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MPRL STATUS & SUMMARY OF 1993/1994 ACCOMPLISHMENTS

The Mechanica Properties Research Laboratory (MPRL) hasbeenin existencefor over adecade.
Dr. D.L. McDowdl of the Woodruff School of Mechanical Engineering has served as Director of the
MPRL since October 1992, and previoudy served as Associate Director since 1983. Hereceived ajoint
gppointment with the School of Materids Science and Engineering in Spring 1995. Dr. W.S. Johnson of
the School of Materids Science and Engineering, formerly of NASA Langley, was named Associate
Director of the MPRL in July 1994.

The MPRL is an interdisciplinary laboratory which supports education and research programsin
sructurad materids. Its principa activities are directed towards the measurement and modeling of the
mechanica properties of engineering materids, primarily related to deformation, fatigue and fracture. The
MPRL impactsvery directly on educationa and research programswithin theacademic unitsof the College
of Enginesring. In its role as an interdisciplinary umbrella organization for experimental research in
mechanica properties of materials, the MPRL provides a degree of coordination of equipment usage,
training and maintenance that would be much more costly to the sum of academic unitsin the conventiond
university setting of distinctly controlled single investigetor equipmen.

The MPRL is adminigtered by the Director, with recommendations from a Faculty Governance
Board. The Industria Advisory Board of the School of Materias Science and Engineering dso servesas
the Industrial Advisory Board of the MPRL, and meetswith the Director and selected MPRL faculty each
fdl.

Principd activities of the MPRL include:

! Fatigue and fracture studies of structura materids

! Development of condtitutive equations for deformation and damage

! Characterization and quantification of microgtructure and damage in engineering materias

1 Development of life prediction methodol ogies, including effects of long term exposure and
aging

! Processing and fabrication of structurd materids, and development of improved



condtitutive modes and smulation capability for processng

Participation includes faculty and students from ME, MSE and AE (Appendix A). The number of
participating MPRL faculty has increased by over 50% this past year.

MPRL gaff includes:

! MPRL Director (10% time)

1 MPRL Associate Director (5% time)
! Technician (40% time)

! Secretary (25% time)

! Adminigrative Assgant (5% time)

The following Table provides data regarding the activities of the MPRL during the past year.

Students
No. Faculty  Published Presentations Graduated Magor Faculty &
Papers M.S. Ph.D. Student Awards
15 89 62 6 1 14

" Severd of these faculty joined the MPRL in mid-year

Approximately $1.7M wasexpended during thepast year by MPRL faculty inexternally sponsored
research. This represents the highest annud funding leve in the last decade and is, in fact, a conservetive
esimate snce not all MPRL members provided information for the annud report. AppendicesB and C
ligt the publications and presentations of participating MPRL faculty from July 1, 1994 to June 30, 1995.
Appendix D lists MPRL-related sponsored funding and Appendix E lists mgjor awards bestowed upon
participating MPRL faculty in 1994-95.

MPRL faculty offer a wide range of courses in fatigue, fracture, deformation and damage of



engineering materids, mechanics of solids, quantitive image andyis and nondestructive evauation, and
mechanica behavior of materials. The sequence of introductory and advanced applied fracture mechanics
courses, cross-listed between ME and MSE, is among the strongest of its type offered at any U.S.
univergty. A graduate Certificatein the Mechanica Propertiesof Solidsisaso offered through the MPRL.

