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•DURING the past several years , much has been done to improve highway maintenance 
programs ; at the same time, very little has been done to upgrade equipment programs. 

Nothing can more easily frustrate highway maintenance productivity than defective 
equipment. 

Furthermore , the prevalent lack of meaningful equipment data undermines the 
maintenance engineer's case for reorienting his fleet toward improved productivity. 

The current trend is to more technologically advanced equipment. This reinforces 
the demand for skilled maintenance, diagnosis, repair, and control. 

Equipment management is now firmly established as a discipline in itself. The 
various interrelated elements that make up this discipline are shown at random in 
Figure 1. Too often, the interaction among these elements is not fully appreciated. 
When the elements are treated as distinct, self-contained units , maximum productivity 
becomes elusive. 

CASE STUDY 

The New York State Department o-r Transportation has a combined highway mainte
nance and equipment management budget of $100 million and a fleet investment of $60 
mill ion. In 1969 the department ini tiated an extensive program to improve effective
ness in both areas. In New York State the highway maintenance program and the equip
ment management program are separate entities; each has its own director who is 
respons ible for its management. The state, furthermore , is divided into 10 regions 
(equivalent to divisions or districts in most other states), each of which has a regional 
highway maintenance engineer and a regional equipment manager . 

The highway maintenance management study was conducted primarily by in-house 
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tracted to consultants. 

PRE-STUDY EVALUATION 

Before the project started, regional highway maintenance engineers cited examples 
of how their work plans were disrupted by equipment breakdowns. No single factor 
consistently emerged as the major cause of the work delays . There were, however, 
several factors that were repeatedly mentioned: lack of parts; state-imposed procure
ment procedure delays; outdated mechanical knowledge; unqualified operation; and in
adequate preventive maintenance. 

On a more pervasive scale was the problem of data "pollution ." The prevalence of 
endless computer printouts , derived from error-prone input, clouded all considerations 
and had unjustly impaired the equipment management program's credibility in essential 
dealings with its customers (highway maintenance personnel) and with fiscal authorities. 

There was no question but that the staff was dedicated and competent. In fact , 
staff members had previously attempted to improve certain aspects of the operation. 
However, these efforts did not result in any noticeable effect because the interrelated 
nature of the problem areas was not understood. 
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The results of the preliminary evaluation underscored the need for the participation 
of an unbiased third party-one with the technical expertise and authority to effect 
better understanding and cooperation among management and related state agencies. 

PROJECT OBJECTIVES, STRATEGY, AND ORGANIZATION 

A preliminary survey identified the scope of the project. Aside from its technical 
aspects, the project was required to revise completely the control process and infor
mation system to aid operating managers. As has been indicated, the project was also 
required to reinfo1·ce constructive relationships between the equipment management 
program and the pr ogram user s, fis cal authorities, and state agencies. 

The objectives of the program were to upgrade all policy and practice of the equip
ment management program and, at the same time , to produce tangible impr ovements 
in the daily application of the program. Both objectives were clearly founded on the 
central issue of effecting significant improvement in the level and quality of service 
provided to the highway maintenance program. In this respect, no factor was more 
germane than the time lost to users because of equipment failure. It was, therefore, 
agreed by all concerned to monitor the primary thrust of the proje ct 's progr ess in 
terms of downtime. Because the data necessary fo r downtime measu1·ement had to be 
gathered manually on a monthly basis, we sele cted a significant contr ol sample of the 
10 types of equipment most critical to highway maintenance work plans. The equip
ment selected represented approximately 50 percent of the fleet inves tment and con
sisted of large dump trucks, small dump trucks, gradalls, graders, shovel loaders , 
sweepers, mowers, small stake trucks , crawler shovels , and truck cranes. 

In the sample, the level of downtime prior to project commencement was found to be 
10. 5 percent. A goal of 5 percent downtime was set to be achie ved by December 31, 
1970. Such an improvement would increase total fleet capacity available to users PY an 
extent equivalent to the acquisition of $4 million of new equipment. Because the term 
downtime has a negative connotation, we decided to use the complement of the above 
percentages (i.e., a starting base of 89.5 percent and a goal of 95 percent) and to ex
press the indicator as fleet uptime, from which the project derived its name as "proj
ect uptime . " 

We agreed to apply a further challenge that would most likely result in higher shop 
productivity. To this end, a second indicator, called "mechanic uptime," was estab
lished. Of all the hours that direct labor personnel (i.e., mechanics and skilled trades
men) were available for work, it was found that only 69 .5 percent was spent on equip
ment repair. In this instance, a goal of 85 percent was set to be achie ved by December 
31, 1970. An extensive training program that was initiated to improve mechanic effi
ciency made a 100 percent goal i mpr actical . 

