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General 
The following is a progress report of research and educational accomplishments 

funded by the Geotechnical, Geomechanical and Geo-environmental Systems Program 
of the National Science Foundation as part of the White House/NSF Presidential Faculty 
Fellowship Grant No. MSS-5M^7fJO The award became effective March 15, 1993 and 
expires August 3 1 , 1994. The Presidential Faculty Fellow class of 1992 has been a very 
active group. W e have established close communication links via Internet. Any 
communication sent to the Alias PFF@NSF.GOV will reach each of the 30 1992 PFF 
awardees. This has allowed us to come to agreement in a variety of issues that affect the 
future of academia in the United States. A group of 17 PFF recipients met in Washington, 
D.C. in May, 1993 for the First Annual PFF meeting to discuss issues such as "Math and 
Science Literacy", "Relation between Academia and Industry" and "Basic versus 
Applied Research". It was truly pleasure to sit on round table discussion which such 
bright group of young academicians. 

During the past year I was hired by the School of Civil and Environmental 
Engineering at the Georgia Institute of Technology. The group here at Tech is young, 
talented and very enthusiastic. It has been very enjoyable to be able to collaborate with 
various colleagues in research and educational projects. 
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Research Effort 
The individual research thrust under the PFF grant has been divided in two areas 

within geomechanical engineering. First in the area of constitutive characterization 
(experimental and numerical modeling) of soils, elasto-plasticity, and numerical methods 
and second in the area of earthquake hazard assessment. 

C o n s t i t u t i v e C h a r a c t e r i z a t i o n o f S o i l s 

The primary focus of the first part has been on the prediction of load-deformation 
response of geotechnical structures, with an emphasis on slope stability failures, based 
on non-linear finite element analyses. The main goal has been to develop a deep 
understanding of the failure mechanisms and possible preventive measures of man-made 
or natural slopes. For this purpose the following list of issues are being addressed: 

1) Experimental program for the mechanical characterization of soils. 
2) Investigation of the soil behavior and its characterization in the context of the theory 
of elasto-plasticity. 
3) Model calibration to obtain the appropriate constitutive soil model parameters. 
4) Investigation of accuracy and stability of techniques employed for the integration of 
the constitutive equations. 
5) Numerical modeling using the elasto-plastic constitutive theories by the finite element 
method. 
6) Comparison with experimental investigations (Centrifuge or physical modeling) 

The use of spread footings on slopes is a common practice in the design of bridge 
foundations. Footings are generally constructed in the slope or at its crest to imnimize 
the bridge length, thereby rrnnimizing costs. However, the analytical methods that are 
frequently used to predict the ultimate bearing capacity of shallow spread footings on 
slopes yield a wide range of solutions. As a result, allowable foundation bearing 
capacities are selected conservatively leading to the design of spread footings which are 
larger and more costly than necessary. 

There has been an increased effort in recent years to evaluate and improve techniques 
for predicting the deformation and ultimate bearing capacity of shallow spread footings 
located on or near slopes. Research efforts currently underway include detailed 
centrifuge tests on scaled physical models and advanced numerical techniques used in 
conjunction with sophisticated elasto-plastic constitutive models. 

For the work reported here, scaled centrifuge models are used to obtain maximum 
bearing pressures of prototype shallow spread footings located near sand slopes. These 
results are compared with classical bearing capacity solutions and numerical predictions 
obtained with 
finite element discretizations and a proper constitutive model. Deformed meshes, 
incremental nodal displacements, and stress contours are also presented. The concept of 
modeling of models is applied to test the validity of the scaling relations in both 
analyses. 



Study of Soil Liquefaction 
Sta tement of the P r o b l e m 

Puerto Rico, the westernmost island of the Greater Antilles, is an area of recurring 
seismicity with significant earthquake damage potential. The known seismic history, 
which dates back to 1524, indicates that at least 10 major earthquakes have occurred in 
the region (Asencio, 1980; McCann and Sykes, 1984). Recent field investigations have 
resulted in the apparent discovery of paleoliquefaction features which suggest 
pre-historic earthquake shaking. The 1918 Mona Canyon earthquake ( M s = 7.5), the 
most recent major quake affecting the island, caused widespread destruction and more 
than 100 deaths in and around the city of Mayagiiez. First-hand accounts indicate that 
soil liquefaction and soil amplification played a role in produing the damages. Accounts 
of even stronger earthquakes, such as the M s = 8.3 Puerto Rico Trench earthquake of 
1787, also appear in the historical record. 
At the time of the 1918 earthquake the population of Mayagiiez was about 17,000. The 
low population density and predominance of single-story wood structures kept the loss 
of life to a minimum. Today, the western side of the island is heavily populated. The 
Mayagiiez metropolitan area alone now has a population of more than 132,000. The 
vast majority of buildings and infrastructure lifelines were constructed without adequate 
provision for earthquake survivability. Much of the infrastructure is founded on shallow 
footings or wooden piles and is located in coastal plain deposits of very liquefiable, 
loose, saturated sands. Significant portions of the Mayagiiez area also contain deposits 
of thick soft clays that could amplify earthquake ground motions. 
McCann (1986) studied the recurrence interval for earthquakes on the western portion 
of the island. Based on limited data, he estimated that the average recurrence time for 
events of Modified Mercalli Intensity (MMI) < VIII was about 26 years. This finding 
puts a somewhat alarming highlight on the fact that the last major seismic event in the 
Mayagiiez area occurred about 75 years ago. Though many uncertainties exist about 
the source characteristics and dimensions and orientations of the faults (McCann and 
Sykes, 1984), a reasonable interpretation of the evidence currently available predicts 
that western Puerto Rico is due to experience a major earthquake in the not-too-distant 
future. 