PROGRAM DEVELOPMENT

Over the past few years, the MPRL hasplayed aleading role, in cooperation with the Composites
Education and Research Center (CERC) and severd GTRI faculty, in developing proposals in response
to University Research Initiatives in high temperature structurd materids sponsored by ARPA and
AFOSR. The momentum of these development efforts, along with an interndly funded Focused Research
Program (FRP) in the subject of mechanics and processing of high temperature materids, have drawn
together an excellent core group of faculty from different disciplineswith common gods. ThisFRPinvolves
faculty from both academic units and GTRI, predominately composed of MPRL and CERC faculty.
Currently, the FRP actively supports collaboration of faculty and graduate students working in mechanics
and processing of CMCs with the god of enhancing co-authored interdisciplinary journa papers and
conference presentations, co-advised theses, and proposa development through frequent meetings of
various team sub-groups during the academic year. MPRL/FRP faculty hosted an NSF Workshop on
M echanics and Processing of AdvancedEngineer ed M aterials held October 24-26, 1994 at Lake

Lanier Idands; thisworkshop featured prominent researchersfrom academia, government and industry and
consdered future directions in research and education.

The MPRL hasbeen actively involved in devel oping aprogram on durability modelsfor the NASA
initiative on the High Speed Civil Trangport.

A mgor new research thrust involving MPRL faculty is the development of high cycle fatigue
models and integration with red-time ingpection techniquesfor critica rotorcraft components. Sponsored
by ONR at an overdl exceeding $1.5M/yr, this3-5 year M-URI in"Integrated Diagnostics’ (PI/PD W.O.
Winer) involves four MPRL faculty (McDowell, Johnson, Neu and Saxena) and two other universities
(Northwestern and the University of Minnesota). The annual MPRL-related component is approximeately
$230K.



MPRL faculty are dso vitdly involved in the formulation of a new AFOSR inititive to address
basic mechanics and materias issues in high cycle fatigue of polycrystdline and single crystal Ni-base
superdloys used in jet engine components. Drs. McDowe | and Johnson wereinvited to attend an AFOSR
workshop held June 7, 1995 in Dayton, Ohio in which basic research issues were discussed in order to
formulate Air Force research initiatives in high cyclefatigue. Dr. McDowell was an invited lecturer & the
workshop in the area of mechanics issues in high cycle fatigue, and upon AFOSR request has drafted a
white paper based on this workshop that will serve as abassfor future AFOSR initiatives. The MPRL
expectsto play aleading role among U.S. universtiesin this areaiin the coming years.

Asareault of therecent hiring of Drs. Johnson (M SE) and Neu (ME) and addition of severd new
Georgia Tech faculty during the past year, the MPRL has risen to an unprecedented level of research
activity. Other new faculty include:

1. T.L. Star - A longtime researcher at GTRI prior to joining MSE in summer 1994, Dr. Starr is
internationdly recognized for his contributions to measurement of the mechanical and transport
properties of ceramic matrix compostes, and modding of the chemica vapor infiltration (CVI)
process and development of ceramic composites.

2. N. Thadhani - Dr. Thadhani is well-known for his contributions to materias aspects of dynamic
deformation, including fracture and flow behavior of solid and porous materids, synthesis of
intermetallics and ceramics materids utilizing effects of high-grain-rate loading.

3. J. Hampikian - Dr. Hampikian joined the MPRL in Winter 1995. Her work focuses on
microgructural and andytical characterization of materials through transmisson dectron
microscopy, high temperature oxidation kinetics, and thermd barrier coatings.

4, K.V. Logan - Dr. Logan joined the MPRL in Spring 1995. Her research involves effects of
processing on microgtructure, and effects of microstructure on mechanica properties of high

performance ceramics.

In addition, the MPRL will add two new faculty in the next academic year with high potentia for
involvement in and development of its programs and facilities

1 C. Lynch - Dr. Lynch recelved his doctorate from the Univerdity of Caifornia at Santa Barbara



and will join the Mechanicd Engineering faculty in August 1995. He is developing a strong
reputation in the mechanics of coupled eectromagnetic-mechanica effects in fracture of
ferrodectric materias, and has a strong background in dynamic testing of materias.

2. M. Zhou - Dr. Zhou received hisdoctoratefrom Brown University and will conclude post-doctora
work a Cd Tech before joining the Mechanicd Engineering faculty in Fal 1995. He has made
fundamental contributions to the understanding of dynamic inglagtic behavior of single and
multiphase materids, including fracture and shear locdization, from both experimenta and
computational modelling perspectives.

