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Trends and Countertrends in Maintenance 

Management Systems 
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ABSTRACT 

There are a number of trends and counter
trends in the evolution of systems being 
used to manage road and street maintenance. 
Current trends appear to help sat i sfy the 
need for better information and to promote 
broader acceptance o f system concepts. Man
agers in several maintenance agencies have 
combined the traditional financial and per
formance budgets common to maintenance man
agement systems. Many mor.e have integ r ated 
maintenance management and cost accounting 
systems. The resulting plans are far more 
realistic and the accounting for expendi
tures is far more accurate than the model 
system designed nearly 20 years ago. Ad
vances in automated data processing have 
s ignificantly increased the value of system 
concepts and procedures: and the need for 
better information is being satisfied by 
better pavement maintenance data. Pavement 
management systems are beg inning to provide 
data that are helpful in defining the kinds 
and amounts of work that need to be done. 
Other trends i nclude (a) maintenance stan
dards tbat take into account local and re
gional needs and {b) increased use of data 
f r om s ys tem components in making decisions 
about contract maintenance and in determin
ing equipment needs. Countertrends--trends 
that seem to i gnore the histodcal per s pec
tive--include a reduced life expectancy for 
maintenance wor k programs, fewer defi.ned ac
tivities, and simplified inventory pro
cedures. 

Nearly 20 years ago engineers in two state highway 
departments began changing the way they manag.ed road 
and street maintenance. Today the resulting model- 
a maintenance management system--serves the needs of 
almost a.11 state highway and transportation agen
cies, hundreds of county and local maintenance agen
cies, and dozens of foreign nations. During those 
20 years the model has been refined repeatedly, and 
some solid trends have evolved from these refine
ments. These trends can be grouped under three 
major headings: 

1. Trends that help satisfy the need for better 
information, 

2. Trends that promote broader acceptance of 
system concepts, and 

3. Counter trends that appear to ignore the his
torical perspective. 

A number of trends and countertrends are presented 
in this paper. They are drawn from a review of 
maintenance management literature and the author's 
work in designing and implementing maintenance man
agement systems. 

TRENDS THAT PROVIDE BETTER INFORMATION 

Many trends in the· design and operation of mainte
nance management systems reflect the need for better 
information to support decision makers and to make 
the system more acceptable to maintenance managers. 
Trends toward better bud9eting and cost information 
and increased use of automated data processing are 
already well established. Another trend toward bet
ter use of pavement maintenance data is beginning to 
supplement traditiona.l approaches to establishing 
maintenance service levels. 

Better Budgeting and Cost lnfor.mation 

System models have been widely used to support bud
get requests for maintenance. The typical practice 
is to prepare two budgets--a financial, line-item 
budget and a performance {or program) budget that 
provides details of planned work quantities and 
costs, by maintenance activity. The elected offi
cial makes budgeting decisions based on the finan
cial budget, and the performance budget is used 
mainly for internal justification. 

Some county and local agencies, however, have 
combined financial and performance budgets in ways 
that satisfy fiscal requirements and, at the same 
time, relate service-level and performance objec
tives to planned expenditures <.!>. Some are pre
senting financial and performance data side by 
side. For example, one side of the page specifies, 
by function and object of expenditure, the proposed 
budget; the other side lists, by activity within the 
function, the total quantity and frequency of the 
planned work. Another format illustrated in Figure 
1, describes the t"eason for doing the work, the 
planned service level, total cost, and line-item 
values for each activity. These and similar formats 
require far more preparation time and effort than a 
traditional line-item budget, but they make clear to 
the elected official the services that will be pro
vided. 

Far more common is the trend toward integrating 
maintenance management and cost accounting systems. 
Almost all early system designs (and most of the de
signs in the 1970s) rely on existing cost accounting 
systems to capture actual maintenance costs, typ
ically by line item. For separate maintenance man
agement accounting, average unit costs or s tandard 
costs are used to estimate the amount of money spent 
on a given activity, function, or program. As a re
sult maintenance managers and accountants often can
not ag.ree on how much money has been spent. Even in 
instances where adjustments are made in an attempt 
to account for the differences, a 4 to 7 percent 
s pread, by function and in total dol.lars, is common 
(_!). The total spread in a typical. state mainte
nance agency can amount to $4 or $5 million--a 
spread that is not ignored by top management or 
elected off i cials. 