The seismic history, high population density, time lapsed since the last major earthquake, 
and the presence of liquefiable sands and soft clays with the potential to amplify ground 
motion combine to establish western Puerto Rico as a region of very significant seismic 
hazard. The study proposed herein is a seismic hazard assessment of the western coast of 
Puerto Rico that will encompass the following activities: 

1 . detailed study of the seismic history of Puerto Rico; 
2 . collection/analysis of boring logs and other geotechnical data from local consulting 
firms and government agencies; 
3 . synthesis of all available ground motion records in conjunction with the Univeristy of 
Puerto Rico Seismic Network and Lamont Doherty Earth Observatory; 
4 . integration of Geographic Information System (GIS) technology in the hazard 
analysis; 
5 . site response assessment, including establishment of instrumentation and monitoring 
program at selected locations; 



6 . field and laboratory tests to further characterize subsurface conditions in the 
Mayaguez area; 7.collective analysis of the data generated in the previous activities to 
predict seismically induced damage potential, especially due to soil liquefaction and soil 
amplification; and, 
7 . development of hazard maps of western Puerto Rico within a GIS framework. 

The various tasks of this project will provide the data and analyses needed to answer the 
following questions, organized by primary focus: 

I.What is the potential for damage to the city of Mayaguez and surrounding regions due 
to soil liquefaction? 

Il.Will soil conditions prevalent in western Puerto Rico cause a significant amplification 
of ground motions? If so, what areas of the Mayaguez region are most susceptible to 
damage from these effects, and what are the implications for structural design standards 
in Puerto Rico? 

III.What is the current level of seismicity in Puerto Rico? What are the apparent sources 
of the seismicity? What is the potential for a large earthquake? 

The impact of the proposed research can be divided into two distinct categories: 
practical benefits relating to improved estimates of earthquake hazard in Puerto Rico 
and important basic contributions to scientific and engineering knowledge in the areas 
of site-response and the utilization of Geographic Information Systems (GIS) earthquake 
hazard assessment and disaster planning. 
A pilot project funded by the Puerto Rico Eathquake Safety Commission (PRESC) in 
cooperation with the Federal Emergency Management Agency (FEMA) has yielded 
some interesting findings. The presence of soft clays and loose sands is evident. Further 
field studies are needed to accurately pin-point the location of regions that would be 
prone to severe excitation caused by soil amplification and liquefaction of sands. 



PARTIAL LIST OF PUBLICATIONS AND PRESENTATIONS DURING THE LAST YEAR. 

1 MACARI-PASQUALINO, E . J . , ARDUINO-FERRER, P . , WEIHE, S., AND RUNESSON, K . , "NUMERICAL 
INTEGRATION TECHNIQUES APPLIED TO A CONE-CAP MODEL" PROCEEDINGS OF M E E T ' N ' 9 3 , 
A S C E , A S M E , C S E , CHARLOTTESVILLE, V A . , JUNE, 1 9 9 3 . 
MACARI, E . J . , COSTES, N . C . , AND PARKER, J . , "DIGITAL IMAGE TECHNIQUES FOR VOLUME 
CHANGE MEASUREMENTS IN TRIAXIAL TESTS" PROCEEDINGS OF DIGITAL IMAGE PROCESSING; 
"TECHNIQUES AND APPLICATIONS IN CIVIL ENGINEERING", ENGINEERING FOUNDATION AND 
NATIONAL SCIENCE FOUNDATION CONFERENCE, KONA, HAWAII, MARCH, 1 9 9 3 . 
J . , MARTIN, J . , AND BRANDON, T . L . , "LIQUEFACTION POTENTIAL OF WESTERN PUERTO RICO", 
PROCEEDINGS OF GEOGRAPHICAL INFORMATION SYSTEMS AND THEIR APPLICATION IN 
GEOTECHNICAL EARTHQUAKE ENGINEERING, A S C E , ATLANTA, GEORGIA, JANUARY, 1 9 9 3 . 

