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Abstract. MD simulations in monocrystalline and bicrystalline copper were carried out with LAMMPS 
to reveal void growth mechanisms. The specimens were subjected to both tensile uniaxial and hydrostatic 
strains; the results confirm that the emission of (shear) loops is the primary mechanism of void growth. 
However, these shear loops develop along two slip planes (and not one, as previously thought), in a heretofore 
unidentified mechanism of cooperative growth. The emission of dislocations from voids is the first stage, and 
their reaction and interaction is the second stage. These loops, forming initially on different {111} planes, 
join at the intersection, the Burgers vector of the dislocations being parallel to the intersection of two {111} 
planes: a (110) direction. Thus, the two dislocations cancel at the intersection and a biplanar shear loop is 
formed. The expansion of the loops and their cross slip leads to the severely work hardened layer surrounding 
a growing void. Calculations were carried out on voids with different sizes, and a size dependence of the 
stress response to emitted dislocations was observed, in disagreement with the Gurson model[l] which is 
scale independent. Calculations were also carried out for a void at the interface between two grains. 
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INTRODUCTION 

Fracture of ductile metals occurs by nucleation, 
growth and coalescence of voids[2]. There have been 
a number of proposed continuum models for the 
growth of voids in both two and three dimensions[l, 
3, 4]. However, until recently there was no well es
tablished atomistic mechanism for void growth, and 
the model proposed by Cuitifio and Ortiz[5] is based 
on vacancy pipe diffusion. Lubarda et al.[6] demon
strated that the vacancy diffusion mechanism is only 
applicable at low strain rates and/or high tempera
tures, and is therefore only relevant in creep deforma
tion. Failure in creep is preceded by void nucleation 
and growth at the grain boundaries and has been suc
cessfully modeled using the diffusion equation by 
Raj and Ashby[7]. The regime encountered in laser 
compression is radically different, with strain rates 
on the order of 10^ s^' and higher 

Analytical results by Lubarda et al.[6] and 
molecular dynamics simulations by Rudd 
and coworkers[8-ll] and Marian, Knap and 
Ortiz[12, 13] indicate that dislocation emission 
from the growing voids is the primary mechanism 
of radial material transfer required for expansion. 
Both prismatic and shear loops were postulated[6] 
and observed in MD simulations[8-14]. It is the 
objective of this report to analyze the growth of 
voids in greater detail. The grain boundary nature 
and void size were altered to examine their effect on 
growth mechanisms. 

EXPERIMENTAL OBSERVATION 

Dislocation activity around a void growing in the 
spall regime of shock compressed copper was re
ported by Meyers and Aimone[15] and Christy et 

343 

02.70.Ns


Hydrostatic Strain 
Uniaxial Strain 

FIGURE 1. Evidence of slip around growing voids. 

0 0.025 0.05 0.075 0.1 0.125 0.15 0.175 0.2 
Strain 

FIGURE 2. Stress-strain relations for uniaxial strain 
against hydrostatic strain loading for Inm void radius. 

al.[16]. Fig.l shows slip bands emanating from voids 
that nucleated at grain boundaries in copper. How
ever, the exact nature of dislocation generation and 
evolution cannot be obtained from these observa
tions. This requires detailed analysis methods such 
asMD. 

COMPUTATIONAL APPROACH 

The molecular dynamics LAMMPS (Large-
scale Atomic/Molecular Massively Parallel 
Simulator) [17] code was used in this investiga
tion. For the FCC copper structure an EAM[18] 
Mishin[19] potential was used. The number of 
atoms was varied from 10^ to 10^, and calculations 
were performed on parallel PCs and supercomputer 
at San Diego Super Computer Center. 

The single crystal copper domain was 
lOxlOxlOnm with Inm radius spherical void at 
center. This gives a void volume fraction of 0.42%. 
A periodic boundary was used with two types of 
loading: hydrostatic expansion strain and uniaxial 
expansion strain. The domain size was also reduced 
to 0.5nm radius void and enlarged to 2.0nm radius 
void while fixing void volume fraction at 0.42%. 
The different sized domains were subjected to 
uniaxial strain along [001]. All simulations were 
done at a strain rate of 10^ s^^(2000 picoseconds, 
20% volume strain). Visualization of stacking faults 
representing dislocations was done with a filter 
using a centrosymmetry parameter[20]. A bicrystal 
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FIGURE 3. Stress-strain relations for different void 
sizes, showing size-scale dependence of yield stress. 

copper domain was constructed with two single 
crystal cubes sharing a tilt boundary, 0 = 43.6°. 
The domain underwent annealing and relaxation to 
minimize grain boundary energy; a spherical void 
was cut followed by a second relaxation to minimize 
void surface energy. Uniaxial volume strain was 
applied at a strain rate of 5 x 10^ s^^ 

RESULTS 

Hydrostatic and uniaxial strain simulations show a 
difference in the yield stress (the stress at which 
the voids start growing); the yield stress for uniaxial 
strain was lower. Fig.2. This difference is due to the 
fact that the shear stresses resulting from hydrostatic 
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FIGURE 4. Sequences of loop nucleation and growth, 
(2.0nni radius void; uniaxial strain)(Rendered atoms and 
their sketched counterparts). 
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FIGURE 5. Top view of two perfect dislocations. 
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FIGURE 6. Top view of partial dislocations. 

strain are considerably lower than in the case of 
uniaxial strain. An additional, but related, effect is 
that the formation of dislocations under hydrostatic 
strain was generally more complex. 

