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Research idea: Liberty Township, Delaware County, Ohio has two major subdivisions which were permitted to install ‘deep strength profile’ using a construction technique that employed ‘baseless construction’; the pavement is now evidencing significant cracking and wider than normal separation in those cracks. Typical crack sealing efforts have failed, and these areas are susceptible to freeze-thaw cycles leading to further degradation.

Liberty Township is seeking ways to preserve existing pavements and bridges while improving on their design. Best case scenarios and best management practices, optimal maintenance plans and rehabilitation strategies are needed with an eye to cost effectiveness.

Summary: The transportation literature yields a large number of studies on pavement preservation, pavement maintenance, and rehabilitation strategies with respect to balancing costs versus benefits. The phrase ‘deep strength profile’ construction technique, and ‘baseless construction’ yielded no reports. Using ‘perpetual pavement’ and ‘full-depth asphalt’ was more successful. A selection of the best citations that matched the search parameters follows.
Implementation and Thickness Optimization of Perpetual Pavements in 0hio
http://www.dot.state.oh.u...esearch/Pages/default.aspx
Research in Progress Project 32547
Increases in traffic volume and loads, demands for longer-lasting pavements that reduce user delays due to reconstruction, and rising costs of energy and asphalt materials are some of the major challenges facing the paving industry and state departments of transportation in the United States. The concept of perpetual pavements has been identified as an emerging design technique to solve these challenges. Perpetual asphalt pavements are designed and built to last 50 years or more without requiring major structural rehabilitation or reconstruction. In perpetual pavements distresses are confined to the upper layer of the structure, by eliminating or reducing the potential for fatigue cracking through maintaining the strains in the pavement below a critical fatigue endurance limit (FEL).
Federal Highway Administration
1200 New Jersey Avenue, SE
Washington, DC 20590 United States

Ohio Department of Transportation
Research Program
1980 West Broad Street
Columbus, OH 43223 United States

Morse, Aric

Begin date: 2012-1-27
End date: 2015-2-2
================================================================================
Next Generation Crack Sealing Planning Tool for Pavement Preservation
Research in Progress Project 36270
http://www.nctspm.gatech.edu/pi/next-g...ling-planning-tool-pavement-preservation
The objective of this research project is to develop a next generation, data-driven crack sealing planning tool for advancing the existing state-of-good-repair practices to achieve the highest return on investment for pavement preservation and to better utilize the existing infrastructure by prolonging its life. This tool is especially important because outsourcing has become a trend for crack sealing and transportation agencies' budgets are stringently constrained.
Georgia Department of Transportation
One Georgia Center
600 West Peachtree Street, NW
Atlanta, GA 30308 United States

Start date: 2014- 05-08
End date: 2015-11-15
ALSO
Study of Georgia's Pavement Deterioration/Life and Potential Risks of Delayed Pavement Resurfacing and Rehabilitation
Research in Progress Project 36763
The projective objectives are to study (1) the actual pavement life/deterioration based on the confidence level established previously, (2) the current pavement resurfacing delay conditions due to funding shortages; and (3) the impact that delayed pavement resurfacing and rehabilitation have on pavement life/deterioration.
Start date: 2014-06-18
Actual completion date: 2015-12-18
=====================================================================================
Maintenance and Preservation 2014
http://trb.metapress.com/content/q0083...?p=99ad52d836324bf6bc875a822e4754d9&pi=0
This issue contains 12 papers concerned with maintenance and preservation. Specific topics addressed in this issue include: pavement performance measures; budget-constrained pavement preservation strategies; enhanced econometric techniques for verifying the service life of asset interventions; Michigan Department of Transportation’s capital preventive maintenance program; the performance of pavements treated with thin hot-mix asphalt overlays; flushing of chip seal surfaces; asphalt pavement pothole patching methods; laboratory-predicted low-temperature performance of hot-poured crack sealants; anchor rod tightening of high-mast light poles; forecasting the cost of sustaining a set of bridge connections; selection of appropriate material, construction technique, and structural system of bridges by use of a multicriteria decision-making method; and defect-based condition assessment of concrete bridges.
104p
Transportation Research Record: Journal of the Transportation Research Board
Issue Number: 2431
Publisher: Transportation Research Board
=====================================================================================
Case Study on Perpetual Flexible Pavement in Connecticut
[bookmark: _GoBack]Route 82 in Connecticut received a 2007 Perpetual Pavement Award from the Asphalt Pavement Alliance (APA). This paper presents a comprehensive look at this pavement, including the construction details from 1971, historical and current traffic volumes, up-to-date performance, and preservation activities applied since the original construction. Pavement performance is shown in terms of the annual trends for cracking collected by the Automatic Road Analyzer (ARAN). The historical trends in pavement deterioration are analyzed and compared with those of similar pavement sections in Connecticut (Route 9) to determine the major factor(s) that contributed the most to the long-lasting service of Route 82. Special emphasis is made on the pavement preservation techniques and their timing.
pp 519-532
Yut, Iliya
Nener-Plante, Derek
Zofka, Adam
2010
Compendium of Papers from the First International Conference on Pavement Preservation
California Department of Transportation
1120 N Street
Sacramento, CA 95814 United States

Federal Highway Administration
1200 New Jersey Avenue, SE
Washington, DC 20590 United States

Foundation for Pavement Preservation
2025 M Street, NW, Suite 800
Washington, DC 20036-3309 United States
=====================================================================================
Mechanistic-Empirical and Life-Cycle Cost Analysis for Optimizing Flexible Pavement Maintenance and Rehabilitation


In this study, an attempt was made to evaluate and select an optimal Maintenance and Rehabilitation (M&R) strategy for a designed flexible pavement by integrating Life-Cycle Cost Analysis (LCCA) and California Mechanistic-Empirical (M-E) design procedures (CalME). A 20-year design life pavement stretching 11.27-km-long section of 4-lane Highway 53, in Lake County, California is considered for this project level study. Three M&R strategies available in the CalME program were evaluated including, Extended Pavement Preservation (EPP), Preservation-Preservation-Rehabilitation (PPR), and Rehabilitation only (R). These strategies are applied as certain levels of distresses (rutting and cracking) are reached. The California-customized RealCost LCCA program was also employed to compare the various M&R strategies using the Equivalent Uniform Annual Cost (EUAC). LCCA demonstrated that EPP was the best economical alternative to maintain the pavement in a good usable condition for as long as 80 years of service. The methodology employed in this paper also demonstrated that extended life pavement may be achieved from a 20-year design by selecting the optimal preservation techniques and optimizing their time of application.
Mandapaka, V., Basheer, I., Sahasi, K., Ullidtz, P., Harvey, J., and Sivaneswaran, N. 
2012
Journal of Transportation Engineering, 138(5), 625–633.
=====================================================================================
Comparing Performance of Full-depth Asphalt Pavements and Aggregate Base Pavements in NC
Research in Progress Project 37088
https://apps.dot.state.nc...h/ProjectInfo.aspx?ID=3621
The North Carolina Department of Transportation (NCDOT) has a long history of building aggregate base pavements and, in recent years, has built full-depth asphalt pavements more frequently. The NCDOT assumes that the aggregate base pavements and full-depth asphalt pavements have the same length of service life and require the same maintenance and rehabilitation (M&R) treatments. However, different distress mechanisms in the aggregate base and full-depth pavements question the validity of these assumptions. If the performance of these two pavement types differs significantly, then the questions to be asked are related to the proper types of M&R treatment that are required, as well as  to the appropriate time to apply such treatments. Research is urgently needed to answer these important questions. The answers to these questions are closely related to the NCDOT's ability to predict the performance of these two pavement types using its pavement design software, i.e., AASHTOWare Pavement Mechanistic Empirical (ME) Design (hereinafter called ME Design for brevity). It is expected that new top-down cracking and reflective cracking models will be implemented into ME Design in the next few years, and these new models will require the recalibration of ME Design for local conditions and materials. Efforts to address the performance differences between aggregate base and full-depth pavements can be undertaken such that the resulting data can support the future recalibration of ME Design. The objectives of the proposed research are: (1) to provide important performance information regarding asphalt base and aggregate base pavements that can be used to update the NCDOT's life cycle cost analysis (LCCA) procedure, (2) to identify pavement sections that have both base types in order to recalibrate ME Design for North Carolina conditions, and (3) to develop guidelines for the recalibration of ME Design and demonstrate the data collection process using new paving projects. The previous experience of and the databases possessed by the North Carolina State University (NCSU) research team from the NCDOT project Comparative Performance of Pavements and more recent projects on the local calibration of ME Design for hot-mix asphalt and warm-mix asphalt mixtures will be vital to accomplish these objectives successfully and to ensure the consistency within the master database to be developed in the proposed study. One of the products of this research is to determine the typical time at which the appropriate M&R treatment should be applied, referred to as time to treatment, for both base types for various climate and traffic loadings. The two base types also will be compared in terms of performance to test the existing LCCA assumptions. A second product of this study will be to determine candidate test sections for which data are sufficient to allow their use in the recalibration of ME Design. Because recalibration is required whenever models for the software are added or changed, this product will improve the efficiency of the recalibration process. The results of the time to treatment and performance comparisons for the two base types will be used in updating the NCDOT's LCCA procedure and to validate or disprove assumptions that the NCDOT has used up to this time. The test section selection process will allow pavement designers to select sections more easily for future calibration and recalibration. The pavement type selection and bid adjustments are based on LCCA procedures. Therefore, this research will provide data to support and improve the NCDOT's current LCCA procedure.
North Carolina State University, Raleigh
Department of Civil Engineering, Campus Box 7908
Raleigh, NC 27695-7908 United States
Begin date: 2014-08-16
End date: 2016-08-15
=====================================================================================
Cost Effective Means to Managing Pavements in Poor Condition
http://www.wistrans.org/c...IRE-05-03-Final-Report.pdf
Tight budgets and dwindling state and federal revenue hinder efforts of transportation agencies to resurrect pavements in poor condition. As a “stop-gap” measure, some agencies simply allow roads to deteriorate to gravel. However, this approach can be costly over the long-term and often results in dissatisfied users. This research project will identify construction treatments and/or materials that can be used to extend the service life of pavements in poor condition. These treatments are intended to be economical and practical “stop-gap” measures until permanent and affordable solutions are available. They are not an “alternative” to reconstruction. New emerging pavement rehabilitation strategies are being developed and tested at the Recycled Materials Resource Center (RMRC) at University of Wisconsin-Madison using superior properties of recycled materials (e.g., fly ash stabilized reclaimed asphalt pavement and recycled concrete aggregate) to extend service lives of roadways. Efforts are underway to evaluate their performance by comparative economic and environmental life cycle analyses. These methods show great promise as cost-effective measures to treat poor pavements to achieve stop-gap or longer life cycle results. The research will create tools for selecting and analyzing strategies for pavements in poor condition. The tools, created for Minnesota, will support future decision-making based on cost effectiveness by providing a synthesized method of life cycle cost analysis (LCCA) and life cycle assessment (LCA). This research will illustrate design strategies that offer Minnesota greater economic and environmental sustainability in resurrecting dead roads, resulting in maintaining a healthy road system. 
This document was sponsored by the U.S. Department of Transportation, University Transportation Centers Program.
Adams, Teresa
Bloom, Eleanor
Edil, Tuncer
Hanz, Andrew
Schroeckenthaler, Kyle
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National Center for Freight and Infrastructure Research and Education (CFIRE)
University of Wisconsin, Madison
1415 Engineering Drive, 2205 Engineering Hall
Madison, WI 53706 United States
Minnesota Department of Transportation
Transportation Building, 395 John Ireland Boulevard
St Paul, MN 55155 United States

