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GEORGIA TECH RESEARCH CORPORATION 
GEORGIA INSTITUTE OF TECHNOLOGY 

ATLANTA, GEORGIA 30332-0420 
Phone : (404) 894- 4820 Telex : 542507 GTRCOCAATL 

Fax: (404) 894-3120 

Shirley Woods 

July 15, 1986 

National Science Foundation 
Division of Grants and Contracts 
Room 1150 
Washington, DC 20550 

Subject: Grant No. MEA-8306359 

Dear Ms. Woods: 

bxc: Fennell 
Welch 
Hardaway 
File 

Per your telephone request, I have enclosed attachment from 
Dr. Atluri discussing progress to date and anticipated research 
effort for the remainder of the project, if extended. I have 
also enclosed an estimated budget for funds remaining. 

I trust that this information is sufficient, however, please 
contact me if there is anything further that you need. 

Thank you for the help in processing our request. 

gw 

Enclosure: As stated 

xc: S.N. Atluri 

Sincerely, 

/Ohn ts. :scnonk 
Contracting Officer 



The main objective or the research underway is a rundarr.ental 
investigation of the mechanics of crack propagation in ductile materials 
undergoing inelastic deformation under various loading conditions. The main 
thrust is an effort to establish the utility or certain path~independent 
integrals (as measures of crack-tip deformation) to cha~acterize the fracture 
process in the same way that the J integral characterizes the fracture process 
under conditions of elasticity or deformation plasticity. The specific topics 
under study are: (i) the mechanics of crack growth initiation in 
rate~independent elastic/pla~tic materials under arbitrary load histories, 
(ii) stable crack~growth in elastic plastic materials, and (iii) influence of 
rate-sensitive inelastic behavior on dynamic crack propagation. 

Since the initiation of the grant on October is, 1983, to date, research 
has been conducted on the mechanics or initiation and crack~growth in 
rate~independent elastic-plastic materials. The results or this research have 
~~2n documented in 15 (fifteen) refereed ar~hival publications. A su~~ary of 
the research accomplished to date has also appeared as two chapters 
("Elastic~Plastic Fractureft and "Path~lndependent Integrals and Energetic 
Approaches in Fracture") in a book, "Computational Methods in the Mechanics of 
L'::.:t ·~!"'e" (Edited by the principal·dnvestigator, S. N. Atlur1), to be 
published by NorthpHolland Publishers, in September 1986. In addition, the 
research accomplished, to date, has also been presented in several invited 
talks at International Conferences, the more notable being (i) a Plenary 
Lecture at the bth lnternational Congress on t:o·racture, lCf-b, December, 1984, 
in New Delhi, India, (11) a Plenary Lecture at the IUTAM Symposium on 
~Thermo-mechanical Couplings in Fracture Solids" Ecole Polytechnic, France, 
September, 1986. 

The research that is yet to be completed involves the ~tudy or the 
high-strain-rate effects on the material behavior near a rast-running 
crack-tip in a viscoplastic structural steel. Attention 1s being focused on a 
new crack-tip integral parameter, r•, to characterize the fracture process in 
viscoplastic dynamic rracture. Studies will also be conducted on the influence 
of the thermo-mechanical coupling induced by the adiabatic heating due to 

· ~1.::-g~r di~sipation near a fast-running crack-tip on the mechanical _behavior 
near the crack-tip. The progress in this phase of research has been slowed 
down due to unforeseen difficulties in recruiting qualified Ph.D students 
&nd/or po~t-doctoral research fellows to collaborate with the principal 
investigator on this research. Only recently such individuals have been 
1 <.1 e.n t 1 f1 e c1 • These are ( 1 ) Mr • Fr a n k M e 11 o , a Ph • D e t u d en t , a n d ( 11 ) 
Dr~ S. l. ·Im a post•doctoral !ellow, with a Ph.D from the University of 
Ill1nc1s at Urbana. 

• . Al~o, the current research on establishing T as a rracture parameter in 
h1gh-atra1n-rate dynamic crack-propagation necessitates the heavy u~e or a 
eupercomputer such as a CRAY. Only recently, the protocol necessary for such 
long-distance use of the CRAY at Urbana has been establi~hed. 

Thus, the delays in recruiting the nece~sary students, and in 
e~tabliehing a link with a supercomputer, a~ mentioned above, neces~itate a 
no-coet extension or the performance period or the grant to September 30, 
1987. We hereby request the cognizant program orr1c1a1~ at NSF to grant th1~ 
extension. Such an extension would enable a eucces~ful fulfillment of the 
.,_.,.( "• ,,..~, "l·do""t • voQ nf' r~~~::i,..,..h in thP r-11rrP.nt r::rr~nt. 