2 MACARI-PASQUALINO, E . J . , LAYMON, C , AND COSTES, N . C . , "SMALL- SCALE FIELD EXPERIMENT 
OF SUBSURFACE HYDROLOGIC PROCESSES WITH IMPLICATION FOR RAIN-INDUCED SLOPE 
STABILITY ANALYSES", PROCEEDINGS OF FIRST BRAZILIAN CONFERENCE ON SLOPE STABILITY 
ISSUES, R I O DE JANEIRO, BRAZIL, NOVEMBER, 1 9 9 2 . 

3 MACARI-PASQUALINO, E . J . , "DEFORMATION ISSUES FOR SLOPE STABILITY ANALYSIS", 
PROCEEDINGS OF RESIDUAL SOILS, N S F US/BRAZIL COOPERATION WORKSHOP, BELO HORIZONTE, 
BRAZIL, NOV., 1 9 9 2 . 

4 MACARI-PASQUALINO, E . J . , RUNESSON, K . , STURE, S., "RESPONSE OF GRANULAR MATERIALS 
UNDER L O W EFFECTIVE STRESSES" A S C E JOURNAL GEOTECHNICAL ENGINEERING DIVISION, 
JULY, 1 9 9 4 . 

5 LAYMON, C , MACARI, E . J . , AND COSTES, N . C . , "PLOT-SCALE EXPERIMENTS OF SURFACE 
MOISTURE-ATMOSPHERE INTERACTIONS - WITH E O S IMPLICATIONS", PROCEEDINGS OF THE 
A S C E 3RD INTERNATIONAL CONFERENCE ON ENGINEERING CONSTRUCTION AND OPERATIONS IN 
SPACE: S P A C E ' 9 2 , DENVER, COLORADO, MAY 3 0 - JUNE 4 , 1 9 9 2 . 

OTHER RELATED OUTREACH PRESENTATIONS DURING THE PAST YEAR. 

6 LECTURE AS PART OF THE OUTREACH PROGRAM TO 6 0 ELEMENTARY SCHOOL STUDENTS ON "ISSUES 
RELATED TO CIVIL ENGINEERING IN THE SPACE PROGRAM" MAY 7 , 1 9 9 3 . 

7 ARECIBO FOR THE PROGRAM "SCIENCE AND THE ENVIRONMENT", FEBRUARY 7 , 1 9 9 3 . 
8 "ACHIEVING EXCELLENCE IN HISPANIC ENGINEERING EDUCATION" PRESENTED TO THE 

CONFERENCE HISPANICS BY PROFESSION, CORNELL UNIVERSITY, ITHICA, N Y , FEBRUARY, 1 9 9 3 . 
9 "STUDY OF THE POTENTIAL FOR LIQUEFACTION IN WESTERN PUERTO RICO" PRESENTED IN THE 

ANNUAL E P S C O R MEETING, MAYAGUEZ, P . R . , FEBRUARY, 1 9 9 3 . 
1 0 "DEFORMATION ISSUES FOR SLOPE STABILITY ANALYSES" PRESENTED TO PARTICIPANTS OF THE 

WORKSHOP " N S F SPONSORED U.S./BRAZIL COOPERATION IN RESEARCH ON GEOTECHNICAL 
ENGINEERING" NOV, 9 2 . 
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PRESIDENTIAL FACULTY FELLOW 

Geotechnical , Geomechanica l a n d Geo-envi ronmenta l Systems P r o g r a m 

Emir Jose Macari 
Associate Professor 
School of Civil & Envi ronmenta l Engineer ing 
Georgia Insti tute of Technology 
Atlanta, Georgia 30332-0355 
emacari@ce.gatech.edu 

Genera l 

The following is a progress repor t of research and educational 
accompl ishments funded by the Geotechnical, Geomechanical and 
Geo-envi ronmenta l Systems P rogram of the National Science Founda t ion as pa r t 
of the Whi te H o u s e / N S F Presidential Faculty Fellowship Grant No . 
CMS-9396264. The a w a r d became effective June 2,1994. 

The Presidential Faculty Fellows g roup has b e g u n to set u p our a h o m e p a g e 
unde r the Educat ion and H u m a n Resources Division (Graduate Educat ion) of the 
NSF. The h o m e p a g e m a y be accessed from anywhere in the wor ld via de Wor ld 
Wide Web a n d will p rov ide some information on each of the President ial 
Faculty Fellows. The homepage of our Geosystems p rogram at Georgia Tech m a y 
be access at: h t tp / /geosys tems .ga tech .edu . 