Research and Innovative Technology Administration
1200 New Jersey Avenue, SE
Washington, DC 20590 United States
====================================================================================
Guide to Using the Existing Pavement in Place and Achieving Long Life
http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP2_S2-R23-RW-2.pdf
On roadways that have acceptable geometric features, renewal can be greatly accelerated and costs reduced if the existing pavement can be incorporated into the new pavement structure. Transportation agencies need reliable procedures that allow them to identify when an existing pavement can successfully be used in place and how to incorporate it into the new pavement structure to achieve long life. This guide and the accompanying report and web tool provide guidance for selecting, designing, and constructing long-life pavements using existing pavement structure. The goal of this project was to develop reliable procedures and guidelines for identifying when existing pavements can be used in place and the methods necessary to incorporate the original material into the new pavement structure while achieving long life. “Long life” was defined as 50 years or longer from the time the pavement was renewed or rehabilitated until the next major rehabilitation. The report and guide encourage longer-lasting renewed pavement designs; provide realistic, easy-to-use pavement thickness scoping assessments; and guide users through the data-gathering process needed for input into designing and constructing a long-life pavement using the existing pavement structure. The guide includes the following: project assessment manual; best practices for rehabilitation of flexible pavements and rigid pavements; guide specifications; life-cycle cost analysis; and emerging pavement technology. All the guidance has been incorporated into the web-based pavement design scoping tool, which is meant to complement, not replace, a transportation agency’s normal processes for design and pavement-type selection. As a result of outreach to transportation agencies, a set of enhancements is currently under way and will be included as a future addendum to the report and guide.
374p.
Jackson, Newton
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Transportation Research Board Business Office
500 Fifth Street, NW
Washington, DC 20001 United States
=====================================================================================
Pavement Performance Measures that Consider the Contributions of Preservation Treatments
Research in Progress Project 37705
http://apps.trb.org/cmsfeed/TRBNetProjectDisplay.asp?ProjectID=3655
Pavement preservation provides a means for maintaining and improving the functional condition of an existing highway system and slowing deterioration. Although pavement preservation is not expected to substantially increase structural capacity, it can lead to improved pavement performance, longer service life, and reduced life-cycle costs. However, currently used measures for quantifying pavement performance do not appropriately account for the potential performance enhancement, life extension, and cost savings resulting from applying preservation treatments at the right time. For example, pavement smoothness (or roughness) which is measured by the International Roughness Index (IRI) and widely used by highway agencies is not a good measure of the effect of many preservation treatments. There is a need to identify or develop pavement performance measures that consider the contributions of preservation to performance, service life, and life-cycle costs. Also, there is a need to prepare a guide document for the American Association of State Highway and Transportation Officials (AASHTO) consideration and adoption to facilitate the implementation of these measures by state highway agencies. This information will ensure that the contributions of preservation to performance and service life are appropriately considered and help highway agencies better assess the benefits of preservation treatments and their role in maintaining the level of service of the highway system.
Begin date: 2014-06-02
End date: 2016-06-01

Federal Highway Administration
1200 New Jersey Avenue, SE
Washington, DC 20590 United States

American Association of State Highway & Transportation Officials
444 North Capitol Street, NW, Suite 225
Washington, DC 20001 United States

National Cooperative Highway Research Program
Transportation Research Board
500 Fifth Street, NW
Washington, DC 20001 United States
=====================================================================================
Evaluation of Two Pavement Rehabilitation Techniques for Municipal Roads


State and local Departments of Transportation, who have primary responsibility for the upkeep of their roadway pavement, must do so under tight budgets. At the expense of lower functioning roads (such as urban and rural collectors), these agencies tend to focus more of their maintenance and operations budget on high-volume roads - such as freeways and multilane highways - due to their importance. However, municipal officials responsible for the maintenance of collector roads are still expected to provide pavements of acceptable quality to the public, but they must do so under even tighter budgets. This paper presents a comparative analysis of the effectiveness of two pavement maintenance and rehabilitation techniques for municipal roads. One is the mill-and-overlay method, and the other is a resurfacing technique called NovaLite. The HDM-4 pavement management software was used to perform the analysis on 5th Street in downtown Chattanooga, which is under the jurisdiction of the City of Chattanooga Public Works Department, a municipal agency. The results of the analysis indicate that NovaLite is superior to mill-and-overlay in initial cost, time and ease of construction, and extent of disruption of traffic. Even when life cycle costs are considered, the analysis also shows that NovaLite maintains its advantages in cost and effectiveness, suggesting a way forward for cash-strapped municipalities.
© 2014 American Society of Civil Engineers
Pp 273-282
Fomunung, Ignatius
Owino, Joseph
Onyango, Mbakisya
El Hassan, Ammar
American Society of Civil Engineers
1801 Alexander Bell Drive
Reston, VA 20191-4400 United States
=====================================================================================
Evaluation of Long-Lasting Perpetual Asphalt Pavement with Life-Cycle Cost Analysis
http://dx.doi.org/10.3141/2368-01
In 2006, the Oklahoma Department of Transportation sponsored work at the pavement test track of the National Center for Asphalt Technology to compare the performance of two sections that had been designed to determine the necessary thickness for perpetual pavement. One section (Section N9) was designed to be a perpetual pavement at 14 in. thick. The other section (Section N8), at 10 in. thick (according to the AASHTO 1993 design guide), was used to test performance and to identify the thickness needed for perpetual pavement. This paper presents a life-cycle cost analysis for quantifying the benefits of a perpetual pavement section compared with the long-term cost of the thinner section. The life-cycle cost analysis was conducted with RealCost 2.5, which was available through FHWA, and included a determination of quantitative estimates of construction schedule, work zone user costs, and agency costs for initial construction and rehabilitation activities. The perpetual pavement section was found to have had a lower life-cycle cost than the conventional pavement section and to have provided better service to highway users. For better planning of future preservation studies, the estimated present serviceability rating as a function of the international roughness index for two designs (perpetual and nonperpetual) was evaluated. The findings of surface measurements for both sections demonstrate a clear difference between perpetual and conventional pavement serviceability for a given level of roughness and accumulated traffic. These results are also useful for assessing the improvement of conventional pavement after rehabilitation treatments.
Pavement Management 2013, Volume 3
Sakhaeifar, Maryam S.
Brown, E. Ray
Tran, Nam
Dean, Jeff
Pp 3-11
2013
Transportation Research Record: Journal of the Transportation Research Board 
Issue Number: 2368
Publisher: Transportation Research Board
=====================================================================================
Modeling and Analyzing Budget-Constrained Pavement Preservation Strategies

http://dx.doi.org/10.3141/2431-02

The Washington State pavement management system (WSPMS) has a long and well-known history of describing network condition, predicting necessary rehabilitation, and guiding the Washington State Department of Transportation (DOT) to the best possible value for pavements meeting an acceptable level of service. By definition, lowest life-cycle cost (LLCC) is the most economical way to manage roadways to a required level of service. What does an agency do when it is currently, and projected to be, funded at less than half of what LLCC calculations recommend? This deceptively difficult question reflects the situation that the Washington State DOT currently faces with its preservation budget. To assist the agency in answering this question, the WSPMS developed a tool called the Forecaster, allowing definition of a forecast scenario that enables the user to define a yearly budget with optional allocations, preservation techniques, prioritization of roadways and activities, and more, and analyzes the results of the forecast by using several different performance measures. Presented are an overview of the new WSPMS tool to create forecasts, a general overview of the forecast process, and the performance measures that the WSPMS gives to users to analyze the results of a forecast. Finally, several funding scenarios are compared by the expected performance measure outcomes, and a specific prioritization methodology is recommended for the severely constrained preservation budget of the Washington State DOT.

P 6-15

Rydholm, Timothy C.
Luhr, David R.
2014
Transportation Research Record: Journal of the Transportation Research Board 
Issue Number: 2431
Publisher: Transportation Research Board
=====================================================================================
Best Practices for Crack Treatments for Asphalt Pavements

http://onlinepubs.trb.org...bs/nchrp/nchrp_rpt_784.pdf
Crack sealing and crack filling are widely used treatments for maintenance of asphalt pavements. However, successful crack sealing and crack filling applications continue to be viewed as an art. When not properly applied, these pavement preservation treatments can result in early failures and costly corrective maintenance for highway agencies. Although much research has been performed in the United States and abroad on the materials, techniques, and designs for crack sealing and crack filling, variability in the current state of the practice regarding construction techniques and the resulting effectiveness of crack sealing and crack filling have not been investigated. This report presents best practices for crack treatments for asphalt pavements developed through a critical review of the current states of the art and practice. The research included a critical review of the worldwide literature on crack sealing and filling, with emphasis on identifying current best practices. A survey of state, local, and provincial highway agencies was then conducted to fill gaps in the results of the literature review. This report fully documents the research and includes chapters on the current states of the art and practice that support the chapter discussing the selected best practices. It will be of interest to engineers in public agencies and industry with responsibility for construction and maintenance of asphalt pavements.
Decker, Dale S.
44p
2014
NCHRP Report 
Issue Number: 784
Publisher: Transportation Research Board
=====================================================================================
Pavement Preservation Practices in Cold Regions




