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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. MS S%?‘gi@@ The award became effective March 15, 1993 and
expires August 31, 1994. Th tesiddntial Faculty Fellow class of 1992 has been a very
active group. We 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 PEF 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.


mailto:emacari@ce.gatech.edu
mailto:PFF@NSF.GOV

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.

Constitutive Characterization of Soils

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 minimize
the bridge length, thereby minimizing 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

Statement of the Problem

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 (Mg = 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 Mg = 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
Mayagiiez 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 Mayagiiez and surrounding regions due
to soil liquefaction?

I1.Will soil conditions prevalent in western Puerto Rico cause a significant amplification
of ground motions? If so, what areas of the Mayagiiez region are most susceptible to
damage from these effects, and what are the implications for structural design standards
in Puerto Rico?

II1. 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 MEET'N '93,
ASCE, ASME, CSE, Charlottesville, VA., June, 1993.

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, 1993.

J., Martin, J., and Brandon, T.L., "Liquefaction Potential of Western Puerto Rico",
Procccdmgs of Geographical Information Systems and their Application in
Geotechnical Earthquake Engineering, ASCE, Atlanta, Georgia, January, 1993.

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, Rio de Janeiro, Brazil, November, 1992.

3 Macari-Pasqualino, E.J., "Deformation Issues for Slope Stability Analysis",
Proceedings of Residual Soils, NSF US/Brazil cooperation workshop, Belo Horizonte,
Brazil, Nov., 1992,

& Macari~Pasqua1ino, E.J., Runesson, K., Sture, S., "Response of Granular Materials
Under Low Effective Stresses" ASCE Journal Geotechnical Engineering Division,
July, 1994,

5 Laymon, C., Macari, E.J., and Costes, N.C., "Plot-scale Experiments of Surface
Moisture- Atmosphere Interactions - with EOS Implications", Proceedings of the
ASCE 3rd International Conference on Engineering Construction and Operations in
Space: SPACE '92, Denver, Colorado, May 30 - June 4, 1992.

Other related outreach presentations during the past year.

6 Lecture as part of the Outreach program to 60 elementary school students on "Issues
related to Civil Engineering in the Space Program" May 7, 1993.

7 Arecibo for the program "Science and the Environment", February 7, 1993.

8 "Achieving Excellence in Hispanic Engineering Education” Presented to the
conference Hispanics by Profession, Cornell University, Ithica, NY, February, 1993.

9 "Study of the Potential for Liquefaction in Western Puerto Rico" Presented in the
Annual EPSCoR meeting, Mayaguez, P.R., February, 1993.

10 "Deformation issues for Slope Stability Analyses" Presented to participants of the
Workshop "NSF sponsored U.S./Brazil Cooperation in Research on Geotechnical
Engineering" Nov, 92.
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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.
CMS-9396264. The award became effective June 2, 1994.

The Presidential Faculty Fellows group has begun to set up our a homepage
under the Education and Human Resources Division (Graduate Education) of the
NSF. The homepage may be accessed from anywhere in the world via de World
Wide Web and will provide some information on each of the Presidential
Faculty Fellows. The homepage of our Geosystems program at Georgia Tech may
be access at: http//geosystems.gatech.edu.

Research Effort

The individual research thrust under the PFF grant has been divided in two

Printed for jacquelyn.bendall@oca.gatech.edu
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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.
Second, is an experimental study of partially saturated residual soils with
implications for slope stability evaluation, and third in the area of
geotechnical earthquake hazard assessment.

Constitutive Characterization of Soils

In addition to issues that were presented in last year,s progress report,

this past year we implemented two more constitutive models into our finite
element code. Also, we developed a pre- and post-processing code to allow
for visualization of deformed shapes, nodal displacements, stress and strain
contours, etc. The post processor has been made available to various
academic institutions free of charge. We continue to improve on these
capabilities.

