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P R E F A C E 
This Special Report constitutes the record of a Maintenance Management 
Workshop held July 22-24, 1968, at The Ohio State University, Columbus, 
Ohio. The Conference was sponsored by the Departments of Maintenance, 
and Economics, Finance and Administration of the Highway Research 
Board with the cooperation of the Department of Civil Engineering, College 
of Engineering, The Ohio State University. Organization and direction of 
the Conference was the general responsibility of the Department of Main
tenance of the Highway Research Board, and the specific responsibility 
of an Advisory Committee consisting of Roy E. Jorgensen, Chairman; 
G. A. Brinkley; L . Mann, Jr.; J. M. Montgomery; and C. H. Oglesby. 
Kenneth E. Cook and Adrian G. Clary of the Highway Research Board as
sisted as staff liaison representatives. 

With some exceptions the papers in this volume were originally pre
pared for and served as a basis for subsequent discussion at the Work
shop. The exceptions are the paper by L . Mann, Jr., analyzing and re
porting on the Workshop, and the summary remarks by J. F. Andrews, 
R. E. Jorgensen, andC. H. Oglesby. 

The Workshop brought supervisors and methods analysts from agencies 
undertaking or contemplating maintenance management studies into con
tact with representatives from the organizations most active in developing 
modern maintenance management systems. Discussions were not record
ed although summaries by group discussion leaders are published in this 
report. 

The Highway Research Board gratefully acknowledges the financial as
sistance of the Automotive Safety Foundation in publishing this volume. 
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Analysis and Report on the 1968 
Maintenance Management Workshop 
LAWRENCE MANN, JR., Louisiana State University 

At the Annual Meeting of the Highway Research Board in 1967, i t was decided that the 
Department of Maintenance would sponsor a maintenance management workshop. The 
agenda and operating details of the workshop were worked out at the 1967 midyear 
meeting of the department in San Francisco. 

The purpose of the workshop was generally informative in nature. It was decided 
that invitations to all state highway departments would be made and that at least two 
individuals from each state would be requested to be in attendance. Other interested 
parties could participate as ful l working members. 

The Highway Research Board in general and the members of the Department of 
Maintenance in particular were of the opinion that the particular research projects 
having to do with systematizing maintenance operations, that were being supported in 
some states, would be of interest to maintenance managers in general. There was a 
general feeling that state legislators were beginning to question whether or not the 
considerable funds, being approved for highway maintenance operations, were really 
necessary or were being spent wisely. The purpose of most of the research projects 
is to design a system to optimize the use of these funds. The maintenance workshop 
was to inform all participants of the work that was being done in the particular states 
that supported such research. 

The Ohio State University was chosen as the site for the three-day seminar which 
was held from July 22-24 of 1968. There were 134 participants representing all but 
eight states and representing all but two provinces in Canada. The format of the sem
inar included a day and a half of talks by speakers who were familiar with the latest 
technology which has been developed for these maintenance research projects. 

On the morning of July 22 after initial welcoming speeches, William N. Records, 
Highway Research Engineer, Bureau of Public Roads, spoke on "An Overview of the 
Highway Maintenance Management Research Program in the United States." He re
viewed maintenance management during the past fifty years and particularly empha
sized the studies that had been done in the recent past. Studies included the 1959 Ohio 
State study, the Louisiana study of the early 1960's, the Oklahoma Department of High
ways study, the Illinois, New Jersey, New York, and Wisconsin studies having to do 
with toll roads authorities, the Los Angeles study, and the Minnesota study. Records 
singled out the Virginia Department study as the largest single one which had been 
carried out to date. This effort lasted over a three-year period and was designed to 
cover nearly every major aspect of maintenance. The uniqueness of this study was 
its all-inclusiveness. Records noted that currently the maintenance management re
search program includes thirteen formal studies which are fully active. Eleven of 
these are being financed through the Federal-aid HPR program. The estimated total 
cost I S over $2 million and the annual expenditure is about $700,000. The nature and 
scope of these studies vary considerably. Six can be classed as comprehensive be
cause they cover several aspects of maintenance management; five deal with the equip
ment and methods for specific activities; two are concerned with cost. 

Paper sponsored by the Committee on Maintenance Management to be presented at the 48th Annual 
Meeting. 
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The next presentation was by Colonel P. J. F. Wingate, Principal Scientific Of
ficer, Road Research Laboratory, Ministry of Transport, London, England. Colonel 
Wingate spoke on the concept of maintenance management problems insofar as they 
have been established by preliminary investigations in Great Britain. He reviewed 
the overall content of the problems and mentioned the specific tools that management 
was then using to approach the solutions. He felt that in Great Britain they must start 
logically by getting the maintenance task right, that is, by setting standards correctly. 
Then they must get administration and organization right so that they can know what is 
going on so that planning and controlling can be done correctly. Finally, they must 
ensure that what is being done on the site is being done in the most efficient manner. 

H. O. Sheer, Engineer of Maintenance, and Nile Blood, Engineer of Cost and Plan
ning, Illinois Highway Division, next gave a progress report on the Illinois management 
program. They noted that a short report of the Illinois concept of highway maintenance 
management and performance rating was presented at the HRB Annual Meeting held in 
Washington in 1968 and that they were restating a few of the major features of the 
system. They described the roadway inventory system and the necessary forms used 
to maintain this inventory. They have attempted to design a simple system, especially 
in the field report phase. Planmng and scheduling of work were encouraged when 
feasible, although formalized scheduling was not a part of the system. No actual job 
time studies had been made. They expect to develop performance standards from 
actual average unit cost which they are recording over a period of time. In summary, 
they noted that the present status of the Illinois system included the f i rs t roadway in 
ventory summary, a basic report from the work accomplishment phases, the first 
cost reports, and the equipment usage reports. 

Allen Leslie and A. P. Cunliffe presented the Ontario approach to maintenance 
management. Many are familiar with this project since i t has been reported from time 
to time. An interesting approach which seems unique to the Ontario study is the rec
ognition of the system as a dynamic one such that quantity standards, production rates, 
and methods of performing work come under continuous scrutiny and are revised and 
reshaped according to changing conditions. Planning is thus based on current infor
mation, thereby allowing maximum utilization of all resources in the achievement of 
the design level of maintenance service at the lowest practical cost. 

V. L Dorsey presented the State of Washington's approach to maintenance manage
ment. He concluded that the system which was developed and installed has obtained 
the general acceptance of the employees of the system and that they are very optimistic 
about the future. A unique aspect of the Washington study is the recent heavy unioniza
tion of the Highway Department. At times, there were union representatives attending 
the training sessions where the maintenance management study was being initiated. 
Dorsey emphasized the tremendous amount of work required to see such a program 
through to a successful conclusion. He further emphasized the extreme importance of 
taking the program to the people and getting maintenance employees directly involved. 
In his words: "This is absolutely necessary to avoid the resistance that is all too often 
encountered when new programs are undertaken to displace long established habits." 

L . G. Byrd spoke on "The Use of Pavement Evaluation Techniques in Maintenance 
Management." His thesis was that in order to evaluate maintenance, a systematic and 
formalized pavement evaluation technique should be developed. He reviewed the exist
ing techniques emphasizing the advantages and disadvantages of each and recommended 
future work in the field. 

John Swanberg gave a presentation on the Minnesota study, "Work Standards and 
Programmed Budgeting for Maintenance Operations." He also emphasized the difficulty 
of the transition to the new system. On the other hand, he found the program budget 
to be a management tool that can improve management's long-range planning, fiscal 
budgeting, performance evaluation, and decision-making. The program budget achieved 
benefits in the following ways: 

1. It reflected the objectives, goals and policies of the organization; 
2. It indicated approved plans and work programs geared to meeting the goals and 

objectives; 



3. It provided a financial picture that indicated the cost as related to the expected 
result m carrying out the work programs; and 

4. It presented results reflecting outputs and cost. 
Swanberg's presentation and report Included a number of forms, standards, sched

uling techniques, and reports. 
"The Application of Industrial Engineering to Maintenance Operations in New Jersey" 

was presented by J. F. Andrews, Director of the Division of Maintenance and Equip
ment for New Jersey's Department of Transportation. Andrews is the new chairman 
of the Highway Research Board's Department of Maintenance, succeeding John Murphy 
of California. It appeared that his argument for inclusion of industrial engineering 
techniques into highway management work was a strong one. Andrews said that the 
great strength of bringing industrial engineers in is that they bring a methodology and 
a freshness of viewpoint. Industrial engineers are usually enthusiastic with zest for 
improving methods, systems, cutting costs, and training. Entering the world of high
ways, the industrial engineer has no mental roadblocks induced by tradition worn-out 
policies, governmental budget processes, and politics. The industrial engineer is w i l l 
ing to challenge the status quo and reprocess i t . The weakness that Andrews empha
sized was the fact that the industrial engineer is usually trained in the industrial, hard-
goods type industry field and that he must reorient his thinking to the highway frame of 
reference. Andrews emphasized the suspicion among government employees as to what 
new personnel and new systems were going to do to their entrenched operation. At 
this point, he mentioned that all of these problems are possibly encountered by the in
dustrial engineer in the industrial atmosphere as well as the highway atmosphere. He 
says that in his opinion the strength overcomes the weaknesses. 

Jim West, Engineer for Maintenance, Utah State Department of Highways, presented 
"A Scheduling and Performance Evaluation System for Utah's Basic Maintenance Mange-
ment Units." Utah has recently undertaken the development and implementation of a 
computerized maintenance management system. The components of this system include 
performance standards, a maintenance management reporting system, planning pro
cesses and performance evaluation techmques. West went on to say that their com
puter system is not designed to schedule their basic management units or provide short-
range operating guidances. 

The development of the system required an evaluation of characteristics of Utah's 
particular organization. The major factors considered important in the development 
of the system follow: 

1. First-line supervisors most of whom have high school education. 
2. First-line supervisors who have traditionally been working members of crew. 
3. Basic management units which are physically separated from each other and 

from their respective district headquarters by considerable distances. 
4. Basic management units most of which require a staff of only 4 to 6 men. 
5. Performance standards which have been and wil l continue to be developed to 

provide first-line supervision with operating guidelines. 
6. First-Une supervisors who have traditionally been responsible for need identi

fication, scheduling, and performance of a majority of the maintenance activities. 
The resulting scheduling and performance evaluations systems design can best be 

described as one which is noncomputerized; which continues to place considerable 
managerial responsibility on the first-line supervisor; which minimizes the time labor 
between performance and evaluation; and which incorporates performance standards. 

The performance evaluation procedure involves a comparsion of actual performance 
with performance guidelines. Indications of actual performance are provided by data 
from the reporting system and actual field observation. 

C. O. Leigh described some of the problems encountered in developing and install
ing a maintenance management reporting system in Virginia. His primary problem ap
peared to lie in the area of computer programmers and in the time lag between the 
reporting process and receiving reports from the computer. It appears that these 
problems wil l not necessarily be encountered by all who enter into a computerized 



system but make themselves felt when i t is difficult to get and retain satisfactory com
puter programmers. 

Forrest E. Crawford and Melvin Jackson, Louisiana Department of Highways, spoke 
on implementing findings from the Louisiana maintenance research project. Their 
discussions were divided into two parts. The first part described the project results 
to date and included a discussion of the background of the project and a report on the 
results of the major phases. Particular emphasis was given to the management re
porting process, maintenance planning and changes in organization. The second sec
tion concerned experience in implementing the study. This included a discussion of 
the performance laboratory where basic data were gathered and methods reviewed. 
The performance laboratory aspect seemed to be of most interest to the audience. 
This was not a laboratory in the sense that al l work was simulated in a building or 
within four walls. The performance laboratory merely meant a group of people who 
studied, mostly in the field, jobs which were of a repetitive nature and which could be 
"standardized." The Louisiana study was of considerable magnitude and permeated 
the whole maintenance orgamzation. 

Moving from the state highway frame of reference to the county and city approach, 
David K. Speer, County Engineer for the County of San Diego, California, presented 
the county's idea of a maintenance management system. That system had been in op
eration only about 4 months when the conference was held, and it was sti l l too early to 
recognize tangible quantitative benefits. Dollar savings are anticipated and data are 
currently being accumulated. He noted that immediate quantitative benefits had been 
realized in the form of increased efforts on the part of the maintenance personnel to 
recognize and use methods improvement, priority ratings, and overall planning and 
scheduling. 

One significant difference noticed by the group between the state highway situation 
and the county and city situation was the significant differentiation in the salary struc
ture. The latter group was compensated considerably better than were the state high
way workers. 

Lawrence C. Jones, Director of the Bureau of Street Maintenance for the City of 
Los Angeles, gave that city's approach to maintenance management. It was interesting 
to note that the Bureau of Street Maintenance employed about 2, 300 civil service em
ployees and had a budget for the current fiscal year of over $27 million. It also main
tained a fleet of approximately 1, 900 units. Although the City of Los Angeles, with 
only 464 square miles and 7, 275 miles of streets and public ways to maintain, was 
considered geographically small, the size of the street maintenance group approaches 
that of a state highway. Jones noted that the application of industrial engineering prin
ciples indicated 149 maintenance laborer positions (of a total of 472 studied) could be 
eliminated. Reduction was achieved by attrition in conjunction with an upgrading of 32 
field positions. To date, the installation of the program within the bureau has produced 
a net savings of $4, 339, 344 for the city. The report also documented other savings. 
The audience was particularly interested in getting f i rm Improvement figures resulting 
from maintenance management systems and, as a result, this presentation was of much 
interest. 

The last three presentations concerned satellite problems of the maintenance manage
ment system. Charles Diehl of the Stanford Research Institute spoke on "A Researcher 
Looks at Maintenance Management—m a 'Systems' Context." He described the use of 
the systems analysis approach in the maintenance management environment. He indi
cated some general tools that he felt might be helpful in such an analysis and suggested 
some unanswered questions that engendered a feeling that there st i l l remains a con
siderable amount of research to be done in order to come up with a really effective 
highway maintenance management system. The questions raised included: Do we have 
a reliable way of accumulating our costs so that the designers can look at the total cost 
of a highway from both a capital and operating standpoint? Are there restrictions on 
our operations because of funding situations that force us into illogical decisions be
cause we must follow the money chain ? 

Lawrence Mann, Jr. , presented "An Industrial Engineer Looks at Maintenance." 
The essence of these remarks was that the industrial engineer and his techniques have 



a real place in highway maintenance management and the training that the industrial 
engineer gets seems to prepare him for this type of work. Some problems exist as to 
whether there should be an industrial engineering department in the highway department 
or whether industrial engineers should be sprinkled throughout the organization so that 
their technology can permeate the entire maintenance structure. The paper listed some 
industrial engineering techniques, and with each technique, an application in the high
way maintenance field was given. 

The last paper was entitled "Cost Effectiveness as a Measure for Setting Mainte
nance Levels and Priorities." Professor C. H. Oglesby, Department of Civil Engi
neering, Stanford University, took a preliminary look at how cost effectiveness can be 
applied to decisions on highway maintenance. He also briefly explored the forms that 
analyses to measure cost effectiveness wil l take and the problems that wi l l be encoun
tered in carrying them through. In addition, he examined the question of giving decisions 
regarding hl^way maintenance greater sensitivity to the wishes of the public who pay 
the b i l l . Professor Oglesby concluded that cost effectiveness was an advanced and valu
able aid to decision-making and is a fruitful area for future research and development. 

After the presentation of the papers the group was divided into four sections of ap
proximately 30 individuals each. The sections then met individually with teams from 
Ontario, Louisiana, Los Angeles-San Diego County, and Washington. The purpose of 
the group seminars was to allow the participants to ask questions of the representatives 
of those states which were conducting the maintenance management program. The group 
seminar approach seemed to work very well in that the participants felt no hesitancy in 
asking questions of the representatives of the above-mentioned states, and actually this 
was the purpose for holding the program, that is, making known to the states which did 
not have a maintenance management program the experience of those states which were 
conducting such a program. 

The questions seemed to center around four particular topics: topics included the 
role of consultants, the source of man power to act as liaison between the consultant 
and the state highway department, how to sell the program to the highway administra
tion, and how to sell the program to the maintenance people. Another source of dis
cussion was the place of the industrial engineer and industrial engineering techniques 
in the maintenance management field. 

In summary, i t is my opinion that the maintenance management seminar was most 
successful in achieving the goals which were stated as the purpose for the seminar. 
Each participant went away with a complete set of notes and with a good idea of what 
such a program can do for his state. Further, he has a list of individuals in the high
way field that he can call upon if he wants further information about such programs. 



Summary Remarks 
J . F. ANDREWS, New Jersey Department of Transportation 

The papers presented at the workshop and the group discussions brought out that prog
ress is being made in maintenance management improvement. Approaches vary. 
States with active programs are all working on substantially the same things: work 
measurement, planmng and scheduling, and work accomplishment reporting. Progress 
varies with some states moving faster on one element than they are on others. 

There appears to be an emphasis on developing reporting systems in order to mea
sure work accomplishment. 

It appears that electronic data processing may be delaying progress in several 
states because data processing sections are hard pressed to keep up with the needs of 
maintenance systems development. There is some indication of a need to establish 
data processing programmers in the maintenance department to concentrate on develop
ing maintenance computer programs. 

One thing which very much impressed me is the concept of the performance labo
ratory as used m Louisiana. Such a concentrated study of methods and time factors 
can be useful in any maintenance department whether or not it has embarked on a com
prehensive maintenance systems improvement program. It seems time could be saved 
and progress made by focusing attention on this work in one location. 

The role of consultants was conspicuous in the discussions. Consultants are work
ing in most states reporting progress m maintenance management. Consultants can 
bring know-how and training to government organizations getting started in this new 
work. 

There is good promise in the possibility of coming up with general time standards 
which can be employed without the need of making specific time studies. San Diego 
County and the city of Los Angeles are making use of such standards and it would ap
pear that there is possibility that some day we can work from a manual in an office or 
laboratory without going into the field for more time-consuming stopwatch studies. 

We realize that there are limits to mamtenance management work. Highway mainte
nance must always be subject to emergencies and schedule interruptions. It does not 
lend itself to the same fixed pattern of daily activity as does work in an industrial plant. 
We must retain in any maintenance management system the ability to keep operations 
flexible and mobile. This necessity notwithstanding, we can sti l l go a long way in 
measuring maintenance work, programming and scheduling it , and reporting accurately 
our work accomplishment. 



Summary Remarks 
ROY E. JORGENSEN, Roy Jorgensen Associates, Inc. 

A most impressive aspect of the Workshop was the apparent general acceptance of the 
idea that we are in a process of rapid change in maintenance management. There was 
frequent comment on the growing pressures to establish program or performance bud-
getmg systems. There was discussion of work measurements and standards, and of 
scheduling work to f i t a plan. 

While there is some confusion in terminology, i t seems clear that maintenance bud
gets wi l l , in the future, have to be based on measurable work quantities, such as cubic 
yards or tons of patching, and acres of mowing. Resources (labor, equipment, and 
materials) wil l then be allocated in the budget process to meet the work needs for patch
ing, mowing, etc., based on standard productivity rates. 

Associated with the change in budgeting are new guidelines for planning and sched
uling work and more useful reporting systems for managers to use in evaluting perfor
mance and controlling work. At the present time, no highway agency seems fully to 
have established a performance budgeting system. Some are committed to so doing 
but are in prelimiary stages of development. 

A number of state highway departments, the city of Los Angeles, San Diego County 
and Ontario have developed productivity standards for principal work activities. Some 
of the departments have also developed level of service or quality standards and, on 
the basis of these, are able to establish work quantity standards. They are now engaged 
in implementing a management system which utilizes these standards for planning 
purposes—including development of a performance budget—and for work scheduling 
and reporting to provide an effective management control system. 

From the discussions, i t is obvious that the development of the new management 
system is a big task. It requires the development of new ways of measuring, planning, 
scheduling and reporting work. It requires training of supervisors in their new re
sponsibilities. It requires the creation and development of a maintenance staff capa
bility for planning that has not previously existed. The magnitude of the job and the 
personnel requirements associated with i t seem to be of real concern to some highway 
agency representatives—which leads to discussion of how the problem is being met. 

There are those who felt industrial engineers were essential to the work measure
ment and standard setting associated with the new system. Others felt that highway 
engineers could readily pick up the industrial engineering concepts involved and would 
be better because of their knowledge of highways. This question was not resolved at 
the Workshop. However, the experience in several agencies indicates highway engi
neers and technicians with aptitudes and interests in the systems approach can do the 
job, provided they get adequate orientation and training. Furthermore, their back
ground and association with the highway work increases the likelihood of their being 
accepted by operating personnel. 

A somewhat parallel question is where in the agency responsibility for development 
of a new system is placed. There was discussion of experience in which a unit outside 
of maintenance was responsible. This has some appeal where an agency already has a 
methods or systems division staffed with individuals specially qualified as systems 
analysts. 

It appears, however, that best results wi l l be attained where the maintenance divi
sion itself takes ful l responsibility both for analysis and implementation, augmenting 
its existing staff as needed to provide the additional capabilities required. 

The general arrangement of the Workshop seems to have been good. However, as 
a group chairman, I had a feeling of ineffectiveness in bringing a wider expression of 
viewpoint from the group itself. Understandably, the immediate interest was in inter-
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rogating the formal speech makers. And, this the group did, with specific reference 
to details not covered in the formal presentations or about which elaboration was de
sired. 

The Workshop discussions may be presumed to have served an important function 
m concentrating attention on the significant changes now taking place in maintenance 
management. For those already engaged in establishing new management systems, 
it provided an opportunity for interchange of ideas. For those who have not yet under
taken projects, the Workshop gave some indication of the promise, the problems and 
the payoff of such an effort. 



A List of Questions Posed for 
Maintenance Management 
C . H. Oglesby, Stanford University 

Question 1. What about feedback to top management on the effectiveness of new main
tenance procedures: Who uses i t and how effectively? 
Question 2. How effective is maintenance management in getting maintenance problems 
considered at the time a highway is located, designed, and constructed ? 
Question 3. What about training programs for maintenance employees and managers: 
Are they ready to go—or in the dream stage ? 
Question 4. What can the computer do for a maintenance management program other 
than create problems ? 
Question 5. What are the advantages and disadvantages of the various ways for setting 
performance standards, such as stopwatch, time-lapse photography, M . T . M . ? 
Question 6. What are the most effective means for devising improved methods ? In 
particular, how can the interests and ideas of foremen and workmen be brought to 
bear? 
Question 7. How can supervisors, foremen, or workmen who develop good ideas be 
rewarded ? 
Question 8. One gets a "feeling" that much of the talk about understanding and motivat
ing people is superficial and is not based on a real knowledge of people and why they 
behave and react as they do. As a specific example, has any thought been given to 
defining and publicizing the opportunities ahead for good maintenance people at a l l 
levels ? 
Question 9. Do maintenance managers really know what the public wants and is willing 
to pay for in terms of standards of maintenance? If not, how are they going to find out? 



Maintenance Requirements for the 70's 
FRANCIS C. TURNER, Director of Public Roads, Federal Highway Administration, 

U. S. Department of Transportation 

I compliment the Highway Research Board and Ohio State University for their vision 
and foresight m holding this Maintenance Management Workshop. While to most of the 
public the maintenance of h^hways may not be as glamorous as planning and building 
them, there is nothing more important among the responsibilities of the highway engi
neer and administrator. 

Maintenance is important from many aspects, principally of course, in protection 
of the substantial investment we have made and are making in our highway plant. Even 
though the Federal Government does not contribute to maintenance costs, it has an 
investment of 50 to 90 percent of the capital cost of these highways built under the 
Federal-aid highway program. The Bureau of Public Roads has a statutory responsi
bility to see that this investment is maintained properly and, therefore, has a signif
icant and continuing interest in the financial and other aspects of highway maintenance. 

But there is much more than economics involved, important as that is. We must 
always keep in mind not only the safety factor but also the return in the form of good 
or bad public relations which result from the quality of our maintenance efforts. The 
traveling public is seldom aware of construction features so long as a highway provides 
a reasonably fast, direct, and safe route. But i t is acutely conscious of such things 
as potholes, ragged shoulders, thriving crops of weeds, litter, illegible signs, and 
snow and ice on the pavement. And the traveling public is inclined to be quite vocal 
about its displeasure with such things. 

It is an understatement to say that the 1970's will pose tough new challenges for 
state maintenance forces. The Interstate System will be m use throughout its length 
sometime around the middle of the decade—the precise time depending on the avail
ability of financing. The Interstate System involves a different set of standards and 
more complex problems than most maintenance organizations have dealt with 
historically. 

Maintenance must frequently be performed under conditions of never-ceasing heavy 
traffic, thus entailing much greater difficulties as well as potential hazards to both 
workmen and the traveling public. Landscaping on a large scale and the need for sys
tematic mowing go hand-m-hand with Interstate routes. Huge signs and rest areas 
must be maintained and numerous motorist services must be provided. The motoring 
public demands a bare pavement year-round on high-speed expressways, and it is 
necessary to try to accommodate this demand if only on the one ground of traffic safety. 

All of this adds up to a required raising of the sights in the maintenance field. It 
means more and better equipment, more and better personnel and more effective u t i l i 
zation of both. It means more and better materials and, wherever possible, mate
rials which are maintenance-free or have long-durability qualities built into them. As 
one example, we need a simple and inexpensive traffic stripe that will last longer and 
have greater visibility in rain and fog. Current experimentation with grooving the pave
ment m the stripe area appears promising in both regards. 

Before getting into the specifics of maintenance requirements of the next decade, a 
few comments on the expenditures involved may be useful, especially in comparison 
with construction costs. In 1950 the construction cost index was a composite 78. 3. In 
1967 it was 117. 6 or a 39. 4 point rise m 17 years. During the same period, the main
tenance cost index rose from a composite 70. 5 for labor, materials and overhead to 
137. 4 or a 66. 9 point rise. The relatively low rise in construction costs is probably 
due largely to greater productivity by reason of improvements in both equipment and 
construction methods. Conversely, the high rise m maintenance costs is perhaps 
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attributable to a lesser attention to research and development in the maintenance field, 
combined with the inherent difficulty of improving the maintenance operation. 

Most of you are familiar with NCHRP Report 42 on Interstate Highway Maintenance 
Requirements. This estimates the cost of maintaining the completed Interstate System 
at $261 million per year or about $6, 400 per centerline mile. The report concedes 
that this figure is probably conservative and it is likely that $10, 000 per centerline 
mile wil l be a more realistic estimate for the overall mileage. The NCHRP report 
also calculates that pavement and shoulder presently take 15 percent of the Interstate 
maintenance expenditures, but that this ratio will rise to 45 percent in 1975 because 
of the increasing age of the Interstate highways as well as the increase in traffic vol
umes carried by them. 

The Bureau of Public Roads, in a report to Congress, has estimated that an annual 
average of $5. 8 billion wil l be spent on maintenance during the years 1973-85. It has 
also been estimated that maintenance needs will rise about 60 percent during this peri
od. Better maintenance management is one of the ways available to us to offset this 
rise in maintenance expenditures and that is why I complimented you at the outset on 
your enterprise in holding this timely workshop. 

When we get into maintenance requirements of the 1970's, we have to make a nec
essary division of labor into two categories. One is physical or general maintenance; 
the other is traffic services. We also have to start out with the fact that 15 percent of 
our main state system of roads and streets is still unpaved. Most of such mileage is 
surfaced with soil, clay, gravel or stone, but not concrete or asphalt. These older 
roads and streets need widening, resurfacing, additional lanes, frequently complete 
reconstruction. Everyday maintenance needs are always with us on all roads—such 
routine activities as striping, mowing, cleaning up litter, patching, signing, ditch 
cleaning, shoulder work, joint sealing, and upkeep of guardrail. 

In the urban areas considerable construction emphasis has been given to freeways, 
but arterial streets and highways still must carry enormous traffic loads exceeding 
the freeways. We expect that the TOPICS program wUl help to relieve some of the 
congestion in the urban areas. Much can be done by maintenance operations to improve 
capacity by merely striping left-turn lanes and minor channelization. 

Routine maintenance operations on urban roads and streets with heavy volume, high
speed traffic will necessarily have to be done to a great extent during off-peak hours. 
This may involve night work or hours outside the normal working day. Extra pay will 
thus be involved but even then there is a problem in getting personnel to work these 
hours. And sometimes in our larger urban areas there is really no such thing as an 
off-peak traffic flow. This puts a heavy premium on building facilities that are as 
maintenance-free as possible. 

Trees, shrubs and plantings will require a need for men especially well-trained in 
pruning techniques, fertilization, watering, weeding, grafting, replacement of materials, 
thinning, and other technical activities involving special expertise. 

Bridge maintenance is probably the most difficult and troblesome problem today and 
as far as we can see into the future. This activity is of tremendous importance and 
demands highly qualified personnel. Public Roads has recently issued new bridge in
spection guidelines to our field offices and the new Federal-Aid Highway Act of 1968 
carries statutory requirements for a special effort in this direction. Bridge deck scal
ing and sometimes even heavier types of deterioration are causing extra maintenance 
problems. We need to develop ways of constructing more durable decks and to find 
more effective ways to maintain them. 

The hazard of brit^e deterioration was brought forcefully and tragically to the at
tention of the public and Congress by the collapse of the Silver Bridge at Point Pleasant 
on the Ohio River last December. Fortunately, very few bridge failures are so disas
trous but still about 150 of them fail for various reasons every year. We do not have 
complete centralized information files on all of the highway bridges in the United States, 
but we are now working toward a nationwide inventory to determine both their number 
and their condition. It has been estimated, meanwhUe, that of the approximately 1 
million highway bridges in the country, a very large percentage of them are more than 
30 years old and deficient in load capacity for much of today's traffic. 
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Much deterioration of older bridges is undoubtedly due to overloading and this is 
essentially a police problem rather than a maintenance problem. However, adequate 
and regular inspections of bridges are maintenance activities, and if done properly 
will detect conditions which may signal a possible collapse. Bridge inspection tech
niques must be vastly improved and new maintenance practices developed which do not 
in themselves contribute to deterioration of the structures. For example, deicing 
techniques are needed which do not corrode the floor system of the bridge or its supports. 

In the field of traffic services we are being forced into new and additional activities. 
Rest area maintenance, for instance, is requiring a full-time maintenance man 24 hours 
a day in the larger rest areas that have all the facilities. Constant manning of this 
scope actually requires 5 employees. Personnel chosen for these duties must be more 
than cleanup men. They will be required to furnish information on routes, roadway 
conditions, historical features and answer other questions from the traveling public. 
Emergency aid to the stranded motorist is a new field requiring a great deal of atten
tion today. Public Roads has issued an Instructional Memorandum (IM 60-1-66, dated 
October 18, 1966) on this subject and Federal aid is participating in experimentation 
with this activity in a number of states. 

One of the growing problems of safety in the maintenance field is the disabled vehi
cle in the high-speed lane or middle lane of an 8-lane facility. Some type of arrange
ment will have to be developed to remove it from the traffic flow. Some far-out pro
posals have suggested that possibly a heavy crane traveling on tracks located in the 
center median can reach out to the disabled vehicle and l i f t it out or that helicopters 
might also be used as a possible means of coping with this problem. 

Sign replacement and maintenance of large directional units will require a great 
deal of planning. The average life of the facing material m some cases has been esti
mated to be from 7 to 10 years after which fading and deterioration will occur, requir
ing major replacements. Signals require specially trained personnel to maintain elec
trical circuits, clean fixtures, replace bulbs and perform other similar operations in 
increasing amounts. 

Snow and ice removal is a very expensive maintenance item but a necessary one. 
Possibly it need not be so expensive if we combine research and development with 
imagination. Snow removal methods are essentially the same today as they were 30 
years ago. But this does not mean that progress is at an end. Whole new varieties 
of equipment and tools or perhaps materials also, may be required eventually—designed 
to meet the special requirements of the Interstate and other high-speed roadways carry
ing heavy traffic volumes. 

In the field of highway safety, maintenance personnel must be trained in procedures 
for summoning aid, protecting others from hazards at accident sites, and removing 
debris quckly and efficiently. Programs must be developed for preventive maintenance, 
repair, and daytime and mghttime inspection of traffic control devices. Safety equip
ment on maintenance vehicles is of increasing importance. Roll-over bars, for ex
ample, on tractors and mowers are being used today in some states. Seat belts and 
effective warning signs and lights on vehicles are also items of importance. Proper 
control of the movement of traffic through maintenance worksites is a field in which 
considerable improvement is necessary. 

Litter is not only costly and time-consuming to the state and local highway depart
ments, but is repugnant to the great majority of conscientious, law-abiding motor 
travelers. We do not have any very good answers on this problem yet except man
power and more manpower. New types of equipment are needed to mechanize portions 
of the trash pickup problem. Or, possibly, some genius will develop self-destruct 
beer cans and pop bottles. But m the meantime we must continue to rely largely on 
pulling maintenance forces away from the more constructive work they should be doing 
to cope with the problem of litter. 

I mentioned earlier the need for research, development and imagination in plannii^ 
and carrying out maintenance programs for the future. Let me add to that cost account
ing. As the maintenance operation becomes more complex, so does the need for strict 
control of the highway dollar. As in the past, there will in the future be just so much 
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money available for highway purposes and any dollar wasted on inefficient maintenance 
practices is a dollar deducted from the funds available for new facilities. 

In other words, I am talking about maintenance management—the very timely sub
ject of your meeting. Even though most maintenance operations do not lend themselves 
to computerization, your brains are doing a pretty good job in peiiecting such practices 
as properly scheduling maintenance operations and installing maintenance management 
reporting techniques. 

During your brainstorming sessions here you are covering many matters of vital 
importance to meeting the maintenance requirements of the 1970's. 

Many of you are invited to participate because of your knowledge in the systems 
analysis and management fields, while others are maintenance operators with direct 
responsibility at the firing line for the results. I do not happen to be one of those in
dividuals who believe blindly in the worship of the systems analysis approach as the 
beginning and end of all knowledge and that its application to every one of our problems 
will insure an automated, push-button, easy and infallible answer. But there are 
variations of the organized approach to a problem which are characteristic of the engi
neer training which many of us have had, through which we may substantially contribute 
to the solution of many of these problems which face the highway maintainer both now 
and in the future. Many of these problems are answerable through the application of 
improved management practices covering our resources of manpower, equipment, 
materials, and dollars; while others are in the realm of research into improved mate
rials through chemistry and physics. 

We have traditionally given less attention in both the management and research 
fields to maintenance of our road system than we have to its initial construction, al
though we are now expending amounts for maintenance which rapidly are approaching 
the level of capital expenditures. It is time that we gave substantial attention to this 
area of our responsibilities. I feel strongly that on a relative scale, there is oppor
tunity for much greater payoff, and greater cost-effectiveness application here than 
in the construction side of our responsibility. I therefore commend this thought to 
you in the sessions which you hold during this workshop. 



An Overview of the Highway Maintenance 
Management Research Program in the United States 
WILLIAM N. RECORDS, Bureau of Public Roads, Federal Highway Administration 

Historically, highway maintenance management m the United States has experienced 
many changes during the past 50 years. Most of these changes came about through 
a process of gradual evolution and were based on intuition and pragmatical considera
tions rather than factual knowledge and scientific management principles. Results of 
this process were reasonably adequate during the era between 1920 and 1949. Most 
maintenance organizations were satisfied with the status of their management and thus 
had no real reason to adopt a more sophisticated procedure. It is therefore not sur
prising to discover that maintenance management research was of little consequence 
during these years. Studies were few in number, limited in scope and uncoordinated. 
Most were carried out informally, making it difficult to even document their existence. 
It would definitely be misleading to say either that these efforts had a significant impact 
or that they constituted any kind of a research program. 

In June 1950, an event occurred which signaled the beginning of an organized, formal 
maintenance management research program in the United States—the initiation of the 
Connecticut Maintenance Study—a joint venture of the Bureau of Public Roads and the 
Connecticut State Highway Department. Its principal objectives were to: (a) develop 
basic facts concerning the performance of labor and equipment on field operations, 
and (b) appraise management problems. Study results indicated that there were a 
number of deficiencies and problems associated with field operations and showed the 
need for continued research. Prophetically, the report stated: 

The further development and extension of the groundwork encompassed by this study 
can lead to the establishment of units of work and standards of maintenance accom
plishment, thus making possible the estimation of labor and equipment requirements 
to perform the maintenance obligation in a particular area under certain given 
conditions. 

The program continued during the eight years which followed the Connecticut Study 
primarily because the Bureau of Public Roads retained an interest in such research. 
About 20 small-scale studies were conducted on the field operations of state main
tenance organizations. Results were not extensive enough to fully delineate manage
ment problems, but did serve to verify two hypotheses: (a) results of the Connecticut 
Study provided a good picture of the situation in other states; and (b) many manage
ment problems were common, varying only in degree from organization to organization. 

The program received an impetus in 1959 when the Bureau of Public Roads and the 
Iowa State Highway Commission joined to conduct a study which was considerably larger 
in scope. The Iowa Maintenance Study was primarily designed to produce facts which 
could be used by management for controlling and improving the economy of maintenance 
operations. It involved collection of basic data concerning the performance of labor 
and equipment on field operations, variations in total work-loads, work units, utiliza
tion of supervisory personnel, and other aspects of maintenance management. Con
siderable emphasis was placed on analysis of data to pinpoint problems and develop 
possible solutions. In a few cases, proposed solutions were tested for practicality. 

The Iowa Study received considerable publicity during 1960 and 1961. Its findings 
were accepted by many maintenance managers as indicative of the situation in their 
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own organizations. About the same time other forces began operating to change these 
managers' attitudes toward management and management research. 

Between 1960 and 1967, maintenance organizations in this country were subjected 
to a number of external pressures which caused severe internal stresses. Among the 
most intense pressures were those due to: 

1. Addition of new facilities on the Interstate and other systems. 
2. Public demands for higher and higher levels of maintenance. 
3. Rapid changes in the technology of h^hway design, materials and equipment. 
4. A labor market which could not supply an adequate number of qualified personnel. 
5. Constrictions on maintenance budgets to make the maximum amount of funds 

available for badly needed construction projects. 
6. Campaigns to tighten up the fiscal and administrative control of highway 

organizations. 
The type of management which had been getting by for many years was not able to 
cope with the stresses induced by these pressures. Problems multiplied and managers 
became painfully aware of what was happening. Many concluded that their organization's 
management was deficient and needed to be improved. As attitudes toward management 
changed, there was increased interest m all kinds of management research. The or
ganized, formal program expanded considerably between 1960 and 1967 with studies 
covering a wide variety of subjects. 

In Louisiana, there were three studies which related to costs for maintaining spe
cific types of roads. These studies, conducted by Louisiana State University, were 
aimed at developing a procedure for estimating costs through the use of mathematical 
regression models based on historical fiscal records. A study conducted in Idaho by 
the University of Idaho had a similar objective and used much the same procedure. 
The Oklahoma Department of Highways also undertook a study of maintenance costs 
for specific types of roads using a technique which took into consideration both histor
ical fiscal data and deterioration ratings for selected test sections. 

A major study of maintenance costs was conducted for the National Cooperative 
Highway Research Program by a consultant, Bertram D. Tallamy Associates. This 
study was primarily directed toward developing a method for predicting Interstate 
System maintenance requirements. The technique used was similar to techniques used 
for the aforementioned state studies. Cost data from selected test sections across the 
nation were analyzed to develop mathematical models for seven groups of maintenance 
activities which could be used to predict "requirement units." A secondary objective 
of the study was to develop a new maintenance expenditure index. 

In Louisiana, the University undertook a study to establish optimum equipment and 
work methods for mowing highway roadsides. A second study on mowing roadsides 
was conducted by the Indiana State Highway Commission. Emphasis was placed on de
veloping comparative costs for different types of roadsides and mowing methods. The 
Ohio State University also carried out a research study to determine the most effec
tive means of caring for Interstate roadsides. 

In Illinois, New Jersey, New York, and Wisconsin, Bertram D. Tallamy Associates 
conducted a series of studies for state highway departments and toll road authorities. 
They were designed to establish long-range requirements for major maintenance on 
high-type facilities. These studies utilized new techniques for predicting pavement 
deterioration in conjunction with detailed field inspection of facilities. 

A major study was undertaken by H. B. Maynard and Company and the City of Los 
Angeles. The objective was to develop a program which would improve the planning, 
directing and controlling of labor and equipment assigned to various field activities. 
An important feature of this study was the use of the methods-time measurement in
dustrial engineering technique to analyze each activity and to develop standards for 
work methods and performance. The same consultant recently worked with the San 
Diego County on a study which had a similar scope and objectives. 

Booz-Allen and Hamilton carried out a study in Minnesota which utilized industrial 
engineering techniques to develop improved work methods, establish performance 
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standards, and improve the maintenance reporting system. The same f i r m conducted 
a similar study of somewhat smaller scope in New Jersey. 

The largest single study was carried out by the Virginia Department of Highways 
with the assistance of Roy Jorgensen and Associates. This effort lasted for three 
years and was designed to cover nearly every major aspect of maintenance manage
ment. It involved collection of data concerning performance of labor and equipment, 
development and testing of improved work methods; establishment of quality, quantity 
and performance standards; development and testing of a new reporting system; de
velopment and testing of a budgetii^ system; development and testing of training mate
rial; and work in several other areas. 

These studies were all started and essentially completed during the eight years 
ending in June 1968, They provide a good indication of the extent and scope of activities 
during this period but do not account for the entire research program. Nine other 
studies started between 1960 and 1967 have not been listed because they are still active 
and will be described subsequently. A few other studies, generally of limited scope, 
were omitted because of space limitations. 

One other aspect of completed studies deserves mention. More than half were funded 
through the Federal-Aid Highway Planning Research Program. This program pro
vides for joint state-federal financing of research in areas which have a significant 
influence on highway transportation m the United States. For many years, mainte
nance management has been recognized as one of these areas. In 1964, this position 
was emphasized when a project for maintenance operations and management was in
cluded among the 27 top priority projects of the National Program for Research and 
Development in Highway Transportation. Partly as a result of this emphasis, annual 
Federal-aid expenditures in this area have more than doubled in the last 5 years. 

Currently, the maintenance management research program includes 13 formal 
studies which are fully active. Eleven of these are being financed through the Federal-
aid HPR program. Their estimated total cost is over $2, 000, 000 and annual expendi
tures are about $700, 000. The other two studies are financed entirely with state funds. 
Their estimated total cost is over $500, 000 and annual expenditures are about $150,000. 
The nature and scope of these studies varies considerably. Six can be classed as com
prehensive because they cover several aspects of maintenance mangaement, five deal 
with the equipment and methods for specific activities or functions, and two are con
cerned with costs. The following summaries present pertinent facts about each study: 

Study title: Maintenance Practices 

Sponsoring agency: Arkansas State Highway Department (Federal-Aid HPR Program) 
Conducting agency: Arkansas State Highway Department 
Estimated total cost: $169, 000 
Period: July 1967-July 1972 
Objectives: 1. Evaluate the maintenance accounting system and revise as 

needed. 
2. Define maintenance standards. 
3. Evaluate existing maintenance practices and develop improved 

practices. 
4. Identify training needs; develop and test training materials. 

Current status: Work plan approved. Recruiting staff. 
Study title: Maintenance Management 
Sponsoring agency: Louisiana Department of Highways (Federal-Aid HPR Program) 
Conducting agnecy: Joint—Louisiana Department of Highways-Roy Jorgensen and 

Associates 

Estimated total cost: $575, 000 
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Perio± 
Objectives: 

September 1965-July 1969 

1. Define responsibilities and functions for various management 

Current status: 

Study titie: 

Sponsoring agency: 

Conducting agency: 
Estimated total cost: 
Period: 
Objectives: 

Current status: 

Study title: 

Sponsoring agency: 
Conducting agency: 

Estimated total cost: 
Period: 
Objectives: 

Oirrent status: 

Study titte: 

Sponsoring agency: 
Conducting agency: 

2. 
3. 
4. 

6. 

levels. 
Evaluate training needs; develop and test training materials. 
Develop and pilot test a maintenance work reporting system. 
Determine the most effective methods and staffing for main
tenance activities. 
Establish maintenance standards for quality, quantity, and 
productivity. 
Develop and test an overall maintenance management system. 

Work on f i r s t three objectives nearly complete. Three reports 
published. Reporting system implemented. 

Comprehensive Maintenance 

North Carolina State Highway Commission (Federal-Aid HPR 
Program) 
North Carolina State Highway Commission 
$220, 000 
July 1966-December 1972 

1. Determine the adequacy of the maintenance organization to 
carry out its assigned responsibilities and functions. 

2. Evaluate the present maintenance management system with 
emphasis on reporting. 

3. Determine the relationship between maintenance costs and 
factors such as traffic. 

4. Determine major maintenance operations whose efficiency 
and economy can be improved; develop improved methods, etc. 

5. Evaluate maintenance facilities and materials. 

Work now in progress on f i rs t objective. 

Highway Maintenance Management 

South Dakota Department of Highways 
Joint—South Dakota Department of Highways-Roy Jorgensen and 
Associates 
About $300, 000 
July 1968-October 1970 

1. Develop and test quality, quantity and productivity standards 
for maintenance activities. 
Develop and test a maintenance work reporting system. 
Develop and test a maintenance work scheduling process. 
Develop and test a maintenance budgeting process. 
Develop a methods and training unit. 
Conduct a performance laboratory to test developments. 

Work just getting under way. 

Maintenance Management 

Utah State Road Commission (Federal-Aid HPR Program) 
Joint—Utah State Road Commission-Roy Jorgensen and Associates 
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Estimated total cost: 
Perio± 
Objectives: 

Current status: 

Study title: 

Sponsoring agency: 
Conducting agency: 

Estimated total cost: 
Period: 
Objectives: 

Current status: 

Study titte: 

Sponsoring agency: 

Conductii^ agency: 
Estimated total cost: 
Period: 
Objectives: 

Current status: 

Study titte: 

$285, 000 
April 1967-August 1969 
1. Establish quality, quantity and productivity standards for 

maintenance activities. 
2. Develop and test a maintenance work reporting system. 
3. Design, develop and test an overall maintenance management 

system. 
4. Evaluate the field organization and resource utilization. 
5. Prepare a plan for improving maintenance performance. 

Work under way on most objectives. 

Maintenance Improvement Program 

Washington State Highway Commission 
Joint—Washii^on State Highway Commission-Booz-Allen and 
Hamilton 
About $250, 000 
July 1967-December 1968 
1. Develop standards for measuring performance of maintenance 

operations. 
2. Establish procedures for maintenance planning and scheduling. 
3. Provide data for improved maintenance budgeting and control. 
4. Train maintenance supervisors. 
Work under way on all objectives. Several training manuals 
prepared. 

Tunnel Qeaning Method 

California Division of Highways (Federal-Aid HPR Program) 

California Division of Highways 
$117, 000 
July 1967-June 1972 
1. Develop a tunnel cleaning method that is rapid, economical, 

nonhazardous and nondestructive. 
Work under way on equipment design. 

Cost Effectiveness of Anti-Skid and De-Icing Programs in 
Pennsylvania 

Sponsoring agency: Pennsylvania Department of Highways (Federal-Aid HPR Program) 

Conducting agency: 
Estimated total cost: 
Period: 
Objectives: 

Current status: 

Pennsylvania State University 
$20, 000 
July 1968-June 1970 
1. Study and evaluate existing snow and ice control practices. 
2. Develop improved methods, equipment and materials for 

snow and ice control. 
Work just getting under way. 
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Study titte: 

Sponsoring agency: 
Conducting agency: 
Estimated total cost: 
Period: 
Objectives: 

Current status: 

Study title: 

Sponsoring agency: 

Conducting agency: 
Estimated total cost: 
Period: 
Objectives: 

Current status: 

Study tiUe: 

Sponsoring agency: 

Conducting agency: 
Estimated total cost: 
Period: 
Objectives: 

Current status: 

Study title: 

Sponsoring agency: 
Conducting agency: 
Estimated total cost: 
Period: 
Objectives: 

Current status: 

Winter Maintenance for Bituminous Pavements 

Texas Highway Department (Federal-Aid HPR Program) 
Texas Transportation Institute 
$36, 000 
September 1967-August 1969 

1. Evaluate existing practices for winter pavement maintenance. 
2. Develop improved methods, equipment and materials for 

winter pavement maintenance. 
Work on f i r s t objective completed. 

Snow Removal and Ice Control Techniques at Interchanges 

National Cooperative Highway Research Program (Federal-Aid 
HPR Program) 
Bertram D. Tallamy Associates 
$50, 000 
September 1967-July 1969 

1. Identify and evaluate the factors which influence the efficiency 
of snow removal and ice control operations at interchanges. 

2. Develop operational systems that will provide for efficient 
snow removal and ice control procedures on interchanges in 
both rural and urban locations. 

Field work completed on f i rs t objective. 

Develop Performance Budgeting System to Serve Highway Main
tenance Management 
National Cooperative Highway Research Program (Federal-Aid 
HPR Program) 

$250, 000 
September 1968-October 1970 
1. Develop and test a model highway maintenance budgeting 

system. 
Contractors selected for Phase I preparation of detailed work 
plan. 

