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Chapter 1
Defining the Level of
Maintenance
Maintenance of a plant or facility can be performed by default or
by plan:

� Maintenance by default simply means equipment is repaired
as it fails—usually on an emergency basis. The rush to get the
equipment running again may result in shoddy workmanship
that costs in the long run. The downtime incurred by the oper-
ation usually occurs at an inopportune moment and can also
cost money because of lost business.

� Maintenance by plan simply means that there has been fore-
thought in what level of maintenance is required. The level
of maintenance eventually attained by a plant or facility de-
pends on the condition of the equipment and the ability of that
equipment to meet the needs.

To attain some control over the level of maintenance, organiza-
tions must move away from maintenance by default to maintenance
by plan. A comprehensive planning and scheduling effort provides
the basis for this control. Companies that have moved to a more
planned approach tend to be better equipped to meet the numerous
market changes encountered in recent years. However, the imple-
mentation of planning and scheduling at plants and facilities has
had to compete with numerous other programs in recent years.

Any discussion of planning and scheduling must start with a dis-
cussion about these programs and how they support, or contradict,
the move toward a planned level of maintenance. This chapter pro-
vides a high-level view of how you define, plan, and implement a
level of maintenance.

Era of Business Management Theories
The period from the 1960s to the present is often referred to as the
era of business management theories. Dozens of programs with
three-letter acronyms, began cropping up in the 1960s, including
the following:

� MBO—Management by objective
� MBR—Management by results
� TQM—Total quality management
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2 Chapter 1

� SPC—Statistical process control
� JIT—Just-in-time
� TPM—Total productive maintenance
� BPR—Business practice re-engineering
� RCM—Reliability-centered maintenance

Management consultants made millions pushing the program-of-
the-month, sometimes contradicting the program they pushed the
year before. In spite of this self-serving agenda, many companies
were still able to make real progress toward improving the way they
did business. Of all the efforts implemented during this period, none
has been more effective than total quality management (TQM).

Prior to the 1970s most quality-control efforts were centered on
testing or inspecting the final product. If a product failed an inspec-
tion, it was discarded or reworked. Beginning in the 1970s, Japanese
companies implemented what they called total quality management.
Central to this effort was the reduction of defects in the process, at
every point in the process. In fact, the goal was to have zero de-
fects. Production workers were trained in statistical process control
(SPC) and were given conditional autonomy to make changes that
ultimately led to eliminating defects.

This new focus on eliminating defects not only succeeded in im-
proving the throughput of manufacturing processes, but also had the
side effect of reducing the overall cost of manufacturing. Japanese
products became more reliable and cheaper than comparable prod-
ucts throughout the world. As a result, many North American and
European companies adapted TQM in the 1980s. These efforts were
largely successful and are credited with improving the overall quality
of products and services throughout the world.

TQM touched every aspect of business. One TQM offshoot, just-
in-time (JIT) inventory management, focused on a goal of zero raw
material, work-in-progress, and finished goods inventory. Another
offshoot was total productive maintenance (TPM), which extended
the idea of autonomy and suggested that production line workers
could also perform maintenance on equipment. One goal of TPM
was to move preventive maintenance (PM) activities from an or-
ganized maintenance department to the production worker. The
ultimate (and some may say far-reaching) goal was to move all main-
tenance activities to production personnel. This approach has had
limited success in industry, mostly because of implementation prob-
lems. In some cases, production workers weren’t properly trained
to perform the work. In others, the maintenance departments with
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poorly established PM programs had nothing of substance to pass
on to production workers.

By the 1990s, the zero-defect tenant of TQM started to lose its
unconditional supporters. Quality for the sake of quality, with no
eye toward the bottom line, was said to be just plain bad business. A
new approach called business practice re-engineering (BPR) became
the rallying cry for industry.

Based on a book by James Champy and Michael Hammer,
Reengineering the Corporation (New York: HarperCollins Publish-
ers, PerfectBound electronic books, 2003), BPR seemed to address
the deficiencies in TQM by re-engineering a process to eliminate
non–value-added activities. This often resulted in streamlining the
process, eliminating steps, and eliminating people. The wave of
downsizing in the 1990s was blamed, perhaps unfairly, on re-
engineering. BPR fostered the development of self-directed teams
that signaled the end of some first-line and middle-management jobs.

The Movement to Reliability and Availability
A positive outgrowth of TQM and BPR was a movement toward
improved equipment reliability. Many organizations began to de-
velop programs, such as reliability-centered maintenance (RCM),
to refocus maintenance on overall equipment reliability. RCM was
developed in the electric power industry and has been adapted to
a number of other industries. RCM founded a renewed emphasis
on preventive maintenance (PM) programs and began to give cred-
ibility back to these efforts. Originally developed in the 1970s, pre-
dictive maintenance (PDM) programs were beefed up or expanded.
Standards for purchase, installation, and repair of equipment were
developed to ensure continuity as organizations continued to evolve.

However, just as quality for the sake of quality is unprofitable,
reliability for the sake of reliability is equally wrong. Many main-
tenance reliability programs tend to take a bottom-up approach.
Reliability tools are purchased and then are applied to any and all
equipment to improve performance. A program such as this can re-
sult in costly efforts on some less-important equipment. The cost
associated with improving reliability must be balanced against the
return from the effort.

In a smart business, the market is thoroughly researched and a
comprehensive sales plan is developed. An operations department
uses this sales plan to determine what equipment availability is re-
quired. A maintenance department is consulted to determine what
equipment reliability is required to provide the needed equipment
availability. The following example illustrates this approach.
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Once market share is determined, a sales forecast is made. Esti-
mating the seasonal changes in sales and how they relate to plant ca-
pacity helps provide a production forecast. The plant capacity is the
nameplate or design capacity, running 24 hours per day, seven days
a week. Figure 1-1 shows a sales forecast for a year. (Each month has
been assigned an equal number of hours to simplify the example.)
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Figure 1-1 A sales forecast for 1 year.

