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Message from the Conference
Chairman

Ralph C.G. Haas, University of Waterloo

ference on Managing Pavements. Volumes 1 and 2 included peer-reviewed papers
presented at the conference and were distributed to attendees in San Antonio. This
volume includes the opening and closing plenary session addresses, keynote presentations,
several invited papers, and results of the various workshops.
A key feature of the Sunday before the conference opened was three tutorial sessions that
are not included in the proceedings but are listed below:

This is the third and final volume of the Proceedings of the Third International Con-

e Predictive Tools, presented by Olga Pendleton, Texas A&M University, with Carl
Monismith, University of California, Berkeley, as moderator and facilitator.

e Optimization Techniques, presented by Robert Lytton, Texas A&M University, with Per
Ullidtz, Technical University of Denmark, as moderator and facilitator.

® Monitoring Road Condition and Traffic: Review of Current Options for Data Col-
lection Methods and Equipment, presented by Waheed Uddin, University of Mississippi, and
Perry Kent, Federal Highway Administration.

These tutorials were extremely well received; in fact, registration for them was over-
subscribed. The contributions and efforts of the presenters and moderators are sincerely
appreciated.

The exhibits were another key feature of the conference. A list of conference exhibitors
appears in this volume.

Sincere thanks are also extended to the various sponsors listed, to the many individuals
who worked to make the conference a success, and to the more than 500 registrants from 40
countries who actively participated in the technical program and social activities. A list of reg-
istrants appears in this volume.

Finally, heartfelt gratitude is extended to the steering committee for the conference, in-
cluding the two cochairmen, not only for all their efforts but for their dedication to ensuring
a successful conference. Biographical sketches of members of the conference steering com-
mittee appear in this volume.



Conference Objective, Background,
and Themes

he objective of the Third International Conference on Managing Pavements was to
enhance the effectiveness and efficiency of managing pavements for roads, streets, air-
fields, and other areas. The conference provided an opportunity for executives, prac-
titioners, and researchers to share and evaluate recent experiences with pavement manage-
ment systems. It addressed the benefits of implementation, the effects of support on decision
making, advances in the state of the art and technology, and the need for future development.

BACKGROUND

The road systems of the world represent a huge investment on the part of governments and
taxpayers. There is widespread concern over the state of the road infrastructure. Despite in-
dications of increased investment, it is clear that the funds available are unlikely to meet all
of the needs of this sector in the long run. Wise investment decisions concerning the road sys-
tem will be more crucial than ever to the future of highway transportation.

In recent years a number of pavement management systems and concepts have been de-
veloped to assist decision makers. The effectiveness and the extent of use or implementation
of these systems still require substantial improvements. In large part this is due to financial,
technical, organizational, and political factors. Yet effective pavement management remains
a key to the future of roadway systems.

THEMES

The conference addressed the following themes:

e Appropriate systems: Papers covered the development or enhancement of pavement
management systems appropriate to the agency under consideration. Workshops were de-

vi
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signed to enable small groups of participants to evaluate and discuss the priority issues from
their perspectives.

¢ Implementation issues: Developments and implementation issues at the national, state
and provincial, municipal, and local levels were presented. Innovations in implementation
and marketing of maintenance and rehabilitation to decision makers were discussed.

e Institutional issues: Papers from several countries described institutional issues at
national, state, and local levels. An educator’s perspective was also included. Workshops
enabled participants to identify ways of overcoming potential hurdles to implementation.

® Managing information: A full range of techniques and advice about how to use them
were presented. A tutorial was offered for those who wished to gain firsthand experience.

e Analytical issues: The latest experience with performance prediction, optimization of
benefits from scarce resources, and the weighing of user costs versus agency costs was covered
in presentations and workshops. Two optional tutorials in predictive tools and optimization
techniques were also available.

* New frontiers: This part of the conference provided information about emerging issues
likely to affect pavement management.



Contents of Volumes 1 and 2

INTRODUCTION i cvuisusmnsssonssannssnssssassnnsnsnevessssnseasassnesssssissassusssessssensssnassssssssssoansonassnssssnsasnsssasmpvsssns ix

VoLuME 1

APPROACHES TO ENHANCING APPROPRIATE SYSTEMS

Planning and Design of a New Project-Level Pavement Management SyStem .....cccceeesesssssnsessansssssensane 3
Zhiwei He, Friedrich W. Jung, Gerhard ]J. Kennepobl, Jerry ]. Hajek, and Ralph Haas

Development of Road Management Systems in Southern Africa .....cccvensecescsnisnsnsnesssecssinssssessenssssecssns 14
S.P.R. Vincent, A.S. Leach, K. McPherson, and H.R. Kerali

Integration of Pavement and Bridge Management Systems: A Case Study .......corvesnerecersressrnrssnecssnsossns 22
Dimitri A. Grivas and B. Cameron Schultz

Knowledge-Based Systems for MaINtenance ......coueesesissaessssssssssssssssssssssnssssnssssassssssssssssssssssnssssnssssssssss 29
M.S. Snaith, H.T. Tillotson, H.R. Kerali, and A.]. Wilkins

Total Cost Rehabilitation Design Method for Use in Pavement Management ....o..eeveeeeessssesssssssseensannes 37
Alex T. Visser, Cesar Queiroz, and Andres Caroca

PERFORMANCE PREDICTION

Pavement Deterioration Modeling in INdia ......ccceisercenisnmsenssrsssssssssasssssnsssasssssssnsssnssssssasssssassssasesssssnans 47
V.K. Sood, B.M. Sharma, P.K. Kanchan, and K. Sitaramanjaneyulu

Predicting Roughness Progression in Flexible Pavements Using Artificial Neural Networks .....ccccoueeee. 55
Nii O. Attoh-Okine

Performance History and Prediction Modeling for Minnesota Pavements .......cccceseesncssnscssnnecssesssnesencs 63
Erland O. Lukanen and Chunbua Han

Performance Models and Prediction of Increase in Overlay Need in the Danish State Highway
Pavement Management System, BELMAN ..peessssnsessivesssisasionesnsonsussssasssenssonssionsntsssassnsessiassosssssicsasuporsiss 74
Jan M. Jansen and Bjarne Schmidt

viil



ix

Mechanistic Performance Model for Pavement Management ........c.oveseesesessessersssessssassessssasserassassassssas
K.H. Chua, C.L. Monismith, and K.C. Crandall

LOCATION REFERENCING AND GPS/GIS FOR THE INFORMATION TECHNOLOGY AGE:
TO HARMONIZE, STANDARDIZE, OR MODIFY?

Improvements to Utah’s Location Referencing System To Allow Data Integration ........cccceeceesseesaessesens
Richard A. Deighton and David G. Blake

Establishing a Link/Node Referencing System in North Carolina .......ceeeerevrenrensiccsseninsscnesnensnessnesessens
Mary C. Oppermann and Shie-Shin Wu

Integration of a Pavement Management System and a Geographic Information System
i South Caroling saummusimsssismiss gt aististsssan it iiioaniaisgieedTiniiitossaslsssssnsiostinasisisn
Alan Cheetham and Bill Beck

BETTER INFORMATION AND BETTER MONITORING PROCEDURES

Framework of Performance Indicators for Managing Road Infrastructure and Pavements ..........couu..
Frannie Humplick and William D.O. Paterson

Performance Indicators in Product-Based Management in Finnish National Road
AXCUINIOIREETAINOTE. cccwsiwssmswsmnsnonsessn o s 850 08484305 S R VS R SRR
Raimo Tapio, Antti Piirainen, and Vesa Mdnnisto

Condition, Safety, and Asset Value Monitoring in HUNGATY ...cccccvcverinveccnnirsersessereesnnecssessresssssesnansasenns
Ldszlé Gaspdr and Dezsé Résa

Toward a New Pavement Management System in Germany: Organization, Data Collection,
Experiences, and INNOVALIONS .....ccceiiveisensniniiicsniniiessncinensiesiensnistissessssssssnssssotssssossessesssssssssssssssssessaes
Wolfgang Burger, Peter P. Canisius, and Peter Sulten

Evaluation of French National Highway Network Based on Surface Damage Surveys ........ccoeueevunsvenes
P. Lepert, R. Guillemin, L. Bertrand, and D. Renault

The Profilograph: A Technological Enhancement of BELMAN, the Danish Pavement
Management SYSIEIM cu.uuiieiveeeiisseniissseiissneisssesiosssissstnessssssssssnsssssssesssasesssnsasssssssssnsssssessssasssssssssssssssssese
H.]. Ertman Larsen, Bjarne Schmidt, Rikke Rysgaard Nielsen, and Susanne Baltzer

STATE/PROVINCIAL DEVELOPMENTS AND ISSUES IN PMS IMPLEMENTATION

Special Implementation of Pavement Management for a Large Highway Network
in a Developing Area 0f CHiNa ......coeiciiieiisnoneiniienieiimsionmmsimsememsissssssisssesssssssssssssssssssseesans
Li Ningyuan and Ralph Haas

Implementation of VIC ROADS Pavement Management SYStemM .....ccceeerusessssssesssssssssssssssssnsessasssnssnens
David Anderson, Colin Kosky, Garth Stevens, and Andrew R. Wall



Organizational Implementation and Application of Alaska’s Pavement
Management SYStEI s, ciiissississimsisssssniorsssratnassiniississisosesisstsnsissnssasssssusss s masaongnes wee 198
Eric G. Jobnson, Billy G. Connor, and Ram B. Kulkarm

Strategic Tools in Finland ...caiissssssisassessisssanssssrans sessnssnss st st s b e e aes 203
C. Sikow, V.]J. Minnisto, R.O. Tapio, K.A. Tikka, and ].S. Aijé

Implementation of Pavement Management System in Spanish State Road Network ......cccevsensisncsscssnne 211
Oscar Gutiérrez-Bolivar and Francisco Achiitegui

Pavement Management System Implementation in the Transvaal Provincial Administration........ceeee.. 217
A. Taute, A.]. Papenfus, E. Sadzik, E. Van der Merwe, and A.]. Van Wijk

ANALYSIS

Development of United Kingdom Pavement Management System......cccesversseecsrnesensssnrissensanessancasssassanes 227
Stephen ]. Phillips

Comparing Pavement Performance and Its Effect on Maintenance and
ReDabilitation COSt .uiciivuiiecmsranssssnscssssssrossnsssnossuesssssassssncsssssssssssssessssssnesssnessssssasssssssassssssssansssssssssessass 237
M.Y. (Mo) Shahin, Chad Stock, and Lisa Beckberger

HDM-III Model—Appropriate Pavement Maintenance and Rehabilitation Programs
Under Conditions Prevailing in Central European COUNtries ......ccccisesesiicasisnissrsssascssaesnsssnssssacssans 246
Mate Srsen

Maintenance and Rehabilitation Effectiveness Evaluation (MAREE) System ......ccccseicsseecssannesssnscecsane 257
Gabriel ]. Assaf and Ralph Haas

Introduction of Investment Analysis into Pavement Management Practices in the Philippines.............. 267
Kim R. Howard, Neil E. Robertson, and Richard Francisco

VOLUME 2

APPROACHES TO DEVELOPING APPROPRIATE SYSTEMS

Considerations for Developing and Supporting Appropriate Pavement Management
Software £Or Ead TUSETS. cusussimarissnvassonsssnssssnsssion owewssnsinas st somisssn s s sy s sss aoiss Goaes sy iassavass damnss 3
Shirley A. Rodenborn and Roger E. Smith

Strategy for Development and Implementation of Road Management Systems
in the Southern Africa Development Community ReGION ....cicveerisesiussssusssnssenssnessassssasssassssassrsnsessssns 9
M.IL. Pinard, W.D.O. Paterson, and W.D. Mbvundula

Developing a Customized Pavement Management System for Port Orange, Florida .......ccccvvvsrancsiasinnas 19
Michael C. Pietrzyk



X1

Norwegian Public Roads Administration: A Complete Pavement Management System
iN OPETALION wissasissinssiicsusrsonssamsessseersrosssnssisossismtsessarsonsveeesr o sais s AT s ST RO P VeR TR bas 25
Torleif Haugodegdrd, Jobnny M. Jobansen, Dag Bertelsen, and Knut Gabestad

Florida Airport System Pavement Management Program .......ceceessnersesssiiessessssssssssnsssnssessssssssnnssssassos 34
William H. Green and ]. David Scherling

Description and Implementation of RO.MA. for Urban Road and Highway
NetWOrk MaiNteNance .....ccevieeccremsisnicsnmsersisesiesssisssssssnssstissnsessssssssissnnssssssssstossssasssssssssssssssssssssssanssassns 43
Gianfranco Battiato, Elmondo Amé, and Tom Wagner

INSTITUTIONAL ISSUES IN PAVEMENT MANAGEMENT

Overview of Institutional Issues in Pavement Management Implementation and Use ......c.ccecerverrecnes 53
Roger E. Smith and James P. Hall

Pavement Management as Part of Strategic Road Management .........cccocsissmsnesssssnsinsssassssssssanssssnsssasas 64
M.E Mitchell and ].H. Maree

How Decision Makers at Various Levels Use Output from the Danish
Pavement Management System, BELMAN .....ccccoviiiccrnnricosorseniisnsssonissssssnssssssssssssssansessessssassssssnssssans 74
Freddy Knudsen and Per Simonsen

Roles for a Regional Transportation Planning Agency in Countering Local Agency
Institutional Problems in Adoption and Use of Pavement Management SyStems ......ccouessessusersessnessnsans 83
Paul Sachs and Roger E. Smith

Role of MPOs in Pavement Management sussisesssesmssioissssassssassssmsssesssniasassssssbarssiiiasassssssabessmssmens 91
Frederick P. Orloski

NEW FRONTIERS

Pavement Management Systems Lead the Way for Infrastructure
Management SYSTEINS ..uuueeerreeceeniossssssesssnsriesesssssssesssnnessassssssosssnssnessstssssssssssssanstasssssssnsssssssessossssssssnsissss 99
W. Ronald Hudson and Stuart W. Hudson

Contract Road Maintenance in Australia: A Pilot Study ......cccecvveccrnnierccrnncsnisnnccsnsscssssnnssessssssseseossnees 113
Robert B. Smith, Malcolm Frost, and John Foster

Future Directions and Need for Innovation in Pavement Management .........ccoveresessercsrssessanessesssasassaes 122
W.R. Hudson and Ralph Haas

INNOVATIONS IN PMS IMPLEMENTATION

Long-Term Cost-Benefit Analysis of Pavement Management System Implementation ........cceeceeseressesens 133
Lynne Cowe Falls, S. Khalil, W. Ronald Hudson, and Ralph Haas



xil

Using Innovative Management Techniques in Implementing
Pavement Management SYStEmS ....ccveeieesinnrcssssensessssssssannesssssassssssssassssssanne e SRR L BSCS AR 139
Kathryn A. (Cation) Zimmerman and Michael 1. Darter

New Approach to Defining Pavement Management Implementation Steps .....cccovcvssssessesssersessencsssssanas 148
Roger E. Smith

OPTIMIZATION

Application of Markov Process to Pavement Management Systems at
Ntttk LERL snmvmssimssiommionsssmss miom Gauas oSt s g R S— « 159
Abbas A. Butt, M.Y. Shahin, Samuel H. Carpenter, and James V. Camahan

Design of Project Selection Procedure Based on Expert Systems and Network Optimization .........c.e.. 173
Kelvin C.P. Wang, Jobn Zaniewski, and James Delton

Making Optimization Practical in Pavement Management Systems: Lessons
from Leading-Edge Projects.......coucessscsncsonsssasssncsensans R A AR AN R — 184
Paul D. Thompson

Enhancements to the Network Optimization SySteil..cmsesssssssissssssssississssassnassnsnssnssssasssssssnsssssinsssssss 190
Ezio Alviti, Ram B. Kulkarni, Eric G. Johnson, Norman Clark, Verne Walrafen,
Larry Nazareth, and John Stone

Network Pavement Management System Using Dynamic Programming;:

Application to Towa State InterState INEEWOTK ccuiunsssmnasscssnssosnssinisonsssnsensssvsssaisassssassnassesissssvasasas 195
Omar G. Smadi and T.H. Maze

MUNICIPAL/LOCAL DEVELOPMENTS AND ISSUES IN PMS IMPLEMENTATION

Arizona Airport Pavement Management SYStEIM .....ccivueerseesssssnssssnnesscsssssssssssnnssssssssssnssssensssssssssssassnsans 207
Frank B. Holt, John P. Zaniewski, and Mack Richards

Development of Pavement Maintenance Management System for a Road Network .....ccccervessnansans R—.s by
A. Veeraragavan and C.E.G. Justo

Burlington Road Infrastructure Management ....... srsssvisisRssoT S SRANA s RssRes TR R as e R e R R VRS RO RE— 224
Sam Sidawi and Tom Eichenbaum

Development of Effective Maintenance Strategies for Municipalities in Thailand ............... s 239
Robert B. Smith and Pichai Taneerananon

Road Suiface Managenient SYSTEI urveususssssviusasinsssinsssinssessssiansssssenenss smssnmn v sws s o esuseomsi . 242
Charles H. Goodspeed, Edwin R. Scbmeckpeper, and Richard L. Lemieux

Implementation of Pavement Management Systems To Optimize Work Programs for
Local Government Authorities in AusStralia .....ccovvsssssesssnssesssnsssassnsssansas eeitontieinsrmmmnna s chigiibesias s 249
K.E Porter and D.M. Wilkie



xiii

BETTER DATA QUALITY MANAGEMENT

New Zealand Experience in Comparing Manual and Automatic Pavement
Condition RAting SYSTEIIE s sumssisssnssssosssasssvossnissssasinsssiaesssssss o samssssisnsmasssse RR——.] )
P.D. Cenek, J.E. Patrick, |.E. McGuire, and D.A. Robertson

Repeatability and Reproducibility of Manual Pavement Distress Survey Methods .......cccrveiessiassanens 279
Moshe Livneh
Investigation into Observational Variations in Pavement Condition SULVEY .......cccceerssssnssensssenssanssanse 290

Anand Prakash, Brij N. Sharma, and Thomas |. Kazmierowski

Quality Standards for Reliable Pavement Roughness Evaluation.........ccceveevseissunsssesscsssnissnsssnnssnesisean 302
Brandt Henderson, William A. Phang, and Cheryl Richter :

Implementation of a Calibration Procedure for Falling Weight Deflectometers ........ccccvesseerensccnncsanssaens 315
Lynne H. Irwin, Gaylord Cumberledge, and Brandt Henderson

Role and Development of a Pavement Construction History Data Base Within a

Pavericht Managerient SYSIEIN cosvussssssrinssmssesmmussncerssssstssssanssstasssanssonsssssnistsssmmsassasssnnrssanasessasmusisivss 326
John Statton
Case Study of Benefits Achieved from Improved Management of Pavement Facilities ......cc.cvsueesvecneranns 333

A. Mobhseni, M.I. Darter, and ].P. Hall






Welcome Address from the
Federal Highway Administration

E. Dean Carlson, Federal Highway Administration

the Third International Conference on Managing Pavements. It is indeed an honor to
follow the success of the Ontario Ministry of Transportation, which hosted the first
two conferences in Canada, by hosting this conference in the United States.

It is both significant and appropriate that 35 countries are represented at this conference.
The United States believes in, supports, and participates in the international exchange of
information and technology. FHWA demonstrates this commitment through our broad-based
international office, our participation in the Pan-American Institute of Highways, our
membership and active participation in the Permanent International Association of
Road Congresses and our most recent tours of Europe to learn about asphalt and portland
cement concrete pavement technology and contract administration techniques for quality
enhancement.

In addition, the Pacific Rim TransTech Conference gave the United States the opportunity
to exchange ideas on transportation technologies with Pacific Rim countries. The Strategic
Highway Research Program transcends many international borders and will prove invaluable
to highway engineers around the world. I believe this conference on pavement management
will also make a valuable contribution to the international exchange of pavement manage-
ment technology. The rapid changes of political structures around the world, such as the
reunification of Germany and the change in the former Soviet Union, have put transportation
professionals in what I hope is a gratifying position to work with one another, help one
another, and strive toward the same goals in doing the best possible job of moving people and
goods.

The first conference focused on teaching pavement management. The theme of the second
conference was implementing pavement management. Today I want to emphasize the use of
pavement management. To understand the many uses of a pavement management system
(PMS), I will discuss it in relation to the Intermodal Surface Transportation Efficiency Act
(ISTEA), the National Highway System (NHS), the North American Free Trade Agreement
(NAFTA), and FHWA’s new pavement management policy. I will also discuss the future of
pavement management.

O n behalf of the Federal Highway Administration (FHWA), I want to welcome you to
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ISTEA, passed by Congress in 1991, includes many new provisions affecting the surface
transportation industry in this country. ISTEA has changed the way FHWA goes about its
business. For the past 30 years FHWA managed the federal highway program on a project-
by-project basis. By and large, our engineers reviewed project designs and inspected individ-
ual construction projects. ISTEA has shifted FHWA from engineering individual projects to
managing networks and programs.

The mechanism in ISTEA that provides for the shift is the requirement that all states es-
tablish management systems for pavements, bridges, congestion, safety, transit, and inter-
modal facilities. These management systems represent a commitment to invest wisely in our
infrastructure programs and to continue to improve the quality and performance of our in-
frastructure facilities. As President Clinton recently said, “A well-functioning infrastructure
is vital to sustained economic growth, to the quality of life in our communities, and to the
protection of our environment and natural resources.”

ISTEA requires each state to have a PMS that covers all federal-aid highways within the
state. The states, local governments, and toll road authorities are the direct owners and users
of these PMSs, but FHWA oversees their use in the context of the federal-aid program. A PMS
approach brings to the table a condition-based assessment of the health of the federal-aid
road network, coupled with the ability to perform life-cycle cost analysis. The PMS can pro-
duce sound engineering recommendations for decision makers to use in establishing a cost-
effective and rational pavement preservation program. The systematic process of a PMS gives
FHWA the assurance that federal funds are being invested wisely, and at the same time it
maintains accountability.

A major component of ISTEA addresses the growing transportation needs of this country
in the post-Interstate era: the NHS. The NHS is an integrated network of the most important
roads and streets in the country supporting interstate and interregional travel and commerce.
The NHS system will also link the most important ports, airports, intermodal transportation
facilities, public transportation facilities, and national road systems in Canada and Mexico.
This system consists of the Interstate system and other principal arterial routes, with a total
length of approximately 159,000 mi. It is designed to maintain the pace of our economic
growth, enhance the mobility of the American people, and help our nation thrive in the in-
creasingly competitive global marketplace.

The federal emphasis, resources, and stewardship are concentrated on the NHS. This con-
centrated effort is intended to maintain and improve pavement conditions on the NHS
through the use of PMSs. Since 75 percent of large truck travel takes place on the proposed
NHS, this truly makes the NHS the economic lifeline of this nation. If the NHS achieves its
goals, a significant side benefit will be the diversion of large trucks from the minor roads sys-
tem, which will help preserve that system and preverit increased wear and tear.

Pavement management is also a tool for implementing NAFTA. The NHS, NAFTA, and
PMSs are all interrelated. Truck traffic represents 80 percent of the freight moving between
the United States and Mexico and 60 percent of the freight traffic between the United States
and Canada. The NHS will serve all major international border crossings that connect to the
Canadian and Mexican national networks. Under the terms of NAFTA, trade is expected to
accelerate between Canada, the United States, and Mexico. The current estimate is that trade
between the United States and Canada will increase 25 percent over the next 10 years. Trade
between the United States and Mexico is expected to double over the same period. NAFTA,
by virtue of the increased number of large trucks it will generate, will have a significant im-
pact on the wear and tear of highway pavements.

State PMSs must be used to track and predict the location and magnitude of this increased
truck traffic. We must assess the current load-carrying capacity of these crucial roads and
then be prepared and equipped to provide the additional carrying capacity necessary to make
these pavements operational. While we design the NHS and establish free trade with our
neighboring countries, we as engineers and managers must make absolutely sure our pave-
ments can do the job. PMSs give us the tools to help do that job.

Next I want to discuss quality. Whether we manufacture cars or provide pavements, our
customers expect a quality product. We are obligated as public servants and professionals to
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give the taxpayers good pavements. The two things that damage pavements are loads and the
environment. The quality of our pavement design, construction, rehabilitation, material, and
preventive maintenance directly affect the rate of deterioration of our pavement. As quality
increases, the rate of deterioration decreases. We can use our PMS data bases to evaluate the
performance of our pavement network relative to the quality of our design, construction, and
so forth.

Let’s ask ourselves these basic questions:

¢ Is the actual life of our pavements reasonably close to the theoretical design life?

¢ How much additional life do we get when we invest in better paving materials?

¢ How much additional pavement life do we get when we increase the quality level of our
construction standards?

* How cost-effective are our rehabilitation and preventive maintenance techniques?

The converse to all these questions and issues is also germane. What happens to the pave-
ment condition and life of our networks when we lower our quality standards? Many states
have performed this type of analysis and have clearly documented that the cost of quality is
justifiable when compared with the additional benefits. The tools of pavement management
allow us to conduct these important types of engineering analyses.

FHWA’s new pavement management policy and those for the other five ISTEA manage-
ment systems were issued as a federal regulation in December 1993. All federal-aid roads—
more than 900,000 centerline mi—must be included in PMSs. This increased coverage
presents a significant challenge to all of us. When we developed our policy we made an im-
portant distinction between federal-aid highways on the NHS and those that are not on the
NHS, because our emphasis is on the NHS. Our policy specifies a set of standards that PMSs
must meet for the NHS. States can go beyond these standards, and we encourage them to do
so. Our policy gives each state full flexibility on establishing pavement management stan-
dards for the roads that are not on the NHS.

In a nutshell, our standards for the NHS require a PMS to have an inventory, project his-
tory, traffic, load data, and condition survey. The PMS must also provide an investment
analysis that produces a prioritized list of recommended projects with recommended preser-
vation treatments for single-year and multi-year periods using life-cycle cost analysis. This
provision, which I have quoted verbatim, is designed to ensure a cost-effective and justifiable
pavement preservation program.

The standards for the NHS also require an engineering analysis of the design, construc-
tion, rehabilitation, materials, mix designs, and preventive maintenance of pavements related
to their performance. We will use this analysis to ensure the best quality pavements we can
buy for the money.

Let me share my views on where we are now and what the future holds. First, do we cur-
rently have all the resources in place to fully implement and use PMSs? From a federal and
state perspective, staffing is in short supply. This is a significant hurdle and it’s not going away
anytime soon. We’ve all been faced with staffing cuts, personnel ceilings, and budget con-
straints. Yet we must somehow dedicate the staffing levels needed to get the job done. For-
tunately, we have a number of qualified and experienced consultant firms to assist us, not to
mention the resources in our universities.

Second, will we be able to put PMSs in place for all federal-aid highways by October 1997?
It won’t be easy because of the large number of miles and the many local agencies we must
cover. My crystal ball tells me that some federal-aid highways may not be covered. Will we
then impose sanctions? We will look at each case individually and make the appropriate de-
termination at that time. If an agency lacks the resolution to implement the PMS provisions
in ISTEA, FHWA will consider sanctions.

Third, do we currently have all the technology in place to collect the desired engineering
information and analyze PMS data? We have made great progress in the last two decades but
we need to go further. We need to use new technologies when appropriate, such as ground-
penetrating radar that can measure pavement layer thickness at highway speeds in a non-
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destructive manner. We need rolling deflectometers to measure structural carrying capacity at
the network level. We need to advance fully automated condition survey equipment. Finally,
we need to collect and report our PMS data in a more uniform manner. These are just some
of the major technical areas in which we need to work in the future.

The fourth question is, will we use PMSs in the future to help us manage our vast network
of pavements so that we can compete in the global economy by moving people and goods
cost-effectively? The answer is absolutely yes, because we are dead serious and fully com-
mitted.

The fifth and final question is, what does all this mean? Pavements are what people drive
on and judge us by. Automobile drivers want a smooth, safe road to get them to and from
work. They want minimal disruptions when we rehabilitate the road, and truckers want to
drive from Point A to Point B with their kidneys and cargo intact. We must remember for
whom we work and what we are supposed to provide. People, be they motorists or truckers,
expect good safe pavements. The taxpayers want their tax dollars used in the most cost-ef-
fective way. Used as intended, our PMSs will satisfy the expectations of the automobile dri-
ver, truck driver, and taxpayer. We owe it to motorists to provide the best road we can for the
money we have. This means that we must carefully conduct engineering and investment
analyses to make sure we invest productively. We must concentrate on using PMSs to fix the
right road, at the right time, with the right preservation treatment, at the right cost. We owe
this to ourselves and we are accountable to our employer, the taxpayers who use American
roads. Don’t use a PMS because ISTEA mandates that you must. Do it because it’s the right
thing to do.
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Texas Department of Transportation

William G. Burnett, Texas Department of Transportation

I have the chance to welcome you to Texas and say a little about what we’re doing to

manage pavements. As some of you may know, we’re trying to forge a path for ourselves
in transportation that exceeds anything we’ve done before. But to attain such a lofty goal,
we must first concentrate on what that path is made of and what tools will best help us fol-
low it.

TXDOT has some great ideas about intermodalism, especially since the agency dropped
the word “highways” from its name and became a department of transportation. But just
because the word “highways” left the name does not mean it left our business. Regardless of
what other modes of transportation we work with, we’ll always come back to the mode that
humans have been using for centuries: the road.

TXDOT has some 77,000 mi of pavement to worry about. Texans may have our airplanes
and our boats and our bikes, but once you get on the land, our roads are “it.” And many of
our 77,000 mi are not only “it,” they’re old, most of them having been built in the 1950s and
1960s. Many of these pavements have now exceeded their original design life and have
begun to show distress such as rutting, cracking, and rough ride. In fact, a fiscal year 1992
report showed that only 66 percent of Texas highways were in very good condition, and our
overall ratings will continue to drop as these pavements outlive their design life.

In the 1970s we started trying to document the conditions of our roads in a pavement
evaluation system. This system stopped at recording the data. In the late 1980s we decided
to integrate the data into a pavement management system that could analyze the information,
give us condition reports, project distress levels and a variety of rehabilitation strategies, and
provide cost estimates and prioritization schemes.

Because of its massive nature, we divided the project into two segments. The first is a
network-level segment that allows me, as an administrator, to look at the entire statewide
network and make informed decisions about where funding should be allocated and into
which programs it should go. The second segment will allow area engineers and maintenance
supervisors to look at specific project-level analysis. These two segments together will allow
TXDOT to make the best decisions about where pavement rehabilitation starts and what

I’m here to represent the Texas Department of Transportation (TXDOT) and I'm glad
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kind of rehabilitation is needed. We hope to have the first segment or network-level system
operational by the end of the year, and the second level, the project-level system, up and run-
ning in the near future.

Some of our efforts in Texas are on the leading edge of pavement technology. Many of you
have signed up for a field trip to Victoria after this conference. We are constructing a revolu-
tionary piece of accelerated pavement testing equipment we refer to as the Mobile Load
Simulator. Although this equipment is still in the development phase, I am told it is opera-
tional and will be demonstrated to you.

But our edge is not so great that it stops us from spending $1 billion each year on pave-
ments. We’ve collected pavement information for 10 years, but it had rarely before been used
in pavement design. We hope to make it more accessible and to use it to closely observe how
specific designs, materials, and construction techniques perform over time. All this informa-
tion will give us a much more accurate estimate of our future needs. We have long needed this
type of reliable procedure to select pavement type and perform a life-cycle cost analysis to
better estimate our needs.

I could go on about what Texas is doing or planning for the future in the area of pave-
ments, but I really came to hear what you are doing. Again, welcome to Texas, and if you
have any problems while you are here, and specifically while you are at this conference, just
grab one of our TXDOT staff. Thank you for this opportunity to make our pathway a
smoother one.



Welcome Address from the
Ontario Ministry of Transportation

Robert W. Oddson, Ontario Ministry of Transportation

n behalf of the province of Ontario I would like to add my voice to those of Dean

Carlson and William Burnett in welcoming you to this conference. As a cosponsor of

the conference, it is indeed a pleasure to note the wide interest in pavement and
infrastructure management, both locally and internationally, and the importance placed by
each of us and our agencies on this discipline in helping to maintain a cost-effective, efficient
highway transportation system.

In these times of economic constraint the expenditure of public funds on transportation
infrastructure must compete with ever-increasing community, social, and health demands. It
is becoming more and more important for the agencies we work for to get the best return
from their transportation investments. These returns can be and are increased significantly
through the advancement of the art, science, and practice of managing pavements.

Past conferences, coordinated by Ontario and cosponsored by FHWA, had these broad
investment objectives in mind. The first of these forums, which took place in 1985, attracted
250 participants from 12 countries, representing 75 federal, state, and local agencies.
The second conference in 1987 attracted 330 executives, practitioners, and researchers
from 33 countries. Our third international conference will see these numbers signifi-
cantly surpassed, once again demonstrating the worldwide interest in exploring best
practices, methodologies, and technologies in maintaining and managing pavement infra-
structures.

Dr. Ramesh Kher, who coordinated and chaired Ontario’s 1985 and 1987 conferences, es-
tablished four basic thrusts to be integrated into all pavement management proceedings:

e Improving the broad understanding of pavements, pavement management issues, and
problems by all practitioners at all organizational levels within all transportation jurisdic-
tions;

¢ Developing pavement management solutions based on objective evaluations, along with
comprehensive integration of all pavement maintenance and rehabilitation activities;

e Developing new technologies, methodologies, and materials where existing ones have
demonstrated their failure to perform in a cost-effective manner; and
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e Incorporating the idea of continuous improvement in all aspects of pavement manage-
ment by bringing together broad segments of the industry in one major event.

On reflection these initiatives served both conferences well. The proceedings continue to
benefit many transportation agencies and pavement practitioners around the world. Similar
objectives have been established for this conference, and I am confident that the papers pre-
sented and debated during the next several days will have equal importance in our repository
of pavement management information.

Dr. Kher, although unable to be with us today, would indeed be pleased to note that the
principles sponsored and promoted during these earlier conferences continue to be important
in setting the agenda for this year’s conference. The importance of a forum such as this can-
not be overestimated in advancing ideas, solutions, and understanding in fields as complex as
long-term pavement maintenance and management.

My congratulations and thanks to those responsible for the development, organization,
and promotion of this conference:

¢ TRB for coordinating the conference, including printing and distributing the proceed-
ings;

e FHWA for its cosponsorship;

¢ Dr. Ralph Haas for taking on the role of conference chair;

® The conference steering committee; and

® You, the participants, for your enthusiastic interest in and contributions to all facets of
pavement management, which will ensure the success of this and future conferences.

So where do we go from here? Some 7 years have passed since we last convened to pursue
all aspects of infrastructure management on an international scale, a period of time many of
us feel is too long. To prevent this lengthy delay from recurring, the Ontario Ministry of
Transportation proposes to include a strong technical module focused on pavements in the
13th International Road Federation Conference, hosted by Ontario in Toronto in 1997. Your
support and participation in this event would be most welcome.
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Fred N. Finn, Consulting Engineer

Dr. Ramesh Kher indicated that Canadian and U.S investment in road infrastructure is

more than $1 trillion, which implies a tremendous worldwide investment. Clearly, such an
investment requires a high degree of stewardship to continually provide adequate perfor-
mance at a minimurit of cost. It seems apparent that traditional, and highly subjective, deci-
sion making is inappropriate to the task.

A subtitle for each of the past conferences could have been “Pavement Manage-
ment Systems Development and Implenientation, Present and Future.” My remarks will
attempt to address the past, the present, and the future of pavement management systems
(PMSs).

For me the past began in 1969 when I was working with Ron Hudson and Frank
McCullough to relate basic material properties to pavement performance. With the help of
Karl Pister at the University of California, we realized that considering material properties
one at a time would be an exercise in futility. However, it was possible to develop a better un-
derstanding of how and why pavements perform as they do by considering material proper-
ties as part of a system representing the total pavement structure and by recognizing the
interdependence of material properties and pavement response such as stress, strain, and de-
formation. The results of that effort, as part of the National Cooperative Highway Research
Program (NCHRP), eventually led to a series of NCHRP reports dealing with the application
of systems engineéring to pavement design and structural analysis for the prediction of pave-
ment performance. On the basis of this experience, in 1972 I presented a paper at the annual
highway conference sponsored by the University of California in which I outlined the possi-
bilities of a PMS as a realistic tool to help managers and engineers determine the best time
and type of rehabilitation for site-specific projects. By 1974 Dr. Kulkarni and I, along with
Messrs. LeClerc and Nelson of the Washington Department of Transportation (WASHDOT),
had developed a first iteration of a project-level PMS. The WASHDOT staff of Nelson and
Jackson, along with Dr. Mahoney from the University of Washington, expanded and im-
proved on the original version with the result that a usable and relevant system has evolved
for Washington. By 1975 it was realized, through conversations with management-level staff

In his opening remarks at the First International Conference on Managing Pavements,
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in the Arizona Department of Transportation, that a management system was needed to
address the eritire road network simultaneously. It was suggested that the network manage-
ment system should be capable of achieving both short- and long-term objectives. In the short
term, the system should generate a list of projects that required specific types of rehabilita-
tion in order to meet performance objectives within a constrained budget. In the long term
the system should provide reliable budget estimates for maintaining the network in an ac-
ceptable condition. In 1975 the technology was not available to address this aspect of the
problem, however.

In the United States and Canada, people like Golabi, Kulkarni, Nazareth, Lytton, Haas,

and others developed mathematical models to satisfy the constraints of performance and
budget and; with the help of highly qualified programmers, developed network PMSs. These
developments, although occurring at about the same time, often used alternative technologies
to achieve similar objectives. These individual and independent efforts led to a variety of net-
work PMS methodologies.
My purpose in mentioning this particular experience and one perspective of the evolution
of PMSs is to make several points: () we have been working on the development of PMSs for
at least 25 years; (b) we must recognize the difference between the project and network lev-
els of PMS; and (c) the development of PMSs requires knowledge and experience in such ar-
eas as pavement engineering, operations research, programming, statistics, modeling, and
economics and requires input from agency personnel familiar with the problems and needs
of the agency. Also important is support, patience, and commitment from top management
for all phases of development and implementation.

This look into the past is based on my personal experiences and primarily represents events
in the United States and Canada. However, I suspect that similar activities were also taking
place internationally at about the same time.

A review of the proceedings of the 1985 conference indicates that technologists and man-
agers, not always the same group, were interested in the development of PMS at the project
and network level. Dr. Thomas Larson, former Federal Highway Administrator, indicated
then that “. .. there is a need for innovation. In order for engineers and managers to be good
navigators, there should be a desire for change by skillful professionals who can make a dif-
ference in the way decisions are made and which will result in reduced costs and improved
performance.” He pointed out that “. . . without dollars there will be no need for pavement
management and without good management there will not be enough dollars to go around.”
Further, he noted that unless we can have a stream of innovations that will produce equal or
even better services to the public using our generally shrinking buying power, we will cease
to be competitive and our profession will suffer. More important, society will suffer, so our
challenge is very clear. These comments from Dr. Larson are as applicable today as they were
in 198S.

Subjects covered by papers at the 1985 conference included (4) educating the public and
highway officials about the merits of PMS, (b) project and network PMS, (¢) PMS support
for funding and planning, (d) collection and use of information, () pavement performance
and prediction models, (f) ranking and prioritization, (g) cost calculations, and (b) imple-
mentation.

With regard to implementation, one paper noted that there are four basic questions for a
PMS relative to planning and programming maintenance and rehabilitation of pavements:

1. Where should investment be made?
2. How should investment be made?

3. When should investment be made?
4, What are the results and feedback?

If an agency has a system that can answer the first three questions and can document results
from the feedback, it has workable PMS.

Pitfalls to implementation noted in 1985 included () mismatch between PMS and agency
resources, (b) mismatch between PMS and agency needs (i.e., what the agency really wants
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from the PMS), (c) overselling of PMS ease of development and results, and (d) inadequate
attention to institutional issues.