Maintenance Formula Application 

Louisiana Department of Highways (Federal-Aid HPR Program) 
Louisiana Department of Highways 
$60, 000 
July 1963-July 1969 
1. Accumulate accurate cost data for testing and revising math

ematical models to predict maintenance costs. 
Data collected and summarized for 5-year period. 
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Study title: Maintenance Cost 

Sponsoring agency: Ohio Department of Highways (Federal-Aid HPR Program) 
Conducting ^ency: Ohio Department of Highways 
Estimated total cost: $380, 000 
Period: July 1961-July 1972 
Objectives: 1. Determination of reliable maintenance costs. 

2. Determine the influence of major factors which contribute 
to maintenance costs. 

3. Measurement of the level of maintenance and determination 
of the extent to which deficiencies exist in the current maint
enance and operation of the highway system. 

Current status: Data collected and summarized for 6-year period. Preliminary 
analysis made and several interim reports published. 

The descriptions of the studies which constitute the current program were, of ne
cessity, lacking in detail. However, they do give an indication of its depth and breadth. 
It should also be recognized that there are other current informal research efforts 
such as those under way in Illinois, New Jersey and New York which may ultimately 
become a part of the formal program. 

Up to this point, emphasis has been placed on describing the research studies which 
have been or are being conducted under the program. Now, i t is time to look at some 
of the significant results which have come out of these efforts. 

1. It has been clearly demonstrated that management in most highway maintenance 
organizations is beset by a number of problems including: 

a. Inadequate factual data concerning field activities. 
b. Nonuniform standards or a lack of standards. 
c. Ineffective procedures for planning and scheduling work. 
d. Widely varying quality, productivity and unit costs for field activities. 
e. Ineffectual means of comparing actual and desired quality, service level and 

unit cost for maintenance activities. 
f. Lack of a reliable means to forecast long-range maintenance requirements. 
g. Lack of a means to evaluate alternative policies. 
h. Shortage of trained personnel. 

2. New systems for maintenance field reporting have been developed and proved 
capable of supplying the kind of information needed for management, fiscal accounting 
and research purposes. 

3. Quality, quantity and performance standards for maintenance activities have 
been developed and proved practical for operational use. 

4. Techniques for planning and scheduling maintenance activities on a long-range 
and daily basis have been developed and proved practical. 

5. A large fund of data concerning the work methods, time utilization and produc
tivity of labor and equipment under typical field conditions has been accumulated and 
analyzed to determine some cause-effect relationships. 

6. Procedures for determining optimum staffing patterns and work methods have 
been developed. 

7. New equipment and methods have been developed and proved practical and eco
nomical for several maintenance activities. 

8. Performance budgeting systems for maintenance are being developed and tested 
for practicality. 

9. Procedures and data for forecasting long-range maintenance requirements have 
been developed and proved useful. 

10. Techniques to enable management to evaluate alternative policies for investments, I 
resource allocation, staffing and other aspects of maintenance are being developed. 



21 

11. Some materials and procedures for training maintenance personnel have been 
developed and tested. 

At the present time it would be unrealistic to state that these research results have 
been widely translated into improved management. The current attitudes of adminis
trators and managers have created a favorable climate for such use but, unfortunately, 
each maintenance organization must operate under its own set of conditions and con
straints. Thus, it is usually necessary to undertake some additional research just 
to adapt results for a particular situation. This takes time. Still more time is re
quired for the actual implementation. Hopefully, a significant number of orgamzations 
will soon begin to make use of available research results, but even so, i t may be five 
years before there will be widespread improvement in maintenance mangaement and 
operations. 

Fmally, everyone involved in maintenance management research needs to keep in 
mind that the objective is not simply improved management. That is only the key which 
unlocks the door leading to the ultimate goal—effective and efficient maintenance for the 
highway systems of this nation. 



A Concept of the Maintenance Management 
Problem Insofar as It Has Been Established by 
Preliminary Investigations in Great Britain 
p. J. F. WINGATE, Road Research Laboratory, Crowthorne, Berkshire, England 

In recent years much thought has been given by highway authorities in Great Britain 
to the improvement of the management of highway maintenance, and individual author
ities, especially the County Councils, have introduced new schemes aimed at greater 
administrative efficiency. The County Surveyors' Society, which represents the high
way engineers of rural authorities, has had for some time a committee on highway 
maintenance, but this is mainly a forum for the discussion of problems of immediate 
interest and has not so far sponsored extensive research studies. It is recognized that 
there is a need for a coordinated effort and a major step towards this has been the set
ting up in September 1967 of the joint Committee on Highway Maintenance by the Min
istry of Transport and the Local Authorities (the Marshall Committee), the terms of 
reference of which include a study of the management of maintenance in all its aspects. 

In the Road Research Laboratory, we had already planned to make a long-term 
study of maintenance, but the start has been delayed by other commitments. Now, 
with the impetus of the Marshall Committee, we have made a start and are cooperating 
fully with the Committee by undertaking a part of its field work. In the long term, we 
shall also be working in cooperation with the rural and urban highway authorities. This 
paper gives a simplified view of our concept of the problem in Great Britain and of the 
present organization of highway maintenance. 

THE REQUIREMENT FROM A SYSTEM OF MANAGEMENT 
It I S worthwhile here to restate the obvious—what one basically requires from a 

system of management. It must be capable of insuring that: 
1. The aims of the organization are carried out and that unnecessary work or ex

penditure is not incurred; 
2. The right quality and amount of work are carried out to meet its purposes; 
3. Value is obtained for the money spent. 

THE RIGHT WORK 
A highway consists of a very large number of different parts, playing different 

roles—engineering, safety, aiding movement, amenity, etc. Their relative importance 
varies with the importance of the highway, whether it is a national interurban route, 
a very minor rural road, a residential street, etc. At present, one tends to do some
thing about maintaining everything because it is there, and to go to the extreme, one 
maintains in good condition every highway whatever its value to the community, just 
because it is there. These questions are now being faced in Great Britain and some 
highway authorities are beginning to leave out maintenance of the less important features 
on roads particularly on those with low cost-benefit. One authority has suggested main
taining only a reduced width of the pavement on such roads, to demote them to single-
lane roads with passing places. Another has abandoned white line maintenance and 
grass-cutting on verges but the latter is troubling farmers because of the weed problem. 

22 
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THE RIGHT QUALITY AND AMOUNT OF WORK 
There is probably little scope for cutting out maintenance functions completely but 

a great deal in controlling the quality and amount of maintenance, i . e., insuring that 
the standards of maintenance carried out are no more and no less than are required 
for the usage and importance of each type and class of highway. One can of course 
regard cutting out functions as reducing them to a zero standard of maintenance. 

Our f i r s t priority task, we considered, is to study the standards of maintenance 
over the whole range of conditions in Great Britain, in order to suggest, in the f i rs t 
instance, subjective maintenance standards. From here we will go on to study objec
tive standards, based upon engineering and safety requirements, etc. Many are al
ready in existence but there tends to be a gap between what is objectively required and 
what practical considerations including finance, allow. At present objective standards 
tend to be used only for new construction or in special circumstances such as roads 
with excessive accident rates. Such standards have been determined for the condition 
of pavements (expected life can be estimated from the permanent deformation of flexible 
pavements, from the amount of cracking in concrete pavements, and from the temporary 
deflection under a standard wheel load), skidding resistance, riding quality, visibility 
and sight lines, etc. Once standards of maintenence are set, on whatever basis they 
are determined, then the level of expenditure on maintenance is fixed, within ascertain
able limits, and over or under expenditure, due to other faults in the system, is more 
readily apparent. 

VALUE FOR MONEY 
Having set one's standards for maintenance and thereby set one's theoretical ex

penditure level, i t is then time to examine the way in which functions are carried out 
on site to raise productivity and reduce expenditure. Under this rather broad heading, 
we include not only the use of work study techniques to raise productivity, optimize 
gang sizes, select the most effective plant, and reorganize the control of gangs but also 
economic studies such as cost-benefit studies on materials to insure maximum effec
tiveness. These will extend back to materials used in the basic design of the original 
construction to see whether the overall cost-benefit of construction and maintenance 
can be improved. Of course much has already been done using work study but com
paratively little on economic studies. 

TOOLS OF MANAGEMENT 
Management cannot function properly without certain tools, the chief one of which 

is information and the means of transmitting it . We intend looking at the systems of 
management that we have in Great Britain to insure that we are getting the correct in 
formation back rapidly to the people who need it, that the information is as accurate 
as possible and that the essentials of it are stored in a readUy accessible manner. 

The information required is of two broad types: (a) an estimate of the total potential 
work load, and (b) a record of the work actually carried out and how it was carried out. 

In both cases the information needed is varied, covering such things as quantities 
of materials, man-hours spent on the work, the amount of work actually completed, 
the quality of the work, and the cost. At present much of this information originates 
from the lowest level of management—foremen and "gangers"—and much of i t is unre
liable. One reason for this is that probably they do not appreciate why it is required 
and how it is used. We must codify and classify the information required so that i t is 
easy to produce and to produce accurately. Any data-processing system is only as 
good as the quality of the data fed into it . Much of the information required wil l be 
produced in the form of expenditure against various accounting heads. While i t is al
ways necessary to remember that accounts are kept to show how public money has been 
spent, engineers cannot control expenditure unless accounts are rendered in a form 
which is meaningful to them. Too often in the past this has not been so. Our account
ing system must meet the needs of the engineer and provide the information rapidly. 
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The system of management must provide for decision-making at the most effective 
level. This we will look at, not forgetting financial decision-making at "chief-officer" 
level and above. Their financial powers are continually eroded by inflation and central 
government is always slow to increase their powers to keep pace with i t . We must 
provide methods to aid decision-making and insure that they are used, such as critical-
path plannii^ and programming, and electronic data-processing and storage. Too often 
they are regarded mainly as aids to the more glamorous work of new construction. A 
very necessary aid to decision-making is a method of assessing priorities. Little use 
is made in Great Britain of sufficiency-rating systems, partly because they involve a 
large amount of manpower to establish and maintain. We feel that in the f i rs t instance, 
a simplified form of sufficiency-rating applied to maintenance only is needed (most 
systems cover improvements rather than maintenance and in Great Britain improve
ments require financial approval and funding separately from maintenance). Manage
ment needs simple methods of measuring standards of maintenanee and, thereby, the 
need for maintenance. For the roadside maintenance functions, this is usually fairly 
straightforward but, for the pavement itself, measurement is more difficult and often 
causes serious interruption to traffic. Our aim is to devise methods of measuring all 
aspects of the condition of pavements by machines traveling with the traffic and, if 
possible, at the speed of the traffic. This is possible with riding quality—the "bump-
integrator" trailer has been in use for many years. We are achieving it with skidding 
resistance—a prototype machine for continuous automatic readings of sideway-force 
coefficient is being tried out this summer and will operate at up to at least 50 mph. We 
are experimenting with a traveling deflection beam but as yet i t is slow and not really 
suitable for inserting into heavy traffic. It seems too that we may need some method 
of continuous measurement of the transverse shape of the pavement. Some mechanized 
method of measuring cracking in concrete may come, but at present it seems that 
visual assessment will be with us for some time yet. 
MAINTENANCE MANAGEMENT IN RELATION TO CONDITIONS IN GREAT BRITAIN 

We have in Great Britain a comparatively large number of highway authorities, the 
largest of which are probably small compared with the individual states in America. 
They are of several different types, with different responsibilities, and the range of 
size within each type is large. Table 1 gives the types and approximate numbers in 
England, Scotland and Wales. 

All counties are highway authorities, and towns over 20, 000 inhabitants can claim 
to become highway authorities. Other towns and rural districts can have highway re
sponsibilities delegated to them, for administrative convenience. The largest rural 
county has 7500 miles of road and the smallest 115 miles. The largest urban authority 

TABLE 1 
HIGHWAY AUTHORITIES IN GREAT BRITAIN 

Type Number Description 

Rural 89 Geographical counties 
counties excluding urban counties 

Urban 106 Major towns known as 
counties county boroughs 

Greater 1 London and its suburbs 
London 

London 33 Local government divi
boroughs sions of London / 

Municipal 275 Large towns within rural 
boroughs counties 

Urban 480 Small towns within rural 
districts counties 

Rural 10 Rural subdivisions of 
districts rural counties 

New towns 18 Special development areas 

Apportioned Responsibilities 

Al l roads 

All roads, but with some exceptions 
have no trunk roads 

AU roads 

Act for Greater London Council on 
all roads (with some exceptions) 

Act tor rural counties on all roads 
(with some exceptions) 

Act for rural counties on some or 
all roads except trunk roads 

Al l roads except trunk roads 
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TABLE 2 
ROAD CLASSIFICATION AND SOURCES OF FUNDS 

Type of Road 
New Construction and Improvements Maintenance 

Central Govt Local Govt Central Govt Local Govt 

Trunk roads 
(including 
motorways) 

Prmcipal 
roads 

Non-prmcipal 
roads 

District (mmor 
urban) roads 

100 percent 

75 percent 

Indirect support 

Nil 

NU 

25 percent from 
counties 

100 percent from 
counties mcludmg 
mdirect support 

100 percent from 
urban authorities 

100 percent 

Indirect support 

Indirect support 

NU 

NU 

100 percent from 
counties mcluding 
mdirect support 

100 percent from 
urban authorities 

excluding Greater London has over 1000 miles and the smallest only a few miles. An
nual expenditure on highways (including new construction) varies f r o m £ 14/4 mi l l ion 
in a large ru ra l county down to £130, 000 in a small ru ra l county and f r o m £474 mi l l ion 
in a large county borough down to a few thousand pounds in small urban authorities. 
The figures fo r Greater London are 7, 800 miles and £37 mi l l ion . 

Table 2 shows the road-classification system and sources of funds f o r highway new 
construction and improvement and for maintenance, excluding Greater London. I n 
direct financial support i s by means of bulk grants to the local authorities to cover a l l 
services (schools, housing, sanitation, highways, etc.), the proportion allocated to 
each service being le f t to the discretion of the local autiiority. However, the highway 
element of this support depends on the mileage of principal and classified roads in each 
county's area. 

In general, the county highway authorities f ind a l l the funds fo r highway maintenance 
fo r a l l roads in their own areas, including those in the non-coimty borough urban areas, 
f r o m their own resources (rates and bulk grants) except for trunk roads and urban 
dis t r ic t roads. Non-county borough urban authorities contribute to the ru ra l counties' 
bulk funds. Funds fo r urban d is t r ic t roads are found directly f r o m rates levied within 
each urban highway authority area. 

Table 3 gives the responsibility of highway authorities and their type. London 
Boroughs and New Towns have been omitted because arrangements in these authorities 
are not typical of the remainder of the country. 

This system of funding al l began in 1867. Previously direct support fo r the main
tenance of a l l roads other than distr ict roads had been provided f r o m central funds. 
Now direct support is provided only fo r trunk roads. This new system has some effect 
on maintenance policy fo r principal roads In that i t may tend to defer some major main
tenance unti l such time as i t can become part of an improvement scheme, e. g . , widen
ing, and so gain direct support. 

TABLE 3 
HIGHWAY AUTHORITIES' RESPONSEILITIES 

Type of Road Responsible Authority Agent Authority 

Trunk roads (mcludmg 
motorways) 

Prmcipal roads 

Non-prmcipal roads 

District roads 

Central government 

Rural counties and county 
boroughs 

Rural counties and county 
boroughs 

County boroughs and other 
urban highway authorities 

Rural counties and some 
county boroughs 

Municipal boroughs and 
urban and rural districts 
which are highway 
authorities 
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In general highway departments are organized on broadly similar lines. The chief 
officer or surveyor is directed on policy by a committee of the local government coun
c i l . His own headquarters department i s usually divided to provide separate engineers 
for planning and control of new construction and of maintenance. His area, except in 
the case of small urban authorities, is divided into divisions, the head of which is usu
ally responsible for both new construction and maintenance, except that large new con
struction projects are often run f r o m the head office through an ad hoc site organiza
tion. New construction tends to be carr ied out mainly by contract and maintenance by 
directly employed labor organized into gangs. The use of specialist rather than a l l -
purpose gangs is becoming more general. With the exception of motorways, the d i f 
ferent classes of roads are al l maintained by the same gangs. Separate organizations 
are usually set up fo r motorways with their own gangs. 

Any management system devised must therefore take into account the wide variation 
in size of highway authority and the different types. (The question of size may be r e 
solved to some extent in the near future because a national study of local government 
organization is i n progress and i t may well recommend grouping of urban and even 
some ru ra l authorities.) Some re-thinking may be necessary on the traditional role 
of the divisional surveyor, e. g. , whether he should be responsible solely for main
tenance or whether he is even necessary. However, in large rura l authorities some 
outlying organization would always be necessary for day-to-day control of maintenance 
gangs. A l l -purpose gangs have already completely displaced the traditional county 
roadman. In turn the all-purpose gang is giving way to the centrally controlled spe
cialist gang. Increasing use may be made of contractors fo r maintenance on functions 
traditionally carr ied out by direct ly employed labor, but this i s less l ikely. 

CONCLUSIONS 

To sum up, in Great Bri ta in we must start logically by getting the maintenance 
task right, i . e., by setting our standards correctly. Then we must get our administra
tion and organization right so that we know what is going on and so that planning and 
controlling are done correctly. Finally we must insure that what is to be done on site 
is done in the most efficient manner. A l l three of these aims can and are being pursued 
simultaneously of course, but the emphasis we feel should be placed in the order g i v e n -
i t is false economy to carry out efficiently work that should not be done at a l l ! 
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A Researcher Looks at Maintenance 
Management—In a "Systems" Context 
CHARLES E . DIEHL, Stanford Research Institute 

There are as many definitions of "systems analysis or approach" used today as there 
are people who use the te rm. I have my own which stems f r o m my engineering back
ground. Systems analysis, i n a simple discription, i s an attempt to optimize or i m 
prove the system under consideration. I t is generally approached through the follow
ing steps: 

1. Definition of the system under study, including objectives. 
2. Identification of the system components, the structure. 
3. Definition of the relationships and interactions between the system components. 
4. Definition of the problems or conflicts i n system component interactions and 

relationships. 
5. Application of technology to the problems or conflicts encountered. I t is in 

this step that the use of operations research, including mathematical models using 
exact or approximate causal relationships, i s brought into action. Through a series 
of iterations an attempt is made to optimize the variables involved, and come up with 
at least one best solution, or several best solutions. 

6. Af te r the alternatives or best solutions are developed, i t is necessary to test 
these solutions, including the use of judgment i n some instances where factual data are 
lacking. This testing effor t also has the side-effect of generating specific knowledge 
about research or problem solving techniques that are needed for a more complete 
solution to the problem. 

7. Armed with factually developed data, temporized by good judgment where neces
sary, the decision-makers are then i n a position to make a rational choice using the 
best solution to optimizing or improving the system under consideration. 

Systems analysis is not a panacea for a l l management aches and pains, but i t i s a 
rational approach to some of the current problems in optimizing maintenance manage
ment. Most c i v i l engineers of my generation were unknowingly introduced to the sys
tems approach by our old fr iend, Hardy Cross. 

I f we are to use the "systems" approach to improve highway maintenance manage
ment, we must f i r s t define the system under study. 

RELATIONSHIP OF MAINTENANCE TO THE "HIGHWAY SYSTEM" 
Through a system of mandated or dedicated taxes to support highways there has 

been a tendency to set highway systems apart f r o m the remainder of pubUc environ
ment. Those who l ive i n major central cities, or i n states where urban needs are the 
greatest, are seeing the results of this approach expressed by opposition to plans for 
highways and the mandating of tax revenues. I t is becoming apparent that i f we are to 
"optimize" our urban environment, there is going to be increasing pressure to look at 
the urban area as a "system" in i tself . To tackle the urban area as one system is 
complex, so we would start to decompose the system. One might depict the urban en
vironment as consisting of some major subsystems as shown in Figure 1. 

Within each of these subsystems there are many sub-subsystems; fo r example, i n 
the public works area, we might define the need for shelter for human activities, t rans
portation of a l l kinds, natural resources, and, becoming more important, the waste 
system. As shown in Figure 2 each of these subsystems has forces of optimization 
which are i n conflict i n many instances. When we consider that the optimization of one 
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Figure 1. The urban system and its major subsys
tem areas. 

Figure 2. Forces of optimization in conflict with 
urban areas and systems. 

system may detract f r o m or compete with 
the optimization of another system, the 
number of solutions to any urban problem 
approaches inf in i ty . Recognizing the d i f 
f icul ty in t ry ing to approach any sort of 
valid rationalization across the whole spec 

t rum of the urban environment, we are forced to seek suboptimization. Frankly, we do 
not have enough knowledge or factual data to do any more than seek suboptimization, 
and re ly on social pressures, pol i t ical judgments, and, hopefully, common sense to 
bridge the gap between the major competing urban systems. 

Fortunately for highway maintenance people, we are not faced with the problem of tb 
magnitude faced in the whole urban system. The problem in highway maintenance ! 
management is a bounded system. Although there are many intangibles involved, we 
can describe f a i r l y accurately our maintenance world because i t is represented by the 
physical existence of rea l property—roads, bridges, t r a f f i c signals and signs, drain
age structures, and buffer land. Each of us could make some f a i r l y val id judgments 
on the adequacy of maintenance f o r a particular small segment of a road by observa
t ion. Getting this same kind of judgment expressed for a whole state road system 
complicates the problem significantly. I f we were satisfied with our highway mainte
nance systems, we would not have this workshop. I f we are to compete successfully 
for resources in a changing urban environment, we must have a system that not only 
makes sense to us, but also carries our message up the line to others, i n a way that 
relates to the whole of our urban environment. I w i l l t r y to Indicate some approaches 
that I think would help us i n improving maintenance management. 

A l l of us are fami l ia r with the l i fe cycle of rea l property. Figure 3 identifies the 
major events in the l i f e cycle that have an impact on highway system management. Be 
fore maintenance personnel are given the responsibility f o r the road system, many 
decisions have been made over which they have no control. Most of these events are 
controlled by engineers, and, therefore, the opportunity to use the same language in 
communications exists. Although we can describe the event relationsliips over the life 
cycle of the highway system, that does not per se solve the communications problem. 
Because you must maintain what the designers and constructors build, a good system 
must provide fo r feedback. In summary then, we can define the highway system, ided 
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Figure 3. Major process events in the life cycle of real property. 

t i f y i ts l i f e cycle, and the major events i n the l i f e cycle where decisions and manage
ment action are possible. We can make a f k i r l y substantial case that i t is to a great 
degree a closed system, once human needs requirements are determined. In short, 
f r o m a systems approach the highway maintenance management program can be readily 
rationalized. The next question we might ask ourselves is whether maintenance man
agement i s a classic management problem ? Can we f ind mathematical models devel
oped for other management problems that w i l l work? 

MAINTENANCE-"CLASSIC" MANAGEMENT PROBLEM? 

The functions of management as outlined by authoritative wr i te rs are described in 
different words, but three main word descriptors appear to dominate the l i terature. 
These are plan, execute, and appraise. Under planning, we set objectives, organize 
the effor t , and assign responsibility. In execution, we ca r ry out the plan exercising 
good judgment. Appraisal provides us with the necessary feedback to monitor per for 
mance and to provide the basis fo r replanning. Each of these elements of management 
is part of every viable maintenance program. 

From a modeling standpoint, maintenance could be related to a modified inventory 
problem. We have an Inventory of roads which must be maintained. The roads might 
be considered to have a "shelf l i f e . " Periodically they must be renewed to original or 
serviceable condition, wi th the objective of maintaining the Inventory i n usable condi
t ion. I f we could predict shelf l i f e expectancy, and the repairs required at the end of 
the shelf l i f e period, we should be able to establish an effective management model fo r 
highway maintenance. Similar ly we could consider highway maintenance as a dynamic 
equipment problem because of i ts wear characteristics f r o m t r a f f i c . Workable mathe
matical models exist fo r management decision-making aids in both these cited cases. 
Both of these models, however, require the abil i ty to determine a fai lure condition. 
To make the model work we must be able to describe fa i lure . 

I t would appear that our f i r s t problem in t ry ing to model maintenance management 
for highways i s that we are faced wi th two contributors to fa i lure , natural deterioration 
f r o m the elements (akin to the inventory problem), and wear f r o m t r a f f i c (akin to the 
dynamic equipment problem). The problem is made a l i t t l e tougher i n that we must also 
state what constitutes fa i lure . As we a l l recognize, a rather bad road f r o m a r iding 
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Figure 4. Typical management information 
matrix for decisions and planning. 

standpoint is s t i l l usable. Therefore, a clear 
defimtion of failure is hard to produce. 

Maintenance management on the other hand 
is a classic problem f r o m the functions of man
agement standpoint—plan, execute, and appraise. 
To my knowledge no one has developed a mathe
matical model for highway maintenance using 
the existing management models that have been 
developed. So our problem appears to be clas
sic i n the functional sense, but atypical in the 
modeling sense. This by no means indicates 
that we cannot do a good job of maintenance man
agement, but only that we have to tackle i t in 
another fashion, at least for the time being. 

The approach which has been used success
fu l ly in maintenance management relies on struc
turing a management information system to 
provide historical data as an aid to management 
decision-making. Figure 4 is a typical manage
ment information matr ix for structured deci
sions and planning. Starting with the output of 
the system, generally stated in programs, the 
means or organization for accomplishment is 

G E N E R A L M A T R I X ' 

I D E N T I F I C A T I O N O F DISTRICT 3, 
STATE R O A D M A I N T E N A N C E , 
U T I L I Z I N G REVENUE F R O M STATE 
G A S O L I N E T A X E S . 

Figure 5. A potential budget framework for a state highway department. 
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developed, and the input or dollars to support the means determined. In the days be
fore state and interstate roads, one source of funds, one organizational element, and 
one class of roads described the problem f a i r l y adequately. To be able to approach 
the same information base today, the amount of information required is compounded 
significantly as indicated m Figure 5 for a potential state highway budget framework. 
Pr ior to the development of electronic data processors such an information system 
would have been impossible to maintain, much less use for management needs. While 
the problem is s t i l l formidable, the solution is feasible. Unt i l we are able to develop 
a valid highway maintenance model the use of a historical-based cost and budgeting 
system appears to offer the best potential for management of the maintenance function 
at the state level . The development of the budget on a program or output basis, while 
subject to some assumptions, provides management with a rationalized base for 
decision-making in the resource allocation process. I f we built the best mathematical 
model possible, the objection would s t i l l come up f r o m the f i e ld , "But my dis t r ic t is 
different. '" With the recognition that we can use a workable budget and information sys
tem, for management and information exchange between state and dis t r ic t or county 
level, there must also be a functional management system in operation. 

THE MAINTENANCE MANAGEMENT CYCLE 

Because of our inabili ty to predict specific maintenance jobs reliably, the best 
maintenance management systems are based on inspection generated work identif ica
t ion. Although the program budget and management system should provide overall 
guidelines fo r the amount and type of work to be performed, i t is s t i l l necessary for 
a trained man to eyeball the road for specific deficiencies. With the deficiencies un
covered, the inspection generated word is planned and estimated for the working su
pervisor. I t I S the supervisor's role to manage the men and equipment to accomplish 
the work outlmed. The feedback of costs and accomplishments versus plan provides 
management with the status of work in hand. This planned approach to maintenance 
has been widely adopted, and has resulted i n reducing the cost and improving the quality 
of maintenance. Figure 6 shows the typical organizational makeup (administration, 
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planning, and operations) that has been adopted by most alert maintenance management 
organizations. The functions of each of the organizational elements are indicated. The 
elements of the maintenance management cycle are also shown. The management func
tions of planning, execution, and appraisal are adequately covered with a system of 
checks and balances developed by the cycle and the assignment of functional responsi-
biUties. 

ORGANIZING FOR MAINTENANCE MANAGEMENT 

There are few occasions where one has to start f r o m scratch in organizing for main
tenance today. In our work with clients who are t ry ing to improve their maintenance 
management programs, we developed a maintenance management profi le (Fig. 7). In 
looking at the adequacy of our client's maintenance management programs we fel t the 
need for a simple working tool that would help us identify potential sources of problems, 
and which would provide a prof i le of levels of sophistication in management. Our ob
servation is that many systems for the management of maintenance get out of balance. 
The simplest analogy that I can make is perhaps to use my Volkswagen as an example. 
I could instal l a hopped up motor and get the necessary power to use i t for road racing. 
But unless I beefed up the clutch and the suspension gear, i t would be a rather danger
ous machine. In short, by not balancing the capabilities of the "Bug" I have destroyed 
the overall system design. 

On the left-hand side of the prof i le (Fig. 7), we have identified the major functions 
required in a maintenance program. In the columns to the r ight we have identified the 
levels of sophistication of the various management functions. In general, we start on 
the lef t with an unplanned, loosely structured approach with few controls, and because 
of the lack of planning, no formal feedback mechanism. As we progress toward the 
r ight the management devices that we introduce become increasingly sophisticated. On 
the far r ight the most sophisticated devices for management are being ut i l ized. By 
checking off the appropriate level of sophistication for each of the functions, and then 
connecting the checks with a line, we develop a vert ical prof i le which provides us with 
a good overview of the management system balance. From this point we are then able 
to determine the best way to get balance in the maintenance system, and to suggest the 
appropriate devices or techniques which should be incorporated. Most highway systems 
are large enough that they require and can economically support a f a i r l y sophisticated 
maintenance management system. Each of you might like to evaluate your own manage
ment prof i le to determine your system balance. 

With the advent of the computer-aided management systems, we find that there is a 
tendency to develop extremely sophisticated systems for cost collection purpose, and 
the handling of the business functions, payroll , purchasing, etc. The management 
functions that we worr ied about 15 years ago—policy, organization, evaluation and 
analysis, and budgeting—have tended to be sidelined. The prof i le , therefore, tends 
to look l ike a curve of normal distribution turned 90 degrees. 

As we might surmise, i f you cannot hang a computer on your program, or indicate 
in your position description that your work depends on a computer, you are not " i n . " 
For years the way to succeed was to develop new organization charts, new position 
descriptions, new policies and programs, and fight for control of the budget, or set up 
management analysis and review functions. In those days, the management opportunist 
fought a battle of words. Today the objective is to quantify. I f you can manipulate num
bers your road to success is open. 

Most of you would r ightful ly agree that the case has been overstated by the descrip
tions just given. A l l of us who have been observing the management of government 
enterprises for any length of time recognize that there is a constant pendulum effect 
i n management direction. Fortunately fo r most operations, the motion i s i n the center 
position twice for each time i t is at the lef t or r ight position of the swing. I f we could 
go f r o m lef t to right without passing through the middle ground, most of our manage
ment systems would be chaotic. 

This desire to quantify and rationalize every decision has mer i t . Hardly anyone 
would want to get up in front of his peers and present the case for i r rat ional i ty as a 
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mode of operation. In our approach to rationalization of decision-making, we have to 
make sure that we recognize that we are working in a total system, and that optimiza
tion of a subsystem may defeat our major system objectives. 

For example, much of our current stress on numbers is connected with cost con
t r o l . Cost control was developed in an industrial environment, where profi tabi l i ty 
could generally be measured. The impact of cost control had an ultimate prof i t mea
sure in most instances. When we look at the public enterprise organizations we often 
find that cost control can have some rather negative effects. Our system of manage
ment does not provide an ability to determine the impacts of cost reduction across the 
total system. Let us examine some typical cases where cost control may be de t r i 
mental to the overall program, because our system is not geared to the prof i t motive. 

In highway maintenance, we have in many instances two ways of accomplishing our 
work. We can do i t with highway road crews, or we can contract for the work. I f we 
are going to rationalize our decision, most of us would agree that we should do i t by 
the most efficient and economic method. To make the decision, however, our ac
counting system must provide us with f u l l information on the cost of our direct labor, 
fringe benefits, overhead for supervision, equipment costs including maintenance and 
repair with i ts own overhead burdens, equipment depreciation, and a few others. To 
the contractor's bid we must include the cost of contract preparation, administration, 
inspection, b i l l ing , and a pro rata share of legal costs for defending contract claims. 
At this point in time we might be in a position to make an evaluation on a cost basis. 
The story, as we wel l recognize, is not complete, however. There are other consid
erations, intangibles for the point of this particular maintenance job decision. We 
have to consider whether we have work for the people on our payroll , the impact of 
the reduction of in-house workload on our budget for next year, perhaps even the i m 
pact on our own job. The decision is patently one which involves more than pure costs. 
For example, depreciation has l i t t le actual meaning because we neither have to write 
off capital assets, nor can we declare depreciation as expense in a tax deduction situa
tion. I f we reduce our manpower usage in-house we might lose the numbers for next 
year when we w i l l need the maintenance people. 

In our efforts to control costs, many of us have to re ly on central purchasing au
thorit ies. They operate on a pure cost basis i n most instances. They buy at the 
cheapest price, sometimes with quality lacking. The fact that our equipment is dead-
lined for a f ive dollar part, which they are buying at the lowest price regardless of 
delivery time, is of no consequence to them in their particular attempt to optimize 
by buying at the lowest price. 

With the pendulum swing that occurs when managers stress one program after 
another, lower management's attention often gets directed too deeply to one facet of 
the management system. One of my respected associates called this the "White 
Knight" syndrome. The White Knights pick up the current fad and charge off after 
much fanfare to win the current crusade. Meanwhile, back at the castle, the crops 
go untended, the drawbridge is not maintained and gets stuck, and the castle is over
run by bandits. When the Knight gets home he finds the whole place has gone to pot 
during his absence. The Knight may have gotten a medal for the crusade, but when 
the King comes around to collect the taxes, he better be off on another crusade. 

Each of us has been exposed to this type of decision-making. Each of these prob
lems is generally the result of not having a balanced management system. 

We feel that the only way to get the balanced management system is to evaluate the 
strengths and weaknesses of your current system. The profi le may be of some help 
in this area. The next step is to pick some of your people who know your current sys
tem, but are dissatisfied with i ts performance, and pull them out of the mainstream. 
Let them start with determining your objectives and defining your system. Identify 
the system components, and define the relationships and mteractions between these 
components. I f you interface with others, as we do m maintenance, we have to look 
at the whole rea l property cycle f r o m planning to disposal. Define the problems or 
conflicts that are involved in the system, and then, and only then, t r y to apply tech
nology to the development of alternative solutions. There are too many tools or tech
niques available to take the approach of pulling one off the shelf and t rying to force i t 
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into a totally different environment. The technique may have worked in the state next 
door, and solved many problems. I t may not work in your system as effectively, or i t 
may even be a step backward. 

I t may sound like we are deprecating progress and a willingness to move ahead. 
Nothing could be further f r o m the true situation. We do feel, however, that too often 
in our efforts for improving our systems we have not looked at the forest hard enough 
because of the magnitude of the problem, and instead start worrying about the individ
ual trees. 

THE UNANSWERED QUESTIONS 

The current poli t ical fad is to point out problems, not solutions. I t appears to be 
f a i r l y successful so there is no reason why we in maintenance should not avail our
selves of this new technique. Problems are my bread and butter. I would prefer to 
solve them, i f they are real problems, rather than talk about them, but one must start 
the definition phase before solution can occur. 

Most of us would agree that we do not as yet have the best management structure 
for our highway system. I t works, but there are often questions that we cannot begin 
to rationalize. 

Our objective in maintenance is f a i r l y simple. Maintain what they build. Do we 
have a reliable way of accumulating our costs so that the designers can look at the 
total cost of a highway f r o m both a capital and operating standpoint? Are there r e -

P U B L I C W O R K S SYSTEMS 

Figure 8. Existing patterns of lows that tend to foster vertical systems of planning, engineering, and 
construction. 
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strictions on our operations because of funding situations that force us into i l logical 
decisions because we must follow the money chain? Figure 8 illustrates the problem 
of multiple funding for the urban environment. Similar problems exist i n the mainte
nance area, and i t is often di f f icul t , i f not impossible, to plan our work and operate 
effectively. Through arbi t rary rules we have labor money, material money, and con
tract money. When we t r y to combine these pots of money we are often imable to make 
the choices that are rational because of the a rb i t ra ry allocation and control process. 
Af te r much observation and some practical experience the use of a flexible budgeting 
system, such as an enterprise fund, has mer i t . I f we got one kind of dollar to buy 
maintenance based on some fo rm of output evaluation, then the day-by-day decisions 
on make or buy would be far simpler, and our cost collection systems more meaning
f u l . There are many more questions such as these in the area of the management 
structure, but time does not permit discussion. 

In studying the interrelationships within the highway system, one major problem 
involves getting adequate feedback to the design side of the house. In our attempt to 
maintain autonomy of the maintenance function have we destroyed our relationships 
with the designer ? The following kinds of situations leave me to question how well 
this communication system is working. A picture appeared in the New York Times 
which showed a massive interchange proposed for one of the serious t ra f f ic bottlenecks 
i n New York City. How much consideration w i l l be given to maintenance i n the design 
of that structure? What are they going to do with the snow? Are there maintenance 
turn-offs so that equipment w i l l not block the flow ? What was done to prevent deteri
oration f r o m delclng materials ? The designers may have the r ight answers to the kinds 
of problems that you and I i n the maintenance world might ask, but do they in this case ? 
Some things that I have spotted in the past month in California, New York, Colorado, 
Virginia , and Maryland make me want to question this premise. 

With the current demand for protection on superhighways, guardrails are being i n 
stalled at a tremendous rate—most of them in grassy areas. We have bridge abut
ments completely surrounded by guardrails, with no way except to l i f t the equipment 
over the r a i l or use hand tools to cut the grass. The guardrails are in most Instances 
too low for anything but a sickle bar to pass underneath. I f we are to maintain appear
ance we are going to be forced to hand cut around each of the guardrail supports, and 
also, the number of new signs that are being installed. I t might be cheaper to put 
plastic collars around the posts, k i l l ing the grass to make i t possible to use machine 
equipment. 

The beautification program is already recognized as an additional drain on mainte
nance funds. But m a water short state is i t rational to put in sprinkler systems at 
road interchanges so that we can grow flowers and shrubs—particularly when the i n 
terchange is surrounded by industrial and shoddy commercial ventures ? 

With our subspeclallzation of design, construction, and maintenance within a high
way system, have we ki l led our abili ty to communicate effectively? Can we build our 
information system to overcome this di f f icul ty? 

In summary, I have attempted to describe the use of systems analysis i n the main
tenance management environment, indicated some of the general tools that I feel might 
be helpful i n your analysis, and suggested some unanswered questions that make me 
feel that there is s t i l l a need for an in-depth look across the board into highway main
tenance management systems. 



Cost Effectiveness as a Measure for 
Setting Maintenance Levels and Priorities 
C . H . OGLESBY, Stanford University 

Tremendous progress toward effective management already has been made by at least 
some highway agencies. Such approaches as setting realistic standards, and develop
ing computer-based methods for planning, scheduling, and controlling the maintenance 
function are in f u l l accord with the best present-day thinking. 

The construction industry prides itself on being progressive and claims to be fax 
ahead of governmental agencies i n i t s initiative and i n developing new methods. But 
i t can be stated without fear of argument that many of the maintenance techniques and 
procedures are far more effective than those employed by a l l but a handful of contrac
tors . Part icularly noteworthy is the use of the industrial engineering approach to 
develop improved methods, standard times to measure job performance, and the at
tention being given to the "people" side of management. 

There is no question that many decisions regarding maintenance policy and proce
dures require choices on how to use that very scarce commodity, money. But are 
these decisions money based? Figure 1 is a plot of the responses of the state highway 
departments to a 1963 questionnaire (1.). I t shows that fo rmal economic analysis was 
almost never employed in making maintenance decisions. 

I t can be argued then: (a) that since many decisions about maintenance expenditures 
can be money-based, (b) that current decision-making procedures are not money-based, 
and (c) that there are strong pressures on public agencies to explain and jus t i fy how 
the money entrusted to them is being spent, i t is time to get busy developing techniques 
and procedures for looking at the "cost effectiveness" of maintenance. 

WHAT IS COST EFFECTIVENESS? 

The te rm cost effectiveness immediately suggests a comparison between an expen
diture and the gains that that expenditure brings. However, the term does not say how 
that comparison should be made, and at the present, no universal basis for such com
parisons is available in the private sector of the economy, let alone in the public sec
tor . In the highway f i e ld . Figure 1 suggests how l i t t le has been accomplished i n any of 
the divisions of highway practice. 

Cost effectiveness is relatively easy to define in the private sector. Here, the aim 
is to make money or, stated more elegantly, to "maximize prof i t s . " This must, of 
course, be done under certain rules of the game which require observance of the law, 
payment of taxes, and some degree of recognition of social responsibility. I t is ad
mitted that projecting costs and gains into the future is neither an easy nor exact sc i 
ence, but at least, the objective of private enterprise is clear: to deploy the available 
money and other resources to maximize one thing—profit after taxes. 

In the public sector, merely to define cost effectiveness is d i f f icul t indeed. Here, 
the aim is to "maximize the public good," whatever that may be. However, one thing 
is clear: i t is that the aim is not to maximize the "good" of the highway agency or of 
the maintenance division of that agency. I t is an agency developed to spend public 
money to perform a public service, and i t and i ts employees are stewards (house war
dens) charged with a responsibility to make the best possible use of the funds placed 
i n their hands. 

In the public works f ie ld , as i n private enterprise, accounting for costs is p r imar i ly 
a matter of devising and operating a suitable estimating and measuring system. On 
the other hand, i t i s extremely di f f icul t to set up measures of the public good that are 
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Figure 1. Percentage use of economy analysis by Federal-aid system, organizational unit and 
frequency category (1). 

to be mazimized by public works decision-makers. Possibly the most important of 
these goods is , however, reflected in the te rm cost effectiveness. I t covers the ef
ficient use of resources, be they money, land, plant and equipment, a i r , water, or 
human productive capacity. 

In the developing nations where food and shelter are so scarce that human survival 
is a problem, these economic considerations may well be overriding, and even in the 
developed nations where resources are abimdant, economic compariscxis are important. 
There are many instances where choices among the possible use of resources can be 
made solely on economic grounds. In other cases, economic comparisons provide a 
means for weighing the relative desirability of consequences for which money values 
are either unknown or for which they seem inappropriate. 

I t must be recognized that in today's world, i t is not possible to completely over
look the "other than economic factors" that are affected by pubUc works decisions. 
Examples in the highway f ie ld include the comfort and convenience of motorists, the 
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presence or absence of noise, dust, and fumes, and the suffering and deprivation r e 
sulting f r o m highway accidents. Furthermore, the implications of highways to neigh
borhoods and the community must be weighed. 

I t follows that, not only must the techniques for measuring cost effectiveness be 
broad and all-encompassing enough to ref lect economic and social costs, but also 
that, in some situations, other measures that cannot be stated in money terms must 
be considered in the decision-making process. 

THE SYSTEMS APPROACH 

One of the most popular words in today's technical jargon is "systems." I t means 
many things to many people, but for the purposes of this paper, i t offers a useful con
cept, and that is "to reach a proper solution to a problem, i t is necessary to make 
the circle encompassing a study large enough to include a l l relevant factors." Un
fortunately, this systems concept has often created confusion rather than clar i ty be
cause i t has been used capriciously and without thought. 

In applying the systems approach, i t must be recognized that for decisions made at 
the top, the system must be comprehensive; m other words, the circle encompassed 
by the study is large. As the decision-making power moves lower and lower in the 
management hierarchy, the system becomes more and more restr icted in scope and 
the circle gets smaller and smaller. On the other hand, as the system becomes more 
and more complex, fewer and fewer particulars can be encompassed in i t . Applying 
these concepts to cost effectiveness, i t should be clear that no single approach to or 
set of answers for cost effectiveness w i l l be appropriate for a l l levels of management. 

For example, i n the case of snow removal, top administrators w i l l be concerned 
with broad questions such as the economic and poli t ical implications of a bare pave
ment policy and, within that, deciding which roads to keep open. The equipment man
ager w i l l be concerned p r imar i ly with the relative economy of various types and sizes 
of snow-removal machinery, and the maintenance supervisor w i l l be looking fo r econ
omies in , among other things, setting routes for equipment to follow and determining 
the circumstances under which he begins and carries out snow removal activities. Of 
course, accurate cost information is needed to make correct decisions at a l l these 
levels. However, i t is only at the higher levels that the broad policy questions regard
ing "gains" enter directly into studies of cost effectiveness. 

Research now being carr ied on may have far-reaching effects on how decision
making on more complex problems is carr ied out. The behavioral scientists have 
developed strong evidence to show that the human mind can deal effectively only with 
about six or seven major elements of a problem at one time (2). Yet, many problems 
have far more than this number of facets. The effor t i s , then, to f ind workable means 
for alternately breaking a problem down to show the detail and then reassembling i t 
into a relatively small number of variables. One very promising approach is to couple 
a visual display cathode ray tube to an on-line computer. I t is then possible to as
semble the major variables graphically or i n words or to instantly recal l and display 
the details underlying these variables. 

APPROACHES TO COST EFFECTIVENESS 

In the broadest interpretation, cost effectiveness programs w i l l have the aim of 
permitting comparisons of the costs and benefits of a l l expenditures of the govern
mental agency in question. They w i l l include evaluations in money of long-term i n 
vestments i n capital improvements in such areas as highways and other transportation 
media, water projects, and air and water pollution. Also, the expenditures for day-
to-day governmental services such as a law-enforcement and protection of the public 
through the licensing of engineers, doctors, lawyers, contractors, and barbers w i l l 
be rated. 

As indicated earl ier , i t should be possible to determine the costs of providing such 
governmental services within reasonable l i m i t s . Admittedly, there is much uncer
tainty and argument on investment c r i te r ia such as interest rates and useful lives of 
capital investments, but at least a l l costs can f inal ly be stated in terms of money. 
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On the gain side, however, only the beginnings have been made i n reaching overall 
evaluations. For example, i n the highway f ie ld , reasonable estimates can be made of 
gains f r o m reductions in vehicle operating and time costs that accompany an expen
diture to improve t ra f f i c flow, assuming t ra f f ic volume projections are feiirly accurate. 
However, money measures of the socioeconomic and certain nonquantifiable effects of 
highway improvements have yet to be developed, and in a f i e ld such as the licensing of 
professions, what possible measure is there of the gains to society that result because, 
for example, barbers have passed an examination? 

The above arguments are not intended to say that the cost effectiveness approach 
cannot be implemented. I t i s , rather, to say that a long road lies ahead. In the mean
time, i t w i l l often be necessary to "suboptimize," that is to look at only that part of 
the problem that can be handled. Again, i n many instances, i t w i l l be necessary to 
minimize the costs necessary to achieve some arbi t rary measure of gain, but the a im 
w i l l always be to give the public the most for i ts money, even though the measures are 
imperfect. I t goes without saying that decisions made with as much factual knowledge 
of costs and benefits as can be assembled w i l l be better than those based solely on 
opinion or reaction to pressure. 

IS COST EFFECTIVENESS BEING APPLIED IN HIGHWAY MAINTENANCE? 

I t can probably be said t ruthful ly that only a few of the many highway agencies in 
the United States have meaningful data on either the cost or gain sides of highway 
maintenance. A recent study sponsored at Stanford University imder the National Co
operative Highway Research Program offers some proof to this c la im. Almost no 
data in the depth and f o r m needed to make meaningful cost effectiveness studies in 
any facet of highway maintenance were found either in the li terature or i n the records 
of highway agencies (3). Actually, more meaningful data have been presented at this 
workshop or have been developed by the agencies making presentations here than were 
found i n a l l the past l i terature. So real progress has begun! 

CLASSES OF COST EFFECTIVENESS STUDIES 

Techniques for making cost effectiveness studies might be put into three general 
classes as follows: 

Class 1—Those situations where a standard of quality or quantity has been fixed by 
higher authority and where no differences i n or factors affecting capital investments 
are involved. In this case, comparisons based on cost per unit of accomplishment w i l l 
be appropriate. For example, for patching a bituminous surface, the man-hours and 
materials per square foot or square yard of patching might be proper units, or both 
items might be converted to a dollar cost per unit area. This approach would be ap
propriate whether the aim is to measure the actual performance of a given crew against 
a standard or to make comparisons between the effect of crew size or some other v a r i 
able on productivity (this would be true as long as equipment costs are not a factor i n 
the comparison). 

Class 2—Those situations where a standard of quantity or quality has been f ixed by 
higher authority, but where capital investments as wel l as annual expenditures are i n 
volved. These investments may be m materials, machines, or facil i t ies any of which 
may have different costs, performance characteristics, or useful l ives. In this case, 
an economic comparison (economic study) must be made. The most favorable alterna
tive w i l l be the one that had the lowest cost in the long run. Results may be expressed 
in the following forms: (a) lowest equivalent umform annual cost, (b) lowest present 
worth of costs for a specific number of years, or (c) the highest rate of return on the 
total and also on the last viable increment of investment. An example of a situation 
where this approach is required would be a comparison of the present method of mow
ing the roadside with several other machines and procedures. 

Class 3—Those situations where the standard of quality of maintenance is subject to 
question and where, in addition, alternative procedures may or may not be followed to 
accomplish the different standards. In this case, as i n Case 2, an economy study ap-
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proach is required. Results may be stated as indicated in Case 2, or also as the 
benefit-cost ratio on total and last viable increment of investment. Case 3 differs 
from Case 2 in that, for Case 3, a money value for the good or benefit that this par
ticular maintenance operation brings to the public at large must be included m the 
analysis or the decision. An example of this form of cost effectiveness study would 
be a determination as to how often, at what height, and how far from the edge of the 
roadway to mow the roadside. 