Pavement preservation is an emerging approach in road upkeep. The State of Alaska Department of Transportation and Public Facilities (AKDOT&PF) aim to spend wisely the funding for its road upkeep by integrating pavement preservation concept into its Pavement Management System. To do this, a literature review was conducted on the performance and cost effectiveness of pavement preservation treatments in cold regions. This paper presents the results of the literature review. The following include the main findings: Pavement preservation treatments, Crack Sealing, Patching, Fog Seals, Chip Seals, Slurry Seals, AST/BST, Microsurfacing, Thin Overlays, Bonded Wearing Courses, Interlayers and In-place Recycling, are all used widely in cold regions. Crack sealing and patching are the most extensively used pavement preservation treatments. Use of chip seals, fog seals, and slurry seals should be considered job specifically. The service life of the treatments varies from about 3 years to 12 years. Microsurfacing and thin overlays have the longest service life. The costs of treatments vary from a region to another as well as from project to another. Other issues despite the cost effectiveness include sustainability and traffic safety.
Zubeck, H.
Mullin, A.
Liu, J. 
2012
Cold Regions Engineering, pp. 134-143.
=====================================================================================
Strategic Scheduling of Infrastructure Maintenance and Rehabilitation Funding
Research in Progress Project 36147
It is anticipated that the agency will use results of this study to enhance its decisions with regard to four key elements of asset management: determine the optimal timing of specific treatments for bridge and pavement preventive maintenance and rehabilitation (M&R); establish cost-effective long-term M&R schedules (treatment types and their respective timings) over asset life cycle; quantify the consequences of delayed M&R; develop network-level performance measures for purposes of benchmarking its overall performance vis-à-vis those of other state agencies.
Sinha, Kumares C.
Labi, Samuel
Fricker, Jon D.
Purdue University/Indiana Department of Transportation JHRP
Purdue University
1284 Civil Engineering Building, Room 4154
West Lafayette, IN 47907-1284 USA

Start date: 2014-03-01
End date: 2016-08-30
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ABSTRACT

State and local departments of transportation who have primary responsibility for
the upkeep of their roadway pavements must do so under tight budgets. Due to their
importance, these agencies tend to focus more of their maintenance and operations
budget on high volume roads such as freeways and multilane highways at the expense
of lower functional roads such as urban and rura collectors. However, municipal
officials responsible for the maintenance of collector roads are still expected to
provide pavements of acceptable quality to the public, but they must do so under even
tighter budgets.

This paper presents a comparative analysis of the effectiveness of two pavement
maintenance and rehabilitation techniques for municipa roads; one is the mill-and-
over lay method; the other a resurfacing technique called NovalLite. The HDM-4
pavement management software was used to perform the analysis on 5" Street in
downtown Chattanooga, which is under the jurisdiction of the City of Chattanooga
Public Works Department, a municipal agency. The results of the analysis indicate
that Novalite is superior to mill-and-over lay in initial cost, time and ease of
construction, and extent of disruption of traffic. Even when lifecycle costs are
considered, the analysis al'so shows that, Noval ite maintains its advantages in costs
and effectiveness, suggesting away forward for cash strapped municipalities.

BACKGROUND

There are many pavement rehabilitation methods available. Overlay, mill-and-
overlay, cold-in-place recycling, full depth reclamation and micro-surfacing are
among the many techniques available for pavement rehabilitation. Mill-and-overlay
and Novalite which is similar to micro-surfacing are the two methods that will be
discussed.
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Mill-and-overlay (mill-and-fill) is the process of removing the top 1-2 inches of
asphalt pavement to provide a new wearing surface on the asphalt pavement to
provide a 10 to 15 year maintenance cycle. Generaly, the existing pavement should
be structurally sound, level, clean and capable of bonding to the overlay.

The Nova Chip process is relatively new in the US market. The process consists of
alayer of heavily-modified emulsion applied to a surface and within a short period, a
layer of hot-mix asphalt is screeded onto the emulsion. Novalite, modeled after the
NovaChip mix design which is geared to high traffic interstates and highways, is
geared to serve the needs of municipal agencies for lower traffic loads.

The Highway Design and Maintenance Standards Model (HDM —l11) is a software
package that was developed by the World Bank and has been used for over two
decades to help engineers analyze road network decisions (HDM, 2013). Over the last
severa years, the scope of HDM-III has been extended and a new pavement
management software HDM-4 has emerged which is used for analysis, planning,
management and appraisal of road maintenance, improvements and investment
decisions.

One of the major resultsis to determine the optimal utilization of available funds to
prioritize the cost-effective road maintenance and rehabilitation. The expected outputs
are: road deterioration, road user effects and socio-economic and environmental
effects and vehicle operation costs, costs of travel time and costs to the economy of
road accidents. HDM-4 was used primarily for its pavement deterioration modeling
capability.

INTRODUCTION — SCOPE AND PURPOSE

It is well established that the failure to address the aging infrastructure, from roads
to schools, to power generation and transmission, to sewer systems in the US is
impeding economic expansion and undermining the competitiveness of the country in
many global areas. Roadway pavements is an important infrastructure asset that if not
properly maintained directly impacts the motoring public in terms of costs incurred as
aresult of wear and tear and in comfort level or unpleasant driving experience due to
poor ride quality. State and local departments of transportation (DOT) and public
works departments who have primary responsibility for the upkeep of their roadway
pavements must do so under limited budgetary constraints. Higher level agencies
such as states and counties are responsible for roads that serve longer trips and carry
the most vehicle miles of travel (VMT). Local roads and streets are generally owned
by municipalities and mainly serve as collectors. Of the more than 6.5 million
kilometers (4 million miles) of public roads in the USA, about 31 percent are under
municipal jurisdictions, while about 64 percent are under the state and county
jurisdictions. At al levels of government, spending on capital projects (new roads
construction) still has priority over maintenance and operation. In 2004, local
governments spent about 37 percent of their highway funds on capital projects and 40
percent on operations and maintenance, whereas state transportation agencies spent
about 61 percent on capital projects and only 18 percent on operations and
maintenance (O’ Doherty, 2007). As a consequence, these agencies tend to focus their
funding allocations for maintenance and operation on high volume roads such as
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multilane highways and freeways due to their importance at the expense of secondary
roads of lower functional classes. However, officials responsible for the maintenance
of these secondary roads, which are mainly under the jurisdiction of municipalities,
are still expected to provide pavements of acceptable quality to the public, but they
must do so under even tighter budgets.

Due to their small size, municipalities are further constrained by lack of adequate
technical expertise and pavement management system. Yet, a well-designed and run
pavement management system has in-built mathematical optimization techniques that
provide for objective decision making by authorities when faced with hard choices
involving limited funds, individual projects and needs, selection of cost effective
rehabilitation techniques amongst competing alternatives, and application timing.
There are a variety of rehabilitation and maintenance techniques, but the ones most
commonly used by municipalities are mill-and-overlay, chip seal and microsurfacing
technigues. In recent years however, chip sea has been used less and less because of
motorists complaints that the surface was too rough and the potential for harmful
free flying rock was high. The mill-and-over lay technique has a higher initial cost
than microsurfacing thus making the latter more attractive to cash strapped
municipalities. Roads that are treated with microsurfacing methods may require more
frequent and earlier preservation treatments than mill-and-overlay roads, potentially
making their life cycle costs much different.

This paper presents a comparative analysis of the cost effectiveness of these two
techniques on a project carried out on an urban collector road in Chattanooga. The
road is East 5" Street, in downtown Chattanooga, skirting the campus of the
University of Tennessee in Chattanooga (UTC). Thisroad is under the jurisdiction of
the City of Chattanooga public works department. The analysis was carried out using
HDM-4, which is a pavement management system software that is in wide use
globally.

PROJECT DESCRIPTION-EAST 5™ STREET

Most roads in rural areas and urban residential streets are considered as collector
roads, with Annual Average Daily Traffic (AADT) less than 5000 vehicles per day,
and with speed limits less than 50 mph. Strictly by this definition, East 5" Street in
Chattanooga is not a collector road because it is located in an urban area with an
AADT of 11,502 (TDOT, 2012). However, given that this street is located on the
boundary of the campus of UTC, it serves mostly university related traffic making its
traffic mix almost entirely consisting of automobiles with occasional delivery trucks.
From the perspective of the load on the pavement, the loading from automobiles is
quite light making its deterioration characteristics comparable to that of a collector
road with a significant proportion of truck traffic. The segment of East 5" Street
involved in this project is amost 1,200 meters (4,000 feet) long and 11 meters (36
feet) wide, giving atotal of 13,375 square meters (16,000 square yards) of pavement
surface.
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APPROACH

The paradigm shift from “worst-to best- first” in pavement management is being
widely adopted by al levels of government as a cost effective way of ensuring longer
lasting pavement surfaces. This “worst last” concept requires that agencies shift
away from the costly reactive approach to pavement preservation of the past, to the
more cost effective proactive approach of today that helps in arresting pavement
deterioration and extending the lifecycle of pavements by delaying costly major
rehabilitation and/or re-construction. Municipalities need low cost and long lasting
pavement preservation techniques, while the public they serve expect roads that
provide high ride quality, safety, low noise, and high aesthetics. Microsurfacing is an
example of a proactive approach. Novalite, a pseudo microsurfacing technique is
well suited for municipalities because it is easy to apply, is low cost, and minimally
disrupts traffic during application. Novalite provides a high performance pavement
at low cost to the municipal agency. Its mix design is modeled after the NovaChip
mix design which is geared to high traffic interstates and highways, whereas
Noval iteis geared to serve the needs of municipal agencies for lower traffic loads.

As indicated previously, microsurfacing techniques and Noval ite, are suitable for
roadways with structurally sound foundations. The roadway for this project was a
good candidate for Noval ite application because, as shown in Figures 1 and 2, it was
found to have a structurally sound pavement and minimal rut depth less than 1.3 cm
(*2 inch); moderate severity transverse and longitudinal cracking; and moderate
severity patches and bleeding, but it had severe raveling and polished aggregate.

[T

FIG. 1. Severe aggregate raveling on East 5" Street, Chattanooga,
Tennessee in December 2007.
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FIG. 2. Minimal surface cracking and patching on East 5" Street, Chattanooga,
Tennessee, in December 2007.

COMPARATIVE EVALUATION AND ANALYSIS
M easur es of Effectiveness

In comparing mill-and-overlay versus the Novalite technique, several evauation
criteria or measures of effectiveness such as costs associated with right of way,
vehicle operation, travel time, safety and environment are common to both methods
and are excluded. Thus the comparison here is limited only to differences in cost due
mainly to differences in initial costs and maintenance costs and to differences in
duration of construction. Typical mill-and-overlay paving practice calls for 5 to 10
cm(2 to 4 inch) thick asphalt mat, requires removal (milling) and disposal of existing
pavement, and involves high traffic delays due to extended application time and long
curing time. Noval ite technique on the other hand utilizes a single pass application
process, rapid application per lane km or per lane mile at arate of 18 - 30 meters/min
(60 -100 ft/min), with traffic returning in less than 30 minutes. It involveslittle or no
property damage. Since it has an ultra-thin lift of 1.6 cm (5/8 inch), this method
eliminates the need for utility adjustments, minimally affects overhead clearance,
signs, and other structures. Its rapid application, requiring single lane closure, and
night time application reduce user delay- Figures 3 and 4. When properly applied, a
Noval ite treated pavement has an expected life cycle of up to ten years with crack
sealing (Highways Inc. and SemMaterials, 2008).
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FIG. 3 Rapid Application of NovaL ite on East 5 Street,
Chattanooga, TN in April 2008.

