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Abstract 

 
We present an improved implementation of the viscoplastic self-consistent (VPSC) 

polycrystalline model in an implicit finite element (FE) framework, which accounts for a 
dislocation-based hardening law for multiple slip and twinning modes at the micro-scale crystal 
level. The model is applied to simulate at the macro-scale the highly anisotropic mechanical 
response of wrought α-uranium. In doing this, a finite element integration point is considered as 
a polycrystalline material point, whose meso-scale mechanical response is obtained by the mean-
field VPSC homogenization scheme. Simple compression, simple tension, and simple shear tests 
on polycrystalline wrought uranium are used to demonstrate the accuracy of the implemented 
model. 
 

Introduction 
 

Polycrystal plasticity models have been extensively used to understand and predict the 
mechanical response and microstructure evolution (mostly texture-related aspects) in metals 
subject to finite strains, e.g [1-4]. The degree of sophistication necessary to model accurately a 
material generally correlates with the number and types of deformation modes active in a 
material. Uranium, an important metal for nuclear fuels and defense applications, is a 
challenging material to model because it exhibits 4 different slip modes and 3 different 
deformation twinning modes. Moreover, the operating slip and twinning modes exhibit low 
multiplicity and widely different activation stresses. Consequently, the plastic response is 
markedly anisotropic and hardening depends strongly on texture and on the interactions between 
the slip and twin modes. We have recently showed that a hardening law explicitly based on 
dislocation density evolution implemented within the VPSC homogenization scheme performs 
well in capturing the anisotropic strain-hardening and the texture evolution in uranium [5]. In 
turn, this provides an incentive for incorporating a VPSC-based material subroutine for uranium 
into a finite element framework to facilitate process design and mechanical evaluation of 
uranium components. 

The strategy of embedding the mean-field VPSC model at the meso-scale level in an implicit 
FE analysis was discussed in [6]. In an implicit nonlinear FE formulation, the material 
constitutive model provides the stress and tangent stiffness matrix. In the recent development, 
the tangent stiffness matrix (Jacobian) is obtained analytically and allows for fast convergence 
towards stress equilibrium. This FE Jacobian is obtained as a function of the viscoplastic tangent 
moduli (which has already been calculated as part of the nonlinear self-consistent 
homogenization scheme), the elastic stiffness of the aggregate, and the FE time increment.  

In this paper, we combine these recent advances and present an implementation of the VPSC 
polycrystalline model in implicit finite elements that accounts for a dislocation-density-based 
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hardening law necessary to model the highly anisotropic response of α-uranium. In addition, we 
demonstrate that the VPSC calculations can be performed in the global FE frame rather than in 
the co-rotational frame adopted in the original implementation [6]. Simple compression, simple 
tension, and simple shear tests on polycrystalline wrought uranium are used to demonstrate the 
accuracy of the implemented model.  

 
Micro-Scale Model 

 
The equations underlying the single crystal dislocation-density-based hardening law 

implemented within VPSC were discussed in [7, 8] and are briefly summarized here. Plastic 
deformation in each grain occurs via the activation of both slip and twin modes. The 
corresponding slip or twin shear rate,

 
sγ , on a given system, s, is given by the power-law: 
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Here, s

oγ , m, sτ , and s
oτ , are the reference slip rate, the rate-sensitivity exponent, resolved shear 

stress and critical resolved shear stress (CRSS) on the slip/twin system, respectively.  
 Consistent with experimental evidence, the following four slip modes (010)[100],  
(001)[100], ½{110}<1-10> and ½{1-12}<021> and two twin modes {130}<3-10> and {172}<3-
12> are considered as potential systems for accommodating the imposed plastic strain. A rate-
sensitivity exponent, m=0.1, is taken to be the same for all slip and twinning modes. The critical 
resolved shear stresses (CRSS) of all slip systems or twin variants within one mode α (or family) 
in a grain are assumed to exhibit the same resistance. In the case of slip, the CRSS is expressed 
as a sum of a friction stress ατ o , a forest dislocation interaction stress ατ for , and a dislocation 
substructure interaction stress ατ sub , i.e. 
 