It is expected that both of these new faculty members will make sgnificant contributions to
development of new MPRL facilitiesin these critica research aress. It isprojected that the annuad MPRL

funding for will exceed $2M in the coming year for the first time as aresult of its expangon.



PROGRESS TOWARDS LONG RANGE PLAN GOALS

Development of a L eading Position in Mechanica Properties Research

The mgor Center weaknesses which were identified in the 1994 MPRL drategic plan included,
in order of priority, lack of equipment and eectronic upgrades in the last five years, the lack of block
funding, a high percentage of externa funding from DoD sources (50%), and lack of breadth of faculty
participation. These weaknesses have been addressed on a systematic basis, as discussed next.

Lack of equipment/electronic upgrades:

MPRL faculty have been responding aggressively to proposal development opportunities for
sponsored funding of new equipment. Drs. McDowell and Johnson have co-authored two proposas for
major externa funding to the AFOSR and the NSF. Through discussonswith the AFOSR, it wasfelt that
prospects were excellent for $500K in new funds to enhance the MPRL's high temperature environment
testing capability; regrettably, the proposal received the wrong zip code from OCA and reached the
AFOSR five hourslate for consderation. The NSF hasindicated that they will fund the second proposd,
which will result in $205K of NSF money for dectronic and supporting equipment upgrades with an
additiond $138K in GT matching funds.

In addition, the ONR M-URI and new faculty start-up funds are providing some funding for
acquisition of dectronic upgrades and smdl equipment items. The Office of Interdisciplinary Programs
provided $45K of year end funding in June 1995 which was used to purchase agtate-of -the-art digital test
control and data acquisition unit.

It would appear that with the equipment proposa development efforts, program devel opment of
energetic new faculty, the block-funded ONR program, and the assstance of OIP, the MPRL iswell on
its way to achieving state-of-the-art satusin control and instrumentation, adramatic improvement relative

to the Stuation 18-24 months ago.

Lack of block funding:
The MPRL has taken strong steps towards block funded program devel opment to supplement its
solid base of angleinvestigator grants. Asprevioudy mentioned, four MPRL faculty (McDowdl, Johnson,



Neu and Saxena) are involved in the 3-5 year ONR M-URI in "Integrated Diagnostics' (PI/PD W.O.
Winer). This program provides on the order of $230K/yr to the MPRL in support of basic research.

The MPRL expectsto play aleading role among U.S. universitiesin this areain the coming years
in afuture AFOSR initiative which will address basic mechanics and materiadsissues in high cycle fatigue
of polycrysaline and single crystd Ni-base superaloys used in jet engine components. Drs. McDowdll
and Johnson were invited to attend an AFOSR workshop held June 7, 1995 in Dayton, Ohio in which
basic research issues were discussed. Dr. McDowdll led the effort to draft a white paper based on this
workshop that will serve as input for AFOSR initigtives in mechanics of high cyde fatigue. Potentidly,
competition for one or more URIs may emerge from these initiatives.

Another initiative capturing the attention of a number of MPRL faculty is the current round of
competition for NSF Materials Research Science and Engineering Centers (MRSEC). Coordinated with
the Materias Council, anumber of MPRL faculty areinvolved in one of two Georgia Tech pre-proposas
which are under development for submission to the NSF in September 1995, each at a proposed NSF
funding level on the order of $1M/yr.

In conjunction with an interndly funded Focused Research Program in Mechanics and Processing
of High Temperature Composites, MPRL faculty are aso involved in preiminary discussonswith faculty
at the Virginia Polytechnic Indtitute and State Univergity and Clark Atlanta University to collaborate on a
possible proposal for an NSF Engineering Research Center (ERC) in long term durability of composite
materids. Thiseffort, led by MPRL faculty Drs. W.S. Johnson and R. Tarega, isin very early stages of
development (i.e. feasbility). Thecombined potentia of thesethree universitiesinthissubject isconsidered
to be outstanding, following an exploratory meeting a VP! in early July 1995.