FIG. 4, Single lane closur e and minimal lane closur e time during application of
NovaL ite on East 5" Street, Chattanooga, TN in April 2008.

Life Cycle Cost and Cost Effectiveness

The cost for applying the Novalite technique on this project came to about
$120,000, well below the cost of $250,000 if the mill-and-overlay method had been
used instead. The history of pavement construction and maintenance for the City of
Chattanooga road network reveals that East 5" Street was last rehabilitated in 1993
and the method of construction was the mill-and-overlay technique. A pavement
condition survey using the US Army Corp of Engineers methodology (Shahin, 1994,
ASTM) was performed on this road in 2007, and a pavement condition index (PCI)
value was determined to be 67, with arating of “good”. The City of Chattanooga sets
its trigger value for preventive maintenance at a PCl value of 65; thus this road was
due maintenance in 2007. For this project, HDM-4 was used primarily for its
pavement deterioration modeling capability. Based on traffic and geometric
conditions that existed in 1993, and specifying the treatment method as mill-and-
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overlay, the deterioration curve predicted that East 5" Street would have needed
rehabilitation in 2008. Also, based on conditions that existed in 2008 and specifying
the method of rehabilitation as microsurfacing, HDM-4 output predicted that the
Noval ite work done in 2008 will deteriorate to another trigger point for rehabilitation
in 2016, as shown in FG. 5. A condition survey was aso done in April 2013 and
found that five years after treatment, the pavement for this road had a PCI value of
78, that is, arating of “very good” as shown in Figures 5 and 6.

Performance Trend for Novalite
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FIG. 5. Performancetrend for NovalL ite.

FIG. 6. East 5" Street showing pavement condition in May 2013.
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A hypothetical scenario assuming that mill-and-overlay was the treatment used in
2008 was aso run in HDM-4, and the results show that the next trigger point for
maintenance of this road would be reached in the year 2023, consistent with the
previous life cycle period of 16 years for mill-and-overlay, and shown in FiG. 7.

Performance Trend for Mill-and
Overlay (MO)
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FIG. 7. Performancetrend for mill-and-overlay.

The Effectiveness Ratio, calculated as the ratio of effectiveness to cost, isameasure
of the cost effectiveness of a given aternative treatment, design, program, or
structure. Whether the pavement on East 5" Street is rehabilitated using Noval ite or
mill-and overly techniques, once the road is open to traffic, measures of effectives
such as ride quality, travel time, vehicle operating cost, visual quality, air and water
quality, etc., are essentially the same for both methods because the same facility is
used for both. This means that the operational effectiveness of the two methods is the
same. However, the NovalLite technique with the lower cost results in a higher
effectiveness ratio than the mill-and-overlay technique. In other words, NovaLite is
more cost effective. FiG. 8 shows the performance curves of the mill-and-overly
(MO) and the Noval ite techniques superimposed. It indicates that one life cycle for
MO contains two life cycles of Noval.ite; it also indicates a steeper deterioration rate
for NovalLite than for MO.
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FIG. 8. Performancetrend for mill-and-overlay (MO) and
NovaL ite resurfacing techniques.

If in the year 2016, another Noval.ite job is done at the inflation adjusted value of
$200,000, present value calculations show that the two applications of NovalLitein 16
years will cost $236,000 using a discount rate of 7% as recommended by the Federal
Highway Administration Guidelines (FHWA, 2013) and discounted to year 2008.
The 16 year period is equivaent to the life cycle for the mill-and-overlay method.
Hence, the cost (in 2008 dollars), for NovalL.ite still comesin lower (at $236,000) than
the price tag for mill and overlay which was quoted as $250,000 in 2008. Thus, even
considering the effectiveness on the basis of life cycle cost, Noval ite method is more
cost effective.

As indicated previoudly, evaluation criteria such as extent of disruption, delays to
the motoring public, and user costs during construction are much lower for the
NovalLite than for the mill —and —overlay treatments. By these measures also,
Noval ite isfound to be more cost effective than mill-and-overlay method.

CONCLUSIONS

The results of the analysis indicate that the NovalL.ite method is superior to mill and
over lay ininitia cost, time and ease of construction, as well as extent of disruption of
traffic. The analysis also shows that even when life cycle costs are considered,
Novalite is still superior to mill and over lay in costs effectiveness. This paper has
shown that Municipal jurisdictions, which often operate under tight and dwindling
budgets, can maintain their pavements at acceptable quality and be good stewards of
the public asset by adopting the right type of technology and scheduling timely
mai ntenance treatments.
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ABSTRACT: Pavement preservation is an emerging approach in road upkeep. The State of
Alaska Department of Transportation and Public Facilities (AKDOT&PF) aim to spend wisely
the funding for its road upkeep by integrating pavement preservation concept into its Pavement
Management System. To do this, a literature review was conducted on the performance and cost
effectiveness of pavement preservation treatments in cold regions. This paper presents the results
of the literature review. The following include the main findings: Pavement preservation
treatments, Crack Sealing, Patching, Fog Seals, Chip Seals, Slurry Seals, AST/BST,
Microsurfacing, Thin Overlays, Bonded Wearing Courses, Interlayers and In-place Recycling,
are all used widely in cold regions. Crack sealing and patching are the most extensively used
pavement preservation treatments. Use of chip seals, fog seals, and slurry seals should be
considered job specifically. The service life of the treatments varies from about 3 years to 12
years. Microsurfacing and thin overlays have the longest service life. The costs of treatments vary
from a region to another as well as from project to another. Other issues despite the cost
effectiveness include sustainability and traffic safety.

KEY WORDS: cold regions, pavement preservation, preventive maintenance
1  INTRODUCTION

A pavement preservation program can extend the pavement service life while maintaining a high
level of service. The primary aim is to optimize often limited road rehabilitation and maintenance
funding. Instead of waiting until a pavement needs reconstruction or major rehabilitation, the
level of service is maintained by using one of these three components: preventive maintenance,
minor rehabilitation (non-structural), and some routine maintenance activities. Other reasons for
pavement preservation exits; e.g. Canada promotes pavement preservation for safety (Erwin and
Tighe 2008), energy consumption and reduction of greenhouse gases (Chan et al. 2010). Others
include pavement preservation in their asset management systems, e.g. Saskatchewan Highways
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and Transportation (Safronetz et al. 2005) and European countries (ERA-NET ROAD 2011). Yet,
there are areas in the world where pavement preservation has not yet been implemented, but
called for by pavement researchers. E. g. in China, most of the treatments are corrective
maintenance and repair techniques due to insufficient attention and application of pavement
preservation (Chen 2007).

Also, the Alaska Department of Transportation and Public Facilities (AKDOT&PF) has
recognized the value of pavement preservation and is in the process of incorporating the concept
in its pavement management system. A research project was initiated to aid in the development of
a pavement preservation program for Alaska. Part of the effort was to collect information on
pavement preservation treatments used in cold regions. The information was collected by a
comprehensive literature review and by conducting a survey on pavement preservation issues.
The survey results can be found in Zubeck et al. (2012). The purpose of this paper is to
summarize the literature review on the state-of-art and best practices of pavement preservation in
cold regions. The literature covered here includes publications about pavement preservation,
preventative maintenance and asset management pertaining pavement preservation treatments.
The following topics are collected from the literature: treatments used, expected life of
treatments, problems encountered with using pavement preservation treatments, cost
effectiveness and other issues.

2 TREATMENTS USED

The pavement preservation treatments are widely used around the world's cold regions. Table 1
lists the treatments and the publications that cover information on the treatments.

Baladi et al. (2002) report case studies of preventive maintenance in Montana, where the annual
temperature may vary from above 38°C to less than -46°C. Based on the success of the initial
investments on preventive maintenance (PM) in the mid 90's, the Montana Department of
Transportation (DOT) has increased the budget for PM from $2 to $55 million. The Montana
DOT has abandoned the old policy of constructing pavements and letting them go to
rehabilitation or reconstruction.

Lee and Shields (2010) present treatment guidelines for pavement preservation for Indiana
Department of Transportation (INDOT). In addition to the treatments listed in Table 1, flush seals
(fog seal on the surface of chip seal) are also used.

Illinois Department of Transportation (IDOT) has created pavement preservation guidelines for
local agencies (Wolters et al. 2009). Guidance is provided for planning, financing, design,
construction and maintaining local highway and street systems. The guidelines also include a
detailed summary and treatment selection guide. In addition to the treatments listed in Table 1,
IDOT also uses scrub seals (emulsion coat followed by a sand spreading), rejuvenating
emulsions, cape seals (chip seal followed by a slurry seal), and ultrathin whitetopping (Portland
cement concrete overlay).

Minnesota Department of Transportation (MNDOT) has rejuvenated its chip seal program with a

success (Wood and Olson 2007). MNDOT currently uses chip seals for both high and low
trafficked roads. The average service life has increased from the 1990’s from 5-7 years to 8-10
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Table 1: Treatments used in cold regions

Treatment Pertaining literature
Canada: Wei and Tighe 2004, Chan et al. 2010, Indiana: Lee and
Crack Sealing Shields 2010, Illinois: Wolters et al. 2009, China: Xue et al.
2003, Yuan 2004
Patching Canada: Wei and Tighe 2004
Fog Seals Indiana: Lee and Shields 2010, Illinois: Wolters et al. 2009
Montana: Baladi et al. 2002, Minnesota: Wood and Olson 2007,
Chip Seals Indiana: Lee and Shields 2010, Canada: Chan et al. 2010, Illinois:

Wolters et al. 2009
Canada: Croteau et al. 2005 [cape seal = slurry + chip seal], Chan

Slurry Seals et al. 2010, Tllinois: Wolters et al. 2009

Asphalt Surface

Treatment/Bituminous Alaska: Mchattie 2001, Canada: Mcleod 2000

Surface Treatment

(AST/BST)

Microsurfacing Canada: Erwin and Tighe 2008, Croteau. et tal. 2005, Chan et al.
2010, Indiana: Lee and Shields 2010, Illinois: Wolters et al. 2009

Thin Overlays -

Indiana: Lee and Shields 2010, Illinois: Wolters et al. 2009,
Canada: Chan et al. 2010

Interlayers -

Indiana: Lee and Shields 2010, Illinois: Wolters et al. 2009,
Canada: Chan et al. 2010, Finland: Rantanen and Suikki 2009
Canada: Chan et al. 2010 [warm mix asphalt], Illinois: Wolters et
al. 2009 [ ultrathin whitetopping]

Bonded Wearing Courses

In-place Recycling

Other treatments

years. This increase is credited mainly to the use of larger chip size (from 100% passing the 6.33-
mm sieve to 100% passing the 9.52-mm. sieve) and use of polymer modified asphalt. Other
factors include proper mix design, clean pavement surface, single course of chips and proper
construction techniques.