Differences in accounting systems have been elim
inated or at leai;t minimized in several state agen
cies, including those in Florida, l<ansas, New Hamp
shire, and Oklahoma <1>· The majority of new 
systems provide a full accounting of expenditures 
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&ample: 

Example: 

A budget category 

PROGRAM OBJECTIVES 

A brief listing of objectives 
related to major activities 

"Pavement Hne striping performed annuaUy 
or as needed to delineate traffia Zanes 

and thereby promote traffic safety. " 

PLANNED SERVICE LEVELS ANO COSTS 

Specific effort levels or· 
annual work quantity values along 
with total funding requirements 
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&ample: "3, 950 miZea of Zana line and pavement edge std.ping - $643, 000" 

Object of 
Expend lture 

Line i tern code 

RESOURCE NEED ANO PRQPOSEO BUDGET 

Resource Quantity 

Total current and pro
posed quantities of 
people, equipment, 
materials and services 

Actual/Proposed Budget 

Total of last year's 
actual expenditures, 
current budget values 
and proposed bu~get 

&amplP.: "101-320-002 Mtee. Worker II 1.2. 1.2 $19,872 $20,050 $20,610" 

FIGURE 1 One format for combining financial and performance budgets. 

that. satisfies both u\anageme;it and fincal (:Ontro 1 
needs. Many maintenance man.agement and cost ac
counting systems are integrated to the extent that 
the accounts balance to the dollar. The effort 
needed to achieve the balance, i llustrated in Figure 
2, varies from one organization to anothec but, in 
general, includes at least. four actions: 

dollars, usually by means of automated resource cost 
tables that are updated daily or by accessing regu
lar accounting ledgers. 

Modified account coding . The agency's chart of 
accounts is refined to accept maintenance activity 
codes ahd to relate each activity to various sources 
of revenue, objects of expenditure, or account 
element. 

Single source reporting. All maintenance manage
ment and cost-related data are reported daily in one 
document by the individual or crew. The labor, 
equipment, and materials used are translated into 

MAINTENANCE 
ACTIVITY 
COSTING 

MODIFIED 
CHART OF 
ACCOUNTS 

FINANCIAL 
COSTING 

Modified materials accounting. The function of 
the traditional inventory account is expanded, so 
maintenance materials can be costed out as they are 
used rather than when the invoice is paid. Adjust-

I 
Actual Quant1ties: 

,_ _ Labor, Equipment, 
Materials, Services 
and Accomplishment 

I 
Maintenance Act1vity 

- - Coding; Inventory 
Clearing Accounts 

- -I Conman Data Base 

_ - I Actual Dollars Sorted 
to Meet User Needs 

FIGURE 2 Overview of a typical integrated maintenance management and cost 
accounting system. 
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ments also are made to account for maintenance mate
rials manufactured or processed by the staff. 

Informal account closing. The official closing 
or posting periods are retained, but accounts are 
also informally closed each day. 

Indirect and administrative costs are handled in the 
normal manner and are usually added to maintenance 
activity reports. In any event the maintenance man
ager and the accountant are reporting the same dol
lar expenditure, and both are looking at the expen
diture in ways that are meaningful to the other <.!>· 

Increased Use of Automated Data Processing 

Recent advances in computer hardware and computer 
programming techniques have promoted increased use 
of automated data processing to support maintenance 
management systems. Both distc ict and headquarters 
offices have replaced centralized data entry with 
remote terminal entcy of both planned and actual 
values. Batch processi.ng is being replaced by on
line, in teractive handling of a variety of mainte
nance management data. A numbe.r of state organiza
t ions, such as Arizona, Minnesota, and Montana , also 
have adopted a data-base technology that allows 
age.nay managers to create performance and cost 
analyses that are displayed in a wide array of 
screen and hard-copy formats. 