                                             
ααα ττττ subforo

s
c ++=                                                                            (2) 

 
The evolution of ατ for  and ατ sub  is governed by the evolution of the forest αρ for  and substructure 

αρ sub  dislocation densities, as explained in detail in [8]. The CRSS for twin activation accounts 
for the friction term βτ c and a latent hardening term coupling slip and twin systems. The critical 
resolved shear stress for twinning is given by 
 
                                        ∑+=

β
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                        (3) 

 
Here, βµ , βb  and αβC are the elastic shear modulus on the system, the Burgers vector or shear 
direction of a given system, and the latent hardening matrix, respectively. The twin 
transformation is modeled via the composite grain (CG) model [9]. In brief, CG consists of 
identifying in each grain the twin system with the highest shear rate among all active twin 
systems, i.e. the predominant twin system (PTS), and partitioning the grain into a stack of flat 
ellipsoids having the crystallographic orientation of the predominant twin and the matrix, 
respectively. The short axes of the ellipsoids are perpendicular to the twin plane.  As shear is 
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being accommodated by the twin, the corresponding volume fraction is transferred from the 
parent to the twin. The ellipsoids representing the twins thicken and the ones representing the 
parent shrink. Except for the volume transfer coupling, the twin and the parent ellipsoids are 
treated as independent inclusions in the model. 
 

Meso-Scale Model 
 
At polycrystal level, the use of a rigid-viscoplastic approach implies that the constitutive 
relations at single-crystal level can be expressed in terms of Cauchy stress deviator σ′  and the 
(Eulerian) viscoplastic strain-rate vpε [1]:  
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where the sum runs over all Nk slip and twin systems and mk is the Schmid tensor associated with 
slip or twinning system k. A linear relation (an approximation of the actual local nonlinear 
relation, Eq. 3) is assumed between )r(

vpε  and )r(σ′ , i.e. 
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where )r(M and )r(oε  are the linearized viscoplastic compliance and back-extrapolated strain-

rate of grain (r), respectively. The behavior of the single crystals can be homogenized assuming a 
linear relation at the effective medium (polycrystal, px) level: 
 

                                           
)px(o)px()px()px(

vp : εσε  +′= M                        (6)  
 
where )px(

vpε  and )px(σ′  are the effective (polycrystal) deviatoric strain-rate and stress tensors 

and )px(M  and )px(oε  are the tangent viscoplastic compliance and back-extrapolated strain-rate 
of an a priori unknown homogeneous medium that represents the behavior of the polycrystal. 
The usual procedure to obtain the homogenized response of a linear polycrystal is the linear self-
consistent method. The problem underlying the self-consistent method is that of a single crystal r 
of moduli )r(M and )r(oε , embedded in an infinite medium of moduli )px(M  and )px(oε , which 

can be obtained using standard self-consistent analysis.  
The above numerical scheme can be used to predict the stress-strain response and the 

microstructure evolution of the polycrystal (crystallographic and morphologic texture and 
hardening evolution), by applying the viscoplastic deformation to the polycrystal in incremental 
steps. The latter is performed assuming constant rates during a time interval t∆  and using the 
strain-rates )r(

vpε  and rotation-rates )r(ω  (times t∆ ) to update the shape and orientation of the 
grains. The shear rates (times t∆ ) are used to update the critical stress of the deformation 
systems due to strain hardening, after each deformation increment.  
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Macro-Scale Model 
 

In our implementation of VPSC as an UMAT in ABAQUS-Standard, we write the total strain 
increment ( ε∆ ) as the sum of the elastic ( elε∆ ) and viscoplastic ( vpε∆ ): 
 

                                vp
1

vpel : εσεεε ∆+∆=∆+∆=∆ −C                        (7) 
 
where C is the elastic stiffness of the polycrystalline material point, σ∆  is the Cauchy stress 
increment, and ( )σεε vpvp ∆=∆  is computed using the VPSC model for each polycrystalline 
material point. 

