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Foreword 

T his proceedings contains papers presented at the 
Seventh American Association of State Highway 
and Transportation Officials-Transportation Re

search Board Maintenance Management Conference held 
in Orlando, Florida, July 18-21, 1994. The objective of 
this series of conferences is to provide a forum every 4 to 
5 years for the exchange of new ideas and developments 
in the maintenance and operations management of trans
portation facilities. The conference was hosted by the Flor
ida Department of Transportation and jointly sponsored 
by the American Association of State Highway and Trans
portation Officials, the Transportation Research Board, 
and the Federal Highway Administration. 

The papers are grouped into sections on maintenance 
management, roadside maintenance, snow and ice con
trol, pavement maintenance, bridge maintenance, and en
vironmental maintenance. The maintenance management 
section addresses the topics of customers' viewpoints, data 
collection technologies, integration with other manage
ment systems, strategies for managing expenditures, and 

ways to maintain a responsive maintenance management 
system. Issues involved in worker exposure to herbicides 
are discussed in the roadside maintenance section. The 
snow and ice control section presents information on the 
Swedish winter maintenance system, technologies in Eu
rope and Japan, and overseas use of deicing and prewet
ting procedures. The pavement maintenance section de
scribes the use of deflection measurements to manage 
network maintenance in England, institutional issues in 
the implementation of pavement management systems, 
maintenance for life cycle-designed pavements, and evalu
ation of pavement maintenance materials, procedures, and 
equipment. The tracking of maintenance activities in 
Pennsylvania's bridge management system is discussed in 
the bridge maintenance section. The environmental main
tenance section provides information on roadside litter 
programs, effects of regulations on highway maintenance, 
training for hazardous materials management, and strate
gies for storm water management. 
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Maintenance Management from the 
Customer's Viewpoint 

Jerry Miller, Minnesota Department of Transportation 

Technicians in the maintenance operation field must start 
thinking like their customers and use measurements to meet 
the customer's expectations. In 1991 the Minnesota Depart
ment of Transportation (MnDOT) began developing a busi
ness plan to improve its customer orientation. MnDOT's 
maintenance staff developed a mission statement, and to 
guide it in defining maintenance products and services were 
defined as outcomes. These outcomes include smooth pave
ment, roadways clear of obstructions, pleasing roadsides, 
highly visible signs and stripes, and the availability of motor
ist services. Pilot tests have been implemented through the 
district offices of MnDOT to assess products and services 
and methods of evaluating those services. This is in addition 
to the measurement of inputs and activities within the present 
maintenance management system. Customer research has 
also been initiated to further define products and services and 
to help MnDOT evaluate its response to customer concerns. 

T he problems we face today seem to have always 
been with us: increasing public demands, increas
ing operational costs, decreasing budgets, deterio

rating infrastructure, increasing traffic congestion, and 
increasing traffic volumes. Legislators and other leaders 
are telling us to cut costs, to make the equipment last 
longer, to reduce the work force, to take on new programs 
without adequate funding, and to measure outcomes that 
really make a difference to the public. 

In 1991 the Minnesota Department of Transportation 
maintenance staff reviewed these customer issues. We al
ready had a maintenance management system that seemed 
to measure everything related to maintenance, such as 
tons, miles, number of signs, and overtime hours. We also 
had a cost-accounting system that could generate a lot of 
numbers. But these systems would not help us manage all 
the issues confronting us. 

We started looking at maintenance activities from the 
customer's viewpoint. Customers can and will tell us if 
we are successful in maintaining the transportation system 
they use. They can determine whether we stay in the main
tenance business or whether budget and prioritization 
pressures will prompt them to try someone else. 

The following story illustrates the point of this paper. 
The state maintenance engineer received a telephone call 
from a citizen who owns a house along the state highway. 
She stated that her house shook due to the potholes. 

The state maintenance engineer called the district engi
neer, who notified the appropriate maintenance crews. 
The maintenance crews repaired the potholes quickly. 

A week later the lady called the state maintenance engi
neer saying the maintenance crews were out and filled the 
potholes but her house still shook when the semis went 
by. The maintenance crew had fixed the problem the nor
mal way by leaving the material high. The crew was sent 
back with the message to make it smooth. 

Our usual way of doing business, whose success is mea
sured by the number of filled potholes, was not what the 
customer wanted. The customer measured our perform
ance by smooth pavement. 

Here is another example: during a major snowstorm, 
we gather and monitor information on the tons of salt 
and sand used, dollars spent, overtime costs and hours, 
number of trucks deployed, and so forth. These are not 
the direct concerns of our customers. When the customer 
calls, he or she wants information on when the roadway 
will be safe at a normal driving speed, whether it is safe 
to drive now, how long it will . be before ice and snow 
are completely cleared, and the roadway and weather 
conditions here and at the destination. 

With the customer's viewpoint in mind, MnDOT de
cided to develop a business plan. We hired a consultant 
to help us in this process. 

3 
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Our typical way of doing business was for the customers 
through the legislature and governor to supply the fund
ing. The maintenance department used the money on its 
activities. More money meant more activities. At the end 
of each fiscal year, legally our budget must be zeroed out. 
We have to spend it. Thus, we have focused our resource 
management on making our expenses equal our available 
funds. 

But the customers' viewpoint is that for their taxes, 
maintenance has to provide value in the form of products 
and services. They see the results by their interaction with 
the transportation system. The expense to us is the same 
(taxes, people, material, equipment, resources). But cus
tomers want to know if expenditures result in maintenance 
they value. 

Highway maintenance professionals must both balance 
the budget and determine the value of our activities to 
the customer (see Figure 1 ). 

The transformation model (see Figure 2) illustrates how 
MnDOT's maintenance process works. The funding buys 
inputs such as people power, equipment, materials, and 
money to perform maintenance activities. Maintenance 
personnel determine how to get the job done. Outputs 
are accomplishments measured in quantifiable terms, such 
as the number of acres mowed, miles overlaid, tons of 
mix used, tons of salt and sand, and number of signs 
replaced. Results or outcomes that our customers use to 
evaluate our performances include smoothness, ability to 
see, and visibility of signs and markers. 

As a beginning step in the business plan effort, 
MnDOT's maintenance staff developed a mission state
ment. It reads, "Our maintenance function mission is to 
ensure that Minnesota's existing highway system is struc
turally sound, safe, convenient to use, and attractively 
maintained." Three paragraphs following the mission sen
tence dealt with the need to keep up with technology, 
serve the customer, and develop our work force: 

Funding 

Results Expense Value To The Customer 

Zero 

(Budgets must balance) 

FIGURE 1 Combining budget and customer value processes. 

FIGURE 2 Transformation model. 

We will strive to be a national leader in the quality of 
our highway maintenance and provide Minnesota with the 
best possible value from its existing highway system. We 
will carefully select and manage our resources to give the 
best possible service for the funds available to us. We will 
analyze the underlying causes of highway maintenance, 
and identify ways these causes could be eliminated or re
duced. We will continually evaluate new maintenance tech
niques, methodologies, technology and materials, selecting 
those that will improve our quality and are cost effective. 
We will seek our partnerships with other public and private 
organizations that will enable us to provide more and 
better quality services. 

We will serve our customers by working to understand 
and meet the needs of the individuals and businesses who 
use or are affected by our highway system. We will be 
flexible and adaptable in identifying and providing new 
and enhanced services to meet our customers' changing 
needs and expectations. We will provide information and 
assistance that will help them use the system easily, safely, 
and conveniently. We will maintain an attractive highway 
system to minimize its impacts on those who use or live 
next to it. We will keep all our highway facilities in a safe, 
clean, welcoming condition. We will respect the environ
ment in which our highways are located. 

We will work with the Maintenance Function employees 
to maintain a healthy, challenging work environment. We 
will maintain a cooperative, flexible work environment in 
which the members of our diverse work force are respected 
as individuals and perform well as members of the team. 
Our people are our most important resource. We will iden
tify the skills the Maintenance Function will need to accom
plish our mission, and provide each employee with the 
opportunity to grow and develop these skills to their high
est level of ability. 

Our maintenance activities are listed in Figure 3. Seven 
basic products and services were developed. Our present 
maintenance management helps manage our activities but 
does not do much for monitoring how well we are deliv
ering our products and services. We had to develop a 
means to measure the products and services (outcomes). 

Measurements of the outcomes were reviewed by con
sidering the following factors: accuracy versus precision, 
relevance, timeliness permitting action, simplicity versus 
complexity, and the use of statistical measurements. We 
wanted the measurements to be understandable to the 
frontline workers since they will help obtain the outcomes. 
The measurements should help these people do their job, 
so sampling must be easy and accurate. The results have 
to be available to maintenance workers quickly so they 
can make good decisions. 

For example, we decided on five key areas of measure
ment for the "clear of obstruction" product/service: pre
vention of snow and ice accumulation, removal of snow 
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Activities (Example of Processes) Products and Services (Outcomes) 

• Remove Snow & Ice • Clear of Obstructions 

• Fill Potholes • Smooth Pavement 

• Fix Bridges • Structurally Safe Bridges 

• Mow Grass • Pleasing Roadsides 

• Pick Litter • Bright Signs/Stripes 

• Replace Signs • Permit Trips 

• Paint Skip Stripes • Motorist Services 

• Roadway Regulations 

FIGURE 3 Maintenance products and services. 

• Prevent Snow & Ice Accumulation 

• Snow & Ice Removal 

• Sweeping 

• Removal of Road Debris 

• Emergency Response 

INDICATOR UNIT OF MEASURE 

Reduction in Average Speed 

Increase in Travel Distance 

Bareness of Pavement 

Response Time Rate 

Comfort/Confidence Level 

of Service 

Hours of Added Travel Time 

Miles of Detour 

Road Surface Friction 

Time From Notification to 

Completion 

Number of Predictable Events 

Not Prevented 

FIGURE 4 Measuring outcomes for "clear of obstruction" product/services. 

and ice, sweeping, removal of debris, and ability to re
spond to an emergency. Five indicators were used to mea
sure whether roadways were being cleared, and these had 
units of measurement so results could be quantified (see 
Figure 4 ). Similar outcome indicators and units of measure 
were compiled for smooth pavement and well-maintained 
roadsides (see Figures 5 and 6). 

During the summer of 1993, various indicator pilots 
for the product and services were conducted in all mainte
nance areas throughout Minnesota. We are trying to find 
out if the indicators and units of measurement really do 
meet our needs and the customers' concerns. Are we get-

ting good information? Are we measuring what we can 
manage? Is the indicator pilot applicable? By conducting 
indicator projects in all areas within the state, we are also 
trying to expose all maintenance workers and supervisors 
to this new way of viewing their work and their customers. 

We will group indicator pilots in certain maintenance 
areas. Also, we will try to pilot all the product/services in 
one district to see if it can be done and is worthwhile. 
The effort of many people is required to make the pilots 
work. 

The initial development of indicators was driven by 
MnDOT staff's internal understanding of customer value. 



INDICATOR 

Road Posting 

(Less than 10 ton) 

Spring Road Restrictions 

Roadway Strength 

Rideability and Comfort 

Pavement Structure 

and Condition 

Shoulder Structure 

and Condition 

• Surface Repair 

• Shoulder Maintenance 

• Crack Sealer 

• Overlays 

• Pothole Repair 

UNIT OF MEASURE 

Presence/Absence of Availability 

Miles/Duration of Restriction 

Strength Rating 

Ride/Comfort Rating 

Condition Rating 

Shoulder Reliability Rating 

FIGURE 5 Measuring outcomes for "smooth pavement" product/services. 

• Mowing Grass 

• Weed & Brush Control 

Tree Trimming 

• Drainage Maintenance 

• Wildflowers 

• Fence & Noise Wall Maintenance 

• Litter Control 

INDICATOR UNIT OF MEASURE 

Neatness of Mowing Quantity of Strips Not Mowed 

Visible Litter Density/Duration of Litter 

Dead Tree/Shrubs 

Noxious Weeds 

Sight Restriction 

Present 

Quantity of Deadness Per Mile 

Or Acre 

Acres of Weeds/Duration 

Vegetation Height at Sight Corners 

FIGURE 6 Measuring outcomes for "pleasing roadsides" product/services. 
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In spring 1994, MnDOT began checking with the cus
tomer directly. Four focus groups and other interviews in 
rural southwestern Minnesota were held in April to find 
out if customers view the maintenance products and ser
vices MnDOT delivers as MnDOT perceives they do. 
MnDOT asked a series of questions of participants, in
cluding what value the customers see in the products and 
services, and what satisfies or dissatisfies them. The mar
ket research consultant retained by MnDOT will recom
mend a plan for market research in the rest of the state. 

Why didn't we start with the focus group first? We 
wanted to apply the "know thyself" principle. In other 
words, how could we communicate with the customer if 
we did not know what we were doing? We work with our 
customers nearly every day and we are our own customers, 
thus our understanding of value should be fairly similar 
to what the customer values. By starting internally, we also 
believe we can change the MnDOT maintenance culture to 
one that puts the customer first. By having many of our 
staff involved in the pilots, we have exposed many of them 
to business planning and to customer satisfaction . 

This information wi ll help us to proceed in our business 
plan process. The four focus groups and customer inter
view surveys are the first of many steps in checking with 
the customer and monitoring the customer's satisfaction. 
Information from the focus groups will qualify our prod
ucts and services. A telephone survey throughout Minne
sota will have to be done to quantify the results, which 
will validate the focus group's information and check for 
differences in the various areas of Minnesota. 

We intend to tie our business planning work with other 
MnDOT projects. This winter our department has just 
conducted focus groups in Intelligent Vehicle Highway 
System. Part of their survey dealt with issues that overlap 

with maintenance activities, such as striping, safety, road
way information signs, and roadway condition reporting. 

As part of a commissioner-sponsored strategic effort, 
MnDOT pathbuilding project teams are looking at three 
issues: the true cost of providing a specified maintenance 
activity, preservation of the system, and market research 
for a highway segment during wintertime operations. 
Their projects will be completed by July 1, 1995. We 
really need these true costs of all the products and services 
to help us manage our limited resources. 

All our business planning activities will help us to get 
to total quality management. We will know what the 
customer's viewpoint is and what we need to do to serve 
the customer. Because of this knowledge, our business 
plan process, as shown in Figure 7, will be off to a 
good start. 

We view the business plan as a dynamic system. We 
have to be continuously improving to meet the customer's 
needs and wants. Any time one part changes, the rest of 
the business plan has to change. 

SUMMARY 

We need to serve the customers and look at our activities 
from their viewpoint. It is an ongoing process of continu
ous improvement by staying close to the customers, under
standing how well we are meeting their needs, knowing 
the quality of our products and services, and being sure we 
are efficiently delivering them through our maintenance 
operations. 

We believe the Minnesota Department of Transporta
tion is now starting to manage its maintenance from the 
customer's viewpoint. 



Field Testing and Evaluation of Innovative 
Technologies for Maintenance Data Collection 

William A. Hyman and Roemer M. Alfelor, Urban Institute1 

Automated electronic procedures for data capture and trans
mission appear to be superior compared with manual paper
based methods. Many highway agencies are now either using 
or exploring some of these innovative technologies for many 
of their data collection activities. For maintenance manage
ment, a variety of recording and data entry procedures involv
ing pen and paper could be considerably improved using 
electronic equipment such as portable and pen-based com
puters, identification technologies including barcoding and 
voice recognition, and location systems such as global posi
tioning system and geographic information system. In addi
tion, data transmission can be accomplished much faster and 
in real time between distant locations using telecommunica
tions systems such as mobile phones. The application of 
advanced data acquisition technologies for maintenance 
management in state highway departments is summarized. 

M aintenance management has suffered from 
slow and tedious procedures for inspecting 
highway condition, scheduling maintenance 

work, reporting field maintenance accomplishments, up
dating changes in roadway and stock inventories, and in 
transferring and posting information from the field reports 
to the headquarters for processing. It takes a significant 
amount of time and effort to conduct field inspections, 
prepare biweekly and daily schedules, check and enter 
daily maintenance reports, and record changes in the 
agency's field and warehouse inventories. Indeed, in all 
these aspects of maintenance management, there is a need 
for "one-time, quick and easy" data collection, entry, and 
verification systems for directly entering information into 
maintenance management systems. In addition, location 

1 Current affiliation: Cambridge Systematics, Inc. 

reference systems such as route-milepost and discursive 
methods are unable to identify exact locations of mainte
nance work and field inventory items. 

Innovative technologies can be used by maintenance 
supervisors and field workers in lieu of their current data 
collection methods. Automating existing procedures can 
reduce or eliminate paperwork, create more accurate and 
reliable information, provide quick turnaround of data 
from field to office, and improve the overall productivity 
of the maintenance unit. 

This paper presents the approaches and findings of a 
number of research projects undertaken by the Urban 
Institute on the application of field data collection equip
ment for maintenance management. One project was con
ducted for the National Cooperative Highway Research 
Program (NCHRP) and consisted of two-phase research 
and investigation on improvements in data acquisition 
technology for maintenance management systems 
(NCHRP 14-10). During the first phase, the research iden
tified requirements and design considerations for applying 
new technologies to various maintenance data collection 
scenarios ( 1 ). With assistance from several equipment ven
dors, some of these technologies were field-tested and 
evaluated in three state transportation departments: those 
of Maryland, Connecticut, and Arizona (2). Analyses indi
cate the potential for these agencies and possibly others 
to reduce costs and improve the overall efficiency of main
tenance data collection. Pen-based computers (including 
electronic clipboards and tablets), barcode scanners, voice 
recognition systems, global positioning system (GPS) re
ceivers, regular and cellular telephones, and digitized maps 
were customized for applications involving work schedul
ing, work reporting, and the updating of roadway feature 
inventories by maintenance crew leaders and supervisors. 
In addition, these technologies were applied to sign inven-

9 
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tory and sign maintenance management. After completing 
the NCHRP project, the Virginia Department of Trans
portation (VDOT) requested that the Urban Institute de
velop demonstration-level field data collection applica
tions. Two portable electronic tablets with handwriting 
recognition capabilities were customized and field-tested 
for the evaluation of highway pavement maintenance by 
VDOT staff (3). 

This paper first discusses the general characteristics of 
the maintenance activities for which the technologies were 
customized. Specific methods by which the activities are 
performed in the four field sites are briefly described, 
including the average lengths of time needed to record 
various types of data. Hypotheses concerning how innova
tive technologies can improve the existing methods are 
stated. The design and evaluation of the field tests are 
discussed. General findings drawn from the field tests are 
summarized in the conclusion. 

MAINTENANCE DATA COLLECTION ·ACTIVITIES 

Four different but interrelated maintenance data collec
tion activities were the focus of the equipment field tests: 

l. Work scheduling, 
2. Work reporting, 
3. Roadway feature inventory updating, and 
4. Maintenance quality evaluation. 

Applications of innovative technologies for the first three 
activities (referred to as a three-part process) were exam
ined in Maryland, Connecticut, and Arizona as part of 
the NCHRP 14-10 (Phase 2) study. Maintenance quality 
evaluation was performed exclusively in Virginia. 

Although the elements of the three-part process are 
common to most states, their implementation varies from 
state to state. The NCHRP project involved examination 
of the specifics by which the three-part process is con
ducted in Maryland, Connecticut, and Arizona. Detailed 
analyses, interviews, and focus group sessions with DOT 
staff were necessary to understand existing maintenance 
management practices and customize the design of the 
technologies to the host states. For maintenance quality 
evaluation, the research team worked closely with VDOT 
in identifying specific equipment design considerations. A 
description of the activities demonstrated and how the 
states normally carry them out follows. Hypotheses con
cerning how innovative technologies can improve these 
activities are briefly noted. 

Work Scheduling 

Highway maintenance work is usually scheduled to attain 
agency-specified level-of-service goals as well as address 

emergency or urgent repair needs. Scheduling helps man
agement efficiently allocate its labor, equipment, and ma
terial resources, which are often limited. Management also 
seeks to ensure that all short-run work (daily, weekly, or 
biweekly) conforms to the state's annual work program 
and at the same time meets the local needs of the constitu
encies. Short-run scheduling considers various inputs, 
which differ among states and may include all priority 
listings based on maintenance needs surveys (including 
pavement evaluation), monthly schedule based on annual 
work program, leftover work from previous daily assign
ments, supervisor patrol survey forms, service requests, 
and emergency and urgent repair needs. 

Biweekly schedules in Maryland are often subject to 
changes, making them informal and optional in most 
places. Scheduling supervisors have developed their own 
procedures for scheduling upcoming work. In the West
minster shop, Carroll County, where the field tests were 
conducted, it is common practice to assign activities to 
maintenance workers on a daily basis. The supervisors 
usually require 30 min to prepare the daily assignments 
on their forms. The supervisor relies on his expert judg
ment and familiarity with the scheduling process to iden
tify which activities will be done and how they will be 
carried out. 

Section superintendents and supervisors in Connecticut 
conduct biweekly scheduling meetings to determine the 
types and amounts of routine maintenance work needed 
and their locations. Like Maryland, the basis for the sched
ule is the annual maintenance work program for districts 
throughout the state. Litchfield garage, the site of the 
field tests, has 20 maintenance field workers including the 
supervisor. The procedure is informal and may involve 
preparing the schedule on the standard form, which takes 
about 45 min. Daily work assignments are made by the 
supervisor on a piece of paper. 

In Arizona, the schedule is prepared by a supervisor 
and approved by the area superintendent. The supervisor 
fills out a standard weekly schedule form for the crew (a 
crew is also called an "org") and lists the activities in 
priority order. The scheduling practices of sign orgs in 
Tucson and Phoenix (those who participated in the field 
tests} are not significantly different from those in Mary
land and Connecticut. Maintenance operations, however, 
are more ad hoc, since in most cases the crews respond 
to urgent needs such as repairing damaged signs. 

Analysis of these practices and those of other states 
indicates that short-run scheduling can be aided by a lap
top computer or electronic clipboard. Such equipment 
can combine data bases used for scheduling and allow 
incorporation of expert system functions. To be accepted 
by the schedulers, however, computer-aided scheduling 
should be simple, convenient, and practical. One perceived 
advantage of computer-aided scheduling is that the forms 
for daily work reports or crew cards (assumed here to be 
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created by the computer as well) can be automatically 
filled with some or most information from the schedule, 
thereby eliminating the need to write the same information 
when preparing the daily work reports. 

Work Reporting 

Daily work reports provide maintenance headquarters 
with a basis for comparing planned work with actual 
work and assessing the adequacy of the maintenance bud
get. These reports also provide data for evaluating the 
productivity of maintenance jurisdictions; keeping track 
of labor, materials, and equipment use; and determining 
whether adjustments to quantity and performance stan
dards are necessary. In many states, daily work reports 
are combined with time sheet preparation, payroll docu
mentation, and accounting. 

Maryland DOT uses crew day cards with preprinted 
data for daily work reporting. Each card issued by the 
central office is related to the maintenance budget for 
the county or area and represents a certain amount of 
resources for 1 day's work on a particular activity. Crew 
leaders usually fill out their crew day cards at the mainte
nance shop after completing the day's work, using field 
notes written in a notebook or on scratch paper in the 
field. Information on crew cards is turned over to a time
keeper who manually fills out the time sheets. Crew cards 
are then passed on to another clerk who fills out the 
maintenance activity summary worksheet. On the average 
a crew leader takes 5 min to fill out a card for an average 
crew of four persons. The clerks need about 5 min to 
transfer data from each crew card to the time sheet, 3 
min to the maintenance summary, 2 min to the equipment 
inventory (18 min during winter), and 2 min to the budget 
balance (18 min during winter). This means a total data 
entry time of between 12 and 44 min for a single crew card. 

A standard daily job assignment form or a crew leader's 
daily assignment sheet, or both, is used for daily work 
reporting in Connecticut. Each crew leader in the garage 
fills out a separate form. At the end of the day all the 
data are combined in the general supervisor's daily report 
for the entire garage. Information from this report is man
ually transferred every day onto a maintenance manage
ment system summary sheet, the biweekly time sheets, 
and the equipment rental report. These are sent to the 
district office for processing. In the Litchfield garage, the 
crew leaders spend an average of 5 to 20 min each filling 
out their work reports for an average crew size of three. 
It takes 3 to 4 hr every day for the clerk to transfer the 
information from the crew work reports to various forms 
in the garage. 

A lead worker or senior crew member in Arizona fills 
out the standard crew work report form. Like other states, 
the Arizona crew work report has entry fields for describ-

ing their day's activity, labor, equipment use, materials, 
and accomplishments. Each completed report is given to 
a data entry staff or clerk, who checks it before entering the 
data into a PC-based maintenance management system, 
PeCos, which most org computers have. Arizona DOT 
has a network communications system that allows an org 
to upload work reports, planning files, and materials in
ventory to the area terminals. Orgs that are away from 
the area office submit their work reports by courier. It 
takes crew leaders between 6 and 20 min to fill out their 
daily work reports. A clerk collects the reports and keys 
in the information to PeCos. For each daily work report, 
the average time to transfer the data into the computer is 
2 to 5 min, depending on how much error the crew leader 
makes. 

A review of the states' daily work reporting procedures 
indicates that electronic data capture can help decentralize 
the activity to the level most appropriate for maintenance 
management-the field. However, new procedures would 
have to be easy to use and reflect actual practices. Equip
ment that provides feedback and useful information for 
field workers also has the potential to improve staff per
formance. Finally, automatically created time sheets, 
equipment and material inventory reports, and other sum
mary reports can increase the efficiency of field and office 
maintenance management. 

Roadway Feature Inventory Updating 

Regular updating of maintenance features inventory 
allows an accurate accounting of the quantity and status 
of all maintainable elements throughout the state. This 
inventory is often the major input for annual work pro
grams and budgets. Allocation of maintenance resources 
among districts or lower-level organizational units also 
depends on the quantity of maintainable items in each 
jurisdiction. Generally for the three demonstration states, 
the task of updating roadway feature inventory is not the 
responsibility of general supervisors and crew leaders. 

Maryland DOT maintains a roadway feature inventory 
on logs. The inventory is updated using the back portion 
of the maintenance improvement crew day card. Crew 
leaders and general supervisors are required to fill out this 
card in place of the regular crew day cards when the 
activities performed involve safety improvements, mainte
nance improvements, or new installations. The mainte
nance management system, which prints the crew day 
cards and resides in the central office, has a feature inven
tory program that updates the master inventory file and 
carries out the procedures for planning the statewide an
nual work program. In the Westminster shop, crew leaders 
rarely use the back of the improvement card because they 
seldom do work that involves addition to or deletion from 
the inventory. Shop requests for updated inventory of 
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their maintainable elements from the central office takes 
a lot of time to process. 

In Connecticut, roadway inventory data are used to 
compute and define work programs. The district planning 
section is responsible for maintaining an up-to-date road
way inventory record. Inventory data are updated before 
creation of the annual work program. Adjustments are 
made if there are additions to or subtractions from the 
highway inventory as a result of new construction, better
ment work, or changes in pavement surface. The nature of 
maintenance activities and the manner in which quantity 
standards are defined determine which roadway features 
are included in the inventory. In the Litchfield garage, the 
supervisor does not have an updated record of the road
way inventory for his jurisdiction. There is currently no 
reliable feature inventory in place for maintenance man
agement nor a means to update it. 

The org supervisors in Arizona are responsible for main
taining an accurate feature inventory of roadways. A peri
odic condition assessment is conducted with the help of 
the area superintendent. Maintenance features include 
roadway and roadside elements, shoulders, drainage in
stallations, landscape, and signs and striping. Field inven
tory forms are used by field personnel. An inventory of 
all maintenance features for each district is compiled, 
showing quantity and location of existing features. Ari
zona DOT maintains a link feature file on a mainframe 
computer. This file contains the inventory values on which 
the maintenance management system depends. Informa
tion contained within this file is also used, either directly 
or indirectly, in establishing the annual work program 
and budget. In addition to the link feature inventory file, 
Arizona maintains a sign record system that stores the 
sign inventory (field tests in Arizona focused on sign man
agement). The sign orgs fill out the sign record forms as 
various actions are taken on each sign. However, sign 
managers have problems getting updates of the sign inven
tory because the clerks have no time to transfer the infor
mation from the forms into the mainframe computer. 

It appears that roadway feature inventory updating is 
most effectively performed by crew leaders and supervi
sors. Accuracy, ease of use, and perceived value of infor
mation are the most influential factors for acceptance of 
field data collection devices for inventory updating. The 
integration of inventory updating with daily work re
porting may result in cost savings. 

Sign Inventory and Maintenance Management 

Signs and traffic control devices are valuable to highway 
agencies. Large inventories of signs and materials used to 
fabricate signs are usually kept in stock, in addition to 

those already in the field. The central sign and striping 
warehouse in Phoenix, for example, maintains an inven-

tory worth over $10 million in 1992 (excluding interstate 
signs). In addition, districts and yards all over the state 
have their own inventories. 

The tasks involved in managing and maintaining field 
and warehouse sign inventory can be enormous, as is the 
case in Arizona . Automating many of these recording and 
data updating tasks would substantially reduce the level 
of effort. Moreover, these valuable assets can be effectively 
managed if the warehouse inventory is tied to the roadway 
inventory. Sign inventory is probably best performed by 
crew leaders who are responsible for these features. Auto
mated location and attribute-point data collection for 
signs, especially if carried out in conjunction with a map, is 
valuable for sign inventory and maintenance management. 

Maintenance Quality Evaluation (Virginia DOT) 

One mission of VDOT's maintenance division, headquar
tered in Richmond, Virginia, is to ensure that the state 
highways are adequately maintained, meaning that their 
conditions are within acceptable limits. This is the main 
goal of the department's maintenance quality evaluation 
(MQE) program, which involves field inspection of sample 
highway sites and sections to determine whether the condi
tions of the sites pass or fail statewide standards. The site 
selection is based on a statistical process that randomly 
generates a list of highway segments, each 161 m (0 .1 
mi) in length, for every district throughout the state. The 
highway segments are classified by district, county, route 
number, section number, and other location identifiers. 

In 1993, only three persons in VDOT conducted the 
site inspections. These inspectors identify the locations of 
sample sites on a map before going out in the field. The 
inspector rates each site on the basis of visual assessment 
of various characteristics of five major elements of the 
highway: traveled way, shoulders, drainage, traffic con
trol/safety, and roadside. The inspector also enters the 
data from the survey forms into a Lotus 1-2-3 spreadsheet 
application on a computer in Richmond. On the average, 
it takes 30 min to enter the information for 60 sample sites . 

Virginia has 9 districts and 100 counties. The computer 
generates 1,000 sample sites on the average for each dis
trict. Also for each district, about 3 months are needed 
to complete the evaluation, including surveys, computer 
processing, and report generation. 

The existing procedures for recording and uploading 
site condition data can be significantly improved using 
field data collection equipment. Inspection surveys re
corded in the field device can be uploaded to a computer 
for processing, thereby eliminating the paperwork and 
time required by each inspector to enter survey data into 
the computer. The calculations of both individual and 
aggregate site ratings can also be performed by the field 
device, allowing quantitative evaluation of the sites to be 
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carried out in the field and immediately presented to the 
district or residency. 

FIELD TESTS AND EVALUATION 

Very detailed software design and customization of equip
ment for each testing site were performed prior to actual 
field tests. Data specifications and functions that conform 
to actual practice were built into each piece of equipment. 
Field tests and evaluations lasting between 1 and 2 weeks 
were conducted in the field sites on various dates. The 
following describes the .technologies used and the software 
applications that were developed for various activities. 

Computer-Aided Work Scheduling 

Scheduling is the first stage of the three-part data collec
tion process described earlier. For the field demonstrations 
in three NCHRP host states, a biweekly or weekly schedul
ing procedure was developed on an electronic clipboard 
with glass screen. The scheduling procedure was custo
mized for the three states using their standard short-run 
scheduling forms . An innovative method was developed 
that permits the scheduler to create a weekly or biweekly 
schedule from candidate projects in six categories of po
tential work: (a) annual work program, (b) service re
quests, (c) patrolreports, (d) leftover work, (e) emergency 
needs, and ({) recommendations of a pavement manage
ment system (PMS). Information from these lists can either 
be downloaded into the electronic clipboard or built up 
daily. A master list is built by selecting activities from the 
various categories to allocate activities to various work
days. Each activity is identified by the location of work, 
crew size, and number of days. The scheduling system 
generates and fills out portions of work orders in the form 
of crew day cards. The crew leader fills out the remaining 
portions of these crew day cards, including actual labor, 
equipment, materials, and accomplishments, when the job 
is done. 

The time and effort required to fill out a schedule using 
pen and paper are approximately the same as those using 
electronic clipboard. The main advantage of computer
aided scheduling is in letting a person build a schedule 
from a more complete list of candidate activities. Very few 
if any states have the means to combine recommendations 
from their PMS with other candidate projects. Automated 
generation of work reports with some preloaded informa
tion reduces data entry time for crew leaders. 

Daily Work Reporting Using Electronic 
Clipboards, Barcode Scanner, and Voice 
Recognition 

Two types of pen-based systems, one with glass screen 
and the other with paper overlay, were programmed for 

FIGURE 1 Pen-based electronic tablets can 
replace paper as the means to collect field 
maintenance data (photograph taken in 
Connecticut). 

daily work reporting of maintenance activities (see Figure 
1). A digitized image of the crew day card shows up on 
the screen as work reporting is initiated. The user can tap 
different portions of the screen to access different portions 
of the crew card for project description, labor, equipment, 
materials, and accomplishments. The user can provide 
information simply by selecting from a pick list, writing 
in block characters or numbers, or hunting and pecking 
from a typewriter or calculator keyboard displayed on 
the screen. The equipment displays the lists of personnel, 
equipment, and materials for each activity as defined by 
performance standards. These performance standards can 
also be viewed on the screen. 

The other clipboard requires a paper form to be placed 
over the digitizing tablet. The user simply writes in block 
letters in the appropriate fields on the form. The tablet is 
programmed to accept data entry for all the blocks on 
the form, showing each entry on the screen. The equip
ment was also programmed for validating and checking 
user inputs. The record can be saved in memory and the 
paper copy kept for records. 

Both pen-based tablets accept graphics input but only 
the glass-screen device could display it on the screen, al
though a recent version of the other clipboard can display 
graphics. Both also allow the user to work on any sections 
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FIGURE 2 Maintenance workers were impressed with the ca
pability of voice recognition system for data collection (photo
graph taken in Maryland). 

of the crew card in any order or save a partially completed 
report and fill out the rest of the data later. 

To use barcoding technology, a preprinted menu with 
barcode labels pertaining to the sections and elements of 
the daily work report was created. A barcode scanner, 
which has an alphanumeric keypad, was programmed for 
recording crew card data. This data terminal prompted 
the crew leader with various inputs for the daily work 
report. The crew leader could either scan a label from the 
menu or use the keypad to record data on the terminal. 
The equipment also has a data validation function and 
an editing feature that allowed the user not only to review 
the crew work report but also to modify data inputs. 

Finally, two crew leaders in Maryland tried and evalu
ated a voice recognition system, which consists of a belt
mounted battery pack connected to a headset with micro
phone and earphone (see Figure 2). Using a software devel
opment tool kit, the data entry task was developed on 
the equipment using a vocabulary list applicable to the 
particular maintenance work. Before the system can be 
used, it has to be trained to recognize the operator's voice. 
The system asks a series of questions pertaining to differ
ent elements of the report and repeats what the operator 
says. The system also compares the operator's responses 
with a list of acceptable responses. The user can control 
the type of information he or she wants to enter by speci
fying the appropriate section of the work report. In addi
tion, the system can be commanded to change volume if 
noise interferes with reception. Every time the system is 
initiated by an operator it goes through a short training 
period during which it filters the noise in the background. 
Different operators can use the system by simply speci
fying the operator's name or identification. However, the 
interaction between the user and the system is limited by 
the system's vocabulary. The training time is also a func
tion of the size of the vocabulary. 

All equipment described and tested in the field operated 
reliably. The software that drives the applications worked 
well, except that the software for the electronic tablet 
with glass screen was quite elaborate, resulting in slow 
processing speeds (a recent upgrade of this equipment 
would overcome this problem). Surprisingly, most field 
workers were not bothered by the slow equipment re
sponse. Generally speaking, software development tools 
for programming the different pieces of equipment pro
vide high reliability and convenience. Crew leaders were 
mostly very receptive to the equipment. However, there 
was no general preference for one piece of equipment over 
another. Some disliked all pieces of equipment and prefer 
to continue using pen and paper. 

Crew leaders recommended greater flexibility in data 
entry to make notes concerning traffic control procedures, 
variations from normal procedures, problems, and special 
conditions. The equipment varied in its capability to re
cord this type of information. Some crew leaders expressed 
concern about keeping the equipment secure from theft, 
damage, weather, and other conditions in the field. 

Time savings, cost savings, and productivity enhance
ments resulting from the use of the equipment differ 
among states. In Maryland, for example, the adoption of 
field data collection devices and the automation of time 
sheets and maintenance summary reporting can reduce 
the total time for a shop clerk to post data into the com
puter from 12 to 44 min to around 6 to 15 min per crew 
card. This does not include the potential time savings that 
will be generated in the district as a result of more efficient 
data transfer from the shop. 

If crew leaders in Connecticut were to use the field 
acquisition devices, the time it would take to complete 
their work reports would be reduced to about 3 to 10 
min. With the computer-automated reporting system in 
place, the upload time from the devices to the computer 
(in the Litchfield garage, for instance, with four crew 
leaders each using electronic equipment) would be less 
than 20 min (a maximum of 5 min per crew leader) . 

In terms of automating the processing and consolidation 
of maintenance data, Arizona DOT is the most evolved 
among the three host states. The incremental benefits from 
adoption and full-blown implementation of advanced 
data acquisition technologies would be minimal for an 
organization like Arizona DOT, which at the time of the 
field tests had already automated most of its in-office 
data handling procedures. However, the incremental cost 
associated with making the best use of the field devices 
is also minimal for Arizona DOT, since computer systems 
are already in place. Daily work reporting using the field 
devices can be reduced by half the time (about 3 to 10 
min) per daily work report. The data stored in the devices 
can be uploaded electronically into PeCos in less than 2 
min per device. 
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Locating Maintenance Work Using GPS 

Aside from the standard data items recorded on the daily 
work reports, geographic coordinates of work locations 
were added to the data fields on the field data entry de
vices. Crew leaders used an unaided GPS receiver to deter
mine their location in latitude and longitude. Accuracy of 
the location measurements is an important issue for the 
use of GPS in the field. All the data collection devices tested 
were programmed to receive data describing geographic 
coordinates. Whereas the GPS can and should be inter
faced with the electronic devices for automatic transfer 
of coordinates, for this demonstration the crew leaders 
were asked to read the coordinates from the GPS receiver 
and write or key in the coordinates on the equipment. 

All three states have a route-milepost system established 
to identify highway locations. However, only Arizona uses 
this system for identifying the location of maintenance 
work and highway assets. The Maryland and Connecticut 
DOTs use the route number and a discursive location 
description (e.g., road intersections) to identify the loca
tion of maintenance work. The use of GPS for daily work 
reporting and roadway feature inventory updating makes 
the most sense for organizations that have or are commit
ted to implementing a geographic information system 
(GIS) for representing their roadway inventories. None of 
the three states had such a system in place, but all three 
states were taking steps in that direction. Some supervisors 
and crew leaders realize the usefulness of the technology 
in establishing roadway inventories that can be recalled 
on a computer in the form of a map. Many of them 
also believe that the GPS can give them a more accurate 
description of location than their current procedures, 
which are only exact in terms of identifying route number. 
Even elapsed distance measurements, which are accurate 
to within 16 m (approximately 50 ft), lack the required 
accuracy for identifying specific roadway inventory fea
tures, especially in urban areas. The GPS unit used in the 
demonstration was unaided and had an accuracy of about 
100 m (approximately 300 ft) because of selected avail
ability. Accuracies of between 2 and 5 m were obtained 
with differential GPS during field tests in Arizona. 

Roadway Feature Inventory Updating Using Field 
Data Entry Devices 

The roadway feature inventory updating procedure was 
programmed on the two types of electronic clipboard. 
Inventory updating on the electronic clipboard with glass 
screen was demonstrated in all three states and was dem
onstrated on the one with paper overlay in Maryland and 
Arizona. The data recording application was generic and 
included only a number of representative inventory ele
ments such as guardrail, signs, and roadside parks. The 

user could record the changes (i.e., additions and subtrac
tions) to these inventory elements using either clipboard. 
In addition, the electronic clipboard with glass screen was 
programmed to display a digitized map of the locality 
and to permit the user to mark a specific location of a 
maintainable feature by placing an icon there. A mock-up 
of data entry facility for capturing geographic coordinates 
from a GPS receiver was also provided under the assump
tion that the receiver would be directly attached to the 
device with an RS-232 cable, or possibly integrated into 
the device. The mock-up required the user to touch a 
button on the display screen to obtain the coordinates 
from the GPS receiver. 

An electronic version of the roadway feature inventory 
updating form used in Maryland was developed on the 
paper-overlay clipboard. This application was part of the 
crew card data collection application on the same equip
ment used by a crew leader in Maryland to record mainte
nance improvements information. In Connecticut, road
way feature inventory updating was demonstrated only 
on the electric clipboard with glass screen. The Arizona 
sign org staff used both electronic clipboards to enter 
sign record data on a form separate from the daily work 
reports. A barcode wand was connected to the clipboard 
with the paper overlay and used to scan barcode labels 
affixed to installed signs to associate a unique number to 
sign attributes, which include type and geographic coordi
nates (see Figure 3) . 

The hand-held data terminal with barcode scanner was 
also demonstrated for updating roadway sign inventory 
in Arizona. This was the principal piece of equipment 
investigated in a "cradle-to-grave" sign inventory and 
management demonstration. 

Much of the feature inventory updating process can be 
automated using the electronic clipboards. The procedure 
will also enable the crew leaders and general supervisors 
who are in daily contact with these highway features to 
update the inventory in conjunction with preparing their 
daily work reports. Inaccurate procedures for reporting 
location are part of the reason why inventory updating is 
not effectively carried out by these individuals. Digitized 
maps (i .e., GIS) and GPS equipment were received with 
great enthusiasm by crew leaders and supervisors who 
evaluated the technologies. In general they believe that 
these technologies can significantly increase locational 
accuracies. 

Maintenance Quality Evaluation Using Pen-Based 
Systems 

The Urban Institute customized and field-tested a data 
collection program that allowed VDOT inspectors to re
cord maintenance quality evaluation data on two portable 
pen-based systems: a notebook computer that converts to 
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FIGURE 3 Barcoding and pen-based systems are ideal for sign 
maintenance and inventory management (photograph taken in 
Arizona). 

a pen-based electronic tablet and an exclusive pen-based 
system. This equipment was field-tested for one week and 
evaluated by VDOT staff to determine its desirability for 
field use. 

Field testing and evaluation of pen-based systems for 
VDOT's maintenance condition surveys allowed the Ur
ban Institute and VDOT to examine the pros and cons 
of using the equipment, and other similar devices, in the 
field. The greatest source of benefits was the ability to 
perform all the calculations and generate the reports on 
site. The same capabilities could have also been demon
strated if the Lotus 1-2-3 spreadsheet application were 
loaded onto a laptop computer or a notebook computer 
and used in the field. In fact, key-based data entry was 
possible with the convertible computer. However, VDOT 
inspectors prefer a portable pen-based system to carry 
with them during their site inspections. 

VDOT operators needed very little training to use the 
equipment. The handwriting recognition function of the 

equipment was reliable, although there was very little 
writing involved in the process. The keyboard pop-up 
utility gives the operators the option to choose character/ 
numeric keys with the touch of the pen instead of writing 
the characters in. The touch-button utility of the equip
ment was very convenient, reducing the amount of writing 
involved and simplifying the data entry procedure. The 
prototype data collection program also allows the opera
tor to review previously saved records. 

COST-BENEFIT ANALYSIS 

To assess the attractiveness of the data collection technolo
gies, a cost-benefit analysis was performed for each main
tenance unit in the three states that participated in the 
NCHRP projects. Two sources of benefits were investi
gated: time savings in recording, verifying, and checking 
field data, and time savings involved in automatically post
ing the data from the field device to the computer and 
creating the summary reports. These time savings were 
determined from interviews with field and office personnel 
in each state, which enabled us to compare current manual 
data entry procedures with automated methods. The num
ber of years to recover (or break even with) the setup was 
computed. Statewide extrapolation of results showed that 
the break-even period for adopting the technologies is 
from 1 to 3 years (voice recognition was excluded from 
the analysis because equipment was too expensive to be 
cost-effective, although the cost is expected to decrease 
significantly in the future). These break-even periods, 
however, are sensitive to assumptions about costs and 
benefits and the discount rate. 

The analyses also indicated that the improvements in 
productivity associated with automating the manual pro
cedures significantly offset the cost of implementing them. 
Likewise, incremental benefits from field data collection 
devices are smaller for maintenance units that have already 
installed personal computers and automated most of their 
postprocessing methods. Savings were found to be greatest 
for maintenance units that record much information in 
the field and transfer the same information by hand to a 
form in the office. For detailed discussions of the cost
benefit analyses of the field data collection devices, the 
reader is referred to NCHRP Report 361 (2). 

CONCLUSIONS 

The substantial savings in time and resources that result 
from automating current procedures for recording, error
checking, transmitting, and processing maintenance data 
suggest that new technologies are desirable for these pur
poses. The magnitude of savings relative to costs depends 
on the nature of the data acquisition process; the number 
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of times that the initial data are processed for posting 
onto various forms and subsequently entered into the 
management information systems; the susceptibility to er
ror of the current procedures; the adaptability of the 
agency and staff to the new technologies; the improve
ments in managing agency field and office operations, 
labor, and physical assets; and the amount of resources 
(personnel, computer and communications facilities, other 
physical infrastructure, and funds) needed to implement 
the changes. 

Field tests and evaluation of new technologies in Mary
land, Connecticut, Arizqna, and Virginia provided an op
portunity to assess how these factors influence the relative 
benefits and costs of adopting advanced data capture 
equipment and methods. It was not possible to control 
all the factors during the field tests as one might in an 
ideal situation. Technologies also continue to change, as 
we found out with much of the equipment used in the 
field tests. Current costs, sizes, processing speeds, storage 
capacities, and other functional features differ extensively 
from those in the past 2 years. The trend, however, is 
toward better and less expensive products. Highway main
tenance agencies should definitely take advantage of what 
the new technologies have to offer. 
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Integrating Maintenance Management and 
Pavement Management Systems 

Gordon A. Sparks, University of Saskatchewan 
Ray Gerke, VEMAX Management, Inc. 
Doug Kaweski, VEMAX Management, Inc. 

Considerable effort has been directed toward the develop
ment and implementation of maintenance management and 
pavement management systems over the past 25 years. Unfor
tunately, these two systems have for the most part been 
developed in isolation from each other. These systems have 
typically been developed by engineers to meet the specific 
planning, design, and operation needs of engineering staff. 
Further, maintenance management and pavement manage
ment systems are not typically integrated into the overall 
management and financial information systems of most agen
cies. Maintenance management and pavement management 
systems should and can be integrated together and made an 
integral part of the overall engineering and financial manage
ment systems within public-sector agencies. 

P 
rovincial and state highway and city engineering 
departments around the world are experiencing se
rious difficulties in obtaining the money required 

to properly maintain and rehabilitate the roads, bridges, 
sewer lines, water lines, and other transportation facilities 
for which they are responsible. Terms like deficits, budget 
cutbacks, downsizing, right-sizing, value-for-money 
audits, accountability, efficiency, effectiveness, and per
formance were either unheard of or of no particular con
cern as recently as 5 years ago. Today, however, they are 
the words of the chorus now heard in virtually every 
public-sector agency. 

Highway engineers have been working at the develop
ment and implementation of pavement management, 
maintenance management, and bridge management sys
tems since the 1960s. These management systems have 
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been directed at determining and implementing cost-effec
tive or optimal maintenance and rehabilitation strategies 
for the assets of concern. By the late 1980s most highway 
departments had what they considered a pavement man
agement system, many had maintenance management sys
tems, and some had bridge management systems in oper
ation. 

These systems were, from the perspective of the engi
neers who developed them, directed at providing a system
atic approach to providing factual information on the 
present state and future evolution of the assets' conditions 
and logical procedures for evaluating repair and rehabili
tation options, taking into account economic constraints 
and social requirements. It was argued that by using a 
systematic approach based on objective data, it would be 
easier to apply available funds in an optimal manner ( 1 ). 

If engineers have had systems in place to determine 
optimal maintenance and rehabilitation strategies for im
plementation since the 1980s, then why are so few agen
cies able to successfully justify their budget requirements 
to their political masters or successfully respond to value
for-money audits by auditors general? The failure of pub
lic-sector agencies charged with managing society's civil 
infrastructure to convince political leaders of funding re
quirements is demonstrated by budget cuts of 15 to 50 
percent in recent years. One might conclude from what 
has happened to budgets for public infrastructure in the 
past 5 years that we either spent too much in previous 
years or are seriously underfunding the preservation of 
our civil infrastructure at present. No matter which of 
these is correct, it is clear that those charged with the 
responsibility of managing our public infrastructure have 
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been unable to do this in an optimal ( or even near-optimal) 
manner in recent years. 

Considerable insight into the reasons for the current 
situation can be gained by reviewing events over the past 
10 years in Canada, the United States, and Australia. This 
will not be a comprehensive review, but will provide the 
theme of recent events (2-7). 

As previously noted, engineers have been formally 
working to develop systems for allocation of funds to 
the preservation of civil infrastructure since the 1960s. 
Parallel to this, but seemingly in near complete isolation, 
accountants have become concerned with the ability of 
public-sector accounting methods to provide managers, 
politicians, and the public with a clear picture of the effi
cient and effective allocation of public expenditures on 
civil infrastructure. 

The concern of the accounting fraternity is aptly illus
trated by a Canadian study (2). Like many other studies 
by accountants concerned about public finance and ac
countability, this study makes the point that the financial 
statements of federal, provincial, state, and municipal gov
ernments should help to express their accountability for 
how well they administered public affairs. This means that 
the financial accounting systems of public-sector agencies 
should be able to demonstrate value for money spent as 
well as perform the traditional function of demonstrating 
compliance with authorized spending and financing limits. 
The Canadian study concluded that in order to demon
strate value (i.e., economy) as well as compliance, public
sector agencies charged with managing civil infrastructure 
should set up physical assets and write them off to ex
penses as they are consumed in service. 

