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Presenter
Presentation Notes
My name is Mark Chaput with the Michigan Department of Transportation.  My presentation today will cover the 
Carbon Fiber Reinforced Polymer or (CFRP) cable applications that we are deploying in Michigan 
as well as an update on the AAASHTO Innovation Initiative project to promote CFRP technologies in transportation.  



CFRP Applications in Michigan 
 

• Internal Reinforcement and Pre-stressing  
   strands in concrete beams 
 
• Post Tensioning for Concrete Box Beams 

 
 

 

Presenter
Presentation Notes
Although there are many applications for CFRP materials in transportation, in Michigan we have been focusing primarily on two applications that we feel provide the highest value and greatest long term benefit. 

The use of CFRP cables as the internal reinforcement and as pre-stressing strands in concrete beams 
(they could be box beams, I-Beams, or Bulb-T beams) 

and

The use of Larger diameter (multiple wound strands) used for post tensioning of Box beams.



What is A.I.I.? 

• AASHTO Innovation Initiative 
• Formerly AASHTO TIG 
• Innovation by transportation agencies, for transportation 

agencies 
• Leading edge, not bleeding edge  
• Agency teams that developed and proved the concepts 
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Presenter
Presentation Notes

AASHTO’s Technology Implementation Group (TIG) was renamed in the past year to AASHTO’s Innovations Initiative or Aii.

Similar to FHWA’s EDC program, this AASHTO based program takes proven technologies and promotes them across the AASHTO membership.  
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Omar Abu-Hajar 
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omar.abuhajar@dot.state.oh.us 
 
 

 
Jim Gutierrez 
Caltrans 
jim.gutierrez@dot.ca.gov 
 
Wayne Frankhauser, Jr. 
MaineDOT 
wayne.frankhauser.jr@maine.gov 
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Presenter
Presentation Notes
Our lead states team includes Michigan, Virginia, Ohio, California and Maine with support from Dr. Grace at Lawrence Technological University in Michigan. 

mailto:chaputm@michigan.gov
mailto:chynoweth@michigan.gov
mailto:stephen.sharp@vdot.virginia.gov
mailto:omar.abuhajar@dot.state.oh.us
mailto:jim.gutierrez@dot.ca.gov
mailto:Wayne.frankhauser.jr@maine.gov
mailto:ngrace@ltu.edu


Why Consider CFRP  

• Ensuring appropriate investment and 
longest service life using public 
transportation dollars 
 

• Advancing innovative materials in the 
pursuit of the 100-year service life bridge 
 

• Fostering economic development by using 
innovative materials 
 
 
 

 

Presenter
Presentation Notes
We are always looking to innovate, testing new materials, seeking longer service lives.  We have an obligation to insure an appropriate investment of public funds.

100 year bridge – will take advancements in design, materials innovations and construction practices. 

By supporting the advancement of this advancement of this technology we have an opportunity to lengthen
the life of our bridges as well as the potential to create a brand new business sector in Michigan.



Research History 

• MDOT has been partnering with Lawrence 
Technological University on CFRP research 
 

• Material specifications, standard details,  
    stressing procedures and tolerances 

Presenter
Presentation Notes
Dr. Grace at LTU has been performing research on Carbon Fiber elements for over 20 years and MDOT has been partnering directly with them since 2005.

Through research, we are developing Material specifications, standard details as well as stressing procedures and tolerances.



Advantages of pre-stressing 
 

 
• Higher ultimate stressing strength 
• Non-corrosive 
• Lightweight 
• Similar construction processes as steel 

alternatives 
 

• Failure warning characteristics 
 

 

Presenter
Presentation Notes
CFRP has a higher ultimate stressing strength which is an advantage over steel.

As we all know, concrete beams will crack and one of the most critical concerns is the infiltration of water and the corrosion of the reinforcement.
The non-corrosive feature of this material eliminates that concern.  

There are other non-corrosive materials such as Stainless and galvanized steel but each of them have performance concerns as compared to the carbon fiber.

(Stainless steel strand has a lower ultimate strength
Galvanized strand has hydrogen embrittlement issues) 

The material is lightweight and the construction processes are similar to steel.

CFRP modulus of elasticity is roughly 2/3 that of steel, meaning it will deform under lower stresses than steel, thus offering warning of failure




Advantages of post-tensioning 
 
 

• Higher ultimate stressing strength  
• Lightweight 
• Non-corrosive 
• No grout is required for duct 

 
• Ability to re-tension if necessary 
• Rehabilitation and maintenance options 

 
 

Presenter
Presentation Notes
As mentioned, CFRP has a higher ultimate stressing strength which is an advantage over steel in post tensioning as well. 

Grouting of the ducts is not necessary as the CFRP material is non-corrosive.  Since you do not grout the ducts you have 
additional repair options such as re-tensioning and even the ability to replace beams if necessary.