In an earlier work [6], the VPSC calculations were performed in a local co-rotational and the 
texture was represented in this moving frame. In our new implementation, the polycrystalline 
material undergoes the macroscopically-imposed rotation at every time increment, in addition to 
a rotation due to the plastic spin and antisymmetric part of the Eshelby tensor. The polycrystal 
elastic stiffness and the viscoplastic strain increment are calculated using the VPSC model in the 
global frame. The benefit of the new implementation is that field variables are not rotated 
between the global and co-rotational frame. 

The macro-scale constitutive model is formulated incrementally, using the Jaumann rate: 
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Integrating Eq. (8) from time t to tt ∆+  gives: 
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∇
C              (9) 

 
At macroscopic level, the applied load is divided in increments, and the equilibrium at each 

increment is obtained by means of the FE analysis in an iterative fashion, using a global 
nonlinear solver. The load increment is controlled by time. Once the problem has being solved at 
time t, the solution for the next time increment requires the polycrystal model to provide a 
tangent stiffness (Jacobian) matrix εσ ∆∂∆∂=tgC  for each material point, in order for the FE 
scheme to compute an initial guess for the nodal displacements at t + Δt. The strain increments 
obtained from that prediction at each material point, FEε∆ , together with the stress tσ  and the 
set of internal state variables corresponding to the previous increment, are used inside UMAT to 
calculate a new guess for the stress and the Jacobian at t + Δt. When convergence in stress 
equilibrium is achieved by the global nonlinear scheme, the new values (at t + Δt) of the stresses, 
the internal variables, and the Jacobian matrix are accepted for every node, and the calculation 
advances to the next increment. For a given FEε∆ , the VPSC-based UMAT is based on the 
minimization procedure described in [6] and is summarized here. 

The elastic constitutive relation for the stress in the material point at  t + Δt: 
 

                                  
( )vp

t
el
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where C is the elastic stiffness of the polycrystal. In this context, the natural choice for C is to 
use the elastic self-consistent (ELSC) estimate. Note that an ELSC calculation for the 
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determination of C is implemented in the VPSC code, at the beginning of each deformation 
increment. Hence, the textural changes are also accounted for in determining the elastic modulus 
of the polycrystalline material element.  

Using Eq. (10) and the viscoplastic constitutive relation, we obtain: 
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For a given trial strain increment FEε∆ , we define the residual ( )σX ∆  at each material point as a 

nonlinear function of the stress increment ttt σσσ −=∆ ∆+ : 
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The condition ( ) 0=∆σX  (i.e. FEεε ∆=∆ ), is enforced using a Newton-Raphson (NR) scheme 
to solve the nonlinear system of equations. The corresponding Jacobian NRJ  is given by: 
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Hence, given a guess 1k−∆σ  for the stress increment, the new guess is obtained as: 
 

                    ( ) ( )1k1k1
NR

1kk : −−−− ∆∆−∆=∆ σXσσσ J            (14) 
 
This approach provides a closed expression for the FE Jacobian as a function of the viscoplastic 
tangent moduli (calculated as part of the VPSC algorithm), the elastic stiffness of the aggregate, 
and the FE time increment. The use of this expression greatly reduces the overall computational 
cost, because the polycrystal's stress and the elasto-viscoplastic tangent stiffness tensor are 
obtained from the same calculation loop. Moreover, the FE Jacobian allows for the quadratic 
convergence of the macroscopic nonlinear equations. 

 
Validation of the VPSC-based UMAT for Uranium 

 
We first compare the results of the ABAQUS-VPSC implementation, against stand-alone 

(SA) VPSC calculations, for cases involving homogenous polycrystalline properties and simple 
boundary conditions, i.e. the type of configuration the stand-alone VPSC model can handle. For 
this purpose, we used straight rolled polycrystalline uranium in its annealed condition. The initial 
texture shown in Fig. 1 was represented by 1000 weighted orientations. The VPSC constitutive 
parameters for uranium are taken from a previous study on the same material [5]. 