The first step in developing a production plan is to determine if
enough plant capacity exists to meet the sales forecast. During the
months of June through August, sales requirements exceed plant
capacity. Therefore, this company must develop a production plan to
build inventory and eventually meet sales requirements, even during
these months.

The plant capacity line shown on the chart suggests the plant can
produce at this level all the time. However, the nameplate rating on
any equipment (or plant for that matter) comes with an unwritten
caveat. The plant will run at capacity, but not indefinitely. Equip-
ment will have to be shut down for maintenance from time to time.
So, to achieve the operations availability, maintenance must also get
custody of the plant equipment. Figure 1-2 shows a production plan
with this point in mind.
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Figure 1-2 Production plan for 1 year.

The plant is scheduled to run below capacity each month, but
the production level in the first few months is higher than the sales
requirement. This allows for inventory to be built up and eventually
meet the sales requirements of the peak months. Operation below
capacity during each month allows downtime to be built into this
plan. The maintenance department is charged with using this down-
time to build capacity back into plant equipment.

With this production plan, the maintenance department can now
discuss an intelligent schedule for operations uptime and mainte-
nance downtime, called a custody plan. This plan identifies the
custody of the equipment required by the operations department
to manufacture a quality product and to attain the onstream-time
needed to meet sales. It also defines the custody of equipment re-
quired by the maintenance department to build capacity back into
the operation.

Planned Maintenance under Attack
Maintenance departments in facilities without such a custody plan
receive custody of equipment only when it fails—this is maintenance
by default. Breakdowns do not necessarily occur at the most oppor-
tune moments and tend to result in the most expensive maintenance
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work performed. Consider the example of a plant that runs around
the clock. Studies have shown that only 24 percent of plant break-
downs occur during normal maintenance department work hours
(Monday through Friday, 8 hours per day). This is not surprising,
since this period accounts for 24 percent of the time in a normal
workweek. For this reason, it should not be considered coincidental
that the majority of breakdowns (76 percent) occur in the evening or
on weekends, when less maintenance help is available. Usually, re-
pairs performed by the maintenance department during breakdowns
fall short of being planned, to say the least.

Maintenance by default, however, creates a plant environment
that ultimately can be the demise of the business. When the main-
tenance department receives custody of the machinery only when it
breaks down, its marching orders are to get the plant running again.
This is a far different mandate from “fix the real problem.” To get
the plant running again, the repairs that are made are almost always
repairs that treat the symptoms of the problems rather than the real
problems.

A typical example of this situation would be a plant that originally
was designed for a given production capacity, with all motors sized
to operate within their nameplate capacity. Increases in production
capacity with subsequent debottlenecking of the plant now have
many motors running in an overload condition. The effect of this
demand is a drastic reduction in motor life, sometimes burning up
in a matter of months.

Under maintenance by default, the easiest and quickest fix is to
replace the motors in kind, but the replacement motors will fail
just as quickly as their predecessors did. The real fix, in this ex-
ample, would require the next-larger horsepower motor, but this
might require modification of the base to accept a larger frame, run-
ning new conduit, and/or pulling larger wire. It may also require
a larger motor starter in the motor control center. Also, in mainte-
nance by default, there is never time to fix the real problem. In a
short while, other equipment problems will be causing additional
emergency downtime. Eventually, the entire maintenance depart-
ment may be consumed in applying bandages to many problems,
but not really fixing any.

Some companies deal with this unfortunate scenario by equipping
the maintenance department to be more responsive to emergencies.
Outfitting the workers with radios or pagers enables maintenance
supervisors to locate their personnel at a moment’s notice so that
personnel can be dispatched at will. Other companies supply com-
puter terminals at operating machinery sites and install printers at
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maintenance worker benches so that machine operators themselves
can send a request directly to a maintenance worker, bypassing any
management control altogether. Some companies outfit maintenance
shops with answering machines or voice-mail–boxes. Maintenance
workers are required to check in regularly for messages and respond
immediately.

All of these creative ideas ensure that emergency response is op-
timized, but do nothing to improve operating reliability. In fact,
dealing with emergencies in this way only exacerbates problems and
perpetuates emergency thinking. When maintenance focuses only on
providing a quick response to emergency conditions, it ultimately
removes the need to identify beginning equipment problems as any-
one’s responsibility. Short-term thinking begins to be the norm and
equipment reliability degrades.

If a custody plan exists, maintenance knows when the equipment
will be made available and has time to plan the jobs to ensure the
highest quality repair. Using its custody of the equipment wisely
becomes the challenge of a well-managed maintenance department.
This sort of effort tends to separate the work performed into two
broad categories:

� Maintenance work performed during maintenance custody
(shutdowns)

� Maintenance work performed during production custody

Maintenance Work Performed during Maintenance
Custody (Shutdowns)
The following defines maintenance work performed during mainte-
nance custody (that is, during a shutdown):

� Preventive maintenance (PM)—The PM work performed dur-
ing a shutdown of equipment takes the form of manufacturer-
recommended rebuilds, or rebuilds required because of
predictable wear. Compressor and pump rebuilds, along with
instrument calibration, are in this category. The PM interval
(the time between PM shutdowns) is established from a man-
ufacturer’s requirements or a plant operating history. The job
can be planned far in advance of the shutdown and should be
the most efficient effort by the maintenance department.

� Corrective work—This is the work performed to replace worn
parts, adjust loose equipment, prevent a major failure, and
return the equipment to nameplate condition. As with PM, this
work can be planned in advance of the shutdown. To ensure
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that repairs are performed to at least a minimum standard, all
replacement parts, tools, and sufficient labor required for the
repair must be allocated prior to the shutdown.

� Emergency repair—This is the occasional and unavoidable
shutdown of equipment because of unforeseen circumstances
requiring unplanned repairs. However, the fact that these re-
pairs were unforeseen may spur maintenance-engineering ef-
forts to add preventive or predictive checks, hence reducing
future breakdowns.

Maintenance Performed during Production Custody
The other work that the maintenance department does while pro-
duction has custody falls into the following broad categories:

� Prefabrication (Prefab)—Prefab work includes (but is not lim-
ited to) rebuilding equipment in the shop, laying out pipe
for future replacement, and setting up equipment prior to a
planned shutdown.

