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1. Introduction and Scope
The era of lean production and excellence in manufacturing, while advancing with sustainable
development, demands the rational utilization of raw materials and energy resources, adopting cleaner
and environmentally friendly industrial processes. In view of the new industrial revolution (through
digital transformation), the exploitation of smart and sophisticated materials systems, the need for
minimizing scrap and increasing efficiency, reliability, and lifetime, on the one hand, and the pursuit of
fuel economy and the limitation of the carbon footprint, on the other hand, are absolute necessary
conditions for the imminent growth in a globalized and highly competitive economy. These parameters
require the development and fabrication of high-resistance metals and alloys and the explicit knowledge
of their potential damage and degradation processes, in order to ensure long-lasting service, avoiding
undesired, costly, and catastrophic failures.
The occurrence of unexpected failures in critical industrial and transportation sectors could
lead to serious accidents or even to catastrophes, having a crucial impact on infrastructure and
society in general. Profound knowledge about failure mechanisms in metals and alloys is an absolute
prerequisite, which leads to the understanding and determination of the root source of the failure(s)
and to their successful prevention. Together with failure mechanisms, the recognition of service
conditions (temperature, type or nature of the environmental parameters, loading conditions, assembly
parameters, and interactions with neighboring components) and the information pertaining to the
industrial production processes involved in the fabrication of the metal component are of critical
significance in order to put all the failure “puzzle pieces” in a meaningful and reasonable order.
The “reconstruction” of a failure event is mainly focused on the interpretation of its natural complexity
and the unfolding of the logical sequence of the events involved. These failure-linking stages, which
occurred concurrently, intermittently, or successively, gave rise to the final ultimate failure, in a
“backward-thinking” procedure. The organization of a failure investigation is a multi-step, structured,
and disciplined process that must be limited in time and budget, according to the requirements and the
project objectives. The collection of the “pieces” and “clues” during a failure investigation is a diligent
and multi-tasking process. In the real world, missing pieces disrupt the continuity and clarity of the
“cause-and-effect” chain relationships, converting them from deterministic to fuzzy or stochastic.
Failure analysis is an interdisciplinary scientific topic, reflecting the opinions and interpretations
coming from a systematic evidence-gathering procedure, embracing various important sectors,
imparting knowledge, and substantiating improvement practices. The deep understanding of a
material or component’s role and properties is of central importance for “fitness for purpose” in certain
industrial processes and applications. The “scheme” presenting the interaction loci of the failure
analysis area can be simply presented as the “knowledge triangle”, illustrated in Figure 1.
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Figure 1. The failure analysis “knowledge triangle”, presenting the interaction areas and the central
Figure 1. The failure analysis “knowledge triangle”, presenting the interaction areas and the central
role of the understanding of a material or component’s role and properties.
role of the understanding of a material or component’s role and properties.