Simple tension, simple compression, and simple share tests were simulated with the VPSC-
based UMAT and compared with SA-VPSC for an applied deformation of 0.2. We considered 
the simple FE model of a single linear element C3D8 (8 nodes, and 8 integration points) with 
displacements imposed along the 2-direction for compression and tension and stress-free 
boundary conditions on the lateral faces. The simple shear of the same element was simulated for 
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an applied deformation gradient 32 eeIF ⊗+= γ , with 2.0=γ . This analysis was performed in 
order to check the correct treatment of rotations under finite-deformation kinematics. The 
predicted stress-strain curves and pole figures predicted by the two models are in excellent 
agreement (see Figs. 2-4).  

 
 
 

 
Figure 1: Pole figures showing the initial texture in the as-annealed uranium. 

 
 

 

 
 

Figure 2: Predictions of the FE-VPSC UMAT described here compared with the corresponding 
predictions of SA-VPSC for compression in 2 direction of uranium: stress-strain curves and pole 
figures at strain of 0.2 (SA-VPSC top row and FE-VPSC bottom row).  

 

 

Figure 3: Predictions of the FE-VPSC UMAT described here compared with the corresponding 
predictions of SA-VPSC for tension in 2 direction of uranium: stress-strain curves and pole 
figures at strain of 0.2 (SA-VPSC top row and FE-VPSC bottom row).  
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Figure 4 Predictions of the FE-VPSC UMAT described here compared with the corresponding 
predictions of SA-VPSC for simple shear in 23 direction of uranium: stress-strain curves and 
pole figures at strain of 0.2 (SA-VPSC top row and FE-VPSC bottom row).  

Finally, simple compression experiments were performed on cylinders cut from a textured 
(see Fig. 1) uranium (straight rolled) sheet in two different directions, the rolling direction (1) 
and the through-thickness direction (3). These tests were used to further validate the 
implemented FE-VPSC UMAT and illustrate the strong effect of texture-induced anisotropy on 
the mechanical response of uranium. The geometrical changes of the samples are shown in Fig. 
5. The FE model consisted of approximately 1000 C3D8 elements with the same 1000 grains at 
each integration point (see Fig. 1). Our results indicate the presence of a significant anisotropy in 
the material flow. The accuracy of our simulation results relative to the geometrical changes 
observed experimentally, demonstrate that the VPSC-based UMAT implementation adequately 
captures the complex deformation behavior (texture-induced anisotropy) observed in uranium.   

 

 

Figure 5: Comparison of predictions using the VPSC-based UMAT and experimentally 
measured cross-sections of cylinders compressed up to strain of 0.2 in the direction 3 (on the 
left) and in the direction 1 (on the right). The external nodal coordinates of the deformed FEM 
model are superimposed on the experimentally deformed samples of uranium.  

795



Acknowledgement 
 
This work was supported in part by the US Department of Energy under contract number DE-
AC52-06NA25396 . 
 

References 
 

1. R. A. Lebensohn and C. N. Tomé, 'A self-consistent anisotropic approach for the simulation of 
plastic deformation and texture development of polycrystals: Application to zirconium alloys', 
Acta Metallurgica et Materialia 41 (1993) 2611-24. 
2. R. A. Lebensohn, C. N. Tome and P. Ponte Castaneda, 'Self-consistent modelling of the 
mechanical behaviour of viscoplastic polycrystals incorporating intragranular field fluctuations', 
Philosophical Magazine 87 (2007) 4287-322. 
3. M. Knezevic, H. F. Al-Harbi and S. R. Kalidindi, 'Crystal plasticity simulations using discrete 
Fourier transforms', Acta Materialia 57 (2009) 1777-84. 
4. S. R. Kalidindi, C. A. Bronkhorst and L. Anand, 'Crystallographic Texture Evolution in Bulk 
Deformation Processing of Fcc Metals', Journal of the Mechanics and Physics of Solids 40 
(1992) 537-69. 
5. M. Knezevic, L. Capolungo, Carlos N. Tome, R. A. Lebensohn, D. J. Alexander, B. Mihaila 
and R. J. McCabe, 'Anisotropic stress-strain response and microstructure evolution of textured α-
uranium', Acta Materialia in press (2011). 
6. J. Segurado, R. A. Lebensohn, J. Llorca and C. N. Tomé, 'Multiscale modeling of plasticity 
based on embedding the viscoplastic self-consistent formulation in implicit finite elements', 
International Journal of Plasticity 28 (2012) 124-40. 
7. R. J. McCabe, L. Capolungo, P. E. Marshall, C. M. Cady and C. N. Tomé, 'Deformation of 
wrought uranium: Experiments and modeling', Acta Materialia 58 (2010) 5447-59. 
8. I. J. Beyerlein and C. N. Tomé, 'A dislocation-based constitutive law for pure Zr including 
temperature effects', International Journal of Plasticity 24 (2008) 867-95. 
9. G. Proust, C. N. Tomé and G. C. Kaschner, 'Modeling texture, twinning and hardening 
evolution during deformation of hexagonal materials', Acta Materialia 55 (2007) 2137-48. 
 
