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Annual NSF Grant Progress Report
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I certify that to the best of my knowledge (1) the statements herein (excluding scientific hypotheses and scientific
opinions) are true and complete, and (2) the text and graphics in this report as well as any accompanying publications or
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other communication submitted to NSF is a criminal offense (U.S. Code, Title 18, Section 1001.)
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2.an indication of any current problems or favorable or unusual developments;
3.a brief summary of work to be performed during the next year of support if changed from the original proposal; and

4.any other information pertinent to the type of project supported by NSF or as specified by the terms and conditions of
the grant.
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During the first year of the project, progress has been made on the following tasks that were outlined
in the proposal.

Task 1 - Literature Review

The literature review is complete. Attention was focused on three aspects of tomography: (1)
available algorithms for ray tracing in arbitrarily heterogeneous media, (2) algorithms available for
backcalculation of velocity structure from travel time observations, and (3) applications of
geotomography to geotechnical engineering including a review of strain-based approaches to
liquefaction susceptibility analyses.

Task 2 - Algorithm Development and Equipment Fabrication

Following the literature review, two ray tracing algorithms were implemented, tested for accuracy,
and compared for efficiency. The first algorithm is an algorithm developed by Langan et al., (1985).
The soil mass is divided into cells that are characterized by a seismic velocity at the center of the cell
and velocity gradients in the x and y directions. The use of gradients allows the soil mass to be
accurately modeled by fewer cells than if constant velocity cells were used. Ray tracing begins by
assigning a starting direction to a ray at the source. Within individual cells, the raypath becomes



curved because of the velocity gradients. At cell boundaries, the ray is refracted according to Sneli's
law. Once the ray exits on the boundary of the grid, its position is compared with the location of the
receiver. The starting direction of the ray is adjusted to improve the agreement between the exit
position and the receiver location.

The algorithm produced accurate ray traces, but at high computational costs.

« There are numerous checks as the algorithm proceeds to assure accuracy. These checks reduce
the algorithm's efficiency.

« Rays are traced individually. For a large number of source and receiver positions, the algorithm
was inefficient.

« The algorithm failed to converge for several complex, heterogeneous soil profiles.

Because of these shortcomings, a second algorithm developed by Schneider et al (1992) was
implemented. The algorithm is similar to a finite-difference scheme in that the arrival time of the wave
~ at a particular node is calculated using the arrival times at surrounding nodes. In addition to

producing accurate ray traces, the algorithm has several important advantages compared to others
that were considered:

« For a given source location, arrival times at all of the receiver positions are simultaneously
calculated

» The algorithm easily handles arbitrarily complex distributions of velocity.

A limitation of the algorithm is that it does not explicitly produce the ray path between the source and
receiver.

Work is presently near completion on developing an tomographic inversion program using the
Schneider et al (1992) ray tracing method as a basis. Several alternative solutions are being
developed including algebraic reconstruction techniques (ART) and conjugate gradient methods.

Design and fabrication of source and receiver equipment is underway but is not complete.
Task 3 - Field Trials
A site on the Georgia Tech campus has been selected for field trials.

Task 4 - Testing at Charleston, SC area sites

Reconnaissance tests have been performed at six Charleston-area sites to locate one suitable for
using seismic geotomography for liquefaction susceptibility site characterization. Surface wave tests
were performed at the sites to complement the conventional SPT, CPT, and index tests performed by

Martin and Clough (1991). Synthetic seismograms were obtained to allow site-specific responses to
be calculated.



Summary

Progress on developing and implementing the algorithms for curved ray tracing in heterogeneous
media and for inversion is proceeding as expected. With, the exception of performing a parametric
study to assess the influence of cell size, velocity contrasts, etc., this phase of the project is nearly
complete. Design and fabrication of the source and receivers is progressing more slowly than first
envisioned. Because of delays encountered in this phase, | anticipate requesting a no-cost
extension to allow work to proceed past the January 31. 1993 project termination date. Once the
equipment is constructed, | expect that field testing at Georgia Tech and in Charleston, SC will
proceed smoothly because of preliminary work already performed at those two sites.
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A Master of Science student, Elizabeth Leipski, recently completed her thesis on the selection,
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Principal Investigator; Dr. Glenn J. Rix

NSF Award: BCS-9110173

Period of Support: August 15, 1991 to January 31, 1994

Title: Research Initiation Award - Site Characterization for Liquefaction
Susceptibility Using Seismic Geotomography

Amount: $£53,482

Part Il - Summary of Completed Project

The specific objective of this project was to implement tomographic inversion algorithms based
on curved (refracted) ray tracing for near-surface site characterization. The use of algorithms
based on curved rays is particularly important for sites where large seismic velocity contrasts
result in significant ray bending. A node-based scheme was selected to calculate travel times
through an arbitrarily complex medium efficiently. This scheme was used as the basis of a
conventional nonlinear least-squares inversion program. Obtaining solutions using the least-squares
approach required significant computational effort because of the iterative nature of the
calculations.