Maintenance staffs in a few county and local pub-
1 ic works agencies , such as Clallam County, Washing
ton, and Little Rock, Arkansas, also are advancing 
the state of the art. Systems in these agencies in
corporate capabilities that were on the drawing 
boards (or in computer files) just 3 or 4 years 
ago. For example , microcomputers or microcomputers 
linked to mainframes have been programmed to provide 
answers to "what if" questions in a matter of sec
onds i nstead of hours. The programs recalculate 
maintenance work f?lans, budgets, monthly work load 
distributions, a nd resource needs to reflect a host 
of actual or projected circumstances. Some of the 
programs automa~ically update featu re inventories, 
create and monitor spec ific work orders, and assist 
in establishing work priorities (_!!). 

Other programs store work quantity and expendi
ture data, by activity and general location, in ways 
that will be helpful in projecting future mainte
nance needs and costs. All are designed to produce 
performance and cost reports in tabular or . graphic 
displays, usually in real time. Actual work accom
plished, productivity, unit cost, and total cost, by 
maintenance activity, can be determined as soon as 
the files are updated. Turnaround time has been 
minimized to the point where an activity or project 
can be monitored day by day without the need for a 
separate, manual set of records. 

A number of other hardware and software configu
rat ions being applied today repr esent experiments i n 
the use of computer-generated information rather 
than solid trends. Some of these applications will, 
no doubt, become trend setters . 

Better Pavement Maintenance Data 

One of the weaker links in maintenance management is 
the system(s) used to estimate the effort level, 
service level, or work quantity standard. This 
weakness is being stre.ngthened by the data provided 
by pavement condition surveys and, to a limited ex
tent, pavP.mPnt management systems. The majority of 
maintenance management systems .implemented during 
the last two decades define planned amounts of main
tenance as a function of the quantity of maintain
able physical features and a calculated estimate of 
the average amou.nt of effort, service, or work 
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q11antity needed to meet certain objectives. The 
actual condition of the features is not specifically 
considered in the equation. Over the last few 
years, however, the typical "inventory times quan
tity standard" calculation has been supplemented by 
field condition surveys that help establish total 
work quantities by activity and route section or 
organizational unit. State .maintenance agencies in 
Illinois, Louisiana, North Dakota, Ohio, and several 
others, for example, are known to use pavement con
dition data in a planned, systematic manner. 

Another trend--development and refinement of 
pavement cost models and pavement management sys
tems--is generating considerable interest. Models 
and systems designed several years ago have been re
fined and are now being used by several agencies to 
(al create an appropriate data base of point-in-time 
pavement conditions, (b) categorize pavement condi
tions thr:ough va.r: ious indicies, and (c) establish 
certain maintenance and rehabilitation strategies on 
both a project and net.work level. Because some of 
the sophisticated models and systems have been sim
plified, maintenance managers are beginning to take 
advantage of pavement management concepts. 

A number of officials in transportation and pub-
1 ic works agencies have r:etained pavement management 
consultants to help establish overall maintenance 
and rehabilitation programs and to project the costs 
of various alternative strategies. Maintenance en
g i neers and maintenance management specialists, how
ever, are somewhat skeptical of the improved cost 
models and systems. In general, three problems are 
c ited . 

Lack of validity. One system being tested and 
publicized on a broad scale for use in county and 
local governments assumes that pavements deteriorate 
in a straight-line manner. Actual observations, 
however, indicate that the rate of deterioration ac
celerates as pavement age increases, especially 
toward the end of its useful life. Another: popular 
system assumes that (on an agency-wide bas.is) the 
history of maintenance efforts and expenditures has 
no influence on current and future maintenance or 
rehabilitation needs. Both assumptions are dis
counted by many maintenance engineers and mainte
nance management specialists. 