High percentage of external funding from DoD sources (50%):

In our view, this earlier perceived weakness has not materialized as such. The MPRL continues
to enjoy strong support from both industrial and defense sectors. If anything, itstiesto the defense sector
have been strengthened with the ONR M-URI program, involvement of MPRL faculty in strategic planning
for both the Army and Air Force, and hiring of new faculty with strong research ties to this sector.

Thisisno longer a concern in the most recent MPRL drategic plan.



Lack of breadth of faculty participation:

Through publicity and recruitment of potentid faculty, the MPRL is in the midst of its greatest
historica expansion of faculty involvement. The number of participating faculty increased by over 509 this
past year, with another two faculty joining in Fal 1995. These faculty are drawn from severd disciplines
and each brings a different set of skillsto the MPRL. Thisis no longer percelved as a weakness, as we
must now ded with the pleasant issues of how to accommodate and assigt this wide range of research
activity. Increasingly, it is dear that the MPRL must focus on its primary misson in sructurd materidsin

order to balance resources amongst a broadened pool of active faculty.

Diversity

The faculty of the MPRL have worked consistently to ensure that studentsin the MPRL represent
the diversity of thelarger student body, including underrepresented groups. Presently, four female sSudents
and five minority students are conducting graduate research in the MPRL.

Graduate Degree Productivity

Inview of thenomind size of the MPRL faculty, the Ph.D. production might be expected to exhibit
sgnificant variation from year to year, and must be viewed in atime-averaged sense. Thisyear, it dropped
to one student from nine in the previous year. It is expected that this number will increase subgtantialy
towards the goa of 10 per year with the MPRL faculty expansion and associated increase of research
funding and will suffer fromlesscydlicd variation aswell. Severa MPRL students are receiving doctorates
inAugust 1995, for example. M.S. degree productionisroughly at haf thetarget level of 15 per year; this
too will be positively affected by the faculty expansion.

Deveopment of recruiting publicity materids has been delayed pending dlocation of requested
resources. We are presently in the process of completing an updated MPRL publicity brochure, living

within the limits of available resources.

Sarvice and Economic Devel opment

Since additiona funds necessary to develop topicd lectures and short courses in fatigue and
fracture were not alocated this past budget cycle, activities in this area were somewhat limited in scope.



Dr. R. Tdrgaof AE offered a new short course in fatigue of composte materids through the Office of
Continuing Education. We anticipate that 1-2 more new short courses may be added during 1994-1995,
pending availability of participant time. With the internationally acknowledged expertise of core MPRL
faculty in experimentd fracture mechanics, Georgia Tech has an unique opportunity to capitaize on
development of such short courses for video/satdllite presentation.



APPENDIX A

List of MPRL Faculty

Name Affiligtion
E.A. Armanios AE
A. Gokhale MSE
J. Hampikian MSE
W.C. Hutton EMORY/ME (adjunct)
W.S. Johnson MSE
K.V. Logan MSE
D.L. McDowell ME/MSE
R.W. Neu ME
B. Park MSE
T.H. Sanders MSE
A. Saxena MSE
T.L. Starr MSE
SR. Stock MSE
R. Tdrga AE

N. Thadhani MSE



APPENDIX B

List of Published Papers

A. Gokhale

1.

10.

A.M. Gokhde and W.J. Drury: "Efficient Measurement of Microstructural Surface Area Using
Trisector”, Metallurgical and Materials Transactions, Vol. 25A, PP. 919-928, 1994.

Pascal LOUISand A.M. Gokhale: "Application of Image Anadysisfor Characterization of Spatia
Arrangement of Features in Microstructures', M etallurgical and M aterials Transactions, in
press (will appear in June/July, 1995).