PROBLEMS WHEN MAKING ECONOMY STUDIES 
The purpose of economy studies is to apply fundamental economic principles to 

making engineering and management decisions. All too often, however, engineers 
and administrators have assumed that these principles are self evident or that they 
merely represent an extension of accounting procedures or financial calculations. An 
added factor is that only about one-third of the civil engineering curricula offer these 
principles among their subject matter. It is, then, small wonder that many highway 
economy studies contain fundamental errors. Unfortunately, also, the highway litera
ture is crowded with formulas and solutions to economic problems that are entirely 
wrong. 

The principles underlying economy studies are too complex to be presented here, 
but it is essential that those involved in cost effectiveness studies understand them 
thoroughly. The book by Grant and Ireson is a classic; early next year, Robley 
Winfrey's book devoted entirely to highway economics will be available (5). In addi
tion, most of the papers sponsored by the Committee on Highway Engineering Econ
omy of the Highway Research Board in the last ten years are fundamentally sound. 
Although these papers are not primarily concerned with maintenance problems, the 
parallels are close enough to be helpful to one who wishes to develop competence in 
highway economy. 

As indicated above, past highway economy studies have often been in error. Among 
the more common mistakes are the following: 

1. Failure to clearly define the available alternatives and their consequences. 
2. Mixing economics, which is the use of resources, with finance, which relates 

to sources of funds. Decisions on economy and finance are separable; they should be 
made separately, one following the other. 

3. Using accounting data such as book value or allocated costs m economy studies. 
Neither of these have a place in an analysis of the future consequences of alternate 
courses of action. 

4. Including a factor for inflation in future costs or benefits. 
5. Making comparisons involving future costs, gains, or both without using com

pound interest to reflect the time value of money. Another form of the same error 
is to adopt the bare cost of borrowed money as the interest rate. 

6. Counting the same cost or benefit more than once. This is called "double 
counting." (A common error is to include the tax on motor fuel when computing vehicle 
operating costs.) 

7. Using the physical life rather than the anticipated service life of a highway ele
ment in cost comparisons. 
This list of errors is far from complete, but it may be useful as a means for rumung 
a rough check on formulas now in use or that are being proposed to solve maintenance 
economy problems. 

DIFFICULTIES IN SETTING STANDARDS AND EVALUATING THEIR BENEFITS 
Earlier in this paper it was stated that highways are constructed, operated, and 

maintained with public funds for the public good. It can be concluded, then, that stan
dards for maintenance should, insofar as possible, reflect the pubUc's wishes when 
determining how maintenance funds should be used. Cost effectiveness is one mea
sure, but it is also clear that the public has desires that cannot be evaluated m money 
terms. 
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To date, few, if any, formal attempts have been made to measure public prefer
ences as to the level of maintenance standards. Neither have public desires been ex
plored systematically in terms of the importance or the various aspects of mainte
nance, for example, surface maintenance vs litter collection. Of necessity, and for 
want of legislative or other direction, highway engineers in each agency have aopted 
standards that, in their opinions, seemed reasonable. These standards have, of ne
cessity, been elastic in order to fit the available resources of money, manpower, and 
equipment. If the available resources were m short supply, standards were selec
tively relaxed. 

Recently a statement of policy entitled "Criteria for Maintenance of Multilane High
ways" was prepared by the Committee on Construction, Maintenance, and Operation 
of Highways of the American Society of Civil Engineers (6). Among the objectives of 
the statement was the following- "To promote a uniformly high level of maintenance 
by the various state and local agencies." This statement presumes that the public 
wants or demands this high level of maintenance. It also assumes that the public wants 
this high level across the board, rather than being selectively applied to say, the road
bed but not the roadside. 

In some instances, the statement of policy indicates that standards should be lower 
where traffic volumes are lower; in others, it does not. For example, it recommends 
that corrective measures to bring skid resistance to a particular level be developed on 
all roads, regardless of traffic volume. Yet, accident expectation and accident costs 
should be less on roads carrying lower volumes. 

The question being raised here is how, if at all, cost effectiveness and other mea
sures of the public's wishes can be applied to standards for highway maintenance. One 
possibility is to use modern sampling and polling methods to test public reaction, as 
has been done in an exploratory way in other public works fields. In any event, since 
standards are at the crux of all decision-making on highway maintenance, this subject 
deserves immediate and concentrated attention. 

CONCLUSION 
This paper has attempted to take a preliminary look at how cost effectiveness can 

be applied to decisions on highway maintenance. It also has briefly explored the forms 
that analyses to measure cost effectiveness will take and the problems that will be en
countered in carrying them through. In addition, it has examined the question of giving 
decisions regarding highway maintenance greater sensitivity to the wishes of the public 
that pays the bill. In sum, it has looked at cost effectiveness as an advanced and valu
able aid to decision-making and as a fruitful area for research and development. 
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Use of Pavement Evaluation Techniques in 
Maintenance Management 
L . G. BYRD, Bertram D. Tallamy Associates 

Pavement evaluation techniques have important applications in maintenance manage
ment. In the determination of present conditions and remaining service life in im
portant pavement systems, managers can eliminate the problems associated with 
subjective ratings and accomplish management planning on a sound techmcal basis. 
Also the ability to determine the future date or dates when major pavement rehabili
tation will be required, permits management to accomplish optimum scheduling of the 
rehabilitation work and of interim maintenance measures as well. 

Obviously, this type of evaluation has particular application on important arterial 
routes and major highway networks such as the Interstate System. It also has proved 
to be a valuable tool in maintenance programming on a number of major toll road sys
tems throughout the northeast. 

PRESENT SERVICEABILITY INDEX 
Essentially, the pavement evaluation techniques consist of utilizing the Present 

Serviceability Index (PSI) concepts and pavement performance curves developed during 
the AASHO Road Test at Ottawa, Illinois. The PSI is a measure of a pavement's mo
mentary ability to serve traffic. The PSI concept was developed to monitor the effect 
of axle-load applications on a variety of pavement designs. A pavement serviceability 
rating panel was appointed to make a subjective judgment of the ability of 138 different 
pavement sections to service traffic. The panel's judgment was indicated by a rating 
value ran^ng from 0 to 5 with adjective designations of very poor (0-1), poor (1-2), 
fair (2-3), good (3-4), and very good(4-5). AASHO personnel then measured variations 
in longitudinal and transverse profiles as well as the amount of cracking and patch
ing on each of the pavement sections. Using mathematical analyses, these quantita
tive measures were related to the mean rating value as established by the rating panel 
to produce an equation to predict a quantitative counterpart of the mean rating value. 

SURVEYS AND ANALYSES 
A number of devices are available to measure the pavement profile. A profile mea

surement system developed at the AASHO Road Test employed the Chloe profilometer. 
A number of states have acquired this instrument. Its major limitation is in its slow 
operating speed (i5 mph) and sensitivity to moisture and temperature changes. A 
more practical instrument for general field operation is the BPR-type road roughness 
indicator, which measures the accumulated inches of roughness while traveling over 
the pavement surface at 20 mph. Our firm has purchased a road roughness indicator 
and is currently using this instrument in pavement evaluation studies. 

To establish the PSI of a pavement it is necessary to conduct a survey of the pave
ment roughness using the road roughness indicator or an alternative instrument and to 
conduct a visual survey of the patching and cracking conditions on the pavement surfaec. 

The roughness survey records the surface deformation resulting from effect of traf
fic loads, age and environment. This phase of the field survey consists of taking 
measurements to determme the rideability of the pavement surface recorded in inches 
of roughness per mile of roadway. The BPR-type road roughness indicator consists 
of a single test wheel mounted on a towing frame with two single-leaf springs and pre
cision damping devices. As it is towed along the wheelpath of the roadway, the wheel 
deflects with respect to the towing frame in proportion to the roughness of the road. 
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Figure 1. BPR-type, road roughness indicator. Model C T - 4 4 4 . 

Figure 2 . Roghometer test wheel is towed in the outside lane to record most severe condition. 
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Figure 3 . Continuous tape record of pavement roughness survey, electronically registered by road 
roughness indicator. 

The total downward movement recorded in inches per mile of roadway represents the 
roughness index. The downward movement is electronically recorded on the instru
ments contained in the towing vehicle. These instruments also provide an accumula
tive record of the inches of roughness to one 1000th of an inch and a continuous pro
file of the roughness of the road recorded on tape. 

The visual survey consists of observing the pavement surface and recording the 
quantities of pavement deficiencies noted. While cracking and patching are the only 
quantitative values required to compute the PSI, i t has been our practice to observe 
and record other conditions which could affect the structural integrity of the pavement, 
i .e, pumping, faulting, scaling, and other signs of disintegration of the pavement sur
face as well as defects in shoulders, drainage, and appurtenances. The data are re
corded on special forms for each mile of mainline pavement and for each ramp or con-
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Figure 4 . Typical print-out of pavement sections and PSI values from computer program. 
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necting roadway for the pavement section under study. The visual survey can be con
ducted by a crew operating on the shoulder of the highway where a paved or graded 
shoulder is available. The visual survey crew consists of a vehicle driver and an 
observer and recorder riding perferably in the open bed of a pickup truck, traveling 
at an average speed of 3 to 5 miles per hour. 

With the cracking and patching data in hand and the roughness index (RI) values es
tablished, the PSI values can be computed for each pavement section using the appro
priate equation where the cracking factor (C) is in units of linear feet of cracking per 
thousand square feet of area and the patching factor (P) is in units of square feet of 
patching per thousand square feet of area. PSI values can be computed for each seg
ment of highway and plotted on a bar chart to permit inspection and analysis. General
ly, it has proved practical to compute PSI values for each half-mile pavement segment 
and then to average the PSI values over longer pavement sections so that programming 
of major rehabilitation work can be scheduled for significant pavement lengths. 

DEVELOPMENT OF LONG-RANGE PROGRAMS 
Service life curves are the graphic illustration of the loss of PSI values as a result 

of repeated axle-load applications and environmental influences acting over a period 
of time. In the AASHO Road Test analysis, equations were developed to show the loss 
of PSI as a result of repeated axle-load applications of a known magnitude for various 
pavement designs. Because the AASHO Road Test was performed over a relatively 
short period of time, no relationship with time and environmental &ctors was estab
lished. In evaluating existing pavements, many of which have been subjected to en
vironmental influences over a number of years, it is necessary to account for that loss 
of service life associated with factors not related to axle loads. Our firm has devel
oped a procedure to identify the influence of time and environment in what we refer to 
as a K factor. By expressing both the axle factor and the K factor in the same mathe
matical form, they can be incorporated into a single expression where K is used to 
convert time and environmental influences into equivalent axle units. For large axle-
load applications, the K factor becomes insignificant. Conversely, it may become the 
primary factor when axle-load applications are relatively small on older pavements. 

The AASHO Road Test curves plotted loss of service life against accumulated axle 
loads. In order to convert axle loads to time, it is necessary to perform an extensive 
analysis of the character and magnitude of the traffic to which the pavement has been 
subjected since its opening and to analyze and develop projections of traffic volumes 
and traffic load classifications over the service life period of the pavement. With ade
quate traffic information in hand, and through the computation of equivalent 18-kip 
axle loads for the mixed traffic flow to which the pavement is subjected, it is possible 
to establish a direct correlation between accumulated axle loads and calender years. 
Thus the service life curve can be plotted with PSI values as the ordinate and calendar 
years as the abscissa. The point at which the projected service life curve intersects 
the minimum acceptable PSI value then identifies the year in which major rehabilitation 
of the pavement section can be anticipated. 

Service life curves can be computed for each of the pavement sections using the PSI 
values established by the survey as the current point on the curve. Where no prior 
pavement evaluation studies have been performed on a pavement section, initial PSI 
values must be assumed in order to determine the loss of service life associated with 
current values. This assumption can be based on PSI surveys on nearby newly con
structed sections of pavement built to comparable standards or it may be established 
by a purely judgmental assignment of initial values. Obviously, the warrants for peri
odic PSI surveys and the establishment of additional points on the service life curves 
are strongly indicated if a high degree of accuracy is to be anticipated in projections 
of the service life curves over more than a few years in the future. 

With pavement service Ufe curves computed for each significant contiguous segment 
of a roadway system it is possible to identify the year in which each pavement segment 
can be expected to reach its minimum acceptable PSI value. Resurfacing programs can 
be scheduled from these data, and practice grouping of sections to provide optimum con 
tact size, to minimize repeated traffic interruption and to balance out annual bettermeni 
programs can be accomplished. 



Use of Pavement Evaluation Techniques in 
Maintenance Management by the 
New York State Thruway Authority 
J . p. PENDLETON, New York State Thruway Authority 

The engineering report of the resurfacing program is presented to the Thruway's top 
management with the chief engineer available to expand on the content in areas where 
questions arise. Top management sets policy by indicating acceptance of the report 
and its conclusions. The chief engineer and the supermtendent of maintenance in con
junction with the finance officer, can now use the pavement evaluation report as a man
agement tool. In our case, a long-term reserve fund has been established with money 
from operating revenues set aside in an orderly schedule to be available according to 
requirements of the pavement rehabilitation schedule. On an annual basis, the long-
range requirements are used as a framework on which to hang our annual budget 
requirements. 

In its fourteen-year life the Thruway has had two complete evaluation studies. The 
first one covered the period from 1962 to 1975 and the second one enlarged the period 
from 1966 to 1982 with the experience in the first four years being used to refine earlier 
projections. In at least one instance the pavement rehabilitation financing schedule was 
used in a statement to prospective bond holders. 

IMPLEMENTATION OF PROGRAM SCHEDULES 
The projections covering long-range maintenance are updated annually by running a 

roughometer survey over the entire Thruway system. In addition to any wide variation 
shown on the roughometer graph from year to year, a judgmental evaluation is provided. 
The service life curves are adjusted if necessary by the following factors: 

1. Yearly traffic volumes which are automatically tabulated from toll records. 
2. Comparison of the roughometer surveys. 
3. Establishment of new PSI values on new overlays. 
4. Occasionally new crack and patch surveys are conducted in local areas. 
The superintendent of maintenance, a local division engineer and two men from the 

chief engineer's office make an annual visual inspection each summer to confirm the 
exact location of major rehabilitation work for the following year. Since this work falls 
into the categories of resurfacing, installation of additional drainage, and added im
provements for safety, most of these projects are handled by contracting firms rather 
than our existing maintenance organization. 

After the inspection and approval of work for contract, Thruway office engineers 
prepare contract documents during the winter and early spring. These contracts are 
generally available for bidding in April which gives us the advantage of starting pave
ment work prior to the busy season. It also generally results in low bid prices because 
contractor obligations have not yet been made on summer construction work. The con
tracts are written with definite traffic sequential considerations. It is necessary to 
allow traffic to pass through the construction area due to the nature of this limited-
access highway. 

Thruway management of the highway rehabilitation contracts is divided as follows— 
our Department of Traffic and Services sets overall policy on traffic control; the con
tract preparation, bidding and inspection is the responsibility of the Bureau of Con
struction and Design, and the Btireau of Thruway Maintenance provides all designated 
traffic control devices but is not directly involved in the reconstruction project. 

49 



50 

Coordination between the Bureau of Thruway Maintenance and the Bureau of Con
struction and Design is assigned to the assistant chief engineer. 

GENERAL OBSERVATIONS 
Why should Thruway experiences be of general interest ? 
1. Because the entire 559 miles of the Thruway was built in its entirety in a rela

tively short period of time in the early fifties. The Interstate System in other states has 
very similar characteristics except that it is 10 to 12 years yoimger. 

2. Normal state budget appropriations dictate a year-to-year program for repair 
and maintenance of highways which hmders long-range plans. While an annual hand-to-
mouth existence must be used on the overall state highway network, some long-range 
provisions should be made to insure the future value of the Interstate System. 

3. Some provision for a 10- to 20-year master plan of Interstate highway mainte
nance should be developed so that money for major rehabilitation is spread over a num
ber of years even though a considerable mileage will grow old at one time. 

On the Thruway, operating funds for normal pavement maintenance are provided on 
a calendar year basis. By the nature of normal maintenance, there is fluctuation in 
the amount of money provided annually but a reserve fund for pavement rehabilitation 
tends to equalize the year-to-year demands. 

The pavement evaluation reports and subsequent long-range policy which is estab
lished tends to stabilize the pavement maintenance program. Quite often we are able 
to avoid the waste of maintenance effort which commonly occurs when maintenance 
programs are strung together on a year-to-year basis. For instance, we avoid such 
things as putting down a shoulder surface treatment one year and tearing up the shouldei 
the following year to mstall underdrams. By noting the progressing signs of age, we 
are able to predict more closely the need for maintenance repairs and can alter the 
timetable to our economic advantage. A side effect of having formal professional pave
ment evaluation reports is that our top management is made aware of specific trends in 
year-to-year costs. This effect is similar to the in-door out-door thermometer func
tion in that we are able to anticipate and adjust to new conditions without as wide a 
fluctuation. This is particularly important when you are geared to an income budget 
where revenues must be in harmony with operating expenses. 
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continuous observation and detailed study. The advantage of work sampling is that the 
taking of a few random observations can be done economically, usually as a collateral 
duty of supervision, while other detailed methods of appraisal are more e3q)ensive and 
may require the full-time services of groups of specialists. 

The exact degree of reliability required of any study is dependent upon the end use 
to which the study will be put. 

An essential condition of work sampling is that observations be taken at random. 
Randomness in the statistical sampling sense means the condition that any given instant 
of time has an equal likelihood of selection as the time for observation as any other 
instant, that there is no apparent order to the times of observation, and thus, that one 
time of observation is independent of all other times of observation. Finally, the en
tire period of time over which samples are taken must be subject to selection as the 
random times of observation are drawn. If these conditions are met and enough ob
servations are taken, inferences of known reliability may be made through work sam
pling. There are several straightforward tests by which the randomness of times of 
observation may be verified or tested. If careful attention is paid to these tests, the 
accuracy and reliability of work sampling studies can be developed to within any prac
tical limit. By "practical" is meant the answer, doUarwise, to the question: "How 
much certainty of results is desired for the expense involved ?" 

STANDARDS 
The lexical step after work measurement is the creation of maintenance standards. 

Many states, for example, Minnesota, Virginia and Louisiana, are engaged in extensive 
standardization programs. It can readily be seen that maintenance cannot be adequately 
scheduled unless management has some idea of how long it should take to do a job. Con
versely, the time taken to do a job cannot be ascertained unless the job is standardized, 
that is, vmless the job is done in the same manner each time it is performed. The 
method study and motion technology aspects of industrial ei^neering help the ei^ineer 
to design a method which requires the least effort. Once this method has been per
formed then the time taken to do the job can be ascertained and this used by the main
tenance planner in his scheduling work. Additionally, this information can be used to 
ascertain the long-range manning requirements for any highway maintenance effort. 

A modern aspect of the method analysis procedure lies in the area of value engineer
ing. This is but a new name for an old idea. Value engineering identifies a specific sys
tem of decision-making which is aimed at the creation of a product or service with the 
highest possible value to the user at the least possible cost. Instead of looking at the 
cost production problem from the narrow view point of "how canweproduce this service 
most economically?", a more comprehensive concept is taken by questioning "how can 
we produce the function that is required for the least total cost?" This is the philosophy 
underlying the value engineering approach. This approach has already effected the de
velopment of the new production and maintenance systems, and it will exert an even greater 
influence on methods and machines as it permeates the engineering maintenance and manu
facturing field more widely. In highway maintenance work, anexample of value engineer
ing might be the consideration of the total grass cuttingproblem, not just how to cut grass 
better with mowers. The entire system from beginning to end would be formalized, that is 
written down, and consideration would be given not only to mowers but also to chemical treat
ment, elimination of grass and replacement with aggregates and any other ideas which in 
total would minimize the cost of roadside maintenance. 

PERSONNEL RELATIONS 
Necessary to any industrial engineering curriculum is one or more courses having 

to do with industrial and personnel relations. Typical of the topics covered in such 
courses are union and management collective bargaining, recruitment and selection, 
employee appraisal, promotion, transfer, lay-off and demotion, training, supervision, 
effective use of meetings, commvmication, discipline, wage and salary administration, 
and wage incentive programs. The applications of these topics to maintenance manage
ment is so clear that specific examples to the highway maintenance field are not required. 
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MAINTENANCE CONTROL 
In preparing a student for the industrial engineering field, a course in production con

trol is usually included m the curriculum. Some universities, particularly Louisiana 
State University, are lending greater emphasis to maintenance control than production 
control merely because most of their students go into work m a chemical or chemical-
processing plant where maintenance control is a large factor. Nevertheless, the tech
nology underlying the production and/or maintenance control field is common. The 
emphasis is on the word "control," whether it be maintenance or production. 

Traditionally, these control procedures have included: (a) forecasting, (b) planning, 
(c) scheduling, and (d) follow-up. To these four traditional areas have been added net
work analysis known as critical paths scheduling and PERT. In addition, the use of the 
computer in performing these jobs is now emphasized with all the attendant problems. 

The forecasting aspect of control encompasses the ascertaining of what resources 
will be needed by the maintenance supervisor for some foreseeable future. The re
sources, of course, are men, material and machines. The planning aspect is the meth
odology of how the resources will be put to best use. The scheduling function is the 
determination of when the resources will be used and the follow-up aspect is the feed
back mechanism by which the maintenance manager ascertains how well the plan is 
keeping up to the schedule. The PERT and critical path analysis techniques are used 
to determine the longest job or endeavor in the maintenance system and the shifting of 
idle resources to this longest path function so as to cut down on the total time and cost 
required for the function. 

ENGINEERING ECONOMY 
Engineering economy differs from classical economy in that the engineer learns 

about the value of money rather than price theory. Most engineers do not receive the 
financial motive emphasis in their undergraduate curriculum. This concept permeates 
the entire industrial engineering curriculum in that the student is constantly made aware 
of the fact that the engineer is a person who can do with one dollar what any other damn 
fool can do with five dollars. The newer concepts of engineering, and this is partic
ularly emphasized in industrial engineering, include the idea that a product or system 
should not merely just work but it should be the most economical method of doing the 
particular effort. A logical question at this point might be: How do you teach students 
to be economy minded? In industrial engineering this is done by subjecting the student 
to a course in engineering economy early in his career and making frequent use of engi-
neerii^ economy principles in other courses. 

This typical engineering economy course might include the following topics: 
1. Interest, equivalence, and depreciation 

a. Interest and interest formulas 
b. Calculations of equivalence involving interest 
c. Depreciation and depreciation calculations 

2. Planning engineering economy analysis 
a. Classifications of cost for economy analysis 
b. A pattern of engineering economy analysis 
c. Treatment of estimates in engineering analysis 

3. Engineering economy analysis and evaluation of alternatives 
a. Basis for comparison of alternatives 
b. Break-even and minimum cost analysis 
c. Evaluations of replacements 
d. Economy in the utilization of personnel 
e. Evaluation of public activities 

4. Accounting, cost accounting, and income taxes 
a. Accounting, cost accounting and economy analysis 
b. Income taxes in economy analysis 
c. Evaluation of existing operations 
d. Evaluation of proposed operations 
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down to an average length of 28 men and an average waiting time of 58 minutes. In 
each hour, then there would be 28 man-hours lost in waiting. Further calculations 
show that one extra store man will reduce the average to 0.28 man, releasing 27.3 men 
for productive work. Addition of a third man, however, will only cut the average to 
0.04 and might not be justified when weighing the third man's salary against the produc
tion time gained. 

There are other techniques in operations research such as game theory, dynamic 
programming, and simulation techniques, but these techniques are so theoretical that 
there are not many examples in highway maintenance work. This does not mean that 
the techniques are useless. It merely means that our state of knowledge has not reached 
the point where we can apply these techniques to the specific problem that we have in 
highway maintenance. 

In summary, I have attempted to give an idea of how some industrial engineering 
techniques can be useful in highway maintenance operations. The list of applications 
is a long one, and only a few of the techniques which could be useful in this type of work 
have been covered. 

There is much need for industrial engineers in state highway departments in general, 
and in maintenance operations in particular. Tradition dictates that state highway 
departments hire mainly the civil engineer. It is difficult to understand why this practice 
persists, when, in a number of positions, the job demands knowledge in the scheduling, 
planning, and budgetary fields much more than a knowledge of concrete and reinforcing 
rods. 



The Application of Industrial Engineering to 
Maintenance Operations in New Jersey 
J. F. ANDREWS, New Jersey Department of Transportation 

New Jersey established a Bureau of Industrial Engineering in October 1964. A staff of 
seven industrial engineers and technicians was recrmted from outside state service. 
The designated mission and function of the Bureau was and is ". . . to plan, direct, and 
supervise industrial engineering practices in the analysis of work, the development of 
methods improvements, the establishment and application of work standards, the stan
dardization of methods and procedures, and the development and implementation of cost 
control techniques, to insure the optimum utilization of the manpower, facilities and 
equipment of the various divisions and bureaus of the State Highway Department." 

The Bureau's initial project was to develop work planning and scheduling systems 
for both roadway maintenance and equipment supervision. Better manpower and equip
ment utilization were the objectives. 

You cannot plan and schedule without having standards of work performance, because 
planning can only go on when you know how long it takes to do a job. The industrial 
engineers, early in the planning and schedulii^ project, set up a companion project to 
develop work standards for both equipment and road maintenance. 

A third project was to design and install an equipment preventive maintenance pro
gram which is mainly a complex scheduling project. 

These planning, scheduling, and work measurement projects are long range and will 
continue to be developed. There have also been special study projects concerned with 
equipment replacement needs, chemical ice control, and specialty crew organization. 

The great strength of bringing trained industrial engineers in is that they bring a 
methodology. If we can bring from industry men who have been trained in analysis of 
work, the setting up of work standards, techniques of production and waste control, cost 
analysis and control, training, these men can bring us skills and activities we need at 
this time and in the immediate future. It seems that we shall have to move into these 
activities just as industry did when it became time and cost conscious. 

Another strength in bringii^ industrial er^ineers into highway activities is the fresh
ness of their viewpoint. Industrial engineers are usually enthusiastic individuals with 
zest for improving methods, systems, cutting costs, and training. Coming into a world 
of highways, they find much to challenge them. Tough old problems to the highway engi
neer are new ct^Uenges to the industrial engineer. He has no mental roadblock in
duced by traditions, worn out policies, governmental budget processes, and politics. 

A trained ability to question any going system is another useful characteristic of 
industrial engineers. Whereas highway engineers are often brought up in a school of 
the status quo, industrial engineers are willing to challenge tlie status quo and reprocess it. 

What are the weaknesses of traditional industrial engineerii^ when applied to high
way maintenance ? Obviously, the industrial engineer entering the highway field meets 
a technology, environment and organization new to him. In any one industrial plant 
where an industrial engineer works he meets a more limited technology than the full 
spectrum of materials, equipment, and methods he finds in a statewide highway mainte
nance operation. He can learn this technology over the years, given time. Theoreti
cally, he should have no problem with organization, because organization and people 
are basically similar in all organizations. But, there is an important difference when 
one enters government, namely the governmental or bureaucratic way of doing things. 
We are circumscribed by law in many of our operations, we carry out our work in con
stant contact with the public, we have the political factors, and we have the bvireaucracy 
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An Industrial Engineer Looks at 
Highway Maintenance Operations 
LAWRENCE MANN, JR., Louisiana State University 

The title of this paper would indicate that I am an outsider looking in on maintenance 
problems. However, I have been working with maintenance operations for nearly 20 
years and have been working specifically with highway maintenance operations since 
1962. The importance of making maintenance operations more efficient is well rec
ognized. It is my purpose to indicate what industrial engineering has to offer to fur
ther the aim of making more effective use of our maintenace resources. 

Industrial engineering became popular aroimd the turn of the century when it became 
evident that industrial enterprises had grown so large that individuals could no longer 
control the enterprise. Since individuals could no longer control the enterprise, some 
system had to be created in order that information be readily available for decisions 
which must be made periodically for the enterprise to remain competitive. Thus, in
dustrial engineering is a child of the capitalistic system. If there were no competition 
and if we were not worried about making the operation more efficient, there would be 
little use for industrial engineers. The text definition of industrial engineering is as 
follows: "Industrial engineering is concerned with the design, improvement, and in
stallation of integrated systems of men, materials and equipment. It draws upon spe
cialized knowledge and skill in the mathematical, physical and social sciences together 
with the principles and methods of engineering analyses and design to specify, predict, 
and evaluate the results to be obtained from such systems." I shall attempt to relate 
each of these facets to the highway maintenance problem. 

Because of certain abuses in the principles of industrial engineering, the "efficiency 
expert" name was tacked on to early industrial engineering efforts and the resulting 
prejudices have carried over until today. Many older practicing engineers think of a 
stopwatch when industrial engineering is mentioned. The stopwatch to the industrial 
engineer is sort of synonymous with the transit to the civil engineer. The transit gains 
information for the civil engineer; the stopwatch gains information for the industrial 
engineer. Many civil engineers pursue their career with little or no contact with the 
transit. This is particularly so in the areas of soil mechanics, traffic, transportation, 
structures and the like. Similarly, many industrial engineers perform their day-to-day 
work without seeing or using a stopwatch. The stopwatch-efficiency expert idea of an 
industrial engineer is no more valid today than is the idea that mechanical engineers 
work mainly with steam engines or the accountant is the individual who sits on a high 
stool with a green shade penning figures into a ledger. 

Many highway departments consider only civil engineers when seeking technical 
employees. Occasionally, a mechanical or electrical engineer is tolerated. This 
thinking fails to take into consideration the makeup of a modern curriculum in other 
engineering disciplines. The chemical engineer knows as much or more about the 
makeup of asphalt as does the civil engineer; the electrical engineer is certainly in a 
position to advise on the design of modern highway traffic control systems; the industrial 
engineer is in the position, where the optimum use of resources available to the high
way department, can be realized. 

WORK MEASUREMENT 
Perhaps the area which most highway maintenance people are involved in at the present 

time is that of work measurement and work simplification. Up to a short time ago, 
maintenance jobs were performed by an all purpose crew who were sent out to the site, 
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performed the necessary work, and returned to a central collecting point. Under this 
system management had advocated the responsibility of how a job was to be done to the 
craftsman himself. No attempt was made to inform the craftsmen of how the work 
should be done and how long the crew should be involved in their work. They merely 
returned when the job was finished. In addition to making a very inefficient system, 
this situation precluded any effective scheduling effort. Since the crews could not be 
adequately scheduled, efficient use could not be made of them. In addition to this, dif
ferent crews did thii^s in different ways, not always the best way. No data were avail
able with which to justify additional mechanical equipment in terms of savings in man-
hours. 

Today, many states have embarked on programs to measure all or nearly all of the 
jobs that are done by maintenance crews. This measurement not only includes the 
number of hours required to do the job, but also includes the optimum number of crafts
men and equipment which should be available. In this way, the maintenance dispatcher 
can plan ahead for the groups to do more than one job in the future. Work measure
ment efforts as used today in highway work usually take two forms. The first is the 
stopwatch study and, in my opinion, this effort should be minimized since the length of 
time of most of the elements that we are trying to measure are much longer than those 
which require stopwatch studies. Whereas in the hard goods productive plant we are 
talking in terms of a hundredth of an hour, in highway maintenance operation if we 
could peg down our jobs to the nearest five minutes, we would be very happy. Because 
of this, the normal type of wristwatch can be used to try and create a set of standards 
for the work of the highway maintenance craftsmen. I have just mentioned the work 
"standards" for the first time. Standards is simply a word which includes the de
termination of how long a job should take and the use of that length of time in designing 
a maintenance system for future operations. 

By far the best tool for the analyses of highway maintenance operations is the work 
sampling technique. Work sampling is a measurement technique for the quantitative 
analysis, in terms of time, of the activity of men, machines, or of any observable state 
or condition of operation. Work samplii^ is particularly useful in the analysis of non-
repetitive or irregularly occurring activity, where no complete methods and frequency 
description are available. It is also an extremely useful device with which to make an 
ine^qjensive overall survey of office, shop, or service activity. Such a preliminary 
study can help evaluate the need for further study, and it may serve to establish a 
benchmark for managerial purposes because it is extremely convenient, possesses 
known reliability, and because it operates without recourse to the stopwatch or to sub
jective judgments of "effort" or "performance. " 

A work sampling study consists of a large number of observations taken at random 
intervals. In taking the observations, the state or condition of the object of study is 
noted, and this state is classified into predefined categories of activity pertinent to the 
particular work situation. From the proportions of observations in each category, in
ferences are drawn concerning the total work activity under study. As an example, if 
a groiQ) of maintenance men are observed to be "waiting" in a third of the observations 
made of their activity, we might draw the inference that better scheduling or super
vision, rather than increased crew size, represents the most fruitful area for improvemem 

The underlying theory of work sampling is that the percentage of observations re
cording a man or machine as idle, working, or in any other condition reflects to aknowi 
degree of accuracy the average percentage of time actually spent in that state or con
dition. If observations are randomly distributed over a sufficiently long period of time, 
this theory is held to be true, regardless of the nature of the observed activity. Work 
sampling observations may be likened to a series of photographs taken at random 
times, with the added advantage that the observer is capable of on-the-spot interpreta
tion and classification of what he sees. 

Work sampling utilizes the well-established principle of drawing inferences and 
establishing frames of reference from a random sample of the whole. In this case the 
"whole" is the total activity of the area, persons, or machines observed during the en
tire period of time over which observations are made. Work sampling is a practical 
compromise between the extremes of purely subjective opinion and the "certainty" of 
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continuous observation and detailed study. The advantage of work sampling is that the 
taking of a few random observations can be done economically, usually as a collateral 
duty of supervision, while other detailed methods of appraisal are more e^ensive and 
may require the full-time services of groups of specialists. 

The exact degree of reliability required of any study is dependent upon the end use 
to which the study wil l be put. 

An essential condition of work sampling is that observations be taken at random. 
Randomness in the statistical sampling sense means the condition that any giveninstant 
of time has an equal likelihood of selection as the time for observation as any other 
instant, that there is no apparent order to the times of observation, and thus, that one 
time of observation is independent of all other times of observation. Finally, the en
tire period of time over which samples are taken must be subject to selection as the 
random times of observation are drawn. If these conditions are met and enough ob
servations are taken, inferences of known reliability may be made through work sam
pling. There are several straightforward tests by which the randomness of times of 
observation may be verified or tested. If careful attention is paid to these tests, the 
accuracy and reliability of work sampling studies can be developed to within any prac
tical limit. By "practical" is meant the answer, doUarwise, to the question: "How 
much certainty of results is desired for the expense involved ?" 

STANDARDS 
The logical step after work measurement is the creation of maintenance standards. 

Many states, for example, Minnesota, Virginia and Louisiana, are engaged in extensive 
standardization programs. It can readily be seen that maintenance cannot be adequately 
scheduled unless management has some idea of how long it should take to do a job. Con
versely, the time taken to do a job cannot be ascertained unless the job is standardized, 
that is, unless the job is done in the same manner each time it is performed. The 
method study and motion technology aspects of industrial engineering help the engineer 
to design a method which requires the least effort. Once this method has been per
formed then the time taken to do the job can be ascertained and this used by the main
tenance planner in his scheduling work. Additionally, this information can be used to 
ascertain the long-range manning requirements for any highway maintenance effort. 

A modern aspect of the method analysis procedure lies in the area of value engineer
ing. This is but a new name for an old idea. Value engineering identifies a specific sys
tem of decision-making which is aimed at the creation of a product or service with the 
highest possible value to the user at the least possible cost. Instead of looking at the 
cost production problem from the narrow view point of "how canweproducethis service 
most economically?", a more comprehensive concept is taken by questioning "how can 
we produce the function that is required for the least total cost?" This is the philosophy 
underlying the value engtneerii^ approach. This approach has already effected the de
velopment of the new production and maintenance systems, and i t wi l l exert an even greater 
influence on methods and machines as it permeates the engineering maintenance and manu
facturing field more widely. In highway maintenance work, an example of value engineer
ing might be the consideration of the total grass cuttingproblem, not just how to cut grass 
better wittimowers. The entire systemfrombeginningtoendwouldbeformalized, that is 
written down, and consideration would be given not only to mowers but also to chemical treat
ment, elimination of grass and replacement with aggregates and any other ideas which in 
total would minimize the cost of roadside maintenance. 

PERSONNEL RELATIONS 
Necessary to any industrial ei^ineering curriculum is one or more courses having 

to do with industrial and personnel relations. Typical of the topics covered in such 
courses are union and management collective bargaining, recruitment and selection, 
employee appraisal, promotion, transfer, lay-off and demotion, training, supervision, 
effective use of meetings, communication, discipline, wage and salary administration, 
and wage incentive programs. The applications of these topics to maintenance manage
ment is so clear that specific examples to the highway maintenance field are not required. 
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MAINTENANCE CONTROL 
Inpreparing a student for the industrial engineering field, a course in production con

trol is usually included in the curriculum. Some universities, particularly Louisiana 
State University, are lending greater emphasis to maintenance control than production 
control merely because most of their students go into work in a chemical or chemical-
processing plant where maintenance control is a large factor. Nevertheless, the tech
nology underlying the production and/or maintenance control field is common. The 
emphasis is on the word "control," whether it be maintenance or production. 

Traditionally, these control procedures have included: (a) forecasting, (b) planning, 
(c) scheduling, and (d) follow-up. To these four traditional areas have been added net
work analysis known as critical paths schedulii^ and PERT. In addition, the use of the 
computer in performing these jobs is now emphasized with all the attendant problems. 

The forecasting aspect of control encompasses the ascertaining of what resources 
wil l be needed by the maintenance supervisor for some foreseeable future. The re
sources, of course, are men, material and machines. The planning aspect is the meth
odology of how the resources wil l be put to best use. The scheduling function is the 
determination of when the resources wil l be used and the follow-up aspect is the feed
back mechanism by which the maintenance manager ascertains how well the plan is 
keeping up to the schedule. The PERT and critical path analysis techniques are used 
to determine the longest job or endeavor in the maintenance system and the shifting of 
idle resources to this longest path function so as to cut down on the total time and cost 
required for the function. 

ENGINEERING ECONOMY 
Engineering economy differs from classical economy in that the engineer learns 

about the value of money rather than price theory. Most engineers do not receive the 
financial motive emphasis in their undergraduate curriculum. This concept permeates 
the entire industrial engineering curriculum in that the student is constantly made aware 
of the fact that the engineer is a person who can do with one dollar what any other damn 
fool can do with five dollars. The newer concepts of engineering, and this is partic
ularly emphasized in industrial engineering, include the idea that a product or system 
should not merely just work but it should be the most economical method of doing the 
particular effort. A logical question at this point might be: How do you teach students 
to be economy minded? In industrial engineering this is done by subjecting the student 
to a course in engineering economy early in his career and making frequent use of engi
neering economy principles in other courses. 

This typical engineering economy course might include the following topics: 
1. Interest, equivalence, and depreciation 

a. Interest and interest formulas 
b. Calculations of equivalence involving interest 
c. Depreciation and depreciation calculations 

2. Planning engineering economy analysis 
a. Classifications of cost for economy analysis 
b. A pattern of engineering economy analysis 
c. Treatment of estimates in engineering analysis 

3. Engineering economy analysis and evaluation of alternatives 
a. Basis for comparison of alternatives 
b. Break-even and minimum cost analysis 
c. Evaluations of replacements 
d. Economy in the utilization of personnel 
e. Evaluation of public activities 

4. Accounting, cost accounting, and income taxes 
a. Accounting, cost accounting and economy analysis 
b. Income taxes in economy analysis 
c. Evaluation of existing operations 
d. Evaluation of proposed operations 
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Perhaps the most valuable of these topics is the evaluation of alternatives and, in 
truth, this is what an engineer does in every case. He is always deciding what mate
rials to use, what size to use, what type to use, etc. This type analysis attempts to 
give the engineer a background in the financial portion of the picture so that he might 
construct the most economical system—not just a system that works. 

It IS obvious that there are many examples of engineering economy in highway engi
neering and maintenance work. We do not have to go far afield to find examples of how 
the highway maintenance engineer would use engineering economy. Probably the most 
common application would be in the justification for new equipment. The engineer 
would list the alternatives of not having the equipment. These alternatives may in
clude doing the work with manual labor, doing the work with other types of equipment, 
doing work with the equipment that is on hand. The engineer would then draw up the 
alternatives and cost of the alternatives would thereby give the decision-maker all the 
information he needs to decide which would be the most economic course of action to 
take. There are many other examples of engineering economy in highway maintenance 
work but these are too obvious to require illustrations. 

PLANT LAYOUT-MATERIALS HANDLING 
Traditional plant layout courses teach the industrial engineer the most efficient way 

to place production equipment within the plant. This usual course is heavily slanted 
towards the hard goods industry, thus the problems faced by the industrial engineer in
clude situations involving lathes, dr i l l presses, etc. At LSU, we recognize that our 
graduates wil l be more interested in the process-type industry; therefore, we slant our 
courses more toward the chemical-type industry. Part of any plant layout course in
cludes techniques and methodology in materials handling. Materials handling is of 
great interest to highway maintenance engineers. A large percentage of highway main
tenance cost includes the transportation and handling of material and the most efficient 
ways to perform these operations should be of great interest to all involved. 

Applications of plant layout by itself are relevant to highway maintenance in that 
most maintenance districts have a central shop or repair area where the principles of 
plant layout can yield a more efficient system. My e^erience indicates that shop areas 
merely grow and no overall plan or thought is given to their layout. 

Aggregate, asphalt, concrete, steel sections for bridge repair and railings, mulches, 
fertilizers, water, and sign material are examples of the types of material with which 
highway people must cope. It is therefore essential that highway maintenance people 
be familiar with the latest types of equipment so that the most economical materials 
handling system can result. 

STATISTICS AND OPERATIONS RESEARCH 
The preceding technologies are more or less traditional approaches to the field of 

industrial engineering. Most of the new work and horizons in this area are in the field 
of statistics and operations research. Statistics is both an art and a science, and it 
deals with the collection, tabulation, analysis and interpretation of quantitative and 
qualitative measures. It is concerned with the classifying and determinii^ of actual 
attributes as well as the making of estimates and the testing of various hypotheses by 
which probable, or expected, values are obtained. It is one of the means of carrying 
on scientific research in order to ascertain the laws of behavior of things. Statistics 
is the technique of the scientific method. 

Statistics is a branch of applied mathematics. It differs from so called pure math
ematics m that the values in statistics are approximations or estimates, but not mere 
guesses. 

Statistics deals with problems that fal l into two general categories. The f i rs t has 
to do with characterizing a given set of nximerical measurements or estimates of some 
attribute or set of attributes applying to an individual or a group of individuals. In high
way maintenance work, the statistical situation might be characterized by our making 
estimates on the probable use of materials for a particular district or a particular 
state. 
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The other category has to do with characterizing an attribute or attributes belong
ing to all individuals of the group one is investigating. In highway maintenance engi
neering, this might be an attempt to predict overall maintenance costs for the whole 
country or the creating of standards which would apply to the entire Interstate System 
and problems of this nature. 

Statistics, then, is the science of obtaining more information out of a set of data than 
we would normally obtain. If there is one word which characterizes statistics, that 
word is prediction. If we want the ability to predict the future behavior of any situa
tion then we must use statistical methods to try and ascertain the degree of consistency 
with which we can predict; therein lies the secret of why we use statistics. We can 
put a number in i t to indicate the degree of consistency we have in the data which come 
from any sample large or small. 

One branch of statistical methods which appears to be having a field day in the field 
of highway maintenance work is that of regression analysis. In regression analysis we 
take a group of variables and try and find out the effect of those variables on what we 
are trying to measure. For instance, it we are trying to measure total maintenance 
cost for the highway system, variables such as traffic right-of-way width and surface 
width are all characteristics which may or may not affect the cost of maintenance. The 
regression appraoch wil l tell us to what extent each of these variables affect main
tenance costs. Therefore, i f we had limited funds to spend on maintenance and we had 
a regression analysis of our system we would find out where each dollar would do the 
most good. Th results of regression analysis are mathematical models. Many people 
have the feeling that mathematical models are a very popular thing and many of us 
deplore the fact that they perhaps have been overused. This is only natural where a 
group of scientists or engineers discover a new technique. The technique may be over
worked in its initial stages. I wil l not dwell further on statistical techniques, but the 
time spent here in discussing them is not proportional to their value. There are many 
more applications of statistical methods in highway maintenance work. 

Closely related to statistics is the emerging field of operations research. This tool 
represents a very significant advance in the engineer's ability to try and appreciate the 
environment with which he is working. Operations research tackles large-scale prob
lems which normally are not solved manually, but need electronic data processing 
equipment. 

Operations research involves the application of mathematical techniques to the front
line, nuts and bolts problems of industry, operational problems as diverse as, but not 
restricted to, labor distribution, profitable inventory levels, price quotations, produc
tion planning, maintenance planning, etc. It consists of correlating all available data 
on a problem and providing management with factual, quantitative reports on the rela
tive merits of all potential courses of action. 

There are a number of techniques which are generally recognized as being the core 
of any operations research study. The first is linear programming. Linear pro
gramming is a mathematical technique whereby the best allocation of limited re
sources may be determined by manipulation of a series of linear equations. This 
technology, of course, has every widespread use in the highway maintenance field 
and is being used today. Some problems which could be solved in this manner are prob
lems such as where to locate a highway maintenance storage area for the minimization 
of travel time to the possible points of use of the material which is stored there. Also, 
the technique that could mimmize the travel time for trucks and other roadbuilding 
equipment. 

Another technique is called queuing theory. This situation takes place when the flow 
of materials or people is bottlenecked at a particular servicing point Here, losses 
occur in the form of lost time, idle equipment, and unused labor. Minimizing such 
costs is the ]ob of queuing theory. In the highway maintenance example, this could 
take place where people had to wait because the number of trucks or pieces of mechan
ical equipment was not satisfactory in order to keep everyone busy. 

Another example is the following: What is the expected length of a line when 29 
workmen arrive randomly each hour at a tool store where the store man takes an aver
age of two minutes to serve each man? Queuing theory predicts that the line will settle 
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down to an average length of 28 men and an average waiting time of 58 minutes. In 
each hour, then there would be 28 man-hours lost in waiting. Further calculations 
show that one extra store man wil l reduce the average to 0.28 man, releasing 27.3 men 
for productive work. Addition of a third man, however, wil l only cut the average to 
0.04 and might not be justified when weighing the third man's salary against the produc
tion time gained. 

There are other techniques in operations research such as game theory, dynamic 
programming, and simulation techniques, but these techniques are so theoretical that 
there are not many examples in highway maintenance work. This does not mean that 
the techniques are useless. It merely means that our state of knowledge has not reached 
the point where we can apply these techniques to the specific problem that we have in 
highway maintenance. 

In summary, I have attempted to give an idea of how some industrial engineering 
techniques can be useful in highway maintenance operations. The list of applications 
is a long one, and only a few of the techniques which could be useful in this type of work 
have been covered. 

There is much need for industrial engineers in state highway departments in general, 
and in maintenance operations in particular. Tradition dictates that state highway 
departments hire mainly the civil engineer. It is difficult to understand why this practice 
persists, when, in a number of positions, the job demands knowledge in the scheduling, 
planning, and budgetary fields much more than a knowledge of concrete and reinforcing 
rods. 



The Application of Industrial Engineering to 
Maintenance Operations in New Jersey 
J. F. ANDREWS, New Jersey Department of Transportation 

New Jersey established a Bureau of Industrial Engineering in October 1964. A staff of 
seven industrial engineers and technicians was recruited from outside state service. 
The designated mission and function of the Bureau was and is " . . . to plan, direct, and 
supervise industrial engineering practices in the analysis of work, the development of 
methods improvements, the establishment and application of work standards, the stan
dardization of methods and procedures, and the development and implementation of cost 
control techniques, to insure the optimum utilization of the manpower, facilities and 
equipment of the various divisions and bureaus of the State Highway Department." 

The Bureau's initial project was to develop work plannii^ and scheduling systems 
for both roadway maintenance and equipment supervision. Better manpower and equip
ment utilization were the objectives. 

You cannot plan and schedule without having standards of work performance, because 
planning can only go on when you know how long it takes to do a job. The industrial 
engineers, early in the planning and scheduling project, set up a companion project to 
develop work standards for both equipment and road maintenance. 

A third project was to design and install an equipment preventive maintenance pro
gram which is mainly a complex scheduling project. 

These planning, scheduling, and work measurement projects are long range and wil l 
continue to be developed. There have also been special study projects concerned with 
equipment replacement needs, chemical ice control, and specialty crew orgamzation. 

The great strength of bringing trained industrial engineers in is that they bring a 
methodology. If we can bring from industry men who have been trained in analysis of 
work, the setting up of work standards, techniques of production and waste control, cost 
analysis and control, training, these men can bring us skills and activities we need at 
this time and in the immediate future. It seems that we shall have to move into these 
activities just as industry did when it became time and cost conscious. 

Another strength in bringing industrial engineers into highway activities is the fresh
ness of their viewpoint. Industrial engineers are usually enthusiastic individuals with 
zest for improving methods, systems, cutting costs, and training. Coming into a world 
of highways, they find much to challei^e them. Tough old problems to the highway engi
neer are new challenges to the industrial engineer. He has no mental roadblock in
duced by traditions, worn out policies, governmental budget processes, and politics. 