We have been working on the prediction of load-deformation response of soil
slopes upon subjecting them to loads from footings. 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:

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 minimize the bridge length, thereby minimizing 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.

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.

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

Printed for jacquelyn.bendall @oca.gatech.edu
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Experimental Study of Partially Saturated Residual Soils in the context of
Slope Stability Analysis

Many landslides in the residual soils of western and central Puerto Rico
Island occur during the rainy season lasting from October to March. For
safety of road traffic, building constructions, and lives, it is important

to correlate the probability (security factor) of occurrence of slides with
rainfall intensity. This work attempts to determine the effect of rain
intensity on the stability of slopes considered of typical geometry at the
island. In order to do so, it is assumed that the soil, initially in a

partially saturated state, becomes progressively saturated by the advance of

a saturation front. The unsaturated and saturated properties of strength

will be measured by a computerized triaxial cubic cell at each state of
saturation. Results will be used to incorporate the soil behavior into the
Modified Cam-Clay model based on Critical State Soil Mechanics theory, and
to obtain strength parameters of the soil at different saturation stages,

i.e., different rainy seasons, depending upon the pore pressure response.

The slope stability analysis is carried out by means of classical soil

mechanics principles in structured soils. Then, values of rain intensity
leading to instability of the slopes will be established for various

conditions of the residual soils. Finally, but not least, based on the

slopes location, site conditions , and general infrastructure throughout the
island, a first Slope Instability Hazard Assessment in the Island of Puerto
Rico will be performed by using the modern tools of Geographic Information
Systems (ARC-INFO). Next page shows the flow net leading the investigation
process.

STAGE1:  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 up -USGS
-Previous works
STAGE 2: Validity of Triaxial C.C. Soil Sampling
-Preliminary Tests -P.R. island

-Comparison with preview work -Shelby tubes
-Cubic samples
-Photo images selected sites

STAGE 3: Data Reduction Triaxial C.C. Tests Getting Into:
-Format creation -General classification of soils -M.C.C. Model
-Final presentation -Unsaturated samples -ARC/INFO
-Saturated samples -5unOS
STAGE 4: Critical State Characterization
-Calibration of M.C.C Model

-Strength parameters

STAGE 5: Second Review Slope Stability Analysis Thesis Dissertation

Printed for jacquelyn.bendall@oca.gatech.edu
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-P.R. Island -B.S. -Introduction
-Slopes maps -Correlations -Literature
-Infrastucture -Raining model -Triaxial and Tests

STAGE 6: GIS Assessment
-Slope Instability Hazard
Characterization of Dynamic Properties of Residual Soils

The occurrence of major earthquakes, causing loss of life and damages to

civil infrastructure, and belief that similar devastating effects will occur

in the future, have led to increasing awareness of the need for research in

the field of earthquake geotechnical engineering. The Hyogo Nambu earthquake
of Kobe, Japan (January, 1995) is the most recent example of such

devastation. These events continue to stimulate geotechnical engineers to
develop more accurate analytical models for predicting the dynamic behavior
of soils under vibratory loading. Advances in digital

computer technology have made such analytical computations more appealing. A
recent paper entitled "Effects of Weathering on Site Response" [Davis,

1995], presented an analytical study of the response of sites under seismic
excitation in these kind of soil formations. In his analysis, Davis assumes

that the dynamic shear modulus, G, increases with depth into a material that is
less weathered and then remains constant once the parent rock is reached.
Assumptions regarding the variation of the material damping were not
attempted and his analysis was performed for different damping values.
Therefore, accurate prediction of dynamic soil properties, such as Shear

Wave Velocity, Shear Modulus, and Material Damping, continues to be an area
where researchers are focusing their efforts. The present work is motivated

by these research needs.