W.J. Drury, A.M. Gokhde, and SD. Antolovich: "Effect of Crack Surface Geometry on Fatigue
Crack Closure", Metallurgical and Materials Transactions, in press.

Pasca LOUIS and A.M. Gokhde: "Can Average Particle Section Size in Metdlographic Plane
be Larger than True Average Particle Sizein Three-Dimensiond Microstructure?’, Metallur gical
and Materials Transactions, in press.

A.M. Gokhde "Edimeation of Bivariate Size and Orientation Distribution of Microcracks', Acta
Metallurgica et. Mater., Submitted.

Pasca LOUIS and A.M. Gokhae: "Computer Smulation of Spatia Connectivity of Particlesin
3D Microgtructure: Applicationto Modd Electrica Conductivity of Polymer Matrix Compogte”,
Acta Metallurgica et. Materiallia, submitted.

A.M. Gokhdeand N.U. Deshpande: " Stereology of Anisotropic Microstructures', in Quantitative
Microscopy and Image Analysis, David J. Diaz, ed., ASM Internationd, Materids Park, OH,
1994, pp. 73-82.

W.J. Drury and A.M. Gokhde: "Festure Specific Digitd Profilometry of Fracture Surfaces', in
Quantitative Microscopy and Image Andysis, David J. Diaz, ed., ASM Internationd, Materids
Park, OH, 1994, pp. 83-87.

N.U. Deshpande, A.M. Gokhae, and D.K. Denzer: "Relationship Between Fracture Surface Path
and Microdructure of Aluminum Alloy 7050", in Proceedings of 4th Internationa Conference on
Aluminum Alloys, T.H. Sanders, J., ed., Georgia Indtitute of Technology, Atlanta, GA., 1994,
Vol. 1, pp. 685-692.

W.T. Whited, A.M. Gokhale, and N.U. Deshpande: "Characterization of Thermally Induced
Microcracksin aMetal Matrix Composite”, in Proceedings of Annud Technical Meeting of IMS,



in Microstructura Science, 1994, Val. 21, pp. 107-120.

J. Hampikian

1. "High Temperature Coatings 1", Proceedings of the Fir Symposum on High Temperature
Coatings, MaterialsWeek, Oct. 6-9, 1994, edited by N. Dahotre, JM. Hampikianand J. Stiglich.

2. AmericanVacuum Society, 41t Nationd Symposium, " Preparation and Characterization of Thiol
Copped Slver Nanocrystds, M.M. Alvarez, S. Murthy, R.L. Whetten, JM. Hampikian, Denver,
Colorado October 24-28, 1994.

3. JM. Hampikian, D.I. Potter, "The Effects of Al* lonImplantation onthe Oxidation of Niobiumand
Vanadium", manuscript submitted to Metalurgical Transactions A, May 1995.

4, "Surface Modification of Co-12Cr and Ni-12Cr Alloys by Yttrium lon Implantation”, JM.
Hampikian, M.R. Hendrick and E.M. Hunt,High TemperatureCoatingsl , Materia sWeek, Oct.
6-9, 1994.

5. W. B. Carter, JM. Hampikian, S. Godfrey, and T.A. Polley, "Therma Cycling Behavior of
Combustion Chemical Vapor Deposited Oxide Coatings', February 14, 1995, TMS Annua
Meeting, Las Vegas, Nevada.

W.C. Hutton

1 Daftari, T.K., Horton, W.C. and Hutton, W.C. (1994): CorrelationsBetween Torque of
Insertion, Pullout Strength and Screw Hole Preparation for Spina Screws. Journd of Soind Disorder
7(2): 139-145.

2. York, M.J. and Hutton, W.C.: The Treatment of Screw Hole DefectsUsng Bone Graft
Mterids - A Histologica and Biomechanicad Study. Journd of the Southern Orthopaedic Associaion
(in press).

