10th International Detonation
Symposium

Boston, Massachusetts, USA
12-16 July 1993

Part 1 of 2

ISBN: 979-8-3313-2628-9



Printed from e-media with permission by:

Curran Associates, Inc.
57 Morehouse Lane
Red Hook, NY 12571

proceedings

Some format issues inherent in the e-media version may also appear in this print version.

Copyright© (1993) by Johns Hopkins University WSE Energetics Research Group
All rights reserved.

Printed with permission by Curran Associates, Inc. (2025)

For permission requests, please contact Johns Hopkins University WSE Energetics Research Group
at the address below.

Johns Hopkins University WSE Energetics Research Group
10630 Little Patuxent Pkwy

Suite 202

Columbia MD 21044-3286

Phone: (410) 992-7300
Fax: (410) 730-4969

https://www.erg.jhu.edu
Additional copies of this publication are available from:

Curran Associates, Inc.

57 Morehouse Lane

Red Hook, NY 12571 USA
Phone: 845-758-0400

Fax:  845-758-2633

Email: curran@proceedings.com
Web: www.proceedings.com



CONTENTS

Page
WAVE PROPAGATION
General Session
Cochairmen: James Kennedy and Brian Lambourn

Energy Transfer in Solid Explosives
C.M. Tarver, L.E. Fried, A.J. Ruggerio,and D.F. Calef . . .. ..., .. ............. 3
Mach Reflection of Spherical Detonation Waves
LM, Hull . vooo oot e e oo e s i s bi s s m s 68 G4 5% H s e B MG w R e 11
Understanding Curved Detonation Waves
B.G. Bukiet, K.S. Lackner, and R. Menikoff . ... ... ... ... ... .. .. ... ... ... 19
Streamline Dynamics Method for Highly Curved Detonation Waves
RH. GUITUIS . . . . . o oot e e e e e e e e e e 27
Propagation Phenomena on the Detonation Wave Front
J.M. Chevalier, and N. Carion . . . . . . . .« i it it e 37
Computing the Transient Self-Sustained Detonation After a New Model
L. Brun, J.-M. Kneib, and P. Lascaux . ... ... ... ... ... 43
The Shape Analysis of a Steady Detonation Front in Right Circular Cylinders of High
Density Explosive. Some Theoretical and Numerical Aspects
F. Chaissé, and J.N. O€CONOIMIOS . . . v vt v v v ettt e e e et e e e e e e et e e e 50
Numerical Simulations of Detonation in High Explosive.Charges of Finite Diameter
V.E. Fortov, A.L. Ni, A.V. Shutov, and A.V. Utkin ... ... .. ... ... ......... 58
Experimental Study of Detonation in PBXW-123, A Large Failure-Diameter,
Non-Ideal Explosive
W.H. Wilson, J.W. Forbes, P.K. Gustavson, and G.T. Sutherland . ............... 63
Some Characteristics of Bow Wave Initiation and Desensitization
M. Chick, T.J. Bussell, and R.B. Frey . .. ... .. ... . . ... . ... 69

Reflected-Shock Imitiation of Explosives
E.N. Ferm, and LM. Hull . . . . .. .. .. e 78

il



CONTENTS (Cont.)

Page
IMPACT
General Session
Cochairmen: John Starkenberg and Peter Haskins

The Dependence of the Response of Heavily-Confined Explosives on the Degree of
Projectile Penetration
H.R. James, M.A. Grixti, M.D. Cook, P.J. Haskins, and K. Stuart Smith ........... - 89
High Strain-Rate Impact Ignition of Rocket Propellants
S Y. Ho .. 94
Jet Initiation Thresholds of Nitromethane
B.W. Asay, D.J. Pauley, and EIN. Ferm .. ........... ... ... .. ... ....... 104
Fragment Impact Initiation of Cast PBXs in Relation with Shock Sensitivity Tests
M. Quidot, S. Hamaide, J. Groux, P. Gimenez, and J. Isler . ... ................ 113
A Shock-to-Detonation Transition Model for High-Energy Rocket Propellant Applied
to Predict Jet Initiation Threshold
D. Bergues, G. Baudin, and H. Trumel ... .. ... ... ... ... . .. .. .. . ...... 122
Temperature-Dependent Shock Initiation of TATB-Based High Explosives
J.C. Dallman, and J. Wackerle . ... .. .. . . . . . e 130
Shock Sensitivity of IHE at Elevated Temperatures
P.A. Urtiew, T.M. Cook, J.L. Maienschein, and C.M. Tarver ... ............... 139
An Investigation of XDT Events in the Projectile Impact of Secondary Explosives
P.J. Haskins, M.D. Cook, and P.J. Cheese . . . . .. ... . .. . . ... 148

