long-term material behavior. Fracture acceleration
by load violates (i). Indeed, it is usually ductile at high load and brittle at a low one. Acceleration by elevated temperature,
the most common at the present, also has problem associated with the variations in the mechanism and kinetics of fracture
processes with temperature and load level. The relation between the load and crack growth rate also changes depending on a
combination of load and temperature. It is associated with a transition from a brittle to ductile behavior on microscale. Such
a transition implies a limitation of temperature accelerated testing. Indeed, a significant reduction of applied load is required
to reproduce at high temperature the mechanism and kinetics of fracture at low temperature. Load reduction leads to an
increase of test duration, which reduces or even eliminates accelerating effect. An alternative approach is discussed in this
presentation. It consists of development of constitutive equations of fracture based on specially designed tests, numerical
simulation of fracture process and evaluation of the lifetime. An experimental examination of such protocol is required.
Iustrative examples of proposed program are presented.

Peer-review under responsibility of the ECF22 organizers

Keywords: Structural reliability, accelerated testing, ductile-brittle transition, engineering plastics

* Corresponding author. Tel.: /
E-mail address: chudnovsky.alexander@gmail.com

213



ECF22 - Loading and Environmental Effects on Structural Integrity

Free volume in strained rubber with carbon black filler by in-
situ positron annihilation lifetime spectroscopy
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Abstract

The main component of tires is natural rubber, and various additives such as carbon black (CB) are added to increase the
strength of the rubber. Especially CB, which is dispersed in the rubber, is known to play an important role to remarkably
improve its mechanical properties. However, the detailed reinforcement mechanism is still unknown. In this study, we aimed
to investigate the change in free volume within strained rubber with various amounts of carbon black filler by in situ positron
annihilation lifetime spectroscopy (PALS).The rubber consisted of isoprene rubber filled with various amount of CB. The
rubber specimens were prepared by mixing them and 1 phr dicumyl peroxide as the crosslinking agent. The CB content was
varied from 0 to 80 phr. The rubber samples were strained to a ratio of 160% with a tensile tester and in situ PALS
measurements were carried out. In the CB-free samples, the straining resulted in an increase in the intensity of the o-Ps
formation component, while the o-Ps lifetime was unchanged. The o-Ps lifetime represents a measurement of the size of free
volume. Hence, it was concluded that the size of free volume was constant in the strained sample. Although the reason for
the change in the o-Ps intensity is still unknown, the alignment of molecular chains by straining may be related to the o-Ps
formation . A comparison of the o-Ps intensity during the stretching to that before the stretching for different CB contents
was also carried out. A large decrease in the o-Ps intensity was observed at 40 phr CB. In particular, the o-Ps intensity was
constant up to 30 phr CB, while it became smaller during the straining of the samples with more than 40 phr CB. The change
in the o-Ps intensity can be explained in terms of the sample straining leading to the ordering of the molecular chains in the
amorphous phase. The branched fraction of the CB network affected the ordering of molecular chain during the straining.
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Effect of welding parameter on dynamic fracture properties
of 2024-T3 aluminum friction stir welded joints

Yanning Guo?, Yue Ma**, Fei Wang?

“School of Aeronautics, Northwestern Polytechnical University, Xi'an, Shaanxi 710072, China

Abstract

Friction stir welding is widely used in the aerospace structure. It is important to study mechanical response of aluminum
welded joints under dynamic loading. This paper aims to investigate the effect of welding parameter on rate-dependent
dynamic tensile properties of 2024 aluminum welded joints. Samples in different weld zones were designed and dynamic
tests with different strain rates were performed. It is observed that as the non-uniform heat and plastic flow during welding,
yield strength of the heat-affected zone (513MPa) is much higher than the stirred zone (370MPa) and the thermo-
mechanically zone (336MPa). Under the rotation speed of 400rmp, the heat affected zone and the stirred zone show much
better tensile ductility, which is 25% higher than that of samples welded with the 600rmp rotation speed. The strain rate
strengthening effect is obviously obtained. Furthermore, 2024 aluminum has been considered to have low strain rate
sensitivity. The fracture morphology of specimens shows that as the function of rotating tool, equiaxed and fine grains help
to enhance the strength.
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A discussion about multi-axial fatigue criteria for NiTinol
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Abstract

