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Problem Statement:
The BDM, as currently written, requires Phase 1 Seismic Retrofit on all projects.  This is unrealistic for many projects where the bridge work is secondary and no access below the bridge is being provided, such as 1R paving projects or single function sidewalk projects. The intention of this change is to clarify the guidance so that designers can focus on the projects that can have the most impact.

Also, ODOT Seismic Retrofit Design Criteria is now available for designer evaluating seismic performance of existing bridges and designing retrofits, if necessary. A reference to the Criteria is now been provided in BDM. 


Proposal:

Modify/Add Section 1.17.2.1 as follows:

Phase 1

The Phase 1 Seismic Retrofit is considered to achieve “Life Safety” performance of Oregon bridges under seismic induced loading. Work during this phase is intended to prevent superstructure pull-off and bearing failure.  This is the nature of almost all our retrofit program at this time.

Incorporate Phase 1 Seismic Retrofit on all bridge rehabilitation projects when bridges are located in Seismic Zone 3 or 4.  Bridges located in Seismic Zone 2 may be considered for Seismic Retrofit if situated between bridges (on the same route) that have received or are receiving Seismic Retrofit, or between new bridges built to current seismic design standards.  Phase 1 Retrofit is not required on any projects where the scope of work does not extend below the deck.

As a minimum, include at leastfor a Phase 1 Retrofit,.  Aassure that the girders will not pull off longitudinally or slide off laterally from the bents.  This will normally involve addition of cable restraints, shear blocks, and/or beam seat lengthening and widening.

Identify a seismic design concept which will accomplish the intent to preclude span pull off or collapse of the superstructure.  Depending on the concept selected, some strengthening of the superstructure may be required to assure loads generated at the restraints or shear blocks can be transmitted without exceeding design stresses in the superstructure.  For steel truss bridges, ensure all truss elements and connections provide sufficient resistance to failure or plastic deformation under seismic induced loading.  Short pedestals or secondary columns above the main bent cap level must also be investigated for seismic induced loading and strengthened or braced, if necessary.

Upgrade existing bearings to elastomeric bearings, if needed to assure the designer’s concept will work.  Upgrading bearings to elastomeric should, also, be considered to improve seismic performance when existing bearings are known to have poor seismic performance, such as steel rocker bearings.  Analysis for Phase 1 Retrofit will normally consist of a single degree of freedom model, which may be sufficient for normal bridges.  However, a higher level analysis may be required, if needed to fully develop the designer’s concept, or for bridges with irregular column lengths of multi-column bents or if the bents have significantly different stiffness.  Use full column sections (uncracked) for this level of analysis to develop connection design loads.  This is the minimum level of work that must be included.  A cracked section analysis may be used to investigate the maximum anticipated movements.

Phase 2 
Work during this phase involves substructure (columns, footings and foundations) ductility enhancement and strengthening. Any additional or deferred Phase 1 Retrofit work would also be included. The end product is a retrofitted bridge with as much seismic loading resistance as a new bridge would have for the site. The Phase 2 Seismic Retrofit is considered to achieve the “Operational” performance of Oregon bridges under the seismic loading induced by the full rupture of Cascadia Subduction Zone Earthquake. 

Evaluate the structure to investigate the level of effort and scope of work needed to do Phase 2 Retrofit. Phase 2 involves a complete seismic analysis of the widened or rehabilitated bridge for full seismic loading, including consideration of strengthening or restraints to the superstructure, substructure and foundations. The work may involve column and footing strengthening or enlargement, or the use of isolation bearings, and soil improvement, if there is potential for liquefaction. The decision about whether to actually do Phase 2 Retrofit in the project will be made after developing a retrofit concept, rough cost estimate and evaluation of the relative importance of the bridge to the transportation network, in comparison to the estimated cost and available funding for the project. 

The flowchart for seismic design of widenings in BDM 1.17.2.1 (Figure 1.17.2-1A) can be used as a guide to make the decision. On major, unusual or border bridges, the decision should involve discussion with Bridge Section, since seismic retrofit criteria for these structures are specific to the site. 

Analyze existing structures and design all necessary retrofits according to the ODOT Seismic Retrofit Design Criteria (October 2020). Consult with Bridge Section HD for any amendment necessary to address unique bridge characteristics or site conditions.

A seismic retrofit analysis typically requires the use of a “Site Factor” to develop the response spectrum used in the analysis. Site factors are based on the soil conditions at the site, (categorized as Site Classes A - F) as described in the FHWA Seismic Retrofitting Manual for Highway Structures, Table 1-3. For most normal bridges requiring Phase 1 retrofit work the site class can be determined using either existing soils data or a general knowledge of the site geology and soil conditions. If limited knowledge is available the default designation of Site Class D is acceptable. However, for Phase 2 level retrofit analysis more detailed soils information is required to better determine the design response spectrum and also to adequately characterize and model the foundations in the analysis. Additional exploration work may be required to obtain this information. This additional work is justified due to the increased cost of Phase 2 retrofit work and the need for a more refined analysis.
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