AASHTO Technology Implementation Group

Nomination of Technology Ready for Implementation

2012 Nominations Due by Friday, September 16, 2011
	Sponsor
	Nominations must be submitted by an AASHTO member DOT willing to help promote the technology.
	1. Sponsoring State DOT: Utah Deptartment of Transportation

	
	
	2. Name: Joshua J. Sletten

	
	
	Title: Structures Design Manager

	
	
	Mailing Address: 4501 South 2700 West, Box 148470

	
	
	City: Salt Lake City
	State: Utah
	Zip Code: 84114-8470

	
	
	E-mail: jsletten@utah.gov
	Phone: 801-633-6314
	Fax: 801-965-4187

	
	
	3. Date Submitted: 09/15/2011

	
	
	4. Is the Sponsoring State DOT willing to promote this technology to other states by participating on a Lead States Team supported by the AASHTO Technology Implementation Group? 
Please check one:  FORMCHECKBOX 
 Yes     FORMCHECKBOX 
 No

	Technology Description (10 points)
	The term “technology” may include processes, products, techniques, procedures, and practices.
	5. Name the technology:  Deformed Stainless Steel Bar for Concrete Reinforcement        

	
	
	6. Please describe the technology: 
The product is a deformed solid stainless steel bar for concrete reinforcement used in applications requiring resistance to corrosion or controlled magnetic permeability. 

There are various grades and chemical compositions of stainless steel rebar available. The chemical composition of the stainless steel alloy can be engineered to achieve optimal suitability to the end use design requirements, i.e. tailor the corrosion resistance and/or magnetic permeability as required. 

Stainless steel deformed bar is used to reinforce concrete for structures where additional protection against corrosion is required to extend the service life well beyond that provided by conventional reinforcing bar and to dramatically reduce the maintenance and repair costs.   

Stainless steel rebar has the unique characteristics of superior corrosion resistance, high yield and tensile strength, a linear stress/strain curve, exceptional ductility which permits excellent low-cycle fatigue performance for seismic applications, fire resistance and good high and low temperature properties. The product is also non-magnetic.

Stainless steel rebar has an expected life cycle of 125+ years as compared to the 20 to 30 years that carbon steel rebar typically lasts in service.  

The raw material for the stainless steel rebar is melted in an electric furnace, poured into an ingot mold, then hot rolled to its finished size, and the deformation pattern is rolled into the surface during the final pass on the rolling mill.  The material is then shot blasted, to remove the rolling scale. All stainless steel rebar must be acid cleaned, or pickled, in a bath in order to allow the chromium oxide film to form, which prevents corrosion.  All mechanical property testing is performed as per ASTM A955.

Solid stainless steel rebar comes in the same sizes as conventional carbon steel rebar being used today. Typically, bars sizes of #3, #4, #5 and #6 can be coiled and pickled allowing for lengths greater than 40’. Lengths of bars larger than #6 are typically not coiled and are limited to 40’ due to the pickling bath size.


	
	
	7.  If appropriate, please attach photographs, diagrams, or other images illustrating the appearance or functionality of the technology. (If electronic, please provide a separate file.)

Please check one:   FORMCHECKBOX 
 Yes, images are attached.     FORMCHECKBOX 
 No images are attached.

	State of  Development (30 points)
	Technologies must be successfully deployed in at least one State DOT. The TIG selection process will favor technologies that have advanced beyond the research stage, at least to the pilot deployment stage, and preferably into routine use.
	8.  Please describe the history of the technology’s development. 
As with many discoveries, it was the accumulated efforts of several individuals that actually began in 1821 which lead to the "discovery" of stainless steel at the turn of the last century. Research prior to that point focused on the effects of chromium and the importance of low carbon levels. 

In the early 1900’s, European research studies were published on an iron-nickel-chromium alloy -- the basic metallurgical structure for the 300 series of stainless steel, on chromium-nickel stainless steels and back in 1908, the role was observed of a minimum level of chromium (10.5%), low carbon content and molybdenum in increasing corrosion resistance to chlorides.

Stainless steel’s corrosion resistant properties have many industrial applications including as a construction material in both aesthetic applications such as facades, and practical applications as structural members.

A prime example of stainless steel rebar’s long term effectiveness in the face of chloride attack is the excellent state of the 70 year old ship pier located on the Pacific coast in Progreso, Mexico. Over the last 15 to 20 years, there has been renewed interest in the product as DOT engineers faced with the realization of the financial toll caused by chloride induced corrosion and that conventional coated rebar was proving to be unreliable as a long term solution. The problem with coated rebar has evolved to the point that there have been outright bans in certain jurisdictions.

As a consequence of this need for more effective corrosion protection, DOT’s have been shifting to this technology. By way of example, about 10 years ago the Chief Engineer at the Oregon DOT was concerned about the corrosion and seismic design aspects which resulted in the specification of stainless steel rebar in bridge decks. There are many such examples of structures built with this product in the U.S. today.