Research Effort 

The indiv idual research thrus t unde r the PFF grant has been d iv ided in two 

1 
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areas wi th in geomechanical engineering. First in the area of consti tut ive 
characterizat ion (experimental and numerica l model ing) of soils, 
elasto-plasticity, and numer ica l s imulat ion of b o u n d a r y value problems. 
Second, is an exper imenta l s tudy of partially sa turated residual soils w i th 
implications for slope stability evaluat ion, and third in the area of 
geotechnical ea r thquake haza rd assessment. 
Const i tut ive Character iza t ion of Soils 

In addi t ion to issues that were presented in last year,s progress report , 
this pas t year w e implemen ted t w o more consti tutive models into our finite 
element code. Also, w e developed a pre- and post-processing code to allow 
for visual izat ion of deformed shapes , nodal displacements , stress and strain 
contours , etc. The pos t processor has been m a d e available to var ious 
academic inst i tut ions free of charge. We continue to improve on these 
capabilities. 

W e have been w o r k i n g o n the predic t ion of load-deformation response of soil 
slopes u p o n subjecting t h e m to loads from footings. The ma in goal has been 
to develop a deep unde r s t and ing of the failure mechanisms and possible 
prevent ive measures of m a n - m a d e or natura l slopes. For this pu rpose the 
following list of issues are being addressed: 

The use of spread footings on slopes is a common practice in the des ign of 
br idge foundat ions. Footings are generally constructed in the slope or at 
its crest to minimize the b r idge length, thereby minimizing costs. However , 
the analytical me thods that are frequently used to predict the ul t imate 
bear ing capacity of shallow spread footings on slopes yield a w ide range of 
solutions. As a result , al lowable foundat ion bear ing capacities are 
selected conservatively leading to the design of spread footings wh ich are 
larger and more costly t han necessary. 

There has been an increased effort in recent years to evaluate and improve 
techniques for predic t ing the deformation and ul t imate bear ing capacity of 
shal low spread footings located o n or near slopes. Research efforts 
currently u n d e r w a y include detailed centrifuge tests on scaled physical 
mode ls and advanced numer ica l techniques used in conjunction w i t h 
sophist icated elasto-plastic consti tutive models . 

Scaled centrifuge models are used to obtain m a x i m u m bear ing pressures of 
pro to type shal low spread footings located near sand slopes. These results 
are compared w i th classical bear ing capacity solutions a n d numerica l 
predict ions obta ined w i th finite e lement discretizations and a p roper 
consti tut ive mode l . Deformed meshes , incremental noda l d isp lacements , a n d 
stress contours are also presented. The concept of mode l ing of mode ls is 
appl ied to test the validi ty of the scaling relations in bo th analyses. 

The results of this s tudy were presented at Settlement 94 ASCE Specialty 
conference, College Station, Texas, June, 1994. 

http://gatech.edu
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Experimental S tudy of Partially Saturated Residual Soils in the context of 
Slope Stability Analysis 

Many landsl ides in the res idual soils of wes te rn and central Puer to Rico 
Island occur du r ing the ra iny season lasting from October to March. For 
safety of road traffic, bu i ld ing constructions, and lives, it is impor tan t 
to correlate the probabil i ty (security factor) of occurrence of slides w i th 
rainfall intensity. This w o r k a t tempts to de termine the effect of rain 
intensity on the stability of slopes considered of typical geometry at the 
island. In order to d o so, it is a s sumed that the soil, initially in a 
partially sa tura ted state, becomes progressively saturated by the advance of 
a saturat ion front. The unsa tu ra ted and saturated proper t ies of s t rength 
will be measured by a computer ized triaxial cubic cell at each state of 
saturat ion. Results will be used to incorporate the soil behavior into the 
Modified Cam-Clay mode l based on Critical State Soil Mechanics theory, and 
to obtain s t rength parameters of the soil at different saturat ion stages, 
i.e., different ra iny seasons, depend ing u p o n the pore pressure response. 
The slope stability analysis is carried ou t by means of classical soil 
mechanics principles in s t ructured soils. Then, values of ra in intensi ty 
leading to instability of the slopes will be established for var ious 
conditions of the res idual soils. Finally, b u t not least, based on the 
slopes location, site condi t ions , a n d general infrastructure t h r o u g h o u t the 
island, a first Slope Instability H a z a r d Assessment in the Island of Puer to 
Rico will be per formed by us ing the mode rn tools of Geographic Information 
Systems (ARC-INFO). Next page shows the flow net leading the invest igat ion 
process. 