The use of artificial neural networks was explored as an alternative to conventional least-
squares algorithms. An artificial neural network is a highly-interconnected collection of simple
processing elements that can be trained to approximate a complex, nonlinear function through
repeated exposure to examples of the function. In the context of tomographic inversion, a neural
network can be trained to approximate the inverse function by repeatedly showing it forward
problem solutions calculated using the node-based scheme mentioned earlier. The single most
important advantage of using neural networks for backcalculation is speed. The neural networks
trained in this study were several orders of magnitude faster than the conventional least-squares
algorithm. A limitation of the neural network approach is that the borehole geometry and source-
receiver positions must be selected prior to training the network. That same geometry and source-
receiver positions must then be used in acquire experimental data if the network is to successfully
invert the travel time data.

In a broader context, this study is an effort to make tomographic methods more "accessible” to
engineers by reducing the complexity and increasing the robustness of the inversion step. Although
this study was able to make progress in this area, tomographic methods still require significant
experimental and computational effort.

Part lll - Technical Information
The results of this study have been and will be disseminated through the following publications:

Leipski, E.A., (1992), Analytical Investigation of In Situ Seismic Methods, Master of Science
Thesis, Georgia Institute of Technology, 124 pp.

Rix, G.J., (1994), “Tomographic Inversion Using Artificial Neural Networks,” Dynamic
Geotechnical Testing II, ASTM Special Technical Publication, Philadelphia.

Rix, G.J., (1994), “Tomographic Inversion Techniques for Near-Surface Site Characterization,”
Planned submission to the Journal of Geotechnical Engineering, ASCE.



PART IV -- FINAL PROJECT REPORT -- SUMMARY DATA ON PROJECT PERSONNEL

(To be submitted to cognizant Program Qfficer upon completion of project)

The data requested below are important for the development of a statistical profile on the personnel supported by
Federal grants. The information on this part is solicited in resonse to Public Law 99-383 and 42 USC 1885C. All informa-
tion provided will be treated as confidential and will be safeguarded in accordance with the provisions of the Privacy Act
of 1974. You should submit a single copy of this part with each final project report. However, submission of the requested
information is not mandatory and is not a precondition of future award(s). Check the "Decline to Provide Information”
box below if you do not wish to provide the nformation.

Please enter the numbers of individuals supported under this grant.
Do not enter information for individuals working less than 40 hours in any calendar year.

Senior Post- Graduate Under- Other
Staff Doctorals Students Graduates Participants'

Male | Fem. | Male | Fem. | Male | Fem. | Male | Fem. | Male | Fem.

A. Total, U.S. Citizens 1 1 1

B. Total, Permanent Residents

U.S. Citizens or
Permanent Residents?:

Amaerican Indian or Alaskan Native . . . .

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

Hispanic........................

Pacificlslander . .. ................

White, Not of Hispanic Origin . . ... ...

C. Total, Other Non-U.S. Cltizens

Specify Country
1.

2.

3.

D. Total, Ali participants
(A+B+C) 1 1 1

Disabled?®

Decline to Provide Information: Check box if you do not wish to provide this information (you are still required to return this page
O along with Parts I-11}).

! Category includes, for exa}—nple, college and precollege teachers, conference and workshop participants.

2Use the category that best describes the ethnic/racial status fo all U.S. Citizens and Non-citizens with Permanent Residency. (/f more
than one category applies, use the one category that most closely reflects the person's recognition in the community.)

3 A person having a physical or menta! impairment that substantially limits one or more major life activities; who has a record of such
Impairment; or who is regarded as having such impairment. (Disabled individuals also should be counted under the appropriate
ethnic/racial group uniess they are classified as "Other Non-U.S. Citizens.”)

AMERICAN INDIAN OR ALASKAN NATIVE: A person having origins in any of the original peoples of North America and who main-
tains cultural identification through tribal affiliation or community recognition.

ASIAN: A person having origins in any of the original peoples o! East Asia, Southeast Asia or the Indian subcontinent. This area
includes, for example, China, India, Indonesia, Japan, Korea and Vietnam.

BLACK, NOT OF HISPANIC ORIGIN: A person having origins In any of the black racial groups of Africa.
HISPANIC: A person of Mexican, Puerto Rican, Cuban, Central or South American or other Spanish culture or origin, regardiess of race.

PACIFIC ISLANDER: A person having origins in any of the original peoples of Hawali; the U.S. Pacific terrilorles of Guam,
American Samoa, and the Northern Marinas; the U.S. Trust Territory of Palau; the islands of Micronesia and Melanesia; or the
Philippines.

WHITE, NOT OF HISPANIC ORIGIN: A person having origins in any of the original peoples of Europe, North Africa, or the Middle East.

NSF Form 98A (Rev. 10/90)



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9