NEW METHODS

General Session
Cochairmen: LeRoy Green and Hugh James

The Use of Quantum Chemistry to Estimate the Performance and Properties of
Explosives
JP:RIMCHIE & o v v v mne smmasamnsstasioesimas s Satsmbesdioseinessns s 157

Shock Initiation Studies of Low Density HMX Using Electromagnetic Particle Velocity

and PVDF Stress Gauges
S.A. Sheffield, R.L. Gustavsen, R.R. Alcon, R.A. Graham, and M.U. Anderson .. ... .. 166

iv



CONTENTS (Cont.)

Ripple Free Line Initiation

A.M. Collyer, A.M. Johnson, and D.C. Swift . ... ........................

Condensed-Phase Thermal Decomposition of TATB Investigated by Atomic Force
Microscopy (AFM) and Simultaneous Thermogravimetric Modulated Beam Mass
Spectrometry (STMBMS)

T.A. Land, W.J. Siekhaus, M.F. Foltz, and R. Behrens, Jr. ... ................

Fracture Surface Topography of TNT, Composition B, and Octol

M.Y.D. Lanzerotti, J. Pinto, A. Wolfe, and D.J. Thomson . . . . ... .............

Calculation of Reactive Flow Using Smoothed Particle Hydrodynamics

L.D. Libersky, A.G. Petschek, and P.-A. Persson .. .......................

POSTER PAPERS-1
Cochairmen: Pier Tang and Ries Verbeek

Numerical Simulation of the Behavior of Explosives Subjected to a Thermal Hazard

C. Castille, and F. SOUIES . . . . . o oot e

Non-Reactive HMX Shock Hugoniot Data

R.L. Simpson, F.H. Helm, and JW. Kury . .. .............. ... ...

Non-Reactive HMX Shock Hugoniot Data

R.L. Simpson, F.H. Helm, and JW. Kury . .. ....... .. ... ...

Hot Spot Initiation of Plastic-Bonded Explosives During the Rapid Flow Phase of the
Drop Weight Impact Test

A.P. Metzner, and C.S. Coffey . . ... ... . ..

Inappropriate Use of Inclined Electromagnetic Velocity Gauges in Explosives

T . Cal . . o s e e e e e e e e e e e e e e e

Experimental Investigation into the Deflagration to Detonation Transition in
Secondary Explosives

P.E. Luebcke, P.M. Dickson, and J.E. Field . ...........................

. 181



CONTENTS (Cont.)

POSTER PAPERS-2
Cochairmen: Philip Stanton and Henry Moulard

Reaction of Aluminium and Ammonium Nitrate in Non-Ideal Heterogeneous Explosives
G.A. Leiper, and J. COOPEI . . . . . . oottt e 267

An Extensive Experimental Study of Pressed NTO
P. Gimenez, P. Chabin, J. Mala, and C. Spyckerelle . . . . ... .................. 276

Influence of Intragranular Cavities of RDX Particle Batches on the Sensitivity of Cast
Wax Bonded Explosives
L. BOIme . . . . oo 286

Sensitivity Study of Nitroparaffin-Based Blends
C.J. Anderson, M.E. Pinco, and S.B. Murray . ... ... ...... ... .. ... ...... 294

POSTER PAPERS-3
Cochairmen: Joseph Foster, Jr. and Brian Hammant

A Testing Method to Evaluate Explosiveness
C.BElanger . . . . . . . . e e 305

The Application of Ballistic Impact and Radiant Ignition Techniques for

Characterization of Violent Reaction in Cased Propellant

S.A. Finnegan, A.l. Atwood, J.K. Pringle, N.G. Zwierzchowski, P.O. Curran,

and J. Wiknich . . . . . ... e 320

Thin-Film Methods for Examining the Decomposition Chemistry of Explosives
K.L. Erickson, W.M. Trott, and AAM. Renlund . . .. ... ... .. ... .. ... ....... 340