Catagory 

Personnel 

Fringe Benefits 

Supplies 

Travel 

Equipment 

Indirect Costs 

Total 

Budget Estimate 

G~ant No. HEA-8306359 
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School of Civil Engineering 
Georgia Institute of Technology 
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PART I • PROJECT IDENTIFICATION INFORMATION 
1. Program Officlal/Org. Dr. K. Thirumalai/Solid & Geo-Mechanics Program 

2. Program Name Mechanical Sciences 

3. Award Dates (MM/VY) 

4. Institution and Address 

5. Award Number 

From: 10/83 To: 9/87 

Georgia Tech Research Corporation 
Georgia Institute of Technology 
Atlanta, GA 30332-0420 

MSM-8306359 
·-{~ . ; . .- ~- ., r--.-_.·-1-------------------------------------------
. ~::..· ·-. ·. ~< -~- &. Project Title Mechanical Sciences: Studies in the Mechanics of 

Inelastic and Dynamic Fracture 

This Packet Contains 
NSF Form98A 

And 1 Return Envelope 

--·:_-. 



NSF Grant Conditions (Artlcle 17, GC-1, •nd Artlcl• 9, FDP-11) require submission of• Final Project 
Report (NSF Form 98A) to th• NSF program officer no later than 90 days after the expiration of the 
award. Flnal Project Reports for expired awards must be received before new awards can be mlde 
(NSF Grants Polley Manual Section 877). 

Below, or on a aeparat• pege. provide a aummary of the completed pro)eeta and tectanloel lnfomlllllon ..t attaclt 11o1a1a .._. 
le.,,. to Include your name and -rd number on eech ....,... page. S. below for ln019 lmtnlotlona. 

PART II • SUMMARY OF COMPLETED PROJECT (for publlc u•) 

TM aumrnary (about 200 wonta) rnuat be .at-contained and lntelleglble to a aclentltlcally m.ate ...... Wlhoul 1Mt8tlngtt. 
pro)lct tllle. ll ahoulcl begin with a topic •ntence atartlng the project'• major th...._ TM summary ehould Include, If pertlnlm 
to the project-~ ....... the following lterna: . . . 

• TM primary obJectlvM and ecope of the pro)ect 
• TM t8Chnlquee or apprwhea uaed ontr to the degr'M neoe1ury for oompNhenelon 
• TM flndlnga and lmpllcatlona atated aa concluly and lnfonnmlvely aa poalble · 

The energetic·approaches in inelastic and dynamic fracture of metals are examined in 
detail. Dynamic crack propagation in viscoplastic solids is modeled computationally. 
The problem of temperature rise near a propagating crack-tip in mild steel is studied 
numerically. 

PART Ill· TECHNICAL INFORMATION (for program management use) 

Llat 1'8feNnCea to publlcatlona re8Ultlng from thla award and briefly deacrtbe primary Uta, auaplea. phyalcel collec:tlw. 
lnventlona. aoftwara, etc. cruted or gathered I nth• couree of th• re-rch and. If 8PPf'Oprlate. how they.,. being..,.. walleble 
_to th• march community. 

/I 

Prlnclpal lnV'ntlgator/ProJect Director Slgnatu,. 

NSF Form HA (Rev. 5'90) 



Part ill (Attachment): 

S.N. Atluri, "Energetic Approaches and Path-Independent Integrals in Fracture Mechanics" in 
Computational Methods in tbe Mechanics of Fracture, (S.N. Atluri, Ed.) pp 122-165, North­
Holland, 1986. 

F.W. Brust, T. Nishioka, S.N. Atluri and M. Nakagaki, "Further Studies on Elastic-Plastic Stable 
Fracture Using the T* Integral", En&&· Fracture Mechanics, Vol. 22, pp 1079-1103, 1985. 

S.N. Atluri and T. Nishioka, "Numerical Studies in Dynamic Fracture Mechanics" International 
Journal of fracture, Vol. 27, pp 245-261, 1985. 

S.N. Atluri, "Computational Techniques for Inelastic Stress and Fracture Analyses", Nuclear 
En&ineerin& & Desiw, Vol. 116, pp 329-342, 1989. 