� Preventive maintenance (PM)—Adjustments, lubrication,
tests, inspections, and calibrations performed on equipment
while it’s running are in this category. PM work is performed
on a periodic basis. The optimum PM interval is determined
by the maximum period of time that can elapse before failure
occurs.

� Predictive maintenance (PDM)—This includes nondestructive
tests performed on the equipment to determine its condition.
By comparing the test measurements to established engineering
limits, the need for corrective work can be determined. The
limits are set to ensure sufficient time is available for repair
and to prevent an emergency shutdown of the equipment.

� Corrective work—Plannable repairs on installed spares fall
into this category.

� General maintenance—This is the non–production-related
work (such as work performed on real estate, lawns, roofs,
and so on).

NOTE
Preventive maintenance (PM) and predictive maintenance (PDM)
programs are discussed in detail later in Chapter 4.

Implementing a custody plan may require approval from upper
management, who will want to see the financial justifications and
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reasoning behind this new approach. Luckily, a custody plan lends
itself to a more proactive maintenance budgeting process with jus-
tifiable line items.

The Maintenance Budget
A maintenance department’s budget is not unlimited. The size of
the budget must be weighed against the cost of raw materials, pro-
duction, and overhead. An old accounting term (still used by some
companies) for the money spent on maintenance is burden, which
insinuates that the maintenance department is a burden on the op-
eration of the facility. In the traditional sense of the word burden,
no attempt has been made to estimate what the cost of maintenance
would be; it is just paid for as it happens.

Today, most managers realize the importance of the maintenance
department in ensuring plant safety, product quality, and the ability
to meet sales requirements. The development of a plan that helps
maintain the production schedule becomes the joint responsibility
of the maintenance and operations departments.

Establishing the maintenance budget is often the first attempt
that some facilities make to determine a plan. Although this is not
advised prior to developing a custody plan, it is at least an attempt.

Using a custody plan provides major advantages in estimating
true shutdown costs. Adding in the nonshutdown work (such as
prefab, PM, and PDM) will develop a complete maintenance budget.
Figure 1-3 shows an example of such a budget based on the custody
plan and parameter definitions discussed earlier.

As long as the total shutdown labor hours (9350 hours in the
example) do not exceed the total custody time allowed for mainte-
nance work, all necessary shutdown work can be completed. Add
to this number the total nonshutdown labor hours (47,850 hours
in the example), and you can determine an estimate of the required
work force.

Setting Goals Based on the Budget
In the example budget, the goals defined by the labor hours in each
budget category are summarized in Table 1-1.

It is not the intention of this budgeting method to identify all the
budget responsibilities a typical manager may have (such as supervi-
sion, clerical, perishable tooling, and new equipment). This method
does, however, provide controllable guidelines in determining the
level of maintenance a facility wants to attain.
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Labor Hr. Material Other Totals
Cost Costs

Custody Work (Shutdown)

Preventive Maintenance Work 4840 $ 100M $120M

Corrective Work 2290 $ 40M $110M

Emergencies (from History) 2220 $ 40M $110M

Total Shutdown 9350 Hours x
(Labor x Labor Rate) $25/Hr.

Total Cost – Shutdown $ 234M $ 180M $340M $754M

Non-Custody Work
(No Shutdown)

Prefab Work (for Shutdowns): 7700 $ 206M $ 47M

PM Work (Defined 12,100 $ 558M $101M
Inspections)

Corrective Work 14,600 $ 396M $ 78M

Predictive Maintenance: 6900 $ 74M $ 14M

General Maintenance: 6550 $ 16M $ 6M

Total Non-Shutdown 47,850 Hours x
(Labor x Labor Rate) $25/Hr.

Total Cost – Non-Shutdown $1196M $1250M $246M $2692M

Total Cost $1430M $1430M $586M $3446M

Figure 1-3 Budgeting worksheet.

Table 1-1 Goals

Hours Percent

Emergency 2220 4
Corrective (shutdown and nonshutdown) 16,890 30
PM and PDM (shutdown and nonshutdown) 23,840 42
Prefab work 7700 13
General maintenance 6550 11

Total 57,200 100%
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The Purpose of a Work Order System
The maintenance department must be bound by a set of rules and
controls that limit the work performed to that which has short-term,
near-term, and long-term benefit for the company as a whole. The
work order is the center of this control. Imagine a facility without a
formal work order. The maintenance department would most likely
carry out maintenance work based on verbal requests, requests jot-
ted on pieces of paper, or sent via email. Based on the importance of
the job requested, the work is either assigned for immediate execu-
tion, or could be put on a list for later action. Whenever a mainte-
nance worker becomes available, the next most-important job on the
list is assigned. The list of work will tend to grow as more and more
requests are made. Some operations personnel may even bypass the
list and grab the next available maintenance worker to perform a
job that just came up.

Under this arrangement, no attempt is made to quantify the costs
associated with the work. Perhaps one piece of equipment is less
reliable than it should be, but there would be no data to back that
assumption. Additionally, some verbal requests may not even be
valid or may be inconsistent with company goals. Requests for ex-
pensive modifications or replacements continue on to completion
without any review of the costs versus benefit. A verbal request to
correct a problem may get lost in the confusion and never make it
to the list. The problem may turn into a failure, or could lead to an
unsafe condition.

A formal work order system answers these deficiencies and more
by providing financial structure to the work that the maintenance
department performs. A work order system serves the following
purposes:

� Provides a formal means of requesting maintenance services.
� Provides an authorization process that verifies the need or ben-

efit of the service request.
� Provides a vehicle to prioritize and schedule maintenance

work.
� Provides the starting point when planning work.
� Aids in collecting labor, material, tool, and special equipment

data, as well as costs by cost center, department, or equipment.
� Tracks maintenance work from initiation to completion.
� Provides a coherent written document for the maintenance

worker who performs the work.
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Objections to a Formal Work Order System
Many maintenance supervisors and team leaders complain they have
too much paperwork, too many meetings, and not enough time to
visit job sites. They may feel the addition of a work order system
will just add more record-keeping duties to their workloads.

