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The Preventive Maintenance Concept Introduction 

INTROOUCTION 

About The Course 

This training course on Pavement Preservation: The Preventive Maintenance Concept provides 
an introduction to the concept of pavement preventive maintenance, including a description of 
currently available tools and technology that make the implementation of a pavement preventive 
maintenance program feasible. Targeting an audience of upper management and policy makers 
in highway agencies, the course focuses on the information needed to develop or improve a 
preventive maintenance program and illustrates the steps that five states have gone through in the 
development of their own preventive maintenance programs. Considerably less emphasis is 
given to the actual pavement preventive maintenance techniques themselves, although an 
extensive listing of pertinent references is provided for each technique. 

An accompanying Ref%-ence Manual has been prepared to serve as the technical basis for the 
course. This training course presents the information contained in that document in a series of six 
modules, each focusing on a specific topic: 

Module 1-Overview 
Module 2-Benefits and Challenges 
Module 3-Techniques 

<q-- Module 4--Cost Analyses 
Module 5--Case Studies 
Module &Implementing Preventive Maintenance as Part of a Pavement 

Preservation Program 

As part of the training course, a series of four workshops are conducted. These workshops 
underscore some of the key points of the presentation material and allow course participants the 
opportunity to work together to establish objectives and program components for their own 
preventive maintenance programs. 

Overall Course Objectives 

The overall objectives of this training course are: 

1. Become familiar with the concepts of a Pavement Preventive Maintenance program. 

2. Define potential pavement preventive maintenance techniques and materials. 

3. Describe the interrelationships between pavement management and PPM. 

4. Explain costbenefit concepts to decision makers. 
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About This Workbook 

This Participant's Workbook has been assembled to augment the formal presentations of the 
Pavement Preservation: The Preventive Maintenance Concept training course. It has been 
developed to assist participants in following the presentation of the course materials and to 
facilitate the comprehension of the information. However, it is not intended as a replacement for 
the technical reference manual, which provides more detailed information on the various course 
topics. 

This Participant's Workbook contains a section corresponding to each training session. These 
sections consist of the following items: 

0 Cross reference information to the applicable pages of the Reference Manual. 

A brief overview of the information to be presented in the session. 

An outline of the information to be presented. 

A list of review questions applicable to the session. 

A list of key references for additional information on the topic. 

a A reproduction of the presentation graphics used in the session, presented in two-column 
format to allow note-taking by the participants during the presentation. 

The above information is provided for each of the six training sessions. With these features, 
participants should have no trouble following along during the technical presentations and will 
more easily recognize the key discussion points of each session. To W h e r  aid the participant, a 
glossary of key technical terms used in the training course and in the Reference Manual is found 
at the end of the Participant's Workbook. 

Course Schedule 

This training course is intended to be completed over 2 days of instruction. A generic course 
schedule for this training course is found on the next page, based on starting the first day after 
lunch. This schedule provides the approximate starting and ending times for each session or 
workshop, as well as anticipated break and lunch times. The actual times for each of these will 
undoubtedly vary depending upon the flow of the course. 
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Pavement Preventive Maintenance Typical Course Schedule 
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Key Technical References 
m r .  

The Reference Manual serves as the primary source of information for this training course. It 
provides an excellent overview of pavement preventive maintenance concepts and pavement 
preventive maintenance techniques. In the development of that manual, the following key 
references were noted as being particularly usehl, and interested participants may wish to refer 
to these references for more detailed information: 

Asset MananementIPavement Management 

1. Federal Highway Administration (FHWA). 1997. Asset Management: Advancing the State 
of the Art Into the 21S' Century Through Public-Private Dialogue. FHWA-RD-97-046. 
Federal Highway Administration, Washington, DC. 

2. Federal Highway Administration (FHWA). 1996. Pavement Management Analysis Multi- 
Year Prioritization. Demonstration Project No. 108. FHWA-SA-97-07 1. Federal 
Highway Administration, Washington, DC. 

3. Zimmerman, K. A. and ERES Consultants, Inc. 1995. Pavement Management 
Methodologies to Select Projects and Recommend Preservation Treatments. NCHRP 
Synthesis of Highway Practice 222. Transportation Research Board, Washington, DC. 

Cost Analysis 

4. Peterson, D. E. 1985. Life-Cycle Cost Analysis of Pavements. NCHRP Synthesis of 
Highway Practice No. 122. Transportation Research Board, Washington, DC. 

5. Walls, J. and M. R. Smith. 1998. Lfie Cycle Cost Analysis in Pavement Desigdnter im 
Technical Bulletin. FHWA-$A-98-079. Federal Highway Administration, Washington, 
DC. 

Pavement Preventive Maintenance-Concepts and Implementation 

6.  Denehy, E. J. 1997. "Implementing New York State Department of Transportation's 
Pavement Preventive Maintenance Program." Transportation Research Record 1597. 
Transportation Research Board, Washington, DC. 

7. Galehouse, L. 1998. '%movative Concepts for Preventive Maintenance." Transportation 
Research Record 1627. Transportation Research Board, Washington, DC. 

8. Geoffrey, D. N. 1996. Cost-Eflective Preventive Pavement Maintenance. NCHRP 
Synthesis of Highway Practice 223. Transportation Research Board, Washington, DC. 

9. O'Brien, L. G. 1 989. Evolution and Benepts of Preventive Maintenance Strategies. 
NCHRP Synthesis of Highway Practice 153. Transportation Research Board, Washington, 
DC. &*UL 
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<&en 10. Shober, S. F. and D. A. Friedrichs. 1998. "Pavement Preservation Strategy." 
Transportation Research Record 1643. Transportation Research Board, Washington, DC. 

Pavement Preventive Maintenance-Flexible Pavement Treatments 

1 1. Asphalt Institute. 1996. Asphalt in Pavement Maintenance. Manual Series No. 16, Third 
Edition. Asphalt Institute, Lexington, KY. 

12. Asphalt Institute. 1997. A Basic Emulsion Manual. Manual Series No. 19, Third Edition. 
Asphalt Institute, Lexington, KY, and the Asphalt Emulsion Manufacturers Association, 
Annapolis, MD. 

13. Button, J. W., D. N. Little, and C. K. Estakhri. 1994. Hot In-Place Recycling ofAsphalt 
Concrete. NCHRP Synthesis of Highway Practice 193. Transportation Research Board, 
Washington, DC. 

14. Epps, J. A. 1990. Cold-Recycled Bituminous Concrete Using Bituminous Materials. 
NCHRP Synthesis of Highway Practice 160. Transportation Research Board, Washington, 
DC. 

1 5. Federal Highway Administration. 1995. Pavement Maintenance Effectiveness/ Innovative 
Materials Workshop-Participant 's Manual. FHWA-SA-96-007. Federal Highway 

Ah* Administration, Washington, DC. 

16. Federal Highway Administration. 1998. Techniques for Pavement Rehabilitation. 
Participants Manual. Federal Highway Administration, Washington, DC. 

17. Joseph, P. E. and G. J. Kennepohl 1996. "Crack Sealing in Flexible Pavements: A Life- 
Cycle Cost Analysis." Transportation Research Record 1529. Transportation Research 
Board, Washington, DC. 

18. Kandhal, P. S. and R. J. Mallick. 1997. Pavement Recycling Guidelines for State and 
Local Governments-Participants Reference Book. FHWA-SA-98-042. Federal Highway 
Administration, Washington, DC. 

19. Raza, H. 1992. An Overview of Surface Rehabilitation Techniques for Asphalt Pavements. 
FHWA-PD-92-008. Federal Highway Administration, Washington, DC. 

20. Raza, H. 1994a. State-of-the-Practice Design, Construction, and Performance of Micro- 
Surfacing. FHWA-SA-94-05 1 .  Federal Highway Administration, Washington, DC. 

2 1. Raza, H. 1994b. An Overview ofSu$ace Rehabilitation Techniques for Asphalt 
Pavements-Instructor 's Guide. FHWA-SA-94-074. Federal Highway Administration, 
Washington, DC. 

?I --. 
22. Smith, H. A. 1992. Performance Characteristics of Open-Graded Friction Courses. 

NCHRP Synthesis of Highway Practice 180. Transportation Research Board, Washington, 
DC. 
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23. Zaniewski, J. P. and M. S. Mamlouk. 1996. Preventive Maintenance Eflectiveness- 
Preventive Maintenance Treatments, Participant's Handbook. FHWA-SA-96-027. 
Federal Highway Administration, Washington, DC. 

Pavement Preventive Maintenance-Ri~d Pavement Treatments 

24. American Concrete Pavement Association. 1990. Diamond Grinding and Concrete 
Pavement Restoration 2000. Technical Bulletin TB-008.0 CPR. American Concrete 
Pavement Association, Arlington Heights, IL. 

25. American Concrete Pavement Association. 1993. Joint and Crack Sealing and Repair for 
Concrete Pavements. Technical Bulletin TB-012.0, American Concrete Pavement 
Association, Skokie, IL 

26. American Concrete Pavement Association. 1994. Slab Stabilkation Guidelines for 
Concrete Pavements. Technical Bulletin TB-0 18P. American Concrete Pavement 
Association, Skokie, IL. 

27. Federal Highway Administration. 1995. Pavement Maintenance Eflectiveness/Innovative 
Materials Wbrhhop-Participant 's Manual. FHWA-SA-96-007. Federal Highway 
Administration, Washington, DC. 

28. Federal Highway Administration. 1998. Techniquesfor Pavement Rehabilitation. 
Participants Manual. Federal Highway Administration, Washington, DC. 

29. Federal Highway Administration and American Concrete Pavement Association. 1998. 
Concrete Pavement Rehabilitation, Guide for Load Transfer Restoration. FHWA Report 
No. FHWA-SA-97-103, ACPA Report No. JP001P. Federal Highway Administration, 
Washington, DC, and American Concrete Pavement Association, Skokie, IL. 

30. McGhee, K. If. 1995. Design, Construction, and Maintenance of PCC Pavement Joints. 
NCHRP Synthesis of Highway Practice 2 1 1. Transportation Research Board, Washington, 
DC. 

3 1. Zaniewski, J. P. and M. S. Mamlouk. 1996. Preventive Maintenance Effectiveness- 
Preventive Maintenance Treatments, Participant's Handbook. FHWA-SA-96-027. 
Federal Highway Administration, Washington, DC. 

For More Information 

To obtain more information on this course, to request specific technical documents, publications, 
or computer software, or to secure additional information on a specific maintenance technique, 
interested participants may contact the following governmental, professional, and industry 
associations. 
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mwrr Course Schedulinq and Information Technical Information 

National Highway Institute Federal Highway Administration 

4600 North Fairfax Drive, Suite 800 Office of Asset Management 

Arlington, VA 22203 400 Seventh Street, S.W. 

(703) 235-0500 Washington, DC 20590 

http://www.nhi.fhwa.dot.gov (202) 366-1333 
http://www.fiwa.dot.gov 

Foundation for Pavement Preservation 

Foundation for Pavement Preservation (FPP) 

1200 1 9th Street, NW, Suite 300 

Washington, DC 20036 

(202) 429-5 146 

Publications 

AASHTO 

P.O. Box 967 16 

Washington, DC 20090-67 16 
+ *- (800) 23 1-3475 

http://www.aashto.org 

National Technical Information Service (NTIS) 

5285 Port Royal Road 

' Springfield, VA 22 16 1 

(703) 605-6000 

http://www.ntis.gov/index.html 

Transportation Research Board 

P.O. Box 289 

Washington, DC 20055 

(202) 334-32 13 

http:/lwww.nas.edu/trb/ (general) 

http://www2.nas.edultrbbooks (boobtore) 

Asphalt Pavement I ndustrv Associations 

Asphalt Emulsion Manufacturers Association (AEMA) Asphalt Institute 

3 Church Circle, Suite 250 Research Park Drive 

Annapolis, MD 2 1401 P.O. Box 14052 

(410) 267-0023 Lexington, KY 405 12 

http:l/www.aema.org (606) 288-4960 
http://www.asphaltinstitute.org 

Participant's Workbook 7 



Introduction The Preventive Maintenance Concept 

Asphalt Recycling and Reclaiming Association (ARRA) International Slurry Surfacing Association (ISSA) 

3 Church Circle, Suite 250 1200 1 9'h Street NW, Suite 300 

Annapolis, MD 2 140 1 Washington, DC 20036 

(4 10) 267-0023 (202) 857-1 160 

http://www.arra.org http://slurry.org [Note: does not include " w w ~ v ' ~  

National Asphalt Pavement Association (NAPA) 

NAPA Building 

5 100 Forbes Boulevard 

Lanham, MD 20706 

(301) 731-4748 

http://www.hotmix.org 

Concrete Pavement Industry Associations 

American Concrete Institute (ACI) 

P.O. Box 9094 

Farmington Hills, MI 48333-9094 

(248) 848-3800 

http://www.aci-int.org 

American Concrete Pavement Association (ACPA) 

5420 Old Orchard Road, Suite A100 

Skokie, IL 60077-1 083 

(847) 966-2272 

http://www.pavement.com 

Portland Cement Association (PCA) 

5420 Old Orchard Road 

Skokie, IL 60077-1 083 

(800) 868-6733 

http:i/www.portcement.org 

Professional Orqanizations 

American Society for Testing and Materials (ASTM) American Society of Civil Engineers (ASCE) 

100 Barr Harbor Drive , P.O. Box 79404 

West Conshohocken, PA 19428-2959 Baltimore, MD 2 1279-0404 

(610) 832-9585 (800) 548-2723 

http:/lwww.astm.org http://www.pubs.asce.org 

Other Web Sites 

AASHTO Innovative Highway Technologies 

http://leadstates.tamu.edu 

Course Developers 

Applied Pavement Technology, Inc. 

http://www.pavementsolutions.com 
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MOt>ULE 1 

OVERVIEW 
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The Preventive Maintenance Concept Module 1. Overview 

MODULE 1 
OVERVIEW 

v 

Cross Reference 

Reference Manual, Module 1, "Overview," pages 1-6. 

