REPORT DOCUMENTATION PAGE oM e DEroved

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and
maintaining the data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information,
including suggestions for reducing this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis
Highway, Suite 1204, Arlington; VA 22202-4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject 16 any penalty for failing to comply with a
collection of information if it does not display a currently valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. =

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
Technical Papers

4. TITLE AND SUBTITLE ' 5a. CONTRACT NUMBER

5b. GRANT NUMBER

Sc. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER

3062

5e. TASK NUMBER

MG X

5f. WORK UNIT NUMBER

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) ) 8. PERFORMING ORGANIZATION
‘ REPORT

Air Force Research Laboratory (AFMC) ) ,

AFRL/PRS : :

5 Pollux Drive "

Edwards AFB CA 93524-7048 . o o -

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) ) 10. SPONSOR/MONITOR’S
: : ACRONYM(S)
i
| Air Force Research Laboratory (AFMC)
AFRL/PRS 11. SPONSOR/MONITOR’S
| 5 Pollux Drive NUMBER(S)

1 Edwards AFB CA 93524-7048

12. DISTRIBUTION / AVAILABILITY STATEMENT

Approved for public release; distribution unlimited.

| 13. SUPPLEMENTARY NOTES

14. ABSTRACT

15. SUBJECT TERMS

15g

i

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE
OF ABSTRACT OF PAGES PERSON
Leilani Richardson
a. REPORT b. ABSTRACT c. THIS PAGE S : 18b. TELEPHONE NUMBER
. A Y (include area code)
Unclassified Unclassified Unclassified - (661) 275-5015

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. 239.18

- . . H . e T . i " e N
4,\/ Siay ?)\}LQL_. {*f;-.«»i,yu’k § TN A 'L/(-Cs‘ SR g

R v

8

"
T~




& -

MEMORANDUM FOR PR (In-House Publication)
FROM: PROI (TT) (STINFO) 16 Jun 2000

SUBJECT: Authorization for Release of Technical Information, Control Number: AFRL-PR-ED-AB-2000-131
C.T. Liu, “Strain Rate Effect on Crack Opening and Growth in a Particulate Composite Material at Low

Temperature”
3" International Conference on Mechanics of Time Dependant Materials (Statement A)
(Erlangen, Germany, 17-20 Sep 2000) (Submission Deadline: 26 June 2000)

1. This request has been reviewed by the Foreign Disclosure Office for: a.) appropriateness of distribution statement,
b.) military/national critical technology, c.) export controls or distribution restrictions,

d.) appropriateness for release to a foreign nation, and e.) technical sensitivity and/or economic sensitivity.
Comments:

Signature Date

2. This request has been reviewed by the Public Affairs Office for: a.) appropriateness for public release
and/or b) possible higher headquarters review.
Comments:

Signature Date

3. This request has been reviewed by the STINFO for: a.) changes if approved as amended,
b.) appropriateness of distribution statement, ¢.) military/national critical technology, d.) economic sensitivity,

e.) parallel review completed if required, and f.) format and completion of meeting clearance form if required
Comments:

Signature Date

4. This request has been reviewed by PR for: a.) technical accuracy, b.) appropriateness for audience, c.)
appropriateness of distribution statement, d.) technical sensitivity and economic sensitivity, e.) military/
national critical technology, and f.) data rights and patentability

Comments:

APPROVED/APPROVED AS AMENDED/DISAPPROVED

LESLIE. S. PERKINS, Ph.D (Date)
Staff Scientist
Propulsion Directorate

20021119 136




Strain Rate Effect on Crack Opening and Growth in a Particulate Composite Material at

Low Temperature

C.T. Liu
Propulsion Directorate
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INTRODUCTION

Over the past years, a considerable amount of
work has been done in studying crack growth
behavior in highly filled polymeric materials (1-4).
These materials consist of hard particles embedded
in soft polymeric binder, such as rubber, and

\ a V€ behavior-like viscoelastic materials. Therefore, the

mechanical and fracture behaviors of such
materials can be strongly influenced by the loading
rate, temperature, and material microstructure.
Thus, in order to obtain a fundamental
understanding of the crack growth behavior in the
particulate composite materials, the effects of
loading rate and temperature on the crack growth
behavior need to be determined.

In this study, edge-cracked sheet specimens
(Fig. 1) made from polybutadiene rubber
embedded with hard particles were used to study

and distribution of filled particles, the different
crosslink density of polymeric chains, and the
variation in bond strength between the particles
and the Dbinder can produce  highly
nonhomogeneous local stress and strength fields.
Depending on the magnitude of the local stress and
the local strength, damage can be developed in the
material, especially near the crack tip region. The
damage developed in the material may be in the
form of microvoids or microcracks in the binder or
dewetting between the binder and the filler
particles. Damage growth in the material may
occur as material tearing or as successive
nucleation and coalescence of the microcracks.
These damage processes are time dependent and
are the main factor responsible for the time
sensitivity of strength degradation as well as the
fracture behavior of the material.

- Typical sets of photographs showing the crack

the effects of strain rate and specimen thickness on ; \"" surface profiles are shown in Flgf 2. ;[’h local

the crack growth behavior at -6:°Fﬁﬁ T.hlS
program, two strain rates (0. 05,r\111n andO25R1m

"‘-’f’ L ();and two specimen thicknesses (C2 54 mm and

oo »-j’

g

IR

127 mm ere con51dered Prior %ﬂgestm
B

coarse oratm F02 T s squares was dep051ted in
the surface of the specimen. During the crack
propagation tests, photographs were taken at
various time intervals. The raw data obtained from
the test were the displacement fields, the crack
length, the time, and the load. The raw data were
used to calculate the strain fields near the crack tip,
the crack opening displacement, and the failure
process zone sizez~The experimental data were
analyzed and the” effects of loading rate and
specimen thickness on the aforementioned
parameters are discussed.

RESULTS AND DISCUSSION

It is well known that, on the microscopic scale,
a highly filled polymeric material can be
considered an inhomogeneous material. When
these materials are stretched, the different sizes

A LA

behavior shown can be regarded as typlcal eXcept
for the higher rate and thicker specimen case, for
the material investigated and the two strain rates
considered in this study. Figure 2 depicts the crack
opening and growth that consisted of a blunt-
growth-blunt-growth process. Experimental data
also reveal that voids are formed in a highly
damaged zone, known as the failure process zone,
ahead of the crack tip during blunting following by
growth during which the crack resharpened. As the
crack propagates, due to the random nature of the
damage developed at the crack tip, the cEack path
was locally an undulating pathﬁ-l&?vever in a
global sense, the crack grew in a plane normal to
the direction of the applied load. Figure 3 shows
the crack tip profiles when the thicker specimen
was tested at the higher strain rate. At the higher
strain rate, the void development was strongly
suppressed and the crack growth path is straight
across the specimen. This phenomenon is believed
due to the reason that, at -65°F, the bond strength
and the binder strength increase significantly, and
the load transfer mechanism is considerably

Distribution A; Approved for public release, distribution unlimited.
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Figure 5. Iso-strain contours
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