The challenge presented by the preceding two indicators served to clar ify the project 
strategy. First, all equipment management personnel wer e r equired to provide better 
service to the highway maintenance program. . Second, these per sonnel had to do more 
with what they already had in terms of manpower. Third, all recommended changes had 
to result in improved service and productiv:ity. 

It is evident that the project thus placed heavy emphasis on implementation and tan
gible results . The project was extended over a period of 28 months to ensure that the 
transition was both or derly and effective . The project was organized such that the 
New York State Department of Transportation was able to make a maximum input. 
Other input was made by the four consultants . All changes were developed and imple
mented by task groups that had been carefully chosen and assigned to each program 
facet. The task groups usually cons isted of one consultant and several New York State 
Department of Transportation personnel. The active participation of department per 
sonnel had the intended effect of securing ready acceptance for all suggested changes. 

INTERACTION OF PROGRAM FACETS 

In some states, including New York, the equipment management organization is not 
connected with the highway maintenance organization. There are cases, too, where 
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certain facets of the equipment management program, such as procurement and 
parts service, are undertaken by the highway maintenance organization or by other 
a~enciee. Scn'lc states prefer centralized control uve1~ ope1~atiu1us, whereas others 
favor decentralized control. It is possible to have as many variations as there are 
personal preferences in organizational control. An approach used in one state could 
well prove ineffective in another. 

People, not organizational structure, determine the success of an operation. Simi
larly, the system of program control should not dictate organizational strucutre-rather, 
it should be of such advanced design that it can accommodate any combination of struc
tural preferences. This design constraint was wisely imposed by New York State and 
was tested during the program. A change of commissioner occurred during "project 
uptime." The management styles and organizational preferences of the two executives 
involved could not have been more distinctly different, and yet the change did not affect 
the new program control system. 

The system's flexibility was made possible by the identification of a matrix common 
to all equipment programs concerned with optimum output in terms of quantity, quality, 
and cost of service-regardless of organizational structure surrounding them. 

An equipment management program consists of 14 essential facets that must work 
well as an integrated group. The interaction of the facets is shown in Figures 2 and 3. 

As shown in Figure 2, an equipment management program includes within its scope 
a provision for shop facilities, which in turn accommodates preventive maintenance 
and repair activities. These latter facets are seldom made to interact with one 
another to the extent that they should. The repair activity too often consists of emer
gency work. Where such a condition exists it confirms that the preventive maintenance 
program is not effective. One of the most important roles of a preventive maintenance 
program is to anticipate major repairs and to schedule them into the shop in such a 
manner that disruption to user work programs is minimal. Another is to ensure the 
controlled use of shop capacity, 75 percent of which should be absorbed by such pre
scheduled repair work. 

A production control system is needed to preserve a balance of service orientation. 
The purpose of the system is to balance the flow of work and the availability of labor 
and parts. This in turn enables dependable return dates to be promised to the user. 

The ability to assume such a commitment requires that the productivity of the labor 
force be predictable. It follows that this can onlv be achieved if labor skills are main
tained through training. Currency in technological advances and methods of repair 
must be maintained. If training is ignored, diagnostic capability deteriorates, and 
unreasonable labor costs and equipment downtimes result. Although training goes a 
long way toward securing the most flexible labor capacity, the varied mix of job-shop 
operations for multipurpose fleets will always demand close supervision. This, 
coupled with a need to balance the levels of field and shop service with the functions of 
inspection, testing, distribution, and parts supply, calls for clear definition and under
standing of individual organization responsibilities. Figure 3 shows the relationship 
among the facets of the labor element and shows how they interact with the central 
maintenance and repair activity of a shop. 