As an example, with traditional steel post-tensioning, if you get a beam hit that destroys a beam, you have to terminate the post-tensioning 
in order to remove and replace beam. With CFRP cables, your could just release the stress, remove and replace the beam and then 
re-apply the post tensioning stresses. A much better alternative for the life of the superstructure.  
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FY REGION LOCATION BRIDGE ID TECHNOLOGY DESCRIPTION COMMENTS 

  2001 Southfield Bridge Street over 
Rouge River B01 of 63-20-35  Full superstructure   First in the US 

2011 Metro Pembroke Ave 
over M-39 S09-82193 Deck reinforcement and         

post tensioning 
803 feet of 40 mm cable 
used 

2012 University M-50 / US-127 BR 
ov RR R01-38072 post tensioning 1017 feet of 40 mm cable 

used 

2013 Metro WB M-102 over 
Plum Creek B03-82141-4 Deck reinforcement, pre-

stressing, shear stirrups 
106,000 feet of 15.2 mm 
cable used 

2014 Metro EB M-102 over 
Plum Creek B03-82141-3 Deck reinforcement, longitudinal 

pre-stressing, shear stirrups 
106,000 feet of 15.2 mm 
cable used 

2014 Metro I-94 EB over 
Lapeer Rd S18-77111-3 Post tensioning 861 feet of 40 mm cable 

used 

2015 Metro I-94 WB over 
Lapeer Rd S18-77111-4 Post tensioning 861 feet of 40 mm cable 

used 

2015 University M-100 over Sharp 
Drain B02-23071 Longitudinal pre-stressing 10,000 feet of 15.2 mm 

cable to be used 

2015 North M-66 over West 
Branch River B01-67032 Longitudinal pre-stressing 5200 feet of 15.2 mm cable 

to be used 

2016 Southwest M-86 over the 
Prarie River B01-78061 Longitudinal pre-stressing for 

decked bulb-T beam 

Potential candidate, 
structure study complete, 
still evaluating 

Michigan DOT Deployments 

Presenter
Presentation Notes
The first CFRP project in the was constructed as a research project by LTU in the City of Southfield in 2001.  

MDOT built our first project CFRP post tensioning project in 2011.

We have built six structures to date and have more planned. 



MDOT CFRP Deployment - 2011 
Pembroke over M-39 Superstructure Replacement  

Presenter
Presentation Notes
In our first MDOT CFRP project in 2011, we replaced a short two span superstructure with new side by side box beams applying standard post tensioning.  



MDOT CFRP Deployment 

Presenter
Presentation Notes
Transverse post tensioning cables = 40 mm, 37 wire strand, with a guaranteed breaking load of 269 kips

Cables are socketed into a stainless steel anchorage with a highly expansive material (HEM)

Load from stressing chair is imparted on to anchorage, and nut is locked into position




MDOT CFRP Deployment 

Presenter
Presentation Notes
We also utilized a CFRP deck grid replacing a traditional steel mat.  Lightweight 6’ x 10’ sheets were placed and tied by one ironworker without the use of a crane.




MDOT CFRP Deployment 

Presenter
Presentation Notes
As part of our long term monitoring program, we installed strain gages an load cells that continually collect data and send back to LTU for evaluation.  This was part of the commitment made with FHWA in the experimental work plan and allows us to confirm long term performance. 



MDOT CFRP Deployment - 2012 
M-50/US-127 BR over NS RR Bridge Replacement 

Presenter
Presentation Notes
Our next project was in 2012 where we replaced a short span RR structure.  21 “ side by side box beams were installed and 40 mm (37 strand) CFRP cables were used for post tensioning. 



MDOT CFRP Deployment 

Presenter
Presentation Notes
The beams were fabricated with 5” PVC conduit providing a channel for the cables.  Once the beams were placed and the conduit was aligned, the post tensioning cables were installed with just a few laborers. 



MDOT CFRP Deployment 

Presenter
Presentation Notes
With the use of stressing chairs, the cables were stressed to 75 kips and then the deck was poured.  The cables were then stressed to 150 kips once the deck is placed and cured.




MDOT CFRP Deployment 

Presenter
Presentation Notes
Load cells were used to measure the initial loading.  Strain gages were used for long term monitoring.  



MDOT CFRP Deployment 

1200 kN = 269 kips 
2173 kN = 489 kips 

Presenter
Presentation Notes
 For all of our projects, the manufacturer is required to provide test reports confirming various Material properties.

Theoretical elongation calculations were compared to actual elongations and gage pressures in the field during installation.



Taking the next step 

 After successful deployments of CFRP materials on 
two projects, MDOT decided in 2013 to move 
forward with a prestressed application 
 

 MDOT selected an M-route structure with easy 
access to monitoring equipment, and inspection 
 

 This route takes 4 lanes in each direction in and out 
of the City of Detroit, and has a very high ADT 
 
 

 



Taking the next step – M-102 over Plum Creek 
City of Detroit 

Presenter
Presentation Notes
M-102 in the City of Detroit was selected as our first pre-stressing project due to it’s configuration, traffic volumes and its proximity to LTU who was providing technical support for the design and construction.  



