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AIM Innovation Showcase Application
Sponsor
Nominations must be submitted by an AASHTO member DOT willing to help promote the innovation. If selected, the sponsoring DOT will be asked to present the innovation at the Innovation Showcase during the AASHTO Spring Meeting.
1. Sponsoring DOT (State):  Idaho Transportation Department
2.  Name and Title: Michael Johnson, Division Administrator / State Bridge Engineer
    Organization:  Idaho Transportation Department 
    Street Address:  11331 W. Chinden Blvd., Building #8
    City:  Boise
    State:  Idaho
    Zip Code:  83714
    Email:  michael.johnson@itd.idaho.gov
    Phone:  (208) 334-8487

Innovation Description (30 points)
The term “innovation” may include processes, products, techniques, procedures, and practices.
3. Name of the innovation:
Accelerated Bridge Construction (ABC) Using Precast Pier Element Connection in High Seismic Regions
4. Please describe the innovation. 
The Idaho Transportation Department (ITD) proposed a new connection system for prefabricated concrete bridges piers using a pipe-fixed connection.  The precast pier offers ample tolerance, simple construction, and better seismic performance.  It uses structural steel pipes filled with concrete in the plastic hinge zones.  The pipes are placed at the end of the column during prefabrication.  During assembly, the column pipe is inserted inside another pipe with a larger diameter within a pier cap beam or footing. Gaps between the pipes are filled with high-strength grout on-site to complete the connection. The concrete-filled steel pipe provides shear and flexural resistance as well as concrete confinement in the plastic hinge zone. Test results and observations showed the precast pier connection outperformed cast-in-place when subjected to simulated seismic loading. Based on research, ITD used the pipe-fixed connection for a bridge project in a seismic region. 
5. What is the existing baseline practice that the innovation intends to replace/improve?
Concrete bridges are generally built using cast-in-place construction. This method has been in practice for more than 100 years; however, the need for Accelerated Bridge Construction (ABC) using precast pier elements is becoming more prevalent to reduce the construction impacts on the travelling public and to increase on-site safety. Currently, common practice to connect precast pier elements is to extend the main column reinforcement out the top and bottom of the column and join the elements using grout tube couplers. Another method to connect precast pier elements is by post-tensioning. These connection strategies require tight construction tolerances to facilitate fit-up and are vulnerable in zones of high seismic activity. While the use of prefabricated concrete is common in non-seismic areas, their use in seismic zones has been limited due mainly to uncertainty about performance during an earthquake.

