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Trends in Plasticity of Metals and Alloys

Having been at the center of technological progress for thousands of years, metals continue to be a primary material in our lives today. Investigations of the plasticity of crystalline solids, to which conventional metallic materials belong, were marked in the 20th century by a success in the understanding of microscopic mechanisms of plastic flow. This breakthrough was notably due to the development of experimental techniques allowing for the observation of individual defects, dislocations par excellence. The concurrent development of high-performance computers and numerical techniques gave rise to the hope that it would soon be possible to predict the mechanical behavior of bulk material by averaging the motions of individual defects, even if the sample contains myriads of defects.

However, investigations made during the last decades have shown that a fundamental property of plastic flow of solids is the self-organization of crystal defects. As a result, plastic flow is inherently heterogeneous and associated with complex dynamics and the formation of spatial structures in a mesoscopic scale range. Therefore, the understanding of the micro-macro transition inevitably implies investigation of local heterogeneities pertinent to the collective behavior of defects. On the other hand, the same period has seen considerable progress in the development of high-performance metals and alloys that possess enhanced mechanical properties ensured by complex microstructures. Ultrafinegrain materials, metallic glasses, gradient microstructures, etc. are gaining an increasing role in the industry. Therefore, the problem of the self-organization of defects comes to the fore as the characteristic lengths of the microstructure become comparable to the respective scales imposed by the collective deformation processes.

These challenges were a driving force for the development of sophisticated experimental techniques (in situ TEM, electron channeling contrast imaging, digital image correlation (DIC), nano-indentation, etc.), advanced multiscale modeling (molecular dynamics, discrete dislocation dynamics, strain gradient models, etc.), and methods of analysis of the observed and simulated complex spatiotemporal behaviors from the viewpoint of self-organization, with an aim of establishing process-microstructure-property links and filling gaps between the elementary atomic-scale mechanisms and the scale of a laboratory sample.

This Special Issue is composed of ten works presenting several topics within this huge and constantly developing domain. However, they touch upon all its basic pillars: new approaches to long-standing questions and traditional model materials allowing a deeper understanding of the underlying physical mechanisms, novel materials obtained by various processing routes, and advanced experimental and modeling techniques.

Paper [START_REF] Sevillano | Dynamic Steady State by Unlimited Unidirectional Plastic Deformation of Crystalline Materials Deforming by Dislocation Glide at Low to Moderate Temperatures[END_REF] revisits a long-standing problem of work hardening processes and the possibility of reaching a steady state in unidirectional plastic deformation. This problem has recently received strong impetus due to the techniques of severe plastic deformation, which have made it possible to extend the attainable Von Mises equivalent strains from a unity value, limiting conventional tensile tests, to extraordinary values of 10 5 in high pressure torsion. The paper provides a comprehensive review of the question and proposes an explanation for a new strain hardening stage revealed in such deformation processes.

Achieving large strains and the elaboration of materials with complex microstructures put forward the need to take into account rotational modes of deformation, associated with disclinations. A review of field dislocation and disclination mechanics-a crystal plasticity model suggested about fifty years ago in a form based on continuous distributions of defects and developed to further include here the dynamics of rotational discontinuities-is given in [START_REF] Fressengeas | Revisiting the Application of Field Dislocation and Disclination Mechanics to Grain Boundary[END_REF]. Furthermore, the paper considers the application of this concept for modeling grain boundary-mediated plasticity.

Two works concern new approaches to the problem of fatigue behavior of materials [START_REF] Colas | Experimental and Computational Approach to Fatigue Behavior of Polycrystalline Tantalum[END_REF][START_REF] Halama | Modeling the Strain-Range Dependent Cyclic Hardening of SS304 and 08Ch18N10T Stainless Steel with a Memory Surface[END_REF]. In [START_REF] Colas | Experimental and Computational Approach to Fatigue Behavior of Polycrystalline Tantalum[END_REF], the combination of the digital image correlation and electron backscatter diffraction techniques allows revealing the strong heterogeneities of strain and lattice rotation at the free surface of a tantalum polycrystalline aggregate during low cycle fatigue. The crystal plasticity finite element simulation confirms the strongly heterogeneous local ratcheting. These results allow the proposal of a new criterion for the initiation of local fatigue crack based on the local amount of ratcheting plastic strain. A cyclic plasticity model predicting strain range-dependent behavior is proposed and verified for austenitic steels in [START_REF] Halama | Modeling the Strain-Range Dependent Cyclic Hardening of SS304 and 08Ch18N10T Stainless Steel with a Memory Surface[END_REF]. The model considers a virtual back stress, a new internal variable that allows the handling of the material behavior at large strain amplitudes.

