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Background

The currently used AASHTO LRFD Specifications for bridge design is not established based on a totally probability-based approach.  It is fully calibrated for dead loads and live loads (regular, frequent loads).  There are selected extreme event limit states also available in the AASHTO LRFD, but they are not established by considering the combinations of bridge failure probabilities of the frequent live loads and infrequent extreme hazard loads.

Separately AASHTO also publishes Guide Specifications for design against individual extreme hazard load effects, such as that for earthquake, vessel collision, scour and storm surge. To various degrees, these Guide Specifications are used to individually “check” the adequacy of a bridge design proportioned from the regular dead and live load effects.  However, as a foundation of probability based design, the quantity of failure probability should also be calculated by considering these extreme loads.  Otherwise, the failure probability may not accurately reflect the realistic bridge load effect. 
For the above reasons, the Federal Highway Administration (FHWA) has sponsored a research study at the Multidisciplinary Center for Earthquake Engineering Research (MCEER) to establish multiple hazard design principles and methodologies necessary to consider the probabilities of bridge failure due to combinations of frequent and infrequent load effects in order to systematically develop a more “equal reliability” based bridge design approach.  In other words, the project explores principles and methodologies to realize a long term goal for a multi-hazard (MH)-LRFD entirely based on probability-based approach.  At present, a theoretical framework has been established which in principle can be used as the basis to realize MH-LRFD in the long run.
A Proposed US-Taiwan Joint Research Task

Scour is a unique, major cause of bridge failure in the US and in many other regions of the world.  It is an important hazard effect that must be addressed in bridge design.  Because scour failure is related to reduction of bridge capacity, current design practice considers the reduction of capacity of bridge piers and/or abutments resulting from scour effects using a deterministic approach to check the LRFD proportional bridge design.  From a multi-hazard design viewpoint, scour effects on bridge failure need to be probabilistically combined with other regular and extreme load effects in order to understand what combinations of load effects are important and what are negligibly small. The probability-based platform by considering partial failure probabilities established by MCEER will be used to examine the combined bridge failure probabilities due to the frequent live load, the infrequent earthquake loads and the effect of scour, as a US-Taiwan cooperative multi-hazard research task.  It will be a joint effort between MCEER (PI:  George C. Lee) and NCREE (PI:  K.C. Chang).  These two researchers have cooperated successfully in recent years in several other bridge studies.  This presentation will briefly outline a framework of a 12-month joint study to explore the establishment of a design limit state for combined dead load, live load and earthquake load effects including the scour.
Some Sub-tasks for Joint Discussion
Scour of river-crossing bridges may be simply classified into two general types for the purpose of load combinations: the rare, short duration flood-related scour, and the frequent, long duration non-flood-related scour. In the AASHTO LRFD Specifications, these two types of scour are considered differently. The former is addressed in the Strength Limit State using 100 year flood as the design scour and checked by the 500 year flood scour, while the latter addresses the river bed degradation and is contained in the Extreme Event Limit State. Furthermore, short term scour can occur at piers or abutment, known as local scour (clear-water scour or live-bed scour) and general scour or contraction scour (clear-water scour and live-bed scour); while the long term scour is simply riverbed degradation/aggradation. It thus can be seen that there are many cases or combinations that need to be considered even just for one type of bridge/foundation.  Because scour effects are closely related to riverbed characteristics; local soil conditions and river channel hydraulics (flow velocity and depth, etc);  pier dimension, configuration, alignment etc; each State or region in the US has its own additional design requirements to various degrees. Several references are provided to illustrate the complexity of the issues involved in bridge scour studies and in establishing design standards. It is necessary that this joint research task be discussed in more detail on the specific efforts or sub-tasks so that the total efforts can be coordinated and some meaningful results for one or two targeted case(s) can be obtained that are useful to both sides. For example, the following items need to be carefully considered for this joint project:
1. Type(s) of scour to be considered
2. Pier or abutment to be used
3. Type of foundation to be used
4. Literature search and review

5. Available data and new data collection
6. Bridge failure modes and quantitative descriptions of scour failures 

7. Method to combine scour effect with other hazard forces to establish design limit states
8. etc
Summary

This presentation is intended to provide a framework for joint consideration of developing design limit states for combined Dead load, live load, earthquake load effects including bridge scour by using the reliability-based approach. The details are to be considered in the discussion or breakout session of the workshop and/or in follow-up informal sessions by the researchers after the workshop.
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