6. What problems associated with the baseline practice does the innovation propose to solve?
The Northridge Earthquake (1994) exposed the vulnerability of precast concrete bridges in seismic zones. The damage to bridges constructed with piers fabricated using ABC methods was mainly due to inadequate connections. The FHWA Connection Details for Prefabricated Bridge Elements and Systems Manual recommends using connections as described in the baseline practices section above for only low to moderate seismic regions.  Furthermore, tight construction tolerances are required with these types of connections due to the need to match the locations of extended reinforcement in one element with the opening in the other element.  This requires the use of templates, match casting, or other technics to ensure proper fit, and the contractor must use care to ensure proper controls to avoid damaging connection components. ITD’s pipe-fixed connection simplified construction of the precast elements because the single pipe connection is easy to align and has ample construction tolerance. Also, the pipe-fixed connection allows for the use of ABC techniques in moderate and high seismic zones. ITD’s new connection was fully validated by Idaho State University (ISU) through rigorous testing on bridge substructures systems. A second study by ITD and ISU identified appropriate retrofitting strategies after an earthquake using Ultra High-Performance Concrete (UHPC) for bridges incorporating such connections. Based on the two research projects, ITD used this innovation on a bridge in Southeast Idaho within a seismically active region. Both ITD staff and the contractor praised how smoothly the precast piers were placed, avoiding the common issues of joining precast elements using other connection methods. ITD’s innovation in bridge design and construction using prefabricated elements can substantially shorten construction timeframes for bridges in highly seismic areas, while providing a more durable and resilient product.
7. Briefly describe the history of its development. 
In 2019, ITD approached ISU with a concept for an innovative connection that can be used to build full prefabricated/precast concrete bridges. The connection is for bridge piers as shown in Figure 1 (i.e., column-to-footing and column-to-cap beam connection). ISU worked with ITD and turned the concept into a proposal for research funding. ITD awarded ISU $150,000 to perform extensive large-scale testing and analytical/parametric studies to investigate the seismic performance of the proposed connection under simulated loads in the lab and compare it with the conventional cast-in-place (Figure 2). The new connection offers advantages such as the use of Accelerated Bridge Construction (ABC), simple construction, ample installation tolerance, ease of erection, non-proprietary components/materials, improved on-site safety, and deformation during smaller movements without cracking and crushing concrete.  
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                  (a) Column-to-footing connection                     (b) Column-to-cap beam connection 
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(c) Cap beam connection 
Figure 1: Concept for the proposed connection 
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Figure 2: Large-scale testing at ISU’s Structural Laboratory (SLAB)
Experimental results showed superior performance of the piers with ITD’s connection compared to benchmark samples. Given this outcome, ITD decided to employ the connection to construct a bridge at the Ft. Hall Interchange over I-15 in Southeast Idaho, which is a known seismic region. To supplement the research and provide more tools to engineers, ITD funded a second project for $60,000 at ISU to investigate appropriate methods for retrofitting precast piers with the proposed connection following an earthquake. ISU utilized the tested specimens from Phase I of the research and retrofitted them using UHPC which offers a practical, robust, fast, and durable solution. The retrofitted piers were tested again as shown in Figure 3. Results showed that UHPC is a very effective material to reinstate strength, ductility, and stiffness to earthquake-damaged piers. Phase II of the project was completed in 2023. 
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Figure 3: Retrofitted piers with UHPC
8. What resources—such as technical specifications, training materials, and user guides—have you developed to assist with deployment? Please attach or provide weblinks to reports, videos, photographs, diagrams, or other images illustrating the appearance or functionality of the innovation below (if electronic, please provide a separate file). Please list attachments or weblinks here.
1. A Precast Pier System for Accelerated Bridge Construction (ABC) in Idaho (2021), ITD Report 281:  			                                     2. Experimental Validation of Repair Methods for Earthquake-Damaged Bridges Incorporating ITD’s Precast Pier System (2023), ITD Report 302:   
The research has been included in the Precast/Prestressed Concrete Institute (PCI) “Bridge Design Manual”, 4th Edition (2023). Precast/Prestressed Concrete Institute, Chicago, IL, United States.
State of Development (10 points)
Innovations must be successfully deployed in at least one State DOT. The AIM selection process will favor innovations that have advanced beyond the research stage, at least to the pilot deployment stage, and preferably into routine use.
9. How ready is this innovation for implementation in an operational environment? Please select from the following options. Please describe.
☐ Innovation is fully functional and yet to be piloted.  
☒ Innovation has been piloted successfully in an operational environment.  
☐ Innovation has been deployed multiple times in an operational environment.
☒ Innovation is ready for full-scale implementation.
The proposed connection was implemented in a fully precast bridge at the Ft. Hall Interchange over I-15 in Southeast Idaho, which is known to be in a seismic zone. Figure 4 presents technical details of the bridge, built in 2024 with a 222 ft (68 m) length and two spans. The contractor that placed the columns was incredibly happy with how easy it was to install compared to the conventional precast rebar connection. The installation was noticeably quicker and easier (Figure 5). This marks the first bridge that uses ITD’s proposed precast pier system. ITD is proud this innovative, seismically resistant bridge located on the Fort Hall Reservation. The bridge was recently highlighted in a news article by ISU ().     
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Figure 4: Ft. Hall Interchange Bridge Over I-15
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Figure 5: Construction photos from Ft. Hall Interchange Bridge Over I-15 
10. What additional development is needed to enable implementation of the innovation for routine use? 
None, ITD and other agencies are able to implement this innovation for routine use right now.
11.  Do you have knowledge of other organizations using, currently developing, or showing interest in this innovation?  ☒ Yes ☐ No
If so, please list organization names and contacts. 
	Organization
	Name
	Phone
	Email

	California Department of Transportation 
	Christian Unanwa
	Click or tap here to enter text.
	christian.unanwa@dot.ca.gov

	Washington Department of Transportation 
	Bijan Khaleghi
	(360) 705-7181
	KhalegB@wsdot.wa.gov