2. Contributions
2. Contributions
The Special Issue “Failure Mechanisms in Alloys” contains in total twenty-seven (27) research
Special
“Failure
Mechanisms
in Alloys”
contains
in total
twenty-seven
research
articlesThe
[1–27],
withIssue
two review
papers
among them
(see [9]
and [24]).
The contents
of this(27)
collection
articles
[1–27],
with two
review
papers among
them
(seeentire
[9] and
[24]). of
The
contents
of this
collection
cover
a wide
spectrum
of the
cross-disciplinary
fields
of the
domain
failure
analysis,
providing
cover acontributions
wide spectrum
of the and
cross-disciplinary
fields
of the entire
domain
failure analysis,
valuable
in diverse
challenging topics
exhibiting
interests
in theofinvestigation
of
providing
valuable
contributions
in diverse
and challenging
topics 2–4).
exhibiting
interests
in the
failure
mechanism,
industrial
processes,
and approach
methods (Figures
Moreover,
different
investigation
of failure
mechanism,
industrialstudies
processes,
groups
of materials
are involved
in the presented
(Tableand
1). approach methods (Figures 2–4).
Moreover,
different
groups
of
materials
are
involved
in
the
presented
studies
Almost the complete range of the general types of failure mechanisms
has(Table
been 1).
addressed in
Almost works
the complete
range
of the
general
typesInstant
of failure
mechanisms
addressed
in the
the published
gathered
in this
Special
Issue.
overload
as wellhas
as been
progressive
failure
published
works
gathered
in
this
Special
Issue.
Instant
overload
as
well
as
progressive
failure
modes
modes are included (Figure 2a). More specifically, the broad category of static overload includes more
are included
2a).
the broad category
of static
includes more
generic
subjects (Figure
also from
theMore
field specifically,
of manufacturing-related
topics, where
theoverload
effect of deformation
generic
subjects
also from
field of manufacturing-related
topics, where
the effect ofprocess
deformation
and
fracture
was studied
as the
an important
and undetached ingredient
of the fabrication
per
and
fracture
was
studied
as
an
important
and
undetached
ingredient
of
the
fabrication
process
per
se (e.g., hot and cold working, machining). Therefore, the mostly “intense area” (Overload/Static)
se (e.g., hot
and concerning
cold working,
machining).
Therefore,
the mostly
“intenseasarea”
(Overload/Static)
comprises
studies
general
deformation
and fracture
phenomena,
the result
of instant
comprises
studies
concerning
general
deformation
and
fracture
phenomena,
as
the
result
of instant
loading/testing conditions [4,9,10,14,15,19] and studies related to manufacturing and production
loading/testing
conditions
[4,9,10,14,15,19]
and
studies
related
to
manufacturing
and
production
processes [6,7,12,13,16,20,22,25,26]. Testing and modeling procedures addressing the evolution of
processes [6,7,12,13,16,20,22,25,26].
Testing
and modeling
the production
evolution of
deformation
and fracture during forming
[7,13,26],
the impactprocedures
toughness, addressing
[4] and certain
deformation
and
fracture
during
forming
[7,13,26],
the
impact
toughness,
[4]
and
certain
production
process characteristics [25] are also included. Nevertheless, shear fracture processes that emerged
in
process
characteristics
[25]
are
also
included.
Nevertheless,
shear
fracture
processes
that
emerged
machining and chip formation are also part of this broader group of studies, relevant to manufacturing in
machining
and chip formation are also part of this broader group of studies, relevant to
topics
(see [12,16,20]).
manufacturing topics (see [12,16,20]).

Metals2020,
2020,10,
10,117
x FOR PEER REVIEW
Metals

33ofof7 7

(a)

(b)
Figure2.2.(a)
(a)Categorization
Categorizationofofthe
thesubject
subject“Failure
“FailureMechanism”,
Mechanism”,asasititwas
wasaddressed
addressedby
bythe
thestudies
studies
Figure
containedininthis
thisSpecial
SpecialIssue;
Issue;(b)
(b)distribution
distributiongraph
graphpresenting
presentingthe
thenumber
numberofofpapers
papersfocused
focusedon
onthe
the
contained
variousfailure
failuremechanisms,
mechanisms,which
whichwere
wereadadhoc
hocconsidered
consideredherein
herein
for
simplicity
purposes.
various
for
simplicity
purposes.

“Progressive”
“Progressive”oror“delayed
“delayedmodes
modesofoffailure”
failure”possess
possessexceptional
exceptionalinterest
interestininvarious
variousindustrial
industrial
sectors,
such
as
the
chemical,
mechanical,
and
manufacturing
industries
and
in
plant
machinery.
sectors, such the chemical, mechanical, and manufacturing industries and in plant machinery. Four
Four
categories
candistinguished
be distinguished
(Figure
basicbasic
categories
can be
(Figure
2a): 2a):

a.

Creep and Creep Fatigue failure modes [2,9,17,23];

Metals 2020, 10, 117

Metals 2020, 10, x FOR PEER REVIEW

a.
b.
b.
c.c.
d.
d.

4 of 7

4 of 7

Creep and Creep Fatigue failure modes [2,9,17,23];
Fatigue
and
Cyclic
Loading
[8,9,18];
Fatigue
and
Cyclic
Loading
[8,9,18];
Corrosion
and
Environmentally
Corrosion and EnvironmentallyAssisted
AssistedCracking
Cracking[3,5,11,21];
[3,5,11,21];
Wear
and
Surface
Degradation
[1,24,27].
Wear and Surface Degradation [1,24,27].