The island of Puerto Rico is situated in a tectonically active zone and has
experienced the effects of large earthquakes in the past, Molinelli.
Presently, a significant portion of the residential,

commercial, industrial, and transportation infrastructure is located on
geologic areas that are believed to be vulnerable to earthquake induced
risks. Thus, the potential damage from future earthquake events is greater
today than ever before. As the island's population continues to grow the
major urban regions are being developed on the foothill regions which are
mostly composed of residual soils that continue to weather with the pass of
time. A large number of homes are now being built on these slopes and there
is very little understanding as to the possible mechanisms of failure that
may result from excitations caused by a major seismic event.

The process of soil formation in the tropics varies greatly with that of

more temperate regions. The weathering processes tend to be intensified by
the warm and humid climates that are prevalent in tropical regions. Chemical
weathering processes that dominate in these regions, such as decomposition
and dissolution, are fairly well understood phenomena. However, the effect
this weathering has on the physical, mechanical, and dynamic properties of

Printed for jacquelyn.bendall @oca.gatech.edu 4
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the rock/soil is not fully understood. This research intends to examine the
results of some laboratory test and will propose some correlations that may
indicate behavioral trends caused by the effects that weathering has on a
residual soils. The study will focuses on the Dynamic Shear Modulus and
Material Damping Ratio, of both natural (undisturbed) and remolded samples,
for low to mid level amplitudes of vibration. The understanding of these
effects will allow for a better prediction of phenomena such as soil
amplification that may trigger landslides in such soil formations. This
laboratory test equipment being used is a computerized Resonant Column.

Earthquake Hazard Assessment of Western Puerto Rico
Introduction

Seismic hazard and risk analyses play a major role in identifying the
potential consequences of an earthquake both in relation to existing

facilities as well as in the planning and location of new structures. Such
analyses must include consideration of several geological and geotechnical
hazards and thus of a large number of factors required to describe these
hazards. The resulting large databases require an appropriate environment to
optimize the evaluation procedures.

Recent advances in computer based Geographic Information Systems (GIS) have
provided a technology which is ideally suited to fulfill the needs of
earthquake hazard analyses. The overall objective of this ongoing research
project is to integrate a variety of analysis procedures for identifying and
mapping geotechnical hazards through the use of GIS. The focus of the work
is on: (i) the selection and coding of hazard analysis procedures which
incorporate the spatial nature of the subsurface data; (ii) the parallel

usage of these procedures along with a range of spatial analysis systems in

a comprehensive yet flexible framework; and (iii) implementation of the
framework in a pilot study to assess the potential for a range of earthquake
induced hazards in Western Puerto Rico. These phases will complement the
comprehensive GIS database efforts currently being undertaken by USGS in
Puerto Rico and will benefit emergency planning agencies, as well as private
industry such as engineers, architects, insurance agencies, etc.

Investigations Undertaken

A generalized framework which is reasonably independent of the geographic
location is being developed by researchers of the School of Civil and
Environmental Engineering at the Georgia Institute of Technology. In this
manner, the framework can be readily applied at any other location without
requiring the inclusion of significant additional constraints. The modular
nature is attractive in that it can be easily updated as analytical

procedures are modified and extended or as additional data concerning site
and response characteristics becomes available. To date, software has been
developed which integrates a GIS (ARC/Info), a geostatistical package

Printed for jacquelyn.bendall @oca.gatech.edu
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(GeoEAS), visualization software (BOSS GMS) and custom algorithms to compute
liquefaction potential using both deterministic and probabilistic routines.

The structure of the integrated system for geotechnical earthquake /spatial
analysis and a dataflow diagram are shown in Figures 1 and 2, respectively.
Programming and integration of additional analytical routines to assess the
potential for ground motion amplification and/or earthquake induced
landsliding is currently being undertaken to extend the functionality of the
system. Once the methodology framework has been fully established, a study
will be performed at a regional level using a geological and geotechnical
database for Western Puerto Rico. This area would be subjected to a

simulated seismic event of similar magnitude to that of the 1918 western
Puerto Rico earthquake which devastated Mayagiiez and surrounding regions.