Similar concerns have been addressed by accountants 
in the United States and Australia, and largely because of 
the nature of cost sharing for infrastructure construction 
and maintenance among various levels of government, 
were translated into action on the financial accountability 
side. This concern about the financial accountability of 
public-sector agencies was translated into Australian Ac
counting Standard AAS27 (7) and into the requirement for 
new management systems under the Intermodal Surface 
Transportation Efficiency Act (ISTEA) in the United 
States. 

An in-depth discussion of the details of the above-cited 
legislation is beyond the time and space available here. 
The essence of this type of legislation can be gleaned from 
recent auditor general reports in Canada. It is important 
to note that whereas Canada has not implemented new 
legislation such as that in Australia and the United States 
requiring particular types of accounting methods, in es
sence the same value-oriented accounting principles were 
applied in Canada simply from the perspective of requiring 
accountable government. 

To illustrate, the auditor general in one province in 
Canada found that the Department of Highways and 
Transportation could not show that it fully complied with 
the applicable Department of Highways and Transporta
tion Act, which states that the minister "is responsible for 
determining the most feasible and economic methods for 
constructing and improving and maintaining public high
ways" (Saskatchewan Government Auditor's Report, 
Chapter 17, 1993 ). This, in effect, translates into a require
ment to be able to demonstrate value for money spent. 
This is clearly beyond the traditional accounting view of 
being able to demonstrate compliance. In this case the 
auditor general went so far as to recommend that the 
department prepare its maintenance budget on the basis 
of current highway conditions. That is, the department 
should prepare a condition-based budget. 

Whereas the preceding is from an auditor general report 
in one province in Canada, accountability and measures 
of efficiency, effectiveness, and performance are becoming 
general requirements even at the political level (5). See, for 
example, the "New Approach to Government: A Financial 
Plan for Alberta," that province's 1993 budget. 

The world has changed, and the current requirements 
of public-sector engineering and financial management 
systems can only be met by producing an auditable, condi
tion-based, zero-based maintenance and rehabilitation 
(preservation) budget for civil infrastructure. This, as illus
trated in the next section, cannot be done without integ
rating pavement and maintenance management systems. 
Further, neither the pavement management nor the main
tenance management systems will be credible (i.e., 
auditable) unless they are condition-based, where condi
tion is measured in terms of the severity and extent of 
individual distresses. 
. The issues and principles involved at a pavement man
agement system and maintenance management system op
erational level are best illustrated by example. 

EXAMPLE 

You are the engineer responsible for a road network con
sisting of 100 segments. For simplicity assume that each 
segment is 1 km long and 10 m wide, for an area of 10,000 
m2

• The condition of your network is as indicated in Table 
1 and Figure 1. You have the treatments indicated in 

TABLE 1 Initial Network Condition 

Condition 

Good 
Fair 
Poor 
Very Poor 

Number of Segments 

30 
20 
20 
30 
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FIGURE 1 Initial network condition. 

TABLE 2 Available Treatments 

Treatment 

Nothing 
Routine Maintenance 
Seal 
Overlay 

Very Poor 

Cost 

$5/m2 

$1Q/m2 

$40/ml 

Table 2 available to you at the costs noted. Your job is 
to determine the most appropriate maintenance and reha
bilitation strategy for the network. This is what a pave
ment management system should do. 

To determine the most appropriate strategy, we must 
(a) decide on how to measure appropriateness and (b) 
know the budget constraint. How should we measure 
appropriateness? What is our objective? What are our 
constraints? 

One objective might be maximizing roadway condition 
subject to the budget constraint. Let's leave aside the issue 
of the objective at this point and start by evaluating several 
different strategies in relation to each other to illustrate the 
method. Presumably we could keep comparing alternative 
strategies until we came up with the most appropriate one. 

We will compare two strategies: (a) treat the worst 
roads in the network first (i.e., bottom up} and (b) perform 
routine and preventive maintenance first (i.e., top down). 
Both strategies will be subject to the same budget con
straint. For this example, assume the budget constraint is 
$4.5 million per year. 

The first issue we encounter is how to compare condi
tions under the different strategies from year to year. We 
need to know how the condition of the road will change 
with time for the various types of treatment. Let's try to 

estimate the effects of different treatments on our road 
network . 

We will consider the effect of "do nothing" as our 
first maintenance option. Roads considered to be in good 
condition this year are most often still rated as good next 
year. But our experience tells us that this is not always 
the case. Sometimes a road declines from good condition 
to fair or poor condition from one year to the next. Some
times, though rarely, good roads fail and drop to very 
poor condition in 1 year . On the basis of historic data 
(or experience), let's assume that for 70 percent of the 
time good roads remain good from one year to the next, 
20 percent of the time good roads become fair 1 year 
later, and 10 percent of the time good roads become poor 
1 year later under a "do nothing" maintenance strategy. 

The assumptions above might be summarized as in the 
first row of Table 3. The remaining cells in Table 3 might 
also be filled in on the basis of experience or judgment. 
These are really Markovian transition probabilities such 
as those used in modern pavement management systems. 

Similarly, under the routine maintenance option (Table 
4), roads are somewhat more likely to stay in their current 
condition for the next year and decline less from year to 
year if routine maintenance is applied. To illustrate, while 
only 70 percent of roads in good condition are likely to 
remain so 1 year later with no maintenance, 90 percent 
are likely to remain in good condition if routine mainte
nance is applied . 

How a seal might influence condition from one year to 
the next is less obvious (Table 5). For example, if a road 
is in good condition and a seal is applied, how has the 
seal changed the likelihood of moving down to fair or 
poor? The seal will likely improve or help maintain the 
current road condition if the distress is cracking. On the 
other hand, if the condition of the segment tends to move 
from good to fair because of rutting, the seal is unlikely 
to alter this probability much, if at all. 

Similarly, if the road was in fair condition because of 
rutting problems, its condition is unlikely to improve with 
a seal. If it was in fair condition because of cracking prob
lems, its condition might very well be improved with a seal. 

Perhaps a better way to rate road condition would be 
to define condition by the type of distress present. Doing 
this makes it possible to predict with greater confidence 
what will happen to a particular road when it receives a 
specific treatment. To keep things simple, let's assume 
that there are only two types of distress in our network 
(rutting and cracking), only two levels of severity (none 
or some), and one level of extent (uniform throughout). 
Roads may be classified into four condition states using 
this system (Table 6). 

Using these more meaningful descriptions of condition 
states, we can now reevaluate our probability tables. Let's 
assume that we come up with the probabilities given in 
Tables 7 through 10. 
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TABLE 3 Probabilities for "Do Nothing" Option 

G G 
G .7 .2 

From F .7 
State p 

VP 

To State 

p 
.1 
.2 
.6 

VP 

.1 

.4 
1.0 

TABLE 4 Probabilities for Routine Maintenance Option 

G 
' G .9 

From F .1 
State p 

VP 

G 
.1 
.8 
.1 

To State 

p 

.1 

.8 

.1 

VP 

.1 

.9 

TABLE 5 Probabilities for Seal Maintenance Option 

From 
State 

TABLE 6 Condition States 

Condition 

No Rutting, No Cracking 
No Rutting, Cracking Only 
Rutting Only, No Cracking 
Rutting and Cracking 

G 
F 
p 

VP 

G 
? 
? 

Designation 

None, None (NN) 
None, Some (NS) 
Some, None (SN) 
Some, Some (SS) 

Now consider what might happen to our road network 
from one year to the next using the "do nothing" option. 
We begin by determining what is likely to happen to the 
30 roads in the NN state. From the first row of Table 6 
and Figure 2, we can see that 70 percent of the roads will 
likely remain in the NN state, 15 percent of the roads will 
have sufficient cracking to be classified as NS, 10 percent 
will be sufficiently rutted to be in state SN, and 5 percent 
will be sufficiently cracked and rutted to be in state SS. 

G 
? 
? 

To State 

p VP 

The calculations for all roads in the four condition states 
under the "do nothing" option are summarized in Table 
11 (refer also to Figure 2) . 

If we adopted a strategy of routine maintenance for all 
NN condition roads and "do nothing" on all other roads, 
we need Row 1 of Table 8 and Rows 2, 3, and 4 of Table 
7 to carry out the calculations. We would arrive at the 
result in Table 12. 

If routine maintenance were done on only 10 of the 
roads in class NN, we would use Row 1 of Table 8 for 
these 10 roads and Row 1 of Table 7 for the other 20 
roads. We would add them together to arrive at the net 
effect. In this way we could estimate the future condition 
of the road network under any defined maintenance strat
egy. We can now compare the two maintenance strategies 
mentioned earlier, subject to a budget constraint of $4.5 
million per year. Under the "treat-the-worst-first" strat-

TABLE 7 Probabilities for "Do Nothing" Option-Reevaluation 

To State 

NN NS SN ss 
NN .7 .15 .1 .05 

From NS .7 .3 
State SN .7 .3 

ss 1.0 
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TABLE 8 Probabilities for Routine Maintenance Option-Reevaluation 

To State 

NN NS SN ss 
NN .9 .05 .05 

From NS .9 .1 
State SN .9 .1 

ss 1.0 

TABLE 9 Probabilities for Seal Maintenance Option-Reevaluation 

To State 

NN NS SN ss 
NN 1.0 

From NS .8 .2 
State SN 1.0 

ss .8 .2 

TABLE 10 Probabilities for Overlay Option-Reevaluation 

NN NS 
NN 1.0 

From NS 1.0 
State SN 1.0 

ss 1.0 

egy, we will overlay the worst roads in the system until 
the funds are exhausted. With this budget, we could reha
bilitate 11.25 of our 30 SS class roads. If we perform the 
calculations and repeat this strategy year after year, we 
get the result in Table 13 and Figure 3. Note that the 
strategy of treating the worst first-subject to a $4 .5 mil
lion budget and given the condition of the network in 
Year 1, the costs of the treatments, and the models of 
pavement performance under various treatment options
we ended up in Year 4 with slightly more of our network 
in good (NN) condition, slightly less of the network in 
fair (NS) and poor condition (SN), and slightly more of 
the network in very poor (SS) condition. 

If we used the same $4 .5 million budget for as much 
preventive maintenance as we could in states NN, NS, 
and SN, and then spent the rest of our budget sealing 
roads in state SS, we would get the result in Table 14 and 
Figure 4. 

Figure 4 shows that a strategy of doing preventive main
tenance first (i.e., top down) resulted in more of the net
work being in good condition (NN) in Year 4 relative to 

Year 1, slightly fewer roads in fair condition (NS), more 
in poor condition (SN), and substantially fewer in very 
poor condition ( SS). 

The overall effectiveness of the two strategies (worst 
first versus preventive maintenance first) can be evaluated 

To State 

SN ss 

by comparing Figures 3 and 4. Clearly, the two strategies 
had different results, although in each case the same 
amount was spent each year. 

Which strategy is better? It is hard to tell. The more 
important question is whether either strategy is optimal. 
You cannot tell without an objective function, but it is 
highly unlikely that either strategy yields the most for the 
money spent. Rather some combination of treatments (i.e., 
doing nothing on some, routine maintenance on some, 
sealing some and overlaying some) probably gets the best 
results for the funds available. A pavement management 
system that is capable of true optimization would deter
mine the optimal strategy. 

A number of approaches could be taken to determine 
the most appropriate strategy, but first an objective must 
be defined to describe what is most appropriate in quanti
fiable terms. One objective function might be to determine 
the budget for each of the next 4 years so as to maintain 
the distribution across conditions as in Year 1. Another 
objective function might be to determine the budget in 
each of the next 4 years to reduce the proportion of the 
network in very poor condition to less than 10 percent. 
It is possible to determine the condition distribution for 
any given annual budget (these can be different each year), 
or determine the budget required to maintain the network 



Maintenance Option: Do Nothing 

Condition Number of Transition Number of 
in Year t Section in Probability Section in 

Yeart Yeart+l 

Good NN 30 
21.0 

Fair NS 20 
4.5 

Poor SN 20 
3.0 

VeryPoorSS 30 
0.15 

GoodNN 30 
0 

FairNS 
20~ 14 

Poor SN 20 
.30 0 

Very Poor SS 30 
6 

Good NN 30 

FairNS 20 0 

Poor SN 20 

~ 
0 

Very Poor SS 30 14 

6 

GoodNN 30 0 

Fair NS 20 0 

Poor SN 20 0 

Very Poor SS 30 
1.00 

30 

FIGURE 2 Condition transitions from Year t to t + l. 

TABLE 11 Transition of Roads in Good (NN) Condition 

Condition Year 1 Do Nothing Calculations 

30 X 0.7 = 21 
30 X 0.15 + 20 X 0.7 = 18.5 
30 X .1 + 20 x 0 + 20 x .7 = 17 

NN 
NS 
SN 
ss 

30 
20 
20 
30 30 X .05 + 20 X J + 20 X .3 + 30 X l = 43 .5 

TABLE 12 Combination Strategy 

Condition Year 1 Do Nothing Calculations 

30 X 0.9 = 27 
30 X 0.05 + 20 X 0.7 = 15.5 
30 X .05 + 20 XO+ 20 X .7 = 15.5 

Condition 
In Year t+l 

NN 

NS 

SN 

ss 

NN 

NS 

SN 

ss 

NN 

NS 

SN 

ss 

NN 

NS 

SN 

ss 

Year2 

21 
18.5 
17 
43.5 

Year2 

NN 
NS 
SN 
ss 

30 
20 
20 
30 30 XO + 20 X .3 + 20 X .3 + 20 X .3 + 30 X 1 = 43.5 

27 
15.5 
15.5 
42 
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TABLE 13 

State 

NN 
NS 
SN 
ss 

!l 40 C .. 
E 

l 30 
~ 
0 

! 
.;_ 20 
'5 
] 

10 E = z 
0 

Good Fair 

Network Condition Treating Worst First (Bottom Up) 

Year 1 

30 
20 
20 
30 

Poor Very Poor 

Condition 

Year 2 Year3 Year4 

32.25 
18.5 
17 
32.25 

33.825 34.93 
17.788 17.52 
15.125 13.96 
33.26 33.56 

to any defined condition distribution. These are only two 
objectives from a large range of possibilities. 

DISCUSSION OF ISSUES 

The preceding example has identified and illustrated a 
number of critical issues related to pavement management 
systems, maintenance management systems, and the need 
to integrate the two in order to demonstrate value for 
money spent on road maintenance. 

FIGURE 3 
worst first). 

Distribution of network condition (treating 

First, determining the appropriate (optimal) road main
tenance and rehabilitation strategy must be a condition
based process, where condition is expressed in terms of 
individual distresses (e .g., rutting, cracking) to be mean
ingful in relation to treatments. In fact, condition must be 
expressed in terms of the severity and extent of individual 
types of distresses because severity, extent, and type of 
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TABLE 14 Network Condition Using Routine Maintenance First (Top Down) 

State Year 1 

NN 30 
NS 20 
SN 20 
ss 30 

·1 

- 1--
I 

~ ~ ~ 

,; '/- '/ -
Fair Poor Very Poor 

Condition 

·Year 2 

35 
19.5 
19.5 
26 

-

~ ar 

Year4 

Year 3 Year 4 

37.9 34.1 
19.3 19.3 
19.3 24.7 
23.5 21.9 

distress are all important in determining the feasible treat
ments (e.g., sealing or crack-filling), the methods (hand 
or machine), and therefore the costs. 

The methods used in the condition survey must also be 
reproducible over time and among individuals or ma
chines performing the condition surveys. That is, the re
sults must be consistent whether one person or machine 
surveys the same section 10 times or 10 different people 
or machines survey the same section. A reproducible con
dition survey is fundamental to both a pavement manage
ment system and a maintenance management system if the 
systems are to be auditable and provide the information 
required to demonstrate value for money. 

FIGURE 4 
(top down) . 

Network condition routine maintenance first 

Finally, a pavement management system can determine 
the optimal maintenance and rehabilitation strategy only 
if representative costs of treatments and changes in condi
tion resulting from various treatments are available. The 
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trans1t10n probabilities for road condition for various 
treatments could be obtained on a relative frequency basis 
by tabulating the results of a series of annual condition 
surveys relative to the maintenance and rehabilitation ac
tivities each year. This is one of the places where the 
pavement management system and maintenance manage
ment system must interact. Only a maintenance manage
ment system can keep track of which maintenance and 
rehabilitation activities were actually applied to each road 
section over the years. Needless to say, this is no small job. 
It is impossible witho~t a condition-based maintenance 
management system. 

In our simplistic example the costs of treatments varied 
only by treatment type (i.e., routine maintenance versus 
seal versus overlay). All of our treatments were assumed 
to be applied uniformly throughout the road section. This 
is unrealistically simplistic. For example, the costs of filling 
cracks or patching potholes are both a function of the 
severity of the distress (e.g., narrow cracks versus wide 
ones, small potholes versus large ones) and the extent of 
the distress (e.g., transverse cracks every 5 m versus 50 
m, or potholes in 2 percent of the total area of the road 
section versus 20 percent). To estimate representative 
costs for various treatments, you must know the severity 
and extent of each type of distress. That is, you must 
have condition-based cost estimates for your pavement 
management system, where condition is expressed in 
terms of the severity and extent of each type of distress. 
Again, the only reasonable way to keep track of this level 
of detail is within a modern condition-based maintenance 
management system. 

CONCLUSIONS 

The findings of this paper illustrate that the world is 
changing, and those charged with managing civil infra-

structure are now expected to demonstrate economy (i.e., 
value for money) as well as compliance (i.e., that funds 
were spent on what was designated in the budget). To 
demonstrate value for money, public-sector infrastructure 
managers require a modern pavement management sys
tem. Further, to credibly demonstrate value for money, a 
pavement management system requires condition-based 
costs. The only reasonable way to keep track of the details 
required to develop condition-based costs is within a mod
ern condition-based maintenance management system. As 
such, integrating a modern condition-based maintenance 
management system with a modern pavement manage
ment system is fundamental to meeting the new financial 
accountability requirements of public-sector agencies. 
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Integration of Management Systems for 
Maintenance Activities 

Gaylord Cumberledge, Charles A. Wilson, and Gary L. Hoffman, 
Pennsylvania Department of Transportation 

Pennsylvania's Maintenance Operations Resource Informa
tion System (MORIS) is a large and complex mainframe 
system that has been fully operational since 1986. MORIS 
captures information on all aspects of maintenance opera
tions, including personnel, equipment, and materials. It is a 
"real-time" system, updated daily through transactions
such as payrolls, invoice documents, equipment usage infor
mation, and work activities-at terminals in the 11 district 
and 67 county offices and the three central warehouse func
tions (sign shop, equipment division, consumable supplies). 
Since 1986, MORIS has continually evolved through en
hanced integrations with other management systems. These 
include the Roadway Management System, Bridge Manage
ment System, Accident and Reporting System, and the Fiscal 
Management and Information System. Each of these five 
systems is large and can operate independently. MORIS inte
grates functions and obtains key information from these sys
tems to better manage the maintenance of Pennsylvania's 
roadways. 

T he Location Referencing System (LRS) is the key 
to the collection, storage, and integration of all 
roadway information within the Pennsylvania 

Department of Transportation (PennDOT). This common 
reference is specific to all location data and information 
shared among all management systems and data bases 
within PennDOT. It is the "common denominator" that 
allows these major mainframe systems to be integrated. 

An integral part of PennDOT's computerized manage
ment systems for storing roadway data is the 14-digit 
location reference number, which designates the county, 
state route, segment, and offset of a point or feature on 
a state route (CO/SR/SEG/OFFSET). 
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Pennsylvania is divided into 67 counties. Each county 
(CO) has a number that represents the first two digits of 
the LRS number. In each county, the state route (SR) is 
assigned a four-digit number subdivided into approxi
mately 1/i-mi segments (SEG). Finally, the four-digit offset 
number (OFFSET) is the distance (feet/meters) to a partic
ular roadway feature from the beginning of the segment. 
Wherever practical, the beginning and end of a segment 
are established at permanent physical features such as 
intersections, bridges, railroad crossings, and so forth. 

The LRS is not complicated, and anyone can easily take 
advantage of the benefits it offers. It adds permanence, 
accuracy, and stability to PennDOT's location signing 
system. It is easy to understand and inexpensive to main
tain, and it generates a computerized representation of 
the state highway network. 

For example, in the reference number ( 41/0220/0320/ 
1036), CO (41) denotes Lycoming County, SR (0220) 
denotes U.S. Traffic Route 220, SEG (0320) denotes Seg
ment 0320, and OFFSET (1036) denotes the distance to 
a feature from the beginning of Segment 0320. 

The Maintenance Operations Resource Information 
System (MORIS) uses the LRS to reference its location
specific data. This is essential to efficient system inte
gration. 

MORIS COMPONENTS 

Within (MORIS), three separate operational components 
are integrated, as shown in Figure 1: equipment manage
ment, materials management, and highway maintenance 
management. 
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FIGURE 1 Operational components of MORIS. 

Equipment Management 

The equipment management subsystem monitors the sta
tus and location of each unit of equipment in the Penn
DOT fleet, calculates equipment repair costs, and calcu
lates equipment usage costs. The equipment subsystem 
conducts seven major processing activities: 

1. It collects repair tasks reported to MORIS and pro
vides a mechanism for the equipment manager to create 
repair work orders. 

2. It maintains the accuracy of equipment inventory, 
both PennDOT-owned and rented units. 

3. It maintains the accuracy of the tool inventory for 
the garage storeroom. 

4. It allows equipment management to add and main
tain standards for repair task completion, equipment use, 
and fuel consumption. 

5. It helps equipment managers identify equipment re
tirements and acquisition by allowing the development of 
equipment age profiles by equipment type, and organiza
tion and analysis of maintenance cost versus purchase/ 
rental cost analyses. 

6. It calculates equipment rental rates once per year. 
7. It allows the ability to request reports when they are 

wanted ot needed. 

Materials Management 

The materials subsystem monitors inventory by location, 
estimates materials requirements on the basis of produc
tion units planned by activity in the annual work plan, 
and assists field personnel in acquiring and accounting 
for materials. 

The materials subsystem performs five major functions: 

1. It provides the tools to more accurately determine 
each organization's short- and long-term materials needs, 
as specified by the various highway work plans. 

2. It records changes of on-hand balances of all materi
als controlled on MORIS. These changes occur through 
materials receipts, issues, and transfers . The system also 
provides the ability to plan physical inventories, record 
actual counts, and calculate variances. This component 
allows authorized personnel to set reorder points and 
quantities for materials controlled on MORIS. 

3. It supports material acquisition by accepting vali
dated orders from users . 

4. It interfaces with the Fiscal Management and Infor
mation System (FMIS). It generates all accounting transac
tions related to material acquisition and usage and sends 
them to FMIS electronically each night. 

5. It accesses all of the data generated by this subsystem 
to prepare operating and management reports. 

Highway Maintenance Management 

The highway maintenance subsystem supports mainte
nance planning, both short and long term, and records 
the actual production of highway maintenance crews for 
management reporting and accounting. The planning 
component develops long-range planning by using the 
Road Information File. The data for this file are collected 
throughout the year by field personnel and obtained 
through integration with the department's Roadway Man
agement System (RMS). 

PENNSYLVANIA'S RMS 

Five major process components of Pennsylvania's RMS 
combine to provide pavement management system func
tionality. The key processes are described in this section. 
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Data Collection 

The data collection process flow diagram 1s shown m 
Figure 2. 

Inventory 

Pennsylvania's RMS contains an inventory of approxi
mately 41,000 mi of PennDOT-owned roadways. RMS 
includes approximately 100,000 roadway segments. Of 
these, about 91,000 are actual roadway segments, approx
imately 1

/ 2 mi long. The remaining segments are miscella
neous roadway facilities such as roadside rest areas, truck 
escape ramps, and interchanges. The segment length and 
feature locations are continually monitored while data are 
collected. 

Condition Suroey 

Roadway condition data are collected each year as part 
of the regular pavement survey program. Visual inspec
tions are made by two-person teams of evaluators who 
drive the shoulders at low speed and evaluate the pave
ment and shoulders. Guardrail and drainage surveys are 
also done. Condition data are recorded on computer-for
matted paper forms and entered into RMS at district of
fices or other remote locations. Pavement data are col
lected annually for all Interstate roadways and biannually 
for the rest of the state system. 

Roughness, skid, and structural strength data are col
lected at the network level by automated data collection 
equipment. International Roughness Index (IRI) data are 
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collected using a South Dakota-type road profiler. Skid 
resistance data are gathered using a locked-wheel skid 
trailer. Structural adequacy of the pavement is measured 
using a falling weight deflectometer. 

Treatment Specification 

The specification of maintenance treatments is shown in 
Figure 3. 

Pennsylvania's RMS contains the subsystem called Sys
temic Technique to Analyze and Manage Pennsylvania's 
Pavement (ST AMPP) . ST AMPP uses a matrix of treat
ments and distress levels to determine a preliminary 
treatment. 

The ST AMPP program maintains distress conditions 
for bituminous and concrete pavements. These conditions 
are used to calculate the 14 possible treatment strategies 
for bituminous pavements and 10 possible treatment strat
egies for concrete pavements shown in Figure 4. 

PennDOT also maintains treatment strategies for con
tinuously reinforced concrete pavement, unpaved roads, 
drainage facilities and appurtenances, and guardrails. 

A segment's roadway condition data, pavement history, 
average daily traffic (ADT), and class of highway are 
used to calculate the treatment. This pavement treatment 
matrix is maintained by PennDOT's Bureau of Mainte
nance and Operations, Roadway Management Division. 

Cost Assignment 

The RMS ST AMPP unit price index is used to assign costs 
to recommended treatment levels. This index contains 
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FIGURE 3 Pavement management-treatment alternatives. 

statewide unit cost data that are updated annually and 
reflect regional differences. An average statewide unit 
price index also is maintained. 

Life-Cycle/Performance/Optimization Analysis 

The PennDOT Pavement Performance Modeling Program 
is a performance modeling, life-cycle cost analysis, and a 
PC computer program for network/project optimization. 
The program consists of four major modules: 

• The grouping module defines groups of pavements 
with similar deterioration characteristics. 

• The modeling module builds a performance model 
for each group, developed for variable conditions on the 
basis of historical data. 

• The application module applies the developed per
formance models to a life-cycle costing analysis and an 
optimization process for maintenance and rehabilitation 
planning. 

• The data base module imports data to and from the 
RMS, PennDOT's central roadway data base. 

Planning, Programming, and Project Selection 

Using these pavement data sources and working knowl
edge of the roadway network condition, the county man-

ager and the PennDOT central office establish county 
goals for surface improvements and estimated budgets. 
The county manager assembles a preliminary list of proj
ects for district committee consideration. The district plan
ning and programming process uses the following seven 
criteria: 

l. Pavement conditions, 
2. County maintenance budget, 
3. Equitable geographic distribution of improvements, 
4. Roadway functional class, 
5. Impact of improvements on overall roadway 

network, 
6. Safety, and 
7. District mileage goals for surface improvements. 

The Annual Work Plan (A WP), Surface Improvement 
Program (213 Program), and Period Plan (PP) are devel
oped from these processes using the RMS, Bridge Manage
ment System, and Accident Record System data. 

The A WP is typical of most maintenance management 
systems. This plan is developed on the basis of available 
budgets and prioritized pavement, bridge, and safety 
needs. 

213 Program projects are programmed from deficien
cies identified by the road survey. Maintenance overlays, 
seal coats, and shoulder upgrades are developed on the 
basis of the A WP. 
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The PP is also developed using data from the road 
survey. Surface improvement projects and routine mainte
nance such as sealing cracks, replacing pipe, and grading 
shoulders are scheduled by route on the period plan. 

The labor, equipment, and materials necessary to do 
the planned activities are added to the weekly plan screen 
in MORIS. Once the weekly plan is built, the daily payroll 
documents are printed from the weekly plan screen. 
MORIS preprints most of the information required on 
the daily payroll, including the names and social security 
numbers of the crew members, activities to be done, loca
tion of the work, and equipment unit identification. The 
foreman adds hours, production, and weather and work 
break information, and makes any necessary modifica
tions. MORIS passes all cost accounting data to FMIS. 

Concrete Treatment Strategies 

Routine Maintenance 

Spot Joint Seal 

Joint Seal 

Joint Rehabilitation 

Spall Repair 

Joint Replace 

Slab Stabilization 

Slab Stabilization and Grind 

Slab Reolacement 
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Crew costs from the payroll and invoices from purchasing 
are also integrated with FMIS. Maintenance activities and 
costs are then passed to the Roadway and Bridge Manage
ment Systems for maintenance history records. 

CONCLUSION 

The integration of maintenance activities with other main
frame management systems in Pennsylvania is vital to the 
day-to-day operations of PennDOT. Many examples of 
system integration exist within PennDOT, and a few were 
summarized in this paper. System development and inte
gration efforts continue to evolve at a rapid pace with 
the explosion of information technology and the ever
changing needs of the user community. 



Highway Maintenance and Integrated 
Management Systems 

Michael J. Markow, Cambridge Systematics, Inc. 
William A. Hyman, The Urban Institute 

Maintenance management systems were among the first ap
plications of rational management principles and the then
new technology of computers to highway operations. Recent 
changes in the composition and funding of highway pro
grams, the organizational structures and missions of highway 
agencies, and federal legislation governing the development 
and use of management systems have focused increased atten
tion on the design and use of such systems, as well as how to 
integrate maintenance management with other departmental 
management functions. The conceptual design of an idealized 
maintenance management system, the integration of this sys
tem with other management systems, and potential applica
tions of new management capabilities and technology within 
these next-generation systems are described. 

T he development of maintenance management sys
tems (MMSs) 25 years ago was followed by sys
tems for pavements, bridges, equipment, materi

als, capital programming, contract administration, and 
other applications to help highway agencies do their job 
better. Each new system took advantage of new ideas and 
the ever-improving technology in computer hardware and 
software . Because of this evolutionary process, however, 
today's assortment of management systems in highway 
agencies is based on a range of hardware systems ex
tending from large mainframe computers to personal com
puters and organized in various ways from centralized 
to decentralized management structures. As a result, the 
systems are often incompatible with one another, imped
ing the efficient and timely flow of information among 
them. 

Recent changes in the composition and funding of high
way programs, the organizational structures and missions 

of highway agencies, and federal legislation governing 
the development and use of management systems have 
focused increased attention on the design and use of such 
systems, as well as how to make them work better to
gether. At the same time, highway departments are revis
iting their MMSs to see how they can be updated to meet 
new demands for maintenance program management and 
to take advantage of new concepts, analytic procedures, 
and technologies that have benefited management systems 
in the past two decades. 

This paper looks to the next generation of MMSs to 
determine how they must respond to the organizational, 
political, and technological trends that have emerged in 
recent years: 

• The role of highway maintenance is evolving. There 
is growing demand for maintenance services, which are 
increasing in sophistication and are in limited supply. 

• The growing use of computerized management sys
tems in the past two decades will continue as the result 
of recent federal legislation. The concept of a coordinated 
and integrated approach to system development and use 
promises not only to eliminate duplication of effort but 
also to make better use of shared information and to 
coordinate decisions. 

• Emerging technologies will enable improved data ac
quisition and locational-based processing, retrieval, and 
display of information in support of maintenance and 
other management information systems. 

• A model maintenance management information sys
tem must respond to the different organizational and ad
ministrative needs that exist among departments of trans
portation (DOTs) across the country. 

31 



32 PROCEEDINGS OF THE SEVENTH MAINTENANCE MANAGEMENT CONFERENCE 

The current maintenance management systems were 
right for their time, helping in the planning, budgeting, 
monitoring, and evaluation of maintenance work and fos
tering standard methods and productivity guidelines. 
Many changes have occurred since these systems were 
first developed, however. In light of these changes, several 
improvements are needed in current systems. 

At both the strategic planning and operational levels, 
the use of MMSs should be better integrated into other 
types of decision-making processes governing capital im
provements and operations. More recent systems devel
oped for pavements and bridges, for example, are based 
on life-cycle cost approaches and a longer analysis horizon 
than the 1- to 2-year outlook of most MMSs, and they 
include methods to identify the recommended levels of 
service to be provided by different activities. 

Traditional MMSs adopted a highly centralized ap
proach to maintenance planning, scheduling, and control, 
which is beneficial in some ways but has limited system 
effectiveness in many respects. For example, centralized, 
outmoded data processing and reporting methods are bur
densome and time-consuming for field personnel and are 
unable to produce reports timely enough for effective man
agement use. 

Current MMSs are not flexible enough to adjust work 
plans and schedules to reflect changing conditions, nor 
does their design approach accommodate easily to varia
tions in work load rates (or quantity standards) and per
formance standards to reflect variations across a state 
due to geography or the availability of labor, equipment, 
materials, or dollar resources. 

Current systems "force fit" all activities into the same 
planning and analysis framework, ignoring the consider
able variation in the types of activities encompassed by 
maintenance. Current systems also do not adequately con
sider the interaction among activities (precluding the anal
ysis of trade-offs). 

RECOMMENDED ADVANCES IN MAINTENANCE 
MANAGEMENT 

Three broad classes of improvements are recommended 
to help achieve an idealized MMS: 

1. System components and features should be reformu
lated to overcome the problems identified above in current 
systems. 

2. New types of analyses should be incorporated within 
maintenance management planning and budgeting, fol
lowing the leads established by pavement management 
and bridge management systems. 

3. Maintenance management should be integrated 
within the larger framework of management systems and 
functions within an agency. 

Each of these recommendations is described in the sec
tions below. 

Updates of System Features and Components 

Many of the system components and features that have 
formed the building blocks of maintenance management 
systems in the past will continue to be key elements in an 
idealized MMS, but the ways in which these features are 
defined and used should change. The following are exam
ples of recommended changes: 

• The list of maintenance activities should be reformu
lated to accommodate the needs of both high- and low
level maintenance management. 

• Inventories of physical assets to be maintained should 
be accompanied by data on their condition and functional 
obsolescence. Inventories of nonphysical assets (e.g., grass 
to be mowed) should be accompanied by data on the 
level of service actually being achieved (e.g., current actual 
frequency of mowing) . 

• Resource requirements and estimated production 
rates should be defined more flexibly to reflect local condi
tions, actual availability of resources, and level-of-service 
standards. 

• Distinct measures of levels of service, or quality stan
dards, should be defined and incorporated within the plan
ning and budgeting routines of MMS. 

• Traditional MMSs produce work programs based on 
needs, regardless of budget availability. An important ca
pability of an idealized MMS is to allow quick, realistic 
adjustments in work programs to meet budget constraints 
and shifts in priorities. 

• Calendars showing the crew days needed each month 
to have a leveled work load should be extended to cover 
not only scheduled activities but also responses to emer
gencies, service requests, and other demand-driven re
quirements. 

• An improved MMS needs the capability to adjust 
resource requirements on the basis of the degree of con
tracting expected to occur. 

• Improved scheduling methods are needed to account 
for all factors affecting the assignment of resources to 
activities, including the work calendar, service requests, 
emergency and urgent work, leftovers from the previous 
scheduling period, and condition and distress surveys from 
the pavement and bridge management systems. 

• Work reporting should involve a single source and 
instance of data entry to avoid duplication, wasted effort, 
and possible sources of inconsistency or error. 

• Reports to various management levels should be more 
timely, present only the information needed, and allow 
reporting by sections of road in addition to current re-
porting by organizational unit or area. • 
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New Analyses 

The next-generation MMS should build on the experience 
gained through pavement management and bridge man
agement systems over the past 15 years, to base planning 
and budgeting on a combination of engineering, eco
nomic, and management principles. The MMS should be 
able to analyze trade-offs between routine maintenance 
and capital activities (e.g., resurfacing, rehabilitation) and 
trade-offs in the levels of service to be provided in one or 
more activities, including the impacts of deferred mainte
nance. It should take into consideration both agency and 
user costs within a life-cycle cost framework. It should be 
able to perform needs analyses (assuming both uncon
strained and constrained budgets), optimal resource allo
cation, and reduction of data and summarization for man
agement purposes. 

These types of analysis can be performed within a 
framework referred to as a "demand-responsive" ap
proach to maintenance management. This approach, simi
lar to that used in pavement and bridge management sys
tems, views maintenance activities as a response to the 
demand for maintenance work-in other words, the dete
rioration of the highway system, or changes in its condi
tion. Furthermore, this approach builds on an economic 
framework rooted in life-cycle cost estimation and a pre
diction of both the impacts (or consequences) of mainte
nance and its costs. Also, variations in the levels of service 
(or quality standards) by maintenance activity serve as 
expressions of maintenance policy, with the goal of identi
fying the particular levels of service among all activities 
that provide the optimal balance between the costs and 
the consequences of the maintenance program. 

Integrated Systems Concepts 

For most agencies, the next generation of MMSs will 
feature a higher level of integration among maintenance 
functions, and between maintenance systems and other 
systems, than now exist. Indeed, several of the analytic 
advances proposed in the preceding section entail informa
tion from other sources besides maintenance. Almost cer
tainly, the next generation of systems will feature better, 
more appropriate integration than is typical today, taking 
advantage of newer technology in information processing, 
communication, and display, and a clearer understanding 
of the role that maintenance and integration play in the 
overall management of a transportation agency. 

The particular approach recommended to achieve inte
gration among maintenance and other systems, the inte
grated system concept that can be applied at different 
levels of the maintenance organization, is shown in Figure 

1. The approach used is referred to as a hub-and-spoke 
concept. All data and analytic capabilities needed on a 
shared basis by a particular organizational unit ( or level 
of management} are located in the hub for that unit or 
level. Information from other hubs is communicated when 
it is needed. Application packages or data needed by spe
cific units are located either at the satellite hubs for that 
unit (if they are to be shared by several users) or at the 
terminals along the spokes of the particular users responsi
ble for those analyses and data. Thus, the hub handles 
only the minimum amount of data necessary to serve its 
satellite hubs and terminals. Most important, the hub 
software does not have human "users" per se; its users 
are the analytic programs, data reporting tools, and data 
entry routines that exist at the terminals or the satellite 
hubs at the ends of the spokes. 

The hub itself is not just a computer, however. It is an 
organizational unit with a complete set of duties related 
to its prime objective of facilitating data sharing. These 
duties include, for example, the following: 

• Building, maintaining, and updating the corporate 
data base; 

• Establishing and maintaining the necessary telecom
munications links among hubs and spokes; 

• Exercising quality control, monitoring consistency, 
and enforcing needed precision on all data submitted to 
the corporate data base; 

• Providing and maintaining common-use software 
and utilities; 

• Working with various groups within the agency to 
build consensus and set standards for data coding, timeli
ness of data submission, handling of missing values, re
quired data precision and accuracy, locational and tempo
ral reference systems, and so forth; 

• Ensuring compatibility among future enhancements 
to hardware, software, and the central, satellite, and termi
nal data bases; and 

• Providing needed support services. 

A key advantage of the hub-and-spoke concept is its 
flexibility and adaptability: it is not based on any assump
tions of current system configuration or future plans. The 
hub-and-spoke approach may be implemented within a 
mainframe, minicomputer, or microcomputer environ
ment, including situations with different mixes of these 
types of hardware. Similarly, the hub support group al
luded to above should not be confused with a centralized 
MIS or ADP group such as those existing in state agencies 
today. The hub support group is a provider of services, 
not a centralized computer agency; in fact, its staff may 
not even come from the MIS or ADP organization. A hub 
support group that provides quick, effective, forward
looking responses to systems users is critical to the success 
of the integrated system concept. 
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FIGURE 1 MMS concept: hub-and-spoke approach. 

NEW TECHNOLOGY 

Several types of new technology that could assist in gather
ing, processing, and display of information for an inte
grated MMS are now commercially available. In addition 
to advances in computer hardware and software, exam
ples of this technology include the following: geographic 
information systems (GIS); global positioning systems 
(GPS); technology for highway inventory and inspection 
(e.g., video and photo logs, nondestructive testing or mon
itoring of pavements and bridges); and technology for 
work scheduling, reporting, and inventory management 
(e.g., palm-size and notebook computers, hand-held por
table data entry terminals, barcode scanners, electronic 
clipboards, and voice recognition systems). 

Technology enables an agency to perform tasks more 
economically or more effectively and at higher quality. 
Where new technology can play a role in the idealized 
MMS, the recommendations of this study have indicated 
how an agency may best take advantage of these advances. 
However, the choice of new technologies and how they 
are to be used is left to the discretion of individual agencies. 

The recommendations for an integrated system do not 
depend on any specific technological approach. 

EXAMPLE SYSTEM STRUCTURE 

The conceptual design of a maintenance management sys
tem meeting the criteria in the preceding sections is shown 
in Figure 2. Key facets of the system in terms of analytic 
components, operational elements, and interactions with 
other systems are as follows: 

• The central data base contains inventory data on 
pavements, bridges, and other maintainable features as 
well as data that come from other management systems 
and data bases (e.g., traffic, congestion, safety, equipment, 
materials accounting). 

• The inventory is tied to a locational reference system 
based on elapsed distance from reference markers and 
with a further tie (highly desirable but not necessary) to 
a GIS/network map. 
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FIGURE 2 Example of an integrated management system approach. 

• Life-cycle and user cost analyses are used to make 
capital and maintenance trade-offs. 

• Other analytical procedures assess trade-offs between 
level of service and costs for other maintenance activities. 

• Capital budget development is coordinated with the 
maintenance plan and program. The maintenance plan is 
based partly on maintenance methods and standards (crew 
sizes, equipment types, materials needed, quantity stan
dards, quality standards), but also includes activity levels, 
level of service to users (benefits}, resources and budgets, 
and costs. 

• Short-run schedules are derived from the mainte
nance plan with response-based inputs including real-time 
data on traffic incidents and snow and ice conditions. 
Ingredients include annual work program; daily patrols; 
service requests; urgent and emergency needs; leftover 
work from previous schedule period; and condition survey 
data from bridge management system, pavement manage
ment system, and so forth. 

• Resource utilization is reported to appropriate man
agement systems, such as materials inventory, equipment, 
and finance/accounting/payroll. 

• There is performance evaluation and feedback. 

This figure provides an important example, but by no 
means the only example, of how an integrated mainte
nance management system may be configured. The de
scriptions above are necessarily brief; additional informa
tion is contained in a recently published National 
Cooperative Highway Research Program report on this 
study (1). 

Agencies implementing an integrated maintenance man
agement information system have a broad array of choices 
about the functions and organizational levels to be in
cluded. A common and effective implementation strategy 
is to begin with a· core system that can stand alone and 
then expand by adding new modules to bring in new users 
and build bridges to new outside systems. Generally, the 
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data-sharing hub, such as a corporate data base, is the 
first to be implemented, and it is connected with a few 
existing systems, including the existing MMS, to begin 
operation and prove its value. A total organizational com
mitment is necessary to make this a success, so the involve
ment of top management is essential. In many states, the 
management systems required under the Intermodal Sur
face Transportation Efficiency Act (ISTEA), which also 
benefit greatly from data sharing, have been a driving 
force in the establishment of a data-sharing unit. Similar 
activities are occurring extensively in the private sector, 
making data-sharing architectures a hot issue among data
processing professionals. A sensible expansion path for a 
new MMS may be as follows: 

1. Concurrently with the hub, the development or ad
aptation of maintenance-related systems that depend on 
the hub can begin: maintenance control and reporting, 
work order generation and tracking, monitoring, and 
planning. 

2. Migration of the system through organizational lev
els also happens simultaneously through the establishment 
of appropriate data transfer, summarization, and alloca
tion procedures between crews and depots, depots and 
districts, districts and headquarters, and headquarters 
maintenance management and upper management. 

3. Integration can continue for closely related func
tions: equipment management, materials management, 
cost tracking, payroll, and contract management. 

4. Integration can continue for the ISTEA management 
systems: pavement management systems, bridge manage
ment systems, safety management systems, intermodal fa
cility management systems, congestion management sys
tems, and transit facility management systems. 

5. These uses also provide a natural extension to plan
ning and development functions: programming and bud
geting, transportation planning, and permitting. 

Figure 3 shows the potential of a broad-based integra
tion of systems, based on a hub-spoke or client-server 
architecture. 

IMPLEMENTATION OF CONCEPTS 

The concepts described in this paper are now being imple
mented in a project for the Nevada Department of Trans
portation (NDOT). Nevada's current maintenance man
agement system was installed over 20 years ago, based 
on the prevalent design concept of the day: an independent 
system with associated data files, using batch processing 
on a centralized mainframe. An assessment of user needs 
of both headquarters and field staff identified several sys
tem deficiencies and desires for new maintenance manage
ment capabilities. At the same time, a major shift is now 

occurring in the department's management practices and 
computer resources toward the following: networks of 
personal computers in a client-server environment; more 
streamlined administrative procedures (e.g., consolidated 
input of labor time sheet data and data on equipment 
and material use for maintenance); integration of highway 
data within a system of corporate data bases to serve a 
number of highway management systems, including those 
for pavements, bridges, safety, fence and guardrail, signs, 
and road maintenance; integration of the maintenance 
management system with other systems serving highway 
management functions; and implementation of GIS for 
highway planning. 

A new maintenance management system has been pro
posed for Nevada, embodying the concepts shown in Fig
ures 1 through 3. The conceptual design responds to a 
number of aspects of the DOT's current redefinition of 
its management system tools and, more broadly, its system 
environment. For example, the design addresses explicitly 
the implementation of the department's client-server ar
chitecture built around local-area and wide-area personal 
computer networks served by a minicomputer hosting the 
integrated highway data base. The design builds on this 
architecture in the manner suggested in Figure 3 and rec
ommends direct linkages among headquarters and field 
staffs, extending from the DOT director to the crew level, 
to serve various management functions (e.g., budgeting, 
work load balancing, resource allocation, and work re
porting and monitoring). Recommendations have also 
been made to the department in the following areas: 

• Integration of maintenance management with other 
systems now being developed to meet the management 
system mandates of ISTEA, plus other systems (e.g., sign 
inventory, fence and guardrail, finance and payroll, equip
ment management, and materials and stockpile man
agement); 

• Highway maintenance applications of the depart
ment's GIS in conjunction with location referencing using 
its GPS; 

• Consolidation of field data input within a "single
source" scheme allowing greater electronic processing of 
source information on labor, equipment, and materials use 
(with direct read-write ties to the accounting system); and 

• An implementation plan illustrating different migra
tion paths for staged development and related costs and 
benefits. 
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FIGURE 3 Application of hub-and-spoke and systems integration concepts 
within an organization. 
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Strategies for Managing Public Expenditures 
for Road Maintenance 

Frannie Humplick and Asif Faiz, The World Bank 

Public disbursements for highways include investments in 
network and capacity expansion and expenditures on current 
operations and maintenance. A number of factors contribute 
toward complicating the process of managing public expendi
tures: (a) a multiplicity of budget-making bodies, (b) the 
propensity to favor new construction, (c) disparate treatment 
of activities relating to new construction and maintenance, 
and (d) divergence in analytical approaches for cost estima
tion. The result is a profusion of budgeting techniques, includ
ing line-item, lump-sum, and program or performance bud
gets. Alternative approaches to predicting life-cycle 
expenditures for highways are examined to derive a unifying 
methodology for sound management of public expenditures. 
Aggregate techniques, such as indices of absolute or relative 
expenditures, are contrasted with disaggregate procedures 
using detailed predictions of maintenance work volumes and 
activity costs. The advantages and disadvantages of each 
method vis-a-vis a budgeting process are also presented. Of 
special concern is the treatment by each technique of the 
following: (a) variation in unit costs, (b) modalities of high
way failure and their maintenance consequences (cata
strophic, monotonic degradation, nonmonotonic drift), (c) 
configuration of highway network characteristics (age and 
use levels), and (d) trigger mechanisms for maintenance (user 
costs, capacity and structural constraints, asset depreciation, 
employment generation, economic productivity) . The meth
odology is applied to the evaluation of a typical country's 
budget for road maintenance. 

P 
ublic expenditures on highways include invest
ments in network and capacity expansion, recon
struction, rehabilitation, and upgrading of existing 

highways, as well as expenditures for current operations 
and maintenance. A number of factors complicate the 
process of managing public expenditures. 

38 

First, there are many budget-making bodies: (a) central 
units within ministries of transport that may be in charge 
of programming the expenditures for the trunk or primary 
network; (b) state and local government agencies that may 
have operational responsibility for state and local roads 
(secondary and tertiary network); (c) ministries of plan
ning, economy, and finance with an overall responsibility 
for planning and prioritizing public investments; and (d) 
ministries of agriculture or tourism with responsibilities 
for maintaining part of the network such as rural and 
special (historic or scenic) roads. The budget-making pro
cess involves intensive interagency interaction and coordi
nation. The complexity of these interactions is mainly due 
to an unclear alignment of functions and responsibilities, 
as well as nonintegrated policies. 

Second, the various bodies involved in planning and 
budgeting for highways may treat similar investments dis
parately. For example, a budget-making unit within a 
ministry of economy and finance may assume a different 
planning horizon, unit costs, and standards of construc
tion from that used by a programming unit within a minis
try of transport for the same type of construction. Such 
practices may lead to different estimated allocations 
within a budgeting year. 

Third, planning units that are politically appointed may 
tend to favor new construction, since such investments 
are more clearly linked to voting outcomes than are main
tenance or small-scale improvements. Such biases may 
lead to unbalanced investment profiles, with larger alloca
tions to new construction as opposed to maintenance, 
encouraging a cycle of new construction-deferred mainte
nance-reconstruction. 

Finally, each budget-making body may use different 
analytical approaches for cost estimation, leading to large 



HUMPLICK AND FAIZ 39 

variations in estimated budgets. Budgeting for new con
struction involves projecting lumpy, discrete, and quantifi
able expenditures at specific locations. Deviations in bud
get estimates for this type of project derive mainly from 
unit cost variation as a consequence of assumptions for 
standards and methods of construction. Maintenance and 
operation expenditures, on the other hand, are recurrent, 
incremental, and difficult to quantify. Differences in bud
get estimates for these projects are mainly due to the spa
tially diverse nature of maintenance activities, the wide 
span of management control, and disparities in delegation 
of authority for maintenance between centralized and de
centralized units, as well as contract and force account 
(in-house) work. 

As a result, a profusion of budgeting techniques exists 
for public infrastructure expenditure, including line-item, 
lump-sum, and program or performance budgets. 