Nickel-Titanium (NiTinol) alloys exploit a typical super-elastic behavior which makes them suitable for many biomedical
applications, among which peripheral stenting, requiring the device being subjected to the high mobility of the lower limbs.
Unfortunately, this complex environment can lead to the device fatigue fracture with likely other more severe complications,
e.g. restenosis. Standards require to experimentally verify stent fatigue life behavior, without giving indications on how to
select the loads to be applied for resembling most critical in-vivo conditions. Moreover, different multi-axial fatigue criteria
have been originally developed for standard metals to predict the behavior under cyclic loads, but none of them is
specifically formulated for NiTinol. This paper presents a numerical study having two aims: i) understanding how non-
proportional loading conditions due to combination of axial compression, bending and torsion induced at each patient gait on
the femoro-popliteal artery affects the implanted stent stress/strain distribution; ii) understanding how stent fatigue life
prediction may be affected by the choice of the fatigue criteria. Accordingly, two different peripheral stent geometries,
resembling commercial ones, were analysed under different sets of loading conditions. The cyclic deformations induced over
the device structure by macroscopic loads are interpreted through four different fatigue approaches recently used in Nitinol
fatigue analyses: Von Mises, Fatemi-Socie, Brown-Miller and Smith-Watson-Topper. The comparison between the outputs
highlights that they are strongly influenced by the loading path, recognizing the major role in fatigue due to the combined
torsional and bending actions. On the other hand, the choice of the fatigue criterion impacts on the fatigue life prediction.
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Numerical simulation of hydrogen embrittlement in iron
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Abstract

Hydrogen embrittlement (HE) is well known phenomenon in which hydrogen lowers the strength and ductility of metals. To
clarify the whole picture of HE, an understanding of the fundamental processes during the HE crack growth should be
important. HEDE (Hydrogen Enhanced Decohesion) is one of the potential mechanisms which attributes the decrease of
cohesive energy due to solute hydrogen, thus the mechanism basically yield in brittle manner crack growth. In counter,
HELP (Hydrogen Enhanced Localized Plasticity) is the other potential mechanism which attributes the enhancement of local
plastic deformation in the vicinity of a crack, thus the mechanism basically yields in ductile manner fracture. These are
representative mechanisms for HE and have been discussed for long. Thus, the understanding of ductile to brittle transition
in HE should be important as a fundamental understanding of embrittlement process. In this study, we applied two
dimensional simple dislocation dynamics (DD) method around a mode I crack in alpha iron. The mechanical properties for
the analyses (i.e. dislocation velocity, elastic constants, stacking fault energy, surface energy) are obtained by atomistic
simulations in order to take into account the effects of hydrogen. The results indicate the ductile to brittle transition behavior
could change depending on boundary conditions, such as hydrogen concentration and applied stress intensity factor rate. The
results also suggest that the dominant mechanism of HE could change depending on environmental and/or mechanical
conditions.
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Mechanical modelling of self-diagnostic polymers

Roberto Brighenti®*, Federico Artoni®
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Abstract

The safety level in advanced load bearing applications can be enhanced if the material would be able to detect the in-service
deformation, allowing a real time evaluation of the reliability state of the components. Polymeric materials can be used to get
such a functionality through the insertion of so-called mechanophore units, whose main property is to chemically respond to
mechanical stimuli. In the present paper, a micromechanical approach is developed to model the response of polymers
containing reporting units, whose activation is triggered by the deformation of the underneath network or by a chemical
stimulus. The model, through an Arrhenius-like equilibrium reaction law, provides a quantitative evaluation of the fraction
of stress-activated molecules. Moreover, if the mechanophore activation involves also a change in their geometrical
conformation, it influences the network deformation and the corresponding mechanical effects must be also accounted for.
The formulated micromechanical model is presented and implemented in a FE code in order to simulate structural elements
made of a self-diagnostic material. In particular, we consider the fluorescence-based strain detection of pre-cracked elements
made of polymers with supramolecular complexes cross-linked to the polymer’s chains; the fluorescence intensity is
assumed to be proportional to the volume fraction of the activated units, thus enabling to quantify the associated material’s
strain value.
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Hydrogen-microvoid interaction: bridging the gap between
hydrogen embrittlement and ductile failure
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Abstract

The influence of hydrogen on microvoid process has been observed in experiments, indicat-ing that hydrogen could either
enhance internal necking failure or induce internal shearing failure of microvoids. On the numerical aspect, the former mode
has been captured, while the latter is still insufficiently explored due to the lack of a proper failure criterion. In this talk, a
hydrogen induced internal shearing failure criterion is introduced first, and hydrogen-microvoid interaction is then
systematically studied via hydrogen diffusion coupled unit cell analyses. It is found that the hydrogen effect on microvoid
process is both stress state and trap strength dependent. Hydrogen enhanced internal necking failure is observed over the
entire stress space with weak traps. While such failure is still observed in the high triaxiality regime with strong traps,
hydrogen induced internal shearing failure is observed in the low triaxiality regime. Further, quantitative investigation is
performed on hydrogen failure loci. The hydro-gen induced internal shearing failure locus is found to be approximately
independent of stress triaxiality while the hydrogen enhanced internal necking failure locus maintains similar triax-iality
dependency as in the absence of hydrogen. The loss of ductility, in terms of reduction in failure strain and dimple size, is
more pronounced in the case of hydrogen induced internal shearing failure. These results bridge the gap between hydrogen
embrittlement and ductile failure and pave the way for the development of micromechanically based hydrogen embrit-
tlement assessment models.
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analysed via Slow Strain Rate Testing
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Abstract

