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:      

	
	
	2. Name: David Sadler, P.E.

	
	
	Title: Director, Office of Construction

	
	
	Mailing Address: 601 Suwannee Street 

	
	
	City: Tallahassee
	State: FL
	Zip Code: 32309

	
	
	E-mail: david.sadler@dot.state.fl.us
	Phone: 850-414-4150
	Fax:      

	
	
	3. Date Submitted: 09/16/2011

	
	
	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: Embeded Data Collector

	
	
	6. Please describe the technology:   Starting July 1, 2011, Florida Department of Transportation started implementing the use of Embedded Data Collector (EDC) as a stand-alone dynamic testing method to monitor concrete pile installation. The EDC system consists of a wireless (Bluetooth) radio/controller connected to strain and accelerometer gauges at the top and bottom of the pile prior to concrete placement. The signals from the gauges are collected, stored, then wirelessly transmitted from the pile and are analyzed “real time” (blow by blow) with a laptop computer in the field.
The EDC technology was recognized by AASHTO TIG in 2007 . Since then besides ASTM D4945 recognizing benefits of the tip gauges, the new system has the following latest advancements.  
a.
With top and  tip gauges, accurate assessment of side friction and tip components of pile capacities is possible. For instance University of Florida (UF) has shown that the applied tip force (i.e. strain gauge) equal to the sum of the inertial forces, damping forces and static resistance at the pile tip and when the damping and inertial forces are zero, static tip resistance is directly equal to the measured dynamic force. Similarly, the applied energy at the pile tip equals the sum of static resistance, damping and inertia energies.  Generally, for every trace, the inertial energy becomes negligible, and the pile’s tip damping may be readily assessed from the difference between the applied total energy and the static tip energy. 

b.
With gauges at the top and bottom of the pile, analytical and numerical solutions are readily available (UF) to directly assess the static pile side friction for every blow in “real time” without user input.

c.
Field tests conducted in both Florida and Louisiana with static load testing, i.e. several case histories have indicated that the new models are capable of predicting static side and tip response within 20% for sand, silts and clays. Also, statistical comparisons between EDC testing with traditional PDEA testing resultas indicated that the capacity measurements using EDC gauges and PDA measurements are within 10%, being the EDC towards the conservative side.  Moreover, the system has shown the capability of estimating pile freeze through variation in side friction measurements at end of drive (EOD) vs. beginning of restrike (BOR).  
d. Havin a starin gauge near the tip of the pile allos for a more accurate direct measurement of the compression stresses at the tip, as opposed to the PDA, which estimates the tip stresses based on readings at the top of the pile.  This is a very imporatnt feature to control the tip compression stresses on concrete piles that need to be driven through very dense or hard layers, before reaching the required minimum penetration, or piles that are founded on very dense or hard layers.
e.
Finally, with gauges precast within the pile prior to prestress strand cutting, the gauges are precompressed (150 ~ 200με).  The new system tracks the change in strain/stress within the pile during driving and may be readily used to assess damage (i.e. and loss of prestress), which may be used to control the hammer (i.e. fuel settings) or stop the driving to prevent further damage.  New parameters such as the Preload Delta and a modified integrity parameter Beta , warn the EDC operator when excessive loss of prestress is occurring and the integrity of the pile may be impacted.  In a recent project in Miami, this type of information was used to stop several piles before reaching minimum penetration.  The Engineer of Record reviewed the information and considered that the penetration and capacity reached by these piles was acceptable.  This way, the integrity of the piles was not affected and the foundation was structurally sound.
It is worthwile to note that when both EDC gauges and PDA gauges have been used in test piles, it has been observed that the EDC gauges can detect potential signs of damage significantly earlier than the PDA system does.
The new pile monitoring system gives both the owner, and contractor new options for the design, construction and quality control of prestressed concrete piles.