Chan et al. (2010) present pavement preservation treatments utilized by the Ministry of
Transportation Ontario, Canada (MTO). The treatments not included in Table 1 include ultra-thin
bonded friction course (10 to 20 mm gap graded polymer modified HMA on polymer modified
emulsified asphalt tack coat), and fiber modified chip seal (chip seal with addition of fiberglass
strands in the polymer modified emulsion hot mix patching and hot in-place recycling (HIR;
heated surface is milled down to 40 - 50 mm, scarified material is rejuvenated and reprofiled).

Croteau et al. (2005) studied the practice of chip seals and graded seals (called also AST/BST) in
Canada as well as internationally. They provide detailed instructions on how to select the
aggregate and binder and their spread rate, prepare the site and schedule the work, select the
equipment and the actual placement.

Cold Regions Engineering 2012





Cold Regions Engineering 2012: Sustainable Infrastructure Development 137
in a Changing Cold Environment © ASCE 2012

3 EXPECTED LIFE OF TREATMENTS

The service life does not refer to how long the treatment lasts, but rather to how long the
treatment serves the purpose for which it was placed, i.e. provides benefit (Peshkin et al. 2011).
Further, treatment performance is measured in terms of the extension in service life imparted to
the existing pavement by the treatment. These extensions can then be used in cost effectiveness
analysis.

Unfortunately, not many publications currently exist on expected service life of pavement
preservation treatments. Service lives for a variety of treatments can be found from Peshkin et al.
(2011). These ranges do not necessary apply for cold regions but can be studied for the lack of
better information. The MTO (Wei and Tighe 2004) reports service lives and costs for several
treatments which are listed in Table 2.

Table 2: Service life and cost of treatments in Ontario (adapted from Wei and Tighe 2004)

Treatments Life Cost Treatments Life Cost
Year | (CAD/lane/km) Year | (CAD/lane/km)
Spray Patch Ontario 2 3.375 Rout and Seal 6 375
Machine Hot-Mix 4 1.386 Mill and Patch 6 2.450
Patch 10%
Chip Seals 5 10.125 Mill and Patch 7 4.900
20%
Hot-Mix Patch 5 1.246 1 Lift Overlay 7 26.250

Ong et al. (2010) have developed long term pavement performance models for existing
pavements as part of INDOT's pavement preservation program. The models for flexible
pavements were developed for functional performance indicators such as pavement roughness
and rut depth using regression analysis. Using pavement performance data from the Indiana
pavement management system, models were developed for interstates/national highway system
(adapted from Ong et al. 2010):

Downloaded from ascelibrary.org by Ohio Dept of Transportation on 11/18/14. Copyright ASCE. For persona use only; all rights reserved.

IRI = exp 4.023 + 0.0040AADTT * t + 0.0014ANDX * t
PCR =exp 4.572 - 0.0012AADTT * t- 0.0013ANDX * t
Rut =exp -3.760 + 0.0095AADTT * t + 0.0038 ANDX * t

[1]
2]
[3]

where IRI = international roughness index, PCR = pavement condition rating, Rut = rut depth
(inch), AADTT = average annual daily truck traffic, t = time (years), ANDX = average annual
freezing index (°C-days). INDOT also developed short and long term performance models for the
following pavement preservation treatments: crack seal, patching, microsurfacing and thin
overlay. These can be found in Ong et al. (2010).

Chan et al. (2010) list the following expected pavement extension lives for pavement

preservation treatments in Ontario: crack sealing = 3 years, slurry seal = 3 to 5 years, micro-
surfacing = 7 to 9 years, chip seal = 4 to 6 years, hot in-place recycling (HIR; heated surface is
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milled down to 40 - 50 mm, scarified material is rejuvenated and reprofiled) = 10 to 12 years
similar to an HMA overlay.

Table 3 summarizes treatment service lives found from literature and compares them with service
lives from the survey by Zubeck et al. (2012). The service lives from the survey and from the
literature are in agreement. The values in Table 3 can be used as a guide when estimating service
lives for cold regions, such as Alaska. Selecting either low or high end value depends on site
specific circumstances.

Table 3: Summary of pavement preservation treatment service lives

Treatment S§rvice life, years | Treatment Sf:rvice life, years
Literature | Survey Literature | Survey

Crack Sealing | 3-8 34 Microsurfacing 3-9 6.0
Patching 4 3.6 Thin Overlays 5-12 6.8
Fog Sealing | - 34 Bonded Wear Courses 7-12 7.1
Chip Sealing | 3-10 5.6 Interlayers 6.8
Slurry Seals | 3-5 4.6 In-place Recycling 6-15 7.8
AST/BST - 6.0

4 PROBLEMS ENCOUNTERED
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Cold regions have many challenges which may prevent the use of certain pavement preservation
treatments. These challenges include issues with construction as well as issues while the treated
road is in-service. Construction challenges include short and relatively (when compared to
temperate regions) cold construction season, and in some cases poor availability of materials,
construction equipment and skilled labor as well as long hauling distances (Doré and Zubeck,
2009). In-service challenges include usage of studded tires for winter traction, snow and ice
removal operations and exposure to cold and moisture. Pavements in perennial frost areas are
experiencing local failures due to degradation of the underlying permafrost.

Pavement failure modes and mitigation in cold regions are explained in detail by Doré and
Zubeck (2009). Pavement preservation treatments and their applicability either preventing or
mitigating failure modes in cold regions are summarized in Table 4. The “repairing” in Table 4
indicates when a treatment corrects the defects caused by a certain failure mode. The
“prevention” indicates when a treatment aids in prevention of a certain failure mode from
happening. Table 4 is not inclusive but provides general guidelines on when and for what purpose
to consider each treatment.

One of the challenges in cold regions is the aforementioned low temperature and its effects on the
performance of pavement preservation treatments. Kim and Lee (2007) considered low
temperatures in their research on performance of chip seals constructed with polymer modified
emulsions (PME). The results indicated that the PME’s (CRS-2P and CRS-2L) enhance chip seal
performance. This improvement is due specifically to the fast and improved adhesion of PME’s
and their ability to enhance the aggregate retention at low temperatures (-20°C and at 4.4°C =
testing temperatures). Also, PMEs reduced bleeding and rutting. The performance data indicated
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that the use of PMEs can extend the service life of chip seals for more than two years and
according to a life cycle cost analysis, this extension is enough to make the use of PMEs cost-
effective.

Table 4: Primary uses of pavement preservation treatments relating to cold regions failure modes

139
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g | 8 o0 | B ElE|S8| 85398 |=
Failure Mode S |& |£]18 |g|<|S|E|AdE|=
Thermal cracking (transverse) r r
Frost cracking (longitudinal) r p' p' | p Tt pt ] P
Fatigue cracking p' | p 12 e p? ] P
Crack deterioration p r r
Rutting
- stud wear r r r
- permanent deformation r
Aging pP| p | P PP | P r
Pavement disintegration due | p' | p'/r p plp | P p p r
water, deicing, frost
Potholes p' r r
Thaw consolidation of frozen r° r’ p
soils in permafrost areas
p = prevention, r = repair
" indirectly by keeping water out of pavement structure
? indirectly by reducing aging rate
3 in some cases by reducing reflective cracking
*applies for pavement surface disintegration
> applies only for a small amount of patched potholes
% applies for small breaches
7 AST/BST treated road can be reprofiled easier than treated with any HMA applications
Sources: Doré and Zubeck 2009, Rantanen and Suikki 2009, McLeod 2000

Croteau et al. (2005) state that success of seal coat treatments is not only related to favorable
weather conditions during the placement, but also the following weeks after the placement of the
treatment. The traffic contributes to the embedment of the aggregate into the binder and the
substrate, which do not happen if the pavement surface is cold. If the aggregate is not properly
embedded into the substrate, snow plough damage may occur during the winter months. As
mitigation for late season work, Croteau et al. (2005) suggest use of multi-layer systems with fine
aggregate or use of premium binder.
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Weather may also limit the treatments used in cold regions. E.g. Lee and Shields (2010) state that
crack sealing should not be conducted on wet surface due to problems with adhesion between the
crack face and seal or fill material. They recommend an operation temperature of close to 40°F
(on the warm side, due to INDOT specification of a minimum temperature of 40°F and the fact
that cracks are wider the colder temperature is). The moisture limitations apply for fog seals and
scrub seals as well. Fog seals, scrub seals, flush seals, chip seals and UBWC need to be applied at
temperatures > 15°C. Microsurfacing should be applied at temperatures > 10°C, and not applied
if there is a possibility that the finished product will freeze within 24 hours after application.
Connor (1981) investigated BSTs in Alaska and concluded that treatments placed after August
20™ (corresponds construction temperatures dropping below 5°C) fail due to loss of aggregate.

The aforementioned survey on pavement preservation treatments in cold regions by Zubeck et al.
(2012) revealed that surface treatments and seals are not used under heavy studded tire usage.
Instead, crack sealing, parching and thin overlays are common treatments followed by
microsurfacing, bonded wearing courses and in-place recycling. Studded tire wear also had an
effect on test section performance studied by Berg and Esch (1983). The test section included
painted HMA surfaces as well as light colored and dark colored chip seals. The aim of the study
was to investigate if permafrost degradation could be prevented with light colored surfaces. The
yellow and white painted surfaces had the lowest pavement temperatures, but the effect was
diminished by studded tire wear.

Rantanen and Suikki (2009) investigated applicability of in-place recycling in Finland. In-place
recycling (called REM) has been used in Finland since 1991 and has recently become more
popular due to many factors; mainly the lack of road maintenance funding. In-place recycling of
only the rutted wheel paths also became popular in early 1990s. Common practice is to recycle
the road surface on the main road network from 1 to 3 consecutive times. However, the expert
opinion of the road authorities as well as the contractors is that 2 consecutive applications of in-
place recycling is a maximum. Limitations of the technique include: 1) In cases of significant
raveling of the pavement surface, in-place recycling is not recommended. 2) Problems have been
observed in keeping the crown of the cross section at a correct grade when recycling lane by lane.
3) The technique is not suitable for narrow roads or roads with soft shoulders due to the size and
weight of the equipment. 4) The quality of the recycled mixture decreases with increasing amount
of patches in the existing pavement. 5) In-place recycling is not recommended for thin
pavements. This is due to the risk that the unbound base course material gets mixed with the
HMA.