Design Factors 

 
 

 

Presenter
Presentation Notes
The structure was Twin 75’ long, single span structures, using 33” x 48” side by side box beams using CFRP cables for the internal reinforcement and pre-stressing.  
On this structure we also field tied individual CFRP cables into a grid system for the deck reinforcement which was extremely time consuming.  



M-102 over Plum Creek:  Design Factors 

CFRP strand data based on testing: 
 

 GUTS = 60.70 kips 
 Astrand = 0.179 in2 

 
 f’pu = 339 ksi – calculated ultimate tensile strength 
 CE = 0.90 – environmental factor per ACI 440.1R-06 
 fpu = 305 ksi – design ultimate tensile strength 

 
 Eps = 21,000 ksi* 

 
 

 
 
 

 

Presenter
Presentation Notes
Tensile strength and jacking forces were designed for the post tensioning cables. 




M-102 over Plum Creek:  Design 

 
 
 
 

 

Presenter
Presentation Notes
And the design was refined by the designer using finite modeling. 




M-102 over Plum Creek:  Design 

 
 
 
 

 

Presenter
Presentation Notes
The design was further refined and checked via finite model by Dr. Grace.




M-102 over Plum Creek:  Challenges 
 

Beam Fabrication:  
 Estimating enough contract quantities of CFRP cable 

accounting for waste generated during pre-stressing 
 CFRP coefficient of thermal expansion different from that of 

steel – must take into consideration pre-stressing bed 
contraction and expansion 

 Coupling the CFRP strands to steel added time to the 
fabrication process.  

 
   Construction: 

 Tying the deck mat was time consuming. 
 Special storing and handling requirements for CFRP materials  

 
 

 



M-102 over Plum Creek:  Fabrication 

 
 

 

Presenter
Presentation Notes
Since the spacing of the pre-stressing strands is very close and the couplers are larger in diameter, the couplers need to be staggered leading to more material waste.



M-102 over Plum Creek:  Fabrication 

 
 

 

Presenter
Presentation Notes
The beam needs to be poured in stages. 

The concrete is placed in the bottom over the pre-stressed cables and the lower stirrups. 
A foam block out is installed to create the Box Beam void.   

The upper stirrups are then placed and tied and then the concrete is finished.  



M-102 over Plum Creek:  Fabrication 

 
 

 

Presenter
Presentation Notes
Once the concrete is set, the pre-stressing strands are cut. 



M-102 over Plum Creek:  Fabrication 

 
 

 

Presenter
Presentation Notes
The beams are then set aside for final curing.



M-102 over Plum Creek:  Construction 

Presenter
Presentation Notes
Once fabricated, handling and erection of the beams in the field is no different than traditional pre-stressed beams




MDOT CRFP Implementation in Summary 

 The benefits of using these materials is the non-
corrosive properties, and eliminating the need to 
grout post-tensioning ducts 
 

 Analysis shows a potential 60% reduction in overall 
life cycle costs compared to bridges that use 
traditional steel reinforcement for the pre-stressing 
and post-tensioning materials. 
 
 
 

 



A-II Activities 

• Peer exchanges, informational webinars 
• Website for shared resources 
• Technical assistance (Limited-time)  
• Activities Funded by States through AASHTO 
 
 

Presenter
Presentation Notes

The AII program is a three year initiative to promote and market the use of CFRP technologies across AASHTO.  

This will be accomplished through marketing efforts as well as outreach efforts such as peer exchanges, workshops and webinars.  

Resources are available on the AII CFRP website. 


The lead states have also agreed to provide some level of technical assistance to other interested states for a limited time. 

These efforts will be funded through the AASHTO AII program.



AII Marketing Approach 
 

• Two pronged strategy: 
• General information for agencies interested in 

specifications and standards, and wanting more 
information 

• More detailed technical design and construction 
support for agencies considering implementation 



AII Marketing Resources 
 

• Sample designs, sample plans, material 
specifications posted on AII CFRP website 

• Deploy other technical resources and develop 
workshops and webinars to assist agencies in 
early stages of implementation 

• Engage other groups, such as AASHTO SCOC, 
and SCOM 



Lead States Team Deployments 
 

• VDOT – using CFRP prestressed piles, and 
prestressed bulb-T beam superstructure 

• ODOT – using CFRP for pre-stressed bulb-T beam 
superstructure  

• Maine DOT – using CFRP pre-stressed I-beam 
superstructure 

• Caltrans – using CFRP surface and near surface 
mounted wraps for superstructure strengthening 

Presenter
Presentation Notes
In addition to Michigan, the following states have initiated projects using CFRP materials.



Presenter
Presentation Notes
To get to the website, search under Programs on the AASHTO Home Page. 



Thank You !   
 

Questions? 
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