Parts supply represents the second primary element in the maintenance and repair 
activity that directly influences the availability and reliability of fleet units. Minimum 
disruption of user work programs and realistic return dates cannot be expected if parts 
availability is not under control. Responsiveness in this regard can be maximized by 
using the least restrictive procurement methods and the most efficient parts inventory 
control. Figure 3 shows the flow of interaction necessary among the foregoing facets 
for the most beneficial effect on the maintenance and repair activity. 

It is possible to establish repair accrual performance standards (RAPS) for each 
type of equipment in terms of the cost of labor and parts. These standards are an 
important requirement for monitoring the cumulative repair history of individual 
units and for identifying those that deviate unreasonably from the norm. Such units 
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can disrupt user work programs and cause unacceptable x·epair costs. Repair history 
data, derived from work-order activity in shops, also have a direct bearing on replace
ment decisions. Figure 3 shows the origin and relationship of RA PS ll.nd r~-ple.!!cment. 

As with fleet additions, replacement should not be considered without careful 
reference to user requirement and the specifications (or more properly, research, 
development, test, and evaluation) function. Furthermore, the efficacy of these inter
faces should be monitored by a fleet management system that can do the following: 

1. Recommend which acquisitions, disposals, and interregion transfers are 
necessary to meet all user requirements and, at the same time, minimize fleet in
vestment; 

2. Provide a rapid means of responding to budget cutbacks and for probing the 
effect of alternate-use criteria on fleet size; and 

3. Monitor performance against plan in terms of use, downtime, reserve, transfers, 
acquisitions, and disposals. 

Such a fleet management system becomes the means for expressing the equipment 
management program interface with the highway maintenance program. It also serves 
to identify optimum size mix, and deployment of a fleet. 

Fleet size, mix, and deployment have an important bearing on the remaining two 
facets: number and location of shops and shop design and facilities. Too freq_uently 
shops are improperly designed and located to provide economic service. There is 
also a tendency for shops to be poorly e4.uipped. Any correction proposed in this 
general area can involve costly expenditures . Where the foregoing conditions exist, 
it is not uncommon to find an impasse in understanding between fiscal authorities and 
operating management. To avoid the folly of pathwork solutions, we must provide 
fiscal authorities with well-documented criteria and a sound, long-term correction 
plan. 

In contrast to the random sequence of the elements as shown in Figure 1, the fore
going discussion has attempted to order the various facets of the equipment manage
ment matrix by identifying their essential relationships. Figure 3 recapitulates the 
overall flow of these relationships-all irrevocably geared to the central purpose of 
providing an optimum level, quality, and cost of service to the highway maintenance 
program. 

The following sections discuss in some detail each facet of "project uptime." Also 
discussed i::: t.11.c p:::cg:.am c,mti·ul sy8lt::111 i.hai. r·educed the ievei of ''ctata pollution" to 
one document that was available within days of the close of each 4-week reporting 
period. 

PREVENTIVE MAINTENANCE 

Preventive maintenance is a much abused term. Like thrift, it is rare to find 
anyone ready to contest its merit, and yet few can force themselves to practice it. The 
enthusiastic support that preventive maintenance usually enjoys during the initial justi
fication process soon wanes once it is funded. II preventive maintenance is improperly 
practiced, it will not decrease the need for emergency repairs. When this occurs, the 
preventive maintenance area is gene1·ally the first function to have its manpower di
verted to meet the crisis. Furthermore, fiscal authorities, always hesitant to accede 
to requests for more manpower, initially fund such programs only partially. Conse
quently, preventive maintenance tasks usually produce inadequate results, which in 
turn tend to discourage further funding. Thus, if management does not deploy assigned 
capacity correctly, programs related to preventive maintenance are likely to show 
poor results . 

The primary objectives of preventive maintenance are to minimize the incidence of 
unscheduled repair and to govern (i.e., preschedule) the flow of repair work into the 
shops. 

In pursuit of the first objective, preventive maintenance categories, tasks, frequen
cies, and time standards should be meaningfully established and updated. This requires 
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a thorough gras p of the equipment technology and end-uses involved. As was the case 
in New York, where funding for preventive maintenance manpower is temporarily re
stricted, it is important to concentrate the effort on only the most critical types of 
equipment, which can thus enjoy full benefit from the program. If no other way can we 
build up confidence in the program to secure sufficient funding. 

