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Background / Needs Statement
Today about 200 bridges have been designed and constructed in the U.S. using the AASHTO Guide Specifications for Seismic Isolation Design (AASHTO 1999, Buckle et. al., 2006). 
Since these Guide Specifications are now more than 10 years old, it was proposed under NCHRP Project 20-7 / Task 262 to update them to reflect: 1) changes in the definition of the seismic hazard for the United States (as recently adopted in the LRFD Specifications for conventional bridges, AASHTO 2006, 2009), 2) designer experience with the current specifications in the 10 years since they were adopted, 3) industry trends in the design and construction of isolators, and 4) changes made elsewhere in the LRFD Specifications that impact isolation bearings, such as in Section 14. These updates have now been completed and the revised Guide Specifications were adopted by the AASHTO Bridge Subcommittee in July 2009 (at the Annual Meeting of the Subcommittee held in New Orleans). Publication by AASHTO is expected in 2010. 
Seismic isolation is recognized worldwide as a rational approach to the seismic design of highway bridges with many performance-related benefits
. The first bridge to be isolated in the U.S. was the Sierra Point Overhead. Located on US 101 near San Francisco, this bridge was cost-effectively retrofitted by Caltrans in 1986 using isolation bearings rather than column jacketing and foundation strengthening. In the 20 years since the retrofit of the Sierra Point Overhead, about 200 bridges have been designed and constructed in the U.S. using this technology. But this number is a fraction of the potential number of applications and falls far short of the number of isolated bridges in other countries. 
One of the major barriers to implementation is that fact that isolation is a significant departure from conventional seismic design and one that is not routinely taught in university degree courses. Furthermore, very few text books on this topic have been published and those that are available focus on applications to buildings rather than bridges
.  The absence of formal instruction and a lack of reference material, means that many designers are not familiar with the approach and uncomfortable using the technique, despite the potential for significant benefits. 

One step towards correcting this situation would be the development and publication of design examples, leading eventually to an increase in the number of applications in the United States of this innovative technology. 

Research Objective

The objective of this Request for an Extension in scope for Project 20-7 / Task 262, is to develop a set of examples that demonstrate the design of typical bridges using seismic isolation, in accordance with the recently updated Guide Specifications for Isolation Design (AASHTO 20xx). A representative number of examples will be prepared illustrating application to a range of bridges for varying seismic hazard, site classification, isolator type, and bridge type. In general, each example will discuss the suitability of the bridge for isolation, and present calculations for preliminary design using the Simplified Method (Art 7.1, AASHTO, 20xx), preliminary isolator design, bridge and isolator modeling, detailed analysis using a multi-modal procedure (Art 7.3, AASHTO 20xx), final isolator design, and non-seismic requirements.  Detailed design of the superstructure, substructure (piers) and foundations will not be included. Likewise, the testing requirements for these isolators (as required in the AASHTO Guide Specifications) will not be covered.
Work Tasks 
The following major tasks are proposed:
Task 1.
Form a Working Group of experienced designers from both the State DOTs and private sector to help select a representative set of bridges for the design examples, and develop typical bridge properties (weight, column size, column height, longitudinal and transverse stiffness…)
Task 2.
Select a set of design examples to be developed for the Final Report. A possible range of parameters is shown in Table below:
	Parameter
	Range 
	No.

	Seismic hazard
	High, medium, low (Zones 4, 3, and 2)
	3

	Site classification
	B (rock), D (stiff soil), E (soft soil)  
	3

	Isolator type
	Lead-rubber (LRB), Friction Pendulum (FPS), Eradiquake (EQS)
	3

	Bridge superstructure1
	Steel plate girder, concrete box girder, 

prestressed precast concrete girder
	3

	Bridge substructure
	Concrete single column, concrete dual-column pier
	2


Note 1. All bridges will have continuous superstructures, seat type abutments with transverse shear keys, and the same number of spans (=3, say). 