3. Matava, M.J. and Hutton, W.C.: A Biomechanicd Comparison Betweenthe Catrd OneThird
Patdlar Tendon and the Residud Tendon. British Journa of ~ Sports Medicine (in press).

4, Boden, S.D., Schimandle, J.H. and Hutton, W.C. (1995): A RabbitLumbar S p i n e
| ntertransverse Process Spine Fusion Modd: Radiographic, and Biomechanic Healing
Characteristics. Spine 20(4): 412-420.

5. Slcox, D.H., Déftari, T., Boden, S.D., Schimandle, J.H., Hutton, S.C., Whitesdes, T.E.:
The Effect of Nicotine on Spind Fuson. Spine (in press).

6. Butler, J.C., Branch, T.P. and Hutton, W.C. (1994): Optima Graft Fixation- The Effect of Ggp



Sizeand Screw Size on Bone Plug Fixationin ACL ~ Reconstruction, Arthroscopy 10(5): 524-529.

7. Schimandle, JH., Boden, SD., Hutton, W.C., (1995): Experimental Spind  Fusion with
Recombinant Human Bone Morphogenetic Protein-2 (rhBMP-2). Spine 20: 1326-1337.

8. Boden, S.D., Schimandle, JH., Hutton, W.C.: Lumbar Intertransverse Process Spine Arthrodesis
withaBovine-Derived Osteoinductive Bone Protein. Journa of Boneand Joint Surgery (in press).

9. Horton, W.C.,, Blackstock, S.F., Norman, J.T., Hill, C.S,, Feiertag, M.A., Hutton, W.C.

(1995). The strength of fixation of anterior vertebral screws. Spine (in press).

W.S. Johnson

1. Johnson, W.S., Mirdamadi, M., Bakuckas, J.G., J., "Damage Accumulation in Titanum
Matrix Composites Under Generic Hypersonic Vehicle Fight Smulation and Sustained Loads,” to

appear inThermo-M echani cal Fetigueof Materids, Second Volume, Eds. Verilli and Cagtelli, ASTM
STPXXXX, 1995.

2. Johnson, W.S,, Miller, JL., Mirdamadi, M., "Fractographic Interpretationof F ai l ur e
Mechanismsin Titanium Matrix Composites', Journd of Materids Science and Engineering,
(accepted) 1995.

3. Dillard, D.A., &. Clair, T.L., and Johnson, W.S. "Environmenta ly Enduced Spird Fadures
in LaRC TPI", Journd of Adhesion, 1994, Vol. 44, pp. 51-67.

4, Miller, J.L., Portanova, M.A. and Johnson, W.S,, "Impact Damage Res stance and
Residud Property Assessment of [0/£45/90]s SCS-6/Timetal 21S' NASA Technica Memorandum
110178, May 1995, Toappear in Composites. Fatigue and Fracture 6th Symposum, ASTM STP
XXXX.

5. Johnson, W.S,, Lee, E., and Miller, JL., "High Temperature Titanium Composite Laminges
An Early Andytical Assessment,” Proceeding of ICCM-10, 1995.

6. Miller, J.L., Newman, J.C. J., and Johnson, W.S.,, "Fatigue Response of Rafarated Titerium
for Application in Laminar How Control," 27th National Symposium on Fatigue and Fracture
Mechanics, ASTM STP XXXX, 1996.

7. Cdcaterra, JR., and Johnson, W.S., "A Comparison of Damage Mechanismsfor SCS-6/Timeta
21-S Subjected to Various Thermomechanicd Fatigue Cycles" 10th American Society of
Composites Technical Conference, 1995.

D.L. McDowsdll




10.

11.

12.

13.

McDowell, D.L., " Description of Nonproportiona Cyclic Ratchetting Behavior," European Journa
of Mechanics, A/Salids, Val. 13, No. 5, 1994, pp. 593-604.