STAGE 1 : Literature Critical Slopes Triaxial Cubic Cell GIS Files 
-Publications -Puerto Rico island -Georgia Tech -P.R. island 
-Thesis -Local information -Innovative changes -TIGER files 

-Internet -Slides records -Final set u p -USGS 
-Previous works 

STAGE 2: Validity of Triaxial C . C Soil Sampling 
-Preliminary Tests -P.R. island 
-Compar ison w i th preview work -Shelby tubes 

-Cubic samples 
-Photo images selected sites 

STAGE 3: Data Reduct ion Triaxial C.C. Tests 
-Format creation -General classification of soils 
-Final presentat ion -Unsaturated samples 

-Saturated samples 

Getting Into: 
-M.C.C. Model 

- A R C / I N F O 
-SunOS 

STAGE 4: Critical State Characterization 
-Calibration of M.C.C Model 
-Strength parameters 

STAGE 5: Second Review Slope Stability Analysis Thesis Dissertation 
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-P.R. Island -F.S. -Introduction 

-Literature 
-Triaxial and Tests 

-Slopes m a p s 
-Infrastucture 

-Correlations 
-Raining model 

STAGE 6: GIS Assessment 
-Slope Instability Haza rd 

Character izat ion of Dynamic Propert ies of Residual Soils 

The occurrence of major ear thquakes , causing loss of life and damages to 
civil infrastructure, a n d belief that similar devasta t ing effects will occur 
in the future, have led to increasing awareness of the need for research in 
the field of ea r thquake geotechnical engineering. The H y o g o N a m b u ea r thquake 
of Kobe, Japan (January, 1995) is the most recent example of such 
devastat ion. These events cont inue to s t imulate geotechnical engineers to 
develop more accurate analytical models for predict ing the dynamic behavior 
of soils unde r vibratory loading. Advances in digital 
computer technology have m a d e such analytical computa t ions more appeal ing . A 
recent paper enti t led "Effects of Weather ing on Site Response" [Davis, 
1995], p resented an analytical s tudy of the response of sites unde r seismic 
excitation in these k ind of soil formations. In his analysis, Davis assumes 
that the dynamic shear m o d u l u s , G, increases wi th dep th into a material that is 
less wea the red a n d then remains constant once the paren t rock is reached. 
Assumpt ions regard ing the variat ion of the material d a m p i n g were not 
a t tempted and his analysis w a s performed for different d a m p i n g values. 
Therefore, accurate predic t ion of dynamic soil propert ies , such as Shear 
Wave Velocity, Shear Modu lus , and Material Damping , continues to be an area 
where researchers are focusing their efforts. The present work is mot iva ted 
by these research needs . 

The island of Puer to Rico is s i tuated in a tectonically active zone and has 
experienced the effects of large ear thquakes in the past , Molinelli. 
Presently, a significant por t ion of the residential , 
commercial , industr ia l , a n d t ranspor ta t ion infrastructure is located on 
geologic areas that are believed to be vulnerable to ear thquake induced 
risks. Thus , the potent ial d a m a g e from future ear thquake events is greater 
today than ever before. As the island's popula t ion continues to g row the 
major u r b a n regions are be ing deve loped on the foothill regions wh ich are 
mostly composed of residual soils that continue to weather w i th the pass of 
t ime. A large n u m b e r of homes are n o w being buil t on these slopes and there 
is very little u n d e r s t a n d i n g as to the possible mechanisms of failure that 
m a y result from excitations caused by a major seismic event. 

The process of soil formation in the tropics varies greatly w i th that of 
more tempera te regions. The weather ing processes tend to be intensified by 
the w a r m and h u m i d climates that are prevalent in tropical regions. Chemical 
wea the r ing processes tha t domina te in these regions, such as decomposi t ion 
and dissolut ion, are fairly well unders tood phenomena . However , the effect 
this wea ther ing has on the physical, mechanical , and dynamic proper t ies of 
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the rock /so i l is not fully unders tood . This research intends to examine the 
results of some laboratory test and will propose some correlations that m a y 
indicate behavioral t rends caused by the effects that wea ther ing has on a 
res idual soils. The s tudy will focuses on the Dynamic Shear M o d u l u s a n d 
Material D a m p i n g Ratio, of bo th natura l (undis turbed) and r emolded samples , 
for low to mid level ampl i tudes of vibration. The unde r s t and ing of these 
effects will allow for a better predict ion of phenomena such as soil 
amplification that m a y trigger landsl ides in such soil formations. This 
laboratory test e q u i p m e n t be ing used is a computer ized Resonant Column. 

Ear thquake H a z a r d Assessment of Western Puer to Rico 

In t roduc t i on 

Seismic haza rd a n d risk analyses play a major role in identifying the 
potential consequences of an ear thquake bo th in relation to existing 
facilities as well as in the p lann ing and location of new structures. Such 
analyses m u s t include considerat ion of several geological and geotechnical 
hazards and thus of a large number of factors required to describe these 
hazards . The resul t ing large databases require an appropr ia te env i ronment to 
opt imize the eva lua t ion procedures . 