Although there are 162 possible combinations in the above table, it is not intended to develop detailed examples for all 162 bridges. Instead it is proposed to develop the detailed design of a single benchmark bridge (e.g. a bridge with a steel plate girder superstructure on single columns in Zone 3 and Site Class B, isolated with lead-rubber bearings) and then show how this design would change as each of the parameters are varied, one at a time. For example what is the difference if the site class is E (soft soil) instead of B (rock)? What if the superstructure is a concrete box girder instead of steel plate girders? What if the isolator is a friction pendulum rather than a lead-rubber bearing? In some cases the answers will be short and take not more than a page to give. In other cases the benchmark design may need to be totally reworked. 

For budgeting purposes, this effort is assumed to be the equivalent of one benchmark design and five complete redesigns. Note that the detailed design of the superstructure, substructure (piers) and foundations will not be included.  Likewise, the testing requirements for the isolators (as required in the AASHTO Guide Specifications) will not be covered.

Task 3.
Design the benchmark bridge and prepare the example using the following preliminary headings:
· Description of bridge (superstructure, piers, abutments (seat type with transverse shear keys), seismic zone, site class)

· Calculation of bridge properties (total weight, girder reactions, substructure stiffnesses)

· Determination of required properties for isolation system (using Simplified Analysis Method, Art 7.1)
· Design of individual isolators to satisfy required system properties 

· Development of structural models for the isolators and check system performance using multi-modal spectral analysis (Art 7.3).

· Refinement of isolator design as necessary.

· Design of masonry and sole plates, anchor bolts, and other connections to the super- and substructure as necessary.
· Design of support lengths (seat widths) for adequate clearances, and non-seismic requirements check 

· Summary of design forces for the substructure and foundations. 

Task 4.
Develop the remaining set of examples as described in Task 2. The majority of these examples will not be to the same level of detail as the benchmark bridge described in Task 3, but will be in sufficient detail to enable the designer to understand the implication of each change in variable from one example to the next.

Task 5. 
Prepare draft final report and distribute copies for review and comment.

Task.6
Based on comments received during Task 5, prepare and submit Final Report 
Urgency 

Seismic isolation is recognized world-wide as a rational approach to seismic design with many performance-related benefits for most, but not all, classes of bridges. But it is a significant departure from conventional seismic design, and one that is not routinely taught in university degree courses. The absence of text books and instruction at the university level, means that many designers are not familiar with the approach and uncomfortable using the technique, despite the potential for significant benefits. This request for an extension in the scope of NCHRP 20-7 / Task 262, is intended to fill this gap through the development of a set of comprehensive design examples, and making these examples available to designers in the DOTs and private sector. In doing so, it is expected that the number of applications of this innovative technology will increase in the United States with consequential benefits for the seismic performance of bridges. These examples will be compatible with the recently updated version of the AASHTO Guide Specifications for Isolation Design (AASHTO 20xx) and thereby facilitate the implementation of these Specifications.  
Additional Time Required and Additional Funding Requested
The estimated time to complete this additional effort is 12 months and the estimated additional cost is $40,000.
It is noted that the total cost for this additional effort is $75,000, but $35,000 remains unspent after the successful completion of the revised Guide Specifications
. Thus the additional funding required to develop the proposed design examples is $40,000. 
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� Isolated bridges have substantially reduced forces in their columns and foundations, and are not expected to be damaged, even in a large earthquake. As a result, these bridges should not require repair and be fully functional following the design earthquake. 


� One exception is the recent publication by MCEER / FHWA of a manual on the Seismic Isolation of Highway Bridges by Buckle et. al. (2006).





� This balance is due to the fact that the travel budget is under-spent. The start date for this contract was delayed but the deadline for the first deliverable remained unchanged. To meet the deadline, the Working Group interacted electronically rather than in face-to-face meetings, saving both time and money without compromising the quality of the end product.





