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Abstract

Two lots of TNT and Comp-B explosives were tested in uniaxial compression at
strain rates of 0.1, 1.0, 10.0, and 100.0 s !. The materials were tested at 21 °C to an end
strain of 80%. The stress at failure, strain at failure, compressive modulus, failure
modulus, incremental energy density, and the fracture assessment values were recorded
for each test.
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1. Introduction

The U.S. Army Research Laboratory (ARL), Aberdeen Proving Ground, MD, received two
lots of trinitrotoluene (TNT) and Composition-B (Comp-B) high-explosive molded pellets that
had been cast into right-circular cylinders. Both lots had diameters of 9.80 mm. The explosives
were shipped to Dr. Robert Lieb at ARL and were last tested for mechanical response evaluation
during April/May 1999. It was decided by Dr. Pat Baker, also of ARL, that uniaxial compressive
testing at strain rates of 0.1, 1.0, 10.0, and 100.0 s”! while conditioned at 21 °C and ambient
pressure, would be performed on the materials to 80% end strain.

2. Approach and Results

The TNT and Comp-B high-explosive lots were received as right-circular cylinders or pellets
that had been cast by the Explosives Modeling Facility on Spesutie Island at ARL. The cast
materials were cut into test specimens using a double-bladed low-speed Isomet diamond saw that
resulted in test specimens with a length-to-diameter ratio of 1.61 and a mass of 1.780 grams.

The Material Testing Systems (MTS) Servo-Hydraulic Tester (SHT) (Figures 1 and 2) was
used to conduct MTS SHT mechanical properties tests [1-9] on five specimens per lot, per strain
rate (40 tests) at 21 °C. Strain rates of 0.1, 1.0, 10.0, and 100.0 s™ were achieved. The
specimens were taken to 80% end strain while at ambient pressure. The stress at failure, the
strain at failure, the modulus, the failure modulus, the incremental energy density, and the
fracture assessment values were recorded for each test. The average engineered values recorded
and the standard deviations are listed in Table 1.

3. Conclusions

Two lots of TNT and Comp-B high-explosive molded pellets were received at ARL. The
lots were cut into right-circular cylinder test specimens with a length-to-diameter ratio of 1.61



Figure 1. Material Testing System for Energetic Materials.



Figure 2. Energetic Material Being l.oaded for Testing.

and a mass of 1.780 g. The spccimens were tested in uniaxial compression to 80% cnd strain

using strain rates of 0.1, 1.0, 10.0. and 100.0 s " (Figure 3) while conditioned at 21 °C',

The INT and Comp-B specimens tested at 0.1 s ' strain rate showed poor mechanical
integrity. only achicving ~3.0 MPa stress at failure and ~2.0% stram before fracturing/collapsing
into smaller shards and powdered remains (Figures 4 and 5). A visual observation of the tested
remains suggested the TNT and Comp-B materials likely lacked binder constituents which would
improve the mechanical strength and cohesion ol the specimens. The TNT stress at failure and
modulus valucs were slightly higher than the Comp-B values, possibly duc to the differences in

the formulation of the TNT and Comp-B lots.

| . N . .- .
At 1.0 s strain rate, the TNT and Comp-B stress at fatlure values showed a small increasc
. . 1 . . .
when comparing the stress values achieved at (.1 s strain rate. The compressive modulus and
failure modulus values also showed higher values. The increased values achieved were a result

of the higher strain rate and indicated the TNT and Comp-B lots showed strain rate sensitivity.



Table 1. MTS SHT Mechanical Properties Test

Stress at | Strain at

Lot Number Failure | Failure FMOD® | IED® FAV®
(MPa) (%) (GPa) (MPa)
(€3] (9] @) (€3]

0.1s!

TNT 3.98 1.94 0.304 | -0.216 0.109 7AS?
ABY99C031S009 0.67 0.35 0.06 0.04 0.04

0.1s"'

Comp-B 2.74 2.38 0.214 0.163 0.179 7AS
ABY99CO0318010 0.58 0.65 0.05 0.01 0.04

1.0s™!

TNT 4.46 3.05 0.319 | -0.228 0.186 7AS
ABY99C031S009 0.33 0.56 0.03 0.03 0.04

1.0s™!

Comp-B 4.61 2.28 0.232 | -0.207 0.248 7AS
ABY99C0315010 0.79 0.30 0.03 0.02 0.03

10.0s™!

TNT 4.16 2.82 0.281 | -0.186 0.268 7AS
ABY99C031S009 1.40 0.77 0.06 0.04 0.03

10.0s”!