Recent advances in computer based Geographic Information Systems (GIS) have 
p rov ided a technology which is ideally suited to fulfill the needs of 
ear thquake haza rd analyses. The overall objective of this ongoing research 
project is to integrate a variety of analysis procedures for identifying and 
m a p p i n g geotechnical haza rds th rough the use of GIS. The focus of the work 
is on: (i) the selection and coding of hazard analysis procedures which 
incorporate the spatial na ture of the subsurface data; (ii) the parallel 
usage of these procedures along wi th a range of spatial analysis systems in 
a comprehens ive yet flexible framework; and (iii) implementa t ion of the 
f ramework in a pilot s t udy to assess the potential for a range of ea r thquake 
induced haza rds in Western Puer to Rico. These phases will complement the 
comprehensive GIS database efforts currently being under taken by USGS in 
Puer to Rico and will benefit emergency p lanning agencies, as well as pr iva te 
indus t ry such as engineers , architects, insurance agencies, etc. 

Invest igat ions U n d e r t a k e n 

A general ized f ramework wh ich is reasonably independen t of the geographic 
location is being deve loped by researchers of the School of Civil a n d 
Environmenta l Engineer ing at the Georgia Insti tute of Technology. In this 
manner , the f ramework can be readily appl ied at any other location wi thou t 
requir ing the inclusion of significant addi t ional constraints. The m o d u l a r 
na ture is attractive in that it can be easily upda t ed as analytical 
procedures are modified and extended or as addit ional data concerning site 
and response characteristics becomes available. To date, software has been 
developed which integrates a GIS (ARC/Info), a geostatistical package 
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Figure 2 Data-flow in integrated system for geotechnical ea r thquake / spa t i a l 
analysis 
The geotechnical da tabase is currently unde r deve lopment wi th some 160 
individual geotechnical bor ings and is expected to grow to nearly 500 
indiv idual geotechnical bor ings and in excess of 50 cone penet ra t ion test 
soundings and 50 surface w a v e soundings w h e n completed. These data sources 
are used to compute a Factor of Safety wi th respect to liquefaction at 
var ious elevations in the bor ing or sound ing and following integrat ion w i th 
an appropr ia te weight ing factor, the liquefaction potential index (LPI) is 
computed as s h o w n in Figure 3. The algori thm to compute a determinist ic LPI 
(see Figure 4) as well as those to compute probabilistic values of LPI us ing 
either a Monte Carlo s imulat ion based me thod or a Rosenbleuth Point Est imate 
based me thod have been p r o g r a m m e d and verified. 

Functionality has also been added to permit the geotechnical database to be 
queried by a variety of parameters ranging from date of bor ing to location 
to consultant . A procedure has been developed to quantify the quali ty of 
each bor ing log based on the information contained in it and any 
accompanying documenta t ion p rov ided wi th it. In this manner , it will be 
possible for future users of the database to make quality based queries 
about the information in the database. The rout ines to quantify the quali ty 
of a bor ing log have been implemented in a spreadsheet for pre l iminary 
evaluat ion. Pre l iminary assessment of the p rocedure results have indicated 
that, as expected, there is significant scatter in the quali ty of da ta 
available for use in a geotechnical database and that inclusion of this type 
of formal qual i ty evalua t ion rout ine in the system is critical. Deve lopment 
a n d coding of a n a lgor i thm to allow for au tomated assessment of a bor ing log 
quali ty current ly unde rway . 
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(GeoEAS), visual izat ion software (BOSS GMS) and custom algor i thms to compute 
liquefaction potent ia l us ing bo th determinist ic and probabilistic rout ines . 
The s tructure of the integrated system for geotechnical ea r thquake / spa t i a l 
analysis and a dataflow d iagram are shown in Figures 1 and 2, respectively. 
P rog ramming and integrat ion of addi t ional analytical rout ines to assess the 
potential for g r o u n d mot ion amplification a n d / o r ear thquake induced 
landsl iding is current ly be ing under t aken to extend the functionality of the 
system. Once the methodo logy f ramework has been fully established, a s tudy 
will be performed at a regional level us ing a geological and geotechnical 
database for Western Puer to Rico. This area w o u l d be subjected to a 
s imulated seismic event of similar magn i tude to that of the 1918 wes te rn 
Puer to Rico ear thquake which devasta ted Mayaguez and su r round ing regions. 

Figure 1 Overv iew of integrated system for geotechnical ea r thquake / spa t i a l 
analysis 
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Figure 3 Conceptual graphic representat ion of Liquefaction Potential Index 

Disseminat ion of Informat ion 

Considera t ion is be ing given, t h roughou t the deve lopment and execution of 
this project, to ensur ing that the results can be easily disseminated and 
that the hazard analysis methodology will be readily available as well as 
economically feasible to the var ious agencies and groups which w o u l d benefit 
from incorporat ing ea r thquake haza rd analyses into their p lann ing a n d / o r 
design. Accordingly, w e have been in contact wi th officials of the Puer to 
Rico Depar tmen t of Transpor ta t ion and the Universi ty of Puer to Rico Civil 
Infrastructure Research Center as well as federal government entities such 
as the Federal Emergency Management Agency (FEMA) since they w o u l d likely be 
the agencies and organizat ions that will potential ly benefit from the 
results of this s tudy and w e actively solicit their input in designing the 
overall system and its capabilities and seek their assistance in identifying 
and accessing data for inclusion in the geotechnical database. 