A trained ability to question any going system is another useful characteristic of 
industrial engineers. Whereas highway engineers are often brought up in a school of 
the status quo, industrial engineers are willing to challenge the status quo and reprocess it. 

What are the weaknesses of traditional industrial engineering when applied to high
way maintenance ? Obviously, the industrial engineer entering the highway field meets 
a technology, environment and organization new to him. In any one industrial plant 
where an industrial engineer works he meets a more limited technology than the ful l 
spectrum of materials, equipment, and methods he finds in a statewide highway mainte
nance operation. He can learn this technology over the years, given time. Theoreti
cally, he should have no problem with organization, because organization and people 
are basically similar in all organizations. But, there is an important difference when 
one enters government, namely the governmental or bureaucratic way of doing things. 
We are circumscribed by law in many of our operations, we carry out our work in con
stant contact with the public, we have the political factors, and we have the bureaucracy 
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of state departments exercising control over each other throu^ jurisdictional budgetary 
or personnel prerogatives. 

Governmental operations have more inertia to overcome in changing directions and 
it may take some time for the industrial engineer to appreciate this. This can result 
in his taking more time to accomplish his objectives because he may fail to dot all the 
"i 's" and cross all the "t's" in setting the stage for his work. He may fai l to appreciate 
from the start that the line organization may be more restricted in its authority than 
its counterpart in industry. Failing to appreciate this, the industrial engineer may be
come impatient and sometimes overbearing with the people with whom he is working. 
I think he has to nurse the situation and personnel more in governmental work. If he 
fails to do this, i t is imlikely that the line organization has the incentive or the pressure 
against i t to keep pushing the innovations industrial engineering is supposed to be bring
ing about. His lack of knowledge of the system may cause him to lack seasoned judge
ment m how he furthers his projects. 

Still another disadvantage of the traditional industrial engineering approach, and 
particularly of hiring people from the outside, is the suspicion among government em
ployees as to what the new personnel and the new system is going to do to them and 
their entrenched organization. Actually, this problem is not much different than what 
the industrial engineer finds in industry when he iratiates an industrial engineering 
program in a plant which has not had one before. But, operating in the extended geo
graphical scope of a maintenance organization, he finds it difficult to get close to the 
entire maintenance organizatioa Suspicions can be kindled and resistance can be 
created before an industrial engineer even appears in a maintenance district. 

Are not all of these problems those which would be encountered if a highway depart
ment undertook to improve maintenance management by training its own people and 
having them introduce the work improvements, standards, and cost controls that the 
industrial engineer is trying to bring about? My guess is that the same problems of 
innovation face the long-time highway-oriented individual who would bring about a 
methods improvement. However, the methods man trained from within is likely to 
know more of the technology and the ways the organization works, so that he holds an 
advantage over the outside industrial engineer. On the other hand, the inside man has 
to be trained in methods and standards work. So, there are compensating values which
ever approach one takes. 

There is, of course, the important question of engineer availability for this work. 
In New Jersey, there were just not any engineers around who might have been singled 
out in sufficient numbers for this. Once we had gained agreement that a Bureau of 
Industrial Engineering should be established and that people should be recruited from 
outside, we did benefit by the addition of these new people to our total staff. 

What is the total value of this operation and its prospect for the future ? The chief 
accomplishment of our industrial engineering staff has been to give our foremen and 
supervisors a good course in planning and scheduling. In doing this, much paperwork 
was generated which built up resentment among our foremen against the industrial 
engineering approach. In the equipment area where we have moved on to scheduling 
work operations through the computer, this resentment is breaking down and prospects 
of future improvements and relationships are good. We hopefully eiqject that in the 
area of road maintenance the same wil l prevail as we move into computer scheduling. 

In equipment, we have benefited by institution of a preventive maintenance program 
that seems to be working with increasing assurance and less friction as we move aloi^ 
in time. Progress might have been faster in all projects had we been able to establish 
better coordination between industrial engineers and the line maintenance organization. 
Our industrial engineers too often took things on their own and went off on their projects 
without appreciating that it requires the line supervision to make the projects work. 
The line supervision, on the other hand, lacked sufficient farsightedness to take warmly 
to the new approaches without being cultivated. 

To do justice to both groups though, we could have made faster progress had we 
been further along with our computer organization which has been developing concur
rently with industrial engineering. This meant that the computer center could not take 
on the work needed to develop our planning and scheduling and work order programs. 
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Another problem has been the diversion of the industrial engineering group to other 
departmental divisions and problems. Initially, industrial engineering confined itself 
to maintenance projects, but very soon their skills were applied to other projects 
aroimd the department, lessening their availability for maintenance. They have car
ried out industrial engineering training programs, prepared office-space layouts, in
itiated program budgeting, made cost-effectiveness analyses. The very fact that these 
industrial engineers can be used on so many projects in itself speaks well for recruit
ing industrial engineers from outside the highway industry. 

In my opinion the strengths overcome the weaknesses. One of the weaknesses in 
our setup has, in my opinion, been the placement of industrial engineering in respect 
to maintenance outside the Division of Maintenance and Equipment. This has resulted 
in a sense of competition where cooperation would have been the better motivator. 

We are finding that if we do maintain a separate Bureau of Industrial Engineerii^, 
i t is important to have on the maintenance staff at least one engineer to work in liaison 
with the industrial engineers. We did this early in equipment projects and we seemed 
to make more progress there. More recently we have done this in roadway maintenance. 

I believe industrial engineers find themselves more at home in our equipment shops 
which are more akin to the four walls of an industrial plant. Garage repair operations 
are more identifiable with those found in industry. Road maintenance, with its far-
flung activities, its uncertainties with the weather, and its interruptions for emergencies 
is a production scheduler's nightmare. Anyone working in this field, whether the most 
experienced industrial engineer or a young highway engineer trained for this work, is 
handling a complex problem. 

There is one final word which should be said for the industrial engineer who comes 
from industry and tries to work in the field of highway maintenance. In manufacturing 
industry the 50 years or more over which industrial engineering has developed has 
been mainly confined to production. For many years industrial engineers did not ven
ture into plant maintenance because it was long felt plant maintenance could not be 
standardized and controlled as production could. While progress has been made in 
applying industrial engineering to plant maintenance, this is stil l considered a more 
nebulous field for industrial engineering. 

Therefore, to ask the industrial engineer to come out from industry where mainte
nance engineering within the walls of one plant seems to be a special problem and 
operate in the wide spectrum of highway maintenance with its variety of operations, 
geographical spread and governmental problems, is to ask a great deal of the man 
trained in a particular tradition. He needs time to get acquainted and adapt himself. 
An ideal setup would be to place him with matching numbers of men who have grown 
up in a highway department and who have the aptitude for learning and adapting them
selves to new ideas. This combination of experience brought together on a mainte
nance team which includes the line supervision, should produce the kind of results that 
maintenance must have in the future. 



Problems Encountered in Developing and 
Installing a Maintenance Management 
Reporting System 
C O . LEIGH, Virginia Department of Highways 

In the five years we have spent in the development, implementation and operation of the 
maintenance management reporting system in Virginia, we have encountered a variety 
of problems. My task is to condense five years of problems into a short paper. Some 
of the problems encountered are universal and would be encoimtered m making any 
operational change; other problems were unique to the project. The problems I wish 
to discuss are primarily those of installation rather than development because I feel 
that many of our development problems would be somewhat unique to Virginia. 

First, I would like to present a brief timetable and enumerate a few steps in the de
velopment and installation of our maintenance management reporting system. The 
Virginia Maintenance Study began in June 1963 and extended until December 1966. 
During the first two years the primary development of the system occurred and during 
the last 18 months of the study we were pilot testing the management system. To put 
the system into operation required that several new positions be created to properly 
administer the maintenance function, operating personnel be trained in the operation of 
the system, maintenance sections be revised, maintenance activity codes be revised, 
and computer programs prepared and report forms revised. 

To implement the system with the least amount of confusion and difficulty, we de
cided to implement in stages. Early in 1966, the additional maintenance positions were 
filled and training began. On July 1, 1966, we changed to our new maintenance activ
ities, and on July 1, 1967, we put the entire reporting system into operation. We have 
now been m operation for slightly more than a year and while we still have problems we 
are well pleased with the results. 

The first problem and one that is common to any new idea or change is selling the 
idea or concept. We did not have any particular problem securing the approval of the 
top management for the installation of the system; however, we did have and still do 
have problems with the acceptance of the system by a few field operating personnel. 
We recognized at the beginning of the study the necessity of having all levels of manage
ment sold on any new concepts developed. To promote endorsement and the solid sup
port of field operating personnel, we tried to involve these personnel in the development 
of the system as much as possible. Field operating personnel were given committee 
assignments such as the committee which developed maintenance standards. Many were 
invited to attend the quarterly advisory meetings of the study. Some field personnel 
were directly involved in the data-gathering phase and analysis. Several orientation 
sessions were held with the field managers, and members of the study staff made many 
individual contacts to explain the system. 

With all the effort put forth we stil l have a few who do not believe the system is 
worthwhile. I might add that experience with the operational system has reduced the 
number who were not originally sold on the idea. 

While this lack of support from certain field managers did not appreciably hamper 
the development and installation of the reporting system, these managers are not ef
fectively utilizing the reports. They are not encouraging their subordinates to utilize 
the reports or to participate to the fullest extent in the management system. I do not 
mean to suggest they are actively opposing the system, but they are apathetic. 

We believe that securing the participation and involvement of many field personnel 
in the development of the system eased the problems of selling the concept and installing 
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the system. As we all know however, one hundred percent acceptance and support is a 
dream and we can expect to find m any proposal a few people who will disagree entirely 
with, or with portions of, the proposal. 

A number of orientation sessions with field personnel at all levels were held. These 
sessions presented a number of problems. To get good audience participation and sub
sequent understanding, and satisfy differences in informational needs as to details, it 
was necessary to hold several sessions m each area of the State with different groups 
of personnel. One series of sessions was with the district engineer, resident engineers, 
and residency mamtenance supervisors. Another series of sessions was with the main
tenance superintendents, foremen and timekeepers. In order to cover the whole State, 
holding these orientation sessions with one team of mstructors, we had to start several 
months before the implementation date. In some cases, problems arose where the ben
efit of orientation was lost due to resignations or promotions. In some cases, people 
forgot. Also smce we held these sessions near the end of the fiscal year, some of the 
personnel were occupied with preparing buckets for the next year, revising five-year 
plans, or other duties related to the close-out of the end of the year. 

We feel now that we would have made a smoother transition by covermg the State 
with several teams a few weeks before the implementation date to discuss the working 
details of the reportmg system. We also should have had a series of meetings with 
superintendents, foremen, and timekeepers about a month after the implementation date 
to further discuss the system, answer any questions and review the feedback reports. 
We planned to do this; however, the next problem interrupted our plans. 

The problems mentioned so far are all related to personnel or trainmg personnel. 
While I do not want to minimize these problems, the problems that have been by far the 
most troublesome mvolve the computer programs to handle the data and furnish the 
feedback reports. I mentioned that we pilot-tested the management system. The pilot 
test involved only testing the management aspects of the system. While a computer 
program was written to handle the pilot test, this program could not be used when we 
put the system into operation. Consequently, we began operations with a virtually un
tested program. We anticipated having our f irst report for the month of July 1967back 
to the field by mid-August. At this time we planned a series of sessions with field per
sonnel to discuss the reports and their use in the management system. Actually we got 
our f irst report back to the field in November 1967 and this report was for the month 
of August. 

Our first major setback occurred when half the tapes for July were accidentally 
erased. Due to errors in reporting and other factors, it was decided not to try to du
plicate these tapes; so we forgot July. With the processmg of the August data, program 
errors in the computer program became very apparent. The computer program has 
now been corrected, however, we are still finding minor changes which should be made 
in the program to improve reporting and the usefulness of the feedback reports. 

The necessity of having tested computer programs before beginning operations can
not be overstressed. The long delay m getting the f i rs t report back to the field some
what dampened the field personnel's enthusiasm for the system and when the first few 
reports contamed obvious errors due to the computer program errors, enthusiasm fur
ther waned. It has taken a number of months to build back up to the original enthusiasn^ 

Al l of our computer programs producmg reports for maintenance, construction, 
administration, and other special items are part of one mtegrated computer system. In | 
devising the reporting forms and the computer program to handle the maintenance man
agement reportmg system, we were required to adjust our program to fit the existmg 
system. In adjustmg our program to f i t the existing system, we had to compromise 
some of our original goals. To have revised the existing system would have required 
at least a year and we would have been delayed accordingly in getting our reporting sys
tem into operation. 

We in Maintenance are convinced that it would have been desirable, solely from a 
maintenance standpoint, to have been able to start new with our reporting forms and 
computer programs designed specifically for the maintenance management reporting 
system. The administration of the Department, however, decided that the changes 
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and additional flexibility Maintenance desired did not justify the disruption and cost of 
changing all of the accounting programs. 

I do not mean to imply that our program for the maintenance management reporting 
system falls short of that desired; however, if we could have started new with little or 
no restrictions in reporting format or computer programs, we could have tailored a 
reporting system to better f i t our needs and desires. 

The requirement that our reporting format conform to the existing computer system 
did have its benefits however. The small changes made in the existing reporting format 
made the installation and operation of the system easier. If we had drastically revised 
our reporting forms the timekeepers would have had quite an adjustment to make and 
consequently the number of reportmg errors would have been much greater. 

We ran into one additional problem with reporting forms. We found that we had 
about a six months' supply of an old reporting form which was to be replaced. Being a 
very conservative and financially conscious State, it was decided to use the old report
ing forms until the supply was exhausted. Needless to say, this posed a problem and I 
would suggest if you are planning a change m a reporting format that you keep a close 
tab on your supply of existing report forms. Also you should allow ample time for 
revising, printing, and distributing reporting forms. We found that for the first month 
or two, we had problems with the printer in furnishmg an adequate supply of report 
forms, and getting the forms distributed to locations where they were needed. 

Some of the problems of a lesser nature affecting the implementation are employee 
turnover, accuracy of reporting, and measurement of work quantities. 

Employee turnover m the timekeeper position has contributed to many of our lesser 
problems. When a trained timekeeper resigns or is promoted, it takes a month or two 
for the new timekeeper to become acquainted with his duties. We can just about review 
the edit report and tell where the new timekeepers are. To aid in this problem, we 
found it necessary to develop a comprehensive timekeeper's manual which we believe 
will help the new timekeeper quickly adjust to his duties. 

Accurate reporting was an mitial problem. Prior to July 1, 1967, no continuous 
checks were made on whether charges were bemg prorated between routes and activi
ties, and in general, accuracy of charges was not stressed. Another factor contributing 
to inaccuracies is the fact that while the timekeeper prepares the report documents, he 
can only report what the superintendent or foremen tell him. 

Promoting accurate reporting from the timekeeper's position was not too difficult. 
Input data go through an edit program where such items as prorated charges to route 
and activities, wrong units of measure, and no reported accomplishment are kicked 
out. These items are then sent back to the timekeeper for correction. During the first 
months, the timekeepers decided it was much easier to prepare accurate reports in i 
tially than have to correct the errors. 

Gettmg the superintendents and foremen to report accurately and completely to the 
timekeeper has been more of a problem. This is particularly true m reportmg work 
accomplishment which is not material, such as acres, miles or feet. However, through 
indoctrination and the use of a foremen's daily report card, accurate reporting to the 
timekeeper has improved. I am told that accuracy m reportmg has now progressed to 
the point where errors are running less than one percent. 

Our experience during our short operational period has mdicated that there could be 
problems related to the use of feedback reports. In developing and implementing the 
system, we spent a considerable sum of State and Federal funds. After a few months 
of operation, all levels of management began to ask such questions as, Is the system 
worth the cost? Where have we shown improvement? What is the magnitude of the im-
iprovement? These are logical questions and need to be answered. However, if we be
come too impatient for the answers and try to force answers to these questions, we can 
adversely affect the acceptance and operation of the system. 

Many of our first-Ime supervisors originally looked upon the system as another 
"ball bat" that higher management would have to work them over. So far, particularly 
from the mamtenance engmeer's office, we have used the soft sell approach m bringing 
|performance deficiencies to their attention. 
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We feel that this approach has contributed to the acceptance of the system and has 
contributed to improvmg the accuracy of the reports. Since management to date gener
ally has not made an issue over specific work items that need improvement, the f i rs t -
line supervisor has concentrated on improving performance rather than just doctoring 
input data to reflect improved performance. 

We expected many problems to arise in the development and installation of our fnain-
tenance management reporting system. From our experience, however, I feel that 
many of our problems were minimized by adequately selling the concept, adequately 
orienting personnel, and once operational, by not pressing for immediate results. Fur
ther we feel that some of our problems could have been eliminated or reduced in scope , 
by allowing more time for the orientation, by better timmg of the orientation with rela- '< 
tion to implementation, by having tested computer programs available at the beginning ^ 
of the implementation and by conducting timely follow-up conferences with operating 
personnel. 

Even though we have had many problems during the past five years and I am sure we 
wil l have more in the future, none have been insurmountable and the results of the sys
tem appear to be worth all our efforts. 



Maintenance Management System 
DAVID K. SPEER, County of San Diego, California 

San Diego County is about 4,260 square miles in size, measuring approximately 80miles 
from the Pacific Ocean to the east boundary and about 60 miles from the Mexican bor
der to the north boundary (Fig. 1). The topography varies from coastal hills and inland 
valleys, to 6,000-foot mountains in the central portion of the county, and to the Im
perial Valley floor in the eastern portion. Climate varies as does the topography, and 
requires maintenance of roads in mild, sometimes foggy, coastal areas, in heavy rain
fal l and snow removal areas in the mountains, and in desert areas subject to flash 
floods and high temperatures. Because of the high growth rate and urbanization of the 
vmincorporated areas surroundii^ metropolitan San Diego, our road maintenance func
tion also involves many miles of city-type streets and their inherent needs such as 
sweeping, pedestrian control and sophisticated channelization and signalization. 

COUNTY ENGINEER DEPARTMENT 
The San Diego County Engineer Department, with an annual budget in excess of $ 13 

million and over 500 permanent employees, has the prime responsibility of operating 
and maintaining approximately 2,100 miles of roads, ranging in types from less than 
two-lane dirt-surfaced facilities to major eight-lane e}q>ressways. 

Activities are not strictly limited to road maintenance, but include road planning, 
road design and construction, contract services to cities, land subdivision and grading 
administration, county-wide mapping, building inspection, and county-wide communica
tions responsibilities (Fig. 2). 

The Road Operations Division (Fig. 3) primarily performs those central administra
tive services necessary for operation of the three road maintenance divisions. Each 
road maintenance division centrally operates an equipment repair and maintenance shop 
and various division-wide specialty crews such as traffic operations, construction and 
repair crew, road oil and pit crew, tree-trimmers and motor sweepers (Fig. 4). Road 
Maintenance Divisions are further subdivided into twenty road maintenance stations. 
Each Road Maintenance Division, including its road maintenance stations, has approxi
mately 75 personnel assigned. 

EARLY MAINTENANCE MANAGEMENT PRACTICES 
Early efforts in routine maintenance management took the form of scheduling ac

cording to need, of the division-wide specialty crews. A more comprehensive cost 
accounting program was instituted with the development of maintenance reporting codes. 
Work orders were issued for projects previously reported as routine maintenance but 
that in reality constituted a road betterment A pilot program was initiated in six road 
maintenance stations to schedule routine maintenance one week in advance and to report 
actual man-hours and equipment use on each scheduled maintenance project. 

DEVELOPMENT OF FORMAL MAINTENANCE MANAGEMENT 
In October 1967, in an effort to formalize and improve road maintenance scheduling, 

planning, and the cost accounting system, a management consultant was retained. 
Included as part of the program was the selection and training of a technician team 

to develop necessary data, apply time standards, and aid in the planning and scheduling 
process. Twelve individuals, four from each maintenance division, were interviewed 
for possible assignment as maintenance technician. Six of the twelve were selected to 
undergo special training imder the guidance of the management consultant representative. 
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DEPUTY COUNTY ENGINEER 
OPERATIONS 

ROAD OPERATIONS 

Supervise three road field divisions whose functions 
include road construction and maintenance, bridge con
struction and maintenance, special and routine mainten
ance, and station maintenance Direction of traffic 
field operations, mamtenance and repair of road field 
operating equipment, and Road Register maintenance Co
ordinate road projects work program engmeering require
ments Prepare and coordinate field budget estimates 
Develop and coordinate maintenance cost and work controls 

Semor Civil Engineer 

OPERATIONS OFFICE SERVICES 

Office admimstration, supervision, and pre
paring special reports Equipment research, 
records mamtenance, parts procurement, and 
equipment requirements coordination Mamtam 
Hq-Field messenger and delivery service 
Perform or prepare field budget cost estimates, 
force account project control, materials caa-
trol and Road Register mamtenance 

Associate CE or ET tV, ACMB 

Road Equipment Specialist 
Junior CE or ET I I , ACMB 
Mamtenance Technician 
Intermediate Stenographer 
Intermediate Clerk or Typist, ACMB 
EO DI 
EO I 

ROAD HELD DIV I (Chart i 

Road construction, repair and mamtenance 
Direct suiwrvision shop repair and mainten
ance of equipment Supervise traffic sign
ing and striping operations 

ROAD FIELD DIV n (Chart 7 ) 

Functions generally same as above 

ROAD FIELD DIV lU (Chart f 

Functions generally same as above 

Frgure 3. 

DIVISION I I HEADQUARTERS 
RAMONA 

Div Supt 

Asst Div Supt 

REPAIR b MAINTENANCE SHOP 
STA 148-RAMONA 

1 Equipment Shop Foreman 

4 Equipment Mechanic 
1 Welder 
1 EO I 
1 Utibtyman I 
1 Laborer 

RMS <I38-JULIAN 

1 Road Foreman 

1 EO n 
3 EO I 
1 Water System 

Mamt Man 
1 Laborer 

RMS (33-LAKESIDE 

1 Road Foreman 

1 EO n 
4 EO I 
1 Laborer 

RMS «39-RAMONA 

1 Road Foreman 

1 EO n 
2 EO I 

ROAD CONSTR ft REPAIR CREW 
STA 148-RAMONA 

1 Road Constr Supervisor 

7 EO n 
2 EO I 
1 Laborer 

1 Semor Clerk 

1 Maint Tech 

RMS <3S-MT LACUNA 

1 Road Foreman 

i EO n 
3 EO 1 

RMS #40-FOWAY 

1 Road Foreman 

1 EO n 
2 EO I 
1 Laborer 

ROAD OIL & PIT CREW 
STA i|i48-RAMONA 

EO n 
EO I 

RMS 137-BORREGO 

1 Road Foreman 

2 EO a 
2 EO 1 

RMS <41-SAN FELIPE 

1 Road Foreman 

1 
2 

EO n 
EO I 

DIV -WIDE MAOiT CREW 
STA «48-RAMONA 

1 Tree Mamt Man I I I 
1 Tree Malnt Man I I 
1 Motor Sweeper Operator 
1 Carpenter 
1 Pamter 
2 EO n 
1 Ublityman II 
1 Utilityman I 

Fiaure 4. 
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C O U M T O F SAN D I E G O 

ROUTINE MAINTENANCE lORK ORDER 

COUNTr b N O I N S E I I D E r A n T H B N T 

NO 04800 p . 
UNSCHEDUIEO U 

DIVISION 
STATION OR CREM NO. 
DATE INITIATED 

PRIORITY. STO. HOURS 
OPEN »L 
COMPLETE 

WORK DESCRIPTION DATE . 

ROAD OR STREET IIDTK 
LIE ITS VORI 

CREI lEMRERS 
DUANTITY 

DR 01 STANCE 
STD. 
HRS 

ACT. 
HRS. ROAD OR STREET IIDTK FROH TO CODE CREI lEMRERS 

DUANTITY 
DR 01 STANCE 

STD. 
HRS 

ACT. 
HRS. 

TRIAL HOURS RY tORR CODE 

TOTAL HOURS l Y lORI CODE 

TOTAL HOURS SY iORI CODE 

TOTAL HOURS RY IOR( CORE 

TRIAL HOURS RY tORR CODE 

TOTAL HOURS l Y lORI CODE 

TOTAL HOURS SY iORI CODE 

TOTAL HOURS RY IOR( CORE 

w 
TRIAL HOURS RY tORR CODE 

TOTAL HOURS l Y lORI CODE 

TOTAL HOURS SY iORI CODE 

TOTAL HOURS RY IOR( CORE 

w 
TRIAL HOURS RY tORR CODE 

TOTAL HOURS l Y lORI CODE 

TOTAL HOURS SY iORI CODE 

TOTAL HOURS RY IOR( CORE 

TRIAL HOURS RY tORR CODE 

TOTAL HOURS l Y lORI CODE 

TOTAL HOURS SY iORI CODE 

TOTAL HOURS RY IOR( CORE 

TRIAL HOURS RY tORR CODE 

TOTAL HOURS l Y lORI CODE 

TOTAL HOURS SY iORI CODE 

TOTAL HOURS RY IOR( CORE 

TRIAL HOURS RY tORR CODE 

TOTAL HOURS l Y lORI CODE 

TOTAL HOURS SY iORI CODE 

TOTAL HOURS RY IOR( CORE 

TRIAL HOURS RY tORR CODE 

TOTAL HOURS l Y lORI CODE 

TOTAL HOURS SY iORI CODE 

TOTAL HOURS RY IOR( CORE 

TOTAL HOURS 

EOUIPNENT USE AND TRAVEL TINE 

COUIPIENT 
NUIRER 

NETER READ INS EOUIPNENT 
•DURS/IILES 

ACTUAL 
HOURS 

COUIPIENT 
NUIRER END RESIN 

EOUIPNENT 
•DURS/IILES 

ACTUAL 
HOURS 

RENTAL EQUIPMENT AND MATERIAL REQUIRED AND USED 

RIND 
RUAN-
T I IY 

W I T 
COST 

TOTAL 
COST 

ORDERED 
RT 

DATE 
REDUIRED 

TECHNICIAN USE ONLY STANDARD ACTUAL 

TOTAL CRAFT HOURS 

TOTAL TRAVEL HOURS 

TOTAL lOD PREPARATION 

TOTAL 

S PERFOINANCE 

APPROVED IT DATE 

RENARIS (USE DACI AS REOUIRED) 

F o m EP 7 0 a ( 1 / l l B - 0 S B ) 

Figure 5. 
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COVIITY OP SAK B I t a o 

WORK ORDER SHOP REPAIR Open • 
Complete • 

ULSTV ENblHLEK DEPARTMENT 

Std Hours 

Unscheduled • 

M I L E A C l / H O U R S DATE INITIATED DFSCRIPTTON 
Nofl1249 

REPAIR MADE 

TECHNICIAN USE ONLV 

PERCENT PERFORMANCE HOURS m h / r hORk CODE STD 1 ACTl AL 
TOTAL HOURS ON 

STANDARD 
STD ACTUAL , . TOTAL HOURS ON 

STANDARD 
STD ACTUAL 

I'ERCLNT 

ITRroRMANCl 

I'ERCLNT 

ITRroRMANCl 

rrCHNICIAK DATE rrCHNICIAK DATE 

lOTAL Hl» RS 1 

Figure 6. 

COUNTY OF SAN DIEGO - COUNTY ENGINEER DEPARTMENT 
WEEKLY OPEN WORK ORDER REPORT 

WEEK ENDING 5-17-68 

STATION 
OR CREW 

DIV NUMBER 
WORK ORDER D A T E 

NUMBER INITIATED 

STANDARD 
WORK HOURS 
CODE REQUIRED 

P R I O R I T Y 
I I I I I I 

12772 
12772 

03412 
03412 

5/13/68 
5 A 3 / 6 8 

07 
06 

7 0 
6 0 

7 0 
6 0 

WORK ORDER TOTAL 

STATION TOTAL 

14-0 
14-0 

754 
754 

5/13/68 
5/13/68 

BR-3 
RS-2 

7 0 
1 0 

7 0 
1 0 

WORK ORDER TOTAL 

STATION TOTAL 

l i I V I S K I N I I D T A L 

Figure 7. 
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The first four weeks were spent in a self-teaching program on methods time mea
surement. This involved learning the basic practices needed to develop standard times 
for the simplest of movements. 

The technicians were then exposed to a series of maintenance standards developed 
by the consultant. These were then used to develop new standards conforming to the 
department's operations. Additional standards were and are continuii^ to be developed. 

As the present system was taking form, necessary reports and forms were developed 
by the consultant and technician team. 

Training sessions were given by the consultant's representative to acquaint manage
ment personnel with the proposed maintenance management program and the principles 
and techniques of planning, scheduling, and method time measurement. 

Four of the six technician trainees were then selected for promotion to maintenance 
technician and assigned one to each road maintenance division and one to the operations 
division. The primary purpose of the maintenance technician assigned to operations 
is threefold, (a) continue the development of additional standards to reduce non-ratable 
projects to a minimum, (b) coordinate the activities of the division technicians to main
tain standard and uniform practices throughout, and (c) act as a f i l l - i n for other main
tenance technicians when they are absent. 

OPERATION OF PRESENT SYSTEM 
The backbone of the present system is the combined use of the routine maintenance 

work order and the shop work order (Figs. 5 and 6). The work orders are of two types: 
"Open" (scheduled) and "Closed" (unscheduled or completion of a previously scheduled 
one). 

Open Work Order Procedure 
An Open work order is conceived by recognition of a project in need of doing. The 

road foreman identifies the project and assigns a priority for the work. Priority I is 
work that should be accomplished within one week. Priority n work should be done 
within four weeks and Priority HI should be completed in less than four months. The 
shop foreman, upon recognition of the need for repairs or maintenance, f i l l s out the 
work order similarly. Project identification must be complete and as accurate as 
possible in order to facilitate the next step—project time insertion. 

Upon completion of project identification and priority, the foreman passes the Open 
work order to the maintenance technician assigned at the division headquarters. Project 
time is then entered. The time is based on developed standards. If a standard has not 
yet been developed, project time is estimated. 

At this stage a backlog is created. The backlog is available in two formats. The 
f irs t is present in the form of work order files at division headquarters and secondly 
as an Open-order report produced by the data processing section (Fig. 7). This report 
is the direct result of data accummvQated by routing a copy of each work order to data 
processing. The material is keypunched and inserted into the IBM 360 system. The 
report is issued weekly and distributed to upper management and others directly con
nected with the scheduling process. 

The Open order report presents a listing of routine maintenance or shop repair 
projects identified by road maintenance division, station, crew or equipment number, 
work order number, date initiated, and type of work by code. Also indicated, and 
totaled by station and division, are the standard hours required for the work order. 
Project standard hours are further broken down by priority and totaled by station and 
division. 

Scheduling 
Using this knowledge of backlo^ed projects, with standard times and priorities in

serted, weekly, and sometimes monthly or longer, schedules of work are produced. 
Each road maintenance foreman schedules the work under his supervision. In addition, 
all of the specialty crews operating out of division headquarters are scheduled by the 
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division si^erintendent or his assistant. The maintenance technicians are used to aid 
in the scheduling. 

Al l of the road maintenance divisions liave equipment boards that are used to indicate 
reservations for and locations of pool equipment at all times. Although somewhat dif
ferent in physical makeup between divisions, they aU accomplish the same purpose. 
Integration of the equipment board and the routine maintenance scheduling and planning 
is necessary and easily accomplished. A work order wil l frequently request a piece 
of pool equipment for the project. Priority rating of the project then enables proper 
scheduling of the equipment. The maintenance technician keeps the board to date 
based on the superintendent's decisions concerning the pool equipment. 

Closed Work Order Procedure 
A Closed work order either completes a previously scheduled or Open work order, 

or is initiated upon completion of a project not previously scheduled. This applies to 
routine maintenance and shop projects alike. 

The road foreman inserts the actual times required for the work, the equipment use 
and travel time, materials used, and any remarks that are necessary to explain delays, 
obstructions or other items that would affect the standard times previously filled in or 
to be applied by the maintenance technician. This information is inserted on a retained 
copy of an Open work order, or, in case of unscheduled work, a new work order is in
itiated and an indication is made that it is unscheduled. 

Initiation of the Closed work order for unscheduled work affords an opportunity to 
rate project and crew performance and, additionally, to accumulate data on types of 
work for which no standards have as yet been produced. 

COUNTY o r SAN DIEGO - COUNTY ENGINEER DEPARTMENT 
WEEKLY CLOSED WORK ORDER REPORT 

WEEK ENDING S-10-68 

STATION SCHED. UNSCHD WORK STANDARD ACTUAL PERFORMANCE NON-
OR CREW WORK WORK CODE HOURS HOURS PERCENT STANDARD 
NO ORDER ORDER REQD. USED HOURS 

SC 
HEX 
14B 

hORK ORDER 002814 TOTAL 

4 2 7 
0 

5 4 
1 1 

77)6 

**** 

75% 

1 5 

I S 

STATION TOTAL 75% 

534 TWl 
MEl 

WORK ORDER 000534 TOTAL 

5 4 
1 4 

6 i 
1 8 

85% 

7rs 
83% 

STATION TOTAL 

l i I V l b l i A 1 l l i l A I 117 14 6 
Figure 8. 
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When the Closed work order is received by the maintenance technician, the remarks 
section is f i rs t acknowledged for adjustment of standard time. Craft and travel hours 
are totaled and performance is calculated. 

Transmittal of the Closed work order to data processing ultimately creates the weekly 
Closed-order report (Fig. 8). The format of this report is somewhat similar to the 
Open-order report. Division, station, crew, or equipment nimiber, work order number 
and work code all serve to identify the project. Standard hours required and actual 
hours used determine performance percent. The last column, non-standard hours, in
dicates those reported hours that the maintenance technician was unable to rate because 
of the absence of developed standards for those types of projects. These three columns 
are totaled by road maintenance station and division. 

As indicated before, continued development of new standards is necessary to reduce 
non-standard hours to a minimum. One of the prime objectives of a management pro
gram of this type is to reduce the number of non-ratable and unscheduled projects to a 
minimimi. Only in this manner can one ascertain true available time for unforeseen 
emergencies. Progress in this direction wil l be reflected in the balance of the sched
uled and unscheduled columns and in the totals under the non-standard hours column of 

METHODS IMPROVEMENT PROPOSAL 

( A t t a c h Rout ine Maintenance Work Order f o r B e t t e m e n t P r o j e c t s ) 

DATE OF REPORT 

Note I f improvement w i l l r e s u l t i n an e l i m i n a t i o n o f a s a f e t y hazard o r b e t t e r 
s e r v i c e t o t he County, r a t h e r than d o l l a r s a v i n g s , s t a t e d e t a i l s i n Method 
D e s c r i p t i o n s . 

PRESENT METHOP DESCRIPTION 

PROPOSED METHOD DESCRIPTION 

SAVINGS CALCULATION (Use Other Side For C a l c u l a t i o n D e t a i l s ) 

• Y e a r l y Cost Of I n s t a l l a t i o n Yea r ly Cost Of 
Present Method Cost Propose'd Method 

Labor 
Equipment 
M a t e r i a l 

TOTAL COST ( A ) ( B ) ( C ) _ 

PRESENT METHOD ( A ) LESS INSTAIUTION (B) LESS PROPOSED ( C ) _ 

EQUALS NET FIRST YEAR SAVINGS 

APPROVED BY FOREMAN DIV SUPT DEP CO ENPR 

*May be y e a r l y and r e o c c u r r i n g o r a one- t ime savings 

Figure 9. 
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the Closed-order report. Progress is also periodically illustrated using a simple graph 
indicating percentage of total reported hours covered by standards and, additionally, 
overall performance of reporting imits. 

Betterment Work Orders 
Early efforts in routine maintenance management involved issuance of work orders 

to cover projects that were primarily routine maintenance, but also resulted in abetter-
ment to the road and reduction or elimination of maintenance problems. Normally, 
projects of this type exhibit a project cost somewhat in excess of the normal routine 
maintenance projects and usually involve installation of new material such as culverts 
and other drainage installations and extended areas of paving instead of spot patching. 

This system has not been formalized with the use of the "Methods Improvement 
Proposal" (Fig. 9). This proposal smnmarizes present and proposed maintenance 
procedures or methods, tabulation of present annual cost, installation cost, and aimual 
maintenance cost after improvement. The proposal is usually initiated by the road 
foreman who f i l l s in a normal routine maintenance work order and routes i t through 
the maintenance technician for application of standard hours and siibsequent cost de
termination. Necessary approvals are then obtained and an authorization issued to 
proceed with the project. 

CONCLUSION 
Our maintenance management system has to this date been in operation only about 

four months and, as yet, it is stil l too early to recognize any tangible quantitative bene
fits. Dollar savings are, however, anticipated and data have been and are currently 
bemg accumulated from which to make this determination. 

Immediate qualitative benefits have been realized in the form of increased effort on 
the part of our maintenance personnel to recognize and use methods improvements, 
priority ratings, and overall planning and scheduling. 

Although this management system is currently only in effect in our road operations 
and maintenance divisions, the program has been widely publicized in the department. 
Our ultimate plan is to apply this new tool, scientific measurement of project time, and 
subsequent development of standards as widely as possible to aid in the planning and 
scheduling of all San Diego Coimty activities. 



A Progress Report on the Illinois Maintenance 
Management Program 
NILE R. BLOOD and H. O. SCHEER, Illinois Division of Highways 

A short report on the State of Illinois' concepts of highway maintenance management 
and performanci3 rating was presented at the Highway Research Board meeting m Jan
uary 1968. Thi,3 paper briefly restates a few of the major features of the system and 
discusses the pi esent status of the project, including progress made and problems 
encountered. 

A primary otijective of the project is the development of reliable maintenance cost 
and accomplishment data. From the data, management reports are developed for the 
various supervisory and admmistrative levels concerned with highway maintenance, 
enablmg them tc> make comparisons of costs and of work crew accomplishments for like 
units, or areas, under their jurisdiction. They may also compare their own area 
gainst similar 3.reas, against statewide averages and against an established standard 
of performance. 

The Illinois system mcludes a "roadway mventory" which is a count, or measure, 
of the significani. items that make up the physical mamtenance work load in a unit or 
area. This enatiles us to compare the potential work load of similar units. In con
junction with the unit costs we develop, this is expected to be a very useful aid in 
bucketing. 

Management -eports generated by our system are as follows: 
1. Roadway nventory listings and summaries. 
2. Monthly work accomplishment reports, which are a measure of work crew per

formance and develop unit costs from direct labor and equipment usage; overhead labor 
and material costs are not included smce the work crew normally has little control over 
these items. 

3. Quarterly and annual cost reports showing total charges against the maintenance 
appropriation, b/ work items and for the various breakdown of geographical units. 

4. Monthly equipment usage reports givmg a summary of hours used, and related 
costs, for all major items of equipment. 
The inventory summaries, work accomplishment reports and cost reports are prmted 
for the foUowmg. maintenance sections, field engineer's areas, districts, and state 
total. Costs are reported to 47 individual work items in 11 general categories. 

The system is designed to provide for a flow of information and reports back to the 
various man^ement levels within a relatively short time. The electronic computer is 
used to achieve timely processing of the large volume of data and feedback of manage
ment reports. 

While the basic planning for the new system was done within the Bureau of Mainte
nance of the Illinois Division of Highways, Meiscon Division of Control Data Corpora
tion, Chicago, was retained to aid in the development of the system. This company 
has done the programming, designed reporting forms, developed procedures, and 
generally, has made an extensive study of operations of other bureaus affected by our 
work so that all operations wil l be compatible. 

We have strived for simplicity in our system, especially in the field reportmg phase. 
Maintenance is a complex operation at best and we have tried to avoid an additional 
paperwork burden on our field personnel. 

While planning and schedulmg of work are encouraged when feasible, formalized 
scheduling is not a part of the system. No actual job-time studies have been made. We 
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expect to develop performance standards from actual average imit costs achieved over 
a period of a year or more. 

The field reportmg phase of the system was mitiated on July 1, 1967. While most 
phases of the system are now operational, progress has been slower and effort re
quired has been greater than anticipated. Much of this problem was related to the 
overlap of our work into the areas of payroll processing, general accounting, etc., 
where we disrupted many existing procedures and had to develop new ones to replace 
them. 

Collecting and recording of cost data were changed from, essentially, a manual 
operation in 10 districts to a central, computerized process. This, in conjunction with 
new time-reporting forms and other documents, required new procedures and training 
for many people. It takes time to get all this operating smoothly again. 

We feel that it would be preferable to have the processing of the time cards in the 
districts with a teleprocessing link to the central computer. The necessary checking 
and correcting of coding errors on the time cards would be easier for district personnel 
who are much more familiar with the field operations and have closer contact with the 
field employees. 

One of our initial problems was the lack of an adequate number of trained people to 
check the time cards and to make the necessary corrections when processing was 
changed from a district operation to a centralized operation. A substantial backlog of 
cards had accumulated before anyone was assigned to this task and this, coupled with 
a considerable number of reporting errors in the beginning, made progress very slow. 

The many capabilities of electronic computers are well advertised. Indeed, they 
sometimes are attributed to have almost magical abilities. In spite of all this, they are 
also very intolerant of any errors in input and programs. Electronic data processing 
is a bit like air travel. The "trip" through the computer, like the actual f l ^ h t on the 
plane, is quite rapid. It is all the other problems and preparations on each end that 
consume the time and cause much of the frustration. There are many programs in our 
system and it has been difficult to get them all functioning properly. 

The added load due to our maintenance management programs has taxed the capacity 
of our data processing section. Program refinements to improve the running time have 
helped in some cases. A proposed changeover to third-generation computer hardware 
should alleviate this problem. 

The present status of our system of management reports is as follows: 
1. The first roadway inventory summaries have been received recently. A few re

visions in the inventory were found desirable. The inventory instructions have been 
rewritten and program revisions are being prepared. To be useful, an inventory must 
be kept up-to-date and provision has been made for this. 

2. The basic reports from the work accomplishment phase are now being received 
on a monthly basis. Presently, these reports are bemg received 60 days, or more, 
after the end of the subject month. This is a longer period than desired and we hope to 
reduce this time to approximately 30 days. One report in this phase of the program 
wil l compare actual imit costs achieved against established "standards." These stan
dards wil l be based on statewide average unit costs over a period of time, probably one 
year. Once these standards are established, they are expected to remain unchanged 
except for an annual correction due to changes m labor rates and costs of equipment 
and parts. In this way, the performance of an area, or unit, can be compared to its 
own performance in past years as well as bemg compared to similar areas on a current 
basis. This particular report is not yet being printed pending development of the stan
dards from data received in other reports. 

3. The f i rs t cost reports were received in Jidy 1968. They wil l be printed on both 
a quarterly and an annual basis. In addition to the basic cost report form, annual re
ports wil l be issued to show costs per lane-mile for three basic highway categories: 
Interstate, regular and urban expressways. Also, we develop lane-mile costs for a 
special sampling of pavement surface types and costs per lineal foot for a sampling of 
bridge types. 

4. Equipment usage reports are issued monthly m conjunction with the work accom
plishment reports. 
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As a project like this progresses, the viewpoint may change a bit. One occasionally 
sees revisions, or additions, he would like to make. Sooner or later, this results in 
the problem of sufficient time or money to develop everythmg one might wish. In the 
contract with our consultant, we reached that point all too soon. Due to the effort re
quired to complete, to our satisfaction, the basic system of data collection and report
ing, we have not done as much work as we would like in the analysis of that data. How
ever, if the foundation of our system is good we can continue to build on i t . 

Development of our basic system is essentially complete. We now want to make it 
operate a little smoother and a little faster. We also must learn to use, to greatest 
advantage, the information we now have available. 



A Scheduling and Performance 
Evaluation System for Utah's 
Basic Maintenance Management Units 
JIM WEST, Utah State Department of Highways, and 
JOHN JORGENSEN, Roy Jorgensen Associates, Inc. 

Utah has recently undertaken the development and implementation of a computerized 
maintenance management system. Components of this system include performance 
standards, a maintenance management reporting system, planning processes and per
formance evaluation techniques. However, the computerized system is not designed 
to schedule the basic management units or provide short-range operating guidance. 

This paper presents a technique which we feel allows our maintenance field organi
zations to formalize scheduling processes and conduct more timely performance evalu
ations. The scheduling and performance evaluation technique began operating on a 
statewide basis July 1, 1968, after t r ial on a more limited scale. We anticipate further 
revisions in the procedures but are convinced that the general approach wil l continue 
to prove itself. 

The development of the system required an evaluation of characteristics of our par
ticular organization. The major factors considered important in the development are 
the following: 

• First-line supervisors most of whom have high school education. 
• First-line supervisors who have traditionally been working members 

of the crew. 
•Basic management imits which are physically separated from each 
other and from their respective district headquarters by consider
able distances. 

•Basic management units most of which require a staff of only 4 to 
6 men. 

•Performance standards which have been and wil l continue to be de
veloped to provide first-line supervision with operating guidelines. 

• First-line supervisors who have traditionally been responsible for 
need identification, scheduling, and performance of a majority of 
the maintenance activities. 

•A computerized maintenance management information system. 
The resulting scheduling and performance evaluation system design has the follow

ing characteristics: 
1. It is non-computerized. 
2. It continues to place considerable managerial responsibilities on the first-line 

supervisor. 
3. It minimizes the time lag between performance and evaluation. 
4. It incorporates performance standards. 

Although there is a definite tie between the scheduling process and the evaluation 
process, for discussion purposes they are treated separately. 
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SCHEDULING 
Aflow chart of the scheduling process is shown in Figure 1. Three distinct scheduling 

relationship phases are apparent: general scheduling, specific maintenance need iden
tification, and resource scheduling. 

The general scheduling phase involves the establishment of guidelines for scheduling 
maintenance activities which, out of necessity or desirability, are best performed dur
ing specific times of the year. Figure 2 represents the results of this determination 
in the form of an annual schedule for major maintenance activities. Its purpose is to 
provide a general planning framework for the first-line supervisor. Start and com
pletion dates indicated on the schedule are not absolute. The intent is to direct the 
attention of the first-line supervisor towards those activities and programs which are 
to receive primary attention during the general periods indicated. It was decided that 
the distinction between those maintenance activities which are the total responsibility 
of the first-line supervisor for need identification and scheduling and those activities 
which require district authorization prior to performance should be made on the annual 
schedule. This distinction is designated in Figure 2 by the categories "routine shed 
maintenance activities" and "special shed maintenance activities," respectively. 

The specific maintenance need identification phase (Fig. 1) consists of the process 
during which specific maintenance activities, programs or projects are identified and 
detailed for future accomplishment. Responsibility for need identification of routine 
shed maintenance activities falls to the first-line supervisor and is carried out during 
the weekly inspection tour of his road system. During this inspection particular at
tention is paid to those activities noted on the annual schedule. Additional guidance is 
provided by reference to the pertinent performance standards. Figure 3 is a copy of 
a typical performance standard and illustrates the format developed for use by the 
first-line supervisors. A pad of the form in Figure 4 is carried by the first-line 
supervisor for making note of the item requiring attention. 

Identification and detailing of special shed maintenance activities and betterment 
projects is the responsibility of the district-level managers. Scheduling is performed 
by the first-level supervisors with necessary district coordination. The inspection 
trips are conducted semiannually by district-level supervisors in the company of the 
first-line supervisors. Upon completion of the inspection, the first-line supervisor 
is provided with an itemization of the special maintenance and betterment jobs to be 
accomplished during the coming six-month period. Figure 5 is an example of a com
pleted itemized special maintenance activities form provided the first-line supervisor. 
As additional special items arise, they are added to the list. 

The resource scheduling phase (Fig. 1) involves the development of a weekly sched
ule by the first-line supervisor. Items scheduled include those noted for need during 
the weekly inspection as well as those listed on the itemized special maintenance activi
ties form. Figure 6 is an example of a weekly schedule which indicates what work is to 
be done, where It is to be done, how much is to be done, what is to be used, when it is to 
be done, and who is to do i t . Alternative activities are listed in anticipation of inclement 
weather, or other situations which require deviations from the scheduled activities. 

SPECIF IC MAINTENANCE NEED 
GENERAL SCHEDULING IDENriFICATlON RESOURCE SCHEDULING 

IWEEKLY INSPECTION BY FIRST LINE 
SUPERVISOR FOR ROUTINE NEEDS 

ANNUAL SCHEDULE FOR MAJOR 
MAINTENANCE ACTIVIT IES 

[SEMI-ANNUAL INSPECTION BY DISTRICT 
FOR AN ITEMIZATION OF SPECIAL 
MAINTENANCE AND BETTERMENT PROJECTSl 

WEEKLY SCHEDULE DEVELOPED BY 
THE FIRST LINE SUPERVISOR 

Figure 1. Scheduling process flow chart. 
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PERFORMANCE STANDARD 
JUNE 1, 1968 

ACTIVITY 171-100 

RESPONSIBILITY 

ANNUAL SIGN AND POST MAINTENANCE PROGRAM 

jhed Foreman 

DEFINITION - The spec i f i ca l ly planned and scheduled annual maintenance of 
a l l s igns, sign posts and marker posts throughout the State 's road 
system. To include the conduct of a night re f lec t iv i ty survey, re
placement, painting and straightening of signs and or posts as 
performed as a part of the annual program, 

SCHEDULING CONSIDERATIONS - The annual sign and post maintenance program is 
to be performed during the months of June and July . Surveys of s ign , 
ref lector and post replacement requirements should be conducted 
early enough to provide ordering lead time. 