This paper examines alternative approaches for pre
dicting life-cycle expenditures for highways and suggests 
a unifying methodology for sound management of public 
expenditures. Aggregate techniques such as indices of ab
solute or relative expenditures are contrasted to disaggre
gate procedures using detailed predictions of maintenance 
work volumes and activity costs. The advantages and dis
advantages of each method vis-a-vis the budgeting process 
are also presented. Of special concern is the treatment by 
each technique of the following: (a) variations in unit 
costs, (b) modalities of highway failure and their mainte
nance consequences (catastrophic, monotonic degrada
tion, nonmonotonic drift), (c) configuration of highway 
network characteristics (age and use levels); and (d) trigger 
mechanisms for maintenance (user costs, capacity and 
structural constraints, asset depreciation, employment 
generation, economic productivity). The methodology is 
applied to the evaluation of a typical country budget for 
road investments. 

TYPES OF HIGHWAY BUDGETS 

The main purpose of a budget is to provide a meaningful 
and operational framework for accountability, while 
allowing for sufficient flexibility in the application of allo
cated funds.The budget serves as a contract between the 
road agency and the government, with the road agency 
committed to producing a quota of work outputs for the 
financial resources it receives from the government. The 
government is responsible for making the necessary finan
cial allocations in a timely fashion. A good budget clearly 
spells out the obligations and responsibilities of each 
party, so that a clear basis exists for auditing and assessing 
budget performance and for evaluating the effectiveness 
of public expenditures against desired economic and social 
outcomes. There are three types of highway budgets in 

common use: line-item, lump-sum, and performance
based (see Table 1 for examples). In addition, zero-based 
budgeting (ZBB) has been used as a tool for budget justifi
cation. For a detailed discussion of alternative budgeting 
practices for highways see Faiz (1), Kelley (2), and 
Premchand (3). 

Line-Item Budgets 

A line-item budget determines expenditure allocations in 
money terms rather than on the work to be accomplished. 
The budget lists amounts under proposed expenditure 
categories such as personnel services, contractual services, 
commodities, and other charges (see Table 1). In a line
item budget, funds are used on the basis of individual 
judgment rather than work objectives or comparative lev
els of service. This type of budget offers some advantages, 
such as the ease of preparation and simple projection from 
historic expenditure patterns. It is also easy to administer 
since the budget items are the same as the expense items 
incurred during budget execution. However, a line-item 
budget is highly restrictive and offers little flexibility in 
changing allocations across itemized categories. For exam
ple, transferring funds from materials to personnel is not 
allowed, even if there is an excess of funds for materials 
and a shortage for personnel. 

Line-item budgets are suitable for relatively stable situa
tions with no changes in personnel, technology, or materi
als needs, and where historical patterns are relatively rep
resentative of expected patterns of expenditure. As a 
result, they may be suitable for new construction projects 
in areas with little topographical or geological variation, 
where work is carried out by force account. They are not 
suitable for most maintenance and emergency projects, 
due to their spatial and temporal variability and associated 
expenditures. 

Lump-Sum Budgets 

In lump-sum budgeting procedures, a single-line item rep
resents all the expected expenditures for a particular 
agency (see Table 1). Such a budget offers the greatest 
flexibility for allocating across highway construction, re
construction, rehabilitation, and maintenance activities; 
across particular road links; and across expenditure cate
gories such as personnel and materials. However, the bud
get preparation must be based on a sound physical pro
gram, and performance must be closely scrutinized to 
ensure accountability. Such budgeting procedures are 
most suitably used where there is an advanced mainte
nance programming and evaluating capability and good 
capability for estimating costs and work requirements. 



TABLE 1 Types of Road Budgets 

PERFORMANCE BUDGET 
Fiscal Year: 1982 

ACTIVITY 
No. Description 

1101 Spot Premix Patching 
Units: Sq. Feet 

1103 Recycle Asphalt Pitch 
Units: Sq. Feet 

1100 Roadway Maintenance 

3201 Roadway Mowing 
Units: Swath Mi 

3204 Litter Pickup 
Units: Man Hrs. 

3200 Roadside Services 

Activities (1100 + 3200) 
Other Activities + Administrative 

Overhead 

Total 

LINE-ITEM BUDGET 

Fund: GENERAL 

CLASSIFICATION 

Personal Services 
Contractual Services 
Commodities 
Other Charges 
Gross Expenditures 
Reduction of Costs 
Net Expenditures 

LUMP-SUM BUDGET 
Fiscal Year: 1982 

CLASSIFICATION 

Net Expenditures 

Department: HIGHWAYS 

In-House 

Work 8,050.00 
Cost 33,407.50 

Work 2,010.00 
Cost 10,271 .10 

Cost 43,678.60 

Work 873.00 
Cost 3,622.95 

Work 375.00 
Cost 5,632.50 

Cost 9,255.45 

52,934.05 

35 ,683.32 

88,617.37 

Department: HIGHWAYS 

ACTUAL 1982 

65,429.18 
6,312.18 
4,450.02 

_19,946.15 
96 ,137.53 

_1,129.62 
95.007.91 

Department: HIGHWAYS 

ACTUAL 1982 

83,113.23 

Activity : ROAD MAINTENANCE 

WORK AND COST 
Contract Total 

0 8,050.00 
0 33,407.50 

500.00 2,510.00 
2,485.00 12,756.10 

2,485.00 46,163.60 

315.00 1,188.00 
1,332.45 4,955.40 

0 375.00 
0 5,632.50 

1,332.45 10,587.90 

3,817.45 56,751 .50 

2,573.09 38.256.41 

6,390.54 95,007.91 

Activity : ROAD MAINTENANCE 

BUDGET 1983 

83,198.00 
7,000.00 
3,540 .00 

22,000.00 
115,738.00 

2,500.00 
113,238.00 

BUDGET 1984 

87,927.00 
7,500.00 
4,450.00 

26,500.00 
126,377.00 

2,500.00 
123,877.00 

Activity : ROAD MAINTENANCE 

BUDGET 1983 

102,240.00 

BUDGET 1984 

112,843.00 
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Program or Performance Budgets 

Program or performance budgets are relatively recent, 
appearing after the development of maintenance manage
ment systems and cost accounting procedures around 20 
years ago. Such budgets are based on detailed activity, 
work, and cost estimates (see Table 1). Achievement tar
gets are specified for levels of service, and the method 
of execution-whether by force account or contract-is 
indicated. This type of budget indicates both what is to 
be accomplished (in units of work such as man-hours of 
litter pickup or square feet of roadway patched) and what 
it will cost. Whereas the expenditures may not exceed 
the allocations for specific activities, the performance or 
program budget allows for considerable flexibility in the 
use of component resources (labor, equipment, material), 
which are not appropriated by each object of expenditure 
as in the line-item budget. The performance-based budget 
offers the best balance between accountability and flexibil
ity principles underlying highway expenditure budgeting. 

PREDICTING LIFE-CYCLE EXPENDITURES 

Aggregate Approaches 

Aggregate approaches for predicting life-cycle costs are 
used in conjunction with lump-sum budgeting procedures. 
They have the advantage of flexibility of use and are 
usually based on an index or ratio at the beginning of the 
analysis period, which is updated at each period. Such an 
index may be derived from a function relating the average 
cost of an activity like maintenance to indicators of the 
need for maintenance, such as the time since the last major 
rehabilitation and the level of deterioration. Alternatively, 
projecting a ratio of the relative expenditure categories 
(ratio of maintenance to capital expenditures) over time 
may be useful as an aggregate measure of need if the 
techniques for projecting one type of expenditure (e.g., 
new construction) are well specified. The major disadvan
tage of such budget estimation techniques is the inability 
to incorporate different types of activities, varying effec
tiveness of activities, and other factors affecting the effi
cacy of planned activities. 

Absolute Expenditures 

Absolute indices for predicting future expenditures are 
generally log-linear functions of the following form: 

ln(Cm) = aX + bln(U) (1) 

where 

Cm = average cost of an activity such as maintenance 
(dollars/km), 

X = indicator of the need for the activity such as the 
time since the last major rehabilitation (years), 

U = indicator of the scale of an activity such as the 
level of deterioration on a highway due to accu
mulated use, and 

a, b = estimated coefficients. 

An example of an aggregate road maintenance cost 
prediction model is given by Sharaf and Sinha ( 4), where 
the total routine maintenance cost per year per lane mile 
is predicted as a function of the age of the pavement 
since the last rehabilitation and the accumulated traffic is 
measured in equivalent axle loads. 

Relative Expenditures 

Relative expenditure prediction methodologies are useful 
when there is a good basis to relate a particular category 
of costs, such as capital and maintenance expenditures. 
Generally, coefficients of the expected balance between 
categories of investments are calculated and used to pro
ject the necessary allocations between categories. Heller 
(5) suggested such a measure for detecting the degree of 
underfinancing of recurrent development costs for a vari
ety of road investments. The functional form used for 
relative expenditure models is 

(2) 

where 

Cm = annual maintenance expenditure (dollars/km), 
Cc = total capital expenditure (rehabilitation, recon

struction, new construction) (dollars/km), and 
coeff = expected value of the relative balance between 

investment categories. 

The table that follows (5) gives an example of estimated 
coefficients for feeder roads and paved roads. This table 
demonstrates the high variability in such coefficients, espe
cially for feeder roads, where the design and maintenance 
standards are disparate: 

Road Standard 

Feeder roads 
Paved roads 

r Coefficient 

0.06-0.14 
0.03-0.07 

Limitations of Aggregate Approaches 

Aggregate approaches are useful for managing highway 
expenditures at the network level. These approaches im
plicitly assume that estimated coefficients are stable over 
time. This assumption is difficult to justify for most high-
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way systems, for a number of reasons. First, they are 
insensitive to variations in unit costs and the rhythm of 
highway system failure. In addition, they are not easy to 
adjust to multiple criteria for undertaking activities, and 
are useful when there is a stable set of well-established 
policies for maintenance and rehabilitation. These factors 
will be discussed in more detail later. 

Disaggregate Approaches 

Disaggregate approaches require detailed models for pre
dicting work volumes and costs of activities. These are of 
two general types: (a) models predicting the volumes of 
work to be done, measured in production units (lane miles 
of joints sealed, linear feet of cracks sealed, number of 
potholes patched), total manhours required, and types 
and quantities of materials (tons of patching mix); and 
(b) cost prediction models that estimate the cost of a 
particular activity such as crack-sealing by the kilometer 
or mile. The two approaches differ significantly in the 
type of data required for projecting highway expenditures. 

Work Volume Predictions 

Several models have been used extensively to project the 
work volumes required to carry out life-cycle expenditure 
analysis for highways : (a) a study by the Federal Highway 
Administration to predict damage and performance of 
pavement systems that have received a wide variety of 
alternative maintenance and rehabilitation actions (6); (b) 
a simulation model called EAROMAR-2 for predicting 
highway performance, maintenance, and rehabilitation 
costs (7); (c) a pavement management system developed 
by the U.S. Army Corps of Engineers (8); (d) a highway 
design and maintenance model developed by the World 
Bank (9); and (e) the Transportation Research Laboratory 
(TRL) Overseas Unit Model RTIM (10). 

Such models require a variety of data types: 

1. Route characteristics such as geometry, capacity, 
and administrative sections; 

2. Pavement characteristics such as strength, layer 
thickness, age, traffic loadings, quality of construction, 
and type of materials for the pavement layers; 

3. Pavement history including the time since the last 
rehabilitation and pavement age since construction; 

4. Pavement condition including the extent and severity 
of cracking, rutting, potholes, and roughness, as well as 
factors retarding distress, such as preventive maintenance 
actions; 

5. Maintenance policies, including local work schedul
ing practices, and unit costs of maintenance labor, equip
ment, and materials; 

6. Planned activities such as routine maintenance, pre
ventive treatments, rehabilitation measures such as reseal
ing and overlay, and reconstruction; 

7. Environmental and climatic variables such as land
slide frequencies, precipitation levels, and freeze and thaw 
cycles; 

8. User consequences such as vehicle operating costs, 
travel time, accident costs, and pollution emissions; and 

9. Economic data such as discount rates, differential 
inflation, and costs of safety. 

Such models can be represented by the following system 
of equations: 

S(t + 1) = S(t) f(C,, Cm, U) 

'll(t) = g[S(t), C, (j, t), Cm (i, t)] 

C, (j, t) = a + bS(t) 

log[Cm(i, t)] =ex+ 13 log[S(t)] 

$(t) = 'Yi C,(j, t) + µ; CmU, t) (3) 

where 

S = condition of a predefined pavement 
segment; 

f = deterioration function relating the condi
tion of the pavement to the utilization, 
maintenance, and rehabilitation activities 
performed; 

t = analysis year; 
U = measure of utilization of the pavement such 

as accumulated vehicle loads or age; 
'll(t) = a selected set of maintenance and rehabili

tation activities to address the pavement 
condition problems observed at the time 
period t; 

g = function mapping the observed condition 
to a set of maintenance and rehabilitation 
activities (usually based on the mainte
nance policies followed); 

Cm(i, t) = annual maintenance cost ( dollars per lane
km) for a package of maintenance actions 
i at time t; 

C, (j, t) = rehabilitation cost (dollars per lane-km) for 
activity j at time t; 

a, b, a, f3 = estimated coefficients; 
$(t) = estimated highway expenditure for the year 

t; and 
'Yj, µ; = unit costs of the selected rehabilitation and 

maintenance activities, respectively. 
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The first equation is a condition-prediction model as a 
function of the utilization and efficacy of maintenance 
and rehabilitation activities. Condition is defined either 
in index form, such as the pavement serviceability index 
(PSI) or the pavement condition index (PCI), or is a physi
cal measure of deterioration such as percentage cracking 
or pavement roughness level. 

The second equation represents a mapping process 
whereby activities are selected to address the current con
dition S(t) in order to obtain the desired condition S(t + 
1 ). Maintenance and rehabilitation activities are classified 
according to frequency (annual, periodic, or infrequent) 
and expected impact (no change in surface condition, 
change in surface condition, change in life of pavement, 
change in pavement strength, change in all parameters). 

The effect of such activities on the condition of pave
ments is generally captured as (a) a discrete correction of 
a fixed amount of damage (square meters of cracks 
patched per km) represented by the coefficients in the 
third and fourth equations a and a; and (b) a continuous 
measure of retardation of future deterioration or improve
ment in condition as measured by the coefficients in the 
third and fourth equation band !3. The log transformation 
for the maintenance cost function is used here because it 
has been demonstrated by past studies to be the best avail
able model specification. Humplick (11) summarizes best 
practices in highway maintenance expenditure cost model
ing, and Sharaf and Sinha (4) apply such a model for road 
maintenance expenditures in Indiana. 

The last equation is the major input into budgeting 
processes because it represents the estimated expenditures 
for a selected set of maintenance and rehabilitation activ
ities. 

Cost Per Activity 

Other models in use are based on predicting the cost of 
a given set of activities. Examples include the Ontario 
Pavements Analysis of Costs (OPAC) and the Program 
and Financial Planning in Pavement Rehabilitation 
(PARS), both developed for Ontario. The OPAC model 
(12) uses the concept of repeatability of expenditures and 
performance cycles to estimate future expenditures as a 
function of rehabilitation activities such as overlay. This 
model estimates the expected life of a rehabilitation invest
ment in years, where the rehabilitation activity is measured 
by the thickness of overlay. The expected cost of the invest
ment is consequently estimated from a preestimated func
tion (the second function in Equation 4). The approach 
is summarized as follows: 

T = aq/" 

$ = Cm+ C, *q, 

where 

(4) 

T = life-cycle length (the life of the proposed rehabili
tation) (years); 

q, = the unit quantity of the rehabilitation work, such 
as the thickness of overlay (cm or in.); 

a, 13 = estimated coefficients; 
Cm = constant cost of maintenance per km; 
C, = variable cost of rehabilitation per km and unit 

work volume; and 
$ = estimated expenditure. 

The PARS model (13) is similar to the OPAC model. 
This model predicts pavement performance as a function 
of utilization variables (age, traffic) and quantities of reha
bilitation work planned (thickness of overlay). This is 
represented by the first of the following equations. The 
expected cost of the works is estimated from the second 
of the following equations. 

S = Smax - KVaq, 

$ = Cm + C,*q,-b 

where 

S = the performance condition (PCR or PCI), 

(5) 

Smax = maximum pavement performance level that can 
be achieved (e.g., 100), 

K = estimated coefficient, 
U = measure of utilization (age and traffic), 
q, = thickness of overlay, and 

a, b = estimated constants. 

The advantages of these types of models is the ability 
to predict the total cost of an activity such as rehabilita
tion, its impact on the pavement, and its expected life. It 
can therefore be used as an input to the performance 
budget mentioned previously. 

f ACTORS AFFECTING MAINTENANCE COSTS 

The predictions that can be made by the various methodol
ogies are subject to a number of factors that render them 
uncertain. Among these are (a) variations in unit costs, 
(b) modalities of highway failure, (c) configuration of 
highway network characteristics, and (d) trigger mecha
nisms for maintenance. 

Variations in Unit Costs 

Highway expenditures as described so far comprise con-
5truction, reconstruction, rehabilitation, and maintenance 
costs, over the planning and budgeting horizon. These 
expenditures are included in the budgeting process as unit 
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FIGURE 1 Variation in unit costs for a single pavement design (11). 

costs per unit of work done or as annual expenditures. 
The common practice in budget preparation is to derive 
a single estimate of unit cost for a particular activity, as 
described earlier, which is then used as a parameter in the 
cost estimation. Estimates of unit costs are extracted from 
engineers' previous estimates, highway bids, or publica
tions of current unit prices. A number of factors introduce 
uncertainty in the cost estimates, such as design and con
struction practices, traffic levels, weather and geography, 
maintenance policies and technologies, and bidding proce
dures. An analysis of the variation of unit costs for rehabil
itation of rigid and flexible pavements (see Figures 1 and 
2 respectively) indicates the wide differences that can be 
expected in highway expenditures. Figure 1 shows the 
variation in the unit cost for a single pavement design (a 
9-in. rigid pavement), and Figure 2 shows the variation 
as a function of different designs (thickness). 

For example, there is a high variability in the types of 
work required at a given time, ranging from spot mainte
nance to minor rehabilitation, making the maintenance 
budget difficult to estimate. The ratio of maintenance to 
capital expenditures would be affected by such variation, 
reducing the utility of the aggregate budget projection 
procedures previously described. 

Modalities of Highway Failure 

Many of the models described in this paper require a 
mechanism for triggering an activity such as maintenance 
or rehabilitation. Highway infrastructure may suffer three 
different types of failure: (a) catastrophic failure, such as 

when a bridge collapses; (b) monotonic deterioration, such 
as when pavement surfaces crack; and (c) nonmonotonic 
failure, such as when a highway is periodically congested. 
Figure 3 gives a summary of these types of failures along 
with analogies to failures in other infrastructure systems. 
The corresponding expenditure responses to the failure 
modalities in Figure 3 are shown in Figure 4. Catastrophic 
failures are addressed by lump-sum and discrete expendi
ture to address the particular condition once and for all. 
Monotonic failures require continuous outlays of expendi
tures on a period-by-period basis, such as an annual bud
get for carrying out routine and preventive work. Non
monotonic failures fluctuate with levels of demand (such 
as the congestion example) or with climate (such as flood
ing, rock slides, and icy roads, which are cyclically depen
dent on the weather). All these factors affect the accuracy 
of budgeting procedures and must be accommodated. 

Configuration of Highway Network 
Characteristics 

Highway networks are typically made up of a collection 
of roads with varying age profiles, design and construction 
methodology, and use patterns. As a result, there are nu
merous combinations of systematic and random patterns 
of failure for a given network. Systematic failures are due 
to the rhythm of building whereby a typical highway will 
last around 20 to 40 years with the proper design and 
maintenance. Random failures result from variations in 
construction quality, spatial variations in roadway 
strength, climatic and other factors, as well as actual main-
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FIGURE 4 Maintenance responses to the three types of infrastructure 
failure. 

tenance history. These factors make it difficult to assess 
the relative size of the maintenance allocations without 
more detailed modeling of failure and deterioration pat
terns. The aggregate prediction approaches are more af
fected by these factors than the disaggregate modeling 
techniques presented previously. 

Trigger Mechanisms for Maintenance 

There are different reasons for doing maintenance or capi
tal works, ranging from responding to user complaints to 
generating employment. Figure 5 summarizes the perspec
tives, perceptions, and preferences for doing maintenance 
work. As an illustration, maintenance may be undertaken 
to satisfy a user or a manager of a highway system. Users 
are more concerned with the quality of service and 
whether there has been a cessation in service. Highway 
managers care about capacity and structural concerns. 
The users ' preference would therefore be for reparative 

and restorative work, whereas the managers' preference 
would be for capacity expansion and rehabilitative ac
tions. Many budgeting procedures do not relate the type 
of activity and its related expenditure to the reasons for 
undertaking these activities. As a result, it is difficult to 
project future expenditures. 

DIAGNOSING A TYPICAL COUNTRY BUDGET 

We will now use a case study to illustrate some of the 
points made in this paper. The case study involves the 
analysis of highway expenditures in Peru from 1985 to 
1993, for the purpose of suggesting adjustments to its 
budgeting procedures. Figure 6 shows the actual ratio of 
maintenance to capital expenditures in Peru from 1985 
to 1993. As can be seen from this figure, there is a high 
variability of this coefficient over time. It was highest in 
1991 and lowest in 1989. An average ratio from these 
data is around 0.5, a figure well above those suggested 
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TABLE 2 Conditions of Peru's Road Network (14) 

Rating 

Good 

Fair 

Bad 

JULY 1990 

km 

1,936 

6,815 

6,942 

15,693 

% 

12 

44 

44 

by Heller (5), which were around 0.03 and 0.07. Using 
the HDM model and past data, an optimal ratio was 
calculated. The optimal ratio is an average ratio based on 
the assumptions that maintenance is triggered to minimize 
user and highway agency costs. As can be seen from Figure 
6, the optimal ratio is well below the average ratio, indicat
ing that Peru was seriously deferring maintenance and 
resorting to a cycle of reconstruction-deferred mainte
nance-reconstruction. 

To check whether the diagnosis was correct, the condi
tion of the highway network before and after the maxi
mum point of the ratio in Figure 6 was compared in Table 
2. This table shows that in 1990 the proportion of the 
network that was in good condition was 12 percent, com
pared with 17 percent in 1992. Similar improvements 
were found in the highway network rated in fair condition, 
which was 44 percent in 1990 and 54 percent in 1992. 
Therefore, the relative ratio method was picking up the 
right overall pattern. However, if we were to use this ratio 
to project future allocations between maintenance and 
capital expenditures (reconstruction and rehabilitation), 
we would have arrived at the wrong result, because the 
average ratio we calculated from actual data was far 
higher than the optimal ratio, if the correct reasons for 
maintenance were considered. 

SUMMARY AND FURTHER WORK 

We have presented alternative methodologies for prepar
ing highway budgets, citing their advantages and limita
tions, as well as the factors affecting their robustness. 
These methodologies can be used as a tool kit for diagnos
ing past expenditures and recommending strategies for 

DECEMBER 1992 

Rating 

Good 

Fair 

Bad 

km 

2,668 

8,474 

4,551 

15,693 

% 

17 

54 

29 

highway expenditure budgeting. These methodologies 
should be tested further using a variety of policy scenarios, 
to provide measures of robustness and general recommen
dations suitable for particular country situations. Field 
data, such as global condition surveys using randomly 
selected samples, would provide a basis for calibrating 
and testing the models developed in this paper. 
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How To Keep Your Maintenance Management 
System from Growing Old 

Dennis H. File, Illinois Department of Transportation 

Most states now have a maintenance management informa
tion system (MMIS). Many states, including Illinois, have 
extensively revised or replaced their original system. Now 
states are facing the same dilemma with their second systems 
as they did with the first : how to keep their new MMIS from 
growing old. The new MMISs are much different from their 
predecessors in terms of the equipment used to support them 
and the experience of the managers who use them. In addi
tion, the investment in these systems is often substantial. It 
is important that these systems not be allowed to grow old 
and require total replacement when they can remain dynamic, 
growing, and emerging systems that keep up with manage
ment and organizational requirements. 

T he Illinois Department of Transportation's 
(IDOT's) original maintenance management in
formation system (MMIS) dated back to the 

1960s. The original system was a batch system with time 
cards and invoices submitted from the field to the district 
or state offices where data was keypunched and edited. 
Reports were created by a mainframe computer at the 
central office from information stored on magnetic tapes. 
The reports were then collated and mailed to the districts, 
which were expected to further collate and distribute them 
to the field engineers and team sections. Reports reaching 
the field contained data about activities performed 60 to 
90 days before. 

IDOT's new MMIS, implemented in 1987, is much 
different in its overall objectives and equipment support . 
First, the new system was developed on the basis of infor
mation managers' need to make decisions. Each area of 
maintenance management was explored with the manag
ers involved. They were asked about their daily decisions 
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and what information they needed to make those deci
sions. Second, reports were designed to provide exactly 
the information required. Selection criteria for reports 
were emphasized so each requester could specify the data 
to be included in each report. The report requirements 
included not only the decision-making information re
quired, but also the time demand (how soon) and report 
selection criteria (what to include or not include in the 
report). Therefore, the design requirements were for the 
MMIS to provide meaningful and timely reports for a 
broad range of subjects when requested by managers at 
all levels of the organization. 

After the reports and their requirements were known, 
the MMIS was designed, taking into account these needs 
and the location of the person who needed the informa
tion. This concept is much different from the original 
because information is tailored to fit each manager's need 
and is requested and received by the managers themselves. 

There is no central sourcing of the data and report 
generation. All information is available to all users at all 
times. 

This system resembles the systems many states have or 
are moving toward today. When implemented, IDOT's 
MMIS addressed the three basic functions in the cycle of 
management: 

• Work planning, 
• Execution, and 
• Evaluation and control. 

It consisted of 44 reports pared from a total of 102 as 
originally designed. Users were trained to input data and, 
most important, how to request and use the 44 reports. 

The equipment to support the MMIS now consists of 
252 Digital Equipment Corporation (DEC) VT 220 and 



320 terminals located in 160 highway maintenance and 
traffic operations headquarters, 9 district offices, and the 
central bureaus. The terminals are connected by dedicated 
telephone lines, and the data are stored on a central data 
base in Springfield from which uniform, quick access is 
guaranteed to all terminals. At least 350 employees access 
and use the terminals every workday. Inquiry into the 
data base is guaranteed within 5 sec, and most reports 
run within 1 hr of their request. Some reports can be 
requested to be run overnight at the user's option to allevi
ate the work load on the central processing unit during 
the workday. Two ad hoc report writers are now in the 
system to enable users to program the reports they need 
for specific applications or reports for which no standard 
report "fills the bill." Today, IDOT's MMIS provides 
more than 100 reports to address nearly every aspect of 
the functions and tasks performed in the field . These in
clude sets of reports for needs assessment, annual work 
planning, budget allocation, work scheduling, expendi
ture tracking, performance and cost reporting, equipment 
management, weather forecasting, and electronic mail. 

KEEPING THE SYSTEM FROM GROWING OLD 

Many departments are now developing ways to keep their 
MMIS up-to-date and applicable to current situations and 
management needs. Because many of the systems are on
line and involve so many adept users, the new systems 
offer many advantages over the original systems. 

The following describes how IDOT keeps its MMIS 
evolving and fresh. 

Management Involvement and Support 

Establishing and maintaining top management involve
ment, understanding, and support is not an easy or simple 
task. Developing an MMIS requires funding, the securing 
of which is often how top managers first become involved. 
To win the competition for funding requires the creators 
of the MMIS to provide top managers with the informa
tion they need to understand why an MMIS is needed. 

Several factors were involved in the early development 
of the new MMIS at IDOT. First, the development group 
that created the MMIS was composed of the bureau chiefs 
of maintenance (now operations) of three of the nine dis
tricts. The consultant met frequently with them as a group 
in developing each report. Through the time invested and 
the reports they created, these managers became major 
proponents of the MMIS. Their signatures and that of the 
state maintenance (now operations) engineer were re
quired at the bottom of each report as confirmation that 
the report had a customer and specific purpose. 
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Second, the department's Bureau of Information Pro
cessing was included in all meetings. The MMIS was one 
of the largest they had endeavored to program and install. 
The bureau's people understood the genesis of the MMIS, 
its magnitude, extent of benefits, and possibilities for fu
ture enhancements. They, too, were anxious to see the 
MMIS implemented. 

Finally, the issue of funding became a factor when the 
design of report delivery required a terminal in all highway 
maintenance headquarters (there were 106 at the time). 
At a meeting of the directors, district engineers, and central 
bureau chiefs involved, there was considerable discussion 
of various options and recommendations. At the conclu
sion of that meeting, the decision was made to provide 
the funds for the required computer equipment so the 
MMIS could operate as designed. 

The MMIS has produced the benefits expected. For 
example, performance and cost data on snow and ice 
control, flood response, and overtime are available at the 
close of the workday or shift on request. The documenta
tion of costs for reimbursement meets audit requirements. 
The department knows what equipment is owned ($125 
million inventory), where it is located, how it is used, and 
how much it costs to use. Information for funds allocated, 
expenditures made, and account balances is available on 
line, at the push of a button. 

Continued management support is important. At IDOT 
this is not only assured through the MMIS's delivery of 
promised benefits but also through constant updates and 
training. Notification of MMIS updates and enhance
ments are addressed to the district engineers for distribu
tion. An overview of key reports they can use has been 
presented to each as a training course. Finally, results of 
the MMIS evaluation conducted by the central bureau at 
the 4-year mark, with recommendations collected from 
their field people, were sent to each for information and 
action by either the central bureau or their own staffs. 

User Group 

Illinois has found that success is best achieved through 
the establishment and involvement of a "user group." 
IDOT established a user group at the beginning of the 
process. The user group developed the MMIS objectives, 
concept, and reports. They tested and evaluated each 
MMIS module for a 6-month period in 20 highway main
tenance headquarters they selected. 

Today the user group has evolved to the point that all 
nine districts have at least one MMIS contact person who 
maintains contact with field users and provides training 
and system support. The contact persons form the nucleus 
of IDOT's ongoing user group. 
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In fact, there is a need for more than one user group. 
Equipment managers meet regularly, as they have in the 
past. MMIS applications, needs, and introductions of new 
products make up a large part of these meetings. The 
bridge engineers meet regularly and continue to develop 
enhancements in bridge inspection, maintenance repair 
needs, and various reports. Traffic operations personnel 
have unique needs that must be addressed. At their meet
ings time is devoted to MMIS topics. The district data 
processing managers and administrative services manag
ers' work is affected by the MMIS. These groups often 
discuss topics that involve the MMIS in their meetings. 
Finally, overall user group meetings are held twice a year 
for any and all comers to discuss the MMIS. Discussions 
in the other meetings produce many of the agenda items 
used in the overall user group meetings. IDOT has learned 
that successful user group meetings include 

• Updates of accomplishments, 
• Introduction of new products, 
• Topics suggested by members, 
• Discussion of problems, 
• Presentations by members of the group, 
• Request for new products, and 
• Establishment of priorities for enhancements. 

The user meetings are consensus builders and major 
contributors to the success of the MMIS. 

Training 

The information that MMIS gathers and produces is only 
valuable if it is used. Training is the major component for 
connecting users with the MMIS. It cannot be a one-time 
effort. It must be constant and incorporate everyone who 
is (or should be) interested in using MMIS reports. 

From the beginning, the emphasis has been on what 
the MMIS produces and what it can do for the person 
being trained. The most important aspect of the training 
is for the user to know how to get what he or she wants 
or needs from the MMIS. After that, the user is more 
willing to learn what must be put into the MMIS to have 
the report or information. 

A second key aspect of training is to show how the 
particular module fits in with the overall MMIS concept 
of the cycle of management. The MMIS in Illinois is totally 
integrated with one-time entry as a prerequisite. The same 
data item may appear in many reports and be accessed 
by many users. The MMIS itself is organized with reports 
and screens designed to address one (and sometimes more) 
of the functions of the cycle of management. After users 
are able to see how the particular part (report and re
porting) fits into the overall schema, the interest and learn
ing level increase. Many, if not most, field personnel want 

to see improvements and are willing to make changes 
when they see the change as an improvement. For exam
ple, this approach enabled planning and scheduling to 
be introduced more successfully in locations where these 
concepts had not been formalized in the past. 

When the MMIS was introduced, a training plan was 
developed to allow one trainer to work with two people 
for 2 hr on each module. Using three pairs of trainees full 
time for 6 months, IDOT staff installed the 18 modules 
in the system with the respective users in the districts. 
Users signed up for 2-hr time slots with each trainer. For 
each module, trainers stayed in the district as long as 
necessary to work with the users selected by the districts. 

As new modules have been developed since that time, 
training has been tailored to fit the application and people 
involved with the module. For example, a new ad hoc 
program, In-Touch, was recently introduced. To train 
people who would use In-Touch, three separate sessions 
were given in Springfield with a maximum of 18 users in 
each. A conference room with terminals was established 
for the training. Each session required 4 days. The training 
was centralized to maintain concentration and develop a 
mix and support group from the sessions themselves. 

On the other hand, group sessions to introduce the new 
radio management program are being taken to each of 
the nine districts. Districts may send as many as they feel 
necessary to this 2-hr training session because it deals with 
reviewing output reports, understanding their application, 
and becoming familiar with the brief user manual. Most 
of these people are already cognizant of both the MMIS 
and radio management. 

The department also offers overview sessions for new 
managers and workers in the organization and for those 
who want to update their knowledge of the system. The 
newcomer sessions have been offered in the field head
quarters, on request to the districts when the bureaus of 
traffic and maintenance were reorganized into the bureau 
of operations, and at the central bureau. All the courses 
are offered periodically, if numbers warrant, in the district 
or at Springfield. 

Some modules are introduced using pilot or prototype 
installations. IDOT's new hazardous materials manage
ment software is being introduced in a volunteer district 
and the applications manual written as the installation is 
accomplished. From there, it will go to other districts as 
requested. 

On the basis of an evaluation study conducted on site 
in 65 team sections, additional training programs have 
been developed. Update sessions, where a panel of leaders 
review the new modules introduced in the last 12 or 18 
months and spend as much time as the group feels is 
warranted on each, have generated considerable interest 
and attendance. These are usually 1-day sessions. "Train 
the trainers" is another important and very useful ap
proach. The central bureau has produced an overall train-



ing package that is complete in scope and flexible in appli
cation. All system reports and applications are included 
in a special manual with tabs for each application area. 
Helpful hints concerning shortcuts for data entry, sug
gested frequency of report requests, and applications are 
noted in the manual. Two or more trainers in each of the 
nine districts are trained to use the manual. In turn, the 
district trainers are now equipped with copies of the man
ual and are able to make contact with those in each of 
the field headquarters or with any new lead workers when 
necessary. Users can select training in the areas of interest 
to them and within their area of responsibility. 

New Applications 
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As evident, it is important to constantly evaluate MMIS 
performance with people in the field and provide enhance
ments and improvements when requested. New modules 
are continually being added to the system. This ensures 
that the system remains relevant to those in the field staff. 
The introduction of a new module often leads to the defini
tion and request for another. Recent additions to the 
MMIS include electronic mail, radio equipment manage
ment, mechanistically designed pavement maintenance 
and monitoring, stockroom inventory, weather informa
tion, a new ad hoc program, and hazardous materials 
management. IDOT is currently doing additional work 
to tailor work planning and scheduling for the bridge 
crews and traffic operations, revise the stockroom inven
tory to handle "satellite" locations, and develop a traffic 
sign management module. Each new development in
creases user experience and broadens the knowledge of 
needs so the next application can be better than the last. 

Task Forces 

Often requirements are presented that are unique or un
tried. IDOT has been successful in establishing task forces 
to concentrate on particular applications, develop their 
specifications, review the initial programs, and help install 
the new modules. The task force members for each appli
cation often gain self-actualization through their contribu
tions and become some of the best salesmen for the appli
cation. For example, programs for electronic mail, word 
processing, and mechanistically designed pavement main
tenance and monitoring were developed using the task 
force concept. In each case, the module was successfully 
completed, often in one of the task force member's areas 
first, where training assistance and support were available 
through that task force member. 
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Recognition 

During the original installation of the system, users who 
attended one of the 2-hr training sessions for any applica
tion received a certificate of completion to show they were 
trained in basic MMIS operation. Letters of appreciation 
have been sent to supervisors and members of the various 
task forces who assisted in developing and installing the 
modules. Several people involved with the MMIS have 
been nominated for engineer of the year or technician of 
the year awards for accomplishments connected with the 
MMIS. Recognition encourages users to be involved and 
continue to offer their suggestions and recommendations. 

Introduction of New Hardware or Software 

Originally, IDOT's MMIS was supported by a VAX clus
ter consisting of two DEC VAX 8700s. This provided 5-
sec response time for on-screen information inquiries and 
entries for the approximately 150 VT 220 terminals in 
the field at that time. Since then, IDOT has added a VAX 
6510 to the cluster necessitated by the expansion of the 
system and is now installing additional VT 320s in the 
field. Second, IDOT has researched and selected software 
packages from vendors that can be integrated into the 
MMIS with little or no investment by department staff. 
For example, through Reflections software, users are able 
to purchase, incorporate, and use PCs instead of VT 320s 
in the district offices. These serve both as terminals to the 
MMIS and for typical PC applications. Through the use 
of Monarch software, users are able to produce a report 
from the MMIS, take the report information into a Lotus 
spreadsheet, manipulate it, and move it into Harvard 
Graphics, where graphs and charts can be produced on 
color laser printers. !DOT has also considered and pur
chased DEC graphics, the stockroom inventory system, 
and the hazardous materials management module from 
outside vendors. Last, IDOT allows the department's 
weather forecasters to use Kermit software to transfer the 
routine weather and storm warning forecasts directly into 
the MMIS. Therefore, the latest weather forecasts for all 
nine districts are available and accessible instantaneously 
to all 252 terminals in the system. 

Support 

The system is supported by an information systems unit 
in the Central Bureau of Operations consisting of two 
civil engineers and a technical manager. The Bureau of 
Information Processing has devoted one programmer full
time to the system. These two elements are very important 
to the continued success of the system. Because of the 
staff assignments, IDOT is assured that enhancements 
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and "fixes" are handled on a timely basis in a mutually 
acceptable priority scheme. 

The computers to support the MMIS are operational 
24 hr per day, 7 days a week. When the MMIS was 
implemented, a telephone number for the central com
puter center was made available to field personnel to re
port and request response to hardware failures . The main
tenance, traffic, and operations personnel are often called 
to work during emergencies and on shifts outside the 
normal work schedule. The computer center is staffed 24 
hr per day, 5 days a week. In addition, anytime there is 
a problem at any terminal in the state, the operations 
field personnel notify the Bureau of Operations' central 
communications center, which is staffed at all times. Com
munications technicians have the pager number of the 
Bureau of Information Processing staff persons assigned 
to equipment troubleshooting and resolution. If the staff 
person cannot work out the problem, the central commu
nications center can contact a district staff member using 
telephone or pager to work with the central person m 
resolving a problem any time, any day of the week. 

Increasing Scope 

Although the MMIS terminals are operational and on
line around the clock, most are used about 2 hr per day 
for entering and retrieving reports. Therefore, time on the 
terminals is available for other applications. There is no 
reason to limit the scope of the system only to users in the 
bureaus of operations, maintenance, or traffic. Therefore, 
system applications such as electronic mail, hazardous 

materials management, inventory control, vehicle preven
tive maintenance, and equipment inventory have been ex
panded for use by other bureaus. Personnel in bureaus 
such as construction, materials and physical research, de
sign and environment, and administrative services need 
some of the same components, information, and modules 
first made available to those in operations. Some of the 
most enthusiastic users of the system are those in adminis
trative services, because the data from the field headquar
ters in the system are as current as any data available. 
Accountants can monitor orders and expenditures for salt, 
aggregate, and commodities very accurately. Vehicle coor
dinators can find out when the last preventive mainte
nance was performed on any vehicle in their district or 
bureau. The staff industrial hygienist can offer notices 
about the handling of hazardous materials and transmit 
them and the material safety data sheets to all terminals 
in one action. These additions make the system vital to 
the department as well as to the bureau. 

CONCLUSION 

Because of these accomplishments, the MMIS in Illinois 
will continue to expand and be exciting for users and 
others involved. The implementation of the MMIS and 
its maintenance is too great an investment to lose through 
obsolescence or redundancy. IDOT has successfully built 
momentum and interest in the system through the means 
described in this paper. It is important to continue to 
invest time and effort to keep the MMIS from growing 
old and to increase its longevity. 



ROADSIDE MAINTENANCE 





Herbicide Fate and Worker Exposure 

Ray Dickens, Auburn University 

A conference of state and federal highway personnel and 
university researchers was held in Auburn, Alabama, to ascer
tain interest in and the feasibility of a regional approach to 
studying the safety of vegetation management practices for 
workers, the general public, and the environment. It was 
agreed that a cooperative research project should be devel
oped to obtain the needed information and develop it into a 
form useful to highway roadside personnel, to better prepare 
them to deal with questions from regulatory officials and the 
general public about the safety and environmental aspects of 
their state's vegetation management program. It was further 
agreed that Alabama and Georgia personnel would develop 
a draft of the proposal for a regional project using a regional 
pooled-funding approach through the Federal Highway Ad
ministration, with Alabama as the lead state for consideration. 

V 
egetation management along roadsides is espe
cially demanding of equipment and labor in the 
southeastern United States. The mild tempera

tures and abundant rainfall in that region combine to 
create ideal conditions for rapid growth of a very dense 
and tall vegetative cover. Control of species such as kudzu 
and Johnsongrass by mowing is very difficult and expen
sive. Therefore, most states in the Southeast have resorted 
to the use of herbicides. The application of these materials 
along roadsides has led to numerous questions from the 
public concerning the effects of these materials on the 
environment. Additional concern is also voiced regarding 
any effects of exposure to these chemicals on workers or 
the traveling public. Unless factual information is readily 
available to support the safety of these practices to work
ers, the traveling public, and the environment in general, 
it is very likely that pressure brought to bear by activist 
groups will result in the elimination of herbicides as tools 
for vegetation management on roadsides. 

Information is available to support the safety and effi
cacy of these vegetation management materials, but there 

is presently no single source of reference available to state 
highway personnel for this information. A second problem 
is that most of the testing has been done in other use 
situations, such as forestry or utility rights-of-way. The 
development of definitive data under highway use situa
tions is probably too expensive for an individual state 
because of the number of materials and methods of appli
cation involved. A possible solution to this problem is the 
development of a cooperative effort among the southeast
ern states to share the costs of obtaining these data. 

ASSESSMENT OF NEEDS 

A 2-day conference involving southeastern transportation 
and highway department personnel, along with university 
researchers involved in vegetation management, was held 
at Auburn University to ascertain the interest in and feasi
bility of a regional approach to conducting the needed 
studies. Ten states-Alabama, Arkansas, Florida, Geor
gia, Kentucky, Louisiana, Mississippi, North Carolina, 
Tennessee, and Virginia-sent representatives. Represen
tatives from state and regional offices of the Federal High
way Administration also participated in the meetings. In
formation was presented by each state concerning its 
current vegetation management programs and the per
ceived need for development of exposure, toxicology, and 
environmental fate data. Research needs addressed in
volved-worker and public exposure hazards, along with 
the effects of these vegetation management practices on 
the environment. 

Experts in the fields of applicator and public exposure, 
movement and persistence, and pesticide toxicology were 
invited to make presentations concerning needs for spe
cific information and methods of obtaining this infor
mation. 
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Potential for Movement of Pesticides in Surface 
and Groundwater 

Although most of the drinking water for rural areas comes 
from groundwater, much of the drinking water in urban 
areas is derived from surface water containments such as 
reservoirs . It is estimated that as much as 95 percent of 
the drinking water for some major metropolitan areas 
comes from reservoirs . Turfgrass nutrients and pesticides 
are transported to surface water in runoff water and 
eroded sediment. Erosion and surface runoff processes 
have been examined in relation to water quality and envi
ronmental impacts. The movement of pesticides in surface 
water is considered the major source of potential pesticide 
movement into drinking water sources. 

Using the best estimated parameters for predicting 
groundwater contamination potential (GWCP) according 
to the equation presented by Weber (soil scientist, North 
Carolina State University) on 37 soil series common to 
roadsides in the southeastern United States, 11 soil series 
would have a soil leaching potential (SLP) rating of high 
and 10 soil series would have a rating of moderate. The 
GWCP for the acid herbicides (i.e., 2,4-D; dicamba; 
MCPA; mecoprop; and triclopyr) with high herbicide 
leaching potential (HLP) would be classed as hazardous 
for use on the 11 soils with the high SLP rating and risky 
for the 10 soils with a moderate SLP rating. 

Results of research conducted at the University of Geor
gia using lysimeters in the greenhouse and in the field 
containing a sandy soil subtending bermudagrass and 
bentgrass sod indicated that the models such as the 
Groundwater Loading Effects of Agricultural Manage
ment Systems (GLEAMS) mathematically overestimate by 
a factor of 10 the quantity of 2,4-D found to pass through 
the sandy-soil system. Similar research conducted outside 
using larger lysimeters indicated that the mathematical 
models, developed for agronomic (row crop) situations, 
have a tendency to overestimate the potential for herbi
cides, used on grassed areas, to move into groundwater. 

Research on Worker and Bystander Exposure 

Pesticides are biologically active chemicals, often not 
uniquely specific to the target pest, and thus they poten
tially pose a threat to human health and wildlife. To assess 
the risks associated with pesticide exposure, it is necessary 
to determine the likely level of exposure, the extent to 
which pesticide is absorbed, and the toxicity of the pesti
cide. Most research on human exposure to pesticides has 

been obtained from worker application and reentry expo
sure in forest ecosystems, orchards, vineyards, or airboat 
application to aquatic sites. However, because of the dif
ferences in spraying equipment and procedures, occupa
tional exposure levels cannot be equated with exposure 
levels on roadsides or residential lawns. Once a pesticide 
has been applied to the turfgrass surface, pesticide loss 
occurs through volatilization to the air, leaching through 
the soil, degradation, or some combination of these. Envi
ronmental, edaphic, management, and other factors affect 
pesticide loss. Because of the complexity of this system, 
it is important to use a systems analysis and a modeling 
approach to summarize all findings that can potentially 
be used for predictive applications under diverse systems 
such as roadsides. To develop dependable data for pre
dicting bystander and reentry exposure for roadsides, 
much research must be conducted. 

PROPOSED RESPONSE TO PROBLEM 

Other discussions at the conference included proposed 
costs and possible methods of sharing expenses among 
states with common needs. At the conclusion of the confer
ence an informal business meeting was held, presided over 
by Ray Dickens of Auburn University. It was agreed that 
the lack of scientific data to support the safety of vegeta
tion management programs is a serious problem in all of 
the states. The lack of supporting data has already caused 
problems in some states and represents a threat to the 
continued existence of the programs in many states. 

It was further agreed that the group should develop a 
proposal for a regional project using a regional pooled
funding approach through the Federal Highway Adminis
tration, with Alabama to be the lead state for the adminis
tration of the project. Alabama and Georgia personnel 
agreed to work together and develop a draft of the pro
posal for consideration by all states involved. It was sug
gested that another meeting similar to this one be held to 
exchange information between state personnel, work out 
any problems in the draft, and prepare the proposal for 
submission to the appropriate organizations for possible 
funding. It was understood that the proposal would rely 
on the expertise of researchers in the various member 
states in a unified, comprehensive research program to 
provide the needed information and prepare the necessary 
publications and other educational materials for use by 
all the states involved. 
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PROGRESS TO DATE 

Researchers from Georgia and Alabama met in Auburn, 
Alabama on May 20, 1994, and developed a draft pro
posal for a regional research project dealing with aspects 
of roadside pesticide applications as they relate to the 

exposure of workers and the traveling public, both during 
and subsequent to the application of the material. Ap
proval and support of the basic principles and procedures 
of the proposed research by an adequate number of states 
will result in a formal request for a pooled-funds program 
administered by the Federal Highway Administration and 
the Alabama Department of Transportation. 





SNOW AND ICE CONTROL 





Winter Road Maintenance System 

Lennart B. Axelson, Swedish National Road Administration 

VVHS is a data-base tool for improving winter maintenance 
and making it more effective. WHS supports all sorts of 
work, including preseason planning, implementation of 
follow-up measures, and evaluation of completed work. Dur
ing the planning phase, WHS allows users to optimize re
source utilization and timing of maintenance. Optimized 
plans for different situations such as skid control and snow
plowing can be used to yield expected results at the lowest 
possible cost. The consideration of time improves the quality 
of plans. During work, any deviation from planned ending 
times for activities can be pinpointed and compensated for 
by VVHS. WHS can help gather information on ongoing 
operations, making information on completion times, re
source utilization, and material use easily available for future 
decision making. In turn, agencies can make information 
about their winter maintenance operations and traffic condi
tions available to the public. 

T he development of the Swedish winter road main
tenance system (VVHS) began in 1990, initially 
as a technical test of Automatic Vehicle Location 

with the aid of the Global Positioning System (GPS). A 
further aim of VVHS development was to study various 
ways of increasing precision and covering the gaps caused 
by satellite shadow. The project was gradually extended 
to include other components in a transportation manage
ment system-such as digital maps and reliable communi
cation-as software in vehicles and control centers. A 
requirements specification for the system was produced 
from spring 1991 to spring 1992, based on improving 
planning, management, and follow-up capabilities for 
winter road maintenance. During the winter of 1992-
1993, technical tests and certain tests of operations were 
performed outside Gothenburg in southwest Sweden. The 
tests showed that the system improves the possibilities for 
more efficient road maintenance in the following ways: 

• Improved road user information; 
• Quality assurance for the contractor's commission; 
• Improved planning and more efficient resource utili

zation; 
• Simplified management of operations and overview 

in real time; 
• Better follow-up of actions, results, and costs; 
• Improved quality and reduced quality variations; 
• Improved safety for vehicle drivers; and 
• Improved work content for truck drivers. 

COMPONENTS OF VVHS 

Basic data 

Information on the road network is obtained from the 
Road Database (VDB) of the Swedish National Road Ad
ministration. The follow-up information can therefore be 
related to other information in VDB. The basic data in
clude information on resources, materials, equipment, 
methods, types of action, and reason for action. 

Planning 

Since winter road maintenance often has the character of 
emergency action, it is essential that as much maintenance 
as possible be planned. Planning allows suitable routes to 
be created for different given situations such as skid con
trol, snowplowing, and the combination of both. 