McDowsdll, D.L., "Stress State Dependence of the Cyclic Ratchetting Behavior of Two Rall
Stedls" Internationa Journal of Plasticity, Vol. 11, No. 4, 1995, pp. 397-421.

McDowsdl, D.L., Miller, M.P. and Brooks, D.C., "A Unified Creep-Plagticity Theory for Pb-Sn
Solder,"Fatigueof ElectronicMaterials, ASTM STP 1153, SA. Schroeder and M.R. Mitchell,
eds,, Amer. Society for Testing and Materids, Philadelphia, 1994, pp. 42-59.

Miller, M.P. and McDowell, D.L., "The Effect of Stress-State on the Large Strain Inelastic
Deformation Behavior of 304L Stainless Sted," ASME J. Engng. Mater. Techn., in press, 1995.

McDowdl, D.L., "An Improved Algorithm for Elastic-Plagtic Rolling/Sliding Line Contact,”
submitted for publication in the ASME Journd of Tribology, August 1994,

Lim, T.J. and McDowdl, D.L., "Path Dependence of Shape Memory Alloys During Cyclic
Loading,” submitted for publication to the J. Smart Mater. Struct., November 1994,

McDowell, D.L. and Poindexter-Bennett, V., " A Microcrack Growth Law for Multiaxiad Fatigue,”
submitted for publication to Fat. Fract. Engng. Mater. Struct., November 1994.

Marin, E.B., McDowell, D.L. and Bertoncdlli, C., "Models for Compressible Elasto-Pladticity
Based onInternd StateVariables" submitted for publicationto the Internationa Journa of Damage
Mechanics, May 1995.

Marin, E.B. and McDowell, D.L., "Associative Versus Non-Associative Porous Viscoplasticity
Based on Internd State Variable Concepts,” submitted for publication to the Internationa Journa
of Pladticity, April 1995.

McDowsell, D.L. and Voorhees, PW., "Status of Constitutive Laws and Hydrocodes for
Deformationand Damage of Structures Subjected to Impactsand Blasts,” submitted for publication
to Int. J. Impact Engng., April 1995.

Miller, M.P.andMcDowdl, D.L.,"Modeling Large Strain Multiaxia Effectsin FCC Polycrystds,”
submitted for publication to the Internationd Journa of Plagticity, April 1995.

Miller, M.P. and McDowdll, D.L., "Biaxid Deformation Experiments Over Multiple Strain
Regimes" submitted for publication in an ASTM Specid Technica Publication, presented at the
ASTM Symp. on Multiaxia Fatigue and Deformation Testing Techniques, Denver, May 1995, in
review for publicationinan ASTM STP.

McDowell, D.L.,"AnEngineering Modd for Propagation of Small Cracksin Fatigue,” submitted



14.

15.

for publication in Engineering Fracture Mechanics, May 1995.

Hdl, D.E., Hamilton, B.C., McDowell, D.L. and Saxena, A., " Creep Crack Growth Behavior of
Aluminum Alloy 2519: Part Il - Numerica Andyss," submitted for publication in ASTM STP
resulting from the 27th National Symposium on Fatigue and Fracture, Williamsburg, VA, June 26 -
19, 1995.

Marin, E.B. and McDowdll, D.L., "A Semi-Implicit Integration Schemefor Rate-Dependent and
Rate-Independent Plagticity,” Submitted to the Int. J. Numer. Meth. Engng., July 1995.

Papers with Conference Presentation:

16.

17.

18.

19.

20.

21.

22.

Miller, M.P. and McDowell, D.L., "Stress-State Dependent Deformation Behaviour of FCC
Polycrystas,” Proc. 15th RisO International Symp. on Materials Science, Numerica Predictions
of Deformation Processes and the Behaviour of Red Materids, eds. S.I. Andersen et d., Ri0
Nationa Laboratory, Roskilde, Denmark, Sept. 5-9, 1994, pp. 421-426.