	
	
	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. FDOT sponsored this research project with University of Florid to advance dynamic testing from gathering data of force and velocity with each hammer blow at the top of the pile to obtain data from sensors (strain gauges and accelerometers) embedded at the pile top as well as at the tip when the pile is cast. Since then University of Florida patented the technology with Smart Structures Inc. cmmercializing the  product in addition to improving the hardware and software. Meanwhile, FDOT continued research with University of Florida to achieve (a) field validation (b) data comparison (c) advancements in analytical techniques.

	
	
	9. For how long and in approximately how many applications has your State DOT used this technology? The SmartPile system has been used in Florida through validation and  in production on over 100 projects.  Initial evaluations began in 2005 (Test Pile comparisons), while substantial production testing began in 2008 with a construction mandate that was used to prove the technology in full production (100%) scenarios.

	
	
	10. What additional development is necessary to enable routine deployment of the technology? The technology, having been throughly verified with existing technologies and with Static Load Testing data by Florida and Louisiana DOTs, is a stand-alone technology. The EDC technology ie ready to be deployed with the stakeholders being trained by Smart Structures Inc, Applied Foundation Testing and Gannett Fleming with the progression of projects.

	
	
	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

	
	
	LADOT
	Dr.Ching Tsai
	225-379-1843
	Ching.Tsai@LA.GOV

	
	
	FHWA
	Carl Ealy
	202-493-3039
	Carl.Ealy@fhwa.dot.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? Contractors, design and construction engineers  along with the State DOT are the stakeholders. The EDC technology with new developments will enable concrete pile installation with minimum test piles thereby saving time and money for the contractors. The new analytical tools take advantage of the top and tip gauge data (strain and accelerometers) and measure tip capacity in real time. Also independently,  from measured top and tip gauges static pile side friction is calculated in real time without user input and pile freeze is predicted. This information helps designers and contractors to design and install piles efficiently.

	
	
	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.  The system is very suitable for implementation of installation of piles with 100% instrumentation, since the instrumentation does not interfere with the Contractor's operations. Benefits are realized through higher (AASHTO) resistance factor realized through full dynamic testing, which will require a lower nominal (ultimate) capacity per pile.  This will provide direct savings in the cost of the driven foundation.    Wireless embedded sensors improves testing efficiency and ability to better predict setup can reduce equipment retest mobilization costs.

Finally, the improved ability to detect (impending) Pile damage increases the quality of the driven foundation.


	
	
	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? 
FHWA is reviewing the recent analytical advancements and to include EDC technology in FHWA specifications. Mississippi DOT is in the process of installation of EDC pilot piles. In California, private industry (Foundation Contractors) and Treadwell&Rollo (the Langan Company) is looking for suitable projects to utilize EDC technology.

Smart Structurs Inc. is exploring with New MexicoDOT and Gannett Fleming to utilize EDC technology. 


	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? Include EDC technology implementation in the organizations' specifications based on Florida DOT implementation.


	
	
	16. What is the estimated cost, effort, and length of time required to deploy the technology in another organization? Today, EDC is commercially available and supported through distributors and testing organizations.   That being said, DOTs may consider performing an evaluation of the technology on a small scale (1-5 piles) to understand the technology and its' application.  The cost is estimated at $10-$20K and would require about 1 month depending on the availability / intercept with a suitable project.

	
	
	17. What resources—such as technical specifications, training materials, and user guides—are already available to assist deployment? (a) Florida DOT Specifications, Standards (b) Training materials prepared by Smart Structures Inc. (c) User friendly software to acquire and analyze data in real time and prepare reports (d) Smart Structures-expanding-resources such as partnerships with geotechnical design and construction inspection companies.

	
	
	18. What organizations currently supply and provide technical support for the technology? 
Smart Structures Inc.

Applied Foundation Testing

Radise International

Gannett Fleming (Pending) 


	
	
	19. Please describe any legal, environmental, social, intellectual property, or other barriers that might affect ease of implementation. None

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