Overview 

This module provides an overview of pavement preventive maintenance. It is noted that the 
manual and the associated presentation are intended to provide to interested state highway 
agencies (SHAs) the currently available tools and technology that make the implementation of a 
pavement preventive maintenance program feasible. The objectives in developing these 
materials are to enable readers and participants in the training courses to accomplish the 
following: 

Become familiar with the concepts of a Pavement Preventive Maintenance (PPM) program. 
id,p- Define potential pavement preventive maintenance techniques and materials. 

Describe the interrelationships between pavement management and PPM. 
Explain costbenefit concepts to decision makers. 

Brief Outline 

Introduction 
Course Overview 
FHWA Initiatives 
Summary 

Review Questions 

1. What benefits are expected to be derived from timely pavement maintenance? 
2. What is meant by the saying "there are no ribbon cuttings for pavement maintenance"? 
3. What is the current FHWA initiative in preventive maintenance? 
4. What is asset management? What are the FHWA objectives in asset management? 

Key References 

American Association of State Highway and Transportation Officials (AASHTO). 1987. 
,daw - AASHTO Maintenance Manual. American Association of State Highway and Transportation 

Officials. Washington, DC 
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Federal Highway Administration (FHWA). 1995. Pavement Maintenance Effectiveness/ 
Innovative Materials Workshop. FHWA-SA-96-007. Federal Highway Administration, xw.*b 

Washington, DC. 

FHWA. 1997. Asset Management. Advancing the State of the Art Into the 2lS* Century Through 
Public-Private Dialogue. FHWA-RD-97-046. Federal Highway Administration, Washington, 
DC. 

Geoffrey, D. N. 1996. Cost-Effective Preventive Pavement Maintenance. NCHRP Synthesis of 
Highway Practice 223. Transportation Research Board, Washington, DC. 

O'Brien, L. G. 1989. Evolution and Benefits of Preventive Maintenance Strategies. NCHRP 
Synthesis of Highway Practice 153. Transportation Research Board, Washington, DC. 
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P.~*.~ Presentation Graphics 

Slide 
I 

Slide 
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Pavement Preservation: 
The Preventive 
Maintenance Concept 

7 m Q  - - 
NaUonal Highway Federal Highway Foundallon for 

Institute Admlnlsbs(1on Pavement Pnservalion 

Introductions 

Course Format 

Lecture/Discussion 
Workshops 
Protocol 
-Informal 
-Questions are encouraged 
-Class participation is essential 
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Slide 
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Slide 
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Slide 
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Module 1 

Overview 

Course Objectives 

Explain components of a Pavement 
Preventive Maintenance program 
Define techniques and materials 
Describe relationships between 
pavement management and PPM 
Explain costlbenefit concepts 

> 

Course Objectives (cont'd) 

Not meant to serve as a guide to 
preventive maintenance techniques 
Rather, focus is on how to implement or 
improve a preventive maintenance 
program 

. 
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Slide 
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Future Direction 

As we move towards fhe 2lst century, it is 
clear that the Federal-Aid highway program is 
undergoing a signifcant transition from its 
originalfonts on new construction to that of , 

preservation of the highway system. 

- FHWA Program Development Office 

b 

Importance of Preventive 
Maintenance 

Maintenance has always had a role 
Focus is no longer on new construction 
but on preserving the existing system 
Preventive maintenance plays an 
essential role in this preservation 
We can't afford to keep doing things the 
same way 

The Concept of Preventive 
Maintenance 

Excellent 51.00 for preventive 

maintenance here . . . 
E - - Delays spending j 

Failed 
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Siide 
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Common Perceptions o f  
Preventive Maintenance 

Valued activity 
Benefits are often poorly defined 
Not exciting or glamorous 
-"There are no ribbon cuttings for 

pavement maintenance" 
Funding levels fluctuate 

Course Modules 
Module 1. Overview 

Module 2. Benefits and Challenges 

Module 3. Techniques 

Module 4. Cost Analyses 

Slide 
12 

( Course Modules (cont'd) I 
I Module 5. Case Studies 

Module 6, Implementing Preventive 
Maintenance as Part of a Pavement 
Preservation Program 

I Module 7.  Workshops I 
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Slide 
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Related FHWA Initiatives 

Preventive Maintenance 
Maintenance Effectiveness 
Maintenance Materials 
QCIQA in Maintenance 
Asset Management 

Slide 
14 

Summary 

The benefits of preventive maintenance 
are being recognized 
FHWA and industry are now promoting 
benefits 
This course focuses on implementation 
of a PPM program 
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NOTES 
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MODULE 2 

BENEFITS ANO' CHALLENGES 
4 
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MODULE 2 
BENEFITS AND CHALLENGES 

Cross Reference 

Reference Manual, Module 2, "Benefits and Challenges," pages 7-28. 

Overview 

This module reviews basic information about pavement maintenance and provides background 
information on preventive maintenance. The terminology associated with preventive 
maintenance is introduced and several definitions are presented. An overview of the advantages 
of a preventive maintenance program, both conceptually and as actually realized, is presented. 
Finally, the barriers to implementation of a pavement preventive maintenance program are also 
reviewed. 

Brief Outline 
,QY.> 

Introduction 
Defining Pavement Preventive Maintenance 
Goals of a Pavement Preventive Maintenance Program 
Current Funding Status 
Challenges 
Summary 

Review Questions 

1. Define "pavement preventive maintenance." How is it different from routine or reactive 
maintenance? 

2. What is pavement preservation? What activities are included in pavement preservation? 
3. List some of the benefits associated with preventive maintenance. 
4. How is maintenance viewed in the latest Federal highway legislation (TEA-2 l)? 
5. What are some challenges facing pavement preventive maintenance programs? 

Key References 

American Association of State Highway and Transportation Officials (AASHTO). 1998. 
AASHTO Strategic Highway Safety Plan - A  Comprehensive Plan to Substantially Reduce 

,> , $-- Vehicle-Related Facilities and Injuries on the Nation "sighways. AASWTO, Washington, DC. 
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AASHTO. 1993. Guidefor Design of Pavement Structures. AASHTO, Washington, DC. 
rPP ii 

AASHTO. 1987. Maintenance Manual. AASHTO, Washington, DC. 

Clark, R. Integrating Maintenance and Pavement Management. Presentation at the Forum for 
the Future, Kansas City, MO, October 26-28, 1998. 

Denehy, E. J. 1997. "Implementing New York State Department of Transportation's Pavement 
Preventive Maintenance Program." Transportation Research Record 1597, Transportation 
Research Board, Washington, DC. 

Federal Highway Administration (FHWA). 1995a. A Report on the Evaluation of Maintenance 
and the Use of Preventive Maintenance on the Interstate System. OPR96-01. Federal Highway 
Administration, Washington, DC. 

FHWA. 1995b. Pavement Maintenance Effectiveness/ Innovative Materials Workshop- 
Participant 's Manual. FHWA-SA-96-007. Federal Highway Administration, Washington, DC. 

FHWA. 1996. Pavement Management Analysis Multi-Year Prioritization. Demonstration 
Project No. 108. FHWA-SA-97-07 1. Federal Highway Administration. Washington, DC. 

FHWA. 1999. Pavement Preservation: A Road Mapfir the Future. FHWA-SA-99-015. 
Forum held October 26-28, 1998, Kansas City, MO. 

Galehouse, L. 1998. "Innovative Concepts for Preventive Maintenance." Transportalion 
Research Record 1627. Transportation Research Board, Washington, DC. 

Geoffioy, D. N. 1996. NCHRP Synthesis of Highway Practice 223: Cost Effective Preventive 
Pavement Maintenance. Transportation Research Board, Washington, DC. 

. O'Brien, L. G. 1989. NCHRP Synthesis of Highway Practice 153: Evolution and Benefits of 
Preventive Maintenance Strategies. Transportation Research Board, Washington, DC. 

Zaniewski, J. P. and M. S. Mamlouk. 1996. Preventive Maintenance Eflectiveness-Preventive 
Maintenance Treatments, Participant 's Handbook. FHWA-SA-96-027. Federal Highway 
Administration, Washington, DC. 
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Presentation Graphics 
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Module 2 

Benefits and 
Challenges 

Learning Objectives 

I Become familiar with terminology 
I Describe advantages of PPM 
I Understand TEA-21 legislation 

' I Identify barriers to implementation 

Issues 

I What is pavement preventive maintenance? 
I How does it differ from other pavement 

preservation activities? 
I When should it be applied? 
I Is it effective? 
I I f  so, then why isn't everyone doing it? 
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Definitions 

I Pavement preservation 
I Pavement rehabilitation 
I Pavement reconstruction 

Routine Maintenance 

I Reactive in nature (not planned) 
I Performed on pavements that are failing 
I Does not contribute to long-term 

performance 
4 Often performed under harsh conditions 
I Repairs perform poorty 

Preventive Maintenance 

A program strategy intended to arrest light 
deterioration, retard progressive failures, and 
reduce the need for routine maintenance and 
service activities. 

- Louis O'Brien (NCHRP 153) 
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Preventive Maintenance 

An organized, systematic process for applying a 
series ofpreventive maintenance treatments 
over the life of the pavement to minimize life- 
cycle costs. 

- Don Geoffroy (NCHRP 223) 

Preventive Maintenance 

Theplanned strategv o f  cost e f i t i v e  treatments 
to an existing roadway system and its 
appurtenances that preserves the system, 
retardsfuture deterioration, and maintains or 
improves thefunctional condition of the system 
(without increasing structural capaci&). 

- AASHTO's Standing Committee on Highways 
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Philosophy of Preventive 
Maintenance 

Applying the right treatment 4 
. . . To the right pavement 

. . . At the right time 

I 
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Challenges 

I Safety issues 
I Americans with Disabilities Act (ADA) 
I Training to wrong people 
I Restructuring within agencies to 

implement preventive maintenance 

Module 2. Benefits and Challenges The Preventive Maintenance Concept 
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Benefits of a Preventive 
Maintenance Program 

I Higher customer satisfaction 
I Better informed decisions 
I Improved strategies and techniques 
I Improved pavement condition 
I Costs savings 
I Increased safety 

I 

Customer Satisfaction 

I Roads exist to serve the traveling public 
I Decisions should be made to improve 

customer satisfaction 
I Roads are merely a product 

A PPM prqqram should focus on 
customer sattsfactton 

I 
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NQI Survey o f  Users 

I Moderate level of satisfaction with 
highway system 

I Considerable opportunity to improve 
customer satisfaction 
I Prefer permanent over temporary repairs 
I Complete construction in a timely fashion 

Washington State Survey 

I Roadway surface maintenance is the 
highest priority maintenance activity 

I Public is willing to pay more: 
t to achieve desired levels of maintenance 
I to reduce future costs 

Arizona Survey 

I #1 priority: safety (85 %) 
I #2 priority: preservation (74 YO) 
I Over 60 */o would be willing to pay more 

taxes to improve maintenance .service 
levels 
I 90 O/O would be willing to spend more 

now to save money in the long term 
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California Survey 

I Ranking of public priorities 
I Maintenance response to accidentsldisasters 
I Safety 
I Pavement conditions 
I Traffic flow 

Better Informed Decisions 

I Program relies on proper treatment 
selection and treatment timing 
I Need information to make decisions 
I Successful programs have been integrated 

with PMS 

r 

Use of PMS Information 

50 

7 40 
¶ 
b ; 30 

F : 20 

: 10 . 
0 

r.i,., I.., I.C C..* E...II."1 

Condttuen R o t l a g  (PCI) 

4 

28 Participant's Workbook 



The Preventive Maintenance Concept Module 2. Benefits and Chalienges 

Slide 
19 

Slide 
20 

Slide 
2 1 

Montana's Experience 

I Began integration with PMS in 1992 
I Use PMS data to identify maintenance 

needs (increased funding from $2 to $13 
million) 
I Provide feedback into PMS database 

I Track location, type, and cost of treatment 
I Helps to identify cost effectiveness 

