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Summary of Initial Findings

ABC connection performance under multi-hazard loading is a multi-facetted subject encompassing many inter-related topics, the majority of which are still emerging.  There is a mixture of highly intertwined technical and nontechnical considerations that is forming the philosophical and practical approaches to ABC in general and to ABC connections, in particular.  To help identify and communicate the preliminary scan results it is useful to categorize the findings into eight topics: 

1. Extreme load consideration for bridges and ABC connections

Multi-hazard loading combinations are considered only to a limited extent even for conventional bridges because of a lack of guidelines and the general belief that the probability of simultaneous occurrence of multiple extreme loads is low.  No information on ABC connection design under MH loading could be identified.  Even under seismic loading, no specific AASHTO guidelines exist for ABC connection design despite the relative maturity of earthquake engineering of bridges.  In fact, restrictions on splicing longitudinal column reinforcement within the plastic hinge zone in seismic design category (SDC) C or D in the AASHTO Seismic Guide Specifications severely limits the implementation of ABC in high seismic regions.  This is consistent with the findings of the scan that there is a correlation between the level of seismicity and the level of implementation of ABC practices. 

2. ABC Connection Details

Although ABC has been generally applied to a small fraction of the overall bridge population, numerous ABC connection types have been used by various states.  Some of the connection details from the recently published FHWA manual on ABC are being adopted by several states for their ABC practice [2].  The connections are highly varied and range from laterally unrestrained connections to a wide variety of ABC connection details for different bridge components.  Some states allow for unrestrained movement of the superstructure under lateral loads and design bearing connections for vertical loading alone.  Under storm surge, the approach taken by some states is not to provide for tensile force transfer at the support thus allowing for uplift of the superstructure. 

3. ABC Connection Maintenance

Due to the relatively short history of ABC application, it is difficult to make a broad statement about maintenance issues or lack thereof in ABC connections. Generally ABC connections are perceived to perform the same as conventional connections over time because they are mostly intended to be emulative.  A limited number of ABC projects that have been in service since the 1990’s supports this view.  Nonetheless, some states conduct annual inspection of precast elements and joints rather than the normal biennial inspection to monitor performance and to ensure that any unexpected problem is addressed in a timely manner.  Field observations are documented and lessons learned are used to refine connection designs for future ABC projects.  

4. Standardization of ABC Connection Details and Processes

Standardization of ABC could be viewed at the microscopic and macroscopic scales, with the former concentrating on design and details and the latter focusing on the process by which the ABC alternative is selected for a project. With expanding popularity of ABC, the need to develop standard connection details is being realized in different states, although views and philosophies differ among them.  While some states believe that preapproved standard ABC connections would provide the tools for designers and contractors and would help expand ABC application, others believe that leaving flexibility in design and detailing could encourage widespread ABC use.  There appear to be more states subscribing to the former view.  PCI-Northeast has already developed manuals with standard details.  Other states are developing manuals utilizing FHWA ABC details [2] in addition to their own documents for different precast element types and SPMT moves.  Examples of standardization of ABC connections include pre-approved grouted sleeve couplers in Utah and standard pipe pin details in California.  Some of the standard details that are being developed do not meet AASHTO requirements.  Some states do not allow couplers in plastic hinge regions of columns when the bridge is in SDC C or D because of AASHTO restriction.  As ABC research results become available and ABC practice evolves, it is expected that issues of this nature will be resolved. 

5. ABC Connection Research

Research has been conducted at several institutions with focus mostly on seismic performance of ABC connections and members. Studies are being carried out on high-early strength concrete with the aim of developing standard mixes that may be used at closure pours joining prefabricated reinforced concrete deck elements.  Seismic studies of ABC connections are ongoing and could serve as a model to study the performance of ABC connections under other extreme loads.  Research on ABC connections under seismic loading may be placed into two categories of emulative and non-emulative connections.  Emulative connection research has focused on providing full continuity at the connection in terms of transfer of critical forces.  Conventional precast reinforced concrete columns embedded into precast footings, piles, or precast pier caps have been studied under cyclic loads and performance has been found to be satisfactory.  Other means of providing continuity has been through the use of large-diameter bars anchored in corrugated metal ducts or using standard couplers of various types for longitudinal bars used in column plastic hinges, some with complete and others with partial success.  Research on couplers continues.  Various methods to convert multi-girder pier cap connections into integral pier caps are also being studied by providing bottom reinforcement though the joints.

6. Innovative ABC connections

ABC provides the opportunity to embrace innovation.  In addition to research on using high performance concrete, high performance metallic materials, and FRP materials described in Sec. 2.5, various forms of innovative precast double-T girders are being considered for bridge superstructure.  Folded plate steel girders and concrete-filled FRP tube arches are being implemented in selected bridges.  Post-tensioning has been used in bridge girders for decades.  Many states are making use of post-tensioning in ABC through post-tensioned bridge decks and abutments.  Transverse post-tensioning of girders in cap beam zones are considered as one of the means to convert multi-girder pier cap connections into integral pier caps. Base isolation, although it has been used for conventional bridges, is being considered as a viable alternative to help reduce demand on ABC connections under extreme loads.  The FHWA Highways for Life (HFL) program has served as a mechanism for field implementation of promising innovative concepts that have been developed based on research.

7. Monitoring ABC connections and prefabricated bridge elements and systems

Instrumentation and long-term health monitoring of prefabricated bridge components and their connections are conducted on a selected basis only when innovative unconventional elements are utilized in the bridge.  The purpose of gathering data on novel bridges is to determine any unexpected behavior and learn about their response.  Monitoring includes double-T girders that are different than those previously used to determine potential issues in partial deck or full depth bridge decks.  The general view about monitoring is that it may not be necessary when ABC connections are emulative. 

8. Other Findings

Extensive communication among different stakeholders such as designers, contractors, top management, fabricators, industry, and the public appears to have been the key to successful planning and execution of past ABC projects.  Early involvement of contractors in the design and planning process has alleviated issues and has encouraged participation of contractors in ABC because of the reduced financial risk and sharing of risk associated with new methods.  Design-build projects present an opportunity for embracing innovation including ABC.  In some cases remoteness of precast plants relative to the job site might prevent the adoption of ABC.  Although site casting of precast members may be viable, it requires added quality assurance and quality control.  Another change from normal practice for contractors is replacement of many construction tasks with installation tasks when ABC is used.  Contractors need to be open to this change for ABC to succeed.  
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