Misinterpretation of actual cost data. Many road 
and street maintenance agencies provide maintenan.ce 
cost data that is used as i nput to the models and 
systems . This accumulation of information based 
primarily on cost factors can be interpreted in sev
eral ways. For example, it is not clear whether a 
high maintenance cost reported for a given location 
means that rehabilitation is needed or that the ef
fort associated with the cost has significantly re
duced the need for maintenan.ce. Negligible mainte
nance costs for another location might be associated 
with a portion o f old but solid pavement or one that 
is being ignored because the maintenance supervisor 
thinks he is throwing good money after bad by patch
ing a portion of deteriorated pavement that is in 
the program for rehabilitation or resurfacing. 

Limi~ed application. The models and systems 
focus on paved surfaces. They do not address a sig
nificant number of other features and related main
tenance activities--work that in some agencies ac
counts for well over one-half the total work load 
and budget. 

M.any of these and related problems are being over
come. In the meantime maintenance management sys
tems are employing techniques that rely on histor:i
cal data, feature inventories, and simple condition 
assessments to help define appropriate levels of 
effort, ser:vice, or work quantity. 
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TRENDS THAT PROMOTE BROADER ACCEPTANCE 
OF SYSTEM CONCEPTS 

The literature on managing highway and street main
tenance contains several references to refinements 
of system models. Many refinements focus on im
proved standards or an increased use of system ele
ments. Both reflect a trend that promotes a broader 
(and a more realistic) acceptance of system elements. 

Improved Standards 

'l'hP. work quantity and performance standards used in 
several of the earlier system designs reflected an 
agency-wide approach. They rarely considered the 
variety of factors that influence actual maintenance 
needs a nd crew performance, espe lalty fr om one geo
graphical area to the ne~ . Also , the amount of ef 
fort needed to achieve a given level of set"vice or 
performance was treated as a constant: X amount of 
effort equaled Y service level, and x comtnnation of 
people and equipment, on the average, produced Y 
results. 

By 1970 some of the constant values for a few ac
tivities were being treated as var !ables, usually 
through exception routines. Today the exceptions 
have become common. Quantity and performance stan
dards in many state systems take into account dif
ferences in local or regional factors such as facil
ity conditions, traffic volumes, local climates, and 
regional drainage characteristics (6) . 

The current process for developing standards also 
reflects increased levels of involvement by the 
field staff. Several agencies, especially in county 
a d l ocal, j11dsdictions, are employing quality cir
cle techniques to help with decision making in areas 
where the field supervisor is directly involved, in
cluding work methods, crew and equipment arrange
ments, and work scheduling procedures. 

Increased Use of System Components 

The use of a maintenance management system tends to 
evolve in response to certain interests and issues. 
Traditional interests, such as improved maintenance 
planning and increased productivity, have fostered 
the use of system components to address a given is
sue. For example, ·during the 1973 fuel shortage 
maintenance management analysts in Arizona, Califor
nia, and several other states used work programs and 
performance standards to help identify fuel consump
tion patterns and to define the effects of fuel al
locations on maintenance plans and budqets. Today 
the issues are contract maintenance and equipment 
needs, and buth 1.eflect a trend toward increas'E!d •J~'? 

of system components. 

Component Use in Contract Maintenance 

The decision to contract out certain kinds of main
tenance is being influenced by traditional concerns 
and by analyses of data generated by certain system 
componentc (7). System-generated data related to 
staffing levels, equipment needs, work load distri
bution13, and work performance can be used to eval
uate the potential costs and benefits of using con
tractors. In several instances, the decision to 
employ a contractor has been based on an analysis of 
data from the system components. This analysis pro
vided an indication of how such an arrangement would 
affect the overall function of the maintenance ac
tivity. For example it provided answers to ques
tions such as the following: 

- What specific impacts will a contract have on 
staffing levelo and equipment needs? 
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- What specific impacts will a contract have on 
current work load distributions? 

- To what extent will a contract reduce peak
season work loads or create slack-season 
f'LULlt::ms7 

- Can a contractor be expected to employ standard 
work methods? Can the standard help define the 
work? 

Several public works and transportation agencies, 
especially local maintenance agencies in California, 
Colorado, and Oregon are taking advantage of these 
system capabilities. 