Management 

When an action is to be implemented, the most suitable 
material, equipment, and routes are chosen on the basis 
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FIGURE 1 Management phase of the VVHS, showing completed actions as unbroken lines and 
uncompleted actions as broken lines. 

of current conditions. The assignments are then communi
cated automatically to the pertinent vehicle with the aid 
of mobile data communication. The driver confirms that 
he is available and is then given information on the re
quired equipment and materials. When the equipment has 
been fitted, this is confirmed and the vehicle can then set 
out on its route. Using GPS, the vehicle is tracked along 
the whole route, and position information is reported as 
nodes or junctions are passed. This information is immedi
ately displayed to the supervisor on a monitor. The vehi
cle's own color is shown on a schematic map as well as 
in a diagram containing start times, forecast completion 
times, and deviations from plan (Figure 1 ). 

Follow-Up 

Using the follow-up section of VVHS, it is possible to 
display diagram information for a selected period on the 
number of actions per month, action times for road sec
tions and routes, completion times, material consumption, 
resource utilization, and costs. This information then pro-

vides a basis for reviewing the plan and improving opera
tions. 

TEST OF OPERATION 

During the winter of 1993-1994, an extensive test of 
operation was carried out in two areas centered on Vast
eras and Varberg. In Produktion Ost (PO) Vasteras dis
trict, the system was tested on the E18 highway from 
Vasteras to Stockholm and on parts of trunk road 5 5. 
Here, a total of 10 trucks owned or leased by SNRA 
were fitted with equipment. PO supervises its winter road 
maintenance from a center in Vasteras, where VVHS and 
a computer system for personnel assignment have been 
installed. The test involved 30 truck drivers and 10 opera
tors/supervisors at the control center. Road user informa
tion was managed from the traffic control centers in Stock
holm and Eskilstuna. 

Produktion Vast (PV), Production Area Varberg, 
equipped 12 trucks, both owned and leased by SNRA. 
The test was carried out by 30 drivers and led by 4 supervi
sors. The road network consisted of the E6 highway and 
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trunk road 41, in addition to a number of minor roads. 
Road user information was managed by the traffic control 
center in Gothenburg. 

RESULTS 

The clearest results of the winter's tests in Vasteras and 
Varberg were that the planned time consumption was 
often greater than the actual, the work being completed 
sooner than expected. When these results had been fed 
back to the system and replanning performed, it was found 
that the maintenance assignments could be carried out 
with fewer trucks. 

In both test areas, it has been possible to reduce the 
number of vehicles from 13 to 11 with the same quality 
of work. In some types of preventive antiskid action, two 
vehicles were used instead of five. The savings resulting 
from the system's use provide a very significant measure 
of the economic value of VVHS. 

From the results that have been analyzed, it can also 
be seen that different drivers drove at different speeds. 
Where the optimal action time was 180 min, action times 
of 110 min (minimum) and 260 min (maximum) were 
also recorded. This means that with short action times, the 
quality of antiskid action and snow clearing deteriorates 
considerably, more salt being deposited outside the car
riageway and more snow left on the carriageway. Exces
sive action times increase the action cost, and slippery 
conditions may occur before the action is completed, con
tributing to accidents. During snowfalls, the snow remains 
on the carriageway for a longer time, causing trafficability 
to deteriorate. These results, together with the supervisors' 

experience, provide a valuable basis for changing and 
improving operations. Actions can thereby be optimized 
to the advantage of both the orderer and the contractor. 

TECHNICAL CONCEPT OF VVHS 

VVHS is based on a technical concept comprising mobile 
data communication, a communication platform, posi
tioning, mobile application in a DOS or Windows environ
ment, an application for the control center for several 
users in a Windows-based network environment, a 
graphic interface, and schematic maps. 

The communications platform comprise a transport 
protocol with a facility for choosing data network and 
running several applications simultaneously. 

Positioning is achieved with the aid of GPS. When op
erating to detailed plan, route-matching is used and com
pletion time can be forecast. When operating without a 
detailed plan, map-matching is used. 

The application is implemented in a text-based DOS 
version, where the route is displayed in the form of a list 
with nodes, and a Windows version, where the route is 
presented on a schematic map. 

In a control center, the application is implemented with 
client server technology for a single user or several users 
in a network. 

The graphic interface allows the user interacts with 
the system by means of diagrams, schematic maps, and 
authentic maps. 

Schematic maps allow road network-related informa
tion to be displayed in a clear manner configurable by 
the user. 



Japanese and European Winter Maintenance 
Technology 

Leland D. Smithson, Iowa Department of Transportation 

Snow and ice control operations in the United States differ 
from those of other countries. A Winter Maintenance Scan
ning Panel visited Japan and Europe to study these differ
ences. The visits were sponsored by the U.S. Department of 
Transportation's Federal Highway Administration's Office 
of International Outreach Programs, the American Associa
tion of State Highway and Transportation Officials, and the 
National Cooperative Highway Research Program of the 
Transportation Research Board. The panel consisted of six 
United States managers responsible for snow and ice control 
operations. They came from federal, state, county, and mu
nicipal authorities. General topics of interest to the panel 
included anti-icing operations, road weather information sys
tems, weather forecasting services, equipment, public infor
mation systems, policy, roadway level-of-service criteria, visi
bility, and environmental issues. The panel visited Japan from 
March 12 to March 19, 1994, and Germany and Austria 
from March 20 to March 27, 1994. While in Austria the 
panel attended the 9th Permanent International Association 
of Road Congress, the International Winter Road Congress, 
and the International Road Weather Conference. The panel 
proposes the development of a winter maintenance program 
to demonstrate, evaluate, and acceptance-test promising U.S. 
and foreign technologies. This program should be a joint 
effort of federal, state, and local authorities with snow and 
ice control responsibilities. 

J 
apan, one of three countries visited by the Winter 
Maintenance Scanning Panel in March 1994, deals 
with complex winter maintenance conditions. Popula

tion density, terrain, and weather are the major contribu
tors to these conditions. Japan has a high urban popula
tion density. Its population is half that of the United States 
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in an area %a the size of the United States, with 2
/ 3 of 

the area covered by mountains. In addition to the high 
population density, H okkaido, the northern island of Ja
pan, receives more than 500 cm (more than 16 ft} of snow 
each winter. Heavy snowfall and high traffic volumes 
create difficult snow and ice control conditions. 

Studded tires were introduced in Japan in 1962 to pro
vide winter mobility. Before 1962 mobility was achieved 
by putting chains over summer tires. By the late 1970s 
nearly all drivers were using studded tires. The studs rap
idly eroded the road surface, creating a heavy concentra
tion of dust and causing an air pollution problem. To 
solve the problem, the Japanese Ministry of Trade and 
Industry introduced a studless tire in 1982. The govern
ment joined with private industry to promote studless tires 
by offering rebates on new studless tire purchases. The 
government also provided winter driving training courses. 
This program changed motorists' driving and buying hab
its so that today very few vehicles use studded tires and 
the air is much cleaner. 

Snow removal standards were established to make mo
bility possible without chains and studded tires . Main 
trunk roads are kept clear of snowpack while lesser-trav
eled roads are allowed to develop snowpack and ruts 
several centimeters deep. Trucks and plows similar to 
those found in the United States are used on the main 
roads, and motor graders with serrated blades, scarifier, 
or milling heads are used to smooth and texture snow
packed and rutted local streets. Sand (because of air pollu
tion problems) and salt (because it costs $200 per short 
ton and contributes to groundwater problems) are used 
very sparingly. 

Japan has developed some unique high-performance 
snow-control equipment to combat the 500 cm of snowfall 
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the country receives each winter. The Hokkaido Develop
ment Bureau used a partnering relationship with private 
companies, universities, and research institutes to produce 
heavy-duty snow-removal trucks, plows, blowers, and 
blower/loaders. The use of mechatronics (joysticks, dis
play panels, and video cameras) makes possible one-per
son operation of a three-plow (forward, underbody, and 
rear plows) heavy-duty truck. An open-vane snowblower 
auger allows for cutting through and loading hard-packed 
snow. Packed and plowed snow is hauled to snow-melting 
facilities or stored outside the city in huge piles, which 
melt during the following summer. Snow-melting facilities 
use warm effluent water from the wastewater treatment 
plant to melt the snow. The result is an environmentally 
sound, colder effluent entering the river water. 

Japan uses an advanced global positioning satellite 
(GPS) system to track vehicles and provide location infor
mation for management systems. Nearly every govern
ment vehicle that transported the panel in Hokkaido used 
GPS technology to control a video display of the vehicle's 
position and direction of travel on a moving screen grid 
background. 

EUROPEAN WINTER ROAD TECHNOLOGY 

The panel visited road maintenance facilities in Germany 
and Austria. They found that roads, bridges, equipment, 
and support facilities in Japan and Europe were of high 
quality and well maintained. Fuel taxes in excess of $2 
per U.S. gallon and tolls of approximately 25 cents per 
kilometer (combined with a $1.50 terminal fee) provide 
an excellent funding base for roadway construction and 
maintenance. The equipment display at the Permanent 
International Association of Road Congresses meeting in 
Seefeld, Austria, was the largest display and demonstra
tion in Europe. Snowblowers, plows, trucks, loaders, and 
spreaders demonstrated advanced technology and greater 
capacity than found in the United States. 

The price of salt in Europe is about the same as in Japan 
($200 to $300 per short ton) . Both European and Japanese 
authorities use chemicals sparingly and prewet salt at the 
spinner with brine or liquid calcium chloride to reduce 
deicing chemical loss from the road surface and speed 
up the melting process. Hopper spreaders are commonly 
designed with plastic liquid storage tanks in the sloping 
undersides. Many have fifth-wheel sensing to monitor 
chemical spread rate with improved accuracy. Japanese 
and European snowplows are usually heavier than U.S. 
plows and are often made of independent 1-m sections to 
improve conformance to pavement cross section or vary
ing crown. The cutting edges incorporate tripping action 
and are made of metal, plastic, or rubber. Foldout wings 
are used to extend plowing width. To reduce snow 

overspray and increase operator visibility, a canvas snow
shield is installed 30 to 50 cm above the snowplow. This 
shield traps the snow spray and forces it under the truck. 

WINTER TRAFFIC MANAGEMENT SYSTEMS 

Roadway weather information systems in Europe and Ja
pan provide impressive amounts of information to road 
maintenance operators and the motoring public. The typi
cal climate sensors monitor ambient air and pavement 
temperature, wind speed and direction, humidity, and de
icing chemical concentration. This information is brought 
to a central processing and control station via land line 
or radio data link. The traffic management center also 
makes extensive use of video monitoring of traffic and 
roadway conditions. Experienced meteorologists are on 
staff at these management centers. The dominant interven
tion feature of these systems is the ability to remotely 
change the speed limit and information signs on a section 
of roadway or selectively close or limit access to sections 
of roadway from the management center. 

The traffic management center is also equipped to han
dle automated call-down for locally managed emergency 
services such as fire, ambulance, and police. In addition 
to the roadway weather sensors and imagers, the Con
struction Machinery Engineering Center of the Hokkaido 
Development Bureau has a winter maintenance informa
tion vehicle under development. This vehicle has a suite 
of sensors and visibility imagers on board, allowing a 
roving assessment of roadway weather and pavement con
ditions. Among the sensors' capabilities is infrared im
aging of pavement and pavement friction. The ability to 
link the information from this winter maintenance man
agement vehicle to a central location via radio is an inte
gral element of this novel system. 

In Europe and to an even greater extent in Japan, the 
motoring public is actively educated about current and 
anticipated winter driving conditions and winter mainte
nance operations. One motorist information center the 
panel visited had nine television monitors with the latest 
road and weather information, plus dial-up information 
for hundreds of monitoring stations along the national 
expressways. 

INTELLIGENT VEHICLE HIGHWAY SYSTEMS FOR 
WINTER MOTORISTS 

A major thrust in traffic management in Japan is the 
integration of intelligent vehicle highway systems technol
ogy into the vehicle fleet . Though not the dominant force 
in the introduction of this technology, winter maintenance 
and winter driving hazard elements are planned for this 
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future system. These include intermittent/minimum zone 
mod communication (I/MZMC) coupled with digital 
route maps that will provide the motorist with informa
tion on winter maintenance operations in progress, winter 
driving hazards, and alternative route planning. 

TECHNOLOGY TRANSFER 

The panel prepared a brief summary of international prac
tices identified with technology transfer recommenda
tions. One of the proposals is the establishment of a winter 
maintenance program (WMP) where technologies devel
oped in the United States and other countries can be dem
onstrated, evaluated, acceptance-tested in an operational 
setting, and compared with the current practices in the 
United States. The WMP has three goals: 

• Achieve equal or improved levels of winter mainte
nance service with benefit/cost improvements; 

• Provide an enhanced degree of environmental sensi
tivity; and 

• Increase the safety of winter driving. 

Implementation of a comprehensive WMP will involve 
four steps: 

• Conduct of a national workshop to develop a work 
program; 

• Establishment of a voluntary funding pool for snow 
and ice control; 

• Establishment of a snow and ice technical working 
group to develop test protocols, evaluate testing, and ap
prove test reports for national distribution; and 

• Establishment of a policy coordinating committee
with membership drawn from federal, state, and local 
organizations-to monitor and advise on the development 
and implementation of the WMP. 

Candidate technologies and policies identified by the 
panel for evaluation by the technical working group are 
as follows: 

• Snow and ice control: Japanese rearward (one-lane) 
snow-conveying rotary snowplows, European spreaders 
with prewetting equipment and aerodynamic tailoring, 
European snowplows, and improved anti-icing and deic
ing materials and application management; 

• Winter maintenance management systems: improved 
roadway/weather information system technology, cou
pling weather information with GIS/GPS, improved road 
user information systems, and fleet management; 

• Blowing snow and avalanche hazard: blower-type 
snow fence demonstration project and hazardous-high
way traffic-management systems demonstration project; 
and 

• Policy: translation of foreign-language snow-engi
neering manuals, work process management in winter 
maintenance, strengthened public/private sector partner
ing, and public education, cooperation, and involvement. 

The winter maintenance policy coordinating committee 
and the snow and ice technical working group will actively 
develop research problems statements and provide direc
tion for further winter maintenance research. 

SUMMARY -

Both Japan and Europe provide road users with a higher 
level of service on major highways than does the United 
States. Environmental sensitivity is emphasized in Japan 
and Europe. Japan uses public/private partnering in 
achieving winter maintenance technology advances, and 
achieves public cooperation in dealing with winter's perils 
through education and citizen involvement. The advanced 
international technology used by Japan, Germany, and 
Austria can be economically transferred to domestic use 
through the proposed winter maintenance program. 



Observations on Overseas Use of Deicing 
Chemicals 

Larry W. Frevert, Kansas City, Missouri, Public Works Department 

In March 1994 a winter maintenance panel conducted a 
study tour of Japan, Germany, and Austria. The tour was 
sponsored by the Federal Highway Administration and the 
American Association of State Highway and Transportation 
Officials, through the National Cooperative Highway Re
search Program administered by the Transportation Research 
Board. The panel of U.S. maintenance engineers reviewed 
winter maintenance equipment; pavement condition policies; 
and the use, characteristics, and costs of deicing chemicals. 
Most organizations responsible for winter maintenance in 
the United States pursue a "bare pavement" policy on all or 
at least on their major roadways. By contrast, Japan does 
not advocate that philosophy; the city of Innsbruck, Austria, 
uses only a minimal amount of chemical deicing; and the 
state of Bavaria in Germany has progressed to a more envi
ronmentally friendly philosophy for deicing chemical use. 

J 
apan was the first country surveyed by the winter 
maintenance panel in March 1994. Although some 
individuals in Japan believe that snow removal pro

grams do not address public needs because a "bare pave
ment" policy is not followed, the general philosophy is 
that chemicals, notably salt, should be used only in mini
mal quantities because of their adverse effect on the envi
ronment. In the Hokuriku region on Honshu, the main 
island of Japan, 98 percent of the deicing chemical used 
is salt (sodium chloride) and 2 percent is calcium chloride. 
The annual salt use for this area is approximately 700 
tons for 1000 km (622 mi) of roadway. Noncorrosive 
deicing chemicals have not been used in the Hokuriku 
region. This region has not experienced environmental 
problems, primarily because of the high amount of precipi
tation it receives. This dilutes the salt runoff and transfers 
the salinity to the rivers and seas. The salt application 

rate varies from 2 to 40 g/m2 (25 to 500 lb per 12-ft-wide 
lane-mi). When discussing application rates, ranges were 
identified, but emphasis was placed on rates at the lower 
end of the range. 

The salt used in Japan is of a finer consistency than 
that normally used in the United States. Japan's salt is 
imported from Mexico in 1-ton bags at a price of approxi
mately $300 per ton. Salt applications are normally made 
with liquid sodium chloride as a prewetting agent (25 
to 30 percent by weight of the chemical being liquid). 
Approximately 70 percent of the sodium chloride used in 
the Hokuriku region is in solid form. The salt is stored 
inside, normally on the balconies of buildings, and gravity
loaded through hoppers into the salt spreaders. Because 
of the high humidity of the region, salt can only be stored 
for about 10 days before it must be used. 

Whereas salt is the primary deicer in Japan, Sapporo, 
the largest city on the northern island of Hokkaido, uses 
some calcium magnesium acetate (CMA) imported from 
the United States. This city of 1. 7 million people, with an 
annual snowfall ranging from 500 to 700 cm (200 to 275 
in.), uses about 10,000 tons of CMA per year. 

AUSTRIA 

The Austrian Highway Authority uses salt as a deicer and 
prewets it with liquid calcium chloride. The authority 
purchases calcium chloride in flake form and places it in 
suspension for use as a wetting agent. The salt has the 
consistency of table salt. The salt application rate varies 
from 10 to 70 g/m2 (130 to 910 lb per 12-ft-wide lane
mi) . All salt is stored inside and costs about $200 per ton. 

The annual salt use in the city of Innsbruck, with a 
population of 120,000 and 300 km of roadway, is 500 
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to 600 tons. Salt is used whenever icy conditions exist. 
Under those circumstances, all streets are treated. The city 
stores its salt in overhead silos and gravity-loads its trucks. 
The salt supplier "blows" the salt into the silos. Innsbruck 
does not prewet its salt applications. The city's salt costs 
about $200 per ton and has the consistency of sugar. 

GERMANY 

The Transportation Administration in the state of Bavaria, 
Germany, purchases salt primarily from its salt mines at 
a cost of $70 per ton. The administration prewets the salt, 
which has the consistency of sugar, so that 30 percent by 
total weight is liquid sodium chloride. The fine-graded 
salt, prewetted, is spread with the consistency of a thick 
soup. The salt is treated with an anticaking agent and a 
coloring agent. The purpose of the coloring agent is to 
distinguish the deicing salt from table salt because the 
latter is taxed. Bavaria's primary emphasis for snow re
moval is on plowing, with salt used to prevent the initial 
snow-and-ice bond to the pavement. Applications are re
peated at the operator's discretion. 

Several years ago, Bavarian officials evaluated anti-ic
ing, but imprecise forecasting methods used at that time 
contributed to wasted presalting applications. This raised 
environmental concerns and led to the abandonment of 
the effort. With improved road weather information ser
vices, further consideration is being given to anti-icing 

technologies. Currently, salt applications are made just as 
roads become slippery. 

All of Bavaria's salt was applied in solid form until 
about 10 years ago. Now approximately 80 percent of its 
trucks are capable of applying prewetted salt, with the 
wetting agent applied at the spinner. The objective is to 
have all trucks capable of applying prewetted salt. Salt 
used in Bavaria has a nominal top size of 5 to 6 mm and 
an average size of 2 to 3 mm. In comparison, the standard 
gradation for deicing salt used in the United States (ASTM 
D632, Type 1) has 95 to 100 percent passing the 9.5-mm 
sieve, 20 to 90 percent passing the 4.75-mm sieve, and 
10 to 60 percent passing the 2.36-mm sieve. 

In maintenance yards, all salt is stored in a wooden 
building having a capacity of approximately one-half a 
season's salt demand. The salt is loaded into truck
mounted spreaders by a self-propelled conveyor/loader. 
They produce their own liquid sodium chloride by mixing 
granular sodium chloride and water in a tank. Air is in
jected from the bottom of the tank, thus agitating the 
mixture and placing the solids into solution. 

The adoption of the fine salt gradation and prewetting 
techniques has led to an impressive reduction in salt use. 
From the winter of 1978-1979 to the winter of 1990-
1991 total salt use in Bavaria was reduced from 361,000 
to 174,000 tons. Even more descriptive of the reduction 
is the fact that the amount of salt applied per kilometer 
of road was reduced by 54 percent (46.4 to 21.3 kg/km 
annually) during the period. 



Application of Prewetted Snow and Ice Control 
Materials 

Andrew Mergenmeier, Federal Highway Administration 

Interest in the use of prewetting systems for the application of 
snow-and-ice-control materials is growing within the United 
States. This interest has been facilitated by activities in the 
Strategic Highway Research Program, the cooperative efforts 
between the Minnesota Department of Transportation and 
Scandinavian countries, the Federal Highway Adtninistration 
study on anti-icing technology, and recent travel by U.S. 
maintenance engineers to Europe and Japan. Prewetting of 
snow-and-ice-control materials may be an important element 
in improving the efficiency and effectiveness of snow-and
ice-control processes. However, there is a need to evaluate 
the operational and economic impacts of prewetting systems 
on winter road maintenance activities. Once evaluated, pre
wetting systems for snow-and-ice-control materials could be
come an effective tool in a roadway agency's winter mainte
nance operation. 

E ach year, about $1.5 billion is spent on roadway 
snow-and-ice-control programs in the United 
States, and approximately one-third of these funds 

are used for chemicals. Because of improved weather in
formation systems, pavement condition information sys
tems, and material spreader controls, there is a need to 
evaluate the winter maintenance processes used in the 
application of snow-and-ice-control materials. By improv
ing material application processes, material use can be 
reduced and improvements achieved in the level of service. 

Interest in using prewetting systems for the application 
of snow-and-ice-control materials is growing within the 
United States. This interest has been facilitated by such 
activities as Strategic Highway Research Program (SHRP) 
Project H-208 on Development of Anti-Icing Technology 
(1); cooperative efforts between the Minnesota Depart
ment of Transportation and Scandinavian countries; the 

Federal Highway Administration's Test and Evaluation 
Project 28 on Anti-Icing Technology; and the March 1994 
International Winter Maintenance Technology Scan trip 
to Europe and Japan sponsored by the American Associa
tion of State Highway and Transportation Officials, the 
Federal Highway Administration, and the National Coop
erative Highway Research Program of the Transportation 
Research Board. 

Prewetting systems for snow-and-ice-control materials 
should be investigated to determine the efficiency and 
cost-effectiveness of their use under winter conditions. In 
determining the prewetting system of choice, all of the 
factors that influence the winter road maintenance opera
tion should be evaluated. These factors include, among 
other things, management policy, climatic conditions, 
snow-and-ice-control material properties, equipment, per
sonnel, and funding. Since salt (sodium chloride, or NaCl) 
is the predominant snow-and-ice-control chemical used 
on roadways, it will be the focus of this paper. However, 
other materials may receive similar benefits from prewet
ting operations. 

PREWETIED SALT 

What is prewetted salt? Generally, prewetted salt refers 
to salt that is moistened shortly before spreading. Why 
use prewetted salt, as opposed to traditional, dry-salt ap
plication processes? Under many conditions prewetted salt 
will adhere to the road surface better than dry salt, the 
reaction time is less, the temperature range of effectiveness 
is increased, and control of material distribution is im
proved. 

Prewetted salt will stick to the road surface better than 
dry salt under many conditions (2). By reducing the mate-
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rial lost to the roadside, less material is needed for each 
application. With less material used, the following benefits 
may be realized: less material will enter the environment; 
the size of the spreading routes for each truck will be 
increased, resulting in fuel savings and less downtime 
spent heading back to reload; and the labor and equipment 
needs could decrease. Improved material effectiveness will 
also be realized because more of the prewetted material 
will remain on the road surface compared with the same 
spread rate of dry material. This is especially true when 
combating black-ice conditions or when the roadway is 
damp and the potential exists for the development of a 
slippery condition. 

Salt requires moisture to dissolve into a solution to 
become effective. However, at temperatures below freez
ing, there may be little unfrozen moisture available to 
facilitate the transformation of the solid salt to a solution. 
Prewetted salt has moisture supplied from an external 
source, which allows the salt to dissolve into a solution 
and become effective more quickly than dry salt. Besides 
having a quick reaction time, prewetted salt is more effec
tive at lower temperatures than dry salt from an opera
tional perspective. From experience, when the tempera
ture is lowered to about -7°C (19°F), the time needed for 
the melting process to begin is longer than acceptable for 
operations. With prewetted salt, a solution is present from 
the outset, even at temperatures below -7°C (l9°F). 

When using prewetted salt, the spreading width of the 
material on the pavement can be controlled better since 
the material will bounce less than dry salt. The reduction 
in bouncing may also allow the spreading vehicle to travel 
at a greater speed, which will reduce the differential speed 
between the spreading vehicle and the traveling public. 

If designed properly, a prewetted salt system can de
crease cost and increase effectiveness compared with con
ventional dry-salt systems. 

FACTORS TO EVALUATE 

Changing to a prewetted salt operation requires more than 
just adding moisture. There are other factors to consider. 
All aspects of winter road maintenance operations must 
be reviewed when a change is being considered for one 
component of the system. An evaluation is needed to deter
mine how each change will affect the rest of the system. 
Some areas that should be reviewed to achieve the poten
tial benefits of prewetting salt are particle size, prewetting 
liquid, liquid manufacturing and storage requirements, 
and prewetting methods. 

The conventional salt gradation was developed several 
years ago for deicing operations that required the dry 
particle to penetrate into snowpack. With the addition of 
a liquid, the particle will embed in the snowpack more 
efficiently, facilitating the penetration of the particle to 

the pavement surface. As the profession moves toward a 
more preventive approach as opposed to the conventional 
reactive mode of operation, the particle size will be a factor 
that should be evaluated. Anti-icing is such a preventive 
approach. In implementing anti-icing strategies, many 
highway agencies are opting to apply snow-and-ice-con
trol material early in storms and follow up with additional 
applications in a timely manner during the storm to pre
vent the formation of a bond between the snow and ice and 
the pavement surface. This approach requires a change in 
the material application process. A finer gradation of salt 
will allow more moisture to be added to the dry salt, 
reduce the time for the salt to go into solution, and reduce 
the undesirable scattering of large salt particles during 
both the application process and subsequent wind turbu
lence caused by passing vehicles. 

As noted, prewetted salt is salt with moisture added. 
However, questions such as what liquid should be used 
to supply the needed moisture and how much moisture 
is appropriate need to be addressed. The answers to these 
questions will depend on the conditions existing at the 
site. The more moisture available, the less time it will take 
for the salt to dissolve into solution. If moisture is readily 
available from slush on the pavement surface, for example, 
a different amount of moisture may be necessary than if 
the pavement surface were dry. As mentioned earlier, the 
salt particle size is another factor that should be considered 
in determining how much moisture to add. In general, the 
amount of prewetting liquid is from 5 to 30 percent by 
weight. If the only important characteristic of the liquid 
is that it wet the salt during the spreading operations, 
water will suffice. However, the material-handling re
quirements of water below freezing temperatures may not 
make it the most appropriate material. Because of the 
potential problems associated with water, a low-cost liq
uid with better low-temperature handling characteristics 
may be more appropriate, such as NaCl brine, which in 
a saturated solution has a eutectic temperature of -21 °C 
(-6°F). If the prewetted material is applied to prevent a 
black-ice condition from occurring, use of calcium chlo
ride (CaC12) may be appropriate. The hygroscopic proper
ties of CaC12 will cause it to retain moisture better on 
spread material at lower relative humidities than NaCl. 
Other liquid materials, such as magnesium chloride, cal
cium magnesium acetate, and potassium acetate, should 
also be reviewed. 

Factors to consider when selecting the liquid type are 
the manufacturing, storage, and handling requirements. 
The following questions should be addressed. 

• Will the liquid be manufactured on-site or delivered 
ready for use? 

• What is the quality of the liquid needed? 
• What percentage of nonsolubles is acceptable? 
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• What are the potential hazards associated with mate
rial handling? 

• What are the storage requirements? Do they require 
indoor storage, external heat, or agitation? 

• How much time is acceptable to reload the spreader? 

These questions and others must be answered, and the 
results will differ depending on the sites' specific condi
tions. 

There are several acceptable methods for moistening 
salt. Some common examples are as follows: 

• Inject liquid into the salt in the loader bucket during 
loading of the spreader hopper. 

• Shower or inject liquid on or in the salt in the spreader 
hopper during loading or after loading is completed. 

• Shower or inject liquid on or in the salt at the spreader 
auger on the tailgate spreaders. 

• Shower liquid on the salt as it is transferred from the 
hopper onto the spreader chute where the prewetted salt 
will be conveyed to the spreading disk. 

• Apply liquid to the salt as the materials come in con
tact with the spreading disk. 

There are advantages and disadvantages to each 
method. Among the factors that will influence the decision 

are the liquid-to-solid ratio, available resources, liquid 
capacity on spreader vehicle, efficiency of material han
dling, and liquid type. 

SUMMARY 

The winter maintenance policy for a highway is provided 
by the assignment of a level of service. The maintenance 
engineer has many options available to achieve the pre
scribed level of service. Systems for prewetting snow-and
ice-control materials are improving and should be evalu
ated. They could become additional tools for winter road 
maintenance operations. 
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Use of Deflections To Manage the Structural 
Maintenance Requirements at Network Level 
in England 

John E. Oliver, Highways Agency, England 

A major task for the manager of a maintenance program is 
to collate and present a robust case for funds to ensure that 
the network is maintained at an appropriate level. In England 
a project was conducted to collate and analyze deflection 
data collected, principally for project-level design, for the 
benefit of network-level planning. The total national highway 
network in Great Britain is some 11 000 km long, represent
ing only 4 percent of total road length but carrying 30 percent 
of all traffic and 60 percent of heavy traffic. Deflection data 
usually are collected under contracts let by some 90 mainte
nance agents. Between 1985 and 1991 some 80 percent of 
the length of flexible roads was surveyed, some of it more 
than once, and the results analyzed. On the basis that the 
most cost-effective strategy for strengthening is to overlay 
the surface at the critical point, the network has been shown 
to be in suboptimal condition. The project collated deflection 
data and presented them in a consistent and easily understood 
format to illustrate requirements for restoring the network 
to its optimal condition. Condition data were also analyzed 
through a network model to investigate alternative strength
ening strategies over the medium and longer terms. Collection 
and analysis of data in this way offers the opportunity to carry 
out valuable audits of the range of projects put forward
and not put forward-by agents. It therefore improves the 
management of maintenance at both network and project 
levels. 

M ajor highways in developed and many devel
oping countries constitute an enormous capital 
asset that requires correspondingly high invest

ment to maintain its serviceability and load-carrying ca
pacity. Understandably, bids from highway authorities 

to their national governments for the funds necessary to 
service and strengthen major roads must stand up to rigor
ous analysis if the required funds are to be secured. 

At the same time as bids for network-level funding 
are being prepared, the highway authority must collect 
various condition data so that when funds become avail
able it can make objective decisions on how and where 
they should be spent. It is logical and possibly cost-effec
tive to investigate the potential for using the large amount 
of condition data collected routinely to support the bid 
for network-level funding. 

This paper describes how the Highways Agency in En
gland has used deflection data for project-level design to 
set out a robust case for funding to strengthen the mo
torway and all-purpose trunk road networks. Strengthen
ing treatments that provide thicker structural overlays 
have been identified as offering optimum value for the 
money when carried out at the critical condition. The 
output from this analysis of deflection data, known as 
"The Residual Life Report," has shown clearly that the 
network is in suboptimal condition. The report also pro
vides data from which a strong case can be made for a 
coordinated program of structural strengthening to re
store the network to the desired condition. 

Considerable effort has been devoted to presenting the 
output in a form that can be understood by the layman 
and politician, since it is the latter who must be convinced 
of the case for additional funding. A thoughtful mixture 
of simple graphics and concise text has illustrated the 
soundness of the work. Moreover, the case for adequate 
funds to achieve the optimal condition of the network 
has been recognized, so that even in the present difficult 
financial climate, provision for strengthening the national 
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network has held up well, though understandably not as 
well as had been hoped. 

THE ENGLISH ROAD NETWORK 

Responsibility for managing and maintaining the 274 000 
km of public roads within England is delegated by Act of 
Parliament to 108 highway authorities. Within this total 
length of highway, the Department of Transport (DOT) 
is responsible for the national strategic network, that is, 
the motorway and all-purpose trunk road (APTR) net
works, which total soi;ne 3000 and 8000 km, respectively. 
Even though this length of network only represents 4 
percent of the country's total road mileage, it carries 30 
percent of the total vehicle kilometers traveled annually 
and some 60 percent of heavy goods traffic. The remaining 
70 percent of all traffic (and 40 percent of heavier traffic) 
is carried on the lower hierarchical levels of road, managed 
by local government highway authorities. 

The day-to-day management of the motorway and 
APTR networks is carried out on a geographical basis by 
maintenance agents reporting through a regional office to 
a headquarters division in London. As of April 1, 1994, 
there were some 90 maintenance agents reporting through 
9 regional offices. Of these agents, 84 were local govern
ment highway authorities and 6 were consulting engi
neering practices from the private sector. Within this orga
nizational structure, the local government highway 
authority agents operate under a single agency agreement, 
which sets out in broad terms the duties delegated to them 
by DOT, the information flows required from them to 
DOT before work can be approved and funds allocated, 
and the fee scales. The consulting engineering practices 
operate under individual contracts covering the functions 
similar to but more specific than those contained within 
the single agency agreement, with the level of reimburse
ment governed by the tendered fee rates. 

MAINTENANCE EXPENDITURE 

Current levels of annual expenditure by DOT in main
taining these networks is running at approximately £670 
million, with £360 million spent on the rehabilitation of 
pavements, £150 million on the rehabilitation of struc
tures, and £ 160 million on routine cyclical maintenance. 
As with any organization, public or private, that under
takes this level of annual expenditure, business activities 
must be monitored continually to ensure adequate value 
for expenditure and to strive for efficiency improvements 
by introducing new initiatives. Part of this process in En
gland involves the Public Accounts Committee (PAC) of 
the House of Commons, which receives reports of studies 
undertaken by the National Audit Office (NAO) . NAO 

is authorized by Parliament to investigate issues of value
for-money and propriety associated with programs and 
policies managed by government departments and agen
cies with expenditure authority. 

In 1991 PAC received a report from NAO on the "Man
agement of Road Maintenance." Following a committee 
hearing with senior DOT officials, a report was published 
that included the following two recommendations: 

We consider that the Department need to have better infor
mation on the condition of roads in order to deploy their 
funds most cost-effectively; 
We are concerned about past inadequacies of the Depart
ment's data on road condition, and note that the national 
structural survey of the condition of roads had to be aban
doned because the data provided by their agents were 
incomplete and inconsistent. (House of Commons Com
mittee of Public Accounts Third Report- Management of 
Road Maintenance, November 1991) 

In the DOT's published response to these recommenda
tions it stated: 

The Department shares the Committee's concern over past 
inadequacies and has instigated a programme to improve 
the monitoring and reporting of the condition of roads. 
The report by consultants on the structural condition of 
the network (The Residual Life Report) is the first example 
of this process. (Treasury Minute in Response to the PAC 
Report into Management and Road Maintenance) 

MANAGEMENT OF MAINTENANCE 

A highway network, especially a busy one, should be 
monitored regularly to assess its physical condition and 
change in condition. However, such monitoring is inher
ently dangerous for operators of survey equipment, and 
slow-speed survey methods inevitably cause disruption for 
road users. In practice, therefore, a hierarchical approach 
to condition surveys is required. High-speed and low
unit cbst surveys that minimize disruption to traffic while 
maximizing the safety of the operation are undertaken 
most frequently as part of a first-pass program before 
subsequent detailed investigation using other survey meth
ods. Routine surveys by slower-speed equipment must still 
be carried out to define the physical state of the network, 
but at less frequent intervals than previously. Slower-speed 
surveys are also now targeted, based on information from 
the first-pass surveys. 

A high-speed first-pass survey is carried out using the 
High-Speed Road Monitor (HRM) ( 1 ), which utilizes laser 
technology. This defines the present functional condition 
of the network. Also, results from two HRM surveys (at 
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intervals of 1 or 2 years) can be compared to identify 
sections of road where the condition is changing. More 
detailed surveys, such as deflection surveys and visual 
condition surveys-in England we use Computer
ized Highway Assessment, Ratings and Treatment 
(CHART)-can then be carried out to determine the rea
son for the change in condition as well as to define the 
residual life of the whole network from routine surveys. 
These more detailed surveys are normally repeated on a 
3- to 5-year cycle. The texture results obtained from the 
HRM support the skid-resistance measurements obtained 
from network-wide surveys carried out on a 3-year cycle, 
using the Sideway-force Coefficient Routine Investigation 
Machine, SCRIM (2). 

DEFLECTION SUR VEYS 

Highway maintenance design methods that include pre
diction of the need for strengthening and estimates of the 
treatment thicknesses required are based on a structural 
evaluation of the existing pavement. The considerable and 
rapid variation in structural condition, or strength, that 
occurs along most flexible roads, particularly as they ap
proach a critical condition and require strengthening, dic
tate that routine measurements of strength be taken at 
closely spaced intervals to allow strengthening proposals 
to reflect the variation. The additional need to survey large 
lengths of road each year effectively limits the possible 
measurements to those that can be taken on the road 
surface. In practice, therefore, the evaluation of the struc
tural condition of flexible pavements is based on the mea
surement of the maximum displacement of the road sur
face generated by the application of a test load. These 
measurements can be obtained with a Pavement Deflec
tion Data Logging Machine, PDDLM (3), which is the 
United Kingdom version of the Deflectograph. 

The primary function of the PDDLM equipment is to 
measure, simultaneously in both wheelpaths, the maxi
mum, transient deflection of the road surface produced 
by the passage of the loaded rear wheels along a road. The 
beam assembly, which measures deflection, is positioned 
beneath the vehicle chassis and between the two rigid 
axles. It is raised clear of the road when traveling between 
sites at normal operating speed. During operation, when 
the vehicle speed is constrained to 2.5 km/hr, it rests inde
pendently on the pavement surface. 

The downward movement of the road surface produced 
by the approach of the rear wheel assemblies is monitored 
by a pivoted deflection beam. A displacement transducer, 
located near but ahead of the beam fulcrum, converts 
the beam's downward movement into an electrical signal. 
Deflections are measured and recorded for routine pur
poses at intervals of about 3.8 m in both wheelpaths. 

The equipment can monitor 12 to 20 lane-km per day, 
producing 3,000 to 5,000 individual measurements in 
each wheelpath. Machines of this sort currently monitor 
about 18 000 lane-km of the United Kingdom road net
work each year. 

D ESIGN OF STRENGTHENING 

The deflection measurements provide the major input to 
the United Kingdom structural maintenance design system 
for flexible pavements (4,5). The survey and design proce
dures are integral requirements to be included in the sub
mission of bids to obtain funds for structural maintenance 
of national roads. The method uses the PDDLM deflection 
measurements to characterize the structural condition of 
a pavement. The output from the PDDLM is used to (a) 
predict the residual life of an existing pavement and (b) 
estimate the thickness of overlay required to extend the 
life of a pavement for a specified period (expressed in 
terms of standard axles). 

The design method is based on correlations of measured 
deflection and pavement performance from a large num
ber of full-scale road experiments. The method has under
gone a process of continuous development and validation 
by the United Kingdom's Transport Research Laboratory 
(TRL) over 20 years. 

Residual life as defined by the design method relates to 
the onset of critical conditions in a road pavement. The 
critical condition is defined as the point in the life of a 
pavement at which the rate of deterioration becomes less 
predictable, and where deterioration accelerates, leading 
over a period of several years to a failure condition. During 
the period of acceleration to failure, the existing strength 
in a pavement may diminish rapidly, and the cost of main
tenance implemented beyond the critical condition can be 
expected to increase. In the short term, a road will remain 
serviceable to vehicular traffic beyond its critical condi
tion, providing that patching and other palliative mea
sures, such as surface inlay techniques, are implemented. 
These measures become increasingly costly to carry out 
and inflict ever-increasing disruption on the road user. 

SURVEY COVERAGE 

The analysis reported in this paper includes the deflecto
graph results from the most recent survey recorded on 
about 3900 slow-lane km of the motorway network and 
on about 9500 km of APTR network. All sections tested by 
the deflectograph from 1985 to 1991 for which sufficient 
information is available to enable them to be located accu
rately are included. 

The overall results from about 76 percent of the total 
network in England, excluding known lengths of rigid 
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and elevated sections, have also been included in this 
study: about 91 percent of the total for motorways and 
71 percent of the total for trunk roads. 

The analysis procedures reported are updated annually, 
with each successive year's survey results added. In addi
tion, since 1992, the method of analysis and reporting 
has been extended to the next lower category of road, 
principal roads; in 1992 the results for approximately 25 
000 lane-km were included. This is expected to increase 
to about 60 000 lane-km by the end of 1995. 

DEFLECTION ANALYSIS 

The residual life has been determined for 100-m-long sec
tions of road on the basis of the 85th percentile deflection 
level. The 85th percentile level has been calculated from 
the combined wheelpath individual deflection values. The 
85th percentile deflection levels have been converted into 
equivalent residual-life values, defined in years, using con
struction and traffic-load data supplied by the mainte
nance agents. 

For the purpose of analysis and presentation, residual 
lives have been corrected to the reporting year (1992 in 
the case of this paper) and grouped into the residual life 
bands (in years) given in Table 1. 

For effective map-based presentation of the residual life 
along the network, the residual life has also been calcu
lated for section lengths in excess of the basic 100 m. 
Where alternative section lengths have been adopted, the 
residual life has, in all cases, been based on the 85th 
percentile level of combined wheelpath individual deflec
tions. 

The deflection results used in the analysis have been 
collected from cyclic surveys carried out over 6 years. 
The calculated residual lives cannot automatically take 
account of maintenance work undertaken during the 6-
year period, unless a subsequent survey has been under
taken on the maintained lengths. Without modification, 
the residual lives calculated would therefore present a very 
pessimistic view of the state of the network. To correct for 
this effect, the calculated residual lives have been modified 
where subsequent maintenance work has been undertaken 
by updating the calculated values to an assumed 20-year 
design life {the norm in England) from the date of mainte
nance. Details of the location of strengthening and the 
deflection files are supplied by maintenance agents and 
edited over the appropriate lengths to take account of 
these construction updates. 

REPORTING STYLE 

With the work being targeted as much at a nontechnical 
audience as at a technical one, the presentation of the 

results was of major importance. Results are presented 
separately by motorways and APTRs and, for each of 
these groups, further classified at the national, regional, 
and agent level. Four basic forms for presenting results 
have been adopted on the basis of the six residual life 
bands defined in Table 1: 

1. Pie charts showing percentage of 100-m-section re
sidual lives for each 100-m section within each of the life 
bands (Figures 1 and 2); 

2. Color-coded maps showing the location of lengths 
of road falling within each of the life bands; 

3. Tables, such as the example of Table 1, summarizing 
the pie charts; and 

4. Moving cursor plots. 

Typical pie charts for the conditions in 1992 are shown 
in Figure 1 for motorways and APTRs. The figure shows 
the distribution of residual life in segments representing 
the percentage in four separate 5-year bands plus the per
centages that are past critical and have a residual life 
greater than 19 years. 

Figure 2 shows the distribution of residual life on sec
tions of the road immediately prior to strengthening; the 
distributions show that very large proportions of the 
lengths receiving maintenance have short residual lives, 
demonstrating good targeting of maintenance treatments. 

Figure 3 shows the distribution of residual life on 
strengthened pavements. The relatively high proportion 
of short lives shown in this figure points to the need for 
more detailed studies. Procedures for updating traffic files 
and for referencing deflection surveys may partially ac
count for these results . 

The English motorway network is relatively modern, 
as shown in Figure 4, but because of very high increases 
in traffic loading in the last 10 to 15 years, much of the 
network has been or will need to be strengthened in the 
next few years. 

Color-coded maps are developed against plain back
grounds at the national and regional level and against a 
relief background at agent level (1:50,000 scale). These 
could not be reproduced satisfactorily for this paper. 

The distribution of residual life at network level on 
the motorway and trunk road networks is given in an 
alternative style in Table 1. Despite improvements in sur
vey coverage, the general condition has remained broadly 
similar over the study period. However, the survey trend 
of slowly deteriorating condition recorded between 1989 
and 1991 was arrested in 1992, and results for 1993 
confirm a small improvement. 

What has been termed a moving cursor presentation 
has been produced for the motorway and trunk road net
works. This presentation involves the display of 85th per
centile values of 100-m sections graphically with a 4-km 
moving average superimposed (nominal maximum length 
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TABLE 1 Comparison of Changes in Condition 

Motorway Network 

Residual Life Band 1992 1991 1990 1989 

<0 16.13 16.57 15.45 14.37 
0-4 23.55 23.40 22.64 21.31 
5-9 18.14 19.05 19.37 17.73 

10-14 10.06 10.59 11.16 11.45 
15-19 16.76 14.65 13.92 6.84 
>19 15.36 15.74 17.47 28.30 

Total Length (km) 4299 4265 4265 4408 
Coverage(%) 91 91 83 69 

Trunk Road Network 

Residual Life Band 1992 

<0 14.66 

0-4 12.91 
5-9 12.83 

10-14 10.31 

15-19 13.13 

>19 36.16 

Total Length (km) 13421 

Coverage(%) 71 

for maintenance schemes). Moving cursors show previous 
moving averages so that consistency of prediction can 
be confirmed on a routine basis. The plots also present 
information on the age of the carriageway and details of 
traffic loading. Again, these plots could not be reproduced 
with sufficient clarity for this paper. 

UNIFORMITY OF RESULTS 

Routine deflection surveys have been tested to assess the 
uniformity with which the design method predicts the 
residual life both at network and at project levels. The 
uniformity study was based on an analysis of more than 
1500 km of carriageway where repeat independent deflec
tion surveys separated by between 1 and 5 years had been 
completed during the period between 1985 and 1991. The 
residual life of 100-m-long sections was used in the study. 

1991 1990 1989 

15.48 13.86 12.75 
12.92 12.94 11.33 
12.17 12.68 11.84 

10.26 10.50 9.99 
11.31 9.73 8.14 
37.86 40.28 45.45 

13951 13796 13863 
71 67 55 

An analysis of the distribution of differences in the residual 
lives predicted by the most recent and earlier survey 
showed that, at the network level, the predictions from 
the two populations differed by only 1 to 2 years. For 
sections of the network with residual lives predicted by 
the most recent survey to be between 0 and 5 years (i.e., 
approaching the time for maintenance), the error in pre
dictions at the network level reduces to 1 to 1.3 years. At 
the project level, 70 percent of all paired residual life 
predictions for 100-m-long sections from a second survey 
on the same section of carriageway are shown to be within 
±3 years of the prediction made by an earlier survey. 

MODELING OF FUTURE NEEDS 

A subsidiary aspect of the commission was to undertake 
a comparison with a TRL research model of a budget 
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Motorway 

<0 D (16.13%) >2011 

0-4 (23.55%) 

5-9 I (18.14%) 2007-2011 

10-14 I (10.06%) 1992-1996 

15-19 I (16.76%) 

>19 I (15.36%) 
1997-2001 

Trunk 

<0 D (14.66%) 

0-4 (12.91%) >2011 

5-9 I (12.83%) 1992-1996 

10-14 I (10.31%) 

15-19 I (13.13%) 

>19 I (36.16%) 2007-2011 2002-2006 

FIGURE 1 Residual life of the network corrected to 1992, including 
data from 1985 through 1991. 

profile analysis for the motorway network. The main ob
jectives of the budget exercise were to investigate (a) the 
structural maintenance budget options over a 30-year pe
riod, based on real schemes, and (b) the location of candi
date schemes over the study period. 

Several assumptions and rules have been applied to the 
model for this comparison: 

1. There is no variation in treatment costs with time. 
2. Treatment costs are based on three lanes plus hard 

shoulder carriageways (the normal cross-section standard 
for motorways). 

3. No traffic delay costs are included in the analysis . 
4. The maximum overlay is 250 mm and the minimum 

overlay is 50 mm with possible overlays in steps of 25 
mm between these limits. 

5. No treatments other than reconstruction or overlays 
are applied in the analysis, and these treatments restore 
the scheme lengths to a residual life of 20 years. 

6. Residual lives greater than 30 years will form one 
band of the residual life distribution, as will residual lives 
less than zero. 

7. Reconstruction is only permitted at residual life = 
-7 years. 

8. Overlay is only permitted at residual life = 0. 
9 .. The maximum permissible scheme length is 8 km 

and the minimum permissible scheme length is normally 
1 km. 

10. No buffer zone restriction is placed on gaps be
tween schemes in any one year. 

THE MODELING PROCESS 

The modeling for budget analysis is based on 10-m length, 
85th percentile deflections from the network residual 
life files. 
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Motonvay - 521.3km 

<0 D (54.19%) 

0-4 (21 .10%) 

5-9 I (7.94%) 

10-14 I (4.63%) 
<1992 

15-19 I (7.58%) 

>19 I (4.56%) 1992-1996 

Trunk - 639.8km 

<0 0 (36.25%) 

0-4 (15.84%) 
<1992 

5-9 1 (11.29%) 2007-2011 

10-14 I (8.11%) 

15-19 I (10.34%) 

(18.18%) >191 
1997-2001 1992-1996 

FIGURE 2 Residual life of renewal sections before any work was 
undertaken. 

The results of the deflection surveys are trended forward 
in time to define residual life and overlay requirement for 
each 10-m length. An interactive statistical analysis of 
the residual life data is then used to create "schemes" 
representing lengths of carriageway that are statistically 
homogeneous in terms of condition. The year in which 
maintenance is required is defined for each scheme, and 
the maintenance policy, rules, and assumptions are ap
plied across the whole motorway network over the 30-
year budget period. Strengthening requirements for each 
scheme are then defined with its location. Two forms of 
output are produced from the budget analysis: 

1. Costings, both discounted and undiscounted, to 
maintain the network over the study period can be pre
sented in diagrammatic form. 

