Prof. Elian Aifantis

Scientific Biography

In October 2015 Elias C. Aifantis will celebrate 2 milestone anniversaries: 65 years of age and 40 years of
research contributions (since 1975 after his PhD from the University of Minnesota) while holding academic
posts at the Universities of Illinois at Urbana-Champaign, University of Minnesota and Michigan Tech in US,
as well as Aristotle University of Thessaloniki in Greece. During this period he has promoted highly
interdisciplinary work by bringing into the field of solids mechanics ideas from diffusion theory, chemical
reactions, and nonlinear physics.

Among his initial contributions, while at the University of Illinois, was the development of stress-assisted
diffusion theories for hydrogen embrittlement and stress corrosion cracking with applications to
chemomechanical damage theories in metals, as well as of flow through double porosity media theories with
applications to consolidation and subsidence in geomaterials. This work motivated the concept of viewing a
stressed solid as an active medium the deformation of which is governed by the production/annihilation and
transport of defect populations and led to the development of the first models to interpret self-organization of
dislocations and deformation patterning. The Walgraef-Aifantis (W-A) model was among the firsts to predict
widths and spacing of the layered dislocation structure of the persistent slip bands observed in fatigued
crystals, and was discussed in Chapter 6 of the Nobelist’s Ilya Prigogine book “Exploring Complexity”,
Freeman, New York (1989). As an alternative to this approach, a large number of follow-up papers was
generated on discrete dislocation (DD) dynamics simulations (e.g. Kubin, Ghoniem, Bulatov, van der
Giessen/ Needleman, Zbib/Hirth and others), and more recent dislocation-density based simulations using
statistical mechanics (Groma, EI-Azab, Zaiser, Hochrainer, Ngan and others).

Another important contribution, jointly with Regents Professor of Mathematics Jim Serrin, in the early
eighties while at the University of Minnesota, was the revisit of Maxwell’s rule and van der Waals’s theory
of fluid interfaces within a strictly mechanical framework incorporating higher order density gradients in the
interfacial stress tensor. Among the results were the relocation of Maxwell’s line and the derivation of
transition, reversal and periodic solutions for fluid interfaces. This, as well as subsequent work with
Triantafyllidis on gradient non-linear elasticity, preceded related work on necking of polymeric fibers
(Coleman and coworkers), and on phase transitions/martensitic transformations (Gurtin, Slemrod, James,
Truskinovski and others).

Later in mid-eighties, while at Michigan Tech, he proposed the first gradient plasticity theory to predict the
thickness of shear bands and eliminate the mesh-size dependence of FE calculations in the strain softening
regime. This was used in FE codes developed by de Borst, Tomita and others to solve large-scale engineering
problems for which classical plasticity did not apply. Other gradient plasticity models, such as those proposed
by Fleck/Hutchinson/Ashby, Gao, Nix/Huang and co-workers, were developed later in the mid-nineties and
a large number of researchers throughout the world are working today on such theories for interpreting size
effects and other phenomena at the micron scale. It has also led to a revival of Eringen’s nonlocal elasticity
theory.



In the early and mid-nineties, jointly with his experimental collaborators Milligan and Hackney at Michigan
Tech, he initiated a project on nanostructured materials and “coined” the term “nanomechanics” as he did
earlier with “dislocation patterning” and ‘“material instabilities”. They identified, theoretically and
experimentally, the critical grain size regime where a plasticity transition occurs from grain rotation/sliding
in the absence of dislocation activity to intragranular avalanche-like dislocation motion. This mechanism has
also been confirmed by MD numerical experiments performed by Swygenhoven’s group in Switzerland. For
bulk nanocrystals, they discovered another plasticity transition mechanism controlled by “multiple” or
“massive” shear banding without any hardening, not observed for the conventional grain size counterparts of
these materials, which are always strain-hardened. Such multiple shear band mechanism has also been
experimentally documented recently for metallic glasses and nanoscale materials (e.g. Ma, Greer, Gleiter).
The first mechanical models at the nanoscale to explain the observed behavior were developed at that time
and these models are currently being improved for applications to nanotechnology.