QUALITY AND WORKMANSHIP - During the conduct of the Annual Sign and Post 
Ma'ntenance Program, the required maintenance should be given to the 
l is ted observed conditions. 

RequI red Maintenance 

Paint post in accordance with 
standard 

Observed Conditions 

1. Paint peeling 
2. Post super f ic ia l ly scarred 

or scratched. 

Pep I ace post 

3. Replace sign or delineator 

1. Post broken 
2. Post unsound 
3. Post badly scarred. 

1. Sign or delineator damaged 
2. Loss of ref lectiveness 

METHOD AND PROCEDURE -

1. Conduct night survey to determine and mark signs and delineators 
in need of replacement. 

2. Conduct day survey to determine needed sign replacements. 
3. Order signs and del ineators. 

4. Perform replacements, painting and straightening as needed. 

CREW ARRANGEMENT - 2 Men, I Truck - 0101 

EXPECTED PERFORMANCE -
Daily Production 

Productivity 

20-26 s ign, marker post or 
delineator Ins ta l la t ions . 

.6 - .8 man hours/ Instal lat ion 

Figure 3. 
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MAINTENANCE N E E D S 

ACTIVITY DESCRIPTION 

LOCATION ~^^<^^V<w 

^ ^ ^ Z K . . ^ ADOmONAL C O M M E N T S 

ESTIMATE o f AMOUNT o f W O R K . 

COMMENTS ( p r i o r i t y , s c h e d u l i n g 

c o n s i d e r a t i o n s , e t c ) y 

- ^ ^ ^ ^ . a ^ ^ ^ y - . v » - > ^ — / f - ' - < t . r t ^ 

1^ 

^ ^ • r / f f ^ 

Figure 4. 

PERFORMANCE EVALUATION 
The performance evaluation procedure involves a comparison of actual performance 

with the performance guidelines provided. Indications of actual performance are pro
vided by data from the reporting system and actual field observation. Because the sys
tem is to provide performance indicators with a minimum of time lag between per
formance and evaluation, the reported data are manually tabulated in the district offices 
by the district maintenance analyst. This manual field evaluation process does not 
eliminate the need for or desirability of a quarterly, semiannual or annual, computerized 
summary performance report. The utilization of manually tabulated data enables cor- ' 
rective assistance to be provided on a more timely basis. 

Figure 7 is an arrow diagram of the evaluation procedure. The guidelines provided 
to the first-line supervisors consists of the annual maintenance schedule, performance 
standards, and an itemized list of special projects (Figs. 2, 3, and 5). Quantitative re
flections of actual performance are provided by the maintenance management reporting 
system every 15 or 16 days. A copy of the period activity record formed used the 
reporting system is shown in Figure 8. 

In order for the system to direct efforts towards corrective actions, i t needs to be 
able to answer the following questions: 

1. What crew arrangements are being used? 
2. What productivity rates are being attained? 
3. Are the itemized activities being accomplished? 
4. Are efforts being directed towards accomplishment of the maintenance activities 

and programs indicated on the annual schedule ? 
5. What methods and procedures are being used? 
6. What levels of quality and workmanship are being attained? 
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PERFORMWCE GUIDELINES ACTUAL PERFORMWCE PERFORMANCE EVALUATION 

PERFORMANCE STANDARDS 

CREW ARRANGEMENT 
QUALITY AND WORKMANSHIP^ 
METHOD AND PROCEDURE \ 
PRODUCTIVITY RATE "̂̂  ^ 

ANNUAL MAINTENANCE SCHEDULE 

ITEMIZED SPECIAL PROJECTS 

REPORTING SYSTEM 
( P e r i o d A c t i v i t y Record) 

F I E L D OBSERVATION 

VISUAL CHECK OF THE. REPORTINC FORM TO 
COMPARE ACTUAL CREW ARRANGEMENT 
WITH GUIDELINE. 

CALCULATE ACTUAL PRODUCTIVITY RATE AND 
COMPARE WITH STANDARD. 

TABULATE ACTUAL MANHOUR EMPHASIS AND 
COMPARE WITH ANNUAL SCHEDULE. 

CHECK OFF PROGRESS ON ITEMIZED SPECIAL 
PROJECTS 

COMPARE OBSERVED OUALTIY AND WORKMANSHIP 
AND METHODS AND PROCEDURES WITH 
PERFORMANCE STANDARDS. 

Figure 7. The performance evaluation process. 

Answers to these questions, as provided by the reporting system and field obser
vations, are compared with the guidelines in the form of performance standards, annual 
schedule, and itemized activities. Analytical determinations are made in the following 
manner. 

Crew arrangements on the various activities are determined by a visual Inspection 
of the portions of the period activity record which indicate the number of men and num
ber and types of equipment. It is readily apparent to the district maintenance analyst 
that the two operations in Figure 9 were staffed with 3 men, 1 truck and 1 loader, and 
2 men, 1 truck and 1 loader, respectively. 

Productivity rates are manually calculated for each pertinent activity by utilization 
of the manhour and accomplishment data on the period activity record. Figure 10 is 
the form used to maintain a cumulative calculation of the rates for each organizational 
unit. Cumulative data are used in order to compensate for unusual circumstances that 
may affect the rate for any single period. 

Progress with regard to the itemized special maintenance activities is continually 
maintained by striking them off the list as they are completed. 

Conformity with the maintenance effort desires expressed on the annual schedule is 
determined by the district maintenance analyst through use of the form in Figure 11. 
The manhours expended during each period on the listed activities are tabulated from 
the period activity record and posted on the form (Fig. 11). To the extent the major 
efforts as represented by manhours generally coincide with the shaded periods, the 
annual schedule is being followed. 

Determinations of method and procedure, quality and workmanship require on the 
spot observations before, during, and/or alter the performance of the specific activi
ties. To some extent gross method, quality or procedural deviations wi l l reflect them
selves in the productivity rates in the long run. However, when possible, actual obser
vations are desirable. 

Substantial deviations from the performance standards and annual schedule or lack 
of expected progress on the itemized activities without apparent cause are called to the 
attention of the district maintenance engineer or district maintenance supervisor by 
the district maintenance analyst. District managers then direct their efforts towards 
establishing cause and providing corrective assistance as required. 



00
 

PE
RI

O
D

 
A

C
T

/V
7

T
Y

 
RE

CO
RD

 

1 
M

«
n

«
g

am
«

K
 

1 
un

it 
A

ct
iv

it
y 

Ro
m

d 
A

ut
fi

on
fi

; 
N

um
bm

r 
R

tM
d 

Sa
cf

 io
n 

or
 F

V
oi

ac
r 

N
um

be
r 

T 
3d

 
an

di
 •

a •C
^U

—
 

1 
1 

1 
1 

1 
1 

1 
1 

<
 

n 
m 

1 
1 

1 
1 

1 
!

; 
1 

T 
3d

 
an

di
 •

a •C
^U

—
 

D
^o

fth
m

 
m

on
th

 
; 16

 
2 17

 
3 ta

 
4 19

 
O

 
2

0 
6 21

 
7 2
2 

8 2
3 

9 2
4 

lO
 

2S
 

II 2
8 

12
 

2
T 

13
 

2
8 

14
 

2
9 

IS
 

3
0 

3
t 

RE
CO

RD
 

O
F-

 U
AB

O
R 

U
SE

D
 

T
bf

dJ
 N

u
m

b
ar

 o
f M

an
 I

M
m

a 
an

 T
T

in
 M

M
lv

 
I I 

Rm
Q

ul
m

r 
H

ou
rm

 o
f 

S
ai

ar
Ja

d 
E

m
p

to
v

«
M

 

W
q

u
jj

T 
H

ou
rs

 e
rf 

T
to

m
po

rv
ii

 E
^r

^A
iv

M
a 

T
oM

I 
O

w
*r

tt
m

a 
H

o
u

rs
 

C
o
m

m
e
n
ts

 

R
E

C
O

R
D

 O
F

 E
Q

U
IP

M
EN

T 
U

SE
D

 
C

od
a 

CI
M

S
 

H
o

rn
 o

rM
if

as
 

TO
TW

. 

Sk
M

4Q
B8

sN
k#

ffA
s 

L
M

 
ro

73
M

-

M
m

m
m

ur
m

 a
t 

Au
LA

Jl
t^

M
ai

ut
tm

n 
Qi

Mn
tf

tu
 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 
1 

1 

Fi
gu

re
 8

. 



P
E

R
/C

 I
 

A
C

T
/V

J
 

P
E

R
/C

 I
 

A
C

T
/V

J
 

1
 

un
it 

Ac
tiv

ity
 

R
t>

«d
 S

PC
tK

m
 o

r P
nm

m
ci

 
N

um
ho

r 
^
 

P
E

R
/C

 I
 

A
C

T
/V

J
 

/
\

/
\

A
l 

C
\C

 
\^

 
i 

1 
1

 1
1

1
1

1
1

1
1 

; 
\^

 
D

^a
fth

a 
m

on
th

 
3 

a 
e 

T 
a 

9 
fO

 
II 

13
 

1
4

 
rs

 

R
E

C
O

R
D

 O
F

 l
_A

B
O

R
 U

S
E

D
 

7£
>r

«J
 M

u
m

b
v 

(]#
 M

ta
n 

U
ta

d 
c

n 
T

h
n 

M
M

tu
 

^
, 

R
ag

u
to

r 
H

ou
rs

 o
f 

S
«t

ap
M

d 
E

m
p

jo
t/

o
o

a 

R
oo

ul
tf

 H
ou

rs
 a

r 
T

^
m

p
o

r^
v 

n
n

*
m

w
 

T
oM

f 
O

ir
vr

ti
m

a 
H

o
u

rs
 

R
E

C
O

R
D

 O
F

 E
O

U
/J

 • ̂
*

E
N

T
 U

S
E

D
 

C
o

d
a 

C
lM

B 
H

o
c 

rs
 

o
r

M
i

l
e

J 
T

0
7

»
L 

r / 
/ 

k 
J
 

R
E

C
O

R
D

 O
F

 M
AT

ER
IA

L.
 

U
S

E
D

 
Q

iM
n

fi
ty

 
ro

ia
u.

 

,=
? 

/ 

R
E

C
O

R
D

 
O

P
 A

C
C

O
M

P
L

/S
H

M
E

N
T

 
M

m
m

m
tw

m
 o

f 
A

cc
ow

yl
li

#>
rw

nt
 

M
B 

^
 

^
 

Q
iM

nf
lt

u 
^

r
^

i
i
>

h
 

>
^
 

1 
1

 1^
1 

1
 1

 l
i^

i 
, 

1
 1

 1
 1

 1
 

1
 

Fi
gu

re
 9

. 



88 

C a l e n d a r Year _ 
Maintenance Crew 

MAINTENANCE AgiVlTY PERFOWWCE /INALYSIS 

A c t i v i t y / / ; g -20O^^A!^A/L 
Uni t of Measure 

January t s t 

January 2nd 

February I s t 

February 2nd 

March I s t 

March 2nd 

A p r i l I s t 

A p r i I 2nd 

May I s t 

May 2nt 

June I s t 

June 2nd 

J u l y 1st 

J u l y 2nd 

August I s t 

August 2nd 

September I s t 

September 2nd 

October I s t 

October 2nd 

November I s t 

November 2nd 

December I s t 

December 2nd 

rumula t i ve Cumulat ive P r o d u c t i v i t y 
Man Hours Quant i ty Rate 

/fiS 

-7 9^ A 74 

Figure 10. 
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Work Standards and Programmed Budgeting for 
Maintenance Operations 
JOHN H. SWANBERG, Minnesota Department of Highways 

I am sure that everyone is familiar with Parkinson's Law which states, in effect, that 
the number of employees increases at a rate which has no relationship to the amount 
of work to be done. Governmental agencies, in particular, are often accused of apply
ing this law and, we have to admit that some of the examples set by government indi
cate some validity in the law. 

For us, however, as we look at the increased demand for service on the part of the 
public, as we look at the vacancies in our complement as a result of low national un
employment rate, and as we look at the constantly reduced maintenance budgets, we 
cannot help but feel that for Parkinson's Law to be correct for maintenance operations, 
it must work in reverse and could be stated: "As the amount of work increases, the 
number of men available per unit of work decreases." 

Whatever the case, there is no denying the need for use to place greater emphasis 
on redefinmg objectives m maintenance and to study, analyze, develop and implement 
new ways and means to better utilize the human and other resources which are required 
to achieve these objectives. 

This approach, commonly known as management by objectives, has been discussed 
within the Minnesota Highway Department for quite a number of years. Until recently, 
however, our maintenance objectives were not divided into countable work units, and 
we had no established criteria or standards against which actual work performance 
could be compared. We were on a line item accounting system and were forced to 
budget entirely on historical data and engineering judgment. In other words, we spent 
X number of dollars on snow and ice control last year, but last year was a mild winter 
so therefore, we wil l need X-plus, say, 20 percent more money for this work next 
year. The judgment factor is difficult to apply because we must budget on a biennium 
basis to tie in with legislative sessions. 

The last few years, however, have brought new developments in the area of mainte
nance management. Phrases such as "management by objective," "work standards," 
"levels of performance," and "program-budgeting" have now come into everyday man
agement conversations. 

Two and a half years ago, Minnesota as one result of a department-wide manage
ment study performed by consultants, decided to take a new approach to maintenance 
management. A consultant was retained to direct this new approach—a maintenance 
work improvement study. 

The project could be called a feasibility study because what we were really trying 
to find out was whether or not certain time-honored principles of industrial engineer
ing, such as work measurement, could be adapted to maintenance operations in an ef
fort to improve the utilization of available manpower and skills. We felt that if these 
techniques could apply, we could greatly improve our operations through such things 
as standardization of methods and better planning and scheduling of work, and thereby 
obtain better control of operations in general. 

The management consultants required state personnel to assist in the study. A 
task force set up for this purpose consisted of five engineers, a shop foreman, a field 
foreman, a stock supervisor and an administrative analyst—a total of nine people. Two 
of the engineers were experienced maintenance engineers; the other three were younger 
engineers with varied background in materials, design and traffic. This task force 
continued its work following the expiration of the six-month consultant contract. 

90 
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To begin with, we concentrated on developing work standards which would employ 
a standard work method, production rates commensurate with this method, optimum 
crew size and proper equipment for the job. We developed these time standards on 
various field and shop operations within a pilot district and our central shop. 

In order to provide time standards for the activities, work measurement was neces
sary. A decision was made to use time-study observation, as opposed to some other 
type of work measurement, as the source for data to be used to develop the time 
standards. 

The time study approach was chosen for various reasons, mainly because of its 
adaptability to the type of operations involved in field and equipment maintenance. This 
study technique was used as opposed to "borrowing" standards from other agencies or 
from equipment manufacturers because standards based on our own operations, using 
our own personnel, our own methods, our own equipment and our own conditions were 
desired. 

We chose time study rather than historical data to develop standards because we 
were also interested in methods improvement, and we wanted to be assured that the 
standards were based on the best methods at the time rather than simply averaging 
together production rates of existing methods. The study produced time standards 
covering slightly over 35 percent of our field and equipment shop operations within 
the first six-month period. 

Also, as part of the project, a daily scheduling and reporting form for the mainte
nance men was developed. The scheduling portion of this form led to magnetic sched
uling boards which are being used in our larger maintenance stations. The scheduling 
procedure has been one of the major benefits of the program in that we are saving a 
significant amount of time by scheduling men and equipment in advance. Previously, 
in most cases, our men did not know what they were going to be doing that day until 
they reported for work. 

Before the six-month study was actually completed, we began implementing the sys
tem statewide. The study had proved that i t was feasible to apply this approach to 
maintenance operations. Since the standards were to be an indication of better methods, 
optimum crew size, etc., the standards did, in fact, provide for some standardization. 
The standards provided production rates that could be used for planning and scheduling. 
The work reporting system provided for better control in that we had recorded the op
eration, where i t was done, how i t was done, who dit i t , how the time was distributed, 
and how much was accomplished. 

Weekly reports were developed for all levels of maintenance management. These 
reports give the performance, coverage by standards and percent of productive work. 
Lower level reports break down xmproductive work into hours spent on travel, safety, 
delays, supervision and meetings. 

We would be the last, however, to deny that we ran into some problems during this 
study but we also experienced a great deal of success and the successes outnumbered 
the problems. Within nine months after the beginning of the project, a new type of re
porting system and a new technique of scheduling and planning was in operation state
wide. 

Our progress in this work had been slowed by lack of personnel until only recently. 
At present we have a permanent staff of 15 employed on the project, including nine 
time-study men. We have raised our coverage of standard operations but we have a 
long way to go to reach our goal of 80 percent. We have been concentrating on improv
ing what we have developed thus far rather than stressing increased coverage. We 
have redesigned every form we initially developed during the study. We have spent a 
great deal of time training personnel for industrial engineering technician work. Our 
most pressing area of endeavor at present, is to transform the vast amount of perti
nent data now being recorded into usable summaries using data-processing methods. 
Only then wil l we realize the ful l benefit of this program. 

One factor which we have found to be an absolute requirement for the success of a 
program such as this is the cooperation and backing of management, from the foreman 
up. It IS absolutely necessary to explain the program, what i t is, what i t is intended 
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to do and why it is being done. The maintenance workers and their immediate super
visors must thorou^ly understand the scheduling and reporting system and what is 
expected of i t . It has been our experience that these precautions wil l l imit problems 
due to misinformation, fear, mis-use and lack of cooperation. 

We have received, what I consider, less than expected resistance but i t has proba
bly been the result of taking action from the very beginning to circumvent any trouble 
through keeping the men aware at all times of our intent, progress and results. This 
is extremely important. 

Before the maintenance work improvement study was actually completed, our 
thoughts began to turn toward a sister project: research in program budgeting and 
development of a top management reporting system. Although there were similarities 
between the two projects, they were conducted separately because the improvement 
study was maintenance oriented while the second study was geared to encompass the 
entire Highway Department. 

The program-budgeting and management information study was initiated in February 
1967 with two primary objectives in mind: (a) the department desired to transform its 
budget into a significantly more effective tool and (b) i t wanted to improve the avail
ability of information for top management decision-making and cost control. The two 
objectives were combined into one project because an effective reporting system is 
essential to capture the benefits of an improved budgeting system. 

This project was in keeping with the Bureau of Public Roads' desire to have research 
performed on structuring program-budgeting and information systems to improve high
way administration in the United States. The study was, therefore, partially financed 
with Federal funds. 

To further emphasize this trend toward program-budgeting, attention is called to 
NCHRP Project 19-2 scheduled to be placed vmder contract later this year: "Develop 
Performance Budgeting System to Serve Maintenance Management." This study is de
signed to accomplish essentially the same thing in the field of maintenance on a na
tional level as we are attempting to do on the state level. It is anticipated that Min
nesota's study wil l yield new knowledge and methods of applying program-budgeting to 
the entire field of highway administration. 

In order to obtam the forementioned objectives, we divided our study into four major 
phases of effort. 

Phase I—Steps were taken to develop a concept of program-budgeting appropriate 
for the Department of Highways. IXiring this phase, necessary liaison with the Com
missioner and officials of the department led to identification of major programs and 
work activities of the department and their relationship to one another. In addition, 
units of work output were identified and major costs associated with each program 
were determined. We then devised budget documents necessary for the department's 
internal budget in a format suitable for presentation to the Legislature. 

Phase n—Steps were taken to develop a concept for reporting data to top manage
ment. First, the type of reporting best suited for the Department was determined. 
Next, the management information requirements of the Commissioner, the Deputy Com
missioner and the five assistant commissioners were defined. During this step, the 
format and frequency of reports were determined. 

Phase ni—Appropriate procedures for the program-budgeting system were devel
oped. The timetable for preparation of the department's budget was established as 
well as the design of the budgeting request forms. Procedures were developed to pro
vide for budget request review, revision and approval. Items that should be included 
in each chapter of a budget manual were identified so that the budget and financial plan
ning office could prepare an effective manual outlining the program budgeting process. 

Phase IV—The actual system for reporting data to management was designed. This 
phase provided for a listing of accounts to meet internal and external requirements. 
The method and frequency for collecting and processing source data were then devel
oped. In addition, data-processing output forms were developed to provide necessary 
information for the various levels of management. To complete this phase, the com
prehensive systems design manual was prepared. 
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Throughout the entire course of the study, considerable emphasis has been placed 
on continually consulting with all levels of Highway Department management, particu
larly the Commissioner and his staff. In addition, a number of meetings have been 
held with the Governor, members of the Highway Legislative Interim Commission, the 
State Commissioner of Admimstration and representatives of the Bureau of Public 
Roads. These contacts alerted the study team to required budgeting information and 
assured them that their revised procedures would meet these needs. 

The Governor and his Commissioner of Administration have expressed a strong 
interest in this sub)ect and have announced as their goal the indoctrination and instal
lation of program-budgeting methods in all departments of state government. 

Concurrently, the Governor, through his state planner, has strongly oriented his 
near and far term overall state planning to automation and the concept of planning 
programs on a program basis. This latter effort on the part of the state planner is 
currently awaiting approval of a rather comprehensive program to be partially funded 
with Federal money. 

In summary, I assure you that the transition to this new system was not as simple 
as this presentation may make it appear. On the other hand, we have found the pro
gram budget to be a management tool that can improve management's long-range plan
ning, fiscal budgeting, performance evaluation, and decision-making. The program-
budget achieves these benefits in the following ways: 

• It reflects the objectives, goals, and policies of our organization; 
• It indicates approved plans and work programs geared to meeting these goals and 

objectives; 
• It provides a financial picture that indicates the cost as related to expected results 

in carrying out the work programs; and 
• It presents results reflecting work output and cost. 
In this paper, I have mentioned forms, standards, scheduling techmques, reports 

and budgeting several times. Examples of forms and other controls are given in Ap
pendices A through I . 



94 

Appendix A 
Maintenance Standards Manual—Field (5-792) 

The Maintenance Standards Manual—Field is a loose-leaf manual which includes the 
work time standards for field maintenance operations for the Minnesota Highway De
partment. 
Al l field maintenance operation standards have been divided into sections according to 
the cost control numbers listed under the subactivities (see Appendix I for example). 
The standards within each section are assigned an operation number for reporting 
purposes. 
A summary of pertinent information regarding the standards for snow and ice control 
are given on the sample index sheet 5-792.42-00. 
A description of each operation which has been standardized is given on standards 
sheets in each section of the manual. A sample from section 42, Snow and Ice Con
trol , is shown on sheet 5-792.42-01. 
The information in this manual is used basically to plan daily and longer range activ
ities. The standards are based on time study work measurement. The figures in this 
manual are also used to develop performance reports. 

DEC. 1, 1967 MAINTENANCE STANDARDS - F i a o 5-792.42-00 

42 - SNOW AND ICC 

Standard 
Crew Units Per Unit of Man Hours 

Operation No. Operation Description Size Crew Hour Measure Pfer Unit 

42-01 Snow Removal - Truck Plow 
0.11 A 2 17.7 Une Mile 0.11 

B 1 14.2 Lane Mile 0.07 

42-02 Snow Removal - Motor Grader 1 5.2 Lane Mile 0.19 

42-04 Snow Removal, Shoulders - Truck Plmn and/or Wing 
Shidr. Mile 0.13 A 

Snow Removal, Shoulders - Truck Plmn and/or Wing 
2 14.0 Shidr. Mile 0.13 

B 1 12.9 Shidr. Mile 0.08 

42-05 Snow Removal, Shoulders - Motor Grader 1 7 .1 ShIdr. Mile 0.14 

42-06 Snow and Ice Removal - Motor Grader 1 7.7 Lane Mile 0.13 

42-07 Snow and Ice Removal - 10 Ton Truck 2 6.0 Lane Mile 0.32 

42-08 Crush lee - 10 Ton Truck 2 11.0 Une Mile 0.17 

42-09 Snow Removal - Bridge 

42-10 Snow Removal - Rotary Plow 2 3.0 Mile 0.71 

42-11 Snow Removal - Crossovers 1 5.9 Crossover 0.17 
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DEC 1, 1967 MAINTENANCE STANDARDS - FIELD 5-792.42-01 

OPERATION. 

Description-

Reference-

Equipment: 

Material. 

Method. 

Basic Crew: 

Unit of Measure: 

Man Hours Pit Unit: 

Crew Hours l^r Unit-

Units Per Crew Hour. 

SNOW REMOVAL - TRUCK PLOW OPERATION NUMBER: 42-01 

Load sand and chemicals. Plow snow from roadway, use wing plow and chemicals if 
necessary Make equipment adjustments and change cutting edges as required. This 
standard is not to be used for shoulder plowing (see SUndard 42-04). 

Maintenance Manual 5-791.360, 362 and 364 

Section truck with plow, wing (optional)and sand spreader. 
Wrenches (for cutting edges) 

Sand and chemicals for ballast or spreading 
Spare cutting edges 

A 

Two 

Lane Mile 

0.11 

0.06 

17.7 

B 

One 

Lane Mile 

0.07 

0 07 

14.2 

OPERATION: 

Description. 

Reference. 

Equipment: 

Basic Crew. 

Unit of Measure: 

Man Hours Per Unit: 

Units F r̂ Man Hour: 

SNCM REMOVAL - MOTOR GRADER OPERATION NUMBER: 42-02 

Plow snow from roadway using wing plow when necessary. Make equipment adjustments and 
change cutting edges as required. This standard Is not to be used for local cleaning 
operations or shoulder plowing. 

Maintenance Manual 5-791.360, 362 and .364 

Motor CnAer equipped with wing plow. 
Wrenches (for cutting edges) 

One 

Lane Mile 

0.19 

5.2 
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Appendix B 
Maintenance Standards Manual—Shop (5-793) 

The Maintenance Standards Manual—Shop includes the work time standards for equip
ment shop maintenance operations. 
Included in this appendix are sample sheets from the manual. Sheet 5-793.00-02 is 
the preface to the manual and explains the purpose and basis for the shop standards. 
Sheet 5-793.01-00 is a sample index sheet of the inspection, lubrication and service 
section. In cases where a standard has not yet been written due to insufficient time 
study analysis, the standard manhours column is left blank. If an operation does not 
apply to a particular classification of equipment, a dash (-) has been entered. 
Sheet 5-793.01-01 shows sample shop standards. 

SEPT. 15, 1967 MAINTENANCE STANDARDS - SHOP 5-793.00-02 

PREFACE 

The Maintenance Standards - Shop Manual has been prepared to assist the shop foremen in the scheduling 
and reporting of shop operations. The time standards in this manual are based solely on time studies that were 
conducted in all of the seventeen shops. The sUndards attempt to represent the most efficient methods observed 
In actual shop operations. The standards reflect the time it should take for a qualified operator with normal skill 
and expending normal effort to do a particular job under nomial conditions and surroundings during a full e i ^ t 
hour day. Sufficient time Is allowed to complete an operation without any sacrifice in the quality of workmanship. 

The sUndards include allowances for personal and rest time. These allowances are quite liberal and even 
the least fatiguing jobs are allowed more than twice the time set for the morning and afternoon breaks by 
department policy. It has been determined by Industrial engineering experience that these allowances are 
not only fair, but necessary for maximum efficiency on the Job. 

It is expected that there will be variations in the types and availability of shop tools and equipment from shop 
to shop as well as differences in the shops themselves. These variations will cause corresponding variations in 
the performance of the area shops. Variations will also occur due to the differences in pace among the mechanics. 
Ont may expect higher performance from experienced mechanics than from apprentices because of differences in 
familiarity with the operations. 

The standards listed In this manual are based on an average of observations in many shops, on many types 
and ages of units and under varying working conditions; therefore, there is no warrant for classifying any of the 
standard operations as non-standard based on the variations discussed in the previous paragraph. The only work 
to be labeled non-standard is work not yet Included in the manual, extensive (longer than normal) diagnosis time 
and work not directly related to normal shop activity. There is some work that will not be standardized since 
It is performed too infrequently or the time required for the operation varies too much to Justify writing a standard. 

The standards can be used to schedule operations. If the foreman knows that a certain operation is to be 
performed on a given number of units, he can compute from the standard the total number of hours required to 
complete the Job. The number of men required to complete inspections on all units in a district can be computed 
In the same manner. The standards can also be compared to the work output to develop more efficient shop 
operations. It should be remembered, however, that quantity must not be substlttted for quality and that very 
high performance may indicate a lowering of quality standards rather than improved efficiency. Similarly, low 
performance may indicate that more than necessary emphasis is being placed on quality. 

The standards should not be used to compare the work of individual mechanics as the standards are not 
Intended to be a rating guide for merit. The differences In the shops referred to above make bir ratings of 
Individuals difficult If not Impossible. 

Revisions and supplements for this manual will be Issued periodically. As the standards are used, all 
employees are encouraged to offer suggestions for their improvement. Any Information concerning obsolete methods, 
dlsciepancles, deletions or additions should be forwarded to the Milntenance Standards Engineer on the form 
provided on the following sheet. 
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SEPT 15, 1967 MAINTENANCE STANDARDS - SHOP 5-793 01-00 

01 - INSPECTION, LUBRICATION SERVICE 

Operation No. Operation Description 

01-01 Lubrication and Service (with Grease Fittings) 
-02 Lubrication and Service (with Grease Plugs) 
-03 Lubrication and Service (without Greasing) 

-04 Wash Unit 
•05 Clean Unit Complete Cfor Inspection) 
-06 Steam Clean Unit Complete 

-07 Clean Engine in Chassis 
-08 Clean Engine Out of Chassis 

-09 Daily Service 

-10 Engine Tune Up 
-11 FVeventive Maintenance Inspection 
-12 Annual Maintenance Inspection 

-13 Road Test 

-14 Air Cleaner (Dry), Service 
-15 Air Cleaner (Oil Bath), Senrice 
-16 P.C.V. Valve, Service 

-17 Transmission (Manual), Dram and Refill 
-18 Transmission (Automatic), Drain and Refill 
-19 Transmission and Torque Converter (Automatic), 

Dram and Refill 

-20 Differential, Dram and Refill 
-21 Transmission Drop Gear Case, Dram and Refill 
-22 Transfer Case, Dram and Refill 

-23 Strip for Trade (Central Shop) 
-24 Strip for Trade (District) 
-25 Strip Patrol Car for Trade (Central Shop) 

0.1 

Standard Time 
Man Hours Pet Unit 

B C D E 

1 2 1.3 
1.3 -
1.1 

0.7 0.7 

0.4 0.4 

2 .1 
4 .0 4 . 1 

2.2 0.4 

1.2 

0.6 

0.4 

5.5 

1.0 

1.4 

8.2 

0.4 0.4 0.4 

0 .1 0 .1 
0.2 0.2 
0.3 0.3 

0 2 0.2 

0.7 0.7 

0.4 0.4 0 4 

0.5 0.5 

2.9 - - - -

A - Cars, B - Pickups or Carryalls, C - Trucks, D - Tractors, E - Motor Graders, F - Four Wheel Drive Loaders 
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SEPT. 15, 1967 MAINTENANCE STANDARDS - SHOP 5-793.01-01 

OPERATION: 

Description: 

Clisslfleatlon: 

Man Hours Per Unit: 

Units Pet Man Hour: 

LUBRICATION AND SERVICE WITH GREASE FITTINGS) OPERATION NUMBER: 01-01 

Change oil , filter, general Inspection and service, lubricate as required. For a complete 
description, see Maintenance Manual 5-791.416 or Lubrleatlon and Service Instructions, 
Form No. 17234. 

A 

1.2 

0.8 

B 

1.3 

0.7 

C 

2.2 

0.5 

D 

0.4 

2.5 

OPERATION: 

Description: 

Classification: 

Man Hours F^r Unit: 

Units l^r Man Hour: 

LUBRICATION AND SERVICE (WITH GREASE PLUGS) OPERATION NUMBER: 01-02 

Change oil , filter, general Inspection and service, install and remove grease fittings, lubricate 
as required. Use manufacturers' recommended lubrication Interval. For a complete description, 
see Maintenance Manual 5-791.416 or Lubrication and Service Instructions, Form No. 17234. 

A 

1.3 

0.8 

OPERATION: 

Description: 

Classification: 

Man Hours Pet Unit: 

Units Per Man Hour: 

LUBRICATION AND SERVICE (WITHOUT GREASING) OPERATION NUMBER: 01-03 

Change oil , filter, general inspection and service, lubricate as required except sealed 
lubrication fittings. For a complete description, see Maintenance Manual 5-791.416 
or Lubrication and Service Instructions, Form No. 17234. 

A 

1.1 

0.9 

OPERATION: WASH UNIT OPERATION NUMBER: 01-04 

Description: Wash exterior. clean interior. clean windows. 

Classification: A B C D E F 

Man Hours l^r Unit: 0.7 0.7 1.2 

Units Rer Man Hour: 1.5 1.5 0.8 

OPERATION: 

Description: 

Classification: 

Man Hours Rer Unit: 

Units Rer Man Hour: 

CLEAN UNIT COMPLETE (FOR INSPECTION) OPERATION NUMBER: 01-05 

Wash complete unit Including underside with solvent and Grace cleaner or equivalent In 
preparation for inspection. 

A 

1.0 

1.0 

D 

1.0 

1.0 
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Appendix C 

Field Daily Schedule and Report (Form 17223) 
This form is used by all field maintenance personnel and is a daily report of all opera
tions performed, locations, crew members assigned and ec[uipment utilized. In addi
tion, all manhours are reported in the proper columns along with work units done. 
The form is used as a schedule by preparing columns I through V prior to performing 
the work. The remainder of the form is completed after the work is performed. (In 
areas where work is scheduled on magnetic wall boards, this form is used only as a 
report.) 
A separate form is made out daily for each reporting station. A l l operations per
formed are reported separately on the sheet. At least eight hours are accounted for 
each day per employee. 
Columns M and N are completed by the office staff, obtaining proper standards hours 
from the Maintenance Standards Manual—Field (5-792). The totals are carried for
ward to the Weekly Performance Worksheet (Form 19190) for analysis. 
After the office work is completed, this form is returned to the originating station for 
filing as a diary. 

MINNESOTA HIGH»V OIPAHTN" T NAINTCNANCE O r M A T I O N S 

FIELD DAILY SCHEi...LE AHD REPORT 

TRt r x STATION T R E l OR S L H ARFA . 

A r r i f i MAN i i o t R - . 

CONTROL SECTION 
TRUNK HIGHWAY 

AND SPECIFIC 
LOCATION 

C R E l ASSIGNFO I j l l O R K 
UNITS noNF 

0 
0 
Q 

O" 

O" 
O" 

0" 

• FATIIFR rOTOITIONS 
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Appendix D 
Weekly Performance Worksheet (Form 19190) 

This form serves as a worksheet in computing percent productive work, performance 
and coverage of field, shop and traffic maintenance operations. Entries for columns 
A through N are carried forward from Form 17223 and Form 1745. The data are sum
marized as shown in boxes P through V. 
Following the transferring of the weekly totals and summary information from this 
form to Form 19189, the worksheet is given to the subarea foreman for his records. 

F m 19190 (4-611) M N N I S O T A HIGHVAT D t P A D T H E N T M A I N T E N A N C I OPERATIONS 

WEEKLY PERFORMANCE WORKSHEET 

. Wxk EnduE . 

ACTUAL MAN HOURS 

SUPER
VISION 

SICK 
LEAVE 

STD 
MAN 

HOURS 

Tfai-day 
F n i t a y 

Satuid.y 

Monday 

Tuesday 

Total Pioaucdvc l o t k Hrs 

A+f l 

To ta l Incidental l o f k Ht> 

% PiodiKi ive t o r k 

P I P ' Q l 

To ta l leave Pay Homa 

H t J t K 

' Pcrfornance 

N - A 

To ta l Koura Repoctctl 

P+Q+R 

% Ceeetnge 

A - P 
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Appendix E 
Weekly Performance Report (Form 19189) 

A l l the data tabulated on Form 19190 (Appendix E) for an entire maintenance area are 
tabulated and summarized on this report. This report is submitted to the Area Main
tenance Engineer, the Office of Maintenance Standards and other interested people. It 
serves as a management tool in that i t provides information such as percent produc
tive work, percent performance as compared to standards and percent of work per
formed which was covered by standards. 
The Office of Maintenance Standards summarizes these reports and prepares a state
wide analysis for top management personnel. 

Farm I'Hm (4 .̂R) MINNESOTA HIGHWAY DEPABTMENT HAINTENANCE OPEEATIOHS 

WEEKLY PERFORMANCE REPORT 

MAINT A R F A . 

nislritulion 
" Original lu Arem MMnfrMwr F»«r 
C Copy ta VMinimmiKr itds Urn 316 
C topy III Oitrnrl tuginrn 

Copy lu Diiiwiei homnoo 
»FEK ENDING 

SUBAREA 
DISTRICT CREK 

OR TRUCK STATION 

PROD fcORK HRS IliCIDEWTAL WORK HOURS LKAVK PAT HOURS TOTAL HOURS 

1% >\ \ 
\ \ \ \ \ \ \ \ \ \ ( 1 

1 ii\ M-Ml M 
M^lNTt F 

THAI I [( 

- ( • l l + [-*l-*C. 

I ' g*K 
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Appendix F 
Daily Maintenance Scheduling Board 

To facilitate scheduling of field maintenance operations, a number of the Department's 
larger reporting stations have prepared magnetic scheduling boards. An example of 
a typical board designed for a 46-man station is attached. The boards are made of 
sheet steel (approximately Vie in. thick) which is covered with white adhesive backed 
material. Contrasting lines and column headings are placed on the board. The board 
is then covered with a sheet of clear acetate. 
Entries are made for operations and location using grease pencil which can be easily 
erased with a clean cloth. For the other entries (employee and equipment assigned), 
labels are made using y 2 - i n . magnetized rubber strips. These labels adhere magnet
ically wherever placed on the board. Only one label is made for each man and piece of 
equipment. This avoids forgetting to schedule a man or scheduling a certain piece of 
equipment to more than one job at one time. Labels for equipment not in use but avail
able are placed in the equipment roster boxes, depending on whether it is in or out of 
season. 

Other designs and materials can and have been used in some of the board designs. For 
instance, blackboard paint and chalk can be used instead of the grease pencil approach. 
Whatever the design, the function of the board remains the same. A supervisor can 
easily schedule and organize his operation in a manner which takes very little time. 
Verbal orders are necessary only in special cases as the employees merely look at 
the scheduling board to find out what job they have been assigned to. Scheduling is 
done the night before and changes resulting from weather condition changes overnight 
can easily be made in the morning. 

MAf*<ATO TRUCK 5TATK3N 

OTHER E Q U f f W N T - STATUS 

AM) USTRUCTIOIf; 

fiiktJk 

_ J t d £ ' « - J ' ( . i - ^ ^-

i^PT 

01"' 
\mto gfjo /% 

'1 OTHER PERSONNEL-STATUS 



104 

Appendix G 
Shop Order and Record (Form 1745) 

The Shop Order and Record is designed to be used to assign and record all shop work 
performed on equipment. The card is printed in each of two colors; buff for regular 
shop work and pink for the Preventive Maintenance and Annual Inspections. This fa
cilitates filing all cards together and stil l being able to locate with ease records of 
special inspections or overhauls. 
Upon receipt of a Unit Service Request from the Unit Service Book (Form 1743), the 
shop foreman wil l prepare the upper portion of a Form 1745. Shop order cards wil l 
be numbered consecutively. Descriptions of work ordered wil l be entered and assigned 
to mechanics in the spaces provided. The card wil l then be placed in the assignment 
box opposite the mechanic's name who is assigned to work on the unit. 
The mechanic, following completion of the work, wi l l properly record each operation 
performed by him on the back side of the card along with date, hours spent on each 
operation and initials. 
Spaces are provided on the front of the card for major parts replaced, compression 
readings, etc. Notes are made where indicated on the card when a need for further 
repairs is uncovered. 
Upon completion of all assigned work on the card, i t is turned in to the shop foreman 
who approves the work by signing the card, sees that proper entries are made in the 
unit service book and arranges for placing the unit back into service. 

SHOP O R D E R A N D R E C O R D 
MINNESOTA HIGHWAY DEPARTMENT 

F«ni. I 7 « 13 67) 

HAKE and TYPE 

DESCRIPTION OF WORK ORDERED 

t S a • II II PMDI ANNUAL • 

M l . . . . l l . i . P . . . . l g B S a -

CeWRESSITM 

I' I" I' I' I' 

• I c . . . . 

FMm 1745B PRESCNT LOCATION OF UNIT FMm 1745B PRESCNT LOCATION OF UNIT 

Shop OrJar Na Un.i ar Jot Ma 

EMPLOYEES D A I L Y WORK REPORT For OtliL r UntOnlv 

Dal* WORK DESCRIPTION BY f.H.1 Oparatian 
Na Dal* WORK DESCRIPTION BY Acivol Manual 

Oparatian 
Na 

i 

T O T A L S FOR C O M P L E T E D JOB 
in Man nours Taial 

Aclua X Aciyal 
Sid 

Monya 
Sid 

Aeiual 
N S 

Oofa Jab Appra>*tf by 
Camplatad Sbep Poraman 
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The shop foreman or his delegate then applies standard times (Manual) along with stan
dard operation numbers in the proper columns on the back. This information is ob
tained from the Maintenance Standards Manual—Shop (5-793). Columns are totaled and 
carried forward onto analysis sheets by office personnel for use in cost accounting and 
shop performance evaluation. 
Before filing the cards into the shop foreman's imit file, proper entries (if needeĉ  are 
made in the visual Equipment Inspection Schedule and Record card system, Form 
17243. 

Appendix H 
Equipment Inspection Schedule and Record System (Form 17243) 

Preventive maintenance inspections, lubrication and service inspections, tune-ups, 
etc., performed on all motorized equipment are recorded and scheduled on Form 
17243 in a visual f i le . This file is located in the shop foremen's office. 
Using a code letter (like L for Lube and Service) an entry is made on the unit card in 
the date box corresponding to when the service was performed. The mileage reading 
is entered following the letter code. Each unit has its own card on f i le . Each card 
lasts one year although we are now printing both sides of the card so i t wi l l last 2 
years. 

The title card (Form 17243A) is designed to be inserted on top of Form 17243 in the 
files. This title card wil l remain in the file for the Ufe of the unit (it wil l not be re
placed every year as Form 17243). This eliminates the need for re-writing the items 
such as "Make and Type," "Assigned to," "Located at," etc., which generally do 
not change every year. Space is also provided to enter years of major overhauls. 
A unique feature of this system is the scheduling system which this card and filing 
system provides. Since this is a visual file, colored signals are placed in the proper 
position over the "month" spaces to indicate when the next inspection, service, etc., 
are expected to be due. Simply by glancing at a drawer ful l of these cards, the shop 
foreman can pick out which units are overdue, which ones are due and which ones are 
not due yet for preventive maintenance work. Whenever a service is performed, re
scheduling is done by moving the proper signal forward. 
As a result of this system, the shop foreman has at his fingertips, a complete record 
of recent inspections and services, a historical account of major overhauls since the 
unit was purchased and a scheduling system which he can use to plan and control his 
shop operations. The cards are versatile in that some shop foremen keep track of ad
ditional items on the cards such as wheel bearing packing, replacing antifreeze, etc. 
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EOUIPHENT INSPECTION SCHEDULE AND RECORD MINNESOTA HIGHWAY DEPARTMENII 
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Appendix I 
Maintenance Program in the Program Budget System 

This sample sheet illustrates part of the Maintenance Program and its various levels 
of effort, outputs and applicable coding. 
The levels of effort are indicated in the alignment and relationship imder the column 
headed Sub-program, Activity, Sub-activity, etc. The work output unit to be recorded 
and summarized accordingly is indicated under the Work Output Unit Identification 
column. The cost dollars associated and collected for these work output units pro
duces the Performance Measurement Units, as depicted within that column. The pro
cess of charging both dollars and output efforts into the system is accomplished by the 
Program Budget Code, as outlined therein. 

PHObRW mocBt HAimEIIAKS 

FHOGIMM 
BUDGET 
CODE 

SUB-
PROGRAM 

Acnv-
m 

SUB-

m WORK oinHir UMXT mERnFicAnoH 
IGRFOEMMRE leASinBCRT 

mar XDEKTIFICATIOH 

xzxx Progm AdainiBtratlon 

3198 J t d B i i i i s t m t l o n 

3199 Frlaee Benefits 

3195 Safety. C i v i l Defense ena Trslnlng 

3510 Road FemltB and Regulations 

xxxx Field Operations Sub Program 

3201 Sub Program Administration 

xxxx Roadvay Surface 
3212 Surface Repair (01, 02, 

62, 63, 65, 66) lane aHes serrlced Cost per lane mile 

3213 Crack and Joint 
F i l l i n g (bl) Uneal feet f i l l e d Cost per lineal foot 

321>t MudJacUi« (6I») Square yarda repaired Cost per square yard 

3220 shoulder and Appro-ch (l<t, Sa) Shoulder miles repaired Cost per shoulder mile 

XXXX Roadside Mslntenmce 

3232 Drainage Iklntenance 
(22, 67) Ditch miles cleaned Cost per ditch mile 

3233 Slope Repair Road Miles repaired Cost per road mile 

323'> Mowliig, Wfeed and 
Brush Control (23) Acres workea Lost per acre 



Approach to Maintenance Management 
L. C. JONES, Bureau of Street Maintenance, Department of Public Works, 

City of Los Angeles 

The Bureau of Street Maintenance is one of twelve Bureaus which make up the Depart
ment of Public Works of the City of Los Angeles. The Bureau is responsible for four 
major functions which are assigned to fo\ir fimctional divisions: 

Street Maintenance Division 
Cleanii^, repairing, resurfacing, minor reconstructing and remodeling, trench 
replacing, structural maintenance, and other maintenance activities. 

Street Tree Division 
1. Trimming, maintaining, regulating of planting, and supervising and adminis

tering tree contracts. 
2. Maintaining lawns and other plantings in approximately 90 acres of traffic 

islands. 
Lot Cleaning Division 

1. Cleanii^ lots and removing weeds at least once a year on approximately 
30,000 parcels of vacant property. 

2. Removing brush in hilly areas, along roadsides, and adjacent to improved 
properties, as requested by the Los Alleles Fire Department. 

Street Use Inspection Division 
1. Regulating the use of streets and other public ways for any and aU purposes 

other than normal pedestrian and vehicular traffic, including the following: 
(a) utility substructiu-es, excavation, and backfill; (b) storing of building ma
terials; (c) transportation of overloads and housemoving; (d) banners over 
streets, advertising benches in public ways, etc.; and (e) serving of notices to 
repair curbs, sidewalks, driveways, etc. 

2. This division is also the enforcement arm of the Department of Public Works. 
In addition to the four functional divisions, we have an Equipment and Supply Divi

sion which is a service organization that purchases and maintains equipment and sup
plies for all functional Divisions. 

The city encompasses an area of 463.60 square miles, with elevation ranging from 
below sea level to 5,074 feet. Its street system consists of 7,275 miles of streets and 
public ways, with grades from practically 0 to 33 percent. It also includes shoestring 
strips which connect sections of the city. Other areas completely surround incor
porated and unincorporated areas. From the northern-most to southern-most points 
of the city, the distance is 55 miles. It has areas which are changing in character, in
cluding the San Fernando Valley which comprises about 40 percent of the city and is 
rapidly changing from areas comprised of orange groves and agricultural cultivation 
to fairly dense urban areas. Narrow dirt roads are becoming wide-paved boulevards. 
The city has a total population of 2,896,100 and a very heavy vehicle registration. 

The Bureau of Street Maintenance has a complement of approximately 2300 regular 
Civil Service employees, a budget for the current fiscal year of over $27 million, and 
an equipment fleet of ^proximately 1900 imits. The city has two zone divisions, with 
three maintenance areas in each zone, and four maintenance districts in each area. 

In speaking of the Bureau's approach to maintenance management, one could select 
at random any of a number of our operations. However, I shall confine the subject to 
a particular aspect of our work, the application of industrial engineering principles to 
the work of the Street Maintenance Division. 

The program had its beginning in 1960 when i t was suggested that the Director of 
the Bureau discuss a possible contract agreement with a consulting f i rm to undertake 
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a survey of our operations. We were not impressed with this idea; our reaction was 
that this would be just another survey, and we had undergone many surveys in the past 
ten years. You m i ^ t even say that we had surveys of surveys, and aU by reputable 
firms. Our e}q)erience was that these firms would come in with their staff, study our 
operation, publish a report detailing the problems that had been described to them by 
members of our own staff, and depart. Normally, the approach was always the same, 
with very little original work on their part. They provided the report and you were 
then on your owa Therefore, when we were approached with this proposal, we were 
something less than enthusiastic. However, as this f i rm explained their program, we 
recognized that theirs was a fresh approach. They offered to practically live in the 
Bureau, selecting and then training our employees in the techniques of the work, im
plementing the work, and then staying on for a period of several months to guarantee 
that the system they had developed was sound, properly installed, and working. Since 
the proposed system had never been applied to street maintenance operations, we were 
stil l cautious and, instead of buying the entire proposal advanced, only a portion of the 
program was selected. 