Comp-B 5.47 2.27 0.272 | -0.337 0.364 7AS
ABY99C031S8010 0.53 0.85 0.05 0.10 0.11

100.0s™"

TNT 7.81 3.49 0.448 | -0.373 0.457 7AS
ABY99C031S009 1.60 1.01 0.19 0.11 0.09

100.0s™*

Comp-B 5.54 2.12 0.372 | -0.252

ABY99C031S010 1.25 0.85 0.08 0.09

* The slope of the curve after yield. Generally, a negative value indicates the material is unable to sustain load. A

positive value indicates a positive failure slope (i.c., material is better able to support load).

The IED (incremental energy density) value reported is the amount of energy absorbed at 25% strain. This

includes a portion of the arez located under the stress/strain curve (Figure 3).

¢ The tested specimens were assigned a fracture assessment value (FAV). The values assigned range from 0 (no
fracture/splitting/barreling) through 9 (severe fracture/splitting/barreling).

“The mode of failure was also characterized using the following:
A = axial fracture, § = shear fracture, B = barreling, R = radial splitting (i.e., 7AS would indicate the tested
specimens suffered moderate to severe amounts of axial and shear fracture damage).

b
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Figure 3. TNT and Comp-B Stress vs. Strain Plot.

The tested specimens yielded similar fracturc damage, shards, and powdered remains, as was

observed at 0.1 s™' strain rate.

At 10.0 s strain rate, the TNT stress and modulus showed a slight decrease when comparing
the 10.0 s™" with the 0.1 and 1.0 s™' strain rate values. This was atypical as slight increases were

expected. Specimen irregularities and void content could account for the uncxpected decrcase in

stress and modulus results. The standard deviation numbers were slightly higher than usual for
the TNT lot at 10.0 s ' strain rate indicating more spread in the values achieved. The Comp-B
stress at failure and modulus values at 10.0 s ' showed increases when comparing the values

achieved at 0.1 and 1.0 s™' strain ratcs.

At 100.0 s™' strain rate, both lots showed significant increases in the stress at failure and

modulus values. This was likely due to the increased strain rate and suggested that the TNT and
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Figure 4. Photograph of Tested Comp-B Materials.

Comp-B lots were somewhat sensitive to the increased strain rate. Significant increases were

also noted in the standard deviation values at 100.0 s~' strain rate.

The fracture assessment values (FAV) indicated the amount of physical damage visually
observed in the tested materials (Figures 2 and 3). It was noted that the FAVs were similar at all
four strain rates. This was likely due to secondary loading after initial failure as the specimens
were subjected to 80% end strain. Additional testing at ~10% end strain with closed bomb
burning is recommended to determine more accurate fracture assessment and surface area

evaluation.

The appendix contains several lots of quasi-similar materials that were tested in uniaxial
compression at 21 °C using strain rates of 100.0 s™'. The values may be used for comparing the

TNT and Comp-B valucs achicved at 100.0 ™' strain rate.
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Appendix:

Quasi-Similar Materials
Tested in Uniaxial Compression

at 21 °C Using Strain Rates of 100.0 s™
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Table A-1.

Mechanical Response of Detasheet and AX Classic HE at Strain Rates

of 100.0 s
Lot Number Maximum
at 21 °C Stress At Strain | Modulus
(MPa)
(+)
- 0 1 T T
100.0s°!
Detasheet C-6 98.91 69.04 0.0515 0.315 2.06 7B
SN137500A013496 5.65 3.05 0.001 0.002 0.013
100.0 ™!
AX Classic 12.75 64.34 0.0095 -0.098 0.550 0
4X26SE96G1-001 0.91 3.55 0.004 0.002 0.035
1/4 RDX/PETN '

Table A-2. Mechanical Response of JA2 Gun Propellant at Strain Rates of 100.0 st

13

Lot Number Stress at Strain at Failure
at 21 °C Fajlure Failure Modulus | Modulus IED FAV
(MPa) (%) (GPa) (GPa) (MPa)
&) @) ) & &)
100.0s !
RAD-PE-472-123 22.23 3.52 0.673 0.030 4,94 3B
JA?2 Granular 1.78 0.32 0.088 0.002 0.34
100.0s7!
RAD-PDI-002-1F 23.58 4.55 0.574 0.049 5.28 2B
JA2 Stick 0.55 0.17 0.031 0.005 0.13
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BUS AREA ADVOCACY TEAM
W HASKELL