5 COST EFFECTIVENES

According to Peshkin et al. (2011), the cost of treatments depends on size and location of the
project, severity and quantity of distress, the quality of treatment’s materials, amount of surface
preparation and degree of traffic control. Peshkin et al. (2011) list typical unit cost ranges and
corresponding relative costs of preservation treatments. However, their values do not specifically
address cold regions. Peshkin et al. (2011) also present a detailed treatment selection process
including cost effectiveness analysis. However, they point out (valid for cold regions condition)
that the decision-making process includes many other factors, such as availability of qualified
(and properly equipped) contractors and materials, anticipated level of traffic disruption and
surface characteristics issues.
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As in the case of treatment service lives, there is not enough published information about the cost
effectiveness of the pavement preservation treatments in cold regions. Fortunately Wei and Tighe
list treatment costs for the MTO. The costs can be found in Table 2. Wei and Tighe (2004) also
present a decision tree for treatment selection based on the values found in Table 2.

6 OTHER ISSUES

There is a perception in cold regions that the public will not support pavement preservation, but
prefer the "worst-first" strategy. However, issues such as sustainability and use of green products
or technologies are becoming driving market forces. Traffic safety affects directly the quality of
life of road users. When these issues are considered, pavement preservation could be seen and
marketed in a new light.

6.1 Sustainability

Chan et al. (2010) report that MTO uses numerous innovative pavement preservation
technologies that conserve aggregates, reduce GHG emissions, and minimize energy
consumption. MTO's sustainability strategy is to implement these technologies on a larger scale,
since they support a "zero-waste" approach and will assist in meeting the GHG reduction
commitments. Also the triple-bottom line is addressed: Social, Economic and Environmental.
Chan et al. (2010) recommend quantifying the benefits by life cycle cost analysis (economic)
which utilizes PaLATE software (Pavement Life-cycle Assessment for Environmental and
Economic Effect by University of California at Berkley) to assess GHG emissions and energy
consumption.

MTO is also developing Green Pavement Rating System to quantify and encourage pavement
sustainability (Chan et al. 2010). The rating system is based on the one developed by the
University of Washington and CH2MHill (2011). The Greenroads rating system is a collection of
sustainable roadway design and construction best practices. Each sustainable practice is assigned
a point value according to its impact on roadway sustainability. There are 11 "Project
Requirements" that must be done in order for a roadway to be considered a Greenroad: PR-1
Environmental Review Process, PR-2 Lifecycle Cost Analysis, PR-3 Lifecycle Inventory, PR-4
Quality Control Plan, PR-5 Noise Mitigation Plan, PR-6 Waste Management Plan, PR-7
Pollution Prevention Plan, PR-8 Low Impact Development, PR-9 Pavement Management
System, PR-10 Site Maintenance Plan, PR-11 Educational Outreach.

6.2 Traffic Safety

One of pavements' primary roles is to provide a safe driving surface. Yet, traffic safety is seldom,
if ever considered in pavement management systems and decisions relating the selection of
treatments. Erwin and Tighe (2008) investigated the effect of preventive maintenance techniques
on road safety in York Region in northeast of Toronto, Ontario, Canada. The preventive
maintenance techniques were microsurfacing and other resurfacing treatments. The study based
on comparison of before and after treatment traffic accident data for a total of 40 sites. Erwin and
Tighe (2008) determined that microsurfacing has a positive safety effect when applied at
locations with an AADT > 3,000 veh/lane. This relationship was confirmed through data analysis
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to be statistically significant and sensitive to the treatment year data. The results were not as
strong for resurfacing, although analysis revealed that resurfacing has a statistically significant
safety effect where AADT is 3,000 - 6,999 veh/lane.

7 CONCLUSIONS

Pavement preservation treatments are widely used in cold regions. The most popular treatments
are Crack Sealing and Patching. Fog Seals, Chip Seals, Slurry Seals, AST/BST, Microsurfacing,
Thin Overlays, Bonded Wearing Courses, Interlayers and In-place Recycling are also widely
used across the cold regions. Use of chip seals, fog seals, and slurry seals should be considered
job specifically. Construction of these treatments is recommended only for air > 15°C and only
for regions without heavy studded tire usage. The service life of the treatments varies from about
3 years to 12 years microsurfacing and thin overlays having the longest service life. The costs of
treatments vary from a region to another as well as from project to another. Other issues than cost
effectiveness can be considered when promoting agencies and public to accept the pavement
preservation concept. These issues include sustainability, green products and technologies and
traffic safety. There is need for more publications on the service lives, performance models and
cost data for pavement preservation treatments in cold regions.
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Abstract: In this study, an attempt was made to evaluate and select an optimal Maintenance and Rehabilitation (M&R) strategy for a
designed flexible pavement by integrating Life-Cycle Cost Analysis (LCCA) and California Mechanistic-Empirical (M-E) design procedures
(CalME). A 20-year design life pavement stretching 11.27-km-long section of 4-lane Highway 53, in Lake County, California is considered
for this project level study. Three M&R strategies available in the CalME program were evaluated including, Extended Pavement Preservation
(EPP), Preservation-Preservation-Rehabilitation (PPR), and Rehabilitation only (R). These strategies are applied as certain levels of distresses
(rutting and cracking) are reached. The California-customized RealCost LCCA program was also employed to compare the various M&R
strategies using the Equivalent Uniform Annual Cost (EUAC). LCCA demonstrated that EPP was the best economical alternative to maintain
the pavement in a good usable condition for as long as 80 years of service. The methodology employed in this paper also demonstrated that
extended life pavement may be achieved from a 20-year design by selecting the optimal preservation techniques and optimizing their time of

application. DOI: 10.1061/(ASCE)TE.1943-5436.0000367. © 2012 American Society of Civil Engineers.

CE Database subject headings: Flexible pavements; Maintenance; Rehabilitation; Life cycles; Costs.

Author keywords: Mechanistic; Empirical; Perpetual; Pavement; Maintenance & rehabilitation; Preservation; Life cycle cost.

Introduction

The California mechanistic-empirical (M-E) design procedure for
asphalt surfaced pavements (CalME) was developed beginning in
the late 1990s with one of its primary aims to emphasize pavement
rehabilitation and preservation, which account for more than
90% of the California Department of Transportation (CA DOT)
(Caltrans) pavement program, rather than new pavements (Ullidtz
et al. 2010). CalME incorporates research products from the
Strategic Highway Research Program (SHRP), an incremental-
recursive analysis procedure, and results of accelerated pavement
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testing from the Caltrans’ Heavy Vehicle Simulators (HVS) and test
tracks such as Westrack and MnROAD.

This paper presents a case study in which M-E analysis and
Life-Cycle Cost Analysis (LCCA) were integrated to find the most
cost-effective strategy for a state highway segment, including con-
sideration of pavement preservation and the concept of perpetual
pavement. LCCA is an engineering economic analysis tool useful
in comparing the relative economic merits of competing construc-
tion and rehabilitation design alternatives for a single project
[Federal Highway Administration (FHWA) LCCA manual
2004]. Pavement preservation is defined as “A program employing
a network level, long-term strategy that enhances pavement perfor-
mance by using an integrated, cost-effective set of practices
that extend pavement life, improve safety and meet motorists’ ex-
pectations (Caltrans Division of Maintenance 2008a).”

According to the FHWA, a pavement preservation program con-
sists primarily of three components; namely Minor Rehabilitation,
Preventive Maintenance, and Routine Maintenance (FHWA 2005).
Pavement preservation addresses pavements whose structural sec-
tions are still in good condition and have a significant amount of
remaining service life (Yut et al. 2010). Performing a series of
successive pavement preservation treatments during the life
of the pavement is less disruptive to uniform traffic flow than
long closures normally associated with major rehabilitation or
reconstruction (Caltrans Division of Maintenance 2008a). Reha-
bilitation is defined as “Restoration of an existing pavement that
is severely distressed to a good condition by the application of non-
routine maintenance.” (CA DOT 2008b). Caltrans has found that
delaying pavement preservation by applying a thin overlay on
an existing pavement with a Pavement Condition Index (PCI) of
60 instead of 80 would result in an increase in equivalent annual
treatment costs between 70 to 100% (Gardiner and Shatnawi 2009).
In the context of perpetual pavements, it is necessary to periodically

JOURNAL OF TRANSPORTATION ENGINEERING © ASCE / MAY 2012 / 625

J. Transp. Eng. 2012.138:625-633.



http://dx.doi.org/10.1061/(ASCE)TE.1943-5436.0000367

http://dx.doi.org/10.1061/(ASCE)TE.1943-5436.0000367

http://dx.doi.org/10.1061/(ASCE)TE.1943-5436.0000367

http://dx.doi.org/10.1061/(ASCE)TE.1943-5436.0000367



Downloaded from ascelibrary.org by Ohio Dept of Transportation on 11/18/14. Copyright ASCE. For persona use only; all rights reserved.

replace the surface course to fulfill the aim of avoiding structural
deterioration [European Asphalt Pavement Association (EAPA)
2007].

Traditional LCCA can be used for calculating the present worth
costs for pavement alternatives, and it is the primary tool used
for economic comparisons. The main purpose of these concepts
is to develop a framework in which more cost-effective pavements
are produced (EAPA 2007). To obtain a perpetual pavement, it
is important to design a pavement such that all forms of distress
are in the top few inches of the pavement (Newcomb et al.
2010). Equivalent Uniform Annual Cost (EUAC) represents the
Net Present Value (NPV) of all discounted costs and benefits of
an alternative as if they occur uniformly throughout the analysis
period. EUAC is a particularly useful indicator when budgets
are established on an annual basis (FHWA 2008) or when alterna-
tives with different life spans are to be compared, and is calculated
from the following:

i(1+ iy

EAUC = NPV x "/
Mt —1

Climate, Traffic, Design life

where i = discount rate; and n = number of years into future. The
LCCA analysis period should be sufficiently long to reflect long-
term cost differences associated with reasonable design strategies
(Newcomb et al. 2010).

The objective of this paper is to demonstrate the effectiveness
and necessity of integrating M-E analysis and LCCA for designing
cost-effective longer-life flexible pavements.

Pavement Structure Design

Fig. 1 shows the framework used in this paper to optimize the de-
sign of a flexible pavement by using an integrated system of
mechanistic-empirical and life-cycle cost analyses. A new pave-
ment structure is designed with the use of M-E analysis to satisfy
all conditions of climate, traffic, and design life, as well as a set of
desired performance criteria. Once an acceptable design has been
obtained, a series of M&R strategies using various types of materi-
als may be applied and rechecked with M-E analysis, followed by
LCCA to determine the EUAC and select the most cost-effective
M&R strategy to be used over the life of the project. Two programs
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Fig. 1. Integration of CaIME and LCCA

m.._..,,_._..._.,,_....._,,,_._.._,,,_._.m“.w‘&_wwwwwwwmww,@

626 / JOURNAL OF TRANSPORTATION ENGINEERING © ASCE / MAY 2012

J. Transp. Eng. 2012.138:625-633.





Downloaded from ascelibrary.org by Ohio Dept of Transportation on 11/18/14. Copyright ASCE. For persona use only; all rights reserved.

are used in the analysis. CalME, the California M-E program, is a
tool used for designing rehabilitation of asphalt surfaced pavements
and new pavement, and is explained in Ullidtz et al. (2010). Real-
Cost is the LCCA tool developed by the FHWA (FHWA 2008),
which has been customized for use by Caltrans (CA DOT 2007).

