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ABSTRACT

No industrial operator can be
fully productive for an entire shift.
Interference with the productive
process occurs during the work day that
is beyond the operator®s control.

Once the industrial engineering
analyst has produced a normal time for
an operation, the standard is still not
complete. The analyst must account for
personal, fatigue, and delay (PF&D)
time and factor the appropriate
allowances into the normal time to
produce a true standard time. Allowing
for personal needs is usually not
enough. Operators experience fatigue
due to the stress factors that are
abundant in ship repalr processes.
Delays are incurred when multiple
trades must combine their skills to
complete one work cycle. These
personal, fatigue, and delay factors
are steadily increasing, as
technological, safety, and
environmental needs are discovered,
making many processes more complicated.
Some other factors that affect the work
day are: mustering of personnel for
shift changes: preparing turn-over
reports for ensuing shifts; attending
to administrative requirements; and
general work area cleaning.

INTRODUCTION

To accurately account for all of
the factors affecting the work day, the
industrial engineering analyst must
become familiar with the nature of the

work, the environment in which it is
performed, and all governing
regulations. Since it is not unusual

for operators to take short-cuts,
especially where safety and
environmental requirements are
concerned, it is important that the
analyst develops personal, fatigue,
delay allowances in compliance with
existing regulations. In ship repair
work, allowances for similar operations
may vary widely from one work cycle to

and
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another, depending on conditions and
requirements. Welding in a tank, for
example, requires considerably greater
allowances for working conditions and
safety than welding on an open
bulkhead. The analyst cannot afford to
apply a general factor but must develop
an individualized allowance for each
operation based on personal
observations and experience with the
actual conditions. Developing a PF&D
allowance is an integral part of
determining direct labor charges.

To illustrate the development of
PF&D allowances as this paper
progresses, a running example will be
created using the Department of Defense
(DoD) requirements (1). The example
will consist of an electrician mounting
a 40-pound piece of electrical
equipment at waist level in a ship®s
machinery space.

PERSONAL TIME

Workers must attend to personal
needs, such as going to the rest room,
getting fresh air, or getting a drink.
Allowances for these personal needs are
usually defined by company policy or
negotiated into a labor-management
agreement and do not have to be
redefined for each job. For example,
the Department of Defense personal time
allowances are 9 percent for indoor
(shop) work and 14 percent for outdoor
(shipboard) work (1).

IT the analyst needs to develop
personal time allowances, the best
approach is through a work-sampling
(ratio-delay) study. Company policy
regarding personal time should be
defined before beginning the study.
The items to be observed are primarily
trips to the restroom and drinking
fountain, getting fresh air, special
clothing requirements (for example,
"clean-room®™ garb) and, where
applicable, lunch breaks (1). Criteria
to be considered are the distances the
worker must travel to use the



facilities and the disruption to the
job that the trips cause, such as
having to store tools or secure the job
before leaving the work site. Items
such as rest breaks or changing safety
equipment are not normally considered
personal time. The results of the
study should be reviewed with
management and labor before they are
applied, as these parties often
disagree on this type of allowance.

FATIGUE

The study of fatigue in workers.
and the development of allowances to
compensate for it, is a point where
many analysts disagree when applying
PF&D allowances. Every operator works
at a slower pace towards the end of the
shift than at the beginning (2). This
slowing is more apparent in some
workers than in others. Fatigue is
greater in ship repair than on the
typical progressive assembly line, due
to the multiple stresses on workers and
the less-than-favorable working
conditions aboard a ship under repair.
Pace rating will not adjust the normal
time for this slowing since the change
in pace is not consistent. A standard
developed by motion-time analysis has
the pace rating built in and does not
reflect the normal slowing of a worker
throughout the work day. Some
organizations create standard
allowances for fatigue (1).
be included in a labor-management
agreement. Scheduled morning and
afternoon rest breaks, normally 5-15
minutes each (2), are a common way to
compensate for worker fatigue.

They may

The two stresses that create
worker fatigue are mental and physical.
Concentration, lighting, temperature,
humidity, air quality, color of the
work area, and noise are all factors
that affect mental stress. Physical
stress is caused by working position
(sitting, standing, walking, and
cramped quarters (1). weight handling,
repetitive motions, and disagreeable
working conditions (3).