SSCNC WST

W NYKVIST

T MERRILIL

S BEAUDOIN

KANSAS ST

NATICK MA 01760-35019

US ARMY COLD REGIONS
RSCH & ENGRNG LAB
PDUTTA

72LYMERD

HANOVER NH 03755

SYSTEM MANAGER ABRAMS
ATZK TSLTC J HNUNN
BLDG 1002 RM 110

FT KNOX KY 40121

US ARMY RESEARCH OFFICE
A CROWSON

JCHANDRA

HEVERETT

JPRATER

R SINGLETON

G ANDERSON

D STEPP

D KISEROW

JCHANG

PO BOX 12211

RESEARCH TRIANGLE PARK NC
27709-2211

DIRECTORATE OF CMBT
DEVELOPMENT

CKIJORO

320 ENGINEER LOOF STE 141

FT LEONARD WOOD MO 65473-8929

21

NO. OF
COPIES

ORGANIZATTH

COMMANDANT

US ARMY FIELD ARTILLERY CTR
ATFS CD LTC BUMGARNER

FT SILL OK 73503 5600

CHIEF USAIC

LTCT J CUMMINGS

ATZB COM

FT BENNING GA 31905-5300

NAVAL AIR SYSTEMS CMD
J THOMPSON

48142 SHAW RD UNIT 5
PATUXENT RIVER MD 20670

NAVAL SURFACE WARFARE CTR
DAHLGREN DIV CODE G06
DAHI.GREN VA 22448

NAVAL SURFACE WARFARE CTR
TECH LIBRARY CODE 323

17320 DAHLGREN RD
DAHLGREN VA 22448

NAVAL RESEARCH LAB
IWOLOCK CODE 6383

R BADAIIANCE CODE 6304
L GAUSE

WASHINGTON DC 20375

NAVAL SURFACE WARFARE CTR
CRANE DIVISION

M JOHNSON CODE 20H4
LOUISVILLE KY 40214-5245

COMMANDER

NAVAL SURFACE WARFARE CTR
CADEROCK DIVISION

R PETERSON CODE 2020

M CRITCHFIELD CODE 1730
BETHESDA MD 20084

NAVAL SURFACE WARFARE CTR
U SORATHIA

C WILLIAMS CD 6551

9500 MACARTHUR BLVD

WEST BETHESDA MD 20817



NO. OF
COPIES

ORGANIZATION

DAVID TAYLOR RESEARCH CTR

SHIP STRUCTURES & PROTECTION

DEPARTMENT CODE 1702
JCORRADO
BETHESDA MD 20084

DAVID TAYLOR RESEARCH CTR
R ROCKWELL

W PHYILLAIER

BETHESDA MD 20054-5000

OFFICE OF NAVAL RESEARCH
D SIEGEL CODE 351

800 N QUINCY ST
ARTINGTON VA 22217-5660

NAVAL SURFACE WARFARE CTR
JFRANCIS CODE G30

D WILSON CODE G32

R D COOPER CODE G32
JFRAYSSE CODE G33

E ROWE CODE G33

T DURAN CODE G33

L DE SIMONE CODE G33

R HUBBARD CODE G33
DAHIL.GREN VA 22448

NAVAL SEA SYSTEMS CMD
D LIESE

2531 JEFFERSON DAVIS HIGHWAY

ARLINGTON VA 22242-5160

NAVAL SURFACE WARFARE CTR
MILACY CODE B02

17320 DAHLGREN RD
DAHLGREN VA 22448

OFFICE OF NAVAL RESEARCH
JKELLY

800 NORTH QUINCEY ST
ARIINGTON VA 22217-5000

NAVAL SURFACE WARFARE CTR
CARDEROCK DIVISION

R CRANE CODE 2802

C WILLIAMS CODE 6533

3A LEGGETT CIR

BETHESDA MD 20054-5000

22

OR TIO

NAVSEA OJRI

PEO DD21 PMS500

G CAMPONESCHI

2351 JEFFERSON DAVIS HWY
ARIINGTON VA 22242-5165

EXPEDITIONARY WARFARE
DIV N85

F SHOUP

2000 NAVY PENTAGON
