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ABSTRACT 

This paper explores the applicability of wavelet transform for the analysis of ground motion 
accelerations recorded on rock at Yerba Buena Island and on dredged sandfill at nearby Treasure Island 
about 2 Ian away during the 1989 Lorna Prieta Earthquake in Califonria. An interpretation of the results 
from this analysis is presented and discussed. The rnajor important feature of this data set is that 
liquefaction occurred at the Treasure Island site dnring the earthquake. The Daubechies 20-coefficient 
and Haar Wavelet Transfonns are utilized in this study. Results of the application of the wavelet 
transfonns can be summarized as follows: most of the energy of the earthquake at the Treasure Island site 
is in the frequency range 0.58 - 1.77 Hz and arrives in the time interval between II and 15 seconds. For 
the Yerba Buena Island site, most of the energy lies within the frequency range 1.15 - 3.53 Hz and arrives 
between 8 to 13 seconds. The analysis indicates that there are some large peaks at the higbest resolution 
in the wavelet transfonns at the Treasure Island site whicb can be attributed to a progressive change in the 
stiffhess characteristics of soil. 
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INTRODUCTION 

Ground motions generated by the 1989 California Lorna Prieta Earthquake were recorded at two 
stations located in the San Francisco Bay, between San Francisco and Oakland, California (Shakal et aI., 
1989). One station is located in Yerba Buena Island while the other station is about 2 Ian away in 
Treasure Island. Treasure Island is a 400 acre land constructed in 1936-37 for activities celebrating the 
construction of the Golden Gate and San Francisco-Oakland Bay bridges. It is a man-made island 
constructed on loose, dredged sandfill underlain by soft bay mud and other recent and older sediments 
resting on bedrock. The strueture of Treasure Island is essentially an upstream constructed hydraulic fill 
with a perimeter rock dike acting as a retaining system for the sands that were pumped or placed inside. 
The Yerba Buena Island is, however, a rock outcrop. The strong motion accelerometers at each station 
recorded ground motions in the N-S, E-W and up-down directions. The strongest components were in the 
E-W direction in whicb peak accelerations were 0.16g at Treasure Island and 0.06g at Yerba Buena 
Island. In the N-S direction the peak accelerations were O.lIg at Treasure Island and 0.03g at Yerba 
Buena Island. A notable amplification factor for surface motions recorded at the Treasure Island site 
relative to the rock motions at nearby Yerba Buena Island can be identified from the peak ground 
accelerations. The strong motions recorded at these two stations represent a pair of recordings at nearly 
the same location and distance from the fault rupture but with considerably different behaviour due to the 
effects of local geological conditions. Evidence of soil liquefaction on the Treasure Island site with 
numerous large sand boils was reported (Finn et aI., 1993). 

The emphasis of this paper is on the application of the wavelet transfonn for the analysis of 
accelerograms recorded during earthquakes. The wavelet transfonn is a relatively new method of signal 
analysis that has been gaining widespread use, especially for the analysis of signals with abrupt changes 
(Newland, 1993; Rezai and Ventura, 1995). The literature on wavelet transfonn is extensive. but most of 
it is devoted to processing of images or electronic and speech signals (Mallat, 1989; KrouIand-Martinet et 
aI., 1987). The wavelet transfonn basis functions are complex functions of the same shape that are 
concentrated in time and frequency. They are ideal to identifY any phases of a signal with different 
frequency content and with localized time distribution. 












