Recovery Technique for Shocked Explosive Samples
T.P. Liddiard, J.W. Forbes, J.W. Watt, R.N. Baker, J. Sharma, and B.C. Beard . ... ... 347

Portable, Solid State, Fiber Optic Coupled Doppler Interferometer System for
Detonation and Shock Diagnostics

K.J. Fleming, and O.B. Crump . . .. . .. . .. . e e 351
Synthesis, Characterization, and Sensitivity of Novel Nitramino Substituted
Cyclotriphosphazenes

C.D. Bedford, M. Chaykovsky, M.-K. Rho, P.R. Dave, F. Forohar, T. Axenrod,

and R. Gilardi . . . . . .. .. e 358



CONTENTS (Cont.)

Page
EQUATIONS OF STATE
General Session
Cochairmen: Edward Lee and Graeme Leiper

Equation of State for Detonation Products
William C. DaVIS © « o« v o v e e e e e e e e e e e e 369
Development of the Williamsburg Equation of State to Model Non-Ideal Detonation
W. Byers Brown, and M. Braithwaite . .. ........ ... 377
A Review of Developments in the W-B-L Detonation Model
D.C. Swift, and B.D. Lambourn . . .. .. ...t 386
An Application of Variable Metric Nonlinear Optimization to the Parameterization
of an Extended Thermodynamic Equation of State
EoL. BAKET & & v v o o e e e e e e e e e e e e e e e e 394
Direct Monte Carlo Simulation of the Chemical Equilibrium Composition of
Detonation Products
LS. SHAW & & o o ot e e e e e e e e e e 401
Calibrating the BKW-EOS with a Large Product Species Data Base and Measured
C-J Properties
M.L. Hobbs, and M.R. Baer . ... .. ...ttt 409
Unlike-Pair Interactions at High Pressure and High Temperature
F.H. Ree,and M. van Thiel . . . .. ...« 419
The Significance of Interaction Potentials of Water with Other Molecules in the EOS
of High Explosive Products
M. van Thiel, F.H. Ree, and L.C. Haselman, Jr. . .. ...... .o 425
Analysis of Hugoniots and Detonation Properties of Explosives with JCZ3
Equation of State
L.I Stiel, V.M. Gold, and E.L. Baker ... ....... ... 433
A Theoretical Study for Gas-Gas Separation in High Temperature and
High Pressure Fluid
M. Koshi, H. Matsui, T. Saito, and K. Takayama . ... ... .c.cooontonee s 441
Multipole Effects on the Equation of State for Reaction Products of Explosives
H.D. Jones, and F.J. Zerilli . . .. ..o oot 449



CONTENTS (Cont.)

Page
SDT, DDT, AND XDT
General Session
Cochairmen: Craig Tarver and James M. Short
Initiation of Preshocked High Explosives PBX-9404, PBX-9502, and PBX-9501,
Monitored with In-Material Magnetic Gauging
R.N. Mulford, S.A. Sheffield, and R.R. Alcon . ...................... .. 459
Velocimetry Studies on the Prompt Initiation of PBX 9502
J. Wackerle, H.L. Stacy, and W.L. Seitz . . ... ................ ... ... ... ... 468
Prompt and Delayed Detonation From Two-Dimensional Shock Loadings
R.R. Bernecker, A.R. Clairmont, Jr., and L.C. Hudson III . . ... ............. .. . 476
Temperature Effects on Failure Thickness and the Deflagration-to-Detonation
Transition in PBX 9502 and TATB
B.W. Asay, and JM. McAfee . . . ............. . ... 485
Influence of Fresh Damage on the Shock Reactivity and Sensitivity of
Several Energetic Materials
H.W. Sandusky, and R.R. Bernecker . ................... . ... . .. .. ... _. 490
Shock Inmitiation Studies of Cast, Damaged, and Granulated PBXs
R.R. Bernecker, and A.R. Clairmont, Jr. . . ... ....... .. ... .. 499
Effect of a Preshock on the Initiation of HMX, TATB and HMX/TATB Compositions
J.P. Plotard, R. Belmas, M. Nicollet, and M. Leroy . . ... .................... 507
Numerical Modeling of an Aquarium Test for a Nonideal Explosive
J. Lee, J.H. Kuk, K.Y. Choi, and F.W. Sandstrom . .............. ... ... .. . 515

viii



CONTENTS (Cont.)