My experience up to 1993 suggests that those pitfalls are still with us. But in addition I
would add that there is built-in resistance or inability to change the traditional ways of do-
ing business, and a certain amount of “black box” phobia by management, in approaching a
computerized management system whose architecture and functions are not always trans-
parent.

Papers presented at the 1987 conference tended to be related to examples or case histories
of implementation as well as the development of technology. Major issues identified included
a somewhat wider range of topics than in 1985:

. Institutional issues;

. Interface of project and network systems;

. Use of automation for data acquisition and data requirements;
. Prediction models, both deterministic and probabilistic;
. Benefits of PMS;

. Barriers to implementation;

PMS at local, state, provincial, and federal levels;

. Definitions or descriptions of performance;

. Ranking and optimization;

. Expert systems; and

. Truck size and weight.
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In 1987 reports of implementation were presented by representatives of 15 countries. As
would be expected there was considerable duplication of subjects among papers and dis-
cussions at the two conferences. The main difference in 1987 was in the emphasis on im-
plementation and the recognition of institutional issues as a major factor in successful
understanding and use of the PMS. Alternatives were provided relative to such factors as
ranking, prioritization, optimization, performance, and the perception of project and
network management systems. It was also clear that there were almost as many methods
for achieving PMS as there were agencies developing PMS—a diversity that resulted from
different objectives, resources, and technological capabilities, and that has led to some
confusion.

A review of the program for the 1994 conference indicates that representatives from some
25 countries will present papers or participate in discussions related to such topics as the fol-
lowing:

* Appropriate systems: development or enhancement of systems appropriate to the
agency;

e Implementation issues: innovative ways to market PMS to decision makers;

e Institutional issues: ways to overcome institutional hurdles to implementation caused by
the internal organization of an agency and by lines of communication and locations of power
within the agency;

* Managing information: how to measure, store, and retrieve information;

® Analytical issues: development of prediction models, optimization, and user costs; and

* New frontiers: emerging issues likely to affect pavement management.

About half the sessions and topics are concerned with management issues related to set-
ting clear objectives as well as the commitment to implementation, and half are concerned
with technical issues. Two topics of utmost importance will be introduced and discussed this
morning as part of the opening plenary session. John J. Henry and William D. O. Paterson will
discuss “What Price Harmonization and What Benefits from Standardization?” W. Ronald
Hudson and Ralph Haas will speak about “Costs and Benefits of Pavement Management.”

In the middle and late 1970s, a number of states in the United States saw the benefits of
having a PMS and initiated independent studies related to its development. These efforts led
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to the development of a variety of systems designed to meet the individual needs and re-
sources of the state agency. These independent actions have led to some confusion as well as
some benefits.

The benefits at the state level are the development and implementation of PMSs that have
provided much-needed information concerning the inventory of pavements, their condition,
estimates of budget requirements, maintenance recommendations for specific projects, and
such benefits as will be enumerated by Professors Hudson and Haas. The development by
states has also provided, in some cases, spin-off to local agencies.

The confusion, resulting from independent developments, stems from the fact that various
state and local agencies perceive the requirements and benefits of PMSs differently. Differ-
ences of opinion relative to performance requirements, the use of various technologies, ap-
proaches to the project and network requirements, criteria for establishing priorities, ranking
and optimization, the need for deterministic or probabilistic prediction models, and the pros
and cons of including user costs as part of the cost analysis are examples of some of the
sources of this confusion. I hope those issues can be discussed during this conference, with
possible recommendations than could help resolve the question of standardization.

DEFINITION OF PERFORMANCE

We commonly refer to functional performance and structural performance of pavements.
Functional performance usually refers to ride quality or comfort as measured by smoothness
or roughness. However, how are the two related? At the present time there is objectivity only
on the side of measuring roughness. Even here we have not determined the best measurement
and summary statistic for that unique characteristic of roughness, or surface profile, that re-
lates to comfort as experienced in the wide range of vehicles operating on our highways.

Structural performance can refer to physical distress in the pavement surface or to the abil-
ity of the pavement structure to resist the occurrence of distress. The ability to predict when
distress will occur, before it is actually visible, is considered useful in order to maximize the
benefits of preventive or preemptive maintenance or early rehabilitation. The principal way
to make such predictions, at the present time, is by establishing relationships between deflec-
tion or curvature and the occurrence of distress. Such predictions are not considered suffi-
ciently reliable to use as the basis for programming funds for preemptive maintenance or
rehabilitation. Efforts to use surface deflection or curvature, in my opinion, are not likely to
be productive as reliable predictors of distress. Development of improved mechanistic-
empirical models with the ability to simulate a variety of material properties, seasonal effects,
aging, and traffic combinations will have a better chance of success.

Safety can also be considered as an attribute for PMSs. However, because safety has unique
ramifications, it is often evaluated outside of the prioritization or optimization aspects of a
PMS and must be dealt with largely on the basis of policy. However, as suggested by Mr. Carl-
son in his opening remarks, economic considerations regarding safety should be evaluated
objectively to realistically program funds to achieve a safe highway facility.

DEFINITION AND EVALUATION OF PAVEMENT DISTRESSES

The evaluation of distress in any standard format is still a matter of opinion as to what types,
extent, and severity are critical and essential for use in a PMS. In the United States the Strate-
gic Highway Research Program (SHRP) staff has issued a “Distress Identification Manual for
the Long-Term Pavement Performance Project.” This manual is to be used by contractors as-
signed to evaluate in-service projects included in the long-term performance phase of SHRP.
Fifteen types of distress are identified for pavements with asphalt concrete surfaces, 16 for
jointed portland cement concrete, and 15 for continuously reinforced concrete surfaces. This
manual was developed primarily for research; however, it could be useful at the project level
of PMS. The manual illustrates the kind of information needed to help standardize data
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acquisition. Every agency needs such a manual for use with the project and network PMS. It
would be useful if one set of manuals could be used nationwide. Each agency could select,
from the list of distresses in the manual, the type of distress or distresses most likely to occur
and most significant to the project and the network. Agencies in other countries have also de-
veloped comprehensive manuals used to identify distress.

TECHNIQUES FOR THE DEVELOPMENT OF PREDICTION MODELS

Some PMSs do not include prediction models at the network level, and some don’t even in-
clude them at the project level. The absence of prediction models is usually due to a lack of
confidence in their ability to predict performance. The inclusion of prediction models should
be a must for a fully implemented PMS. As information is developed from research, improved
models can be developed, and some objections to them can be mitigated. Hopefully, mecha-
nistic models can be developed for pavements at the project level. Statistical models will likely
remain the basis for network-level predictions.

CosTts AND THEIR COMPUTATION

There is confusion regarding which costs to include and how to determine them. What
constitute initial costs are relatively clear; however, reliable estimates of initial costs at the
project level, and especially at the network level, must be recognized as having a degree of
uncertainty. This uncertainty must be carefully evaluated when cost differences between
alternative actions are relatively small.

The method used to determine salvage value is also the subject of some controversy and
confusion. The two most common methods rely on estimating the worth of the in-place
materials if they are to be reused or the remaining life associated with the last maintenance
or rehabilitation action.

Any relationship between the cost of routine maintenance and pavement condition has
proven to be elusive.

Differences resulting from errors in estimating salvage value or routine maintenance cost
during the life of a project may not be overly critical, since relatively small present-worth fac-
tors are applied to routine maintenance and the offsetting effects of salvage value. However,
such factors may be important when alternative considerations have narrow cost differences,
and they should be included in cost estimates.

There exists major confusion, or a difference of opinion, with regard to user costs. One
argument suggests that such costs are not reliably known for pavements maintained at a rel-
atively high level of functional performance. Some countries, under the leadership of the
World Bank, have developed what they consider to be reliable user cost information. How-
ever, many PMS developers believe that this information may not be applicable beyond the
limits of the investigation. Some investigators in the United States argue that ride quality is a
suitable surrogate for user costs, at least until reliable information is developed for applica-
tion in this country. Possibly these same arguments are ongoing internationally as well. It
seems clear to me that total costs, including user costs, would be the ideal objective function
for a PMS when attempting to determine optimal M & R strategies based on the lowest costs.
Questions that should be answered include how user costs are related to levels of distress or
roughness and how to estimate the cost of delays incurred by the user as a result of various
M & R actions.

MARKETING PMS

What techniques can be used to convince staff at all levels of the benefits and importance
of enthusiastic support for a proposed PMS? Support is needed across organizational
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boundaries within most highway or transportation departments. There is a natural aversion
to change. But if benefits for each group can be identified, support should be possible. How
to obtain this support can be a critical issue to real implementation.

PrOS AND CONS OF STANDARDIZATION

At the national level standardization has a number of advantages: (a) the ability to summa-
rize the past, present, and future condition of pavements across political and geographic
boundaries; (b) the ability to report performance trends, both structural and functional;
(c) the ability to combine resources for the research and development of technology for both
project and network PMSs; and (d) the ability to establish national standards or goals for
pavement performance. The disadvantages are essentially the opposite side of the coin:
(a) difficulty in comparing the condition or performance of pavements at the national level,
(b) difficulty in combining information and use of technology, and (c) inability of agencies to
help each other solve common problems.

There are definite advantages to having separate systems at the state or local level. For
example, the system can be tailored to the needs and resources of the agency without being
required to meet national standards. There may be greater opportunity for innovations,
which may not always be compatible with national standards or requirements. A degree of
competitiveness could develop among agencies, which might lead to more innovations for
PMS. Performance thresholds can more easily be adjusted to meet the needs of the local
agency. The time required to develop a system will likely be less if only local needs are to be
satisfied.

At the present time [ sense no strong movement toward a single national pavement man-
agement system in the United States, although there appears to be some movement in this
direction for bridge management. I believe there is interest in exploring the feasibility of a
more standardized measurement and summary of pavement distresses and profiles. Current
work by ASTM, AASHTO, TRB, and FHWA indicates a common interest in this activity.
Some countries have essentially a single generic system, which has been adapted to local re-
quirements. A challenge for this conference could be to make recommendations for stan-
dardizing performance and distress measurements so that the results, uniformly summarized,
would have credibility for addressing needs and could be used to measure the health of the
system over time.

I would like to offer a few comments about the future, especially as it can be affected by
research. The first is that we should determine what research is most needed and will have
the highest payoff in terms of return on investment and timeliness of delivery.

Drs. Hudson and Solminihac of the University of Texas have undertaken a project to iden-
tify research needs. Their investigation is based on responses from 308 PMS practitioners
from 21 countries. The results of their study have been broken down into two categories:
short-term opportunities for innovation and research and long-term opportunities. Three
broad categories of need stand out in their report:

1. Development of automated data collection equipment and analysis methods for stan-
dardized pavement distresses and roughness measurements;

2. Improved life cycle or remaining life prediction methodology; and

3. Better understanding of costs, including the role of user costs.

Those responding expressed interest in () standardized PMS concepts, (b) integration of
all infrastructure management systems, and (c) coordinated education and information ef-
forts for all levels involved in management systems, from technologist to decision maker. As
Dr. Larson said in 1985, PMS needs a stream of innovative developments, and I would add
that research is the headwaters of that stream.

In closing I would like to note that PMS offers the most effective concept to maximize the
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benefits in planning and programming pavement maintenance or rehabilitation. However, in
dealing with our peers, with management, and with the public, we need to keep in mind that
Moses did not include PMS as an eleventh commandment and that we have not yet achieved
perfection in its development or administration. Our mission this week will be to share with
one another and to work toward reliable and credible PMSs.

Some of the limitations of PMS are as follows, from my perspective:

1. Until automated equipment is available for measuring distress, it is normal to evaluate
a section or segment by sampling only a portion of the section. How representative is the
information? Are the data from the sample to be summarized and incorporated in the PMS
as an average or as some distribution? In most cases, maintenance or rehabilitation is not
triggered by some average condition. Information concerning pavement condition from a
sample is our best estimate; however, we need to realize that there is some uncertainty about
how well the sample represents the total section.

2. There is the question of the reliability of prediction models and how well such factors
as weather, aging, traffic, subgrade material properties, and drainage are included in them.
How sensitive are the results to these factors?

3. There is uncertainty about the methods used to obtain cost estimates. How reliable are
the cost data, particularly at the network level? Have we given adequate consideration to user
cost, either directly or by use of surrogate considerations?

4. How credible are the performance criteria? At the present time most criteria are set by
members of the agency with only minimal input from the actual users, particularly the truck-
ers who operate 18-wheelers.

5. How credible are the recommendations generated by the PMS? Recognizing that there
is the possibility of some risk in setting priorities or M&R policies for optimization, provi-
sion should be made for the use of judgment in applying the results.

The results or recommendations provided by a PMS are highly dependent on the applica-
bility and quality of information in the data base and on any assumptions made in the de-
velopment of the prediction and economic models as well as the performance criteria used to
identify when maintenance or rehabilitation is needed.

I do not want to end my remarks on what may sound like a negative tone. The value of
pavement management systems is apparent by your attendance and participation in this con-
ference, and by participation in the previous two conferences. It should be made clear to en-
gineers and managers that PMS is an essential planning and engineering tool for maximizing
benefits and minimizing costs to users. We need to keep moving forward with innovations
to enhance future PMSs and to better use the systems that have already been developed and
implemented.
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structured existence and resisted by those who regard it as an imposition with the

possibility of unfamiliar methods, extra effort, and costs, perhaps without iden-
tifiable benefit. How desirable is standardization, and in particular, what are the needs for
standardization in pavement management?

In pavement management, a wide variety of technical activities being propelled into reg-
ular use were, until the last decade, only in the research and development phase, or were
restricted to special applications. Specific information-gathering tasks—such as measuring
pavement deflection, skid resistance, roughness, and traffic loadings—have become require-
ments for regular monitoring of road conditions and demands. Management systems pro-
viding a basis and support for decision making are themselves different products that can be
selected to meet differing levels of need.

Only a few localized attempts were made to apply a systems approach to managing road
pavements in the 1970s. Today, literally thousands of highway agencies and local authorities
throughout the world are making decisions on what to measure, how to interpret data, and
how to formulate the decisions that will lead to the optimal management of their road assets.
In the 1970s the choices were largely dictated by the road agency of the jurisdiction, with the
strong influence of national or regional research institutions. Now with the growing global-
ization of trade and information exchange, and with fierce pressures to economize, the
choices can be made from beyond the immediate jurisdiction, if the administrative framework
allows it. If a better way exists somewhere else, why not consider it?

Despite the variety of emerging approaches, there are common barriers to change. The
pragmatic one is familiarity with the local approach and a preference for doing it “our own
way.” The other is the lack of a means to compare across options and so relate new data to
previous data. In such situations a set of standards becomes valuable, either as a norm to be
followed directly or as a norm by which commercial alternatives can be compared and their
implementation controlled.

How should standards be used to support and benefit pavement management? This raises
the question of whether the differing approaches at local, national, and international levels

(4 E ; tandardization” is welcomed by those who view it as the way to a well-ordered,
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should be reconciled by seeking common standards or harmonizing differing standards. The
choice can be characterized simply by this question: do we seek to achieve uniformity in all
respects or in the end result (Figure 1)? The latter certainly would provide the flexibility and
diversity needed in the global market.

STANDARDIZATION

The purpose of a standard is to provide a common basis for performing a particular task or
meeting a particular objective, so that when followed by different people, in different places,
or at different times, equivalent or comparable results can be obtained. The common use of
standards is to gain compliance in producing materials, products, or information. They may
be used as specific citations in the technical specifications of contract documents to avoid the
necessity of reproducing tedious detail for regular use. They may be used as a schema of best
practice. Standards are used to support quality assurance schemes, as a basis for quality
control, and as a means for ensuring the reproducibility of results. They cover materials,
products, systems, services, procedures, terminology, and concepts.

To meet this variety of purposes there are different types of standards, such as the fol-
lowing:

® Methods or procedures, specifying detailed steps to be followed for a test or activity;

* Specifications of the attributes or properties of items such as materials, equipment, or
information; and

® Guides indicating good or preferred practice and standard concepts.

Many standards are rules that derive their credibility from the establishing authority. They
are only applicable when invoked. For wide credibility and applicability, therefore, the
knowledge base and the development of consensus among clients, users, and industry are
crucial.

Technical standards tend to evolve through five typical developmental stages:

1. Innovation or initiation of a test or method, by an implementing agency or through
research and development;

2. Test-specific specification prepared by or for an implementing agency;

3. National standard for specific test method and device;

4. National standard for test method (applying to various devices); and

Uniformity -

in all respects? or inend result?

FIGURE 1 Two views of standardization.
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5. Harmonization in generic standard of test for all methods and devices (national or
international).

Most highway engineering standards have first been developed by an implementing agency
as a method of best practice to achieve uniform results from a repetitious task. In the first
stage, particularly for new techniques and concepts, the standard develops around a particu-
lar method or item of equipment that is an invention or the product of research. The second
stage is to codify the essence in writing, for use as a specification of a method or system by
an implementing agency. Thus, before and during the evolution of the concept of pavement
management, we have seen the issuance of standards on, for example, the Benkelman beam
deflection equipment and method, a specific manufacturer’s locked-wheel brake-force trailer,
a specific commercial road profile measuring device, and so forth. Written by a public agency,
research institution, or manufacturer, these early agency-specific standards served a useful
purpose by allowing these techniques to be introduced and used by others beside the
inventors.

The third stage is the preparation of a national standard for a specific method or device to
meet the needs of multiple users and agencies. This distinguishes a standard from regular
specifications, methods and guides that are otherwise applicable only in their locality and are
typically subject to local variations. Procedures are reviewed, agreed, and formalized. The ex-
perience of all users of a particular device or method is pooled. The standardizing of proce-
dures and equipment improves reliability, repeatability, and reproducibility.

However, as the industries grow and variants are developed for each device or method, the
number of standards would have to proliferate if all competitors were to have equal access
to the market. If a client (e.g., a road agency) adheres too rigidly to a particular technology,
specifying one device, innovation and improvements may be suppressed. Such restrictive
practices may result in technical or economic inefficiency. Whereas restrictive specifications
can satisfy an immediate need, in the long run liberalization will be needed to ensure that the
best practices will be achieved. Standards have had to evolve toward a focus on the end-prod-
uct, be it a data item or a product, specifying procedures or equipment only where they have
a direct bearing on the end product. Stage 4 is thus the development of a generic standard
covering all variants within a device or method group. Examples include response-type road
roughness meters and locked-wheel skid testers.

The challenge in developing Stage 4-type standards has been to identify the essence of a
method and distinguish for example when it is unnecessary to require adherence to the
mechanical design details of the testing equipment (a factor that may favor one manufac-
turer’s patented rights to the exclusion of others’) and which elements of the test are fun-
damental to the property being measured. Thus, for example, the measurement of road
roughness evolved from a standard instrument, the Bureau of Public Roads roughometer, to
a cluster of standards for various individual devices, to general standards on response-type
equipment and on other clusters of methods dealing with quite different principles of
measurement of road surface profile.

HARMONIZATION

When the market has produced different methods or equipment for measuring a pavement or
traffic attribute, the issue that then arises is how these can be compared and the best choices
made. And if different agencies make different choices, which is inevitable in an active mar-
ket, how can the end products be compared when necessary?

Harmonization is the process of creating a new reference standard to which existing stan-
dards can be related, whether they are maintained in parallel to the new standard or are sub-
sequently replaced. It is Stage 5 of standard development.

Harmonization can be considered the gentle road to achieving standardization. In the con-
text of a diverse market, it allows entry for a variety of players but retains a commonality of
output. It is a means for allowing an agency to obtain the benefits of relating to a broader
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range of options. Without requiring abandonment of the existing method immediately, it per-
mits either a planned transition to other options or the adoption of a universal standard.
We can identify at least four motivations for harmonization:

e Continuity—when moving from an old to a new measurement technology, to preserve
acceptance test requirements, or to maintain consistency with historical records that are a
rich source of empirical experience;

¢ Equity—when a national or regional agency allocates budget to regional or local juris-
dictions, to provide commonly based measures of conditions and needs for comparison and
assessment;

 Efficiency—the expansion of market opportunities allows entry of more suppliers, more
competitive pricing, and more incentives for technological improvement; and

e Effectiveness—to accelerate the progress of knowledge on complex mechanisms involv-
ing numerous variables, such as those involved in road friction, by the exchange and pooling
of findings and the resultant synergy that allows progress beyond the resources of any one

group.

The goal of harmonization is founded on the notion that to make progress, whether tech-
nologically, efficiently, or effectively, it is useful to reduce the number of compliance require-
ments to the minimum essential and to eliminate conflicting requirements that might be
applicable from different agencies. The strategy for success in harmonization is to identify the
fundamental objective and characteristics needed to define the product or process. It recog-
nizes that different paths may lead to the same goal. Performance-based specifications, for ex-
ample, inherently imply that the ultimate performance is what needs to be assured, and the
actual means (equipment, recipe, etc.) to attaining it are not relevant.

Lessons can be drawn from other sectors. The promulgation of de facto common or dom-
inant practice does not necessarily bring the best solution, and may only formalize an ineffi-
ciency. Examples include the dominance of VHS over the more efficient Beta technology in
the videocassette market, of DOS-based software over the icon-graphic interactive software
until recently in the computer market, and the persistence of imperial measures in the domi-
nant U.S. economy over the metric measures applying elsewhere in the world.

In pavement management, we must endeavor to move as quickly as possible from the ini-
tial, product- or process-specific standards applying to existing and new methods, to stan-
dards applying to generic clusters of methods, and wherever possible, to a reference standard
that allows harmonization among those generic clusters. Where possible, we should avoid
merely standardizing what is currently common practice and focus on identifying and achiev-
ing standards based on fundamental principles and best practice.

There are three approaches to achieving harmonization: correlation, calibration to an in-
dependent fundamental reference, and classification.

Correlation

A simple approach, and usually the first to be attempted, is to correlate the results of two or
more methods and determine the relationships between their results, as shown in Figure 2.
The approach is satisfactory when the methods are operating on similar principles, but
experience shows that the correlation and the accuracy of estimating one result from the
result of another method degrades considerably and is usually only fair when they operate on
different principles or are measuring different aspects of the phenomenon.

Adjustment to Fundamental Reference

A stronger approach is to identify a fundamental characteristic that is relevant to the even-
tual practical use of the result of the test or method. The output of each method is processed
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FIGURE 2 Correlation approach to harmonization.

to produce the fundamental characteristic, which then becomes the new measure to be pro-
duced by each method, as shown in Figure 3. Usually a major international experiment is
needed to identify the reference, to establish its relevance and suitability to all methods, and
to determine the correlations of the various methods to the reference and to each other. In the
example in Figure 3, the outputs of Methods A and B are each processed differently from
their usual results and the final result is expressed in the international units of the funda-
mental reference. Their standard results, SR, and SRy, are also produced and could be used
in parallel or alternatively to the international standard. The output of Method C, which per-
haps measures only the fundamental characteristic, is processed directly into the international
units of the fundamental standard.
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FIGURE 3 Harmonization by relation to fundamental reference.
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Classification

Standardized classifications are emerging as one of the most versatile and useful ways of
harmonizing aspects that are complex or do not have standard measures, such as survey
methods, equipment capabilities, and terminology. By defining the characteristics of a class
of devices or methods, both users and suppliers are given a common reference to define and
quantify the capabilities relevant to the measurement. Several devices or methods would
qualify for each class, and as new technologies or new devices come into the market such
classes provide an immediate identification of their capabilities and relevant applications.
Thus standard classifications are very useful for contract specifications and for public pro-
curement procedures, allowing flexibility in the preparation of contract bids and the entry of
different suppliers under equivalent conditions.

STATUS IN PAVEMENT MANAGEMENT

From the perspective of standards development, we now review the status and progress of
standardization in pavement management: first, the tangible, familiar elements of specific
data and information such as pavement condition and traffic; and second, the more
conceptual aspects such as terminology, management system principles, and implemen-
tation issues. A listing of ASTM standards (1) relating to pavement management is given in
Table 1.

Roughness

Until the 1980s, measurements of road roughness were device-specific and the standards that
existed were intended to ensure the similarity of replicate mechanical devices, implicitly
assuming that they would then yield comparable results. Standardization took the form of a
standard such as ASTM E1215 on a two-wheel trailer or a dedicated reference vehicle set
aside to be used only for comparison and calibration, such as the British Bump Integrator
trailer or Australian NAASRA meter. Little was known then of the magnitude of the varia-
tions between like devices or of the uniformity of a device’s measurements over time. The
ubiquitous inches/mile or counts/mile statistics of cumulative relative displacement between
axle and vehicle became common in American and British work, but the comparison among
diverse devices was unknown, especially with the profile-measuring devices emerging in
the United States, France, and the United Kingdom. Relations to the rolling-beam devices
(Profilographs) and static straight-edge measurements of profile tolerances, expressed in
similar inch/mile or inch/foot units but different scale, were not established.

The International Road Roughness Experiment (IRRE) in 1982 (2) and the preceding
American calibration study (3) were landmarks in this situation and set a pattern that has
become a model for the harmonization of other road measurements. The two primary objec-
tives of the IRRE were to establish the correlations between various methods and to identify
an independent calibration reference standard. In a broad-ranging factorial of nine response-
type, two dynamic profile, two static profile and panel ride rating methods on flexible and
unpaved roads, the experiment succeeded. The International Roughness Index (IRI) was
defined as a mathematical transform of the absolute elevation profile of a single-wheel
track—the transform being a quarter-car simulation with a cumulative displacement per unit
distance (slope) as output—and roughness measurement guidelines were issued (4). Subse-
quently an S-4 type standard for calibration was developed in ASTM, the E1448 (Table 1).

The findings of the experiment and subsequent lessons learned are instructive:

e Whereas the correlations between methods were generally positive, they were weakest
between methods of different principles or operational conditions, revealing both nonlinear-
ity and wide dispersion.
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TABLE 1 ASTM Standards Relating to Pavement Management

ASTM
DESIGNATION TOPIC STATUS LEVEL
Roughness and Profile
E1364 Static level 4
E950 Profilometer Under revision 3to4
E1500 Mean square numerics New 4
Ride number from profile data Preparation 3
E1448 Calibration of response-type Recent 4
road meters
E1170 Vehicle simulation for IRI Under revision 4
E1082 Under revision 3
E1215 Under revision 3
E1274 Profilograph method 3
Friction and Texture
E274 Locked wheel friction 4
E303 British pendulum tester 3
E445 Stopping distance 4
E501 Ribbed test tire 3
E503 Diagonal braking friction 4
ES524 Smooth-treaded test tire 3
E670 MuMeter friction tester 3
E965 Volumetric (“sand”) patch 4
E1136 Radial treaded test tire 3
E1337 Peak braking coefficient test 4
E1551 Test tire for fixed slip testers 3
Fixed slip friction testing In preparation 4
Variable slip friction tests In preparation 4

® When influential operating conditions such as speed were normalized, the correlations
improved considerably.

® The most successful harmonization was achieved with a reference based on the under-
lying absolute profile being measured, defined in a mathematical form relevant to the impact
being assessed (in this case, the excitation of road vehicles in motion).

Assessing the effectiveness of IRI as a harmonizing standard reveals the following:

® The use of IRI as either the measure or the reference for roughness measurements has
become widespread in the world, with an increasing number of agencies adopting it for
formal statistics, and it is becoming the norm for data presented in technical publications,
which has greatly improved the transferability of research findings.

® The commitment and support of public and international authorities have been crucial
to the recognition and adoption of the standard. The collaborative involvement of several
countries (developed and developing) and international organizations (such as the World
Bank and the United Nations) both enhanced the credibility and impartiality of the result and
created a willingness to adopt the result. However, where the technical organization or the
government agency has not relinquished its preexisting standard, the international standard
has not been adopted. In the United States the federal requirement to report federal rough-
ness data in IRT has ensured its use for federal purposes, but-not all states have replaced their
systems.

® The role of private industry, particularly the manufacturers of road monitoring equip-
ment, was pivotal because the provision of facility for reporting the IRI units of roughness
in all recently produced equipment has encouraged users to use and become familiar with
the scale and the standard. The built-in computation of IRI by road profile devices has also
improved the reliability of the measurements.
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e Concerns about IRI raised by some users have tended to focus on the definition of the
processing algorithm, the quarter-car index, in two respects. First is the application of IRI to
two-wheeltracks (some prefer the half-car index—which suppresses some roll effects like the
old response-meter methods—to the standard’s average path IRI, which is conceptually clos-
est to the energy input into a vehicle). Second is its correlation with subjective ride quality
rating, which although it is high, is diminished for rigid pavements because of a sampling
average effect. Both concerns reflect differences over what objective function the “golden
reference” should represent, some holding to past constraints and others reflecting newer
objective measures. They can be resolved by clarifying the application guidelines first on the
two-path measure and second on the segment length being reported.

Transverse Profile

The standardization of transverse profile measurements is still largely at Stage 3 of the
process, with test-specific methods being applied for straight-edge rut-depth measurement
and other agency-specific methods being applied for various automated devices. The process
is moving into Stage 4 with the preparation of two ASTM standards, one on the straight-edge
method and one on the transverse profile measuring capability of automated devices.

The challenge for harmonizing these measurements lies, as for roughness, in identifying the
objective function. There are several definitions of the reference profile from which rut depth
or other profile deviations would be measured. The two most common are straight-edge,
which bridges high points across a wheelpath and is sensitive to the contact length; and the
stretched wire, which envelopes high points across the whole profile. The harmonized stan-
dard must deal with a variety of profile deficiencies, including protuberances such as heave
and ill-defined or irregularly placed ruts, longitudinal variations such as depressions, and
crossfall, in order to satisfy the needs of users as an international standard. Consensus is
needed on the objective—for example, identifying the depth of entrapped surface water, vol-
ume of surface profile correction, or impact on wheel tracking—before a relevant definition
can be identified.

Pavement Distress

Pavement surface distress measurements have evolved on a very agency- or method-specific
basis so there are many different systems, mostly at Stage 2 of the process. Progress to Stage
3 has been made for one method-specific measure in the recent publication of a standard for
the measurement of pavement condition index (PCI) for airfields in ASTM Standard D5340
and the current preparation of one for roads. Likewise, the agency-specific standard for the
Strategic Highway Research Program distress classification is under preparation as a national
standard.

However, these relate to only two approaches: a combined index of distress modes and a
research-level detailed method of distress recording. The latter provides multifactor descrip-
tions of cracking, potholing, and other distress types. What of other approaches? There
appears to be a need for an intermediate set of standard measures, quantifying each type of
distress separately since these are often used to distinguish among different potential mainte-
nance options.

New thinking may be needed for this area. The advent of automated condition monitor-
ing, with the ability for automated image interpretation and digital image analysis, means
that the methods of quantifying distresses need to be reexamined. A proposal for a univer-
sal cracking indicator (5) suited to both automated and manual methods suggests one
promising approach to identifying a harmonized standard. The tolerances for precision and
bias also need practical review; research-level precision on some aspects of distress
measurement may be wasteful when the use of that information is only of a very aggregate
and coarse nature, with ill-determined impacts on design decisions. A classification hier-
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archy interrelating increasingly detailed levels of distress characterization (6) is another
possibility.

ASTM Committee E17 is following several approaches. In addition to method-specific
standards, there are task groups considering distress definitions, a classification of distress
measures of differing levels of detail, and a classification of automated survey equipment
capability. But there remains much scope for finding and forging a basis for more universal
harmonization.

Condition Monitoring Devices

The approach being followed in ASTM for multifunction automated condition monitoring
devices is a variant of the classification approach that defines four dimensions of operation
and various capability levels within each of those. Thus the class of a device is described by
a four-character alphanumeric code covering all four dimensions: the measured attribute
(longitudinal profile, transverse profile, crack width), measurement precision (six levels),
transverse sampling intervals (three to six levels), and longitudinal sampling intervals (four
to six levels), as summarized in Table 2.

Pavement Structure

Method-specific standards have been developed for common tests such as the Benkelman
beam test and short-pulse ground-penetrating radar (e.g., ASTM D4748). Progress has been
made toward Stage 4 generic standards, such as the general guide to deflection testing (ASTM
D4695) and standard test method for falling weight deflectometers (FWD, as standardized in
ASTM D4694). The Benkelman beam deflection has been acting de facto as a universal
harmonized standard measure for many years, and it is time to consider whether another
parameter is more relevant and appropriate for today’s focus on FWD testing and mechanis-
tic analysis. Alternatively it must be determined how the de facto standard would be stan-
dardized for the growing number of instances when means other than Benkelman beam are
used to measure deflection.

The classification of deflection survey sampling levels in ASTM D4695 applies to all
methods of deflection test and is therefore a Stage 5 harmonization. Deflection surveys are
classified into three types indicating the typical sampling levels suited to strategic network
evaluation, to project-level design, and to detailed studies, as indicated in Table 2.

Traffic Measurements

Most traffic measurements have been conducted to the specifications of an implementing
agency, and in many instances these have been conformed to national (e.g., AASHTO) or fed-
eral specifications because of a national interest in traffic volume and travel counts as mea-
sures of economic activity. This was feasible given a relatively limited supply market of largely
electromechanical systems.

Now the supply market has diversified with electronic systems capable of many functions
previously impossible or performed manually. In response, the ASTM E17 Committee has
developed a number of Stage 4 type standards to standardize best practices and to classify
equipment capabilities, as noted in Table 1. These include a standard practice on traffic mon-
itoring (E1442), vehicle classification based on axle detection (E1572) and a specification and
classification of weigh-in-motion (WIM) systems (E1318). Under preparation are generic
device standards for traffic monitoring devices and for tube counters.

The WIM standard is an example of the classification approach to harmonization. The
classification defines four types of device capability and specifies the capabilities in each case,
as shown in Table 2. Types I and II are suited to traffic load monitoring under either high or
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TABLE 2 Examples of Classification Approach to Harmonization

CLASS DESCRIPTION EXAMPLES OF USE
Weigh-in-Motion (WIM) ASTM E1318-9
Type I Full data output (listed in E1318). Monitoring of full loading spec-
Slow and high-speed use. Multilane use trum without interruption of
traffic
Type I As for Type I, but wheel load data not output Monitoring of full axle-loading
spectrum without interruption
of traffic
Type III Limited output. Medium speeds Screening detection of load viola-
tions
Type IV Limited output. Nil to creep speeds Axle and wheel load enforcement.
Deflection Survey Sampling: ASTM D4695-9
Type I Strategic overview of network strength
Type I Project-level design
Type 1T Detailed and research studies

Automated Condition Survey Equipment (in process)

X-p-t-l X = functional capability; L =
longitudinal profile; T = transverse
profile; C = crack detection.

p = measurement precision (6 levels)
= transverse sampling interval (3-6
levels)

I = longitudinal sampling interval (4-6
levels)

slow speeds, Type III to load enforcement screening, and Type IV to legal enforcement
purposes.

Friction

Most measures of friction have been standardized around individual devices, and the many
standards reflect the variety of test methods and factors involved—such as locked-wheel, slip,
sideforce friction, diagonal braking, pendulum, laboratory tests for friction and polishing—
and the equipment that conducts these tests, including the test tires.

Largely because of support from FHWA, the pavement friction measurement in the United
States was standardized around the locked-wheel method, and calibration centers were
established to ensure that the data collected were consistent across state boundaries. This
example of a regional standard for pavement friction has also been applied in other countries
such as Taiwan, Greece, and Kuwait. Other, inequivalent methods are in use around the
world, including sideforce friction and slip friction measurement.

Harmonizing data from these three basic types of measurement is not straightforward
since they measure very different characteristics. In addition there are many different systems
in use to measure the sideforce, locked-wheel, and slip modes, and variations in equipment
configuration result in different indices specific to the device used. The efforts in the United
States to standardize the use of the locked-wheel method at least eliminated the potential for
50 variations on that method among individual states. Further complicating the harmoniza-
tion of friction measurements is the lack of a “true” value against which to calibrate systems.
Thus it is necessary to harmonize friction data information in addition to developing a single
friction measurement.

The International Experiment to Compare and Harmonize Pavement Friction and Tex-
ture Measurements (7) was initiated by the Permanent International Association of Road
Congresses (PIARC) to harmonize friction measurements in use around the world. The
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experiment was hosted by Belgium and Spain in fall 1992 and considered 51 friction and tex-
ture methods. There were 28 sites in Belgium and 30 sites in Spain, of which 40 were on
roads, 14 were on airports, and 4 were at a race track. All measurements at a site were com-
pleted in as short a period of time as possible to avoid large temperature differences or other
changes that may occur during a day. Each friction tester was operated at or close to three
speeds—30, 60, and 90 km/hr—and each tester made two repeated runs at each speed.
Macrotexture and British pendulum tester measurements were also made before the friction
measurements. Thirty-seven types of friction measurement and 14 types of texture measure-
ment were made at all sites.

It was found that harmonization of the friction data is possible, but only when the friction
measurement is supplemented by a texture measurement. The friction and texture measure-
ments are converted to two parameters, and these further describe an index defined as the
International Friction Index (IFI). All texture measurements were used with the friction
measurement of each device and, although some provided a better harmonization, most pro-
duced acceptable results.

It had long been recognized that a single friction measurement is not sufficient
to evaluate the pavement for safety (8). In fact many authorities in Europe have taken both
a friction measurement and a texture measurement simultaneously. In the United
Kingdom there is a requirement to meet a minimum macrotexture depth in addition to a
minimum acceptable sideforce coefficient. The proposed IFI with the two parameters that
constitute it has the potential to advance the quality of the friction data used in managing
pavements. In this example, the process of harmonization has increased the level of knowl-
edge and offers significant improvements to the utility of friction data in managing
pavements.

Pavement Management Systems

General aspects such as terminology, information management, and implementation of
systems are also being addressed in standards. Terminology is often aligned by country of
origin, as for example in ASTM E867, but some attempts are being made to relate and har-
monize terms among languages through PIARC committees. ASTM standard guides under
preparation deal with data priorities and implementation of pavement management in an
organization.

For the whole field of road management information and methods, a generic classification
approach has been devised by the World Bank (6), identifying four or more levels of infor-
mation quality by the amount of detail, from the most detailed to the most summary types of
information. The scope for using this generic framework for international harmonization is
promising and is being applied in the consideration of new standards.

INTERNATIONAL COOPERATION IN DEVELOPING STANDARDS

A close working relationship is being maintained between ASTM and other standards-
developing organizations. Although the processes by which the various international stan-
dards are developed differ, good cooperation is being attained in several areas. The European
group Comite Europeen de Normalisation (CEN) TC 220, SC 5 has working groups that are
adapting ASTM standards for the measurement of texture depth by the volumetric technique
(ASTM E865) and the British pendulum tester (ASTM E303). Although some word varia-
tions and clarifying statements are anticipated, the new CEN standards and the existing
ASTM standards are expected to agree in practice. ASTM will consider any changes in the
CEN documents to determine whether ASTM standards would be improved by adopting
those standards.

An ASTM standard (E11635) has been incorporated in a standard proposed by ISO TC 22
SC 9 WG 3 for evaluating friction at test tracks used to evaluate tire performance and vehi-
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cle handling. In addition, experience gained in the development of the calibration centers in
the United States led to the abandonment of attempts to develop a standard specification for
constructing test tracks with specified friction levels.

Using the data from the PIARC international experiment, ISO TC 43 SC1 WG39 is
developing a standard for using texture profiles to estimate texture depth measured by the
volumetric technique. The required quality of the texture profile and the algorithm used to
reduce the profile to the estimation of texture depth are being addressed. The results are much
better when certain algorithms are used and these same algorithms also were found to
provide the best results when used in conjunction with a friction measurement to calculate
the TFL

Since the IRRE was conducted in 1982, there have been significant improvements in road
profilometry. As a result of these advances PIARC Technical Committee 1 has concluded
that a new experiment should study the measurement of both longitudinal and transverse
profiles and revisit pavement roughness measurement. The International Experiment to
Compare and Harmonize Longitudinal and Transverse Profile Measurements is planned to
take place in late 1995 in the United States and either Mexico or Canada. Plans for this ex-
periment are under way and will be presented at the 21st World Road Congress in Montreal
in September 1995.