	Larsen and Toubro, India
	Amit Barde 
	+91 90044 46436
	amit.barde@lntecc.com

	Bridge Magazine, China 
	Yekai Chen
	+86 10-64285951-506
	international@bridgecn.org


Potential Payoff (30 points)
Payoff is defined as the combination of broad applicability and significant benefit or advantage over baseline practice.
12. Identify the top three benefits your DOT has realized from using this innovation. Describe the type and scale of benefits of using this innovation over baseline practice. Provide additional information, if available, using quantitative metrics, to describe the benefits. 
	Benefit Types
	Please describe:

	Shorter Schedule
	
Using precast concrete, bridge construction time can be shortened by several months compared to traditional cast-in-place. Given the lengthy and harsh winters in Idaho, this has huge implications for ITD and DOTs in similar climates. Shorter construction time also minimizes traffic interruptions, reducing the impact to the travelling public while enhancing work zone safety. 
	Improved Quality
	
Precast concrete and resilient seismic connections provide improved quality and safety for bridge structures.  
	Environmental Benefits
	
Accelerated construction using precast concrete elements substantially reduces the environmental impacts during bridge construction. Shorter construction times reduce traffic disruptions/congestion and helps reduce any adverse environmental impacts of construction. 


Provide any additional details below:
ITD’s innovative pipe-fixed connection for precast pier elements has receive interest from the bridge industry across the United States and world. ITD and ISU have been asked to present the innovation and findings of the ITD-sponsored research to numerous state agencies, professional organizations, conferences, and academic organizations. The industry clearly desires a seismically responsive ABC system that is simple to construct, as proven by the number of National/International awards and recognitions, articles in peer-reviewed journals and conference presentation made on this innovation.   
National/International Awards and Recognitions: 
Phase I:
· Nominated for the AASHTO Research Advisory Committee (RAC)/Transportation Research Board (TRB) Sweet Sixteen (High Value Research Projects) in 2022. The research was adopted by ITD in design of a highway bridge located in seismic zone in Fort Hall, Idaho. (Link)
Phase II:
· 2023: First Choice for the Best Paper “Young Engineers Programme” at IABSE Symposium in Istanbul, Turkey. A Jury selected two outstanding contributions presented by Young Engineers at IABSE Conferences and presented them with the “Outstanding Contribution Award”, consisting of a diploma and a money prize. The Award went to the second choice since the authors for the first choice could not attend the Symposium.
· 2023: Winner of Best Paper in Theme 2 “Advances in Infrastructure Sustainability, Renovation, and Monitoring” at International Conference on Civil Infrastructure and Construction (CIC 2023) in Doha, Qatar.  
· 2024: American Association of State Highway and Transportation Officials (AASHTO) High Value Research Program (Winner). The AASHTO High Value Research program recognizes outstanding transportation research that demonstrate significant value and impact. These awards celebrate projects that address pressing issues in transportation, from improving infrastructure
· Resilience to enhancing resource conservation. The program is run by the AASHTO Research Advisory Committee (RAC) and has been held annually since 2009. The project titled “Experimental Validation of Repair Methods for Earthquake-Damaged Bridges Incorporating ITD’s Precast Pier System” funded by Idaho Transportation Department at ISU was a winner in the “Maintenance, Management, and Prevention” category.