Paper [START_REF] Affolter | Ductile Compressive Behavior of Biomedical Alloys[END_REF] revisits the problem of the mechanical characterization of ductile materials via compression tests and the limits of equivalence of tensile and compression test curves. This question being particularly essential in the case of alloys for medical purposes, the proposed compression test method is validated for several biomedical alloys.

Three papers then concern strain localization effects, each work considering this multifaceted problem under different angles and for distinct scale ranges [START_REF] Zuev | Quasi-Particle Approach to the Autowave Physics of Metal Plasticity[END_REF][START_REF] Lebyodkin | Scaling in the Local Strain-Rate Field during Jerky Flow in an Al-3%Mg Alloy[END_REF][START_REF] Carrasco | Effects of Manganese and Zirconium Dispersoids on Starin Localiation in Aluminum Alloys[END_REF]. The "autowave" phenomenon manifested by the occurrence of waves of strain localization during constantrate deformation is addressed in [START_REF] Zuev | Quasi-Particle Approach to the Autowave Physics of Metal Plasticity[END_REF]. Such waves, usually characterized by rather low velocities (<0.1 mm/s), have been observed in a large number of materials. To explain this phenomenon, a general approach based on the wave-particle duality is suggested with the aid of a quasi-particle representation relating waves and quasi-particles through the de Broglie equation. A dual character of self-organized deformation processes manifests itself directly, with no recourse to quantum theory, when a millisecond time resolution is attained. This is the case of [START_REF] Lebyodkin | Scaling in the Local Strain-Rate Field during Jerky Flow in an Al-3%Mg Alloy[END_REF], devoted to the investigation of the statistics of the local strain-rate field during the Portevin-Le Chatelier effect in an AlMg alloy. In addition to the large deformation bands that are characteristic of plastic instability, the high-frequency one-dimensional DIC technique reveals a wave-intermittency duality manifested by a wavy spatial organization of local plastic strain-rate bursts, which obey power-law statistics tantamount to avalanche-like deformation behavior. Strain localization at a considerably finer spatial scale pertaining to slip bands is considered in [START_REF] Carrasco | Effects of Manganese and Zirconium Dispersoids on Starin Localiation in Aluminum Alloys[END_REF] for an Al-Cu-Li alloy prone to significant strain localization effects. By virtue of the interferometry technique, which allows the quantification of strain localization by assessing the surface roughness and computer simulations using discrete dislocation dynamics, the authors find evidence that the presence of Mn and Zr dispersoids may drastically homogenize the plastic strain in the investigated material.

Finally, two papers are devoted to nonconventional materials which are attracting strong attention in view of elaborating lighter materials and simultaneously improving mechanical properties [START_REF] Champion | Understanding the Interdependence of Penetration Depth and Deformation on Nanoindentaton of Nanoporous Silver[END_REF][START_REF] Tanguy | Shear Banding in a Contact Problem between Metallic Glasses[END_REF]. A crystalline silver alloy with a complex microstructure associated with nanometric-size porosity obtained by selective chemical etching is studied in [START_REF] Champion | Understanding the Interdependence of Penetration Depth and Deformation on Nanoindentaton of Nanoporous Silver[END_REF]. Using electron tomography and a nanoindentation technique, the paper aims at interpreting a highly heterogeneous mechanical behavior characterized by a complex relationship between the indenter penetration depth, the porosity, and the microstructure. The case of non-crystalline metallic materials is considered in [START_REF] Tanguy | Shear Banding in a Contact Problem between Metallic Glasses[END_REF], where nanoscale plasticity of bulk metallic glasses is studied theoretically for the case of a spherical nano-indenter. The work shows that plastic strain rearrangements, which describe plasticity in the absence of a long-range order, depend on the choice of the disorder. In particular, the conditions for the spatial organization leading to the formation of macroscopic shear bands are discussed.
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