2. Map-based presentation can show, for the 10-year 
period 1992 to 2002 an array of information: the location 
of schemes, the year they should be implemented, and a 
broad indication of treatment requirements (e.g., at re
gional level). 

fUTIJRE DEVELOPMENTS 

The analysis described uses full referenced network data 
held on a relational data base. It is possible therefore for 
traffic delay costs and other condition indicators such as 
the results from HRM and SCRIM surveys to be added 
to the analysis, and for full optimization to be undertaken 
against either cost-benefit analysis or condition of the 
network. At a much simpler level, more realistic rules on 
maintenance scheme lengths and gaps between scheme 
could be implemented to make the automatic scheme defi
nition module even more realistic. The system in its present 
state could be used to evaluate alternative maintenance 
intervention policies, for instance, adding thin overlays 
after 10 years of a 20-year design life, to compare net 
present values. 

USE OF RESULTS AT NETWORK LEVEL 

The information contained within the annual reports from 
the consultants on the structural condition of the mo-
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Motorway - 394.3km 

D 
>2011 

<0 (0.00%) 

0-4 (30.82%) 

5-9 I (28.50%) 

10-14 I (17.21%) 

15-19 I (8.63%) 

>19 I (14.83%) 
1997-2001 

Trunk - 209.2km 

<0 D (0.00%) 

0-4 (19.91%) 
>2011 

5-9 I (17.19%) 

10-14 I (12.46%) 
1997-2001 

15-19 I (9.75%) 

>19 (40.69%) I 2007-2011 2002-2006 

FIGURE 3 Performance of renewal sections. 

torway and APTR networks, as given in Table 1, has 
helped the agency to respond to the recommendations of 
PAC, listed earlier in this paper. In addition it provided 
the department with robust information to program a 
national package of maintenance works. 

Having assembled this information, the agency is now 
in a position to develop a stronger case, based on value 
for money, for funds to achieve these targets on a needs
led basis. The case has continued to be convincing and 
has helped to secure additional funds . 

USE OF RESULTS AT PROJECT LEVEL 

The color-coded maps and moving cursor plots have en
abled the department at both regional and national levels 
to adopt a more hands-on style. This has been the first time 
that comprehensive information on the entire network has 
been made available to these parts of the organization. In 

the past agents were only required to put forward struc
tural information on lengths of the network they had 
identified as being in need of treatment. This extra infor
mation has enabled the department to be more proactive 
in identifying schemes that should be put forward by 
agents, and it is anticipated that this will improve the 
targeting of maintenance schemes, as shown in Figure 2, 
and possibly reduce the time required to eliminate the 
backlog. 

Confidence in the department's use of the deflection 
design system in targeting schemes has been enhanced 
following the delivery of the uniformity report. The results 
of this study show that the design system, which includes 
collection and measurement of deflection and associated 
data as well as the performance models themselves, makes 
consistent predictions of residual life and that the mainte
nance schemes identified are located in a reproducible 
manner. 

The results from the budget analysis study agreed 
closely with the analysis undertaken by TRL using its own 
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<1970 [ 

1982-1987 

(2.84%) (14.25%) (22.49%) (34.09%) (26.33%) 

,~:· --<1970 1970-1975 1976-1981 1982-1987 >1988 

FIGURE 4 Distribution of age of motorways. 

model and in broad terms with the current budget profile 
identified by DOT. The scheme locations, their extent, 
and the estimate of overlay treatment thickness generated 
automatically in the study were compared by the regional 
offices with those generated by the agents using more 
traditional manual techniques of data analysis . They con
cluded that there was sufficient agreement between the 
two to enable the automatically generated program to be 
used as one of the source documents in formulating an 
indicative national program of schemes over a 5-year 
period. 

CONCLUSION 

This project has shown the condition of the national net
work. The work has cost only about 0.1 percent of the 
cost of carriageway maintenance and, because it uses the 
data collected by agents for project-level design, offers the 
opportunity for checks on the consistency between the 
two exercises. Work will continue to improve the quality 
and reliability of the Residual Life Report, but it has 

already proved to be a very effective tool for determining 
network-level requirements from project-level data. 
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Taxonomy of Institutional Barriers to the 
Implementation of Pavement Management 
Systems 

Thomas H. Maze and Omar G. Smadi, Iowa Transportation Center, Iowa 
State University 

The benefits of a pavement management system when fully 
implemented are well known, and the history of successful 
implementation is rich. Implementation occurs when the 
pavement management system is the critical component for 
making pavement decisions. However, there are barriers to 
the full implementation of pavement management systems. 
Institutional barriers, not technical and financial barriers, 
are more commonly responsible for a pavement management 
system's falling short of full implementation. In general, high
way agencies should put more effort into overcoming these 
barriers. The Iowa Department of Transportation has de
signed an implementation process to overcome institutional 
obstacles and facilitate the implementation of its pavement 
management system. 

P avement management technology has matured in 
the past two decades, and excellent and inexpensive 
pavement management system software packages 

are now available. But the implementation of pavement 
management systems and the use of state-of-the-art pave
ment management techniques have been far less successful 
than expected, despite the beneficial experiences defined 
in the literature on this subject. 

To understand the contention that pavement manage
ment implementation has not been as broadly successful 
as expected requires a common definition of implementa
tion. Operating a pavement management system is not 
the same as implementing it. Smith and Hall have defined 
the implementation of a pavement management system 
as occurring "when pavement management becomes the 
critical component for making pavement management de-

cisions" (1 ). Under this definition, an agency may operate 
a pavement management system, but if the system's results 
are not a critical component of decision making, the sys
tem has not been implemented. Smith and Hall's definition 
thus extends beyond the purchase of a pavement manage
ment system and even the development of supporting data 
bases and personnel. 

State agencies have developed excellent pavement man
agement systems, but they only give the system's results lip 
service when making actual resource allocation decisions. 
Other agencies restrict the use of the pavement manage
ment system's results to supporting resource allocation 
decisions for a limited portion of the highway network 
(e.g., only applying to Interstate highways) or for a specific 
category of activities (e.g., major restoration projects). 

The likely benefits of pavement management systems 
have encouraged federal policy to mandate their opera
tion. For example, in March 1989 the Federal Highway 
Administration established a policy requiring all state 
highway agencies to have an "operational" pavement 
management system by January 13, 1993 (2). The Inter
modal Surface Transportation Efficiency Act of 1991 re
quires all federal-aid-eligible highways to be included in 
a pavement management system and, at the risk of federal 
sanctions, the pavement management must be imple
mented by October 1, 1997 (3). However, it is unlikely 
that federal pavement management mandates will result 
in complete adoption of pavement management systems as 
a critical element in pavement resources decision making. 
States may successfully develop operational pavement 
management systems, but actually integrating them into 
decision making is a separate matter. 

87 
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This paper discusses the barriers to true implementation 
of pavement management systems. Institutional barriers, 
not technical or financial barriers, are more commonly 
responsible when a pavement management system falls 
short of actual implementation. The paper groups institu
tional issues into a general taxonomy. The final portion 
of the paper summarizes the implementation process of the 
Iowa Department of Transportation (IDOT). The Iowa 
approach is deliberately designed to overcome institu
tional issues and facilitate the complete implementation 
of a pavement management system. 

BARRIERS TO THE IMPLEMENTATION OF 
PAVEMENT MANAGEMENT SYSTEMS 

The three fundamental barriers to the implementation 
of pavement management systems are technical issues, 
financial and resource issues, and institutional issues. 

Technical Issues 

Technical issues relate to the methods necessary to con
duct pavement management, to the technology and meth
ods needed to collect data, and to available data base 
tools. There are three major technical barriers to viable 
pavement management systems: 

1. Lack of a technically viable methodology to perform 
pavement management; 

2. Lack of a knowledge base in pavement management 
processes and procedures; and 

3. Lack of viable technology including field data collec
tion, data base, and data processing technology. 

Pavement management was first conceived in the mid-
1960s (4). By the mid-1970s pavement management had 
expanded primarily for employment at the network level 
and involved the planning, programming, and budgeting 
of funds. Early network pavement management systems 
involved large mathematical-programming computer 
packages, which required massive efforts for development 
and were operated on expensive mainframe computers. 
In the 1970s and early 1980s, pavement data collection 
methods were still developing. Data collection strategies 
were often subjective, involving manual data collection 
methods. Both the pavement management analysis sys
tems and the data collection methodologies in the 1960s, 
1970s, and early 1980s presented significant technical 
barriers to the adoption of pavement management sys
tems. By the late 1980s and early 1990s, however, pave
ment condition evaluation methods became more struc
tured. Several technologies are currently available to 
automatically measure pavement condition. Also by the 

early 1990s, mainframe computer pavement management 
systems had been adapted to operate on inexpensive mi
crocomputers. In fact, the currently available microcom
puter versions of pavement management system software 
and data bases are more robust than their mainframe 
predecessors. 

Clearly, barriers due to a lack of pavement management 
system methodologies, lack of a pavement management 
knowledge base, and lack of adequate technology have 
been overcome. This does not mean that no additional 
technical issues remain to be solved, but that pavement 
management systems have matured and technical issues 
should no longer create a barrier to implementation. 

Financial Issues 

Financial issues relate to the cost of implementing the 
system. For example, the original mainframe network 
pavement management systems cost several hundred thou
sand dollars to develop and install. Currently, more robust 
microcomputer pavement management software systems 
that cost only a few thousand dollars are available. As a 
result, the cost to operate and install pavement manage
ment system software has diminished considerably. 
Although the costs of implementing a pavement manage
ment system may have acted as a barrier to implementa
tion in the past, system costs should not currently present 
an obstacle. 

Institutional Issues 

Institutional issues that impeded the implementation of 
pavement management systems result from the inability 
of highway agencies to truly incorporate pavement man
agement systems into resource allocation decisions. High
way agencies have operated without fully effective pave
ment management systems for most of their existence. 
As a result, these agencies have well-established decision
making patterns that are independent of pavement man
agement approaches. The inflexibility of these patterns 
prevents effective pavement management. Institutional is
sues may range from simple issues involving a lack of 
communication between the relevant offices within a high
way agency to troublesome issues involving independence 
of decision making between the central office and field 
offices (turf battles). 

The institutional issues that bar implementation of 
pavement management systems are particularly problem
atic because pavement management cuts across the bound
aries of several functional disciplines within a highway 
agency. Pavement management should involve the func
tional areas of materials and material testing, construc
tion, highway design, maintenance, highway program 
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planning, highway improvement planning, research, and 
others. Individuals from all the functional areas must co
operate for implementation to succeed. Obviously, the 
interdisciplinary nature of pavement management creates 
opportunity for many institutional problems to arise, and 
the specifics of each are unique to the organization. How
ever, these institutional issues can be grouped into four 
broad categories: 

1. Lack of an agency mandate or directive to implement 
pavement management and to use the pavement manage
ment system as a critical part of the pavement resource 
allocation process (lack of a champion); 

2. Lack of ample or appropriate resources to imple
ment pavement management; 

3. Incompatibilities or inconsistencies between groups, 
offices, or divisions within the organization; and 

4. Laws, administrative rules, organizational charter, 
or codes that preclude the implementation of pavement 
management. 

Lack of an Agency Mandate 

Because pavement management systems require coopera
tion among several functional areas within a highway 
agency, successful implementation calls for a top manager 
to serve as a pavement management champion to promote 
collaboration among the various functional areas (e.g., 
between maintenance and design). Particularly in state 
highway agencies, pavement management is commonly 
promoted by one office, often the office involved in materi
als and material testing or the research office. A single
office initiative is an outcrop of the traditional view that 
pavement management implementation is a technical is
sue. Because the development of a pavement management 
system appears to be an issue of system design and devel
opment involving engineers, systems analysts, and techni
cians, implementing a pavement management system is 
perceived to be just another technical problem. 

Top management may mistakenly believe that imple
mentation of a pavement management system is a techni
cal issue and does not need top management's support 
and attention. However, incorporating the system into the 
decision-making process requires the resolve and focused 
support of top management, who must champion and 
promote the acceptance of the pavement management pro
cess by all participating offices. 

Typical symptoms of the lack of a top management 
mandate are resistance to change and resistance to incor
porating new techniques into the pavement resource allo
cation process because an approach is different from tradi
tionally accepted methods. Agencies without top 
management direction may also suffer from balkaniza
tion. For example, pavement management may be placed 

under the direction of one office or one individual to 
expedite development without considering its links with 
other offices or individuals important to implementing 
the pavement management system recommendations. 
Without top management's promotion of collaboration 
between offices and the substantial opportunity for other 
offices to participate in system design, achieving coopera
tion among functional disciplines is likely to be difficult. 

Lack of Ample or Appropriate Resources 

The availability of ample or appropriate resources relates 
to the ability of highway agencies to provide the personnel, 
intellectual skills, and material resources necessary to im
plement pavement management systems. As previously 
stated, pavement management system costs have declined 
considerably, and highway agencies typically have the fi-

. nancial resources to implement such systems. However, 
institutional issues may preclude an agency from bringing 
to bear the appropriate intellectual resources or budgeting 
ample resources to completely implement pavement man
agement. 

The appropriate use of pavement management systems 
requires knowledge of systems approaches, pavement de
sign, pavement maintenance, automated testing equip
ment, and computer systems. Traditionally, highway 
agencies are very knowledgeable about pavement design 
and management. Although a highly specialized knowl
edge of systems approaches is not a requirement for op
erating a pavement management system, a good working 
knowledge of systems concepts and engineering economy 
is needed. On the other hand, development of a custo
mized pavement management system requires specialized 
knowledge of systems approaches, computer software, 
and data base development tools. To develop a customized 
system or operate a commercially available package may 
require particular intellectual resources that are unavail
able within a highway agency. Even large agencies may 
have difficulty in attracting specialized individuals to de
velop and implement the pavement management process. 

Further, in an era of downsizing (sometimes euphemisti
cally referred to as rightsizing), it may be difficult for 
agencies to devote the personnel resources necessary to 
fully implement a pavement management system. Al
though pavement management systems may ultimately 
save an organization financial resources through better 
pavement resource allocation decisions, public agencies 
are seldom given the opportunity to transfer savings from 
expenditures on physical assets to increased expenditures 
for management personnel, data processing resources, and 
pavement testing equipment. Even though a pavement 
management system may ultimately provide significant 
savings, finding appropriate and adequate resources for 
implementation may be a significant institutional barrier. 
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Organizational Incompatibility or Inconsistency 

Pavement management systems require resource alloca
tion decisions to be made in a more open and systematic 
environment, and the system provides an overarching con
duit for decision making among offices and divisions. In 
the past, decisions may have been made more subjectively 
and in relative isolation. Replacing old approaches with 
open and systematic approaches often results in turf bat
tles over decision-making authority and conflicts between 
parts of the organization with inconsistent objectives. In
consistency in the definition of objectives may result from 
an agency attempting to·develop centralized control over 
pavement management decisions and reducing the auton
omy of field offices. Inconsistency in objectives may also 
result from a data processing office's need to justify its 
investment in expensive mainframe computers and skilled 
data-processing staff while pavement managers may want 
to operate in a more robust microcomputer environment 
requiring little data-processing support. Inconsistency in 
objectives between offices and within organizations can 
become the most significant barrier to the implementation 
of pavement management. 

Incompatible Laws, Rules, Charters, or Codes 

The least common of the institutional issues, legal and 
administrative issues, include those barriers presented by 
laws, administrative rules, organizational charter, or 
codes. However, an agency facing such barriers may find 
them difficult to overcome. For example, local legislation 
identifying specific street maintenance policy may conflict 
with a pavement management system, or a legislated orga
nizational structure may place maintenance and construc
tion of highways under the domain of separate political 
jurisdictions (i.e., townships and counties), complicating 
the highway agency's task. An administrative or legislated 
decision may require each subdivision (a ward of a city 
or district of a state) of the entire jurisdiction to receive 
equal proportions of maintenance or capital investment, 
thus overriding resource allocation decisions based on 
pavement management criteria. 

IMPLICATIONS OF INSTITIJfIONAL ISSUES 

Internal institutional issues have left some highway agen
cies incapable of even beginning the implementation pro
cess, or have caused them to start developing a pavement 
management system only to later retrench and abandon 
it. Other agencies have developed pavement management 
systems but have not incorporated them into the pavement 
management decision process, or have limited their use 
to specific programs. At the very least, the contentiousness 

of pavement management system implementation has re
sulted in a conservative approach to pavement manage
ment systems among highway officials and a lack of will
ingness to adopt innovative pavement management 
processes. 

Probably the best example of how reluctance to take 
risks has stymied up-to-date pavement management is the 
current state-of-the-practice of pavement management 
analysis tools used by state highway agencies. Even though 
in the last 10 years the state of the art of pavement manage
ment analysis tools has progressed tremendously through 
the use of different mathematical programming tools, use 
of knowledge-based systems, and applications of artificial 
intelligence, all decision support models currently in use 
by state highway agencies are based on formulations de
veloped in the late 1970s and early 1980s (5). The predom
inant improvement in the state-of-the-practice has been 
the refinement and miniaturization of decision support 
models for operation on microcomputers. 

IOWA IMPLEMENTATION CASE STUDY 

The Iowa Highway Commission began very early to de
velop tools to support pavement management. The com
mission began collecting pavement condition data in the 
1950s and since then has maintained the information in 
various uncoordinated forms (6). In the late 1970s, IDOT 
began developing the Iowa Pavement Management Infor
mation System (IPMIS), which integrated its pavement 
condition measurement surveys and automated its condi
tion data processing. 

At roughly the same time, IDOT developed a scheme 
to rank restoration and reconstruction projects using a 
composite of several pavement condition measures. The 
ranking was sent to field office for review but was poorly 
accepted and was eventually dropped. 

During the mid-1980s and early 1990s, IDOT improved 
its location referencing system, refined its pavement condi
tion measures and performance models, improved pave
ment condition testing and data-collection equipment and 
methods, and further developed the IPMIS. Two full-time 
systems· analysts were assigned to improving the IPMIS, 
data management, and information support, and they 
have made the information system into a· highly useful 
tool to support development of program plans. 

In 1992, IDOT initiated a multiyear project to develop 
automated decision support capabilities in the pavement 
management process. At the same time, the agency began 
integrating total quality management (TQM) philosophies 
into departmental actions. Accordingly, the pavement 
management system implementation project is being con
ducted in a manner compatible with TQM concepts. Sev
eral nontechnical actions have been taken, including the 
development of specific statements of purpose, use of a 
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multidisciplinary team to steer the project, and provision 
of both agencywide educational and informational pro
grams and focused, small, core group training programs. 
All nontechnical actions are intended to assist in avoiding 
institutional issues and barriers. 

The project is being directed by a committee designed 
to bring together the functional disciplines required for 
successful implementation of an IDOT pavement manage
ment system. Accordingly, the committee consists of indi
viduals from the offices responsible for data processing, 
pavement design, materials, research, and planning. The 
project is divided into five phases. 

Phase I is objective-setting, which consists of the follow
ing activities: 

• Identifying the purpose of the pavement management 
decision support program, 

• Determining the decision support tools available and 
their assumptions, 

• Gathering information on pavement management de
cision support tools used by highway agencies in the 
United States and internationally, 

• Presenting a workshop on the findings of the first 
phase for all staff likely to be involved in pavement man
agement decision making, and 

• Developing criteria through the workshop for the 
selection of decision support tools. 

Phase II is the selection of a decision support methodol
ogy or tool, which consists of the following activities: 

• Allowing the entire committee to visit other agencies 
with operational pavement management decision support 
systems; 

• Reviewing decision support software options, includ
ing commercially available packages, computer programs 
in the public domain, and customized development of 
software; 

• Bench-testing the most desirable software options us
ing an IDOT data set; 

• Developing a system selection recommendation 
through the committee; and 

• Presenting a workshop covering model selection 
steps, the bench test, and the selection recommendations. 

Phase III is the development of an implementation plan, 
which includes the following activities: 

• Developing a physical and logical structure for the 
pavement management process before and after the imple
mentation of the pavement management decisions support 
system, 

• Developing a description of the physical architecture 
of the future computer pavement management system, 

• Identifying likely personnel and equipment resource 
requirements and functional changes as a result of the 
implementation of the pavement management system, and 

• Identifying the software that needs to be developed 
or purchased. 

Phase IV is system development, which includes cali
brating the models within the analysis package, populat
ing the data base, and training IDOT employees in the 
program's operation. 

Phase Vis system operation, training, and maintenance, 
which includes the routine and continuous improvement 
of the system. 

To date, Phases I through III of the project have been 
completed. Many significant milestones were reached in 
carrying out these activities. During Phase I, the pavement 
management workshop was attended by 50 to 60 staff 
members from offices throughout the IDOT. Follow-up 
presentations were made at formal and informal meetings 
by members of the steering committee. Steering committee 
members also made presentations at all the district field 
offices, explaining the status of the project and demonstra
ting the use of the IPMIS. 

As part of Phase II, visits to other agencies provided 
the members of the committee with tremendous insight 
into institutional issues. To varying degrees, each agency 
visited had its own institutional barriers to complete im
plementation. Seeing these barriers first-hand provided 
the committee with an understanding of the importance 
of overcoming institutional issues. 

During Phase III activities to identify resource require
ments, all the relevant office directors were asked to iden
tify specific numbers of full-time equivalent personnel who 
will be committed to pavement management. The commit
ment of personnel was seen as a critical step toward imple
mentation. 

At this writing, the project is starting Phase IV. After 
2 years of work, the project team and steering committee 
expect that the project will continue for at least an addi
tional year before reaching Phase V. The slow pace of the 
project is a result of the effort necessary to promote staff 
participation, carry on continuous communication, and 
develop open statements of purpose and objectives. The 
project has been endorsed by top IDOT management, 
and sufficient personnel and financial resources have been 
allocated to the project. In all, a very deliberate attempt 
is being made to avoid serious institutional issues. 

CONCLUSIONS 

Having an operable pavement management system is not 
the same as implementing a pavement management sys
tem. To implement a system requires that the pavement 
management system become a critical part of the resource 
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allocation process. As described in this paper, technical 
and financial issues are usually not barriers to system 
implementation. However, institutional issues continue to 
be the most contentious obstacles and have resulted in 
several agencies failing to reach complete system imple
mentation. 

Recognizing that institutional issues may become barri
ers to implementation, agencies should develop strategies 
to overcome institutional issues. Such an approach, taken 
by IDOT, is outlined in this paper. Other agencies wishing 
to implement pavement management may need to find 
their own unique strategies to diminish the impact of 
institutional issues. Whatever the approach taken, high
way agencies must recognize the need to deal with institu
tional issues as part of the implementation strategy for a 
pavement management system. 
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Maintenance for Newly Designed Pavements 
Using the Maintenance Management 
Information System 

Dennis H. File, Illinois Department of Transportation 

In recent years several states, including Illinois, have devel
oped or revised their pavement design procedures and selec
tion processes. These procedures and selection processes usu
ally include an evaluation of the expected traffic and 
projected maintenance costs required for a given period of 
time. Since 1987 in Illinois, pavements have been designed, 
selected, and constructed using these procedures. One key 
to successful development and application of the pavement 
design procedures and selection processes is to compare and 
analyze field performance with expected results and make 
necessary adjustments. To do so requires a systematic data 
collection and reporting mechanism so the pavement sections 
are carefully monitored and all work performed is accurately 
reported. Illinois has established such a monitoring plan and 
a program of maintenance for newly designed pavement sec
tions. The state expects to use the monitoring plan and to 
follow the program of maintenance for the 40-year design 
life of the selected pavement sections. Other states are likely 
to be concerned with the need to monitor pavement sections 
in order to check expected performance against actual per
formance and to summarize the maintenance activity and 
costs so predictive models can be evaluated. It is important 
that pavement maintenance models be realistic and accurate 
so that the economic analysis used in their selection produces 
correct results. Future pavement design models can be im
proved if complete information of past performance is avail
able for evaluation. The procedures used by Illinois and its 
use of the Maintenance Management Information System to 
collect and produce the informational reports needed for 
long-term analysis are described. 

I n July 1990 the Illinois Department of Transporta
tion, Division of Highways, began to develop a proce
dure for scheduling and financing the maintenance of 

newly designed pavement sections to ensure timely main
tenance in accordance with pavement design models. The 
Bureau of Operations organized a technical task force 
with representatives from the executive office, the high
way districts, and the Bureaus of Design and Environment, 
Construction, and Materials and Physical Research to de
velop a system for monitoring these pavement sections 
and including them in a program of maintenance corres
ponding to the prediction models for the first 40 years of 
pavement life. 

In Illinois several miles of pavement sections had already 
been constructed using the new mechanistically based 
pavement design procedures and selection process by the 
time the monitoring project and program of maintenance 
were initiated in July 1990. Additional pavement sections 
have been constructed since that time. More will be con
structed in the next few years. Industry, as well as the 
department, is very concerned with evaluating the new 
pavement design procedures and selection process. There
fore, it was necessary for the department to develop a 
rational and logical system to monitor, program, and re
port all maintenance performed on these pavement sec
tions. 

To meet these objectives, the task force determined the 
basic requirements: 

• Logical selection criteria to decide which pavement 
sections to include and which to exclude from the moni
toring; 
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• An accurate inventory of all pavement sections in
cluded; 

• A means to identify the selected pavement sections 
to the operations personnel in the field who perform main
tenance work activities; 

• A way to ensure the performance of annual needs 
surveys and the inclusion of noted maintenance require
ments in the annual district program for state highway 
maintenance; 

• A mechanism to produce projected contract program 
funding requirements at least 5 years in the future from 
any point in time; 

• A means to enter and report actual maintenance activ
ity quantities and costs for each pavement section, whether 
by state forces or by contract; 

• A means to compare the pavement selection model's 
projected work activities with actual maintenance work 
activities needed and performed; and 

• An evaluation of the cost per mile to maintain the 
various types of pavements for comparison purposes. 

After consideration of the requirements, reports were 
designed that the task force agreed would supply the neces
sary information. The task force decided the department's 
maintenance management information (MMI) system was 
the most suitable means to support the program of mainte
nance and produce all management reports. The MMI 
system was chosen primarily because terminals were 
readily available across the state to the source persons 
responsible for entering the data needed and the system 
already served the department as the "information high
way" to provide reports on highway maintenance opera
tions. 

The MMI system consists of 252 terminals located in 
all highway maintenance team sections, traffic operations 
headquarters, the district offices, and the central bureaus. 
Dedicated lines are used to connect the terminals to the 
VAX cluster located in Springfield. The VAX cluster con
sists of two DEC 8700s and one 6510 central processing 
unit. Users anywhere on the network can access real-time 
data and produce reports from data base information. 
They can enter, change, and delete data within their area 
of responsibility. The MMI system has been operational 
in Illinois since July 1, 1987. At least 350 of the approxi
mately 2,700 people on the operations staff are trained 
and already use the system frequently in reporting and 
managing their work. 

SELECTION OF p A VEMENTS 

One of the first goals of the task force was to select which 
pavement sections should be included in the monitoring 
plan and program of maintenance. The new design proce
dures had been and are applied not only to design new 

pavement sections, but also for the design of additional 
lanes, intersections, ramps, and short relocations. Many 
believed that it would be difficult to monitor these isolated 
pavement sections and to ensure accurate reporting from 
field forces who more routinely report their work to longer 
pavement sections known as "subsections." 

"Subsections" are the standard cost centers to which 
the operations field personnel report their work. To opera
tions field personnel, a subsection is a pavement section 
that is contained within logical boundaries delineated by 
intersections, county lines, or city limits and that has a 
uniform cross section and number of lanes. A subsection 
may be any length. Most are 10 centerline mi in length 
or more. Since reporting is so important to the monitoring 
plan and program of maintenance, the task force recom
mended-and the department approved-the use of the 
following criteria to select pavement subsections: 

• Only pavement sections greater than 3,000 yd2 m 
surface area would be considered. 

• Pavement sections must be at least 1 mi long, unless 
they are unique and require inclusion to ensure that a 
sample of that particular type of pavement is included in 
the monitoring plan and program of maintenance. 

• Subsections must contain no more than one construc
tion contract. 

A subsection is designated for each pavement section 
selected. 

Several bureaus are involved in selecting pavement sec
tions based on the criteria. The Bureau of Design and 
Environment reviews each set of plans received for letting 
to select sections greater than 3,000 yd2 in size. These 
sections are entered into a data base, which is monitored 
by the Bureau of Materials and Physical Research. The 
Bureau of Materials and Physical Research reviews each 
of the pavement sections selected by the Bureau of Design 
and Environment. It requests the Bureau of Operations 
to monitor and include in the program of maintenance 
those pavements at least 1 mi long or those meeting the 
"unique and required" criterion. 

The Bureau of Operations reviews the request from 
the Bureau of Materials and Physical Research with the 
district. If the district agrees, the pavement section is made 
a subsection and is entered into the subsection inventory 
of the MMI system, and the process begins. If the district 
disagrees with the selection, it can appeal with the Bureau 
of Operations to the Bureau of Materials and Physical 
Research and give reasons why the pavement section 
should not be included. 

Districts sometimes appeal for the following reasons: 

• A pavement section is part of a larger pavement sec
tion already being reported, 



• A section is not all-inclusive (for example, it includes a 
northbound lane with the new design and the southbound 
lane as an overlay), or 

• A section has termini that are not easily delineated 
in the field . 

SUBSECTION INVENTORY 

FILE 

The MMI system includes a subsection inventory of physi
cal features that require maintenance within its limits. 
Each subsection is denoted by a three-digit number and 
"from and to" descriptive limits. Subsections are entered 
into the MMI system by the district office and field person
nel. Maps are kept that signify the stationing, construction 
sections, and construction contract involved with each 
subsection. If a section of new pavement design is to be 
monitored and become part of the maintenance program, 
the information is entered into the MMI system's subsec
tion inventory and printed as the subsection inventory 
report (see Figure 1) with the following fields unique to 
the new pavement design sections: new design monitored 
pavement (yes or no), pavement type (code), pavement 
thickness (in.), shoulder type (code), contract number, 
letting date, maintenance date (date maintenance of the 
pavement became the responsibility of the district), and 
old subsection. This information is entered only for those 
pavement sections noted as monitored pavements. It is 
used to identify these subsections to the field personnel 
and serves as a basis for the subsequent reports for the 
new pavement designs. In some instances, highway main
tenance field forces have erected signs at the ends of these 
subsections to assist in identification and to ensure the 
integrity of data collection. 

INSPECTION NOTIFICATION 

At their option, districts may collect and store information 
from the needs survey for any or all subsections. The needs 
survey is a "windshield survey" of each subsection. It 
collects estimated quantities of maintenance work as it 
exists just before the new budget year, which begins on 
July 1. Pavement, shoulder, and drainage work are of 
primary concern. The information is entered into the MMI 
system and is integrated into and serves as a basis for the 
program/budget spreadsheet and work planning process. 

The needs survey contains work quantities for the work 
activities (e.g., pothole patching, culvert cleaning, and 
curb repair), which state highway maintenance forces nor
mally handle. Survey takers indicate the work priority as 
they take the survey. Priority 1 must be accomplished 
within the next year by state forces. Priority 2 must be 
accomplished by state forces, but is not Priority 1. Priority 
3 work is recommended to be contracted (e.g., permanent 
patching and resurfacing). 
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The Priority 1 and 2 work information is passed directly 
into the highway maintenance program/budget and work 
planning process. Information for Priority 3 work is pro
vided when requested to those who are responsible for 
pavement management and contract development. 

The maintenance needs survey information cannot be 
used for the pavement condition rating survey, which is 
taken by others and used for other purposes. 

One of the important requirements of the monitoring 
plan and program of maintenance is to ensure that the 
pavement sections are reviewed each year for maintenance 
needs. The MMI system provides the means to collect and 
store the necessary information from annual maintenance 
needs surveys. 

To ensure that needs surveys are conducted for all of 
the monitored subsections whether or not the district is 
performing them for other subsections, an additional re
port was developed. The annual inspection notification 
report (see Figure 2) ensures that highway maintenance 
staff in the field, who may not be directly involved in 
the administration of new pavement design sections, are 
notified of the requirements for monitored subsections. A 
report creation process reviews the subsection inventory 
and needs surveys on file. On request, the system produces 
the annual inspection notification report, which lists each 
subsection in the monitoring plan and program of mainte
nance, the from-and-to limits, the pavement description, 
and the last needs survey date. Team section personnel, 
including field engineers and technicians, are responsible 
for performing the fiscal year inspections and entering the 
information. All can request and run the report. As each 
needs survey or inspection is accomplished and entered 
into the system, the annual inspection notification report 
is automatically updated. 

In addition, an inspection report by fiscal year (see 
Figure 3) can be requested and printed for each of the 
subsections. This report shows the subsection involved 
and lists only those maintenance work activities involved 
in the pavement selection process. The report lists pre
dicted future needs based on the model, the previous year's 
needs survey quantities, the previous year's accomplish
ments, and any current year or program needs entered 
into the system. The report information enables managers 
to compare work that has been noted before or that should 
be of special concern during the upcoming fiscal year, 
according to the models. The report draws information 
from the subsection inventory, the needs survey of the 
current and prior year, the programmed needs, and the 
predicted future needs according to the models. Last, a 
needs survey report may be requested and produced to 
show the summary of the information collected by field 
engineers and field technicians. If there are no needs for the 
pavement section in terms of these pavement and shoulder 
work activities, the report indicates that the survey was 
taken and that no needs were found. 



MMIS302 MMIG3301 MMIR303 

12/09/94 151944 

**** LOCATION INFORMATION **** 
LAST CHANGE DATE: 08/18/94 

ILLINOIS DEPARTMENT OF TRANSPORTATION 

BUREAU OF MAINTENANCE 

SUBSECTION INVENTORY REPORT 

DISTRICT 2 

TEAM SECTION: 231 SUBSECTION: n6 FRtJ4: 596+50 COUNTY: OGLE 

HIGHIIAY CLASS: R 

ROUTE NAME: IL 26 
TO: 791+00 

**** PAVEMENT INFORMATION **** 
LAST CHANGE DATE: 11 /18/92 

AVG. A.O. T. TOTAL CENT. 

R.0.11. IN SURF. PAVT. LINE ••••••••••••••••• PAVEMENT LANE MILES •••••• • ••••••••• 

1110TH 100S TYPE 1110TH MILES 8 FT 9 FT 10 FT 11 FT 12 FT 13·14 15 FT VAR . 

70 21 4 · 24 2.2 0.0 o.o 0.0 0.0 4.4 o.o 0.0 0.0 

**** SHOULDER INFORMATION **** **** DRAINAGE INFORMATION **** 
LAST CIIANGE DATE: 08/10/92 

CITY: 

M/R: R 

RAMP 

L. Ml. 

0.0 

PAGE: 

ROUTE: S026 

FIELD ENGINEER: 20 

FRONT 

ROAD ACC. CtJ4MJTS MONITOR 

L, Ml. CTL. PAVE 

0.0 N y 

LAST CHANGE DATE: 11/18/92 
STORM SEIIERS (100 FT.) ··DITCHES·· 

•• • SURFACED • • • BARRIER OTHER CURBS & NO. OF ··MAIN DRAIN·· 

HIGH LOIi AGGREG. TURF MEDIAN MEDIAN GUTTERS DRAIN TO 36" 36" o. 

Ml. 1110 Ml . IIID Ml. 1110 Ml. IIID MILES MILES 100 FT. STRUCT D. & OVER 

4 4 0 0 0 0 0 0 o.o 0.0 0 0 0 0 

**** ROADSIDE INFORMATION **** 
LAST CHANGE DATE: 08/10/92 

NO. OF TOTAL MOIi! NG R.O.W. NO. OF NO. OF NO, OF 

LANDSCAPING NO. OF REST AREAS MOIIABLE POLICY FENCE IIEIGH PUMP HIST. 

FEATURES FLUSH PIT MINOR ACRES ACRES MILES STATIONS HOUSES MARKERS 

----------· 
0 0 0 0 0 0 0.0 0 0 0 

**** MONITORED PAVEMENT INFORMATION **** 
LAST CHANGE DATE: 06/30/94 

PAVEMENT 

PAVEMENT THICKNESS SHOULDER CONTRACT LETT ING MAINTENANCE OLD 

TYPE (INCHES) TYPE NUMBER DATE DATE SUBSEC 

-------- -- -
10 11.8 Bl 84199 03/13/90 12/01/91 026 

**** SUBSECTION BRIDGE INFORMATION **** 
NO. NO. 

LINEAR UNDER 100 FT. 

FEET 100 FT. & OVER 

0 0 0 

OTHER NO. OF C\JLV. 

EARTH 100 CROSS 

LATERAL MILES FT ROAD MISC 

0 0 0 0 

**** SAFETY INFORMATION 

NO. OF 

ENT. & 

SIDE APP 

0 

**** 
LAST CHANGE DATE: 08/10/92 

· ·GUARDRAIL·· 

SLOPE WALLS, BARRIER LINEAR FEET NO. OF 

CRIBBING, WALL STEEL IMPACT 

&RIP·RAP FT. MILES PLATE OTHER ATTEN. 

------------
0 0.0 0 0 0 

**** SUBSECT JON STATUS **** 
DEACTIVATE DATE / / 

SUB SECTION REMARKS: TIIO LOCATIONS STA 596+50 TO 651+00 AND STA. 713+00 TO 791+00 11.75
11 

F.D. BIT. 

*** END OF REPORT *** 

FIGURE 1 Subsection inventory report for a monitored pavement section. 



MM I S3062 MM I G3300 MM I R356 

04/21/94 17S446 

ILLINOIS DEPARTMENT OF TRANSPORTATION 

BUREAU OF MA I NTENANCE 

MONITORED PAVEMENT 

ANNUAL INSPECTION NOTIFICATION REPORT 

DISTRICT 6 

FISCAL YEAR: 95 TEAM SECTION: ALL 

SUB CONTRACT ROUTE 

TS SEC NUMBER NO. FROM TO 

·- ---····--·········--·-······ --- ---------- -.... ··------------

PAGE: 

PAVEMENT DESCRIPTION 

611 120 92038 U03600 ADAMS CO. LINE (STA. 999+99.8) ILL. 96 (STA.1395+00) CONT. REINFORCED CONCRETE·CRCP 

611 127 92230&231 U03600 STATION 442+50 BARRY (STA. 18+50) ASPH·TF LT 15.0 

611 128 922290000 U03600 FA-408 iii TRUMPET I NT CHGE 1 .5 MILES SOUTH OF TRUMPET ASPH·TF LT 15.0 

611 122 921090000 U03600 IL 100 ILLINOIS RIVER BRIDGES ASPH·TF LT 15.0 

611 124 921100000 U03600 !LL RIVER BRIDGES IL 107 ASPH·TF LT 15.0 

611 126 921770000 U03600 BARRY IL 96 (STA.1395+00) ASPH·TF LT 15 .a 
611 125 92232&231 U03600 STATION 245+00 STATION 442+50 ASPH·TF LT 15 .o 
622 141 921080000 !01550 JUST N. OF I· 55- · 2 MILES S. OF US-136 ASPH·TF LT 15.0 

622 142 922280000 101550 LOGAN/TAZWELL CO. LINE ZM!LES SO. US 136 ASPH·TF LT 15.0 

624 990 923280000 000000 W. OF WILLIAMSVILLE OVHD TWELVE MILE HOUSE ASPH·TF LT 15 .o 

••• ENC OF REPORT *** 

FIGURE 2 Annual inspection notification report for upcoming fiscal year with subsection, contract 
number, route number limits, and pavement description. 
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MM!S3064 MM!G3353 MMIR357 

04/21 /94 17S941 

ILLINOIS DEPARTMENT OF TRANSPORTATION 

BUREAU OF MAINTENANCE 

MONITORED PAVEMENT 

PAGE: 2 

**** LOCATION INFORMATION **** 

FY 95 INSPECTION REPORT 

0 I STRICT 2 

TEAM SECTION: 231 SUBSECTION: 726 FROM: IL 26 • FORRESTON TO IL 72(W.) COUNTY: OGLE CITY: 

CONTRACT NUMBER: 84199 

LAST SURVEY DATE: 03/17/94 

LETTING DATE: 03/13/90 

MAINTENANCE DATE: 12/01/91 

WRK UNIT 

ACT DESCRIPTION MEAS 

--------····------
411 PART DEPTH PATCHES SQYD 

412 FULL DEPTH PATCHES SQYD 

413 BITUMINOUS OVERLAY SQYD 

416 CRK&JT SEAL· HD POR GALS 

515 PAVEMENT MILLING SQYD 

516 CRK&JT ROOTING L FT 

517 CRK&JT CLEAN&SEAL L FT 

919 OTHER PAVEMENT HRS 

420 PATCH&REPA IR SHLDR TONS 

929 OTHER SHOULDER HRS 

TO: MECHANISTICALLY DESIGNED PVT. ROUTE: S026 ROUTE NAME: IL 26 

DESIGN 

PROJECTED FY 94 FY 94 

NEEDS NEEDS ACCOMP. 

HIGHWAY CLASS: R M/R: R FIELD ENGINEER: 20 

PAVEMENT TYPE: 10 ASPH·TF LT 15 . 0 

PAVEMENT TH l CKNESS (INCHES): 11. 8 

LANE MILES: 4.4 PROJECT AGE: 4 

FY 95 

FY 95 CONTRACT 

NEEDS NEEDS 

35600 

35600 

(R) 

FIGURE 3 Inspection report by fiscal year with design projected needs, previous year's needs, previous 
year's accomplishments, and current year's needs (by state forces and contract) for each work activity. 



98 PROCEEDINGS OF THE SEVENTH MAINTENANCE MANAGEMENT CONFERENCE 

MM I S3066 MM I G3354 MM I R358 

05/11/94 115513 

ILLINOIS DEPARTMENT Of TRANSPORTATION 

BUREAU Of MAINTENANCE 

PAGE: 2 

HON !TORE~ PAVEMENT 

PROPOSED BUOGET BY SUB SECTION 

OISTRICT 2 FY 95 

**** LOCATION INFORMATION •••• 

TEAM SECTION: 231 SUBSECTION: 726 FROM: IL 26 • FORRESTON TO IL 72(W.) COUNTY: OGLE CITY: 

TO: MECHANISTICALLY OESIGNEO PVT. ROUTE: S026 ROUTE NAME: IL 26 

CONTRACT NUMBER: 84199 

LAST SURVEY DATE: 03/ 17 /94 

LETTING CATE: 03/13/90 

MAINTENANCE DATE: 12/01/91 

WRK UNIT 

ACT DESCRIPTION MEAS 

-·--·-------------
411 PART DEPTH PATCHES SQYO 

412 FULL DEPTH PATCHES SQYD 

413 BITUMINOUS OVERLAY SQYO 

416 CRK&JT SEAL· HO POR GALS 

515 PAVEMENT HILLING SQYO 

516 CRK&JT ROUTING L FT 

517 CRK&JT CLEAN&SEAL L FT 

919 OTHER PAVEMENT HRS 

420 PATCH&REPAIR SHLDR TONS 

929 OTHER SHOULDER HRS 

SUB SECT I ON TOTAL: 

MAINTENANCE PROGRAM TOTAL: 

CONTRACT PROGRAM TOTAL: 

REPORT TOTAL : 

** FY95 MAINTENANCE PROGRAM ** 
NEEDS UNIT TOTAL 

QUANTITY COST COST 

s 

s 
S 32,040 

S 32,040 

HIGHWAY CLASS: R H/R: R FIELD ENGINEER: 20 

PAVEMENT TYPE: 10 ASPH· TF LT 15. 0 

PAVEMENT THICKNESS (INCHES): 11.8 

LANE MILES: 4.4 PROJECT AGE: 4 

.. FY95 CONTRACT PROGRAM ** 
NEEDS UNIT TOTAL 

QUANTITY COST COST 

35,600 .90 S 32,040 

35,600 s 

s 32,040 

CR) 

*** ENO Of REPORT *** 

FIGURE 4 Proposed budget report by location (subsection) with quantities and cost of projected 
maintenance by state and contract forces. 

BUDGET REPORTS 

The first report in the budget series is the proposed budget 
report (see Figure 4 ), which lists each subsection, the needs 
quantity, the unit cost, and the estimated total cost of the 
maintehance or repair. When they conduct the annual 
needs survey, the field engineers and field technicians indi
cate which maintenance needs they recommend be met 
by state forces and which should be contracted to outside 
forces. A second version of the report shows the total 
of all maintenance and repair by work activity and the 
corresponding unit price and total cost. 

Districts use this information to develop contracts and 
direct the following year's work for each activity on the 
selected pavement sections. The department plans to fund 
all contracts for work needed on these pavement sections. 

The department also prepares a multiyear road program 
for future maintenance and repairs. The 5-year budget 
report (see Figure 5) provides the information needed for 
the multiyear road program. It shows the cost to maintain 
these pavements on the basis of the needs survey data and 
the design models. The report contains information for 
the current year and for the upcoming 4 years on the basis 
of predicted future needs. The user can insert an inflation 
factor if desired. The report can also be requested and 
printed to show the projected costs for the current and 
next 4 years by project age and by work activity. Finally, 
users can request the report on a location (subsection) 
basis. 

Another version of the budget report is a statewide 
report that shows the pavement types and the projected 
maintenance cost for each type by district (see Figure 6). 



MMIS3070 HHIG3361 MMIR353 

04/21/94 180108 

TEAM SECT I ON OREGON 

SUBSECTION n6 

I/ORK ACTIVITY 
.. ............................... --
412 FULL OEPTH PATCHES 

516 CRK&JT ROUTING 

517 CRK&JT CLEAN&SEAL 

UNIT 

MEASURE 

SQUARE YO 

LIN FEET 

LIN FEET 

SUB SECT I ON n6 TOTAL 

TEAM SECTION 231 TOTAL 

TEAM SECT! ON HT CARROLL 

SUBSECTIC)lj m 

I/ORK ACTIVITY 

UNIT 

MEASURE 

412 FULL OEPTH PATCHES SQUARE YO 

516 CRK&JT ROUTING LIN FEET 

517 CRK&JT CLEAN&SEAL LIN FEET 

SUB SECT I ON m TOTAL 

TEAM SECTION 241 TOTAL 

TEAM SECT I ON STOCKTON 

SUBSECTION no 

UNIT 

I/ORK ACTIVITY MEASURE 
--·- ............... .. ....... --
412 FULL OEPTH PATCHES SQUARE YD 

516 CRK&JT ROUTING LIN FEET 

517 CRK&JT CLEAN&SEAL LIN FEET 

SUBSECTION no TOTAL 

TEAM SECTION 242 TOTAL 

OISTRICT 2 TOTAL 

UNIT 

COST 

--·· ....... -
75.00 

.90 

.oo 

ILLINOIS DEPARTMENT OF TRANSPORTATION 

BUREAU OF MAINTENANCE 

HONITOREO PAVEMENT 

PROPOSED 5 YEAR BUOGET 

OISTRICT 2 FY 95 BY I/ORK ACTIVITY 

COUNTY OGLE 

FROM IL 26 • FORRESTON TO IL nc11.) HIGHIIAY CLASS R M/R R 

TO HE CHAN I ST! CALLY DES I GNED PVT . ROUTE NAME IL 26 

****** FY95 COST ****** FY96 

COST 

FY97 

COST 

FY98 

COST 

s 
s 
s 

s 

s 

SURVEY MOO EL 

0 S 

32,040 S 

0 S 

32,040 S 

32,040 S 

0 S 

0 S 

0 S 

0 S 

0 S 

12,012 S 
0 S 

0 S 

12,012 S 

12,012 S 

0 S 

2,261 $ 

0 S 

2,261 s 

2,261 S 

COUNTY CARROLL 

0 $ 

0 S 

0 $ 

0 S 

0 S 

FROM LANARK TO IL 72 HI GHIIAY CLASS R M/R R 

TO MECHANISTICALLY DESIGNED PAVT. ROUTE NAME ILL 73 

UNIT ****** FY95 COST •••••• FY96 

COST 

FY97 

COST 

FY98 

COST COST 

75.00 S 
. 90 S 

.00 S 

s 

s 

SURVEY 

0 S 
0 s 
0 s 

0 S 

0 S 

MOOEL 

2,362 S 
0 S 

0 S 

2,362 S 

2,362 S 

0 S 
444 S 

0 S 

444 S 

444 S 

0 S 

0 S 

0 S 

0 $ 

0 s 

0 S 

0 S 

0 S 

0 s 

0 $ 

COUNTY JO DAVIESS 

FROM US 20 • ELIZABETH TO BECKER RD HIGHWAY CLASS R M/R R 

TO MECHANISTICALLY OESIGNED PAVT. ROUTE NAME US 20 

UNIT ****** FY95 COST ****** FY96 FY97 FY98 

PAGE: 2 

FY99 

COST 

0 

0 

0 

FY99 

COST 

0 
0 

0 

FY99 

COST SURVEY HOO EL COST COST COST COST 

--·------· 
75.00 

.90 

.00 

s 
s 
s 

s 

s 

s 

0 S 

0 S 

0 S 

0 $ 

0 S 

32,040 S 

0 s 
17,448 S 

0 s 

17,448 S 

17,448 s 

19,810 S 

0 S 

0 S 

0 S 

0 $ 

0 $ 

12,456 S 

6,814 S 

0 S 

0 S 

6,814 S 

6,814 S 

9,075 s 

0 s 
1,282 S 

0 S 

1,282 S 

1,282 S 

1,282 S 

0 

0 

0 

0 

0 

0 

FIGURE 5 Five-year budget report by work activity with projected costs for the current and next 4 
fiscal years. 
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11,.LI NOIS DEPARTMENT OF TRANSPORTATION 

BUREAU OF MAINTENANCE 

HOM I TOR ED PAVEMENT 

PROPOSED 5 YEAR Sl(IGET 

SUMMARY FY 95 

CATEGORY TYPE: FLEXI BLE 

LANE ********* FY95 ••••••••• 
DIST HILES SURVEY HOO EL 

27 25,020 S O S 

48 

25 

32,040 S 19,810 S 

0 S O S 

0 S 339,463 

0 S 133,771 

FY 96 FY 97 

133 ,248 s 12,746 
12, 456 s 9 ,075 

6, 188 s 1,370 

19,971 158,936 

9,631 182,879 
193 0 S 395, 165 S 296, 321 S 103 , 781 

2 120 S O S 8, 044 1, 781 
21 44 _s o s 59 ,647 129,310 

s 

11 1, 020 S 0 S 47 , 247 S 8, 086 S 

FY 98 FY 99 

21,355 s 6,892 
1,282 s 

0 s 
24,468 s 0 

9,834 s 52,026 
10,779 s 689,210 

0 s 0 
32, 143 s 74,064 

0 • 0 

SUBTOTAL: 341 58 ,244 S 888 , 212 S 592,756 S 607,968 S 99,865 S 822,194 

CATEGORY TYPE : RIG ID 

LANE ••••••••• FY95 ••••••••• 

DIST HILES SURVEY MOO El FY 96 FY 97 FY 98 FY 99 

13 s 530,073 s 0 s 0 s 0 s 0 • 0 

268 0 • 42,387 • 0 s 35,135 • 363 , 470 

6 0 s 0 • 11 ,754 s 0 • 0 

29 0 s 0 s 0 • 0 • 0 • 
SUBTOTAL : 317 s 530, 073 s 0 s 42,387 s 11 , 754 s 35 , 135 s 363,470 

STATEWIDE TOTAL : 659 S 588 ,317 S 888,212 S 635,144 S 619,r.!2 S 135, 001 S l, 185,664 

*** END OF REPORT .. ,. 

PAGE ; 

FIGURE 6 Proposed 5-year budget report summarized by district with projected 
costs for the current and next 4 fiscal years. 