Melander, A, Gustavsson, A. and McDowell, D.L., "FEM Simulation of Sheet Metd Forming
Followed by Fatigue Loading,” Proc. 15th RisO International Symp. on Materids Science,
Numerica Predictions of Deformation Processes and the Behaviour of Red Materids, eds. S.l.
Andersen et d., Ris0 National Laboratory, Roskilde, Denmark, Sept. 5-9, 1994, pp. 413-420.

McDowell, D.L., "Cumulative Surface Displacement in Rolling Line Contact,” 36th Mechanica
Working and Stedl Processing Conference, Iron & Steel Society, Baltimore, Oct. 16-19, 1994.

McDowel, D.L., "Multiaxid Effectsin Metdlic Materids™ Symposium on Durability and Damage
Tolerance, ASME AD-Val. 43, ASME Winter Annua Meeting, Chicago, IL, Nov. 6-11, 1994,
pp. 213-267.

McDowel, D.L., "Multiaxid Fatigue Moddling Based on Microcrack Propagation,” Symposium
on Materid Durability/Life Prediction Modding, ASMEE PVP-Val. 290, ASME Winter Annua
Meeting, Chicago, IL, Nov. 6-11, 1994, pp. 69-83.

Hdl, D.E., McDowdll, D.L. and Saxena, A., "Numericad Anaysis of Crack Growthin
Creep-Brittle Aluminum Alloy 8009," 1995 NSF Design, Manufacturing and Industria Innovation
Grantees Meeting, Ingtitute for Mechanics and Materids, La Jolla, CA, January 4-6, 1995.

Poindexter-Bennett, V. and McDowell, D.L., "A Microcrack Growth Law for Multiaxia Fatigue
of Metas" NSBE Trans. on Emerging Technologies'95, Detroit, MI, March 22-26, 1995.

R.W. Neu

1.

Neu, RW., "TMF Life and Damage Mechanism Maps for Titanium Matrix Composites," Proc.



Int. Symp. on Fatigue Under Therma and Mechanical Loading, Petten (N.H.), The Netherlands,
May 22-24, 1995.

B. Park

1.

C. Udu, D.H. Leg, Y. Berta, B. Park, N.N. Thadhani, and D.B. Poker, "Synthesis of (SCkN,
Thin FHImsby lon Implantation,” Mat. Res. Soc. Symp. Proc. 316, 765 (1994).

2. B. Park, "Synthess of Metastable Phases” AKPA Newdetter 16(1), 7 (1994).

3. B. Park, "Time-Resolved X-Ray Scattering Investigation of Ordering Kineticsin a Second-Order
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D.L. McDowell

1. Woodruff Fellow, Woodruff School of Mechanical Engineering, Georgia Tech, 1991-1996.
2. Institute Fellow, Georgia Tech, 1994-1999.

3. Appointed as Member of U.S. Nationad Committee on Theoretica and Applied Mechanics,
administered by the National Research Council (ASTM Representative), 1994-present.

T.H. Sanders, Jr.

1 Digtinguished Lecturer, International Mettalographic Society, July 1994.

2. Elected Fellow of ASM



3. Ph.D. student Mr. Ralph E. Napolitano won one of the best paper awardsfor  the 1995
Georgia Tech Student Paper Competition sponsored by SAIC. The award was based on his
M.S. thesis research “Quench and Impurity Modificationsin Al-S Eutectics’.

A. Saxena

1 ASTM Award of Merit and dection to Society Fellow, July 1995.

2. Sigma Xi Award for contribution as adviser to the Best M.S. Thesis award winner (B. C.
Hamilton).

3. Commendation for service as co-organizer of the 27th ASTM Nationd Symposium on Fatigue
and Fracture, Williamsburg, VA, June 26 - 29, 1995.

C.Ume

1. Elected Senior Member of |IEEE Society