PMS a PPM 

Continuous Improvement of 
Strategies and Techniques 

I Develop new and improved treatments 
I Correct observed deficiencies in existing 

protocols 
I Apply treatments while pavement is still 

in good condition 
I Minimize traffic disruptions 

Improved Pavement 
Condition 

I Preventive maintenance helps to 
preserve a pavement and extend its 
performance 
I Overall condition of network improves 
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Effect of Preventive 
Maintenance 
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Cost Savings 

I Most persuasive argument for shifting to 
preventive maintenance strategies 
I Forms of cost savings 
I Less expensive treatments 
I Longer pavement life 
I Reduction of user delay costs 

Cost Comparison of Options 

I Preventive maintenance: $ 10,270 
B Rehabilitation: $ 45,570 
I Reconstruction: $ 574,000 

Costs obtained from City of Bedford 
(Texas) on a per-lane mile basis 

I 

Reported Cost Savings 

I Michigan 
I Initial preventive maintenance costs 14 times 

less than rehabilitation or reconstruction 
1 $700 million savings from 1992 to 1996 
I Overall LCCA appears to be 6:l 

I California 
1 4: 1 to 6: 1 overall cost benefit with preventive 

maintenance treatments 

A 
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Increased Saf eiy 

I Safety is the #1 priority of users 
I Explicit benefits 
I Improved surface friction 
l Fewer defects 

I Implicit benefits 
I Better pavement condition 
I Fewer and less disruptive repairs 

Additional Benefits of 
Preventive Maintenance 

I Agencies have a stable budget 
I Agencies have stable workforce 
I Contractors have stable workforce 
I Not affected by upswings and 

downswings 

Current Funding Status 

I In the past, eligibility for Federal funding 
required that the pavement be improved 
structu ra l ly 
I Recent highway bills have changed the 

way preventive maintenance is funded 
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ISTEA 

I First highway bill to allow Federal funds 
for preventive maintenance activities 
I Restrictions 
I Demonstrate that treatments are a cost- 

effective means of extending pavement life 
I Projects must address safety deficiencies 

Has not become a widespread practice 

TEA-21 

I Barriers have been removed 
I Greater flexibility to address 

n safety concerns 

2 1 More funding with fewer strings 
attached 

I Federal funding increased to 
80 percent 

The Federal Government is encouraging 
preventive maintenance programs 

Challenges t o  Implementation 

I Agencies that have implemented a 
preventive maintenance program report 
extremely positive results. 
I Why isn't everyone doing it? 
I Barriers, both real and perceiv ed... 
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Public Perceptions 

I Public averse to steering maintenance 
dollars toward pavements in good condition 
I Agencies more likely to receive complaints 

about specific defects than overall network 
I Need to educate the public about new 

philosophy 

Management Perceptions 

I Need commitment from management to 
succeed 

I Maintenance not traditionally given a high 
priority 
I Need to create awareness of benefits 
I Personnel changes disrupt continuity 

Research Needs 

I More data are needed to support the 
advantages of preventive maintenance 
I Treatment timing 
I What treatments are appropriate 
I Life extension gained 
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Training 

I Confusion exists about what preventive 
maintenance is and how best to apply it 
I Prwious training efforts have focused on 

different aspects 
I Specific materials 
I Specific methods 

I This course is a starting point 

Data Management 

I Historically, perFormance monitoring only 
done as part of research projects 
I Must become a standard practice of 

highway agencies 
I Could be incorporated in pavement 

management system 

Dedicated Funding Challenges 

I Preventive maintenance programs are 
particularly susceptible to funding 
variability 
I Makes it difficult to project long-term 

benefits of the program 
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Safety Issues 

I TEA-21 requires the development of a 
plan to address safety issues 

I Should not affect decisions for preventive 
maintenance (need to address safety 
anyway) 

Summary 

B Anticipated benefits 
I Higher customer satisfaction 
I Better informed decisions 
I Improved strategies and techniques 
I Improved pavement condition 
I Cost savings 
I Increased safety 
I Stability 

Summary (cont'd) 

I Challenges are widespread 
I Public perception 
I Management perception 
I Shortage of applicable research 
I Absence of relevant training 
I Poor data tracking 
I Dedicated funding 
I Safety 
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MODULE 3 
TECHNIQUES 
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Cross Reference 

Reference Manual, Module 3, "Techniques," pages 29-86. 

Overview 

This module describes the most commonly used pavement maintenance techniques and provides 
information regarding their use and application, performance, and costs. The pavement 
maintenance techniques are presented for both AC pavement surfaces (including composite 
[ACIPCC] pavements) and PCC pavement surfaces. The purpose is to familiarize the reader with 
the techniques without getting into details regarding design and construction. 

Brief Outline 

*& Introduction 
AC-Surfaced Distresses 

Crack Filling/Crack Sealing 
Fog Seals 
Sluny Seals 
Microsurfacing 
Chip Seals 
Cold In-Place Recycling (CIR) 
Hot In-Place Recycling (HIR) 
Milling 
Thin Hot-Mix Asphalt (HMA) Overlays 
Maintenance of Drainage Features 

PCC-Surfaced Distresses 
Joint Resealing 
Crack Sealing 
Diamond GrindinglDiamond Grooving 
Undersealing 
Joint Spall Repair 
Full-Depth Repair 
Load Transfer Restoration 
Maintenance of Drainage Features 

Selection of Preventive Maintenance Treatments 
a< * Timing of Preventive Maintenance Treatment 
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Review Questions 

What is the distinction between slurry seals and microsurfacing? When is each appropriate to 
use? 
What benefits are provided by chip seals? What are the differences between chip seals, sand 
seals, cape seals, and sandwich seal? 
Differentiate between cold in-place recycling and hot in-place recycling. 
What advantages are offered by an open-graded friction course? 
How are diamond grinding and diamond grooving different? 
When might load transfer restoration be considered in preventive maintenance? 
List some of the benefits associated with preventive maintenance. 
What steps are recommended for the selection of maintenance treatments? 

Key References 

American Concrete Pavement Association (ACPA). 1990. Diamond Grinding and Concrete 
Pavement Restoration 2000. Technical Bulletin TB-008.0 CPR. American Concrete Pavement 
Association, Arlington Heights, IL. 

American Concrete Pavement Association (ACPA). 1994. Slab Stabilization Guidelines for 
Concrete Pavements. Technical Bulletin TB-0 18P. American Concrete Pavement Association, 
Skokie, IL. 

Asphalt Institute (AI). 1996. Asphalt in Pavement Maintenance. Manual Series No. 16, Third 
Edition. Asphalt Institute, Lexington, KY. 

Asphalt Institute (AI). 1997. A Basic Emulsion Manual. Manual Series No. 19, Third Edition. 
Asphalt Institute, Lexington, KY, and the Asphalt Emulsion Manufacturers Association, 
Annapolis, MD. 

Button, J. W., D. N. Little, and C. K. Estakhri. 1994. Hot In-Place Recycling ofAsphalt 
Concrete. NCHRP Synthesis of Highway Practice 193. Transportation Research Board, 
Washington, DC. 

Epps, J. A. 1990. Cold-Recycled Bituminous Concrete Using Bituminous Materials. NCHRP 
Synthesis of Highway Practice 160. Transportation Research Board, Washington, DC. 

Evans, L. D. and A. R. Romine. 1993. Innovative Materials Development and Testing, Volume 
4: Joint Seal Repair. SHRP-H-355. Strategic Highway Research Program, Washington, DC. 

Federal Highway Administration (FHWA). 1990. Open Graded Friction Courses. Technical 
Advisory T 5040.3 1. Federal Highway Administration, Washington, DC. 

Federal Highway Administration (FH WA). 1 995. Pavement Maintenance Effectiveness/ 
Innovative Materials Workshop- Participant 's Manual. FHWA-SA-96-007. Federal Highway 
Administration, Washington, DC. 

40 Participant's Workbook 



The Preventive Maintenance Concept Module 3. Techniques 

Federal Highway Administration (FHWA). 1998. Techniques for Pavement Rehabilitation. 
, . Participants Manual. Federal Highway Administration, Washington, DC. 

Federal Highway Administration (FHWA) and American Concrete Pavement Association 
(ACPA). 1998. Concrete Pavement Rehabilitation, Guide for Load Transfer Restoration. 
FHWA Report No. FHHA-SA-97-103, ACPA Report No. JP001P. Federal Highway 
Administration, Washington, DC, and American Concrete Pavement Association, Skokie, IL. 

Geoffroy, D. N. 1996. Cost-Efective Preventive Pavement Maintenance. NCHRP Synthesis of 
Highway Practice 223. Transportation Research Board, Washington, DC. 

Kandhal, P. S. and R. J. Mallick. 1997. Pavement Recycling Guidelines for State and Local 
Governments-Participants Reference Book. FHWA-SA-98-042. Federal Highway 
Administration, Washington, DC. 

Pierce, L. M. "Design, Construction, Performance, and Future Direction of Dowel Bar Retrofit 
in Washington State." Proceedings, Sixth International Purdue Conference on Concrete 
Pavement Design and Materials for High Peflormance. Purdue University, West Lafayette, IN. 

Raza, H. 1992. An Overview of Surface Rehabilitation Techniques for Asphalt Pavements. 
FHWA-PD-92-008. Federal Highway Administration, Washington, DC. 

t+ 1111 Raza, H. 1994a. State-of-the-Practice Design, Construction, and Performance of Micro- 
Surfacing. FHWA-SA-94-05 1. Federal Highway Administration, Washington, DC. 

Shober, S. F. 1997. "The Great Unsealing: A Perspective on Portland Cement Concrete Joint 
Sealing." Transportation Research Record 1597. Transportation Research Board, Washington, 
DC. 

Shuler, S. 199 1. "High-Traffic Chip Seal Construction: The Tulsa Test Road." Transportation 
Research Record 1300. Transportation Research Board, Washington, DC. 

Smith, H. A. 1992. Performance Characteristics ofopen-Graded Friction Courses. NCHRP 
Synthesis of Highway Practice 180. Transportation Research Board, Washington, DC. 

Smith, K. L. and A. R. Romine. 1993. Innovative Materials Development and Testing, Volume 
3: Treatment of Cracks in Asphalt Concrete Surfaced Pavements. SHRP-H-354. Strategic 
Highway Research Program, Washington, DC. 

Stuart, K. D. 1992. Stone Mastic Asphalt (W) Mixture Desigu. FHWA-RD-92-006. Federal 
Highway Administration, Washington, DC. 

Zaniewski, J. P. and M. S. Marnlouk. 1996. Preventive Maintenance Efectiveness-Preventive 
X* - Maintenance Treatments, Participant's Handbook. FHWA-SA-96-027. Federal Highway 

Administration, Washington, DC. 
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,A - Presentation Graphics and Instructor Notes 
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Module 3 
Techniques 

Learning Objectives 

+ Become familiar with preventive 
maintenance techniques 
4 AC-surfaced pavements 
4 PCC-surfaced pavements 

+ Understand selection process 

Will not get into design and - 

construction details 

Benefits o f  Preventive 
Muin tenance Peatmen ts 

* Retard future deterioration 
+ Maintain or improve the functional 

condition of the pavement system 
+ Preserve the pavement system and 

extend the life 

But no structural improvement 
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Techniques for 
AC-Surfaced Pavemen ts 

+ Maintenance of + Chip seals 
drainage features + cold in-place recycling 

+ Crack fillinglsealing + ~ o t  in-place recycling 
+ Fog seals + Milling 
+ Slurry seals + Thin HMA overlays 
+ Microsurfacing 

Techniques fur 
PCC-Sur faced Pavements 

4 Joint resealing 
4 Crack sealing 
+ Diamond grindinglgrooving 
4 Undersealing 
+ Joint spall (partial-depth) repair 
+ Full-depth repair 
4 Load transfer restoration 
4 Maintenance of drainage features 

Other Treatment. 

Do you use 
treatments 
other than 

those 
listed? w -  
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Techniques for 
A C-Sur faced Pa vemen'ts 

Crack Treatmenfs 

+ Crack Filling 
Lower level operation with 
lower quality sealant and 
little preparation 

+Applicable only to non- 
working cracks 

Crack Sealing 
Higher level operation with higher quality 
sealant and more preparation 
Working cracks 

Slide 
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P/acemen t Con f @ura tions 

ELI Flush-Fill ED Overbaod 

I 

Reservo~r El Comb~nation 
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Performance of Crack 
Fi//ing 

+ Performance life 
+ Not well established 
+ New York reports an average of 2 years 

+ Timing 
+ Temperature not as critical 
+ Often conducted prior to surface remediation 

Performance of Crack 
Seoling 

4 Performance life 
+Average life of 3 to 5 years 
+ Ontario and New York report 5 to 6 years 

(pavement life extension of about 2 years) 
+ SPS-3 results suggest 6 to 8 years 

4 Timing 
+ Moderate temperatures (spring or fall) 
+ Most effective if performed right after cracks 

develop 

Cost of Crock 
Trea tmen ts 

* Material costs, $/kg ($lib) 
+ Rubberized asphalt: 0.60 - 2.25 (0.27 - 0.57) 
+ Low modulus rubberized asphalt: 1.30 - 1.60 

(0.59 - 0.73) 
4 Silicone: 8.50 - 11.80 (3.86 - 5.36) 

+ Installation costs are about $1.00 to $1.50 
per meter ($0.90 to $1.40 per yard) for 
most rubberized asphalt materials 
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Surface Treatments 

4 Fog Seals 
4 Slurry Seals 
4 Microsurfacing 
4 Chip Seals 
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Fog Sea/s 
+ Light application of diluted, 

slow-setting asphalt emulsion 
without aggregate cover 

+ Purpose 
4 Seal the pavement 
+ Inhibit raveling 
4 Enrich hardenedloxidized asphalt 
+ Provide delineation with shoulder 

+ For pavements in good condition 
+ Not recommended on high-speed roadways 

t 

Performance of  Fog Seals 

4 Most effective on pavements in good 
condition 
4 Minor cracks 
+ Some ravel~ng or ox~dation 

4 Performance life is typically I to 2 years 
4 Effectiveness improves with repeated 

applications 
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Slurry Seal.. 