DIRECTION FOR PAVEMENT MANAGEMENT STANDARDS

Whereas efforts to harmonize friction measurements have proven successful, it remains to
be seen how well the results will be implemented. On the basis of the experience gained from
implementation of the IRI, agencies need concerted international and national encourage-
ment to report the IFI and its two parameters, even if these quantities are not currently being
used in their pavement management systems.

The initial World Bank project for harmonizing roughness measurements pointed out the
shortcomings of some of the response-type roughness measurement systems and developed
the IRI. The forthcoming experiment sponsored by PIARC will attempt to update and extend
this to all profile measurements using the current technology.

The harmonization process should be extended to other measures used in managing
pavements. Pavement distress measurements and units need to be redefined for automated
imaging technology, and this should be a good opportunity for international harmonization,
especially on cracking. Deflection measurement and pavement structural properties also re-
quire international harmonization. Although some of the efforts to standardize texture mea-
sures are motivated by the vehicle-pavement noise community, other noise-related measures
should be investigated. Traffic data and vehicle classification procedures are also candidates
for harmonization.

There has been progress in the standardization of procedures for various test methods, for
example the U.S. effort to standardize the locked-wheel method for pavement friction. How-
ever, there is the potential for further standardization of other procedures such as the side-
force and slip-friction testers. Although the methods are the same they are often conducted
with widely differing operational conditions such as speed, tire size, and type. Any progress
toward reducing the number of approaches to measuring the same phenomenon will greatly
facilitate the harmonization process.

A by-product of harmonization attempts is that they often lead to an increased
understanding of the phenomenon under consideration. Procedures that have evolved
independently each have their merits, and the equipment developed to implement them can
form the basis for improved measurements. However, different agencies and countries must
combine their efforts to harmonize more aspects of pavement management. The goal is to
unite our diverse approaches on a common path, allowing all the stimulus and competition
that alternative technologies can have on the industry, and yet promoting wider exchange and
pooling of knowledge through the use of harmonized measures. Harmonization is the road
to universal benefit for pavement management.
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What Are the True Costs and
Benefits of Pavement Management?

W.R. Hudson, University of Texas at Austin
Ralph C. G. Haas, University of Waterloo, Canada

in this conference. However, a major issue not adequately treated by many agencies is

the comparison of the costs and benefits of implementing a pavement management
system (PMS). This issue must be addressed more fully in the future if pavement management
is to prosper.

Any such analysis must be done by individual agencies. It is not sufficient to be convinced
that the benefits of implementing a PMS in an agency outweigh the costs; this must be demon-
strated. This paper discusses general and specific aspects of benefit-cost studies. It also sug-
gests methodologies to be considered for application by any agency.

‘ rarious institutional issues related to the pavement management process are discussed

PAVEMENT MANAGEMENT COSTS

There are several kinds of costs associated with pavement management. They include the
following:

1. The direct costs of developing and implementing a PMS, plus the ongoing costs of ac-
quiring and processing the PMS and keeping it current—that is, the cost of the PMS itself;

2. The actual expenditures on the pavements or the highway system; and

3. Indirect costs such as organizational changes necessitated by implementation of
the PMS.

In reality, the effectiveness of a PMS is measured by the ultimate savings in real highway
expenditures. The initial pavement investment and related costs must be considered along
with savings and benefits that can be realized from the effective implementation of a PMS.

Many problems occur in determining the foregoing costs. Apparent costs can vary greatly
depending on accounting procedures and methodologies within a given organization. Some
highway agencies do not account for overhead or indirect costs when they perform work us-
ing their own staff, which is misleading in cost-benefit studies. The same activities done by
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contract or by outside experts clearly must include indirect costs in the final contract price for
the work.

True cost information for evaluating the cost-effectiveness of a PMS is difficult to obtain.
This is partially because few agencies have a fully implemented PMS, and fewer still have kept
effective records of costs or made cost comparisons. In the case of the highway facility or
pavement itself, the costs associated with construction are well documented but have usually
been incurred for different sections over many years, making a basis of comparison difficult
to obtain. More substantially, the costs of maintaining pavements are extremely difficult to
define and very few highway agencies have truly good maintenance cost information defined
by specific pavement section.

Rehabilitation costs are somewhat easier to determine but vary from time to time and
place to place depending on cost accounting methods and contracting procedures in each
agency.

BENEFITS AND COSTS ASSOCIATED WITH A PMS

Tables 1 and 2 present a variety of benefits and costs associated with pavement management.
They are categorized in terms of general benefits and benefits to elected representatives,
senior management, and technical level people in Table 1. Costs and benefits particular to the
state level are given in Table 2.

Some benefits and costs are quantifiable, whereas others are subjective and general. Bene-
fits and costs must be measured on a common basis to be compared. However, benefits are
often excluded from pavement management decision making largely because of the common
agency philosophy that it is adequate to provide a safe and comfortable highway to serve the
public. The idea of improved benefits accruing to the user based on better ride quality and
lower vehicle operating costs has not been widely exploited in North America, although it is

TABLE 1 Notes on Benefits and Costs of a Pavement Management System

GENERAL

ELECTED
REPRESENTATIVES

SENIOR MANAGEMENT

TECHNICAL LEVEL PEOPLE

Benefits

Realize magnitude
of the pavement
investment

Better chance of
correct decisions

Improved intra-
agency coordination

Improved technology
use

Improved communi-
cation

Justify maintenance and
rehabilitation programs
Assurance of best
expenditure of tax funds
Less pressure for
arbitrary program
modifications
Objective answers to effects
of lower funds or
lower standards

Comparative view of network
status (current and future)

Objective answers to
funding level effects on status,
implications of deferred
work and/or lower standards

Justifying programs to elected
representatives

Assurance of best use
of available budget

Defining the “management fee”
(percent of budget)

Improved recognition of various
agency elements

Increased awareness of available
technology

Improved communication between
design, construction,
maintenance, planning, and
research

Satisfaction of providing best
value for available funds

Costs

Software development

Data collection,
processing, storage,
and analysis

Actual operation of
the system; com-
puter hardware,
staff

Indirect costs

Some general costs
Reporting
Processing special requests

Developing, installing and
operating costs of the PMS

Data collection, processing,
and analysis

Staffing and organizational
changes

Making changes in procedures
Time and effort to upgrade
skills; training costs
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TABLE 2 Additional Costs and Benefits of State-Level Pavement Management

COSTS

BENEFITS

Establishment of a department task
force/steering committee

Consulting services

Data collection: agency personnel
(engineers, technicians, equipment operators)
and travel costs; training; equipment (vehicles,
data loggers, distress survey devices, nondestruc-
tive structural test devices, surface friction
measuring equipment, drilling and coring equip-
ment, roughness measuring equipment);
traffic control; traffic data acquisition

Data processing (personnel, equipment,
supplies, etc.)

Data analysis and reports (personnel,

Maintenance and rehabilitation needs and
budgets; priority programming

Justification for funding requests

Effectiveness for expenditures through timely
and appropriate action

User cost control through level of service;
savings in user costs

More efficient usage of maintenance
resources

Improved planning, design, construction,
research, performance models, safety, etc.

Improved knowledge of statewide pavement
conditions and needs

Improved network serviceability

computers and peripherals, supplies, etc.)
System maintenance (personnel, equipment, etc.)
Training agency personnel
Administration

widely used in World Bank evaluations for developing countries. One of the very few quan-
titative assessments of the benefits and costs associated with a PMS is summarized in the next
section.

Quantitative Assessment of Management Benefits and Costs

The true indications of the cost-effectiveness of the pavement management process involve
the ultimate savings in real highway expenditures plus user cost savings. Because of the diffi-
culties in documenting the costs and benefits associated with highway investments, it has been
suggested that if the user cost savings alone indicate a substantial degree of cost-effectiveness
for a PMS, the basis exists for quantitative justification of a PMS.

The Alberta, Canada PMS, initiated in 1980 and fully implemented by 19835, provided an
excellent case application for testing the concept. It involves a network of more than 10 000
km of primary highways; a well-documented history of roughness, surface distress, and struc-
tural adequacy; and a rehabilitation budget that remained fixed at $40 million annually over
10 years. The costs of the PMS development and operation were also well documented, and
it was believed that the vehicle numbers and annual mileage on the relevant network could
be estimated within a reasonable degree of error. It was also believed that the asset value of
the network could be reasonably well estimated and that vehicle operating cost relationships
from the World Bank were applicable.

On the basis of this determination, user cost savings were calculated for an increase in av-
erage network serviceability, which occurred although the budget remained constant (in real
terms it decreased; thus the analysis was conservative). The benefits-cost ratio (B/C) for sav-
ings compared with costs, depending on the assumptions used, was generally on the order of
100:1. Whereas this does not represent an exhaustive economic analysis, it appears to be a
valid way to assess the value of a PMS. Moreovey, it can be a very effective means for justi-
fying a PMS.

A case study of the state of Arizona’s PMS has also been included to illustrate the poten-
tial savings within the rehabilitation budget as a result of a PMS. These savings are real dol-
lar savings achieved through selection of less costly rehabilitation strategies before a road
reaches the point of no return.

The state of Arizona implemented a pavement management system in fiscal year 1981 on
its 7,400-mi network of highways. The system replacement value was estimated at $6 billion,
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similar to that of Alberta, and the state rehabilitation budget of $52 million had doubled
since 1975 as a result of increased needs (and therefore decreased condition). The PMS was
developed in conjunction with a consultant to specifically address the budget for rehabilita-
tion (or preservation, to use Arizona terms).

The main objective of the system was to develop a decision-making tool to maintain the
network in its “most desirable condition within its budget.” A secondary objective was to
provide statewide consistency in policy and level of service and to protect the state’s road
investment. In fiscal year 1981 the state highway budget was set at $46 million on the basis
of 5 years’ prior pavement data and in an attempt to maintain the 1975 condition. By using
the PMS to generate the entire rehabilitation program and by following through on its
recommendations, the same level of service was reached with only $32 million, a real dollar
savings of $14 million that can be largely, if not completely, attributed to the PMS.

Two reasons were cited for the cost savings:

1. The PMS selected rehabilitation strategies that were more preventive than corrective
and selected roads before they reached the point of no return.

2. The strategies selected were less conservative (and therefore less costly) than the pre-
PMS strategies because of the refinement of the performance prediction models that occurred
during system development.

Additional Indirect Benefits

Significant indirect benefits of a PMS include the new knowledge created; the training pro-
vided for a substantial number of people (federal, state/provincial, local, consulting, con-
tracting, etc.); and the awareness created among the public, legislators, senior administrators,
and others about the increased value accruing from their expenditures. In other words, there
is improved awareness of all the factors involved in the process of pavement management.
This is illustrated by the teaching of such pavement management graduate level courses as
FHWA’s advanced course on pavement management during 1990 and 1991. The people tak-
ing the course became real advocates of PMS for a variety of reasons and returned to their
organizations with renewed enthusiasm for providing good pavements.

Another set of indirect benefits of PMS that is difficult to quantify but important is the
spin-off of technology to other infrastructure or facilities such as bridge management. Con-
siderable attention began to be directed to the development of bridge management systems
(BMSs) in the mid-1980s. A major impetus was provided by the knowledge and improvement
in pavements arising from the application of PMS (1-5).

EVALUATION METHODOLOGIES

A number of potential methodologies exist for comparing costs and benefits of a PMS. In the
many references available, the alternative methods range from discriminant analysis to gen-
eral decision theories. Among the candidate methods are those briefly discussed in the fol-
lowing sections (6-11).

Benefit-Cost Criterion

Perhaps the best-known method for measuring the efficiency of an activity is the benefit-cost
analysis, or more specifically the benefit-cost ratio. Efficiency in general is measured by this
term because other variations, such as rate of return, are sufficiently similar to the benefit-
cost analysis to have the same strengths and weaknesses. It has a sound foundation and pro-
vides a conceptually sound basis for effective comparisons. In practice, however, there are
difficulties that tend to reduce its usefulness. The biggest drawback arises from the difficulty
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in breaking the factors into either the cost or benefit category; more specifically, it is difficult
to actually measure the true cost and the true benefit. There are many intangible factors in
benefit-cost analyses, which may be treated as follows:

1. They may be rated subjectively and included in the analysis.

2. When subjective scaling is not possible, verbal descriptions of intangible benefits may
be provided in addition to the measured costs and benefits, and used as balancing aids by the
decision maker.

3. They may simply be ignored; unfortunately, this is common.

In other words, if the analyst becomes preoccupied with the mathematics of the benefit-
cost analysis and the measurable impacts, the tendency is to omit intangible benefits. The re-
sult can be an inflexible narrowness, which leads to a less optimal decision.

Another problem associated with benefit-cost analyses is the question of who pays the cost
and who receives the benefits. For example, improved programming of maintenance funds
may be a benefit of the PMS process that accrues to the agency and to the public. But cost
may be seen by the maintenance director as a budget imposition. The cost may also involve
a change in working assignments or the requirement that some agency personnel undergo ad-
ditional training.

Excess Benefits

One of the many variations of cost-benefit analyses involves the calculation of the excess of
benefits over costs. A simple case study comparison of this methodology involved a 373-mi
arterial network for which the 10-year program list from a PMS optimization and a subjec-
tively based needs study produced a total of $11 million in vehicle operating cost savings or
net benefits for the optimized program. The annual budget for the program was only $10 mil-
lion (12).

Goal Achievement

As one attempts to use the various methodologies for analyzing costs and benefits and
reviews criticisms of benefit-cost and similar evaluation procedures, it is easy to become
dismayed by the seemingly overwhelming complexity facing the decision maker. One also
gains some appreciation for the position of the politician or the manager who must react to
and give solutions for complex problems every day. One technique for broadening the
evaluation and decision-making process is known as goal achievement (13). It involves the
assessment of potential alternatives in terms of impacts compared with objectives. Quanti-
fiable measures, which can be probabilistic, are used in this technique, although some
subjective measures may also be used. In general, the procedure is to establish various
criteria or goals for alternative methodologies. Quantitative measures or subjective esti-
mates are then given to each criterion for each of the alternatives. These are standardized
and compared on the basis of a total score of 100 to see which alternatives best achieve the
goals of the decision maker.

Cost-Effectiveness Technique

The cost-effectiveness (C/E) technique is an alternative to the goal achievement procedure.
C/E is actually relatively simple. Its basic premise is that better decisions will arise when
clearer and more relevant data are supplied to the decision maker. No specific attempt is made
to put all benefits and costs in common units such as dollars. The following quotation is
relevant to this approach:
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What might be MORE useful is a technique f6r providing the kind of informational support
for the selection among plans which recognizes the complex nature of these decisions. Such a
decision supporting framework does not attempt to make decisions, but instead structures the
information required for making a subjective, but systematically enlightened choice. At the
same time, however, the framework must be sufficiently flexible to permit the adoption of more
sophisticated techniques, such as analytical methods for realistically implementing benefit-cost
analysis or ranking schemes, when such techniques are appropriate. (14)

Three criteria should be satisfied by any such framework (13):

1. Capability of assimilating benefit-cost and similar methodological results in addition to
other informational requirements;

2. Strong orientation toward a system of values, goals, and objectives; and

3. Allowance for the clear comparison of compromises among objectives or making
explicit the relative gains and losses from various alternatives.

Effectiveness is defined as the degree to which an alternative achieves its objective, which
may be, for example, the area under the performance curve weighted by traffic volume and
section length. The definition, by itself, helps to overcome one of the major objections to the
benefit-cost approach in that goals are specified and are not covered by an all-encompassing
benefit term.

The value of the C/E approach includes the following:

1. Simulation, to some extent, of the process by which actual decisions are made;

2. Allowance for clearer delegation of responsibility between analysts and decision mak-
ers; and

3. Easier provision of relative information, in an understandable format, so that the
choice process is simplified.

Search and Choice

In the field of transportation system analysis, a technique alternatively termed Search and
Choice in Transport Systems Analysis and Problem Solving Process (PSP) has been described
for use in dynamic modeling of decision making (6). An outline of the process is shown in
Figure 1.
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FIGURE 1 Basic cycle of PSP.
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The focus of the PSP is on actions. Becduse search and selection procedures concern the
basic processes of generation and selection of actions, these procedures are at the heart of the
PSP. However, a variety of other activities must occur to allow search and selection to oper-
ate and revise the context in which they operate. Goal formulation and revision procedures
are particularly important. Whereas the PSP seems to be valid for a decision maker dealing
with various transportation systems, it apparently has not yet been applied to PMSs.

Statistical Decision Theory

We live in an uncertain world but tend to forget this and to become fascinated by quantita-
tive data produced by complex models and elaborate calculations such as benefit-cost analy-
ses. In truth, there is always uncertainty in such analyses. Uncertainties in transportation
include at least three types: demand (such as traffic), technology, and goals. No matter how
elaborate the prediction models or how much data are collected, there will always be uncer-
tainty about predictions of traffic, pavement performance and life, and maintenance costs
and inflation. Statistical hierarchical decision processes are outlined by Manheim (7). He has
developed a statistical decision approach to complicated transportation planning theories,
but it does not appear that the methodology is particularly applicable to the PMS process.

Discriminant Analysis

Discriminant analysis and classification are multivariate techniques concerned with separat-
ing distinct sets of objects and allocating new objects to previously defined groups. Discrim-
inants are sought whose numeric values are such that the collections are separated as
distinctly as possible. The goal of classification is to sort objects into two or more labeled
classes. The emphasis is on deriving a rule or rules that can be used to optimally assign a new
object to the labeled classes.

A function that separates may serve as an allocation and conversely an allocatory rule may
suggest a discriminatory procedure. In practice, the distinction between discrimination
(or separation) and classification (or allocation) is not so clear. One of the objectives of con-
ducting discriminant analysis is to provide the basis for a classification rule.

The methodology of discriminant analysis, while useful in dealing with a large number of
objects, does not appear to be appropriate for evaluating the costs and benefits of the pave-
ment management process (8).

Other Methodologies

Many other methodologies have been used for decision making. Among these are found
terms such as “benefit/risk analysis” and “preference and value tradeoff.” However, these
other methodologies are not examined in this paper.

Any evaluation used for testing the benefits and costs of the PMS process must be mean-
ingful to the decision maker. After all, the purpose of any such study is to present informa-
tion useful for convincing decision makers to implement improved PMS methods. This
concept should be given full attention in all PMS agencies.

CONCLUSION

Three of the methodologies outlined in the preceding sections may be useful in determining
the value of a PMS. Certainly benefit-cost analysis is a strong candidate because of its poten-
tial impact in comparing costs and benefits for a sample network. C/E techniques also bear
additional study.
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The general concept of goal achievement methods also bears consideration. It is not yet

clear how the method might be applied since it involves an examination of the goals of
decision makers on an individual basis. This might be handled with hypothetical examples if
interviews with two or more decision makers could be arranged to gather information.

Finally, it is incumbent on those involved in the pavement management field to develop

clean guidelines for any agency to use in determining the quantifiable and qualitative benefits
and costs of a PMS. Otherwise, the value of a PMS to an agency is open to question.
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Charge to the Conference

Carl L. Monismith, University of California, Berkeley

s we have heard, this is the third in a series of international conferences on pavement

management and it has been 7 years since the second conference. This is a long time

between opportunities to exchange information at the international level in this
rapidly developing field. Accordingly, it is appropriate in these opening sessions to ask where
we are now and what direction we should take in the future.

Moreover, since pavement management is of importance worldwide, and this conference
truly is international in representation, we must take advantage of this opportunity to forge
international links of cooperation to ensure that important developments, wherever they
occur, can be effectively used by the world community.

In considering what direction pavement management should take in the future, a number
of factors should be considered, all of which are key to improved pavement management.
These factors are as follows, in no order of priority since all are important: performance mod-
els, traffic data, data acquisition, user costs, optimization, and construction.

PERFORMANCE MODELS

To do a better job in performance prediction, it is important to shift from empirical and
regression models to those that are mechanistically based. Whereas there are some modes of
distress for which it may not be possible to develop mechanistically based performance
models, a number of the major modes of distress can be estimated with reasonable accuracy.
These include load-associated (fatigue) cracking in both asphalt concrete and portland
cement concrete pavement and estimation of rutting and low-temperature cracking in asphalt
pavements. Results of the recently completed SHRP asphalt research program provide a
sound basis for improved models for asphalt pavements.

With improved understanding of the performance of materials, it is also possible to include
consideration of reliability in the estimates of performance. Inclusion of this consideration
will most certainly make decisions regarding maintenance and rehabilitation more
cost-effective.
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TRAFFIC DATA

For performance models to work effectively in the pavement management process, realistic
traffic data are required. For trucks, these include (a) axle loads and configurations,
(b) repetitions of the various loadings, and (c) tire pressures.

In the United States the acquisition of traffic data has improved at the state level, in part
because of improvement in weigh-in-motion methodologies and initiation of the LTPP pro-
gram of SHRP. Because there is a paucity of local traffic data, efforts must be made to
improve such information at the local governmental level.

DATA ACQUISITION

Standardization is required in the data acquisition area. This includes standardization in
what to collect and in how to collect it. A number of activities at this conference are associ-
ated with this aspect of pavement management, and I hope that clarification and guidelines
will result from the deliberations this week.

In the United States, this standardization is required to permit comparisons of needs across
state boundaries. This is true also at the local level. An example of the latter is the pavement
management activity by the Metropolitan Transportation Commission (MTC) for the nine
counties and associated cities in the San Francisco Bay Area of northern California.

I am certain that concern for standardization is a high priority among the members of the
European community as well. Moreover, for the developing countries to effectively improve
their road networks, such standardization is necessary.

USsEr COSTS

User costs play an important role in pavement management activities. One definition of pave-
ment management encompasses minimizing agency costs (for maintenance and rehabilita-
tion) while optimizing benefits to the users. Presumably this means attempting to reduce user
costs. Whereas the 1980 workshops on pavement management conducted for FHWA by the
Transportation Research Board (with Fred Finn as chairman of the Transportation Research
Board task force) indicated that the definition of user costs was a high-priority research item,
little has been done in this area since the recommendation was made.

One of the major problems concerning user costs is how best to incorporate them into the
pavement management process. Many examples have been presented to demonstrate that
consideration of such costs may overwhelm maintenance and rehabilitation decisions because
of the relative magnitude of the user costs. Nevertheless, we must find a reasonable way to
incorporate this parameter in pavement management decisions.

Two relatively simple examples emphasize the importance of this. The first is related to
user delay costs associated with premature maintenance and rehabilitation activities. If im-
proved management decisions are made that can forestall the development of early distress,
it is obvious that user costs will be significantly reduced.

The second is related to the truck-pavement interaction problem. By changing the level of
roughness at which rehabilitation is accomplished, for example by rehabilitating at the lower
level of tolerable roughness, two benefits may be accomplished. The first is related to the in-
fluence of pavement roughness in the packaging of goods for transport to minimize damage
to the goods and thus lower costs to the public; the second is related to the potential damage
to the pavement by trucks, which is exacerbated as roughness increases. With improved user
cost data, the level of roughness before maintenance and rehabilitation might be reduced,
resulting in substantial savings both to highway agencies and the trucking industry. These
examples emphasize the importance of directing considerable thought to how best to
incorporate user costs in the management process.
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OPTIMIZATION

For pavement management at the network level to be cost-effective, optimization is required
to ensure that the resulting decisions for maintenance and rehabilitation truly define an
optimal solution. I view true optimization as embodied in systems such as that used by
Arizona. This represents the type of process with the potential to truly provide optimal
solutions depending on the resources available—both time and money.

WARRANTED CONSTRUCTION

An important consideration in the New Frontiers session is the consideration of construction
activities designed to improve pavement performance. One example is the use of warranted
construction. With warranted construction by the contractor, the time interval between
rehabilitation activities may be stretched out, thereby reducing user costs resulting from pre-
mature maintenance and rehabilitation activities. It is likely that the overall cost to the high-
way agency will be reduced as well—although one might argue that the initial construction
costs might be larger—because of the improved performance. This is only one example of
how construction considerations can lead to improved pavement management.

SUMMARY

This charge has addressed a number of factors. I sincerely hope that all of us will evaluate
what has been presented here, including the factors I have enumerated. When we return to
our respective countries, I urge that these evaluations serve to spur our efforts for improve-
ments and that we come together again, in less than 7 years, to report our significant
advances.



WORKSHOP SESSION §

How To Market a Maintenance and
Rehabilitation Program to Decision
Makers and Senior Management

Frank Francois (Moderator), American Association of State Highway and
Transportation Officials

Eric G. Johnson (Recorder), Alaska Department of Transportation and
Public Facilities

portation Officials (AASHTO), opened the session, which dealt with implementation

and institutional issues. Specifically the session provided information on how those
using pavement management systems (PMSs) should present the results to decision makers
and senior management. The session used two role-playing situations to simulate PMS
presentations to county and state officials. The audience consisted of citizens attending a
public meeting. The officials had been enlightened enough in the past to fund PMS im-
plementation, and the PMS staff had completed results of the first cycle of PMS recommen-
dations. The question was, How do you market the recommendations to those above you?
After the PMS presentations, senior national, state, and local officials discussed what they
need from pavement management.

Before the presentations, Mr. Francois stated that PMS is political, because decisions are
made by elected or appointed political officials. They function to set policy on highways.
They provide funding and frequently divide the budget between operating and capital bud-
gets and establish the basic framework for decision making. The officials also deal with many
other issues such as criminal justice, public health, education, and economic development;
therefore, people involved in highways and transportation must fight for the time and
attention of these officials to get problems solved.

l :rank Francois, Executive Director, American Association of State Highway and Trans-

LoCAL/REGIONAL PMS PRESENTATION TO
BOARD OF SUPERVISORS

Characteristics of the local/regional level include jurisdiction over local streets, collectors,
and minor roads. The highway agency is directly responsible to elected officials, either the
mayor or members of the county or city council. The officials worry about activities such as
those listed previously, as well as roads and streets. Local government officials tend to think
short term, from election to election. All decisions they make are concerned with things that
are worthy of the press—preferably a project with a ribbon cutting attached to it. This usu-
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ally means new construction, not rehabilitation and maintenance. Maintenance is always the
first to be cut in times of shrinking budgets.

Margot T. Yapp, PMS Engineer for Monterey County, made the first presentation—
local/regional. Members of the county board of supervisors were played by John German,
Director of Public Works for the city of San Antonio, Texas; Jimmie Schindewolf, Director
of Public Works, city of Houston, Texas; dnd Bill Whitcomb, Pavement Management
Engineer for the city of Vancouver, Washington. Mr. Francois acted as chairman. The board’s
county, Monterey, is urban and rural with 350,000 people. Its traffic consists of trucks and
tourism. It has 1900 km of highways.

Margot T. Yapp: I am here to present Monterey County’s Phase 1 pavement management
system implementation. The department began discussing the need for a PMS in early 1993.
We have just recently completed implementation. To recapitulate: Why do we need a PMS?
To answer the following questions: (¢) What do we have? (b) What condition is it in?
(c) When do we fix it in the 5-year capital improvement program? (d) Where do we fix these
roads? (¢) How much will it cost to fix them? (f) What is the best way to spend maintenance
and rehabilitation funds? (g) How do we prioritize the projects? In the past we had no
rational method to answer these questions.

The county has 1,270 centerline mi maintained within the county. Phase 1 included 160
mi of arterials and collectors. Phase 2 has 1,110 mi of local residential subdivision roads. We
expect to finish Phase 2 implementation in 1995.

We use a pavement condition index (PCI) with a scale of 0 to 100, 100 indicating
excellent and 0 indicating failed. If the pavement condition is from 0 to 25, we reconstruct;
25 to 55, we place a thick overlay; 55 to 70, we place a thin 1.5-in. overlay or chip seal; and
70 to 100, we do preventive maintenance, including crack sealing or slurry seal.

The overall pavement condition currently has a 71 PCI, which is good to very good.
However, we have several problems ahead. Our budget analysis shows thdt we will need
$12.3 million for 1994-1999 just for Phase 1—160 mi. You will recall that the total county
mileage is 1,270. Of the $12.3 million, 89 percent is needed for overlays or reconstruction,
5 percent for chip seals, and 6 percent for emergencies.

We looked for reasons for these needs. We found that we have had no overlays for 10
years, and our chip sealing program, which had been reduced significantly, was eliminated in
1994. The 1989 earthquake used substantial reserve funds. New congestion management has
taken significant funds as well. We also lost $2 million a year starting in 1993, diverted to the
general fund. State and federal contributions have also been reduced.

The PCI is currently 71. If no funds are spent in the next 5 years, the PCI will drop to 55.
At our existing budget level of $5 million to $6 million over the next 5 years, we will have a
gradual drop to 65. Maintaining our existing condition of 71 will require $9 million to $10
million. Achieving our goal of a PCI of 85 will require $12 million over the next § years.

I would like to conclude by saying that our shortfall of $1.5 million a year to maintain the
existing condition for Phase 1 is showing that history is catching up with us. We need to start
overlay and reconstruction and increase our chip sealing program. And finally, we need to
find more funds.

County Supervisors’ Questions

Frank Francois: This comes as a shock to us. Do any members of the board want to ask
questions?

Bill Whitcomb: Where are the existing funds coming from, and where are they expended?

Margot Yapp: Gas tax revenues are $600,000, STP funds are $250,000, and other sources
are $200,000 per year. A lot of this money is used in operations.

Bill Whitcomb: So you have no real capital program?

Margot Yapp: Yes.

Bill Whitcomb: What does it mean to the populace to let the condition deteriorate to 64
in the next few years and to look for ways to fund then?
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Margot Yapp: The county network is in overall good shape, with some parts needing
reconstruction because of increased agricultural traffic. The overall comfort to the public is
good now. If we were to let the condition deteriorate to 65, we would see a much greater area
needing arterial repair. This affects 70 to 80 percent of the traffic using the arterials.

Jimmie Schindewolf: Crime is on the increase, and we need to hire more police and to build
jails. What is more important: more money for crime or more money for streets?

Margot Yapp: I can’t answer that. The board is best suited to set policy. ’m just here to
follow.

Jimmie Schindewolf: How many years before we reach the point of no return? Budgets are
tight again this year.

Margot Yapp: There is no point of no return as long as there are sufficient funds to bring
us back. However, because we have not done overlays for 10 years, I believe that this is the
year we have to do something. The life expectancy of our network has just about been
reached.

John German: P'm new to this business. What is the definition of each type of surfacing?

Margot Yapp: Preventive maintenance crack sealing is done on cracks greater than ¥ in.
The cracks are cleaned and sealed. Slurry seals, a thin mixture of sand and asphalt, are spread
over an area and seal smaller cracks. Thick or thin overlays are layers of asphalt concrete:
thin being a minimum of 1% in. and thick being much thicker. In reconstruction we remove
the surface and sometimes the base course.

John German: I represent the older part of the city. People call about their “favorite” pot-
holes. T have only 4 years on this board, and I really want to see potholes fixed. I am looking
at the 1,100 mi in Phase 2 and wondering how I am going to fix those in my area. Is there a
new funding source in this regard?

Margot Yapp: Increases in gas taxes or sales taxes are under study right now.

Frank Francois: This PMS was pushed down on us. Do we really need it? Who mandated
the system? Who set up PCI?

Margot Yapp: The Corp of Engineers put together a panel of engineers that created the
original qualitative scale from 0 to 100.

Frank Francois: You think this is a meaningful scale then?

Margot Yapp: Yes, I do.

Frank Francois: Do we have to fix all 160 mi in Phase 1, or can we do part?

Margot Yapp: The PMS identifies a list of projects at various lengths from 1 mi to several
miles long,.

Audience Questions

Audience: How much does it cost to take a 1-mi road and increase its life by 1 year?

Margot Yapp: I don’t know.

Audience: Each year the system loses 1 year of remaining life. What is the cost of getting
this back? You have 1,270 mi in the bank. If you continue to do chip seals and thin overlays,
you lose your investment. Can you calculate the remaining life of your system?

Margot Yapp: Yes. We tried to talk to the board and the public about remaining life, and
all they were concerned about was saving time in transit. I believe remaining life is too tech-
nical at the board level. I want to emphasize that for roadway networks existing on borrowed
time, the true cost to the public of deferring maintenance on a rougher road is two to three
times that of deferring maintenance on a smoother road. A PMS should include all costs, not
just agency costs. Also, I recommend that a dedicated fund be established for rehabilitation
and maintenance and that transporters pay a user fee into this fund.

Audience: Every year that we defer maintenance and rehabilitation we pay three or four
times these costs in the future. Do your numbers show this?

Margot Yapp: Yes, they do.

John German: Do you think we can ask the heavy vehicles—truckers and bus companies—
to pay their fair share of damage to the roadways?
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Margot Yapp: If the transporters can be shown the benefits—lower costs—of better roads,
they will agree to pay higher fees.

Audience: Why not spend $12 million just for the first year and get us up to an 80 condi-
tion level, and let us go to the no-funding scenario? I see we drop only eight points over the
next 4 years, which is still above our present condition.

Margot Yapp: I'm afraid our staff will not be able to accommodate $12 million worth of
work in 1 year, then have no work for 4 years.

Audience: How much are we paying compared with adjacent counties?

Margot Yapp: Santa Clara County passed a transportation bond several years ago, and we
did not. That is why we are looking at increased costs now.

Audience: When I was going to school, I used to carry a water bucket to gangs of convicts
doing road maintenance. Looks like a win-win solution to me.

STATE/NATIONAL PMS PRESENTATION TO A
TRANSPORTATION COMMISSION

State highway officials usually are appointed to policy boards that are responsible to elected
officials. State highway networks usually comprise principal arterials. These networks cover
large areas, connect large and medium-sized cities, and connect to areas outside agency
jurisdictions. The boards have some degree of freedom, and members tend to think in the
long term—S5-, 10-, and 20-year programs. They are concerned solely with transportation
issues.

Brian McWaters, Pavement Design Engineer for the state of Iowa, made the presentation.
Members of the lowa Transportation Commission were played by Denise Evans, Regional
Director for Operations, Ministry of Transportation, Ontario, and Byron Blaschke, Former
Deputy Executive Director, Texas Department of Transportation.

Brian McWaters: Good afternoon. We are going to talk today about System A and Inter-
modal Surface Transportation Efficiency Act of 1991 (ISTEA) funding. Because we have been
transferring funds from other categories, the commission has become concerned. What hap-
pens to the system if we spend $40 million or $50 million a year instead of the $55 million
we currently spend?

Iowa is a medium-sized state with many farms and some factories. It has a large capital
city of 300,000 and a few medium-sized cities. System A, consisting of the main routes, has
780 centerline mi, or 1,560 lane mi. We started building the system in the late 1950s and
completed it in the mid-1980s.

What does our system look like in terms of age? A vast number of routes are becoming
quite aged. Every road more than 5 years old had a 20-year design life. Due to the growth
in traffic, all these routes have reached the end of their design lives. Having 1,600 mi of
Interstate routes with a 40-year design life means we have to replace 40 mi per year. We cur-
rently operate under the policy of fixing the worst routes first. I-80 handles 30,000 vehicles
per day, 30 percent of which are trucks. The trucks are wearing out the pavement, not the en-
vironment. This is more than 2.5 million ESALSs a year. An ESAL is the equivalent damage of
an 18,000-1b single-axle load.

What is the condition today? The worst areas all have repair programs, but because of a
lack of funding many of these projects have been pushed back. If we use only ISTEA money
on System A, the system will deteriorate. Maintaining the system will require $78 million a
year over the next 5 years. If the average condition is 60, there will be some above and some
below, which may not be acceptable.

Transportation Commission’s Questions

Denise Evans: Does your map of condition, showing the worst areas, compare to your map
of age?
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Brian McWiaters: They are not directly related.

Denise Evans: Are your funding levels related to age or to condition?

Brian McWaters: Condition. The older pavements that are in good condition could have
problems to come.

Denise Evans: What about traffic growth?

Brian McWaters: There is 4 percent growth per year in trucks on System A, which trans-
lates into a 9 percent growth in ESALs.

Frank Francois: When the governor met with us, he said he wanted to be assured that the
highway system will support economic development in lowa. How much do we need to spend
to assure him of that?

Brian McWaters: That depends on what you consider as acceptable. If you want to main-
tain pavement condition above 60, we need to spend $78 million a year. “Worst first” is not
the best scenario, because we can preserve the system by doing a less costly rehabilitation
sooner.

Byron Blaschke: If we follow this concept, how do you propose that we explain to the
citizens of Iowa why we are not doing the worst first?

Brian McWaters: News releases, and you can explain it at your public meetings.

Byron Blaschke: It is my understanding that with the North American Free Trade Agree-
ment, the weight limits on trucks may increase. What would happen?

Brian McWaters: A lot. You would see an increase in the downward slope of the pavement
condition with time at the current budget level.

Byron Blaschke: Can you document the annual traffic increase and the resulting damage
increase and condition drop? Do you have data that we could provide to the federal
government?

Brian McWaters: We are developing those data now.

Byron Blaschke: Why 60 for PCI?

Brian McWiaters: That was selected by your commission based on funds allocated on past
performance and traffic levels.

Frank Francois: How do we compare with Minnesota?

Brian McWaters: It is hard to say because Minnesota does not use the same condition
rating.

Denise Evans: How have we been doing with our current levels?

Brian McWaters: We have been increasing the pavement condition on I-80 by doing
reconstruction. It was rated as one of the 10 worst highways in the nation.

Denise Evans: Will we see the long-term cost unit costs go down by switching from worst
first?

Brian McWaters: Not necessarily. We expect costs to go up.

Audience Questions

Audience: A question to the commission: Is the time frame of the presentation you just saw
what you would like to see? Were the data detailed enough for you to make decisions?

Byron Blaschke: There is no simple answer. It depends on the previous exposure by the
commission to PMS. If there has been previous exposure, what Mr. McWaters has presented
is sufficient. The key is to know your audience. As to the time frame, the 5-year window is
probably a good one. You may want to look farther into the future. This presentation is a
part of the pie. You really need to look at the total situation.

Audience: How much life relates to levels of PCI? PCI is a point estimate in time. I
think that by looking at remaining life versus time, you can see what is happening to your
investment. The PCI is a composite number, which camouflages what causes a pavement
to die.

Brian McWaters: We use the PCI because there are different types of remaining life: struc-
tural, functional, and so on. The PCI combines these. We train the commission so they do
understand.
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Audience: If the truckers cause the damage, why don’t we make a road a toll road and
charge them by weight? Pennsylvania does it.

Brian McWaters: That is not the commission’s policy.

Audience: As a trucker, what is going to happen to vehicle costs as the PCI drops? What
we have here is only the agency costs.

Brian McWaters: PCI includes ride, so roughness is considered. This system is just for dis-
seminating agency resources.

Audience: I am a pavement engineer for Sheffield, England, a town of 300,000 people,
with 2,000 mi of roads. My experience has shown that you have to give the politicians the
hard facts. First, note the value of the asset: Ours is $2.5 billion that elected officials are
responsible for. This is the costliest category, the one we do the most work on. Twenty
percent has 87 percent axle damage on the system. Show overall spending broken down by
area. It is vital to compare the system to the national. We are in the bottom 30 percent on
dollars per kilometer. Against adjacent authorities, we are the lowest. Since 1986 there has
been a 50 percent reduction in the real value of the budget. There has been a fourfold
increase in the number of complaints. The number of accidents has increased. Emphasize
residual life: Nail it into the politicians’ minds how much life they’ve got in their roads.
Thirty-six percent of our bus lines are in worse condition than the agreed-on standard. Bus
lines have refused to send buses into certain areas. These are cold, hard facts politicians can
remember.

WHAT Topr-LEVEL EXECUTIVES EXPECT FROM A PMS PRESENTATION

Byron Blaschke made the presentation. He is former deputy director of the Texas Department
of Transportation, with at least 12 years of experience in PMS, and he has been an advisor in
other countries.

Byron Blaschke: Senior management covers a wide range—from the chief engineer
all the way up to a legislative committee or governor. What are the needs of senior
management?

1. Sound design, construction, maintenance, and rehabilitation policies. Are you using
state-of-the-art concepts? Are you using cost-effective alternatives?