The size-scale dependence of yield stress can be 
observed in uniaxial strain simulations with various 
sizes of domains. Fig.3. The void fraction was kept 
constant at 0.42%. As the void size increases, the 
yield stress drops: it is llGPa for 0.5nm and 7GPa 
for 2nm void. This is in opposition to the Gurson 
criterion, which is size independent. The formation 
of loops in uniaxial strain loading is more consistent 
and easier to study than in hydrostatic loading, Fig.4. 

Fig.4 shows both the MD simulations(left) and 
models for generation and propagation of disloca-
tions(right) at increasing times. Shear loops on dif
ferent {111} planes connect at the (110) intersection 
(Figs.4a,b), then extend away from void (Figs.4c,d). 

As the leading partial expands, the trailing partial 
follows it. More complex dislocation interactions 
take place as the shear loops propagate outwards 
(Figs.4e,f). 

In general the stacking fault consists of two lay
ers of atoms composing the plane of the dislocation. 
When an additional layer forms itself on top of these 
two layers, the plane opens up with trailing edge of 
dislocation closing the stacking fault. At this point, 
it becomes a shear loop with a narrow stacking fault 
band. Shear loops continue to travel outward from 
the void surface as they transport material, accom
modating the growth of void. 

Dislocation planes are of the family {111}. Partial 
dislocations on two planes interact at the initiation 
stage, forming an angle in which they tie and travel 
together as they expand. This interaction happens for 
any two partial dislocation planes that nucleate next 
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dislocation loops are emitted from the void surface, 
interact and travel together as the strain increases. 
Fig.7. One can see at least two biplanar shear loops 
emanating from the void in Fig.7(marked 1 and 2), 
one in each grain. The dislocation interactions are 
more complex because the number of slip planes 
involved is twice as high. The results presented here 
are only preliminary, and several parameters for 
bicrystal orientation are being varied to allow the 
extraction of more meaningful results. 
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FIGURE 7. Shear loops and interaction in bicrystals 
simulation with uniaxial strain. REFERENCES 

to each other. Fig.4. 
A more detailed dislocation analysis is shown in 

Figs.5 (perfect dislocations) and 6 (partial disloca
tions). In Fig.5, two perfect dislocation loops, bi and 
^2, forming on (111) and (111), respectively, in
teract from the early state of dislocation formation. 
They have parallel Burgers vectors but are on dif
ferent planes. The intersection line is also aligned 
with [oil] which allows the two dislocations to 
glide without forming sessile segments. Actually, 
they cancel each other at the (110) intersection. 

The interaction of perfect dislocations can be ex
tended to partial dislocations (Fig.6). The leading 
partials ^4 and b^ react and form a sessile disloca
tion I [100]; the trailing partials form an opposite 
dislocation |[100]. They cancel each other as the 
partials move, leaving the crystalline structure undis-
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It should be noted that dislocation reactions should 
be: bi — Z'2(and, accordingly, b^ — b^ and b^ — fc^) be
cause of the dislocation loop line vectors in the (111) 
and (111) which are opposed. 

Bicrystal simulation, although done at much 
higher strain rate (5 x lO' s^') shows results con
sistent with single crystal void growth. Partial 

10. 

11. 

12. 
13. 

14. 

15. 
16. 

17. 

19. 

20. 

Gurson, A., J.EngrMater.Teck, 99, 2 (1977). 
McClintock, P., Argon, A., Backer, S., and Orowan, 
¥,., Mechanical Behavior of Materials, A.W., 1966. 
Needleman, A., and Tvergaard, V., 
JMeckPhys.Solids., 32, 461 (1984). 
Tvergaard, V., and Needleman, A., Acta Mat., 32, 
157(1984). 
Cuitino, A., and Ortiz, M., Acta Mat, 44, 863 (1996). 
Lubarda, V., Schneider, M., Kalantar, D., Remington, 
B., and Meyers, U.,ActaMat., 53, 1397 (2004). 
Raj, R., and Ashby, M., ActaMet, 23, 653 (1975). 
Rudd, R., and Belak, J., Co.Mat.Sci., 24, 148 (2002). 
Seppala, E., Belak, J., and Rudd, R., Phys.Rev.B, 69, 
1 (2004). 
Seppala, E., Belak, J., and Rudd, R., PRL, 93, 1 
(2004). 
Seppala, E., Belak, J., and Rudd, R., Phys.Rev.B, 71, 
1 (2005). 
Marian, J., Knap, J., and Ortiz, M., PRL, 93, 1 (2004). 
Marian, J., Knap, J., and Ortiz, M., Acta Mat, 53, 
2893 (2005). 
Ahn, D., Sofronis, P., Kumar, M., Belak, J., and 
Minich, R., J.Appl.Phys., 101, 063514 (2007). 
Meyers, M., and Aimone, C, P.M.S., 28 (1983). 
Christy, S., Pak, H.-r., and Meyers, M.,Mettallurgical 
Applications of Shock Wave and High-Strain-Rate 
Phenomena, Dekker, New York, eds, 1986. 
Plimpton, S., J. Comp. Phys., Ill, 1 (1995), 
http://lammps.sandia.gov. 
Daw, M., and Baskes, M., Phys.Rev.B, 29, 6443 
(1984). 
Mishin, Y., Mehl, M., Papaconstantopoulos, D., 
Voter, A., and Kress, J., Phys.Rev.B, 63, 224106 
(2001). 
Kelchner, C, Plimpton, S., and Hamilton, J., 
Phys.Rev.B, 58, 11085 (1998). 