Since 2000, while at the Aristotle University of Thessaloniki, where he was honored (metaklisi) to succeed
the late Professor George Lianis (a distinguished professor of Mechanics at Purdue who was offered the Chair
of Mechanics of Aristotle University and later assigned by Prime Minister Papandreou to initiate the reform
of higher education and research in Greece), he continued his earlier work on gradient elasticity and gradient
plasticity with applications at the nanoscale with students and postdocs. In particular, his gradient elasticity
(GradEla) model, which was used (in collaboration with coworkers Altan, Ru, Unger) to eliminate
singularities from dislocation lines and crack tips. His earlier theory of gradient plasticity was enhanced (in
collaboration with Zaiser) with stochastic terms to model the competition between deterministic strain
gradient and random microstructures became a popular topic in Greece (Vardoulakis, Aravas,
Giannakopoulos, Exadaktylos, Georgiadis) and elsewhere (EU, US, China).

Main senior collaborators in the above topics included A. Romanov / I. Ovid’ko (St. Petersburg, Russia) on
defect theory, G. Frantziskonis (Tucson, Arizona) and A. Carpinteri / N. Pugno (Torino, Italy) on fractals and
size effects, S. Forest (Ecole des Mines, France) and P. Steinmann (Univ. Erlangen, Germany) on gradient
plasticity, C.Ru (Univ. of Alberta), H. Askes (Univ. of Sheffield) and M. Lazar (Darmstadt Univ. Tech.)/G.
Maugin (Univ. Paris VI) on gradient elasticity, M. Zaiser (Univ. Edinburgh, UK) on stochastic
dynamics/avalanches and random plasticity, 1. Groma (Eotvos, Hungary) on discrete dislocation dynamics,
and the late I. Vardoulakis (Nat. Tech. Univ. Athens, Greece) on soil mechanics and granular media. His
current work focuses on the development of gradient-stochastic theory (jointly with
M.Zaiser/A.Konstantinidis) and its applications to incipient/intermittent plasticity and fracture, Tsallis q-
entropy statistics (jointly with C.Tsallis) and its applications to power-law behavior of micro/nano pillars and
size-dependent serrated stress-strain curves, and fractional calculus/fractal media (with V.Tarasov) and its
applications on elasticity, plasticity and diffusion at the nanoscale.

During this period, he also supervised a large number of Greek and European doctoral students and postdocs
through his coordination of a European TMR/Training and Mobility of Researchers Network on Spatio-
Temporal Instabilities in Deformation and Fracture (ERB-FMRX-CT96-0062) and a RTN/Research
Training Network on Deformation and Fracture Instabilities in Novel Materials and Processes/DEFINO
(RN-CT-2002-00198), and through his participation in a RTN/Research Training Network on Degradation
and Instabilities in Geomaterials with Application to Hazard Mitigation/DIGA (HPRN-CT-2002-00220), as
well as his coordination of 3 INTAS Projects (INTAS-93-3213, INTAS-93-3213 — extension, INTAS-94-
4380), in addition to PENED, PYTHAGORAS, THALES and EraNet grants from the Greek Government.
His Lab has also hosted the first and only one Starting ERC-grant coordinated by K.Aifantis (Physics Today:
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April 2008 issue; BBC: http://news.bbc.co.uk/2/hi/science/nature/7264828.stm; Science Carreers:
http://sciencecareers.sciencemag.org/career_development/previous_issues/articles/2008_03_21/caredit_a08

00043), as well as A.Romanov with a senior Marie-Curie fellowship. Currently his Lab coordinates two major
projects (Hellenic ERC-13 and ARISTEIA I1) on gradient mechanics, instabilities and size effects, awarded
by the General Secretariat of Research and Development (GSRT) of Greece.