Figure 1 Overview of integrated system for geotechnical earthquake/spatial
analysis

Figure 2 Data-flow in integrated system for geotechnical earthquake/spatial
analysis

The geotechnical database is currently under development with some 160
individual geotechnical borings and is expected to grow to nearly 500
individual geotechnical borings and in excess of 50 cone penetration test
soundings and 50 surface wave soundings when completed. These data sources
are used to compute a Factor of Safety with respect to liquefaction at

various elevations in the boring or sounding and following integration with
an appropriate weighting factor, the liquefaction potential index (LPI) is
computed as shown in Figure 3. The algorithm to compute a deterministic LPI
(see Figure 4) as well as those to compute probabilistic values of LPI using
either a Monte Carlo simulation based method or a Rosenbleuth Point Estimate
based method have been programmed and verified.

Functionality has also been added to permit the geotechnical database to be
queried by a variety of parameters ranging from date of boring to location
to consultant. A procedure has been developed to quantify the quality of
each boring log based on the information contained in it and any
accompanying documentation provided with 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 routines to quantify the quality
of a boring log have been implemented in a spreadsheet for preliminary
evaluation. Preliminary assessment of the procedure results have indicated
that, as expected, there is significant scatter in the quality of data

available for use in a geotechnical database and that inclusion of this type
of formal quality evaluation routine in the system is critical. Development
and coding of an algorithm to allow for automated assessment of a boring log
quality currently underway.

Printed for jacquelyn.bendall@oca;gatech.edu
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Figure 3 Conceptual graphic representation of Liquefaction Potential Index
Dissemination of Information

Consideration is being given, throughout the development and execution of
this project, to ensuring that the results can be easily disseminated and

that the hazard analysis methodology will be readily available as well as
economically feasible to the various agencies and groups which would benefit
from incorporating earthquake hazard analyses into their planning and/or
design. Accordingly, we have been in contact with officials of the Puerto

Rico Department of Transportation and the University of Puerto Rico Civil
Infrastructure Research Center as well as federal government entities such

as the Federal Emergency Management Agency (FEMA) since they would likely be
the agencies and organizations that will potentially benefit from the

results of this study and we 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 Algorithm to compute Liquefaction Potential Index

Partial List of Publications and Presentations June 1994-April 1995.

- "Load-Settlement Prediction of Footings on Steep Slopes" (with Arduino
and Gemperline), Proceedings of Settlement '94, ASCE Geotech Division
Conference, College Station, TX, June, 1994.

- "Deformation of Geomaterials - An Overview of Recent Numerical Modeling
Issues”, State-of -the-Art presentation and publication in the Proceedings

of the US/Scandinavian Cooperation in Geotechnical Engineering Meeting,
Trondheim, Norway; June 5-9, 1994.

- "Response of Granular Materials Under Low Effective Stresses", (with
Runesson and Sture), Journal of Geotechnical Engineering Division, ASCE,
Vol. 120, No. 7, July 1994, pp.1252-1268.

- "Anisotropic Characteristics of an Overconsolidated Silt by Resonant

Column Testing", (with Ko) ASTM Geotechnical Testing Journal, September 1994.

- "Sustainable Technology in Support of Economic Development”, (with Frost,
Saunders, and DuBose), Presented for publication at the Georgia Sustainable
Round-Table Forum, Georgia World Congress Center, Atlanta, GA. 9/94. Book
published by the Georgia Environmental Org. (GEO).

- "Implicit Integration Schemes for Multi-Surface Constitutive Models",

(with Arduino), Advancements in Computational Geotechnical Engineering, Rio
de Janeiro, Brazil, November 17-25, 1994. Balkema Publishers.

- "Simulation of a Cyclic Triaxial Experiment in a Virtual Environment",

Printed for jacquelyn.bendall@oca.gatech.edu
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Arlington, VA 22230

Emir Jose Macari
Associate Professor
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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. CMS-
9396264. The award became effective in July 1996.

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 PFF 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.
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