MMIS376/MMITA368/MMIFF368 04/21/94 16:19:34 

ACTION IND: 
TEAM SEC: 

s = 
_SELECT 

MONITORED PAVEMENT 
CONTRACT/DAY LABOR INFORMATION 

(Add,lnquiry,Change,Delete) 
SUBSEC: FY: CONTRACT (C) OR DAY LABOR (D): 

WORI( 

ACT. 
CONTRACT 
QUANT! TY 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

$ 

CONTRACT 
COST REMARKS 

(ENTER PF1 THEN 'E' TO EXIT) ***MESSAGES*** (ENTER PF1 THEN 'C' TO CLEAR) 

FIGURE 7 Contract/day labor information screen to enter quantities and 
costs by location (subsection) and work activity. 



MMIS323/MMITA319/MMIFF321 04/21/94 16:24:30 
DAILY FIELD \IORK ACCOMPLISHMENT CREW REPORTING PAGE 3 OF 3 

1=LBR,2=EQ,3=MATL 
ACTION IND: I (Add,Inquiry,Change,Delete) PAGE REQUEST: 3 

WORK DATE (MM/DD/YY): 04/19/94 
ORG. TEAM SEC: 731 WORK ACT COOE: 410 PERF IND: LEAD WORKER NBR: 32 
WORK LOCATION> SEC: 731 SUB: 370 SPCL DSG: BRIDGE: 
WORK ACCOMPLI S 

S= MAT 
SEL CD MATE 

14 BITUMI 

(ENTER PF1 T 
INQUIRY SUCCES: 
PRESS THE RETUI 

MMIS323/MMITA319/MMIFF320 04/21/94 16:24:49 
DAILY FIELD WORK ACCOMPLISHMENT CREW REPORTING PAGE 2 OF 3 

1=LBR,2=EQ,3=MATL 
ACTION IND: I (Add,lnquiry,Change,Delete) PAGE REQUEST: 2 

WORK DATE (MM/DD/YY): 04/19/94 
ORG. TEAM SEC: 731 WORK ACT COOE: 410 PERF IND: LEAD WORKER NBR: 32 
WORK LOCATION> SEC: 731 SUB: 370 SPCL DSG: BRIDGE: 
WORK ACCOMPLISHED QTY: 1.0 SPCL PROJ NO: EQUIPMENT 

S=SELECT 
R=REPEAT N 

T 

(ENTER PF 
INQUIRY sue 
PRESS THE R 

MMIS323/MMITA319/MMIFF319 
DAILY FIELD WORK ACCOMPLISHMENT CREW REPORTING 

ACTION IND: I (Add,lnquiry,Change,Delete) 
WORK DATE (MM/DD/YY): 04/19/94 

04/21/94 16:25:02 
PAGE 1 OF 3 
1=LBR,2=EQ,3=MATL 
PAGE REQUEST: 1 

ORG. TEAM SEC: 731 WORK ACT COOE: 410 PERF IND: LEAD WORKER NBR: 32 
WORK LOCATION> SEC: 731 SUB: 370 SPCL DSG: BRIDGE: 
WORK ACCOMPLISHED QTY: 1.0 SPCL PROJ NO: WAGE 

····OVERTIME····· PREM TEMP 
S=SEL EMP BORRWD START AM STOP AM \/ORK REG. STGT TIME & DOUBLE COOE ASG COM· 
R=REP ID EMPTS TIME PM TIME PM HR/MN HR/MN TIME A HALF TIME BCPT ID MUTE 

JEN 7:30 A 4:00 P 8/00 8/00 I I I 

I I I I I 

I I I I I 
I I I I I 
I I I I I 
I I I I I 
I I I I I 

I I I I I 
(ENTER PF1 THEN 'E' TO EXIT) ***MESSAGES*** (ENTER PF1 THEN 'C' TO CLEAR) 

INQUIRY SUCCESSFUL· NO MORE LABOR RECORDS FOUND FOR THIS ACCOMPLISHMENT RECORD 
PRESS THE RETURN KEY TO INQUIRE ON ADDITIONAL ACCOMP RECORDS WITH THE SAME KEY 

FIGURE 8 Daily field reporting of labor (page 1), equipment used (page 2), and material (page 3). 
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MMJS: 

FISCAL 

WRK 

ACT 

TEAM SI 

411 PAI 

412 FUI 

413 ar 
416 CRI 

515 PA' 

516 CR! 

517 CR! 

919 OTI 

420 PA' 

929 OTI 

TEAM SI 

411 PAI 

412 FUI 

413 BI' 

416 CRI 

515 PA' 

516 CRI 

517 CRI 

919 OT I 

420 PA' 

929 OTI 

TEAK SI 

411 PAI 

412 FUI 

413 B11 

416 CRI 

515 PAI 

516 CRI 

517 CRI 

919 OTI 
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FI~ 

WR! 

ACl 

TEI 

411 

41, 

41l 

411 

515 

511 

517 

91~ 

420 

929 

TEA 

411 

412 

413 

416 

515 

516 

517 

919 

420 

929 

TEA 

411 

412 

413 

416 

515 

516 

517 

919 

MHIS3074 MMIG3359 MHIR365 

04/21/94 181844 

FISCAL YEAR: 1992 

ILLINOIS DEPARTMENT OF TRANSPORTATION 

BUREAU OF MAINTENANCE 

MONITORED PAVEMENT 

PERFORMANCE, COSTS ANO ADHERENCE 

FISCAL YEAR: 1992 - 1994 

PAGE: 

--------------------QUANTITY----------------- -----------------------COST--------------- - ----- - --

WRK 

ACT OESCR I PT I ON 

UNIT OSGN

MEAS PROJ. 

TEAK SECTION: 221 SUB SECTION: 702 

411 PART DEPTH PATCHES S0YO 

412 FULL DEPTH PATCHES S0YO 

413 BITUMINOUS OVERLAY S0YO 

416 CRK&JT SEAL · HO POR GALS 

515 PAVEMENT MILLI NG FT 

516 CRK&JT ROUTING L FT 

517 CRK&JT CLEAN&SEAL L FT 

919 OTHER PAVEMENT HRS 

420 PATCH&REPAIR SHLDR TONS 

929 OTHER SHOULDER HRS 

TEAM SECTION: 231 SUB SECTION: 726 

411 PART DEPTH PATCHES S0YD 

412 FULL DEPTH PATCHES SQYO 

413 BITUMINOUS OVERLAY SQYO 

416 CRK&JT SEAL-HO POil GALS 

515 PAVEMENT MILLING L FT 

516 CRK&JT ROUTING L FT 

517 CRK&JT CLEAN&SEAL L FT 

919 OTHER PAVEMENT HRS 

420 PATCH&REPAI R SH LOR TONS 

929 OTHER SHOULDER HRS 

TEAM SECTION: 241 SUB SECTION: m 

411 PART DEPTH PATCHES SQYO 

412 FULL DEPTH PATCHES SQYO 

413 BITUMINOUS OVERLAY SQYO 

416 CRK&JT SEAL-HO POR GALS 

515 PAVEMENT MILLING L FT 

516 CRK&JT ROUTING L FT 

517 CRK&JT CLEAN&SEAL L FT 

919 OTHER PAVEMENT HRS 

NEEDS TOTAL DAY 

SRVY . ACCOMP. CONTRACT LABOR 

DIST 

MAINT 

MONITORED WORK ACTIVITY COSTS: 

SUB SECTION COSTS: 

MONITORED WORK ACTIVITY COSTS: 

SUB SECT ION COSTS: 

OSGN. NEEDS GRANO 

PROJ. $ SRVY. S TOTAL S 

CONTRACT 

$ 

DAY 

LABOR S 

HAIN! 

$ 

FIGURE 9 Performance cost and adherence report comparing actual quantity and cost of work activities for each location 
(subsection) with design model projections and needs surveys. 
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HHIS366/HHITA343/HHIFF364 04/25/94 09:42:20 
PAVEMENT TYPE TABLE 

ACTION IND: I (Add, Inquiry, Change, Delete) 

PAVEMENT 
s = PAVEMENT CATEGORY 

SELECT TYPE CODE PAVEMENT TYPE DESCRIPTION CODE 

--------- ------------------------------
10 ASPH·TF LT 15.0 (R) F 
11 ASPH·TF LT 10.0 (U) F 
20 ASPH-TF GT 15.0 & LT 24.5 CR) F 
21 ASPH·TF GT 10.0 & LT 16.3 CU) F 
30 ASPH·TF GT 24.5 & LT 34.0 (R) F 
31 ASPH·TF GT 16.3 & LT 22.7 (U) 
40 ASPH·TF GT 34.0 CR) F 
41 ASPH·TF GT 22. 7 (U) F 

50 HINGE-JOINTED CONCRETE R 
60 CONT. REINFORCED CONCRETE·CRCP R 

(ENTER PF1 THEN 'E' TO EXIT) ***MESSAGES*** (ENTER PF1 THEN 'C' TO CLEAR) 

INQUIRY SUCCESSFUL· TO CONTINUE IN THE INQUIRY MOOE, PRESS THE RETURN KEY 

FIGURE 10 Pavement type table with pavement type description and pavement 
category code. 

Districts and state budget and program planners also make 
use of this information in developing the funding require
ments for the multiyear program. 

PERFORMANCE AND COST ENTRY 

The contract information screen enables district personnel 
to enter the work activities that have been contracted, 
as-built contract quantities, and final contract costs (see 
Figure 7). Correspondingly, the work by state mainte
nance forces is entered through the normal MMI system 
procedure of daily field reporting of work accomplish
ments (see Figure 8). This reporting includes the work 
accomplished and calculated cost for labor, equipment, 
and materials consumed. These entry screens support the 
remaining reports. 

PERFORMANCE, CosT, AND ADHERENCE 
REPORTS 

An important facet of the program of maintenance for 
these pavement sections is to ensure that maintenance and 
repair are performed as required and according to the 
predicted needs. The department's policy is to perform 
maintenance of these pavement sections when needed. A 
special contract maintenance fund has been established 
to support the policy. 

The performance, cost, and adherence report (see Figure 
9) provides information concerning the quantities of main
tenance projected by the models or collected by the needs 
surveys to compare with actual accomplishments either 
performed by contract, the state's day labor forces, or 
district maintenance forces. It also includes a comparison 
of the cost of the work and the projected or estimated 
cost of the work. This is a feedback report to district 
managers, field engineers, and field technicians to help 
them determine which maintenance tasks have been per
formed and which remain. 

A second report in the series, the maintenance cost/ 
mile/year summary report, shows the overall cost per mile 
to maintain these pavements by year. Using this report, 
department executives can compare the long-term cost of 
maintenance for each of the various types of pavements. 

TABLES 

Several tables and entry screens are required to support 
the system. The first is the pavement type table (see Figure 
10). In Illinois, six pavement types are included in the 
monitoring plan and the program of maintenance. The 
pavement type table contains the pavement type code, the 
description, and the pavement category code. A monitored 
pavement cost analysis schedule table (see Figure 11) is 
included for each pavement type. This table contains the 
design model information: pavement age at which the 



MMIS368/MMITA365/MMIFF365 
MONITORED PAVEMENT 

COST ANALYSIS (SCHEDULE) TABLE 

ACTION IND: I (Add,lnquiry,Change ,Delete) 
PAVEMENT TYPE: 10 ASPH·TF LT 15.0 (R) 

s ' 
SELi 

MMIS368/MMITA365/MMIFF365 

04/25/94 09:43:08 

MONITORED PAVEMENT 
COST ANALYSIS (SCHEDULE) TABLE 

ACTION IND: I (Add,Inquiry,Change,Delete) 
PAVEMENT TYPE: 10 ASPH·TF LT 15.0 (R) 

04/25/94 09:43:08 

MMIS368/MMITA365/MMIFF365 04/25/94 09:43:08 

(ENTER PF ' 

INQUIRY SUC( 

(ENTE 

INQUIRY 

MONITORED PAVEMENT 
COST ANALYSIS (SCHEDULE) TABLE 

ACTION IND: I (Add,lnquiry,Change,Delete) 
PAVEMENT TYPE: 10 ASPH·TF LT 15.0 (R) 

s = PROJECTED \/ORK \/ORK ACTIVITY 
SELECT AGE ACT. DESCRIPTION 

------------------
3 516 CRK&JT ROUTING 
3 517 CRK&JT CLEAN&SEAL 

5 412 FULL DEPTH PATCHES 
6 516 CRK&JT ROUTING 
6 517 CRK&JT CLEAN&SEAL 

10 412 FULL DEPTH PATCHES 
10 420 PATCH&REPAIR SHLDR 

12 516 CRK&JT ROUTING 
12 517 CRK&JT CLEAN&SEAL 

QUANTITY PER 
LANE MILE 

---------
8078.00 
8078 . 00 

35.00 
528 . 00 
528.00 
211. 00 
42.11 

10296.00 
10296.00 

(ENTER PF1 THEN 'E' TO EXIT) *** MESSAGES*** (ENTER PF1 THEN 1C1 TO CLEAR) 

INQUIRY SUCCESSFUL· TO CONTINUE IN THE INQUIRY MODE, PRESS THE RETURN KEY 

FIGURE 11 Monitored pavement cost analysis (schedule) table with projected age for the work activity and quantity per 
lane mile. 
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MMIS374/MMITA366/MMIFF366 
MONITORED PAVEMENT 

UN IT COST TABLE 

ACTION !NO: (Add,Inquiry,Change,Delete) 
DISTRICT: 2 FY: 95 PAVEMENT CATEGORY: R RIGID 

s = 

SELECT 

MMIS374/MMITA366/MMIFF366 

04/25/94 15:56:59 

MONITORED PAVEMENT 
UN IT COST TABLE 

04/25/94 09:47:29 

ACTION IND: (Add,Inquiry,Change,Delete) 
DISTRICT: 2 FY: 95 PAVEMENT CATEGORY: F FLEXIBLE 

s = WORK I/ORK ACTIVITY 
SELECT ACT. DESCRIPTION UN IT COST 

------------------ -----------
412 FULL DEPTH PATCHES s 75.00 

(ENTER PF1 THE! 413 BITUMINOUS OVERLAY s 116.26 
420 PATCH&REPAIR SHLDR s 26.88 

INQUIRY SUCCESSFl 515 PAVEMENT MILLING s .75 
516 CRK&JT ROUTING s .90 

s 
s 
s 
s 

(ENTER PF1 THEN 'E' TO EXIT) ***MESSAGES*** (ENTER PF1 THEN 'C' TO CLEAR) 

INQUIRY SUCCESSFUL - END OF DATABASE HAS BEEN REACHED 

FIGURE 12 Unit cost tables by district, pavement category, and work activity. 

maintenance or repair is expected, work activity to be 
performed, and the projected quantity per lane mile to be 
accomplished. The unit cost table (see Figure 12) contains 
the work activity codes and their unit costs for each pave
ment type. These tables apply statewide. Therefore, they 
can be altered or changed only by engineers in the central 
bureau. 

CONCLUSION 

The Illinois Department of Transportation has embarked 
on a procedure to monitor and include in a program of 
maintenance selected newly designed pavement sections 

built by the state. Pavements included are those meeting 
certain criteria. The monitoring plan and the program of 
maintenance are to collect data for 40 years on each of 
these pavement sections. The department now has an 
up-to-date inventory of the pavement sections included. 
The pavement sections are inspected each year, and 
maintenance needs are noted and entered into the MMI 
system. As maintenance is performed by contract or state 
forces, the department is assured that quantities and actual 
costs are recorded and compared with projected or esti
mated quantities and cost. The department has reports 
readily available that enable department managers at all 
levels to review projections of needs for the current and 
the next 4 years for budget planning and program develop-
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ment. In the field the pavements are maintained properly 
and according to standard engineering practice. None 
are neglected. 

Through use of the data collected and stored by the 
MMI system, the department has the information to en
sure (a) that department managers, including field techni
cians, field engineers, and the bureau chiefs in the districts 
and central bureaus receive data useful for making deci
sions and carrying out the required maintenance on these 
pavement sections and (b) that the predicted needs models 
can be evaluated against actual performance so changes 
can be made as needed. 

The pavement sections in the program of maintenance 
are in the early years of their design life. Maintenance and 
repair needs have been minimal so far. More pavement 
sections will be added to the program of maintenance as 
required. The department is prepared for the time when 
maintenance and repair of these pavements sections are 
needed. As a result, the department will have information 
available to enhance their design, alter maintenance mod
els, improve pavement selection, and build even better 
pavements in the future. 



Evaluation of Materials, Procedures, and 
Equipment for Pavement Maintenance 

L.D. Evans, C.A. Good Mojab, A.T. Patel, A.R. Romine, K.L. Smith, and 
T.P. Wilson, ERES Consultants, Inc. 

Beginning in March 1991, the Strategic Highway Research 
Program (SHRP) Project H-106 began installing 22 test sites 
for the investigation of various pavement maintenance mate
rials and procedures for four different pavement maintenance 
activities: pothole repair in asphalt concrete (AC) pavements, 
crack sealing and filling in AC pavements, joint resealing 
in portland cement concrete (PCC) pavements, and partial
depth spall repair in PCC pavements. Since the installation 
of the test sites, all of the 1,250 pothole repairs, 1,600 partial
depth spall repairs, 6700 m (22,000 ft) of crack sealing, and 
1,600 resealed joints have been periodically evaluated to 
document their performance under actual field conditions. 
The SHRP H-106 project concluded in March 1993, with 
the production of final reports, manuals of practice, and 
training and implementation packages. A continued monitor
ing contract was awarded by the Federal Highway Adminis
tration beginning in September 1993 to ensure that the H-
106 test sites continue to provide valuable information as 
the repairs are subjected to further traffic and environmental 
stress through September 1998. The test site installation pro
cess for each of the four experiments and the results of the 
most recent analysis effort are summarized. For the crack 
seal, joint reseal, and partial-depth spall repair experiments, 
the most recent data were collected during fall 1993. For 
the pothole repair experiment, the most recent data were 
collected in April 1994. Future activities to be completed 
under the current monitoring project are described. 

T he Strategic Highway Research Program (SHRP) 
Project H-106 installed and monitored 22 test 
sites situated in the four climatic regions in the 

United States beginning in March 1991 and continuing 
through March 1993. Figure 1 shows the locations of the 

test sites and the boundaries of the four climatic regions. 
Products developed during the H-106 project included a 
final report, manual of practice, and training and imple
mentation packages for each of the four experiments 
(1-3). 

POTHOLE REPAIR 

Test Site Installation 

The eight pothole repair sites were installed in two sepa
rate phases: spring 1991 (Texas, Illinois, New Mexico, 
Utah, California, and Vermont) and winter 1992 (Ontario 
and Oregon). At each of the test sites, potholes were cre
ated by removing previously placed pothole patches to 
allow for placement of the experimental repairs. An ad
verse moisture condition was created by filling the manu
factured potholes with water brought to the test site. All 
repairs were placed with cold mix asphalt materials, with 
the exception of the spray injection repairs. 

Four different procedures were used for repairing the 
potholes: 

• Throw-and-roll: Pothole patches were placed by sim
ply placing the cold mix into the pothole, through the 
water that had been placed in the hole. Once the holes 
were filled, the material was compacted using the tires of 
the vehicle that transported repair materials to the test 
site. Between six and eight passes of the truck tires were 
performed before moving onto the next repair. 

• Edge seal: Throw-and-roll patches were allowed to 
set for 1 day to allow the moisture on the pavement surface 
to dry. Once the patch and pavement had dried, a band 

107 
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FIGURE 1 SHRP H-106 test sites and climatic regions. 

of asphaltic tack material was placed on the interface 
of the patch and pavement to prevent the intrusion of 
additional moisture. A layer of sand was placed on the 
band of tack to prevent tracking by passing vehicles. 

• Semipermanent: The first step for this procedure was 
to remove the moisture and debris from the pothole. This 
was done using equipment ranging from -shovels and 
brooms to compressed air. Once the potholes were clean, 
the edges of the pothole were straightened using a pave
ment saw, jackhammer, or milling machine. Cold mix 
was then placed into the cleaned and squared pothole, 
where it was compacted using a device other than the 
truck tires. The compaction devices included vibratory 
plate compactors, single drum rollers, dual steel-wheel 
rollers, and rubber-tire rollers . 

• Spray injection: The three spray injection devices used 
at the eight test sites operated on the same principle: shoot 
virgin aggregate and heated emulsified asphalt simultane
ously into the pothole . This basically mixed the patching 
material in the pothole, with a cover of aggregate being 
placed on the top of the patch to prevent tracking. 

During the installation, data were collected on the size 
of the repairs and the time required for each of the different 

POTHOLE e 
CRACK ♦ 
SPALL ■ 

JOINT * 

stages of the repair process. This information was used 
to calculate the productivity of the different repair proce
dures, found in Table 1. 

Eight different materials were used for placing repairs 
at the eight test sites: UPM High Performance Cold Mix, 
QPR 2000, Perma-Patch, PennDOT 485, PennDOT 486, 
HFMS-2 with styrene butadiene, local material, and spray 
injection. 

The first three of these materials are proprietary. The 
second three represent typical state-specified materials. 
The local materials were simply the cold mixes used by 
the participating agencies on a daily basis. These local 
materials ranged from inexpensive cold mixes ($20 per 
ton) to expensive proprietary materials ($100 per ton). 
The results for the local materials generally reflect the 
types of materials used. The final "material" type was 
simply the spray injection described in the previous 
section. 

Repair Performance Evaluation 

Each of the test sites was evaluated periodically to docu
ment the survival of the various repair types. For those 
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TABLE 1 Summary of Pothole Patching Productivity 

Average 
Productivity Laborers Average Productivity 

Procedure (1,000 kg/hr) Recommended (1,000 kg/person-day) 

Throw-and-roll 1.45 2 2.90 

Edge seal 1.27 2 2.54 

Semi-permanent 0.27 4 0.27 

Spray injection 1.54 2 3.08 

1,000 kg= 1.10 tons 

repairs still performing at the time of the evaluation, each 
was evaluated for seven different distress types: bleeding, 
cracking, dishing, edge disintegration, missing patch, ra
veling, and shoving. 

Experimental Analysis 

The primary comparison between the various pothole re
pairs has been on the basis of survival over time. Two 
basic patch arrangements were used for the experiment, 
depending on whether there were two sets of experimental 
repairs or only one. For two sets the placement order was 
El, Al, Gl, G2, A2, E2, E3, A3, G3, G4, A4, E4, .. .. 
The order for one set of experimental patches was Hl, 
Al, H2, A2, H3, A3, H4, A4, HS, AS, .. . E, G, and H 
represent experimental repairs, and A represents a control 
patch. This arrangement allowed for direct comparison 
of each experimental set with a set of control patches 
while reducing the number of patches required and the 
length of pavement, and associated variability, within each 
comparison unit. Figure 2 shows survival plots over time 
for one of the comparison units. 

On the basis of these survival comparisons, 11 of the 
80 total possible comparisons showed a statistically signif
icant difference between the set of experimental patches 
and the corresponding set of control patches as of the 
April 1994 performance evaluation. Table 2 summarizes 
the significant differences for all eight sites. As indicated 
in Table 2, 4 of the 11 significant differences involve local 
materials performing worse than the control repairs. In 
most cases, the failure of the local materials was dramatic 
and almost immediate. The next most prevalent difference 

was the performance of the HFMS-2 being poorer than 
the control in both New Mexico and Ontario. 

Preliminary Findings 

Several interesting items have come from the pothole re
pair project to date: 

• There has not been a significant improvement in the 
performance of repairs placed using the semipermanent 
versus the throw-and-roll procedure when proprietary 
materials are used. 

• Spray injection repairs can be placed as quickly as 
the throw-and-roll repairs and have been observed to per
form as well in most instances. Use of the spray injection 
procedure requires more effort for the maintenance of the 
device, and a high skill level for the operator, but can be 
used effectively by most agencies. 

• For situations where patching must be done in ad
verse climatic conditions, the throw-and-roll and spray 
injection procedures are recommended to reduce the 
amount of time crews must spend in traffic and still pro
vide quality repairs. 

• Repairs that survived the first month and achieved a 
higher degree of "set" had a much better chance of surviv
ing as long as the surrounding pavement. 

CRACK SEALING AND FILLING 

Test Site Installation 

Four transverse crack seal and one longitudinal crack fill 
test sites were installed between March and August 1991. 
The test site locations are Abilene, Texas; Wichita, Kansas 
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FIGURE 2 Example of various survival plots for pothole repair experiment. 

TABLE 2 Summary of Survival Differences 

SigniJ'.icant Comparisons (at alpha= 0.10) 
Test Site 

Better Type Poorer Type (Material/Procedure) 

California Control' Spray Injection 

Illinois Control Local/Throw-and-roll 

Control Local/Surface seal
2 

Control PennDOT 486/Throw-and-roll 

New Mexico Control HFMS-2/Throw-and-roll 

UPM/Edge seal Control 

Oregon Control Local/Throw-and-roll 

Texas Control Local/Throw-and-roll 

Vermont Penna-Patch Control 

Ontario Control QPR 2000/Throw-and-roll 

Control HFMS-2/Throw-and-roll 

140 
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(ideal and adverse conditions); Elma, Washington; Des 
Moines, Iowa; and Prescott, Ontario (crack fill site). 

A total of 15 different materials were placed at the 
various test sites: 

Crack Seal Materials 

Meadows Hi-Spec 
Crafco RoadSaver 515 
Crafco RS 211 
Crafco AR+ 
Koch 9030 
Meadows XLM 
AC 20 with Kapejo 

Bonifibers 
Dow Corning 890-SL 
Elf CRS-2P 
Koch 9000-S 

Crack Fill Materials 

Hy-Grade Kold Flo 
AC with Hercules Fiber Pave 
Witco CRF 
Crafco AR2 
85-100 Penetration-graded AC 

The first four of these materials are rubberized asphalt 
cements, with the Hy-Grade being a rubberized emulsion. 
The Koch 9030 and Meadows XLM are termed low
modulus rubberized asphalts . Kapejo Bonifibers and Her
cules Fiber Pave are two of the brands of fibers available 
for adding to asphalt cement. The Dow 890-SL is a self
leveling silicone, whereas the Witco CRF and Elf CRS-2P 
represent emulsified asphalt products. The Crafco AR2 
and Koch 9000-S are asphalt rubber materials. Costs for 
the various repair materials varied from approximately 
$2.00/30 m (100 linear ft) of crack for asphalt cement 
to $40.00/30 m ( 100 linear ft) of crack for self-leveling 
silicone. 

Seven different crack preparations were used at the vari
ous sites: none; wire brush and compressed air; hot com
pressed air; compressed air; light sandblast, compressed 
air, and backer rod; compressed air and backer rod; and 
light sandblast, compressed air, and backer tape. Each 
of these procedures had different labor and equipment 
requirements and production rates. These factors, in con
junction with the performance of the sealants in the field, 
will be used in calculating the cost-effectiveness of each 
type of sealant placed. 

Eight different configurations of material placement 
were also included in the experiment and are shown in 
Figure 3. 

At each test site, two replicate sections of the various 
combinations of material and method (i.e., preparation, 
procedure, and materials placement configuration) were 
placed. For each material and method combination, a 
series of 10 transverse (crack-seal sites) or longitudinal 
(crack-fill sites) cracks were repaired within each replicate, 
with the order of seal combinations identical for both 
replicates. At all test sites, every effort was made to ensure 
that the cracks treated in the experiment were as uniform 
as possible. In some instances, this meant that severely 

deteriorated cracks or partial-lane width cracks were 
skipped to establish a series of 10 experimentally treated 
cracks. 

Repair Performance Evaluation 

Each of the test sites was evaluated periodically to docu
ment the survival of the various treatments. Each of the 
treatments still performing at the time of the evaluation 
was evaluated for several different distress types: weather
ing, pull-outs, overband wear, tracking, extrusion, stone 
intrusion, adhesion loss, cohesion loss (due to either ten
sile/shear forces or bubbling), and edge deterioration. Also 
documented were the inches of "failure," defined as loca
tions where the treatment could no longer keep moisture 
from entering the pavement. Distress information for 
transverse cracks was recorded along five crack segments: 
outer edge, outer wheelpath, center of lane, inner 
wheelpath, and inner edge. These segments provide a 
method for analyzing the differences in performance that 
are observed along the crack length. Crack fill treatments 
were inspected in 1.5-m (5-ft) segments of the longitudinal 
centerline crack. 

Experimental Analysis 

Because crack treatment failure has generally been limited, 
the primary analysis performed has been multivariate 
analysis of variance (MANOVA) for each of the distress 
types collected. Tukey analysis, which involved grouping 
the different treatment types by distress quantities to show 
where the various treatments performed similarly and 
where they did not, was also performed. Data were also 
collected on the amount of movement experienced across 
a crack to determine which treatments performed better 
for different ranges of movement. 

Tables 3 and 4 give the overall percentages of failure 
observed for each type of crack-seal and crack-fill treat
ment, respectively. Failure rates at Elma are consistently 
much lower than at the other sites. This is due in large part 
to the moderate climate and lower traffic levels associated 
with the Elma site. 

Figure 4 reinforces this finding and also shows Wichita 
to be perhaps the most demanding of the sites. Figure 4 
shows the average overall survival rates ( opposite of fail
ure rates) of sealants placed at all four sites for each 
site at different periods following installation. Measured 
horizontal crack movements have generally been the high
est at Wichita (ranging between 0.05 and 0.18 in.), and 
truck traffic on the two-lane facility there is among the 
highest of the sites. 

The primary modes of failure depend largely on the 
method of application. For instance, full-depth cohesion 



Configuration A 
Standard Reservoir-and-Flush 

Configuration C 
Shallow Recessed Band-Aid 

0.625" 
~ 

Configuration E 
Deep Reservoir-and-Recess 

Configuration G 
Simple Flush-Fill 

FIGURE 3 Crack seal configurations. 

Configuration B 
Standard Recessed Band-Aid 

Configuration D 
Simple Band-Aid 

Configuration F 
Standard Reservoir-and-Recess 

Configuration H 
Capped 
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TABLE 3 Percentage of Overall Failure for Various Crack-Seal Treatments at Each Site 

Material Installation Average Overall Failure, Percent Crack Length 
Method 

(Cfg-Prep) 

Hi-Spec A-2 

A-3 

B-3 

C-3 

D-3 

D-4 

RS 515 B-3 

C-3 

D-3 

9030 B-3 

C-3 

D-3 

XLM B-3 

C-3 

D-3 

B-Fiber+ AC D-3 

890-SL E-5 

E-6 

F-7 

RS 211 B-3 

AR+ B-3 

9000-S B-3 

CRS-2P G-4 

Abilene Wichita 
(Ideal)° 

3.9 

2.1 

30.6 

Wichita 
(Adverse)° 

1.9 

2.1 

21.7 

Elma Des Moines 

6.0 

0.6 

0.7 

0.3 

14.5 

7.1 

0.0 

6.5 

12.1 

1.4 

0.3 

11.2 

0.8 

0.0 

1.1 

36.9 

• Based on data collected from only 1 of 2 replicate sections. NA - Not available. 

loss was predominant in the simple band-aid and flush
fill configurations (configurations D and G) , whereas full
depth adhesion loss was the main contributor of failure 
in the reservoir-type configurations (configurations A, B, 
and C) . Self-leveling silicone, placed in reservoir configu
rations E and F, typically exhibited adhesion failure and 
edge deterioration failure that stemmed from sawcutting 
operations. 

Results of the MANOV A and Tukey analysis indicated 
significant differences in fall 1993 performance among 

the treatments at Des Moines and Abilene. No significant 
differences, however, were found to exist among the treat
ments at Elma and Prescott. A summary of the statistically 
significant differences in overall failure is given in Table 5. 
Because of incomplete data collected for the two Wichita 
subsites during the fall 1993 evaluation, the Tukey group
ings given in this table represent those formulated for the 
fall 1992 evaluation. It is believed that only minor changes 
in performance rankings would have resulted from the 
fall 1993 evaluation of the Wichita site. 
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TABLE 4 Percentage of Overall Failure for Various Crack-Fill Treatments at Prescott, Ontario, Site 

Material Installation Method (Cfg-Prep) Average Overall Failure, Percent Crack Length 

RS 211 H-4 0.9 

Asphalt Cement G-1 2.3 

G-4 2.5 

CRF G-4 6.1 

AR2 D-4 0.0 

G-4 0.0 

FiberPave D-4 0.9 

KoldFlo G-4 3.6 
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FIGURE 4 Survival of primary crack seal treatments. 

In Table 5, treatment performance is categorized by 
level of performance, with Level 1 representing the best 
performance, followed by Level 2, Level 3, and so on. 
On the basis of the results of the Tukey analysis, some 
treatments were categorized in two or more levels, thereby 
representing marginal cases. The most notable findings 
given in this table are the consistently lower performance 
levels of Bonifiber at each site and the consistently lower 
performance levels of the simple band-aid material place
ment configuration (configuration D) for various hot-ap
plied sealants. Also of interest is the low level of perform
ance of CRS-2P emulsion at Des Moines. One may recall 

from Table 3 that this material has exhibited complete 
failure. 

Preliminary Findings 

• In general, good short-term performance can be 
achieved by both standard and low-modulus rubberized 
asphalt sealants. 

• Barring the creation of secondary cracks during 
crack-cutting operations, self-leveling silicone can provide 



TABLE 5 Tukey Analysis of Overall Failure at Abilene, Wichita, and Des Moines 

Level 1 Level 2 Level 3 Level4 Level 5 

Abilene Hi-Spec (A-3) 
Hi-Spec (B-3) 
Hi-Spec (D-3) 
Hi-Spec (D-4) 
RS 515 (B-3) 
RS 515 (D-3) 

9030 (B-3) 
9030 (D-3) 
XLM (B-3) 
XLM (D-3) 

890-SL (E-5) B-Fiber (D-3) 

Wichita Hi-Spec (A-3) Hi-Spec (A-3) Hi-Spec (D-3) Hi-Spec (D-3) 
(Ideal Subsite)° Hi-Spec (B-3) Hi-Spec (D-3) Hi-Spec (D-4) Hi-Spec (D-4) 

Hi-Spec (C-3) 
RS 515 (C-3) RS 515 (D-3) RS 515 (D-3) RS 515 (D-3) 

9030 (C-3) 9030 (C-3) 9030 (D-3) 
XLM (C-3) XLM(D-3) XLM(D-3) XLM(D-3) 

890-SL (E-5) 890-SL (E-5) 890-SL (E-5) B-Fiber (D-3) 
AR+ (B-3) 

9000-S (B-3) 

Wichita Hi-Spec (A-3) 
(Adverse Subsite)° Hi-Spec (B-3) 

Hi-Spec (C-3) Hi-Spec (D-3) 
Hi-Spec (D-3) Hi-Spec (D-4) 
RS 515 (C-3) 
RS 515 (D-3) RS 515 (D-3) 

9030 (C-3) 9030 (D-3) 
XLM (C-3) XLM (C-3) 
XLM(D-3) 

890-SL (E-6) 890-SL (E-6) B-Fiber {D-3) 
890-SL (F-7) 890-SL (F-7) 

AR+ (B-3) 
9000-S (B-3) 

Des Moines Hi-Spec (A-2) 
Hi-Spec (A-3) 
Hi-Spec (B-3) 
Hi-Spec (C-3) 
Hi-Spec (D-3) Hi-Spec (D-3) 
Hi-Spec (D-4) 
RS 515 (B-3) 
RS 515 (C-3) 
RS 515 (D-3) RS 515 (D-3) 

9030 (B-3) 
9030 (C-3) 
9030 (D-3) 9030 (D-3) 
XLM(B-3) 
XLM(C-3) 
XLM(D-3) B-Fiber (D-3) 

890-SL (E-5) 890-SL (E-5) CRS-2P (G-4) 

• Tukey groupings based on perfonnance data collected in Fall 1992. 
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similar, if not better, shorter-term performance than hot
applied materials. 

• The emulsion CRS-2P is inadequate as a sealant for 
cracks exhibiting moderate to large horizontal move
ments. 

• Bonifiberized asphalt placed in a simple band-aid 
configuration does not provide good long-term perform
ance in cracks that undergo significant amounts of move
ment or are exposed to significant levels of traffic. 

• Reservoir-type configurations provide better short
term performance than the simple band-aid configuration. 

• The standard recessed band-aid configuration shows 
slightly better short-term performance than the wide re
cessed band-aid configuration. 

JOINT RESEALING 

Test Site Installation 

The five joint resealing sites were installed between April 
and June 1991. The test site locations are Phoenix, Ari
zona; Columbia, South Carolina; Ft. Collins, Colorado; 
Grinnell, Iowa; and Frankfort, Kentucky. A total of 12 
different materials were placed at the various test sites: 
Crafco RoadSaver 231, Koch 9030, Meadows Sof-Seal, 
Koch 9005, Crafco RoadSaver 221 , Meadows Hi-Spec, 
Dow Corning 888, Dow Corning 888-SL, Mobay Baysi
lone 960-SL, Crafco RoadSaver 903-SL, Mobay Baysilone 
960, and Koch 9050. The first three materials are low
modulus ASTM D 3405 sealants, whereas the next three 
are regular ASTM D 3405 materials. The next five materi
als are all silicones, with the Dow Corning 888 and Mobay 
Baysilone 960 being the only ones that are not self-level
ing. The final material, Koch 9050, is a self-leveling one
part polysulfide. 

Four different configurations, or methods of installa
tion, were used for placing the sealant materials, and they 
are shown in Figure 5. 

Two sets of 10 joints were installed at random locations 
along the test site for each material-configuration combi
nation used at the five test sites. Each of the joints was 
inspected before installation to ensure a high degree of 
uniformity among the joints included in the experiment. 

Repair Performance Evaluation 

All experimental resealed joints have been periodically 
inspected to check for survival and the development of 
distress. The distress types that have been documented 
include partial- and full-depth adhesion loss, partial- and 
full-depth spall distress, overband wear, stone intrusion, 
and partial- and full-depth cohesive failure. During each 
field inspection, distress quantities were recorded at 1-ft 

increments across the joint, providing a joint pos1t1on 
variable that can be used for identifying differences oc
curring within the wheelpaths or along the lane edges. 

Experimental Analysis 

Since less than 9 percent of the sealed joint lengths has 
failed at this time, the primary analysis performed has 
consisted of multivariate analysis of variance (ANOV A) 
for each of the distress types collected. Additional analysis 
was performed involving correlation of field performance 
with the results of laboratory tests on the sealant materials. 
Data were also collected on the amount of movement 
experienced across a joint to determine which repairs per
formed better for different ranges of movement. 

After 30 months, the predominant failure type at all 
sites is adhesion loss, with spall and cohesive failure also 
occurring in varying amounts. New spalls are more preva
lent at test sites in the colder regions, although adhesive 
and cohesive failure was observed in both cold and warm 
regions. The overall seal failure, defined as the percentage 
of joint length in which moisture and debris can penetrate 
below the seal material, is given for each material in Table 
6. Overall failure includes adhesion, spall, and cohesion 
failure. 

A comparison by state of the primary seals, shown in 
Figure 6, indicates that the rate of failure has increased 
now that the seals have passed two winters and three 
summers. The seals in South Carolina, a wet-nonfreeze 
region state, are not surviving as well as in other states. 
This is primarily due to the adhesion failure in the configu
ration 3 joints, where unfailed silicone sealant was par
tially removed by the plowing operation. The silicone that 
remained on the joint walls inhibited bonding of the new 
sealants and has led to significant adhesion loss. 

Preliminary Findings 

• The silicone sealants have developed significantly less 
partial- and full-depth adhesion failure than most rubber
ized-asphalt sealants. When installed in identically pre
pared joints using the standard, recessed configuration, 
the silicone sealants averaged 0.3 percent full-depth adhe
sion failure, whereas the hot-applied sealants averaged 
10.7 percent adhesion failure. 

• In states where large amounts of spalling occurred, 
significantly larger amounts of partial- and full-depth 
spalls developed in the lane wheelpaths. This verifies the 
effect of traffic loads on the formation of thin joint-edge 
spalls. 

• The 0.125-in.-thick rubberized asphalt overbanded 
material remained effective in the pavement wheelpaths 
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Configuration 1 

Saw and Recessed 

Configuration 3 

Plow and Overband 

FIGURE 5 Joint seal configurations. 

for 9 to 18 months, depending on the material. After 30 
months, the overhanded material is completely worn from 
90 percent of the joint lengths on all sealants except Crafco 
RoadSaver 231, where sealant remains along the joint 
length except in the wheelpath. 

• No significant relations (r2 = 0.01 to 0.21) have been 
observed between adhesive/cohesive failure in each mate
rial and the maximum extension experienced by joint seals 
at the test sites. 

• Bubbling has occurred in one of the Mobay 960-SL 
self-leveling silicone sealants at the Colorado site, which 
has led to some partial- and full-depth adhesive distress. 
This material is being reformulated. 

Configuration 2 

Saw and Overband 

Configuration 4 

Saw and Flush-fill 

PARTIAL-DEPTH SPALL REPAIR 

Test Site Installation 

The four partial-depth spall repair sites were installed 
between March and July 1991. The test site locations 
are Phoenix, Arizona; Columbia, South Carolina; Ogden, 
Utah; and Kittanning, Pennsylvania. 

A total of 12 different materials were placed at the 
various test sites (the number or letter in parentheses after 
the material denotes the symbol used to refer to it in Table 
7): Type III PCC (1), Duracal (2), Set-45 (3), Five Star 
HP ( 4 ), SikaPronto 11 (5), Pyrament 505 ( 6), MC-64 



118 PROCEEDINGS OF THE SEVENTH MAINTE NANC E MANAG EM E N T C ONFERENCE 

TABLE 6 Summary of Overall Failure for All Joint Reseal Test Sites 

Sealant 
Material 

Koch 9005 

Crafco 
RoadSaver 231 

Meadows 

Sof-Seal 

Koch 9030 

Meadows 
Hi-Spec 

Crafco 
RoadSaver 221 

Dow888 
Dow 888-SL 

Mobay 960-SL 

Mobay 960 
Crafco 903-SL 

Koch 9050 
Dow 888 

w/ Primer 
Dow 888-SL 

w/Primer 
Koch 9005 

w/ Primer 

Config. 

2 

3 
4 

2 

3 
4 

2 
3 
4 

2 

3 
4 

2 

4 

2 
4 

1 

1 

1 

1 

1 

Total 
Joints 

Installed 

100 
100 
60 
40 
100 
100 
60 
40 
80 

80 
60 
20 
80 
80 
60 
20 
20 
20 
20 
20 
20 
20 
100 
100 

100 

20 
20 

30 
10 

10 

10 

Arizona 

6.3 

4.0 
1.0 
9.1 
1.2 
8.0 
0.1 

(7), Percol FL (8), UPM High-Performance Cold Mix (9), 
Rosco (A), Penetron (B), and AMZ (C). The first six of 
these materials are rigid repair materials; the remainder 
represent flexible repair materials. The UPM is the same 
proprietary cold mix used in the pothole repair experi
ment, whereas the AMZ and Rosco are types of spray 
injection devices. The Penetron is a two-part polymer ma
terial put into the study at the request of the Arizona 
Department of Transportation. 

Overall failure, percent joint length 

South 
Carolina 

0.1 

Colorado 

7.9 

Iowa 

5.2 
3.0 

Kentucky 

1.0 
0.9 

Five different procedures were used for preparing the 
spalled areas and placing the repair materials (the number 
in parentheses after the procedure denotes the symbol 
used to refer to it in Table 7): saw and patch (1), chip 
and patch (2), mill and patch (3 ), clean and patch (adverse 
conditions only) (4), and waterblast and patch (5) . 

A minimum of 10 partial-depth spall repairs were 
placed for various material-procedure combinations to 
make a single test set. Two replicates of the test sets were 
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FIGURE 6 Survival of primary joint sealant materials by test site. 

placed, with a random order being used to determine each 
set's position within a replicate. 

Repair Performance Evaluation 

Each of the partial-depth spall repairs has been evaluated 
periodically since installation to document its survival and 
the development of distresses. Distresses that have been 
documented for the cementitious repairs include spalling, 
cracking, wearing/ravelling, oxidizing, edge fraying, adja
cent pavement deterioration, pavement corner cracking, 
joint sealant condition, faulting, and patch debonding. 
Distress types for the bituminous repairs include dishing, 
raveling, shoving, cracking, bleeding, edge disintegration, 
and missing patch. 

Experimental Analysis 

Early analysis efforts for the partial-depth spall repair 
experiment have concentrated on the distress types and 
quantities because of the high survival rates that have 
been observed. Since the failure rates have begun to in
crease with the latest evaluation, more emphasis has been 

placed on the survival analysis, similar to that performed 
for the pothole repair experiment described earlier. 

One important difference between the pothole repair 
and partial-depth spall repair experiments is the lack of 
a "control" repair for direct comparison with the experi
mental patches. As a result, a method of comparing each 
set of material-procedure combinations has been devel
oped that essentially results in the comparison of each set 
with all other sets of experimental repairs. The result is 
a series of grouped values similar to the Tukey groupings 
calculated for the crack seal and joint reseal experiments. 
Table 7 contains the results of the survival analysis for 
the partial-depth spall repair experiment. The treatments 
given in Table 7 use the material and procedure characters 
given previously in this section to identify the individual 
treatments. 

Findings 

Some of the observations and findings which have come 
from the partial-depth spall repair experiment to date are 
as follows: 

• For the first 2 years, there has been basically no differ
ence in the survival of the Type III PCC repairs and the 



TABLE 7 Summary of Partial-Depth Spall Repair Survival Analysis 

Number of Groups with statistically similar 
Test Surviving survival plots 
Site Treatment Repairs (alpha= 0.10) 

PA 12,33,61, 71, 72, 73 20 * 
31,41,51,62,92,A2 19 * * 
13,42,43, 74,81,82 18 * * * 
11 17 * * 
32 16 * * 

84 14 * 

SC 11, 12,21,41,42,51, 71,92,C2 20 * 
22,32,52,61 19 * 
31,62 18 * * 
72 15 * 

AZ 11, 12,21,22,32,41,42,51,52, 20 * 
53,61,62, 72 

Bl 17 * * 
31 16 * * 
73,92 13 * * 

71 12 * 
NoTE: In the "Treatment" column, the first character of each two-character item indicates the material used from the list of 12 
materials applied in the tests. The second character indicates the treatment method from among the five used at the four test 
sites. No failures had been observed at the Utah test site as of the latest evaluation. 



EVANS ET AL. 121 

survival of the more expensive proprietary cementitious 
materials, though some difference began to appear at the 
Pennsylvania test site. 

• The survival of the bituminous patches (cold mix and 
spray injection) is no different from that of the cementi
tious and polymer materials, with the exception of the 
Arizona test site. As with the Type III PCC in Pennsylva
nia, this difference has only become apparent after the 
most recent inspection. 

FUTURE EFFORTS 

The FHW A-L TPP contract for continued monitoring of 
the H-106 test sites will continue through 1998, and per
formance data will continue to be collected and analyzed 
until that point. In the case of the pothole repair experi
ment, six of the original eight sites have been lost to 
overlays by the participating agencies, and in every case 
the condition of the pavements definitely merited the im
provements. 

For the six "completed" pothole sites, final analyses of 
the installation and performance data will be completed 
and sections for a revised final report will be created. 
Modifications to the Manual of Practice for Pothole Re
pair will also be made on the basis of the results of the 

final analyses. Once the remaining two sites are lost to 
overlay, which should be before spring 1995, a revised 
final report and manual of practice will be produced, 
which will encompass all of the findings for the project. 

For the remaining three experiments, data collection 
will continue as long as possible with the cooperation 
of the participating agencies. Modifications to the final 
reports and manuals of practice will be made as described 
for the pothole repair experiment. 
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Pennsylvania's Bridge Management Process for 
Identifying, Priority Ranking, and Completing 
Bridge Maintenance Activities 

Douglas E. Knoll and Gary L. Hoffman, Pennsylvania Department of 
Transportation 

Pennsylvania's Bridge Management System (BMS) stores a 
wide range of bridge inspection data and analyzes these data 
using individual subsystems to provide decision-making sup
port for department managers. The subsystems are as follows: 
Bridge Rehabilitation and Replacement, Bridge Maintenance, 
Modeling, and Reports. Pennsylvania's BMS operates in a 
mainframe environment and includes 17 on-line data screens 
and up to 400 data elements for each bridge. Data on any 
of the 25,000 state-owned and 6,500 locally owned bridges 
in the system are retrievable within minutes of inquiry. The 
system can produce a wide range of reports, including stan
dard menu-driven reports and customized user-generated re
ports. Besides storing and recording bridge inspection infor
mation, BMS can automatically generate improvement costs 
by bridge for maintenance, rehabilitation, and replacement 
needs. BMS also can prioritize bridges for capital mainte
nance improvements. A unique feature of BMS is its modeling 
capability, which enables the user to predict future bridge 
needs by programmatically degrading bridge condition and 
load-carrying capacity over time. 

B efore the Bridge Maintenance Subsystem is de
tailed, it is appropriate to give an overview of 
Pennsylvania 's Bridge Management System 

(BMS). The Pennsylvania Department of Transportation's 
(PennDOT's) BMS has been operational since December 
1986. This system stores a wide range of bridge inspection 
data and analyzes these data using individual subsystems 
to provide decision support for department managers. The 
following subsystems are shown in Figure 1: 

• Bridge Rehabilitation and Replacement provides cost 
estimates and priority ranking of bridge improvement 
projects to support long-range planning and programming 
decisions. 