 

796


	Welcome
	TMS Proceedings 2012
	Book Listing
	Symposia Listing
	Links to Symposia Published Elsewhere
	About TMS
	Final Program and Exhibit Directory
	Help
	Print
	Search
	Exit
	Supplemental Proceedings: Volume II: Materials Properties, Characterization, and Modeling
	Title Page
	ISBN/Copyright Information
	Table of Contents
	2012 Functional and Structural Nanomaterials: Fabrication, Properties, Applications and Implications
	Carbon Nanomaterials
	Photo-Ignition of Liquid Fuel Spray and Solid Fuel through Carbon Nanotubes

	0-Dimensional Nanomaterials
	Citrate Mediated Wet Chemical Synthesis of Fe Doped Nanoapatites: A Model for Singly Doped Multifunctional Nanostructures

	1-Dimensional Nanomaterials and ZnO
	P-Type Conductive Behaviors of AlN Co-Doped ZnO Films Deposited by the Atomic Layer Deposition
	Zinc Oxide Nanorods by the Pulsed Plasma in Liquid and their Photocatalytic Property

	Nanomaterials for Energy Technology
	3D Multiwall Carbon Nanotubes (MWCNTs) for Li-Ion Battery Anode

	Structural Nanomaterials
	Obtaining and Characterization of Nanostructured Al-Sr Master Alloys
	Refinement of Ligaments of Nanoporous Ag Ribbons by Controlling the Surface Diffusion of Ag

	Joint Session with "2012 Surface and Heterostructures"
	Synthesis and Characterization of Core-Shell TaNx Nanocomposites

	POSTER SESSION
	Effects of Calcination Conditions on Particle Size and Morphology of NiFe2O4 Nanoparticles Synthesized by Solid-State Reaction
	Raman Spectroscopy of Graphene and Plasma Treated Graphene under High Pressure
	RTS Noise Analysis in Fin-type Silicon-Oxide-High-k-Oxide-Silicon Flash Memory
	Atmospheric-Pressure Plasma Sintering of Silver Nanopaste Screen-Printed on PI
	Electrical Characterization in Pillar Type Silicon-Oxide-Nitride-Oxide-Silicon Flash Memory using Bandgap Engineering Method
	The Post-Annealing Effects of N-Doped ZnO Films Deposited by the Atomic Layer Deposition


	Computational Thermodynamics and Kinetics
	Thermodynamics
	Determinants of Thermal Stability in Nano-sized Binary Alloys
	Thermodynamic Modeling of Peirce-Smith Converter Slag at the Chagres Smelter, Chile

	Phase-Field Simulations in Alloys I
	Phase Field Modeling of Coherent Zirconium Hydrides Reorientation under Applied Load

	Phase-Field Simulations in Alloys II
	Numerical Modeling of Dendritic Growth During Solidification of Alloys Using Lattice Boltzmann and Cellular Automaton Methods

	POSTER SESSION
	A Kinetic Study of the Leaching of Germanium Dust and Fume by Sulfuric Acid
	Establishment and Analysis of the Composite Key Stratum Model Layer on the Winkler Foundation
	Convex Projection to Estimate Heat Content of Cold Charges in Peirce-Smith Converting