Some maintenance workers may resist the implementation of a
formal work order system for fear that it could be used as a club
against them. For some, these fears have proven to be real. Their
managers reframe the central purpose of a work order system as a
labor performance-measuring device. Out of all the potential uses
of a work order system, this has proven to be the most destructive.

The data provided by a work order system is not performance
data. Using a work order system as a performance-measurement tool
is destructive in many ways. Most managers would like the support
of their employees when collecting historical records or cost data.
However, employees are not easily inclined to contribute to a system
that can ultimately lead to their terminations.

Work Order Categories
Work order data should be limited to only that which is essential.
Information collected on a work order can be categorized three dif-
ferent ways:

� Request and authorization
� Planning and scheduling
� Execution and closure

The following data falls into the request and authorization category:
� Work order number
� Originator/phone
� Approvals
� Date initiated
� Downtime requirement
� Date/time/shift available
� Priority
� Class of work
� Required completion date
� Equipment number and name
� Location, area, building, department
� Account number or cost center
� Work requested (description of the problem)
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The following data falls into the planning and scheduling category:
� Planner’s name
� Work to be performed
� Job steps (an additional planning sheet may be needed)
� Craft required
� Sequence for this craft (optional)
� Estimated hours
� Parts and material requirements
� Special equipment needed
� Special tools needed
� Contractor requirements (include a cost estimate)
� Permit requirements
� Safety requirements
� Drawing and documents (listed or attached)
� Estimated labor costs
� Estimated material costs
� Estimated contractor costs
� Estimated rental costs

The following data falls into the execution and closure category:
� Supervisor’s name
� Comments (by the worker or supervisor)
� Actual hours required for completion
� Failure codes (required by some computer systems)
� Parts and material used (including cost)
� Actual contractor costs

The work order in Figure 1-4 incorporates many of the items de-
scribed here.

The top half of the example work order is the request and au-
thorization category. The shaded areas must be filled out by the
originator. Unshaded areas are optional, but could be filled out to
expedite the planning and scheduling phase. The originator of this
work order has indicated that the downtime for this job could be
made available on 7/25/97 at 8:00 a.m.

The next part is the planning and scheduling requirements. The
planner has developed a rudimentary plan for the job. The labor
hours required to perform this job have been estimated, as well as
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Mat. 
Costs (Est.)

Labor 
Costs (Est.)

Work Requested (describe the problem)

Contractor Requirements

Drawing and Documents Required

Special Equipment

Special Tools Needed

Work to be Performed

Permit Requirements Safety Requirements

Date Req.Priority

Parts and Material

ApprovalsOriginator

Est. Hours

Actual Hours

Closeout Date

LocationEquip. # Equipment Name Account or CC

Downtime 
Requirement Date Time Shift

Date
Initiated

Craft(s)

Comments

Class

SupervisorPlanner

W/O #
Work Order

07344
Availability

7/7/97 T. Orkin Plant 2 S/D 7/25/97 08:00 1stR3

Corrective

7/25/97

25P203 Main Process Pump Plant 2 CC 25

Pump no longer achieves the pressure it used to, lowering the sprayer efficiency.�
Troubleshoot and repair the problem.�

After a dead head test, it was determined that 
the pump impeller needs to be replaced.  Remove 
and rebuild pump during next Plant 2 shutdown.  
Also replace guard.

Crane (Rental)

$1800

450

0

350

$1000
Mech.LaytonAvondale 32

Bearing and seal in storeroom. Rebuild kit in planner’s office.
Purchased sheet steel for new guard. To be delivered 7/8/97.

Line entry, lock-out/tag-out. Contact operator prior to start.

Removed pump, rebuilt it. Impeller was very eroded.  Installed new impeller.  �
Coupling had to be replaced.  Also fabricated and replaced the guard.  

8/30/97

32

Other 
Costs (Est.)

Contractor 
Costs (Est.)

Total Est.

Figure 1-4 Work order.

an estimate for the cost of labor, materials, and crane rental. The
planner has also identified where the parts can be found, as well as
some permit and safety requirements.

The execution and closure portion of the work order is at the
bottom. Here, the mechanics have identified some of the work
they performed. The actual hours spent working have been entered
by their supervisor, along with the date the work order was eventu-
ally closed.
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The work order should be the basis for a total maintenance infor-
mation system, which includes the purchasing, inventory manage-
ment, and payroll systems. Figure 1-5 illustrates how the work order
connects to other records and forms in the maintenance information
system.

Generating a Work Order
There are a few ways a work order is generated. Larger organizations
require that a work request be generated before any work order can
be opened. In smaller organizations, the work order doubles as a
work request.

NOTE
In the case of emergency work, a written work request is sometimes
provided after work begins.

Usually, anyone is allowed to write a work request, but these re-
quests are passed through an approval stage to validate the need or
to cull out duplicates. Once approved, the work request can go di-
rectly to the work order stage if no plan is required, or if planning is
just not practical (as is the case with an emergency). A plan, which in-
cludes a filled-in planning sheet, may be required as an intermediate
stage to ensure that parts and other resources are available when it
comes time to perform the work. A dollar estimate for the requested
work should be developed and approved prior to moving the request
to the work order stage.

A work order can also be generated from a PM system. A PM
schedule is needed to identify the equipment requiring PM, the work
or inspection to be performed, and the frequency of the activity.
Once the PM comes due to be performed, a related PM task descrip-
tion is added and a work order is generated. Once the equipment,
frequency, and task information are stored in a database, the genera-
tion of PM work orders is automatic when employing computerized
maintenance management systems (CMMSs).

NOTE
Computerized maintenance management systems (CMMSs) are dis-
cussed in more detail in Chapter 5.