Page
PHYSICAL CHEMISTRY
Specialist Session
Cochairmen: Richard Bardo and Conrad Bélanger

Optical Techniques for Strength Studies of Polymer Bonded Explosives
H.T. Goldrein, J.M. Huntley, S.J.P. Palmer, M.B. Whitworth, and J.E. Field . . . ... ... 525
Shock Response of Pure and Sensitized (0.1 wt% Ethylenediamine) Nitromethane:
Time-Resolved Raman Measurements
G.I Pangilinan, and Y.M. GUpta . . .« .. oo 536
Radiation of Condensed Explosives and Its Interpretation (Temperature Measurements)
M.F. Gogulya, and M.A. Brazhnikov . .. ........... e 542
Temperature Measurements of Energetic Materials Containing Aluminum Using
Infrared Detectors
D.L. Woody, and J.J. Davis . . ... .o v vt 549
Laser Ignition of Explosives: A LIF Study of the RDX Ignition Zone
H. Ostmark, K. Ekvall, M. Carlson, H. Bergman, and A. Pettersson . . . . .. ... ... 555
Detonation Reaction Steps Frozen by Free Expansion and Analyzed by
Mass Spectrometry
N.R. Greiner, H.A. Fry, N.C. Blais, and RP.Engelke ........... ... 563
The Thermal Decomposition of Pure and Amine-Sensitized Nitrocompounds
C.P. Constantinou, and M.M. Chaudhri . . . .. ... ... 570
Pressure Dependence of the Reaction Propagation Rate of PETN at High Pressure
MLE. FOIZ . . o o o e e e e e e e e e e e e e e e 579
The Calculation of Electrostatic Interactions and Their Role in Determining the
Energies and Geometries of Explosive Molecular Crystals
J.P. Ritchie, E.M. Kober, and A.S. Copenhaver . .. ...........c..ceen.ne.-. 586
Thermodynamics of Detonation Products
S. McCahan, and J.E. Shepherd . . .. .. ... ..ot 596
Products of Al Containing Explosives Detonated in Argon and Underwater
F. Volk, and F. Schedlbauer . . . ... ..o vt 601

Thermal Stability Studies on Nitroarenes
J. Oxley, J. Smith, H. Ye, J. Wang, H. Feng, R.L. McKenney, and P.R. Balduc .. ... .. 608

ix



CONTENTS (Cont.)

UNDERWATER EXPLOSIVES

Specialist Session
Cochairmen: Ruth Doherty and Masatake Yoshida

Detonation Chemistry of Underwater Explosives
J.S. Deiter, and G.B. Wilmot . . ... ........ ... ... ...

Understanding Composite Explosive Energetics: IV. Reactive Flow Modeling of
Aluminum Reaction Kinetics in PETN and TNT Using Normalized Product

Equation of State
W.C. Tao, C.M. Tarver, J.W. Kury, C.G. Lee, and D.L. Ornellas . ..............

An Aluminum Reaction Time Limit in Underwater Detonation of an Encased
Aluminized Explosive
JW.Enig ... .. ... . .. e

A Reaction Model for Aluminized PBX Applied to Underwater Explosion Calculations
G. Baudin, and D. Bergues . . ........... ... ... ...

Nonideal Detonation in a Composite CHNO Explosive Containing Aluminum
M. Cowperthwaite . . .. ........ ... .. .. .

Modelling Shock Initiation and Detonation in the Non-Ideal Explosive PBXW-115
D.L. Kennedy, and D.A. Jones . . ... ... ... ...