	Defects and Properties of Cast Metals
	Metal Cleanliness
	Edited by
	Films and Bifilms Œ An Update
	Fluid Flow and Inclusion Entrapment in the Runner Steel During Ingot Casting
	Modeling of Die Filling of Low-Pressure Die-Cast Aluminum Alloy Wheels
	Quench Sensitivity of 2024, 6063 and 7075
	Effect of Different Casting Parameters on the Cleanliness of High Manganese Steel Ingots Compared to High Carbon Steel
	Tensile Properties, Porosity and Melt Quality Relation of A356
	Investigation on Non-metallic Inclusions of Q420 Ingots Cast by Bottom Teeming

	Porosity
	Effect of Porosity on Deformation, Damage, and Fracture of Cast Steel
	Detection and Influence of Shrinkage Pores and Non-Metallic Inclusions on Fatigue Life of Cast Aluminum Alloys
	Relationship between Pores Volume (by Density Measurements) and Pores Area (on Fracture Surfaces) of A356 Fatigue Specimens
	Non Homogenous Microstructure of Cast Iron Components Œ Challenge for Fatigue Evaluation of Non-Destructively Tested "Defect Free" Components

	Hot Tearing
	The Importance of Solidification Structure with Respect to Hot Tearing during Continuous Casting of Steels
	Hot Tearing Susceptibility in DC-Cast Aluminum Alloys
	Solidification Phenomena during Casting of Stainless Steel/Cast Iron Composites
	Hot Tear Susceptibility of Al-Mg-Si Alloys with Varying Iron Contents
	The Analytical Model of Microsegregation for Solute Elements in Solidifying Mushy Zone of Steel

	Solidification Structure and Segregation
	A Multi-Scale 3D Model of the Vacuum Arc Remelting Process
	Identification of Defect Prone Peritectic Steel Grades by Analyzing the High Temperature Phase Transformations
	Effect of Deformation on Microsegregation in Cast Structure of Bearing Steel
	Effects of Section Size And Cooling Rate on Microstructure and As-Cast Properties of Investment Cast CO-CR Biomedical Alloy
	Molecular-Dynamics Simulations of NI-Based Superalloys
	Numerical Simulation on Solidification Microstructure of Cast Steel using Cellular Automaton Method
	Microstructure Simulation in Pressurized Solidification during Squeeze Casting of Aluminum Alloy A356
	Modeling of Melt Mixing Phenomena in Cast Iron with Dual Graphite Structure

	Ductility, Creep, Stress and Cracks
	Thermal-Mechanical Model Calibration with Breakout Shell Measurements in Continuous Steel Slab Casting
	Effect of Cooling Structure on Stress Distribution of Copper Plates of Slab Continuous Casting Mold
	Reasonable Temperature Schedules for Cold or Hot Charging of Continuously Cast Slabs
	Deformation Prediction of a Heavy Hydro Turbine Blade During Casting Process with Consideration of Martensitic Transformation

	Novel Processes and Applications
	Automated Vision System for Inspection of Surface Casting Defects Based on Advanced Computer Techniques
	Flux Entrapment Defects in Electroslag Remelting of High Ti, Low Al Nickel Based Superalloys
	Defect Control on Al Castings for Excellent Quality and Improved Performances through Novel Rheocasting Processes
	Defect Elimination in Cast Al Components via Friction Stir Processing
	Ribbon-Substrate Adhesion and Catastrophic Sticking in the Planar-Flow Melt Spinning of Metals


	Deformation, Damage, and Fracture of Light Metals and Alloys
	Session I
	A Macroscopic Yield Function Coupled with Crystal Plasticity Theory for Modeling Forming of AZ31 Magnesium Alloy Sheets

	Session II
	Effect of Corrosion on the Strength of Fillet Arc Welded Cu-Lean AA7xxx Joints
	Micro-Shear Stress and Damage Predictions from Hydrostatic Stress Loading of Aluminum Alloys 7075, 7039, and 7020

	Session III
	Deformation Twinning Activation of TI-6AL-4V under Different Loading Conditions
	Impact Response and Dislocation Substructure of Ti-6Al-4V Alloy at Cryogenic Temperatures