346 

http://lammps.sandia.gov

	Welcome Screen
	Title Page
	Proceedings
	Copyright
	Preface
	Foreword
	Topical Group on Shock Compression of Condensed Matter: 2006-2007 APS Fellows
	Photograph: Recipient of the APS Shock Compression Science Award, 2007
	Conferences of the APS Topical Group on Shock Compression of Condensed Matter
	Contents
	PART ONE
	CHAPTER I - PLENARY
	The Shock Wave Profile
	Town Hall Meeting: Future Directions in Dynamic High Pressure Research

	CHAPTER II - EQUATION OF STATE: NONENERGETIC MATERIALS
	Measurements of the Release of Alpha Quartz: A New Standard for Impedance-Matching Experiments
	The Dissociation and Thermodynamics of Dense Fluid Oxygen by Self-Consistent Fluid Variational Theory
	Static High Pressure X-Ray Diffraction of Ti-6Al-4V
	Modeling Dynamic Ductility: An Equation of State for Porous Metals
	On the Applicability of Analytical Models to Predict Hugoniot of Nano-Sized Powder Compacts
	Brillouin-Scattering Determination of the Acoustic Properties of Polymers at High Pressure
	Liquid Metal Free Energies from Ab Initio Potential Surfaces
	Wave Propagation in Materials with Non-Convex Equations of State
	Dynamic Properties of a PB-SB Alloy
	Equation of State for Ti-Beta-21S
	Tabular Multiphase Equations of State for Metals and Their Applications
	Multi-Phase Equation of State for Aluminum
	Analytical Equations of State for Use in Hydro-Codes
	Equation-of-State Measurements in Ta2O5 Aerogel
	Shock Compression and Equation of State Of C60 Fullerite
	Improved EOS for Describing High-Temperature Off-Hugoniot States in Epoxy
	Gruneisen Equation of State for Condensed Media and Shock Thermodynamics
	Systematics of Compression of Hard Materials
	Constitutive Modelling of Shock Compression of a Porous Copper
	Multiphase Equation of State and Strength Properties of Beryllium from Ab Initio and Quantum Molecular Dynamics Calculations
	A New Tabular EOS for Hydrogen Isotopes
	Study of Phase Transitions in Cerium by PVDF Gauge
	Dynamic Loading of Teflon at 200°C
	Hugoniot Measurement of Gold in Pressure Range to 580 GPa
	Measurement of Sound Velocities and Shear Strength of Cerium under Shock Compression

	CHAPTER III - EQUATION OF STATE: ENERGETIC MATERIALS
	Shock Hugoniot Behavior of Particle Reinforced Polymer Composites
	Phase Stability of Epsilon and Gamma HNIW (CL-20) at High-Pressure and Temperature
	Equation of State and Failure Criteria of Dual Functional Structural Energetic Materials
	A Finite Strain, Non-Reacted EOS for PBX9502

	CHAPTER IV - PHASE TRANSITIONS
	TEM Observation of Disproportionation of Mullite and Sillimanite under Shock Compression
	Effect of Pulse Duration on Polytetrafluoroethylene Shocked above the Crystalline Phase II-III Transition
	A Multi-Phase Equation of State for Bismuth
	Effect of Nano-Void on the Phase Transformation of Single Crystal Iron under Shock Compression
	Measurement of the Dynamic Beta-gamma Phase Boundary in Tin
	Phase Transformation and Spall Fracture in Laser Shock-Loaded Iron
	Current Output from Sandwich-Structured Ferroelectric Power Supply
	High Pressure X-Ray Diffraction Studies On Bi2-xSbxTe3 (x=0,1,2)
	Shock Compression Properties of Hard Materials
	High Pressure Electronic Conduction from a Phenomenological Equation of State Application to Tin
	On the Maximal Deviation from the Mirror Image Approximation due to Solid Liquid Phase Transition
	Shock Compression of Magnesium Silicon Nitride
	Initial Temperature Effects on the Dielectric Properties of PZT 95Õ5 during Shock Compression
	Phase Transitions of C70 Fullerite under Step-Like Shock Compression
	Surface Specularity as an Indicator of Shock-Induced Solid-Liquid Phase Transitions in Tin
	Hugoniot and Phase Transition in Silicon Nitride Porous Samples
	Dynamic Response of Pure Titanium up to 1000°C
	Discharge of PZT95/5 Ferroelectric Ceramics under Tilted Shock Wave Compression
	Shock-Wave Loading of Graphite in Steel Targets with Conic Cavities