The second objective seldom receives U1e emphasis that it should. If this objective 
is met, there is sufficient time for the user and the shop to decide when a unit may 
best be withdrawn from service. 

PRODUCTION CONTROL 

Mechanics have a natural and proper aversion to administrative procedure, but their 
supervisors should not. Good mechanics are skilled, high-priced tradesmen who de
serve quality supervision. Io a shop, they· collectively represent a valuable resource 
that requires substantial further investment in support facilities, tools, and inventory. 
Their work involves drawing out of service expensive equipment that is the backbone of 
even more costly programs. 

In medium- and large-sized shops, the foregoing and the varied nature of job-shop 
work add up to a convincing case for formalizing the coordination and expediting pro
cess. There are innumerable options in choosing a system to meet this need. It 
can be as basic or sophisticated as ch·cumstances warrant. 

Equipment breakdowns, or unscheduled repai1-, will always be- a factor in shop work, 
but 75 percent of the total load should consistently relate to jobs for which it is possible 
to establish advance notice . This enables repair wo1·k to be arranged in a priority 
sequence responsive to the needs at hand. 

A production control system also ensures efficient assignment of manpower, enables 
users to be given prior notice of unavoidable delays, and allows essential parts to be 
pre-assigned. 

REPAIR 

The New York State Department of Transportation has one central (engine rebuild) 
facility and 10 regional shops (with an average of 12 bays each) . Each regional shop 
controls about six residency garages each of which has one or two bays. This extensive 
network of service justifies periodic evaluation against related strata of work load. 
Although not wholly representative of the pattern currently applicable to New York, 
Figure 4 shows the type of stratification referred to. Because of the loss of capacity 
associated with moving units from the field to a shop, the types of work included in 
levels 4 through 6 (Fig. 4) would appear to be best under taken at residency facilities 
that are as near as possible to the highway maintenance work area. Level 3 includes 
work that should generally be contracted to commercial facilities for various reasons, 
whereas level 2 includes work that should generally be done at a shop. Finally, level 
1 suggests a scope of work that can best be handled by a central faci lity. 

Such a stratification of work load requires that a cost-effectiveness evaluation be 
made for each type of job. Once the strata are established (Fig. 5 ), the clarification 
of needs in many other areas is possible. For example, one would not provide tools, 
work space, personnel, or training for work classified in level 3. 

Time standards for each significant type of work should be developed. In so doing, 
care should be exercised not to adopt manufacturers' flat rates too readily because 
state equipment often includes additional devices that sometimes impede access to other 
components. In any event, flat rates should never be developed without the participation 
of the people who will be responsible for applying them. Where flat rates do not exist, 
supervisors should nonetheless be required to set standard times based on U1eir ex
perience and good judgment. The cumulative impact of deviati ons from standard can 
be used by management as an indicator of overall shop efficiency and of areas in which 
training may be deficient. 

TRAINING 

By virtue of the significant number of man-hours reserved during the project for 
training, it is evident that New York State recognized the importance of its catch-up 
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program to improve the technical knowledge of its mechanic work force. The priority 
areas, selected by the training task group in consultation with all shop managers, were 
hydraulics, air brakes, gas engine tune-up, transmissions, diesels, and welding. 

With some notable exceptions, many training courses available from manufacturers 
are, unfortunately, thinly disguised sales promotions. In recognition of this, the New 
York State Department of Transportation required the consultant to negotiate with more 
than 10 major manufacturers to tailor each course to the specific needs of New York 
State. Almost 1,000 course units were delivered as a result, all at convenient locations 
within the state. 

An unusual feature of the program was the manner in which its effectiveness was 
monitored. Special pre- and post-course tests were developed and given to each 
trainee. Figure 6 shows that1 whereas only 152 trainees returned scores in the 80 to 
100 percent range before training, as many as 765 achieved these levels in their post
course tests. On a statewide basis derived from individual scores, the average trainee 
improved his score by 35 percent. A 25 percent increase in the trainees' technical 
knowledge would have been normally expected from such a training program. 

ORGANIZATION 

The realignment of duties to effect a more streamlined organization was one of the 
two principal concerns of this facet of the project. The second related to the develop
ment of a more acceptable and practical basis for each of the many points of interface 
between equipment management program personnel and highway maintenance program 
personnel. 