In general, Al-Zn-Mg(-Cu) alloys tend to Environmentally Assisted Cracking (EAC) in water vapour if loaded with external
or internal stresses. When aluminium alloys are exposed to humid gases, hydrogen is generated according to 2Al (s) + 3H20
(g) — ALOs (s) + 6H. Hydrogen atoms are absorbed by the metal which reduces its ductility leading to brittle failure.
Several mechanisms have been proposed in literature to explain the hydrogen embrittlement of aluminium alloys in
humidity, e.g. Adsorption-Induced Dislocation Emission (AIDE), Hydrogen Enhanced Decohesion (HEDE), Hydrogen
Enhanced Localized Plasticity (HELP). For the interaction of hydrogen and aluminium, all mechanisms consider time-
dependent steps like the diffusion and accumulation of hydrogen in the metal. Therefore, tensile testing at strain rates
between 10 to 107 s7! is considered as appropriate to reveal the effect of hydrogen on mechanical properties of aluminium
alloys - in particular, the reduction of ductility. This technique is called Slow Strain Rate Testing (SSRT).

A high-strength 7XXX alloy has been analysed with SSRT in dry and humid environments at temperatures below 100°C and
compared with tensile tests performed at a typical extension rate of 1 mm/s. Furthermore, the alloy has been pre-exposed to
humidity for several days with and without mechanical stress to assess a possible effect on ductility. The results show that
slow strain rate testing is suitable to investigate the sensitivity of a high-strength 7XXX alloy for hydrogen embrittlement in
humidity. While the alloy responds with a reduction of its ductility, the strength properties are not reduced by the absorption
of hydrogen. Fractographic analysis confirms that the embrittlement of the alloy exposed to humidity is attributed to crack
initiation and growth along the grain boundaries, without the formation of dimples. The short-term pre-exposure of this
aluminium alloy to humidity further reduces the ductility, especially if the sample has been mechanically stressed during
pre-exposure.
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Prediction model of corrosion losses based on probabilistic
approach
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Abstract

The article deals with the prediction of corrosion losses of weathering steels based on the application of dose-response
functions. The following environmental characteristic incoming the dose-response functions are analyzed using statistic and
probabilistic methods: mean annual values of the temperature 7, concentration of sulfur dioxide SOz, relative air humidity
RH, deposition of chlorides Cl". Long-term measurements of environmental parameters at atmospheric test sites were used
for the analysis. All the environmental parameters incoming the dose-response functions are considered to be random
variables represented by corresponding histogram. Using the probabilistic analysis it is possible to predict the expected range
of corrosion rates and to analyze the impact of particular environmental characteristic on corrosion process.
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Evaluation of the compressive behavior of Periodic Central
Voronoi Tessellation (PCVT) cellular structures under quasi-
static condition using finite element method

Jungsub Lee?, Byoung-Ho Choi**

“Korea University, South Korea

Abstract

Light weight structures can be found easily in nature. Woods, sea sponges and bones are the good examples. Cellular
structures make their weight lighter than bulk material while maintaining reasonable mechanical properties. Many models
have been suggested to mimic the characteristics of those structures. Tetrakaidecahedron, often called as a Kelvin cell, is
well known for its symmetric shape. It can fill the space without any niche. The unit cell is simple and regular but not able to
construct inhomogeneous structures. Central Voronoi Tessellation (CVT) is proposed to overcome the limit. It results
random seeds but the cell size and its distribution, which are the key factors regarding mechanical behaviors of the structure,
can be modified easily by the iteration process. Using Periodic Central Voronoi Tessellation (PCVT), we can obtain the
optimal unit cell which can fill the space as the Kelvin cell does and is anisotropic. In this study, the mechanical behaviors of
PCVT structures under the quasi-static compressive loading condition were evaluated using finite element method. Analyses
were implemented by ABAQUS. To evaluate the effect of the cell size and its distribution, the number of seeds and iteration
were controlled by MATLAB codes. Relative density was fixed since it affects the mechanical properties of the structure. By
comparing the specific stiffness and the specific strength of the unit cells we evaluated the possibility of the cellular structure
of replacing traditional bulk materials. In the future study, the results drawn in this research will be verified by experiments.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Cellular structure, light weight, periodic central voronoi tessellation (PCVT), quasi-static loading

* Corresponding author. Tel.: +420-597-321-980.
E-mail address: bhchoi@korea.ac.kr

222



ECF22 - Loading and Environmental Effects on Structural Integrity

Fatigue crack growth behavior and associated microstructure
in a metastable high-entropy alloy
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Abstract