2. Sound basis for characterization of pavement conditions. Is it understandable? Can you
convey it? Is it realistic?

3. Pavement conditions: current, predicted, and desirable. What are the trends with the
resources that have been committed in the past few years? What are the predicted conditions
under certain scenarios? Why is a certain condition level desirable?

4. Rational basis for allocating funds and resources. Regrettably, senior-level management
does not always use a rational approach for allocating funds. The higher you go up
the management ladder, the less rational and more political the basis for making these
decisions becomes. The PMS engineer should be ready to give management a good rational
basis.

It comes down to two basic questions:

1. Are we properly designing, constructing, maintaining, and rehabilitating our pave-
ments?
2. Are we allocating sufficient funds for maintenance and rehabilitation?

Size and weight limits are important issues for the PMS engineer. You need to have
good information and convey it to decision makers. And the higher you go, the more dif-
ficult it is because management becomes more susceptible to lobbying from the trucking
industry.
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The following basic factors should be remembered:

1. When the budget must be reduced, maintenance is often the first area to be affected.

2. Ribbon cuttings are not scheduled for rehabilitation and maintenance projects. There
is no political excitement regarding rehabilitation and maintenance projects.

3. Good, sound pavement management often defies common perceptions and common
sense. The public’s perception of pavement deterioration is not always on target.

Information must be tailored to your audience:

1. Chief engineers have some experience in pavement considerations and may appreciate
the importance of maintenance and rehabilitation.

2. Chief administrative officers often are not engineers and do not have technical back-
grounds.

3. Commissioners generally are political appointees, with no realization of PMS con-
cepts.

4. Legislators may have similar backgrounds, but have less time to consider PMS because
of competing interests.

Make a different presentation for each level of management. You’ve got to “de-engineerize”
the facts. For instance, Texas Department of Transportation public affairs people ask us
questions they believe commissioners and legislators would ask, as preparation for our
presentations.

Recommendations are as follows:

e Keep it simple. Relate to the knowledge level of the audience. Meet with the commis-
sioner before the meeting to find out the sorts of questions that will be asked. Conduct work-
shop sessions to raise the level of knowledge.

e Keep your objective in mind. Don’t forget why you are making the presentation. Make
sure your presentation supports that objective.

¢ Ensure that you have support within your own organization. Local engineers and em-
ployees can easily undercut the creation of the program. Legislators can call local engineers
and get opinions that can destroy the system.

* Recognize political realities, and work within these considerations. What are the poli-
tics of your upper-level management?

e Don'’t forget credibility! You’ve got to build the credibility of your information. If there
is any doubt, your audience will not believe you.

Engineers have not had training in marketing, and that is what we are doing. Rely on in-
house public affairs people. Learn how to simplify the graphics and how to hit your target—
the audience. No rules exist. Be careful of using others’ methods. These methods may have
worked for them but their audiences may have been different. Marketing is a very “unengi-
neering” approach, but there is a need for it in PMS. It is incumbent on you to use market-
ing to make effective presentations so that sound, rational decisions are made by upper-level
management.

Denise Evans: We are marketing maintenance and rehabilitation programs, not pavement
management systems. You are marketing the need for funds. Ontario has no dedicated funds;
we have to compete with other programs for general funds. State your case to administrators
in terms of allocating funds. This becomes more complex because legislators may have less
experience because of shorter tenure. It is important that the data be quantified so that
decisions can be made across programs. The Canadian federal government does not have
dedicated highway funds.

Bill Whitcomb: The key thing is credibility. The populace is intimately familiar with its
portion of the road system. If there is any inaccuracy, you will have a problem selling the
recommendations. Another problem is continuity. When you present policy to one person
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and that person leaves, all the information leaves with him or her. You must continually train
new people.

Jimmie Schindewolf: Houston has difficulty with keeping council members interested in
long-term problems because of members’ term limitations. We have developed neighborhood
standards programs. By rehabilitating all parts of a given neighborhood, the citizens become
used to the desired standards. They then support tax increases by the council to maintain
these standards. That’s what elected officials want—<itizen support. PMS is technical, but it
can be made to be understood by citizens.

John German: San Antonio has 1 million people and 3,000 mi of street. We are able to re-
habilitate 125 mi every year at a budget of $15 million a year. We figure we should be doing
375 mi a year at a rate of $45 million a year. Where do we find the money? In the early 1980s
we had an aggressive PMS; however, in 1985 we ran out of money, and no maintenance work
was done for 7 years. We had to start over again with' new data. Without consistent funding
we will go from doing nothing to reestablishing PMS. Also, the local level understands fixing
potholes but does not understand the sophistication of a PMS.

Audience Comments

Audience: One thing I heard makes me uneasy: The political process is not rational but emo-
tional. I would like to propose that it is one of the most rational of processes. We have the
wrong perception of the process. We always view the political process as a unified marching
of forces to a unified decision. It is not like that. It is achieved by constant competition of pres-
sures and forces from the public. As such, the citizens ask reasonable questions: You want
money from me? Prove to me that it is crucial. What am I getting for it? What’s in it for me?
Can you see anything more rational than these three points? We always whine about the po-
litical process. We have good management systems, but the patient died. We have to study
and understand the political process. In Ontario, transportation ranks as number 11. Many
other issues are more important.

Audience: The reason transportation ranks number 11 is because we have done a good
job. People don’t complain unless there are problems.
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Location Referencing and

Global Positioning Systems/
Geographic Information Systems
for the Information Technology Age

David R. Fletcher (Moderator), Geographic Paradigm Computing
Jack H. Springer (Recorder), Federal Highway Administration

about location referencing, we are actually talking about two subjects. One is a location
referencing method that uses a set of field procedures to identify the location of any
point. The other is a location referencing system (LRS), which uses a set of procedures to man-
age location referencing. David Fletcher stated that the objective of an LRS is to designate the
geographic position of specific locations on and off the highway. There are three types of LRSs:
geodetic, which is based on latitude and longitude; geographic, which is based on mapping;
and linear, which is based or locating by milepost or other linear measuring device.
The presentation of two papers on location referencing systems was followed by a panel
discussion and the presentation of a third paper.

l ocation referencing is of vital importance to pavement management. When we talk

PAPER 1: IMPROVEMENTS TO UTAH’S LOCATION REFERENCING SYSTEM
TO ALLOW DATA INTEGRATION

Richard A. Deighton, Deighton Associates, and David G. Blake, Utah Department of Trans-
portation

Richard Deighton began by discussing how important location referencing is to an organiza-
tion. A question we are always asking is, where are my data? Where are data in the field, and
where are they in my data base? Without a working LRS we may be able to locate our data
in the field but may have problems in our data base or vice versa.

In location referencing there are three important items: system, method, and address. The
system is how we relate one location to another; the method is how we locate a point in the
field; and the address is a string of characters that uniquely identifies a location. Mr. Deighton
closed out his discussion by describing the types of location referencing methods: mile point,
milepost, reference point, reference post, and spatial.

Mzt Deighton’s description of location referencing enables us to understand the problems
that Utah was faced with, which were described by David Blake. Utah is upgrading its pave-
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ment management system (PMS), and as part of this upgrade the state wanted to straighten
out its LRS. Utah officials had determined that, within the department of transportation and
other organizations that supply data to the PMS, there was more than one referencing
method in use. These different location referencing methods made it difficult to look at data
at one point on the road. Officials looked at adopting one method but determined that a
single method was impractical; therefore, they decided to adopt an LRS that could accom-
modate the various location referencing methods used throughout the state. To develop the
system, the state established a task force made up of the users. Involvement of users is very
important to ensure acceptance of your referencing system. To develop an LRS, you need
personnel and funding, and to acquire these you need the support of upper management.

PAPER 2: ESTABLISHING A LINK/NODE REFERENCING SYSTEM
IN NORTH CAROLINA

Mary C. Opperman and Shie-Shin Wu, North Carolina Department of Transportation

Mary Opperman and Shie-Shin Wu spoke on establishing an LRS in their state. The state
previously had used a mile-point system but had determined that this was not adequate.
The system did not accommodate change. They studied various location referencing methods
and determined that the one best suited to North Carolina was the link/node method.
Unlike Utah, which discovered that various methods were being used throughout the state,
North Carolina was using only the mile-point system; therefore, adopting a new system
was not traumatic. The major problem in implementing the new system was that it was very
labor-intensive. The old system had to be manually reviewed and cleaned up.

Although Utah and North Carolina reached a different decision concerning the location ref-
erencing method and system to be used, they both used the same approach to solve their prob-
lems. They examined their current systems and determined who was using them. Having
determined their needs, the states chose systems that matched their needs. Therefore, if we se-
lect location referencing methods that meet our organizational needs and develop a system
that relates these methods to one another, we will always know where our data are located.

PAPER 3: PMS GIS IN SOUTH CAROLINA
Alan Cheetman, PMS, Inc., and Bill Beck, South Carolina Department of Transportation

South Carolina acquired a PMS management system from PMS, Inc., and was looking to
integrate its PMS into a geographic information system (GIS). Officials began by describing
the use of a PMS and GIS in the organization. PMS and GIS can be integrated three ways.
The first is total integration, where the PMS and GIS share the same data base. The second
method is for the GIS to is import data from the PMS. The third method is for the PMS to
import maps from the GIS. PMS and GIS software plus any organizational restraints will help
determine which method of integration is best.

What does the state want and need out of its systems? When these questions are answered,
the state should be able to properly integrate PMS and GIS or choose an appropriate LRS.

PANEL DISCUSSION

A panel discussed PMS and GIS integration. A comment that must be considered was made
by Bill Paterson of the World Bank. We must watch out how we use the word “system.” We
easily apply the word to a variety of things. The first two papers presented at this session were
about location referencing methods and systems. What many people call an LRS is actually
a method. A data base is not a PMS. Neither are performance models, but when you com-
bine the different elements you establish a system. But “system” is not the only word we mis-
use, and we must watch our use of all words.



Institutional Impacts
of Implementing the
Integrated Road Management System

Junius Hutabarat, Government of the Republic of Indonesia

he Indonesia road network is spread over 17,000 islands that have a land mass of
1 948 732 km’. The network has three elements:

® National roads, 17 800 km;
® Provincial roads 32 250 km; and
¢ District roads, 181 200 km.

The route network serves more than 184 million people, about 35 percent of whom are
concentrated in urban centers.

The directorate general of highways is responsible for overseeing overall planning, pro-
gramming, and implementation activities of road network development and for ensuring that
these activities are kept in line with an established policy. The directorate general has the
following objectives:

e Enhance the effectiveness of road network use and increase the efficiency of distribution
services;

¢ Increase the road network’s contribution to rational development and create employ-
ment opportunities;

* Enhance the effectiveness and efficiency of road management by applying the principles
of deconcentration and decentralization; and

* Encourage the participation of the private sector in road investment.

To ensure the achievement of these objectives, major efforts are being made to decentral-
ize financial and management responsibility for road infrastructure development and main-
tenance. Regional governments will take over these responsibilities through a coordinated
management mechanism, as reflected in the budget structure and institutional arrangement
in Figures 1 and 2 that the Interurban Road Management System (IRMS) is targeted
to serve.
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From 1987 to 1989 IRMS was developed on a microcomputer-based local area network,
followed by the development of a bridge management system (BMS), an urban road man-
agement system (URMS), a toll road management system (TRMS), a local road management
system (LRMS), and other monitoring systems aimed at improving the management of all
roadways in Indonesia.

Since the introduction of IRMS, additional efforts have been made to enhance the perfor-
mance of existing systems. These efforts include the introduction of graphic interaction fea-
tures to IRMS, a study of road capacity expansion (improvement on FS methodology),
strengthening the FS unit in Bina Marga, and the first stage of development of an integrated
road management information system adopting multimedia technology.

These systems have had a major impact on concerned institutions, and the advent of com-
puter technology has provided managers at all levels the means to better respond to the needs
of day-to-day operations and long-term planning activities. Implementation of these systems,
including development and operation, in the past frequently required greatly extended time
schedules and budget; some systems were less functional than originally intended; and
opportunities were missed to effectively place appropriate technology in the hands of
users. The purpose of this paper is to identify the principal institutional impacts of imple-
menting IRMS and to identify problems and constraints encountered during previous system
implementation projects.

IRMS DEVELOPMENT AND IMPLEMENTATION
System Development

Many management systems have been introduced during the past 12 years to improve
the performance of the planning, programming, budgeting, design, and implementation
monitoring functions of Bina Marga. This has resulted in the present system, IRMS. Earlier
systems included the following;:

e GENMERRI, which focused mainly on a few rehabilitation and reconstruction projects;

e The Road Maintenance Management System, which focused on supporting provincial-
level routine and periodic maintenance efforts and on assisting TPU with planning and
programming at the national level; and

® The Road Design System, which focused on the design and preparation of contract
documents for rehabilitation projects and which was able to cope with more than 100
projects annually.

Between 1987 and 1989 IRMS was developed on the basis of HDM-III, the highway
design and maintenance model from the World Bank. This was followed by the development
of BMS, TRMS, LRMS, and other monitoring systems aimed at improving the efficiency of
roadway management in Indonesia. All these systems are microcomputer-based and are
linked by a local area network.

IRMS Structure

IRMS comprises a central data base and five application modules, each of which relates to a
distinct phase in the process of project preparation and implementation and to the institu-
tional responsibility of that phase. These modules are planning, programming, road design,
economic review, and budgeting. A sixth module, Construction Implementation, is nearly
completed.

To accommodate the desire for increased decentralization, all modules are designed for
operation by central and provincial users. Two or more application modules may draw on
the same data item in the central data base, ensuring consistency of results at the planning,
programming, design, and budgeting stages.
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Each module produces output as printed reports and data-base files. The outputs, there-
fore, may be used as management tools in their own right or by other modules for further
development.

IRMS Implementation

In its early form, IRMS was used to develop 3- and 5-year expenditure plans during the
Repelita V (fifth 5-year development plan) period and to assist in the determination of
1989-1991 multiyear contract packages. Some revisions to the system have since been made
in light of this experience.

To ensure success, many training sessions were held at the central and provincial levels and
included senior management, highway officials, engineers, and operational staff. Technical
assistance was extended to the provincial level through consultant support to assist in data
collection, data entry and audit, and local use of the system in the program and budget
preparation phase.

Some of the main problems experienced during initial implementation follow:

e The poor quality of data on traffic, pavement roughness, pavement condition, and the
position of ongoing projects.

e Divided responsibility for the programming of provincial roads. This is theoretically the
responsibility of each province, but the mechanism is complicated by the fact that most funds
needed for these roads come from loans handled centrally, in which the lending agencies
impose certain conditions on the projects they finance.

* The lack of understanding of sound planning and programming principles at the provin-
cial level.

The following institutional impacts resulted from IRMS:

¢ The preparation of expenditure plans has become faster and more comprehensive, and
these plans are more widely used.

e The directorate general of highways introduced graphic interaction through the com-
mission of local consultants to simplify the learning and training process to ensure that local
use of the system will be enhanced.

e Technology transfer gained during system development has enabled local consultants to
participate in system enhancement.

e The directorate general of highways has pushed to extend IRMS to interface with BMS,
TRMS, URMS, and LRMS, moving toward a comprehensive system that will combine all
systems developed for the individual networks and provide a general expenditure planning
module that links each major subsystem into a total road system.

Regardless of these problems, there is a growing acceptance of the system by the central
directorate general of highways and at the provincial and parliamentary levels for Repelita
VI preparation and discussion, as indicated by the increase in demand for program data
generated by the system.

PROBLEMS AND CONSTRAINTS

Obstacles encountered during IRMS implementation can be categorized into three major
groups as outlined in the following discussion.
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Organizational and Institutional Factors

Factors relating to organizational and institutional issues were identified as major contribu-
tors to ensuring successful implementation of IRMS. The obstacles frequently encountered
during system implementation that can be attributed to institutional issues include the
following:

e Lack of planning and management support;

o Lack of commitment from the management of all organizational units involved because
of the failure to identify common goals and potential benefits to each party;

¢ Inadequate high-level management support partly due to a lack of understanding of the
potential benefits of the system and an unrealistic view of the time and resources required to
implement it;

e Lack of a comprehensive implementation plan that is flexible enough to respond to
internal and external changes and to describe the steps of implementation, milestones, and
the responsibilities of those involved;

® Inadequate intra- and interdirectorate coordination and communication at all levels;
and

® Apathy and fear of change.

These obstacles have contributed to the lack of enthusiasm to promote information ex-
change among the directorates and subdirectorates within Bina Marga. An illustration of this
is the lack of accurate and up-to-date physical and financial information for ongoing projects.

In essence the strict hierarchical structures of organizations limit communication and
inhibit the sharing of resources, which is important in maximizing the benefit offered by
implementing information technology.

Issues relating to staffing availability and training include the following:

® There is a scarcity of trained staff for planning, management, and system operation.

* Organizations often are too ready to accept the claims of user-friendliness of the pro-
posed systems and do not plan for familiarizing and training users.

e The training programs were not adequate or sufficiently directed to users’ application
environments to bring them to an operational status quickly.

e Insufficient attention was given to organizational culture and the cognitive styles of
users.

® Benefits were not quantified well enough to justify the allocation of needed funds.

® There was insufficient funding for system development and refinement and for sustain-
ing the operation of the system.

Standards and Data Integration

More users are now realizing that the existence of standards and improved data integration
are fundamental in system implementation and operation. Typical problems encountered
include the following:

¢ Insufficient design and development of organizationwide data dictionaries that cater the
needs of users at all levels;

e Lack of standardization in data structure and format, which inhibits the transfer,
exchange, and integration of data;

e Scarcity of acceptable guidelines and standards for data sources to establish consistent
accuracy standards, coding schemes, and interrelationships of data; and

e Insufficient organizationwide procedures for updating the data bases, particularly from
regional Bina Marga offices.
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These factors have compounded the difficulty in promoting automation of information
exchange among the directorates and subdirectorates within Bina Marga, with particular
reference to exchange of information between IRMS, BMS, LRMS, and URMS.

Technical Factors

Technical obstacles to system implementation and operation were actually found to be minor
compared with the other two groups of obstacles. This does not mean that users are not ex-
periencing problems with their hardware and software. It simply indicates that the technol-
ogy is available to better serve users’ needs and that the technology is improving rapidly.
Some of the frequently encountered problems follow:

® Software and hardware are not suited to the targeted application.

e Software too complex to use has been created in LRMS and URMS.

e The use of proprietary software has hindered the efforts to share data and processing
resources.

¢ Technology is immature and volatile.

CONCLUSION

Although technological advances continue to meet the demands of users, the major obstacles
to successful IRMS implementation are institutional in nature. In the end, it comes down to
people: high-level management with long-term vision; mid-level management with the talent
and dedication to direct system development and operation; and the users who must apply
the technology to real problems. Furthermore, the demand to establish an open environment
that will allow data sharing and integration across platforms and systems needs special con-
sideration because data sharing cannot reasonably be implemented by requiring all users to
operate a single system.



WORKSHOP SESSION 9

Defining an Appropriate System

Brian R. McWaters (Leader), Iowa Department of Transportation

maintenance/operation of a pavement management system. Each of the session’s 37
participants from around the world was assigned to one of four groups. Each group
had a specific topic: system selection, system development, or system maintenance/operation.
Each group was instructed to identify important factors in its assigned area and to establish
priorities for these factors.
Arthur Taute, from South Africa, presented the important factors identified by the first
system selection group:

The Workshop on Appropriate Systems addressed the selection, development, and

1. Agency goals
2. Network size
3. Funding mechanisms
a. Organization type
b. Central/decentralized control
c. Requirements of funding organizations
d. Adequate justification for system
e. Method of allocation
4. Agency skills to maintain system
a. System cannot be a black box from consultants, with no documentation
b. System should be no more complex than what can be managed
. Flexibility and transparency/accessibility
. Costs
a. Implement system in successive steps
b. Ensure credibility and keep costs under control
¢. Start simple with reasonable costs
7. Integration with other systems
a. Integrate system with other systems, including traffic data systems
b. Ensure that all data are compatible and accessible

N L»n
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Jim Delton, from Arizona, discussed the factors identified by the second system selection
group:

e Consistency across the organization to preserve what it has and to enable it to improve
in the future

e Decisions about agency goals and objectives—What does pavement management want
so that objectives can be met?

o Level of sophistication/flexibility

e Historical data—If agencies do not have historical data, how do they get started?

e Conflicts with overlapping infrastructure

e Establishment of priorities—Determining competition for funding and evaluating other
infrastructure needs and basic human needs to establish priorities for pavement projects

e Agency skills

® Preserving what the organization has and ensuring that the new system is compatible
with existing systems

Erlan Luckanan, from Braun Intertec, addressed factors selected by the third group, which
was concerned with system development:

Compatibility with existing systems

Human factors

Harmonization, particularly in data sets, types, and definitions

Needs (driving forces)

A democratic, central system for decision making—Policies for use of artificial intelli-
gence and surface condition data to set priorities

Omar Smadi, of Iowa State University, presented the factors selected by the fourth group,
which dealt with system maintenance/operation:

Flexibility to accommodate changes in technology and-data collection
Reliability to improve credibility
Capability to review and update the system
Necessary resources within the organization—How the system will be handled, includ-
ing assessing needs and determining responsibility for decisions

e Appropriate skill levels within the organization

e Ability to assess training/education needs and costs

e Compatibility within the organization to help other groups maintain coordination with
the organization

In addition, the group noted that pavement management is an ongoing, dynamic process that
must be continually reviewed.

After group presentations, the workshop concluded with a discussion that addressed other
issues:

1. It is important to get early involvement of people from all parts of the agency and to

perform marketing to establish “ownership” by as many people as possible.

a. Do not undervalue the power of politicians.

b. Pitch to the politicians gradually, and describe what is intended in lay terms.

c. Select a champion to take the agency forward.

d. Pick appropriate times to respond to management needs, and answer all questions,
leaving nothing dangling.

e. Use the public, an excellent resource that can help build consensus, when necessary.

f. Get management support, and find a sponsor who will support the activity.
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2. We need to concentrate more on people than on machines. Education and training are
important, particularly for administrators and managers, to help them keep up their in-
volvement in and enthusiasm for the process.

3. Many organizations do not have continuity because of having only one person in
charge. System development—whether done in-house or by consultants—based on time,
need, and personnel resources must be thought out to ensure a long-term, effective system.

4. When a company uses consultants, the contract must be managed carefully to ensure
accuracy and completeness.

5. Itis a good idea to conduct a pilot project on a smaller scale to ensure that time and re-
sources are not wasted on a larger scale.
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User Versus Agency Costs

Per Ullidtz (Coleader), Technical University of Denmark
Ram B. Kulkarni (Coleader), Woodward-Clyde Consultants

by the workshop coleaders: (a) user costs should be quantified in monetary value, even

if they involve a number of political decisions, and (b) because uncertainties are too
large and can lead to improper decisions, rather than quantifying user costs in monetary
value, the impact on users should be considered, using more stable parameters.

The audience was formed into juries, each electing a spokesperson, each jury was asked
to give a verdict for or against quantifying user costs in monetary terms. If consensus could
not be reached, the juries were asked to cast a vote. In addition, they were asked to jot down
their main arguments and present them to the other juries during the last part of the
workshop.

r ] Yhis workshop was presented as a court case. First, two different opinions were stated

SUMMARY OF JURY QUESTIONS

Most juries found it impossible to pronounce a straightforward verdict on user costs versus
agency costs. Almost all juries found it necessary to distinguish between network level and
project level, although there was no consensus on how these levels should be treated. Some
juries added a third level, strategic.

There appeared to be agreement that user costs are a valuable tool for planning, policy
making, and setting priorities at the network and strategic levels. On the project level, the
juries questioned this belief.

One concern was that user costs tend to overwhelm agency costs, resulting in much too
expensive, unrealistic levels of maintenance if total costs (i.e., user plus agency costs) are to
be minimized. In addition, benefits often are so substantial that nobody believes they exist;
therefore, to avoid overselling the case it can be advantageous to use other measures of user
impact. On the other hand, one jury believed that user costs can be properly used to support
requests to cover funding shortfalls.

Most juries saw a need to distinguish between the “hard” agency dollars and the less tan-
gible user benefits. The need to better data on user costs, even to aggressively pursue infor-
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mation, was expressed by all juries. For example, the juries market believed that research on
user expectations can provide valuable information to decision makers.

One jury believed that the reduction in user costs should be considered a benefit to be an-
alyzed in benefit/cost evaluation. The benefit/cost evaluation was considered different from
life-cycle cost analysis, in which all costs (to agency and users) are combined.

In general it was believed that the delay costs caused by construction and maintenance ac-
tivities can be quantified in monetary terms. Quantifying safety costs and vehicle operating
costs was considered difficult but still possible. Several juries found that trying to quantify
environmental costs can be a waste of time.

One jury considered it necessary to develop different user cost models, depending on
whether the models were to be used in developing or industrialized countries, in urban or
rural areas, or for comparison within sectors (transport) or across sectors. Another jury
thought that it might be necessary to allocate funds to rural and urban areas, a priori, before
any benefits and costs are considered. On the other hand, the need to find common criteria
or measures that can be used for several modes of transport (e.g., within the Intermodal
Surface Transportation Efficiency Act) also was expressed.

Only one jury voted squarely for the inclusion of user costs. User costs are part of life-cycle
costs, and although some impacts may be difficult to quantify, this should still be tried
using the best available information, assistance from economists, and sensitivity analysis.
Combining different user costs was not seen as a case of adding apples and oranges. This,
however, was believed to be the case when different indices are combined.

CONCLUSION

There was a great deal of willingness at this workshop to include user costs in decision
making, but current user cost models were considered unrealistic or incomplete.
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Institutional Issues Affecting
Pavement Management and Use,
and Methods To Overcome or
Bypass Them

Tung S. Dong (Leader), International Road Federation
Bryan E. Stampley (Recorder), Texas Department of Transportation

ment management system (PMS) implementation. The purpose of the sessions was to
get those involved in pavement management to help identify methods to overcome
institutional and people barriers to PMS implementation and use.
Institutional issues were divided into three types:

Two workshop sessions, 13 and 24, were devoted to institutional issues affecting pave-

1. People issues and barriers (4 issues);
2. Organizational issues and barriers (11 issues); and
3. System design, development, and selection (3 issues).

Session 13 addressed 11 of these 18 issues. The Session 24 summary addresses the other
institutional issues.

PEOPLE ISSUES AND BARRIERS

These problems are related to the personalities and interpersonal relationships of people
within an organization.

Turf Protection

Turf protection occurs when people resist PMS implementation to prevent a perceived loss
of power. Turf protection, quite simply, is a fight based on fear. As the name suggests, it is a
fight to protect territory. More important, it is a fight to protect a person’s sense of impor-
tance. Turf protection is only a sign of some other institutional issue—whether it is fear of
exposure, “not invented here,” resistance to change, or some other issue. The important
thing is to treat the underlying cause of turf protection and not waste time fighting the turf
protection itself.
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Adults work to earn a living, but they also work to create a sense of competence—that is,
the ability to do something well. This sense of competence can even become an identity. Thus,
adults often describe themselves in terms of their work; for example, “I am an engineer,” or
“Iam a doctor.” When competence is linked closely to identity, anything that threatens that
competence may be perceived as an assault on the person’s identity and sense of worth.

All this may seem unrelated to pavement management, but it does explain some of the
intense turf battles that PMS implementation has created. In fact, some of an agency’s most
highly skilled and valuable people can be the most vicious turf warriors.

It has become popular for agency decision makers to publicly chastise turf warriors. Such
people are accused of being resistant to change. The implication is that their opinions are
worthless and that their value, and even their future, is limited. Such public chastising only
entrenches turf warriors and strengthens their sense of isolation.

PMS personnel should recognize what is of value in the turf warriors’ threats and devise
ways to take advantage of the ability to contribute that the turf warrior is fighting so hard to
preserve.

Successful Solutions

A common theme in many “successful” solutions is to involve—not isolate—the turf
warriors. Persons who initially feel threatened by a PMS can become some of its strongest
supporters.

Metropolitan districts in the San Francisco Bay Area have been requesting PMS informa-
tion from the Metropolitan Transportation Commission (MTC) to support their requests for
funding. MTC has been willing and able to provide PMS information to these districts. But,
more important, MTC has helped the districts benefit from the new information.

Cape Town, South Africa, takes a centralized approach to planning its road resurfacing
program. Resurfacing needs for the entire area can be considered. Its PMS produces graphs
that provide resurfacing information to decision makers and politicians. A bus tour was also
arranged to demonstrate to politicians how resurfacing decisions were made. The tour
apparently was successful—the next year’s resurfacing budget increased by 20 percent.

The PMS staff in Texas has been distributing PMS information to the state’s decentralized
and highly autonomous district offices. District users are now asking for more ways to use
this new information in their road resurfacing and rehabilitation work.

Unsuccessful Solutions

Session participants did not identify any unsuccessful solutions, although it was obvious from
the discussion that they had had many such experiences.

Untried Solutions

One untried solution is to give district offices raw PMS data and let them use them as they
see fit. Closely related to this is to put local PMS data on microcomputers (or personal
computers) for use at local offices, for agencies using a centralized mainframe computer for
their PMSs.

Fear of Exposure

People often resist PMS implementation because they fear that the PMS will show that pre-
vious decisions were incorrect or less accurate than previously thought. Fear of exposure is
the nastiest of the four people issues and barriers. It is also the most common, and it
masquerades as turf protection, “not invented here,” or resistance to change.

As the phrase suggests, fear of exposure is based on fear—nothing more, nothing less. A
person is afraid that the PMS will undermine his or her position. The PMS might show that
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previous decisions were wrong or that his or her opinions were not quite so sound. In addi-
tion, the PMS might show that this person could have been doing a better job all along.

What makes fear of exposure so nasty is that it thrives in an atmosphere of distrust, which
is what seems to be happening in many agencies. Employees distrust management for with-
holding information; management distrusts employees for withholding information; decision
makers distrust politicians and their motives; politicians distrust decision makers and their
abilities; and the public distrusts everybody. With all this distrust, no one feels safe, and
certainly no one feels that he can make a mistake. But that is exactly what the PMS seems to
be saying—that someone made a mistake.

PMS staff can do nothing about fear of exposure. Only agency decision makers can create
an atmosphere of trust that assures an employee that his or her position is secure. Of course,
the decision makers themselves must work in an atmosphere of trust.

When an agency creates an atmosphere of trust, distrust fades. When distrust fades, it
takes away the fear. And when the fear goes away, the fear of exposure goes away.

Successful Solutions

Fear of exposure increases when a person feels isolated from the PMS effort. One way of
eliminating this isolation is to involve such people in the development and implementation
effort. Another way is for PMS staff members to visit such people and say, “Can I help you
with . .. ?” or “Let me help you with . . . .” This way, the PMS staff helps users solve prob-
lems for themselves. By making the user’s job easier, the PMS staff makes its job easier.

Still another way is for the PMS staff to work with key users to help them discover their
needs. The staff then fits the PMS to meet those needs. Related to this idea, especially when
working with local field users, is the approach of trying a few small changes, instead of many
large ones; for example, adding one or two new reports to an existing PMS and letting local
users review them,

Equally important, as proven in the state of Utah, is the idea of the PMS staff pro-
viding long-term, continuing training and education. The distinction between training and
education is important. “Training” refers to basic PMS instruction; for example, “How
do I run- this report?” “Education” refers to detailed-instruction-in PMS concepts and
usage; for example, “What does this value mean?” or “How does this optimization program
work?” The PMS staff must be ready to provide both, periodically, over a long period
of time.

In these examples, session participants clearly indicated that agency decision makers
should be included in these efforts. Only in this way can the PMS staff help the agency
create the atmosphere of trust needed to eliminate fear of exposure.

Unsuccessful Solutions

Although there were certainly many unsuccessful solutions to discuss, session participants
quickly put the mandated PMS at the top of their unsuccessful list. Of course, many agencies
have mandated their PMSs. And, as will be discussed later, PMS mandates do have their
advantages.

Untried Solutions

There was much discussion of total quality management as applied to PMSs, but session
participants admitted that they had not yet applied these concepts to PMSs.
Resistance to Change

Resistance to change is the observation that some people simply do not want to change. As
with turf protection, the most vocal opponents often are the most valuable allies. A person
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will ask, “Why should I change what I am doing?” or “What’s wrong with the way I am
doing things?” Sometimes there is no good answer to these questions, in which case PMS
personnel should be quick to admit that there really is no reason to change. PMS staff should
be careful not to peddle change for the sake of change—the emphasis should always be on
improvement. After all, anyone can change things.

Improvement really is the key to this issue. In fact, the issue is termed resistance to change
because few people actively resist improvement. Thus, it is important to direct PMS efforts
toward making work easier and more effective. When that happens, people will feel better
about their positions in the organization. They will also see the PMS as a tool to help improve
their work, not as a tool to merely change their work.

In the discussion, it was mentioned that age is an important factor. The young person
seems to demand change, the middle-aged person seems to accept change, and the older per-
son seems to resist change. This does not mean that all older people resist change; it just
means that they are more likely to resist change. Given the proper circumstances, a person of
any age will resist change.

Gaps in hiring can create blocks of younger and older people within an agency. They can
even create a generation gap between the typically young staff members and the typically
older decision makers. In the United States, a hiring gap was created by the push to build the
Interstate highway system in the 1950s and 1960s. In South Africa, changing economic
cycles created a hiring gap.

Session participants believed that PMSs might become more acceptable in the future,
simply due to changes in agency personnel. However, they also identified ways to speed the
process.

Successful Solutions

Communication is the key to overcoming resistance to change in an agency. The PMS
staff should take the time to involve decision makers and users. Formal communication,
such as committees, working groups, and newsletters, is important, but staff members also
should take advantage of informal communication. Sometimes a simple office visit or a
phone call can break down resistance and turn PMS implementation into a more friendly,
human effort. When people are feeling threatened by change, they often just want to have
their concerns heard, understood, and considered. Fear is the basis of PMS resistance in
many cases. Anything that the PMS staff can do to reduce fear will speed PMS implemen-
tation.

When dealing with decision makers, session participants found it important to show that
the PMS process is rational. Decision makers are under great pressure to justify their deci-
sions. Many of these decision makers do not like having to justify their decisions to others—
often they are engineers who, by virtue of their education, expect to be trusted. However,
decision makers feel more comfortable when defending a rational process. When the PMS
staff makes the decision maker’s job easier and more effective, the staff makes its job easier
and more effective.

Another helpful method is to show the benefits of PMS usage. For example, Australia’s
PMS must define the value of the highway network. Benefits then can easily be shown in
terms of value gained or lost. A person will often resist change by saying something such as
“This new way had better be good!” Showing the benefits of PMS usage will help such a
person see that the new way is good.

Unsuccessful Solutions

Session participants agreed that one of the quickest ways to cement resistance and kill a
PMS effort is to send down an edict from above requiring PMS usage. As will be dis-
cussed later, this finding is especially interesting to agencies in the United States working
to meet the requirements of the Intermodal Surface Transportation Efficiency Act of 1991
(ISTEA).
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Untried Solutions

Session participants did not identify any untried solutions.

ORGANIZATIONAL ISSUES AND BARRIERS
Size

Agency size (number of people or geographic area) can affect PMS implementation. Agency
staff must be trained in the effective use of the PMS and must be educated in the purpose of
the PMS. Larger agencies require more effort in training and education because there are
more people involved, or people are scattered across a large geographic area, which can slow
implementation. However, the large agency usually can hire PMS specialists to help with
training and education. The problem in the large agency is that there are more informal lead-
ers who can undermine PMS usage. Smaller agencies do not have these problems. Smaller
agencies can train and educate their users quickly; however, they rarely have the specialized
staff available to do so. A more serious problem in the small agency is that it can be almost
impossible to bypass a single person who resists PMS implementation.

There is no optimum size for an agency wanting to implement a PMS. The large agency
can hire a more technically trained staff, but that staff must overcome the agency’s greater
inertia. The PMS staff must be respected highly by all levels of the organization, especiaily
the top, if it is to overcome inertia and develop its own momentum. Even then, it is very
difficult for staff members to cross the organization’s boundaries (as will be discussed later).
It is also often difficult for a large agency to adapt rapidly to changing conditions. Thus, the
large agency may envy the responsiveness and simplicity of the smaller agency.

But the smaller agency is often constrained by a lack of resources. It can often move more
rapidly but may have few technically trained employees to solve a problem. Thus, the smaller
agency’s ultimate effectiveness may be just as limited.

Geographic size is also important. A decentralized agency covering 80 000 to 100 000 km*
will have completely different needs than a centralized agency covering only a few thousand
square kilometers. If PMS users are relatively few but scattered over a large area, the agency
must be willing to finance the extended travel time necessary for personal support. An agency
in a more densely populated area—a large number of PMS users in a small area—will have
to plan more frequent training sessions to keep class sizes at a manageable level.

In the end, the issue of size relates to the number of people and their distribution through-
out a geographic area, not necessarily to the size of the PMS staff.

Successful Solutions

At a large agency, the PMS staff should form a steering committee made up of all sections
involved in pavement management. High-level people should be included to provide a sense
of direction and to ensure that the PMS will fit smoothly into the agency’s overall operation.

At a smaller agency, if one person is blocking PMS implementation, the PMS leader can
try to (a) persuade that person to support the PMS or (b) persuade that person’s superior to
support the PMS. Peer pressure can help persuade a person to support the PMS, but it can
also be perceived as a sneak attack and increase the person’s resistance. Once again, the PMS
leader must overcome one or more people issues and barriers when trying to gain the support
of a reluctant person.

Session participants described the benefits of using consultants at large and small agencies.
Although consultants often are dismissed as being high priced, many agencies find that the
expertise obtained is well worth the money spent. Some agencies use consultants as their
full-time PMS staff, and other agencies use consultants to provide specialized technical
support. In all cases, agencies must retain control of consultants and their contracts. If an
agency is unable or unwilling to retain control, it should look elsewhere for support.
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Unsuccessful Solutions

Several participants described the problems caused by using part-time staff for PMS devel-
opment. The consensus was that the PMS staff and especially the PMS leader, or PMS
engineer, must work full time. Otherwise, they will spend so much time “putting out fires”
that they might forget how to use the PMS.

Untried Solutions

Session participants did not identify any untried solutions.

Structure

“Structure” refers to the need for pavement management decisions to cross organizational
boundaries. Some organizations encourage communication among various central office
departments and regional or field groups. Other organizations require that communications
go up the chain of command before crossing to another area of responsibility. The lack of
effective direct communication among PMS users can seriously threaten the implementation
and effective use of a PMS.

Structure often works as a barrier to communication. Organizations that encourage com-
munication between work groups are thought of as free flowing, adaptive, responsive, or
some other positive term, Decision makers in such an organization must be able to completely
trust their employees to give them so much freedom. The organization works well if employ-
ees keep decision makers apprised of latest developments and if the decision makers can keep
up with it all. The problem is exactly that—how to keep up with it all.

Structure helps an organization keep everybody on the same path, much like a conductor
keeps all orchestra musicians at the same place on the score. An organization’s structure is
not necessarily bad. But when it begins to block the flow of information between work
groups, it becomes an institutional issue.

Successful Solutions

As with other institutional issues, communication is the key to working with and through
an organization’s structure. However, communication is exactly what structure tends to
block.

A committee that includes all sections involved in pavement management can help PMS
staff to deal with organizational structure. Another solution is to place the PMS staff func-
tion high enough in the organization to (¢) command the respect of persons at all levels of the
organization and () easily and effectively cross organizational boundaries.

Unsuccessful Solutions

Some PMS staff members retreat from the organization’s structure and try to develop the
PMS in a vacuum. Session participants agreed that this does not work. Again, communica-
tion is vital to PMS development and implementation.

Other agencies place their PMS staffs too low in the organization. These staffs are not
allowed to easily and effectively cross organizational boundaries. Even if they could, they do
not command enough respect to be successful. In such situations, some PMS staff members
get discouraged and retreat from the organization’s structure. Other PMS staff members try
more drastic methods of making the PMS visible, which, unfortunately, increases resistance
to change. Other PMS staff members simply lower their expectations. In any event, the result
is the same.