WASHINGTON DC 20350-2000

AFRL.MLBC

2941 P STREET RM 136
WRIGHT PATTERSON AFB OH
45433-7750

AFRL MLSS

R THOMSON

2179 12TH STREET RM 122
WRIGHT PATTERSON AFB OH
45433-7718

AFRL

F ABRAMS

JBROWN

BLDG 653

2977 P STREET STE 6

WRIGHT PATTERSON AFB OH
45433-7739

AFRL MLS OL

L COULTER

BLDG 100 BAYD

7278 4TH STREET

HILI AFB UT 84056-5205

OSD

JOINT CCD TEST FORCE
OSD JCCD R WILLIAMS
3909 HATLS FERRY RD
VICKSBURG MS 29180-6199

DEFENSE NUCLEAR AGENCY
INNOVATIVE CONCEPTS DIV
R ROHR

6801 TELEGRAPH RD
ALEXANDRIA VA 22310-3398



NO. OF

COPIES ORGANIZATION

1

WATERWAYS EXPERIMENT
D SCOTT

3909 HALLS FERRY RD SC C
VICKSBURG MS 39180

DARPA

M VANFOSSEN

S WAX

L CHRISTODOULOU

3701 NFAIRFAX DR
ARLINGTON VA 22203-1714

SERDP PROGRAM OFC PM P2

C PELLERIN

B SMITH

901 N STUART ST SUITE 303
ARLINGTON VA 22203

FAA

MIL HDBK 17 CHAIR
LILCEWICZ

1601 LIND AVE SW
ANM 115N

RESTON VA 98055

FAA TECH CTR

D OPLINGER AAR 431

P SHYPRYKEVICH AAR 431
ATLANTIC CITY NJ 08405

OFC OF ENVIRONMENTAL MGMT

US DEPT OF ENERGY
PRITZCOVAN
19901 GERMANTOWN RD

GERMANTOWN MD 20874-1928

LOS ALAMOS NATIL LAB
F ADDESSIO

MS B216

PO BOX 1633

LOS ALAMOS NM 87545

OAK RIDGE NATL LAB

R M DAVIS

PO BOX 2008

OAK RIDGE TN 37831-6195

23

NO. OF

COPIES ORGANIZATION

5

DIRECTOR

LAWRENCE LIVERMORE
NATL LAB

R CHRISTENSEN

S DETERESA

F MAGNESS

M FINGER MS 313

M MURPHY L 282

PO BOX 808

LIVERMORE CA 94550

NIST
R PARNAS
J DUNKERS

M VANLANDINGHAM MS 8621

J CHIN MS 8621

D HUNSTON MS 8543

J MARTIN MS 8621

D DUTHINH MS 8611

100 BUREAU DR
GAITHERSBURG MD 20899

OAK RIDGE NATL LAB
C EBERLE MS 8048

PO BOX 2009

OAK RIDGE TN 37831

OAK RIDGE NATL LAB
C D WARREN MS 8039
PO BOX 2009

OAK RIDGE TN 37922

DIRECTOR

SANDIA NATL LABS

ENG MECHANICS DEPT
MS 9042

JHANDROCK

YR KAN

J LAUFFER

PO BOX 969

LIVERMORE CA 94551-0969

LAWRENCE LIVERMORE
NATIONAL LAB

M MURPHY

PO BOX 808 L 282
LIVERMORE CA 94550



NO. OF
COPIES

ORGANIZATION

NASA LANGLEY RESEARCH CTR
MS 266

AMSRL VS

W ELBER

FBARTLETT JR

GFARLEY

HAMPTON VA 23681-0001

‘NASA LANGILEY RESEARCH CTR

T GATES MS 188E
HAMPTON VA 23661-3400

USDOT FEDERAL RAILROAD
RDV 31 MFATEH
WASHINGTON DC 20590

DOT FHWA

JSCALZL

400 SEVENTH ST SW

3203 HNG 32
WASHINGTON DC 20590 -

FHWA

EMUNLEY

6300 GEORGETOWN PIKE
MCLEAN VA 22101

CENTRAL INTELLIGENCE AGENCY
OTI WDAG GT

WL WALTMAN