High-entropy alloys (HEAs) containing different kinds of high-concentration solute atoms provide new concepts for
obtaining excellent balance of strength and ductility. In particular, a metastable dual-phase HEA (Fe30Mn10Cr10Co; FCC
matrix and HCP second phase) shows superior ductility and strength owing to the transformation-induced plasticity effect
associated with deformation-induced HCP-martensitic transformation. In this context, the fatigue properties of metastable
HEAs are to be investigated towards practical applications as structure materials. In this study, the fatigue crack growth
behaviors of HEA and type 316L austenitic stainless steel (FCC single phase) were comparatively examined. The crack
growth rate of HEA was comparable to that of 316L. In HEA, the fatigue crack was covered by a large amount of HCP-
martensite. In general, the HCP-martensite was cracked easily because of the smaller number of slip systems. However, the
negative effect of HCP-martensite did not appear in the fatigue crack growth rate of HEA. By electron channeling contrast
imaging, we found that the HCP-martensite beneath the fracture surface contained significant orientation gradient and high
density of dislocations, indicating that HCP-martensite in the present Fe30Mn10Cr10Co HEA had high plastic deformability
and associated stress accommodation capacity.

Peer-review under responsibility of the ECF22 organizers.

Keywords: High-entropy alloy; HCP-martensite; fatigue; crack growth behavior.

* Corresponding author. Tel.: +81-92-802-3288.
E-mail address: 2TE17803T@s.kyushu-u.ac.jp

223



ECF22 - Loading and Environmental Effects on Structural Integrity

Fatigue behavior of single-crystal nano-sized Cu beams

Per Hansson®*

“Division of Mechanics, Lund University,P.O. Box 118, 22100 Lund, Sweden

Abstract

It is well-known that the response to mechanical loading of nano-sized metal structures differs from what applies to the
macroscopic scale, and often non-intuitive behaviors are revealed. Here beams of square cross section, containing defects in
terms of voids and loaded in fatigue with R = 0 under displacement controlled conditions, are investigated. The structures
under consideration are single-crystal copper beams, chosen since such elements are common parts of a large variety of
products found on the market today. The aim is to determine the resistance against fatigue failure through 3D molecular
dynamic simulations. The simulations have been performed employing the 3D molecular dynamics free-ware LAMMPS.
The outcome of the investigations will highlight the influence of defects on the fatigue resistance at the nano-scale. The
knowledge gained will give input into how to design structures on the nano-scale considering the presence of defects.
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Fracture and damage behavior in an advanced heat resistant
austenitic stainless steel during LCF, TMF and CF

Hugo Wirner®* | Mattias Calmunger?®, Guocai Chai®®, Jaroslav Polak®, Roman
Petras®, Milan Heczko®, Tomas Kruml®, Sten Johansson?®, Johan Moverare?
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I”Strategy Research, Sandvik Materials Technology, Sandviken, 811 81, Sweden
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Abstract

Future advanced ultra-supercritical power plant will be run at higher temperature and pressure. New materials will be used to
meet the requirements. However, the structure integrity of these materials needs to be evaluated. Sanicro 25 is a newly
developed advanced austenitic heat resistant stainless steel with the aim to be used in future 700 °C or 650 °C power plants
to replace part of Ni based alloys. This paper provides an overview on the fracture and damage behavior in this material
during LCF, TMF and CF. The cyclic hardening and fatigue life during LCF, TMF and CF will be discussed. The influence
of prolonged service degradation has been analyzed by the use of pre-aged material for TMF and CF loading conditions.
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Assessment of hydrogen embrittlement via in-situ imaging
techniques in high Zn Al-Zn-Mg alloys

Hiroyuki Toda**, Hang Su?®, Kazuyuki Shimizu?, Hiro Fujihara?, Kyosuke Hirayama?,
Akihisa Takeuchi®, Kentaro Uesug®

“Kyushu University, Kyushu, Japan
b Japan Synchrotron Radiation Research Institute, Kyoto, Japan

Abstract

Hydrogen repartitioning behavior among various trap sites during loading, which is necessary for establishing a mechanical
criterion for hydrogen embrittlement, has been estimated based on an in-situ imaging technique. Vacancy production and
dislocation multiplication due to plastic deformation have been calculated to precisely characterize the density values for all
the hydrogen trap sites. The hydrogen repartitioning analysis has revealed that an estimated hydrogen concentration at
dislocations is associated with the initiation of a quasi-cleavage crack, and a critical hydrogen concentration is around 2.5 x
10" m3. On the other hand, the hydrogen repartitioning behavior is strongly dependent on pre-existing intermetallic
particles due to its high hydrogen trap density together with the in-situ increase in vacancy, nano voids and dislocations. It is
of crucial importance that hydrogen repartitioning behavior is controlled by changing the content and species of intermetallic
particles thereby controlling the resistance for hydrogen embrittlement.
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Intergranular/transgranular fracture in the liquid metal
embrittlement of polycrystalline zinc

Naoyuki Tsutsui?, Hirokazu Koizumi®*

“Department of Physics, Meiji University, Tama-ku, Kawasaki, Kanagawa, 214-8571 Japan

