AASHTO Technology Implementation Group

Nomination of Technology Ready for Implementation

2011 Nominations Due by Friday, September 17, 2010
	Sponsor
	Nominations must be submitted by an AASHTO member DOT willing to help promote the technology.
	1. Sponsoring State DOT: Florida Department of Transportation

	
	
	2. Name: Bouzid Choubane

	
	
	Title: State Pavement Material Systems Engineer

	
	
	Mailing Address: 5007 N.E. 39th Avenue

	
	
	City: Gainesville
	State: FL
	Zip Code: 32609

	
	
	E-mail: bouzid.choubane@dot.state.fl.us
	Phone: 352-955-6301
	Fax: 352-955-6345

	
	
	3. Date Submitted: 09/17/2010

	
	
	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:  
Identifying Vibration Sensitive Work Zones Based on Falling Weight Deflectometer Data


	
	
	6. Please describe the technology:      
THE TECHNOLOGY IS AN ANALYSIS SOFTWARE ALGORITHM USED TO REDUCE STRUCTURAL DAMAGE AND HUMAN ANNOYANCE BY PREDICTING AREAS SENSITIVE TO VIBRATORY COMPACTION ROLLING.
Vibratory compaction rolling has become desirable in asphalt repaving because it allows greater pavement density than static rolling; however, the potential exists for inducted vibrations to negatively affect the surroundings. The Florida Department of Transportation (FDOT) has developed an analysis software algorithm and a practical methodology for estimating the effects of vibratory compaction on adjacent structures and environment. The output of this software supplies pavement engineers with a recommendation of whether vibratory rollers may cause human annoyance or damage in neighboring structures. Using the information, the engineer can determine whether to avoid using vibratory rollers and propose the use of static rollers to minimize the structural damage and public annoyance/complaints.

This technology uses the Falling Weight Deflectometer (FWD) to predict ground motion induced by vibration (see Figure 1).  The FWD data is generally already being obtained as part of the preliminary design phase on asphalt resurfacing projects.  The software program then scales the FWD data based on the operating frequency and amplitude of the vibratory compactor to be used.  The software automatically identifies vibratory restrictions in terms of distance from the roller's edge to any nearby structure for a given project segment.  This distance is defined by three critical thresholds to designate the following regions:

•
The RED zone designates a region of the plot where damage to structures is possible.

•
The YELLOW zone designates a region of the plot where human annoyance is possible, but damage to buildings is unlikely.

•
The GREEN zone designates a region of the plot where ground motions may or may not be noticeable by persons, but human annoyance is unlikely. 




	
	
	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. 
In recent years, larger vibratory rollers have been implemented for compaction of asphalt pavements because of their improved efficiency.  An unfortunate consequence is that greater ground motion caused by these larger vibratory rollers is now suspected of causing damage to adjacent infrastructure, particularly in or near urban areas. 
No practical method was available that allowed for predicting the ground motion caused by vibratory rollers and their effect on surrounding structures. Previously, FDOT recommended that vibratory compaction not be used on curbs or gutters; however, this recommendation was not validated by testing.
The research team recognized that both the vibratory roller and the FWD apply dynamic impulse loads to a pavement surface.  Since the use of the FWD is common for highway agencies in pre-design evaluation of pavement structures and most of the currently used FWDs are capable of collecting load-deflection time histories, it was envisioned that these time histories collected during routine FWD testing could be utilized to predict other vibration induced ground motion. Research funded by FDOT has shown that FWD time histories can predict the ground motions from vibratory rollers effectively and practically.