Mental Stress

A worker is more fatigued by work
that requires intense concentration
than by work that is largely habitual,
although monotony from highly
repetitive. short-cycle work will also
cause fatigue. Glare from a work
surface or inadequate lighting (less
than 75 foot-candles for normal work or
125 foot-candles for close work (1))
creates worker fatigue. High noise
levels can severely tire a worker.
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Physical Stress

To account for weight handling,
the analyst must consider the amount of
weight being handled, the manner in
which it is handled, and the percentage
of the work cycle that the worker
handles the weight. Physical stress
considerably greater when a weight is
lifted than if it is simply rolled or
slid (2).

is

Physical stress is also largely
affected by the working position.
Little stress is felt by a worker who
sits during much of the work cycle. A
worker who must crawl into a tight spot
and work in an unnatural position will
experience great stress. Cost overruns
can occur when the working position and
other fatigue factors are not
accurately identified. For example,
welding a two-inch thick aluminum joint
could cost 4.0 manhours per lineal foot
under normal conditions. The same two-
inch joint welded under close, cramped
conditions could cost 4.0 manhours per
lineal foot (4). IT the proper PF&D
was not applied to account for the
difficult working position, this job
would most likely be overexpended by
0.8 manhours per lineal foot or 20
percent over the cost bid to the
customer. Since welding comprises a
large portion of ship work. the cost
overrun could be enormous.

Determining the fatigue allowance
for mental and physical stress usually
requires studying an operation
throughout the work day. The actual
effect on workers varies between
individuals, based on their stature,
diet, health, mental state (3), and
other factors which the analyst can
neither detect nor control.

To develop a reasonable fatigue
allowance, the analyst must study the
worker®"s performance over an entire
shift. Normally, production increases
during the early part of the shift,
then falls off during the third hour.
After the lunch break, production
increases for a short period, then
declines for the balance of the shift
() - As with all studies, the more
observations that can be made, the more
accurate the study results. Any drop
in productivity that cannot be
attributed to other causes, such as
personal time, poor worker health,
unavoidable delays, should be
attributed to fatigue. The time to
complete a single task (one work cycle)
should be measured repeatedly
throughout an entire shift. The
difference between the time to produce
one work cycle at the beginning of the
shift and one work cycle at the end of
the shift can be expressed as a

or



percentage. Any scheduled rest breaks
should be subtracted from the total
fatigue allowance.

ExamPle:

A piece of equipment weighs 40
pounds and is lifted from the deck to
the waist-high mounting location (3.45
percent weight allowance), working from
a standing position (2 percent). This
work requires the electrician®s Tfull
attention (2 percent). The compartment
temporary lighting intensity is less
than 75 foot-candles (2 percent) and
there is a constant, rather loud noise
present (1 percent). The work will
require more than 2.5 minutes to
complete (0 percent). Adjacent
operations require the electrician to
wear a Filter mask (6 percent).

The fatigue allowance is the sum
of the item allowances, or 15.45
percent.

UNAVOIDABLE DELAY

Many things can occur during the
work day to interrupt a worker"s
progress, many of them beyond the
control of the worker. Machines
require scheduled or unexpected
maintenance, material supplies run out,
power Tfailures occur, a foreman must
talk to the employee, or machines may
require resetting. These types of
delays must be considered when
developing allowances for a time
standard.

To determine the allowances
required for unavoidable delays, the
analyst should perform either a work-
sampling (ratio-delay) study or a time
study. A work sampling study, where
instantaneous observations are made at
randomly selected times, is the most
efficient as it requires less of the
analyst®s time, interferes less with
production, may be combined with other
like studies, and is as accurate as a
time study. Delays that should be
included are those which are clearly
beyond the control of the worker and
that can reasonably be expected to
occur during a given work day.
Operator-caused (avoidable) delays
should not be considered as allowances.
Social calls, excessive gauging or
counting of work pieces, starting
quitting early, excessive personal
time. or rework due to poor workmanship
are not allowable parts of the work
cycle. Delays that occur regularly or
predictably, such as changing or
sharpening tools after a fixed number
of cuts or obtaining and disposing of a
container of parts should be prorated

late,
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into the normal cycle time instead of

the delay allowances (5).

Close trade coordination is
required as an electrician holds an
equipment template for a service welder
(2 percent).

BALANCING (MACHINE) DELAY

Delays are common when a worker
must move from one station to another
to complete a work cycle. As the
number of work stations increases, So
do the delays encountered. The amount
of delay depends on the number of
facilities assigned, the randomness of
the moves, the ratio of servicing time
to running time, the length of running
time, and the average length of
servicing time (3). Delays are
encountered when the worker must wait
for another worker to complete an
assignment on the same machine, for
repairs to be performed on a machine,
for cleaning and oiling a machine. or
to gather and return tools.