PO BOX 1925

WASHINGTON DC 20505

MARINE CORPS INTEL ACTY
D KOSITZKE

3300 RUSSELL RD SUITE 250
QUANTICO VA 22134-5011

NATL GRND INTELLIGENCE CTR
DIRECTOR

IANG TMT

220 SEVENTH ST NE
CHARLOTTESVILLE VA 22902-5396

DIRECTOR

DEFENSE INTELLIGENCE AGENCY
TA 5 K CRELLING

WASHINGTON DC 20310

24

NO. OF
COPIES

ORGANIZATION

GRAPHITE MASTERS INC
JWILLIS

3815 MEDFORD ST

LOS ANGELES CA 90063-1900

ADVANCED GLASS FIBER YARNS
T COLLINS

281 SPRINGRUN LN STE A
DOWNINGTON PA 19335

COMPOSITE MATERIALS INC
D SHORTT

19105 63 AVE NE

POBOX 25

ARTLINGTON WA 98223

COMPOSITE MATERIALS INC
R HOLLAND

11 JEWEL COURT

ORINDA CA 94563

COMPOSITE MATERIALS INC
CRILEY |
14530 S ANSON AVE
SANTA FE SPRINGS CA 90670

COMPOSIX

D BLAKE

L DIXON

120 O NEILL DR
HEBRUN OHIO 43025

CYTEC FIBERITE

R DUNNE

D KOHLI

MGILLIO

R MAYHEW

1300 REVOLUTION ST
HAVRE DE GRACE MD 21078

SIMULA
JCOLTMAN
RHUYETT

10016 S 51ST ST
PHOENIX A7 85044

SIOUX MFG

B KRIEL

PO BOX 400

FT TOTTEN ND 58335



NO. OF
COPIES

ORGANIZATION

PROTECTION MATERIALS INC
M MILLER

FCRILLEY

14000 NW 58 CT

MIAMI LAKES FL 33014

FOSTER MILLER

JJ GASSNER
MROYLANCE

W ZUKAS

195 BEAR HILLRD
WALTHAM MA 02354-1196

ROM DEVELOPMENT CORP
R O MEARA

136 SWINEBURNE ROW
BRICK MARKET PLACE
NEWPORT RI 02840

TEXTRON SYSTEMS

T FOLTZ

MTREASURE

201 LOWELL ST
WILMINGTON MA 08870-2941

JPS GLASS

L CARTER

PO BOX 260
SLATER RD
SLATER SC 29683

O GARA HESS & EISENHARDT
M GILLESPIE

9113 LESAINT DR

FAIRFIELD OH 45014

MILLIKEN RESEARCH CORP
H XUHN

M MACLEOD

PO BOX 1926
SPARTANBURG SC 29303

CONNEAUGHT INDUSTRIES INC
J SANTOS

PO BOX 1425

COVENTRY RI 02816

25

NO. OF

CO

S

ORGANIZATION

BATTELLE

C R HARGREAVES

505 KING AVE

COLUMBUS OH 43201-2681

BATTELLE NATICK OPERATIONS
J CONNORS

B HATPIN

209 W CENTRAL ST

STE 302

NATICK MA 01760

BATTELLE NW DOE PNNL
T HALL MS K231
BATTELLE BLVD
RICHLAND WA 99352

PACIFIC NORTHWEST LLAB
M SMITH

G VAN ARSDALE

R SHIPPELL

PO BOX 999

RICHLAND WA 99352

ARMTEC DEFENSE PRODUCTS
SDYER

85901 AVE 53

PO BOX 848

COACHELLA CA 92236

ADVANCED COMPOSITE
MATLS CORP

P HOOD

JRHODES

1525 S BUNCOMBE RD
GREER SC 29651-9208

GLCCINC

JRAY

MBRADIEY

103 TRADE ZONE DR

STE 26C

WEST COLUMBIA SC 29170

AMOCO PERFORMANCE
PRODUCTS

M MICHNO JR
JBANISAUKAS

4500 MCGINNIS FERRY RD
AILPHARETTA GA 30202-3944



NO. OF
COPIES

12

ORGAN (0]