	CHAPTER V - MODELING, THEORY, AND SIMULATIONS (NON-MD): NONENERGETIC MATERIALS
	More on the Response of Ceramics to Shock Waves
	Mesoscale Calculations of Shock Loaded Granular Ceramics
	Solitary and Shock Waves in Strongly Nonlinear Metamaterials
	A Two-Scale FEM Formulation for Hetereogeneous Materials
	Modeling of the Slip-Twinning Transition in Nanocrystalline Nickel and Nickel-Tungsten under Shock Compression
	Numerical Simulation of Interaction of Hypervelocity Particle Stream with a Target
	A Steinberg-Guinan Model for High-Pressure Carbon: Diamond Phase
	Phase Transitions, High-Rate Straining, and Fracture of Iron under Spherical Explosive Loading
	Kinetic Behaviour of Failure Waves in a Filled Glass
	An Extended Finite Element Method Formulation for Modeling the Response of Polycrystalline Materials to Dynamic Loading
	Precursor Decay in Single Crystal Lithium Fluoride
	Unsteady State Rankine-Hugoniot Jump Conditions
	Jump across an Outgoing Spherical Shock Wave Front
	Evaluation of the Precursor Decay Anomaly in Single Crystal Lithium Fluoride
	Dynamic Yielding behind Near-Steady Precursors
	CAV_KO: A Simple 1-D Langrangian Hydrocode for MS ExcelŽ with Automatic Generation of X-T Diagrams
	Modelling Shock Waves in Composite Materials
	Mesoscale and Continuum Calculations of Wave Profiles for Shock-Loaded Granular Ceramics
	Perturbations Caused by Lateral Stress Gauges

	CHAPTER VI - MOLECULAR DYNAMICS (MD) MODELING: NONREACTIVE MATERIALS
	Simulation of Fluid Instabilities Using Atomistic Methods
	Molecular Dynamics Simulation of Thermodynamic and Mechanical Properties of Be and Mg
	Frictional Interactions at Compressed Al Interfaces
	Atomistic Simulations of Shock-Induced Phase Transformations in Polycrystalline Iron
	Modeling of Al Crystal Fracture under High-Rate Strain Based on Atomistic Simulations
	Molecular Dynamics Simulations of an Anomalous Response of Diamond to Shock Compression
	Temperature Measurements of Shocked Crystals by Use of Nanosecond X-Ray Diffraction
	Atomistic Simulation of Plasticity and Fracture of Crystalline and Polycrystalline Metals under High Strain Rate
	The Relation between Solitons and Interactions in BCC Materials
	Atomistic Study of Nanoprecipitates Influence on Plasticity and Fracture of Crystalline Metals
	Void Growth in Single and Bicrystalline Metals: Atomistic Calculations
	Atomistic Simulations of Fracture in Nanocrystalline Copper under High Strain Rates

	CHAPTER VII - MODELING, THEORY AND SIMULATIONS (NON-MD): ENERGETIC MATERIALS
	Estimate of Shock-Hugoniot Adiabat of Liquids from Hydrodynamics
	Eigenvalue Detonation of Combined Effects Aluminized Explosives
	Anisotropic Constitutive Relationships in Energetic Materials: PETN and HMX
	Cylindrical Explosive Dispersal of Metal Particles
	Multi-Scale Statistical Design of High Energy Density Materials
	The Crest Reactive Burn Model
	Detonation Failure in Ideal and Non-Ideal Explosive
	Predicting Noncovalent Interactions with Nonlocal Density Functional Theory
	Critical Diameter Prediction for Steady Detonation in Gasless Metal-Sulfur Compositions
	An Effect of Charged and Excited States on Decomposition of 1,1-Diamino-2,2-Dinitroethylene
	Modelling of Detonation in PBX 9502 Using a Stiffened-Gas EOS Mixture Model
	Physics-Based Reactive Burn Model: Grain Size Effects
	Anisotropic Constitutive Relationships in Energetic Materials: Nitromethane and RDX
	Reactive Flow Calculation near a Free Boundary
	Acceleration and Heating of Metal Particles in Condensed Explosive Detonation
	Monte Carlo Simulations of the Effect of Cross-Potential Variations on the Equation of State of N2/CO2 Mixtures and of Detonation Products
	Calculation of RDX Molecular Crystal Geometry and Vibrational Frequencies under Hydrostatic Pressure
	Critical Ignition Transients in Condensed Explosives
	Jaguar Procedures for Detonation Behavior of Silicon Containing Explosives
	Ignition and Growth Modeling of Detonating TATB Cones and Arcs
	Generalized Pseudo-Reaction Zone Model for Non-Ideal Explosives
	Ab Initio Equation of State For BETA-HMX

	CHAPTER VIII - MOLECULAR DYNAMICS (MD) MODELING: ENERGETIC MATERIALS
	Ab Initio Molecular Dynamics Simulations of Water under Static and Shock Compressed Conditions
	First-Principles Reactive Molecular Dynamics of Chemistry in Detonating Energetic Materials
	Molecular Dynamics Studies of Thermal Induced Chemistry in TATB
	Nonmetal-to-Metal Transition in Warm Dense Hydrogen and Helium
	A Transient Semi-Metallic Layer in Detonating Nitromethane
	Molecular Dynamics Simulation of TATB-Like Explosive