	Session IV
	Low Temperature Superplastic Deformation of Mg-Bi-Si Alloys

	Session V
	Microstructure, Texture and Mechanical Properties of Mg-Gd-Nd-Y-Zn Alloy Manufactured under Various Thermomechanical Treatments

	POSTER SESSION
	Correlation between Melt Quality and Fatigue Properties of 2024, 6063 and 7075


	Emeritus Professor George D.W. Smith Honorary Symposium
	Steels I
	Microstructural Characterisation of Nanometre Scale Irradiation Damage in High-Ni Welds
	Ultrahigh Strength Pearlitic Microstructures: Contributions by George D. W. Smith
	Atom Probe Analyses of Advanced Sheet Steels

	Steels II and Superalloys
	High Strength Conductors for High Field Magnets
	Initial Age Hardening and Nanostructural Evolution in a Cu-Ni-P Alloy


	From Macro to Nano, Understanding Mechanical Behavior across Length Scales: A Structural Materials Division Symposium in Honor of Robert Ritchie
	Fatigue
	A Comparison of Cast Aluminum Bulkhead Fatigue Resistance: The Effect of Specimen Geometry

	Small Scale Mechanical Behavior and Theory
	Mechanical Behavior at the Limit of Strength

	Deformation and Fracture
	Tensile Deformation of Quenched and Partitioned Steel - A Third Generation High Strength Steel

	Mechanical Behavior of Novel Materials
	Adhesion of Nickel-Titanium Shape Memory Alloy Wires to Polymeric Materials: Theory and Experiment


	General Poster Session
	Session I
	Mechnical Behavior of Porous NiAl Fabricated by Unidirectional Solidification
	Phase Decomposition in Isothermally-Aged Fe-Cr Alloys
	Investigation of the Polymer Composite Materials Reinforced by Hybrid Carbon and Basalt Fibers
	Wettability and Interfacial Microstructure of Pb-Free Sn3.5Ag Alloy Powders on Cu Substrate
	Existence of Niobium in Ductile Iron and Its Effect on the Morphology of Graphite Ball
	Mechanical Properties of Nanocomposites Based on PA6 Blends
	Effect of Carbon on Structural Changes in Ni3Al Phase


	Integrative Materials Design: Performance and Sustainability
	Processing and Properties of Advanced Steels & Sustainable Design, Life-Cycle Analyses, and Recycling
	The Contribution of Niobium Bearing Steels and Enhanced Sustainability


	Materials Design Approaches and Experiences III
	Non-ferrous Alloys and Processes
	Tools for Manipulating Precipitation Processes: Alloy and Process Design

	High Strength Steels
	Alloy Design of 9% Cr Steel for High Efficiency Ultra-Supercritical Power Plants
	Microstructural Studies on Thermomechanically Processed Plain Carbon Dual Phase Steel

	Joining and Microstructure-Property Relationships
	Heat Treatment Effects on Creep Behavior of Directionally Solidified CM247LC Superalloy


	Mechanical Behavior at Nanoscale I
	In-situ Technique on Deformation Process
	Localized Crystal Rotation in Gum Metal at Ideal Strength

	Deformation/strength at Nanoscale and Li-induced Deformation
	Study of Dislocation Climb at Nanovoids in BCC Metal

	POSTER SESSION
	Processing of ta-C Protective Films on  a Mold for Glass Lenses
	Effects of Ti on Electronic Structure and Mechanical Property of Uranium: a First-Principles Study
	Mechanical Behavior for Different Cutting Directions on Copper and Rhodium Single Crystals
	Investigation of the Crystal Structure on the Nanomechanical Properties of Pulsed Laser Deposited NbN Thin Films
	Nanomechanical Properties of Hydrogen Implanted AlN for Layer Transfer by Ion-Induced Splitting
	Nanomechanical Properties of Atomic Layer Deposition Sb2Te3 Thin Films
	The Role of Stacking Fault Energy and Deformation Twinning on the Indentation Size Effect of FCC Pure Metals and Alloys
	Investigation of the Indentation Size Effect in FCC Metals Using Activation Volume Analysis
	Nanoindentation Investigation of VO2 Films Synthesized by Reactive Bias Target Ion Beam Deposition (RBTIBD)