+ Mixture of materials 
+ Well-graded fine 

aggregate + Purpose + Mineral filler (if 
needed) + Stop raveling and 

loss of matrix + Slow-setting asphalt 
emulsion + Reduce potential for 

stripping + Thicknesses of 3 to + Improve surface 
12 rnm (0.12 to 0.5 in) friction 

Types of Slurry Sea/. 
Max. Agg. 

Type Size, rnm (in) Purpose 

I 3.2 (0.12) Seal cracks on low 
volume roads 

I I 6.4 (0.25) Correct ravelingloxidation 
on low to medium roads 

111 9.5 (0.38) Fill minor surface irregularities 
and restore fridion 

Aggregate Flow Gate 

Aggregate Conveyor Be11 
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Schema tic of Slurry 
Equipment 

+ The slide is a schematic of the slurry 
seal equipment showing key materials 
mixing and placement components. 

4 The materials are combined into a 
homogenous mix within the truck and 
placed in a thin layer on the pavement. 

Photo o f  Slurry Equipment 

+ This photograph shows the equipment 
in operation. 

+ Note the thin material placement. 
+ The slurry is brown until it breaks and 

turns black. 

Performance of  
Slurry Seuls 

4 Typical life of 3 to 5 years 
+ Findings of SPS-3 study 

Reduce development of cracking and 
raveling 

+ Perform better in warmer climates 
4 Perform best on pavements in good 

condition 
+ Reflective cracks appear after 1 year 
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M icrosur facing 

+ Mixture of 
materials 
+ Polymer-modified 

emulsion binder + Purpose 
+ High-quality + Improve surface friction 

aggregates + Fill rutslminor surface 
+ Thicknesses of 10 irregularities 

to 20 mm (0.4 to + Seal pavement surface 
0.8 in) + Open to traffic in I hour 

Schemafic of 
Microsurfacing EquIIpment 

+ The slide is a schematic of the 
microsurfacing equipment showing key 
materials mixing and placement 
components. 

4 This specialized equipment is similar to 
the sfuny seal equipment. 

Photo of Microsurfacing 
Equ/;dment 

+ This photo shows the microsurfacing 
equipment in action. 
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Performance o f  
M icrosur facing 

+ Typically provides service lives of 4 to 7 
years 
+ Effective in rut filling applications 
+ Provides high initial frict~on values that are 

maintained 
6 Delays development of reflection cracking when 

underlying cracks are inactive 

+ Effective on both low and high volume 
roadways 

Chip Seals 

+ Application of asphalt and aggregate chips 
rolled into pavement 

+ Purpose 
+Seal the pavement 
+ Improve surface friction 
4 Wearing course 

+ Some recent application on high-volume 
roads 

Types of Ch$ Seals 

+ Conventional chip seals 
+ Rubberized asphalt chip seals 
+ Sand seals 
+ Sandwich seals 
+ Cape seals 

Can be placed in two or more consecutive layers 
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Application of Chip Seal. 

Pneumatic-Tired 
Rolling 

Application o f  
Aggregate 

Application of 
Asphalt or Emulsion 

Single Chip Seal Existing AC 
Double Chip Seol Pavement 

Chip Seal Operotion 

4 Photo of chip seal operation. 
4 In this photo, the chips are being rolled 

to embed the aggregate 
+ Some agencies also broom after rolling 

and before traffic. 

Performance of 
Chip Seols 

+ Typical performance life of 4 to 7 years 
4 Multiple chip seals can increase life (may 

provide up to 10 years of service) 
+ SPS-3 study shows chip seals performing 

well after 5 years 

52 Participant's Workbook 



The Preventive Maintenance Concept Module 3. Techniques 

Slide 
3 1 

Slide 
32 

Slide 
3 3 

Cost Compurison o f  
Surface Peatmenfs 

Treatment Life, years Cost, $/m2 ($lyd2) 
Fog seal 1 - 2 0.24 - 0.30 (0.20 - 0.25) 
Slurry seal 3 - 5 0.84 - 1 . I4  (0.70 - 0.95) 

Chip seal 4 - 7  0.96-1.32(0.80-1.10) 
Microsurfacing 4 - 7 1.50 - 2.40 (1.25 - 2.00) 

F 

Recyc/ing T~ea tmen ts 

4 Cold In-Place Recycling 
4 Hot In-Place Recycling 

Cold In-Place 
Recycling (CIR) 

4 Process in which 
+ Portion of exlstlng AC pavement is milled 
+ Reclaimed material is sized and mixed with new 

bnder, add~tives, and sometimes v~rgin aggregate 
+ Remixed material is placed back on the pavement 
+ New wearing course placed later 

4 Construction options: 
+ Single machine process 
+ Single-pass equipment train 

b 
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Purpose o f  CIR 

+ Improves profile, crown, and slope 
+ Corrects surface distresses 
+ Reworks AC to depth of 50 to 100 mm 

(2 to 4 in) 
+ Mostly used on lower volume roadways 

(<10,000 ADT) 

Schematic of Single 
Recycling Machine 

+ This schematic shows the material 
handling in a single pass machine 

4 This equipment is highly maneuverable. 

1 

Schematic o f  Single Pass 
Equ@rnen t Train 

+ The pavement is milled, sized, remixed, 
and placed in a single long equipment 
train. 
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Pho to of Cold In-Place 
Recycling Ebuipmen t Train 

The train includes, from left to right: 

Milling machine 
Crusher 
Mixer 
Emulsion Tanker 

- 

Performance o f  CIR 

+ Performance of CIR generally between 5 
and 10 years 
4 New Mexico reports excellent performance 

after 10 years 
4 Maine reports no reflective cracking after 3 

years 
4 Indiana reports less distress and greater 

support than control section after 5 years 
No information on effect of treatment on 
pavement service life 

Ho t In-P lace 
Recycling (HIR) 

Process in which the upper 25 to 50 rnm (1 to 2 
in) of the existing pavement is heated, mixed 
with a recycling agent (and perhaps virgin 
materials), and relaid on the pavement 
Addresses surface distresses such its: 
* Corrugations 
+ Bleeding 
* Minor cracking 

Low surface fr~ction 
t Ruttins 
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A vai/ab/e HZ? Techniques 

+ Heater-scarification 

+ Repaving 

4 Remixing 

. 

PROPM 

RUUBEAnRfD 
ROLLER 

Photo o f  Heafer Scarifier 

4 In foreground is scarifier with spring- 
loaded teeth. 

+ Behind the scarifier can be seen the 
heater. 

i 
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Schema tic of  Repaving 
Process 

+ Steps include 
+ Heat~ng 

Milling or scarification 

4 Remixing 

4 Construction of an overlay 

Photo of Repoving Process 

4 Single-pass equipment train 

4 Placement is occurring in the lower left 
and the operation is moving to the right. 
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Schematic of Remixing 
Process 

4 Milllscarify existing surface. 

+ Add virgin mix or rejuvenator. 

+ Replace material as a surface course. 
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Surface Remixing 
Equ/;bmen t 

The photo shows surface remixing 

equipment in operation. 

Drum Mix Recycling 

This photo shows a drum mix 
operation in which all of the existing 
materials are combined with about 4% 
new materials. Up to 2 inches of 
material may be removed. 

58 Participant's Workbook 



The Preventive Maintenance Concept Module 3. Techniques 

Slide 
49 

Slide 
50 

Performance of HIR 

+ Some variability in service life 
depending on operation 
+ Heater-scarification: 3 to 5 years 
+ Repaving: 8 to 12 years 
+ Remixing: not yet establ~shed 

+ Pavement must be at least 75 mm (3 in) 
thick and must have stable base and 
subgrade 

Slide 
5 1 Cost o f  Recyc/ing 

Techniques 
+ Cold in-place recycling 

+ 25 mm (1 in) deep. $0 961m2($0 801ydZ) 

+ 75 mm (3 ~ n )  deep $2 001m2 ($1 671yd2) 

+ Hot in-place recycling (upper 25 mm [I 11-11) 
+ Heater-scarify. $0.90-$1.611m* ($0.75-$1.35/yd2) 

+ Repavtng $1 30-$2 401mZ ($1.2542 001yd2) 

+ Remixing $2 39-$3 90/m2 ($2 00-$3.251yd2) 

' 
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Cold Milling 
* Removal of pavement surface using carbide- 

tipped cutting bits 

+ Purpose 
+ Restore profiles and slopes 
+ Reestablish surface friction 

Remove layer for recycling 
+ Prepare for an overlay 

Triple 
Wrap 
Mi//ing 
Head 

Slide 
54 
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Performance and Costs 
of Cold Mi//iing 

+ Integral part of many overlay projects and 
most recycling projects 

+ Cold-milled surface can last 3 to 7 years 
+ Typical costs range from $0.60 to $3.60 

per rn2 ($0.50 to $3.00 per yd2) 

Tnin HMA Over/ays 

+ Thin (19 to 38 mm) plant mixtures of 
asphalt cement and aggregate 
+ Dense Graded 
6 Open Graded (OGFC) 
+ Stone Matrix Asphalt 

+ Purpose 
+ Restore rideability 
+ Improve surface fnction 

Reduce hydroplaning and tire splash (OGFC) 
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6radations 

rn Dense-Graded rn Open-Graded 

M 
Gap-Graded for SMA 

Performance o f  Thin 
#MA Over/uys 

4 Dense-graded HMA 
+ Widely varying service lives (5 to 10 years) 
4 Pavement must be in relatively good condition 

4 Open-graded friction course 
+ 8 to 12 years 
+ May be more susceptible to stripping 

+ Stone matrix asphalt 
+ No long-term performance data 
+ Short-term results show increased resistance 

to cracking, rutting 

Costs of Thin HMA 
Over/uys 

+ Dense-graded HMA 
+ $28 - $34 per Mg ($31 to $38 per ton) 

$2.03 - $2.63 per m2 ($1.70 - $2.20 per yd2) 

+ Opengraded friction course 
$39 - $40 per Mg ($43 - $44 per ton) 

4 $1.50 - $1.70 per rn2 ($1.25 - $1.42 per yd2) 

4 Stone matrix asphalt 
+ 20 to 40 % greater than dense-graded HMA 
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Maintenance o f  
Drainage Features 

+Applicable to both AC and PCC 
+ Any activity that will improve drainability 

of pavement section 
t Install and maintain reference markers 
t Clear debris from outlets and culverts 
t Inspect edge drain pipes 
t Flush and rod edge drain system 
t Clean ditches and re-establish grades 
t Restore cross slopes 

Drainage Recommendations 

+ Pavement cross slope 2 2  % 
+ Shoulder cross slope 2 3 % 
4 Slope of ditches 4:l  max 
+Width of ditches 0.9 - 1.2 m 
+ Depth of ditches 2 1.2m 
+ Grade of ditchline 2 1  % 
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Performance of Drainage 
Main tenance 

+ Depending on activity and exposure 
conditions, drainage enhancement may 
last from several months to several years. 

+ Periodic inspections are required 
throughout the life of the pavement 

+ Costs also dependent on activity being 
performed 

+ Impact of positive drainage on pavement 
performance currently being studied 

t 

Other Emerging 
Maintenance Treatments 

Scrub seals 
+ Ultrathin friction courses 

Scrub Seal. 