The relevant number of studies’ distribution graph is presented in Figure 2b.
The relevant number of studies’ distribution graph is presented in Figure 2b.
It can be seen from Figure 2b that manufacturing-related topics occupy a significant percentage
It can be seen from Figure 2b that manufacturing-related topics occupy a significant percentage of
of the content, reflecting the importance of failure assessment and the emergence of failure and
the content, reflecting the importance of failure assessment and the emergence of failure and damage
damage prognosis and prevention, as the basic component of the knowledge and learning processes
prognosis and prevention, as the basic component of the knowledge and learning processes required
required for quality improvement in industry.
for quality improvement in industry.
Considering the “Process/Industry” as a classification criterion, the published studies are
Considering the “Process/Industry” as a classification criterion, the published studies are relevant
relevant with certain industries or processes involved as far as the observed failure mechanism is
with certain industries or processes involved as far as the observed failure mechanism is concerned
concerned (Figure 3). More specifically, the main industrial processes involved are presented as
(Figure 3). More specifically, the main industrial processes involved are presented as follows:
follows:
(i) Casting and Metal Forming [6,7,11,13,15,19,24–26]
(i) Casting and Metal Forming [6,7,11,13,15,19,24–26]
(ii) Machining
Machining[12,16,20]
[12,16,20]
(ii)
(iii)
Chemical/Petrochemical
[3,17,21,23]
(iii) Chemical/Petrochemical [3,17,21,23]
(iv) Heat
HeatTreatment
Treatment[22]
[22]
(iv)
(v) General
GeneralPlant
PlantMachinery
Machinery[1,9,18,24]
[1,9,18,24]
(v)

Figure 3. Classification according to the “Process/Industry” relevant criterion, addressed in the studies
Figure 3. Classification according to the “Process/Industry” relevant criterion, addressed in the
of this Special Issue.
studies of this Special Issue.

The metal component manufacturing industry (casting, metal forming, and machining) seems to
The metal component manufacturing industry (casting, metal forming, and machining) seems
be highly involved, as one of the primary industrial component production sectors, in highlighting the
to be highly involved, as one of the primary industrial component production sectors, in highlighting
efforts in understanding material behavior and taking actions for failure prediction and prevention.
the efforts in understanding material behavior and taking actions for failure prediction and
Based on the “Investigation Method/Approach”, several broad categories can be distinguished
prevention.
(Figure 4):
Based on the “Investigation Method/Approach”, several broad categories can be distinguished
(Figure
4):
1.
Phenomenological
and Experimental [1–9,11–27]
2.
Numerical
Modeling
1. Phenomenological and[6,7,10,12,13,15,25,26]
Experimental [1–9,11–27]
3.
Statistical
and
Stochastic
[8,16,20,22,25]
2. Numerical Modeling [6,7,10,12,13,15,25,26]
4. Statistical
Systems or
Quality
[9] [8,16,20,22,25]
3.
and
Stochastic
5.
Combined
(experimental,
analytical, numerical model, etc.) [3,6–8,12–16,18–20,22,25,26]
4. Systems or Quality [9]
5. Combined (experimental, analytical, numerical model, etc.) [3,6–8,12–16,18–20,22,25,26]
As can be readily observed, the experimental and empirical approach is the dominant methodology
As can
be readily In
observed,
empirical
approach
is the
dominant
of failure
investigation.
addition,the
theexperimental
emergence ofand
numerical
simulation,
using
finite
element
methodology
of failure
In addition,
the emergence
of numerical
simulation,
usingfailure
finite
modeling (FEM),
tendsinvestigation.
to be very popular
in the prediction
of material
behavior
and potential
element
modeling
(FEM), tends
to be very
popular in the
prediction
of promising
material behavior
and
prevention.
The contribution
of quality
and organization
systems
is very
in the case
of
potential failure prevention. The contribution of quality and organization systems is very promising
in the case of complex processes, where teamwork in process planning, risk assessment, resource

Metals 2020, 10, 117

5 of 7

Metals 2020, 10, x FOR PEER REVIEW

5 of 7

complex processes, where teamwork in process planning, risk assessment, resource allocation, and
allocation, and implementation of improvement actions is a key concept in modern quality assurance
implementation of improvement actions is a key concept in modern quality assurance and management.
and management.

Figure 4. Classification based on the relevant “Investigation Method/Approach” followed in the studies
Figure 4. Classification based on the relevant “Investigation Method/Approach” followed in the
of this Special Issue.
studies of this Special Issue.