Many companies require that a purchase request be filled out
prior to the generation of a purchase order. Purchase requests go
through an approval process to reduce the flow of paper work to a
purchasing agent and can facilitate some control over maintenance
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costs. Individuals are provided with a grant of authority, which al-
lows them to commit budgeted funds to purchases. If an individ-
ual does not have a high enough grant of authority, the request
must be circulated to individuals with consecutively higher grants
of authority.

Purchase orders or contracts for services are legal documents
between the company and the outside world. A purchasing agent
collects purchase requests and carries out the purchase. Technically,
anyone in the company can be a purchasing agent. The law of agency
states that anyone who makes a purchase for which the bill is paid
is a bona fide purchasing agent.

Cost Data
As stated previously, the work order is the focus of most mainte-
nance record-keeping. As such, a work order number should be ref-
erenced on every purchase request, stores withdrawal slip (indicating
inventory removal), or contract. This allows costs to be tracked and
accumulated against a work order. The timesheet is used to collect
payroll data. Sometimes the daily schedule doubles as a timesheet.

A connection can always be made between plant equipment and
the cost to maintain it, as long as an equipment number or account-
ing cost center is added to each work order. This information can
be used later to determine the total cost of maintaining each piece
of equipment.

The system described previously can be completely manual or can
be completely paperless. Prior to the widespread use of CMMSs,
large banks of filing cabinets were required to store work orders
and associated paperwork. A copy of a completed work order was
filed numerically, another chronologically, and yet another copy by
equipment number. A work order filed by equipment number usually
had a copy of all associated timesheets, stores withdrawal slips, and
purchase orders filed with it.

Anyone who wanted to know how much was being spent on a
certain piece of equipment had to first look up the equipment in the
equipment file. Next, the actual cost data for each document filed
under that number had to be researched in the accounts paid files
and in the payroll records. Once this was done, the cost data could
be tabulated to present the actual costs accumulated. Needless to
say, this task was not performed often and most likely was passed
down to a clerk-level employee.

Getting specific equipment-cost data becomes much easier with
the use of a CMMS. The work order number can be referenced on
all associated records. The computer system will keep track of the
connection between these records, as shown in Figure 1-6.
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Figure 1-6 Work order connections via a CMMS.

Consider a sample scenario. A work order (for example, num-
ber 07344) is generated for work performed on a pump with an
assigned equipment number (for example, 25P203). Five additional
records are associated with the work order. Two maintenance em-
ployees worked on this job for two days. Their timesheets show
the hours they worked, and their employee numbers reference these
records to the hourly wage data in the payroll department. Two
purchase orders are also generated as a result of this work order.
One is for some sheet steel and the other was for a crane rental.
The maintenance workers generate a stores withdrawal slip to re-
move three items from stores. The item numbers for these parts
are referenced back to the storeroom inventory data record, which
has the unit cost for each item. Figure 1-7 shows the result of a
typical report that a manager might request for this sample work
order.

Most CMMSs keep track of the relationship between work or-
ders and associated records as shown in Figure 1-6. The current
cost of labor, parts, materials, contracts, and rentals at the time of
the closure are also stored when the work order is closed. Reports
can then be easily generated for any stored piece of information.
Figure 1-8 shows an example of a year-to-date report for the sample
equipment number 25P203.
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Work Order #: 07344
Labor

8 hrs @
7/7/97 Emp. # 230 $30.00/hr. $ 230.00

8 hrs @
7/7/97 Emp. # 245 $25.00/hr. $ 200.00

8 hrs @
7/8/97 Emp. # 230 $30.00/hr. $ 230.00

8 hrs @
7/8/97 Emp. # 245 $25.00/hr. $ 200.00

Total Labor $ 860.00

Material - Stores

05-234-142
7/7/97 Bearing 2 ea @ $23.00 ea $ 46.00

7/7/97 06-700-327 Seal 1 ea @ $ 5.20 ea $ 5.20

12-200-380
7/7/97 Coupling 1 ea @ $43.25 ea $ 43.25

Material - Purchased

8/4/97 (date paid) P/O # 034252 Sheet Steel $ 230.00

Total Material $ 324.45

Contractors and Rentals

8/8/97 (date paid) P/O # 034143 Crane Rental $ 450.00

Total Contractors and Rentals $ 450.00

Work Order #: 07344 Total $1634.45

Figure 1-7 Typical report for a work order.

The year-to-date total maintenance expenditure for this piece of
equipment is $5,993.18. This kind of information is helpful to a
manager in the following ways:

� The manager may conclude that more PM is required on this
equipment.

� The cost information can help in determining whether this
piece of equipment should be replaced rather than repeatedly
repaired in the future.

� The repeated repairs on this equipment (the motor was
changed twice and fuses were changed numerous times) may
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Maintenance Costs for Equip. #25P203 - YTD
Date W/O # Cost
Labor
2/9/97 06960 Emp. # 152 8 hrs @ $27.50/hr. $220.00
2/23/97 07019 Emp. # 230 8 hrs @ $30.00/hr. $240.00
2/25/97 07008 Emp. # 241 8 hrs @ $22.50/hr. $180.00
3/9/97 07040 Emp. # 145 8 hrs @ $25.00/hr. $200.00
3/19/97 07074 Emp. # 145 8 hrs @ $25.00/hr. $200.00
3/20/97 07074 Emp. # 245 8 hrs @ $25.00/hr. $200.00
4/20/97 07166 Emp. # 221 4 hrs @ $25.00/hr. $100.00
4/20/97 07166 Emp. # 241 4 hrs @ $22.50/hr. $ 90.00
4/21/97 07166 Emp. # 221 4 hrs @ $25.00/hr. $100.00
5/24/97 07270 Emp. # 152 4 hrs @ $27.50/hr. $110.00
5/24/97 07270 Emp. # 221 2 hrs @ $25.00/hr. $ 50.00
6/11/97 07320 Emp. # 145 2 hrs @ $25.00/hr. $ 50.00
6/11/97 07320 Emp. # 230 2 hrs @ $30.00/hr. $ 60.00
6/11/97 07320 Emp. # 241 2 hrs @ $22.50/hr. $ 45.00
7/7/97 07344 Emp. # 245 8 hrs @ $25.00/hr. $200.00
7/7/97 07344 Emp. # 230 8 hrs @ $30.00/hr. $240.00
7/8/97 07344 Emp. # 245 8 hrs @ $25.00/hr. $200.00
7/8/97 07344 Emp. # 230 8 hrs @ $30.00/hr. $240.00