+ Surface restoration that rejuvenates 
asphalt and filb voids and cracks 

+ Application process 
*Apply polymer-modified asphalt agent 

Broom asphalt into voids and cracks 
+ Apply sand or small aggregate 

Broom aggregate and asphalt mixture 
+ Roll with pneumatic tire roller 
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Performance o f  
Scrub Seals 

+ Good performance on low volume roads 
+ Advantages: 

+ Seals small cracks 
+Address ravellng 
t Easy to apply 
4 Inexpensive 

4 Disadvantages 
t Possible low friction numbers 
t Requires special equipment 

Ultra thin Friction Course 

4 Gap-graded, polymer-modified HMA 
placed on a heavy, polymer-modified 
emulsified asphalt tack coat 

+ Thicknesses of 10 to 20 mm (0.4 to 0.8 
in) 

+ Benefits: 
6 Addresses surface distress 
+ Reduces noise 
+ Increases surface friction 

Performance o f  Ulfruthii7 
Friction Courses 

+ No long-term performance data 
+ Short-term performance promising 

+Texas and Pennsylvania report pavements 
in excellent condition afier 3 years 

t Noticeable increase in surface friction 
+ No raveling or stripping 

+ Installation costs: $3.001m2 ($2.50/yd2) 
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Techniques for 
PCC-Surfaced Pavements 

Join ?/Crack Resealing 
+ Application of a sealant material in concrete 

pavement joints and cracks 

+ Purpose 
+ Minimize moisture . 

infiltration 
Prevent intrusion of 
incompressibles 

+ Sealant Materials 
+ Rubbefired asphalt 
+ Silicone 

Joint Sealan t Conf4urafions 

I Snwed and Recessed Sawed and Overbanded 

m m 
Plowed and Overbanded Sawed and Flush-Piled 
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Performance o f  
Join f Resealing 

+ Original sealant typically requires 
resealing after 5 to 10 years 

4 Resealing required every 5 to 8 years 
thereafter 

+ Regular resealing may extend pavement 
life 5 to 6 years 

+ Most beneficial on pavements that are 
not badly deteriorated 

Crack Sealing 

+ Similar techniques and materials used 
for joint resealing 

4 Purpose 
+ Minimrze moisture infiltration 
+ Prevent intrusion of incompressibles 

Performance of  
Crack Sealing 

+ Resealing of cracks required about 
every 5 years 

4 No data regarding extension to 
pavement life 

+ Most effective on cracks between 3 and 
19 mm (118 and 314 in) wide with limited 
spalling 

i 
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Joint Sealing Costs 

Material costs, $ k g  ($/lb) 
+ Rubberized asphalt: 0.60 - 1.25 (0.27 - 

0.57) 
+ Low modulus rubberized asphalt: 1.30 - 
1.60 (0.59 - 0.73) 

+ Silicone: 8.50 - 11.80 (3.86 - 5.36) 
Installation costs range from about 
$2.50 to $6.50 per meter ($2.30 to 
$5.95 per yard) 

Surface Tuturing 
4 Diamond Grinding 

+ Removes thin layer of 
PCC surface 
+ Removes faulting 
+Restores smoothness 
+Increases friction 

4 Diamond Grooving 
+ Creates discrete grooves in PCC surface 
9 Reduce hydroplaning and wet weather accidents 

Diamond Grinding 

4 (c-- W i b h  of diamond blacks 

--r( + Land area - 2.0 mm for hard aggregate - 2.8 mm for son aggregate 

Diamond Grooving 
Saw blade thickness 

3.2 - 6.4 mm 

i 
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Diamond Grinding 

Performance 

4 Diamond grinding 
+ Provides about I 0  years of service 
+ May be reground 3 to 4 times 
+ Faulting can return to significant levels in a few 

years if cause(s) not concurrently addressed 

Diamond grooving 
4 60 to 75 % reductions in wet-weather accidents 

Benefits achieved throughout service life 

Surface Texturing 
costs 

4 Diamond grinding 
+ Soft Aggregate: 
*$2 40 - $3.60/m2 ($2.00 - $3.001yd2) 

+ Med. Aggregate: 
+$3.60 - $6.001m2 ($3.00 - $5.00/yd2) 

4 Hard Aggregate: 
*$6.00 - $9.60/m2 ($5.00 - $8.00/yd2) 

4 Diamond grooving 
4 $1.80 - $3.00/rn2 ($1.50 - $2.501yd2) 
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Undersealing 

+ Pressure insertion of 
flowable material 
(grout) beneath the 
PCC slab 

+ Purpose 
+ Fill underlying voids (not to raise slab) 
+ Reduce pavement deflections 

Minimize pumping and faulting 

Undersea/ing Opera fion 

Usual material is cement-flyash grout 

Design issues include number and 
location of holes, amount of material 

Performance o f  
Undersealing 

+ Short- and long-term reductions in 
pavement deflections 

+ Most effective on pavements with little 
structural damage 

+ Should be conducted only where voids 
are known to exist 
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UnderseaOng Costs 

4 Cement-grout undersealing 
+ $1.08 - $1.20/m2 ($0.90 - $1 .00fyd2) 

4 Asphalt undersealing 
+ $0.54 - $0.60/mZ ($0.45 - $0.501yd2) 

A 

Joint Spa// Repair 

4 Partial-depth repair of 
surface defects and joint 
spalls that are limited to 
the upper one-third of the 
PCC slab 

4 Typically along transverse 
and longitudinal joints 

4 Restores ride quality 

Application 

4 Candidates for joint spall repair 
+ Spalling caused by incompressibles in joint 

+ Localized areas of scaling 

+ Not candidates for joint spall repair 
+ Spalling caused by dowel lockup 

+ Spalling at working cracks 

+ Spalling caused by durability distress 
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Performance of 
Joint Spa// Repairs 

+ Proper installatior is critical 
+ Service life of 8 to 'lo years with 

appropriate use and installation 
+ Can fail within 2 years when used 

inappropriately 

+ Cementitious and polymer-based 
materials are best suited for long-term 
repairs 

Joint 5pall Repair 
Ma teriu/ Costs 

Type Ill FCC 
4 $375/m3 ($1 0.62/ft3) 

4 Proprietary magnesium phosphate cement 
* $1 ,3001m3 ($36.82/ft3) 

4 Epoxy patching mixture 
4 $8,500/m3 ($240.691ft3) 

* Bituminous patching mixture 
+ $1 85/m3 ($5.25/ft3) 

- 

Full- Dep th Repair 

4 Removal and replacement of concrete 
through entire depth 

4 Typically performed at joints and cracks 
+ Purpose 

+ Restore rideability 
+Prevent further 

deterioration 
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Recommended Design 
Slab middepth 

\ 

Smooth dowels 
or defo ed reban 3.7 m[m/ 

u 
Minimum $3 m 

Performance o f  Full- 
Oep th Repairs 

+ Performance has been variable, but can 
provide 10 or more years of service 
when properly designed and 
constructed 

+ High-early strength materials allow early 
opening to traffic and limited lane 
closures 

of the existing pavement, etc. 
+ Typical costs $78 to $84 per m2 ($65 to 
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Loud Transfer 
Restoration 

+ Placement of load transfer devices across 
joints or cracks of existing pavements 

+ Candidate projects 
+ Poor load transfer (< 70 %) 

+ Pumping 
+ Faulting 

Comer breaks 

Retrofitted Dowel Bar Assembly 

TnylDmq Joint 
Insert tor 

&aptham 
Hill or S m  & d s ~ p p ~ r (  

Doml bu a p  (bolh mkJ8s.J 
I mm .xp.rrrlon 

Retrofitted Dowel Bar Layout 
SMOOM DOWELS 

WM l a r . y M n m S ' l i r S ~ ~ ~ P . a W L 1 -  

74 Participant's Workbook 



The Preventive Maintenance Concept Module 3. Techniques 

Slide 
97 

Slide 
98 

Slide 
99 

Performance of Load 
Transfer Restoration 

+ FHWA - 9 years of service 
+ Puerto Rico - 0.5 % failures after 8 

years (7,000 dowels installed) 
+ Washington - excellent performance 

with service lives of 10 to 15 years 

Load Transfer 
Restoration Cos fs 

+ Installed costs: $25 to $35 per dowel on 
production jobs 
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Treatment Se lec th  
Process 

I. Establish existing pavement condition 
2. Obtain project information 
3. Determine causes of distress 
4. Develop feasible alternatives 
5. Perform life cycle cost analyses 
6.  Select preferred alternative 
7. Construct and monitor performance 

Project l7ming 

+ Applying the right treatment to the right 
pavement at the right time 

+ No universal method available 
+ Most agencies rely on policy or 

experience of field personnel 
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Summary 

+ Many available treatments for AC and 
PCC pavements 

+ Each has advantages and limitations 
+ Performance and cost vary with given 

conditions 
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MOOULE 4 

I COST ANALYSES 

Cross Reference 

Reference Manual, Module 4, "Cost Analyses," pages 87-122. 

Overview 

This module introduces some of the techniques available for demonstrating the cost-effectiveness 
of preventive maintenance programs and the importance of early maintenance in reducing the life 
cycle costs of pavement preservation. The analyses support a shift in emphasizing the 
importance of preventive maintenance from a program that receives the funds remaining after all 
other needs have been addressed to a recognized program that receives cyclic funding for 
scheduled activities. The results of the cost analyses discussed in this module provide the 
information needed for preventive maintenance programs to more effectively compete for 
funding with other road needs such as rehabilitation, reconstruction, or reactive maintenance 

*a + activities. 

Brief Outline 

Introduction 
fntroduction to Engineering Economic Analysis (EEA) Approach 
Basic Principles of Engineering Economics 
Methods to Compare Alternatives 
Use of Results for Decision Making 
Addressing User Costs in a Cost Analysis 
Summary 

Review Quest ions 

1. What role does cost analysis play in the development and implementation of pavement 
preventive maintenance programs? 

2. How does a pavement management system provide information for engineering economic 
analyses? 

3. List some benefits that could be considered in a cost analysis. 
4, What are some approaches to cost analyses? Which are most commonly used? 
5. Differentiate between an interest rate, an inflation rate, and a discount rate. 

irr I 6 .  Why are user costs controversial in the computation of life-cycle costs? 
7. What advantages does the BenefitKost approach have? What disadvantages does it have? 
8. Why are sensitivity analyses often conducted on cost analysis results? How does this lend 

credence to a probabilistic (i,e., risk analysis) approach? 
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Presentation Graphics 

Slide 
1 

Learning Objectives 

Become familiar with cost analysis 
approaches and the role of PMS 
Understand the basic principles of 
engineering economics 
Describe the common methods used 
to compare alternatives 
Discuss ways that cost analysis 
results can be used in decision 

Management Approaches 
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A Shift in Approaches 

Movement toward engineering 
economics approach requires 

Slide 
6 Where Can I Get 

This Information? 
Bid documents 
Construction records 

Maintenance 
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Use of Pavement 
Management Systems 

Determine treatment 
Quantify benefits type and timing 

Evaluate impacts 

Treatment Issues in 
Engineering Economics 

Timely application of treatment 
Quality of treatment application 
Quantification of benefit (effectiveness) 

Quantifying Benefits 

Current Pavement DMefiorat~on 

lime or Trafiic 
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Public vs . Private Agencies 

Similar decision steps 
Private industries focus on profits 

Inter-office political considerations 
Rate of return 

Public agencies have different 

Protect public interests 
Outside political considerations 

Time value of money 
Expenditure stream diagrams 
Economic values 

Calculation approaches 

Time Value of Money 

.____t 
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- 
Expenditure Stream 

I 1 Preventive Rehebllitatiin 

Routine Maintenance 

Construction 

1444441  4 4 4 4 4 4  1444  
Routine Maintenance -.. .-. 

Economic Values 

Nominal versus real dollars 
Cost of money factor 

Nominal vs. Real bollars 

Real (constant) dollars 
Purchasing power stays the same over 

Nominal (inflated) dollars 
Purchasing power fluctuates over time 

Do not rn lx  nominal and real dollars. 