68

THIRD INTERNATIONAL CONFERENCE ON MANAGING PAVEMENTS

Untried Solutions

Session participants did not identify any untried solutions.

Stability

Stability describes how often the agency’s basic organizational structure changes over time.
A more stable structure allows the use of a more complex decision support system.

Stability is closely related to the issues of size and structure. But it must also be related to
the organization’s sense of rigidity and mobility.

The authors define stability in terms of how often the organization’s basic sense of purpose
changes. This definition is closer to that used when describing people as stable or unstable.
And it completely divorces stability from size. After all, few things are more ridiculous than
a large agency trying to prove that it is as nimble as its smaller counterparts—unless it is a
small agency trying to prove that it is as rigidly stable as the most stolid large agency.

State highway agencies have seen their entire sense of purpose turned upside down with
the passage of ISTEA. Large agencies, such as the Texas Department of Transportation,
completely reorganized in the space of 4 months. And whereas the outer organization appears
to have restabilized, the inner sense of purpose, which affects PMS implementation, is still up
for grabs.

An agency may never change its organizational structure, but if its inner sense of purpose
is always changing, it will be next to impossible for a PMS to support the agency’s goals.
Another agency may always be reorganizing to adapt to changing conditions, but if the agen-
cy’s inner sense of purpose is stable, it will be easy for a PMS to support the agency through-
out its reorganizations.

Successful Solutions

Session participants addressed stability in terms of PMS personnel, availability of PMS
information, and data collection. Stability of PMS personnel has not been achieved (as de-
scribed in the One-Person Show issue in the Session 24 summary). It will be covered in the
section on untried solutions.

As far as the stability of PMS information, one successful approach has been to load PMS
information and reports into the agency’s central mainframe computer for access by all lev-
els of the organization. Thus, staff members get to see the same information that management
sees. This helps them address problems before they become serious enough to warrant man-
agement review. Agencies using microcomputer-based PMSs can do the same thing. Well-
documented PMS user manuals also have helped PMS users and PMS staffs learn their
systems.

As for the stability of PMS data collection, several agencies have found that consultants
can be helpful, especially if their contracts cover all roads or if their contracts cover more than
1 year.

Unsuccessful Solutions

Closely related to the idea of using consultants to collect PMS data is a problem with using
part-time employees to collect pavement rating data. Although many agencies’ pavement
raters are experienced, it has been difficult for these agencies to continually train and keep
pavement raters.

Untried Solutions

Session participants mentioned the problem of keeping qualified PMS staff members. (This
issue will be covered in the Session 24 summary as well.) As soon as qualified employees be-
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come valuable to an agency, they transfer or are promoted. One untried solution mentioned
was for agencies to develop a dual career path so that technical staff members can be pro-
moted to higher pay levels without having to become managers. Another untried solution was
simply to place PMS staff members at a high enough position and pay level so that they have
a reason to stay.

Resources

A PMS cannot be developed, implemented, or effectively used if resources are not available.
This includes resources for those responsible for the PMS and the funds needed to implement
the programs developed through the effective use of the PMS.

Resources are not just money—they are also personnel and, in the case of data collection,
equipment. This issue is really two issues.

First is the issue of providing resources for those responsible for the PMS. A PMS is a high-
dollar and, in some cases, a high-risk investment. Many agencies have been reluctant to take
the plunge. In the United States, ISTEA has fairly well decided that issue—it is no longer a
question of if or when, but how. The resources issue still remains. The fanciest PMS is useless
if there is no one to distribute the information, answer questions, or improve the system. The
most sophisticated fleet of data collection equipment is useless if there are not enough oper-
ators to collect the data, and the largest staff of operators is useless if the equipment is miss-
ing, in disrepair, or obsolete.

Second, and often more difficult, is the issue of providing funds for implementing pro-
grams developed through the effective use of a PMS. Although many good PMSs have the
ability to account for limited funding, the fact remains that the funding must eventually be
provided. For example, if a carefully designed and implemented PMS comes up with a $100
million resurfacing program, a later reduction to $80 million will not give all the benefits that
the PMS, or the program, was meant to provide. The agency may later claim that the PMS
was at fault for overestimating the resurfacing program, but that claim can no longer be val-
idated. After all, if the observed results are different from the PMS-expected results, perhaps
the reduced funding, and not the PMS, was responsible.

Successful Solutions

One of the best ways to get resources is to find a respected decision maker who will sponsor
the PMS effort. The sponsor can campaign for the PMS at the highest levels and maybe even
remove many institutional barriers along the way. The PMS staff can help the sponsor by giv-
ing examples of other agencies that have used PMSs to solve similar problems. The ability to
show beneficial results early also will help the sponsor sell the new PMS to other decision
makers and throughout the agency. Once again, PMSs can be beneficial—but people must
use them.

A mandated PMS is one sure way to gain resources for PMS development and implemen-
tation. Of course, the PMS staff must be prepared to dissolve the resentment and resistance
that such a heavy-handed approach can create. Nevertheless, PMS mandates have prodded
some agencies that never would have moved on their own.

A lighter, more effective approach is to conduct introductory workshops for top manage-
ment and decision makers. These workshops give upper-level executives the chance to mod-
ify the new PMS to make their jobs easier. The workshops also can give technically oriented
PMS staff members an appreciation of the needs of executives. Both can work together to
make each other’s jobs easier and more effective.

PMS staff can use charts, graphs, and maps to help executives strengthen their funding
requests. Once again, the staff can make the executive’s job easier and more effective. The
executive can then make the politician’s job easier and more effective.
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Other agencies have established PMS user groups to help people better document their
funding and resource needs. Users often learn that their worst problems have already been
solved by somebody else. In addition, users get to help solve others’ problems.

Unsuccessful Solutions

The PMS staff, and even the sponsor, must be careful not to promise too much too soon or
too inexpensively. Overselling the PMS can be fatal if decision makers begin to wonder if the
PMS will ever deliver on its promises. In addition, an overly high price tag or an overly long
“gestation period” can kill the PMS.

Session participants mentioned two other “deadly” promises: (a) a PMS will reduce
manpower and (b) a PMS will save money. In either case, the decision makers, or worse yet,
the politicians, will expect to see an equivalent reduction in force or an equivalent return of
revenue.

In the early 1980s, the Texas Department of Transportation used a subset of the Rehabil-
itation and Maintenance System (RAMS), developed by the Texas Transportation Institute.
The department discarded RAMS, mainly for lack of a large enough data collection sample
size. (In fairness, it must be mentioned that the province of New South Wales in Australia
later adapted RAMS to its agency and has had great success with the program ever since.)

Other participants reported that local districts in their agencies have used their own
separate systems. This approach has made it very difficult to get overall funding and other
resources.

Untried Solutions

Session participants discussed the use of geographic information system (GIS) technology, but
they had not really used a GIS to justify funding and other resource requests. This will
warrant further watching as more agencies include GIS technology in their PMSs.

Competing Funding Needs

Almost every agency has more funding needs than resources, and there are always many com-
peting funding needs. It seems that nobody has enough funding anymore. But competing
funding needs are not just about funding, they are also about needs. And the interplay
between funding and needs creates some interesting situations.

Agencies with a developing road network find that they are very important—they may not
get enough funding, but they get most of what is available. When their road network is
finally built, they suddenly find that they are not quite so important anymore. There are still
new roads to be built, but now the agency is expected to keep the roads smooth, wide, safe,
aesthetically pleasing, environmentally sensitive, and so on. Some agency personnel nostal-
gically begin to yearn for “the good ol’ days” when their work was considered important and
all they had to do was build roads.

In this sense, competing funding needs are similar to stability—they test an agency’s inner
sense of purpose. Many transportation agencies publish a written roles and missions state-
ment. These words are helpful, but funding is the reality, especially now when there is not
enough to go around. The agency will spend its limited funding on its most important areas.

Successful Solutions

The most successful approach is to present a logical plan that shows that good roads cost less.
A PMS can certainly support such plans, which have proven effective when dealing with
agency decision makers and politicians. The key is to show that a small investment in pave-
ments now is actually a savings and not a cost, because the investment will save money that
will need to be spent later on heavier treatments.
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Another approach is to identify specific projects that can be added if funds are increased.
In a similar way, the PMS staff or the agency decision makers can identify specific projects
that will have to be dropped if funding is cut.

Unsuccessful Solutions

A PMS can be used to show that “if you don’t give us the funding we request, the roads will
fall apart.” Although this approach might work within an agency, politicians tend to view it
as a threat.

In addition, an agency should not tell a politician how to raise the requested funding.
This is the politician’s job, and he or she may value it as much as the agency decision maker
values his or her job.

It also is not enough to simply request funding. The agency or the PMS staff must have
sound documentation to justify the request.

Untried Solutions

Session participants discussed the idea of an agency going on strike by not repairing roads for
a short time, but they agreed that such an approach is very risky. Another untried solution is
to increase load restrictions on roads that are awaiting structural rehabilitation. Still another
is to transfer some road mileage to another jurisdiction.

SYSTEM DESIGN, DEVELOPMENT, AND SELECTION
Matching Agency Needs

Some agencies have selected and implemented a PMS to justify budget requests, only to find
that the system only helps select sections that need maintenance and rehabilitation. Other
agencies have tried to evaluate PMS recommendations for their final work programs but
found that the PMS sections, costs, and treatments did not match their management process.

Matching agency needs is not just an issue of common sense—it insists that the PMS be
usable. By its very nature, a PMS can support and strengthen an agency’s existing decision-
making process. But it can also challenge that process. Such a challenge creates resistance, as
evidenced by the large number of institutional issues described in this paper.

One way to-overcome an agency’s resistance is to support its existing decision-making
process. This has two advantages: (a) the agency can learn to view the PMS as a helpful tool
instead of as a destructive threat and (b) the PMS will have a few years to mature without
having to carry the full load of the agency’s decision-making process.

The PMS staff must learn as much as it can about how the agency makes decisions. It
will then be able to develop a PMS that is usable, instead of just technically sophisticated.
Reluctant users will need some encouragement at first, and the best way to do that is for the
PMS to meet their immediate needs and be tolerant and forgiving.

Successful Solutions

Once again, a steering committee is essential to defining the agency’s goals, needs, and
expectations. Some participants even mentioned using a dual committee structure, with a
high-level committee to set goals and overall direction and a lower-level committee to pro-
vide more direct guidance.

Another approach is to develop and implement the PMS on a small subset of the agency’s
highway system, then expand it to the full system. This approach keeps development effort
and problems at a manageable size. It can also speed up final PMS implementation.

For agencies using a private consultant or other third party, a good contract manager is
essential. The contract manager must have enough technical skills to ensure that the agency
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gets a PMS it can use and enough interpersonal skills to resolve the inevitable misunder-
standings and problems.

Unsuccessful Solutions

People who are familiar with microcomputers (or personal computers) know how difficult it
is to walk into a software store and buy a program that will meet all their needs. And yet
many agencies will spend a hundred or a thousand times as much money to purchase a PMS
“off the shelf.”

For agencies planning to use a consultant or other third party, it is not enough to let the
contract and wait for the PMS to magically appear. The agency also must be prepared to
provide a capable contract manager, for the protection of the agency and the consultant.
A capable contract manager can head off enough costly problems during the course of a
typical contract to more than offset his or her salary and benefits.

Untried Solutions

Session participants did not identify any untried solutions.

Complexity

Some PMS products have been so complex or poorly documented that users have not been
able to understand them, much less explain how they work to others. When PMS staffs take
recommendations to management, they cannot always explain the basis for programming
specific streets for rehabilitation or preventive maintenance. Some PMS staffs cannot explain
the concepts on which fund requests are made, nor can they always show the impact of
alternatives suggested by management.

How does a PMS provide flexibility without complexity? In many respects, complexity is
related to stability. As mentioned previously, stable organizations can tolerate a more
complex PMS. Of course, the PMS must be able to adapt to those rare times when the stable
organization does change.

Complexity is often confused with flexibility. PMS users want a flexible system with plenty
of room to grow in, but they do not want to wade through six levels of menus and a 1,000-
page manual. They want to be able to get in, get their information, and get out quickly. And
they usually want something completely different tomorrow.

At other times, a PMS is like a huge toolbox. Users paw through the toolbox but they never
seem to find the tool they are looking for. After a while, they get frustrated and quit.

Complexity is even a problem for PMS staffs. They must know every “in and out” of the
PMS but also must be able to condense that detailed knowledge into something management
can quickly and effectively use. Thus, the final word in PMS complexity is KISS (Keep It
Simple, Stupid).

Successful Solutions

Session participants noted that they have had the problem, “What do we do if the system
developer does not stick around to the end?” The best solution is for the agency to go back
to the basics and start again if necessary.

South Africa has taken a three-phase approach to the complexity issue:

1. Network level,
2. Project level, and
3. Site investigation.
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Unsuccessful Solutions

Session participants agreed that PMS users must be able to interrogate the system to get the
information they need and that a complex PMS needs to have a simple front end to guide
users through the system.

Untried Solutions

Session participants did not identify any untried solutions.

Black Box PMS

PMS software is considered to be a black box when it provides recommendations but the
reasoning behind the recommendations is not known. The black box raises questions of trust,
reliability, and defendability. The decision maker looks at the PMS, sees the data going in and
the results coming out, and wonders what happened in between. The decision maker may ask
the PMS staff, “How can I explain this to the politicians if you can’t even explain it to me?”

This uncertainty can create fear and distrust. How can the decision maker be sure that the
PMS will give the same answers to the same questions and that it is not just some wild scheme
to come up with more pavement funding?

The black box can make field users feel that the PMS staff is keeping them in the dark
as a way of reducing disagreement. Field users value their experience and want to con-
tribute to the agency’s decision-making process. They are likely to resent and resist any
effort to bypass them. The main fear that the black box creates is that no one knows what
is going on.

Successful Solutions

The best way to address the problem of the black box is through long-term training and
education. Training addresses basic PMS instruction, which is important for new users. But
the key to the black box issue is education, which explains how the black box works. When
the PMS staff has properly educated all levels of the agency, the black box disappears, and
the PMS becomes understandable and worthy of trust.

Another solution is to develop a PMS that allows users to change various system parame-
ters. A field user can then see how the PMS responds to local changes and can learn about the
system on his or her terms. The user can even “reality test” the results against local practice
and provide valuable suggestions to the PMS staff for future improvements. In this way, the
field user becomes an ally of the overall PMS implementation.

Session participants identified an interesting feature of the black box issue: the black box
is acceptable if the results seem reasonable and no one asks any questions.

Unsuccessful Solutions

Several agencies have obtained a black box to solve some pressing pavement problems with-
out first understanding the process causing the problems. Such agencies do not know whether
the black box solved the actual cause of the problem.

Untried Solutions

One untried approach to the black box problem is to customize the agency’s PMS for every
user. Although this approach promises the ultimate in flexibility, it also promises problems
for PMS staff members trying to figure out how a user got a particular answer.
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SUMMARY

It may appear that PMS practitioners spend a lot of time complaining about how many prob-
lems they have. But this complaining is often the first step toward a solution. Complaining
has paid off in the form of solutions in at least five areas:

1. Set the PMS unit high enough in the agency’s organization so that it will command the
respect of persons at all levels of the organization and easily and effectively cross organiza-
tional boundaries.

2. Take advantage of committees—they can work! When setting up a PMS committee,
be sure to define the goals of the committee and the PMS at the start; get representatives of
all key players, even those from outside the agency if necessary; and consider using a split
policy/technical committee if necessary.

3. When dealing with PMS users, think about trying a few small changes over time instead
of many large changes; involving users instead of isolating them; offering help; and
promoting long-term training (how to) and education.

4. When dealing with agency decision makers, think about getting a sponsor decision
maker to campaign for the PMS, showing similar problems that PMSs have solved in other
agencies, demonstrating a logical plan showing that good roads cost less, and starting with
small steps that show benefits quickly. Above all, do not oversell the PMS. Do not promise
too much too fast.

5. When dealing with politicians, think about demonstrating a logical plan that
shows that good roads cost less and identifying specific projects that can be added if funding
increases or identifying specific projects that will have to be dropped if funding decreases.
Above all, do not threaten politicians by saying, “If you don’t give us the funding we request,
the roads will fall apart!” and do not tell them how or where to get the funding.

OTHER ISSUES

This paper describes 11 different, but interrelated, institutional issues that can block PMS
implementation and use. However, the authors would like to raise several other underlying
issues.

1. Institutional issues are mainly interpersonal, not technical. However, profes-
sional engineers are often in charge of PMS development and implementation. Although
some engineers are very personable and quite skilled at working with others, some people
become engineers because of their preference for a quieter, more technical job. Is it perhaps
time to suggest that professional engineers are not always the best equipped to oversee PMS
development and implementation? But how many nonengineers can balance their interper-
sonal skills with enough technical ability to oversee the entire PMS effort? Also, how many
PMS staff members are truly equipped to effectively cope with the conflicts that the PMS
effort will bring?

2. PMS practitioners frequently insist that an agency’s PMS unit be placed high enough in
the organization to command the respect of persons at all levels of the organization and to
easily and effectively cross organizational boundaries. This suggests that PMS staff members
would like to be placed close to the decision maker. How will the decision maker believe that
this is something other than a request for power? After all, any person who values his or her
job and opinions would ask for the same position. Why should a decision maker agree to such
a request by the PMS staff? What separates PMS practitioners from others in the organi-
zation?

3. How does a PMS leader explain the decision-maker’s tendency to trust an outside
consultant or researcher more than the highly trained PMS staff? Does the PMS leader
have any chance of getting the decision maker to place greater trust in the PMS staff?
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How does the PMS leader keep the PMS staff from becoming demoralized by this tendency?
What motivation does a PMS staff member have to keep up technical skills under such
conditions?

4. Agency decision makers are being bombarded by so many requests from so many
directions that they seem to become isolated from the rest of the agency. Yet the PMS effort
needs the guidance, direction, and support of these decision makers. How can the PMS leader
and staff penetrate the isolation at the top for the benefit of the decision makers and the PMS
effort?

5. When an agency develops a PMS, it often will “reality test” the PMS against past
agency results. For example, the PMS staff will compare the system’s list of recommended
rehabilitation sections against an experienced employee’s list. This approach assumes that the
experienced employee’s list is more accurate than the PMS’s list. When and how does the PMS
leader propose that the PMS is more accurate than the agency’s past practice? After all, if the
PMS is meant to enhance the existing process, why should it be fit back to the results of the
old process?

6. Should funding be tied to PMS results? In theory, it should be. But the PMS cannot
consider every factor that influences a pavement decision. Still, the PMS does identify
pavement needs. Why not tie funding to those needs? One problem with this approach is
that the PMS will appear to reward pavement managers who have poor roads by giving
them more money, while penalizing managers who have good roads by giving them less
money. Yet politicians require greater accountability from their agencies and even suggest
that personnel performance ratings be based on such verifiable measures as pavement con-
dition. How can an agency decision maker keep a war from breaking out between pavement
managers? How can the decision maker give a manager a good performance rating and then
cut the manager’s funding to address pavement needs in another area? And how does the
PMS leader and staff keep from getting caught in the cross fire between agency decision
makers and agency pavement managers? After all, pavement managers and field users are
afraid that the PMS will drive funding levels and take away their influence. In such a
situation, how can PMS staff ease the fears of pavement managers and field users without
misleading them?

7. The most important issue of all is, When will agencies learn to use PMSs for more than
just defending tax increases? People around the world have less money available for paying
new taxes than ever before. Yet agencies keep using PMSs to justify tax increases. Politicians
and even the public are learning to view PMSs as high-priced, heavy artillery that is wheeled
out only when an agency plans to ask for more taxes. Can we, as PMS practitioners, use PMSs
to show decision makers ways to use existing funding to (a) treat more kilometers, () im-
prove overall pavement conditions, or (c) treat more kilometers and improve overall pave-
ment conditions? After all, agencies are being asked to work in more new areas than ever
before. Can we show the public that we are good stewards of its hard-earned dollars? Can
we show the public that we are becoming more efficient and effective in our pavement work?
Finally, can we show the public that our more efficient and effective pavement work has freed
up money to spend on projects it wants? Positive answers to these questions would be
beneficial in advocating PMSs.

CONCLUSION

Session participants were familiar with all the institutional issues presented to them. Partici-
pants were not surprised by any of the issues, and they came up with many solutions to these
issues. However, despite the number of solutions and the technical expertise of the partici-
pants, the institutional issues are still serious.

It is hoped that this session gave participants some new ideas that will prove effective in
eliminating or bypassing their institutional issues. Perhaps at the next international con-
ference on managing pavements we will be able to have sessions describing how today’s
institutional issues have been resolved.
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WORKSHOP SESSION 14

Automated Road Monitoring;:
Progress on Surface Distress and
the Multifunction Option

Sue McNeil (Leader), Carnegie-Mellon University
Luis Rodriguez (Recorder), Federal Highway Administration

multifunction automated road monitoring equipment and automated distress identifi-
cation equipment.

Presentations in the Multifunction Automated Road Monitoring Equipment session
addressed various views from a regulatory, supplier, and client (user) perspective. Panel
discussions focused on the efforts to implement standards for selecting and specifying multi-
function automated road monitoring equipment and road survey procedures and the advan-
tages and disadvantages of purchasing, leasing, and contracting multifunction equipment.

Presentations in the Automated Distress Identification session addressed the status of the
state of the art in automated pavement condition survey equipment, methods used to evalu-
ate the reliability of this equipment, and present and future needs.

The purpose of this workshop was to discuss the present status and future of

MULTIFUNCTION AUTOMATED ROAD MONITORING EQUIPMENT
Regulation or Standardization Perspective

Robert Novak, chairman of a task group under ASTM Subcommittee E17.41, Standard
Guide for Classification of Automated Pavement Condition Survey Equipment:

The standard is designed to classify automated pavement condition survey equipment that
measures the longitudinal profile, transverse profile, and cracking of pavement surfaces
operating at or near traffic speeds. The main purpose of the guide is to allow highway
agencies, equipment manufacturers, and other highway-related organizations to classify the
measuring capabilities of automated pavement condition survey equipment.

A rating system has been developed to rank equipment on the basis of the following:

1. Precision and repeatability of vertical measurement of longitudinal and vertical
profiles,
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2. Interval of longitudinal and transverse profile sampling,
3. Covered width of transverse profile, and
4. Crack width measuring capabilities.

The standard is expected to clear the ASTM full committee and be proposed as a standard
in 1995.

Equipment Supplier Perspective
Bill Swindall, Roadware Corporation:
Reliability

Multifunctional vehicles are more complex and require high-quality equipment, well-
documented maintenance procedures, well-trained operators, and complete testing and
calibration of equipment before delivery.

Purchase Versus Lease Versus Service Contract

Staffing capabilities and pavement network needs should be used to determine whether to
purchase or contract a vehicle. Owning a vehicle gives total control of vehicle schedule and
operation. Contracting a vehicle limits production based on the supplier’s schedule.

Specifications

Equipment, data, and performance are the key types of specifications that should be consid-
ered. Equipment specifications should define the type and number of components a client
wants; data specifications should describe data type, amount, frequency and format and
define data processing requirements; and performance specifications should describe required
acceptance tests and minimum performance requirements.

Cost and Benefits

The cost of operating a multifunction vehicle is less than the cost of operating a group of
unifunctional vehicles. In addition, multifunctional vehicles collect all data simultaneously,
allowing better data correlation.

Client Perspective

Hungarian Experience

Liszl6 Géaspér, Hungarian Institute of Transport Sciences, Ltd.:

Since 1991 Hungary has used Swedish RST equipment to collect pavement condition data.
Equipment repeatability is evaluated annually. When RST equipment was evaluated against
other equipment, RST pavement microtexture data and pavement cracking data did not
correlate with data from the other equipment.

German Experience
Peter Carisius, German Federal Highway Research Institute:
Contracted or purchased equipment is randomly evaluated against other equipment owned

by the Germans. The amount of data to be collected should be specified before data collec-
tion begins.
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Through the years a series of contracts to contract pavement condition equipment has
been let. Random testing and evaluation requirements have resulted in a substantial reduc-
tion in equipment cost per kilometer since the program was started.

FHWA-Texas Department of Transportation Test and Evaluation of Automated
Pavement Condition Survey Equipment

Robert Harris, Texas Department of Transportation:

The primary purpose of this program was to test and evaluate fully automated pavement con-
dition survey equipment. The secondary purpose was to test and evaluate semi automated
and manually assisted equipment. The test was limited to the detection and measurement of
pavement cracks. IMS/RST-PAVUE, Roadware Corp.~ARAN, PASCO USA, and Pave Tech
participated in the test.

Test results will be tabulated side by side with manual condition surveys made using
the SHRP/LTPP distress identification manual to simulate project-level analysis and with the
Texas Department of Transportation PMIS manual rating system to simulate network-level
analysis. Test results also will help users evaluate the accuracy and repeatability of the
equipment.

Discussion Group Reports and Recommendations

Regulation Group Report

Regulations should promote innovation.
Regulations should provide ways to review and refine equipment procedures.
Ways to give positive and negative feedback should be provided.
Guidelines to match the standards levels required to collect data should be developed.
Regulations should allow clients to determine how the cost of collecting data relates to
data precision.

e Uniformity for calibration of equipment should be provided.

Supplier Group Report

¢ The choice of purchasing, leasing, or contracting equipment depends largely on clients’
capabilities and their network sizes and requirements.

e Specifications should include calibration standards.

® Cost benefits will be achieved if a multifunction vehicle is used.

® Developing countries are better off leasing or contracting pavement condition survey
equipment.

User Group Report

o There is a need to simplify data and find other uses for data generated by the equipment.

 There is a need to develop equipment that can collect thickness measurements and pave-
ment deflection and calculate bearing capacity at highway speeds.

® There is a need to recommend different multifunctional configurations depending on
clients’ needs.
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Conference Vice Chair Perspective

Bill Paterson, The World Bank:

Standards

o Classification standards help communication of data.
e Calibration standards help measure equipment performance and accuracy.
® Measuring unit standards help data reporting.

Service Contract Versus Ownership

Clients should focus on product needs instead of process.
Equipment can cope with technology changes.
There is a competitive environment in terms of cost, service, and technology.
Institutional issues are related to the degree of staff involvement a client can afford.

e Ownership and contracting decisions should be based on client needs and demands in-
stead of available supply.

AUTOMATED DISTRESS IDENTIFICATION
British Experience in Developing and Testing Data Collection Equipment
Martin Snaith, University of Birmingham, United Kingdom:

Distress data in the PMS were unreliable and inconsistent; therefore, a program was set up
to develop and calibrate equipment capable of collecting new rutting, roughness, and crack-
ing data for the PMS. The main goal was to develop cost-effective equipment that can collect
consistent and reliable data.

Equipment to collect rutting and roughness data was developed, tested, and calibrated in
an acceptable manner. The cracking detection device is still under development.

Sweden’s RST Capabilities
Ingomar Oloffson, RST Sweden:

The PAVUE RST is a vehicle that can evaluate cracking conditions at the same speed the data
are collected (up to 90 km/hr). PAVUE uses a combination of video imaging and laser data to
identify and classify pavement cracking.

Georgia DOT Experience
Wouter Gulden, Georgia Department of Transportation

The PMS in Georgia is based on rehabilitating 10 percent of the state’s pavement network an-
nually. The Georgia DOT pavement condition survey system is based on detecting distresses
at their earliest stages. Pavement condition surveys of the entire network are performed an-
nually.

The Georgia DOT currently needs automated pavement condition survey equipment that
can analyze data in real time and equipment similar to the South Dakota Profilometer that



AUTOMATED ROAD MONITORING

can identify existing cross slopes and roughness. The department prefers to purchase
equipment.

Researcher Perspective
Mark Ginsburg, U.S. Army Corps of Engineers Research Laboratory:

Mr. Ginsburg discussed the status of standards for the development of pavement cracking al-
gorithms and pavement models. Researchers are beginning to look at machine algorithms
that should improve the standardization of pavement condition survey equipment. They are
beginning to agree on which machine algorithms do a better job of detecting pavement dis-
tress, which should result in better standards. However, current pavement models are too
complex and not good for the development of machine algorithms. Also, the pavement mod-
els cannot analyze the amount of data generated by more sophisticated survey equipment.

World Congress
Ivan Scazziga, Viaconsult Ltd.:

The Permanent International Association of Road Congresses (PIARC) Technical Committee
for Surface Characteristics always has been interested in traditional aspects of surface char-
acteristics, such as rutting, skid properties, cracking, roughness, and texture. In preparation
for the 1995 [PIARC] World Congress in Montreal, Canada, surface distress has been intro-
duced as a new subject in the meeting’s program. The purpose of including this subject is to
report on the development status of various automated systems and discuss the improvements
needed to enhance the technology.

Standardization and harmonization of automated systems will be discussed at the meet-
ing. In the area of surface distress, there are many methods of performing visual inspections
and an increasing number of automated systems. In the area of harmonization, there is a need
for these automated systems to provide a common distress index, cracking maps, and other
methods of counting the amount of cracks and identifying the areas where cracks occur.

A survey was conducted to identify the capabilities of various automated systems. Most of
the responses described the systems’ abilities to identify pavement cracking; not much was
said about their abilities to identify potholes or bleeding. Another purpose of these systems
is to replace the person who does visual inspections with a reliable automated system. How-
ever, we will continue to depend on visual inspections to identify deficiencies other than
cracking,.

The technical committee is currently tabulating the information from the questionnaires
to identify operating conditions, the use of English units of measurement, operating speeds,
data processing procedures, data processing time, data accuracy, and so on. Recommenda-
tions will be made in an effort to improve the harmonization of the systems on the basis of
the information gathered from these questionnaires.

In addition, a workshop on automated image processing will be included in the congress.



Initiatives in Removing Barriers to
Pavement Management

Brian R. McWaters, Iowa Department of Transportation
Gary W. Sharpe, Kentucky Transportation Cabinet

rom the time pavements were first constructed, transportation engineers and admin-

istrators have managed them, Before the 1960s, pavement management was essentially

reactive; that is, pavement engineers simply reacted to the needs at hand. There was
no systematic attempt at managing the overall pavement system. Pavement management
needs were addressed on a nonsystematic basis, sometimes on the basis of administrative
priorities and sometimes on the basis of engineering priorities, but generally without a
systematic approach at either the project level or network level. In the late 1960s and early
1970s, the term “pavement management” began to be used by pavement researchers and
engineers to describe the entire range of activities associated with providing pavements to
the public.

Today the term “pavement management system” implies a comprehensive, coordinated set
of activities associated with the planning, programming, design, construction, maintenance,
evaluation, and research of pavements. Figure 1 (1) shows the basic elements of a pavement
management system and how these elements fit together. Before the Third International Con-
ference on Managing Pavements, conferences in 1985 and 1987 presented information on
potential barriers to implementation of pavement management systems. The barriers include
resistance within an organization, funding problems, an incomplete understanding of pave-
ment management, and a lack of commitment from management.

The 1985 conference presented in-depth views of various aspects of pavement manage-
ment, including pavement policies, methods of decision making, information requirements,
methods for ranking and optimization, maintenance effectiveness, and procedures for imple-
menting a pavement management system. In a paper presented at this conference, Lee and
Hudson (2) stated:

An ideal pavement management system would yield the best possible value for the available
funds while providing and operating smooth, safe, and economical pavements. The minimum
requirements of such a system would include 1) adaptability, 2) systematic operation, 3) prac-
tical application, 4) quantitative decision making, and 5) feedback information. There is no
ideal single Pavement Management System. Every highway agency presents a unique situation
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FIGURE 1 Basic components of a pavement management system (1).

with specific needs. Therefore each agency must define carefully what it wants from a pavement
management system.

The information presented at the 1985 conference demonstrated that there is no such thing
as an ideal pavement management system and that each agency or jurisdiction has unique
needs.

Information presented at the 1987 conference demonstrated that lack of funding,
communication, and commitment are barriers to implementation of effective pavement man-
agement. Francis Francois outlined some critical concerns for the implementation of a pave-
ment management system. Mr. Francois recognized that adequate funding for pavement
management may be a problem for implementation but that in many situations funding prob-
lems can be overcome. He noted that the absence of knowledgeable and committed
top-level management may be more difficult to overcome than the lack of funding. He further
noted that failure to properly communicate to policy makers, highway users, and the general
public the reasons for supporting pavement management and the benefits to be obtained can
deny pavement management the necessary political support needed for its success (3).

During development of the program for this conference, the selection of appropriate pave-
ment management systems and identification of institutional and implementation issues were
determined to be critical areas. Some of the barriers identified in 1985 and 1987 to imple-
mentation of pavement management systems continue to affect pavement management today.

The Federal Highway Administration mandated that all state highway agencies have pave-
ment management systems by January 1993 (4). This mandate was further enhanced by the
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1991 Intermodal Surface Transportation Efficiency Act (ISTEA). It is all well and good to re-
quire the development and implementation of pavement management systems. However,
highway and transportation agencies usually are very slow to embrace new ideas and
typically display a lot of inertia in implementation of new practices.

FACTORS INFLUENCING THE IMPLEMENTATION OF PAVEMENT MANAGEMENT

In a recent survey of state highway agencies, practices in pavement management were docu-
mented (5). The study indicated that approximately one-fourth of state highway agencies had
advanced their pavement management systems to some type of network optimization level.
The study also indicated that given the widespread application of pavement management,
there is a need to promote the advancement of the science of pavement management. Specif-
ically, the science of pavement management should have a common terminology, standard
data collection procedures, and comparable data analysis methods. The study reported that
individual agencies use different terminology, which prevents or impedes the routine ex-
change of information between one agency and another. The study also indicated that there
was little sharing of technical information between the states. The study presented somewhat
disturbing information in that there were groups within some agencies that did not com-
pletely understand the objectives and analysis models and associated software of their own
pavement management systems.,

The study concluded that there was little consensus at the national level, on the pavement
management process or the analysis methods, let alone system objectives. Specifically, there
was no consensus on the most important factors in the development of a composite measure
for determining priorities for pavement maintenance, resurfacing, restoration, rehabilita-
tion, and reconstruction activities. The study noted that distress was the primary consider-
ation in most pavement priority indexes but that only about half the states used distress
to determine priorities. The study further noted that various states used 1 or more of
11 pavement condition indicators as well as other measures of economic, traffic, and safety
considerations.

Many of the issues initially identified as barriers to paverment management have not been
resolved. Also, with the development of new technology, some technological barriers have
been eliminated, and other barriers have evolved. Now that there is a federal requirement for
all states to implement a pavement management system, some institutional barriers to pave-
ment management have been eliminated. There are new areas of concern in pavement man-
agement, however, including standardization, uniformity of pavement management data,
data collection and reporting, metrication, the interrelationships between the pavement man-
agement effort and the planning function, methods to continue trends in pavement manage-
ment with ever-changing equipment for collecting data, and the electronic format for
information transfer. The definitions of pavement quality and performance vary from agency
to agency. The authors believe that more clearly defined definitions of pavement quality and
performance will enhance communication between administrators and technical staff and
lead to an improved understanding of the pavement management process and the uses of the
results of the process.

Organizational Influences on Pavement Management

The organizational structure of a given agency often is a primary barrier to an effective pave-
ment management system. As noted in Figure 1, a pavement management system involves the
interaction of many groups within a highway agency. The location of these critical partici-
pants within an organization can have a significant impact on the success of a pavement man-
agement program. In most highway agencies, the pavement management unit is responsible
for collecting or coordinating the collection and dissemination of pavement information. The
location of the pavement management unit and its ability to interface with all critical partic-
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ipants often is a reflection of the commitment of top-level management to the pavement man-
agement effort.

In some instances, top-level management changes, and agendas change as well. Today
there is more emphasis on total quality management, and reorganizations are occurring on
the basis of customer needs. It is important for pavement managers to be at the forefront of
these efforts and to keep up the high level of technical and engineering expertise required to
maintain their pavement management process. In addition, pavement managers must work
within the structures of their organizations to provide the greatest level of quality and service
to all customers.

The size of the pavement management system staff also is a reflection of commitment to
pavement management. In most highway agencies, the pavement management system is
somewhat decentralized, with planning, pavement design, construction, maintenance, and
the pavement management unit being in various places in the organization. The decentral-
ization of various pavement management functions can lead to competition among various
departments within the highway agency.

It is often said that no matter how sophisticated technology becomes, things get done by
people. Management of personnel resources is critical to the success of pavement manage-
ment. Highway agencies continue to suffer from a deteriorating experience base because of
retirement of experienced personnel or other forms of turnover. The lack of training of new
and inexperienced personnel is another problem. This can only be countered by continuing
education for all persons involved. Technical personnel need to keep developing their tech-
nical skills. Administrative personnel need continuing training to better understand the
capabilities, applications, and benefits of the pavement management system.

As stated previously, transportation agencies always have managed pavements. The term
“pavement management” implies the systematic management of an agency’s pavement re-
sources to provide the best service to the public. Implementation of systematic pavement
management varies from agency to agency. Most agencies are fragmented, with various ele-
ments of their pavement management systems operating in various units. The cost of reorga-
nizing these units into a comprehensive pavement management unit, however, may outweigh
the potential for improved efficiency. Consistent funding of pavement management activities
is essential.

In some cases, the policies of an agency may preclude the effective application of some
pavement management practices. Political and administrative decisions may override deci-
sions based on pavement management data. Policy and fiscal constraints may require that
pavement repairs be on a “worst-first basis,” even though the optimum approach using pave-
ment management data might dictate a different strategy.

Understanding Pavement Management

A comprehensive pavement management system is a tool. Perhaps the most significant bar-
rier to effective pavement management is a lack of understanding of pavement management.
Agencies have worked diligently to develop pavement management processes. However, the
ultimate success of a pavement management system is measured by the product evolving from
the process.

Competition and/or conflict between the process and the product can be a significant bar-
rier to the successful implementation of a pavement management system. It is important for
an agency to develop and implement a pavement management system that fits the agency’s
goals. An agency must define the objectives of its pavement management system and develop
its pavement management process so that the desired products evolve from the system. Once
a process that results in the desired product has been developed and implemented, commu-
nication and presentation of results is critical.

The lack of understanding of the interpretation and communication of pavement man-
agement information is one of the most significant barriers within an organization. In short,
administrators may be reluctant to use the results of pavement management evaluations be-
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cause they do not understand pavement management. The authors believe that this lack of
understanding exists at all levels of the communication chain.

It is important that technical information be provided to administrators as clearly and con-
cisely as possible. Our decisions typically have been based on past experience. For the most
part, we have done a poor job of documenting past experience with pavements. This lack of
documentation, combined with a lack of consistency in pavement management practices
from one agency to another, further hampers communication of pavement management in-
formation. Therefore, it is important to develop appropriate procedures for communicating
pavement management information within an organization.

Extensive training and education must continue for all involved in the pavement manage-
ment process. Technical training is necessary for keeping up with an ever-changing technol-
ogy, and communication training is necessary for developing effective methods of presenting
data and other information. Education for administrators is necessary to help them address
the interrelationships between policy and pavement management.

It is important to match the communications and presentations to the audience and to
present pavement management information so that the information and the consequences of
decisions and actions are understood.

External Influences on Pavement Management

In many instances, barriers to pavement management are beyond the control of those who
direct the pavement management process. Social, political, and administrative considerations
significantly influence the process. In addition, shifting priorities and changing regulations,
both from within and outside the agency, influence pavement management. There is little the
pavement manager can do to control outside influences. Additional effort is warranted by
pavement professionals to educate administrators about the pavement management process.
It is important that all involved in the process understand the benefits to be derived from us-
ing pavement management information. It is also essential that administrators understand the
strengths and weaknesses of the process so that they make the most informed decisions.
Finally, ever-changing technology, typically considered an enhancement to pavement man-
agement, can sometimes be a detriment. In some situations, as technology forces the use of
new equipment, trends identified from old data are lost because of lost links between old and
new equipment. Experience is one of the pavement manager’s greatest assets. As we evolve
and introduce new equipment into the pavement management process, we must take special
care to keep track of trends and to maintain our experience base as we move into the future.