The pavement that was selected for analysis in this paper is a
section of 11.27-km 4-lane State Route 53 in Lake County,
California (District 1) with a climate characterized as “Low Moun-
tain” (CA DOT 2010). The pavement is subjected to a traffic char-
acterized by load spectrum Group la in CalME as defined in Lu
and Harvey (2006). The rehabilitation design life was selected to be
20 years accounting for an equivalent traffic of 46.2 million
ESALs; or a Traffic Index (TI) of 14.2 (CA DOT 2008b). The sub-
grade type is well-graded sand SW on the basis of the USCS system
(CA DOT 2008b). The incremental-recursive design procedure in
CalME (Ullidtz et al. 2010) was used to design the pavement struc-
ture. The incremental-recursive procedure works in the increments
of time and uses the output from one increment, recursively, as
input to the next increment. The procedure predicts the pavement
in terms of layer moduli, crack propagation, permanent deforma-
tion, and roughness as a function of time. It does not carry an au-
tomatic design for required conditions but helps to check the
performance of the design prepared by Caltrans present method.

Despite the existence of many distress mechanisms, rutting in
the bituminous layers and fatigue cracks are considered the dom-
inant distresses. Fatigue is one of the main distress mechanisms
caused by the excessive tensile strains at the bottom of the bitumi-
nous layer resulting from repeated loading. Rutting in the surface
layer is the mechanism caused by the consolidation or lateral move-
ment of the bituminous materials near the surface resulting from
repeated loading. The other major distress in the pavement caused
because of environmental effects is aging. An aging/ hardening
model is embedded in the software that accounts for the increase
in the modulus because of the aging of the pavement. The distress
thresholds used in the design were 10-mm down rutting (rut depth

below the original plane of the surface, not counting upward move-
ment at the edges of the wheel path) and a cracking density of
0.5 m/m? in the hot-mix asphalt (HMA) layer. Fig. 2 shows the
CalME design screen on the basis of the traffic, climate, and
materials inputs.

Deterministic analyses with CalME utilizing wander in the
wheel paths were performed to check the pavement performance
on the basis of both the rutting and cracking performance criteria.
Several structure thicknesses utilizing a surface layer of hot-mix
asphalt (HMA) with 19-mm (3/4 in.) maximum size aggregate
mix and AR-4000 (corresponding to PG 64-10 typically) binder,
and an aggregate base layer (AB) Class 2 (CA DOT 2008b) were
analyzed. The initial structure was obtained by using the Caltrans
empirical method on the basis of a subgrade R-value and TI (CA
DOT 2008b). M-E analysis yielded a final 20-year structure con-
sisting of 160-mm HMA and a 375-mm AB layer (as shown in
Fig. 3). The progressions of down rutting and cracking for this
structure are shown in Figs. 4 and 5, respectively. The correspond-
ing rutting life was approximately 25 years, and the fatigue crack-
ing life was 19 years (closest to 20-year design life). The increase in

A
%in HMA AR-4000 b 160 mm

A

AB class 2 375 mm

Sub-grade: SW

\_/—\

Fig. 3. Pavement structure used in the analysis
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Fig. 5. Predicted progression of cracking with time after construction
rutting after year 19 is primarily associated with loss of stiffness of progression of cracking. The predicted cracking reached the
the HMA layer after it cracks. 0.5 m/m? (equivalent to 5% cracking in this particular project)
As per Fig. 4, it is observed that the rut in the first year is 3.2 mm threshold after nearly 19 years in service. The progression rate
and 50% of the rutting threshold is reached in the first four years. of cracking varied in the simulations primarily with the type of
The rut determined in CalME is the down rut in the wheel path HMA used. Depending on the material types used, and climate
relative to outside the wheel path. On the basis of the observations and traffic patterns, the number of years until the first crack appear-
from many studies, downward rutting was used in the calibration of ance can vary.

the rut models. The maximum rut depth occurring during initial
years was because of the initial consolidation of the asphalt mixture

caused by traffic. The models then predict that the rut will progress Application of M&R Actions
at a slower rate until the cracking density has advanced.

Fig. 5, shows that the cracking progression is much more abrupt M&R actions can be applied to an adequately designed pavement
than the rutting, which reflects the accumulation of damage and the to maintain it in acceptable riding condition even beyond its initial
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design life. Application of the right strategy(ies) at the right time(s)
can lead to substantial cost savings and good life extension accord-
ing to the theory and a limited number of studies in the literature.
CalME permits inclusion of different M&R strategies as part of the
simulation of pavement performance, a feature that was used for
this study to evaluate this theory.

CalME presently accommodates three M&R design strategies
involving the application of an HMA overlay. For each strategy,
the HMA overlay may be preceded by milling, if required, for grade
control. The three M&R design philosophies that can be employed
in CalME along with their rules of application are on the basis of
distress levels reached relative to rutting and cracking threshold
limits. The three alternative strategies and their current (included
on the basis of recommendations of the Caltrans M-E Technical
Working Group for demonstration purposes, but not official Cal-
trans policy) corresponding trigger rules are explained as follows:

1. Rehabilitation (R): This will be repeated if:

a. down rut (total rut) > 9 mm and rut in HMA > 2 mm. In
this case, use 45-mm HMA overlay,

b. down rut > 9 mm and rut in HMA < 2 mm. In this case,
use 75-mm HMA overlay,

c. average fatigue cracking > 0.5 m/m?. In this case, if down
rut < 8 mm, then different thicknesses of HMA, RACG
(gap-graded rubberized asphalt), and MB4 (gap-graded
terminal blend rubberized asphalt) overlay may be selected
(with or without milling); otherwise 60-mm HMA overlay
alternative is used.

2. Preservation-Preservation-Rehabilitation (PPR): Use this se-
quence of applications if:

a. down rut > 5 mm or cracking > 0.25 m/m?2. In this case,
use 30 mm of HMA, RAC-G, or MB4 overlay (with or
without milling),

b. down rut > 5 mm and cracking > 0.25 m/m?. In this case,
use 60-mm HMA overlay,

c. after two Preservation actions, the next action will be trea-
ted as under Rehabilitation, followed by two Preservations.

3. Extended Pavement Preservation (EPP): This will be repeated
perpetually if:

a. down rut > 5 mm or cracking > 0.25 m/m?. In this case,
use 30-mm HMA, RAC-G, or MB4 overlay (with or with-
out milling).

b. down rut > 5 mm and cracking > 0.25 rn/mz. In this case,
use 60-mm HMA.

Considering the aforementioned Rehabilitation (R) design phi-
losophy criteria, it is worth noting that if the total rut in both cases
(case i and case ii) is equal to 11 mm, the down rut in the unbound
materials for case ii must be greater than that for case i. Therefore,
thicker HMA overlay (75-mm HMA) would be needed for case ii
than for case i to provide equivalent structural support to the
pavement.

For all aforementioned strategies, a minimum M&R action com-
prised of 30-mm mill and 30-mm HMA, RAC-G, or MB4 fill is
used if the age of the wearing course exceeds 17 years on the basis
of the existing surface material. This will be called in this paper the
“good-performance strategy.”

The method that was employed in this analysis included mon-
itoring the progression of rutting and cracking and applying one
type of M&R action (e.g., EPP) as triggered by the rules pertaining
to that particular strategy. The simulation is then continued and the
progression of both types of distresses (cracking and rutting) is
monitored and application of the selected M&R action is performed
to reduce the distresses below their desired limits. The process is
continued until year 80, which is the end of the analysis period.

The M&R strategies that were applied and their corresponding ap-
plications are summarized in Table 1.

To further illustrate the M&R strategies and how they can affect
service life according to the simulations, consider the EPP-HMA
strategy. This strategy involves application of 30-mm HMA pres-
ervation treatment as either rutting or cracking reaches 50% of its
limit (i.e., 5-mm down rut and 0.25-m/m? cracking).

As can be observed from Table 1, the first preservation treatment
was applied to the pavement at year 4 upon reaching 5-mm rutting,
as shown in Fig. 4. On the basis of Figs. 4 and 5, the fatigue and
rutting life of the pavement without any preservation treatment is
19 and 25 years, respectively. After the application of the preser-
vation treatment at year 4, neither rutting nor cracking reached the
threshold limits by year 21; hence, a nominal 30-mm mill and
30-mm HMA fill (good-performance strategy) was performed
17 years after the last preservation application.

Subsequent applications of this good-performance strategy were
needed at year 38 and year 55 as predicted by M-E simulations.
Subsequently, the M-E performance simulation predicted that a
preservation treatment consisting of a 30-mm HMA overlay would
be needed at years 67 and 80. These sequences of M&R actions
along with their corresponding application year are shown in the
first row of Table 1.

The predicted propagation of the distresses in response to ap-
plication of the EPP-HMA strategy is shown in Fig. 6 for rutting
and in Fig. 7 for cracking. It is observed from Figs. 6 and 7 that the
deterioration of the pavement toward the end of the analysis period
is much faster than during the design life reflecting continuing
aging and damage to the original HMA layer considered in the
CalME models.

Fig. 7 shows that cracking can be kept to very low levels (com-
pare to Fig. 5) past year 20 upon the application of the M&R
actions.

Restraining the cracking past year 60, however, could not be
achieved. In other words, the potential of delaying cracking by
the application of M&R strategies during earlier stages of pavement
service is higher than during later stages. This is because of the
aging of the pavement, the presence of more cracks that will
reflect up, and various other factors that contribute to pavement
deterioration.

Evaluation of M&R Strategies with LCCA

It was observed that all M&R strategies investigated extended the
life of the pavement structure to 80 years (and beyond) with the
application of a series of M&R actions, one of the strategies
(EPP-HMA) to show the rutting and cracking progression over
the analysis period (80 years) are as shown in Figs. 6 and 7. All
the strategies could not be presented because of limitation
on the size of the paper. LCCA, using RealCost (Version 2.2),
was performed on each scenario involving application of M&R ac-
tions. The various scenarios were cross-compared in terms of
EUAC determined with LCCA.

To compare the various M&R strategies with LCCA, the costs
of the materials used in these strategies are needed. A review of
historical data available in Caltrans databases was performed.
The cost of the materials varies not only with time but also with
the amount of material used in the project. Hence, the costs of vari-
ous preservation treatments were calculated on the basis of the
amount of material required for the operation. The average values
were obtained from the contract cost database. Table 2 is a sum-
mary of the costs for various treatments per lane-km of pavement.
The total length of the example project section of pavement is
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11.27 km with 4 lanes. The density of asphalt was assumed to be
144 1b/ft3 (2300 kg/m?).