PROCUREMENT 

The procurement objective was to isolate, develop, and test a practical method by 
which to overcome costly parts delays within the framework of the state's established 
procurement procedure. 

Of the various methods studied, the task group selected the open-contract approach. 
In cooperation with the Office of General Services, this approach was tested successfully 
for a period of 6 months. Such contracts are now being awarded on as many items as 
possible. 

INVENTORY 

The purpose of the inventory subproject was to purge all accumulated scrap and 
obsolete items from inventory as well as to develop and install a system that would 
ensure the maintenance of parts inventory levels commensurate with the frequency of 
normal demand. 

In addition to the generally accepted requirements for this important facet of shop 
operations, the system developed and installed by the inventory task group provides for 
minimum and maximum stock levels. In the case of New York State, the considerable 
effort that was necessary to clean out parts rooms and to take inventory produced 
immediate improvements in service. The new system ties in closely with production 
control, and, although it is still seriously undermanned because of statewide austerity, 
it has brought about a noticeable drop in downtime caused by parts delays. 

REPAIR ACCRUAL PERFORMANCE STANDARDS 

A repair accrual performance standard, for a particular type of equipment, is the 
cumulative standard cost of repair that can be expected to accrue under normal circum
stances during useful life. The pattern of such a cost is illustrated by the solid line in 
Figure 7. RAPS are the foundation on which many important decisions in the New York 
State equipment management program are made. Although the basic concept of RAPS 
remains constant, values for the same equipment may vary from state to state be
cause of, for example, differring direct labor rates. 

If RAPS serve as the norm, it becomes possible to test the behavior of each com
parable unit in a fleet and, by exception, to identify those units that exceed tolerable 
limits (Fig. 7, dotted line). 
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an item of equipment. Among these are age, utilization, repair costs, operating costs, 
depreciation, and downtime for maintenance. Because of the variety of methods for 
collecting some of these data, the fluctuating and unpredictable nature of certain factors, 
and the various accounting theories for treating depreciation and labor cost, it is not 
surprising that many states take the maximum-age approach to this complex problem. 
This method is simple, it enables long-range forecasting of replacement requirements, 
and it avoids the expense of large-volume data collection and processing. The method 
does, however, have one serious limitation; it treats all items in a group similarly. 
Units that should be scrapped, for economic reasons, before the prescribed age limit are 
generally repaired at great cost, and units that can contribute productive service be
yond the age limit are arbitrarily disposed of when it falls due. This method imposes 
the punitive, cumulative cost of double jeopardy, and yet it is in common use among 
many large fleet operations. 

It is possible to operate a replacement system that has most of the desirable qualities 
of the maximum-age method but none of its hidden and costly drawbacks. In this, both 
operating costs and preventive maintenance costs are excluded from consideration on 
the basis that deviations in either should initiate repair action, or modify maintenance 
frequencies, rather than influence the replacement point. . Downtime is a factor that 
may be considered according to the circumstances and the cost of the equipment in
volved. 

In the case of the New York State fleet, such a system is applied concurrently with 
the RAPS monitoring process. For this, the method establishes a maximum permissi
ble cost curve (Fig. 8) that, when intersected by the repair accrual of any unit, deter
mines the point at which it should be withdrawn and replaced by another. The system 
forecasts this intersection in order to accommodate the lead time, which encompasses 
fiscal approval, procurement procedure, and manufacturers' delivery cycles. In this 
way, it exerts an influence to keep the fleet purged of units that require unreasonable 
repair costs and that might disrupt highway maintenance work plans. 

FLEET MANAGEMENT 

Although tne replacement suosystem protects tne program trom mettecuve units, 
there is an even greater need to ensure that the fleet is of an adequate size and mix to 
accomplish the highway maintenance program. Because of the absence of meaningful 
data in this area, many highway departments and their fiscal authorities misunderstand 
and disagree about fleet management. As long as this vacuum exists, the budget ex
aminer must be expected to harden his position in limiting fleet size. The highway 
maintenance engineer is then faced with a fleet of improper mix and size and an in
creased work load. 