M. Nakagaki and S.N. Atluri, "Crack-Tip Parameters and Temperature Rise in Dynamic Crack 
Propagation", En&ineerin& Fracture Mechanics, Vol. 23, No. 2, pp 167-182, 1986. 
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I • ... ., PART IV - FINAL PROJECT REPORT - SUMMARY DATA ON PROJECT PERSONNEL 

(robe 11111....._. te 11•111ant ,,...,_ Ollloer ..-aampb-al~ 

I The data requested below are Important for the -development of a atatlatlcal profile on the personnel 9"pportec1 by 
Federal grants. The Information on this part la IOllclted In reaponH to Public Law 19-383 and '2 USC 1185C. All lnforma-
tlon provided will be treated u confidential and wlll be safeguarded In accordance with the provlalona of the Privacy Act 
of 1974. You should aubmlt a alngle copy of this part with each flnal project report. However, aubmlulon of the ~ec:t 
Information Is not mandatory and 11 not a precondition of future award(s). Check the 110.Cllne to Provide Information" 
bOx below If you do not wlah to provide the Information. 

Please enter the numbers of Individuals aupported under thla granL 

II 
Do not enter Information for Individuals working I••• than 40 hours In any calendar year. , 

Senior Poat- . Graduate 
-

Under· Other 
Staff Doctoral• Student a Graduat• Partlclpanta 1 

Male Fem. Male Fem. Male Fem. Male Fem. Male Fem. 

A. Total, U.S. Citizens 
' 

8. Tot•I, Permanent Resident• 

U.S. Citizens or 
·Permanent Realdent12: 

American Indian or Alaskan Native .•• 

Asian ...••.••.•.••• • •••••••••••••• 

Black, Not of Hispanic Origin ..••••••. 

Hispanic ........•..•..••••..•...•• 

Pac if le Islander .•••••• • ••••••.•..•• 

White. Not of Htsoantc Origin ..••.••. 

C. Total, Other Non·U.S. Citizens 

Specify Country 
1. 

2. 

3. 

D. Total, All participants 
(A+B+C) ": 

Dlaabled' 

O Decline to Provide Information: Check box If you do not wlah to provide thl1 Information (You are atlll Nquhd to Ntum Ulla page 
along with Part1 1-111). 

1C.tegory Includes, tor example, college and PNCOlleQe teachers, conference and worlclhop partlclpanta. 

au .. the category that bnt deecrlbel the etttnlclraclal 1tatua for all U.S. ClllDnl and NondtlDl18 with Permanent Allldelw:J. (II lllOl9 
lhan one cat-,ory appllea. u• th• one categorr th•t moat cloH/y rellecll the pelNft'l teOOflllltlon In the OOllllllllllltyJ 
'A peraon having a phyalcal or mental Impairment that 1ubltantlally llmlta one or men malor Ute actlwltll9; Who hu a record of IUCh 
Impairment; or who 11 regarded aa having IUCh Impairment. (Dl1ab/ed lnd#WthMlt a11o Mould be oounted llltdet flte epptOpllate 
ethnlchclal group unleu they.,. claullled u -other Non-U.S. C1t1Dna. i 

AMERICAN INDIAN OR ALASKAN NATIVE: A per90ft having orlglna In any of thl orlglnal peop• of Nortll A...tca. and who main-
taln cuttural Identification through tribal afflllatlon or ~ r900gnn1on. . 

ASIAN: A person having ortglna In any of thl original peoplea of Eut Aala. loutfieut Asia and the Indian IUbcontlnenL Thia.,.. 
lncludea, for example, China, India, lndon11la. Japan, Korea and ~ 
ILACK, NOT OF HISPANIC ORIGIN: A PlflO" having orlgl• In any of the black '8Clal Groupe of Africa. 
_HISPANIC: A pnon of Mexican, Puerto Rican. CUban, Central orSoulll Anwtc.n orollW lpanlib oultureorortgln,~of ,.._ 
PACIFIC ISLANDER: A person having ortglna In any of tM ortglnal peoplM of H..at; the U.S. P8clflc Terrttorlel of Guam. 
American Samoa. or the Northern Martanu; the U.S. Truat Territory of Palau; the lalanda of M~ or Melaneela; or the 
Phlllpplnea. 

WHITE, NOT OF HISPANIC ORIGIN: A per80ft havtng ortglna In any of the ortglnal ~of Europe. Norlla Afrtca, or the Middle EMt. 

THIS PART Will BE PHYSICALLY SEPARATED FROM THE FINAL PROJECT REPORT AND USED AS A COMPUTER 
SOURCE DOCUMENT. DO NOT DUPLICATE IT ON THE REVERSE OF ANY OTHER PART OF THE FINAL REPORT. 
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