Time-Dependent Equations of State for Aluminized Underwater Explosives
R.H. Guirguis, and P.J. Miller . .. .......... ... ... . .. .

DDT AND SDT

Specialist Session
Cochairmen: Harold Sandusky and Michel Samirant

The Influence of Parameter Variations on the Deflagration to Detonation Transition
R. Verbeek, A.C. vander Steen, and E. de Jong . . ................... .. ....

A New Look at the Run Distance Correlation and its Relationship to Other
Non-Steady-State Phenomena
PW.COOPET « c s s 5 6 60 5 55 6 5 6 dfoim r o m e mwe s somms x s G aE e



CONTENTS (Cont.)

Page
Multiple Shock Initiation of LX-17
C.M. Tarver, T.M. Cook, P.A. Urtiew, and W.C. Tao . . .. ................... 696
Novelties of Detonation Phenomenon Study
AN, DICINIIL .« & o o v e e e e e e e et e e e e e e e e 704
Visualization and Modelling of Delayed Detonation in the Card Gap Test
B. Salvetat, and J.F. GUETY . . . . o oo v et e 709
Deflagration-to-Detonation in Granular HMX: Ignition, Kinetics, and Shock Formation
J.M. McAfee, BW. Asay, and J.B. Bdzil .................... . 716
A Physical Model of Shock to Detonation Transition in Heterogeneous Explosives
R. Belmas, J.P. Plotard, and C. Bianchi . ... ........ ... 724
The Analysis of Modified Gap Test Data for Several Insensitive Explosives
E.R. Lemar, T.P. Liddiard, J.W. Forbes, G.T. Sutherland, and W.H. Wilson . . .. ... .. 731

EMULSION EXPLOSIVES
Specialist Session
Cochairmen: Allen Tulis and Albert van der Steen

Detonation Behaviour of a ‘Water-in-Oil’ Type Emulsion Explosive Containing Glass
Microballoons of Selected Sizes
M.M. Chaudhri, L.-A. Almgren, and A. Persson . . . .. ... ..o 741
Effect of Glass Microballoons on Shock Wave Sensitivity and Detonation Critical
Diameter of Condensed Explosives
B.A. Khasainov, B.S. Ermolaev, and H.N. Presles . . .. ........ ..o 749
Shock Initiation of Nitromethane-PMMA Mixtures with Glass Microballoons
J.C. Gois, J. Campos, and R. Mendes . . . . ... ..ot 758
Isothermal and Shock Compression of High Density Ammonium Nitrate and
Ammonium Perchlorate
F,W. Sandstrom, P.-A. Persson, and B. Olinger . . ........... ... 766



CONTENTS (Cont.)

Page
HOT SPOTS
Specialist Session
Cochairmen: William Deal, Jr. and Anatolij Dremin

A Numerical Study of Drop-Weight Impact Testing of Solid Rocket Propellants
K.P. Duffy, and AM. Mellor . . ....... ... ... .. . . . . 777
A Frictional Work Predictive Method for the Initiation of Solid High Explosives from
Low-Pressure Impacts
S.K. Chidester, L.G. Green, and C.G. Lee . . . . .. ....... . 786
An Investigation of Compression and Shear Wave Propagation in Explosives
M. Cowperthwaite, and Y.M. Gupta . . . .. .. ... ... 793
Comparison of Damage-Created Voids With Other Void Types in Energetic Materials
J.B. Ramsay, H.P. Richter, and R.R. Bernecker . .. ............. ..o ... .. . 802
The Influence of Microstructure on the Sensitivity of Explosive Compositions
H. Cherin . ... .. 808
Influence of Crystal Defects on Sensitivity of Explosives
F. Baillou, J.M. Dartyge, C. Spyckerelle, and J. Mala ... ................ ... . 816
The Initiation of Explosive Crystals by Shock or Impact
CaS . COMTEY & s ¢ 5 555 5 5, 5m v e e o e e e m s e s s e W S e 824

Shock Solicitation of PETN Single Crystals Presenting Defects. Visualisation of Hot Spots
Initiation
D. Spitzer, and M. Samirant . . . ... ...... ... ... 831

Detonation Parameters of Condensed High Explosive Charges with Long Ceramic Elements
L.A. Balagansky, S.V. Razorenov, and A.V. Utkin . .. ... .............. ... ... 841

RESPONSE TO STIMULUS

Specialist Session
Cochairmen: John Kury and Manfred Held

Interpretation of Time-to-Explosion Tests
J.E. Shepherd, and T.B. Brill . ... ... ... ... .. .. 849



CONTENTS (Cont.)