Uniformity and Standardization

There is a lack of consistency in pavement management practices from one jurisdiction to an-
other. In part this lack of consistency stems from differences in processes and desired prod-
ucts among pavement management systems. Lack of standardization and harmonization in
pavement management is a significant barrier to transferring data from one jurisdiction to an-
other and to performing comparative data analyses. Data consistency requires protocols for
data collection, quantification of performance and pavement condition data, uniformity of
procedures for economic analyses, and procedures for communication of-data.-In addition,
determination of baseline values and threshold values, which will allow comparative analy-
ses of data, is required. No guidelines exist for conducting economic analyses in the highway
community.

The lack of consistent practices in pavement management demonstrates the need for stan-
dardization and harmonization. Guidelines from regulatory agencies on minimum require-
ments for pavement management are needed. The 1990 AASHTO Guidelines for Pavement
Management Systems (6) are the beginning. With added emphasis on standardization, uni-
formity, and the development of more detailed guidelines for pavement management systems,
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the communication of data and results of pavement management should be enhanced and
should facilitate more universal application.

CONCLUSIONS

The future presents a challenge to pavement management professionals. Changes in equip-
ment, technology, instrumentation, and means for reference orientation such as global posi-
tioning technology are among the issues that must be addressed in the future. If pavement
management is to continue to succeed, pavement management personnel must find ways to
integrate new equipment into the pavement management process without compromising the
data trends identified by old equipment. As technology develops, the need for continued com-
munication with equipment manufacturers and suppliers becomes more critical. There is a
need for extensive efforts to correlate the old with the new.

We have witnessed the tendency of administrators and engineers to develop pavement de-
cisions on the basis of their individual experiences, without looking at the overall picture that
can be identified only through systematic pavement management. In some situations, there is
a reluctance to base decisions on gathered data and to consider detailed economic analyses in
the decision-making process. At times, state agencies seem to be reluctant to believe in their
data. We need to move into the 21st century and start basing our decisions on the net effects
of our assets. Asset management is the way of the future, whether in the economic life of a
pavement design or a life-cycle cost analysis. We must make proper engineering decisions that
address problems so that the economic bases of analyses are sound.

We have a tremendous challenge not only to remove the barriers that have been with us in
the past, but also to face and meet the challenges of the 21st century. We can accomplish this
through continuing research in developing engineering solutions to technical problems. We
need to develop the training and educational programs necessary for pavement engineers to
better understand the science of pavement management. If we do not adequately understand
this science as it relates to the overall goals in our individual organizations, how can we ef-
fectively communicate the results, findings, and recommendations of the pavement manage-
ment process to administrators who control the lifelines of pavement programs? We must
continually learn to be better communicators. As we move to the 21st century, we need to
learn from the past and use the technology of the future to achieve the ultimate goal of a ra-
tionally based pavement management system.
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Developing Innovations in Thin,
Very Thin, and Ultrathin Overlays:
The Montreal Experience

Norman Henry Danylo, City of Montreal Public Works

concerning the management of Montreal’s network of roads and sidewalks. The proposal

covered a 10-year span and included a funding plan that earmarked a total of $350
million for this purpose.

Among the many clauses of that policy, two statements were to help the Montreal Public
Works Department step out in the field of innovation. One statement set out maintenance pri-
orities: first, conservation; second, prevention; and third, rehabilitation. The second state-
ment directed the department to study, evaluate, and implement new treatments for roads,
especially in the category of conservation maintenance.

After resolving many issues through discussions and meetings, the public works depart-
ment believed it could proceed with various calls for proposals. In 1991 the call was for very
thin overlays (15 to 30 mm); in 1992 the call was for ultrathin overlays (less than 15 mm);
and the department is now in the process of a similar call for proposals for thin overlays
(30 to 50 mm).

In 1988 the executive committee of the city of Montreal approved a policy proposal

APPROACH

In a traditional approach, contractors furnish bids on projects and contracts in which the
object or intervention is clearly and rigidly defined by specifications. Further, these interven-
tions usually are well known and have been used in other projects or in neighboring areas.

The aim of the call for proposals is to determine which contractor can do the described
work at the lowest possible price. This conservative approach does not encourage the devel-
opment of new technology.

The approach that the Montreal Public Works Department favored was to establish a real
partnership with private enterprise, one that sought to use its expertise and knowledge.
Emphasis, therefore, was put on the results we sought, leaving how these results were
obtained to the proponents. We were seeking the best value in an intervention, not necessar-
ily the one that had the lowest cost per square meter.
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PREPARATIONS

To overcome the many objections to our approach, a series of meetings was held with
managers involved in different aspects of the contract award process. The main objection to
our approach was that it did not award a contract to the lowest bidder. Out of these
meetings, the following observations or decisions were made that allowed the public works
department to proceed with calls for proposals:

1. The legal department opined that “. .. if the charter of the City does not specifically
forbid an action, then that action may be permissible.” This encouraged us to continue with
our approach.

2. Contract awards for most professional services are based on an evaluation of the pro-
posals, on the relevant experience of members of the firm, and on past performance. Price is
not necessarily a determining factor.

3. Contract awards in Montreal for snow removal and for solid waste removal are not
necessarily given to the lowest bidder. Indeed, when the city issues a call for proposals for
these contracts, it offers many contracts in a single call for proposals, and bidders can bid on
as many contracts as they want. However, bidders can only receive as many contracts as they
can handle with the equipment they own.

The final award is determined through an operational research method that guarantees
that the entire award is at the lowest price. Thus, the lowest bidder for a specific contract will
not necessarily get that contract. This process had once been challenged in the courts, but the
city had won its case.

4. The city clerk insisted on a public opening of bids and announcement of proposal cost
at that opening, even though the cost associated with the technique was not to be used as a
determiriing factor in the assessment of the technique. However, because the public works
departmient proposed to set a ceiling for the cost of any contract and intended to set a
minimurh coverage, the clerk offered a solution. The department would ask for two sealed
bids. The first envelope would contain the total cost of the proposal; the second, to be operied
only after technical evaluation was complete, would state the square meters to be treated for
the stated price.

After these meetings we decided to proceed in 1992 with our first call for proposals. This
was followed by similar calls in 1993 and 1994. We also decided to hire a consultant to
assist in the process; take the required samples before, during, and after the work; and pre-
pare the performance reports during a 3-year period.

HIGHLIGHTS

Following are some overall parameters for and particular clauses of the calls for proposals.

1. The budgeted amount for all proposals was established at $350,000 in 1992 and 1993
and $500,000 in 1994.
2. No proposal that exceeded a certain ceiling would be retained. For very thin and
ultrathin overlays, the ceiling was set at $50,000; for thin overlays it was set at $100,000.
3. No proposal that did not provide a minimum coverage of 5000 m” would be retained.
In 1992 and 1994 the minimum was 5000 m’ for the ultrathin contracts of 1993, the
minimum was 8000 m®.
4. In all cases, the result expected of the treatment was “to renew in a street still in good
condition its original qualities of impermeability, smoothness and adherence.”
5. The streets that might receive the treatment were not identified. Their general charac-
teristics, however, were stated as follows:
a. They would be on the same type of soil, representative of Montreal area geology.
b. The structure of the road would be the same (i.e., bituminous cement overlay on a
cement concrete base).
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¢. The visual rating of selected roads, a standard known to all bidders, would be an-
nounced. In the public works department’s system, a road in excellent condition has a rating
of 0.5; one in the worst condition, 5.00.

d. Ultrathin overlays were apposed on streets with ratings between 1.5 and 2.0, very
thin overlays on streets with ratings between 2.1 and 2.6, and thin overlays on streets with
ratings between 2.7 and 3.2.

e. The DTN would be more than 4,000 or, if under that amount, the road would be
used regularly by city buses.

6. Each enterprise could submit as many proposals as it wanted. Each proposal, however,
had to be a distinct bid, accompanied by a specific guarantee.

7. After the 1992 call for proposals, the public works department required contractors to
test the overlays on their property. Once the city accepted the test, the contractors could
proceed on city streets. This cost was borne by the city if the proposal was successful.

8. Finally, each bidder was entitled to make an oral presentation to the technical evalua-
tion committee.

ANALYSIS

A three-man team was selected to review and analyze the various proposals. One represented
the city’s laboratory; another, the group responsible for surveillance of the work; and another,
the division that would oversee the entire process. The team was assisted by a subcommittee
of four persons considered experts in pavement maintenance.

Before the call for proposals was launched, the enlarged committee established the fol-
lowing admissibility and technical criteria. These, in turn, were made known to all bidders.

Proposals would be rated on the basis of potential for future use on Montreal streets, de-
gree of innovation, resemblance to other techniques proposed by the same contractor, and the
realism of the tendered price.

The technical evaluation of the proposals would address experience of the personnel,
availability of equipment, the quality assurance proposal, degree of innovation, experience of
the contractor with similar techniques, and technical documentation provided with the bid.

Once the technical evaluation was completed, for techniques that were deemed technically
acceptable, the second bid envelope would be opened and the following additional consider-
ations would be applied: unit price of the bid and length of the guarantee.

The rating sheet was furnished as part of the call for proposal documents.

WINNERS

Fifteen proposals on very thin overlays were received from six contractors by the deadline.
After technical evaluation, 10 proposals remained, and 7 were selected.

Seven proposals on ultrathin overlays were received from five contractors by the deadline.
After technical evaluation, five proposals remained, and five were selected.

Seven proposals on very thin overlays were received from four contractors by the deadline.
After technical evaluation, five proposals remained, and four were selected.

IMPLEMENTATION
To fully appreciate the value of each technique and to be able to draw some conclusions at
the end of the trial period, the following plan of action was undertaken by the consulting firm

retained for this project:

e Effect a detailed survey of the street sections selected for the trials before any interven-
tion.
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e Effect a close surveillance of all work phases.
o Effect a detailed survey of the street sections selected for the trials immediately after the
execution of work and 1, 2, and 3 years after the execution of work.

SURVEYS

The prework and postwork surveys are a means of observing the behavior of street sections
that have underdone new or standard treatment. The following surveys were chosen.

Cartographic Survey

A detailed surface condition survey of each street section was undertaken before applying
new treatments. The survey included the location of all cracks, visible repairs, utility holes,
and so on. Future surface condition surveys would then establish whether new defects are re-
flections of the underlying defects or are directly attributable to the new technique.

Because the degree of cracking is slightly different from one street to the next, it was de-
cided that the consultant would compare the progression of the cracks for each section and
not compare the progression against other techniques. The lower the progression, the better
the treatment is against water infiltration.

Mays Survey

The Mays meter was used to measure riding comfort in each lane. The increase or decrease
in riding comfort is calculated as a percentage so that techniques can be compared one on
one. The treatment that results in a good riding comfort index at the start and a slow depre-
ciation of that index over time is preferred.

Rutting Survey

Rut sizes were calculated every 25 m in each direction and in each lane. The treatment that
results in little or no rutting at the start and a slow buildup of that defect over time is preferred.

Scrim Survey

Initial readings of slipperiness were taken with the British pendulum. Further readings with
the British pendulum and with the SCRIM will be taken during the trial period. The treat-
ment that results in a low slipperiness coefficient and maintains it best is preferred.

SURVEILLANCE OF WORK

Because later defects might be caused by conditions at the time the work was executed, close
attention was given to this phase. Attention was paid to the sealing of cracks with sealant or
asphalt, the removal of deteriorated asphalt, and any milling operation.

These activities or events were traced on a series of plans. Future surveys will help estab-
lish if surface defects are the result of preparatory work or the treatment itself. In addition,
more than 200 photographs and approximately 20 hours of videocassette footage were taken
during execution of the projects.
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MATERIAL SAMPLE ANALYSIS

Core samples were taken after work was completed, and the following information was gath-
ered or tests were performed: thickness of the treatment, density of the mix, rutting resis-
tance, and compaction. Also, the macrotexture of the end product was measured using the
ASTM sand height method.

RESuULTS

The Montreal Public Works Department will share its successes with very thin overlays in fall
1995 and will report if a technique has actually failed. No techniques so far have, and we are
reasonably optimistic that we will uncover several fine techniques that will help the city of
Montreal renew its network of roads.



British Columbia’s Experience
with Contracted Road and
Bridge Maintenance

Earl A. Lund, Ministry of Transportation and Highways, Victoria,
British Columbia

that the maintenance of all roads and bridges would be privatized (contracted to

private companies). An offer was made to all maintenance workers employed by the
government that if they formed employee groups, they would be first in line to negotiate
contracts in each of the 28 contract areas. Employees also were told that if they chose not to
accept work from the contractors, the government would find them other work within
public service.

The decision to privatize the maintenance of roads and bridges was based on the premise
that contractors competing for work would be better able to control costs and bring innova-
tions to equipment, staffing, and methods.

The British Columbia Ministry of Transportation and Highways developed contract prin-
ciples and end-product maintenance specifications. Contracts were to be negotiated with
qualified private contractors if an employee group did not form or if negotiations broke down
with an employee group. All contracts were 36 months in length. The first contract was acti-
vated on September 1, 1988, and the last one on April 1, 1989.

The contracts were lump-sum types with monthly payments due at the end of each month.
There was no provision for dispute resolution or for monitoring the management capability
of the contractor. All equipment was either sold to the contractors or leased in cases in which
newer essential units such as graders and plow trucks were needed. All materials, including
produced sands and crushed aggregate, were sold, but the gravel pits and yard facilities were
leased to the contractors.

The government of the province of British Columbia announced in October 1987

Rounp 1

At the time of privatization the ministry had comprehensive maintenance management and
equipment management systems in place. These systems provided a solid basis for establish-
ing the government’s direct cost for each contract. Negotiations involved the difference be-
tween full government costing and the prices offered by the contractors. At the completion

93
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of negotiations of all Round 1 contracts, the government announced a direct savings of $21
million, which incorporated the projected inflation rates from 1988 to 1991. Ninety percent
of the 2,700 ministry employees who were affected directly accepted employment with the
contractors, and the rest were placed in other government employment.

A summary of Round 1 contractor types and contract prices is given in Table 1. Several
contractors performed at high levels, many at average levels, and a few at less than satis-
factory levels. Three contracts were poorly managed. Although two contracts provided
acceptable performance, they experienced financial and employee relations problems. The
third contract was defaulted by the ministry because of poor performance.

RounD 2

The second round of contracts was negotiated by the ministry during 1991, using three ne-
gotiating teams backed by a project office that provided all support services. The number of
bids received for each contract area as well as a breakdown of the types of contractors is given
in Table 2.

Round 2 was characterized by 15 of 28 contract areas receiving new contractors. Only
13 incumbents retained their original contract areas. Round 1 employee groups were able to
increase their number of contracts in Round 2 from 10 to 11 areas. One contract was adver-

TABLE 1 Round 1 Contracts (September 1, 1988, to March 31, 1992)

EMPLOYEE GROUP
WITH A CONTRACT
CONTRACT EMPLOYEE CONTRACTOR AS PRIVATE VALUE
NO. GROUP MINOR PARTNER CONTRACTOR CONTRACTOR ($ MILLIONS)"
1 X A 30.40
2 X B 23.25
3 x B 2724
4 x C 22.39
S b C 8.53
6 p < D 41.06
7 x E 33.29
8 X F 35.20
9 x G 26.84
10 X G 39.86
11 X H 28.90
12 X G 25.26
13 x J 37.06
14 X K 30.62
15 x L 27.62
16 x L 32.22
17 X M 29.81
18 X N 26.33
19 b'd P 36.57
20 X P 16.78
21 x Q 36.74
22 x N 30.69
23 X P 19.76
24 X R 16.39
25 x S 30.15
26 X T 11.73
27 X U 7.42
28 _ o _ A 2391
Total L] S 18 20

"Average contract value was $26.2 million.
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TABLE 2 Round 2 Contracts (September 1, 1991, to March 7, 1994)

ROUND 1
CON- SAME DIFFERENT
CON- SAME TRACTOR NEW AREA AREA
TRACT  BIDS CON- IN ANOTHER CON- EMPLOYEE EMPLOYEE CON-
NO. RECEIVED’ TRACTOR AREA TRACTOR GROUP GROUP TRACTOR
1 3 X A
2 4 X B
3 3 X B
4 2 X C
S 4 X I
6 3 X X D
7 7 X X P
8 3 X X
9 2 X X K
10 1 b G
11 3 x G
12 3 X J
13 5 X X K
14 5 x X K
15 4 X Y
16 2 X Y
17 3 X X M
18 2 x Z
19 2 X Z
20 5 X L
21 6 x X Q
22 2 X N
23 2 X X P
24 2 x X R
25 4 x R
26 3 b'e X S
27 2 b U
28 5 s x_ — — x_ L
Total 13 10 5 6 5 18

“The average number of bids received was 3.2.

tised each week, which began a schedule of steps culminating in the signing of a contract on
the date the previous contract expired.

The basic bidding process took 130 days, with 18 days for notice and initial proposal sub-
mission, 7 days for initial proposal evaluation, 35 days for detailed proposal preparation and
submission, and 7 days for contract finalization and mobilization.

The contracts in Round 2 varied in length so that their completion dates would be 1 week
apart in 1994. Each contract contained a provision for a 2-year extension at the sole discre-
tion of the minister. The criterion for an extension was a rating of at least 0.85 in the quality
assurance and management assurance systems.

ANALYSIS OF ROUNDS 1 AND 2

The main improvements made between the Round 1 and Round 2 contracts were (a) the
clarification of some road maintenance standards, (b) the rewrite of bridge maintenance stan-
dards, (c) the inclusion of the contractor’s business plan in the contracts, (d) the requirement
for the contractor to have in place and use a complete maintenance management system, and
(e) the fact that Round 2 contractors were required to offer employment to Round 1
contractor employees on the same terms and conditions.
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The financial benefit of the privatization initiative to the government can only be realized
by a healthy competitiveness in a sufficiently sized industry. In Round 1 there were 20
contractors for the 28 contract areas, whereas in Round 2 there were only 18 successful
contractors. In both rounds there was a maximum of three contracts allowed for each
contractor.

Bidding information for Round 2 contracts is summarized in Table 3. There seems to
be no correlation between the sequence of bidding and the variation between the two low-
est bids.

The total price for Round 2 contracts was within 1 percent of the ministry’s estimated con-
tract cost, based on Round 1 costs adjusted for inventory changes and inflation. Hence, the
competition among bidders did not produce any significant savings between Round 1 and 2.

There should be concern about the reduction in the number of successful contractors and
the fact that only two bids were received in nine contract areas and only one bid in one other
contract area. It is generally conceded that it costs a contractor about $50,000 to bid on a
contract area, which is 0.2 percent of the average contract price of $26 million, which should
not be a detriment to the bidding procedure.

Rounp 3

In January 1994 the British Columbia government approved the extension of all 28 contracts
for 1- or 2-year periods. Contractors that had met the extension criteria provided to them in
March 1993 were invited to submit 2-year extension proposals. All other contractors in good

TABLE 3 Round 2 Contracts (In Order of Requesting Bids)

DIFFERENCE BETWEEN
RANGE HIGH LOW TENDER LOW BID AND SECOND-
CONTRACT NO. TO LOW BIDS ($ MILLIONS) LOWEST BID ($ MILLIONS)
18 .89 35.90 .89
] 10.45 32.98 1.71
8 6.30 36.45 215
10 0 40.95 0
19 3.54 34.41 3.54
12 2.32 24.90 S0
6 3.02 37.61 38
23 2.94 19.99 294
2 9.6 26.45 25
22 3.34 30.86 3.34
11 3.85 31.01 1.48
13 5.05 32.00 37
3 5.16 27.22 1.11
9 1.25 25.45 1.25
25 9.85 30.90 .30
24 36 16.97 36
14 1.75 33.85 .06
27 2.16 6.94 2.16
16 2.60 31.35 2.60
26 4.19 14.80 1.10
4 .28 24.97 28
15 1.66 23.19 114
20 1.44 16.49 46
17 g 28.08 .09
S .90 7.10 .90
28 10.61 20.79 319
21 5.71 34.49 0.22

7 4.07 30.69 1.41
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standing were invited to submit 1-year extension proposals. Of the 28 contracts, 16 received
2-year extensions, 11 were accorded 1-year extensions, and one was declined an extension
because of a partial default standing. Negotiating of extensions currently is under way, and
the results are not yet available. The ministry is experiencing difficulties meeting the estimated
cost of the contracts.

MAINTENANCE STANDARDS

All road and bridge maintenance standards, which are end-product types with response-time
triggers, include some method or recognized procedures. Either a list of acceptable materials
is used for proprietary products or the ministry’s construction specifications are used for
items such as ready-mix concrete, culvert pipe, and crushed gravel. There are 8 groupings of
the 66 road standards: surface, drainage, winter, roadside, traffic, structure, emergency, and
inspectional maintenance.

Three kinds of maintenance services are included in the contract price: routine main-
tenance, annual plan maintenance, and emergency services. Rates are included for additional
maintenance services, which are rarely used, and for authorized emergency services above the
financial caps included in the contract price.

The contractor is responsible for providing all administration, work identification, man-
agement, and quality control for maintenance services. The British Columbia Ministry of
Transportation and Highways employs 140 area managers who carry out a quality assurance
program (QAP) to assess the present state of the infrastructure and the quality of work per-
formed (in-process and end-product). These area managers also evaluate the contractor’s
management practices against his or her business plan, which is part of the contract, using
the management assurance program.

In Round 1 of the maintenance contracts, the ministry ascertained that many contractors
lacked the knowledge or ability to manage their businesses. As a result, a much greater
emphasis was placed on the requirement that contractors manage the identification, schedul-
ing, and quality control of maintenance work to meet the standards.

SUMMARY

When the British Columbia government decided to privatize road and bridge maintenance in
1987 it was hoped that private industry would become competitive. On the basis of ministry
costs calculated by a large national accounting firm and adjustment of 1987-1988 costs for
inventory and actual inflation rates, it appeared in early 1992 that only minor savings had
been realized (less than 1 percent). In 1993 the government commissioned another review of
the process. The report had not been released at the time of this conference. However, the
minister of transportation and highways stated that the review would contain a minimum
mandate to investigate the costs of maintenance services, performance of contractors, and
treatment of maintenance employees.

Former ministry employees who are now contractor employees and, in some cases, share-
holders, are generally satisfied with their remuneration. Some, however, still prefer to be
ministry employees. The concerns usually expressed by these employees are the stress and
uncertainty that surrounds each bidding period and the transfer of employment to the
succeeding contractor, with no guarantee of continued employment.

The ministry recognizes that there is a more consistent maintenance level due to the mon-
itored application of detailed maintenance standards and more uniform contract administra-
tion. There is little public pressure to return the services to the public sector, yet there is no
great vocal support for the privatization initiative. Hence, the service to the public is more
consistent, but the costs are less than before privatization.



Warrantied Pavement on an Interstate
Highway in California

Bernard A. Vallerga, B. A. Vallerga, Inc.

(Caltrans) solicited bids for state highway work using the principle of “warrantied

pavements” on several overlay construction projects. One of these projects—the Sims
Project—was located on Interstate § north of Redding, running from 1.2 mi south to 0.8 mi
north of the Sims Road undercrossing. Essentially, construction was to consist of placing two
lifts of an asphalt concrete overlay on existing portland cement concrete pavement, which
was to be “cracked and seated.” Both lifts were to be 0.15 ft (1.8 in.) thick. The first lift was
to be made of asphalt concrete (Type A) and the second of rubberized asphalt concrete (Type
G, asphalt rubber).

The warranty was to be limited to the asphalt concrete paving itself, and the contractor
was to agree to warranty the performance of its asphalt concrete paving for 5 years.
Enforcement of the warranty was to be based on defined performance criteria incorporated
in the special provisions (1) of the project.

D uring the 1993 construction season, the California Department of Transportation

TERMS OF WARRANTY

As stated in Section 2-1.04, Warranty and Bonds, of the special provisions for the Sims Pro-
ject, a “material and workmanship warranty for a period of 5 years from the date of com-
pletion of planned construction” was called for, with the caveat of “no additional
compensation.”

Terms of the warranty, which were stated in Section 5-1.15 of the special provisions, are
summarized as follows:

1. The contractor was to warranty the materials and workmanship entailed in furnishing
and placing asphalt concrete (Type A) and rubberized asphalt concrete (Type G) as shown
in the plans, as specified in Caltrans standard specifications, and as modified in the special
provisions.
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2. If any area of the asphalt concrete pavement proved to be defective or failed to perform
properly, as defined in the special provisions, within 5 years after construction was com-
pleted, the contractor was required to “repair the asphalt concrete pavement in such areas
considered defective” as specified in the special provisions.

3. During the 5-year warranty period, the responsibility of the contractor “for any liabil-
ity imposed by law for injuries or death of any person including but not limited to workmen
and the public, or damage to property” was to be limited to “actions resulting from defects
in the constructed asphalt pavement and to actions resulting from defects, obstructions or
from any other cause during actual progress of warranty work.”

4. The engineer was to decide “all questions which arise as to the performance of asphalt
concrete pavement” as defined in the subsection Performance Criteria and Repairs.

S. The engineer was to notify the contractor in writing of any needed repairs, and the con-
tractor was to “initiate the needed repairs within 15 calendar days after receiving said writ-
ten notification” and was to “diligently pursue said repairs to conclusion.”

PERFORMANCE CRITERIA

The following performance criteria, which were to apply to the work during the warranty
period, were delineated in the special provisions for the Sims Project and are presented
verbatim:

Rutting. Rutting is a longitudinal surface depression in the wheel path(s). Rutting shall be
measured perpendicular to the center of the road, in accordance with the last two paragraphs
in Section 39-6.03, “Compacting,” of the Standard Specifications. Ruts in asphalt concrete
pavement greater than 0.04-foot deep, shall be repaired as specified herein.

Raveling. Raveling is the wearing away (loss of aggregate) of the pavement surface. Ravel-
ing in asphalt concrete pavement shall be repaired as specified herein.

Flushing. Flushing is the occurrence of a film of bituminous material on the asphalt concrete
pavement surface. Flushing that results in a coefficient of friction less than 0.30 as determined
by California Test Method No. 342 shall be repaired as specified herein.

Delamination. Delamination is the loss of the bond between layers of pavement. Delamina-
tion in asphalt concrete pavement shall be repaired by cold planing the asphalt concrete pave-
ment to a depth not less than the affected depth for the full lane (or shoulder) width of the
affected lane (or shoulder), and replacing the removed pavement with rubberized asphalt con-
crete (type G asphalt rubber).

Cracking. Cracking is the occurrence of narrow breaks or fissures in the asphalt concrete
pavement. Cracks which develop in the asphalt concrete pavement shall be prepared and sealed
as specified in “Seal Random Cracks” elsewhere in these special provisions.

Interpretation of the degree of raveling, delamination, or cracking at which repair is needed
is left to the judgment of the engineer.

REPAIR CRITERIA AND WARRANTY WORK REQUIREMENTS

The repair criteria imposed on the contractor also were set forth in the special provisions. The
tollowing summarizes criteria related to the scope of this paper:

1. Any single area of asphalt concrete pavement greater than 10 ft* that fails to meet listed
performance criteria “will be considered defective and shall be repaired as specified.”

2. Any asphalt concrete pavement “containing cracking in excess of 1/4 in. wide, regard-
less of length, will be considered defective and shall be repaired as specified.”

3. Repairs of defective asphalt concrete pavement will normally consist of “cold planing
the asphalt concrete pavement to a depth of not less than 0.15 ft for the full lane (or shoul-



100

THIRD INTERNATIONAL CONFERENCE ON MANAGING PAVEMENTS

der) width of the affected lane (or shoulder) and replacing the removed material with
rubberized asphalt concrete (Type G asphalt rubber).”

4. The total length of repairs in any one lane or shoulder is not to exceed 30 percent of
the total length of the lane. If so, the entire lane is to be overlain with an additional layer
of asphalt concrete (Type G asphalt rubber) 0.15 ft thick.

The work requirements called for under the warranty concept as given in the special
provisions are as follows:

1. The contractor “shall assume control over many of the details of asphalt concrete pave-
ment normally controlled by the Engineer.” In effect, the contractor is to decide all questions
related to the quality and acceptability of materials used and may use the Caltrans-
recommended materials and construction specifications. However, “compliance with the
Caltrans specifications will not relieve the contractor from the provisions of the Warranty.”

2. The contractor prepares and submits the job-mix formula (JMF) it will use to the engi-
neer, but will itself decide any questions related to the quality and acceptability of “materials
furnished and work performed with regards to asphalt concrete surfacing.” Moreover, the
contractor must perform the testing and quality control procedures called for in the Caltrans
manuals and make the results of such testing immediately available to the engineer. However,
changes from one mix design to another cannot be made during progress of the work unless
a new JMF is developed and submitted.

3. The contractor must agree that the thickness of each type of asphalt concrete shown on
the plans is a “minimum thickness.” However, meeting this requirement is not to be “con-
strued as a warranty, expressed or implied, as to the required minimum thickness necessary
to meet the criteria” set forth in the warranty section of the special provisions.

CONTRACTOR’S RESPONSE TO CHALLENGE

The contractor, Jack Baker, of W. Jaxon Baker, Inc., located in Redding, accepted the
challenge by submitting a did and signing a contract in a joint venture with the J. E Shea Co.
to perform the work under the aforementioned warranty. However, Baker did so only after
he was sure that the asphalt concrete mixtures produced by his asphalt plant, using the
crushed aggregate from his Fawndale quarry, would have a very high probability of meeting
the performance criteria of the warranty. The asphalt concrete had to sustain the heavy traf-
fic and widely ranging climatic conditions at the Sims Project site without showing any sig-
nificant signs of damage during the 5-year warranty period, and, preferably, far beyond it.
Although Baker’s conventional asphalt concrete mixes, as designed by the Caltrans district
laboratory in Redding, had performed well on other sections of the Caltrans highway system,
there had been incidents of surface deficiencies. Baker believed that these deficiencies were
attributable to mix design decisions over which he had no control. Hence, he welcomed the
opportunity to make his own decisions on mix designs to meet performance criteria.

Baker, therefore, retained a consultant, B. A. Vallerga, Inc., to carry out a comprehensive
characterization and design study of asphalt concrete mixes, using his Fawndale quarry
aggregate source with the two binders specified for the Sims Project: a PBA-6 binder meeting
the Pacific Coast User-Producer Performance Based Asphalt (PBA) specification and an as-
phalt rubber (AR) binder consisting of an 80:20 blend of AR-4000 asphalt and a replasticized
form of granulated rubber from tires. A program of testing and evaluation of mixes, using
the methods and procedures developed at the University of California, Berkeley, under Strate-
gic Highway Research Program (SHRP) Contract A-003A, was recommended to conduct the
characterization and design study of the two asphalt concrete mixes.

The characterization and design study clearly indicated that mixes of 100 percent crushed
Fawndale quarry aggregate with either the PBA-6 or the AR binder would produce asphalt
concrete pavements capable of meeting the performance criteria. This was determined by
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a program of testing and analysis based on the test methods and procedures developed
under SHRP Contract A-003A at the University of California, Berkeley, and Oregon State
University.

Details of the SHRP test methods and procedures used; data generated and analytical
methods used; and a detailed account of findings, conclusions, and recommendations from
this study are set forth in another paper (2). Laboratory test results on the asphalt concrete
mix design developed indicated that all performance criteria would be fully and reliably met
to a high level of certainty within the 5-year warranty period and over the full 10-year life for
which Caltrans engineers designed the project.

IMPACT OF WARRANTIED PAVEMENTS ON PAVEMENT MANAGEMENT SYSTEMS

There remains the intriguing question about how the design and construction of warrantied
asphalt pavements will affect pavement management systems. An excellent synthesis on the
use of road construction warranties in Europe and the United States has been published
by the Transportation Research Board (3). One could conclude that the impact would be
beneficial to both the operating agency and the public user of pavement facilities.

The operating agency would undoubtedly benefit in a number of ways:

e Reduced costs attributable to early pavement maintenance and repairs;

e Increased safety to maintenance personnel;

* Improved estimates of performance projections and life-cycle costing because of closer
attention to performance factors by both agency and contractor personnel; and

* A better understanding of how a pavement system functions and how it responds to the
destructive effects of traffic loadings and surrounding environmental conditions.

From the user’s viewpoint, a pavement designed and constructed under warranty should
result in these benefits:

e Reduced costs in vehicle operation and maintenance;

» Fewer pavement-related traffic delays, which can be quite costly to commercial enter-
prises and annoying to commuters and the traveling public;

® More driver comfort on smoother, bump-free pavement surfaces; and

® Less chance of costly collisions and injuries attributable to pavement defects.

Although there may be a limit to what benefits can be attained by either the agency or the
user, better pavement performance gained through the use of warrantied pavements, as well
as better and more reliable pavement management systems, should result in significant
efficiencies in construction and travel costs, along with greater satisfaction to the driving
public.
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Performance Prediction

Gilbert Y. Baladi (Coleader), Michigan State University
Kenneth W. Fults (Coleader), Texas Department of Transportation

arious definitions of pavement management and pavement management sys-

tems (PMSs) exist throughout the literature. None of these definitions, how-

ever, addresses the real process or the main purpose of a PMS, which is to provide
its users with opportunities to learn from their successes and failures. The PMS process
is a continuing education process whereby users continue to calibrate and sharpen their
tools to improve efficiency and productivity. In this context, PMS issues, such as imple-
mentation, data collection, pavement performance models, and decisions, become learning
issues.

A major PMS learning tool is the frequent evaluation of pavement conditions. The
evaluation of a pavement section may involve the appraisal of its functional, safety, and
structural conditions. Historical pavement condition data typically are used to assess
pavement performance over time. However, the term “pavement performance” usually is
defined as how well a pavement section serves the user over time. This definition has led
some engineers and highway agencies to use pavement ride quality as the only or as the
major attribute of pavement performance. Other engineers and highway agencies believe
that pavement performance should include pavement distress, structural capacity, and
safety.

The performance of a pavement section over time can be divided into three levels:
functional, structural, and safety. For example, the ride quality (functional performance)
of a smooth but polished aggregate road can be superior, whereas its safety performance
is poor. Likewise, a newly constructed pavement can have a poor ride quality, whereas
its structural capacity is very sound. In general, the structural distress (structural capacity)
of pavement section also will affect its functional and safety performance. But a func-
tional or safety distress may not affect the structural capacity of a pavement. Hence,
pavement performance models that are based mainly on ride quality may have limited
applications.

Session 19 of the conference, the Pavement Performance Workshop, was designed to ad-
dress pavement performance issues. The workshop was divided into a paper presentation ses-
sion and a discussion of issues related to pavement performance.
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PAPER PRESENTATIONS

During the paper presentations, seven speakers addressed various pavement performance
issues. Kenneth Fults and Gilbert Baladi moderated the session. The titles and highlights of
the presentations and the names of the presenters are given in Table 1.

DISCUSSION

After the papers were presented, workshop participants were divided into four groups. Each
group discussed a set of questions related to different issues of pavement performance:

Pavement performance prediction models (Group 1),
Individualized pavement distress indices (Group 2),
Combined pavement distress indices (Group 3), and
Remaining service life (Group 4).

At the end of the discussion period, each group leader presented the consensus of his group

(Tables 2-5).

TABLE 1 Presentation Session

PRESENTER

TITLE OF PRESENTATION

HIGHLIGHTS

Rick Deighton,
Deighton Associates,
Toronto, Canada

Bryan Stampley,

Texas DOT

Fred Hugo,
South Africa

Newt Jackson,
Consultant

Brent Rauhut,
Rauhut Engineering

Tom White,
Purdue University

Gilbert Baladi,
Michigan State
University

Purposes of Condition Indices

Combined Indices

A Systematic Approach to
Pavement Performance
Prediction Using Accel-
erated Pavement Testing

Evolution of Condition
Indices over Time in
Washington State

Pavement Distress Models
Developed for LTPP Data

Pavement Management
and Mechanistic Analysis

Remaining Service Life

Condition indices can be used to trigger
treatments, analyze costs, and measure
effectiveness of rehabilitation activities

Combined pavement condition indices
must be based on index definition.
Indices must be verbal or numerical on
the basis of needs. Index must
be either functional or structural

Pavement condition data from accelerated
pavement testing must be integrated with
long-term pavement performance (LTPP)
data of in-service roads. The data can be
used to differentiate between environ-
mental and traffic damage

Methods for the calculation of pavement
condition indices must be calibrated as
one learns from the system. Jackson
showed the differences between the 1965
and 1963 distress indices in Washington
State

The presentation addressed a summary
of the SHRP data analysis, the develop-
ment of various distress models,
and the applications of neural networks

Three types of performance analysis were
addressed: relative, statistical, and
mechanistic. It was shown that the 3-D
finite element analysis method produces
more accurate and balanced results

The remaining service life (RSL} is the opti-
mum condition index. The calculation
of RSL requires distress data collection
and, for each type of distress, the estab-
lishment of an engineering threshold
value. The RSL can be used at the net-
work and project levels and by engineers,
managers, and legislators. The RSL is a
self-calibrating scale




TABLE 2 Pavement Performance Prediction Models (Group 1), Questions

and Group Consensus

QUESTION GROUP CONSENSUS
Do we need pavement performance prediction Yes
models?
Can we construct a systematic and compre- No
hensive PMS without pavement performance
prediction models?
Should we use prediction models in a PMS? Yes

Should we use pavement performance predic-
tion models or pavement deterioration models?

What are the roles of pavement performance
prediction models in the pavement design
process?

Is it possible for a pavement performance
prediction model to be more accurate than
the historical distress data collected by the
highway agency?

How often should one calibrate the pavement
performance prediction models?

Can accelerated pavement testing technology,
such as the LMS, be used to develop perfor-
mance prediction models?

How many performance prediction models
should be developed and implemented in
a PMS?

Pavement performance is a function of ride;
pavement deterioration is a function of distress

Design can influence performance. Also perfor-
marce (e.g., rut fatigue, etc.) can influence design

Yes

Once a year, and for different segments
of the network

For high-volume roads, other supplemented
data such as LTPP should be used

Family of curves (e.g., structural—cracking
and deformation, functional—roughness, etc.)

TABLE 3  Individualized Pavement Distress Indices (Group 2), Questions

and Group Consensus

QUESTION

GROUP CONSENSUS

What are the benefits of calculating pavement
distress indices?

What rating scales should be used for the
various pavement distress indices?

Should the type of rating scale or the threshold
value along the rating scale affect the number
of pavement sections that are in need of
repair/action?

Should the calculation of pavement distress
indices be based on sound engineering criteria?

What engineering criteria affect the calculation
of pavement distress indices?

How can we develop engineering criteria for the
calculation of pavement distress indices?

Should we use the pavement distress indices in
pavement performance prediction models?

How many pavement distress indices should be
calculated and examined?

To establish limits and comparisons
It depends on the users. Training and continuity

should be considered
Policy decision by users

Yes, as well as on economic and user needs

Relationships to failure criteria, weighing
method, and time of use

By using models and calibrating scales

Yes

Many, but use them for trigger values, cost
estimation, and reevaluation




TABLE 4 Combined Pavement Distress Indices (Group 3}, Questions and Group Consensus

QUESTION

GROUP CONSENSUS

Do we need to calculate combined pavement
distress indices?

What uses can be made of the combined
pavement distress indices?

Can combined pavement distress indices be
used in a pavement performance prediction
model, or is it preferable to differentiate
between environmental and traffic damage?

If needed, is it feasible to use accelerated
pavement testing for differentiating between
environmental and traffic damage?

What are the impacts of the combined
pavement distress index on the decision-
making process?

Is it possible to use combined pavement
distress indices to enhance engineering
communication?

Is it possible to use combined pavement distress
indices to enhance communication with upper
management and legislators?

Is it possible to use combined pavement distress
indices to determine the required rehabil-
itation alternative?

Is it possible to use combined pavement distress
indices to rank and optimize the various
pavement sections within a network?