	CHAPTER IX - INELASTIC DEFORMATION, SPALL, FRACTURE, AND FRAGMENTATION
	The Response of Concrete to Shock-Loading
	On the Spall Strenghts and Hugoniot Elastic Limits of Some Strong Ceramics
	Embedded Cohesive Elements (ECE) Approach to the Simulation of Spall Fracture Experiment
	Dynamic Response of 5083-H131 Aluminum Alloy
	The Shear Strength and HEL of Various Geological Materials
	Examination of the Spallation Behavior of Cerium Metal
	Phase Transition Behavior and Abnormal Spall in FeMnNi Alloy with Low �- � Transition Stress
	Front Face Spall of Concrete
	Laser-Induced Spall of Aluminum and Aluminum Alloys at High Strain Rates
	Shear Strength of Aluminum Oxynitride
	Transition from Solid to Liquid Spall in Tin under Laser Shocks of Increasing Intensity
	Hopkinson Bar Studies of a PBX Simulant
	High Strain-Rate Properties of Tantalum Processed by Equal Channel Angular Pressing
	Statistics of the Hugoniot Elastic Limit from Line Visar
	The Strength of Polyethylene and Polyoxymethylene under Shock Loading
	Pressure-Shear Plate Impact of Aluminum at Elevated Temperatures
	Two Critical Damage Parameters for the Dynamic Tensile Fracture of Ductile Metal
	Spall Fracture of Metallic Circular Plates, Vessel Endplates and Conical Frustums Driven by Direct Explosive Loads
	Longitudinal Propagation of Fracture Surface in Cylindrical Metal Shells under Explosive Loading
	Experimental Series on Behavior of Post-Damage Recollected Material
	The Dynamic Behavior of Mortar under Impact-Loading
	Shockwave Profile and Bauschinger Effect in Depleted Uranium
	Dynamics of the Onset of Damage in Metals under Shock Loading
	Dynamic Compression of a Zirconium-Based Bulk Metallic Glass Confined by a 316 Stainless Steel Sleeve
	A Viscoelastic Fracture Model for Simulation of Solid Propellant Impacts
	A Study of the Critical Fracture Behavior of High Purity Aluminum in the Dynamic Loading
	A Study of the Effect of Potting Voids on the Fragmentation of an Explosively Driven Nitinol Shell
	Hydrocode Modeling and an Experimental Study of Explosively Driven Water Jets
	Influence of Nano-Size Inclusions on Spall Fracture of Copper Single Crystals
	Nickel Based Superalloy Containment Case Design: Constitutive Modeling and Computational Analysis
	Study of the Projectile Impact on Aluminum Targets Divided by Water
	Fragment-Size Prediction during Dynamic Fragmentation of Shock-Melted Tin: Recovery Experiments and Modeling Issues
	Temporal Softening and Its Effect upon Strength
	Studies on the Fracture of HR-2 Steel and LY12 Aluminum Cylinders under Explosive Imploding
	Spallation Damage in Copper with Columnar Grains
	Simulation of a Shock Recovery Experiment
	Pressure Effects on the Ejection of Material from Shocked Tin Surfaces

	CHAPTER X - CONSTITUTIVE AND MICROSTRUCTURAL PROPERTIES OF METALS
	Twinning and Dynamic Strength of Copper during High-Rate Strain
	Dislocation Mechanics under Extreme Pressures
	Constitutive Model Constants for Low Carbon Steels from Tension and Torsion Data
	A Numerical Investigation of Sleeved Taylor Anvil Specimens
	The Influence of Peak Shock Stress on the Quasi-Static Reload Response of HCP Metals
	Strength of Materials under Static Loading in the Diamond Anvil Cell
	An Integrated Experimental-Numerical Method for Characterization of Materials at High Strain Rates
	A Phenomenological Viscoplastic Constitutive Model for M1 Cu Accounting for Grain Morphology
	Influence of Microstructure on the Bauschinger Effect and the Shock Hardening in 1080 High-Carbon Steel
	Strength of the Aluminium Alloy 6082-T6 under High Strain-Rate Conditions
	Hydrocode Analysis of Lateral Stress Gauges in Shocked Tantalum
	Effects of Processing Techniques on the Shock Response of Be
	Shock Loading and Taylor Impact of Ti-6Al-4V
	Longitudinal and Lateral Stress Measurements in Stainless Steel 304L under 1D Shock Loading
	An X-Ray Study of Shock-Recovered Ta Single Crystals

	CHAPTER XI - MECHANICAL PROPERTIES OF POLYMERS AND COMPOSITES
	Initial Temperature Effects on the Shock Compression and Release Properties of Different Alumina-Filled Epoxy Compositions
	Strength of Polyethylene, Polypropylene and Polystyrene behind a Shock Front
	Influence of Polyethylene Molecular Conformation on Taylor Impact Measurements: A Comparison of HDPE, UHMWPE, and PEX
	Shock Induced Equation of State of Polyvinylchloride
	Incremental Stress-Strain Response of Polymers Using Instrumented Reverse Taylor Anvil Impacts
	Using Laser Induced Shock Waves to Investigate the Nanoparticle Transition from Bulk Behavior to Discrete Atom/Finite Size Behavior
	Pressure-Sensitivity and Tensile Strength of an Elastomer at High Strain Rates
	The Effect of Mechanical Deformation on the Glass Transition Temperature of Polyurea
	The Effect of Fibre Orientation on the Shock Response of a Glass-Fibre Epoxy Composite
	Shear Strength and its Variation According to Structure in Shock Loaded Polyethylene
	Mechanical and Microstructural Properties of PTFE/Al/W System
	An Investigation of the Sub-Microsecond Features of Dynamic Crack Propagation in PMMA and the RDX-Based Explosive PBX 9205