This, then, was the start of the application of industrial engineering principles to a 
considerable portion of the work of the Street Maintenance Division. The f i rs t activity 
of the consulting f i rm was to select, by special examination, a group of methods and 
standards technicians composed of our own employees. This appears to us to have 
been one of the keys to the success of this program. The selection of technicians was 
made impartially and objectively as the result of a battery of tests supplied and con
ducted by the consultants and with no interference from management. Following the 
selection and training, the methods and standards section was activated and work 
started. There followed a period of 17 weeks of study during which they scientifically 
analyzed the work assigned to the crews, the work assigned to each man in each crew, 
and each essential movement of every man in the crew. They then measured and tab
ulated the enforced delays, or the waiting time, when only one operation can be per
formed at a given time, and the balance of the crew must wait. Figure 1 is a typical 
illustration of the studies that were made of crew sizes. Note particvdarly the "idle 
time," or enforced delays, which are so prominent in the three- and four-man crews, 
as compared to the comparatively small amount of such time in the two-man crew. 

Figure 2 summarizes the delays (Fig. 1). Note the difference in crew costs per 
day and the delay cost per day for each crew size. The lower section, relates the crew 
costs to the cost per individual job. 

Following this study, they were ready with charts to prove their points and to present 
their f i rs t recommendation—that 21 four-man crews be reduced to two-man crews. 
This recommendation was, as anticipated, immediately questioned to varying degrees 
by many of the supervisors. 

After a number of discussions, consultations, and deliberations, the f i rs t of a series 
of crew size recommendations was adopted. The crew sizes were reduced by attrition. 
A total of 149 maintenance laborer positions were eliminated from a total of 472 em
ployees initially placed vinder time standards. In conjunction with attrition, there was 
an upgrading of 32 field positions. With the establishment of two-man crews, i t was 
necessary that one man be in charge and responsible for the paper work, so a special 
code of crew leader was established, which provided a premium of $ 1.20 per day for 
this responsibility. 

The reduction of crew sizes is not the sole purpose of a trained staff methods and 
standards section. Using methods and procedures developed by this staff section, the 
hours reported by the crew for daily and job site preparation; travel to job sites, as
phalt plants, dumps; and return to district yards is compared against a time standard 
which has been engineered for that or those jobs. 

Figure 3 is a typical sample of one of the source documents, showing the miles 
traveled, material used, locations, and type and amount of work done by a two-man 
small bituminous repair crew. 

Figure 4 shows the standards technician's recap of the crew for a typical day's 
work. This is the reverse side of the daily work sheet shown in Figure 3. Note that 
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the workman has an example to follow. The actual performance received by the crew 
for the work recorded is 74 percent. 

The weekly performance for each crew is calculated. Thus, although the crews and 
work in our City cannot be under constant supervision, a form of control has been es
tablished and is being extended gradually to all crews engaged in street maintenance 
work on a city-wide basis. 

.40-
3 man crew m 

.35-

.30 

.25-

.2o^ 

•15 H 

.10-

.05 

Short Trench Replacement - Bituminous 
LEGEND 

3 man crew Q Productive Time 
B Enforced delay 

11% 

4 man crew 

I 

Figure 1, Engineered comparison of different sized crews performing the same operation. 
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COMPARISON OF DIRECT LABOR COST AND 
DELAY COST FOR VARIOUS CREW S I Z E S 

CREW SIZE CREW SIZE 
PER DAY 

DELAY CREW SIZE CREW SIZE 
PER DAY AT * COST PER DAY 

4 $87 04 48 841 78 

3 9 66 72 38 8 25 35 

2 846 40 II 8 5 10 

TYPICAL TRENCH 
(12 SQUARE F E E T ) 

CREW SIZE ELAPSED HOURS 
PER TRENCH 

MAN HOURS 
PER TRENCH 

DIRECT COST 
PER TRENCH 

4 0 3225 1 2900 83 51 

3 0 352S 1 0575 82 94 

2 0 3900 0 7800 82 26 

Figure 2. Short trench replacement—bituminous. 

This methods and standards section is 
also used to evaluate new equipment, to 
compare our methods and procedures with 
other organizations in similar work, and 
to suggest crew reassignments due to 
work backlogs in the various areas and 
districts. This section prepares and dis
tributes management reports in graph 
form to all management levels concerning 
crew performances, hours utilized, and 
current work backlogs. 

Figure 5 is a typical backlog of work 
report, showing the volume of trench re
placing work in Zone I , on April 12, 1968, 
together with crews assigned, etc. 

Figure 6 is a composite report depict
ing the function of "bituminous short 
trench" showing utilization of personnel 
on the assigned function, backlog in crew 
days of bituminous trenches and, most 
important, crew performance at that time, 
as rated by the standards technician. This 
report is placed in each respective dis

trict yard for review by the crew and the district foreman. Composite reports reflect
ing all crews doing this work and other types of work are compiled for the Director of 
the Bureau, and for four lower levels of supervision and/or management. 

Decisions involving shifting of crews, budgetary needs, requests to meet workload 
requirements, and many other needs are simplified with this type of current information. 

Subsequent to this initial program, additional installations have been made in other 
departments and bureaus of the City of Los Angeles: Department of Recreation and 
Parks, Department of Traffic, Bureau of Sanitation, and Bureau of Transportation. 

This Bureau entered into a second contract with the same management f i rm to ex
tend management control coverage to the Equipment and Supply Division. Mechanical 
repair standards were developed for the following: 

1. Heavy-duty equipment: (a) graders, (b) skiploaders, (c) gradalls, etc. 
2. Trucks (dumps, flushers, sweepers, etc.), and standards were developed to ex

tend coverage for: (a) tire repair section, (b) auto electricians section, (c) sweeper 
broom shop section, (d) lubrication and preventive maintenance section, (e) machine 
shop section, and (f) engine rebuild section. 

During fiscal year 1967-68, a third contract between the Bureau of Street Mainte-
ance and the same consulting f i rm was signed to extend coverage to the resurfacing 
and special projects section of the Street Maintenance Division. In this third installa
tion, a different approach from either of the f i rs t two was employed. At this time, we 
felt that our methods and standards section personnel were adequately trained to under
take the study, and a similar procedure was followed whereby the new technicians 
were sent to school for MTM training. Therefore, the management consulting f i rm 
was hired for guidance purposes only. In essence, the company made a survey and 
presented their findings in a programmed plan for controlling the installation. 

The resurfacing and special projects section is composed of 351 employees. This 
section has the responsibility of the resurfacing and minor reconstruction of all streets, 
the repair of al l bridges and tunnels, the operation of two municipal asphalt plants, 
and the necessary transportation of materials. We know that the elimination of posi
tions from this section wil l not be as great as the initial installation because, follow
ing the initial study, several svqpervisors took their cue and immediately started to 
reduce crew sizes. However, we do feel that additional reductions wi l l be made. 
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Crev; Leader f i l l out and return to Fore.T.an at end of each work day. 
DAILY WORK SHEET 

SMALL BITUMINOUS REPAIR 
Speedometer Reading: 

End of Day 
Beginning of Day 

Mileage for Day 
Truck Number 
Number of emergencies 
or radio c a l l s (x?) 

Date _12zlz6L. 
Ji5500_ 

50 

D i s t r i c t No.—2Z_ 
Kinction No. 

2. 

Crew Members ^44 if 

Jones 3 8 

Smith 
0 X 8 

Dump Sit e Used Washington Plant 
Used-

Material 
Drawn• 

LOCATION E SKIN PATCH DIG OUT & 
RKPT.Ar;F. DEPU: 

Ethel and Oak X X X 3 x 3 4' 

Pulton and Elm 6 X 10 4 x 4 1 X 1 X 

1 X 1 1 X 1 1 X 1 X 

3 X 10 X X X 

Orchard and 90th St. 1 X 1 2 X 15 4 X 10 X 

Gaunt and Valerie 2 x 2 2 X 2 2 x 2 X 

2 X 2 & X 8 X X 

11406 Vesper X X X 3 x 2 5" 

X X X 4 x 2 5" 

Dayton and Elm 7 x 2 6 x 5 5 x 5 X 

Lemon and Noble 4 X 10 3 x 9 4 X 10 1 x 1 4" 

X X X 1 X 1 4' 

X X X x 
X X X X 

X X X X 

X X X X 

X X X X 

X X X X 

Crew Leader's Remarks and Other Work Section on reverse side. 
M&S 240.11 
r4 5/16/68 

Figure 3. 
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Additional studies are contemplated, primarily along the lines of our third contract. 
Our next proposal wil l include the street cleaning operation, with other sections and 
divisions to follow. 

To date, the installation of this MTM program within the Bureau has produced a net 
labor savings of $4,339,344. The savings due to increased production has been dif
ficult to ascertain, due to the type of work. However, all crews are using from 25 to 
100 percent more bituminous or concrete materials than prior to 1962. One indication 
of savings that occurred imexpectedly in the third year of management control was that 

Crew Leader's Remarks: 

For Use by Standards Technician 

Total Miles Driven 50 i3ail.v Earned Travel 
Minimum Miles Allowed 30 2.60 
Patrol Miles 20 

1. Craft Hours for Skin Patch 

2. Craft Hours for Dig Out & Replace . . . 

3. Other Work 

4. Dump Delay Hours(0.20/dump) 

5. Dally Prep. (0.88) & Plant Delay (0.66) 

6. S i t e Preparation / Site r x .08 

7. Total Cidi't Hours 

5.09 

1.06 

.10 

.20 

1 ^ 
.56 

8.55 

E X A M P L E 

LOCATION E SKIN PATCH DIG OUT & 
TiEPT.flm.-; DEPTH 

Lenon Ave. & Noble 4 x 10 3 x 9 6 x 7 2 x 1 5" 

Fulton a Elm 6 X 10 4 x 4 X 3 x 2 5" 
11406 Dayton Ave. 3 X 30 x X 

90th St. & Orchard X x X 4 x 1 4" 

Gaunt & Valerie 2 x 2 2 x 2 6 x 8 X 

3907 Ethyl St. 2 X 16 X X 1 x 3 4" 

^82^ Ethvl St. 3 x 6 2 X 18 X X 

•^7^^ Ethvl St. 5 x 7 X X 4 x 3 4" 

3720 Ethyl St. 3 X 31 2 x 2 X X 

Figure 4. 
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Backlog of Work 
April 12, 1968 
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1 Regular Crew 

Methods and Standards Section 

Figure 5. 
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the Bureau purchased $23,000 less gasoline, due to the emphasis placed on minimum 
travel miles. This reduction in equipment mileage would also result in longer equip
ment life. The second installation in the Equipment and Siipply Division has resulted 
in a net labor savings of $316,841. 

Both installations have shown sizable savings; in addition, crews have been provided 
with engineered standards, and management has been furnished with improved con
trols and yardsticks by which the Bureau can operate more effectively and with im
proved efficiency. 

I realize that I have described a large operation, and that the amovmt of dollars saved 
may not be possible in some cities, but the points I hope you wil l keep in mind are 
these: 

1. It pays to analyze the work of your crews scientifically, and in minute detail, both 
as to size of crew and every detail of their work. A considerable saving may be realized. 

1968 
WEEK COMPOSITE R F P O R T BIT0MIN0P3 SHOBT TRENCH QIV ^07 
ENDING 4/12 a 26 »/3 10 IT 24 31 6/7 14 21 28 7/5 12 

DAYS 
BACKLOa 

WORK INPUT DMS 

PERFORMANCE 

DIV. 307 
h»CITY AVERAGE M a s 260.1 

Figure 6. 
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2. For this type of installation, i t pays to train your employees who know the work, 
and who cannot be misled or fooled, to do this kind of work. There is no substitute for 
actual on-the-job e^qperience, regardless of formal education, in street maintenance 
and construction work. 

3. By its very nature, our work is not easy to control, but i t can be controlled by 
establishii^ engineered work standards and scheduling the work of the crews so they 
are working against time standards as much as possible. 

4. Properly-trained, methods and standards technicians can be very valuable ad
ministrative assets, and can relieve administration of many problems, headaches, and 
pressures. 

5. The reaction of some of you wil l probably be along this line—"Los Angeles has 
lots of money—can afford this type of study and installation, etc.—but my operations 
do not justify or lend themselves to this type of program." I can only say that all street 
maintenance work is similar because this work involves movement, motions, and en
forced delays; and the potential savings and improvements are so great that the size 
of your crews and their work methods and procedures deserve study in depth. 



The Ontario Approach to 
Maintenance Management 
A . LESLIE, A. GIBSON, and A. P. CUNLIFFE, Ontario Department of Highways 

Research has shown that significant reductions can 
be made in highway maintenance expenditures. The 
systems approa^ch is directed toward maximization of 
this reduction. A total system for planning, organiz
ing, directing and controlling of the maintenance 
function is presented in this paper. The elements of 
the system are discussed and a model of the system 
Illustrated. 

With increasing labor costs and design complexity, highway maintenance is fast be
coming a major expenditure for most highway authorities. In Ontario, the Department 
of Highways is responsible for year-round maintenance of approximately 10, 000 miles 
of paved and 3,000 miles of impaved roads. The Department employs a maintenance 
staff of about 6,000 men in the summer, and the maintenance and operation of a huge 
fleet of snow-clearing equipment requires a further 3,000 men in winter. A l l this ef
fort costs approximately $30 million for summer maintenance and $25 million for 
winter operations. These statistics alone establish highway maintenance as truly big 
business. 

Historically, management of maintenance in Ontario has been done principally 
through the medium of fiscal control by analysis of reported expenditure. Fiscal ac
counting, however, is useful only to control expenditures from year to year. In terms 
of today's management information systems, i t offers only a small fraction of the data 
required by modern managers. In reporting expenditure, a second need, that of ac
counting to the taxpayer, is also fulfilled. However, no matter how costs are analyzed, 
reported or combined, the end product provides information only on the amount of 
money spent. With this type of control, i t is only possible to allocate resources on the 
basis of historic cost and to modify these allocations in accordance with changes in 
labor rates or material prices. It is not possible to allocate on the basis of need. 

Recognizing the limitations of fiscal control and desiring to rationalize the opera
tion of the maintenance function, the Department engaged the f i rm of Roy Jorgensen 
and Associates, highway engineering and management consultants, to devise a con
ceptual management system and later to test and, as i t turned out, to implement the 
recommended system. 

THE SYSTEMS APPROACH 
A number of approaches to managing highway maintenance functions have been de

veloped by government agencies. One approach appears to offer considerable po
tential for economic benefit through increased efficiency. This concept—the systems 
approach—is defined as follows: 

The systems approach to maintenance management anticipates 
the development of an integrated system of procedures in 
order to provide an objective basis for the planning, organizing, 
staffing, directing and controlling of all maintenance activities 
for which an organization is responsible. 
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FUNCTIONS OF MANAGEMENT 
The systems approach to maintenance management is built around the basic functions 

of management—planning, organizing, directing, and controlling. 
• Planning—the selection, from among alternatives, of 

courses of future action. This is the function by which 
management determines what goals are to be accom
plished (objectives for the organization) and a timetable 
for reaching these goals. 

• Organizing—the establishment of a grouping of activities 
and authority relationships in which people know what 
their tasks are, how their tasks relate to each other, 
and where authority for decisions needed to accomplish 
these tasks rests—includes staffing to carry out tasks. 

• Directing—the issuance of policies, procedures, instruc
tions, and plans in order that organizations' efforts can 
be directed toward the accomplishment of established 
goals. 

• Controlling—the measuring and correcting of activities 
of workers to ensure that these activities are contributing 
to the achievement of planned goals. 

These basic management functions are, in fact, decision-making fimctions. Deci
sions can be made subjectively—based on opinion, emotion, and incomplete information-

"or they can be made objectively—based on facts and complete information. This does 
not imply that managers (the decision-makers) should necessarily make decisions based 
only on the facts, but they should have complete information so that their decisions 
are made with complete knowledge of the facts. 

One way to interject a higher degree of objectivity into decision-making in the high
way maintenance function is to implement a maintenance management system which 
provides for: 

1. The setting of measurable objectives. 
2. The allocation of resources to meet those objectives. 
3. Reporting of performance related to the objectives. 
4. Management actions to assure the attainment of desired modifications to 

objectives. 

SYSTEM INPUT 
The basic input requirements for the highway maintenance system are specific op

eration definitions, accomplishment units, quality standards, and standard values. 

Operation Definitions and Accomplishment Units 
Uniform, specific operation definitions are the first requirement of any manage

ment system. In highway maintenance work, specific operations, such as spray patch
ing, crack sealing, and machine mowing, need to be defined so that the amount of work 
accomplished and the resources utilized—man-hours, materials and equipment—can be 
accurately reported by field personnel. The defimtions of operations must be in enough 
detail to allow the resource requirements to be easily related to the required work and 
the work performed for planmng and controlling purposes. 

Once maintenance operations are clearly defined, quantitative units of measure 
(accomplishment units) must be established for the major operations in order that 
management can establish how much of a particular operation wil l be performed and, 
in turn, how much was actually accomplished (Fig. 1). 

Some common accomplishment units for highway maintenance operations are tons 
of patching, acres of mowing, and miles of ditching. 
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Operation 
Number 

Description Accomplishment 
Unit 

Code 

SURFACE 

1001 P A T C H I N G with pre-nuxed asphaltic materials 
(hot mix or cold mix). Potholes, depressions, 
bumps and pavement edge defects. Materials 
aprpad by hand and compacted with hand tools 
and/or truck wheels. 

TONS of Hot Mix or 
Cold Mix Used 

23 

1002 P A T C H I N G with pre-nuxed asphaltic materials 
(hot mix or cold mix). Potholes, depressions, 
bumps and pavement edge defects. Materials 
spread and comoacted with Krader and/or 
ro l ler . 

TONS of Hot Mix or 
Cold Mix Used 

23 

1003 C R A C K S E A L I N G using asphalt kettle or 
pouring can. Include minor repair of 
distressed areas of pavement and pavement 
edge defects when this i s done during the main 
activity. 

Number of L A N E 
M I L E S on w^ich 
c r a c k sealing carr i ed 
out 

32 

1004 S P R A Y P A T C H I N G distressed areas of 
pavement and pavement edge defects. Include 
minor crack sealing when this is done during 
the mam activity. 

G A L L O N S of Asphalt 
Used 

15 

1005 J O I N T S E A L I N G on concrete pavement using 
hot poured bituminous material . 

G A L L O N S of Bitumin
ous Material Used 

15 

1006 J O I N T S E A L I N G on concrete pavement using 
neoprene jointing material . 

L I N E A L F E E T of 
Neoprene Used 

31 

1007 GRADING gravel roads Include picking up 
stones. 

N. B . Where one pass is made on one nule 
of gravel road, the accomplishment is one 
pass mile . Where two passes are made on 
one mile of gravel road, the accon^jlishment 
lb two pass miles . Where three parses are 
made on one mile of gravel road, the 
accomplishment is three pass miles . 

PASS M I L E S of 
grading 

32 

Figure 1. Section of an activity definition list. 

Quality Standards 
Quality standards must be established for the major areas of maintenance such as 

surface, shoulders, and roadside for the various classes of highway. By establish
ing quality standards, the levels of service to be maintained on these classes of high
way are specifically defined. 

The essential features of quality standards are that quantitative limits are estab
lished whenever possible and common goals, for all similar management units, are 
established. By setting these quantitative limits, objective decisions, based on mea
surable factors, can be made by field supervisors who must decide whether or not 
work should be performed, and i f so, how much work. [For a typical example of a 
quality standard, see Highway Research Record 241, p. 9-15, 1968. ] 

Standard Values 
Standard values are of two types—quantity standards and production standards (Figs. 

2 and 3). These values must be related to the types of highway on which operations 
are performed, since workloads and subsequent maintenance costs vary for different 
highway types. To obtain information by highway type, i t is necessary to classify each 
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QUANTITY PER MILE OF ROAO 

ACTIVITY ACCOMPLISHMENT 
UNIT 

ROAD 
TYPE A 

ROAD 
TYPE B 

ROAD 
TYPE C 

P remix Patchuig Tons Mix 10.0 1. 5 0. 1 

Shoulder Grading; Miles Graded 4 .5 7.0 10. 0 

Shoulder Patching Y d s . ^ Aggregate 5.5 13. 0 2. 0 

Roadside Mowmg A c r e s 3.0 6. 0 10. 0 

Figure 2. Example of quantity standards. 

highway according to its characteristics, such as surface type, surface width and traf
fic volume. 

The quality standards establish the objectives for the maintenance effort. While they 
describe the objective desired, they do not define the kinds or the amount of mainte
nance effort required to achieve the objective. It is necessary, therefore, to convert 
the quality standards to quantity standards, which reflect, when related to different 
highway types, the amount of maintenance work by specific operation which is required 
to achieve the quality level desired. For example, the quantity standard for the sur
face operation hot-mix patching might be established at 5.0 tons per miles per year for 
a certain type of highway. The quantity standard for the roadside operation machine 
mowing for a specified highway type might be expressed in terms of mowing frequency, 
such as three mowings per season. 

The quantitatively expressed standard values, related to specific highway types, pro
vide the bases for determining the workload for each defined operation performed by 
an organization. For example, i f an organization has 100 acres of roadside which must 
be mowed three times per season to attain the desired quality, the workload for the 
roadside operation machine mowing would be 300 acres. Or, i f there are 100 miles 
of a highway of a certain type which require hot-mix patching, and i t is established 
that 5 tons of hot-mix material is the quantity of work required annually per mile to 
attain the desired level of maintenance, then 500 tons of hot-mix patching would be the 
workload for this operation to be performed on the highway type. To determine quan
tity standards, i t is necessary to conduct intensive analyses of actual performance data 
and of the quality levels achieved and desired. 

MAN-HOURS PER ACC. UNIT 

ACTIVITY ACCOMPLISHMENT 
UNIT 

ROAD 
TYPE A 

ROAD 
T Y P E B 

ROAO 
TYPE C 

Prezxux Patching Tons Mix 5. 30 6. 70 6. 70 

Shoulder Grading Miles Graded 0. 45 0.45 0. 45 

Shoulder Patchuig Y d s . ^ Aggregate 0. 23 0. 23 0. 23 

Roadside Mowing A c r e s 1. 33 1. 33 1.00 

Figure 3. Example of production standards. 
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Production standards express the resources required to produce a quantity of work. 
They are normally expressed in man-hours or dollars per unit of work. Ideally, pro
duction standards for each operation should be determined on the basis of an analysis 
of the methods of performing that operation. In this way, the most efficient methods 
for performing work can be identified, operating personnel can be trained to utilize 
the prescribed methods, and standard production rates based on these methods can be 
established. For example, i f i t is determined that one man using one machine is the 
best method of performing roadside mowing, and that one acre of roadside should, on 
the average, be mowed in an hour by a trained operator using the prescribed method 
and equipment, the standard production rate would be one man-hour per acre. 

Once the production standards have been established, the manpower required to 
perform the workload of each operation can be determined. For example, i t was pos
tulated that the workload for the roadside operation 'machine mowing' was 300 acres. 
Thus, if the mowing production rate is one man-hour per acre, the manpower required 
to accomplish the planned workload would be 300 man-hours. Expenditures can be 
forecast in a similar manner. For example, i f the cost of mowing an acre of grass 
was calculated to be 5 dollars (cost of manpower and equipment), the budgeted expen
ditures for the mowing operation in this case would be 1500 dollars. 

Standard values are established on the basis of reported data by highway type. The 
reported values of a particular highway wil l vary considerably due to such factors as 
distance from the work site and length of haul for materials. Specific standard values 
for planning and controlling each operation on each type of highway is selected on the 
basis of values that are readily achievable by a majority of the work force and on the 
basis of available methods studies. Understandably, selection of standard values on 
the basis of methods studies is the most ideal since inefficiencies and waste are de
tected during study and improved procedures are developed and disseminated as a re
sult, 

DESCRIPTION OF THE SYSTEM 
Once the basic input requirements of a system—specific operation definitions, 

measurable accomplishment units, quality standards, quantity standards, and pro
ductivity standards—are established, a highway maintenance management system can 
be designed around the basic functions of management. 

The basic management functions can be more specifically related to a hi^way 
maintenance management system. 

• Planning—Standard values, related to different highway 
types, provide a basis for determining the workload in 
each management unit necessary to achieve the desired 
level of quality. Budgets prepared on this basis provide 
sufficient resources to maintain the desired level of 
service. 

• Organizing-Production rates based on methods analysis 
provide bases for establishing the most effective organiza
tion structure and for determining the amounts of man
power, equipment and materials necessary to achieve the 
planned workload. 

• Directing—Planned workloads and allocations of resources 
provide supervisors with a f i rm plan to be used as a basis 
for scheduling the efforts of their work imits according to 
established policies and procedures. Scheduling the per
formance of maintenance operations throughout the year 
gives direction to organizational units and enables maxi
mum utilization of manpower, equipment and materials. 

• Controlling—In order for management to control mante-
nance operations, i t is necessary to have an information 
feedback system which provides information on how the 
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Figure 5. Model of "Allocate Budget—Head Office" function. 
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organization actually performed each mamtenance opera
tion. Information feedback should assure timely reports 
to management in terms of the man-hours, equipment, 
hours and material quantities used in performing each 
activity, and the amount of work accomplished with these 
resources. In addition, i t is necessary for work accom
plishment by operation and highway type to be identifiable 
with the organizational units responsible for performance. 

A simplified illustration of the Ontario Highway Mamtenance Management System, 
designed to provide for the basic management functions, is shown in Figure 4. The 
mam functions in the total system are identified and the inputs and outputs of each de
fined. The interrelationships between the inputs, outputs and functions of each are 
also shown. 

The main functions in order of performance are: 
1. ALLOCATE BUDGET-Head Office 
2. ALLOCATE RESOURCES-District Office 
3. PERFORM WORK-Field 

The supporting functions are: 
4. DEVELOP STA^fDARDS 

ANALYZE METHODS Head Office 
DEVELOP TRAINING ) 

5. ELECTRONIC COMPUTING BRANCH (ECB)-Head Office 
6. ANALYZE REPORTS-District Office 
7. INSPECT ROADS-Field 

ALLOCATE BUDGET 
(Head Office) 

Figure 5 shows a model of the "Allocate Budget—Head Office" function. 

Input 

Funds—representing total maintenamce budget for the province. 

Outputs 
1. Funds for routine maintenance, allocated by district. 
2. Funds for special projects allocated by project. 

Process 
1. The road type inventory and standard values are used to determine the work 

load for each district, by patrol, highway and activity, and the funds to be allo
cated for routine maintenance 

2. Atjrpical conditions reported by districts are evaluated and funds allocated for 
special projects. Atypical conditions are those to which the standard values do 
not apply, e.g., on highways in poor state of repair or those which have been 
recently reconstructed. 

ALLOCATE RESOURCES 
(District Office) 

Figure 6 is an example of a resource allocation summary; Figure 7 shows a model 
of the "Allocate Resources—District Office" function. 
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A N A L r S E W O R K L O A D I 

IDENI I f ^Y A T Y P I C A L I 

C O N D I T I O N S A L L O C A T E 

RESOURCES FOR R O U I I N E 
M UUUID B! 

Figure 7. Model of "Allocate Resources—District Office" function. 

Inputs 
1. (a) Funds allocated by head office for routine maintenance, as determined from 

road type inventory and standard values. 
(b) Funds allocated by head office for special projects. 

2. Work load required to maintain roads to level specified in quality standards, as 
determined from road inspections. 

Outputs 
1. Approved work load and allocated resources—men and equipment. 
2. Atypical conditions identified in road inspections as being inconsistent with 

standard values. 

Process 
The work load derived from the road inspection for each patrol is evaluated and 
adjusted in order that: 
(a) The cost of maintenance work proposed is consistent with the funds allo

cated to that patrol. 
(b) The number of man-hours required for proposed maintenance work are con

sistent with those available. 
Where the proposed maintenance work on a patrol is insufficient to utilize the 
available men and equipment and the excess capacity cannot be reduced by trans
ferring same to adjacent patrols, special projects are set up to improve the 
existing facilities. Additional funds for these special projects are requested 
from head office (see Fig. 8). 
Head office is advised of atypical conditions where excessive resources are re
quired to maintain roads to the level specified in the quality standards or where 
maintenance requirements are minimal due to recent reconstruction. 
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St»lf Men ( . 

SUMMER MAINTENANCE 
_ ^ REQUUtED MAN-HOURS AND COSTS 
) Pdm ( / ) Other ( - ) 

District L_ 
Patrol f 

Oper. 
No. lln.l 

Road 
Insp. 
Qntv. 

Mn.hours/ 
Accomp. 

Unit 

ToUl 
Man-

Hours 

OoAars 
per 

Acc. Uni 
Total 

Dollars Remarkg 
inoi Tftnii f70 6.7 //^9 28.40 
1002 Ton« 0. 48 9.84 
1003 Lane Milea /SO 8. 0 M*o 26. 00 
1004 Gal. . 28 1 38 M/^ 
1005 Gal. 
1006 Lineal Ft . 
1007 Pass Miles .40 3. 30 
1008 Cu. Yd .89 4. 20 
1009 Cu. Yd. . 23 3. 34 
1010 M. H. 3/inile 3. 30 
1011 M. H 4. 00 
1201 .VLH. 4.00 
2001 Miles 4-9* . 45 S/6 2.25 /dTa 
2002 Cu. Yd. MJ . 32 3. 40 / J 3 / 
2003 Cu. Yd. . 23 3. 34 
2004 M.H. . 2/imle 10. 00 
2006 Lineal Ft . .016 05 
2007 M.H. 4 00 
2201 M.H. 4. 00 
3011 ^cres 1 33 5.45 
3012 Swath Ml, /OS . 53 ^* 2. 15 J i * 
3013 ^cres 62 2. 50 
3014 r.in^al Ft. .0042 . 014 
3015 M.H. 3. 33 2i4 
3023 M.H. 3. 33 
3024 M.H. A » ^o 3. 33 /33 
3031 M. H. MA 3. 50 jiU/ 
?nsn \A H 4. 00 
loon \A H 4. nn 
4ini \A H 4. 00 
4204 StH. 4. 00 

5011 ^neal Ft . 02 11 /9i4 
5012 L,ineal Ft. .01 . 11 
5013 ..ineal Ft . . 04 .56 
5014 .aneal Ft . . 04 . 37 
5015 ..ineal Ft . . 02 17 ^sf 
501 h K. H. 3. 33 »J 
•iOlO ILH. « 4. 00 MM 
5040 M H . /74 4 00 
5060 M.H. 4 00 
5990 M. H. 4 00 
5201 M. H. 4. 00 
6041 M.H. 9. 00 
6042 M. H. 4. 00 
6061 1 Posts /s-$ 1. 33 5 30 
hobl 1 Posts / / / i 14 . 50 
6063 M H . 4. SO 
6064 M. H. 4 50 
6265 M. H. 4. 00 
7017 M.H. 4. 00 
7024 MLVL 4. 00 jn 
7041 tolls 1 0 3. 00 
7042 toUs . 5 1 50 
7043 M.H. 4.00 
9000 M. H. Read. Tntal « 
qono M H. Avail i f f f 

Difference - . - J 
j ^ n ) ($ 86 S /man - ove * hd) 

($5 00)(Hra. Avail.] 
(PatroLman Coat) 
Coat 

onnn M H 
M H. Avail i f f f 
Difference - . - J 

j ^ n ) ($ 86 S /man - ove * hd) 
($5 00)(Hra. Avail.] 
(PatroLman Coat) 
Coat 

9000 M. H. ( + j ^J£/SS 

($ 86 S /man - ove * hd) 
($5 00)(Hra. Avail.] 
(PatroLman Coat) 
Coat 

Figure 8. Summary of man-hours and funds required. 
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Figure 10. Example of weekly operations schedule. 
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PERFORM WORK 
(Field) 

Figure 9 shows a model of the "Perform Work—Field" function. 

Inputs 
1. (a) Routine maintenance work load approved by district office. 

(b) Non-routine maintenance work load approved by head office as special 
projects. 

2. Resources—men, material and equipment. 

Outputs 

1. Roads maintained, where practicable, to level specified in quality standards. 
2. Detailed reports of labor, equipment, material used and work accomplished. 
3. Progress reports of work accomplished. 

Process 
1. A weekly operations schedule is developed for each patrol. The work to be per

formed is selected from the approved work load shown on the work remaining 
form. Men and equipment are allocated, and accomplishment estimated, using 
information contained in the typical crew size tables (see Appendix B). 

2. Work IS performed in accordance with the weekly operations schedule (Fig. 10), 
except when inclement weather or emergency situations intervene. 

3. Labor and equipment time sheets, material used reports and accomplishment 
reports are submitted biweekly for data processing by the electronic computing 
branch. 

4. The work remaining form (Fig. 11) is up-dated and the weekly operations sched
ule altered to reflect the work accomplished on the patrol during the previous 
week. These documents form the bases of weekly progress reports submitted 
to the district office, where analysis of the patrol's performance indicates areas 
where assistance is required. 

DEVELOP STANDARDS, ANALYZE METHODS, DEVELOP TRAINING 
(Head Office) 

Figure 12 shows a model of the "Develop Standards, Analyze Methods, Develop 
Training—Head Office" function. 

Inputs 
1. (a) Historical data from previous years' operations. 

(b) Current data. 
(c) Observed data obtamed from study of field operations. 

2. Problems referred by districts. 

Outputs 
1. Quality standards, used by: 

(a) Field units, to determine the total work load during the road inspection. 
(b) Field units, as reference during maintenance operations. 
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Figure 11. Example of work remaining form. 
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STIMUOtriUIlS 

DEVELOP TRAINING 

Figure 12. Model of "Develop Standards, Analyze Methods, Develop Training-Head Office" function. 
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2. Standard values, used by: 
(a) Head office, to allocate funds to districts. 
(b) District office, to allocate resources to field units and to evaluate perfor

mance of same. 
(c) Field units, to prepare weekly operations schedules and to evaluate own 

performance. 
3. Operating instructions, used by field units in the conduct of specific maintenance 

operations. 
4. Training materials and methods, used by the district office to train field units 

in methods and procedures. 

Process 

4. 

Quality standards are developed and modified, using historical and current data, 
to quantitatively specify the level of service to which the various facilities are 
to be maintained on each type of highway. 
Standard values are developed and modified using data extracted from reports of 
expenditure and accomplishment submitted by field units and processed by ECB. 
Operating instructions are developed using data obtained from field studies to 
define the procedures to be followed by field units m conducting specific mainte
nance operations. 
Training programs and training aids are developed: 
(a) As solutions to problems referred by the district office. 
(b) To meet training needs usually associated with the implementation of new 

methods and procedures. 

ELECTRONIC COMPUTING BRANCH 
(Head Office) 

Input 
Labor and equipment time sheets, material used and accomplishment reports. 

0 
A N A L Y S E 

Figure 13. Model of "Analyze Reports—District Office" function. 
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Outputs 
1. Reports to head office containing data from which standard values are developed 

and modified. 

2. Reports to district office itemizing expenditures and productivity for each field 
unit. 

ANALYZE REPORTS 
(District Office) 

Figure 13 shows a model of the "Analyze Reports—District Office" function. 

Inputs 
1. Weekly progress reports from field units—weekly operations schedules and up

dated work remaining forms. 

2. Monthly reports from the ECB, itemizing expenditures and productivity for each 
field unit (Fig. 14). 

Outputs 
1. Assistance to field units. 
2. Unsolved problems referred to head office. 

Process 

1. The weekly progress reports submitted by field units and the monthly reports 
from the ECB are analyzed to ascertain i f work is being carried out as planned 
and i f production rates are consistent with the standard values: 

D.t€ In .ptc tcd A P R I U 17.19t7 

S t . r t i i i i ! Po"' G L E W F l g L P C lTy u i n i T S 

M , l . . . « E „ d Z9 4 M l l - g S 

DEPARTMENT OF HIGHWAYS, ONTARIO 

ROAD INSPECTION 

HIGHWAY NO 1 5 ^ Q T m SIDE 

S h . r t _ ! ol I t 
D , « 15 Pat Sup 4- P. t 15 

z 

, i 

I I I I I - I — I — I — r 1 — I — r 
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J 1 1 i L . 
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r f f , 

f r o m 
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M i l e . 
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i r o n 1 5 a4Yo» 
2 * 

-LA. 
i e « « « s lfc-»3 9 
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Figure 15. Example of road inspection form. 
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(a) Incidents of substandard performance are investigated. Assistance is 
given, where necessary, to rectify the situation. 

(b) Incidents of consistent above-standard performance are referred to head 
office for study. 

2. Performance problems which cannot be solved at the district level are referred 
to head office. 

INSPECT ROADS 
(Field) 

Input 

Existing road system. 

Output 

Total work load necessary to maintain roads to level specified in quality standards. 

Process 
Prior to the start of the summer maintenance season each field unit conducts a de
tailed road inspection in which all work necessary to maintain the road to the level 
specified in the quality standard is recorded, by activity, on road inspection forms 
(Fig. 15). 

SUMMARY 
The system is dynamic because work quantity standards, production rates and 

methods of performing work come under continuous scrutiny and are revised and re
shaped according to changing conditions. Planning is thus based on current informa
tion, thereby allowing maximum utilization of al l resources and the achievement of 
desired level of maintenance service at the lowest practical cost. 

Establishment of a highway maintenance management system gives purpose and 
direction to the highway maintenance function. Without such a system, field managers 
lack guidance as to what to do, how much and when. With the establishment of a sys
tem, they have guides and a reporting mechanism that enables them to know how they 
are doing. 

A highway maintenance management system provides highway management with a 
basis for setting a maintenance program on level-of-service criteria—quality stan
dards. It gives assurance that the program objective wil l be uniform throughout the 
highway department and provides a reporting system that wil l measure performance. 
Highway management is able to evaluate organization performance in relation to the 
objectives by comparing actual production rates and work accomplishment to standard 
production rates and planned workloads for each operation, and to take appropriate 
remedial action. In addition, actual expenditures can be compared to planned or bud
geted expenditures. Poor performance may indicate such things as the use of im
proper methods, a need for training, improper scheduling, improper allocation of re
sources, and poor supervision. 

Finally, the highway maintenance management system permits the maintenance 
function to support highway maintenance budget requirements in terms of measurable 
and definable work programs. 
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Appendix A 
LIST OF ROAD TYPE CODES 

CODE HIGHWAY TYPE 

1 2 Lane (less than 22 f t . width; 
2 2 Lane (22 f t . width or greater) 
3 3 Lane 
4 4 Lane undivided 
5 4 Lane divided 
6 6 Lane undivided 
7 6 Lane divided 
8 Other 6 Lanes 
9 Other 

CODE SURFACE TYPE 

1 G ravel 
2 Primed Gravel 
3 Surface Treated Primed Gravel 
4 Mulch 
5 Hot Mix 
6 Hot Mix on Concrete 
7 Concrete 

CODE SHOULDER TYPE 

1 No Shoulder 
2 Up to 4 f t . Shoulder - Gravel 
3 Over 4 f t . - Gravel 
4 Paved Shoulder 
5 Other (Curb and Gutter, etc.) 

CODE MOVABLE WIDTH OF RIGHT-OF-WAY 

1 None 
2 0 to 50 f t 
3 SI to 100 f t . 
4 101 to 150 f t . 
5 151 to 200 f t . 
6 201 to 250 f t . 
7 Over 250 f t . 

CODE A. A. D. T. 

1 1 - 100 
2 101 - 250 
3 251 - 500 
4 501 - 1, 000 
5 1,001 - 2,500 
6 2, 501 - 5, 000 
7 5,001 - 10,000 
8 10,001 - 25,000 
9 25,001 - 50,000 
0 More than 50, 000 

Appendix B 
TYPICAL CREW SIZE TABLES 

The following 7 pages contain typical crew size tables. 
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Approach to Maintenance Management 
V. L. DORSEY, Washington Department of ffighways 

It is evident that maintenance costs are rising sharply due both to inflation and the 
steadily expanding highway system, which, by nature of modern design, becomes in
creasingly expensive to maintain. The Washington Department of Highways and proba
bly all of our counterparts are becoming more concerned with this phase of our activi
ties. This is contrary to past history, in which maintenance was generally ignored or 
shoved into the background. 

It is easy to conclude that our maintenance forces and facilities are not well organized-
like Topsy, they just grew.- With changes in the system, due to new construction, legis
lative additions, and the superimposing of the Interstate System upon the older structure, 
many of our facilities are poorly located, some of our equipment is obsolete, and our 
forces are not organized or located so as to lend themselves to the most efficient oper
ation. If someone today were charged with the responsibility for establishing a mainte
nance system in our state and none of the present system existed, obviously the result
ing organization would bear only a superficial resemblance to the existing one in all too 
many areas. 

In bygone years, because of the difficulty of travel and the necessity for maintaining 
roads in remote areas, most sections were maintained by a leadman-maintenance man 
team, frequently living in state-constructed cottages in the immediate vicinity of their 
work. Today, as travel is less of a problem due to better roads and higher speed ve
hicles, the increasing population, which has tended to do away with the isolation of many 
areas, and the complexity of the highway system itself (quite often several roads meet
ing in or near a common point), we are shifting slowly from the two-man section to a 
foreman-supervised gang operation. We are closing out many remote stations and 
are moving toward consolidation of forces and equipment. We wil l , imdoubtedly, con
tinue to reorganize slowly in this manner, which makes for easier control of employees, 
scheduling of work, and better utilization of labor. 

There are four major reasons, not controllable by local management, which bring 
about increasing maintenance costs: 

•Increased labor costs 
•Increased equipment costs 
•Increased material costs 
•Increased area and facilities to maintain 
The elements, which make up the total cost of the normal maintenance operation, are 

shown in Figure 1. Records for our department show that for the year 1967, our main
tenance dollar was divided approximately as follows: 

Labor 63 percent 
Equipment 23 percent 
Materials 14 percent 

It becomes obvious then that the area in which the most savii^s could be made would 
be in the better utilization of labor. Our initial study showed the conditions in Figure 
2 to exist. 

We noted that, statewide, there was wide variation in the equipment, methods being 
used, materials being used, and the makeup of crews. Also, the exchange of informa
tion on new methods and materials was poor and, if one district had adopted a most 
efficient way to perform a piece of worl^ i t was quite likely that other districts were 
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L A B O R U T I L I Z A T I O N 

A N D PRODUCTIVITY 

1. The labor force in 
maintenance work 
generally perforir.s at 
an 85% of capacity 
level when working 

2. However, the work 
force is frequently on 
productive work only 
about 50% of the time 

w o n MY l : M U I T 0 4:30ni-l /:HOWN)IUIIiai 

Figure 1. Figure 2 . 

not aware of it. A very large portion of our work was being carried on by time-
honored methods, often not the best, and frequently, for no other reason than that "we 
have always done it this way." We came to the conclusion that simple modern manage
ment tools and techniques are not being applied to the maintenance work. These include: 

•Planning and scheduling 
•Standardization 
As a result, the decision was made to enter into a comprehensive study of mainte

nance activities to devise better methods of planning, scheduling, and organizing work, 
and to carry on a statewide program of education and exchange of information. This 
led to an agreement with a consultant to develop and install a program for the improve
ment of the control of maintenance forces, establishing uniform methods statewide, and 
also fixing levels of maintenance to be uniformly applied. The consultants were charged 
with the responsibility of providing industrial engineers, preparing the training docu
ments, and advising the department; however, it was planned to have ample department 
representation. 

Before discussing the procedures followed, a brief discussion of the organization of 
that portion of our department concerned with maintenance seems appropriate. The 
State is divided into six highway districts (the seventh is the metropolitan district in 
the Seattle area, concerned only with planning and construction and has no maintenance 
function). Each district has a district maintenance engineer, who reports directly to 
the district engineer, and he is aided by an assistant district maintenance engineer. 
Each district, in turn, is divided into four divisions, which are under the supervision 
of a highway maintenance superintendent. There are, in addition, two special divisions 
in the Seattle area: one concerned solely with the maintenance of our floating bridges; 
the other, the signal division, concerned with maintenance of electrical traffic controls. 

Each district also has a shop, supervised by an equipment superintendent. These 
are located at the district headquarters. All fabrication, modification, and major re
pairs are performed in the district shops. Each division has two mechanics located 
at the division office to perform minor repairs, tune-ups, and troubleshooting to keep 
the equipment in the field operating. In the headquarters office, the maintenance staff 
is supervised by the assistant director of highways for maintenance. His staff consists 
of an assistant maintenance engineer, roadway maintenance engineer, landscape main
tenance engineer, equipment engineer, radio engineer, the management analyst team, 
and an engineer of capital outlay and inventory. 

As the study group was set up initially, the consultant provided two full-time in
dustrial engineers, who were supervised and guided through frequent visits by repre-
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sentatives of the consulting f i rm, plus a group of departmental management analysts, 
based on a ratio of two department employees for each representative of the consultant. 
When the study was extended to the district shops, the consultant provided one additional 
industrial engineer, specializing in this area, and the department two additional employ
ees. Every effort was made to work as closely as possible to achieve near integration 
of these two elements. 

It was planned to have a major portion of the work done by permanent Highway De
partment employees, who would remain members of the headquarters staff after the 
consultant's services were terminated. We felt then, and experience has confirmed, 
that our maintenance employees work better and talk more freely with departmental 
employees and every effort was made to avoid the appearance of adopting a plan de
signed independently by an outsider. 

While our department has had members who belong to various employee organi
zations, we have recently moved into heavier unionization and we, therefore, called in 
employee representatives to discuss the plaimed program in advance of undertaking the 
studies. One union representative spent an entire day at one of our training sessions 
in order to obtain an understanding of what we were undertaking so that he could report 
back to his organization better informed. Some union members expressed a fear that 
once work norms were developed, an employee failing to meet his quota would be dis
charged. If low productivity shows up in the reports, i t is more logical to study the 
standard to see if i t is correct and then to look at the methods being used by the crew 
in question, not the effort of the individual. It is the opinion of the writer that nearly 
all of our employees are willing workers if they are told what to do. This reduces to 
a matter of preplanning and scheduling. There was, initially, some little adverse reaction 
since a few people, understandably, are nervous about being under all-day observation; 
however, this was minimal and apparently disappeared completely in a short period 
of time. 

The maintenance work improvement program is divided into five major steps: 

1. Training the team; 
2. Studying and analyzmg present operations; 
3. Supervisory work management training; 
4. Implementing the controls; and 
5. Benefiting from the program. 
The first step taken by the consultant was the development of an analyst training 

manual. This included an introduction to the theory of industrial engineering, with 
specific instructions for its application to highway maintenance. As soon as the neces
sary analysts were recruited for the headquarters staff, a training program was con
ducted at headquarters to indoctrinate these employees. Once the training of these 
analysts was completed, they and the consultants made up the team to carry on the 
necessary studies in the field. 

The maintenance control system is designed to assist those responsible for carrying 
out the objectives of the department to utilize manpower, equipment, and resources 
more effectively. The specific objectives of the system were as follows: 

1. Planning of work requirements in terms of manpower, equipment and materials. 
2. Budgeting adequately to meet these work requirements. 
3. Scheduling to achieve budget objectives. 
4. Completing work in accordance with standard times and methods. 
5. Reporting of accomplishments and resources used. 
6. Evaluating the department's accomplishments against known objectives. 

To accomplish our goal, we arrived at the following conclusion that the success of a 
program such as this was based upon two major factors beyond the system design 
itself: 

•Taking the program to the people and involving them in i t ; 
•The educational-comprehension level of the supervision and work force. 
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Figure 3. Taking the program to the people . 

Figure 3 is indicative of the consultant's 
concept of the procedure to follow in this 
program; however, the program, as de
veloped, came very close to being the exact 
contrary of the procedure shown. 

In an enterprise such as a large factory, 
with a ratio of production workers to main
tenance employees in the neighborhood of 
1 to 1, it could be expected that supervision 
would be giving these two areas equal at
tention and would willingly devote consider
able time to improvement in the mainte
nance program. If the ratio of maintenance 
employees drops until it approaches that 
of a highway department, where approxi

mately 25 percent of the employees are engaged in this work, it demands a decreased 
portion of the supervisor's attention. It does not appear to him to be a major problem 
area. Engineering studies have shown that some segments of industry, such as chemi
cal plants, are using a very high proportion of maintenance employees to production 
employees, generally being over 20 percent and sometimes the ratio approaches 1 to 1. 
In these instances, the supervisor will give maintenance a great deal of attention, 
whereas, in an industry which may have one maintenance employee for each 100 pro
duction employees, so little could be saved by improving maintenance that attention 
approaches the minimum. While it is true that the maintenance forces in this Highway 
Department represent somewhat more than 25 percent of direct State employees, if a 
ratio were to be established, we would have to consider the employees of all contractors 
as production workers. A look at the budget confirms this conclusion. For the current 
biennium, the maintenance dollar in the State represents only 6.8 percent of the total 
budget. On this line of reasoning, we concluded it best to go directly to the people im
mediately concerned and demonstrate to them the benefits of the program, before re
questing recognition from the higher supervisory group. We believe that the results 
have verified this line of reasoning and, in fact, that this approach was critical to the 
success of the program. Initially, the study team visited each District in turn to ex
plain the purpose of the study and the procedure we would follow to the district engi
neer, his maintenance engineer, and the division superintendents. This allowed the 
study team to be introduced to supervisory personnel in each district and to make 
arrangements for follow-up meetings with the affected superintendent and his foremen 
in the pilot areas. Insofar as possible, we also explained to the maintenance people 
involved the purpose of the study and the type of information we were seeking. We re
peatedly emphasized that our studies were not intended to evaluate the performance of 
an individual but rather to establish, in writing, procedures by which an operation was 
carried out. Reasoning that the district staff at the higher level was very heavily in
volved with day-to-day problems, we then concentrated on the collection of data by 
studying our work at the section level and the group of analysts' contacts were with the 
superintendents and employees directly below them. In all cases, the districts were 
kept informed of the work in progress and were invited to attend all sessions. 