Abstract

Tensile tests were performed on polycrystalline Zn specimens in contact with liquid Ga, In, In-Bi eutectic alloy, or Sn—Bi
eutectic alloy below 450 K. These low-melting-point metals and alloys embrittled Zn specimens when they were in the
liquid state. Although single-crystalline Zn is known to be embrittled by liquid Ga, intergranular cracking occurred in
polycrystalline Zn in the presence of liquid Ga, while transgranular cracking occurred in the presence of In and Sn. Just
above the melting point of Ga, only Ga atoms were found to penetrate along the grain boundaries of polycrystalline Zn.
Although all these embrittlers reduced the cleavage fracture stress, only Ga atoms in the grain boundaries significantly
reduced the strength of the grain boundaries, resulting in intergranular cracking. For the specimens in contact with liquid Ga,
the incidence of transgranular cleavage fractures increased at high temperatures due to the reduction in the number of Ga
atoms in the grain boundaries by diffusion into the grains.
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A numerical and experimental investigation of dynamic
fracture in Polyamide 11: the effect of the sample geometry
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Abstract

An experimental set-up and a numerical model are proposed to study the rapid crack propagation (RCP) resistance of
polyamide 11 (PA11). Pipe and plate samples are studied. The solicitation type, imposed displacements or pressure, of
polymer pipes is discussed. The necessity to pre-stress polymer pipe with imposed displacements is highlighted. Indeed, the
work of external forces is not negligible for pressurized polymer pipes. A reliable estimate of the dynamic energy release
rate Gud is in this last case not guaranteed. A new experimental set-up is used to Pre-Stress Pipe Specimen (PS2) in mode I.
The crack is initiated artificially with an external impact on a razor blade. A quasi-constant dynamic regime of propagation is
then reached on about 20 cm. A finite element procedure is used to estimate Gia. Knowing the crack tip location during RCP
inertia effects i.e. kinetic energy are quantified. Numerical results reveal a higher dynamic correction factor for a pipe (0.2)
than a plate structure (0.9). An important and non

negligible part of the stored energy is dissipated by the structure during RCP in pipe structure. Crack tip location as a
function of time is measured with the help of a high speed camera during dynamic regime of propagation. The calculated
mean crack tip velocity is quasi-constant in PA11 whatever (i) the initial stored energy in the structure, (ii) the sample
geometry and (iii) the crack configuration. This velocity is known to be the crack branching velocity (0.6cR). The dynamic
energy release rate G is equal to 1.5£0.1 kJ m 2 for a pipe sample and 9.240.7 kJ m 2 for a plate sample at the crack
branching velocity. Fracture surface analyses are leaded to explain this significant difference..

Peer-review under responsibility of the ECF22 organizers.

Keywords: Rapid crack propagation;dynamic fracture;energy released rate;polymers;pipes;strip band specimen; finite element; inertia
effects; fracture surface analysis

* Corresponding author. Tel.: +33 5 56 84 53 92
E-mail address: jean-benoit.kopp@ensam.eu

228


mailto:jean-benoit.kopp@ensam.eu

ECF22 - Loading and Environmental Effects on Structural Integrity

Cohesive zone modeling of interface influences on the tensile
fracture behavior of bimodal nanostructured Cu
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Abstract

Bimodal nanostructured (NS) metals possess ultrahigh strength and also good ductility. The nanograined (NG) matrix leads
to their ultrahigh strength, while their good ductility is due to the coarse-grained (CG) inclusions. We adopt the strain
gradient plasticity model to describe the constitutive relation of the NG phase, and use cohesive zone model to investigate
the tensile fracture process of the bimodal NS Cu. Three types of cohesive elements are considered: cohesive elements in the
CG phase, those in the NG phase, and those at the interface of the two phases. The ratio of the number of the interface
cohesive elements to that of all cohesive elements is less than 2%, while small changes in interface cohesive strength could
influence the overall strength and ductility significantly. Our simulation shows that when the interface cohesive strength
reaches certain level, the overall strength and ductility of the bimodal NS Cu will saturate.
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Failure analysis of carbon steel gas pipeline

Saad Khodir®, Mohamed Newishy®*, Hamed Abdel-Aleem?

“Central Metallurgical R&D Institute

Abstract

Reduction in wall thickness (40%) was observed over a long section of carbon steel gas pipeline after few months of
operations. The investigations carried out in this report shows without doubt that the large decrease in thickness observed at
the internal surface of the carbon steel gas pipeline can be classify as flow enhanced CO: corrosion failures. The absence of
inhibitors materials accelerates the corrosion reaction at the pipe internal surface. The formed FeCOs scale did not provide
protection to the internal surface due to flow containing sand particles. The flow containing sand damaged and removed the
protective scale (FeCOs scale), leading to creation of fresh surfaces for further corrosive attack. Although, the results
obtained showed the conformity of pipe material to API SL X52 steel, typically microstructure, tensile properties and
hardness values with no abnormalities in the material structures, but this kind of carbon steel material is not a good choice
for environments contain CO2 gas. The highest reduction in the wall thickness was at the direct impingement between the
erosive turbulent flow with the pipe internal surface. It is recommended to using corrosion inhibitors to reduce the corrosion
rate and select other pipe material having good resistance to CO2 corrosion with higher hardness like 13% chromium
martensitic steel.
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Cohesive zone model for the high-cycle fatigue of surface-
nanostructured metals under axial-torsional load

Qiuqiu Sun?, Xiang Guo®*, George Weng™*, Gang Chen?