The following research articles were published in peer-reviewed journals and conference proceedings by ISU. 
1) M. Acharya, J. Duran, A. Ebrahimpour, J. Cantrell, and M. Mashal (2023). A Fully Precast Pier System for Accelerated Bridge Construction in Seismic Regions. ASCE Journal of Bridge Engineering, Vol 28(10).
2) K. Hogarth, A. Ebrahimpour, and M. Mashal (2023). Seismic Retrofit of Precast and Cast-In-Place Piers Using Ultra High-Performance Concrete (UHPC). Bridge Engineering Institute Conference 2023, Rome, Italy.
3) K. Hogarth, A. Ebrahimpour and M. Mashal (2023). Experimental Validation of Repair Methods for Earthquake-Damaged Bridges Incorporating Pipe-Socket Precast Pier System. International Conference on Civil Infrastructure and Construction (CIC 2023), Qatar University, Doha, Qatar.
4) J. Cantrell, A. Ebrahimpour, and M. Mashal (2022). Large-Scale Testing of Seismically Resilient Precast Concrete Pier System Incorporating Concrete-Filled Steel Tubes in the Plastic Hinges. 12th National Conference on Earthquake Engineering, Salt Lake City, UT, United States. 
5) Shokrgozar, A. Ebrahimpour, and M. Mashal (2022). Analytical Modeling and Parametric Study of an Innovative Earthquake Resistant Precast Pier System. 12th National Conference on Earthquake Engineering, Salt Lake City, UT, United States. 
6) J. Cantrell, M. Mashal, and A. Ebrahimpour (2021). Large-Scale Testing of a Precast Bent System for Accelerated Bridge Construction: Seismic Performance and Comparison with Cast-In-Place. PCI Convention, New Orleans, LA, United States.
7) J. Cantrell, M. Mashal, and A. Ebrahimpour (2021). An Earthquake Resistant Precast Pier System for Accelerated Bridge Construction. International Association for Bridge and Structural Engineering (IABSE) Congress, Christchurch, New Zealand. 
8) Shokrgozar, M. Torabi, A. Ebrahimpour, and M. Mashal (2020). Seismic Analysis of a Precast Pier System in ABC, ASCE Structures Congress, St. Luis, MO, United States.
9) Marshall, J. Cantrell, M. Mashal, and A. Ebrahimpour (2020). A Precast Pier System for ABC in Seismic Regions, ASCE Structures Congress, St. Luis, MO, United States.
10) M. Mashal, L. Ruminski, and A. Ebrahimpour (2019). An Alternative Precast Pier System for Accelerated Bridge Construction (ABC) in Seismic Regions, International Accelerated Bridge Construction Conference, Miami, FL, United States. 

Peer-reviewed abstracts for oral presentation in prestigious conference included: 
1) Shokrgozar, A. Ebrahimpour, and M. Mashal (2022). Analysis of an Innovative Seismic Resilient Precast Pier System. American Concrete Institute (ACI) Spring Convention, Orlando, FL, United States.
2) M. Mashal, A. Ebrahimpour, and L. Ruminski (2021). An Earthquake Resilient Precast Pier System: Concept, Validation, and Actual Implementation. Western Bridge Engineers Seminar (WBES), held virtually.
3) J. Cantrell, C. Marshall, K. Hogarth, M. Mashal, and A. Ebrahimpour (2019). A Precast Pier System for Accelerated Bridge Construction (ABC) in Idaho State University. American Society of Civil Engineers Southern Idaho Section (ASCE-SIS) Civil Engineering Conference, Boise, Idaho, United States.
4) M. Mashal, L. Ruminski, and A. Ebrahimpour (2019). A Precast Pier System for Accelerated Bridge Construction in High Seismicity. Western Bridge Engineers Seminar (WBES), Boise, Idaho, United States.
5) J. Cantrell, M. Mashal, and A. Ebrahimpour (2019). A Novel Precast Pier System for Accelerated Bridge Construction in Seismic Regions. American Concrete Institute (ACI) Spring Convention, held virtually. 