Use the same approach f o r  d~scount rate. 
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Cost of Money Factor 

Interest rate 
Inflation rate 
Discount rate 

Discount Rate = ( Int  - In f l )  / (I* Infl) - I n t  - I n f  l 
Us~ng norn~nal dollars: 

Discount Rate = Interest Rate 

Time period over which future costs are 

Length of analysis period 
* Long enough to reflect cost differences 

Longer than performance period 

Set the base year 
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Periodic costs 
Annual costs 

Residual value 
Serviceable life 

User costs 

Calculation Approaches 
Deterministic 

All inputs (costs, design lives, interest 
rates) are fixed over the analysis period 
(no regard for variability) 

Result is a single cost value 

Probabilistic 

Accounts for variability associated with all 

biiity distribution of 

Variability of Inputs 

lnallt - 
Construction Costs 
Maintenance Costs 
Pavement Performance Projection 
Traffic Levels 
Discount Rate 
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Deterministic 
Alternative A Cost: 20 million 
Alternative B Cost: 23 million 
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Methods to Compare 

Life cycle cost analysis (LCCA) 
* Benefitlcost analyses 

Longevity cost index 
First cost comparison 

Life Cycle Cost Analysis 

Most common approach for comparing 
alternative strategies 
Evaluates all costs over analysis period 
Uses equivalent dollars to compare 
projects at different times and cost 

Does not account for varylng levels of 
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Present worth (PWJ 
Equivalent uniform annual+cost (EUAC) 

Present Worth Method 

Takes a series of costs: 

Equivalent Uniform 
Annual Cost Method 

Takes a series of costs: 

And converts costs t o  an equivalent 
series o f  payments: 

$ $ $ $ $ $ $ $ $ $  - 
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Calculate the Present Worth (PW) 

PW (mitral) = $10,000 

PW (maint) = $ 4,257 

PW (period) = U S Z  

Life Cycle Cost Analysis 

Disadvantages 

Benef it/Cost Analysis 

Considers both the cost and 
effectiveness of a treatment 
Costs determined using LCCA 
Benefit accounts for performance and 

Approach is used in many PMS 
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Benef it/Cost Comparison 

BenefitARI QXd 
Preventive Maint. 250 7000 $500,000 
Rehabilitation 1000 7000 $3,500,000 

PM Strategy: BIC = 
500,000 

Rehab Strategy: BIC = 3,500,000 

Benef it/Cost Strategy On 
A Network Level 

C Highest Benefit/Cost Ratios 

The most cost-effective strategies 
are selected 
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Benef it/Cost Analysis 

Disadvantages 

Longevity Cost Index 

Developed by Oregon DOT to evaluate 
thin surface pavement treatments 
Considers three factors 

Treatment untt cost 

Treatment life 

Pricelsy + MCOSTlsy 

Life'Annual MEGASALs 

Longevity Cost Index 

Disadvantages 
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First Cost Comparison 

Most basic means of comparison 
Considers first costs only 

First Cost Calculation 

Sealant costs = $6,000 
Labor costs = $4,000 
Equipment costs = $2,000 
4000 feet of cracks to seal 

What is the unit cost? 

b12p00 = $3.OO/ft ($9.84/m) 

Comparison Analysis 
Strategy 1 : Crack Sealing 

Unit cost = $0.91/m (3.00M) 

Strategy 2: Chip seal 
Unit cost = $1.67/m2 (1 .40/yd2) 

How do you compare these strategies? 
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Comparison Analysis 

Disadvantages 

Use of  Results for 

Determine cost-effective strategies 
Lower overall life cycle cost of 
pavement preservation 
Improve overall network conditions 

Slide 
42 

Strategy Impacts 
Preucntiuc Maintenance 
and Rehabilitation 
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Cost Comparison 

$144,036 $382,590 
Life Cycle Cost Ratio 
Effectiveness (Cond. Years) 176 
Cost-Effectiveness Factor 1.22 
Cost-Effectiveness Ratio 

Indiana Preventive 
Maintenance Study 

Goal: Minimize User Costs 

Maintenance 

Tlme or Traffic 
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If seal coat when 
PSI > 3.0, then 
apply 3 chip seals 

If seal coat when 

apply 1 chip seal 

Michigan DOT Example 

Rehabilitat~on and 
Reconstruction 

Rehabilitation and = 
Reconstructron 

Maintenance 

Achieved same results for $1 15 million less 

Slide 
48 Wisconsin Transportation 

EynnnrlitllrnBacklnnBafing 

Unconstra~ned $2.7 
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1,000 lane-kilometers of AC pavements 
No preventive maintenance strategy 
Currently fix when pavements reach 

Annual budget of $5 million 
Growing backlog 
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Requested an additional $2.5 million 
annually to rehabilitate 20 more lane- 
kilometers per year 
Legislature says to consider some 
alternative policies 

Step 1 
Project network condition if continue using 
present practice with extra funding 

1200 , I 

0- 

c ~ ~ r e n t  Ywr 10 
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Develop preventive maintenance policy 
Determine impacts 

6 more years to reach poor condition 
4 more years of excellent condition 
2 more years of good condition 

Estimate costs 

Project network condition using preventive 
maintenance strategy 
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Vehicle operating 

How to  Address User Costs 
in a Cost Analysis 

Cost components 
Normal operating costs 
Work zone operating costs 

Comparison of user delay times 
Comparison of cost effectiveness (try 
to quantify benefits) 
User costs can dominate LCCA so 
some agencies ignore 

Slide 
57 

Basics of engineering economics 

Various cost analysis methods available 
for comparing alternatives 
Cost analyses is an integral part of 
implementing a preventive maintenance 
program by demonstrating the benefits 
and cost effectiveness of the approach 
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I CASE STUOIES 

Cross Reference 

Reference Manual, Module 5, "Case Studies," pages 123-154. 

Overview 

This module summarizes the findings obtained from a series of visits and interviews with 
highway agencies regarding their pavement preventive maintenance programs. The case studies 
presented here include information about the events that led to the development and 
implementation of the preventive maintenance program as well as key information about some 
important elements of implementation. These elements include the following: funding sources, 
levels, and allocations; treatments used; project and treatment selection procedures and 
guidelines; performance; barriers to implementation; maturing of the plans; and lessons learned 
during the implementation and maturation process. The five DOTS visited were California, 

?-a- Georgia, Michigan, New York, and Texas. 

Brief Outline 

Introduction 
California 
Georgia 
Michigan 
New York 
Texas 
Conclusions 

Review Questions 

1. How does studying other agencies' pavement preventive maintenance help in getting a 
program established? 

2. What are some ways that agencies select suitable projects? 
3. What types of barriers to implementation were encountered by the various agencies? How 

were these overcome? 
4. Why is selling a pavement preventive maintenance program a continuing effort? 
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Key References 

Denehy, E.J. 1997. "Experiences in Implementing the Pavement Preventive Maintenance 
Program in the New York State Department of Transportation." Transportation Research Record 
159 7. Transportation Research Board, Washington, DC. 

Hauer, E., D. Terry, and M.S. Griffith. 1994. "The Effects of Resurfacing on the Safety of Two- 
Lane Rural Roads in New York State." Transportation Research Record 1467. Transportation 
Research Board, Washington, DC. 
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Presentation Graphics 

Slide 
1 

Slide 
2 

Slide 
3 

Module 5 

Case Studies 

\ Learning Objectives 
Become familiar with preventive 
maintenance programs in other states 
Recognize similarities in the 3 implementation and execution 

a Understand potential barriers and how 
to overcome them 

.c 

1 6 Reasons for Case Studies 
Provide success stories 
Illustrate the benefits of implementation 
Learn means of overcoming challenges 

3 Avoid repeating same problems as 
other States 

4 
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t Case Study States 

B 
'P 
A 

w * 

California 
Decision to reduce the number of lane 
miles that need rehabilitation 
A preventive maintenance strategy 
was analyzed 
Presented to CTC in July 1996 
10-year program (SHOPP) submitted 
in 1998 

\ Program Funding 
- - - 

R . r m m n L d D p H a ' * '  
- 

m m % 2 Y I I T n Y Y T w m w - =  
___- _ 1 .  - - -  

O - w  E Z 3 R - W -  O !.meUG - W P l m M  
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Slide 
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Goals of the Program 
Reduce deteriorated pavement needs 
from 14,100 to 5,500 miles (29 to 11 %) 

a Switch from a "worst-first" to "preventive 
treatment" management strategy 

a Use longer-life rehabilitation on 
roadways 
4 ADT > 150,000 

ADTT > 15,000 

Funding 

Current Projected Steady 
Cateoorv Fundlna locrease StatF: 
Routine Maint. $70 $50 
Preventive Maint. $50 $53 $75 
CAPM $75 $50 
Rehabilitation $300 $100 

AC Pavement Strategies 
and Expected Life 

Crack seal 1-3 years 
a Patching 1-3 years 

Slurry seal 2-4 years 
a Chip seal 2-5 years 
a Thin overlay 2-5 years 
a Thick overlay 4-7 years 
a AC overlay (rehab) 7-15 years 
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Slide 
10 FCC Pavement Strategies 

and Expected Life 
Crack seal 2 years 
Shoulder grindlfill 2-5 years 
Undersealing 3- 10 years 
Diamond grinding 5-10 years 
Slab replacement 3-7 years 
CracWseatloverlay 10-15 years 
Lane replacement 15-20 years 

Slide 
11 

Slide 
12 

Treatment 6 Categorization Matrix 

Ride Structural Highway Class 
Quality Problem , 2 3 

Poor Major 1 2 11 

Minor 3 4 12 

None 5 6 13 

Acce~table Major 7 8 14 

Minor 9 10 15 

Program Assignments 

Rehabilitation Class 3 Road 
4 A~I  pnonty 1-6 Maintenance 
+ $13 AC prmnty 7-8 4 All dass 3 roads (11-14) 

+ ~ l l  PCC pnor~ty 7-8 Routine Maintenance 
o Preventive + A~I  other roads 

Maintenance 
4 All pnonty 9-10 with 

little alltgator crack~ng 
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Slide 
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Slide 
14 

Slide 
15 

Lessons Learned 
Develop plan that demonstrates 
benefits 
Promote plan externally to obtain funds 
and internally to achieve acceptance 
Address concerns of doubters 
Provide training that emphasizes timing 
Do the right thing at the right time 

Potential Vulnerabilities 
Support may be lost if benefits do not 
materialize 
Change in administration with different 
objectives 
Emergence of high visibility issues can 
divert funding (e.g., 1989 earthquake) 

Michigan 
Implemented a Preventive Maintenance 
Program in 1992 with passage of ISTEA 
t Pavements 

1 *Bridges 

Preventive maintenance extends the 
remaining service life of pavements and 
bridges 

.- 
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Highway Funding 
7 0  

0 6 0  

O. so 
0 
0 4 0  3 1 . 0  
m 
2 2 0  ,. 10 

0 

,qqa ,$' ,..' ,Qqb ,$' ,*qS ,qqq ,.0" 

Funding Allocation 
Funds distributed to 7 Regions based on 
need 
Regions can distribute funds as needed 

3 'I 998 distribution 
+ Jointtcrack sealing $10 million 
+ Surface seals $19 million 
+ Enhancements $25 million 

Treatments 
AC Pavements PCC Pavements 
+ Thin overlay +Joint resealing 
+ Mill and overlay + Spall repair 

?f/& +Chip seal + Crack sealing 
+ Microsurfacing + Diamond grinding 
4 Crack treatment Shoulder ribbons 

Shoulder ribbons Drain cleanout 
+ Ultrathin Overlay +Dowel retrofit 

4 CPR 
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Slide 
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Slide 
20 

Slide 
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Project Selection 
a Regions select projects based on 

goals assigned by central office 
Goal is 95 percent of expressways 

3 and 85 percent of trunk highways in 
good to fair condition in 10 years 
Procedure to plan, design, and let 
projects within 22 weeks 

Challenges t o  
Implementation 

a Some elected officials believe preventive 
maintenance is a waste of money 
Special interest groups 

2 Training is needed 
a Need support from management 
a Selection and timing are essential to 

success 
a Safety enhancements 

I 

Maturing of the Plan 
All projects are delivered in first 6 
months of fiscal year 

a PMS used as network planning tool 
3 and to assist in treatment selection 

a Structural design does not consider 
preventive maintenance even though 
extended life is expected 
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Slide 
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Slide 
23 

Slide 
24 

Lessons Learned 
a Keep the projects simple 

Seal cracks (overband) before applying 
single surface treatment 

qrh a Need management support and backing 
a Allow the program to buitd up 
a Work with industry to develop specs 
a Keep workload balanced 

More Lessons Learned 
a Requires long-term commitment 
a Don't oversell the treatments 

Update costs 
3 PMS and preventive maintenance 

support each other 

Georgia 
a Began current strategy approximately B 25years ago 
a Commitment to perform rehabilitation 

+ 10 percent of road network each year 
Network resurfaced every 10 years 

a Do not build any roads they can not 
maintain 

112 Participant's Workbo~k 



The Preventive Maintenance Concept Module 5. Case Studies 

Slide 
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Slide 
26 

Slide 
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Funding 
Annual budget of $200 million for Q pavement preservation 
More funding is needed to continue to 
meet target of 10 percent per year 
TEA-21 provides more funding, but may 
come from maintenance budget 

a Preventive maintenance program 
comprised of 40 % State and 60 % 
Federal funding 

I 
Treatment Methods 

AC Pavements 0 PCC Pavements 
+Crack seal + Slab replacement 
+ Surface seal + Undersealing 
+Spot overlay + Joint Sealing 
+ Deep patching + Grinding 
4 Milling 4 Spall repair 
+Thin overlay 
+ Mill and inlay 

Project Selection 
Project selection made at central office 
Condition survey conducted each year 
by Area Asst. Maintenance Engineers 
Identify and re-inspect all sections with 
rating less than 70 
Submit final list to Maintenance Division 
in Central Office 
Add sections to reach target of 10 % 
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Slide 
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Slide 
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Slide 
30 

Maintenance and Rehabilitation 
Treatment Selection 

FL - BatiaO Forces 
CracklJoint Sealing 75-80 In-house 
Surface Seal 70-77 Both 
Spot Overlay 70-80 In-house 
Deep patching Localized In-house . 