Aifantis Research Discussed/Featured as Chapters in Books/Monographs by Distinguished Authors:

The aforementioned research has stimulated the organization of various workshops/conferences and the
publication of Journal Special Issues: Chapter 89 of a book by M. Gurtin/E. Fried/L. Anand (The Mechanics
and Thermodynamics of Continua, Cambridge Univ. Press, UK, 2010) elaborates on his theory of “gradient
plasticity” and Chapter 6 of a previous book by Nobel Laureate 1. Prigogine and G. Nicolis (Exploring
Complexity, Freeman, New York, 1989) discusses his approach (with D. Walgraef) to dislocation patterning.
A summary of the Walgraef-Aifantis (W-A) model is also provided in Chapter 2.6 of a book by S. Suresh
(Fatigue of Materials, Cambridge Univ. Press, UK, 1991) and in Chapter 2.7.3 of the 2" Edition, 2001.
Finally, his theory on “gradient elasticity” as applied to elimination of singularities from dislocation lines is
the subject of Chapter 3.1.1 of another recent book by M.Yu. Gutkin and I.A. Ovid ko (Plastic Deformation
in Nanocrystalline Materials, Springer-Verlag, Berlin-Heidelberg-New York, 2004). The W-A model is also
discussed extensively in a recent book by N. Ghoniem and D. Walgraef (Instabilities and Self-Organization
in Materials, Oxford Univ. Press, UK, 2008).

Aifantis major contributions to early careers of excellent researchers

Scientific Mentorship: A considerable number of his graduate students and postdocs holds academic positions
in the US, Europe, Russia and Greece: H. Zbib (Professor and former Head - Washington State University -
USA), D. Bammann (Professor - Mississippi State University/formerly at Sandia Labs - USA), D. Unger
(Professor - University of Evansville - USA), M. Zaiser/Erlangen (Professor and Lab Director), H.
Askes/Sheffield (Professor and Head), M. Gutkin/St. Petersburg, M. Seefeldt/Leuven, M. Lazar/Darmstadt,
K.-Y. Xu (Professor - Shanghai University - China), X. Zhang (Lecturer - Southeast Jiaotong University -
China), I. Chasiotis (Associate Professor - University of Illinois at Urbana-Champaign - USA), I. Mastorakos
(Assistant Professor - Clarkson University - USA), K. Kalaitzidou (Assistant Professor - Georgia Tech -
USA), A. Konstantinidis (Assistant Professor - Aristotle University of Thessaloniki - Greece), A. Kalampakas
(Assist. Prof. - American Univ of The Middle East - Kuwait), M. Avlonitis (Lecturer - lonion University -
Greece), G. Efremidis (Lecturer - University of Thessaly - Greece), |. Tsagrakis (Part time Lecturer -
University of Crete - Greece). [Shorter term visitors through TMR/RTN fellowships in Academia include: M.
Ferro/Torino, C. di Prisco/Milano, N. Pugno/Trento, P. Cornetti/Torino, M. Brocato/Paris, G.
Ribarik/Budapest, H.-P. Ganser/Leoben, P. Grammenoudis/Darmstadt, J.VV. Andersen/Paris. Others in
Research Institutions/Industry include: V. Gruetzun, F. Hagemann, Th. Putelat, G. Rambert, F. Tzschicholz.]
Most recently, a number of younger and senior scientists (D. Tonnies, C. Bagni, M. Mousavi, A.
Chattopadhyay, M. Leung, L. Dabiao, E. Harea, S. Shrivastava, R. Yang, Y. Chen, J. Wu, H. Xu)

Additional Scientific Mentorship: It is worth noting that three individuals that have been associated with
ECA’s laboratory and benefited from interactions with him have won the most prestigious ERC grants:
Katerina Aifantis and Nicola Pugno have been awarded ERC Starting Grants in 2008 and 2011 respectively,
and Athanasios Konstantopoulos — whom the PI recruited as a graduate student to Michigan Tech and later
supported for a short period at AUT as postdoc — has recently been awarded an Advanced ERC grant in 2010
[currently he is Director of CERTH.]
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