A broad range of materials was covered in the present studies (see Table 1). Ferrous metals
A broad range
materials
was covered
in the
present studies
(seemore
Tablefrequently
1). Ferrousinvestigated,
metals
(structural
steels,ofstainless
steels,
and special
resistance
steels) are
(structural
steels,
steels,
resistance
are moreconstructions
frequently investigated,
indicating
the stainless
importance
of and
thisspecial
material
type insteels)
engineering
and in severe
indicating
the
importance
of
this
material
type
in
engineering
constructions
and in severe process
process environments.
environments.
Table 1. Representative types of engineering material types of investigation.
Table 1. Representative types of engineering material types of investigation.
Material Type
Reference

Material Type

Reference

Nanomaterials
W–Cu composite

[10]
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On a final note, it is hoped and strongly believed that the accumulation of additional knowledge in
one of the principal sources of construction components and are used in various industrial sectors.
the field of failure mechanisms and the adoption of the principles, philosophy, and deep understanding
On a final note, it is hoped and strongly believed that the accumulation of additional knowledge
in the field of failure mechanisms and the adoption of the principles, philosophy, and deep
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of the failure analysis process approach will strongly promote the learning concept as a continuously
evolving process, leading to personal and social progress and prosperity.
Funding: This research received no external funding.
Acknowledgments: The Guest Editor expresses his deep gratitude to the contributing authors, who shared
their precious research works in this collection of papers, embracing and expanding the “field of view” of the
fascinating area of the research in the field of failure mechanisms, as well as shedding light on significant industrial
applications and challenges. Moreover, the assistance and support provided plentifully by the MDPI Metals
Editorial Team and, especially, by the Managing Editor, Harley Wang, made this journey a joyful knowledge
endeavor, offering a rich and a valuable account.
Conflicts of Interest: The author declares no conflict of interest.
Dedication: This Editorial is dedicated to the memory of an exceptional scientist, researcher, academic teacher,
and mentor, Dimitrios I. Pantelis, Professor of the School of Naval Architecture and Marine Engineering of the
National Technical University of Athens (NTUA), who passed away in October 2019. His legacy of academic,
scientific, and human values will stand as a model of inspiration.

References
1.

2.
3.

4.

5.
6.

7.
8.
9.

10.
11.
12.

13.
14.
15.

UlHaq Toor, I.; Muzammil Irshad, H.; Mohamed Badr, H.; Abdul Samad, M. The effect of impingement
velocity and angle variation on the erosion corrosion performance of API 5L-X65 carbon steel in a flow loop.
Metals 2018, 8, 402. [CrossRef]
Liu, D.; John Pons, D. Crack propagation mechanisms for creep fatigue: A consolidated explanation of
fundamental behaviours from initiation to failure. Metals 2018, 8, 623. [CrossRef]
Haidemenopoulos, G.N.; Kamoutsi, H.; Polychronopoulou, K.; Papageorgiou, P.; Altanis, I.; Dimitriadis, P.;
Stiakakis, M. Investigation of stress-oriented hydrogen-induced cracking (SOHIC) in an amine absorber
column of an oil refinery. Metals 2018, 8, 663. [CrossRef]
Kim, K.; Park, M.; Jang, J.; Chan Kim, H.; Moon, H.-S.; Lim, D.-H.; Bae Jeon, J.; Kwon, S.-H.; Kim, H.;
Jun Kim, B. Improvement of strength and impact toughness for cold-worked austenitic stainless steels using
a surface-cracking technique. Metals 2018, 8, 932. [CrossRef]
Wu, W.; Yin, H.; Zhang, H.; Kang, J.; Li, Y.; Dan, Y. Electrochemical investigation of corrosion of X80 steel
under elastic and plastic tensile stress in CO2 environment. Metals 2018, 8, 949. [CrossRef]
Pashos, G.; Pantazopoulos, G.A.; Contopoulos, I. A comprehensive CFD model for dual-phase brass indirect
extrusion based on constitutive laws: Assessment of hot-zone formation and failure prognosis. Metals 2018,
8, 1043. [CrossRef]
Mei, H.; Lang, L.; Liu, K.; Yang, X. Evaluation study on iterative inverse modeling procedure for determining
post-necking hardening behavior of sheet metal at elevated temperature. Metals 2018, 8, 1044. [CrossRef]
Woo, S.; O’Neal, D.L. Improving the reliability of mechanical components that have failed in the field due to
repetitive stress. Metals 2019, 9, 38. [CrossRef]
Pantazopoulos, G.A. A short review on fracture mechanisms of mechanical components operated under
industrial process conditions: Fractographic analysis and selected prevention strategies. Metals 2019, 9, 148.
[CrossRef]
Bazios, P.; Tserpes, K.; Pantelakis, S.G. Numerical computation of material properties of nanocrystalline
materials utilizing three dimensional Voronoi models. Metals 2019, 9, 202. [CrossRef]
Li, S.; Wang, Y.; Wang, X. In situ observation of the deformation and fracture behaviors of long-term thermally
aged cast duplex stainless steels. Metals 2019, 9, 258. [CrossRef]
Lampropoulos, A.D.; Markopoulos, A.P.; Manolakos, D.E. Modeling of Ti6Al4V alloy orthogonal cutting
with smooth particle hydrodynamics: A parametric analysis on formulation and particle density. Metals
2019, 9, 388. [CrossRef]
Xiao, Y.; Hu, Y. An extended iterative identification method for the GISSMO model. Metals 2019, 9, 568.
[CrossRef]
Gu, J.; Chen, P.; Li, K.; Su, L. A macroscopic strength criterion for isotropic metals based on the concept of
fracture plane. Metals 2019, 9, 634. [CrossRef]
Hao, Z.; Liu, J.; Cao, J.; Li, S.; Liu, X.; He, C.; Xue, X. Enhanced ductility of a W-30Cu composite by improving
microstructure homogeneity. Metals 2019, 9, 646. [CrossRef]