Network level, yes; project level, no

To categorize pavements into overall groups
for ranking purposes
Yes

Yes, but this is more of a research
activity
At the network level, it keeps things simple
No, you lose too much detail
Yes

Absolutely not

Ranking, yes. Optimization is very difficult

TABLE 5 Remaining Service Life (Group 4), Questions and Group Consensus

QUESTION

GROUP CONSENSUS

Do we need engineering threshold values?

What are the uses of engineering threshold
values?

Should we predict the RSL or simply calculate
it from the given distress data?

Should accelerated pavement testing technology
be used to assess the rate of deterioration of a
pavement section and to estimate its RSL?

Can the RSL be developed and used as a
prediction model?

Is it possible to use the RSL of pavements to
express the benefits of rehabilitation actions?

Can we use the RSL to enhance communication
between engineers and upper management
and legislators?

How can we calibrate the engineering criteria
and threshold values used in the calculation
of the RSL?

Is it possible for the RSL of a pavement section
to be a nonlinear function of time?

Yes
To develop RSL and determine treatment strategy

Calculate and modify it to reflect reality

Yes, qualified by rate of loading, etc.

Yes
Yes, to define improvements in condition index

Yes

By using cost studies

Yes
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Defining an Appropriate System

David T. Anderson (Leader), Roads Corporation, Victoria, Australia

take into account in selecting, developing, and maintaining a pavement management

system (PMS) to ensure that an agency gains maximum benefit from its investment.
The workshop participants decided that the most important factors to consider when initially
selecting a system were the following:

The purpose of the workshop was to examine the various factors that are important to

® The types of systems available and how closely they match the agency’s needs and
goals. To this end it is important to spend sufficient time defining these needs and goals
before proceeding.

* The outputs required from the system to report effectively to budget decision makers
and the style and scope of information they need to make their decisions.

® The type of data available for pavement management and the design of any data bases
that already exist. These data and data bases are extremely valuable and therefore should
influence the choice of analysis system.

* Compatibility with other management systems that already exist within the organiza-
tion to facilitate integration in the short or long term.

* A potential system’s ability to take into account user costs or at least the pavement
condition factors that in a particular network will have the greatest influence on user costs.

The participants concluded that unless an agency decides what the scope of a system ought
to be, there is a risk of selecting and developing a black box that in the long run will not
produce credible results relevant to the needs of the senior management or budget decision
makers.

SYSTEM DEVELOPMENT FACTORS

Several factors were considered important in developing an existing PMS system. Among
these is maintaining the support of the organization’s leadership by ensuring that changes do
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not overly complicate the existing system and by retaining the system’s flexibility. For exam-
ple, the agency may wish to change the way it manages a particular class of road or change
the condition measures that are to be used for programming maintenance or rehabilitation
works. It is therefore necessary to understand how the organization wishes to make technical
decisions concerning when to intervene in the management of a particular pavement—for
example, what condition justifies resurfacing. A system must remain flexible enough to cater
to such changes.

Ensuring that the sophistication or complexity of the system does not surpass the ability
of the staff using it is also important, so that the organization retains its understanding of
how the system works and decision makers can maximize its benefits.

The quantity and quality of data required to manage pavements should be considered. It
is too easy to request the collection of all imaginable data when in fact only a portion of the
information will be used for management decisions. Likewise, it is easy to specify unreason-
able levels of data accuracy, which will not result in better decisions being made. The work-
shop participants recognized that data collection costs could be high and wasteful if these
factors were not managed properly.

The most effective possible styles of presenting results should be identified to facilitate
decision making. Recent developments in graphic and other types of presentation packages
for computers have enabled pavement managers and engineers to produce outputs in various
forms. It is probably not necessary for the PMS itself to produce this variety, but only to
produce results in a form that can be manipulated by a standard presentation package.

In summary, development of the system must be entirely compatible with the decision-
making environment of the organization from the point of view of staff skills, relevant data
types, quantity, quality, and the required reporting style.

SYSTEM MAINTENANCE FACTORS

Regular review of the PMS network’s maintenance standards is important to its continued
performance. Maintenance standards should also be updated in the PMS analysis or op-
timization process.

Feedback from the PMS users and decision makers is also vital to ensuring that the PMS
is satisfying their requirements. The benefits of the operation and use of the PMS should be
determined to evaluate the worth of investment in PMS.

Participants noted that the conference had not contained much information about the
derived benefits of pavement management systems, even though this subject is of fundamen-
tal importance. The workshop participants suggested that the evaluation of benefits should
be one of the major themes of a future conference.



Conference Summary

William D. O. Paterson, World Bank
Billy G. Connor, Alaska Department of Transportation and Public Facilities

Texas, May 22-26, 1994. The conference drew 540 delegates from 41 countries. Sixty-

'I"‘hc Third International Conference on Managing Pavements was held in San Antonio,
five papers were presented covering six conference themes:

* Appropriate systems,

® Institutional issues,

® Analytical issues,

¢ Implementation issues,

¢ Managing information, and
¢ New frontiers.

APPROPRIATE SYSTEMS

A pavement management system (PMS) must be carefully selected to meet agency needs. All
too often a black box system is selected without regard to agency goals, needs, or resources.
Such systems usually lead to failure.

The first step in selecting a PMS is to establish the goals and needs of the agency by con-
sidering the decision-making process, staff size and abilities, data requirements, network size
and complexity, and how often the system will be used.

The conference highlighted several guidelines for choosing or developing a PMS:

* Keep the system as simple as practical.

* Build the system in a modular form so that new modules can be added and old ones can
be easily changed.

* Collect only data that will influence the decision-making process.

* Tailor outputs to the user. If multiple output formats are required, use them.

¢ Carefully document the system. Turnover inevitably affects all agencies.
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Selecting the appropriate PMS is a difficult process for any agency. Typically those
involved in selecting the system must be educated about the variety of systems available. Each
system has strengths and weaknesses. The selection team must carefully determine which
system best meets the agency’s needs.

Although many systems are available, it is doubtful that any of them will exactly fit the
needs of the agency. If the system cannot be modified to meet agency needs, it is probably not
the right system. First, it is difficult to make radical changes in the way the agency does
business. A system that requires sweeping changes will fail. Second, agency needs will change.
If the PMS cannot accommodate such changes, it will cease to be used. Finally, as the agency
becomes more familiar with the PMS, the agency will likely ask more of the system. There-
fore, any PMS must be able to grow with the agency.

As the system is developed, users at all levels must be kept informed. It is important for the
agency to show users what the system can do and to ask whether the information provided
by the PMS is appropriate for their needs. If it is not, changes will be necessary.

The agency must make sure that the complexity of the system does not exceed users’ skills.
Too often, a PMS fails because no one understands how to run it. An organization with high
turnover, for example, should consider a system that is easily learned. If the system is used
only once a year, it is important to make sure that the system is easily remembered.

The proceedings of this conference offer considerable guidance in selecting the PMS
appropriate for national, state, and local agencies. The advice offered in these proceedings is
based on many years of experience by others who have or are implementing a PMS. The
experiences offered in these proceedings are invaluable to anyone involved with PMSs.

INSTITUTIONAL ISSUES

Although PMSs have been around for 20 years, the technology is still not fully implemented.
Many agencies have PMSs, but their decision-making processes may not have changed. The
reasons are rarely technical. Three types of barriers exist: people, organizational, and the
PMS itself.

People Barriers

People barriers stem from turf protection, fear of exposure, and ownership, resistance to
change.

Turf Protection

Many people see a PMS as a threat to their authority. If a PMS is implemented, they believe
that it will remove their ability to make independent decisions. Sometimes those who most
fear a PMS are those who have information tucked away in a file that no one else sees. These
individuals may release information only to support their positions. A PMS would make this
information available to anyone who needs it.

Many organizations make funding decisions based on consensus management. Those
involved in this process may see a PMS as a threat to their participation in the funding
process. There have been instances in which a particularly influential person has lost because
a PMS provided information that countered his or her view. Such losses can mean fewer
projects in such individuals’ districts.

Ownership

«Not invented here” is a common excuse for not implementing a PMS. People may not be
comfortable with something they did not have a hand in developing or at least selecting. Lack
of understanding may be the key reason for not accepting systems developed externally.
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Two methods of overcoming ownership problems are commonly used. The first is to
develop the PMS in-house even though the cost may be greater. The development process can
provide an understanding and acceptance of a PMS. The cost of developing a PMS can be
reduced by reviewing the many systems already in place and borrowing whenever possible.
The second method is to carefully study available systems and select the one that best fits the
agency’s needs. Modification of such a system can result in ownership of the system.

Often, lack of ownership results because the PMS does not present information in a
format normally used by decision makers. Decision makers often are not concerned about the
detailed processes used in a PMS. Instead they concern themselves with the information it
provides. Therefore, a third method is to revise the PMS format to look like the existing
format.

These proceedings contain several examples of how agencies have overcome PMS resis-
tance due to lack of ownership.

Fear of Exposure

Agency personnel may fear that a PMS will expose bad decisions. Although this can happen,
it must be recognized that such decisions usually are the result of poor information. Further,
if people recognize that a past decision was not the best decision, they have gained knowl-
edge. That knowledge, if properly used, will help people avoid future mistakes.

People also may be afraid that a PMS will cause them to make bad or unpopular decisions.
Again, bad decisions are the result of lack of information. A PMS provides that information.
It is likely that some decisions will be unpopular; however, through education of the public
using the information provided by a PMS, this can be overcome. If not, perhaps the public has
a different agenda. Here, the PMS must be altered to fit the desires and needs of the public.

Resistance to Change

Many people resist change. These people simply may not wish to take the time to reshape
their thinking or revise their work habits. This barrier is possibly the most difficult to over-
come.

Change is necessary to counteract tightening of resources. How can we convince others to
accept change? The answer lies in the reasons why people resist change in the first place.

Many people view change as a threat. The best way to overcome this is to allow them to
direct the change, to educate them, and to allow them to be part of the process.

Change often means a change in work habits. It is important to avoid rapid large-scale
changes. Changes should be made so that the work force can accept them. People must be
convinced that the goal is worth the struggle.

Organizational Barriers

Organizational barriers include size, structure, past management, stability, the planning hori-
zon, project constraints, resources, personnel turnover, and funding availability.

Implementation of a PMS can be blocked by one person in a small organization. Larger
organizations usually have means to bypass one person. However, lines of communication
and policies in larger organizations may block implementation. Such momentum in larger
organizations is often very difficult to overcome.

The structure of an organization may not be conducive to implementation of any system
that crosses organizational boundaries. The lines of authority in small organizations are
usually less clear than those of larger organizations. A PMS affects planning, design, con-
struction, and maintenance. Communication across these boundaries is often difficult. Many
organizations have successfully used a PMS to establish these lines of communication.

Most organizations have well-established management and decision-making procedures.
Whether formal or informal, these procedures can be difficult to change. For example, many
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organizations use a consensus method to select projects. Using this decision-making process,
organization decision makers simply develop a program by developing a consensus. Often the
most persuasive people get the most money. A PMS, to many, threatens this approach. The
more powerful members of a decision-making team may fear that they will lose some of their
power.

Most organizations undergo constant changes in policy and personnel. A rigid PMS rarely
fits into such organizations. Public priorities change, and personnel turnover is a reality.

The planning horizon varies from 1 year for local governments to 20 years for regional,
state, and federal governments. Pavement management by its very nature looks into the
future to predict pavement performance. Most local governments are not used to budgeting
several years in advance.

All projects have constraints, including timing, funding availability, compatibility and
coordination with other projects, and public acceptance. A PMS must handle these con-
straints.

System Barriers

The PMS itself can be a barrier. If a system already is in place, many people will fight changes
to the existing system.

ANALYTICAL ISSUES

The analytical aspects of a pavement management model are the heart of the system, on
which much of its credibility rests. The ability of the internal model to forecast deterioration
and the consequences of alternative maintenance strategies and to outline an expenditure
program meeting some optimization criterion depends on the conceptual structure and the
validity of many individual relationships. In these respects, the various PMS models presented
at the conference differ markedly, creating an area of limited consensus. One interesting sug-
gestion made was to compare PMS model outputs for a common set of pavements. Papers
and workshops were organized around the subthemes of performance prediction, analysis,
optimization, and road user costs.

Performance Prediction

The five papers on performance prediction (Session 4) illustrate differences in the approach
to modeling, a number of dominating issues of data quality and processing difficulties, and
some welcome findings on the modeling of maintenance effects—a previously neglected
aspect.

For the modeling approach, most authors to model distress modes separately, confirming
difficulties in modeling composite indicators. Workshop participants commented that com-
posite indices are better used for delimiting sections and for reporting than for modeling.
Three papers adopted a deterministic empirical approach. The adoption of a structured
empirical interactive model, which models changes as a function of structural, traffic, time,
and condition parameters, was successful in a study in India on overcoming data variability
difficulties (Sood et al., vol. 1, pp. 47-54). This is another example of the transferability of
the model structure from World Bank studies.

Difficulties in the modeling process were described in a Minnesota study (Lukanen and
Han, vol. 1, pp. 63-73). The difficulties were treated by carefully grouping into data families
and ensuring that survivor pavements were not excluded. A validation and verification
approach described by Jansen and Schmidt (vol. 1, pp. 74-84) used performance monitoring
data to improve an empirical roughness model and a mechanistic structural model. Work-
shop participants suggested the use of accelerated pavement testing for developing models
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when environmental influences are incorporated. Validation under long-term monitoring,
however, was still advised to confirm the time-related effects, which can be significant.

An application of artificial neural networks (Attoh-Okine, vol. 1, pp. 55-62) shows
promise as a means of basing predictions on available historical data and learning in real
time. Some progress on mechanistic models incorporating a stochastic decision tree is
reported by Chua et al. (vol. 1, pp. 85-94).

Data quality and processing methods are dominant issues. Data variability hides relevant
trends and makes it difficult to determine factor effects beyond simple time-based regression
models. Both the Sood et al. and Lukanen and Han studies emphasize the need for more
accurate measurements, such as calibrated roughness meters or profilometers for roughness.
Censorship of data, which applies to the omission of survivor pavements from an analysis of
pavement life, introduces significant bias, and steps are needed to avoid this. Statistical tech-
niques are available and have been applied to pavement modeling. Data on maintenance
inputs need to be collected regularly for performance analysis to make sense. Researchers
should make concerted efforts to use standardized units, preferably international units, when
modeling and setting up data bases so that the results and data can be evaluated elsewhere
and a much stronger basis for models and verification can be built. At least the conversions
should be determined and presented in published papers.

The findings advance our knowledge on prediction modestly. The most important findings
are on maintenance effects, showing that a pavement’s roughness after overlay depends not
on thickness but on its previous condition (the Lukanen and Han and Jansen and Schmidt
studies). This finding is not likely to be valid if the existing profile has substantial amplitudes
in which a 25-mm (1-in.) thickness is inadequate. On roughness, the Sood et al. model con-
firms the transferability of the multiple interaction model and the significant contributions of
distress and nontraffic (time-based) effects. The Sood et al. time effects are rather large at
9 percent per year, probably because of the local construction techniques, and the Danish
effect is about 4 percent annually. Such aspects can be compared across studies to identify
environmental and other effects. A structural condition model shows that overlay thickness
is related to a pavement’s residual life and the design period. A considerable amount of field
research and modeling on maintenance effects still must be conducted so that our combined
level of confidence in predicting maintenance effects can improve. These effects have a major
impact on the benefits realized from a maintenance strategy.

Analysis

Regarding analysis methods, the development of the United Kingdom PMS (Phillips, vol. 1,
pp. 227-236), which will apply to all paved areas in urban and rural jurisdictions, has inter-
esting features. It is a third-generation system, optimizing multiple options for the entire
network to maximize economic benefit. The network analysis and creation of a work pro-
gram (scheme) is done in two passes: one automatic and one interactive. The automatic pass
segments the network into areas of uniform defectiveness and identifies treatment by the do-
main of one or more current defects. Priorities are determined by condition indices relative
to threshold values. The interactive pass allows the maintenance engineer/planner to review,
refine, and build up the program interactively, using similar consistent criteria. Projections of
future conditions are made via a generalized S-curve relationship, which is calibrated to
historical data for individual sections and defects. Final priorities are set on the basis of
savings in total costs and of savings to agency and users, including delay costs, simplified to
first-year benefits and an incremental benefit-cost ratio.

Two papers deal with the application of the Highway Design and Maintenance Standards
(HDM-III) model, which applies a yearly technical and economic evaluation to pavement
management. In a study of roads in Bavaria, Srsen (vol. 1, pp. 246-256) found a prevalence
of rehabilitation strategies. Through a sensitivity analysis, he shows that the roughness and
traffic volume variables dominate the outcome because user costs comprise 94 percent of the
total costs and lessen the impact of maintenance costs on the choice of optimum strategy. In
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a pilot PMS implementation in the Philippines using HDM in a geographic information
system framework, Howard et al. (vol. 1, pp. 267-277) use a link-aggregation approach to
network analysis, identifying 488 categories of pavement type, condition, traffic, and quality.
Innovations include a special calibration of the model for concrete pavements and an exten-
sion of the optimization module to 500 links. : :

Assaf and Haas (vol. 1, pp. 257-266) present an interesting tool, MAREE, capable of
evaluating past maintenance and rehabilitation strategies, identifying relevant criteria, and
verifying the performance of the strategies. This provides a useful way of characterizing the
success and effectiveness of past and present policies. Shahin et al. (vol. 1, pp. 237-245 ) show
the incorporation of criteria for maintenance and rehabilitation categories into MicroPaver
and a financial analysis of maintenance cost savings.

Optimization

Thompson (vol. 2, pp. 184-189) outlines how optimization techniques can be incorporated
effectively into agency policy making if such techniques are made more understandable and
responsive to agency objectives. Such objectives might include preserving pavements, re-
ducing user discomfort, and reducing citizen complaints. The techniques should be modular,
fast and easy to use so that they respond to what-if analyses, and flexible enough to accom-
modate policy and objective modifications and should incorporate consistent methodology
across modules and correct methodology for credibility. The development team should
include professionals from each discipline, such as engineering staff to review engineering
validity and planning and budgeting staff to guide management language and legislative
strategy.

Building such practical aspects into the system automatically rather than interactively
with the user is addressed by Wang et al. (vol. 2, pp. 173-183). Noting that the “true
optimum” may not be the best possible alternative from a network optimization system
(NOS), they introduce a knowledge-based expert system to apply engineering logic to the
demarcation of sections and treatments.

The effects of various objective functions are studied in three papers. Smadi and Maze
(vol. 2, pp.195-204) test the objective of minimizing cost for prescribed performance stan-
dards for consistency with the Iowa Department of Transportation engineering strategy.
Alviti et al. (vol. 2, pp. 190-194) modify the Alaskan NOS to address the question “What
maximum performance standards can be maintained for a fixed budget?” Butt et al. (vol. 2,
pp. 159-172) find that optimizing the benefit-cost ratio results in a lower budget, but opti-
mizing the incremental benefit-cost ratio results in higher performance standards. Defining
“benefit” in terms of physical condition (pavement condition index [PCI] time), not eco-
nomic value, is misleading, and the original term “effectiveness” should be used.

The comparison of these three objective functions is best viewed in an economic context,
which also ties in these papers with the HDM examples of the “Analysis” theme. Figure 1
compares the economic net present value (NPV) of alternative strategies with the annualized
agency cost or budget. The NPV is the savings in total costs to agencies and road users over
the whole life cycle, expressed in present values. The curves show the benefits associated with
raising the performance standards of various strategies, and the envelope of all these is the
maximum benefit obtainable for any agency budget. The maximum benefit-cost ratio
naturally occurs at a lower agency cost than the maximum net benefit (NPV), and the
maximum incremental benefit-cost ratio can occur anywhere below the efficiency frontier.
Maximizing performance standards for a fixed budget is essentially the same as maximizing
the economic benefit for a constrained budget; therefore, the former is the best of the three
optimization objectives.

Road User Costs Versus Agency Costs

There are two schools of thought on the consideration of road user costs (RUCs) in deter-
mining road expenditure strategies. On the one hand, the acceptance of RUCs as an integral
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FIGURE 1 The economic efficiency frontier approach to optimization.

element of economic analysis is more evident (4) in countries outside the United States, espe-
cially where agency reform has followed commercial business practices and emphasis has
been placed on getting return on investment, and (b) in developing countries through the re-
quirements of international lending agencies. On the other hand, opinions at the practitioner
level in the United States are still divided on the issue, as evidenced by the differing verdicts
of workshop juries (Figure 1). The main observations follow:

1. There was consensus on the value and relevance of RUCs for policy and planning pur-
poses (i.e., strategic and network-level analyses), but not for project-level applications.

2. There was concern that RUCs will overwhelm agency costs and lead to unrealistic
maintenance and rehabilitation strategies and an unfair allocation of funds between the high-
volume urban and low-volume rural areas.

3. There was concern that agency costs are “hard” and easily quantified, but that RUCs
are “soft” and many benefits are intangible and difficult to quantify,

4. Concern was expressed about the uncertainty and validity of condition effects on
vehicle operating costs (VOCs). (It was expressed, however, that the existing relationships are
as reliable as pavement design life predictions, which range by a factor of 3 at high levels of
confidence and which practitioners accept readily.)

The regular users of VOCs have resolved many of these issues and place appropriate
constraints where required. It was noted that in practice the rehabilitation intervention
levels resulting from the use of VOCs are usually close to or slightly higher than typical U.S.
ride comfort requirements. There is widespread recognition of a need for a new, careful study
of VOC savings for modern vehicles on even, low-roughness pavements, where some evi-
dence indicates that these may be negligible at roughness levels less than 3 m/km international
roughness index (IRI) (200 in./mi IRI), and that this should be a priority for new research
funding and international cooperative study.

IMPLEMENTATION ISSUES

Barriers to PMS implementation can be overcome with proper planning. Successful PMS
implementations have been accomplished through steering committees. These committees
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consist of all important players in an organization. Through consensus-building techniques,
committee members were educated and given pride of authorship in the system. In doing so,
most implementation barriers fell.

It is important to ensure that information is provided in the proper format. Nontechnical
people may have little tolerance for technical jargon. Because governing bodies want to know
a budget and what that budget will buy, information provided should reflect the needs of the
audience.

For example, when presenting the results of a PMS to a city council, telling council
members that reducing the budget by 10 percent will cause the present serviceability index to
drop from 2.5 to 2.0 in 3 years may not be helpful. Council members may have no idea what
that means. It is better to tell them that the number of potholes will increase by 30 percent,
that it will take them more time to get to work, and that the number of complaints will prob-
ably increase by 10 percent. Politicians understand responding to complaints.

Show beneficial results immediately. It is infinitely better to sell the results of PMS rather
than the PMS itself. Frequently, decision makers do not care to know the details of a PMS.
They care only that the budget is defendable and realistic.

It is important to ensure that the system is compatible with the organization. Too often we
forget that a PMS is a tool to help us make good decisions.

An organization cannot be driven by a PMS. Because an organization will change, it is
crucial to build in change. The best way to ensure flexibility to accommodate change is to
build a PMS in interconnected blocks that can be modified easily.

In addition, complexity should be minimized. Complex systems are difficult to understand.
Further, they require heavy funding to support. A system that is too complex for the job will
certainly fail.

Finally, although technological advances in PMS will come, the barriers facing PMS will
continue to block implementation of these advances. We as practitioners of PMS technology,
must become skilled at dealing with these issues. This may require seeking help from other
disciplines.

MANAGING INFORMATION

Much of the credibility of pavement management rests on the reliability of the data on
the condition of the road system that is analyzed and on the usefulness of the information
provided by the system to managers, owners, and users of the road system. Good informa-
tion may not guarantee sound management, but the lack of good information makes it very
difficult to make sound decisions. This theme was organized around three objectives: better
management of data, better monitoring procedures, and better information on road system
performance.

Data Management

There were six papers on this subject and a major focus on standardization in the opening
session. Pavement condition data and surface distress measurement were addressed in papers
by Cenek et al. (vol. 2, pp. 265-278), Livneh (vol. 2, pp. 279-289), and Prakash et al. (vol.
2, pp. 290-301). These provide interesting data on the reliability of manual surface distress
surveys and comparisons between different methods. The survey components include re-
peatability (precision), reproducibility (bias between surveyors and surveys), and bias with
respect to a true or reference value. Livneh compares a new Israeli drive-over method with a
similar Washington Department of Transportation method and detailed PCI and PCR meth-
ods in a series of studies. The new drive-over method was shown to have similar reliability to
the detailed methods, while being several times faster. Prakash, studying the Canadian PCI
and distress index, found that the experience of the raters did not affect their precision, but
that inexperienced raters and one region showed biases. Certain distresses were rated more
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Condition surveys: Repeatability and Reproducibility
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FIGURE 2 Comparison of data quality from pavement distress survey methods [derived from
Livneh (vol. 2, pp. 279-289)].

consistently than others. The impact of training in reducing bias was clear. The precisions of
the various methods on a 100-point scale are compared in Figure 2, and there are obvious
trade-offs to be made in relation to survey speed. During discussion, Irwin warned that a
composite distress number obscures the individual distress modes and thus has lower utility
in the decision analysis model (Figure 2).

Quality assurance (QA) procedures developed during the Strategic Highway Research
Program (SHRP) for roughness (Henderson et al., vol. 2, pp. 302-314) and FWD deflection
(Irwin et al., vol. 2, pp. 315-325) measurements have potential applications by highway
agencies elsewhere. The roughness QA, which applies to inertial, noncontact profilometers,
requires (a) tight data acceptance criteria, (b) data record completeness, (c) device verification
with a reference static profile device, and (d) verification for the reference device. The primary
roughness reference for acceptance is the IRI of each wheel track; other numerics are calcu-
lated for information. The FWD QA procedures aim to control the systematic error (bias) of
deflection readings between testing devices and testing over time. The examples of the FWD
procedures show adjustments that are typically less than 0.5 percent when the procedures are
followed.

The transition from a manual/mechanical combination of methods to automated multi-
function methods was the subject of 2 New Zealand study (Cenek et al., vol. 2, pp. 265-278).
The study showed a major difference in rut depth data, due in part to a difference of definition
between a straight-edge model and a wire-chord model. There also were differences between
skid resistance and texture measurements. Fortunately these will be resolved through the up-
coming international friction index. The largest difference, however, related to the sampling
process. The study showed clearly that automated outputs that average a measured charac-
teristic over a long section length miss vital information on the incidence of subsections
that fail prevailing threshold criteria. Current Swedish practice is to provide both short-
(e.8., 20-m) and long-length (e.g., 400-m) outputs, which permits the supplementing of long-
section outputs with statistical information on distribution or incidence-type data without
requiring the storage of the huge volume of short-section data.

Perhaps one of the most important messages on managing information is the value of data
standards. It echoes the strong plea by FHWA’s Dean Carlson during the opening session for
uniform data collection standards. The topic of data quality points out the need for a stan-
dard method to minimize both random and systematic variations. The situation presented by
Cenek et al. regarding the transition from an existing condition survey method to an auto-
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mated method underscores the value of a reference that harmonizes such basic measures as
rut depth. The progress made since the identification of IRI has been substantial, by placing
worldwide data into a common pot. We need to make concerted efforts to implement these
emerging international data standards—the existing IRI and the forthcoming international
friction index—and to identify standards for outstanding items such as rut depth and crack-
ing. Then we will be able to broaden our data bases to concentrate on more reliable models
and implementation.

Better Monitoring Procedures

Considerable advances in technology are causing dramatic changes in road monitoring pro-
cedures. At the last conference in 1987, manual distress surveys, response-meter roughness
surveys, and straight-edge rut depth measurements were the common modes of surveying,
Now, noncontact surveying of longitudinal and transverse profile, texture measurement, and
image capture are possible at traffic speeds with automated road monitoring equipment that
has moved past the prototype and special survey status into a competitive service industry.
Such service is available from a number of suppliers, becoming affordable and attractive in
terms of safety of surveying personnel.

Other changes are as significant though perhaps more subtle. A more rational, critical
approach is being taken by some toward the information required and data that need to be
collected. When technology makes it feasible to collect so much data, it can become tempt-
ing to demand more data than are useful or needed. In designing the monitoring system for
the autobahn in Germany, the approach was to select data items for measurement on the
basis of their problem-solving capacity (Burger et al., vol. 1, pp. 150-160). The French
National Highway Authority has codified six levels of pavement condition survey, M1 to Mé.
M1, M2, and M3 are detailed, project-level, and network-level surveys, respectively. M4 to
M6 are special surveys involving, for example, the GERPHO image capturing device (Lepert
et al., vol. 1, pp. 161-169). The M3 survey described in the paper has limited recorded
surface distress to just five parameters and records them through a simple keyboard that
allows collection at slow drive-over speed—in this case, using a system that was affordable
and effective.

Some profile sensing devices are capable of measuring a wide bandwidth, from macro-
texture (0.5 mm) to long waves (100 m), as indicated by the Danish example (Larsen et al.,
vol. 1, pp. 170-175). The multiple sensing capability for transverse profile is raising the ques-
tion of how rut depth and transverse profile should be defined. This problem is clearly one
that needs to be resolved.

Image capture, image processing, and digital storage are in the process of revolutionizing
the collection and definition of pavement condition and road inventory data. There are
new opportunities to redefine some fundamental measures, such as cracking and other
distresses, to take advantage of this technology. High-speed deflection survey capability is
also emerging.

Questions about this new technology focused on when it is appropriate to undertake
the various surveys with separate devices or to combine most of them with a multifunction
device, whether to buy the device or to buy the service of conducting the survey and supply-
ing the data, and how to facilitate the procurement of such services. The option of procuring
the service is becoming attractive; several agencies have been doing this. A data supply
service relieves the agency of having to own, maintain, and operate an expensive high-
technology capital item and having to deal with the concomitant issues of personnel skills and
training. A competitive procurement process will ensure that each service contract provides
up-to-date technology (a big advantage in an age when technology changes so fast), fair
prices, and a stimulus for technology development. Agencies in the United Kingdom,
Scandinavia, Eastern Europe, Australasia, and North America have adopted service
contracts, and it is being pursued as an attractive option in some developing countries. Such
contracts require careful specification of services—the data to be collected, survey scope, and
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data delivery format—which is another strong incentive for identifying and adopting
harmonized standards.

The linkage between pavement management and management of all other elements of
the road system is vital. This and the automation of data collection requires improvements
in location referencing and a range of software environments for data management and
processing. Linear referencing still appears most appropriate for road data, but spatial
referencing through the Global Positioning System (GPS) and the use of GIS technology
for integrating layers of different infrastructure systems and subsystems is growing rapidly.
The advantages are clear in urban areas, for emergency response and safety, and environ-
mental and resource issues. The workshop on the topic indicated that a reference point
method was becoming a preferred linear referencing method, but that the key is to have
a referencing system that links the different methods in use by various agencies within a
jurisdiction.

Better Management Information

Ultimately, roads are being managed on behalf of the road owners—usually government, but
sometimes a corporation or franchise. In the past several years, as government departments
have come under pressure to be more efficient and as public service reform has placed the pro-
vision of roads and road management on a more commercial basis, road managers have been
becoming increasingly accountable for their performance. There is now a clear, often man-
dated, need for understandable relevant information on the performance and condition of the
road system to be made available to the owners and users. Road system performance indi-
cators, at a level best termed “system-level” because there is no link identification, are
receiving a renewed focus that has special urgency.

In a number of countries where road provision and management have been placed on a
commercial basis, including much of Scandinavia, the United Kingdom, New Zealand, and
Australia, performance indicators become part of a contract between the road agency and
government. They are a means by which an agency is held accountable for the effective and
efficient use of public funds. In addition, the direction is clear concerning new requirements
for funding allocation by federal and state governments in the United States. This goes
beyond the early emphasis on riding quality and bare statistics of road lengths and accidents.
It requires new thinking on exactly what we as managers are required to do and what is
expected of us.

In Finland, overall performance is being evaluated in an index involving three elements—
pavement and traffic conditions, environmental impacts, and an agency’s productivity and
profitability—with a specified weighting. Each element comprises such components as pave-
ment condition, traffic safety, and winter maintenance effectiveness for pavement and traffic
conditions. These components, in turn, are computed from road monitoring data (rut depth,
IRI roughness, surface defects, and bearing capacity), and the fraction of the network meet-
ing these criteria form the basis of the performance contract.

Other interesting examples include Hungary, where, in addition to condition and strength
indicators, the depreciated asset value as a percentage of the replacement value has been
monitored. Other conference papers present information on indices being reported in the new
systems in Germany and France and on a study in Qinghai, China. These focus on pavement
quality aspects. In the countries where the public sector is being commercialized, efforts to
identify relevant and quantifiable measures are serious, and active dialogue is developing. At
an international level, the World Bank has identified five perspectives representing various
road system stakeholders and is identifying relevant indicators within each; namely, in-
frastructure provision, user service quality, provision efficiency, sectoral effectiveness, and
institutional effectiveness. There is the prospect of some of these becoming new international
statistics, and this is an opportunity for dialogue to establish some common threads, if not
consensus.
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NEW FRONTIERS

The contracting of the full range of road work and pavement management services, normally
undertaken by a road agency, provoked considerable discussion at the conference and has
significant implications as a new frontier for pavement management and managers. Most
cases show equivalent or improved work performance and responsiveness under contract. A
corresponding improvement in force account (agency) performance in response to the
competition is indicated in at least two cases. The experience of cost savings is less clear, with
savings ranging from 25 percent down to nil, the savings becoming smaller as an agency re-
sponds by improving its efficiency. The definition of pavement condition for end-result spec-
ifications of contract maintenance or warranted rehabilitation and for performance-based
contracts requires standard definitions and agreed-on methods for quantifying and measur-
ing those parameters. Stated practices varied, but the call for guidance was unanimous.

The contracting of road management services resulted in a more interesting reaction,
although the topic was addressed only obliquely. This raises the question of the compatibil-
ity of PMSs and under what circumstances the adoption of a standard PMS might be neces-
sary, as found in the New Zealand approach. The issues include the scope of services to be
covered; for example, data collection, processing, analysis, and storage. What harmonization
would make this viable in the absence of requiring a standard PMS? These are likely to be
priority issues at the next conference, by which time there will be many more experiences to
compare.

Placing PMSs in the context of other infrastructure management systems is a welcome
sign. Hudson and Hudson (vol. 2, pp. 99-112) identify the common linkages not only with
other systems for road management, but also for systems for public infrastructure, municipal
infrastructure, and unitized facilities. GIS technology, with its powerful capability for
handling multiple horizons of data systems, and the introduction of business management
and mapping practices in these other areas are intersecting with pavement and bridge man-
agement and have the potential for making major advances in all areas. The benefits in com-
munication and coordination in local and regional governments are likely to be substantial.

CONCLUDING THOUGHTS

Drawing on all these deliberations for the themes of analytical issues, managing information,
and new frontiers, the following are five areas on which attention should be focused in the
next few years:

Credibility of Models

There is a need to focus modeling efforts on validation and to build the credibility of the fore-
casting and analytical capabilities of pavement management models. Further improvements
in our prediction capabilities depend in large part on our willingness to build on existing
strong models and on establishing validity from empirical evidence, refining and strengthen-
ing the models where possible. This is particularly needed for maintenance effect models and
maintenance treatment performance and requires the use of sound statistical techniques—one
reason the tutorial on the subject was so valuable.

Decision Criteria and Objective Functions

Decision criteria and objective functions for optimization need broader and more thorough
attention. This includes the introduction of formal economic evaluation principles for
monetary and nonmonetary benefits and the critical assessment of the appropriate criteria
for strategic, network-, and project-level applications, respectively. This implies a need to
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formalize the quantification of benefits and a need to fund primary research that quantifies
road user costs in high-standard road environments.

Harmonization and Quality Management

In the basic building blocks of management system data and terminology, we are overdue to
graduate from scrambling around with many definitions. It is time to adopt available
standards and strive to reach consensus on remaining ones ( particularly rut depth, transverse
profile, cracking, and terminology) so we can concentrate on the product of the system rather
than on the process. This way we will improve information quality and open the door to a
wealth of shared knowledge and a wider market.

Better Information

We need to focus the information message. Avoiding the seduction of powerful modern tech-
nology to collect everything, we need to reduce the information we produce to the essential
items that influence the outcome—the product. At the highest level—summary performance
indicators—there is a desire and a need to liaise at an international level because many coun-
tries are in the process of choosing indicators that seem to be relevant.

System Integration

To succeed in the political process and to function effectively in the institutional environment,
pavement management must become integrated within the process of road infrastructure
management. The management system framework needs to be applied to all aspects of infra-
structure assets in whatever transportation subsector or jurisdiction we happen to be—rural,
urban, municipal, interurban, or airport in the public sectors or commercial enterprises with
major facilities and networks. The use of spatial coordinates and GPS, GIS, and intelligent
vehicle highway system technologies are going to have a dominant influence on the new
generation of systems and the approach to the management of infrastructure.
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process in the 1970s, to a significant degree of implementation in the 1980s. Pavement

management principles have been formulated, and much has been learned from
implementation experience at the federal, state/provincial, and local levels in various coun-
tries. By 2000 it is likely that most agencies will have pavement management systems
(PMSs).

The improvement in pavement management application and implementation, however,
have not been matched by improvements in the component technology of pavement
management. Many problems that existed in the 1970s, such as the lack of good, long-term
performance prediction models, still exist in the 1990s.

A substantial amount of innovation will be necessary if we are to realize a standardized
pavement management process with widespread application. Such a PMS must be technically
sound, with comprehensive underpinnings, yet have sufficient flexibility for tailoring to
individual agency needs and resources. Required innovation and research should range
from short-term problem solving to strategic efforts toward technology and application
improvements.

Pavement management has progressed from a concept in the 1960s, to a working

ROLE OF RESEARCH AND INNOVATION

Research costs money, but innovation, when properly implemented, saves money, and good
research produces innovation. We can speak of research and think of innovation, and vice
versa. Once good research is formulated and carried out, the key is implementation.

Good research involves at least four levels of activity:

Long-term research to solve problems that cannot be dealt with in any other way,
Intermediate-term research requiring § or more years to solve probleris of some depth,
Short-term research to get quick answers, and

Problem solving and development.
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All these research levels have an implementation and training aspect. Any good innovation
must be implemented, and such implementation involves technology transfer and training.

Emphasis of pavement management research for more than 30 years has largely been on
short-term needs. The AASHO Road Test was the premier major research effort with long-
term emphasis and adequate funding to actually solve the problem it undertook and to
define the limitations of the results, which is critical to implementation. Lack of support for
implementing innovations resulting from intermediate- and long-term research has left the
industry with many of the same problems it faced in 1972.

The increased size and weight of vehicles operating on the world’s highways have signif-
icantly increased pavement maintenance and rehabilitation costs. Construction practices
and materials used for existing highways may not provide adequate performance in the pres-
ence of heavy loaded vehicles. This will be especially true if legal load limits are allowed to
increase even further, The maintenance and rehabilitation needs of existing pavements must
be reevaluated with respect to proposed loading and its economic effects.

The authors firmly believe that pavement management is the best mechanism for
implementing pavement research results effectively and quickly. Managing pavements and
implementing pavement research innovations have the same objective: to provide better
pavements and benefits to pavement users. Furthermore, pavement management is the best
possible framework for implementing pavement innovations. This is one of the basic tenets
of systems engineering and efficient systems, whether they involve pavement management,
space guidance, or any other field.

IMPLEMENTING PAVEMENT MANAGEMENT AND PAVEMENT
RESEARCH INNOVATIONS

Institutional Issues

Important institutional issues must be resolved for pavement management to flourish and
function more effectively. Agencies are slow to change, which is well documented in
management practice (1-3). Only a completely integrated pavement management process
will yield full consideration of total life-cycle costs in highway decisions and actions. Agen-
cies must consider all aspects of the pavement life cycle, including user costs and benefits.
Research is needed to transfer pavement management into the mainstream of highway
agencies and to overcome resistance to organizational change.