“Tianjin University, Tianjin, China
*Rutgers University

Abstract

High-cycle fatigue behavior of both coarse-grained (CG) and surface-nanostructured (SNS) metals under axial-torsional load
is modeled by cohesive zone model. In order to describe the random nature of metal fatigue, the Monte Carlo simulation is
combined with the Weibull distribution. For both CG and SNS metals, we find that the axial load levels have greater effects
than random fields on the amplitude of specimen rotation. In comparison with the CG metals, the damage process of the
SNS metals initiates from the subsurface beneath the nanograined layer and then extends to the exterior surface. It is found
that the SNS metals exhibit an improved fatigue resistance and fatigue life. The agreement between the numerical results and
the experimental data shows the applicability of the cohesive zone model for damage evolution analysis and fatigue life
estimation of metals.

Peer-review under responsibility of the ECF22 organizers.

Keywords: Flow enhanced CO, corrosion; carbon steel; inhibitors; sand particles; tensile properties;

* Corresponding author. Tel.: /
E-mail address: xiangguo@tju.edu.cn, agang@tju.edu.cn

231


mailto:xiangguo@tju.edu.cn

ECF22 - Loading and Environmental Effects on Structural Integrity

Cyclic loading induced heterogeneous deformation and
damage in an austenitic-ferritic two phase steel during low
cycle fatigue

Guocai Chai®*, Lars Ewenz®

“Sandvik group
Sandvik Materials Technology

Abstract

Cyclic loading induced heterogeneous deformation and damage in an austenitic ferritic steel with different phase strengths
have been studied. Low cycle fatigue tests were performed at RT. The structures were studied using EBSD and ECCI. The
results show that the softer phase and grain with a higher Schmid factor will undertake plastic deformation first. However,
the deformation structures in the FCC and BCC phases are totally different. In austenitic or FCC phase, cyclic deformation
induced twinning has occurred. This is the first observation in this type of material. In ferritic or BCC phase, dangle
dislocations and dislocation subcells can be observed. However, they can be greatly influenced by material condition. No
twinning occurred in the cold deformed material, and planar dislocation slips can now be observed in the ferritic phase in the
aged material. The mechanisms related to the stacking fault energy of the material have been discussed.
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Calibration of constitutive equations for the stress level
estimation in domain with the large strains

Andrzej Neimitz®*, Thor Dzioba?, Sebastian Lipiec?

“Kielce University of Technology, Al 1000-lecia P.P.7, 25-314 Kielce, Poland

Abstract

In the paper the calibration technique of the true stress - logarithmic strain curves is proposed, based on the modified Bai-
Wierzbicki method. Calibration was done using four various specimen geometries selected to provide a wide range of stress
triaxialities and Lode parameters. The level of plasticity was controlled by selection of three various materials tested at three
temperatures: +20°C, -20°C, -50°C. Modification of Bai-Wierzbicki method includes another way of computing the stress
triaxiality and Lode parameter, taking into account the evolution of these parameters during the loading process. Also the
material softening was included before the final failure.
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A computationally efficient fe approach for residual stress
induced by additive manufacturing
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Abstract

The aim of the work is to study the thermo-mechanical performance of additive manufacturing process and improve the
computational efficiency of finite element approach to the prediction of residual stress induced by additive manufacturing. A
two-dimensional transient thermo-mechanical FE model of AA2319 was built to study the relationships among the plastic
strain, temperature, and residual stress. The results show that the residual stress is dependent not only on the peak
temperature Tp that each node experienced but also on the max temperature Twm that the whole model experienced. Thermal-
mechanical model can be divided into three zones: elastic zone, transition zone and yield zone by two critical temperature T
and T> the nodes experienced based on Tp and Tm. For unmelted model, the whole model is elastic when Twm is less than
180°C. The two critical temperatures T1 and T2 decrease with Tm increasing when Twm is greater than 180°C. For melted
model, the residual stress is only dependent not on Tp, and the two critical temperatures are 70°C and 260°C respectively. The
residual stress is linear to the peak temperature Tp in the transition zone and the relationship can be applied to other
materials. For both unmelted model and melted model, the parameterized equations were presented for the residual stress of
transition zone, relating Tp and Tm. Based on the thermo-mechanical analysis results of these three zones, a finite element
computational procedure for simulating the process of additive manufacturing has been proposed, whereby the mechanical
part of the computation is replaced by static analytical algorithms. In addition, the application of this approach to 3D additive
manufacturing model was analyzed..
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Corrosion cracking of carbon steels of different structure in
the hydrogen sulfide environment under static load

M.S. Khoma?, V.R. Ivashkiv®**, M.R. Chuchman?, Ch.B. Vasyliv®, N.B. Ratska?,
B.M. Datsko?