The product has been used over the last number of years in Oregon, New York, New Jersey, Pennsylvania, Virginia, Minnesota, Rhode Island, Louisiana, Maine, New Hampshire, Vermont. States that are actively planning to use stainless steel rebar include North Carolina, Texas and Kentucky. 


	
	
	9. For how long and in approximately how many applications has your State DOT used this technology? 
Utah is currently specifying solid stainless rebar for the decks on four bridges proposed for construction in 2012. Utah DOT has used several different corrosion resistant types of reinforcement in recent years including galvanized steel, fiber reinforced polymer (FRP) bars, and MMFX. Each of these technologies has been used with the intent to increase the life cycle of bridge decks in Utah due to the states frequent freeze thaw cycles and heavy usage of deicing salts. Solid stainless rebar, for the reasons mentioned throughout this document, appears to give us the most benefit with the least cost and impacts to our current construction methods.


	
	
	10. What additional development is necessary to enable routine deployment of the technology? 
The State DOT should develop a comprehensive stand alone stainless steel reinforcement specification which would outline supply, fabrication, handling and placing guidelines. 

The topics to be covered may include the material information such as grade and type as referenced in ASTM A955, material testing and production requirements, fabrication, shipping, handling and storage procedures, contamination avoidance measures, field placing practices including use of appropriate accessories (stainless steel tie wire), repair guidelines, etc.    

Altering stainless steel rebar’s current stature in the AASHTO Design and Construction manuals as being partially included and  “not specifically excluded” to that of being specifically “included” or approved as a steel reinforcement technology will go a long way to raising it to a position equal to that of other less corrosion resistant products. This would be of great significance which would ease the concerns of a many engineers who are reluctant to use products that have the appearance of not being specifically or fully endorsed by AASHTO.  


	
	
	11. Have other organizations used this technology? Please check one:  FORMCHECKBOX 
 Yes     FORMCHECKBOX 
 No

If so, please list organizations and contacts.

	
	
	Organization
	Name
	Phone
	E-mail

	
	
	VDOT
	Michael Sprinkel
	434 293 1941
	michael.sprinkel@VDOT.Virginia.gov

	
	
	MNDOT
	Paul Rowekamp
	651 366 4484
	paul.rowekamp@dot.state.mn.us

	
	
	NHDOT
	David Scott
	603 271 2731
	dscott@dot.state.nh.us

	
	
	ODOT
	Bruce Johnson
	503 986 3864
	bruce.v.johnson@odot.state.or.us

	
	
	MaineDOT
	Wayne Frankhauser
	207 624 3494
	wayne.frankhauser@maine.gov

	Payoff Potential (30 points)
	Payoff is defined as the combination of broad applicability and significant benefit or advantage over other currently available technologies.
	12. How does the technology meet customer or stakeholder needs in your State DOT or other organizations that have used it? 
The technology meets customer / stakeholder needs because it saves money due to its significant corrosion resistant properties. The 120+ life cycle of stainless steel rebar extends the life of concrete structures such as bridge decks while dramatically reducing long term repair expenditures. This in turn reduces public spending and therefore taxes -- stainless reinforcing reduces the life cycle cost to taxpayers. 

The avoidance of rehabilitation makes a bridge deck reinforced with stainless steel rebar the least cost over its service life. It is estimated that over the life of a structure, it costs 10% to 20% less to build and maintain structures built with stainless steel rebar.

As frequency and duration of bridge deck maintenance declines so will highway congestion which increases network capacity with the associated macroeconomic benefits.

Initial costs can be reduced. Its superior corrosion resistance and mechanical properties allows for more efficient design of concrete structures which can reduce initial costs by removing redundant material such as excess concrete cover, membranes, and sealants. Due to its inherently higher strength characteristics, engineers can reduce the amount of steel relative to carbon steel rebar, lowering these costs.

Bridge decks are being constructed today that are lower in cost than with coated rebar because of the savings in concrete cover, membranes and sealants!

There are environmental benefits associated with the product in that the appreciable service life extension due to stainless steel reinforcement reduces the environmental impact by limiting additional landfill waste. 


	
	
	13. What type and scale of benefits has your DOT realized from using this technology? Include cost savings, safety improvements, transportation efficiency or effectiveness, environmental benefits, or any other advantages over other existing technologies. 
Many of these so-called indirect benefits are discussed in question #12 above. The key benefit to using solid stainless reinforcement is the expected signifact reduction in future maintenance and construction costs. Less maintenace and rehabilitation or preservation treatments results in less required construction funding and far fewer impacts to the highway users, resulting in both a direct savings in terms of construction and an indirect savings in terms of reduced congestion and delay to highway users.