MillKhin Overlay < 70 Contract 
PCC Restoration < 70 Both 

(also ride 
and faulting) 

Lessons Learned 
Policy has improved conditions 

e Now at steady-state condition 

State must expand its preventive 
maintenance program 
Support from top management is critical 

e PATIENCE; benefits are not immediate 

I R I  at Treatment 

-pp---------- 
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Slide 
33 

1 

More Lessons Learned 

Q Reinforce program goals and objectives 
Minimize contract time 
Centralized approach has been 
successful 

a Need to involve Area and District 
personnel 
Higher customer expectations 

New York 
1991 - Established the Dedicated 
Highway and Bridge Trust Fund 
+ Received money from gas tax 

a 1992 - Established system for 
preservation of state capital assets 
+Department annually prepares 5-year 

plan for preventive maintenance of 
highways and bridges 

Funding 
210 

0 
0 200 
9 
D x ~~~ - * 

100 
L - 

5 0  

9 4 / 9 5  9 5 / 9 6  9 6 / 9 7  9 1 / 9 8  9 1 / 9 9  

nD.dve.7.d F r e d  mt.pt.1 Progr .n  
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Slide 
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Slide 
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Slide 
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Initial Treatments 
and Cycles 

PCC joint and crack seal 8 years 
AC crack seal 4 years 
Thin AC overlays 12 years 
Surface treatments 4 years 

A Clean drains 10 years 

? 

Changes to Treatment 
Methods 

e Eliminated overbanding on crack seal 
Crack seal on 2-year cycle 
Eliminated use of chip seals 
Added microsurfacing and Novachip@ 
to list of treatments 

4 . Contracts for cold in-place recycling 

Project Selection 
Regions select, based on guidelines 
Resident Engineer develops 
candidate list of projects 
By 1997,70% of paving mileage was 
PM projects 

A 

- 
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Alternative Strategies 
700 
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D 0 
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0 
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Effect of Preventive 
Maintenance Program 
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Pavement Condition Trends 
60 

f S O  

40 

2 
S O  

z 20 

A : lo 
0 

1993 1994 1993 1996 1997 199. 
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Slide 
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Slide 
42 

Maturing of the Program 
e Vendor In Place Paving 

+Asphalt delivered to site by vendors 
+Placed and compacted by state forces 

Simplified Contracts 
+ Simplification of normal process 
+ Limited to 15 pay items, work to be done 

in one month, and only one final 
payment 

Changes to Treatments 
Safety Appurtenance Program 

Challenges t o  
Implementation 

Fiscal and budgetary problems can 
occur at state level 
Change in administration can 
jeopardize the program 
Public complaints about specific 
treatments can cause setbacks 

Lessons Learned 
Need dedicated funding 
Need support of management 
Program needs champions 
Selling the program is a continuing 
effort 
Monitor the program and solve 
problems quickly 
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Texas 
Has applied preventive maintenance 
treatments for over 20 years 
Developed a formal "Preventive 
Maintenance Program" in 1987 

* 

Funding 
Current funding is $175 million per 
year 
Increase of $75 million in 2000 

a Generally supported by state funds 
Funds are allocated to Districts 

* 

Treatment Methods 
AC Pavements PCC Pavements 
+Crack sealing + Joint sealing 
+ Chip seals + Crack sealing 
+ Fog seals 
* Microsurfacing 
+Thin AC overlays 

.B 
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Slide 
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Slide 
48 

Priority Considerations 
1. Safety 
2. Protect investment 
3. User comfort 
4. Aesthetics 

* 

C ha1 lenges t o  
Implementation 

Needs support of the administration 
Loss of experienced personnel 

8 PMS models have a credibility 
problem 
Decentralization 
No guidance on treatments 

.c 

Maturing o f  the Plan 
Obtain dedicated funding for preventive 
maintenance at time of construction 
Ability to transfer funds 
Develop consistent ride specification 
Statewide specifications for treatments 

* 
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Slide 
49 6 Case Study Summary 

a Preventive maintenance programs have 
improved pavement condition 
Preventive maintenance is most cost- 

3 effective approach to achieve goals 
a Need training to obtain support and 

approval of executive management 
A e Need to be patient; benefits are not 

immediate 
Selling the program is a continuous effort 
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MObULE 6 

IMPLEMENTING PREVENTIVE 
MAINTENANCE A S  PART OF A PAVEMENT 

PRESERVATION PROGRAM 
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IMPLEMENTING PREVENTIVE MAINTENANCE AS PART I OF A PAVEMENT PRESERVATION PROGRAM I 
Cross Reference 

Reference Manual, Module 6,  "Implementing Preventive Maintenance As Part of a Pavement 
Preservation Program," pages 1 55-1 80. 

Overview 

In this module, an approach to developing a preventive maintenance program is outlined. The 
suggested approach draws on the experiences of the agencies that have made preventive 
maintenance a cornerstone of their pavement preservation practices, as described in module 5. It 
also draws upon the economic analysis tools presented in module 4. This module is intended to 
help agencies assemble these and other components of preventive maintenance into a working 

c+', 
preventive maintenance program. In the process, it also addresses how the obstacles to these 
programs can be addressed. 

Brief Outline 

Introduction 
Keys to Successful Programs 

Establish Goals 
Document the Benefits 
Obtain Dedicated Funding 
Develop and Improve the Available Treatments and Timings 

Innovative Practices to Promote Program Success 
Contracting 
Warranties 
Training 

Summary 

Review Questions 

1. What are the major benefits that can be obtained through the implementation of a pavement 
preventive maintenance program? 

," 3s- * 
2. List some of the keys to successful pavement preventive maintenance programs. Why are 

each of these important? 
3. What are some of the primary data items to be collected as part of a pavement preventive 

maintenance monitoring program? Why is ongoing monitoring important? 
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4. Why is securing dedicated funding for pavement preventive maintenance programs 
important? 

5. Describe some of the innovative practices of promoting pavement preventive maintenance 
programs. 

Key References ! 

American Association of State Highway and Transportation Officials (AASHTO). 1987. 
AASHTO Maintenance Manual. American Association of State Highway and Transportation 
Officials. Washington, DC. 

Denehy, E. J. 1997. "Implementing New York State Department of Transportation's Pavement 
Preventive Maintenance Program," Transportation Research Record 159 7. Transportation 
Research Board, Washington, DC. 

Federal Highway Administration (FHWA). 1995. Pavement Maintenance Effectiveness/ 
Innovative Materials Workshop. FHWA-SA-96-007. Federal Highway Administration, 
Washington, DC. 

Federal Highway Administration (FHWA). 1997. Asset Management. Advancing the State of 
the Art Into the 21"' Century Through Public-Private Dialogue. FHWA-RD-97-046. Federal 
Highway Administration, Washington, DC. 

Galehouse, L. 1998. "Innovative Concepts for Preventive Maintenance," Transportation 
Research Record 1627, Transportation Research Board. Washington, DC 

Geoffrey, D. N. 1996. Cost-Effective Preventive Pavement Maintenance. NCHRP Synthesis of 
Highway Practice 223. Transportation Research Board, Washington, DC. 

NYS DOT. 1 997. " Preventive Maintenance Plan for State Fiscal Years 1998-99-2002/03." 
New York State Department of Transportation. Albany, NY. 

O'Brien, L. G. 1989. Evolution and Benejts of Preventive Maintenance Strategies. NCHRP 
Synthesis of Highway Practice 153. Transportation Research Board, Washington, DC. 

Rohde, G. T., M. I. Pinard, and E. Sadzik. 1997. "Long-Term Network Performance: Function 
of Pavement Management System Maintenance Selection Policy." Transportation Research 
Record 1592. Transportation Research Board, Washington, DC. 

Shober, S. F., and D. A. Friedrichs. 1998. "Pavement Preservation Strategy." Transportation 
Research Record 1643. Transportation Research Board, Washington, DC. 
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Presentation Graphics 

Slide 
1 

Slide 
2 

Module 6 

Implementing Preventive 
Maintenance As Part of A 
Pavement Preservation 
Program 

i 

(Ir 
Major Benefits 

6 Improved pavement condition 
@ 6 Safer roads 

e Lower life cycle costs 
Reduced congestion 
Customer satisfaction 
More cost effective use of funds 

Slide 
3 m 

Challenges 

Dedicated funding challenges 
@ Management resistance 

6 Management's perception of public 
reaction 
Poor data tracking 
Lack of applicable research 
Absence of relevant training = 
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* Keys to Successful 
Programs 
a Establish goals 

@ Document the benefits 
a Promote the benefits 
a Obtain dedicated funding 
e Deveiop guidelines 

a a Identify champion 
Obtain top management support 

as 

* 
Establish Goals 
It is essential that a road agency select a long- 

@ term objective and structure its maintenance 
selection policy to achieve its objective. 

- Rohde et al. 1997 
r-7- -u Advocating a philosophy of preventive 

maintenance is the most important factor in 
a developing a successful program. 

- Galehouse 1998 

as 

u 
Simple, Ef f ecctive Goals 
a California - reduce pavements in need 

of rehabilitation from 29% to 11% 

Wisconsin - provide the highest quality 
service possible per unit of service 

e- 
e Michigan - keep good roads good 

w By 2007 (after 10 years) 
95% of expressways in fairlgood . 85% of non-expressways in fairlgood = 
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u 
Measurable Goals 

@ 
Pavement condition 

*Average rating 
Percent of pavements in 

.s--6 

.i;. condition category 
Cost savings 

a 
Document the Benefits 

There is a need to conduct andpublish the 
@ results of formal research on the cost- 

effectiveness of pavement preventive 
maintenance techniques. a - Geoffroy 1996 

3R 

m 

m 
Benefits of Maintenance 

People understand the 
@ importance of preventive 

maintenance on their cars. 

r& 

* Why is it so hard to 
understand the same 
benefits on roads? 

rn 
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* The Concept of 
Preventive Maintenance 

delays spend~ng 
$4.00 to $5.00 on 
more extensive 
treatments here. 

m 
Failed 

Age 

a 
Uniform Funding 

$IS 

$16 

$ 14 

@ $12 

$10 

$ I 

a :: 
$ 2  rn $0 

1997 199a 1999 2000 ZOO1 

4Iw Total Expenditure = $35 million 

. 

1 Early Distribution of Funds 

I Y  Total Expenditure = $35 million 
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u 
Contribution of Research 

0 SHRP SPS-3 and SPS-4 
e Ontario's crack sealing study 
e 3-year evaluation of Novachip@ 

In-house research studies (AZ, LA, MN) 

Regional or local studies may be more 
meaningful than national studies 

m 

YL 
Continuous Monitoring 

Collect 
t 

Store 
t 
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Slide 
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.i. 
Data Collection 

Pavement condition before treatment 
@ Ambient conditions at treatment 

Design and construction of treatment 
Location and limits 
Duration of construction (user costs) 
Construction costs 
Performance monitoring 

ac 
* 

* Means of Assessing 
Benefits 

First cost comparison 
Life cycle cost analysis . Present worth (PW) 

tfs Equivalent uniform annual cost (EUAC) 

Benefitlcost 
Longevity cost index 

u 
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18 

- .- 
u 

Obtain Dedicated Funding 

Long-term support and financial 
commitment are the keys. 

-Wayne Shackleford 

Dedicated funding requires a strong 
commitment to the philosophy of 
preventive maintenance. 

dw 
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Importance of Dedicated 
Funding 
0 Benefits take time to realize 

Allows for improved asset 
management 

G Funding levels should match 

w preventive maintenance needs 

lllhS 

Use of a Pavement 
Management System 

Determine funding level to achieve an 
agency goal 
Determine the most cost-effective . 

cy5 
strategy for a given funding level 

a Integrate with preventive maintenance 
(feedback) 

M 
Example Problem 

Goat: reduce backlog by 50 percent 
within 5 years 
Objective: determine funding levels 
to attain the goal and maintain that 

r *. Y condition level for 10 years 

a 

m 
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a 
Given Conditions 

Total network 6,000 miles 
Poor condition 500 m~les 
Fa~r conddion 4.000 miles . Good cond~bon 1,000 m~les 

5 percent deteriorate to lower level each year 
Repair costs 

m Poor condition 
$400,000 

Fair condition $100,000 
Good condit~on $ 40,000 

w 

u 
Sources of Funding 

New money (revenue enhancement) 
Available funds from other programs 
Increased flexibility with Federal funds 

T'2- -u 

w 

w 
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Develop and Improve 
Treatments and Timing 

Don't become complacent because it 
@ works; it could be better 

Monitor feedback 
a Modify guidelines 

Develop Manuals of Practice 
e Industry is constantly developing new 

treatments and better materials 

lF& 

* Innovative Practices to 
Promote Success 
e Contracting 

@ t~ Incentive-based financing (warranties) 
Innovative materials and techniques 

e Training approaches 
Partnering m 

dl@ 

3. 
Contracting 

Michigan . Simplified designs . Contractor responsible for quality control 

e New York 
34- - . Vendor-placed paving 

s Simplified contracts 
2B 

Resulting benefit: reduced costs 

m for design and engineering 
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rn 
Warranties 
a Michigan developed due to limited staff 

@ a Warranty periods of 2 to 3 years 
a Contractors select projects suitable for 

;'? 
preventive maintenance 

d Benefits 
Cost savings 
Shift in liability 

a 

rn 
Training 

a Concepts of preventive maintenance 
@ are different than typical projects 

Training needs . Overall purpose 
Treatments and timing 
Integration with other strategies 

&is 

* Philosophy of Preventive 
Maintenance 

Applying the right treatment & 
,,5- i C 
I 

. . . To the right pavement 

w 
. . . At the right time 

u 
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w 
Summary 

Must get away from a worst-first policy 
@ Preventive maintenance can extend 

pavement life and reduce costs 
Keys to success . Measurable goal 

Assessing and promoting benefits . Dedicated and continuous funding . Feedback from PMS 
1116 
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Appendix A-Glossary 

AADT - The average 24-hour traffic volume counts collected over a number of days greater than 
1 but less than a year, at a given location. AADT can also be approximated by adjusting 
the ADT count for daily (weekday versus weekend) and seasonal (summer versus winter) 
variations. 