Metals 2020, 10, 117

16.

17.

18.
19.
20.

21.
22.
23.
24.
25.
26.

27.

7 of 7

Monkova, K.; Monka, P.P.; Sekerakova, A.; Hruzik, L.; Burecek, A.; Urban, M. Comparative study of
chip formation in orthogonal and oblique slow-rate machining of EN 16MnCr5 steel. Metals 2019, 9, 698.
[CrossRef]
Haidemenopoulos, G.N.; Polychronopoulou, K.; Zervaki, A.D.; Kamoutsi, H.; Alkhoori, S.I.; Jaffar, S.; Cho, P.;
Mavros, H. Aging phenomena during in-service creep exposure of heat-resistant steels. Metals 2019, 9, 800.
[CrossRef]
González-Ciordia, B.; Fernández, B.; Artola, G.; Muro, M.; Sanz, Á.; de Lacalle, L.N.L. Failure-analysis based
redesign of furnace conveyor system components: A case study. Metals 2019, 9, 816. [CrossRef]
Angella, G.; Zanardi, F. Validation of a new quality assessment procedure for ductile irons production based
on strain hardening analysis. Metals 2019, 9, 837. [CrossRef]
Monkova, K.; Monka, P.P.; Sekerakova, A.; Tkac, J.; Bednarik, M.; Kovac, J.; Jahnatek, A. Research on chip
shear angle and built-up edge of slow-rate machining EN C45 and EN 16MnCr5 steels. Metals 2019, 9, 956.
[CrossRef]
Bahrami, A.; Taheri, P. A Study on the failure of AISI 304 stainless steel tubes in a gas heater unit. Metals
2019, 9, 969. [CrossRef]
Mihaliková, M.; Zgodavová, K.; Bober, P.; Sütoová, A. Prediction of bake hardening behavior of selected
advanced high strength automotive steels and hailstone failure discussion. Metals 2019, 9, 1016. [CrossRef]
Bahrami, A.; Taheri, P. Creep failure of reformer tubes in a petrochemical plant. Metals 2019, 9, 1026.
[CrossRef]
Psyllaki, P.P. An introduction to wear degradation mechanisms of surface-protected metallic components.
Metals 2019, 9, 1057. [CrossRef]
Qu, F.; Xu, J.; Jiang, Z. Finite element analysis of forward slip in micro flexible rolling of thin aluminium
strips. Metals 2019, 9, 1062. [CrossRef]
Vazdirvanidis, A.; Pressas, I.; Papadopoulou, S.; Toulfatzis, A.; Rikos, A.; Katsivarda, M.; Symeonidis, G.;
Pantazopoulos, G. Examination of formability properties of 6063 alloy extruded profiles for the automotive
industry. Metals 2019, 9, 1080. [CrossRef]
Urban, M.; Monkova, K. Research of tribological properties of 34CrNiMo6 steel in the production of a newly
designed self-equalizing thrust bearing. Metals 2020, 10, 84. [CrossRef]
© 2020 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