Figure 4 Algor i thm to compute Liquefaction Potential Index 
Partial List of Publications and Presentations June 1994-April 1995. 

• "Load-Settlement Predict ion of Footings on Steep Slopes" (with A r d u i n o 
and Gemper l ine) , Proceedings of Settlement '94, ASCE Geotech Division 
Conference, College Station, TX, June, 1994. 
• "Deformation of Geomater ia ls - A n Overview of Recent Numer ica l Model ing 
Issues", State-of -the-Art presentat ion and publicat ion in the Proceedings 
of the U S / S c a n d i n a v i a n Coopera t ion in Geotechnical Engineer ing Meet ing , 
Trondheim, N o r w a y ; June 5-9, 1994. 
• "Response of Granular Materials U n d e r Low Effective Stresses", (wi th 
Runesson and Sture) , Journal of Geotechnical Engineering Division, ASCE, 
Vol. 120, No . 7, July 1994, pp . 1252-1268. 
• "Anisotropic Characteristics of an Overconsol idated Silt by Resonant 
C o l u m n Testing", (wi th Ko) ASTM Geotechnical Testing Journal , September 1994. 
• "Sustainable Technology in Suppor t of Economic Development" , (with Frost, 
Saunders , and DuBose), Presented for publication at the Georgia Sustainable 
Round-Table Forum, Georgia Wor ld Congress Center, Atlanta, GA. 9 /94 . Book 
publ ished by the Georgia Environmental Org. (GEO). 
• "Implicit In tegrat ion Schemes for Multi-Surface Const i tut ive Models" , 
(with Ardu ino) , A d v a n c e m e n t s in Computa t iona l Geotechnical Engineer ing, Rio 
de Janeiro, Brazil, November 17-25, 1994. Balkema Publishers. 
• "Simulation of a Cyclic Triaxial Exper iment in a Virtual Environment" , 
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General 
THE FOLLOWING IS A PROGRESS REPORT OF RESEARCH AND EDUCATIONAL ACCOMPLISHMENTS FUNDED BY THE 
GEOTECHNICAL, GEOMECHANICAL AND GEO-ENVIRONMENTAL SYSTEMS PROGRAM OF THE NATIONAL SCIENCE 
FOUNDATION AS PART OF THE WHITE HOUSE/NSF PRESIDENTIAL FACULTY FELLOWSHIP GRANT NO. C M S -
9 3 9 6 2 6 4 . THE AWARD BECAME EFFECTIVE IN JULY 1 9 9 6 . 

ADDITIONAL INFORMATION AND COMPLETE LIST OF PUBLICATIONS MAY BE FOUND IN MY HOMEPAGE AT 

GEORGIA TECH MAY BE ACCESS AT: HTTP//GEOSYSTEMS.GATECH.EDU/FACULTY/MACARI/MACARI.HTML. 

Research Effort 
THE INDIVIDUAL RESEARCH THRUST UNDER THE P F F GRANT HAS BEEN DIVIDED IN THREE AREAS WITHIN 
GEOMECHANICAL ENGINEERING. FIRST, IN THE AREA OF CONSTITUTIVE CHARACTERIZATION (EXPERIMENTAL AND 
NUMERICAL MODELING) OF SOILS, ELASTO-PLASTICITY, AND NUMERICAL SIMULATION OF BOUNDARY VALUE 
PROBLEMS SUCH AS DEEP EXCAVATIONS. SECOND, IS AN EXPERIMENTAL STUDY OF PARTIALLY SATURATED 
RESIDUAL SOILS WITH IMPLICATIONS FOR SLOPE STABILITY EVALUATION. THE THIRD, IN THE AREA OF 
GEOTECHNICAL EARTHQUAKE HAZARD ASSESSMENT. 
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Publications January 1996-June 1997 

Macari, E.J. and Saunders, F.M., Eds., "Environmental Quality, Innovative Technologies, and 
Sustainable Economic Development - A NAFTA Perspective," ASCE Environmental Division Special 
Technical Publication, Proceedings of NSF, DOE, CONACyT, and NSERC Sponsored Conference, 
Mexico City, Mexico, p. 143, 1997. 

Macari, E.J. and Ortiz-Gomez, C.H., "Impermeable Barrier Liners in Containment Type Landfills", 
Chapter in "Environmental Biotechnology and Cleaner Bioprocesses," Eds. Olguin, E., Sanchez, G., 
and Hernandez, E., Taylor & Francis Group, Ltd., London, England, in print. 