• Bridge Maintenance provides cost estimating and pri
ority ranking of bridge maintenance activities for assist
ance in developing annual maintenance programs. 

• Modeling uses deterioration curves for bridge condi
tion and bridge load capacity. It enables department man
agers to predict future bridge improvement needs using 
different funding scenarios. 

• Reports is available to provide both standardized and 
customized report generation capabilities for any subset 
of data in BMS. 

Pennsylvania maintains a proactive approach to bridge 
inspection and bridge management, often implementing 
new systems or procedural changes before the date set by 
federal requirements. 

The BMS is a powerful management tool that not only 
records and stores bridge inspection data for Pennsylva
nia's bridges but also enables department managers to 
make key decisions concerning bridge inspection, mainte
nance, rehabilitation, and replacement. Data on any of 
the 25,000 state-owned and 6,500 locally owned bridges 
in the system are retrievable within minutes of inquiry. 
BMS operates in a mainframe environment and includes 
17 on-line data screens and up to 400 data elements for 
every bridge. The system also can produce a wide range 
of reports, including standard menu-driven reports and 
customized, user-generated reports. A query language is 
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FIGURE 1 BMS tables system overview (1). 

built into the BMS to allow users to customize reports on 
any combination of data elements in the system. 

Besides storing and recording bridge inspection infor
mation, BMS can automatically generate improvement 
costs by bridge for maintenance, rehabilitation, and re
placement needs. BMS also can rank bridges for capital 
maintenance improvements. A unique feature of BMS is 
its modeling capability, which enables the user to predict 
future bridge needs by programmatically degrading bridge 
condition and load-carrying capacity over time. 

Although BMS has been in production since December 
1986, improvements and enhancements have occurred 
continuously. Completed BMS enhancements include new 
screens for fracture-critical and underwater bridge inspec
tion, sign structure and retaining wall inspection, and 
system integration with PennDOT's Roadway Manage
ment System, Project Inventory System, and Project Man
agement System. All of these screens represent areas of 
new initiatives since the original BMS was developed. 

All data required by the Federal Highway Administra
tion (FHW A) are included in PennDOT's BMS, in addition 
to data deemed necessary by PennDot. Data are grouped 
by general data type, and a coding manual provides de
tailed description and codings for each data item. Table 
1 (2) gives all data screen names. 

Data that reside in BMS can come from any of three 
sources: direct data entry via keyboard, such as bridge 
condition ratings; data generated through system calcula
tions, such as improvement costs or priorities; and data 
imported from other department management systems, 
such as average daily traffic or program and budget status. 
BMS also exports bridge data to other department man
agement systems. The exchange of data between depart
ment systems occurs automatically at either daily or 

BMS 
COST 

SUBSYSTEM 
TABLES 

BMS 
MODELING 

SUBSYSTEM 
TABLES 

weekly frequencies depending on data type. All depart
ment management systems operate on a mainframe com
puter platform that simplifies the exchange of data be
tween systems and offers instantaneous data access to all 
users via computer terminals in all of Pennsylvania's 67 
counties. BMS currently exchanges data with the Project 
Inventory, Project Management, and Roadway Manage
ment systems. These mainframe systems can interface be
cause they all use a common link-node location referenc
ing system that uses a 14-digit key to define any point on 
the network. Therefore, each bridge is uniquely defined 
by a 14-digit code. BMS also can store inspection data, 
on line, for the previous five inspections. Beyond that 
point, the oldest inspection data are archived on magnetic 
tape. All data are easily retrievable. 

The Bridge Maintenance Subsystem of BMS ranks 
bridges on the basis of needed maintenance activities. It 
also estimates costs for these activities. A priority-setting 
procedure has been developed that considers the effect of 
the most structurally critical maintenance activity need 
on the bridge and the individual bridge's impact on the 
road system. A maintenance deficiency rating is calculated 
by the system for each bridge on a scale of O to 100, 
with higher values suggesting higher maintenance needs. 
A menu of 7 6 bridge maintenance activities has been devel
oped in consultation with PennDOT's engineering dis
tricts and the Central Office Bureau of Maintenance and 
stored in the system. These activities cover the full range 
of maintenance that can be done on a bridge using either 
department forces or contractors. On the basis of these 
76 bridge activities, the Maintenance Needs Reporting 
Form (Figure 2) was developed for the bridge inspector 
as a checkoff type listing and as the reporting document. 
When a reparable deficiency is found, the inspector re-
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TABLE 1 Summary of BMS Data (1) 

Screen Type of BMS Data 

General Data AA 
AB 
AC 
AD 
AE 
AF 
AG 
AH 
AJ 
AL 
AM 
AN 
AO 
AR 
AS 
AT 
AW 

Features Intersected Data 
Structure Data 
Utility, Hydrology and Posting Data 
Inspection Data 
Proposed Improvement Data 
Repair and Painting Data 
Proposed Maintenance Data 
Fracture Critical Data 
Narrative Data 
Condition Rating Data 
Completed Maintenance Data 
Planning, Programming and Budgeting Data 
State Roadway Data 
Sign Structure Data 
Retaining Wall Data 
Underwater Inspection Data 

views the listing, selects the proper activity, circles the 
general location, estimates a quantity, and assigns an ur
gency factor. It reflects the inspector's judgment as to how 
soon the maintenance activity should be completed. This 
process occurs at the end of each safety inspection and 
does not require a significant amount of additional time: 
approximately 15 min for a typical structure. Also, the 
inspector estimates the quantity of work needed to facili
tate the project planning process. With this additional 
information, the system can rank bridges on the basis of 
maintenance needs and can estimate the costs. 

The Bridge Maintenance Subsystem provides decision 
support in the development of the department's Annual 
Maintenance and Betterment work programs. These pro
grams provide for all noncapital highway and bridge 
work. The work is done by department forces or contrac
tors. Bridge work includes small bridge replacements and 
any of the 76 bridge maintenance activities mentioned 
above. Work programs are developed on an annual basis, 
and BMS provides support. Besides the various mainte
nance activities completed each year, about 100 small 
bridge replacements are included annually in this 
program. 

A thorough field inspection on at least a biennial basis 
initiates the entire process for bridge management systems 
and the Bridge Maintenance Subsystem. Bridge inspec
tions 

1. Document the bridge and its condition, 
2. Become a basis of system data and management 

information, 
3. Ensure the ultimate safety of the traveling public, 
4. Form the basis for maintenance planning, 
5. Form a portion of the bridge history in the record, 

and 

6. Become a basis for total costing of bridge needs. 

The bridge maintenance needs data are collected as a 
part of the bridge inspection process. Hence, these data 
are entered into the BMS on-line individual bridge files 
at the field offices when the inspection data are updated, 
as soon as the inspection is completed. Once in the compu
terized system, it can be extracted in any format required 
by bridge or maintenance staff to satisfy specific planning, 
programming, or other needs. After each maintenance 
activity is completed, maintenance information is trans
ferred from the maintenance needs list in BMS to the 
completed maintenance activities list, where it serves as a 
historical record of completed work. 

The current maintenance work backlog far exceeds 
what the department can physically and financially han
dle. Hence, it is important that guidance be provided to 
the district and the county offices to assist them in selecting 
the best candidate bridges for maintenance work and 
which activities to perform first. This helps to ensure that 
the most critical deficiencies are brought to the attention 
of management. 

A simple ranking procedure has been developed. It con
siders the effect of the most structurally critical mainte
nance activity need on the bridge as well as the individual 
bridge's impact on the road system. The components of 
the procedure are as follows: activity ranking, activity 
urgency, bridge criticality, and bridge adequacy. 

The bridge maintenance activities themselves vary in 
their importance to and effect on the structural integrity 
of the bridge. Activities such as repairing abutment un
derscour would generally be performed on a priority basis, 
whereas activities such as applying protective coatings and 
constructing abutment slopewalls would tend to be less 
critical and possibly deferred. 
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As a general rule, activities that most directly, immedi
ately, and positively affect the continued safety and struc
tural adequacy of the bridge would be performed first. 
Those with minimal immediate impacts would be per
formed later. The activities have been divided into five 
groups (A through E) on the basis of their generalized 
relative importance to the current structural stability of 
the bridge. In addition, the activities "repair/replace: steel 
stringers, floorbeams, girders or truss members" could be 
related to existing or potential fatigue damage. If the needs 
are indeed fatigue related, they are more important and 
are given the highest ranking, A. The fatigue relationship 
is made by comparing these maintenance activity needs 
with the type of fatigue-prone member that controls the 
inventory load rating. If the activity is fatigued related, it 
is given higher priority. 

The severity of a deficiency can be a reason to increase 
its priority for repair. The urgency factor for each activity 
need is coded by the district bridge inspection unit. Al
though subjective, it yields an informed, somewhat stan
dardized assessment of how soon the work needs to be 
completed. It is also a measure of the severity of the defi
ciency. The rater can rate one of six priority codes, from 
0 (prompt action required) to 5 (can be delayed until 
programmed). 

The importanc~ of a bridge to the road network and 
the impact of the loss of bridge service to traffic are other 
factors that must be considered in deciding the order in 
which bridges are to be maintained or repaired. It is readily 
apparent that the road system hierarchy realistically de
fines importance. That is, if a bridge on the Interstate and 
a bridge on the local access system have similar deficien
cies, it is prudent that the Interstate highway bridge be 
repaired first. However, the impact of a bridge's closure 
also needs to be weighed. If the detour length is excessive 
and intolerable, the bridge priority for repair should be 
raised. 

The assessment of the importance of the bridge is based 
on the classification of the highway, its traffic level (ADT), 
and the detour length that will be imposed on traffic if 
the bridge were closed. Multiplying the ADT by the detour 
length results in a partial relative measure of this impor
tance. 

The capability of the bridge to safely carry the loads 
that traverse the route will weigh in a manager's decision 
of whether to implement repairs. The load capacity rating 
indicates the current strength of the bridge. It does not 
indicate what can be expected in the future. The condition 
rating of the most critical component of the bridge can 
be used to generally assess degradation. It is based on 
the summation of the condition ratings for the deck, the 
superstructure, and the substructure. If any rating is 4 
or less, it individually establishes the remaining life. By 
considering both the current load of capacity and the 

lowest condition rating of the structure's components, a 
measure of the deficiency of the bridge is obtained. 

Having defined the major parameters that are consid
ered, the relative weights assigned to them and their ele
ments were established in the BMS. To be consistent with 
the general philosophy of the rehabilitation/replacement 
prioritization system, a deficiency-point concept was used 
for ranking maintenance activity. However, the factors 
and methodology used in each system are quite different. 
Although it is numerically possible for a single bridge to be 
assigned in excess of 100 deficiency points, the deficiency 
point assignment is limited to a maximum of 100. The 
higher a bridge's point assignment, the higher its defi
ciency and its priority. (Total deficiency is represented by 
100 points; no deficiency is represented by O points.) 

Table 2 summarizes the four major components of the 
prioritization system, defines the elements in their 
makeup, and indicates the initial weights assigned to each. 
As the procedure is used, evaluated, and refined, the 
weight assignments may change. 

The maintenance deficiency point assignment for a spe
cific bridge is based on the bridge maintenance activity 
with the largest sum of deficiency points for activity rank
ing and urgency. The bridge's deficiency point assignment 
and the bridge's county ranking for maintenance based 
on the deficiency point assignment will be recorded on 
the bridge maintenance activity needs screen. Hence, a 
manager viewing the subject screen for an individual 
bridge has an immediate indication of the relative priority 
of the most critical repair need on that bridge and the need 
compared with the worst possible case (100 deficiency 
points). 

With a deficiency point assignment being stored in BMS 
for every bridge, prioritized listings can be easily generated 
using the particular parameters desired. To facilitate this 
reporting, user-friendly standard report generators with 
user-defined variables have been developed. 

A prioritized listing of bridges to be repaired can be 
generated for various geographical areas (statewide, dis
trict, or county) for use in developing the annual bridge 
repair work programs. Once programmed, the activity 
needs screen can be updated to reflect whether each activ
ity is to be done by department force or contract and the 
year of the program that includes the work. 

The department has implemented a mainframe-based 
Maintenance Operations and Resources Information Sys
tem (MORIS) to assist the maintenance organization in 
planning, implementing, and effectively managing all 
maintenance activities. The system combined previous 
material, equipment, manpower, and planning subsystems 
and further enhanced their capabilities. 

MORIS can plan and schedule all maintenance activities 
in advance of field work, including bridge work. It then 
tracks expenditures of labor, materials, and equipment 



130 PROCEEDINGS OF THE SEVENTH MAINTENANCE MANAGEMENT CONFERENCE 

TABLE 2 Maintenance Deficiency Points Assignment ( 1) 

Maximum 
Deficiency Pts Component Element 

Deficiency 
Point Assignment 

40 

25 

25 

25 

Bridge Maintenance 
Activity Rank 

Group 
A 
B 
C Note AF= Group A 

Activity that is fatigue 
pr0ne and controls the 
inventory rating.) 
Activity Urgency Factor 

Code 0 
1 
2 
3 
4 
5 

Bridge Criticality 

D 
E 

AF 
25 
20 
15 
10 

5 

25 
20 
15 
10 

5 
0 

Part A: Interstate 5 
U.S. Numbered Highway 4 
State Highway 3 
County Highway 2 
City, Borough St. or Twp. Rd 1 

Part B: PCN 5 
PCN/Coal Haul 5 
Agri. Access 3 
Industrial Access 3 

Part C: ADT x Detour Length> 30,000 15 
> 15,000 but< 30,000 10 
> 3,000 but< 15,000 5 
< 3,000 0 

Bridge Adequacy 
Part A: Lowest Condition Rtg < 3 15 

> 3 but< 4 10 
> 4 but< 5 5 

> 5 0 
Part B: Load Capacity (Inv. Rtg.) 

(H configuration) < 12 tons 10 
(H configuration) > 12-19 7 
(ML 80 configuration) > 19 to 30 4 
(ML 80 configuration) > 30 0 

40 

daily and provides the necessary data for management to 
analyze performance, including productivity. 

goes back to the BMS to update the file and remove the 
priority maintenance need. 

When the BMS is told that certain activities on specific 
bridges are programmed for implementation by depart
ment forces, a copy of the data is transmitted to the plan
ning file in MORIS. The maintenance manager then re
views and transfers the data to the annual and periodic 
work plans within the MORIS system. 

The MORIS system generates the daily crew payroll 
form, filling in the bridge location identifier plus the activ
ity numbers related to the 76 activities discussed pre
viously. When the work is satisfactorily completed, the 
bridge engineer signs off and the completed work order 

A detailed manual (3) is used as a technical planning 
aid and construction guide for the bridge foremen and 
their supervisors. They also provide management with a 
means of measuring both productivity and work quality. 
These standards include the following components: 

• A complete description of the activity in narrative 
form; 

• Crew makeup; 
• Specific equipment and material requirements; 
• Rate of production; and 
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• Methods and procedures to be followed, with both 
narrative and detailed sketches. 

The proper use of comprehensive performance stan
dards results in better performance by individual crews, 
with a better product as the result. MORIS is capable of 
reporting monthly on crew productivity on the basis of 
performance standards. 

Some cyclic and bridge-age associated preventive main
tenance, routine maintenance, and minor rehabilitation 
activities and their effects on service life are conceptually 
known on the basis of experience. However, this work 
must be blended with the other identified critical needs 
to arrive at an overall balanced program. The repetitive 
need cycle or bridge age when certain bridge maintenance 
and minor rehabilitation needs develop can be generalized 
as follows : 

Activity 

Paint structural steel 
Rehabilitate deck (unpro-

tected decks or uncoated 
reinforcement) 

Clean and reseal deck joints 
Clean scuppers 
Breakdown maintenance 

(bridges in poor condi
tion)-until rehabilitated 
or replaced 

Replace timber deck 

Frequency (years) 

12 
Bridge 20 years old or 

deck condition rat
ing S: 5 

5 
1 

2 
15 

On this basis, annual funding needs can be generated 
and considered in conjunction with the tabulated existing 
bridge maintenance needs to allocate maintenance funds. 

Pennsylvania has 11 engineering districts. In each dis
trict there is a bridge maintenance coordinator who pro
vides the communication link between the bridge office 
and the maintenance office. All the bridge maintenance 
activities are scheduled using the data from the BMS main
tenance A-H screen (Figure 3 ). The work orders usually 
originate in the bridge unit and then are handed to mainte
nance for evaluation. After the activity is completed by the 
maintenance crew, the bridge maintenance coordinator 
removes the item from A-H screen and adds the completed 
information to the A-N screen (Figure 4 ), the completed 
maintenance screen. 
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Roadside Litter and Current Maintenance Waste 
Management Practices: Are We Making Any 
Progress? 

Dorothy L. Andres and Chester J. Andres, Andres Consultants 

The recurrence of litter along highways and roadsides pre
sents problems for state maintenance engineers across the 
nation. Not only is collection a labor-intensive effort with 
significant impact on the scheduling of higher-priority tasks, 
but the disposal of unsorted mixtures of debris presents 
unique problems. State environmental regulations control 
waste disposal sites, which are becoming scarcer each year. 
Recycling and reuse requirements are becoming more com
mon nationwide. Waste products generated from material 
purchases for routine maintenance operations add to the by
products for disposal at state maintenance facilities. Most 
roadside litter is now being removed by low-fee "private 
partnership" arrangements, heavily supplemented by volun
teer and inmate participation programs in many states. In 
spite of these efforts, costs continue to grow and now exceed 
$130 million per year for state highways alone. To deal with 
the changing requirements of ever-expanding environmental 
regulations, the state maintenance engineer faces a future 
of managing operations in a proactive environmental role. 
Maintenance materials are being purchased with prior con
sideration for waste disposal; roadside debris is being sorted 
and recycled; and maintenance materials produced from recy
cled materials and packaged in nondisposable, returnable 
containers are encouraged in the procurement process. For
mal plans for waste management in maintenance operations 
are necessary to meet growing environmental requirements. 
The state maintenance engineer is now an active and responsi
ble participant, innovator, and educator in an environmen
tally conscious society. 

T housands of tons of litter are removed from this 
nation's highways and roadsides each year. Valu
able time and resources of state maintenance pro

grams are being diverted from repairing and maintaining 
a deteriorating highway infrastructure to litter removal. 
The state of the practice with respect to the magnitude 
and character of the roadside litter collection and disposal 
process, as experienced in state maintenance agencies, is 
described in a publication of the National Cooperative 
Highway Research Program (NCHRP), NCHRP Synthe
sis of Highway Practice 184: Disposal of Roadside Litter 
Mixture. Costs to state maintenance operations alone, as 
found in a follow-up 1993 survey, were reported to exceed 
$131 million each year compared with $120 million re
ported in the 1990-1991 survey, even though volun
teerism for litter collection increased significantly. 

Some of the findings of the earlier survey conducted for 
Synthesis 184 were as follows: 

• Litter is viewed by highway maintenance engineers 
and the public as a major problem along Interstate high
ways, ramps and interchanges, and primary and secondary 
roads in urban areas. 

• The cost of litter collection exceeds $120 million an
nually. 

• An average of 3.3 percent of each state maintenance 
budget is spent on roadside litter and debris programs 
annually. 

• Litter collection and disposal requires intensive use 
of maintenance forces at the expense of other activities. 

• Formal waste management practices for maintenance 
operations are not in general use. 

135 
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• Automated collection equipment for roadside litter 
is not generally used by state maintenance crews. 

• Equipment manufacturers have not yet developed the 
necessary high-capacity equipment for. automated litter 
collection on highways. 

• Current and potential limits to landfill areas are not 
recognized by some highway maintenance organizations. 

• The maintenance unit's role in solving disposal prob
lems is not universally acknowledged except in dealing 
with specific incidents that affect operations. 

• Few states sort roadside litter mixtures or recycle 
collected material, and no identifiable trend toward those 
practices was noted. 

• Disposal of road sweepings has been identified as a 
current or potential problem in most states. 

• Safety practices of personnel involved in litter collec
tion and disposal activities are part of maintenance safety 
training for hazardous materials or are assumed to be 
common sense measures within general safety practices. 

• Police enforcement is not generally recognized as an 
effective deterrent to littering. 

• State beverage container deposit laws are considered 
very effective as roadside litter deterrents, as reported by 
state maintenance and environmental agencies. 

• Volunteerism is increasing as an assistance option for 
roadside litter collection activities. 

• Adopt-a-Highway programs are generally recognized 
nationally as the most effective volunteer program benefit
ing road maintenance operations. 

• Costs of highway litter removal activities remain high 
despite assistance from volunteer groups. 

• Antilitter education programs and public media cam
paigns, such as Keep America Beautiful, were identified 
as successful approaches to deterring litter. 

• No federal funding is available to assist with the 
problem of highway litter and its disposal, specifically for 
antilitter education or waste reduction programs. 

• A general lack of communication between highway 
maintenance and environmental agencies impedes cooper
ation and progress in addressing litter problems. 

• The costs of disposing of litter mixtures to comply 
with environmental requirements are not usually consid
ered when regulations are promulgated. 

• Highway maintenance disposal problems require that 
obstacles to cooperation between environmental agencies 
and highway maintenance staff be overcome. 

The findings indicate that environmental issues related 
to roadside activities will continue to challenge mainte
nance engineers. A significant problem was also reported, 
involving disposables generated within maintenance oper
ations. In the future, maintenance engineers will have to 
take a more proactive role in dealing with problems of 
roadside pollution and maintenance wastes disposal. Pol
lution prevention techniques should be identified, and 

cleaner technologies should be applied to maintenance 
operations. Several recommendations and alternative 
strategies were proposed. Among these is the development 
of an environmental action plan for waste management 
specific to road maintenance operations and including 
alternatives to landfill disposal. Another recommendation 
was the establishment of waste abatement practices 
through cautious purchasing of maintenance materials, 
such as specifying purchases in reusable containers and 
giving economic incentives to suppliers using recycled ma
terials in their products. 

The report also pointed out that public and private 
partnerships instill a sense of ownership at a grass roots 
level. Encouraging volunteerism with civic, educational, 
and corporate groups assists in the control and collection 
of litter. Transportation agencies share a responsibility 
for participation in and promotion of educational pro
grams on litter prevention and solid waste disposal. 

And finally, in recognition of the millions of dollars 
spent on the disposal of roadside litter and subsequent 
costs for compliance with environmental regulations, it 
was proposed that the highway maintenance and environ
mental communities work toward communicating and 
solving the shared problem. 

In late 1993, a follow-up questionnaire was sent to each 
state maintenance engineer to focus on key problems and 
elements identified in the original survey in early 1991. 
The purpose was to update selective portions of the earlier 
information on costs and private participation in roadside 
programs and also to determine the extent to which more 
formal, proactive waste reduction programs were being 
implemented. There was an 88 percent return of question
naires. This presentation deals with the responses received 
in the two surveys relative to budgetary impacts and 
changes in disposal programs as a result of environmental 
regulations. Any significant impacts of private participa
tion programs on litter pickup operations are noted, as 
well as any recent changes in state procurement practices 
for products manufactured from recycled materials. Waste 
reduction through packaging revisions is discussed. 

COSTS FOR REMOVAL OF ROADSIDE LITTER AND 
DEBRIS 

Annual cost figures were made available for this study by 
93 percent of the 45 responding states in the 1990-1991 
survey years and by 90 percent of the responding states 
in the 1993 survey. The accuracy of the costs is directly 
dependent on the cost collection procedures in each of 
the states. In general the information was reported from 
the state's maintenance management system. The total 
cost reported in the more recent survey exceeded $131 
million, representing an average budget impact on mainte
nance operations of 2.4 percent. In the earlier survey, the 
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TABLE 1 State Maintenance Litter Programs: Ranking of Annual Costs Versus Budget Impacts for. FY 1993 

% of Maintenance 

State 1993 Costs in Millions Budget 

California* $28.0 
Illinois 7.5 
Texas 5.5 
Florida 5.5 
Washington 5.4 
Kentucky 5.6 
Pennsylvania* 5.0 
Virginia 4.8 
Maryland 4.75 
New Jersey 4.7 
Oklahoma 3.6 
Ohio 3.3 
Missouri 3.0 
West Virginia 3.0 
New York 2.8 
Nevada 2.75 
Colorado 2.5 
Connecticut 2.5 
Michigan 2.5 
Wisconsin 2.3 
South Carolina 2.1 
Minnesota 2.0 

* Indicates 1991 Data reported 

TOTAL - 42 STATES= $131.6 Million 

figure was $120 million, representing an average budget 
impact of 2.6 percent. The cost figures, while higher, do 
not consider the increased assistance to maintenance staff 
from Adopt-a-Highway and other volunteer programs, 
the deployment of public aid recipients to collect litter, or 
prison/labor alternative sentencing programs that include 
roadside cleanup activities. The cost information is given 
in Table 1. 

Table 1 indicates that New Jersey (one of the most 
densely populated states, with only 2,455 centerline mi 
in its state maintenance inventory) and Nevada (one of 
the least populated states, with 5,500 centerline mi are 
each spending significant portions of their annual mainte
nance allocation on the litter problem. Whereas states are 
reportedly spending more, there is no evidence that they 
are doing a better job. 

REASONS FOR HIGH COSTS FOR DISPOSAL FOR 
ST ATE MAINTENANCE OPERA TIO NS 

In the original survey, a lengthy questionnaire was sent 
to each state maintenance engineer and the responsible 

5.6% 
4.0% 
1.5% 
2.5% 
5.0% 
4.3% 
4.7% 
1.0% 
4.5% 
8.8% 
5.0% 
3.1% 
1.0% 
1.0% 
1.5% 
6.8% 
5.0% 
2.0% 
1.5% 
2.0% 
1.7% 
1.5% 

December 1993 

office for waste management in each state environmental 
agency. From the original survey, a list of causes for high 
costs in the collection and disposal of roadside debris was 
developed: 

1. The number and types of permitted disposal sites 
(state maintenance properties, public landfills, and road
fill), are decreasing nationwide, which results in long haul
ing distances and high tipping fees. 

2. Environmental constraints also contribute to high 
costs because of the need to sort items from the litter 
mixture, to recycle, and to temporarily stockpile and 
store litter. 

3. Collection practices rely on labor-intensive manual 
efforts, with limited automated equipment for highway
scale operations and, again, the need for temporary stor
age stockpiles. 

4. Finally, formal waste disposal strategies are lacking. 

Approved disposal sites are diminishing in availability 
in many states as existing landfills reach capacity or are 
forced to close because they do not meet environmental 
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KEY: □sufficient Space }~1J~i Insufficient Within 5 Years 

* No Response 

FIGURE 1 States reporting landfill space problems (December 1993 ). 

standards. Development of others is stymied by local op
position or the NIMBY syndrome ("not in my back 
yard"). State maintenance engineers were questioned 
about their awareness of the shortage of landfills in their 
state and its effects on continuing the practice of disposing 
of unsorted roadside debris in their areas. The estimated 
years of available landfill capacity, specifically for road
side debris disposal as determined by state maintenance 
staff, are shown in Figure 1. 

During the past 3 years, several of the western states 
have become concerned with either the lack of landfill 
space or rising disposal costs as current landfills close. 
What was essentially a Northeastern and North-Central 
tier problem is spreading as environmental restrictions 
or zoning regulations cause potential landfill sites to be 
eliminated. The 1990 survey results are presented in Figure 
1, with several additions from the 1993 survey. 

The most common materials presenting collection prob
lems are given in Table 2. 

WHAT IS BEING DONE TO REDUCE HIGH COSTS 
TO MAINTENANCE OPERATIONS 

Staffing Support-Volunteerism 

The collection of roadside litter and debris is a labor 
intensive task, and the people involved in collection along 
state highways vary among the states. In the early survey 
of 1990-1991, the majority of states reported that almost 
all road maintenance personnel (75 to 100 percent) were 
needed when a cleanup operation was implemented, usu
ally twice per year in the spring and again in the fall. 
However, maintenance forces were supplemented with 
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TABLE 2 Ranking of Debris-Causing Problems 

Rubber Tires 
Glass 
Paper/ Cardboard 
Plastics 
Newspaper 
Aluminum Cans 
Metal Cans 
Other Metal Items 
Lumber/W~ 
Miscellaneous Household & Yard Trash 

% States Identifying 
Collection As A Problem 

65% 
54% 
51% 
51% 
40% 
40% 
40% 
38% 
38% 
3% 

outside staffing support from various areas: maintenance 
contracts for litter collection and disposal, Adopt-a-High
way groups, civic volunteer activities such as Keep 
America Beautiful, prison labor, alternative sentencing, 
public welfare recipients, and so forth . By far the most 
acclaimed by DOT maintenance forces was the Adopt-a
Highway program. Among the 45 states that reported in 
the early survey, 38 had formal Adopt-a-Highway pro
grams in place and a number of those states reported that 
more than 50 percent of their roadside litter programs 
were dependent on Adopt-a-Highway. In the follow-up 
survey in 1993, all states reported some participation by 
Adopt-a-Highway groups. Fifty-four percent of the states 
reported they now do less than 50 percent of roadside 
pickup with maintenance forces. Figure 2 shows the trend 
in maintenance dependency for litter collection assistance 
from outside forces. 

Indiana and Wisconsin have agreements with city or 
county maintenance forces to provide litter pickup or 
sweeping. Oregon relies on summer youth programs to 
pick up 75 percent of its roadside litter. Indiana, Mary
land, Georgia, Massachusetts, New Jersey, North Caro
lina, and Oklahoma use convict labor for 30 to 80 percent 
of this activity. Of all responding states, only Colorado, 
New Hampshire, Nevada, and Vermont report that 90 
percent of roadside litter is being collected by state mainte
nance forces. There is no explanation for state mainte
nance costs remaining high in spite of increased volunteer 
efforts. 

Automated Equipment Improvements 

Specialty equipment for automated collection of debris 
from roadsides, excluding sweepers, remains significantly 
unavailable. In the 1993 survey, among those who re
sponded to a question on the use of automated pickup 
equipment, the most frequently mentioned were sweeper
type or self-propelled brooms for use along curbsides and 
ramps. Several mentioned the high incidence of break-

downs experienced with this equipment proposed for use 
in litter pickup operations. Since the early survey, there 
has been little to report of positive value. Most equipment 
purchased and distributed to field operations appears not 
to have survived the maintenance supervisor's field testing 
and appears to have been lost or buried as obsolete or 
unusable in maintenance yards around the United States. 
New equipment was to be marketed in 1994 to assist with 
road debris collection process, based on the success of 
private contracting equipment in several cities in Arizona. 
The Arizona DOT has used a "truck-mounted mechanical 
retrieval device" for metals and rubber along paved shoul
ders and curb areas. The machine is being used primarily 
in metropolitan areas at speeds up to 35 mph. However, 
as of this date, it has not yet reached the market. A recent 
demonstration in fall 1993 was provided to a group of 
highway maintenance engineers, who generally agreed 
that such a machine "could be useful within its limited 
capabilities." 

RECYCLING OF ROADSIDE LITTER 

In the early survey of state environmental agencies, a num
ber of environmental units responded that although there 
were no specific regulations placed on state maintenance 
agencies for disposal of roadside litter, specific discarded 
items found in roadside trash were controlled by solid 
waste regulations. Many of these states had implemented 
recycling and source reduction regulations, although not 
many had passed these on to state maintenance opera
tions. Voluntary participation was encouraged. States en
gaged in recycling roadside debris or affected by recycling 
regulations are indicated in Table 3. Whereas recycling 
may not be mandated for highway cleanup operations, 
many state Adopt-a-Highway groups separate aluminum 
cans and bottles from other trash. No states indicated that 
they had dedicated forces engaged in separating recyclable 
materials. Only Florida, Oregon, and Pennsylvania re
ported that income was derived from recycling efforts put 
forth by maintenance forces. In these pilot programs, the 
income was returned to state maintenance operating funds 
in Florida and Pennsylvania, but a very minimal sum was 
realized. The most successful areas for these programs 
are in rest areas, but funds realized belong to rest area 
operators unless specific agreements are worked out to 
return these funds. PennDOT was one such state working 
out arrangements to return such funds to maintenance 
operating accounts. In most states, rubber and tire scraps 
must be separated from roadside debris sent to landfills. 
Some states reported on specific litter/waste materials that 
they recycle. For example, Connecticut reuses rubber tire 
scraps for manhole covers and rings. Missouri recycles 
tires, batteries, and yard waste. Vermont indicates that it 
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KEY: Primarily collected by Maintenance forces 

* }~W/r:}~~ 50% or more collected by others 
No Response 

FIGURE 2 Litter collection assistance in state maintenance operations (December 1993 ). 

may soon be required to recycle most litter and Wqste 
materials. 

Many states reported reusing sweepings as fill materials, 
and a few are using them for winter abrasives. Several 
states reported the use of ditch and catch basin clean-out 
as slope dressing. The chopping of tree cuttings on site 
for use as mulches is increasing. However, composting 
practices for vegetative materials and the use of these 
products from landscape operations were not included in 
this study. 

ENVIRONMENT AL REGULA TIO NS AND 
MAINTENANCE PROGRAMS 

One of the major concerns raised in the 1990 survey was 
the claimed lack of communication between environmen
tal agencies and highway agencies, particularly the lack 
of dialogue between these agencies before regulations are 
promulgated. There was an indication of a strong need 
for coordination within environmental units regarding the 
impacts of one state regulatory program on another state 
agency operation. In some cases, the responder for a state 

environmental agency saw no need at the present time for 
compliance with existing solid waste regulations or clean 
water requirements. The survey indicated a lack of experi
ence in the "world" the agency regulated and, unfortu
nately, a future problem to be encountered if regulations 
are promoted without dialogue. 

Several environmental agencies, among them Califor
nia, Washington, Florida, and Massachusetts, noted that 
they have worked closely with the state DOT for the 
reuse and recycling of highway construction materials. 
In general, environmental agencies saw the solving and 
handling of roadside litter as a concern of state mainte
nance organizations requiring a variety of approaches: 

• More enforcement, 
• More recycling programs, 
• More volunteerism, 
• More signage along roadsides supporting Adopt-a

Highway and volunteer groups, and 
• More use of convict labor and alternative sentencing. 

The implementation of many of these alternatives dur
ing the 4 years since the study was initiated is evident. An 



ANDRES AND ANDRES 141 

TABLE 3 Recycling of Roadside Litter 

State Recycling Re-Use of Debris 

Arkansas X 
Colorado X 
Connecticut X 
Delaware X 
Florida X 
Illinois X 
Indiana X 
Iowa X 
Maryland X 
Massachusetts 
Michigan 
Minnesota X 
Missouri 
Nebraska X 
New Hampshire 
New Jersey X 
New York X 
Ohio X 
Oregon X 
Pennsylvania X 
South Dakota 
Utah 
Virginia X 
Washington 
West Virginia X 
Wisconsin X 

improvement in interagency liaison and communications 
was reported by 20 state maintenance offices, New lines 
of communication and more willingness to assist as well 
as regulate have been reported by several states in the 
latest survey, Some maintenance engineers said that there 
was a greater willingness in their agencies to listen to and 
try out environmental suggestions, and others reported 
there was more communication, but not necessarily more 
interagency cooperation, It is hoped that an open dialogue 
trend will continue nationally, These positive indicators 
were reported in 20 states: Arkansas, Florida, Iowa, Ken
tucky, Louisiana, Minnesota, Mississippi, Nebraska, New 
Hampshire, New Jersey, New York, Nevada, South Caro
lina, Ohio, South Carolina, Tennessee, Virginia, Washing
ton, West Virginia, and Wisconsin, 

REVISED ST ATE MAINTENANCE PURCHASING 
PRACTICES 

The preferred strategy of today's environmental leaders 
and the trend of the 1990s is for source reduction of 

Tires 

Tires 
Voluntary 
By County 
Rest Areas 
Rest Areas 

Not Statewide 

X 

X 
Rest Areas 

AAH 

Voluntary 
By County 

X 

X 

X 
-X 

X 
X 

X 
X 

X 

X 

December 1993 

pollutants and waste stream components, The Office of 
Public Affairs in the federal Environmental Protection 
Agency stated that the agency is moving its mission from 
a regulatory and remedial action role toward a role of 
prevention, Source reduction involves minimizing the vol
ume or toxicity of materials used in products that wind 
up in the waste stream, State waste management strategies 
include legislated reductions in solid waste, In mainte
nance operations, these strategies could be implemented 
voluntarily to include waste abatement through the fol
lowing practices: 

• Reducing wastes by minimizing packaging of materi
als before purchasing, 

• Encouraging the delivery of materials in returnable 
and reusable containers and thereby eliminating one-way 
refuse, 

• Encouraging bidders to deliver products made of re
cyclable or recycled materials, 
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TABLE 4 Waste Reduction Activities for Maintenance Operations Procurement/Packaging of Materials for 
Maintenance Use 

STATES PROCUREMENT 
REQUIREMENTS 

PACKAGING 
REQUIREMENTS 

Florida X 
Indiana X 
Iowa X 
Kentucky X 
Nebraska X 
New Jersey X 
North Dakota X 
Oklahoma X 
Oregon X 
South Carolina X 
South Dakota X 
Tennessee X 
Texas X 
Utah X 
Vermont X 
Washington 
Wisconsin X 

• Providing economic incentives to purchase from sup
pliers that comply with mandated waste reduction require
ments, and 

• Providing disincentives such as including costs for 
removal and disposal of one-way packaging materials. 

A number of states are involved in waste reduction 
practices through purchasing requirements regarding the 
use of recycled materials or through specifying packaging 
requirements stipulating minimal or returnable/reusable 
containers. Federal procurement guidelines were included 
in the most recent regulations for compliance with the 
Resources Conservation and Recovery Act, which are be
ginning to involve state maintenance operations. Ac
cording to the latest survey, significant compliance is being 
practiced in those states noted in Table 4. Iowa and Ken
tucky are reusing paint containers and totes. Washington 
is receiving shipment of traffic paint directly into paint 
holding tanks for loading directly into traffic stripers. 
Several states including Indiana reuse aluminum sign 
blanks and reface them, a practice highly supported for 

X 
X 
X 

X 

X 

December 1993 

economic reasons when aluminum blanks were expensive 
in the 1980s. Both New Jersey and Texas provide a price 
advantage to suppliers who bid recyclable packaging. 

Research is being conducted by the U.S . Army Cold 
Regions Research and Engineering Laboratory and the 
Federal Highway Administration blending plastic waste, 
collected through recycling programs, with sawdust to 
produce a plastic composite for use as signposts, guardrail 
posts, and blocks. The work is aimed at reducing waste 
materials going into landfills and promoting the use of 
recycled products in the highway construction industry. 
The Army Corps of Engineers has begun demonstration 
projects with a number of construction products fabri
cated from plastic composites. 

FORMAL WASTE MANAGEMENT PROGRAMS FOR 
MAINTENANCE OPERA TIO NS 

Although more than 50 percent of the states responding 
to the earlier survey indicated that roadside litter was a 
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planned activity, and many indicated it was a major work 
generator, only nine states responded affirmatively regard
ing the existence of a formal policy and program on dis
posal within their departments. This response did not 
change in the follow-up survey. The nine states that have 
or will soon implement a formal waste management pro
gram for maintenance operations are Iowa, Kentucky, 
New Jersey, Ohio, Pennsylvania, Texas, Utah, Vermont, 
and Wyoming. 

Follow-up discussions with those claiming to have for
mal programs revealed that several were, in fact, no more 
than an understanding that the collected debris was the 
responsibility of the district engineer or individual crew 
supervisor, and disposal was to be done in accordance 
with local governing regulations. One of the major recom
mendations made in Synthesis 184 was that an environ
mental plan for waste management and waste reduction 
be developed by each highway agency with the participa
tion and input of state maintenance and environmental 
agencies. Such a plan could include the following: 

• All federal and environmental regulations affecting 
typical maintenance operations that involve disposal of 
materials collected by or generated within maintenance 
activities should be identified. Where applicable, local reg
ulations should be identified for the appropriate units 
involved. 

• All state property disposal sites should be identified, 
ensuring approval for use and compliance with environ
mental wetlands requirements. These should be site spe
cific. The anticipated useful life of these locations should 
be estimated. 

• Alternative strategies to landfills should be planned. 
An example is separation of collected trash components 
that are not contaminated and can be recycled in accord
ance with solid waste regulations, voluntarily recycled as 
a salvageable scrap, or reused in maintenance or construc
tion activities. Some states have used sweepings, ditch, 
and inlet materials as winter abrasives, clean fill, and 
fertile surface covers. 

• Waste abatement practices should be promoted 
through cautious purchasing of maintenance materials, 
encouraging reusable containers, and incorporating eco
nomic incentives to suppliers who use recycled materials 
in their products. 

CONCLUSIONS 

The costs for collecting and disposing of highway litter 
have risen more than 9 percent during the period between 

1990 and 1993. However, when expressed as a percentage 
of the total maintenance operations budget, the figure 
appears to have dropped slightly. Contributing to this 
decline is the increase in the use of volunteer organizations 
to perform what heretofore has been a routine mainte
nance function. As the cost to maintain the highway infra
structure rises, funds have been shifted from lower-prior
ity functions, such as litter pickup and landscaping, to 
repaving, structural rehabilitations, and major pavement/ 
safety improvements. Thus, alternatives such as Adopt-a
Highway, youth programs, "workfare," and contracted 
services are supplementing traditional maintenance litter 
collection and waste removal activities. 

Problems with litter and its removal as expressed in 
the 1990 survey continue to be found in 1993 survey 
responses. Environmental restrictions on disposal will 
continue and will further limit options available to the 
maintenance manager. Less populous states with much 
open land are beginning to experience landfill closures 
and restricted new openings, as has been the experience 
in more urbanized regions. 

Waste abatement policies have been put into practices 
in some states. There is a need for extension of these 
policies to positively affect maintenance operations 
through maintenance materials procurement contracts. 
Recycling of maintenance materials and reusable litter 
products can reduce the load on landfills. 

Maintenance operations involving litter, roadside 
waste, and its disposal are beginning to move from a 
reactive mode to a planned program. There is much to 
be gained from in-place maintenance plans for waste 
abatement and an acceptance of the necessity of environ
mental compliance, even if at a voluntary level. 

Coordination of efforts between transportation and en
vironmental agencies, particularly concerning litter/road
side waste disposal, has continued to improve as indicated 
by current survey responses. However, there remains 
room for more interagency cooperation at the highest 
department levels. 

As derived from both the 1990 and 1993 surveys of state 
maintenance organizations, there is a need for research 
addressing the reuse of materials, recycling of materials, 
and development of reliable, high-capacity, automated 
litter collection equipment. Funding of such research and 
increased support from the federal level are needed. And, 
as stated by several maintenance engineers in the survey, it 
continues to be most important that education on antilitter 
programs be provided at a grass roots level, through spe
cially developed public information programs for children 
and adults. 



Impacts of Environmental, Health, and Safety 
Regulations on Highway Maintenance 

A.R. Tarrer, Auburn University 
Gregory T. Whetstone, Williams Environmental Services 
James W. Boylan, Florida Department of Environmental Protection 

Transportation agencies throughout the United States face 
dilemmas due to the ever-increasing number of environmen
tal, health, and safety regulations being issued at the federal, 
state, and local levels. These regulations are often issued 
without complete familiarity with or comprehension of their 
effects on highway maintenance resources and activities. As 
a result, compliance with the new regulations has serious 
impacts on agencies' activities and allocation of resources. 
Compliance with environmental regulations reportedly cost 
state highway agencies an estimated $99 billion in 1990, and 
this figure is expected to rise significantly in coming years. 
Technical, operational, and economic impacts of these regu
lations on 17 key areas of maintenance, including herbicide 
use, road deicing, fuel and asphalt storage, wetland areas, 
storm water runoff, bridge painting, and roadside litter, are 
identified. Some highway departments have used innovative 
methods to help budget resources for transportation mainte
nance operations; make essential alterations regarding per
sonnel, equipment, and operating procedures; and respond 
to needs in areas such as inter- and intradepartmental com
munications, staffing, and training. Legislative decision mak
ers must understand the implications of their actions with 
regard to environmental regulations. 

R egulatory compliance is forcing personnel to 
change long-standing maintenance practices and 
spend more money to implement new mainte

nance methods and equipment. One noted researcher has 
estimated that the total cost for departments to comply 
with environmental regulations in 1990 was $99 billion, 
compared with $41 billion in 1977. He estimated that 
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the amount would rise to approximately $167 billion by 
2000. The federal acts requiring regulations pertaining to 
environmental compliance with identification of adminis
tering agencies, is given in Table 1. 

The aim of this study, conducted during 1991 and 1992 
for the Transportation Research Board, was to identify 
and highlight the technical, operational, and economic 
impacts of environmental, health, and safety regulations 
on highway maintenance programs and to provide infor
mation for transportation agencies and legislative person
nel on the cost consequences of regulatory compliance. It 
is hoped that this information will provide greater insight 
for making appropriate decisions regarding highway 
maintenance operations. 

Information was acquired through questionnaires sub
mitted by maintenance personnel throughout the country, 
by studying various maintenance programs and the spe
cific problems they face, and by conducting interviews 
with maintenance personnel. Through these efforts, the 
research team identified 17 crucial areas of concern to 
highway maintenance personnel: 

1. Herbicides, 
2. Deicing, 
3. Wetlands, 
4. 404 permits, 
5. Structural painting, 
6. Fuel storage, 
7. Roadside litter, 
8. Storm water runoff, 
9. Hazardous waste, 

10. Hazardous substance spills, 
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TABLE 1 Federal Regulations and Administering Agencies 

Act or Executive Order Acronym Administering Agency 

Archaeological Resources Protection Act ARPA National Park Service 
Environmental Protection Agency 
National Oceanic and Atmospheric 

Clean Air Act CAA 
Coastal Barrier Resource Act CBRA 

Comprehensive Environmental Response, 
Compensation, and Liability Act 

Clean Water Act 
Clean Water Act, Sec. 402(p), Storm 

Water 
Coastal Zone Management Act 

Executive Order 11988, Flood Plain 
Manfigement 

Executive Order 11990, Protection 
of lletlands 

Endangered Species Act 

Federal Food, Drug and Cosmetic Act 
Federal Insecticide, Fungicide and 

Rodenticide Act 
Farmland Protection Policy Act 

Fish and Wildlife Coordination Act 

Federal Water Pollution Control Act 
Hazardous Materials Transportation Act 

Land and llater Conservation Fund Act 

National Environmental Policy Act 
National Historic Preservation Act 
Occupational Safety and Health Act 

Preservation of Historical and 
Archaeological Data Act 

Resource Conservation and Recovery Act 
Superfund Amendments and 

Reauthorization Act 
Safe Drinking Water Act 
Solid llaste Disposal Act 
Toxic Substance Control Act 
llild and Scenic Rivers Act 

11. Nonhazardous materials disposal, 
12. Wastewater disposal, 
13. Asphalt storage and use, 
14. Traffic painting, 
15. Air quality, 
16. Water quality, and 
17. Erosion control. 

ISSUES OF CONCERN 

CERCLA 
CWA 

Administration 

Environmental Protection Agency 
Environmental Protection Agency 

CWA 402(p) Environmental Protection Agency 
CZMA Army Corps of Engineers (Department 

EO 11988 

EO 11990 
ESA 

FFDCA 

FIFRA 
FPPA 

FIICA 

FWPCA 
HMTA 

LWCFA 

NEPA 
NHPA 
OSHA 

PHADA 
RCRA 

SARA 
SDWA 
SWDA 
TSCA 
IJSRA 

of Defense) 

Not applicable 

Not applicable 
Fish and Wildlife Service 

(Department of the Interior) 
Food and Drug Administration 

Environmental Protection Agency 
Farmers Home Administration 

(Department of Agriculture) 
Fish and Wildlife Service 

(Department of the Interior) 
Environmental Protection Agency 
Office of Hazardous Materials 

Transportation (Department of 
Transportation) 

Bureau of Land Management 
(Department of the Interior) 

Environmental Protection Agency 
National Park Service 
Occupational Safety and Health 

Administration 

National Park Service 
Environmental Protection Agency 

Environmental Protection Agency 
Environmental Protection Agency 
Environmental Protection Agency 
Environmental Protection Agency 
National Park Service 

Herbicides 

The following is a brief overview of some critical problems 
from the list just cited and methods currently used to 
address these problems. 

Right-of-way vegetation management programs help en
sure the safety and continual operation of public highway 
transport by offering sound, economical maintenance 
practices for controlling and managing right-of-way vege
tation. Methods used to control vegetation include biolog
ical (animals, birds, insects, and competing plants), physi
cal (cultivating, trimming, and mowing), and chemical 
applications. The latter method is widely considered the 
most effective, economical method of vegetation control; 
however, growing public concerns and regulatory restric
tions have prevented or seriously limited the use of some 
herbicides. 

Herbicide use has been affected most by water quality 
and health standards, which have caused departments to 
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modify how they apply chemicals; and by hazardous mate
rials regulations, which have limited the ways departments 
of transportation (DOTs) can dispose of herbicides. These 
and other regulations have forced states to initiate changes 
in personnel, equipment, materials, and work methods. 
Foremost among these changes are the training for han
dling materials, and the special clothing that departments 
must now provide to their workers. These new provisions 
are costly to the DOTs: Pennsylvania annually spends 
approximately $100 to $150 per person for certification 
and update training. In New Jersey, annual costs of cloth
ing and training are $5,000 to $6,000 per person; Califor
nia spends $1,000 per year to train each pesticide applica
tor; and Vermont spends $4,500 per person annually for 
clothing and training. Influence from environmental 
groups has also contributed to reduced herbicide use and 
has helped shape public opinion. 

Tests on areas where chemicals have not been used for 
2 years have shown that they are impossible to maintain 
by physical methods only. Maintenance costs in these 
areas have increased by 400 percent, and vegetation is 
still not adequately controlled. A study by the University 
of Florida found that mowing as often as once every 2 
weeks would be required to maintain proper weed control 
in certain areas of that state; the Florida DOT presently 
mows its rights-of-way five to seven times a year. Improper 
weed control could endanger the traveling public and 
workers who perform the mowing, but increasing the 
number of mowings per year would drastically increase 
departmental costs. Other DOTs have experienced similar 
problems. In conclusion, it would be practically infeasible 
to maintain the same quality of service with mowing as 
is now possible with herbicide control. 