For the initial studies, we selected three maintenance divisions we felt contained 
all classes of highways and all types of terrain. This was done to get the broadest 
possible sampling of the work methods with a minimum of travel for the team. The 
three divisions were Chehalis, in southwest Washington; Enumclaw, which includes the 
southern portion of the city of Seattle with a heavily urbanized area and also a mountain 
pass to the Cascades; Wenatchee, in central Washington, which includes much rural and 
farming territory; and the Yakima District Shop in central Washington, which has al
most a complete range of highway equipment. Also, at the request of the district, we 
undertook a study of the Seattle signal division. We were greatly encouraged and be
came more sure of our success when we began to encounter such chance remarks in 
the field as [from a foreman], "at last I can go home and sleep tonight without worrying 
about what the crew is going to do tomorrow." [From a Division Superintendent], "Does 
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the Chehalis Division get to be first again?". There were many other indications of 
acceptance contained in overheard remarks, inquiries from others at higher staff levels 
concerning our studies, and requests for specific studies from the districts. 

We felt one favorable condition existed when a review of the educational level of our 
employees indicated a surprisingly high average years of schooling. While we have 241 
maintenance employees with no high school education, the average for maintenance 
employees, statewide, is 2.5 years. Also, among our maintenance employees, partic
ularly at the supervisory level, we find many with some college training—106 of these 
people have a total combined college education of 655 years, for an average of 2 years 
beyond high school for this particular group. We found the same condition to exist 
among the other trades, that is, mechanical, electrical, warehouse, and equipment oper
ation. These groups average very close to high school graduation. It is evident, also, 
that the lack of any high school education exists, in general, among the oldest employees. 
In a very few years' time, with their retirements, the average of the group wil l be much 
higher. There are as many high school graduates among the group hired since January 
1962 as there are among all other employees. It is evident, then, that the increasing 
average level of education among our populace, combined with our civil service pro
cedures, which have been in effect since that time, has resulted in the hiring of the type 
of employees who can be expected to imderstand and utilize modern planning methods. 

In order to make use of the time standards developed, it was necessary that a set of 
standards be devised to specify the desired level of maintenance, this to assure that it 
is done imiformly, statewide, but it is also critical to the scheduling and budgeting 
purpose. For example, once it has been determined the imits of mowing that can be 
accomplished by an employee with a given machine in a given time, it is necessary to 
establish the maintenance level for mowing. This department was fortunate enough 
to obtain an advance copy of maintenance standards developed by the Subcommittee of 
the AASHO Maintenance Committee, headed up by Darrell Vail, Maintenance Engineer 
of the State of Colorado Highway Department. These Standards were quite broad in 
order to be acceptable to all 50 states. It was necessary that we be more specific in 
many Instances; however, we were guided by them and desired our standards to meet 
with their requirements. For example, these tentative standards specify that mowing 
on the Interstate highway shall be carried out 20 ft and maintained between a height of 
3 and 12 in. As we establish the work that can be accomplished by an employee for 
the item specified then a determination of the number of mowings per year to maintain 
this condition and, of course, the total acres to be mowed are necessary. 

The roadway maintenance engineer was charged with the responsibility of developing 
these quality standards. This work was started in July 1967 and completed in May 
1968. They are currently being issued statewide as a guide to foremen and leadmen in 
establishing a uniform level of maintenance. These standards are currently regarded 
as tentative in nature and we expect that they wil l be modified somewhat after their 
application has been tested in the field. They are to be used also in the budgeting pro
cess and it foUows that, i f the funds available are less than indicated, the standards 
wil l have to be altered to reduce the level of maintenance. They were, in every in
stance, reviewed by the districts prior to implementation and acceptance was indicated. 
Al l major items of maintenance work have been covered. 

One of the most difficult standards to express in writing is that involving the surface 
of the roadway, both traveled lanes and shoulders. We considered the use of the PSI 
rating and decided to apply a subjective method developed by our own research people 
some time ago for making a statewide condition survey. 

It was also apparent then that a statewide inventory of the system was necessary in 
order to compile the total maintenance work load. This inventory was a critical part 
of the maintenance work improvement program and required such an expen(iiture of 
effort that it was completely beyond the capability of the team, which concluded that 
the best possible way to do this was to spread the work as widely as possible, therefore, 
the districts were requested to make this inventory, using our maintenance forces. 
Many of the data had been previously collected and existed in logs but retrieval called 
for so much clerical effort that it was easier to obtain directly m the field. Accurate, 
current sign logs were available. The man-hours involved in taking such an inventory 
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are considerable; however, many of the employees accomplished it while on patrol. A 
computer program has been designed to print out these and to provide for updating 
these through addition and deletion, as the highways change. 

In conjunction with collecting methods data in making time studies, i t was necessary 
to establish a job list. Initially, a tentative list of several thousand was established 
and it was obvious that this was unmanageable. By elimination then the list was re
duced to those activities which occur repeatedly and/or have an appreciable impact 
upon the budget. At the present time, the team has identified 400 activities in the high
way and signal maintenance area and 350 activities related to the maintenance of equip
ment. In man-hours, we estimate that we can cover 80 percent of the former by stan
dards and 75 percent of the latter. The remainder can largely be attributed to down 
time or enforced idleness, flagging time and other maintenance activities. As of the 
first of June 1968, we have established 51 work standards for highway and signal work 
and 106 standards for equipment maintenance. We plan to expand this to cover 280 
activities in highway and signal work and 310 activities involving equipment. It is esti
mated that we expended in excess of 6,000 man-hours developing, analyzing, and complet
ing standards data. Although, originally, these studies were confined to the pilot areas, 
they have now been expanded statewide in order to obtain better coverage. Also, the 
assistant district maintenance engineers have completed their training and are now 
aiding in the collection of standards data. It is expected that this wil l be a continuing 
operation since new materials and new equipment wi l l always be coming on the market. 

The chart of accounts used by this department is patterned after AASHO's recom
mendations, although not in strict conformance. It became evident early in the study 
that an additional function would be required and we have, therefore, added "4600 - Main
tenance - General Functions." While other activities may be charged to this function, 
it was necessary to the plan to cover enforced idleness. If an employee's nonproductive 
time, such as that brought about by equipment breakdowns, were charged to the activity 
he had been working on, a misleading figure for productivity would result and, in many 
instances, the employee (or work group) being reported on might be made to appear 
inefficient through circumstances entirely beyond his control. 

It was apparent early in the study that the concept of work scheduling offered an 
opportunity for laying the groimdwork for the overall program at an early stage, hence 
the team concentrated on developing a simple method by which the first line supervisor, 
either foreman or leadman, could easily and comprehensively schedule his work for 
the next day. To introduce the concept of scheduling, a simple daily scheduling form 
was developed and introduced to the pilot areas on September 12, 1967. Initially, three 
forms were developed—one for an informal daily maintenance schedule, an informal 
shop schedule, and, in the mountainous areas, a winter operation schedule. After some 
experience with the scheduling process, the winter operations schedule was abandoned 
as it was found that the informal daily schedule could be used for this purpose. After 
several months'experience in the various pilot areas, daily scheduling was established 
statewide in April 1968. Maintenance sections are now scheduling their work on a 
daily basis. Implementation of this required a concentrated effort from March 7 to 
April 3. To be sure that the daily schedule was aimed at accomplishing work that 
conformed to the basic objectives of the department, a monthly schedule was developed. 

The maintenance control system anticipates that a yearly schedule wi l l be established 
by the division superintendent and confirmed by the district. The schedule wil l eventu
ally become the basis for a budget and the statewide maintenance program. We are, 
at the present time, preparing our budget for the ensuing biennium and have not, as yet, 
developed the system to where i t can be used for this purpose; however, we wil l expect 
the division superintendents to prorate their allocations so as to stay within the funds 
available. While we are presently working on this part of the program, we anticipate 
it wil l be late this year before it can be installed. 

The key to implementing the program statewide has been the extensive training pro
gram prepared and conducted in every division. This involved the preparation of three 
additional training manuals, as well as related exhibits and training aids. Approxi
mately 3,200 man-hours were required for the training of district personnel. Approxi
mately 3,500 man-hours were involved in district implementation and follow-up work 
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by the headquarters staff, bringing us to an approximate total of 6,700 man-hours for 
training purposes alone. This figure does not include hours spent by team members 
in informal contacts with foremen and superintendents, it not being feasible to keep a 
record of these many meetings. 

Volume I of the Training Manual explains in simple terms how a work standard is 
developed. Volume n details in simple form the concept of the overall system. Volume 
m is essentially an elaboration of Volumes I and n and repeats in more detail many of 
the aspects previously discussed. The latter also emphasizes the practical application 
and daily usage of fundamentals covered in Volumes I and n. 

While we now believe that the district personnel are advanced in training to the point 
that they can carry this work on and prepare their own schedules, we wi l l continue 
frequent visits during the course of our statewide studies and wi l l aid the districts 
directly later in the year in preparing the annual plan. We believe that this program 
is succeeding and has been accepted and feel that rapid implementation had much to do 
with this. In every instance, the division superintendents, foremen, and leadmen were 
personally contacted by team members within two weeks after the completion of the 
formal training. Generally, they were accompanied by the assistant district mainte
nance engineer and ample time was taken to discuss any problems generated. Head
quarters assistance was provided in the preparation of daily schedules, monthly sched
ules, completion of the time cards, and all other phases of the program. 

The study team found ample evidence that many of our employees have devised local 
variations in work methods, of considerable value to the department, which were not 
known statewide. To overcome this, we have developed a maintenance newsletter, 
which wi l l be published bimonthly, and, although the initial material was furnished by 
the headquarters office, we expect shortly that the submission of ideas from the field 
wi l l make this self-sustaining. 

As an aid to the understanding of the development of the system, a "Log of Signifi
cant Events" follows: 

1967 Event 

June 6 
June 14 - 27 
J u l y s 
July 6 
July 24 - 31 
August 2 
August 3 
August 7 
August 14 

August 15 
August 22 
Setpember 12 
September 13 
September 18 
September 22 
Setpember 25 
September 26 
October 9 
October 24 

November 2 

January 29 thru 
February 2 
February 12-23 

Initial meeting of team members 
Analyst training for team members 
Program orientation for Chehalis personnel 
Time studies began in Chehalis Division 
Analyst training for additional team members 
District 1 program orientation 
District 2 and District 5 program orientation 
Time studies began in Wenatchee Division 
Consultants assigned an additional consultant 
to the Yakima Shop 
Time studies began in Yakima Shop 
Time studies began in the Seattle Signal Division 
Started daily scheduling in Chehalis Division 
District 3 program orientation 
Started daily scheduling in Enumclaw Division 
Started daily scheduling in Seattle Signal Division 
Started daily scheduling in Wenatchee Division 
District 6 program orientation 
Started daily scheduling in Yakima Shop 
Chehalis , Enumclaw, and Signal Division training 
session—"Hovi^ Time Standards Are Established" 
Wenatchee and Yakima training session— 
"How Time Standards are Established" 
Began monthly scheduling and work unit reporting 
on time cards in pilot areas 
Assistant maintenance engineers received analyst 
and maintenance control system training 
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February 26 -
March 9 
March 4 - 1 5 

March 7 -
April 3 

Apri l 1 - 12 

April 8 
April 16 

May 9 - 2 7 

May 22 
May 23 - 24 

June 1 

Conducted Volume I , "How Time Standards Are 
Established," training sessions in a l l districts 
Conducted Volume 11, "Maintenance Control System," 
training sessions in a l l districts 
Conducted initial statewide implementation. Topics 
included daily schedules, monthly schedules, and 
time card reporting. Two days allotted for each 
division and shop 
Conducted Volume III , "How To Use Time Standards," 
training sessions in a l l districts 
Districts began work unit inventory 
Pilot area superintendents approved first group 
of final standards 
Follow-up implementation statewide. Topics included: 
use of standards manual, new time card procedure, 
new job lists, and monthly scheduling. O n e day 
allotted to each division and shop 
First volume of "Maintenance Newsletter" distributed 
Maintenance engineer training session and progress 
report given in Yakima 
Began reporting on new time card system. 

The Appendix includes a discussion of informal shop scheduling and the work order 
used, an illustration of the scheduling box, and instruction sheet for completing daily 
work schedules for routine highway maintenance, a daily maintenance schedule, a 
minor job list, a procedure for completing a monthly work schedule, and a monthly 
work schedule—highway maintenance. Also included in the Appendix is a flow chart 
showing the "Sequence of Activities in the System Operation." It should be understood 
that local supervision is expected to override the schedule whenever conditions require 
it, this being a matter of personal judgment and initiative. Also, the minor job list is 
fill-in work, which does need to be done but not necessarily at any given time. It can 
be used to supplement when the days work runs short of the schedule or whenever 
changing conditions, such as unfavorable weather, make it necessary to temporarily 
suspend any schedule. 

We believe that Figure 4 realistically illustrates the benefits which can be obtained 
from the program. Figure 5, for example, shows what standardizing should accomplish. 
Scheduling in advance the plannable work should improve our operations as shown in 
Figure 6. It is expected that our studies will aid the superintendents in pre-planning 
equipment and manpower requirements (Fig. 7 ) . 

KiMMtof i ( • n l M l l M t f 

RES ULTS OF 
l>ptnM>anM|MMM ' " ' ^ itlJuaiilVi 

rmMN »•»><)< 
f l M M b n b r * • 

Uukma 

Standardize work techniques, equipment, 
tools, materials and skills into the 
best method 

1. Doing the work the one 

B best way throughout 
the s ta te 

0 

2. Spec i fy ing and 
purchas ing standard 
r ' f lu inmf iQt 

Figure 4. Figure 5. 
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SCHEDULING IN ADVANCE 
THE PLANABLE WORK 

The men, equipment, and 
materlaic to arrive at the work 
site at the appropriate time. | 

I alternate work to be done 
nclement weather 

PRESENT I I I 
III 

III 

PROPOSED 

.5 J J 

i f i f f 

Man j f ' j f ' ^ - ^ f . l ^ 
Crew 

Figure 6. Figure 7. 

To make daily reporting possible, each division office has been equipped with an 
IBM 1050, linked by leased telephone line to the computer section in headquarters. 
While the data are processed by the maintenance field clerk during the day, transmittal 
is by automatic call-up by night. This system went into effect on a trial basis in June, 
but since it was recognized that there will be many problems to be solved, it is being 
rxm in parallel with the previous system of hand-posting reported monthly. Assuming 
that all equipment is on line and that the trial program is successful, it is expected that 
full implementation will take place in July or August of this year. This will be ex
panded so that, in addition to the daily labor report, usage for all equipment will be re
ported daily, by equipment number, as well as all major items of stores. It is planned,. 
in the not too distant future, to expand this further to include a running stores inventory, 
kept current daily, and also an inventory of parts for all vehicles and equipment. Be
cause of the purchasing procedure we follow, there is a tendency to overstock supplies 
and parts, with a resultant loss to stores of material being kept beyond its shelf life 
or the parts remaining in stock after a particular make and model of car has been sold. 
We believe that through close observation of these inventories in Headquarters, we can 
develop an interdistrict exchange of surplus items. 

In conclusion, the system has been developed and installed, general acceptance 
among our employees statewide is excellent, and we are very optimistic for the future. 
No one should undertake such a project lightly. There is a tremendous amount of work 
required to see such a program through to a successful conclusion, once it has been 
initiated. At the risk of overemphasis, I would like to repeat at this point the extreme 
importance of taking the program to the people and getting the maintenance employees 
directly involved. Stimulate their interest by soliciting help and practice good sales
manship to win their support. This is absolutely necessary to avoid the resistance 
that is all too often encountered when new programs are undertaken to displace long 
established habits. 
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Appendix 
INSTRUCTION SHEET FOR COMPLETING DAILY WORK SCHEDULES 

FOR ROUTINE HIGHWAY MAINTENANCE 

Highway Maintenance 
There are three types of daily schedules for highway maintenance operations. 

a. Daily Work Schedule for Highway Maintenance 
b. Highway Maintenance Minor Job List 
c. Daily Work Schedule for Highway Maintenance Winter Operations 

Daily Work Schedule for Highway Maintenance 
The Daily Work Schedule for Highway Maintenance wil l be the Predominant or typi

cal Schedule for Highway Maintenance. The Daily Work Schedule is developed to in
sure that all personnel in the Maintenance Section are scheduled to a job, that each 
job is part of a yearly plan, and that realistic thought and preparation have been given 
to each assignment to assure proper balance of men, equipment and material. 

The Schedule form wil l be completed as follows: 
a. From Monthly Work Schedule for Highway Maintenance determine jobs to be 

accomplished for the day in question and mark on the Daily Work Schedule 
for Highway Maintenance. The Daily Work Schedule wi l l be prepared the day 
before the work accomplishment day. 

b. Identify specific location where job is to be accomplished. 
c. Assign men by name who are to accomplish each job. 
d. Assign equipment to each job by equipment number. 
e. Specify material required by type and amount. 
f. Complete accomplishment expected column through review of Monthly Work 

Schedule-Highway Maintenance and Time Standards Manual. 
g. Add additional comments on possible changes or problems. 
h. Post one copy of Daily Work Schedule for employee information and guidance. 

The foreman keeps a second copy with him at all times to serve as a guide 
and ready reference point. 

Highway Maintenance Minor Job List 
The Highway Maintenance Minor Job List supplements the Daily Work Schedule 

for Highway Maintenance. It is a list of minor jobs that have been identified for ac
complishment on a f i l l - i n or substitute basis to round out the Daily Work Schedule. It 
is in effect a "numing list" having jobs added or subtracted on a daily basis. The types 
of jobs that wi l l appear on the Highway Maintenance Minor Job List wi l l be generated 
from sources such as: 

a. Work requirements reported by men from section patrol. 
b. Reports of minor roadway damage-sign knockdown and guardrail damage. 
c. Work needed to be accomplished, but which can be accomplished any time as 

f i l l - i n work. 
d. Request for assistance from other areas such as construction. 

The jobs as listed on the Highway Maintenance Minor Job List wi l l be transferred to 
the Daily Work Schedule for Highway Maintenance as time is available each day. Con
sequently, the Highway Maintenance Minor Job List is prepared in exactly the same 
format as the Daily Work Schedule for Highway Maintenance. 

INFORMAL SHOP SCHEDULING/WORK ASSIGNMENT 
To insure complete service records and effective utilization of all shop personnel, the 
basic procedure for shop work assignment and accomplishment wil l be as follows: 
1. The foreman receives all incoming work requests. 
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2. The foreman initiates Garage Service Order in triplicate (see attachment No. 1) 
highlighting the following: 

a. Basic work to be performed (specific jobs when possible) 
b. Approximate hours for work accomplishment 
c. Employee/s assigned 

3. The foreman keeps the original copy of the Garage Service Order and places copies 
2 and 3 in the scheduling box (see attachment No. 2) marked "work to be completed" 
next to the name of the employee assigned. 

4. The employee removes the Garage Service Order forms from the scheduling box, 
places the second copy in the scheduling box marked "work in process," takes the 
third copy to the equipment and performs the assigned work. 

Several Alternatives can Occur at this Point 
Work is completed as originally identified on Garage Service Order 

a. Employee writes on third copy of Garage Service Order 
• work completed 
• total hours used for each job listed 
• materials used 

b. Employee signs third copy and places second and third copies in schedule 
box marked "work completed." 

Additional work or specific work requirements are identified 
a. Employee obtains foreman approval by getting foreman to give verbal work 

requirements on third copy of Garage Service Order. 
b. Employee performs work and writes on third copy of Garage Service Order 

• work completed 
• total hours used for each job listed 
• materials used 

c. Employee signs third copy and places second and third copies in schedule 
box marked "work completed." 

Material not available 
a. Employee places second copy of Garage Service Order in scheduling box 

marked "await parts" after writing on third copy of Garage Service Order 
which remains with equipment. 

• work completed 
• hours used for each ]ob listed 
• materials used 

b. When again working on equipment, the employee places second copy of Garage 
Service Order in scheduling box marked "work in process". 

c. Employee performs work and writes on third copy of Garage Service Order. 
• work completed 
• total hours used for each job listed 
• materials used 

d. Employee signs third copy and places second and third copies in schedule 
box marked "work completed." 

5. The employee wil l attempt to accomplish jobs in the order available in his sched
uling boxes. Garage Service Order on top of each pile in box is most important 
work. 

6. The foreman in determining work assignments wi l l consider all jobs that he has to 
do and how best he should split up his team. 

7. Some work requirements may involve more than one employee or individual em
ployees in sequence. 
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Several men working simultaneously on one piece of equipment 
a. The foreman wi l l complete one set of Garage Service Order forms containing 

the names of the assigned employees and place them in the schedule box 
marked "work to be completed" of the first of the several men (assigned 
mechanic or main mechjuiic) he expects to be free to work on the work 
assignment. 

b. Assigned mechanic (main mechanic) writes on the third copy of Garage Service 
Order (without duplicating information written by other employee). 

• work completed 
• total hours used for each job completed 
• materials used 

c. Assigned mechanic (main mechanic) signs third copy and places second and 
third copies in schedule box marked "work completed". If minor additional 
tasks such as welding are required and these tasks involve additional person
nel, the assigned mechanic obtains approval from the foreman prior to work 
performance. 

Several men working simultaneously (apart-different jobs) on one piece of equipment 
(major jobs) 

a. The foreman wil l complete a set of Garage Service Order forms for each 
individual. 

Several men work in sequence on one piece of equipment 
a The foreman wil l complete one set of Garage Service Order forms containing 

the names of the assigned employees in sequence. 
b. The foreman wi l l place the second and third copies in the schedule box of the 

assigned employee in the order required as each assignment in turn is due for 
accomplishment. 

8. Department of Highways personnel wi l l be available to help the foreman get started 
in this routine. 

9. This informal shop scheduling/workload assignment wi l l eventually be expanded to 
include time standards, standardized job lists, work imits, reporting and effective
ness analysis. 

10. This informal and limited shop scheduling/workload assignment is therefore a 
basic starting point in a much larger and more formal maintenance work improve
ment program. In this regard, the foreman is a most important individual, for his 
skills determine much of what is to follow. 

Attachments 
Garage Service Order 
Layout of scheduling box 

PROCEDURES FOR COMPLETING A MONTHLY WORK SCHEDULE-HIGHWAY 
MAINTENANCE 

COLUMN ON MONTHLY WORK A P T i n M 
SCHEDULE-HIGHWAY MAINTENANCE ^ ^ ^ ^ " ^ 
Column 1 - Major Job Foreman reviews the Yearly Planning 
Categories Listed in Order Schedule for his Maintenance Section 
of Importance to identify Major Job Categories that 

have been scheduled for accomplishment 
by the Superintendent. Foreman marks 
in Column 1 of the Monthly Work 
Schedule-Highway Maintenance the first 
Major Job Category scheduled for the 
month. 
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Column 2 - Control Section 

Column 3 - Specific Job 
Name and Number 

Column 4 - Units 
(Amount of Work to be 
Done per Month per Job) 

Column 5 - Standard Time 
per unit per Job (clock 
hours) 

Column 6 - Standard Time 
Required Per Job 
(Column 4 x Column 5.) 

Foreman reviews the Planning Sheet for 
his Maintenance Section to identify 
Control Sections that have been scheduled 
for the maintenance work. Foreman 
marks in Column 2 of the Monthly Work 
Schedule-Highway Maintenance those 
Control Sections that should be worked 
on so the units associated with these 
Control Sections approximate the units 
on the Yearly Planning Schedule for the 
month. 

Foreman determines conditions in the 
Control Section that have been scheduled 
for work and reviews Job List-Highway 
Maintenance and Minor Job List to 
determine specific type of jobs to be 
accomplished. Foreman marks in Column 
3 of the Monthly Work Schedule-Highway 
Maintenance the Job Name and Number of 
the Specific Job to be accomplished. 

Foreman reviews the Yearly Planning Sched
ule for his Maintenance Section to identify 
units per Major Job Category that have 
been scheduled for accomplishment by the 
Superintendent. Foreman also reviews 
the Minor Job List to identify additional 
units that may have to be accomplished. 
Foreman marks in Column 4 of the Monthly 
Work Schedule-Highway Maintenance the 
units to be accomplished per specific job. 
Foreman reviews the Maintenance Standard 
sheet for the Specific Job identified in 
Column 3 to determine the Standard Time 
per Unit. This is the clock hours (elapsed 
time), without regard to the crew size, 
that are required for completing one unit. 
(Travel time to and from work site is not 
included, however travel time that is in 
volved in unit accomplishment, such as 
trips to hot mix plant, is included.) Fore
man marks in Column 5 of the Monthly 
Work Schedule-Highway Maintenance the 
Standard Time per Unit per Job. 

Foreman calculates the Standard Time 
Required for Specific Job by multiplying 
the Units in Column 4 per Specific Job 
times the Standard Time per Unit per 
Specific Job .in Column 5. This gives the 
clock hours (elapsed time) without regard 
to the crew size, that are required for 
completing all units scheduled for the 
Specific Job. (Travel time to and from 
work site is not included, however, travel 
time that is involved in Job Accomplish-
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Column 7 
per Job 

Crew Size 

Column 8 - Total Standard 
Time Required per Job 
Including Travel (Column 
6 X 1155?) 

Column 9 - Number of 
Flagmen Per Job 

Column 10 - Total Number 
Men Required Per Job 
(column 7 + column 9) 

Column 11 - Number of 
Days Required per Job 
(Column 8v8 Hours 
per day) 

ment, such as trips to hot mix plant, is 
included). Foreman marks in Column 6 of 
the Monthly Work Schedule-Highway Main
tenance the Standard Time Required per job. 
Foreman reviews the Maintenance Standard 
sheet for the Specific Job identified in 
Column 3 to determine the Crew Size per 
job. This is the number of men, not count
ing flagmen, that are required for job 
accomplishment. Foreman marks in 
Column 7 of the Monthly Work Schedule-
Highway Maintenance the Crew Size per 
Specific Job. 

Foreman calculates the Total Standard Time 
Required per Job Including Travel by 
multiplying the Standard Time per Job 
in Column 6 times a Travel Allowance 
Factor of 115?6. This means that the 
clock hours (elapsed time) for job accom
plishment is increased by 115^ to reflect 
the normal (average) travel time associated 
with most jobs. (As more data become 
available and foremen become more familiar 
with the scheduling, the 155?travel allow
ance average may be replaced by a more 
specific travel allowance per type job). 
Foreman marks in Column 8 of the Monthly 
Work Schedule-Highway Maintenance the 
Total Standard Time per Job Including 
Travel. 

Foreman reviews the Flagging (safety) 
Manual for the Specific Job identified 
in Column 3 to determine the recommended 
Number of Flagmen. Flagging requirements 
wil l vary depending upon circumstances, 
consequently the recommendations for 
flagging are approximate. Foreman marks 
in Column 9 of the Monthly Work Schedule-
Highway Maintenance the Number of Flag
men per Specific Job. 

Foreman calculates the Total Number Men 
required for Specific Job by adding Crew 
Size per Job and Number of Flagmen per 
Job. Foreman marks in column 10 of 
Monthly Work Schedule-Highway Mainte
nance the Total Number Men Required 
per Specific Job. 
Foreman calculates the Number of Days 
Required Per Specific Job by dividing 
the Total Standard Time Required Per 
Job including travel by 8 hours per day. 
This determines the number of ful l days 
that are required for job accomplishment. 
Foreman marks in Column 11 of Monthly 
Work Schedule-Highway Maintenance the 
Number of Days Required per Job. 



COLUMN ON MONTHLY WORK 
SCHEDULE-HIGHWAY MAINTENANCE 
Man Days Required per Month 
(The sum of Column 10 x 
Column 11 for each specific 
job). 

ACTION 

Man Days Available Per 
Month (Work Days Per Month 
X Average Number of Men 
at Work). 

Days on Which Jobs wi l l 
be Accomplished 

Foreman multiplies for each Specific 
Job the Total Number Men Required Per 
Job times the Number of Days Required 
per Job to obtain man days per ]ob. The 
man days for all specific jobs are added 
to obtain the Man Days Required per Month. 
Foreman marks this figure on sub-total 
line called Man Days Required Per Month. 

Foreman multiplies the number of work days 
per month times the average number of men 
expected to be at work per day to obtain 
Man Days Available per Month. This 
indicates the number of man days of work 
that could be performed. (This figure 
wil l approximate the Man Days Required 
Per Month). Foreman marks this figure 
on sub-total line called Man Days Avail
able Per Month. 

Foreman decides on time period (Days of 
the Month) when Specific Job wil l be 
accomplished by analyzing for each job. 

- Number of men required 
- Number of days required 
- Number of men available 
- Priority of job 
- Anticipated weather and problems 

Foreman marks on days of the month the 
number of men required and portion of 
day required in half day increments (per 
job). Foreman continues process—sometimes 
through tr ial and error—until all jobs 
are scheduled and men required per day 
approximate men available per day. 

NOTE: The scheduling procedures per area involved may differ somewhat in detail 
depending upon varying conditions such as: 

- Foreman may have more than one shift 
• may have schedule per shift 
• may put all on one schedule 

- Foreman may have to plan on crew availability for winter operations 
(stand-by or patrol). 

In any case, the objective is to plan work requirements for the month considering: 
- Yearly plans 
- Men available 
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so that both are maximized 
- Yearly plans are accomplished 
- Men are utilized doing required work 

The information sources and procedures associated with the Monthly Work Schedule-
Equipment Maintenance are similar to those for the Monthly Work Schedule-Highway 
Maintenance. The basic differences are: 

- Control Section is replaced by Equipment Number as means for identifying 
work location. 

- Travel Time Allowances and Flagging need not be considered. 
In addition, unique schedules may be generated for specialized operations. 
Following are examples of: 

- Monthly Work Schedule-Equipment Maintenance 
- Signal Work Schedule and Record 
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SEQUENCE OF ACTIVITIES IN SYSTEM OPERATION 

O R G A N I Z A T I O N 

L E G I S L A T U R E 

D E P A R T M E N T O F 

HIGHWAYS 

M A I N T E N A N C E 
D I V I S I O N 

D I S T R I C T 

D I V I S I O N 
E Q U I P M E N T 

S U P E R I N T E N D A N T 

M A I N T E N A N C E 
S E C T I O N / D I S T R I C T 
SHOP AND D I V I S I O N ! 
SHOP 
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SEQUENCE (Continued) 
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SEQUENCE (Continued) 
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SEQUENCE (Continued) 
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SEQUENCE (Continued) 
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Implementing Findings From the Louisiana 
Maintenance Research Project 
FORREST E. CRAWFORD and MELVIN JACKSON, Louisiana Department of Highways 

The Louisiana Maintenance Research Project was undertaken in September 1965 and 
will be completed in June 1969. The project is directed toward establishing an operat
ing, modern maintenance management system in the Louisiana Department of Highways. 
To present the experience of Louisiana in Implementing the findings of this research, 
this paper has been divided into two major sections. 

1. Project results to date—a discussion of the background associated with the proj
ect and a report of the results of the major phases with special emphasis on the man
agement reporting process, mamtenance planning and changes in organization. 

2. Experience in implementation—a discussion of the performance laboratory where 
basic data were gathered and methods reviewed. A discussion of the use of these data, 
management actions required, training and the results of these efforts in areas other 
than the performance laboratory. 

In addition to the two major sections, the Appendix includes tables and figures which 
illustrate specific findings, conclusions and procedures. 

BACKGROUND 
The rapidly increasing cost of maintenance has for several years been of concern to 

the maintenance engineers of the Louisiana Department of Highways. It was recognized 
that eventually budget requests to the legislature would have to be documented as to 
their relationship to actual needs. The maintenance and operations engineer felt that 
either the Department must install some management system on its own volition or a 
management system would be forced on i t by the legislature. It was decided in 1965 
to conduct management research in the maintenance section. The original intent of 
the research project was to have available a series of recommendations with regard to 
maintenance management to be brought out at such time as the State legislature began 
to look at the high cost of maintenance with a jaundiced eye. 

In September 1965, the Department entered into a contract with Roy Jorgensen and 
Associates to conduct the management research. The project was jointly financed by 
the Department and the Bureau of Public Roads. The original contract was for 18 
months. 

During the early stages of the project, the main emphasis was placed on data collec
tion and analysis in order to document existing practices of the Department and to de
fine those areas where improvement could be made. The Department's cost records 
did not have any data showing the relationship of cost to work performed. Also, the 
AASHO function codes in many cases were so broadly defined that i t was impossible 
to select any one work factor for work measurement. 

A pilot reporting system was established in one District for a year. By adding a 
fourth digit to the AASHO function codes, they were more clearly related to specific 
types of work. A system code was added to correlate unit quantity to the four highway 
systems. A measure of work accomplishment was added in order to evaluate man-
hour rates for specific work accomplishments. A reporting form was designed for 
processing by keypunch operators and a computer program was written to summarize 
the reported data. 

Field trips were made to observe the crews at work. Specific types of work were 
observed in different parishes and districts. Many of the supervisors were interviewed 
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as to why they did work a certain way; as to who gave these working instructions; and 
as to how they planned their work. 

Analysis of the data showed wide differences in performance from management unit 
to management unit. Figure 1 in the Appendix shows the cost of surface maintenance 
for bituminous surface-treated roads for each parish. The parishes are grouped ac
cording to district and three-year averages were used to level out year to year varia
tions. These roads are all of essentially the same character, carry the same traffic, 
and should have generally the same maintenance requirements. (The variation indicates 
the potential for improvement.) 

The data from the pilot reporting system and field observations pointed out the 
causes of the variations. These can be summarized in terms of: 

1. Quality—Different supervisors were working toward different levels of service. 
Some were repairing defects which did not need repair, some were ignoring conditions 
which should have been fixed. 

2. Quantities of Work-Some supervisors predominately used hot pre-mix materials 
for patching all defects; others used multiple layers of liquid asphalt and cover aggre
gate of varous sizes. Some patches were extended beyond the immediate area needing 
repair by as much as ten times for the sake of appearance. 

3. Productivity—Many different arrangements of men, equipment and task assign
ments were noted. All of these had a direct effect on the unit costs of doing work. 

From this analysis, it was concluded that the best method of obtaining improvement 
was to establish better management practices. The key elements involve determining 
the best way to do work (performance standards), the setting of objectives in terms of 
good performance and staffing accordingly (planning and budgeting), the developing of 
simple management procedures for superintendents, and providing information related 
to standards so they can correct poor performance. 

A supplemental agreement was made with the consultant expanding the original re
search through June 1969. The expanded project has five major phases (the schedule 
for these phases is shown in Fig. 2 in the Appendix): 

1. To develop and test a maintenance work reporting system which will be com
patible with existing fiscal requirements and provide management information required 
for effective planning, execution and control of the Department's highway maintenance 
activities. 

2. To conduct a performance laboratory for the research and testing of maintenance 
methods and procedures, the testing of performance standards and the testing of man
agement procedures. 

3. To form a Department standards panel for the purpose of observing and evaluat
ing the performance laboratory operations and for developing standards of quality and 
productivity as guides for department-wide planning and control of maintenance 
operations. 

4. To develop a comprehensive maintenance management system and a plan for the 
implementation of such a system. 

5. To develop and test training procedures and training materials appropriate for 
maintenance personnel. 

As each phase of the research is completed, an individual report is prepared. Also, 
as part of the research in each phase, the new management procedures are being field 
tested in order to check their validity under actual operating conditions. This means 
that while the final report for any particular phase has specific recommendations for 
managment improvement, many, if not all, of the recommendations will have already 
been implemented m some of the Department's districts through the testing procedure. 

At the present time. Phase n, the new reporting system, has been in effect for a 
year. The performance laboratory and the standards panel have completed their p r i 
mary job. Reports covering the reporting system and the performance laboratory have 
been written. Training courses buUt around the new work standards are being tested. 
The development of management procedures, a statewide work plan, and control pro
cedures are being tested. 
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WORK REPORTING SYSTEM 
Any work reporting system has to serve two needs: that of fiscal management; and 

that of management control by the operating personnel. In the past, the work report
ing system of the Department was fiscally oriented. The accounting section is mostly 
interested in docmnenting where money was spent. The need of management is to 
know quantities of work, man-hour rates, unit costs of doing work, and how well actual 
work quantities correlate to the work plan; these items were not a part of the work re
porting system. There were three basic types of reporting documents: the payroll, 
the equipment report and the material-used report. There was, in many cases, poor 
correlation in the activity reportii^ on these documents for the same gang in the same 
period. 

A series of meetings was held among the accounting section, the maintenance sec
tion and the consultants to design a reporting system that would serve the needs of 
both the accounting section and maintenance. Consideration was given to several possi
ble approaches to work reporting documents. It was finally decided to have a job-
oriented type of reporting where all required information of man-hours, equipment 
hours, material and accomplishment would be on one document. This document was 
designed for data transmission by wire to the accounting 418 UNIVAC computer. 

Basically, this new reporting system follows the AASHO Manual of Uniform Ac
counting Procedures. However, there were some major revisions in the various 
accounts: 

•The highway investment code was eliminated and a system code was substituted 
consisting of the four basic roadway systems—Interstate, primary, secondary and 
farm-to-market; two general administrative systems of buildings and grounds and over
head and individual expenses; three off-system codes of rural roads, urban streets and 
others. 

•The use of control sections in work reporting were eliminated except in the case 
of (a) a project, (b) special test sections, (c) operation of ferries and tunnels, or (d) 
special instructions such as reimbursable accidents. 

•Structures were to be identified as to basic types: concrete, steel, elevated road
way, or ferries. 

The function codes were redefined. It was found that 30 work fimctions covered 
96 percent of all work reporting. In this group were several functions that were too 
broadly defined. Work functions such as patching surface, which covered 21 percent 
of maintenance cost, were broken into several specific functions to more clearly iden
tify what type of work was being done and on what type of surface. Other work func
tions such as pumping stations and monument recovery, which accounted individually 
for less than 0. 1 percent of maintenance costs, were lumped into some general catch
all fimction numbers. Figure 3 (Appendix) illustrates the number of fimctions related 
to their size and importance. 

The new reporting document, called the "Biweekly Activity Report" (BAR), was 
basically a summary of all work in a reporting period done under a specific parish 
superintendent or gang foreman that could be charged to any one combination of work 
function, parish, system and structure type. Figure 4 (Appendix) shows an example of 
a BAR completed for surface treatment patching on a secondary road. 

Daily work reports are prepared by individual foremen. These are turned into the 
parish headquarters and summarized on the BAR by the parish clerk. A separate 
work report is required in any one day for any combination of work function, parish, 
road system or structure type. 

The new work reporting procedures were pilot-tested for four weeks under the super
vision of the research staff and district admiiiistrative people. A meeting was held 
with the parish foreman and supervisory personnel. During the f i r s t few days of the 
test, daily visits were made to the parish headquarters to see if any unusual problems 
developed. 

The pilot-testing revealed no major flaws in the reporting procedure or format. 
Plans were then made for statewide testing with a representative parish and district-
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wide crews in each district. Key administrative people and teleprinter operators were 
broi^ht to Baton Rouge from each district. Instruction books were prepared with 
specific sections devoted to each of the new reporting documents and each new proce
dure. The Baton Rouge meeting was organized as a workshop. After a general pre
sentation of the new procedures and a question and answer period, the large group 
was broken up into smaller groups actually using the new documents in trial reporting 
problems. 

Each district then made a pilot test with the new reporting system in a representa
tive parish and in district-wide crews for a biweekly period. The documents were to 
be processed in the district office and the data transmitted by teleprinter to the ac
counting section for computer processing. This provided a testing of the complete 
procedure of handling the work reports from the working crews to the accounting 
section. 

For the last two weeks of the old fiscal year, a statewide test was planned in which 
all maintenance personnel performed duplicate reporting, using both the old reporting 
system and the new. At the end of the two week test, the old system was dropped and 
the new continued. This allowed the highway personnel to become familiar with the 
new reporting procedure and correct any major reporting errors before the data from 
the new system was fed into the official records. 

The reporting system has now been in effect for a year and is generally well ac
cepted by maintenance personnel. While most supervisors endorse the system, there 
are a few hard-core areas which are still resistant to the change—but this is to be ex
pected m any major change. The information collected is proving satisfactory for 
both accounting purposes and management purposes. 

The advantages of the reportii^ system are: (a) more accurate reporting by com
bining labor, equipment and material relating to a specific work function on one docu
ment; (b) a measure of work accomplishment is now included which allows a measure
ment of performance; (c) the documents are oriented for wire transmission, which re
lieves the keypunch section of some 50, 000 cards every two weeks; and (d) the job-
order-oriented reporting documents have made work reporting more closely related to 
work scheduling. 

PLANNING 
Work planning is one of the elements that enables management to manage. By work 

planning, the highway maintenance administrator is able better to allocate the avail
able resources of manpower, equipment and materials on a basis of needs. Unplanned 
work, although productive in character, tends to be wasteful of these resources. It 
results in a maximum number of crises, with most work being done on a "fire fighting" 
procedure. Also, while most of the work gets done, some needs are neglected, while 
others are overemphasized. Planning furnishes a guide to the field supervisors in 
their day-to-day work scheduling. Also, management reports enable middle and top 
management to compare the plan to actual work and know better how well the job of 
maintenance is being done. 

The values that go into planning are called standards. A later section will detail 
the development of these standards. The significance of standards is that they are good 
objectives. The plan is then an objective as opposed to an estimate of what will happen 
if we sit back and do nothing to improve. 

An annual maintenance work plan or program is prepared. This program is the 
process by which standards are applied to a road system. To prepare a work program, 
certain basic elements are required. 

1. Work Load—The miles of road of different systems and types, the acres of right-
of-way to be mowed, the length of bridges in the road system, or some other common 
denominator upon which to base planning. 

2. Quantity of Work—The average amount of work per planning unit for each function. 
This can be in terms of cubic yards of surface treatment patching per mile of road, 
times mowed per year, or the miles of seal coat per mile of road. 
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3. Unit Cost—The cost per unit of work (cubic yard, acre, etc.) which is expected 
when good methods are used. 

4. Production Rate—The number of man-hours required per unit, again based on 
correct work procedures. 

5. Cost Distribution—The breakdown of the unit cost into labor cost, equipment 
cost, and materials or contractural services cost. This breakdown allows the program 
to be used in developing a plan along objects of expenditures, which is a valuable guide 
for budgeting. 

6. Annual Distribution—The quarterly amount of work on each function so as to 
provide an essential guide to supervisors as to when they are expected to do each kind 
of work. 

A planning work sheet was developed in which the elements of planning were tabu
lated. The sheet was designed for keypunch operation. Columns were established for 
each component. The actual program is prepared by the computer. Examples of the 
planning work sheet and the planning summary are given inthe Appendix (Figs. Sand 6). 

There are 62 parish maintenance supermtendents and each superintendent had a 
work plan for the area under his supervision. The planning summary is printed with 
a parish summary, a district summary and a State summary. This planning summary 
becomes not only a work plan for the fiscal year, but the basis of budget requests for 
operating funds. 

The total of the man-hour column and the total of the cost columns become the man-
hour requirements to do the planned work load for one year and the amount of money 
needed to do the ]ob. 

ORGANIZATION CHANGES 
The basic geographical unit in Louisiana is the parish, with a superintendent in 

charge, and the district. The number of men in a parish vary from 20 to 50 with 2 to 
6 gangs and the number assigned district-wide averages 240 men per district organized 
into about 15 to 20 gangs. 

Some of the parishes operate from a central parish headquarters. However, in 
many of the parishes there are two or three outlying unit headquarters. These outlying 
units are a carryover of the days when the majority of the road mileage was gravel 
roads. Each small unit patrolled a small circle of gravel roads. With the road system 
mostly all weather roads and with modern trucks, the need of these outlying units has 
been eliminated. Now in most parishes the average travel distance from a centralized 
parish headquarters would be from 20 to 30 miles. Efficiency in work scheduling and 
overall operations more than offsets the small increase in travel caused by centrali
zation of the parish work forces. 

One of the problems encountered in Louisiana in implementing management tech
niques was the gang organization. The original basic organization unit was a highly 
specialized gang, such as a concrete gang, asphalt gang, mowing gang or bridge gang. 
The personnel and equipment staffing of a gang was based on its speciality. If one of 
these specialized gangs was able to work on its specialty day in and day out, this would 
not have been too bad a way to organize. 
Parish Organization 

Basically, the concrete and asphalt crews were 10-man crews with three or four 
dump trucks. The actual work load of these crews was quite varied. During a year's 
time, they would perform some 15 or 20 different functions of work. It was evident 
early in the study that the usual practice was that all men under a specific foreman 
went to do any job that he was assigned. This meant that whether the job was large or 
small and required anywhere from 2 to 10 men, all 10 men went along. In most cases, 
the required crew size for a specific job was under the 10-man assignment. This prac
tice of having people in sets of ten resulted in a waste of about 20 to 25 percent of the 
available manpower. 

It was evident that some type of a work scheduling procedure had to be established 
in the parishes. Also, i t was apparent the men should be assigned to work on the basis 
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of job requirements, not prefixed gang size. If the superintendent was to schedule work 
and assign men on the basis of needs, it would be necessary to introduce a high degree 
of flexibility in the parish work organization. The rigid specialized gang organization 
did not have this degree of flexibility. 

The men in the parishes had long been associated with individual foremen, and work 
patterns are difficult to change. It was decided that the combining of all parish crews 
into one large gang so that the men would tend to lose identity with individual foremen 
was necessary. This was tried in a couple of pilot parishes and proved successful. 
Also, there was a reduction in the number of biweekly activity work reports required, 
which made the supervisory personnel happy. 

The one gang concept of parish forces was then tried in one parish in each of the 
seven highway districts. Eventually, six of the seven districts renumbered all of their 
parish into a one gang system. At the present, 43 of the 61 parish superintendents 
are operating imder the one parish gang numbering system. One highway district has 
actively resisted this change. In the other two districts, one has a parish renumbered 
and likes it; the other is just slow to make up its mind. 

The one gang concept has a large potential m savings from better manpower utiliza
tion over the specialized gang concept. Over a year, there are many different work 
functions performed. The manpower requirements by function vary from 2 to 9 men. 
The superintendents are scheduling work on a weekly basis. Being able to schedule 
men to specific work functions, based on the job requirements and any special qualifi
cations the men may have rather than work assignment by gangs, gives the superin
tendent a high degree of flexibility in work scheduling and personnel assignments. In 
those parishes where the one gang system is used in conjunction with work scheduling, 
there has been a noticeable increase in work output. This increase is primarily due 
to the scheduling techniques, but i t is the organizing of the work force as a labor pool 
that makes the use of scheduling more effective. 

This change also tends to make the superintendents job conscious. The specific 
jobs are analyzed by the superintendent on the basis of standards, manpower require
ment, equipment requirements and material requirements. A better utilization of the 
primary resources of manpower, equipment and material is the result. 

District Organization 
The Department also has functioning on a district-wide basis and statewide basis 

specialized work gangs. These gangs do road reconstructions, resealing, bridge re
pairs, electrical repair and traffic services. On the district level, due to fluctuations 
in work load and the seasonal character of much of their work, these crews perform 
routine maintenance on an intermittent basis. When they cannot work at their specialty, 
they move into routine maintenance. Since most of the routine work is already planned 
for and staffed in the parishes, the work of these crews is superfluous when used on 
routine maintenance and usually results in unnecessary duplication of work. 

These crews are also used to work on projects off tiie State system. The Depart
ment annually works on many miles of parish roads and city streets. Some of the work 
is maintenance in nature, but most of i t consists of betterment projects. The work has 
to have prior approval of the Baton Rouge headquarters. The volume of this work fluc
tuates considerably which makes i t extremely difficult for i t to be scheduled economi
cally. Since these employees are monthly employees, weather conditions and seasonal 
variations make these projects more expensive than contract work of the same nature. 
At the present time, there is some disagreement in thought as to the need of these 
specialized district-wide crews. It could be that after some additional work analysis 
and testing is made, that much of the work done by these crews can be phased into the 
parishes. 

MANAGEMENT REPORTS 
Out of the data collected in the work reporting system, various management reports 

are prepared. These reports are designed to let managers at eachlevel of organization 
receive timely information as to how they and their subordinates are doing. Their 
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actual performance is compared against the planned performance (performance stan
dards) in a series of four reports (the need for all of these is still under examination): 

1. Performance Analysis—a monthly summary of production rates and unit costs 
prepared for each superintendent, district, and the State as a whole. 

2. Performance Report—a quarterly report for each manager which emphasizes 
amounts of work being done. 

3. Productivity Analysis—an annual summary organized to help review performance 
on individual work functions. This report shows the number of organizations which 
achieve standard productivity and those who do not. 

4. Quantity Analysis—another annual report for evaluation of the amounts of work 
being done. This, as is the productivity analysis, is primarily designed to verify and 
update standards and to initiate further research where needed. 

A sample of each report is given in the Appendix. The f i rs t two are shown com
pleted, the third only in blank form inasmuch as the year was incomplete at the time 
of writing. The fourth is still being reviewed for content. 