Earthborne vibrations propagate in response to natural or man-made phenomena such as earthquakes, explosions, and machinery. Various federal, state, and foreign agencies have proposed limiting criteria for man-made vibration, some intended to mitigate damage to structures, while others are based upon limiting human annoyance. Two of these criteria (U.S. Office of Surface Mines Blasting Level Criteria for Major and Minor Structural Damage, and German DIN 4150 Standard Level for Human Annoyance) were selected to form the basis of a recommended practice for limiting vibratory compaction in critical work zones. The criteria are represented as three zones on a plot of Peak Particle Velocity (PPV) versus vibratory roller frequency (see Figure 2): the RED, YELLOW, and GREEN zones described in section 6.
In order to predict the ground motion due to vibratory compaction equipment from the Falling Weight Deflectometer (FWD) data, the ground motions from both types of equipment must be scaled appropriately.  Scaling of ground motion is based upon the geometric dispersion of the vibration induced by a dynamic source. The energy per unit volume that generates surface waves decreases in proportion to the volume of a cylinder; thus, a square root energy scaling law is applicable (see Figure 3).  With this scaling law, the FWD data can be processed to develop a plot of Peak Particle Velocity versus scaled range without the detailed knowledge of the layering of the pavement structure or the geology of the surrounding site.  This plot can serve as an upper bound predictor of ground motion at the site. Then, by knowing or assuming the operating frequency of the vibratory roller, the predictor curve in conjunction with the vibration criteria can be used to determine whether a given range is within the RED, YELLOW, or GREEN zone (see Figure 4).


	
	
	9. For how long and in approximately how many applications has your State DOT used this technology? 
Based on research and several field verifications, this technology was implemented and became available to the FDOT in 2007.  Since then, FDOT has been collecting FWD time histories on all of pre-design projects that needed FWD for pavement evaluation.   


	
	
	10. What additional development is necessary to enable routine deployment of the technology? No additional development is needed to deploy this technology.

	
	
	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

	
	
	     
	     
	     
	     

	
	
	     
	     
	     
	     

	
	
	     
	     
	     
	     

	
	
	     
	     
	     
	     

	
	
	     
	     
	     
	     

	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? 
This technology has provided a methodology for estimating the effects of the vibration rollers on the surrounding structures and environment.  The results supply pavement engineers with a recommendation on whether the vibratory rollers may cause human annoyance or damage in neighboring structures.  In this case, the engineer may decide to avoid using vibratory rollers and propose the use of static rollers to minimize the structural damage and public annoyance/complaints.


	
	
	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. 
Employing this technology allows wider use of vibratory rollers, resulting in greater pavement life, without incurring damage to the surroundings. Potential savings may result from an increase in pavement life and a decrease in damage claims and annoyance complaints. These benefits come without additional cost as the FWD time histories can be collected during routine testing. 


	
	
	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? 
This technology can be implemented at all levels of highway agencies and consultants that use the FWD for pavement evaluation or rehabilitation purposes.


	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? 
Implementation of the vibration prediction algorithm using MS Excel or a similar program is the only action necessary (FDOT implemented with MS Excel using Visual Basic code). For those organizations familiar with Excel, adoption would be simple.     



	
	
	16. What is the estimated cost, effort, and length of time required to deploy the technology in another organization? 
Currently, FWD data must be obtained by either a Dynatest or Jils FWD Unit, and Excel 2007 is required for processing and reporting the data.  Alternate FWDs and analysis softwares would require someone with advanced Visual Basic Programming skills to modify the existing program.  Most state agencies already incorporate FWD and Excel in existing processes, so costs incurred would be minimal.  Collection of FWD data is no different than existing processes other than collecting time histories.  


	
	
	17. What resources—such as technical specifications, training materials, and user guides—are already available to assist deployment? 
Currently, general guidelines are available for this technology.  A research report that describes the development of the technology is available on FDOT's website and a journal article has also been published in the Transportation Research Record.  These references are listed below:

1. Jackson, N. M., Hammons, M. and Walker, R. and Von Quintus, H.,  “Use of Nondestructive Techniques to Estimate the Allowable Vibratory Compaction Level During Construction" FDOT Research Report FL/DOT/SMO/07-BDB-11, Florida Department of Transportation, 2007.

2. Jackson, N. M., Choubane, B., Lee, H. S., Holzschuher, C., Hammons, M. and Walker, R., “Recommended Practice for Identifying Vibration Sensitive Work Zones Based on FWD Data,” Transportation Research Record, No. 2081, TRB, National Research Council, Washington D.C., pp. 139-149, 2008.


	
	
	18. What organizations currently supply and provide technical support for the technology? 
The FDOT can provide limited technical assistance to organizations interested in implementing this practice. The vibration analysis program has a users guide attached for calculating vibratory zones.


	
	
	19. Please describe any legal, environmental, social, intellectual property, or other barriers that might affect ease of implementation. 
There is no barrier that would affect the ease of implementation of this technology.



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