ADT - The average 24-hour traffic volume counts collected over a number of days greater than 1 
but less than a year, at a given location. 

ADTT - The average 24-hour truck traffic volume counts collected over a number of days 
greater than 1 but less than a year, at a given location. ADTT may be expressed as a 
percentage of ADT. 

Annual Costs - Any costs associated with the annual maintenance and repair of the facility. 

Asphalt Emulsion Mix - A mixture of emulsified asphalt materials and mineral aggregate 
usually prepared in a conventional hot-mix plant or drum mixer at a temperature of not 
more than 127 OC (260 OF). It is spread and compacted at the job site at a temperature above 
93 "C (200 OF). 

% * 

Cape Seal - A surface treatment that involves the application of a sluny seal to a newly- 
constructed surface treatment or chip seal. Cape seals are used to provide a dense, 
waterproof surface with improved skid resistance. 

Chip Seal - A surface treatment in which a surface is sprayed with asphalt (generally 
emulsified) and then immediately covered with aggregate and rolled. Chip seals are used 
primarily to seal the surface of a pavement with non load-associated cracks and to improve 
surface friction, although they also are commonly used as a wearing course on low-volume 
roads. 

Cold In-Place Recycling (CIR) - A process in which a portion of an existing bituminous 
pavement is pulverized or milled, the reclaimed material is mixed with new binder and 
virgin materials, and the resultant blend is placed as a base for a subsequent overlay. 
Emulsified asphalt is especially suited for wld in-place recycling. Although not necessarily 
required, a softening agent may be used along with the emulsified asphalt. 

Cold Milling - A process of removing pavement material from the surface of the pavement 
either to prepare the surface (by removing rutting and surface irregularities) to receive 
overlays, to restore pavement cross slopes and profile, or even to re-establish the 
pavement's surface friction characteristics. 
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Crack Filling - A maintenance procedure that involves placement of materials into non-working 
cracks to substantially reduce infiltration of water and to reinforce the adjacent pavement. 
Working cracks are defined as those that experience significant horizontal movements, 
generally greater than about 2 mm (0.1 in). Crack filling,should be distinguished from 
crack sealing. ! 

Crack Sealing - A maintenance procedure that involves placement of specialized materials, 
either above or into working cracks, using unique configurations to reduce the intrusion of 
incompressibles into the crack and to prevent intrusion of water into the underlying 
pavement layers. Working cracks are defined as those that experience significant horizontal 
movements, generally greater than about 2 mm (0.1 in). 

Dense-Graded Asphalt Overlay - An overlay course consisting of a mix of asphalt cement and 
a well-graded (also called dense-graded) aggregate. A well-graded aggregate is uniformly 
distributed throughout the full range of sieve sizes. 

Diamond Grinding - A maintenance procedure for concrete pavements that involves the 
removal of a thin layer of concrete (generally no more than 6.4 rnm [0.25 in]) from the 
surface of the pavement to remove surface irregularities (most commonly joint faulting), to 
restore a smooth riding surface, and to increase pavement surface friction. 

Diamond Grooving - The establishment of discrete grooves in the concrete pavement surface 
using diamond saw blades to provide a drainage channel for water and thereby reduce the 
potential for hydroplaning and wet weather accidents. 

Discount Rate - The rate of interest reflecting the investor's time value of money, used to 
determine discount factors for converting benefits and costs occurring at different times to a 
baseline date. Discount rates can incorporate an inflation rate, depending on whether real 
discount rates or nominal discount rates are used. 

Emulsified Asphalt - An emulsion of asphalt cement and water, which contains a small amount 
of an emulsifying agent. Emulsified asphalt droplets, which are suspended in water, may 
be either the anionic (negative charge) or cationic (positive charge) type, depending upon. 
the emulsifying agent. 

Equivalent Uniform Annual Cost (EUAC) - The net present value of all discounted cost and 
benefits of an alternative as if they were to occur uniformly throughout the analysis period. 
Net Present Value (NPV) is the discounted monetary value of expected benefits (i.e., 
benefits minus costs). 

Fog Seal - A light application of slow setting asphalt emulsion diluted with water. It is used to 
renew old asphalt surfaces and to seal small cracks and surface voids. 

Heater Scarification - A form of Hot In-Place Recycling in which the surface of the old 
pavement is heated, scarified with a set of scarifying teeth, mixed with a recycling agent, dl-: 

and then leveled and compacted. 
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11 - .. Hot In-Place Recycling (HIR) - A process which consists of softening the existing asphalt 
surface with heat, mechanically removing the surface material, mixing the material with a 
recycling agent, adding (if required) virgin asphalt or aggregate to the material, and then 
replacing the material back on the pavement. 

Hot Mix Asphalt (HMA) - High quality, thoroughly controlled hot mixture of asphalt cement 
and well-graded, high-quality aggregate thoroughly compacted into a uniform dense mass. 

Hot Surface Recycling - See hot in-place recycling. 

Inflation rate - The rate of increase in the general price levels, caused usually by an increase in 
the volume of money and credit relative to available goods. The inflation rate is also 
reflective of the rate of decline in the general purchasing power of a currency. 

Initial Costs - All costs associated with the initial design and construction of a facility, 
placement of a treatment, or any other activity with a cost component. 

International Roughness Index (IRI) - A ratio of the accumulated suspension motion to the 
distance traveled obtained from a mathematical model of a standard quarter car transversing 
a measured profile at a speed of 80 km/h (50 mph). Expressed in units of meters per 
kilometer (inches per mile), the IRI summarizes the longitudinal surface profile in the 
wheelpath. 

Joint Resealing - The resealing of transverse joints in concrete pavements to minimize the 
infiltration of surface water into the underlying pavement structure and to prevent the 
intrusion of incornpressibles into the joint. 

- 

Joint Sealant Reservoir - The channel sawed or formed at a joint that accommodates the joint 
sealant. 

Load Transfer Restoration (LTR) - The placement of load transfer devices across joints or 
cracks in an existing jointed PCC pavement. LTR is used on existing jointed PCC 
pavements that were constructed without dowel bars at transverse joints. 

Life Cycle Costing - An economic assessment of an item, system, or facility and competing 
design alternatives considering all significant costs of ownership over the economic life, 
expressed in terms of equivalent dollars. 

Microsurfacing - Microsurfacing is a mixture of polymer modified asphalt emulsion, mineral 
aggregate, mineral filler, water, and other additives, properly proportioned, mixed and 
spread on a paved surface. 

Mineral Filler - A finely divided mineral product, at least 70 percent of which will pass a 0.075 
Te - mm (No. 200) sieve. Pulverized limestone is the most commonly manufactured filler, 

although other stone dust, hydrated lime, portland cement, and certain natural deposits of 
finely divided mineral matter are also used. 

Participant's Workbook A-3 



Appendix A-Glossary The Preventive Maintenance Concept 

Nominal Dollars - Dollars of purchasing power in which actual prices are stated, including 
inflation or deflation. Hence, nominal dollars are dollars whose purchasing power 
fluctuates over time. 

NOVA CHIP^^ - A maintenance treatment for AC pavements, sometimes called an ultrathin 
friction course: it consists of a layer of hot-mix material [placed over a heavy, polymer 
modified emulsified asphalt tack coat; the total thicknes~ of the application being typically 
between 10 and 20 mm (0.40 and 0.80 in). It can be used to reduce deterioration caused by 
weathering, raveling, and oxidation, and can be used to fill ruts and to smooth corrugations 
and other surface irregularities. 

Open-Graded Friction Course (OGFC) - An overlay coursk consisting of a mix of asphalt 
cement and open-graded (also called uniformly-graded) aggregate. An open-graded 
aggregate consists of particles of predominantly a single size. 

Partial-Depth Recycling - See cold in-place recycling, 

Pavement Preservation - The sum of all activities undertaken to provide and maintain 
serviceable roadways; this includes corrective maintenance and preventive maintenance, as 
well as minor rehabilitation projects. 

Pavement Preventive Maintenance - Planned strategy of cost-effective treatments to an 
existing roadway system and its appurtenances that preserves the system, retard future Ad r, 

deterioration, and maintains or improves the functional condition of the system (without 
increasing the structural capacity). 

Pavement Reconstruction - Construction of the equivalent of a new pavement structure which 
usually involves complete removal and replacement of the existing pavement structure 
including new and/or recycled materials. 

Pavement Rehabilitation - Work undertaken to extend the service life of an existing pavement. 
This includes the restoration, placing an overlay, and/or other work required to return an 
existing roadway to a condition of structural and functional adequacy. 

Pavement Serviceability Index (PSI) - A subjective rating of the pavement condition made by 
a group of individuals riding over the pavement. 

Periodic Costs - Costs associated with rehabilitation activities that must be applied periodically 
over the life of the facility. 

Present Worth Method - Economic method that requires conversion of costs and benefits by 
discounting all present and future costs to a single point in time, usually at or around the 
time of the first expenditure. 

-4 

Real Dollars - Dollars of uniform purchasing power exclusive of general inflation or deflation. 
Real dollars have a constant purchasing power over time. 
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*-+". 
Recycling Agents - Organic materials with chemical and physical characteristics selected to 

address any binder deficiencies and to restore aged asphalt material to desired 
specifications. 

Rejuvenating Agent - Similar to recycling agents in material composition, these products are 
added to existing aged or oxidized AC pavements in order to restore flexibility and retard 
cracking. 

Retrofitted Load Transfer - See Load Transfer Restoration. 

Rubberized Asphalt Chip Seal - A variation on conventional chip seals in which the asphalt 
binder is replaced with a blend of ground tire rubber (or latex rubber) and asphalt cement to 
enhance the elasticity and adhesion characteristics of the binder. Commonly used in 
conjunction with an overlay to retard reflection cracking. 

Salvage Value - The remaining worth of the pavement at the end of the analysis period. There 
are generally two components of salvage value: residual value - the net value from 
recycling the pavement and serviceable life - the remaining life of the pavement at the end 
of the analysis period. 

Sand Seal - An application of asphalt material covered with fine aggregate. It may be used to 
improve the skid resistance of slippery pavements and to seal against air and water 
intrusion. 

Sandwich Seal - A surface treatment that consists of application of a large aggregate, followed 
by a spray of asphalt emulsion that is in turn covered with an application of smaller 
aggregate. Sandwich seals are used to seal the surface and improve skid resistance. 

Scrub Seal - Application of a polymer modified asphalt to the pavement surface followed by the 
broom-scrubbing of the asphalt into cracks and voids, then the application of an even coat 
of sand or small aggregate, and finally a second brooming of the aggregate and asphalt 
mixture. This seal is then rolled with a pneumatic tire roller. 

Shape Factor - The width to depth ratio of a joint sealant reservoir. A proper shape factor is 
required to allow the sealant to effectively withstand repeated extension and compression as 
the temperature and moisture in the slab changes. Most commonly available sealants 
require a shape factor between 1 and 2. 

Slurry Seal - A mixture of slow-setting emulsified asphalt, well-graded fine aggregate, mineral 
filler, and water. It is used to fill cracks and seal areas of old pavements, to restore a 
uniform surface texture, to seal the surface to prevent moisture and air intrusion into the 
pavement, and to provide skid resistance. 

--_ Stockpiled Cold Mix - An asphalt maintenance mix consisting of aggregate and emulsified 
asphalt, which once prepared can be stored and readily used for a period up to six months 
depending on the formulation of the emulsion used and the aggregate characteristics. 
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Stone Mastic Asphalt Overlay - An overlay course consisting of a mix of asphalt cement, 
stabilizer material, mineral filler, and gap-graded aggregate. A gap-graded aggregate is 
similar to an open-graded material but is not quite as open. 

Surface Texture - The characteristics of the concrete pavement surface that contribute to both 
surface fiction and noise. 

Undersealing - Also called subsealing, pressure grouting, or slab stabilization: this process 
consists of the pressure insertion of a flowable material beneath a PCC slab used to fill 
cavities beneath PCC slabs and occasionally to correct the vertical alignment by raising 
individual slabs. 

User Costs - Costs incurred by highway users traveling on the facility and the excess costs 
incurred by those who cannot use the facility because of either agency or self-imposed 
detour requirements. User costs typically are comprised of vehicle operating costs (VOC), 
accident costs, and user delay costs. 
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