A New Focus on Equipment Needs 

The need for specific numbers and types of equip
ment, as documented by many maintenance management 
systems, has been largely ignored by top ma11agement 
and elected officials. More recently, however, in
tei"est in chtui«i~; bette!' da.t:! '='!! '!?'1'-'ipm~nt manage
ment is prompting some officials to carefully ex
amine the relationships between actual utilization 
and equipment needs. Hard questions are being asked 
about the need for certain units; and maintenance 
management systems are providing some answers. Some
times these answers verify that low utilization is 
the result of a work program that requires far fewer 
units than are on hand. 

COUNTER TRENDS 

The foundation of traditional maintenance management 
concepts is being repaired and rebuilt in an evolu
tionary manner. Some of the trends, however, appear 
to igno.i:e the histor.i.c .. 1 l'e• pective and arc p::c
ceeding in the opposite direction. Changes in the 
expected life of a maintenance work progcam, cefine
ments in defining activities, and simplified inven
tory procedures are among the countertrends. 

Work Program Duration 

The useful life of an annual maintenance program is 
being challenged. The original system models pro
vided for an annual work program, i.e., one that was 
expected to be val id for an entire year. Adjust
ments were acceptable only i n instances where natu
ral disasters or unusually severe weather prohibited 
compliance with the plan. 

Work programs prepa·red today are still developed 
on an annual basis, in conjunction with budget prep
aration, but very few serve as a 12-month plan. 
Most are subjected to relatively minor, but formal, 
adj~stments at least once or twice a year. The re
sult tends to be a work program that is more ettec
tive and far more responsive to changing maintenance 
needs and conditions, such as a growing season that 
calls for one more mowing than planned or an early 
fall that curtails the planned amounts of preventive 
maintenance. Midyear budget adjustments, becoming 
common in county and local agencies, also demand 
midyear refinements in maintenance plans. 

Redefining Maintenance Activities 

A numbe.r of maintenance management systems imple
mented before 1980 have more than 100 defined activ
ities. Some describe almost 400 kinds of work; and 
the general trend has been toward defining activ
ities even more precisely. On the other hand, some 
agency managers are consolidating activity l ists. 
The Oklahoma DOT, for e.xample, uses less than one
half of the 125 kinds of work that were defined at 
the outset. Many of the systems being implemented 
today define less than 50 activities. Pavement 
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maintenance tends to be defined in a traditional 
manner; but roadside, sign, and drainage maintenance 
are being described in far broader terms than in 
earlier system designs. 

Simpli£ied rnventory Procedures 

The traditional approach to conducting an inventory 
of maintainable features calls for ~· physical count 
or measurement of all £eatures. Pavement management 
systems demand considerably more detail of pavement 
surface characteristics. Recent research , however, 
(and some simp:Le logic) suggests that the.re may be 
no need for a complete and detailed inventory of all 
features. Carefully stzuctured, random sampling of 
such features as roadway signs and minor di:ainage 
facilities appears to provide sufficient.ly accurate 
data for developing work programs and budgets. 

For example, in 1982 the maintenance staff in 
Shasta County, Califor.nia, concluded that because a 
complete inventory of road and street surfaces and 
bridges already existed, there was no need for a 
recount of these features or an initial count of all 
other maintainable items. A 10 percent random sam
ple of the other maintainable items, such as signs, 
culverts, and maintainable ditch areas, was inven
toried. Extensive follow-up inventories indicated 
that the samples were within 13 percent of the ac
tual number of items in the inventory (_!!). Compa
rable techniques and levels of accuracy have been 
verified in two other county road maintenance 
agencies. 

The savings associated with not taking a complete 
inventory of these features can be significant. In 
addition, the sampling technique appears to be a 
sensible way to inventory features that represent 
minor portions of the maintenance budget, especially 
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in view of how effort, service, or work quantity 
standards are established for maintaining these fea
tures. 

These and other trends (and countertrends) sug
gest that maintenance management systems are becom
ing more responsive to user interests and, as a re
sult, more effective than the pattern that was 
established nearly 20 years ago. 
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