	PART TWO
	CHAPTER XII - MECHANICAL PROPERTIES OF CERAMICS, GLASSES, IONIC SOLIDS, AND LIQUIDS
	The Hugoniot Elastic Limit of Soda-Lime Glass
	Failure above and below the Elastic Limit in AD995
	Experimental Study on Shear Response of 92.93 Wt% Alumina under Combined Pressure-Shear Loading
	Dynamic Mechanical Behavior of Boron Carbide Based Composites
	Phenomenological Description of the Failure Waves in Glasses
	Damage-Failure Transition: Dynamic Crack Branching, Fragmentation, Failure Wave
	Failure Kinetics in Borosilicate Glass during Rod Impact
	On the Shock Response of Soda Lime Glass: The Failure of Embedded Stress Gauges
	A Study of Pre-Stress Effect on the Failure Waves in Glasses

	CHAPTER XIII - MECHANICAL PROPERTIES OF REACTIVE MATERIALS
	High Strain and Strain-Rate Behaviour of PTFE/Aluminuim/Tungsten Mixtures
	Comparison of Porter-Gould Constitutive Model with Compression Test Data for HTPB/Sugar
	Reaction of Titanium and Zirconium Particles in Cylindrical Explosive Charges
	Simulation of Particle Size Effect on Dynamic Properties and Fracture of PTFE-W-Al Composites
	The Effect of Cracks and Voids on the Dynamic Yield of RDX Single Crystals
	Effect of Aluminum Particle Size on the High Strain Rate Properties of Pressed Aluminized Explosives
	Damage Formation during High Strain Rate Deformation of PBS9501
	Brazilian Disc Testing of a UK PBX above and below the Glass Transition Temperature

	CHAPTER XIV - DETONATION AND BURN PHENOMENA
	Application of Detonation Shock Dynamics (DSD) to Youngs-Type Discontinuous Interface Geometry
	Detonation Shock Dynamics Calibration of PBX 9501
	Interaction between a Steady Detonation Wave in Nitromethane and Geometrical Complex Confinement Defects
	Effect of Phase Transitions of Inert Additives on Detonation Properties of Porous Explosives
	Burn Propagation in a PBX 9501 Thermal Explosion
	Critical Temperature Correlation for a Near-Unity Aspect Ratio Charge of Arbitrary Size and Shape
	Detonation Failure Thickness Measurement in an Annular Geometry
	Numerical Modeling of Munroe Jets
	Shock Reactivity Study on Standard and Reduced Sensitivity RDX of Different Particle Size Distributions
	Ignition of TNT Using a CO2 Laser
	Thermal Properties of a UK PBX and Binder System
	Non-Random Crack Opening in Partially Confined, Thermally Damaged PBX 9501 and Observations on Its Effects on Combusiton
	High-Speed Photography of Detonation Propagation in Dynamically Precompressed Liquid Explosives
	Modeling the Asymmetric Burning of Agglomerate Particles
	The Incidental Effects of Gaps in Detonating PBX 9501
	An Experimental Study of Corner Turning in a Granular Ammonium Nitrate Based Explosive
	Analysis of Wave Curvature Experiments for Monomodal Explosives with Different Crystal Quality and Particle Size Characteristics
	The Energy Diameter Effect
	Application of the Crest Reactive Burn Model to Two-Dimensional PBX 9502 Explosive Experiments
	Post-Detonation Energy Release from TNT-Aluminum Explosives