In Iowa, both herbicide application and mowing have 
been affected by a new regulation that requires the depart
ment not to spray noxious weeds if it is practical to mow 
instead. The regulation has resulted in an increase of 
$250,000 in mowing costs. In Oregon, regulations prohib
iting the use of pesticides on lands controlled by the U.S. 
Forest Service and the Bureau of Land Management (ap
proximately 50 percent of Oregon is federally owned land) 
have resulted in difficult maintenance procedures and 
soaring labor, equipment, materials, and disposal costs. 
In Maryland, Occupational Safety and Health Adminis
tration standards for noise and chemical exposure and 
personal protective equipment have affected vegetation 
control procedures and resulted in additional costs. 

The debate among federal lawmakers, lobbying organi
zations, and environmentalists over the fate of pesticide 
use is having profound effects elsewhere. Manufacturers, 
distributors, retailers, and applicators all must deal with 
new laws and regulations on agricultural chemicals. The 
National AgriChemical Retailers Association has esti
mated that distributors will annually spend $77,000 each 

over the next 10 years to comply with environmental 
rules, up from $23,000 in 1990. 

Deicing Chemicals 

Approximately $1.5 billion is spent each year on highway 
snow and ice removal programs in the United States. Apart 
from plowing, the most important element of these pro
grams is chemical deicing, which represents about one
third of winter maintenance expenditures. Chemical deic
ing helps ensure public mobility and safety by quickly and 
efficiently reducing hazardous road conditions. Sodium 
chloride (salt) for snow and ice control is the primary 
agent used by highway departments to chemically deice 
roads and bridges. If improperly applied, salt can have 
adverse side effects, including motor vehicle damage, 
structural and roadside (soil and plant) degradation, and 
infiltration of water tables. Financial assessments indicate 
that total nationwide costs for salt-related mitigation far 
exceed (by approximately 14 times) the national cost of 
salt purchase and application. 

Not all states are required to clean up salt-contaminated 
sites, but those that are often spend millions of dollars 
each year on remediation cleanup and salt stockpile man
agement, including facility renovation and construction. 
Most agencies have not found any environmentally ac
ceptable product options for deicers or new methods of 
bulk storage. Some states collect discharge water from 
washing salt application trucks in detention basins or set
tling ponds, from which the salt can be reclaimed. Some 
agencies are constructing covered storage areas on imper
vious concrete loading pads, and some are considering 
reclamation and reuse of sand used on decks and bridges. 

Several states have made significant expenditures in 
this area: 

• Virginia spends approximately $1 million annually 
on storage facilities and hundreds of thousands more to 
ensure chemical containment. 

• Tennessee purchased five new salt separators at a cost 
of $20,000 per unit to meet groundwater pollution laws. 

• Colorado has built and renovated facilities for snow 
removal at a cost of $120,000. 

• North Carolina has built and renovated facilities to 
meet groundwater regulations at a cost $1.65 million. 

• Pennsylvania has built and renovated several facilities 
for ice and snow control and truck washing. Costs have 
ranged from $20,000 to $250,000 per building. 

• Massachusetts spent $2.5 million between 1983 and 
1990 to investigate and remediate complaints of salt con
tamination of water supplies. 

New chemicals are being tested as possible deicers, and 
one, calcium magnesium acetate, has shown promising 
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results. Its cost, however, is 25 times that of salt, thus 
making it an infeasible option for many agencies. Al
though alternatives to salt use are expensive, many com
munities are willing to consider those methods in light of 
the environmental effects of deicing salt. 

Wetlands 

The government's primary means of protecting wetlands is 
through the issuance of permits of proposed developments 
and alterations. This is carried out under the guidance of 
the U.S. Army Corps of Engineers and the Environmental 
Protection Agency (EPA). A permit from the Corps of 
Engineers is required for an individual or group to exca
vate, locate a structure, or discharge dredged or fill mate
rial in U.S. waters. Several federal agencies may be in
volved in the permitting process, depending on the nature 
and location of the activity. 

The wetland permitting process can add delays and 
expense to construction and maintenance activities. Per
mits can take 60 to 90 days to be issued, and both time 
delays and costs may significantly increase if mitigation 
is involved. DOT operations may also be affected by regu
lations designed to protect endangered plant and animal 
species and historical sites. Permits can be denied by a 
reviewing agency, which could mean having to choose 
an alternative method of maintenance; other permits are 
issued under the condition that the state reestablish wet
land areas and their natural components in a safe, ecologi
cally sound environment. These changes usually mean 
huge expenditures and delays for the affected highway 
departments. 

Section 404 of the Clean Water Act excludes "normal" 
maintenance activities as nonregulated actions. The Corps 
of Engineers in most states recognizes this exclusion, al
though some local offices in the West do not. 

Personnel from many highway departments have indi
cated that an exemption, as in a minimum acreage of 
wetland use for highway purposes, would help resolve 
many permitting problems. They have also suggested that 
more general and nationwide permits would help alleviate 
some permitting costs and problems. 

Many states are facing difficulties in establishing and 
maintaining wetlands. Florida must carefully control cer
tain invader weed populations while maintaining wetlands 
on a 2:1 or more replacement basis. North Carolina has 
a federal mandate to establish a hardwood "bank" and 
reestablish wetlands near many maintenance and con
struction projects. Oregon has experienced a $150,000 
rise in biennial costs to manage wetland mitigation sites 
in accordance with federal regulations and permits. In all, 
the 37 states examined in this study have spent approxi
mately $100 million on wetland mitigation. 

Many government representatives and private land
owners believe that federal agencies should delegate their 
authority to issue wetland permits to the state agencies; 
the reasoning is that this would make the permitting pro
cess more efficient. 

Erosion Control 

Regulations pertaining to soil erosion and sedimentation 
are designed to avert environmental damage to rivers, 
lakes, and reservoirs. Preventing this damage can also 
mean avoiding expensive maintenance such as dredging 
and soil restoration. Nonetheless, agencies are incurring 
major expenses in this area due to mounting regulations. 

In California, the situation is sometimes confusing. Nine 
state agencies are involved in defining and establishing 
regulations. Certain agencies are more involved in differ
ent parts of the state (which widely vary in geographic 
formation) and have various priorities. Each concern must 
be addressed uniquely, so flexibility on the part of the 
California DOT is necessary in confronting these issues. 

The problem is also a costly one: it costs $12 million 
to dredge a Contra Costa County reservoir, $25 million 
over 10 years for sediment cleanup in Alameda County, 
and $30 million annually to remove sediment from San 
Francisco Bay area lakes and reservoirs (not counting the 
bay itself). 

In North Carolina, sediment control accounts for 10 
percent of that department's construction budget on sec
ondary roads. Erosion regulations have been greatly rein
forced by the state's Department of Environmental Health 
and Natural Resources. Under the regulations, distur
bances of less than 1 acre can require installation of a 
temporary rock dam, seeding and mulching, drainage and 
stabilization, and monitoring. Even on a small scale, these 
procedures can cost a great deal; when the activities are 
large bridge or highway projects, the costs can be 
enormous. 

Underground Storage Tanks 

EPA presently regulates approximately 2 million under
ground storage tanks (USTs) at 750,000 facilities across 
the United States; another 3 million tanks, most containing 
home heating oil, are exempt from federal regulations. Of 
these 5 million USTs, an estimated 80 percent are made 
of bare, unprotected steel, which is susceptible to corro
sion and subsequent leakage. EPA has identified 175,000 
confirmed tank releases that are potential threats to public 
health and the environment. This number is expected to 
rise to almost 400,000 over the next few years. 

State UST regulations, many of which are derived from 
federal regulations, have significantly increased operating 
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costs. For instance, all new tanks and piping must have 
leak and corrosion protection and spill/overfill prevention 
systems, which can push the cost of a new tank to the 
$40,000 to $60,000 range. Existing tanks, meanwhile, 
had to have leak detection systems as of December 1993 
and must have corrosion protection and spill/overfill pre
vention systems by December 1998 or, in some states, 
earlier. Cost information gathered from around the coun
try indicates that upgrading a single tank can run from 
$25,000 to $45,000. 

In many states, funds intended for tank cleanups are 
running short, forcing agencies to expand their funding 
bases to include revenue sources such as gasoline fees and 
taxes. For example, Florida was forced to enact new taxes 
to raise an additional $160 million annually when the 
state found that its original $50 million cleanup would 
not cover the cost of treating USTs. California, with more 
than 10 percent of its 200,000 tanks reported as leaking, 
created a similar cleanup fund that was to raise $180 
million by the end of 1992. The increased costs of comply
ing with regulations have clearly proven expensive to state 
maintenance departments, businesses, and taxpayers. 

Strict UST regulations and subsequent costs have forced 
many small businesses with storage tanks to close in recent 
years. The Petroleum Marketers Association of America, 
with more than 11,000 members, reports that more than 
one-third of its members have closed stations in the past 
several years mostly because of expenses arising from envi
ronmental compliance. The average marketer owns 8 to 
10 stations and in 1991 spent nearly $96,000 for tank 
upgrades. For larger operations such as state DOTs, ex
penses are certain to be higher. 

In addition to regulations pertaining directly to tank 
maintenance, regulations in 40 CFR Part 280 Subpart 
H require that owners/operators demonstrate financial 
responsibility by taking corrective actions and compensat
ing third parties for injuries and damages caused by acci
dental releases. Facilities not involved in petroleum pro
duction (such as DOTs) but having a monthly throughput 
of 10,000 gal or more are required to carry coverage of 
$1 million per occurrence; lesser amounts are applicable 
for smaller throughputs. 

Storm Water Runoff 

The major difficulty in discussing the impacts of storm 
water runoff regulations is their relative newness: storm 
water runoff regulations have only been in effect since 
October 1, 1992. For this reason, no one knows exactly 
how these regulations will affect operations at state DOTs. 
On the basis of past experience, however, many expect 
that they will result in significant increases in operating 
costs. 

EPA estimates that approximately 100,000 facilities, 
including state DOTs, are covered by the regulatory defini
tion of "storm water discharges associated with industrial 
activity." This estimate may be low, however; one envi
ronmental representative from Alabama has conserva
tively estimated that there may be 10,000 permit applica
tions in that state alone. The impact of the new regulations 
appears to be wide-ranging. 

Organizations applying for industrial permit coverage 
for storm water discharges can apply for either individual 
or general permits. General permits cover several facilities 
engaged in similar operations, whereas individual permits 
are tailored to specific facilities. 

Applying for an individual permit can be complex; a 
sizeable amount of material, including site maps, quantita
tive testing data, and other detailed documents must be 
submitted. Along with the application fee, the total cost 
of an individual permit application is approximately 
$10,000. In Alabama, with an estimated 10,000 applica
tions expected, the total cost may soar to $100 million. 

In contrast, the initial cost of a general permit is consid
erably less than for an individual one, though it still may 
run several thousand dollars. The requirements to main
tain a general permit include implementation of a Spill 
Prevention, Control, and Countermeasures Plan, which 
can cost $3,000 to $4,000 and must be updated and recer
tified by a professional engineer every 3 years; Best Man
agement Practices (BMP), which may require purchasing 
new equipment at a cost of several thousand dollars; and 
monitoring and reporting of storm water discharges and 
annual certification that all discharges meet permit stan
dards, which can add up to between $300 and $400 per 
month in testing costs. Obviously, the costs of maintaining 
a general permit can also be quite high. 

Lead Paint 

The environmental regulation that has had the greatest 
impact on maintenance organizations • and their use of 
lead-based paints over the past few years is the Resource 
Conservation and Recovery Act (RCRA). The newness of 
regulations pertaining to lead-based paints has resulted in 
some confusion and other problems in the maintenance 
and painting industries. For example, bids for painting 
contracts involving the removal of lead paint from bridges 
or other structures have varied by as much as a factor 
of 10. Bids from contractors who are knowledgeable of 
regulations usually run about three times higher than those 
for projects not involving removal of lead-based paints. 

An excellent example of the effect increasing regulation 
is having on DOTs and the industry recently occurred 
in Alabama. A company that was unaware of the new 
regulations submitted a bid for a project involving lead 
paint removal that totaled $132,500; a second company, 
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aware of the regulations, submitted a bid of $397,325, 
approximately three times higher. This and other exam
ples demonstrates the impact of increased environmental 
regulations on state DOTs. 

Bridge painting is significantly affected by federal envi
ronmental regulations, and many examples support this 
claim. For example, Georgia DOT personnel have stated 
that capturing lead paint residue after it has been blasted 
from a structure has become so costly that they have been 
forced to reduce the number of bridges they maintain each 
year from 210 to 50. Similarly, in Idaho, containment and 
disposal costs have risen to as much as $1 million per 
project. And recently in Connecticut, two-thirds of the 
cost of a bridge-painting and rehabilitation project, which 
cost more than $10 million, went toward environmental 
protection. Ironically, many states have found that it is 
sometimes more economical to replace an entire bridge 
than to strip and repaint the existing structure. Obviously, 
federal environmental regulations are affecting mainte
nance operations in this area. 

Because of high disposal costs and safety considerations, 
transportation agencies have chosen to use nonleaded 
paint on all steel-structure bridges. The Missouri DOT 
recently attempted to use nonleaded paint on some 
bridges, with unsatisfactory results. The lead-free paint 
cost three times more and lasted only half as long, and 
disposal costs for residue were twice as much as before. 
However, states now have no alternative but to use the 
lead-free paints. Clearly, federal regulations regarding 
lead-based paints are having an enormous financial impact 
on state DOT budgets. The total financial impact is esti
mated to be in the hundreds of millions of dollars na
tionwide. 

Hazardous Materials and Wastes 

Since 1976, the RCRA has served to protect public health 
and the environment from improper hazardous waste 
management practices by determining guidelines for ship
ping hazardous waste off site, storing it on site, and other 
practices. Dozens of products used by highway depart
ments are considered to be hazardous, including products 
for cleaning, operating, and maintaining equipment and 
vehicles. Not surprisingly, regulation of these types of 
materials is become stricter. One major concern addressed 
in the regulations is proper storage of hazardous materials; 
improperly stored materials can pose a significant threat 
to the environment, particularly groundwater. Many 
states are having to meet regulatory compliance by con
structing new storage facilities at significant costs. For 
example, the Florida DOT spent nearly $1 million during 
fiscal year 1992 to build hazardous materials storage facil
ities. Similar expenditures are expected in many states. 

Hazardous waste disposal also requires large expendi
tures; for example, Florida pays $200 to $400 to dispose 
of each 55-gal drum of waste. Even when a portion of 
waste has been properly disposed of, it remains the prop
erty of the company or state that generated it. Florida 
recently received an unwanted surprise when a site was 
discovered at which approximately 1,000 drums of haz
ardous waste had been improperly disposed of by another 
party more than a decade before. Cleanup and remedia
tion of the site initially cost $4 million, and the department 
continues to invest nearly $1 million annually for ongoing 
cleanup. 

Finally, there are also steep costs involved in trans
porting hazardous wastes; these costs can include insur
ance and waste materials testing. Each laboratory test can 
cost several hundred dollars, and several tests must be 
performed monthly. Transportation costs depend on the 
amount of waste shipped and the distance to the landfill; 
insurance coverage of $1 million or more is often required. 
Some states have addressed this problem in part by at
tempting to recycle wastes such as used oil and solvents 
into useful products. 

Waste Management 

An effective waste management strategy ensures that DOT 
programs and policies remain in compliance with chang
ing requirements. 

Program analyses and interviews have uncovered sev
eral important aspects of a successful waste management 
program. They include a standardized reporting system, 
comprehensive employee training and contingency plans, 
shrewd purchasing, regular environmental compliance 
audits of current operations, and a great deal of commit
ment by top-level management to carrying out these objec
tives. This sort of program will ensure an economically 
smart and efficiently run waste management program. 
Nonetheless, application of these beneficial principles will 
not fully offset the consequences resulting from the rapid 
promulgation of regulatory laws. 

The increased number of federal environmental regula
tions has greatly affected state DOT operations. Millions 
of dollars are being spent to comply with these regulations. 
Often, one type of compliance must be neglected at the 
expense of another if regulations affecting that sector of 
compliance seem more important at the time. The conse
quence can be deferred maintenance whose effect is diffi
cult to measure. Costs due to the increased number of 
federal environmental regulations are already significant 
and will increase in the future . The question is how much 
more they will increase; only time will provide the answer. 

INTERNAL AcTMTIES 

Departments of transportation have responded to envi
ronmental, health, and safety laws and regulations using 
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such tactics as internal communications, staffing changes, 
research, and training. Even though DOTs have developed 
specific staffing procedures and methods for responding 
to new or existing regulations, apparently no formal re
sponse programs exist. 

Several states have developed specific procedures for 
responding to regulatory laws. Some of those procedures 
are explained below. 

The Michigan DOT (MDOT) has established an envi
ronmental task force, composed of top management and 
chaired by the chief deputy director, primarily to set policy 
and evaluate compliance regarding environmental issues. 
Under this task force is an environmental compliance 
team, made up of representatives from different divisions 
within the DOT. The team's main functions are (a) to 
identify and discuss MDOT environmental compliance 
issues dealing with possible air, ground, or surface and 
groundwater contaminations; (b) to develop and imple
ment action plans to resolve environmental compliance 
issues; (c) to develop and evaluate environmental policy 
for environmental task force approval; and (d) to imple
ment environmental task force policy. 

Also within MDOT is an environmental unit in the 
Materials and Technology Division that provides techni
cal assistance to other divisions of MDOT to investigate 
and resolve environmental issues as they relate to possible 
air, ground, or water contamination. The Planning Divi
sion has responsibility for storm water discharge and wet
lands. Each of the department's nine districts has an envi
ronmental compliance manager. MDOT has a full-time 
maintenance environmental engineer in the Maintenance 
Division who concentrates entirely on maintenance activi
ties, including training and inspections in the area of envi
ronmental concerns. This person also serves as a member 
of the environmental compliance team. The Maintenance 
Division of MDOT regularly holds formal classes on envi
ronmental issues for its workers and assists them in envi
ronmental audits. 

Environmental audits are the responsibility of the Divi
sion of Transportation and Planning. Two-thirds of these 
audits are related to maintenance facilities and involve 
visiting different MDOT facilities and determining the 
violations, risks, and environmental situations that even
tually could become violations. The auditor, whose role 
is to train and direct personnel to help achieve regulatory 
compliance, is well regarded by other divisions of MDOT. 
As one representative noted, the auditor serves more as a 
"coach" than as an "umpire." The Department of Natural 
Resources, which has environmental responsibility on a 
statewide basis, would be more of an "umpire" entity. 

In MDOT, the manager of health and safety is assigned 
to the Division of Personnel. The State Department of 
Labor is responsible for safety statewide, whereas the State 
Department of Health is responsible for health statewide. 

Oregon has experienced significant success in litter con
trol. This success can be attributed to four aspects of the 
state program: (a) revenue acquired through the sale of 
special license plates; (b) instigation of an Adopt-a-High
way Program for trash pickup; (c) strong enforcement of 
antilitter laws; and (d) recycling and reuse of some waste 
materials. For example, old tires are shredded for mixing 
in asphalt material; also, the department is required by 
law to use grass clippings to make mulch and compost. 

One of the California DOT's (CalTrans) most successful 
management programs is in herbicide use, which is not a 
serious problem because the CalTrans has in place an 
exceptional training and procedures program. A well-con
ceived, comprehensive, preparatory program that ad
dresses all major issues has been enacted, and detailed 
explanations of CalTrans's needs and requirements have 
been quantified in reports such as the Environmental Im
pact Study, so that substantial documentation has been 
readily available for hearings on the subject and for adver
tisements to the public. According to DOT representa
tives, money spent in this area has been well invested, and 
the strategy of introducing BMP has worked well. Most 
environmental organizations in the state have also been 
pleased with it. 

A member of DOT summarized the view of the depart
ment that a commitment is being made to regard environ
mental thinking as a way of life, from the top officials 
down through the entire organization. 

In North Carolina, a recent fire at a chicken-processing 
plant has greatly increased awareness of worker safety on 
all fronts. The state is attempting to increase the number 
of state on-site safety inspectors, and the North Carolina 
DOT is increasing worker safety training. 

The Virginia DOT budget is greatly affected by safety, 
health, and environmental training. The training is closely 
tied to worker right-to-know laws. Virginia's concern for 
its employees is reflected in a number of policies. For 
example, (a) at least one person in each work crew must be 
trained in CPR, (b) health tests must be run on employees 
exposed to certain chemicals, and (c) employees who use 
chemicals for vegetation control must be certified applica
tors. The Virginia DOT spent $2.95 million on worker 
training during the 1990-1991 fiscal year. 

The Indiana DOT is conducting an environmental as
sessment of its facilities and how environmental and 
worker safety laws and regulations apply to the agency. 
The research effort, Development of a Strategy for Com
pliance with EPA and OSHA Regulations Applicable to 
INDOT Facilities, is Joint Highway Research Project 
HPR-2040-(027). The research consultant is the School 
of Civil Engineering, Purdue University. 

The Center for Hazardous Materials Research and Tri
line Associates of Pittsburgh, Pennsylvania, has completed 
a research effort for the Pennsylvania Department of 
Transportation entitled Waste Management Strategies. 
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INTERORGANIZATIONAL EFFORTS 

A major hurdle transportation agencies face in responding 
to environmental, health, and safety laws and regulations 
is the development of rapport with various regulatory 
agencies. Several factors can affect these relationships: 
performance and regulatory cross-purposes, conflicting 
personalities, lack of communication, previous experi
ence, financial considerations, and political opinions. 

Several departments of transportation have made signif
icant efforts to enhance coordination and cooperation 
with regulatory agencies. In Michigan, for example, the 
Department of Natural Resources (DNR) is responsible 
for developing and enforcing environmental regulations. 
One problem for MDOT has been that, at times, different 
geographic regions and divisions of the central office of 
DNR have inadvertently offered conflicting responses to 
regulatory questions. In environmental impact statements 
for project development, wetland mitigation, and so forth, 
this problem has been addressed by placing a DOT liaison 
in the Bureau of Transportation Planning. This employee 
handles all official communications between MDOT and 
DNR, attends DNR monthly briefings about new and 
existing regulations, and keeps MDOT informed of any 
pending regulations. The liaison serves as the single 
spokesperson for MDOT in the areas of project develop
ment, wetland mitigation, and so forth . 

There is no liaison in the area of hazardous and pollut
ing materials, although the agency is considering one. In 
this area, interagency cooperation has consisted of task 
groups with representatives from MDOT, DNR, and 
other state agencies identifying and resolving regulatory 
concerns on specific issues. 

The Oregon DOT is looking into funding a position 
for an employee who would work on DOT business but 
be based within the Department of Environmental Qual
ity. This individual would serve as a liaison and a project 
facilitator between the DOT and the regulatory agency. 
Agency personnel realize that funding this position would 
affect their budget, but they also understand that a liaison 
could help prevent delays in conducting DOT business, 
which could be far more costly in the long run. 

According to CalTrans representatives, preparation is 
the key when introducing maintenance-related problems 
to governing agencies, legislative officials, or other depart
ments. A key to their success in this respect has been the 

development of relationships with personnel in such areas 
as the Fish and Wildlife Department. 

CalTrans has attempted to identify best management 
practices for use when dealing with legislative and other 
decision-making bodies in state government. This is ob
tained by a task force that determines mutual goals and 
a framework for achieving these goals. As one DOT repre
sentative explained, if the department leaves an impression 
that it is working in good faith, the legislature is less likely 
to "come down on them," and the DOT is likely to have 
more flexibility in carrying out its activities. 

Whenever possible, the department prepares well-docu
mented, quantified information to build its case before 
state decision makers. This is one way the department has 
attempted to shift from being a reactive organization to 
a proactive one. 

The DOT has joined with other state departments, such 
as Fish and Wildlife and Natural Resources, to participate 
in joint training sessions so that various mutual concerns 
can be heard and understood and interaction facilitated. 
These administrative and communication activities are 
just some of the ways departments are attempting to con
front the problems of regulatory compliance from an orga
nizational perspective . 

CONCLUSION 

Highway maintenance personnel in all regions of the coun
try will face increasingly difficult times and situations in 
the future. The dual problems of constantly changing and 
proliferating regulatory laws and the costly modifications 
they dictate, coupled with the ever-tightening budgets con
fronting most departments, are seriously hampering de
partments' ability to perform standard maintenance activ
ities without diminishing the quantity or quality of work. 
Millions of dollars are being spent on efforts to comply 
with regulations. One area of departmental responsibility 
must often be neglected to meet the more urgent regulatory 
demands of another area. The effect of this practice, 
known as "deferred maintenance," is yet to be fully deter
mined. However, it is safe to assume that costs of regula
tory compliance will only continue to mount in the future; 
the only questions are how high and how rapidly the costs 
will climb, and how the citizens of affected states will in 
turn be affected, either as taxpayers or as travelers. 



Environmental Training for Hazardous 
Materials Management 

Keith C. Swearingen and Robert E. Tatman, Ohio Department of 
Transportation 

Departments of transportation are today, more than ever 
before, affected by a staggering load of rules and regulations 
designed to control and manage hazardous waste. Federal 
and state environmental protection agencies, the federal Oc
cupational Safety and Health Administration, and local envi
ronmental regulators all promulgate rules and regulations 
that can create a nightmare for transportation managers. 
In 1989, the Ohio Environmental Protection Agency issued 
findings and orders to the Ohio Department of Transporta
tion (ODOT) concerning mismanagement of hazardous 
waste in five separate locations. The lack of required training 
was the item most cited as causing ODOT's management 
problems with hazardous waste. The best way for depart
ments of transportation to minimize hazardous waste man
agement problems is to have a well-trained staff. With that 
in mind, ODOT developed hazardous waste training courses 
for all employees whose job requires hazardous waste man
agement. If ODOT's training program had been in place 
during the mid-1980s, there is a good chance that the agency 
would not have been found in violation of environmental 
regulations. The $12 million to $15 million now being spent 
to remediate these sites could be spent on new county facilities 
or other capital improvement programs. Transportation offi
cials must place priority on employee training in order to 
decrease environmental liability. 

D epartments of transportation are today, more 
than ever before, affected by a staggering load 
of rules and regulations designed to control and 

manage hazardous waste. Federal and state environmental 
protection agencies (EPAs), the federal Occupational 
Safety and Health Administration (OSHA), and local envi-
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ronmental regulators all promulgate law, rules, and regu
lations that can create a nightmare for transportation 
managers. The Ohio Department of Transportation 
(ODOT) became painfully aware of the consequences of 
its failure to properly manage hazardous waste in the late 
1980s. Apathy, poor training, and fear all contributed to 
enforcement action taken against ODOT by the Ohio 
EPA. 

Federal and Ohio laws provide for "cradle to grave" 
regulation of hazardous wastes. The federal hazardous 
waste law is known as the Resource, Conservation and 
Recovery Act of 1976 (RCRA). It is under this act that the 
Ohio EPA found that ODOT mismanaged its hazardous 
waste. 

In 1989, the Ohio EPA issued findings and orders to 
ODOT concerning violations of environmental law at the 
following locations: 

1. District 4 headquarters at Ravenna, 
2. District 5 old garage site at Newark, 
3. District 6 headquarters at Delaware, 
4. District 11 headquarters at New Philadelphia, and 
5. Traffic sign shop at West Broad Street. 

All of the citations are similar. The findings and orders 
cite mishandling, improper storage, and improper disposal 
of hazardous waste. In addition, ODOT was found to be 
in noncompliance with employee training requirements 
and was fined $124,000, which was ordered spent on an 
employee training program. 

The Division of Operations is responsible for carrying 
out EPA's findings and orders at ODOT. The Division of 
Administration, Bureau of Health, Safety and Claims, is 
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responsible for establishing a training program and pro
viding technical assistance to the Division of Operations. 

The Division of Operations proceeded with the first 
step in compliance with EPA's order by hiring consultants 
to prepare closure plans. The plans were completed and 
submitted to EPA for approval in 1990. The second and 
final step of the process required the development of bid
ding specifications and subsequent advertisement of the 
projects. This last prework phase will be completed in 
1994 for all five projects. 

The complexity and unknown variables of RCRA proj
ects add to the difficulty in completing a closure plan. 
This paper will use \he District 5 project, located in New
ark, Ohio, as an example of how an RCRA closure is 
accomplished. 

ODOT is currently in the project or remediation phase 
of its RCRA closures. Since the ODOT has little or no 
experience in this type of work, it chose to complete the 
projects one at a time instead of doing all the work at 
once, in order to gain experience and perhaps reduce costs. 
The District 5 project, is typical of all the other violations. 
The constituents of concern are very similar from site to 
site. Generally, the department conducts work at the areas 
for a number of years. The garage at Newark opened for 
business in the late 1920s and remained an active facility 
until the early 1980s. 

The site consists of five closure units located on approxi
mately 3 acres of land. Area A was used by the ODOT 
Traffic Section to house pavement marking operations. 
The primary constituents of concern were lead and sol
vents, such as xylene and toluene. Area B was a storage 
building for new products associated with ODOT's testing 
laboratory. The primary constituent of concern is 1,1, 1, 
trichloroethane. Area C was used to store waste testing 
solvents and also had spills associated with poor handling 
practices. The primary constituent concern was 1,1,1 tri
chloroethane. Area D was located next to ODOT's main 
garage and was used to paint equipment. The primary 
constituents of concern were lead and solvents, such as 
xylene. Finally, Area E was used to store waste oil and 
other petroleum-based products. The primary constit
uents of concern were lead, benzene, xylene, and other 
hydrocarbon products. 

All of the information, as described, was included in 
the Findings and Orders issued by the Ohio EPA. Once 
the Findings and Orders were received by the department, 
the closure of each project had to follow RCRA guidelines 
as described below: 

1. A closure plan was prepared 15y a consultant. This 
plan was then submitted to the Ohio EPA for approval. 

2. Once approval was granted, ODOT prepared a bid 
document, which followed the procedures established by 
the approved closure plan. 

3. The project was advertised for sale. 
4. Bids were received and the project awarded. 

Once the project became active, it also had to follow 
RCRA guidelines established in the closure plan. Gener
ally, the work proceeded as follows: 

l. Lay out the test sample pattern. 
2. Obtain samples by geological drilling. 
3. Follow health and safety plans for air monitoring 

and decontamination procedures (i.e., equipment and 
staff). 

4 . Initiate remediation based on the results of the sam
pling. 

The cost of the District 5 RCRA project has been beyond 
ODOT's highest estimates. To date, ODOT has spent 
$4 .0 million and is not yet finished with all of the areas. 
ODOT will have to install a groundwater treatment sys
tem, which has not been designed at this time. Final costs 
could exceed $7.0 million. 

Costs for all of ODOT's RCRA projects, based on the 
Newark work, could range between $12 million and $15 
million. As with most DOTs, ODOT has no excess funds 
for environmental cleanup. The agency has used funding 
from its capital improvements area, which is for facilities 
improvements. This has caused a setback for ODOT's 
long-range program of building new garages and outposts. 
The agency simply cannot afford to repeat its poor man
agement of hazardous wastes. The best way to minimize 
future environmental liability is to have a well-trained staff 
that will follow ODOT's hazardous waste management 
programs. To accomplish this goal, ODOT has initiated 
an extensive training program. 

Four levels of training classes have been designed on 
the basis of OSHA and EPA training requirements. ODOT 
also recognized the need to train the managers in the 
department to have the level of support and understand
ing. Without management support, the training and subse
quent implementation of policy is very difficult to accom
plish. The following is a description of the goals and 
course agenda for ODOT's hazardous waste management 
tr;iining classes. 

MANAGEMENT COURSE-REGULATORY 
OVERVIEW 

The goal of this course is to make managers aware of the 
numerous regulations that affect their operations. This 
course should provide an overview of the requirements 
of each regulation as it pertains to ODOT's operations. 
At a minimum, topics to be covered should include the 
following: 
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• RCRA waste generation and disposal requirements, 
• 29 CFR 1910.120 Hazardous Waste and Emergency 

Response, 
• OSHA requirements, 
• SARA Title III, 
• Management liability (civil and criminal), and 
• ODOT's Hazardous Materials Program. 

HAZARDOUS WASTE SUPERVISOR 

The goal of this course is to make supervisors aware of 
the numerous regulations that affect their operations. This 
course should provide an overview of the requirements 
of each regulation as it pertains to operations and identify 
specific areas that need daily supervision to ensure imple
mentation. At a minimum, topics to be covered should 
include the following: 

• RCRA waste generation and disposal requirements, 
• Inspections, 
• Manifests, 
• 29 CFR 1910.120 Hazardous Waste and ER (plans, 

drills, experience), 
• OSHA requirements (general), 
• SARA (reporting requirements), 
• Spill reporting, 
• Labeling requirements, 
• 49 CFR Part 172, 
• Container management, 
• Liability (civil and criminal), and 
• ODOT hazardous materials program. 

EMERGENCY RESPONSE COURSE 

The course must present the basic information as estab
lished in 29 CFR 1910.130. The program is to be a combi
nation of classroom/lecture, problem solving, and hands
on exercises. It must also be tailored to ODOT operations 
by involving problems, scenarios, and examples of the 
potential operations ODOT employees may encounter as 
well as some specific chemicals used at the facilities. Each 
topic must include a discussion of the specific ODOT 
policies, procedures, and operations (ODOT's hazardous 
materials program). 

The goal of this course is to provide the attendees with 
the ability to implement a safety plan; classify, identify, 
and verify known and unknown materials using basic 
monitoring equipment; function within an assigned role; 
select and use respiratory protection and personal protec
tive equipment; assess hazards and risks; perform advance 
hazardous materials control operations within provided 

capabilities; select and implement appropriate decontami
nation procedures; complete record-keeping procedures; 
and understand basic chemical, biological, and radiologi
cal terms and behavior. At a minimum, the following 
topics are to be covered: 

• 29 CFR 1910.120 requirements; 
• Chemical and physical properties of hazardous mate

rials, both general and specific to operations encountered; 
• Recognition, identification, and risk assessment of 

hazardous materials; 
• Toxicology; 
• MSDS; 
• Respiratory protection; 
• PPE-selection, care, and use; 
• Medical surveillance-1910.120 requirements; 
• Heat/cold stress-symptoms and prevention; 
• Response techniques: containment, confinement, and 

so forth; 
• Decontamination; 
• Physical hazards; 
• Communications; 
• Safety issues 
• Transportation/disposal; 
• Incident command system; 
• PUCO requirements 42 CFR; 
• Termination procedures and recordkeeping; 
• Public community relations issues/plan; 
• Labeling; 
• Emergency plan; 
• Security and control; and 
• Container management. 

AWARENESS COURSE 

This course must present the basic information as estab
lished in 29 CFR 1910.120. The program is to be a combi
nation of classroom/lecture, problem solving, and hands
on exercises. It must be tailored to ODOT operations 
by involving problems, scenarios, and examples of the 
potential operations ODOT employees may encounter as 
well as some specific chemicals used at the facilities. Each 
topic must include a discussion of the specific ODOT 
policies, procedures, and operations. 

The goal of the course is to provide those persons who, 
in the course of their normal duties, may be the first 
on the scene of a hazardous materials incident with the 
competency to respond in a safe manner. These personnel 
are not expected to take any actions other than to recog
nize that a hazard exists, call for trained personnel, and 
secure the area. At a minimum, the following topics are 
to be covered: 



SWEARINGEN AND TATMAN 155 

• Toxicology; 
• Physical and chemical hazards of hazardous mate

rials; 
• Recognition and risk assessment of hazardous materi-

als by their labels, placards, shipping papers, and MSDS; 
• Potential emergencies that may be encountered; 
• Site security and control; 
• U.S. Department of Transportation Emergency Re-

sponse Guidebook; 
• Site-specific emergency response plan; 
• Additional resources available; and 
• Expectations of role/actions within the emergency re

sponse plan. 

RESULTS AND DISCUSSION 

ODOT has received positive feedback from the people 
who have taken these courses. The agency trained nearly 
700 employees at a total cost of approximately $60,000. 
The agency cannot relax its training efforts now, even 
though it has completed a large program. RCRA states 
that if an agency generates and disposes of hazardous 
waste, continuous training must be maintained. 

The appropriate level of training for staff transfers and 
new hires must be identified and that training adminis
tered on a timely basis. 

The benefits to the department from a well-conceived 
and presented training program quickly manifested them
selves in positive management practices. The ODOT 
Waste Management Program was the basis of training 
presentations, not a generic program that did not reflect 
ODOT's operations. This resulted in an increase in em
ployee interest. Instead of studying a lot of regulations 
from the Code of Federal Regulations, students were able 
to associate the rules and regulations with actual ODOT 
work practices. 

Hazard communications and hazardous waste mani
fests, both critical in managing ODOT's hazardous waste 
program, have been sources of misunderstanding and im
proper use. The training of the ODOT staff has resulted 
in a much better application of how MSDS data and 
hazardous waste manifests tie into proper waste manage
ment. Employees now realize what information is impor
tant and where to look for it. 

Housekeeping is another task that often does not receive 
due attention. Improper labeling, outdated waste, spills, 
and leaks all added to problems with proper waste man
agement. The ODOT staff has improved its housekeeping 
chores and, in some cases, has developed new ways of 
preventing problems associated with housekeeping. 

In one field district, the inventory system has been 
changed to incorporate a bar code system for product 
identification and tracking. The bar codes are affixed to 
each product as it is received and remain in place until 
the product is used. Additional information concerning 
the product may also be affixed with the bar code, such 
as stickers advising of flammability, toxicity, and required 
safety precautions. 

The ODOT training program has resulted in much 
higher awareness of waste management among employ
ees. They have a much better idea of why proper waste 
management is so important to the department. 

One of the main challenges for the future is to maintain 
the level of interest shown by employees immediately after 
receiving training. As with most DOTs, waste manage
ment is not ODOT's primary work objective and can 
quickly be lost in the day-to-day business of building and 
maintaining highways. The challenge will be met with 
continuing education and inspections conducted by the 
department's environmental staff. 

Another challenge will be to identify and properly man
age all of the waste streams generated by the department. 
The Division of Operations has 244 garages and outposts, 
all with the potential of generating hazardous and nonhaz
ardous waste. The need to identify these items and extend 
training to employees not already trained will be continu
ous. The training program will also have to address new 
hires and transfers on a timely basis. 

If the department's training programs on waste manage
ment had been in place during the mid-1980s, there is a 
good chance that it would not have violated the RCRA. 
The $12 million to $15 million now being spent to remedi
ate these sites could be spent instead on new county gar
ages and other capital improvement programs. ODOT 
must continue to train its employees in an efficient and 
timely manner to reduce the chances of incurring future 
liability under environmental law. Transportation offi
cials must place the priority of employee training at a high 
level to keep liability at a low level. These efforts must 
succeed because the alternative is unaffordable. 



Storm Water Management Strategies To Meet 
National Pollution Discharge Elimination 
Systems Requirements 

John F. Conrad and Doug Pierce, Washington State Department of 
Transportation 

Storm water runoff from highways and other paved surfaces 
may contain levels of petroleum, metals, and particulates 
that could affect the environment. To address potential envi
ronmental impacts, the federal National Pollutant Discharge 
Elimination System (NPDES) regulations were enacted in 
1990. The Washington State Department of Ecology (Ecol
ogy) is the regulatory authority for the NPDES program. 
Municipalities with populations exceeding 100,000, as well 
as transportation departments, are obligated to obtain a mu
nicipal NPDES permit, which will provide conditions for 
storm water management. Ecology issues permits on a water
shed basis, and a single municipal permit will be issued for 
that watershed. Washington State Department of Transpor
tation (WSDOT) staff coordinate with the municipalities to 
develop a practical storm water management plan for each 
watershed that places sites in priority order for improvement 
and that reflects a sharing of costs. Approximately 2,500 
storm water outfalls along 1288 km of state highway have 
been inventoried to characterize the discharge quality and 
therefore potential impact on surface waters of the state. A 
prioritization scheme was developed that will be used in 
selecting areas for highway storm water improvement. 
WSDOT maintenance facility storm water issues are not cov
ered under the WSDOT municipal permit. However, through 
the development of the city and county municipal permits, 
all WSDOT property storm water will have to be managed. 
The WSDOT has and will continue to recognize quality-of
environment issues in all phases of planning, construction, 
and operation. The storm water quality impacts of WSDOT 
facilities and highways must be balanced with other tradi
tional goals of the department. 
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W ashington State, with a population of 5.2 mil
lion, is considered by many to be a leader in 
environmental protection. In 1970 the Wash

ington State Department of Ecology (Ecology) was estab
lished, and remediation regulations governing solid waste, 
hazardous waste, air quality, groundwater protection, and 
hazardous waste sites were developed. In 1985, under 
the direction of then-Governor Booth Gardner, the Puget 
Sound Water Quality Authority was formed to coordinate 
the development of the Puget Sound Water Quality Man
agement Plan (PSWQMP). The 1980s represented, with
out a doubt, the renaissance of the environmental move
ment in the state . 

Within the bold framework of the PSWQMP, munici
palities within the Puget Sound region were to develop 
watershed management plans that included practices and 
programs to protect the aquatic environment. A "highway 
runoff rule" was enacted by the legislature under the au
thority ofEcology in 1991. The rule required the Washing
ton State Department of Transportation (WSDOT) to pre
pare a highway runoff manual to "direct stormwater 
management for its existing and new facilities and rights 
of way in the Puget Sound basin." WSDOT opted to 
develop its own highway runoff manual rather than adopt 
by reference the Ecology-developed manual. This pro
vided several benefits to WSDOT beyond avoiding the 
obvious confusion created by interpretation of a complex 
technical document. Ecology's manual was developed to 
provide storm water guidance for all land uses, whereas 
WSDOT's addressed only highway runoff. In addition, 
WSDOT improved on technical standards to make many 
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of them more workable and efficient. Implementation of 
the rule, however, was contingent on the availability of 
appropriated funds. Legislative funding for storm water 
management and control was very limited, allowing only 
for the development of a few waste treatment facilities, 
the preparation of a highway runoff manual, and limited 
field inventories of drainage outfalls. 

Because Washington is a delegated state under the Na
tional Pollutant Discharge Elimination System (NPDES), 
the Department of Ecology coordinated with WSDOT 
toward the development of a municipal NPDES permit. 
Essentially the highway system, within certain-sized cities 
and counties, is considered equivalent to municipalities 
in the discharge of storm water. The municipal NPDES 
regulation has three purposes: 

• Prohibit nonstorm water discharges into storm 
sewers, 

• Reduce or eliminate discharge of storm water-borne 
pollutants, and 

• Establish a permit system for industrial and municipal 
storm water discharges. 

It is interesting to distinguish between the municipal 
and industrial NPDES permit programs. In 1992 Ecology 
promulgated its industrial NPDES permit program (simi
lar to the federal program), which required certain indus
tries and commercial entities to obtain NPDES permits 
with controls on storm water discharge from these facili
ties . WSDOT facilities were not included under this permit 
system. 

DEVELOPMENT OF THE MUNICIPAL PERMITS 

Ecology's initial efforts were directed toward issuing per
mits on a jurisdictional basis; for example, to King 
County, Seattle, and so forth. Then the watershed ap
proach was adopted. This required the coordination and 
cooperation of major municipalities and WSDOT in the 
development of one permit per watershed. The first water
sheds requiring the municipal permits are the Cedar and 
Green rivers in King County (see Figure 1). WSDOT, 
King County, city of Seattle, and METRO (Sewer and 
Stormwater Authority} are players in developing this per
mit, which will be issued in mid-1994. Other watersheds 
and permit issuance dates are 

• Tacoma-Pierce County, fall 1994; 
• Snohomish County, summer 1995; and 
• Vancouver-Clark County, 1996. 

In 1993 the Washington State Legislature appropriated 
$650,000 for WSDOT to characterize these drainage sys-

terns and to develop the permit. Six contract interns were 
hired for 9 months to find, quantify, and characterize 
the discharge from the WSDOT highway system in these 
watersheds. All outfalls greater than 30 cm were located 
and mapped using a global positioning system (GPS). 

The field team inspected 438 km of highway in the 
watersheds of the Green and Cedar rivers, and 1,086 
outfalls were characterized. In addition, existing best man
agement practices (BMPs) were located, mapped, and 
characterized as treatment swails, oil water separators, 
vaults, and so forth. 

Following this inventory, the discharges from the high
way system were ranked according to a somewhat com
plex formula that included these rating factors: 

• Highway design features, 
• Operation conditions, 
• Drainage system characteristics, 
• Water quality and aquatic biological data, and 
• Surrounding land use characteristics. 

Of the 1,086 outfalls, 31 were ranked sufficiently high to 
require retrofitting. Estimated costs to install the storm 
water treatment and control features for these outfalls 
range from $3 .1 million to $3.9 million. Total costs to 
correct all outfalls that contribute particulates and other 
contaminants to water bodies is estimated at more than 
$70 million statewide. These funding needs are being ad
dressed as a part of the development of a new environmen
tal funding program. 

WSDOT's manual will be used to design the above 
retrofits and to tailor maintenance practices to improve 
or correct storm water. In some cases, the simplest and 
most effective retrofit is enhanced maintenance. As addi
tional BMPs are installed and as WSDOT staff are encour
aged to consider water quality during routine mainte
nance, annual maintenance costs will increase 
substantially. This redirection of focus and effort is partic
ularly challenging in light of limited maintenance funding. 
Additional funds are being sought for maintenance of 
catch basins, grassy swails, detention ponds, and other 
storm water runoff features. 

Increased attention to storm water also places greater 
demands on environmental staff within the department. 
As more emphasis is placed on improving storm water 
quality, more solid waste is created, much of which pre
sents disposal problems. For example, the more frequently 
that catch-basins are cleaned, the better the storm water 
leaving the system. More frequent highway sweeping re
duces the potential for particulates to enter storm water. 
Both vactor and road abrasives contain metals and petro
leum hydrocarbon, which render them unsuitable for nor
mal solid waste disposal. Additional solid waste treat
ment/disposal facilities will therefore be necessary and are 
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FIGURE 1 Cedar and Green rivers watershed in King County. 

being developed as a direct consequence of improving 
storm water quality. 

MAINTENANCE FACILITY STORMWATER ISSUES 

The federal industrial NPDES permit program, as distin
guished from the nonindustrial NPDES program, did not 
include transportation maintenance facilities as entities 
requiring storm water improvements. Similarly, the jointly 
developed municipal NPDES permit omitted facilities and 
focused solely on highway runoff. 

Under the authority of the PSWQMP, and the subse
quent development by municipalities of storm water man
uals, many types of WSDOT activities and facilities are 
proposed to be regulated. This regulated is intended to 
improve overall storm water from all sources within mu
nicipal jurisdictions. 

For the purpose of demonstrating the potential signifi
cant impacts of these municipal storm water manuals, the 
recently developed Tacoma-Pierce County storm water 

N 

manual is presented. Several practices and capital im
provements are discussed: 

• Equipment cleaning, 
• Vehicle washing, 
• Structure pressure washing, 
• Bulk shipments, 
• Mobile fueling at construction sites, 
• Permanent fueling areas, 
• Vehicle maintenance, 
• Pouring of concrete and asphalt at temporary sites, 
• Vegetation management, 
• Above-ground storage tanks, 
• Storage of barrels, 
• Stockpiles, 
• Storage of treated wood, 
• Petroleum-contaminated soils stockpiles, 
• Building maintenance, 
• Parking lots, and 
• Sidewalks and driveways. 

This proposed storm water manual would have significant 
impacts on facilities and maintenance practices: 
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• Discharge from the cleaning and washing of equip
ment cannot enter ( directly or indirectly) the storm system; 

• No vehicle wash water containing soaps can enter 
the storm system; 

• All vehicle fueling areas must be covered and intercep
tor drains installed at fuel islands to intercept run-on sur
face water; 

• Floor drains in vehicle maintenance shops are pro
hibited; 

• Stockpile sites require containment berms or down
stream filter devices; 

• Treated wood must be stored on paved surfaces 
draining to treatment system; and 

• All parking lots, sidewalks, and driveways require 
monthly sweeping. 

WSDOT technical staff have been part of the develop
ment of this manual through membership on the advisory 
committee. Staff have attempted to present arguments of 
practical limitations and implications of some of the pro
posed BMPs. 

Estimated costs to comply with these proposals would 
be $2 million initially and $100,000 annually. It is antici
pated that this draft manual will be modified as it proceeds 
through the public review process and adoption by the 
city and county councils. 

REGULATORY CLIMATE 

The 1994 legislative session is a dramatic example of 
the change occurring in the environmental movement in 
Washington State. Whereas the 1980s was the decade 
of environmental perpetuation, the 1990s is an era of 
socioeconomic interest. No new regulatory environmental 
regulations were submitted for legislative review. Business 
interests, criminal justice interests, and a stale economy 
weighed heavily among the successful legislation. The 
voices calling for "no more environmental regulations" 
and "more jail time" are powerful now in Washington 
State. 

To be realistic, however, attention to water quality as 
a driving force in local growth management legislation and 
the severely dwindling salmon resources present strong 
arguments for water quality protection. It is likely that 

we will continue to see increased pressures for storm water 
treatment and control. 

CONCLUSION 

WSDOT's primary emphasis has been on building and 
maintaining a highway system that recognizes mobility 
and safety. In recent years, environmental considerations 
and costs associated with project environmental improve
ments have together created an increased interest in envi
ronmental quality at WSDOT. 

Storm water regulations and emphasis are the most 
recent of a series of environmental requirements being 
addressed by WSDOT. Through legislative funding, the 
department is developing an inventory and priority rank
ing of storm water discharges from the highway system. 
Water quality improvements will be made as funds are 
reallocated or directed toward storm water features and 
maintenance. Historically the department has only made 
environmental improvements as part of construction proj
ects. Now, through the leadership and direction of the 
Transportation Commission, a service objective has been 
established that recognizes and funds needed retrofits for 
storm water improvement. 

This refocus on highway runoff has precipitated a re
view of how and where water quality improvements are 
made. Instead of small, independent "fixes" by different 
transportation entities, partnerships are developing to 
make more comprehensive and therefore more significant 
water quality improvements. WSDOT has historically co
ordinated construction projects with cities and counties, 
and the coordination of water quality improvements 
blends well with traditional alignments. 

Through its participation in advisory committees devel
oping municipal storm water manuals, the department 
has opportunities to present balanced arguments for 
achievable goals for storm water improvements, given 
current funding availability. 

Storm water management improvements must be made 
to protect the Puget Sound water quality and the diminish
ing fish resources. WSDOT's contribution to this improve
ment will be significant and challenging. It will be chal
lenging in the sense that traditional behaviors and 
practices are being questioned and different ways of doing 
business will be necessary. 
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