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Final Report for the Project 

"ASSERT: CONSTITUTIVE AND FAILURE BEHAVIOR OF GRANULAR MATERIALS" 

Grant Number: F49620-97-1 -0415 
Period Covered: July 1,1997 - June 30,2000 

Min Zhou 
Georgia Institute of Technology 

School of Mechanical Engineering 
Atlanta, GA 30332-0405 

Summary: 

This project provides support for graduate and undergraduate students to conduct research on 
the dynamic behavior of concrete and mortar over a range of loading rates and under multiaxial 
states of stress. The objective of this research is to obtain material response data and constitutive 
characterization for these materials at strain rates of up to 105 s"1, to analyze the evolution of load- 
carrying and energy absorption capacities, and to understand deformation and failure mechanisms 
under high pressures and high strain rates, such as fragmentation, comminution and granular flow. 
The students' investigations have focused on (1) the dynamic response of the "G"-mix concrete 
under impact conditions, (2) the effect of composite microstructure and aggregate reinforcement on 
the material stress-carrying capacity, and (3) the failure behavior of mortar under conditions of 
normal plate impact. Academic achievements for this project have been described in the final report 
for the parent grant dated December 31, 1999. The activities under the ASSERT grant are 
summarized here. 

Students Supported: 

Graduate Students Research topic 

P. Lucas Grote: Time-resolved analysis of dynamic response using plate impact 
Experiments 

Mr. Grote received his MS degree in March 1999. Mr. Grote conducted pioneering experiments 
on the dynamic impact response and failure-wave phenomenon of concrete. He used laser 
interferometer diagnostics and PVDF internal stress gauge technique to ascertain the existence of 
the failure waves. 

Andrew Keller Dynamic Failure behavior under uniaxial compression 

Mr. Keller received his MS degree in August 2000. HE conducted experimental research on the 
failure behavior of brittle materials under uniaxial compression conditions. He also analyzed the 
microscopic failure behavior of materials using scanning electron microscopy. 



Undergraduate Students Responsibilities 

Akwate Watkins 
Patrick Lesher 

Dawn Amos 
Kevin Starks 

Specimen preparation, machining 
Digitization of concrete microstructure 
ABAQUS installation 
Specimen preparation, conduction of experiment 
Design and manufacturing of pressure-shear impact 
target holder 

Mr. Watkins is an African American. Miss Amos participated in the 1997 Georgia Tech SURF 
(Summer Undergraduate Research Fellowship program) while working on this project. The 
Georgia Tech Material Research Council provided partial support for her work on this project. 
Mr. Starks designed and manufactured the target holder assembly for pressure-shear impact 
experiments. 



AUGMENTATION AWARDS FOR SCIENCE & ENGINEERING RESEARCH TRAINING (AASERT) 
REPORTING FORM 

The Department of Defense (DoD) requires certain information to evaluate the 
effectiveness of the AASERT Program.  By accepting this Grant which bestows the 
AASERT funds, the Grantee agrees to provide 1) a brief (not to exceed one page) 
narrative technical report of the research training activities of the AASERT-funded 
student(s) and 2) the information should be provided to the Government's technical 
point of contract by each annual anniversary of the AASERT award date. 

1.  Grantee identification data: (R&T and Grant numbers found on Page 1 of Grant) 

a. Georgia Institute of Technology/Georgia Tech Research Corp.    
University Name 

b. F4Qfi9n-Q7-i-n4i5      c. F08671-9701485  
Grant Number R&T Number 

d. Min Zhou   e. From: 7/1/97      To: 6/30/00 
P.I. Name AASERT Reporting Period 

NOTE:  Grant to which AASERT award is attached is referrred to hereafter as 
"Parent Agreement". 

2.  Total funding of the Parent Agreement and the number of full-time equivalent 
graduate students (FTEGS) supported by the Parent Agreement during the 12-month 
period prior to the AASERT award date. 

a. Funding:        $ 302,000  

b. Number FTEGS: 2 

3.  Total funding of the Parent Agreement and the number of FTEGS supported by 
the Parent Agreement during the current 12-month period. 

a. Funding:        $ 302,000  

b. Number FTEGS:        2 

4.  Total AASERT funding and the number of FTEGS and undergraduate students 
(UGS) supported by AASERT funds during the current 12-month reporting period. 

a. Funding:        $ 110,000  

b. Number FTEGS: 2 

Number UGS: 

VERIFICATION STATEMENT:     I hereby verify, that all students supported by the 
AASERT "toaSra^areJlvS-  Citizens. 

m HI 
Principal  TvJVgtivgatff?V \ x  \ Date 

Georgia Tech Research Corporation Attachment  1 
F49620-97-1-0415,   Def Page  1 of  2 


