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Strong Motion Instrumentation of Bridges and Downhole sites
ABSTRACT

The California Department of Transportation (Caltrans) has been working with the California Geological Survey (CGS) since the 1989 Loma Prieta earthquake to place strong motion sensors on bridges and at downhole sites to record earthquake shaking. As of March 2008, 61 regular highway bridges, 10 toll bridge structures and 17 downhole geotechnical arrays have been instrumented.

INTRODUCTION

The purpose of the bridge instrumentation project is to record the motion and improve our understanding of how bridges react to strong ground shaking to advance the seismic design and analytical procedures used for bridge structures.  The sensors are placed to record acceleration, the relative deflection of various members and to determine the mode shapes caused by strong ground motions.  Research is currently underway to use the data to evaluate the conditions of bridges following a large earthquake.
REGULAR HIGHWAY BRIDGES

Most of the structures chosen for this project are regular highway bridges. These bridges were strategically chosen to be located in those areas where the likelihood of recording significant strong-motion data is the greatest. The bridge structure types range from simple two span overpasses to large sweeping single column connector structures. The bridges include concrete box girder, pre-cast concrete and steel girder structures supported on one or multiple-column bents with various types of abutments and foundations. A number of bridges were instrumented with 6 to 9 sensors, while many others were extensively instrumented with 20 or more sensors. A reference freefield site was also installed at most of the selected bridges. The objective of instrumenting a variety of bridge structures is to record data that will give engineers a better understanding of how different structural configurations respond to strong seismic shaking.

TOLL  AND LONG SPAN BRIDGES

 Toll bridges are much more complex than regular bridges and require many more sensors. They are usually very long with many framed structures separated by large hinges. These structures are typically founded on different geologic materials along their length.  Sensors are installed at the tips of new piles for most of the toll bridges, however, it is only possible for them to be installed during construction.

As of today, all the toll bridges have been instrumented, including the Antioch, Dumbarton, San Mateo, San Francisco-Oakland Bay Bridge, Richmond-San Rafael, Benicia-Martinez and the Carquinez.  Also, the Vincent Thomas and the San Diego / Coronado bridges have sensors.  The computer models used for the analyses and retrofit design of these bridges are being maintained and updated by Caltrans. The strong-motion data recorded in future earthquakes will be used by Caltrans to verify and calibrate the analytical models.

DOWNHOLE ARRAYS

Data recorded by downhole geotechnical arrays with sensors installed at different depths and in different geologic layers will provide critical information for understanding local site amplification effects. The number of instruments and the depths of the instruments for a geotechnical array are determined from the soil profile at each bridge site. Caltrans Drilling Services staff performs the drilling of the boreholes.  Caltrans Geotechnical services staff also log the holes, including P-S suspension, E-logs, etc., for future studies.  The data recorded from these downhole arrays will be used by the geotechnical engineering community to calibrate strong ground shaking modeling techniques.

DATA AVAILABLE ON THE INTERNET

The information on the instrumented bridges and the sensor locations are available at the Engineering Strong-Motion Data Center (EDC) of the California Integrated Seismic Networks (CISN). The strong-motion data recorded from the bridges and ground stations are also available at the EDC. The Internet Quick Reports (IQR) at the EDC lists strong-motion records immediately after a significant earthquake. The IQR uses Internet technology as a means to provide engineers access to processed strong-motion data and spectral information, as well as information about the structures and sites, very rapidly after an earthquake. Users of the EDC will also have direct access to the processed strong-motion data from previous earthquakes and detailed information on instrumented structures. The users can also download all the records from a specific bridge.

The EDC, at http://www.quake.ca.gov/cisn-edc, increases the ability of earthquake engineering users to respond knowledgeably and rapidly after earthquakes.

SUMMARY

Caltrans is committed to developing and maintaining seismic motion monitoring systems for California’s bridges. The strong motion records from the instrumented bridges from previous and future earthquakes will be used to further our understanding of how bridges respond to damaging earthquakes. The data will be utilized to verify design assumptions and improve bridge seismic design codes and practices. Since the return period of large earthquakes in California is long, it is imperative that the seismic monitoring systems be in place when a large earthquake occurs and that the responses of the bridges and ground sites to the strong shakings are adequately recorded. The strong-motion data from bridges will not only help the advancement of earthquake engineering but will provide significant information for assessments of the safety of the bridge structures immediately following a damaging earthquake.
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Figure 1 Locations of bridges and geotechnical arrays instrumented under the
Caltrans/CGS Bridze Strong Motion Instrumentation Project.
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Vallejo - Carquinez/I80 West Bridge
Caltrans Bridge No. 28-0352L (04-SOL-80-0.01)
CSMIP Station No. 68185

SENSOR LOCATIONS (Suspension Bridge)
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Los Angeles - Vincent Thomas Geotech Array East

CSMIP Station No. 14785
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