	Minerals, Metals and Materials under Pressure
	Damage and Microstructure
	Continuum Scale Material Modeling under Large Strain, Strain Rates and Pressure Incorporating Microstructure Effect


	Stochastic Methods in Materials Research
	Session I
	Research on Prediction of the Stability of Partially Stabilized Zirconia Prepared by Microwave Heating Using Levenberg Marquardt-Back Propagation Neural Network
	Stochastic Geometry and Transformation Kinetics Theories: Basics and Results


	Symposium in Memory of Patrick Veyssière: Understanding the Mechanisms Controlling Plastic Flow
	Plastic Flow
	Finite Element Implementation of a Self-Consistent Polycrystal Plasticity Model: Application to a-Uranium

	Intermetallic Alloys
	Some Long-Period Superstructures and the Related Motion of Dislocations in Al-Rich TiAl Single Crystals

	Deformation Mechanisms
	A Comparison of Dislocation Microstructures Formed during Severe Plastic Deformation of an Al-2.5 Mg Alloy at Room and Cryogenic Temperatures and Their Effect on Alloy™s Room-Temperature Strength


	Ultrasonic Fatigue of Advanced Materials and Systems
	Ultrasonic Fatigue of Metals and Alloys I
	Edited by
	Damage Mechanisms in the VHCF Regime in Quasi Defect-Free Metals Regarding Different Levels of Microstructural Inhomogeneity
	Comparison of Fatigue Property of Metallic Materials under Conventional and Ultrasonic Testing Methods

	Ultrasonic Fatigue of Metals and Alloys II; Very High Cycle Fatigue of Composites and MEMS
	Ultrasonic Fatigue of Ti6Al4V in the Very High Cycle Fatigue Regime
	In-Situ Characterization of the Damage Evolution of Welded Aluminum Alloy Joints during Very High Cycle Fatigue (VHCF) with Nonlinear Ultrasonic Technique
	Ultrasonic Fatigue of Aluminum Matrix Composites (AMC) in the VHCF-Regime
	Ultrasonic Fatigue Testing System Combined with Online Nondestructive Testing for Carbon Fiber Reinforced Composites


	TMS2011 General Poster Session
	Magnetic Materials for Energy Applications
	Note
	Phase Transformation and Magnetic Properties of Pr2Co7 Intermetallics


	TMS2011 General Abstracts: Structural Materials Division
	Applications
	Note
	Hot Deformation Behavior of Ti-6Al-4V Alloy with (alpha)™ Martensite Starting Microstructure



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Subject Index
	3
	6
	7
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	FINITE ELEMENT IMPLEMENTATION OF A SELF-CONSISTENT POLYCRYSTAL PLASTICITY MODEL: APPLICATION TO α-URANIUM
	Abstract
	Introduction


 
 
    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.000 x 9.000 inches / 152.4 x 228.6 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20110916112600
       648.0000
       ECS
       Blank
       432.0000
          

     Tall
     1
     0
     No
     87
     310
     None
     Right
     0.7200
     0.0000
            
                
         Both
         35
         AllDoc
         57
              

       CurrentAVDoc
          

     Uniform
     0.0000
     Top
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.9b
     Quite Imposing Plus 2
     1
      

        
     7
     8
     7
     8
      

   1
  

    
   HistoryItem_V1
   TrimAndShift
        
     Range: all pages
     Trim: fix size 6.000 x 9.000 inches / 152.4 x 228.6 mm
     Shift: none
     Normalise (advanced option): 'original'
      

        
     32
            
       D:20090407132547
       648.0000
       ecs
       Blank
       432.0000
          

     Tall
     1
     0
     No
     0
     282
    
     None
     Left
     2.1600
     0.0000
            
                
         Both
         10
         AllDoc
         15
              

       CurrentAVDoc
          

     Uniform
     504.0000
     Right
      

        
     QITE_QuiteImposingPlus2
     Quite Imposing Plus 2.0g
     Quite Imposing Plus 2
     1
      

        
     0
     8
     7
     8
      

   1
  

 HistoryList_V1
 qi2base