Page

On the Theory of Ignition of a Reactive Solid by a Non-Constant Energy Flux

G.A. Leiper, and G.F. Roach . ... ... ... 856
A Study of the Sensitivity and Decomposition of Keto-RDX

H. Bergman, H. Ostmark, K. Ekvall, and A. Langlet . ....................... 862
Chemical Sensitisation in C-Nitro Explosives

M.D. Cook, and P.J. Haskins . . . .. .. .ot i et 870
The Influence of Particle Size and Mechanical Properties on the Sensitivity of
High Explosive Charges (PBX)

F. Schedlbauer, and A. Kretschmer . . ... ... ...ttt 876

NEW FORMULATIONS
Specialist Session
Cochairmen: Gary Parsons and Joél Mala

Conception, Synthesis and Characterization of a New Insensitive High Explosive:

DANTNP

P. Charrue, Ch. Wartenberg, and F. Laval . . ... ... ..o e 885
Development and Characterization of a Cold-Cast Composite/Molecular Explosive

ID. Renick, and K. Bell . . . .ottt 891
Effect of Inert Binder Mechanical Properties on Kinetic Parameters in HMX-Based

Cast PBX

S. Lecume, P. Gimenez, J. Mala, and J.F. Guery .. ......... ... 898

SAFETY RELATED TOPICS
Specialist Session .
Cochairmen: Joseph Lannon and Henric Ostmark

Simulated Fragment Attack on Cased Munitions

Pauline J. Roberts, and J.E. Field . .. ... ... ... 909
Detonation and Reaction of Class 1.1 Explosives and Propellants Due to Water

Jet Impact

S.G. Giltner, O.C. Sitton, and P.N. Worsey . .. ... ... ...t 918

Xiii



CONTENTS (Cont.)

Page
Simulating Sympathetic Detonation Effects
J.G. Glenn, and M. GUNEET . . . . . . . .o 928
Electrostatic Discharge (ESD) Hazards of Energetic Materials
J. Covino, F.E. Hudson III, D.R. Dreitzler, B. Hammant, and R.J. Lee . . . . . ... ... .. 936

HOT SPOT MODELS
General Session
Cochairmen: Jerry Wackerle and Per-Anders Persson

A Study of the Role of Homogeneous Process in Heterogeneous High Explosives
PK.Tang . ... .. 947
An Energy Transport Model for the Shock Initiation of Composite Explosives and
Propellants
AlJ. Lindfors, and O.E.R. Heimdahl . . . . . .. ... ... ... . . . . . ... 955
Modeling Shock Initiation in Composition B
M.J. Murphy, E.L. Lee, A.M. Weston, and A.E. Williams . ... ........... . .... 963
Computational Analysis of Slip in PETN
JP.Ritchie ... ... .. 971
The Viscoplastic Hot Spets in Pore Collapse
P.C. Chou, D. Liang, and Z. Ritman . . .. ... . ... ... ... 979
The Simulation of Shock Initiation of Less Sensitive Explosives Using the
Hydrocode AUTODYN
R. Verbeek, and A.C. vander Steen . . . . . . . . . . . 987
An Assessment of the Performance of the Original and Modified Versions of the
Forest Fire Explosive Initiation Model
J.oStarkenmberg . . . . ... 992
The Calculation of the Constants for the Forest Fire Model
D. Liang, W.J. Flis, and P.C. Chou . . . . . ... ... . .. 1003



CONTENTS (Cont.)

Page
Indexes of the Proceedings for the Ninth Symposium (International)
on Detonation, 1989
S.L. Crane, W.E. Deal, J.B. Ramsay, A.M. Roach, and B.E. Takala ............. 1013
Tenth International Detonation Symposium Registrants . . . ... ... ... ... ... ... 1041

Author Index

XV