Total Labor

Material - Stores

2/9/97 06960 12-200-380 Coupling 1 ea. @ $43.25 ea. $ 43.25
2/9/97 06960 66-382-810 Motor 1 ea. @ $210.34 ea. $210.34
2/25/97 07019 62-110-012 Circuit Break 1 ea. @ $107.65 ea. $107.65
2/25/97 07008 65-314-036 Fuse 3 ea. @ $12.65 ea. $ 37.95
3/9/97 07040 56-041-250 Valve 2 ea. @ $52.86 ea. $105.72
3/20/97 07074 06-700-327 Seal 1 ea. @ $5.20 ea. $ 5.20
3/20/97 07074 43-422-896 Sheave 1 ea. @ $40.59 ea. $ 40.59
4/20/97 07166 06-700-327 Seal 1 ea. @ $5.20 ea. $ 5.20
4/20/97 07166 43-422-896 Sheave 1 ea. @ $40.59 ea. $ 40.59
5/25/97 07270 06-700-327 Seal 2 ea. @ $5.20 ea. $ 10.40
6/11/97 07320 66-382-810 Motor 1 ea. @ $210.34 ea. $210.34
7/7/97 07344 05-234-142 Bearing 2 ea. @ $23.00 ea. $ 46.00
7/7/97 07344 06-700-327 Seal 1 ea. @ $5.20 ea. $ 5.20
7/7/97 07344 12-200-380 Coupling 1 ea. @ $43.25 ea. $ 43.25

Material - Purchased

4/11/97 07008 P/O 033807 Cable, 500’ $176.50
5/9/97 07166 P/O 033965 Local Disconnect $410.00
8/4/97 07344 P/O 034252 Sheet Steel $230.00

Total Material

Constractors and Rentals

2/28/97 06960 P/O 033759 Millwright Contractor $320.00
4/7/97 07074 P/O 033873 Crane Rental $450.00
7/18/97 07320 P/O 034119 Millwright Contractor $320.00
8/8/97 07344 P/O 034143 Crane Rental $450.00

Total Contractors and Rentals
Equip. #: 25P203 Total

Totals

$2,725.00

$1,728.18

$1,540.00
$5,993.18

Figure 1-8 Year-to-date report for equipment #25P203.

20



P1: IOI

GB043-01 GB043-Brown-Sample May 5, 2004 23:31 Char Count= 0

Defining the Level of Maintenance 21

be indicative of the quality of the repair, or the suitability of
the equipment for the application.

With a work order and cost management system in place, a work-
able planning and scheduling effort is the next logical step in a good
maintenance program.

Planning and Scheduling
Unfortunately, many maintenance employees feel as though their
jobs are filled with interruptions. The most common complaint of
maintenance workers is, “They’re always pulling me off one job to
start another.” The second most common complaint is, “I’m often
assigned to work on a job that someone else has started.” These
complaints do not bear out a lower work ethic, as claimed in a
number of recent editorials. In actuality, they point to an unfulfilled
willingness to start a job and finish it right the first time.

Good planning and scheduling can provide the environment to
motivate employees. A job that has been planned correctly provides
the parts and equipment required for the job, so the job won’t have
to be stopped. A job that is scheduled and arranged with opera-
tions should start on time and should not make the maintenance
worker wait. If more planned jobs are completed on time, the oper-
ations department will be more inclined to write work requests far
in advance of the needed completion date. This should reduce the
number of so called higher-priority jobs that cut into the scheduled
jobs. Everyone in the organization can reap the benefits of proper
planning and scheduling.

The Planning and Scheduling Profession
Many companies leave the job of planning and scheduling to the
first-line maintenance supervisor. At first glance, this is a logical
approach. All the work requests may come to the supervisor, so it is
assumed that the supervisor is the most knowledgeable on what is
required to complete the job and who can best do the work. A super-
visor usually can develop some semblance of a plan without much
information. As a matter of fact, formal work requests may not even
be needed if the supervisor does the planning. Companies without
planners usually consider the net result of any plan to be negligible.

Why is it that many companies feel an increasing need to add a
dedicated planning function to the maintenance staff? In some cases,
it is felt that the jobs can proceed much more efficiently if the work is
better supervised. Freeing up the supervisor to supervise rather than
plan and schedule work can lead to a 10- to 15-percent reduction
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in job duration. Just a 5 percent improvement in time on jobs will
more than pay the salary of a good planner, who can plan for 20 or
more employees.

Job quality may also improve with the addition of a planning
and scheduling function. Identifying, purchasing, and allocating
parts, materials, and support equipment can limit travel time by
maintenance employees. Scheduling and coordinating jobs with the
operations department can cut down on waiting time and other
operations-related delays. Step-by-step plans on jobs that require op-
erations downtime can reduce the elapsed time equipment is out of
service.

Supervisors are often too preoccupied with day-to-day work and
performance problems to think of the future. Planners are usually
freed up to address the long-term planning needs of a facility. Out-
ages, shutdowns, and turnarounds can be (and should be) planned
and scheduled months in advance if a planner is available to think
about the work involved. Dedicated planners/schedulers can take
the necessary time and save the company from extended downtime.

The position of the planner/scheduler is often filled by people
who have a maintenance background. In some facilities, the job is a
promotion from the hourly ranks. In others, the planner/scheduler
position is a promotion from first-line maintenance supervisor. More
often than not, the planner position is on an even standing with a
maintenance supervisor.

Some companies split the job of planner/scheduler. This is very
common in nuclear utilities in which special requirements of permit-
ting and coordination with operations are divided between the plan-
ner and the scheduler. Other companies create a separate scheduler
position as a promotion for clerical personnel. In these companies,
the planner builds a plan for a job and develops a list of equipment
required to complete it. The scheduler uses the labor hours estimated
by the planner and the resulting elapsed time required to develop
a schedule based on the work force available. Equipment down-
time requests of operations and coordination of heavy maintenance
equipment are the responsibility of the scheduler.