	CHAPTER XV - EXPLOSIVE AND INITIATION STUDIES
	FOX-7 Specific Heat Prediction from a Proposed Nominal O Generic Specific Heat for CHNO Energetic Compounds
	PBX-9502 Shock Sensitivity Correlation with Specific Heat and Reactive Temperature Magnitudes
	A Study of SDT in an Ammonium Nitrate (NH4 NO3) Based Granular Explosive
	Shock Initiation Experiments on PBX 9501 Explosive at Pressures below 3 GPa with Associated Ignition and Growth Modeling
	Shock Initiation Experiments on the LLM-105 Explosive RX-55-AA at 25 (degrees) C and 150 (degrees) C with Ignition and Growth Modeling
	Factors Affecting Internal Blast
	Extended Run Distance Measurements of Shock Initiation in PBX 9502
	Low Velocity Detonation of Nitromethane Affected by Precursor Shock Waves Propagating in Various Container Materials
	A Computational Study of Microstructure Effects on Shock Ignition Sensitivity of Pressed RDX
	Predicting Runaway Reaction in a Solid Explosive Containing a Single Crack
	The Puzzle of Explosive Response to Shock: Complexity to Simplicity by Changing the Observational Scale
	Shock Initiation Thresholds for Insensitive High Explosives
	Initiation of Polymer Bonded Explosive (PBXN-110) by Combined Shock and Shear Loading
	Recent Developments in Shear Ignition of Explosives Using Hybrid Drop Weight-Hopkinson Bar Apparatus
	A Comparison of the Blast and Fragment Mitigation Performance of Several Structurally Weak Materials
	Observations of Shock-Induced Partial Reactions in High Explosive
	Non-Shock Initiation of the Plastic Bonded Explosive PBXN-5: Experimental Results
	Effect of Electric Fields on Sensitivity of an HMX Based Explosive
	Micro-Gap Experiments and Insensitive Explosives
	Effect of Aluminum Particle Size on the Impact Initiation of Pressed PTFE/Al Composite Rods
	Pressing Induced Polymorphic Phase Transition in Submicron-Sized Gamma-HMX
	Characterization and Modification of Thermally Stable High Explosives for Laser Flyer Applications
	Individual Contributions of Friction and Impact on Non-Shock Initiation of High Explosives
	The Evolution of Sensitivity in HMX-Based Explosives during the Reversion from Delta to Beta Phase
	Violent Reactions from Non-Shock Stimuli
	Microenergetics: Combustion and Detonation at Sub-Millimeter Scales
	A Study of the Shock Sensitivity of PBX 9501 Damaged by Compressive Loading
	Non-Shock Initiation Model for Plastic Bonded Explosive PBXN-5: Theoretical Results
	Shock Initiation Experiments on the HMX Based Explosive LX-10 with Associated Ignition and Growth Modeling
	Large Area and Short-Pulse Shock Initiation of a TATB/HMX Mixed Explosive
	Investigation of Formulations Containing Perfluoro-Coated Oxide-Free Nano-Aluminum

	CHAPTER XVI - SHOCK-INDUCED MODIFICATIONS AND MATERIALS SYNTHESIS
	Mechanistic Aspects of Shock-Induced Reactions in Ni+Al Powder Mixtures
	Shock Consolidation of Nanocrystalline Aluminum for Bulk Component Formation
	Shock Reactivity of Non-Porous Mixtures of Manganese and Sulfur
	Time-Resolved Temperature Measurements of Shock Initiation in a Manganese-Sulfur Mixture
	Multi-Megabar Pressure and Super-Dense Materials Created by Laser-Induced Micro-Explosion inside of Transparent Solid
	Shock-Induced Reactions in Cylindrical Charges of Titanium-Silicon Powder Mixtures
	Impact Pressures Generated by Spherical Particle Hypervelocity Impact on Yorkshire Sandstone
	Analysis of Particle Penetration into Aluminum Plate Using Underwater Shock Wave
	Effect of Shock Compression on Aluminum Particles in Condensed Media

	CHAPTER XVII - INSTRUMENTATION
	Measuring Densities of High-Velocity Metallic Sprays Using Piezoelectric Sensors
	Experimental and Theoretical Assessment of a Device Used For Evaluation of Blast and Fragmentation Effects
	New Optical Diagnostics for Equation of State Experiments on the Janus Laser

	CHAPTER XVIII - EXPERIMENTAL DEVELOPMENTS (INCLUDING NOVEL VELOCIMETRY TECHNIQUES)
	Measurement of Shock Propagation and Metal Plasma Expansion in Underwater Wire Explosion by Utilizing CW Laser
	New High Pressure Encapsulation Material for Manganin Gauges
	Improved Temperature Control System for Gas Gun Targets
	Using Schlieren Visualization to Track Detonator Performance
	Transient Imaging Displacement Interferometry Applied to Shock Loading
	Development of Third Harmonic Generation as a Short Pulse Probe of Shock Heated Material
	Study of Underwater Shock Compaction Device for Compaction of Titanium Diboride
	Shock Compaction of MnAs1-xSbx Powder Using Underwater Shock Wave
	Confocal Microscopy of Water under Static Pressure
	The Dynamic Response of Piezoelectric Probes to Low Density Foam Impact
	Anisotropic Decomposition of Energetic Materials
	Coherent THz Frequency Radiation from Shock Waves: A New Ultrafast Strain Wave Detection Mechanism
	Direct Shock-Density Measurements Using Plate Impact and Proton Radiography
	An Investigation of Surface Velocimetry of Shocked Polyethylene Using HetV
	New Capabilities of 800 MeV Proton Radiography at Los Alamos
	Proton Radiography of a Thermal Explosion in PBX9501
	Using the Heterodyne Method to Measure Velocities on Shock Physics Experiments
	Development of a Single-Stage Implosion-Driven Hypervelocity Launcher
	Study of Small Dimension Specimens on SHPB Test

	CHAPTER XIX - ISENTROPIC AND OFF-HUGONIOT EXPERIMENTS
	High-Pressure Quasi-Isentropic Loading and Unloading of Interferometer Windows on the Veloce Pulsed Power Generator
	Veloce: A Compact Pulser for Dynamic Material Characterization and Hypervelocity Impact of Flyer Plates
	Isentropic Compression Studies of Energetic Composite Constituents
	Ramp Compression Experiments—A Sensitivity Study
	Two-Step Loading in a Split Hopkinson Pressure Bar
	Ramp Wave Stress-Density Measurements of Ta and W
	Analyzing Ramp Compression Wave Experiments
	New Experimental Capabilities and Theoretical Insights of High Pressure Compression Waves
	A New Experimental Design for Laser-Driven Shocks on Precompressed and Preheated Water Samples
	Magnetically Driven Isentropic Compression and Flyer Plate Experiments Using a Capacitor Bank
	Isentropic Compression Studies with High Explosive Pulsed Power
	Dynamic Response of Kovar to Shock and Ramp-Wave Compression