	
	
	14. Please describe the potential extent of implementation in terms of geography, organization type (including other branches of government and private industry) and size, or other relevant factors. How broadly might the technology be deployed? 
There is no limit to the extent to which this technology can or should be implemented given that stainless steel reinforcement is intended for use in highly corrosive zones or where seismic resistance is a design factor. This covers a large part of the country.

Geography is not a significant factor in determining implementation potential. Salt corrosion is a factor wherever there is snow and ice on our roads or marine salt spray. This criteria covers the winter months for most of the northern half of the country, roadways in high elevation zones which exist in all regions (even Arizona has corrosion issues above 3,000 ft. elevation) and all coastal regions.     

Seismic conditions exist all over the country, to varying degrees of intensity, and stainless steel rebar due to its exceptional ductility lends itself very well to use where seismic resistance is a design requirement.

Its prime application continues to be for structures which are considered to be of strategic importance as measured by vehicle traffic. Strategic importance can also apply to routes which have a national security importance or where there is limited alternative access, i.e. the only route into an area.

There are no limitations or compromises in terms of its design or use – it’s a steel product with a linear stress-stain curve, the development length follows the convention for black bar (not the 30% increase for coated bar), there are no fabrication issues.  

Organization type or size is not a constraint on the use of this technology because the supply chain is accustomed to tailoring its output to varying levels of demand.  

In terms of the availability of resources to grow this segment of the reinforcing industry, there is ample home based material production capacity at the mill level with two large scale producers in the country. As well, the market is well covered from the rebar fabrication and placing point of view.  

Given the long term cost advantage of using this product, there is no practical reason for not using this technology as broadly as possible. Stainless steel rebar has been used in a range of applications around the country including bridge structures, various pier and substructure requirements for roads and bridges, coastal structures, deperming piers used by the US Navy, parking garages, culverts, etc.


	Market Readiness (30 points)
	The TIG selection process will favor technologies that can be adopted with a reasonable amount of effort and cost, commensurate with the payoff potential.
	15. What actions would another organization need to take to adopt this technology? 
Each organization would set its own course of action to adopt this technology depending on its level of knowledge and experience with stainless steel reinforcement. As a generic guide, an implementation plan may include the following key activities :

•
Review the experiences and practices of other DOT's

•
Review the available literature from FHWA, DOT's, researchers, industry, consultants on the technical properties, the durability benefits, the performance of this technology in general terms and specifically as it applies to the aspect of its superior corrosion resistance and the benefit of delivering the least cost structure option over its product life cycle, or service life.

•
Have a rational discussion with all stakeholders highlighting the fact that the benefits of adoption exceed the cost – its cheaper and better

•
Set a policy to implement the use of this product in defined zones in specified geographical regions

•
Develop a stand alone specification 

•
Conduct in house tests and field trials

•
Full adoption of the use of stainless steel reinforcement



	
	
	16. What is the estimated cost, effort, and length of time required to deploy the technology in another organization? 
Given that the use of stainless steel reinforcement on North American highways is approaching 20 years, tapping into the experiences of other DOT-users can be an exceptional benefit in carrying out the action plan proposed in Question 15.

The use of this product is now routine in many DOT’s; hence, the cost, effort and time to implement this technology for new entrants is much less than was the case for early adopters.


	
	
	17. What resources—such as technical specifications, training materials, and user guides—are already available to assist deployment? 
ASTM is the primary independent support organization through its stainless steel reinforcement standard, ASTM A955. Technical specifications, user guides and training materials are further discussed in question #18 below.


	
	
	18. What organizations currently supply and provide technical support for the technology? 
The Nickel Institute offers a broad range of support including articles, research papers and technical information.  

The Stainless Steel Information Center has a website providing a wide range of industry information including industry data, a suppliers directory, technical data, a product life cycle costing model, user guides, etc.

The producer mills provide extensive technical data support for their products. 

The CRSI provides technical support to its association of rebar fabricators and installers.   


	
	
	19. Please describe any legal, environmental, social, intellectual property, or other barriers that might affect ease of implementation. 
The only barrier is awareness and endorsement on the part of decision makers. AASHTO Bridge Design and Construction Specifications need to include solid stainless rebar to ease the concerns of many engineers who are reluctant to use products that have the appearance of not being specifically or fully endorsed by AASHTO.
Senior transportation officials need to embrace the basic principle that the criterion for accepting a project is not least initial cost, but the least cost over the service life of a structure and that cost includes the initial cost and on-going maintenance costs.

A complementary perspective is that projects need to be ranked and accepted / rejected on the basis of their benefit / cost ratio over the time frame of the life of the structure.  

There has to be more awareness of the consequences of choosing one type of reinforcement over another -- premature deck replacement associated with conventional corrosion resistant reinforcement at half the service life does not serve the public interest.    


	Submit Completed form to
	http://transportation1.org/tig_solicitation/Submit.aspx