The other costs that are an input to RealCost are user delay and
annual maintenance costs. The user delay cost is not expected to be
significant in the project considered in this paper because future
work will be performed during the night, and the traffic demand
nighttime work zone hours is less than work zone capacity.

The annual maintenance cost calculation was primarily on the
basis of the duration between two different actions (in one given
alternative). It is assumed that the pavement needs only minimal
minor preservation treatments by using direct forces for the first
three years after application of an M&R action. Subsequently, it
is assumed that the cost for the pavement minor preservation
increases for each set of three years arithmetically.

A minimal dollar amount of $683 /lane-km was considered for
minor preservation per year during the first three years. A running
average was calculated to obtain the annual maintenance cost
per lane-km per year for each duration. The calculated annual

Table 2. Summary of Construction Costs Per Ln-Km for Each M&R
Strategy

Cost (1,000 dollars

Item type Thickness (mm) per In-km)
HMA Type A 30 23
HMA Type A 45 41
HMA Type A 60 49
HMA Type A 75 50
HMA Type A 105 78
RAC-G 30 27
RAC-G 45 41
RAC-G 60 54
MB4-D 30 32
MB4-D 45 48
MB4-D 60 64
Cold plane 30-m HMA 30 9 perm?
AB Class 2 375 52
HMA Type A 160 120

Note: Costs are based on the quantity of material.

maintenance costs for each year were observed to be in good con-
currence with the Caltrans LCCA manual (which was developed
on the basis of the empirical data and experience) CA DOT
2007. Table 3 shows a summary of the annual maintenance costs
for different durations.

Table 4 shows the summary of the input values used in the Real-
Cost. On the basis of the analysis, and results obtained from the
CalME simulations (as shown in Table 1) and the various inputs,
the EUAC for the various M&R alternatives were computed and
summarized in Table 5. From Table 1, on the basis of the decision
tree, the treatments recommended for EPP and PPR were close.
To avoid redundancy in the presentation and because of paper
length constraint, PPR has not been included in the final analysis
operation.

Table 3. Annual Maintenance Cost (MC) Calculation

Annual maintenance =~ MC based on Total Total
Year cost (3/In-km) action Yr lane km  MC"1,000
1 683
2 683 683.0 44.8 31
3 683 683.0 44.8 31
4 1,366 853.8 44.8 38
5° 1,366 956.2 44.8 43
6 1,366 1,024.5 44.8 46
7 2,049 1,170.9 44.8 52
8 2,049 1,280.6 44.8 57
9 2,049 1,366.0 44.8 61
10 2,732 1,502.6 44.8 67
11 2,732 1,614.4 44.8 72
12 2,732 1,707.5 44.8 76
13 3,415 1,838.8 44.8 82
14 3,415 1,951.4 44.8 87
15 3,415 2,049.0 44.8 92
16 4,098 2,177.1 44.8 98
17 4,098 2,290.1 44.8 103
18 4,098 2,390.5 44.8 107

SMC for year 5: (683 + 683+ 683+ 1,366+ 1,366) divided by
5 =$956.2/ In -km.
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Table 4. Summary of the Inputs for RealCost

Type of input Input Source of input Criteria to select this input Value
Economic variable Value of time for passenger cars ($/h) RealCost Default value 10.46
Economic variable value of time for single unit trucks ($/h) RealCost Default value 27.83
Economic variable Value of time for combination trucks ($/h) RealCost Default Value 27.83
Discount rate (%) Discount rate (%) LCCA manual 3-5% range 4%
Traffic data AADT construction year (total for both directions) CalME AADT CalME AADT 12275
Traffic data Cars as percentage of AADT (%) CalME AADT CalME AADT 95
Traffic data Single unit trucks as percentage of AADT (%) CalME AADT CalME AADT 2.5
Traffic data Combination trucks as percentage of AADT (%) CalME AADT CalME AADT 2.5
Traffic data Annual growth rate of traffic (%) Default default 0.0
Traffic data Speed limit under normal operating conditions (mi/h) Hwy 53 HDM 55
Traffic data number of lanes in each direction during normal considered 2 For research purpose 2
conditions
Traffic data Free flow capacity (vphpl) LCCA manual, Table 6 Terrain, number of lanes 1,950
Traffic data Rural or urban hourly traffic distribution Hwy 53 Rural Rural
Traffic data Queue dissipation capacity (vphpl) LCCA manual, Table 6 Terrain, number of lanes 1,530
Traffic data Maximum AADT (total for both directions) LCCA manual, Table 6 Terrain, number of lanes 48,305/lane
Traffic data Maximum queue length (miles) LCCA manual, Table 6 Terrain, number of lanes 5
Construction data Agency construction cost ($1,000) Calculated Thickness, Lane miles 6,139
Construction data Agency maintenance cost ($1,000) LCCA manual Table 4
Construction data Work zone length (miles) Default LCCA manual 2
Construction data Work zone speed limit (mi/h) LCCA manual 5 miles less than original speed 50
Construction data Work zone capacity (vphpl) LCCA manual, Table 6 Terrain, number of lanes 1,360
Construction data Work zone duration (days) LCCA manual Eq. (4) Lane miles/production rate 18
Construction data Production rate LCCA manual, Table 8 surface type, daily closure 1.5
Construction data Activity service life (years) see def LCCA manual 1
Traffic data Lane closure LCCA manual Inbound and outbound first closure 0to6
Traffic data Lane closure LCCA manual Inbound and outbound second 20 to 24
closure

Table 5. Summary of EUAC for Various M&R Alternatives on the Basis of M&R strategy vs EUAC*1000
RealCost 550

o 540 —
M&R Strategy EUAC (1,000 dollars) 8 530 — =

¥, 520 ]
EPP-HMA 503 Ef EHE | EHE |
EPP-HMA-low crack 503 490 :l_I:H: :H: - | :H:
EPP-MB4 533 480 . . N N N
EPP-RAC-G 517 %Qg @’“X 6«& Qq&“b@@*‘i@“% @&Ub&@"éb &se‘*“l@@l@“% ‘Q@&&@*&
PPR-105 mm-HMA 503 & CEFE S F S EF O E
PPR-30 mm-MB4 533 M&R strategy
PPR-30 mm-RAC-G 517
PPR-45 mm-MB4 533 Fig. 8. EUAC for rehabilitation only (R) and extended pavement pre-
PPR-45 mm-RAC-G 517 servation (EPP) strategies
PPR-60 mm-HMA 503
PPR-60 mm-MB4 533
PPR-60 mm-RAC-G 517
PPR-75 mm-HMA 503 Fig. 8 shows a comparison of EUAC between the Extended
R-105 mm-HMA 507 Pavement Preservation (EPP) strategies (with various HMA mate-
R-30 mm-MB4 524 rials) and Rehabilitation (R) strategies. Although most of the EUAC
R-30 mm-RAC-G 503 values for Rehabilitation (R) strategies are higher than the Extended
R-45 mm-MB4 527 Pavement Preservation (EPP) strategies, the EUAC for R-75 mm
R-45 mm-RAC-G 519 HMA and R-30 mm RAC-G strategy is fairly close to the l.owest
R-60 mm-EMA 513 preservation strategy .(i.e., EPP-HMA). Hepce, further ana.1y51s was
R-60 mm-MB4 539 pe.rfonn.ed to dejtenmne the most economlca} strategy. suitable for

this project. This was done through comparing the distress accu-
E_gg EE_E':/E;G ziz mulation during the analysis period for these M&R strategies.

The cracking criterion was observed to be more critical than rutting
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Fig. 9. Predicted cracking performance with application of R-75 mm
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for this particular pavement section, which is consistent with the
observation of Caltrans pavements.

Figs. 7 and 9 show the fatigue cracking progression during the
analysis period for EPP-HMA and R-75 mm HMA, respectively.
For the EPP-HMA strategy (Fig. 7), as the application of the pres-
ervation treatment was performed long before the pavement has
deteriorated, cracking was maintained below the threshold limit
throughout the analysis period. In the case of R-75 mm HMA strat-
egy, the pavement severely failed in cracking at year 24 as shown in
Fig. 9. Both R-75 mm HMA and R-30 mm RAC-G showed similar
performances (failure occurred after the first treatment application
as shown in Fig. 9 of the revised manuscript for the case of
R-75 mm HMA strategy). To avoid redundancy in the analysis
presentation, one of the two rehabilitation strategies was chosen
to present the method for determining the best and economical
strategy. Hence, pavement performance with the application of
preservation treatments is superior to that with performing rehabili-
tation. Although EUAC for both strategies were nearly equal, the
pavement designer should choose preservation over rehabilitation.
This may be encouraged because of the severe cracking of the pave-
ment at year 24 that can allow moisture ingress, which was not
accounted for in the analysis. Additionally, whereas EUAC may
be used to determine optimal strategy type, the engineer should
always consider other factors in the final selection of the strategy
type such as material availability, agency familiarity, and past
experience with strategy, contractor’s experience with strategy,
among others. Hence, from an economic and performance stand-
point, the EPP-HMA strategy outperforms all other strategies
analyzed.

Summary, Conclusions, and Future Work

This paper illustrated the integrated use of M-E and LCC analyses
for designing extended-life pavements. Longer-life pavements can
be achieved by the application of a series of pavement preserva-
tions. This was examined with the use of M-E analysis, and cost
effectiveness was investigated with the use of LCCA. M-E analysis
proves to be a very effective tool in analyzing the effect of the
complex interaction of traffic, climate, and materials deterioration

on pavement performance. The pavement engineer can compare the
cost of application of a series of preservation treatments or reha-
bilitation and preservation with the help of LCCA.

For the pavement structure analyzed in this study, extended
pavement preservation with HMA (EPP-HMA) was found to be
the most cost-effective M&R strategy. This finding may not hold
for another project in a different climate region and with different
traffic conditions, for which only project-specific M-E/LCC analy-
ses can help identify optimal M&R strategy for use on that project.
The major necessity and the benefit of integrating CalME and
LCCA is to determine the best economical strategy for a given
pavement segment.

Future work includes examining a combination of M&R strat-
egies by the batch mode (rather than testing one strategy at a time)
to optimize cost and performance. The effect of climate, traffic, and
subgrade conditions will be examined to determine how the M&R
strategies rank against one another in terms of their cost effective-
ness. Additional work will be performed next with the objective of
revising the decision trees for the various M&R strategies consid-
ered in this study. It is likely that in the future CalME the studies
will be used to provide recommended M&R strategies. CalME
performance predictions will be validated and recalibrated where
necessary by using PMS data. The method presented in the current
paper is only for project level optimization, and the authors have
plans to extend its applicability to a network level optimization.
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