In New York, this dilemma was avoided by designing a fleet management system that 
would provide the following: 

1. A rapid method by which to translate minimal input data of user requirements 
into (a) optimum inventory for each major equipment type, (b) transfers from region 
to region, which are necessary to minimize fleet investment, and (c) the quantity and 
scheduling of acquisitions to minimize cash flow yet still honor all stated user re
quirements; 

2. A simple and rapid procedure to identify where and when cuts to user work pro
grams can best be made (with a view to doing least harm in the face of budget cutbacks); 

3. A monitor of fleet performance every 4 weeks, showing in detail deviations from 
established plans in terms of capacity consumed; and 

4. A method that will economically and rapidly allow either highway maintenance or 
equipment management to assess the effect that different criteria for use and repair 
would have on fleet size. 
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NUMBER AND LOCATION OF SHOPS 

The questions of size and location with regard to building a new shop arise sooner or 
later in every equipment management program. The investment, in itself, is not minor; 
if the plans are ill conceived, the shop will generate many punitive costs as the years 
go by. Any attempt to consider the problem other than in a statewide context produces 
such an impenetrable fog that a consensus is usually impossible to achieve. As a re
sult, the issue tends to be shelved, and the existing operation of the shop in question 
becomes increasingly worse with a corresponding effect on the level of service to 
users of equipment. 

In recognition of these difficulties , New York State approached the problem in the 
following manner: The level of service required from shops is irrevocably tied to the 
highway maintenance work load. It is possible to define this work load over the next 
20 to 25 years with some certainty in terms of future concentrations of density. By 
using a statewide pattern, it is relatively simple to establish the ideal number and 
location for all shops in a state. This pattern can then be used as a master plan to 
provide optimum levels of service to all users and from which a decision concerning 
any particular shop emerges with clarity. 

SHOP DESIGN AND FACILITIES 

A most trying aspect of program management in government is the treadmill created 
by budget cycles. The time left for managing program operations seems to diminish 
each year as the concern over how tax dollars are spent increases. 

A significant part of this time and energy loss can be overcome by using a well
conceived and documented facilities manual. Once the types of facilities and tools that 
should exist in every shop (Fig. 9) are approved by fiscal authorities, such a manual 
serves as a catalog for the gradual upgrading of facilities. The only problem then 
remaining for the budget process to resolve is whether the payback in relation to other 
demands justifies a priority claim on available funds. 

PROGRAM CONTROL SYSTEM 

Another important accomplishment made by New York State is represented by the 
adva.iiC€d d..17.d .sophisticated progl'"am cc:1trcl Gy::;tcm it hu~ in:::t:1llcd. The -..v·crds 2.d
vanced and sophisticated suggest complexity; however, quite the opposite is true in this 
case. Data on program performance, in terms of quantity, qualit)", and value indica
tors, arc now published every 4 weeks on a single-report format (Fig. 10a) common to 
all levels of management from shop supervisor to commissioner. Furthermore, most 
managers are concerned with only 1 page of that format, which includes plan, actual, 
and deviation data for the current period and the year to date. Reports are now also 
timely and accurate. Program personnel brought an input error rating of 40 percent 
down to a consistent statewide average of 4 percent. Reports are now required to be 
in the hands of front line supervisors no later than the morning of the eleventh working 
day after the close of a period. 

Another unusual feature of the control system is that each supervisor or manager is 
required to identify the cause of any major deviation and also the action he proposes to 
take to correct it. He is allowed 2 days to forward this to his superior. 

The system was designed such that managers should not have to use pencil and paper 
to figure out what went wrong with their operation. In case of need, however , a second 
level of reports is provided (Fig. 10b). These were designed, principally to be used 
for planning purposes, because a competent manager should not have to refer to an 
information system to learn about major problems within his operation. 

CONCLUSION 

It would be wrong to conclude that the New York State equipment management pro
gram is now perfect in every way. However , it came a long way during the 28 months 
of the project, and its path to even greater achievement is clearly drawn. By Decem
ber 31, 1970, it managed to improve its fleet "uptime" from 89.5 percent to more 
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than 93 percent. Although this was slightly short of target, the program exceeded its 
goal of 85 percent for mechanic "uptime" well ahead of schedule. 

The general body of the work force not only took sincere interest in the project but 
also revealed itself to be responsive to constructive leadership and challenge. Most 
importantly, the program personnel have regained their confidence and pride. This 
was restored by the unequivocal evidence of their own achievement. 




