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Preface: 

This report tracks progress of a long-term initiative to develop new testing capabilities for in situ 
measurement of dynamic properties (modulus and damping) of clay soils over a broad range of 
strains.  The project was initiated in 1991 in response to the recognition that soil response played a 
significant role in the failure of the Cypress Freeway Viaduct in Oakland during the 1989 Loma Prieta 
earthquake.  The overarching vision was to translate state-of-the-art laboratory testing techniques for 
field application, thereby minimizing the poorly-understood role of soil disturbance in dynamic 
properties measurement. 

Translating research-grade laboratory testing technologies for the rigors of the field environment was 
recognized to be an exceptionally challenging initiative, but one that had potential to significantly 
improve the fundamental understanding of soil behavior.  The project scope was recognized to 
require development of new concepts, technologies, and systems.  To manage programmatic risks, 
the project was pursued as a multi-phase development program with performance milestones.  
Technical project oversight was provided by an external advisory panel of internationally-recognized 
researchers, Dr Peter Robertson, Dr. Ken Stokoe, and Dr. Mladen Vucetic, each specializing in 
specific aspects of soil properties measurement.   

Initial phases of the development program occurred under project F92TL05 extended from 1992 
through 1998.  That project developed the general design strategy and completed both analytical and 
laboratory investigations required to demonstrate the feasibility of new mechanical, electrical, control, 
and sensor technologies required for concept viability.   

This report documents subsequent development and validation work that occurred under project 
F97OR05 from 1998 through 2003.  This project converted the prototype component technologies 
developed under project F92TL05 into a more robust and integrated system capable of field 
deployment.  It also completed a series of validation tests to demonstrate that the system was indeed 
capable of meeting or exceeding the best current laboratory testing capabilities.  As part of the 
validation work, the external advisory panel ‘raised the bar’ substantially above the originally 
envisioned scope by guiding the project team through a series of unprecedented fundamental 
laboratory tests that demonstrated the DFSD’s capabilities for minimizing soil disturbance during 
sample carving.  At the completion of this project, the DFSD system had completed initial stages of 
field deployment and validation at shallow depths.  It is an operational system, which in the hands of 
highly trained researchers, offers the potential to yield fundamental new knowledge regarding the 
engineering behavior of clay soils that significantly impact analyses of site response in earthquake 
ground motion hazard studies. 
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Abstract: 
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column of soil carved below the bottom of a borehole.  Other shear testing modes may also be 
accommodated.  The DFSD design and testing procedure minimizes sample disturbance by 
maintaining estimated values of the original in situ effective stress throughout the sample preparation, 
instrumentation, and testing processes.  As a result, the sample is not significantly unloaded, and 
therefore does not experience the stress-relief disturbance associated with the removal and re-
application of stresses.   

This report documents design, development and validation work that has yielded a field-capable 
prototype DFSD tool that is capable of meeting or exceeding the best current laboratory testing 
capabilities for measurement of dynamic properties of clay soils used in earthquake site response 
analysis.  Mechanical, pneumatic, electrical and sensor systems used to remotely create a test 
specimen, maintain continuous control of its anisotropic stress state, and test the specimen over a 
wide strain range of shear strain are described.  Validation tests comparing DFSD results to state-of-
the-art laboratory results are presented as well as results from a series of tests that quantify and 
compare reduced sample disturbance caused by the DSFD relative to conventional high-quality 
sampling methods.   
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