“Karpenko Physico-Mechanical Institute NAS of Ukraine, 5 Naukova str., Lviv, 79601, Ukraine

Abstract

Hydrogen sulfide corrosion is one of the main reasons of steels destruction in the oil and gas industry. Damages appear as a
result of corrosion and hydrogen embrittlement, and corrosion cracking occurs when the load is applied. The influence of the
steels structure on its stress corrosion cracking under the loads in hydrogen sulfide environment is insufficiently studied. The
aim of the study is to determine the influence of the steels structure on its corrosion, hydrogenation and corrosion cracking in
the NACE hydrogen sulfide solution. It was established that the corrosion rate and hydrogenation of steel ¥8 in the NACE
solution grows when the structure dispersion increases from perlite to sorbite, troostite and martensite. The corrosion rate
and hydrogenation of steel 45 are the greatest in pearlite-ferrite, while the smallest - in sorbite. The corrosion of steels Y8
and 45 in the NACE solution is localized: the average size of the ulcers is 50 ... 80 pm on the steel Y8 and 45 ... 65 pm on
steel 45. The depth of ulcers is maximal on the steel Y8 with the martensite structure (~ 260 um) and on the steel 45 with the
troostite structure (~ 210 pum). Static load (¢ = 300 MPa) increases the hydrogenation of steels in the hydrogen sulfide
environment. The concentration of hydrogen in steel Y8 with troostite structure increases by ~ 1.8 times. The concentration
of hydrogen in steel 45 with troostite and martensite structures increases by ~ 1.2...1.3 and by ~ 1.4...1.6 times, respectively.
The steel Y8 with martensite and perlite structures and steel 45 with troostite structure has the lowest resistance to corrosion
cracking. Steels destruction depends on both hydrogen permeation and the corrosion localization, which leads to the increase
of the microelectrochemical heterogeneity of the surfaces.
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Examples of combined atomistic and gradient-elasticity
approaches in fracture mechanics

Petr Skalka?, Martin Friak?®, Tomas Profant?, Michal Kotoul?, Jaroslav Pokluda®*

“Brno University of Technology, Czechia

Abstract

The coupling of atomistic ab initio (AI) and molecular dynamics (MD) approaches with higher order continuum theory
involving intrinsic length-scales, the so called strain-gradient elasticity (SGE), appears to be an efficient tool for
investigation of size-dependent fracture properties of brittle and quasi-brittle nanofilms and nanosamples. The fracture
nanomechanics formulates a plausible criterion for breakdown of classical continuum fracture mechanics in nanoscale
components which is related to the size of the near-tip region where the components of the singular stress field are inversely
proportional to the square root of a distance from the crack tip. This characteristic length-scale parameter depends of the
component size or the film thickness.

The paper shows two examples how to use Al and MD methods to determine the material length scale parameter in the
simplified form II of Mindlin’s theory of SGE theory. In the first example, the crack opening displacement in the centre
cracked silicon nano-panel obtained elsewhere [1] by MD simulations was used as a benchmark for adjusting the finite-
element SGE model of this panel. The second example presents an Al solution for the displacement field near the screw
dislocation in tungsten single crystal along witch the best-matching SGE solution. These examples show a possibility to
address deformation and fracture problems at micro and nano scales in an effective and computationally robust manner thus
helping to bridge the gap between the classical continuum theories and the atomic-lattice theories.
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Extracting the T-stress in the vicinity of 3D straight singular
edges by the Qausi-Dual Function Method
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Abstract

Edge stress intensity functions, and the T-stress among them, are of high importance for the determination of crack
propagation and kinking, especially in realistic three dimensional domains containing flat cracks. Usually, edge stress
intensity functions (ESIFs) are extracted pointwise along the crack edge in 3D domains from finite element solutions but
there is a lack of methods to extract the T-stress, especially from a 3D elastic solution.

The objective of this work is to first present the 3D asymptotic solution in the vicinity of a crack edge, including the non-
singular term termed T-stress, and using it, to present an efficient method to extract ESIFs and the T-stress (as functions
along the edge) from finite element solutions. This method has been firstly presented in [1], and was since denoted the
Quasi-Dual Function Method. It was already used successfully to extract ESIFs associated with non-integer eigenvalues of
the elasticity PDE's [2], but had not yet been extended to the extraction of the T-stress. Herein we show that the dual
eigenpairs associated with integer eigenvalues (required to extract the T-stress) contain logarithmic terms [3] and are used
successfully to extract these T-stresses.

The methods have been implemented into a commercially popular FE program (Abaqus) and we provide numerical evidence
that accurate results may be obtained using the presented methods.
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Abstract

A large number of works is devoted to the investigation of trigger effects under vibration in loaded geomedia. This effect can
be observed as instantaneous or delayed in time acoustic emission (AE) activity with different levels of released energy
depending on the spatial scale of the object. Despite large volume of experimental data on the effect of vibration on
laboratory specimens, the question of the mechanisms and the dependence of the released energy on the parameters of such
impact is still open.