Other facilities free the planner/scheduler from the requirement
to purchase and expedite parts and materials. A formal expeditor
position is developed to meet this need. All the planner has to do is
identify the parts required; the expeditor does the rest.

No real plan can be developed for emergency work. A company
that plans emergencies is usually planning on emergencies. For this
reason, most companies assign the responsibility to handle emer-
gency work to the first-line supervisor. The planner may help the
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supervisor from time to time, but should never be assigned to handle
emergencies. Planners/schedulers who have emergency dispatch as
part of their job descriptions usually find they have time for little else.

A planner/scheduler’s time is usually broken down as follows:

� Planning and estimating jobs: 20–30 percent
� Scheduling: 15–25 percent
� Purchasing and expediting part: 20–30 percent
� Other duties: 25–35 percent

Planning and estimating maintenance work should be the largest
part of the planners’ day. Scheduling usually involves phone discus-
sions with operations or meetings with both operations and mainte-
nance supervisors. Unfortunately, purchasing and expediting parts
can take up a large part of a planner/scheduler’s time. Some parts
may not be held in the storeroom, so the planner/scheduler must pur-
chase them. Some planners are also required to coordinate contrac-
tors or handle a small maintenance crew. This can cut even further
into their time to plan jobs.

Planning Defined
True planning of maintenance work is a very distinct effort. It can
best be described as follows: Planning is the allocation of needed
resources, and the sequence in which they are needed, to allow an
essential activity to be performed in the shortest time or at the least
cost.

Planning requires the identifying and, if necessary, allocating of
any resource that is needed to get a job done. Also, the necessary
order (or sequence) is needed in the planning of a job even though
this information is not really pertinent until the job is scheduled for
execution.

The final goal of a plan is to limit cost or time. A plan may be
designed to reduce labor hours required to perform a job, thereby
limiting the cost of performing the job. If equipment downtime is
required for a job, the cost of downtime can be reduced with a good
plan. Planning jobs that require downtime may involve balancing
the cost of equipment downtime against the cost of additional labor
to perform a job more quickly.

Resources
Real planning of maintenance work requires the identification of all
the needed resources to complete a job. Until this has been done,
there can be no assurance that the job can proceed without delay.
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A resource can be anything that is consumed when performing
work. Resources to be considered are:

� Labor
� Materials, parts, supplies, and tools
� Support equipment (cranes, lift trucks, and so on)
� Contracted (outside) services
� Time

Labor
Some planners only consider labor hours when planning work.
However, real planning requires that crew size also be included.
Some jobs may require special skills that preclude just anyone from
performing the work. As a result, the allocation of labor may also
require identifying exactly who will do the job.

Labor can be identified in months, weeks, or days, but is usually
reported in hours. Some estimating methods provide for 0.00001-
hour intervals for labor estimates but generally estimates are made
at a minimum interval of 0.25 hours.

The cost of labor must also be factored into jobs. This cost may
vary, depending on the trade or skill level required, or it can be
reported at what is called a standard cost, which usually includes
benefits, overtime, and indirect overhead.

Materials, Parts, Supplies, and Tools
Identifying the needed material, parts, supplies, and tools that will
be used or consumed is just as important as allocating the hours of
skilled labor to complete a job. Implied in the planning process is
verifying that needed items are, in fact, available and dedicated to
the job in question.

Material and parts have a cost that should be identified in the
plan. The full magnitude and effect of a job on the maintenance
budget is not known until both labor and material costs are added.

Tools identified can be limited to special tools (such as torque
wrenches or sledgehammers) not normally carried in a maintenance
worker’s toolbox. Other planners may feel the need to identify every
tool, down to the size and type of screwdriver.

Support Equipment
Identifying and allocating support equipment is often not considered
in the planning of maintenance work. The result of this oversight
is usually workers waiting until the necessary support equipment
becomes available.



P1: IOI

GB043-01 GB043-Brown-Sample May 5, 2004 23:31 Char Count= 0

Defining the Level of Maintenance 25

Equipment such as fork trucks, pickup trucks, or cranes can be
in limited supply. Identifying their need in a job is the first step to
ensuring availability when the job starts. If the equipment is rented,
the rental cost should be identified in the plan. If the equipment
requires a trained operator, this individual’s labor hours and cost
must be included in the plan.

Contracted (Outside) Services
Contracted labor may be required from time to time to supple-
ment the existing work force. For example, a large pipefitting job
may exceed the available workforce’s ability to complete the work
within a reasonable period of time. A facility may elect to work
overtime to reduce this backlog of work, but the cost of overtime
may exceed the cost of hiring an outside pipefitting firm to complete
the job.

Contracted labor may also be used to supplement facility person-
nel during shutdowns, outages, or turnarounds. Staffing up using
contract labor can ensure that these events are completed on time.

Sometimes the completion of a job requires special services. One
typical example includes an annual boiler inspection. At some point
in the job, a boiler inspector will have to be called in to make the
inspection to satisfy the regulatory agencies. The job cannot proceed
as planned and downtime will be extended if this resource is not
allocated.

Time
One resource that must be allocated is the elapsed time that should
be available to perform the necessary work. Many labor estimates
include only the total labor hours for the job. If more than one
person is assigned to complete the job, the elapsed time should be
less than the total estimated labor hours.

Operations must be advised of the elapsed time required for a
job, especially if the job requires that equipment be shut down.

Scheduling Defined
Scheduling is also a distinct function from planning, but is closely
tied to planning. It can be defined as follows:

Scheduling is the assignment of many planned jobs into a de-
fined period of time in order to optimize the use of the resources
within their constraints.

Effective scheduling cannot be accomplished without planning.
A schedule is just a list of work if the jobs on the schedule are not
planned. Implied in the act of scheduling is a method of determining
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the importance of one job over another. This is called a priority
system. Any good priority system provides a method of determining
which job is the most important, second most important, and so on.