To develop the allowance for
balancing (machine) delay, the work can
be observed through a time study or a
work-sampling (ratio-delay) study. The
analyst must determine which of these
techniques is the most practical for
the application. These delays should
be prorated into the normal cycle time,
rather than into the allowances, if
they occur consistently.

COMPLEXITY OF WORK

There
the magnitude of work complexity.
operations where there is a large
amount of repetition over ashort
cycle, there is rarely a need to
compensate for complexity. Workers
tend to become automated in their tasks
and the learning time is so short that
it may be negligible. Where an
operation with a long cycle time
requires the assembly of many parts of
different sizes and shapes, as in ship
work, the learning time may be long.
Performing these kinds of tasks never
becomes fully automatic and the
assignment may be completed before Tfull
productivity is attained. Repetition
on these jobs is low and the memory
requirement is high. This allowance
should not be confused with mental
fatigue. which is the slowing of
production due to stress. Complexity
allowances are made to compensate for
the time required to perform the mental
"processes.

is no precise way to measure
In

To properly allow for complexity
of work, the analyst must consider the



required degree of mental activity and
the duration of the work cycle.
Thinking and deciding, reading
instructions, and referring to a model
all require thought on the part of the
operator. The number of repetitions of
the work cycle, the duration of the
job. and the employee turnover rate
determine the learning exposure the
employee has.

In activities such as ship repair,
a good approach is to generally study
all plant operations and develop a
normalizing factor, which is a weighted
average considering the pace of
personnel and the performance of
equipment. This normalizing factor is
then applied to the normal time before
the PF&D allowance. This normalizing
factor is developed only once for the
entire plant and is applied universally
to all operations. This approach is
especially useful when motion-time
analysis or standard data is used to
develop the normal time for low-
repetition operations. such as those
dealing with repair work.

SPECIAL ALLOWANCES

Special allowances are those that
fit into no specific category but must
be applied to arrive at a fair
standard. Typical examples of these
allowances are mustering of personnel
at shift changes, clean-up of the work
site, and other odd items that cannot
be defined as personal, fatigue, and
delay or be prorated into the normal
time. The analyst can time study each
special allowance item or observe them
by work sampling. Some organizations
have time set aside for these
operations, either formally or
informally. The analyst should check
policies regarding special allowances
before applying them.

Example:

An electrician is required to
report to a five-minute muster four
times a day for a total of 20 minutes
(4 percent). Work site cleanup
requires 10 minutes per day (2
percent). The total of special
allowances is 6 percent.

APPLYING ALLOWANCES

After the analyst has determined
all of the personal, fatigue, and delay
elements, he must apply them to the
normal time. This is done by
developing a multiplier for an eight-
hour day.
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The example allowances are
expressed as percentages of the shift.
They must be summed (37.45 percent) and
applied to the formula:

100
AF =
(100 - p) @
where:
AF = allowance factor, and
p = total of element percentages
Example :
100
AF =
(100 - 37.45) @
AF = 1.60

IT the allowance5 are expressed in

minutes (179.76). the formula is:
480
AF =
(480 - m) ®).
where:

AF = allowance factor, and

m =

total of element times in minutes
Example:
480
AF =
(480 - 179.761 ®
AF = 1.60

The normal time is then multiplied
by the allowance factor to yield the
true standard time.

Example: The analyst has determined
that the normal operation time is 0.75
manhours. The actual standard manhour
allowance is calculated as follows:

0.75 M/H x 1.60 (AF) = 1.2 M/H ()

SUMMARY

Allowances for the non-work
elements in a work cycle are an
important part of a time standard.
These allowances should not be used as
a "dumping ground® for missed elements,
but a5 a fair accounting of the non-
productive elements which are part of a
typical work day. Job conditions must
be observed and analyzed to determine
the true conditions and which
allowances apply to the work cycle.

The analyst should use the study as an
opportunity to seek method improvements
which will eliminate work delays and
fatigue factors. The methods used must
be consistent and objective. Work
measurement techniques such as time



study or work-sanpling should be used
to determine the actual duration of the
PF&D el enent s. Due to varied
interpretations by work analysts (1),
organi zations should establish policies
and standardi zed all owances. They may
be item zed or sinply blanket

al l owances, but all conditions nust be
considered. The penalty for ignoring
PF&D is always a higher-than-predicted
product cost which can quickly becone

| ost busi ness.
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