SAIC

MPALMER

2109 AIR PARKRD S E
ALBUQUERQUE NM 87106

SAIC

G CHRYSSOMALLIS

3800 W 80TH ST STE 1090
BLOOMINGTON MN 55431

AATI CORPORATION

T GSTASTNY

POBOX 126

HUNT VALLEY MD 21030-0126

JOHN HEBERT
POBOX 1072
HUNT VALLEY MD 21030-0126

ATIITANT TECHSYSTEMS INC
C CANDLAND

C AAKHUS

R BECKER

B SEE

N VLAHAKUS

RDOHRN

S HAGLUND

D FISHER

W WORRELL

R COPENHAFER
MHISSONG

DKAMDAR

600 2ND ST NE

HOPKINS MN 55343-8367

AITJANT TECHSYSTEMS INC
JCONDON

ELYNAM

I GERHARD

WVO01 16 STATE RT 956

POBOX 210

ROCKET CENTER WV 26726-0210

APPLIED COMPOSITES
W GRISCH

333 NORTH SIXTH ST
ST CHARLES IL 60174

26 -

NO.OF
COPIES

ORGANIZATION

PROJECTILE TECHNOLOGY INC
515 GILES ST
HAVRE DE GRACE MD 21078

CUSTOM ANALYTICAL
ENGSYSINC

A ALEXANDER

13000 TENSOR LN NE
FLINTSTONE MD 21530

LORAL VOUGHT SYSTEMS
G JACKSON

K COOK

1701 W MARSHAIL DR
GRAND PRAIRIE TX 75051

AEROIJET GEN CORP

D PILLASCH

T COULTER

CFLYNN

D RUBAREZUL

M GREINER

1100 WEST HOLLYVALE ST
AZUSA CA 91702-0296

HEXCELINC
RBOE
FPOLICELLI
JPOESCH

PO BOX 98
MAGNA UT 84044

HERCULES INC

G KUEBELER
JVERMEYCHUK

B MANDERVILLE JR
HERCULES PLAZA
WILMINGTON DE 19894

BRIGS COMPANY
JBACKOFEN

2668 PETERBOROUGH ST
HERNDON VA 22071-2443

ZERNOW TECHNICAL SERVICES
LZERNOW

425 W BONITA AVE STE 208
SAN DIMAS CA 91773



NO. OF
COPIES

ORGANIZATION

OLIN CORPORATION
FLINCHBAUGH DIV
E STEINER ‘
B STEWART

PO BOX 127

RED LION PA 17356

OLIN CORPORATION

L WHITMORE

10101 9TH ST NORTH

ST PETERSBURG FL 33702

DOWUT

S TIDRICK

15 STERLING DR
WALLINGFORD CT 06492

SIKORSKY AIRCRAFT

G JACARUSO

T CARSTENSAN

BEKAY

S GARBO M S 5330A

J ADELMANN

6900 MAIN ST

PO BOX 9729

STRATFORD CT 06497-9729

PRATT & WHITNEY

D HAMBRICK

400 MAIN ST MS 114 37
EAST HARTFORD CT 06108

AEROSPACE CORP

G HAWKINS M4 945

2350 EEL SEGUNDO BLVD
EL SEGUNDO CA 90245

CYTEC FIBERITE

MIIN

W WEB

1440 N KRAEMER BLVD
ANAHEIM CA 92806

HEXCEL

T BITZER

11711 DUBLIN BLVD
DUBLIN CA 94568

27

NO. OF
COPIES

ORGANIZATION

BOEING

R BOHLMANN

PO BOX 516 MC 5021322
ST LOUIS MO 63166-0516

BOEING DEFENSE

& SPACE GRP

W HAMMOND
JRUSSELL

S 4X55

PO BOX 3707

SEATTLE WA 98124-2207

BOEING ROTORCRAFT

P MINGURT

P HANDEL

800 B PUTNAM BLVD
WALLINGFORD PA 19086

BOEING

DOUGLAS PRODUCTS DIV
L THART SMITH

3855 LAKEWOOD BLVD
D800 0019

LONG BEACH CA 90846-0001

LOCKHEED MARTIN

S REEVE

8650 COBB DR

D 73 62 MZ 0648
MARIETTA GA 30063-0648

LOCKHEED MARTIN
SKUNK WORKS

D FORTNEY

1011 LOCKHEED WAY
PALMDALE CA 93599-2502

LOCKHEED MARTIN

R FIELDS

1195 IRWIN CT

WINTER SPRINGS FL 32708

MATERIALS SCIENCES CORP

B WROSEN

500 OFFICE CENTER DR STE 250
FORT WASHINGTON PA 19034



NO. OF
COPIES

ORGANIZATION

NORTHROP GRUMMAN CORP

ELECTRONIC SENSORS &
SYSTEMS DIV

E SCHOCH

MAILSTOP V 16

1745A WEST NURSERY RD
LINTHICUM MD 21090

NORTHROP GRUMMAN

ENVIRONMENTAL PROGRAMS

R OSTERMAN
AYEN

8900 E WASHINGTON BLVD

PICO RIVERA CA 90660

UNITED DEFENSE LP

D MARTIN

PO BOX 359

SANTA CLARA CA 95052

UNITED DEFENSE LP

G THOMAS

POBOX 58123

SANTA CLARA CA 95052

UNITED DEFENSE LP
R BARRETT
VHORVATICH

MAITL DROP M353

328 W BROKAWRD

SANTA CLARA CA 95052-0359

UNITED DEFENSE LP

GROUND SYSTEMS DIVISION
M PEDRAZZ] MAIL DROP N09

A LEE MAIl. DROP N11

MMACLEAN MAIL DROP N06

1205 COLEMAN AVE

. SANTA CLARA CA 95052

UNITED DEFENSE LP
4800 EAST RIVER RD
R BRYNSVOLD

P JANKE MS170

T GIOVANETTI MS236
B VAN WYK MS389

MINNEAPOLIS MN 55421-1498

28