Before discussing priorities, it’s a good idea to discuss the con-
straints on resources that affect scheduling work.

Resource Constraints
Scheduling seeks to optimize the use of resources. For example, jobs
can be selected and sequenced to minimize travel time. A number
of jobs all requiring the use of a crane, for example, may be slotted
throughout the workday in order to utilize the crane most effectively.
An effective scheduling discipline also helps determine the trade-off
between higher resource costs and extended downtime.

All maintenance resources are constrained to some degree. They
are not available in unlimited supply. The following constraints are
common:

� Fixed amount of labor
� Limited or special skills
� Space
� Physical properties
� Rules and regulations
� Money

Fixed Amount of Labor
There is an upper limit to the labor hours available at any time.
Even though the work force can be augmented with contracted
help, this resource may not possess the skills for all work to be per-
formed. Available labor levels actually vary because of vacations,
absenteeism, and meetings. Proper short- and long-term scheduling
requires that an up-to-date labor calendar be developed.

Limited or Special Skills
Some jobs may require specialized skills. Only a few of the personnel
in the maintenance work force may possess the necessary skills. Un-
availability of these individuals may prevent the start or completion
of some jobs.

Space
This is one constraint that is often overlooked. There is a limit to
the number of people who can be working in close proximity to
each other. Proper coordination of different crews working in the
same area can ease this constraint. In most circumstances, all work
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performed by one crew must stop before another crew can enter the
area.

A unique example of this constraint involves the use of cranes.
OSHA law requires that as the lift is being made, no work can occur
under the lift path.

Physical Properties
The physical properties of equipment or machinery can also be a
constraint. For example, work cannot begin on an internal boiler
repair until it has cooled down to a safe temperature. The cool-down
period for a boiler is a function of how much heat must be removed
and the ability of the boiler to dissipate its heat.

Often, chemical piping and associated equipment must be decon-
taminated before it can be opened or replaced. The decontamination
process may involve pumping a caustic, an acid, or water through
the system, or purging with an inert gas. Each of these tasks takes
time and can limit the time remaining for repair.

Rules and Regulations
Safety requirements (such as lock-out and tag procedures or con-
fined space permitting) are necessary constraints on the scheduling
process. Some jobs require extra personnel (such as a fire watch or
flag man) to aid in the safe progress of a job.

Work rules can be a constraint on effective scheduling as well. If
strong craft distinctions are in force, coordination of workers with
differing skills can extend the job duration.

Money
This is the ultimate constraint. Even when extra help can be con-
tracted to shorten a job’s duration, the cost of bringing in this help
may be prohibitive. This constraint is determined by weighing the
cost of performing the job against the perceived benefit.

Summary
The period from the 1960s to the present is often referred to as the
era of business management theories. Of all the efforts implemented
during this period, none has been more effective than total quality
management (TQM). Beginning in the 1970s, Japanese companies
implemented TQM to attain a goal of zero defects in their processes.
Production workers were trained in statistical process control (SPC)
and were given conditional autonomy to make changes that ulti-
mately led to eliminating defects.

This new focus on eliminating defects not only succeeded in im-
proving the throughput of manufacturing processes, but also had
the side effect of reducing the overall cost of manufacturing. Many
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North American and European companies adapted TQM in the
1980s. These efforts were largely successful and are credited with
improving the overall quality of products and services throughout
the world. By the 1990s, the zero-defect tenant of TQM started to
give way to a new approach called business practice re-engineering
(BPR).

TQM touched every aspect of business, including, just-in-time
(JIT) inventory management and total productive maintenance
(TPM). A positive outgrowth of TQM and BPR was a movement by
many organizations toward reliability-centered maintenance (RCM)
to refocus maintenance on overall equipment reliability. RCM
founded a renewed emphasis on preventive maintenance (PM) pro-
grams and began to give credibility back to these efforts. Originally
developed in the 1970s, predictive maintenance (PDM) programs
were beefed up or expanded. Standards for purchase, installation,
and repair of equipment were developed to ensure continuity as
organizations continued to evolve.

The cost associated with improving reliability must be balanced
against the return from the effort. An operations department uses a
sales plan to determine what equipment availability is required. A
maintenance department is consulted to determine what equipment
reliability is required to provide the needed equipment availability.
Using a production plan, the maintenance department can discuss an
intelligent schedule for operations uptime and maintenance down-
time, called a custody plan. This plan identifies the custody of the
equipment required by the operations department to manufacture
a quality product and to attain the on stream-time needed to meet
sales. It also defines the custody of equipment required by the main-
tenance department to build capacity back into the operation.

Maintenance of a plant or facility can be performed by default
or by plan: When maintenance by default is in effect, maintenance
departments in facilities without a custody plan receive custody of
equipment only when it fails. This creates a plant environment that
ultimately can be the demise of the business. If a custody plan exists
(maintenance by plan), maintenance knows when the equipment
will be made available and has time to plan the jobs to ensure the
highest-quality repair. Using its custody of the equipment wisely
becomes the challenge of a well-managed maintenance department.

A maintenance department’s budget is not unlimited. The size
of the budget must be weighed against the cost of raw materials,
production, and overhead. Establishing the maintenance budget is
often the first attempt that some facilities make to determine a plan.
Although this is not advised prior to developing a custody plan, it
is at least an attempt.
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The maintenance department must be bound by a set of rules and
controls that limit the work performed to that which has short-term,
near-term, and long-term benefit for the company as a whole. The
work order is the center of this control. A formal work order sys-
tem provides a financial structure to the work that the maintenance
department performs.

Planning is the allocation of needed resources, and the sequence
in which they are needed, to allow an essential activity to be per-
formed in the shortest time or at the least cost. A resource can be
anything that is consumed when performing work. Scheduling is the
assignment of many planned jobs into a defined period of time in
order to optimize the use of the resources within their constraints.
Effective scheduling cannot be accomplished without planning.

Chapter 2 builds on the foundation we have built in this discus-
sion and tackles the details of estimating and planning maintenance
work.
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