The performance analysis report was originally planned to be a monthly report for 
the guidance of the parish superintendents. It listed by gangs, accomplishment, work 
effort, cost and comparison with standards. This report is now being printed sum
marizing work by superintendents. I t is stil l a useful report for middle and top man
agement and as a quarterly report does furnish the superintendents some help. How
ever, i t has been fovmd to be beneficial for production rates to be computed by the 
parish clerks and superintendents from the biweekly activity reports and summarized 
monthly. These summaries are to be brought to a monthly meeting of the superinten
dents and made part of a group discussion. Those districts using this technique find 
a greater awareness of the value of productivity standards developing among the super
visory personnel. 

It is realized that the continual reassessment of these reports will be needed and 
that probably future changes will be necessary. 

MAINTENANCE POLICIES 
In the same way as the planning process sets work objectives, overall management 

objectives are set through policies. In Louisiana, policies are being developed by an 
advisory committee composed of major section heads and district engineers. 

The basic policies which have been recommended for approval are shown in Exhibit 1. 
These policies reflect the way the Department intends to handle the management of 
maintenance. These policies spell out the kinds of standards which will be developed, 
the use of standards in planning, and the process for continuous performance evalua
tion and improvement. 

Exhibit 1, 

BASIC MAINTENANCE OBJECTIVES AMD POLICIES 

OBJECTIVES 
The ob j e c t i v e s of the maintenance function are as follows; 

1. To preserve the investnents made i n s t a t e highways, 
bridges and appurtenances. 

2. To provide adequate l e v e l s of saf e t y , comfort and 
convenience to the motorists, 

3. To ensure economy i n the expenditure of resources. 

BASIC POLICIES 
The three o b j e c t i v e s s e t forth above s h a l l be f u l f i l l e d through 

implementation of the f i v e b a s i c p o l i c i e s s e t forth below: 
1. Standards of performance r e l a t i v e to work q u a l i t y , 

work quantity and work methods applicable to mainte
nance a c t i v i t i e s s h a l l be established. 
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Exhibit 1, Quality standards . . . To define the l e v e l - o f - s e r v i c e 
(Continued) o b j e c t i v e s for highway f a c i l i t i e s . 

Quantity Standards. , . To e s t i n a t e the volumes, by type, 
of the maintenance work required 
to maintain highway f a c i l i t i e s 
at adequate l e v e l s of s e r v i c e . 

Methods Standards. . . To define the most e f f e c t i v e 
methods developed for doing the 
work, and to e s t a b l i s h productiv
i t y r a t e s that can be expected 
through using these methods, 

2. Annual maintenance programs s h a l l be developed and adopted. 

Annual maintenance programs s h a l l be developed to define 
the types and amounts of maintenance required. Programs 
s h a l l be based on es t a b l i s h e d performance standards and s h a l l 
r e f l e c t estimated requirements for manpower, equipment and 
materials for each maintenance a c t i v i t y i n each D i s t r i c t . 

Maintenance programs s h a l l be developed under the d i r e c t i o n of 
the Maintenance Engineer, reviewed by the Chief Construction 
and Maintenance Engineer and by the Chief Engineer, and ap
proved by the Director. 
Approved maintenance programs s h a l l be the basis for prepa
r a t i o n of maintenance budgets and for the a l l o c a t i o n of r e 
sources to i n d i v i d u a l D i s t r i c t s . 1/ Budgetary allotments 
s h a l l define s p e c i f i c funds for: 

+ Routine maintenance and operations 
+ Sp e c i a l maintenance programs 
+ State force construction and betterment 
+ Administration and overhead. 

3. A system of performance evaluation and control s h a l l be 
adopted. 

A system of work reporting s h a l l be established to provide 
a record of work accomplishment i n terms r e l a t a b l e to the 
work programs. Performance reports s h a l l be made a v a i l a b l e 
to maintenance managers at a l l l e v e l s i n forms best designed 
to serve t h e i r needs. 

Performance reports s h a l l be used to guide managers and 
supervisors i n (1) the f u l f i l l m e n t of the planned maintenance 
program, (2) the evaluation and improvement of performance, 
and (3) the review and v e r i f i c a t i o n of performance standards. 

4. A system of long-range planning s h a l l be adopted. 

A system of long-range maintenance planning s h a l l be estab
l i s h e d to provide a b a s i s for estimating long-term require
ments for manpower, equipment, materials and money. 

Projec t i o n of maintenance needs s h a l l be over a period of 
years s u f f i c i e n t to permit f i s c a l coordination with 
long-range highway construction programming. 

5. A s e r i e s of operating p o l i c i e s s h a l l be adopted. 
I t s h a l l be the r e s p o n s i b i l i t y of the Chief Maintenance and 
Operations Engineer to develop and e s t a b l i s h operating 
p o l i c i e s and procedures withm the framework of the basi c 
o b j e c t i v e s and p o l i c i e s . 

blttSCTOS OF SIGHWAVS BITE-

1/ E f f e c t i v e for F i s c a l 1969 - 1970 Budget. 

EXPERIENCE IN IMPLEMENTING 
The results obtained at the performance laboratory with emphasis on findings from 

methods studies and the development and utilization of management procedures at the 
operating level are discussed in the following sections. The implementation of these 
results in other areas of the State is also discussed. 
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PERFORMANCE LABORATORY 
General Results 

During 1967, a maintenance performance laboratory was conducted m Natchitoches 
Parish. The following were the results of the laboratory. 

1. The best staffing, equipment assignments, and procedures for work performance 
were determined. Productivity standards were established based on these methods. 

2. Quantity and quality standards were developed for the major maintenance func
tions for application on a statewide basis. 

3. Management procedures necessary for operation of the maintenance management 
system were developed and implemented. 

4. The potential for improved performance of maintenance operations through the 
use of standardized work methods and management procedures was demonstrated. 

The laboratory was conducted as a joint effort between the Department and the con
sultant. The consultant provided a resident research associate at the Alexandria dis
trict as well as specialized assistance from the project manager and consultant staff. 
Department participation included the assistant maintenance engineer from the Alex
andria district who acted as performance laboratory coordinator, a research analyst, 
and four technicians. Data on maintenance operations were collected, summarized and 
analyzed to fu l f i l l the objectives of the study. Alternative methods and procedures 
were tested and performance standards compiled. 

Quantity standards were defined in terms of the annual amount of work required per 
planning unit. Quantity standards were set in three ways. First, standards for cer
tain functions applying to bituminous surfaces were established through an economic 
comparison of alternative ways of performing work. Next, some standards were set 
following inspection and observation of maintenance requirements at the Laboratory 
and analyses of data from the reporting system. Finally, certain quantity standards 
were established on the basis of a desired service frequency. A summary of the ap
proved quantity standards is shown in Figure 10 (Appendix). 

Quality standards were defined by the standards panel for the major routine main
tenance functions. Similar standards developed by AASHO, Virginia, and Ontario 
were reviewed. The final quality standards were based on the collective judgment of 
experienced maintenance personnel on the standards panel. The approved quality 
standards were then incorporated in a set of standard work procedures for each func
tion. An example of these work procedures is shown in Figure 11 (Appendix). 

Several methods or accomplishment studies, similar to those used on the Iowa and 
Virginia research projects, were conducted in order to develop detailed data relating 
to specific maintenance operations. Observers employed wristwatches to obtain a 
complete record of working time and delays associated with each individual element of 
work throughout the day. An example of the type of data collected through accomplish
ment studies is shown in Figure 12 (Appendix). 

Findings from the accomplishment studies coupled with field observations of work 
performance and analyses of data generated under the daily reportii^ system were used 
to determine optimum staffing patterns, equipment assignments, and procedures. Once 
an optimum method was selected, i t was implemented as the standard practice in the 
parish. At the conclusion of the laboratory, a standard production rate—in terms of 
labor hours per unit work quantity—was derived for each major maintenance function. 
A standard unit cost when performing each function by the standard method was also 
derived. Crew staffing and equipment assignments were standardized based on average 
conditions encountered; the Parish Superintendent has leeway to alter basic staffing if 
a hauling distance or traffic control problem exists. An example of approved pro
ductivity standards is shown in Figure 13 (Appendix). 

A standards panel, consisting of a maintenance representative from each of the 
nine districts in the State, as well as one from headquarters, was formed and met 
monthly for the duration of the laboratory. The panel reviewed and evaluated the basic 
approach taken in the laboratory and the conclusions reached. The panel was instru
mental in establishii^ quality standards, setting quality standards, and defining the 
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standard methods and productivity values. Members of the panel established test 
parishes in their own districts to try out methods and evaluate the management proce
dures being developed. 

The implementation of improved methods and procedures at the laboratory resulted 
in better utilization of manpower, materials and equipment which was indicated by im
proved productivity trends. An example of the improved productivity attained at 
Natchitoches during the laboratory is shown in Figure 14 (Appendix). When improved 
work methods and management procedures were installed at the laboratory, the parish 
forces performed betterment-type work. The betterment projects were work items 
not normally undertaken by maintenance forces that were designated specifically for 
the laboratory. 

As standard methods and productivity values were finalized at the laboratory, they 
were introduced gradually to other parishes of the Alexandria district as well as state
wide in the test parishes. After being developed, the performance standards were 
incorporated into a "Maintenance Superintendents Manual" which was distributed to all 
parishes. As mentioned previously, training materials and techniques are being de
veloped which will instruct maintenance personnel in the proper application of the per
formance standards for the major maintenance categories. 

Methods 
A number of alternative methods for performing maintenance operations were eval

uated at the laboratory. In general terms, the following items were evaluated: (a) 
crew size, (b) type and number of equipment units, and (c) work procedures. 

The methods chosen for testing were selected as the result of a review of methods 
studies conducted in other states, analyses of data from the accomplishment studies, 
and conclusions reached following general work observations. The criterion used to 
accept or reject any particular method was an improvement either in workmanship or 
productivity. I t was necessary, of course, to evaluate subjectively any changes in work
manship that occurred as a result of using different methods. 

Crew size or staffing was the single most important factor affecting productivity of 
operations. The fixed-size gangs virtually dictated the use of a full-sized crew for 
almost all operations regardless of actual requirements. For example, i t was not 
uncommon to see an asphalt gang of 10 to 12 men used to premix patch and the same 
gang at a later time used to repair cracks in the road. Aside from those operations 
where hauling distance for materials became involved i t was found that, in general, the 
fewer men assigned to an operation the better the resultant productivity. For example, 
when patching with cold premixed material stored at the unit, the smaller crews 
achieved higher productivity than the larger crews. The relationship between the size 
of the crew and resultant productivity is shown in Figure 15 (Appendix). If two men 
were assigned to remove trash from litter barrels, the maintenance supervisor could 
expect an overall productivity about twice as high as that achieved by a single man. The 
same held true for blading and reshaping shoulders or gravel roads. A single motor 
grader functioned more effectively than two motor graders working as a team on the 
same job. 

On those operations where varying haul distances for materials were involved, the 
absolute size of the crew was not as important as achieving the proper balance between 
men and equipment for the different distances. For example, in patching nonpaved 
shoulders i t was found that, at times, both small and large crews might attain good 
productivity values. It was important to have enough trucks assigned to the operation 
so they could make their trips to and from the pick-up area without causing any major 
delays in the operation. The number of hauling trucks and men had to vary as the haul
ing distance was closer or further away from the work site. On the basis of average 
haul and dump times. Figure 16 (Appendix) was developed as a guide for the parish 
superintendents when scheduling this activity. So, for this type of activity, a nominal 
crew size and equipment complement was established and the parish superintendent 
made adjustments as the occasion demanded. If haul distances were extensive, then 
the addition of a truck or two to the basic crew would result in better productivity and 
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conversely when haul distances were shorter the trucks had to be eliminated in order 
to achieve high productivity. 

Besides the crew size and amount of equipment taken to a job, the sequence of opera
tions or work procedures were an important aspect of the job if high-quality work was 
to be expected. Adequate work procedures were developed for the major maintenance 
functions. Without continual follow-up action by managers, personnel were apt to slip 
back to their old habits when performing maintenance work. For example, tack coat
ing prior to a premix patch is generally regarded as an essential step to effect a per
manent repair. Yet field personnel who had not been in the custom of placing a tack 
coat found it difficult to adjust to the new requirement. 

Another important aspect of methods was the organization of work so that a crew 
had a ful l day's job. This was really a part of the scheduling process. It was obvious 
that if the right number of men and equipment were sent to do a job and the job did not 
require a ful l day and if the crew did not have anything else in sight, then, even though 
they used correct procedures, they were going to dawdle around so that their overall 
daily productivity for that job would be lower than need be. The supervisor of field 
operations had to assure that the work was there to be done and that when a crew fmished 
on one road they either had an assignment on another road or some other task to do. 
Otherwise, they were being used ineffectively and did not attain the desired end result 
of good productivity. 

The best methods were the basis for productivity, unit cost, and cost distribution 
standards. The standards so selected were thus field tested and attainable by all par
ishes in the State providing they used the same methods and scheduled work m the same 
manner as was done at the laboratory. 

MANAGEMENT PROCEDURES 
Work Emphasis 

A chronic problem with maintenance work in the State was that field personnel did 
more than that which was necessary. Maintenance, of course, falls into two basic 
categories. Either it is corrective or preventive in nature. Corrective maintenance 
such as repair of potholes or serious road depressions must be undertaken immediately 
to provide for safe travel by the public. The area of preventive maintenance is the 
one where judgment enters the picture. At what point is i t necessary to go and correct 
a minor fault in the road? Must roads be maintained to an as-buUt condition? 

It was found that roads were generally over-maintained although this was probably 
attributable to the over staffing existing at the field level. Because of the virtually 
limitless manpower available, the roads were literally being worked to death. All 
trivial depressions were leveled, all surface cracks, regardless of width, were poured. 
Nonpaved shoulders and gravel roads were bladed more often than necessary. No guides 
were available to field personnel as to when work was required. 

For corrective maintenance, the decision of when to repair was relatively straight
forward—a traffic hazard existed and had to be removed. But with items of a preventive 
nature, no criteria existed as to when work should be imdertaken. It was also found 
that different supervisory personnel had a tendency to stress different types of activities 
so that, somewhat paradoxically, i t was not uncommon to see some particular mainte
nance operation neglected. The development and enforcement of quality and quantity 
standards helped alleviate this situation at the performance laboratory. 

Another adjunct of the excess labor force was an emphasis on performing minor daily 
activities. This was necessary because the men had to be kept busy and, even though 
it may have been more economical to perform major activities with large work forces 
instead of the minor activities, this was clearly impractical from an operating level 
viewpoint. For example, one foreman at the laboratory had been in the habit of using 
a bituminous mixer (pugmill) every day to keep his assigned road miles in shape. This 
was what had been done before and his experience dictated that this had to be done al
most every day to keep the roads in good condition. But with the same number of men 
he used for the pugmill operation he could have purchased premix material from a 
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commerical plant and accomplished as much in one day as i t was taking him five days 
to complete. Of course, with the pugmill his men were busy all week, however in
efficiently, rather than just one day. 

Particularly on bituminous surface activities, a shift will be made from minor 
daily activities to major work. The prime example is the seal coat program. The 
cost of surface treatment patching by parish forces is about $ 15 per cubic yard as 
opposed to a seal coat cost of $ 10 per cubic yard. But more emphasis had been placed 
in the State on the higher-cost surface treatment patching rather than planned seal 
coats. With the new standards, seal coats of bituminous roads wUl be programmed 
to occur on the average of every five years and surface treatment patching will only 
be used as a stop-gap measure to protect a road in-between seal coats. Thus, the 
money expended will be more fruitfully employed than it had been in the past. 

Planning and Inspections 
An annual maintenance program for each parish will be developed from the per

formance standards specified for routine maintenance functions. An example of the 
annual program for Natchitoches Parish during Fiscal Year 1969 prepared from ap
proved standards is shown in Figure 17 (Appendix). The miscellaneous category is 
the contingent plan to take care of work on those functions for which there are no stan
dards. The labor hours for construction and betterment projects represent, in reality, 
the excess manpower available at the parish when only the proper amount of routine 
work is done by the best-known methods. As a guide for field personnel, the annual 
program of the parish will be broken down by quarters according to the recommended 
seasonal distribution. An example of a quarterly breakdown of the annual program 
for bituminous surface maintenance is shown in Figure 18 (Appendix). 

An annual road inspection was conducted at the laboratory to inventory existing 
maintenance requirements. This inspection was carried out by a representative from 
the district and the parish superintendent. Inspection forms are stUl in a develop
mental stage but the versions currently being evaluated are shown in F^ure 19 (Appen
dix). The purpose of the inspection is twofold: first , to locate and identify, in general, 
the routine maintenance work that is required; second, to locate and identify, in de
tail, the special work to be done during the year such as seal coats, overlays and better
ment projects. 

Obviously, an annual inspection cannot uncover every maintenance requirement that 
will develop during the year, but i t can pinpoint conditions that exist at the time of the 
inspection and that will have to be corrected. A road that has already started to ravel 
seriously will have to be patched, a ditch that is blocked will have to be cleaned. The 
need for annual inspections is an absolute; without it, the field supervisor wUl not be 
in a position to schedule work adequately. 

The superintendent relied on annual inspection forms as his general guide for sched
uling operations at the laboratory. When work on a road was completed, the superin
tendent crossed it off the inspection form with a red pencil. To supplement the annual 
inspection forms, the superintendent made personal inspections of roads prior to 
scheduling to determine if the maintenance requirements had changed drastically. This 
pre-scheduling inspection was conducted on an informal basis. 

In addition to the annual inspection and pre-scheduling inspections, the superinten
dent inspected work while i t was in progress as well as when i t had been completed. 
The geographical extent of the parish and number of crews set up on any day made it 
physically impractical for him to check every job every day. He had to exercise judg
ment and spot-check the high-cost jobs or those that the men were unfamiliar with or 
those where one crew was not as competent as another. All three elements of work 
performance—quality, quantity, and productivity—are closely interwoven and, while 
making inspections the superintendent had to evaluate the adequacy of all three of them. 

Scheduling 
It was evident from the begining of the project that very little planned scheduling of 

work was being done at the parish level. Reports of road conditions made by supervisors 
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from the district level or others caused changes in parish operations at the last mo
ment. These reports often caused the parish superintendent to change plans for the 
day's work with little regard for economics. At best, scheduling of work was sporadic. 
Job assignments, when made by the parish superintendent, were normally done on a 
daUy basis although most of the time each gang foreman was responsible for scheduling 
the work for his gai^. 

Because of the variety of operations that might take place in any one parish, i t was 
recognized that a formal scheduling technique was needed. A written schedule met only 
partial acceptance by field personnel mostly because of their low education level. 

However, the district must assure that parishes develop short-range schedules which 
fully utilize the capacity of the parish. The type and amount of work scheduled must 
be in accord with the types and amounts specified in the annual program or uncovered 
through the annual inspection. Likewise, the labor and equipment scheduled must 
generally approximate that recommended in the standard methods. Otherwise, the 
district may find the parish doing work other than that which was necessary or using 
more labor or material than had been anticipated. 

Several techniques for scheduling work were tested in the laboratory; the one finally 
selected and one that met the approval of most of the parish superintendents was merely 
a fiberboard, approximately 4 by 8 f t , posted with appropriate entries that hung in the 
parish superintendent's office where i t could be viewed by all parish personnel. The 
scheduling board is shown in Figure 20 (Appendix). The scheduling board served in 
a dual capacity, acting not only as a means of formalizing the work schedule, but also 
as a means of making specific daily job assignments of personnel and equipment. The 
scheduling board was posted by the parish superintendent, as a minimum, once each 
week. No permanent record was kept of any weekly schedule; if i t ever were necessary 
for management to know precisely what work was done on a particular day, they could 
determine this from the daily work reports used in the reporting process. 

The scheduling board contained a columnar listing of personnel in the parish, two 
tables of maintenance activities and codes, and two maps of the parish showing each 
state maintained road color-coded by road system classification. To the left of the 
personnel listing were columns where any type of leave could be posted for all person
nel. To the right of the personnel listing were two columns, one for normal schedule 
and one for the inclement weather schedule. Thumb tacks of various colors were used 
as markers to designate the functions that would be done, the number of specific names 
of men assigned to each, and the road locations where the work woidd take place. 

The parish superintendent scheduled work on a weekly basis. So, once he set up a 
repair crew, he tried to keep the basic crew intact for at least a week if there was 
enough work to do so. The scheduling was done on the Friday preceding the work week. 
Prior to the superintendent's scheduling, the parish clerk placed markers in the leave 
columns beside the names of the men who were known to be on leave. 

To illustrate how the scheduling board was used, assume a surface treatment patch
ing crew was being set up. The superintendent would place a colored marker in the 
normal schedule column beside the names of the seven men (standard crew size for this 
function) he selected to be in the crew. He would then place a similar colored marker 
in the normal schedule maintenance "Function Table" under Function 411—surface 
treatment patching. Finally, a similar colored marker would be placed on the parish 
map on the specific road where work was to commence. 

Other crews were scheduled in the same manner but with different colored markers. 
By using recommended crew sizes, there were usually two to three men left over who 
would then be assigned some miscellaneous task of low priority. K a member of one 
of the regular crews was unexpected'v absent on a given day, one of these men could 
be reassigened to the regular crew wich relative ease. Only rarely did it become nec
essary to readjust the entire schedule because of absentees. 

Using the same techniques, the superintendent would then devise an inclement 
weather schedule for the parish. The superintendent finally reached a point where i t 
took him about an hour to schedule the work for the week. On a daily basis, the only 
thing that had to be done was to change road markers when a crew completed their work 
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on one road and to make any minor modifications necessary when men were absent or 
a true emergency had arisen such as an equipment breakdown. 

In making job assignments, the superintendent relied on his intimate knowledge of 
personnel and equipment capabilities. Certain personnel were better at performing 
some tasks than others. Even when the same equipment and procedures are used, 
personnel are going to perform differently—not as differently as when they had used 
non-standard procedures but still a natural variation will exist. For example, older 
personnel will not perform as vigorously as their youi^er counterparts. Different 
items of equipment also will perform differently. There were no standard hitches on 
trucks, for example, so when the towed air compressor was assigned for an operation 
the superintendent had to make certain that only a truck with the appropriate hitch was 
designated to tow it. These, as well as other factors, had to be taken into considera
tion by the superintendent when making the schedule. 

Although it happened infrequently, sometimes the superintendent was not able to 
inspect the roads prior to scheduling because of the press of administrative details or 
necessity for him to oversee personally an on-going operation, particularly some of 
the betterment projects where the men were unfamiliar with the operation. When this 
happened, the superintendent had to rely solely on the annual inspection forms for his 
schedule. 

Using district and parish supervisory personnel, attempts were made to delineate 
the actual maintenance requirements in more detail. For example, areas to be patched 
were outlined on the road with spray paint. But this was more in line with training than 
scheduling and due to the time and expense involved did not justify the results for rou
tine maintenance activities. When field personnel become well versed with the quality 
standards, they will be capable of making decisions of this nature by themselves. 

Scheduling of maintenance work was generally accepted across the State. Even 
before the laboratory was completed, most parishes had adopted simUiar devices and 
had begun to formalize work scheduling. 

Work Control 
Control over maintenance operations, or assuring that performance standards are 

met, must take place at both the parish and district levels. The criteria for evaluating 
the quality of work are, for the most part, subjective in nature; for this reason, the 
district bears a heavy responsibility for assuring uniformity among the parishes in 
work quality. The quality and quantity standards were designed to guide the undertaking 
of operations. At the laboratory, district personnel made frequent inspections of parish 
roads and checked the quality of work that was completed in addition to insuring that 
only needed work was done. If the standards were not adhered to by the parish, action 
could be taken by the district to bring the work in line. 

Of course, the parish superintendent, foremen and workers did not relinquish their 
responsibilities for performir^ high-quality work. Workers had to be conscientious 
and apply proven techniques when they performed. The foremen had to direct their 
men so that a quality job was done. Also, the foremen had to make any individual de
cisions regarding road conditions and the need for work; for example, the specific areas 
that had to be patched and how far the patches had to extend. 

To achieve field control over work quantity and productivity, the superintendent had 
to be provided with up-to-date information on operations almost instantaneously. This 
was provided at the laboratory through employment of a work control board (Fig. 21, 
Appendix). By posting the cumulative results of operations every two weeks, the super
intendent had immediate knowledge of the existing situation in his parish with regard to 
work quantity and productivity for planned maintenance activities. 

On the work control board, each planned work function and its numeric code was 
listed in left-hand columns. For each road system, the planned quarterly work quantity 
for each function was listed. As work was completed, i t was posted in the actual column 
for the appropriate function and system. Data on the amounts of work done were taken 
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directly from the biweekly activity reports which were submitted to Baton Rouge for 
processing on the computer. Thus, the parish superintendent could tell at a glance what 
work, if any, was being neglected and on what road system. The planned work quanti
ties posted were taken from the annual maintenance program and, as such, had to yield 
to legitimate requirements uncovered during road inspections. K the actual work quan
tity for a function was higher or lower than that planned because of road inspections, 
there was a valid reason for the difference and no control action was necessary. How
ever, if i t was different because no work had been scheduled or the crews were over
working the roads, then the superintendent had to take action to correct the situation. 
On entering a new quarter the planned work quantities for that quarter were added to 
those already on the Board thus providing a cumulative total of the amoimt of work 
planned to be done. 

Also listed on the board were the planned man-hours necessary to accomplish the 
work and the standard labor productivity. As work was completed the actual man-hours 
used and actual productivity attained were posted. The productivity for each operation 
was computed by the parish clerk, who in fact, bore responsibility for making all 
entries on the board after he had completed the biweekly activity reports. With the 
productivity values on the board, the parish superintendent could tell immediately 
which operations were in line with the standard productivity; those that were not, re
quired some type of action on his part. Thus, with the board, the parish superinten
dent had the information readUy available that he needed to take action to bring work 
quantities and productivity in line with planned values. 

To control operations from the district level, a similar work control board was 
kept at the district office (Fig. 22, Appendix). The same activities as those listed on 
the parish work control board were listed. But, in this case, the planned and actual 
work quantities were not broken down by road system, only the planned and actual 
total quantities for the district as a whole were listed. For each parish the actual 
productivity attained to date on each operation was listed. Thus, an immediate com
parison of the productivity results at each parish could be made. 

Total work quantities were posted on the board by district personnel; productivity 
values for each parish were posted by parish superintendents. By requiring parish 
superintendents to post their own productivity values, they were drawn more directly 
into the control process and displayed more interest in actually achieving standard 
productivity. The district work control board was posted once a month; a copy of the 
monthly entries was kept on a form at the district office. The board was reviewed at 
a monthly meeting held at the district office with parish superintendents. These meet
ings served as open forums for discussing mutual problems and differences in pro
ductivity. The meetings also were useful as informal training sessions for personnel 
in current methods and procedures. With information from the district board, district 
managers could take whatever steps they deemed necessary to bring results closer to 
those anticipated. 

The use of control boards at parish and district levels did not obviate the need for 
computer output reports. But, rather than have field personnel wait for computer re
ports, the boards provided immediate information for the field. An implicit assump
tion in using the boards was that labor productivity was a sufficient indicator of e f f i 
ciency for field use because the boards did not furnish any information on the cost of 
operations. The computer reports, however, do summarize operations and provide 
information on costs to district and upper-level management 

PERSONNEL TRAINING PROBLEMS 
A survey was made to identify the training needs of the personnel who supervise 

the maintenance and operation of highways, bridges, ferries, and tunnels in Louisiana 
including: (a) an analysis of the characteristics of the supervisor and potential super
visor forces; (b) an analysis of the work performed and the knowledge, skills, and 
abilities required to perform that work; (c) measures of the extent to which current 
and potential supervisors possess the required knowledge, skills, and abilities; and 
(d) identification of the capacities and the willingness of the current and potential super
visors to learn that which they need to know in order to effectively do their work. 
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Age 
A total of 636 persons are currently employed to supervise the maintenance and 

operations of highways and bridges. Another 1,662 persons are employed in positions 
from which promotions to the supervisory level are made. 

The supervisors and potential supervisors range in age from less than 25 to more 
than 65 years, indicating that special steps will have to be taken to Insure that all 
personnel can participate effectively in any training provided. 

The average age of the supervisor personnel is 51 years; the average age of the 
potential supervisor personnel is 49 years. These data indicate that: (a) little differ
ence exists in the age characteristics of the two groups, and (b) both groups are repre
sented principally by personnel who have had little or no formal training exposure for 
more than 30 years. 

Education 

Thirty-four percent of the supervisors have had less than eight years of education, 
whereas 32 percent have graduated from high school. Seven percent of the supervisors 
have attended college and 3 percent havei graduated from college. 

Sixty-three percent of the potential supervisors have had less than eight years of 
education, and 11 percent have graduated from high school. 

These differences in educational attainments among persons in the same training 
population indicate that great care must be taken to insure understanding of the train
ing materials by all personnel without reducing the motivation for training attributable 
to the better educated individuals. These data further Indicate that any training pro
gram must consist of basic courses to be taken as prerequisites to technical courses 
for persons with limited educations. 

Experience 
The range in experience for both supervisors and potential supervisors is from a 

few moths to more than 20 years. Sixty-nine percent of the supervisors and 41 percent 
of the potential supervisors have had more than 10 years of experience. These ex
perience data indicate that: (a) most employees have had considerable exposure to 
highway operations and can be expected to have strong feelings about how work should 
be done, and (b) the training approaches will have to recognize that some personnel 
have had little opportunity to acquire knowledge of maintenance technology while others 
have learned a great deal through work performance. 

Work Force Makeup 
The distribution of all personnel employed in the maintenance function of the Depart

ment is shown in Figure 23 (Appendix). 
1. The total force consists of 4, 852 persons employed at the state, district, and 

parish levels. 
2. The supervisor group consists of 636 persons—13 percent of the total force. 
3. The potential supervisor group consists of 1, 662 persons—34 percent of the total 

force. 
4. The non-supervisor group includes 2, 326 persons—48 percent of the total force. 
5. The clerical group includes 228 persons—5 percent of the force. 
The reaction of those Department personnel already introduced to the new methods 

and procedures has varied from total acceptance to total rejection. Generally, we 
found that newer employees with less experience or familiarity with the existing prac
tices in the Department were the quickest to adapt to the new procedures. Older em
ployees, who tended to worry more about ]ob security, were more reluctant to accept 
the changes. However, as the benefits and advantages of the new practices became 
evident to these people, they began gradually to accept the changes. We felt that most 
of the Department employees would be able to adjust to the new system with proper 
training and follow-through by management. 
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As mentioned, one phase of the current project is devoted to the research and de
velopment of training techniques and procedures appropriate for maintenance person
nel. New concepts will be investigated and tested. Examples of training materials also 
will be developed and tested. 

Four basic techniques for training maintenance personnel are being tested: 
1. Programmed Instructions—self -instructional material in a printed book form 

designed so that trainee can proceed at his own pace. 
2. Audio - Visual Instructions—self -instructional material in which a regular slide 

projector and tape recorder will be used. 
3. Workshop—a carefully led small group where emphasis is placed on group 

participation. 
4. Conference or Seminar—conventional training utilizing an instructor to present 

the material. 
The subject matter for the f i rs t series of training courses covers work on bituminous 

surfaced roads. This category of work was selected for development of training ma
terial because bituminous surface care involves a high percentage of the cash outlay 
for maintenance. Training materials for other categories of maintenance are also 
being developed. 

The training materials will be evaluated in two stages: 
•Short-term—an evaluation directed to the comparative commimication ability of 

the various methods as determined from pre and post testing. 
•Long-range—an evaluation from the reporting system which will show performance 

change and dollar savings. 
The training will be administered by the line organization. Primary evaluation of 

effectiveness will be by district engineers. It is anticipated that all four basic tech
niques will be used on a permanent basis with the situation dictating which technique 
is required. 

SUPERINTENDENTS MANUAL 
The Superintendents Manual was designed as a "working manual" to help field per

sonnel in performing work more effectively. The contents of the manual are based on 
research work conducted in the performance laboratory. The manual was developed 
to permit changes to be made readily as new sections are added from time to time as 
well as revisions made to existing sections. 

Contents 
A brief description of the contents of each section of the manual follows: 

Section 1 Responsibilities 
This section informs the superintendent of the basic objectives of the Maintenance 

Department and tells him of his responsibility as a supervisor. An overview of the 
entire maintenance management system in terms the superintendent can understand 
is also presented. 
Section 2 Maintenance Standards 

A general description of the performance standards, as approved by the standards 
panel and tested in the performance laboratory is presented. 

Quality Standards—These standards provide a tool for supervisors in that they de
fine conditions that are acceptable as well as conditions that are unacceptable. For 
example, the Quality Standard for mowing says that roadside grass should not be higher 
than twelve inches. Another example is found in depressions in bituminous surfaces. 
When these are less than one inch in ten feet they are acceptable, however, depressions 
greater than one inch in ten feet cause a rough riding surface that is uncomfortable and 
if they develop into potholes they are a hazard. These are unacceptable and should be 
corrected. 
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Quantity Standards—These standards provide the basis for the Initiation and mea
surement of work thus providing a tool for planning and controlling work. 

Methods and Procedures—These standards provide guides for staffing arrangements 
and equipment assignments as well as proper procedures to assist the superintendents 
in performii^ work uniformly on a statewide basis. 

These standards also provide a production rate and unit cost to enable the superin
tendent to become aware of what it costs to do the work. 
Section 3 Annual Program 

This section shows how work is planned in accordance with the standards. The 
following is an example for premix patching. 

Parish Mileage Responsibility 
Primary system - 100 miles 
Secondary system - 60 miles 
Farm-to-market system - 140 miles 

Annual Quantity Standards 
Primary system - 2.0 tons per mile 
Secondary system - 4.0 tons per mile 
Farm-to-market system - 4. 0 tons per mile 

Annual Quantity 
Primary - 100 miles x 2. 0 tons per mile = 200 tons 
Secondary - 60 miles ^ 4. 0 tons per mile = 240 tons 
Farm-to-market - 140 mUes x 4. o tons per mile = 560 tons 
Total pre-mix required for year 1, 000 tons 

Man-Power Required 
The productivity standards indicate a rate of 3. 0 man-hours per ton to place 
pre-mix; therefore, 3.0man-hours x 1, 000 tons = 3, 000 man-hours required. 

Funding Required 
Labor - 1, 000 tons x $6. 60 per ton = $6,600 
Equipment - 1,000 tons x 2. 20 per ton = 2,200 
Materials - 1,000 tons x 8.20 per ton = 8,200 
Total $17,000 

Section 4 Inspection 
This section of the manual covers inspections in the following order: 
• Annual inspection 
• Pre-scheduling inspection 
• On-the-job inspection 
• Workmanship inspection 

Section 5 Scheduling 
This section of the manual stresses the importance of scheduling work. Five ques

tions the superintendent must have answers to in order to schedule his work effectively 
are: 

• What is to be done? 
• Where is it to be done? 
• How is i t to be done? 
• Who is to do it? 
• When is it to be done? 
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Section 6 Performance Reports 
This section lists and describes sources of information made available to the super

intendents, including: 
• Biweekly activity reports 
• Annual maintenance program 
• Performance analysis report 
• Quarterly performance report 

Section 7 Methods and Procedures 
This section presents the performance standards for all major functions. The 

standards provide the following information: 
• Function description 
• Recommended crew size 
• Recommended equipment complement 
• Approximate accomplishment per day 
This section also includes the annual work quantity standards and unit costs and 

productivity standards so as to give each superintendent a complete picture of the 
management system at his level. 

Distribution and Implementation 
The Superintendents Manual was distributed to each district for use by all parish 

superintendents. Training in the use of the manual was handled by district person
nel. The intent of the manual is to provide Information for employees who are super
intendents now and also for those who will be promoted to superintendents. 

IMPLEMENTATION OF RESULTS 
Certain aspects of the maintenance mangement system have been implemented 

statewide. For example, the reporting system and scheduling process are being uti
lized throughout the State and are working satisfactorily. Other aspects of the system, 
such as the use of standard methods and formalized inspections, have been implemented 
in several parishes. 

A formalized step-by-step implementation of the total maintenance management 
system will be conducted during Fiscal Year 1969 in the Lake Charles district. At 
present, implementation of the system or any part thereof in the remainder of the 
State is at the discretion of the district engineers. 

Procedures are being developed for preparing the district annual maintenance bud
gets on the basis of performance standards. We anticipate that the Fiscal Year 1970 
maintenance budgets for all districts in the State will be prepared in this manner. 

Appendix 
The following pages contain charts, forms, and tables referred to in the text of 

the paper. 
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LOUISIANA DEPT OF HIGHWAYS MAINTENANCE STANDARD 

SURFACE TREATHENT PATCHING 

INDEX NO 11-1 
FUNCTION NO 411 
EFFECTIVE DATE 3/1/64 

DESCRIPTION 
Patching bituminous roadway surface with one or more applications of hot 
asphalt and aggregate. 

PURPOSE 

To seal small areas and prevent surface deterioration from cracking or 
raveling. 

PROCEDURES 

1. Broom area to be patched. 
2. Adjust width of spray bar and shoot asphalt in a rectangular area 

at least six inches beyond deteriorated area. Small area patches 
w i l l be shot with hand hose. 

3. Spread aggregate uniformly over the asphalt, using the choke board 
where necessary. 

4. Roll the patch, overlapping each pass, u n t i l the entire patch has 
been ro l l e d 

5. I f more than one application i s used, only the last application need 
be squared up. 

Figure 11. Work procedure—premix patching. 

DISTRIBUTION OF 680 HAN-HOURS NAWT FOR HEN 
ASSIGNED TO PREHIX PATCHING WITH HOT HIX (412) 

Items 
Total 

Uinutes 
Percent 
of NAWT 

Performance 
(Average Per Hour) 

At Worksite 
A Cyclic work items 

1. Remove old pavement 787 1.9 
2. Tack hole 461 1 1 
3. Spread hot mix 7,588 18.6 217 square yards 

6.5 tons 
4, Roll patch SIO .1.3 
5 Hove ahead to new work area 1,343 3.3 

B, Supporting work items 3,684 9.0 
C. Delays - wait on cyclic work items 4,848 11.9 
D. Delays - other 2,306 5.6 

Total Worksite 21,527 52.7 0.6 tons 

Other 
E. Travel to, from, or between 

worksites 14,895 36.5 
F. Supporting work items 2,139 5.3 
G. Delays 466 1.1 
H. Non-supporting work items 1,750 4.4 

Total Other 19,250 47.3 
Grand Total 40,777 100.0 0.3 tons 

Productive time (A/B/E/̂ F) 31,407 77.0 

Figure 12. Accomplishment study data summary. 
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A c t i v i t y 
Amount Done 

In 1967 
1966-1967 Rate 
D i f f e r e n t i a l 

Man-Hour 
Savings 1/ 

1966-1967 
Unit Cost 

D i f f e r e n t i a l 
Dollar 
Savings 2/ 

Surface Treatment Patching 3 356 Cu. Yds. -0.3 - 1 007 -$ 3.10 -$10 404 

Premix Patching 1 921 Tons 2.1 3 951 3 16 6 089 

Concrete Patching 370 Cu. Yds. 16.5 6 105 41.22 15 251 

Premix Patching - Concrete 5 Tons 6.0 30 18.91 95 

Patching Non-Paved Surface 401 Cu. Yds. 0.6 241 2.98 1 195 

Reshaping Non-Paved Surface 815 Miles 0.3 245 0.36 293 

Patching Non-Paved Shoulders 4 196 Cu. Yds 0.3 1 259 1.10 4 616 

Reshaping Non-Paved Shoulders 618 H i l e s -0.2 - 124 - 2.25 - 1 391 

Mowing 12 075 Acres 0.3 3 623 0.81 9 781 

L i t t e r Cleaning 224 Loads -1.1 - 246 - 455 

T o t a l — — 14 077 ~ $25,070 
1/ Han-Hour Savings — Amount Done i n 1967 (1966 Rate Minus 1967 Rate) 
2/ Dollar Savings ~ Amount Done i n 1967 (1966 Unit Cost Minus 1967 Unit Cost) 

Figure 14. Benefits from method improvements. 
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Figure 15. Productivity for cold-mix patching related to crew size. 

Haul Distance 
Number 

Of Trucks 
Quantity 

(Cubic Yards) 

Accomplishment 
(Han-Hours Per 
Cubic Yard) 

0 - 5 Hi l e s 1 45 0.4 

6 - 1 0 2 56 0.5 

11 - 15 2 34 0.8 

11 - 15 3 51 0.6 

16 and up 3 42 0.8 

Figure 16. Number of haul trucks for various distances. 



A c t i v i t y Quantity Labor Hours Total Cost 

Bituminous Surface 
Surface Treatment Patching 1 114 Cu. Yds. 

Premix Patching 1 223 Tons 

Patching Base 1 477 Cu. Yds. 

Crack Repair 398 Gallons 

Seal Coat 55 H i l e s 

Premix Leveling 2 785 Tons 

Spot Surface Replacement 716 Tons 

Concrete Surface 
Patching Surface 

Premix Patching 

Patching Base 
Crack Repair 

Joint Repair 
Non-Paved Surface 

Patching Surface 
Keshaping Surface 

Restoring Surface 
Shoulders 
Patching Non-Paved Shoulders 
Reshaping Non-Paved Shoulders 
Restoring Non-Paved Shoulders 

Paved Shoulder Uaintenance 

Roadside and Drainage 

Clean and Repair Drainage 

102 Cu. Yds. 

20 Tons 
203 Cu Yds. 
203 Gallons 
162 100 L i n . F t 

135 Cu. Yds. 
322 Miles 
536 Cu. Yds. 

600 Cu. Yds. 
773 Hl l e s 

1,132 Cu. Yds. 

Structures 3 271 Man-Hours 

Clean and Reshape Ditches 4 Hll e s 

Machining Ditches 81 Miles 

Mowing 14 243 Acres 

L i t t e r Cleaning Roadside 263 Loads 

Servicing L i t t e r B a r r e l s 2 080 B a r r e l s 

2,228 
3,669 
2,954 

199 
2,860 
3,621 
2,005 

612 

60 

406 

101 

227 

162 
515 
322 

720 
1,160 

792 
245 

3,271 
960 
648 

14,243 
5,260 
1,248 

T o t a l 48,488 

$ 15,039 
20,913 
12,850 

676 
44,000 
31,192 
11,742 

3,529 

342 

1,766 
345 
599 

1,195 
2,318 
3,484 

$ 3,540 
5,256 
4,188 
2,102 

7,523 
3,424 
2,916 

45,578 
12,019 
3,016 

$239,552 
Total l e s s S e a l Coat and Premix Leveling y 42,007 
Allowance for Leave (17%) 17,136 
Miscellaneous (18%) 18,144 
Betterments and Construction 23,513 
Total A v a i l a b l e 100,800 

1/ S p e c i a l maintenance items to be done by d i s t r i c t w i d e forces. 

Figure 17. Annual program for Natchitoches Parish, fiscal 1969. 

A c t i v i t y 

Quarter 

A c t i v i t y 

1st 2nd. 3rd. 4th 

A c t i v i t y Quantity 
Labor 
Hours Quantity 

Labor 
Hours Quantity 

Labor 
Hours Quantity 

LaDor 
Hours 

Surface Treatment Patching 334 C Y. 668 223 C.Y 446 111 C Y 222 446 C Y 892 

Premix Patching 612 Tons 1,835 245 Tons 734 183 Tons 550 183 Tons 550 

Patching Base 517 C Y. 1,034 74 C.Y. 148 443 C.Y. 886 443 C Y 886 

Crack Repair ~ ~ 199 Gal. 100 199 Gal. 99 ~ ~ 

Seal Coat 27 Ml. 1,430 ~ ~ ~ ~ 28 Mi. 1,430 

Premix Leveling 1,393 Tons 1,810 ~ ~ 1,392 Tons 1,811 

Spot Surface Replacement 358 Tons 1,002 143 Tons 401 107 Tons 301 108 Tons 301 

Figure 18. Quantit)r breakdown of quarterly plan for bituminous surface maintenance Natchitoches 
Parish, fiscal 1969. 
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ROAD INSFLCriON AND 
MAINTENANCL INVENTORY 

Start Point m i l e s 

Route Number 

Control Section 

Heading N S E W 

End Point miles 

Mileage 

Miles From Start 

Function/Surf Type 

411 - Surf Treat Patch 

412 - Premix Patching 

413 - Patching Base 

414 - Crack Repair 

417 - Surface Replace 

421 - Patching Surface 

422 - Premix Patching 

423 - Patching Base 

424 - Crack Repair 

425 - Joint Repair 

431 - Patching Surface 

441 - Patch NP Shoulder 

Edge Rutting 

442 Reshape Shoulder 

Cut & Haul 

461 - Erosion Control 

462 - Drainage Struct 

463 - Clean Ditches 

464 - Machining Ditches 

471 - Brush Cutting 

Other Work & Remarks 

Major Work 

Seal Coat 

Leve l l i n g 

Overlay 

Restore Shoulders 

CONDITION Surface Shoulders Roadside T r a f f i c Serv Overall 

RATING E G F P E G F P E G F P E G F P E G F P 

Inspected by and 

Control Section 

Figure 19. Work inspection form. 
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Bnplovment Category 

SUPERVISOR GROUP 

Headquarters Administration 
Statewide Gang Foremen 
D i s t r i c t Administrators 
Resident Maintenance Engineers 
Maintenance Superintendents I I 
DisCrictwide Gang Foremen 
Maintenance Superintendents I 
Parish Gang Foremen 
Bridge, Ferry and Tunnel Foremen 

Subtotal 

POTENTIAL SUPERVISWt GROUP 

Equipment Operators I I I 
Equipment Operators I I 
Equipment Operators I 
Equipment Inspectors and Mechanics 
Bridge, Ferry and Tunnel Operators 

Subtotal 

NON-SUPERVISOR GROUP 

Equipment Operators I I 
Equipment Operators I 
Carpenters 
Painters 
E l e c t r i c i a n s 
Equipment Maintainers 
Aides and Inspectors 
Laborers, Brldgemen and Trades Helpers 
Bridge, Ferry and Tunnel Operators 

Subtotal 

CLERICAL GROUP 

Clerks 

28 
15 
76 
4 
21 

186 
59 

210 
37 

Percent 
of 

Force 

636 

240 
119 

1,228 
52 
23 

1,662 

531 
98 
8 

61 
13 

176 
2 

128 
309 

2,326 

228 

13 

34 

48 

TOTAL 4,852 

Figure 23. Distribution of maintenance personnel force. 



T HE NATIONAL ACADEMY OF SCIENCES is a private, honorary organization 
of more than 700 scientists and engineers elected on the basis of outstand
ing contributions to knowledge. Established by a Congressional Act of 

Incorporation signed by Abraham Lincoln on March 3, 1863, and supported by 
private and public funds, the Academy works to further science and its use 
for the general welfare by bringing together the most qualified individuals to 
deal with scientific and technological problems of broad significance. 

Under the terms of its Congressional charter, the Academy is also called upon 
to act as an official—yet independent—adviser to the Federal Government in any 
matter of science and technology. This provision accounts for the close ties that 
have always existed between the Academy and the Government, although the 
Academy is not a governmental agency and its activities are not limited to those 
on behalf of the Government. 

The NATIONAL ACADEMY OF ENGINEERING was established on December 5, 
1964. On that date the Council of the National Academy of Sciences, under the 
authority of its Act of Incorporation, adopted Articles of Organization bringing 
the National Academy of Engineering into being, independent and autonomous 
in its organization and the election of its members, and closely coordinated with 
the National Academy of Sciences in its advisory activities. The two Academies 
join in the furtherance of science and engineering and share the responsibility 
of advising the Federal Government, upon request, on any subject of science 
or technology. 

The NATIONAL RESEARCH COUNCIL was organized as an agency of the National 
Academy of Sciences in 1916, at the request of President Wilson, to enable the 
broad community of U.S. scientists and engineers to associate their efforts with 
the limited membership of the Academy in service to science and the nation. Its 
members, who receive their appointments from the President of the National 
Academy of Sciences, are drawn from academic, industrial and government 
organizations throughout the country. The National Research Council serves 
both Academies in the discharge of their responsibilities. 

Supported by private and public contributions, grants, and contracts, and 
voluntary contributions of time and effort by several thousand of the nation's 
leading scientists and engineers, the Academies and their Research Council thus 
work to serve the national interest, to foster the sound development of science 
and engineering, and to promote their effective application for the benefit of 
society. 

The DIVISION OP ENGINEERING is one of the eight major Divisions into which 
the National Research Council is organized for the conduct of its work. Its 
membership includes representatives of the nation's leading technical societies as 
well as a number of members-at-large. Its Chairman is appointed by the Council 
of the Academy of Sciences upon nomination by the Council of the Academy of 
Engineering. 

The HIGHWAY RESEARCH BOARD, an agency of the Division of Engineering, 
was established November 11, 1920, as a cooperative organization of the highway 
technologists of America operating under the auspices of the National Research 
Council and with the support of the several highway departments, the Bureau of 
Public Roads, and many other organizations interested in the development of 
highway transportation. The purposes of the Board are to encourage research 
and to provide a national clearinghouse and correlation service for research 
activities and information on highway administration and technology. 