Encouraging highway agencies to consider operations, including vehicle operation and
maintenance and rehabilitation activities, during design will increase the benefits derived
from any PMS. Maintainability is a key concept to be examined for pavement and bridge
structures. By making highway structures easy to inspect and maintain, maintenance and
rehabilitation costs will be reduced, as will vehicle operating costs. Designing maintenance
and rehabilitation activities early can reduce the cost of protecting agency personnel, the time
required to perform activities, and the need for special equipment. Well-planned maintenance
and rehabilitation activities can also reduce the increase in vehicle operating costs caused by
related congestion. Considering these factors during the design process will reduce the likeli-
hood of creating a structure that is difficult to maintain.

Coordinated Research Plan

Many international agencies have prepared statements of pavement research needs, research
plans, and programs of technology transfer. These statements are necessary, and a large
amount of useful research has been conducted. However, an overview of what is required for
a successful research program and the associated long-term benefits often is lacking.

To achieve success, the following should be incorporated into the overall approach: solu-
tions to short-term problems and applications, intermediate-term research and development,
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strategic or long-term research, and implementation, including technology transfer and the
development of research capabilities.

Because of the predominant short-term focus of pavement research, some problems
identified in previous decades still limit the use of current research findings, including the
development of new models. In addition, because there is no truly universal PMS available,
much of the knowledge gained from experience is being lost. The experience gained in the
1950s, 1960s, and 1970s is rapidly disappearing from the scene with continued retirement of
senior staff.

It is important to have an overall, coordinated plan to guide future funding and to address
future needs. The following benefits can be provided by such an overall plan for PMS
research:

e The means to seek and organize results of national and international research;

e Direction for future research funding and the ability for personnel to tailor research to
future national needs;

e A coordinated avenue to implement innovation more readily;

e Rapid identification of limitations and shortcomings of existing and historical methods,
which can lead to recognition of important research projects; and

e Integration of current knowledge, data, and research results into a coherent strategy that
is consistent with long-term needs of a standardized PMS.

ELEMENTS OF SUCCESSFUL RESEARCH

The elements of a successful research program include the following: an overall plan for
short-, intermediate-, and long-term research; top-level commitment and support, plus
sufficient funds; continuity of funding; flexibility and freedom for innovation; development
of research capability (people, facilities, etc.); cooperation between practitioners and
researchers; and dissemination of research results (publications, conferences, workshops,
seminars, short courses, etc.).

Overall Plan

An integrated overall plan covering short-, intermediate-, and long-term research is partic-
ularly essential for state and national agencies. Issues of current concern might carry the
primary focus, but a macro approach will allow better interaction between projects, better
identification of priorities, preservation of the long-term integrity of research, and more
efficient overall program management.

Commitment and Funding

Successful PMSs at both the state and local levels usually receive strong top-level commit-
ment and support from their organizations. Similarly, pavement research programs must
have such commitment and support, in addition to the commitment of the researchers
themselves.

Sufficient and consistent funding with a reasonable degree of flexibility is also neces-
sary. This is not to say that justification for funding and identification of expected payoffs
are unnecessary. If these payoffs are to be realized and the opportunity for innovation is to
exist, such funding support and flexibility are essential. Organizational support in terms
of facilities, staff, opportunities to interact with practitioners and researchers within
and outside the agency, and most important, encouragement, is also important to successful
research.
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Continuity of Funding

To be successful, research funding must have reasonable continuity. This does not mean a
blank check, but rather the opportunity to accomplish real breakthroughs with the help of
adequate support and funding. Innovation does not occur on a schedule; it happens in unique
and unexpected ways and should not be restricted.

Flexibility and Freedom To Innovate

A common thread of successful, innovative research is the degree of flexibility and freedom
provided to researchers. Innovation cannot be mandated. It comes from hard-working,
innovative peaple who are not placed in a bureaucratic straightjacket of administrative con-
trol. Particularly constraining is a detailed procedural environment in which more time is
spent in reporting progress than in actually doing research. A research management team
should select researchers in whom they have confidence. A level of good administration, not
control, is the key to success. The AASHO Road Test is a prototype of such effort, in which
William Carey had the authority and the freedom to fulfill the project mandate (4).

Research may carry a considerable degree of risk, and the payoff in terms of implementa-
tion may be some time in the future. Thomas Edison tried more than 100 material combina-
tions before he succeeded in producing the first electric light bulb. He “failed” his way to
success.

Developing Research Capability

Research capability resides in many places, including universities, institutes, consulting
organizations, and state and federal research groups. Although some of this capability has
been acquired on the job, the basic source lies in universities. Many persons who are active
in pavement research have postgraduate degrees and have learned the basic concepts of
statistics, analysis, and other subjects required for research success.

Development of research capability requires dedicated, competent students; research
support; course work; and direction from professors. Many highly regarded pavement
researchers in the United States, Canada, and elsewhere, who work in public agencies and in
the private sector, come from universities with extensive track records of educational excel-
lence and research accomplishments.

It is essential that continued regeneration of research capability occur, with universities
playing an integral part, and that there be a strong interaction among the public and private
sectors and the universities.

Cooperation Between Practitioners and Researchers

Innovation can best be implemented if the sponsor or practicing engineer is involved from the
beginning as a partner, not as a supervisor. A PMS makes this possible because the feedback
for innovation hinges on the results of field use and upgrading. It is important for prac-
titioners to recognize that there is such a thing as appropriate research methodology, which
must be used to produce the best results.

Dissemination of Research Results
Research results must be disseminated internally within organizations and externally for peer

review. Much internal success is measured in terms of implementation and improved effi-
ciency and cost-effectiveness, but external judgments are important for follow-up work and



FUTURE DIRECTIONS AND NEED FOR INNOVATION IN PAVEMENT MANAGEMENT

125

long-term success. Newer techniques for disseminating results include videotapes, multi-
media presentations, and user-friendly computer software.

Forums for disseminating research results include journals, conferences, workshops, and
seminars. The latter two often are applicable to internal dissemination. Another important
forum is represented by FHWA’s Advanced Course in Pavement Management Systems, which
was held in a number of U.S. cities in 1990 and 1991 and which incorporates up-to-date
practice and recent research results (5).

COLLECTIVE OPINION OF RESEARCH NEEDS

Two recent studies of research needs as defined by practicing engineers were conducted (6,7).
A synopsis of these study results is given here, but the reader is urged to review the full
papers.

Hudson FHWA Study

In 1990 and 1991, 200 practicing engineers from the United States and 20 other countries
were surveyed to determine priorities for research needed to better implement pavement man-
agement. The survey produced more than 400 research problem statements on short-term
needs (4- to S-year time frame) to implement better pavement management and long-term
needs (15- to 20-year time frame) to develop better pavement management.

Hudson and de Solminihac (6) compiled, summarized, and evaluated these research needs
statements. Their work formulates a rational research program to improve pavement
management as envisioned by a large group of practicing engineers involved in all aspects of
pavement management and at all levels of application. The items shown here received high-
priority responses among a significant number of practicing engineers.

There were 204 responses, with 101 unique responses describing long-term opportunities
for innovation and research needs within the pavement management area. The top-priority
items are summarized by category in the following groups.

e PMS concepts (10 responses)
1. Standardize PMS concepts.
2. Establish methods for better data exchange between relational data bases to inte-
grate design, inventory, and PMS data.
3. Implement total quality management within PMSs.
4. Develop a better understanding of and define pavement life cycles.
¢ Inputs and data collection (37 responses)
5. Develop automated distress surveys.
6. Develop the use of geographic information systems (GISs) to integrate vast amounts
of PMS data.
7. Develop a rapid automated system to determine pavement structural capacity.
e Qutput and performance models (27 responses)
8. Develop improved performance curves.
9. Correlate pavement performance to pavement design, construction, maintenance
strategies, and other factors.
10. Relate pavement performance to truck damage and user cost.
11. Evaluate and improve existing pavement performance or life-cycle prediction tech-
niques.
12. Develop better distress prediction models.
® Materials and behavior (23 responses)
13. Develop alternatives to asphalt derived from crude oil for use as resurfacing mate-
rials and for building pavements.
14. Produce longer-life pavements by using better materials.
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15. Quantify the effects of overloading pavements,
® Pavement design consideration (14 responses)

16. Develop an accurate, comprehensive method of pavement and rehabilitation
design.

17. Develop mix design procedures that can relate laboratory properties to pavement
performance.
¢ Maintenance and rehabilitation subsystems (15 responses)

18. Determine the performance of rehabilitation measures under varied and combined
environmental conditions.

19. Evaluate the effect of maintenance strategies on pavement life and behavior of all
pavement structures.
* Economic and cost analysis subsystems (24 responses)

20. Improve economic and user cost analyses and interaction of PMSs with priority
construction projects.

21. Simplify, emphasize, and improve PMS budget optimization.

22. Determine the total return on investment from PMS development.
* Implementation and institutional issues (40 responses)

23. Standardize PMS use in order to group regional and national PMSs, and develop
the ability to communicate between different PMSs.

24. Integrate all infrastructure management systems into a central management system,
and standardize the use of data.

25. Interface PMSs and GISs with performance prediction models.

26. Incorporate highway engineers’ experience into PMSs by using expert systems.

27. Market PMSs better.

28. Make more efficient use of PMSs.

29. Evaluate effectiveness of available PMSs.
® Other issues (14 responses)

30. Improve education of executives (e.g., municipal administrators and policy makers)
in the purpose and benefits of PMSs.

For inputs and data collection, the main interest of survey respondents was the development
of automated pavement condition data collection methods and the use of new data collection
technology, such as weighing in motion and GISs. Some interest was shown in other areas of
the data collection process, including traffic, deflection, and roughness data.

For the category of implementation and institutional issues, the concern changed from
short-term to long-term. In the short-term, respondents identified the need to fully implement
comprehensive pavement management and to establish training programs not only for
technical personnel, but also for PMS decision makers. The main long-term concerns dealt
with integrating all infrastructure management systems within highway agencies and stan-
dardization of PMSs and reference systems to permit better communication among systems.

In the area of economic and cost analysis subsystems, respondents expressed a concern for
better understanding the full economic and life-cycle cost over the life of the pavement, par-
ticularly a better understanding and integration of user cost. Other concerns were expressed
about quantifying the benefits of pavement management, particularly the benefits of devel-
oping a PMS and of improving the budget optimization subsystem of a PMS.

In the category of PMS concepts, the main concern for the short term and long term was
the need to standardize PMS definitions and concepts. The need for better information ex-
change between various systems and agencies using PMSs was expressed, as well as the need
to improve quality management in order to yield more reliable results.

International Society for Asphalt Pavement Study

The Futures Committee of the International Society for Asphalt Pavements (ISAP) was
formed in 1990 to provide information to aid in the consideration of future directions for as-
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phalt pavements. A draft report, Focus on the World Future for Asphalt Technology, was
prepared in August 1990. It examined forces shaping our future environment; identified key
political, economic, social, and technological issues; and discussed future strengths, weak-
nesses, opportunities, and threats. A final report was issued (7), which also contained the re-
sults of a survey of ISAP members on many of these key issues. The survey responses provide
assistance in the development of research priorities.

The key issues in the questionnaire were classified into environmental, social, public
policy/political, technical and economic categories. The issues posed required a yes or no re-
sponse, a determination of priority (high, medium, or low), and the respondent’s assessment
on a scale of 1 (low) to 10 (high) of his or her degree of knowledge of the issue. The identity
and address of the respondent were requested.

For each issue, the percentage of yes responses is indicated in the following list. The
priorities in these categories are expressed as percentages of high priority. The top seven is-
sues were identified by more than 90 percent of the respondents, with more than 50 percent
of these respondents indicating that the issues should be considered a high priority. Three
other issues were identified by 80 to 90 percent of the respondents, but still with more than
50 percent of respondents indicating that the issues should be considered a high priority.

Following are the top 10 issues identified, arranged in decreasing order of respondent
support.

1. Structuring end-result specifications so that contractors can be held accountable for
performance (98 percent/75 percent);

2. Determining benefits and costs of adding reclaimed materials to asphalt mixes (93 per-
cent/91 percent);

3. Establishing conditions under which clear advantages can be gained by the use of
modified, engineered, or premium asphalt cement binders (96 percent/71 percent);

4. Speeding up introduction and client acceptance of innovative materials, equipment,
and procedures by the construction industry (93 percent/67 percent);

5. Communicating the economic importance of pavements to the public (98 percent/66
percent);

6. Developing specifications for long-term performance guarantees of paving work
(96 percent/58 percent);

7. Determining premature asphalt paving failures in new construction or in maintenance
interventions involving a lack of education or training (91 percent/54 percent);

8. Determining the availability and extent of education and training in the asphalt paving
field (89 percent/61 percent);

9. Identifying fumes from asphalt plants and asphalt mixes and their possible effects on
the health of the public and workers in the paving industry (85 percent/59 percent); and

10. Maintaining and/or increasing industry productivity combined with improved quality
and performance of asphalt pavements (83 percent/56 percent).

FUTURE OF PAVEMENT MANAGEMENT

We have learned a lot in the 25 years in which some form of PMS has been available. We have
learned that a sound technological base plus good data; a staging requirement for
implementation; and alternatives, deterioration models, and life-cycle economic evaluation
are essential elements of a PMS. The following list provides some key things learned from
25 years of pavement management experience (8).

Even more interesting is a list that shows the activities and decisions within a complete
pavement management structure. This generic form can be applied to other infrastructure
components, such as water, sewer, bridges, and so on. The structure of this list needs to
“remain reasonably stable as we develop future technology. This does not hamper progress.
Instead it provides a consistent philosophy for identifying technology improvement needs and
realizing the benefits of such improvements.
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What has been learned from the PMS process:

® The framework for and component activities of pavement management—the PMS
process—can be described on a generic basis.

¢ Existing technology and new developments can be organized effectively within this
framework.

* The PMS process allows complete flexibility for different models, methods, and proce-
dures.

* Pavement management operates at three basis levels: network, project selection, and
project.

* A sound technological base is critical to the process and its effective application.

What has been learned from using PMSs:

¢ Development and implementation of a PMS must be staged.

e Staging facilitates understanding and acceptance by various users.

* Options almost always exist and should be evaluated on a life-cycle basis; therefore, we
need models for predicting deterioration of existing pavements and for developing main-
tenance and rehabilitation alternatives.

* Pavement management can make efficient use of available funds; however, this will not
save a network if funding is below a particular threshold.

* Good information is essential to the effective application of a PMS.

Issues To Address

Several issues and needs must be addressed so that PMS technology continues to pro-
gress:

* Resolve the effects of different organizational structures.

* Identify the requirements and directions of local PMSs versus state and federal systems.

* Establish benefits of pavement management in quantitative terms.

* Integrate pavement management with maintenance management and other areas and
levels of transport system management.

In addition, the following issues related to the pavement management process must be
resolved:

¢ Establish relationships between pavement management and other facilities and infra-
structure management systems, and methods for comparing results.

* Effectively use automation in data acquisition and processing, decision making, con-
struction and maintenance operations, and so on.

* Develop better interfacing between network and project levels of pavement manage-
ment,

* Develop better methods to estimate existing pavement deterioration and maintenance
and rehabilitation treatments.

* Develop better ways to evaluate the effects of different vehicle weights, types, and
dimensions.

Clearly, good PMS implementation and application must continue, but new ideas and
innovation also are needed. No innovative, open-ended PMS research is currently under way
anywhere in the world, and such research is critical. Following are the essential elements of
renewing innovation in pavement management:

1. A source of funds in chunks of reasonable size; for example, $500,000 over 3 years;
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2. Dedicated, zealous researchers and small interdisciplinary teams to handle such areas
as pavements, economics, and statistics;

3. Reasonable flexibility and freedom for research teams;

4. Sponsors willing to accept failure as an outcome;

5. Open-minded, small groups of advisors to interact with and advise teams, but not to
dictate or control them; and

6. Trust placed in research teams.

Future of PMS Technology
Following are expectations and needs of future PMSs:

Complete economic analysis, including user costs, will be used.
Definitions and terminology will become standard.
Routine use will be made of the Global Positioning System and GISs.
Routine use will be made of true performance specifications.
Warrantied pavements will be common,
Required courses will be taught in infrastructure management concepts: planning, de-
sign, construction, maintenance, and rehabilitation.

7. Integrated management systems will be routine.

8. Pavement assets will be valued monetarily to induce a profit motive.

9. Statistically correct network sampling data supplemented by detailed project data and
very detailed research data will be needed.

10. Continuous monitoring to provide loads, pressures, and traffic volume will be nec-

essary.

Oniizni-h O [DRRS

Changes To Expect

Advances in PMS technology will come from incremental improvements in current tech-
nology, changes in the PMS process, greater use of PMSs, new equipment and methods, and
application of new technologies. New equipment and methods, along with their automation,
offer some promising opportunities. They can improve PMS technology, particularly in pave-
ment construction and maintenance.

Pavement evaluation, for instance, currently uses laser, optical, and acoustical methods to
measure profile or roughness. Automated, image analysis—based methods to measure surface
distress are coming on the market. High-speed deflection-measuring methods are somewhat
further off, but should become available in the 1990s.

Promising technologies for construction and maintenance will mainly involve robotics for
equipment and microelectronic-based automated control procedures. An example of promis-
ing new technology in construction is the development of a different method for accom-
plishing asphalt compaction.

Among the new technologies being considered, none has received more attention than
the application of knowledge-based expert systems. These systems permit encoding of the
accumulated experience of experts in various areas.

SUMMARY

Unless solved, existing problems in research will limit the development and application of
PMSs. The authors propose solutions to these problems, which they believe will facilitate the
advancement of pavement management.

1. Problem: There has been no major research on the pavement management process in
the past 10 to 15 years.
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Proposed solution: Funding should be generated immediately for a 3-year, $1 million
project by NCHRP or FHWA to fuel basic improvements in PMS concepts and processes.
2. Problem: The expansion of PMS technology during the past 20 years occurred without

an adequate review of previous advances, which created inconsistent definitions of terms used
worldwide.

Proposed solution: We must develop and adopt standard definitions of terms and use
these definitions uniformly worldwide.

3. Problem: A return to normalcy is needed. Political forces seem to have taken control of
pavement research and the application of PMSs.

Proposed solution: Leadership in research must be returned to strong technical per-
sonnel involved in pavements and PMS development.

4. Problem: Pavement managers often do not consider the total cost of PMSs.

Proposed solution: Research must be conducted to better determine the place of user
cost in life-cycle costing and to assist in PMS implementation.

5. Problem: The idea that any engineer can carry out or supervise research is growing at
high levels in organizations.

Proposed solution: It is necessary to restore the understanding that developing research
skills requires experience, education, training, and such tools as advanced statistics, analy-
sis, and so forth.

6. Problem: Some people believe that major research programs sometimes involve
research contractors that are not considered trustworthy and that require extremely close
supervision by nontechnical sponsor personnel.

Proposed solution: Strong efforts and cooperation are needed by research personnel
and sponsors to correct this erroneous perception.

7. Problem: Information from advertisements in industry newsletters is being confused
with valid implementation information,

Proposed solution: The industry must face reality in the success of new research and be
honest about the level of implementation possible.

8. Problem: Six mandated systems at the national level exist in the United States, but there
is no information on how the systems should be integrated.

Proposed solution: It is important to conduct major programs to define methods of in-
tegrating individual management systems into the required overall transportation man-
agement system.
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Institutional Challenges:
An Agency Viewpoint

Wesley E. Wells, Metropolitan Transportation Commission

organization (MPO) for the San Francisco Bay Area in California. Its area of respon-

sibility spans 9 counties, 98 cities, 7,000 mi’, and 6 million people. There are 1,400 mi
of state highways and 18,000 mi of local roads in the region. In addition to the cities and
counties, 35 agencies have direct responsibilities in planning, programming, managing, and
operating the transportation system. Unlike many MPOs, MTC has statutory powers and
responsibilities directly related to the region’s transportation system,

MTC, in concert with three cities and three counties, designed and implemented a pave-
ment management system (PMS) in 1985, which was tailored to the needs and resources of
local agencies. During the past 10 years MTC has supported this system through quarterly
user meetings, technology transfer seminars, and a newsletter. Hotline support has been pro-
vided when users have problems operating the system. User documentation and ongoing
training have been extensive. The PMS itself has been responsive to user needs and has con-
tinually been improved and upgraded to incorporate user suggestions, including network
plotting capability; project-level evaluation procedures; concrete pavement analysis; sum-
mary reports, including a budget options analysis; and long-term impact assessment. The user
base has grown over the years, and today 65 Bay Area cities and counties are using the sys-
tem. In addition, more than 100 local jurisdictions nationwide have used the system.

The Metropolitan Transportation Commission (MTC) is the metropolitan planning

AN MPQO’s VIEWPOINT

MTC’s perspective in supporting the Bay Area’s PMS program focused on building a credible
system, because reconnaissance of local pavement maintenance practices in the early 1980s
indicated that many systems had been initiated but abandoned. In addition to ongoing sup-
port, at the heart of the MTC perspective was a resolve to use the outputs of the system to
develop multiyear pavement maintenance and rehabilitation programs. This resolve in most
cases required extensive policy support, because revenues were generally less than 50 percent
of what was required.

131
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The dual perspective focusing on local streets and roads and translating PMS outputs into
policy does not appear to have received sufficient attention at conferences, in PMS training
sessions, or in the literature. A survey of those attending the 1987 conference in Toronto
indicated only a handful of local representatives. The registration list for the 1994 conference
in San Antonio reveals the following breakdown: federal and state representatives, 50 per-
cent; consultants, 25 percent?research and academic representatives, 15 percent; and regional
and local representatives, 10 percent. Though local representation increased substantially
from the previous conference, a representation of three MPOs and about 235 cities and coun-
ties is too small when comparing the 1 million mi of highways under state and federal
responsibility with the 3 million mi of roads under local responsibility in the United States.

Unfortunately no data are available on a national scale that distinguish pavement condi-
tions and needs of state and federal transportation systems from those of local systems. The
Highway Performance Monitoring System gathers pavement condition data on federal-aid
highways but does not separate information on federal-aid systems under local responsibil-
ity. A 1993 report to the U.S. Congress on the status of the nation’s highways indicates that
40 percent of the pavements in the Interstate system are in fair to poor condition (present
serviceability rating of 0 to 3.4), whereas 60 percent of the arterials and collectors are in this
condition. Though arterial and collectors under state and federal jurisdiction are not
separated from those under local jurisdiction, Bay Area data indicate that the gap in pave-
ment condition is even wider.

There is little PMS literature on translating PMS output into financed maintenance and
rehabilitation programs. Most of the literature focuses on pavement management as a tool
and on data and analytic issues. The focus of implementation issues in the literature usually
is on getting the tool implemented rather than used.

MTC has charted the progress of its 65 users for the past 10 years. Though high marks
can be given to agencies that have sustained their commitment to using the PMS, a dis-
appointingly low number have moved through the following seven steps for implementing
a PMS:

Getting organized;

Gathering, editing, and entering data;

Analyzing data;

Evaluating data and developing programs;

Seeking program and budget approval;

Convincing policy board to adopt and implement a program and budget; and
Moving to next cycle.
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Less than 20 percent of users have managed to get past the two toughest steps, 5 and 6, and
move to the next annual cycle. Major reasons revolve around reluctance or inability to pre-
sent effective arguments to their policy boards.

RECOGNIZING OPPORTUNITIES

Effectively translating PMS output into policy requires much more than producing good
summary graphics. A key component of obtaining required policy actions is to recognize
opportunities and take advantage of them. Four factors revolving around the national shift
in emphasis from systems expansion to better managing existing systems must be used to
make the argument that pavement conditions are deteriorating and funding must be
increased.

e The Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) requires states
to develop, establish, and implement six management systems, including PMSs. Because more
than 20 years of experience has gone into developing and implementing PMSs, these systems
should serve as a model for other asset management systems. Further, states must work
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cooperatively with MPOs. This provides an excellent opportunity for PMSs to bridge the
gap between state and local pavement management and to manage these pavements in one
system.

e Flexible federal funding is available. ISTEA requires state PMSs to cover all federal-aid
highways regardless of jurisdictional control. This increases coverage from 300,000 mi of
highways under state control to 900,000 mi when federal-aid highways under local control
are included. If PMSs are to make an impact on investment decisions, the opportunity to
determine needs on the full 900,000-mi system and to allocate eligible funds across the entire
system should not be missed.

e Institutional issues are tougher than technical ones. Jack Kinstlinger, in the preface to
TRB’s Special Report 237: Moving Urban America, states

There is ample evidence to show that, given sufficient funding, we have most of the knowledge
and skills to solve the technical problems . . .. The more difficult and vexing challenges have
always been the institutional ones of achieving effective decision making among different
advocacy groups, and power sharing among federal, state, and local elected officials, and bring-
ing together and synthesizing vastly different sets of values and priorities.

If this view is accepted, more attention and resources will be spent on what happens after
a PMS has been implemented.

Partnerships Can Help Deal with Institutional Issues

MTC has organized more than 35 transportation agencies in the San Francisco Bay Area into
a partnership. This group has been meeting every other month for more than 2 years to grap-
ple with the issues of planning, financing, programming, managing, and operating trans-
portation as a single system, Multiagency programs and projects as well as new ways of doing
business are being established. Legislative, planning and programming, and systems opera-
tion and management committees have been organized to help overcome parochialism,
unimodal planning, and lack of environmental considerations. Individual federal, state, and
local interests are being replaced by a broader transportation system perspective.

BUILDING A CREDIBLE PMS PROGRAM

A danger in focusing only on what happens after a PMS has been implemented is that the tool
itself or the factors to be considered in designing the tool may be underemphasized. The most
important factor in successfully selling a PMS to upper management and policy makers is
credibility. If a system lacks believability or the individuals responsible for explaining how
results were determined do not understand how the system operates, chances of getting
management and policy-level support are diminished.

In the early years of building MTC’s PMS, several guiding principles helped sustain the
program and increase the number of users. Keeping the concepts simple and building the sys-
tem modularly allowed maximum user input so that the system could be developed to meet
local needs. It was clear in the early 1980s that many systems had been developed primarily
for state transportation departments with fairly rigorous levels of inputs and resources. The
analytic concepts, data, and resource requirements were unsuited for city and county needs
and capabilities. This was particularly true for smaller jurisdictions with less than 50 mi of
streets, which represented about a third of Bay Area jurisdictions.

The guiding principle that helped MTC focus on translating pavement needs into policy
was to link these needs to budget capabilities. After the 5-year projection of needs was refined
with more detailed project-level analysis, MTC prepared a budget options report for local
jurisdictions. The key element was to examine the historical level of pavement expenditures
and to project this over S years to correspond to needs or costs. Three budget scenarios were
estimated to measure impacts. The first was an unconstrained estimate in which all PMS-
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estimated pavement needs would be handled. This meant that the backlog of unrepaired
roads would be eliminated and all roads would be brought up to good condition. The second
was a minimum budget that would at least keep the jurisdiction from falling further behind
in backlog and in total network-level conditions. The remaining budget scenario was some-
where between the first and second. Most jurisdictions were facing a budget increase just to
get to the hold-your-own level.

As stated previously, the condition of Bay Area pavements was poor because of years of
deferred maintenance. The level of budget shortfalls indicated a need to seek additional
revenues. Probably the most important factor that characterizes successful PMS users in the
Bay Area is the presence of a PMS champion: in an agency; that is, someone who not only
persevered in gathering pavement condition data and in processing them through the PMS,
but who also used the estimates of pavement needs to develop a 5-year recommended main-
tenance program. In addition, these PMS champions convinced upper management and
policy makers to support revenue increases so that the program could be implemented.

SECURING FUNDING

Once an agency secures a credible technical program and a PMS champion, the agency must
sell the PMS. This is the toughest hurdle. Even though the PMS champion usually is an engi-
neer or at least a technically oriented person who has a good grasp of PMS concepts, this is
not what upper management and policy makers are interested in. Two extremely important
lessons must be learned from this dilemma. First, building credibility, developing support for
improving pavement conditions, and getting policy approval for revenue increases is not a
one-shot deal—it usually takes years. Second, the frame of reference of upper management
and policy makers must be completely understood and taken into account when developing
a strategy for selling a PMS program.

Unfortunately, these lessons generally are learned through trial and error. What further
complicates the effort is that situations differ from agency to agency. Efforts by state trans-
portation departments to sell pavement maintenance and rehabilitation programs are quite
different from such efforts by cities and counties. Generally, state-level allocation decisions
involve carving up the transportation dollar, whereas local jurisdictions also must deal with
a variety of competing claims outside transportation. In addition, at the state level the trans-
portation system is understood in terms of the value of the investment, and there usually is a
strong appreciation for the need to preserve that investment. The much tougher sell generally
is to cities and counties in which 4-year office holders are besieged by demands for immedi-
ate funding increases for fire and police departments, education, and social programs. This
often leads to the temptation to borrow money earmarked for long-term needs to pay for
short-term ones, which has been demonstrated in the Bay Area, where a backlog in pavement
repairs was documented at $300 million to $500 million in the early 1980s.

Recognizing the difficulty of selling a pavement repair program helps focus attention on
which strategies and arguments should be used. Successful Bay Area programs generally used
the following approaches:

* Involving public information and legislative staff.

¢ Gearing presentations to the audience, preferably keeping presentations brief—no more
than 15 min if possible.

* Appealing to protect what is probably the local jurisdiction’s largest investment—its
pavements. Included here is the annual maintenance recommendation, a percent of total
network replacement cost, which should be less than 2 percent.

® Summarizing the impacts of various expenditure levels, particularly what will happen to
backlog and overall network pavement condition, and using the deterioration curve and
emphasizing the “pay a little now or a lot more later” concept.

* Documenting the benefits to be gained from implementing the recommended repair
program, particularly in terms of the types of repairs on specific streets, and holding work-
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shops to explain basic concepts; providing tours of specific sites to show examples of prob-
lems and solutions; and making comparisons with neighboring jurisdictions, particularly if
they are doing a better job of managing pavements.

¢ Providing options for the kinds of decisions being sought, both in terms of changes in
annual budget levels for pavement repairs and in locating new sources of revenue.

'This list should help PMS supporters organize and formulate a plan of attack. But they should
not get frustrated if results are less than anticipated. Increasing taxes and pulling funds from
other programs are not easy decisions. What is being sought usually requires reversing years
of a different way of doing things. It probably will be necessary to take risks or to be
confrontational in a polite way.



Institutional Challenges:
An External Viewpoint

Kathryn A. Zimmerman, ERES Consultants, Inc.

oday the world is a very different place than it was only 20 years ago. If we look

around us, we can see technologies that were either not available or that have changed

dramatically from just a few years ago. Consider, for example, the computers we work
on today. It wasn’t that long ago that FORTRAN was taught in colleges and universities as
the computer language for engineers. We worked on a mainframe computer and were
required to keypunch each program line on an individual card, which was then fed into the
computer. We sat back and waited while our stacks of cards were processed and hoped that
none of them would get bent and that our stacks would run the way they were supposed to.
Students aren’t taught that way anymore. Today, most colleges and universities have
computer rooms so that every student has access to a personal computer with capabilities we
would not have dreamed of. Some colleges and universities even require incoming students
to purchase a computer when they enroll. These changes are reflected in the ways we work
today as practicing engineers.

Other changes have taken place over the past 20 years. Look at the way we view govern-
ment today: It has changed dramatically. Some say these changes are a result of the Water-
gate scandal that arose during the Nixon administration. Before then, our elected officials
were considered respected leaders and were almost untouchable. This is no longer the case.
The public is not as trusting of elected officials and often is cynical in its view of government
agencies. It’s almost as if people look for something to support their theory that government
agencies are wasting large sums of their tax dollars. And elected officials are having to defend
their decisions.

Today, the public is asking for, and expecting to receive, accountability from its leaders and
government agencies. How does this affect those of us involved in managing pavements?
Elected officials are asking us to justify our pavement repair recommendations and the
expenditure of dollars for those repairs and to explain the reasons for the decisions we’re
making. We’re having to explain our engineering decisions in accounting terms.

As a result of this pressure, we’ve seen changes in the legislation that affects the way we
operate our agencies. Recent legislative changes are intended to improve the performance of
statewide and metropolitan transportation systems through preservation and operational and
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capacity enhancements. The legislation requires the implementation of six management
systems to ensure that the performance of current and future transportation systems is
optimized. This legislation, which has caught the attention of many transportation agencies,
is changing how they will evaluate and select pavement rehabilitation projects, especially at
the local level.

One change that began to be recognized at the last pavement management conference is
the importance of these institutional issues to the success of our system implementations. We
are no longer at a point at which technical issues are the driving force for implementing
pavement management or for forcing operational changes within our organizations. Today
nontechnical factors often have more of an impact on the success of pavement management
systems within our organizations and on the acceptance of our programs by elected officials
who control access to funds.

The question becomes, How do we react to these changes and what organizational and
institutional challenges do we face when trying to deal with these changes? I believe the
challenges we face can be categorized into five principal areas:

Communication,
Education,
Quality,
Teamwork, and
Innovation.

R [

Only by looking at these areas will we be able to adjust to the changing environment in which
we must operate.

The first challenge is in the area of communication. A network of communication exists
that can link individuals throughout the world in seconds. This access provides an oppor-
tunity for us to learn about new procedures, activities, and ways of thinking about solutions
to the problems we’re facing.

Within our organizations, communication between employees is critical. The integration
of management systems means that we will be communicating with individuals from differ-
ent disciplines, and we must be able to work toward a common goal, a common vision.
Therefore, we have to learn to communicate with different types of people and convey our
technical information in ways they will be able to understand. We also must strive to improve
our communications with the public, our primary customer. We must be able to address
people’s concerns and interests in an objective, systematic way to earn their trust. Pavement
management is a tool that will help us communicate on a common basis and reach consen-
sus with the diverse groups of people that have an interest in our decisions. One particular
agency has linked its video from its condition survey to its computerized data base. This
means that when a resident calls with a complaint about a road, an agency representative can
view the latest video of the section while the resident is still on the phone. This has greatly
increased the agency’s responsiveness to the community.

The second challenge we will need to address is access to continuing training opportuni-
ties for our employees. As technology changes and we learn about new approaches to solv-
ing our problems, we have to provide our engineers with training opportunities so that they
can incorporate these advances into their day-to-day situations. The Federal Highway
Administration is making a strong commitment to training pavement management engineers
at both the state and local levels, through conferences and new training courses. In the past
few years we have seen courses for university professors, advanced PMS courses, train-
the-trainer classes for local agencies, and a new textbook by Ralph Haas, Ron Hudson, and
John Zaniewski. It becomes our responsibility as leaders within an organization to provide
opportunities for people to participate in these technology transfer activities and to recognize
this as an ongoing need because technology always changes.

The third challenge is to improve the quality of the processes we use to manage our high-
way networks, city streets, and airports, as well as the way we run our agencies on a day-
to-day basis. We have to look at long-term strategies when we make decisions about pave-
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ment rehabilitation programs and consider the impact of intermodal opportunities. We must
consider life-cycle costs, user costs, and other factors in our analytical programs and focus
our attention on selecting the most cost-effective long-term strategies.

We also need to understand existing processes before we can improve them. We have to
understand how decisions made in one part of an organization affect other parts of the
organization and learn to identify all the customers of our pavement management systems
and ensure that the systems we are implementing address as many of their needs as possible.
We must understand our processes well enough to understand the difference between
improving systems and reacting to changes so that we can be proactive rather than reactive.
We have to recognize that pavement management is a process, not just a computer program.
This means we need to define the goals and objectives of the process and use them to
determine the data and methodologies required by our systems.

In addition, we must learn to work as part of a team if pavement management is going to
be effective within our organizations. William Connor mentioned that the most successful
implementations were developed with team input. The new legislation requires the imple-
mentation of six management systems; therefore, six areas with their own needs and priori-
ties will be fighting for the same limited funding. We must work as teams to ensure that we
do not introduce redundancy into our operations or duplicate efforts between divisions and
to find creative solutions to problems. We must work together to integrate systems within our
organizations. From all our experience with implementing pavement management, we have
information that will benefit other groups within our organizations that are struggling
to comply with the requirements of the Intermodal Surface Transportation Efficiency Act
of 1991.

Finally, we must continually challenge ourselves to think creatively and to strive for inno-
vation within our organizations. Ron Hudson mentioned the importance of research to keep
innovative developments going. We must create and maintain organizations that accept rea-
sonable amounts of risk and encourage employees to try new ideas and look for better ways
to do things. For change to occur, we have to take risks, and to take risks, we have to feel safe
and trusted, not defensive and protective. It is our responsibility to find ways for this to
happen.

Do I believe we can meet these challenges? Yes, even though these aren’t the kinds of things
engineers are used to dealing with. I believe that through such opportunities as this con-
ference, where people from around the world come together and share their experiences,
knowledge, and successes, we will truly address the challenges ahead of us. In many cases,
the people who have obtained pavement management acceptance in their organizations used
innovative approaches. Opportunities are available today to make pavement management
reach its potential, but we’ll need to prepare ourselves with broader capabilities than
we’ve had in the past. The challenges are there, but engineers are problem solvers, and
I'm confident that we can overcome these challenges and continue to move pavement
management forward.



Key Challenges for the Future of
Pavement Management

Ralph C. G. Haas, University of Waterloo

received some new information from it, and the conference has generated some
ideas. But perhaps most important, everyone will take something home that will
help them and their organizations.

I have the honor and pleasure of providing some closing remarks. We have heard many
speakers and workshop groups either directly or indirectly address key challenges for the
future of pavement management. My comments are “borrowed” from them to some degree,
but they also represent my perception of these challenges.

Dean Carlson, in his opening address, said that the focus of the 1985 conference was to
teach, that of the 1987 conference was to implement, and that of this conference was to use.
And from what we have heard here, many federal, state/provincial, and local agencies around
the world are making effective use of pavement management.

So what is the challenge for the future? I would suggest to you that the biggest challenge
is to advance, and I would further suggest that this be considered the theme for the next
conference.

Advance in what way? Certainly there will be incremental improvements in many tech-
nical and institutional areas, but we need quantum advances in the following areas:

‘ J { J e have had an excellent conference. From everything I hear, all participants have

e Using pavement management to prove that we are making wise investments (this
conference is a start);

¢ Dealing with high staff turnover and educating new people, from senior administrators
to entry-level people, in the process and technology of pavement management;

e Integrating the pavement management network and project levels;
Planning, designing, and building better and longer-lasting pavements;
Creating and implementing new technology;
Creating a better climate for innovation, including the acceptance of risk; and
Resolving institutional barriers.

Another key challenge is to retain pavement management as a distinct entity. We all rec-
ognize the need for integration with other infrastructure components, but there is a danger
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of losing sight of the importance of the technical underpinnings of pavement management.
There is a further danger of pavement management being submerged in the broader spectrum
of asset management, where it could be seen only in terms of information or data supply—
that is, simply as part of accounting. This in no way is meant to diminish the importance of
nontechnical, such as institutional, issues.

Challenges also represent opportunities. I suggest that there are tremendous opportunities
for the new, younger people coming into this field. We all know the Hudsons, Finns,
Monismiths, Darters, Patersons, Lyttons, Ullidtzes, Hickses, and many others, and I hope
that history will see me included in that group. These people can justifiably take pride in what
they have accomplished in the development of the pavement management process and tech-
nology and in its implementation. From this conference, however, we have left you with as
many problems to solve and as many improvements needed as we were able to tackle.

For the new people coming into this field; for many of you who still have a lot of time,
energy, interest, and enthusiasm left; and for the people I mentioned—I challenge you to seize
the opportunities and advance the process, technology, and use of pavement management.
Keep pavement management dynamic; innovate; resolve your institutional barriers; educate
the new people, including new administrators; strive for quality; communicate; take risks; be
proactive, not reactive; and make pavement management a truly effective decision support
tool for all agency levels.

In closing, I believe that the key pavement management challenge not only is to continue
to teach, implement, and use, but also to advance, not only incrementally but also in a
substantial way. I hope that the next conference in this series, whether or not it uses
advancement as a theme, will show that major and substantial advances in pavement
management have indeed occurred.
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