National and international conferences/venues where research from Phase I and Phase II was presented by the Principal Investigator from Idaho State University, Dr. Mustafa Mashal: 
2024
1. Department of Civil and Environmental Engineering, Utah State University, Logan, UT, United States.
2. Department of Civil and Environmental Engineering, University of Delaware, Newark, Delaware, United States.
3. 64th Idaho Academy of Science and Engineering Symposium and 17th Intermountain Conference on the Environment Joint Symposium, Pocatello, Idaho, United States. 
4. Larsen & Toubro: India, held virtually. 
5. California Department of Transportation (Caltrans), held virtually.
2023
1. [bookmark: _Hlk154780066][bookmark: _Hlk147065894]College of Civil Engineering, Hunan University, Changsha, China.
2. School of Civil Engineering, Central South University, Changsha, China.
3. Bridge and Tunnel Innovation Conference and Bridge Magazine Grand Annual Conference, Changsha, China.
4. [bookmark: _Hlk149377167]Transportation Research Board (TRB) Mid-Year Meeting - AKB50 Committee, Washington, D.C., United States.
5. Bridge Engineering Institute (BEI), Rome, Italy.
6. Department of Civil Engineering, University of Jordan, Amman, Jordan.
7. 2nd International Conference on Civil Infrastructure and Construction, Doha, Qatar.
2022
1. [bookmark: _Hlk147065837]Department of Civil Engineering, The British University in Egypt, Egypt.
2. Department of Structural Engineering, Ain Shams University, Egypt.
3. Department of Civil and Architectural Engineering, Qatar University, Qatar.
4. Department of Civil Engineering, Kuwait University, Kuwait.
5. Department of Civil Engineering, Australian University, Kuwait.
6. American Society of Civil Engineers – India Section (Western Region), New Zealand Group, and Australia Section (Keynote Speaker), held virtually.
7. International Online Workshop on Key Technologies for Industrialized Construction and Accelerated Bridge Construction, BRIDGE Magazine, China. 
8. Precast/Prestressed Concrete Institute (PCI) Convention, Kansas City, Missouri, United States.
2021
1. University of Engineering and Technology (UTEC), Peru, (Keynote Speaker).
2. American Society of Civil Engineers – India Section (Western Region) and Builders Association of India (Keynote Speaker), held virtually.
3. Western Bridge Engineers Seminar, United States, held virtually.
4. United States – Japan Bridge Engineering Workshop, held virtually.
5. Precast/Prestressed Concrete Institute (PCI) Professor Seminar, California, United States
6. International Bridge Conference, Engineers’ Society of Western Pennsylvania, United States, held virtually.
7. Precast/Prestressed Concrete Institute (PCI) Convention, New Orleans, Louisiana, United States.
8. American Society of Civil Engineers (ASCE) Southern Idaho Section Meeting (Guest Speaker), United States, held virtually.
9. International Association for Bridge and Structural Engineering (IABSE) Congress, New Zealand, held virtually.
2020
1. American Concrete Institute (ACI) Fall Convention, United States, held virtually.
2. Bridge Technological Innovation Achievement EXPO & Bridge Development Conference, China, held virtually.
3. Precast/Prestressed Concrete Institute (PCI) Committee Days and Technical Conference, United States, held virtually.
4. International Online Workshop on Key Technologies for Industrialized Construction and Accelerated Bridge Construction, BRIDGE Magazine, China, held virtually.
5. Precast/Prestressed Concrete Institute (PCI) Convention, Fort Worth, Texas, United States.
2019
1. International Accelerated Bridge Construction Conference, Miami, Florida, United States
2. Precast/Prestressed Concrete Institute (PCI) Committee Days and National Bridge Conference, Rosemont, Illinois, United States
3. Western Bridge Engineers’ Seminar, Boise, Idaho, United States
4. Bridge Engineering Institute Conference, Honolulu, Hawaii, United States
5. American Society of Civil Engineers Structures (ASCE) – Structures Congress, Orlando, Florida, United States
6. Precast/Prestressed Concrete Institute (PCI) Convention, Louisville, Kentucky, United States
7. Transportation Research Board (TRB) Annual Meeting - AKB50 Committee, Washington, D.C., United States.

Deployability (30 points)
The AIM selection process will favor innovations that can be adopted with a reasonable amount of effort and cost, commensurate with the payoff potential.
13. What challenges and/or lessons learned should other organizations be aware of before adopting this innovation?
ITD and ISU have developed a design procedure for the pipe-fix connection. Organizations wishing to implement this innovation should contact ITD for the design procedure or develop an internal design procedure.
14. Please provide details of cost, effort, and length of time expended to deploy the innovation in your organization.
Cost:  $210,000 (Phase I & Phase II of Research)
Level of Effort:  Difficult, as the concept had to be validated through a large-scale experimental program. The tests done as part of Phase I marked the largest structural testing in a lab environment in the State of Idaho. It was successfully conducted by researchers and students at ISU. 
Time:   2019-2021 (Phase I); 2021-2023 (Phase II), 4 years of research conducted at ISU.
15.  To what extent might implementation of this innovation require the involvement of third parties, including vendors, contractors, and consultants? If so, please describe. List the expertise required.
 Precast concrete producers will be key partners for successful implementation of the innovation followed by contractors for erection of bridge elements and grouting work.  
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