This work is devoted to the experimental investigation of the effect of continuous and periodic vibrations on the damage
accumulation in the process of uniaxial compression of granite. A series of quasistatic experiments with periodic and
continuous vibrations have been carried out on the granite specimens (Isetskiy deposit). A piezo-radiator have been used to
initiate vibrations with the given shape, frequency and amplitude. The signal had a sinusoidal form in the experiments with
the periodic and continuous vibrations. A series of the separate experiments has been carried out on the continuous
vibrations with triangle shape.

Experiments with periodic vibrations have shown that there is decrease in the slope of the repeatability curve for AE
amplitudes and increase in in the slope of the repeatability curve for power of AE pulses. Solution to the problem of three-
dimensional location has shown that during the last vibrations the localization of the AE sources from the location of the
piezo-radiator is observed.

Comparative analysis of AE data in the experiments with continuous vibrations of sinusoidal and triangular shapes has
shown that vibrations with sinusoidal pulses lead to relative increase of high-frequency pulses of AE and the reduction of the
low-frequency pulses.
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Abstract

It is known that rates of loading influence the fracture behaviour of most ferritic steels. High loading rates could change a
stable ductile tearing behaviour to an unstable brittle fracture by altering the ductile-to-brittle transition curve. This is
predicted to be material dependent, with lower strength structural steels showing a larger tensile property loading rate
sensitivity compared to high strength structural steels. A programme of mechanical testing was carried out on S690QL and
S960QL to determine the influence of loading rate on the fracture behaviour of high strength structural steels with yield
strength > 690 MPa and yield-to-tensile ratio above 0.90. The loading rates considered are those anticipated in offshore in-
service conditions, with K-rates up to the order of magnitude of 10° MPaVm/s. Results from tensile tests show that the
strengths of these grade of steels are relatively unaffected by the effect of loading rate. However, brittle fracture, which is
controlled by material strengthening as a result of principal stress in front of the crack, is both loading rate and temperature
dependent. Results from tests at quasi-static and elevated loading rates show changes in the fracture behaviour in terms of
transition temperature. A shift to a higher ductile-to-brittle transition temperature was observed as the loading rate increases.
This was associated with a reduction in the fracture toughness value on the lower transition region. The reference
temperature, 7y, at a K-rate of 1 MPa m/s using Master Curve concepts is estimated to be around -116 °C and -108 °C for
Charpy-sized pre-cracked and standard (25x25 mm) SENB specimens respectively, under quasi-static conditions for
3690QL. The dynamic Toqis -70.4 °C in the same steel for Charpy-sized pre-cracked specimens at K-rates up to 10° MPa
m/s.
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Abstract

The study presents the results of investigation for different aluminum alloys. Small samples of these materials were
subjected to static and dynamic tension. A numerical analysis using an incubation time fracture criterion has been carried
out. For each material a set of fixed constants were obtained that allows determine the dependencies of the tensile strength of
material in a wide range loading conditions.
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Abstract

Many interface damage events occurring in engineering applications are nowadays studied using interface models like
Cohesive Zone Models (CZMs) and Linear Elastic-Brittle Interface Model (LEBIM). Mixed-mode fracture criteria in 2D
version of these models have been extensively studied; nevertheless, there are still many open questions regarding more
general fracture criteria in 3D problems. Previous results pointed out that current implemented 3D versions of CZMs and
LEBIM do not consider the correct reference system for the behavior law (resulting in different predictions of the crack front
evolution when different reference systems are used). In the present investigation, a 3D LEBIM proposal is implemented in
the commercial code ABAQUS through the user subroutine UEL. Special attention is given to the adequate treatment of the
mixed-mode for a 3D crack surface. Preliminary results show that the presented numerical tool is robust and able to suitably
capture a 3D crack front for any reference system used to model the behavior of the interface.
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Abstract

Laser melting deposition (LMD) is an attractive additive manufacturing technique for fabricating titanium alloy components.
A variety of distinct layer bands, heat affected bands (HABs), were found in the LMDed sample, which lead to a periodic
fluctuation in the fatigue crack growth rate. In this paper, an in-situ fatigue testing was performed to investigate the crack tip
opening displacement (CTOD) variation within a full loading cycle. Digital image correlation (DIC) technique was
implemented for obtaining the displacement fields at the vicinity of the crack tip. The crack closure phenomenon is observed
from the CTOD variation and the crack opening stress level is different between HAB and non-HAB zone. Another key
difference between HAB and non-HAB zone is the value of CTOD when the crack is opening. Besides, the variation of the
CTOD loop and its influence on fatigue crack growth rate were also discussed in detail.
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Abstract

Hydrogen transport and trapping equations are implemented in a FE software, using User Subroutines, and the obtained tool
is applied to get the diffusi