Macari, E.J. and Hoyos, L.R., "Effects of Weathering on the Dynamic Properties of Residual Soils," 
American Society of Civil Engineers, Journal of Geotechnical Engineering Division, Vol. 122, 
No. 12, pp. 988-997, December, 1996. 

Macari, E.J., Weihe, S., and Arduino, P., "Implicit Integration of Elasto-Plastic Constitutive Models 
with Highly Nonlinear Hardening Functions," International Journal of Mechanics of Cohesive-
Frictional Materials, John Wiley and Sons, in press, Vol. 2, March, 1997, pp. 1-29. 

Arduino, P., Op den Bosch, A. and Macari, E.J., "Geotechnical Triaxial Soil Testing in a Virtual 
Environment," Journal of Computing in Civil Engineering, American Society of Civil Engineers, Vol. 
11, No. 1, January, 1997, pp. 44-47. 

Macari, E.J., Parker, J.K., and Costes, N.C., "Measurement of Volume Changes in Triaxial Tests using 
Digital Imaging Techniques," Geotechnical Testing Journal, American Society for Testing and 
Materials, Vol. 20, No. 1, March, 1997, pp. 103-110. 

Al-Shibli, K., Macari, E.J, and Sture, S., "Digital Imaging Techniques for the Assessment of 
Homogeneity and Isotropy in Granular Materials," Transportation Research Record 1526, Emerging 
Technologies in Geotechnical Engineering, National Research Council, National Academy Press, 
December, 1996, pp. 121-128. 

Shao, Y. and Macari, E.J., "Finite Element Analysis for Designing Braced Diaphragm Walls," 
Accepted for publication, Proceedings of the 9 m International Association of Computer Methods and 
Advances in Geomechanics, IACMAG 97, Wuhan, China, November 2-7, 1997, A. A. Balkema 
Publishers. 

Arduino, P. and Macari, E.J., "Multiphase Flow in Deforming Porous Media by the Finite Element 
Method," Proceedings of the 1996 ASCE 1 lth Engineering Mechanics Conference, Fort Lauderdale, 
Fla., May 19-22, 1996, Vol. 1, pp. 240-245. Reviewed by Editors 



C o n t i n u i n g E d u c a t i o n S h o r t C o u r s e s in L a t i n A m e r i c a J u n e , 1 9 9 6 - A u g u s t , 1997 

"ENVIRONMENTAL REMEDIATION TECHNOLOGIES FOR CONTAMINATED SOIL AND GROUND WATER" 

This short course was offered to the Graduate students and Faculty members of the Department of 
Chemistry and Chemical Engineering at the National University of the South in Bahia Blanca, Argentina. 
The course was a one week - 35 lecture hours with term projects and was accredited by the university as 
counting for the MS and PhD programs in Chemistry and Chemical Engineering. Feb. 23 - March 1, 1997. 

"DESIGN, CONSTRUCTION, AND MONITORING OF SANITARY LANDFILLS" 

This was a series of short courses that were organized by the Center for Hemispherical Cooperation in 
Research and Education in Engineering and Applied Science at the University of Puerto Rico at Mayaguez 
and the Caterpillar Corporation. (In Spanish) 
0 2 day short course in Guadalajara, Mexico, Aug 5-6, 1996 in collaboration with the University of 

Guadalajara, attended by 55 people. 
0 2 day short course in Lima, Peru, Aug 8-9, 1996 in collaboration with the National Council of Science 

and Technology of Peru, attended by 95 people. 
0 2 day short course in Bogota, Colombia, Aug 12-13, 1996 in collaboration with the University of the 

Andes, attended by 185 people. 
0 2 day short course in Sao Paulo, Brazil, April 2-3, 1997 in collaboration with the Polytechnic University 

of Sao Paulo, attended by 159 people. (In Portuguese) 
0 2 day short course in Asuncion, Paraguay, August 7-8, 1997 in collaboration with the Ministry for the 

Environment of Paraguay. 
0 2 day short course in La Paz, Bolivia, August 11-12, 1997 in collaboration with the National University 

of Bolivia. 
Participation in these courses included: engineers, professors, graduate and undergraduate students, 
municipal and regional environmental legislators, as well as the scientific and local media. 

PH.D. STUDENT GUIDANCE 

1. Pedro Arduino Graduated: December, 1996 
Assistant Professor, University of Washington, Seattle, WA 
Starting Quarter: Fall, 1993 
Preliminary Exam: Passed, March, 1994 
Comprehensive Exam: Passed, December, 1994 
DISSERTATION Title: "Formulation of a Mixture-Theory Based 
Finite Element Approach for the Assessment of Liquefaction in 
Granular Materials" 

2. Laureano Hoyos Expected Graduation: Fall, 1997 
Starting Quarter: Fall, 1994 
Preliminary Exam: Passed, March, 1995 
Comprehensive Exam: November, 1996 
DISSERTATION Title: "Mechanical Response of Partially Saturated 
Residual Soils" 
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