	CHAPTER XX - SPECTROSCOPY; OPTICAL AND ELECTRICAL MEASUREMENTS; AND SHOCK CHEMISTRY
	Single Shot Dynamic Ellipsometry Measurements of Laser-Driven Shock Waves
	Study of the Laser-Induced Decomposition of HNO3/2-Nitropropane Mixture at Static High Pressure
	Ultrafast Shock Wave Coherent Dissociation and Spectroscopy of Materials
	Time-Resolved Optical Measurements of Detonation and Combustion Products
	Analysis of Temperature Measurement at Lead / LiF Interface under Shock Wave Compression
	Optical Response of Molecular Crystals to Non-Hydrostatic Compression in a Diamond Anvil Cell Experiments
	Raman Spectroscopy of RDX Single Crystals under Static Compression
	Simulating EXAFS Patterns of Shocked Crystals
	Laser Ablation Analysis of Novel Perfluoroalkyl-Coated Aluminum Nanocomposites
	Simulating Picosecond X-Ray Diffraction from Crystals Using FFT Methods on MD Output
	Time-Resolved Spectroscopic Measurements of Aluminum Oxidation in a Laser Ablation Event
	Raman Spectroscopy of RDX Crystals Shocked along Different Orientations
	T-Jump/FTIR Studies of Poly-Glycidyl Nitrate (PGN) Pyrolysis
	Temporal Change of Raman Spectra of Carbon Tetrachloride under Laser-Driven Shock Compression
	Emission Spectroscopy of Aluminum in Post-Detonation Combustion

	CHAPTER XXI - IMPACT PHENOMENA, BALLISTICS, HYPERVELOCITY STUDIES, STRUCTURES, AND EXOTIC SHOCK CONFIGURATIONS
	Failure and Penetration Response of Borosilicate Glass during Short-Rod Impact
	Modeling of Non-Eroding Penetration Using ALE3D and Zapotec
	Numerical Simulation of Impact Effects on Multilayer Fabrics
	Reduction of Explosion Damage Using Sand or Water Layer
	Determination of Simple Constitutive Models for Borosilicate Glass Using Penetration-Velocity Data from Ballistic Experiments
	Phase Velocity Generator for a Two-Stage Implosion Driven Hypervelocity Launcher
	Numerical Studies on the Explosive Welding by Smoothed Particle Hydrodynamics (SPH)
	Detailed Comparison of Blast Effects in Air and Vacuum
	Numerical Simulation of High Velocity Impact Phenomenon by the Distinct Element Method (DEM)
	Microstructures Produced by Dynamic Friction
	Numerical Simulations of Fragmentation Onset Velocity of Projectile Impact on Thin Bumper

	CHAPTER XXII - LASER-DRIVEN SHOCKS AND INTERACTIONS OF LIGHT WITH MATERIALS
	Damaging of Materials by Bi-Dimensional Dynamic Effects
	In-Situ Probing of Lattice Response in Shock Compressed Materials Using X-Ray Diffraction
	Prospects for Using X-Ray Free-Electron Lasers to Investigate Shock-Compressed Matter
	Experimental Method for Laser-Driven Flyer Plates for 1-D Shocks
	Phase Transitions and Metastable States in Ultrashort Laser-Metal Interaction
	A Geometry for Sub-Nanosecond X-Ray Diffraction from Laser-Shocked Polycrystalline Foils
	A Study of Phase Explosion of Metal Using High Power Nd:YAG Laser Ablation

	CHAPTER XXIII - GEOPHYSICS AND PLANETARY PHYSICS
	Numerical Study of Underwater Explosions and Following Bubble Pulses
	Shock Metamorphism of Hornblende and Plagioclase in Conditions of Step-Like Compression of Polymineral Rocks
	Dynamic Compaction of Sand
	Shock-Loading of Statically Compacted Soil
	Ejection Mechanisms for Martian Meteorites
	Investigations into the Spall Strengths of Geological Materials
	The Shock Hugoniot Properties of Geological Materials and Relationship to Static Properties
	Dynamic Response of Submerged Solids to Extreme Fluid Loading
	The Response of Dry Limestone to Shock-Loading
	Simulation of Comet Impact and Survivability of Organic Compounds
	Implications of Shock Wave Experiments with Precompressed Materials for Giant Planet Interiors
	Verification Test Problems
	The Dynamic Compaction of Sand and Related Porous Systems
	Strength Measurements on Dry Indiana Limestone Using Ramp Loading Techniques
	Numerical Modelling of Deep Impact Experiment

	CHAPTER XXIV - SHOCK COMPRESSION STUDIES
	Propagation of Highly Nonlinear Signals in a Two Dimensional Network of Granular Chains
	Self-Similar Compression Flows in Spherical Geometry
	Shear Induced Reaction Localization and Mechanisms of Energy Dissipation in PBXs Subjected to Strong Shock


	Participant List
	Author Index
	Subject Index
	Help
	Search
	Exit