NO.OF

COPIES ORG. ON

GENERAL DYNAMICS
LAND SYSTEMS

D REES

MPASIK

PO BOX 2074

WARREN MI 48090-2074

GENERAL DYNAMICS
LAND SYSTEMS

D BARTIE

PO BOX 1901
WARREN MI 48090

GENERAL DYNAMICS
LAND SYSTEMS
MUSKEGON OPERATIONS
W SOMMERS JR

76 GETTY ST

MUSKEGON MI 49442

GENERAL DYNAMICS
AMPHIBIOUS SYS
SURVIVABILITY LEAD
G WALKER

991 ANNAPOLIS WAY
WOODBRIDGE VA 22191

INST FOR ADVANCED TECH
T KIEHNE

HFAIR

P SULLIVAN

W REINECKE

IMCNAB

4030 2 W BRAKER LN
AUSTIN TX 78759

CIVIL ENGR RSCH FOUNDATION
H BERNSTEIN PRESIDENT

R BELLE

1015 15TH ST NW STE 600
WASHINGTON DC 20005

ARROW TECH ASSO

1233 SHELBURNE RD STED 8
SOUTH BURLINGTON VT
05403-7700



NO. OF
COPIES

ORGANIZATION

CONSULTANT

R EICHELBERGER

409 W CATHERINE ST
BEL AIR MD 21014-3613

UCLA MANE DEPT ENGR IV
H THOMAS HAHN
LOS ANGELES CA 90024-1597

UNIV OF DAYTON RESEARCH INST
RAN Y KIM

AJIT KROY

300 COLLEGE PARK AVE

DAYTON OH 45469-0168

MIT

PLAGACE

77 MASS AVE
CAMBRIDGE MA 01887

IOT RESEARCH CTR
D ROSE

201 MILL ST

ROME NY 13440-6916

GEORGIA TECH RESEARCH INST
GEORGIA INST OF TECHNOLOGY
P FRIEDERICH

ATLANTA GA 30392

MICHIGAN ST UNIV

R AVERILL

3515 EB MSM DEPT

EAST LANSING MI 48824-1226

UNIV OF KENTUCKY
LPENN

763 ANDERSON HAIL
LEXINGTON KY 40506-0046

UNIV OF WYOMING
D ADAMS

PO BOX 3295
LARAMIE WY 82071

29

NO. OF
COPIES

ORGANIZATION

UNIV OF UTAH

DEPT OF MECH & INDUSTRIAL
ENGR

S SWANSON

SALT LAKE CITY UT 84112

PENNSYLVANIA STATE UNIV
R MCNITT

C BAKIS

227 HAMMOND BLDG
UNIVERSITY PARK PA 16802

PENNSYLVANIA STATE UNIV
RENATA S ENGEL

245 HAMMOND BLDG
UNIVERSITY PARK PA 16801

PURDUE UNIV

SCHOOL OF AERO & ASTRO
CTSUN

W LAFAYETTE IN 47907-1282

STANFORD UNIV

DEPARTMENT OF AERONAUTICS

AND AEROBALILISTICS
DURANT BUILDING

S TSAI

STANFORD CA 94305

UNIV OF DAYTON

JM WHITNEY
COLLEGE PARK AVE
DAYTON OH 45469-0240

UNIV OF DELAWARE

CTR. FOR COMPOSITE MATRLS
J GILLESFIE

M SANTARE

G PALMESE

S YARLAGADDA

S ADVANI

D HEIDER

D KUKICH

201 SPENCER LABORATORY
NEWARK DE 19716



NO. OF
COPIES

GANIZATIO

UNIV OF ILLINOIS

AT URBANA CHAMPAIGN
NATL CTR FOR COMPOSITE
MATERIALS RESEARCH

216 TALBOT LABORATORY
JECONOMY

104 S WRIGHT ST
URBANATL 61801

THE UNIV OF TEXAS

AT AUSTIN

CTR FOR ELECTROMECHANICS
JPRICE

A WALLS

JKITZMILLER

10100 BURNET RD

AUSTIN TX 78758-4497

VA POLYTECHNICAL INST
STATE UNIV

DEPT OF ESM

MW HYER

K REIFSNIDER

R JONES

BLACKSBURG VA 24061-0219

NORTH CAROLINA STATE
UNIV :

CIVIL ENGINEERING DEPT
WRASDORF

PO BOX 7908

RALEIGH NC 27696-7908

UNIV OF MARYLAND

DEPT OF AEROSPACE ENGINEERING
ANTHONY J VIZZINI

COLLEGE PARK MD 20742

DREXEL UNIV

ALBERT S D WANG

32ND AND CHESTNUT STREETS
PHILADELPHIA PA 19104

SOUTHWEST RSCH INST
ENGR & MATL SCIENCES DIV
JRIEGEL

6220 CULEBRA RD

PO DRAWER 28510

SAN ANTONIO TX 78228-0510

30

NO.OF
COPIES

115

TION

ABERDEEN PROVING GROUND

COMMANDER

US ARMY MATERIEL SYS

ANALYSIS

P DIETZ

392 HOPKINS RD
AMXSY TD

APG MD 21005-5071

DIRECTOR

US ARMY RESEARCHLAB

AMSRL OP AP L
APG MD 21005 5066

DIR USARL
AMSRL CI
AMSRI. CIH

W STUREK
AMSRL CI S

AMARK
AMSRL CS IO FI

M ADAMSON
AMSRL SL B

I SMITH
AMSRL SL BA
AMSRL SL BL

D BELY

R HENRY
AMSRL SL BG

AYOUNG
AMSRL SL1I
AMSRL WM B

A HORST

E SCHMIDT
AMSRL WM BA

WD AMICO

FBRANDON
AMSRL WM BC

P PLOSTINS

DLYON

INEWILL

S WILKERSON

A ZIELINSKI
AMSRL WM BD

BFORCH

R FIFER

R PESCE RODRIGUEZ

B RICE




NO. OF
COPIES

ORGANIZATION

" ABERDEEN PROVING GROUND (CONT)

