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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 Snell'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, I anticipate requesting a no-cost 
extension to allow work to proceed past the January 31. 1993 project termination date. Once the 
equipment is constructed, I 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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Part II - 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 ofthe 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 shmving it fonvard 
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 nehvork 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 nehvork 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 ofthe inversion step. Although 
this study was able to make progress in this area, tomographic methods still require significant 
experimental and computational effort. 

Part Ill -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 ofTechnology, 124 pp. 

Rix, G.J., (1994}, "Tomographic Inversion Using Artificial Neural Nehvorks," Dynamic 
Geotechnical Testing 11, 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. 
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