AMSRL WM BE
G WREN
CLEVERITT
D KOOKER

AMSRL WM BR
C SHOEMAKER
JBORNSTEIN

AMSRL WM M
D VIECHNICKI
G HAGNAUER
JTMCCAULEY
B TANNER

AMSRL WM MA
R SHUFORD
P TOUCHET
N BECK TAN
D FLANAGAN
L GHIORSE
D HARRIS
S MCKNIGHT
PMOY
SNGYUEN
P PATTERSON
G RODRIGUEZ
A TEETS
RYIN

AMSRL WM MB
B FINK
JBENDER
T BLANAS
T BOGETTI
R BOSSOLI
LBURTON
KBOYD
S CORNELISON
P DEHMER
RDOOLEY
W DRYSDALE
G GAZONAS
S GHIORSE
D-GRANVILLE
D HOPKINS
C HOPPEL
D HENRY
R KASTE
M KLUSEWITZ
MLEADORE
RLIEB

31

NO. OF

COPIES OQRGANIZATION

ABERDEEN PROVING GROUND (CONT)

AMSRL WM MB
ERIGAS
JSANDS
D SPAGNUOLO
W SPURGEON
JTZENG
E WETZEL
A ABRAHAMIAN
M BERMAN
AFRYDMAN
TLI
W MCINTOSH
E SZYMANSKI

AMRSL WM MC
JBEATTY
JSWAB
E CHIN
JMONTGOMERY
A WERESCZCAK
JLASALVIA
JWELLS

AMSRL WM MD
WROY
S WALSH

AMSRL WMT
B BURNS

AMSRL. WM TA
W GILLICH
T HAVEL
JRUNYEON
M BURKINS
E HORWATH
B GOOCH
W BRUCHEY

AMSRL WM TC
R COATES

AMSRL WM TD
A DAS GUPTA
T HADUCH
T MOYNIHAN
F GREGORY
A RAJENDRAN
M RAFTENBERG
M BOTELER

T WEERASOORIYA

D DANDEKAR
A DIETRICH



NO. OF
COPIES

ORGANIZATIQN

ABERDEEN PROVING GROUND (CONT)

AMSRL WM TE
A NIILER
JPOWELL

AMSRL SS SD
H WALLACE

AMSRL SS SER
R CHASE

AMSRL SS SE DS
RREYZER
R ATKINSON .

AMSRL SEL
R WEINRAUB
] DESMOND
D WOODBURY

32



NO. OF

COPIES ORGANIZATION

R MARTIN

MERI.

LTD

TAMWORTHRD
HERTFORD SG13 7DG
UNITED KINGDOM

PWLAY

SMC SCOTLAND

DERA ROSYTH
ROSYTHROYAL DOCKYARD
DUNFERMLINE FIFE KY 11 2XR
UNITED KINGDOM

T GOTTESMAN

CIVIL AVIATION ADMINISTRATION
PO BOX 8

BEN GURION INTERNL AIRPORT
LOD 70150 ISRAEL

S ANDRE

AEROSPATIALE

A BTE CCRTE MD132

316 ROUTE DE BAYONNE
TOULOUSE 31060
FRANCE

JBAUER

DAIMLER BENZ AEROSPACE
D 81663 MUNCHEN

MUNICH

GERMANY

DRA FORT HALSTEAD

PETER N JONES

DAVID SCOTT

MIKE HINTON

SEVEN QAKS KENT TN 147BP
UNITED KINGDOM

FRANCOIS LESAGE

DEFENSE RESEARCH ESTAB
VALCARTIER

PO BOX 8800

COURCELETTE QUEBEC COA
IRO CANADA

33

NO. OF
COPIES

ORGANIZATION

ROYAL MILITARY COLLEGE OF
SCIENCE SHRIVENHAM

D BULMAN

BLAWTON

SWINDON WILTS SN6 8LA
UNITED KINGDOM

SWISS FEDERAL ARMAMENTS
WKS

WALTER LANZ
ALIMENDSTRASSE 86

3602 THUN

SWITZERLAND

PROFESSOR SOL BODNER
ISRAEL INST OF

TECHNOLOGY

FACULTY OF MECHANICAL ENGR
HAIFA 3200 ISRAEL

DSTO MATERIALS RSRCHILAB

DR NORBERT BURMAN NAVAL
PLATFORM VULNERABILITY SHIP
STRUCTURES & MATERIALS DIV
PO BOX 50

ASCOT VALE VICTORIA
AUSTRALIA 3032

PROFESSOR EDWARD CELENS
ECOLE ROYAL MILITAIRE
AVE DE LA RENAISSANCE 30
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