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I. INTRODUCTION

The reduction of injuries which are attributable to the manual
handling of material, particularly due to lifting, is a priority
concern of the federal government, industry, iansurance companies,
labor, and researchers.

In response to that concern this work was undertaken to deter-
mine the lifting capacity of the working population, to predict
lifting capacity for individuals, and to determine the effects of
the job stress index (JSI) components on the occurrence of occupa-
tional injuries.

In general, the end result is the generation of information
useful in the design of MMH tasks and/or the assignment of workers
to MMH tasks enabling a better match between the tasks' physical
demands and the individual's capacity.

The following literature review will provide the reader with
a background on manual materials handling, lifting associated in~-
juries, the control of those injuries, and the prediction of 1lift-

ing capacity,

A, Manual Materials Handling and Injury

Manual materials handling, lifting in particular, has been
identified by the National Institute for Occupational Safety and
Health (NIOSH), insurance companies, industry and several inde-
pendent researchers (e.g., Becker, 1961l; Snook and Ciriello, 1972;
Herrin, et al., 1974) as a priority concern. Lifting is the lead-
ing cause of back injury (National Safety Council, 1974; Jones,
1971; Troup, 1965). Back injuries are costly to the individual,
the employer, and society in terms of income, productivity, medical
cost, and quality of working life.

Within the past 6 years NIOSH has sponsored three major sympo-
siums (Badger, Dukes-Dobos, and Chaffin, 1972; Herrin, Chaffin,
and Mach, 1974; and Drury, 1976) during which internationally
noted authorities om manual materials handling discussed and
established as a priority objective for III0SH the pursuit of Te-

search for determining safe lifting capacities of individuals.
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Injury associated with manual materidls handling accounted for
a significant portion of the occupational accidents and illnésses.
The National Safety Council (1974) estimated that between 20 and
25 percent of all industrial injuries were associated with manual
materials handling. One type of manual materials handling injury
that has received special attention is that caused by lifting. The
Ergonomics Guide of July-August 1970 reported that 25 percent of
all materials handling accidents were due to lifting. The National
Safety Councdil (1974) reported that 400,000 back injuries were
attributable to the "manual handling of objects.” 1In 1971 they
reported that 22.6 percent of 487,200 of all reported injuries were
again attributed to the "manual handling of objects.” The average
cost for each of those injuries was $990.

Becker (1971) reported that in 1955 2.7 percent of 10,318
employees of Western Electric's Hawthorne Plant suffered back
injuries. Jones (1971) claimed that in North America over 20
percent of the compensation dollar was spent on lifting related
back injuries. Troup (1965) stated that in the United Kingdom
about 19 percent of all injuries affect the trunk and spine.

Forty percent of those back injuries were reported to be due to
lifting. Noreton (1964) reported that "low back pain has caused
more manhours in industry than any other single condition." 1In
Wisconsin compensable back injuries increased from 7.7 percent in
1938 to 19.1 percent in 1965, while the average cost per case in-
creased from $164 to $282 (Jones, 1971). Rowe (13969) reported that
Eastman Kodak averaged 4 hours per employee per year lost-time due
to los back problems. Rowe (1971) reported an increase in the
figure to § hours per employee. A number of studies, for example,
Moreton (1964) and Kosiak, et al. (1969), detailed work loss and
identified the lumbar region, expecially the fourth, fifth, and
sacral joints as areas of most frequent injury. More recently a
major U.S. corporation, through personal communication (Ayoub,
1978b), has indicated that over 50 percent of the injuries in a
recent manual materials handling injury survey were back injuries

attributable primarily to lifting.



Brown (1975) reported that 49 percent of all material handling
injuries were caused by lifting. He also stated that the materials
handling injuries studies were composed of 44 percent muscular
sprains and strains, 28 percent back injuries, and 28 percent other
injuries., This same study indicated that between 5 and 6 percent
of both men and women suffered symptoms of back injury for periocds
in excess of 6 months. Becker's study, reported in 1961, indicated
that employees of the Western Electric Hawthorne facility suffered
back injuries at the rate of 2.7 per 100 workers. Both Kraus
(1964) and Kosaik and Hartfill (1966) stated that the problem has
been getting worse over the years. Kosaik and Hart£fill indicated
that this was "in spite of improved medical care, use of pre~
employment examinations and automation...". Snook and Ciriello
(1972) also found this to be true. A number of other sources
(McDaniel, 1972; Dryden, 1973; Knipfer, 1974; Aghazadeh, 1974;
Herrin, et al., 1974; Chaffin, et al., 1976; and Garg, 1976} have
reported similar information based on corporate records.

The costs associated with materials handling injuries can be
expressed in terms of human suffering, decreased worker perform-
ance, and direct expenses. The first two of these have been
difficult to measure in terms of dollars, but the third has been
measured. These direct expenses included such items as compensa-
tion costs, medical costs, and lost wages, Jones {(1971), reporting
"in a study of back injuries, indicated that while back injury fre--
quency increased by 250 percent, the cost of those injuries in-
creased by a factor of 470 percent. He also stated that currently
in excess of 20 percent of the compensation amounts paid in North
America were paid to victims of Back injury. Snook and Ciriello
(1972) also reported that the cost of back injury is increasing
at a pace greater than the actual frequency of injury. For the
year 1961 the BLS (#318, 1967) estimated that in excess of 13
million dollars in lost wages were experienced by those having
back injuries. This was exclusive of other direct costs. The
indirect costs associated with decreased work place efficiency

may amount to up to ten times the direct costs according to

3
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Matthysen (1973). <Chaffin and Ayoub (1976) quoted statistics that
indicated that materials handling injuries resulted in a total
loss of 3 billion dollars in medical expenses and lost wages
during 1975. '

The Ergonomics Guide (1970) stated that in addition to the
weight that was lifted, there were other hazard conditions and
situations which may have contributed to the increase and severity
of manual materials handling injury. Among these were incorrect
lifting method, relative age of the worker, the new worker, stress-
ful environments awkward working position, and the general health
of the worker.

The Ergonomics Guide indicated that "back lifting or fast,
jerky lifting can double the amount of stress placed upon the
lower back" and therefore increase the risk of injury. The authors
also stated that these incorrect lifting methods were most likely
to occur when the lift began at knuckle height or lower. It was
recommended that such lifts be executed with the legs, keeping the
back straight and vertical, and performed slowly and smoothly.
However, there was no universal agreement in this area. One
writer (Brown, 1972) reported that there has been little reduction
in lifting injuries during the 30 years that the above method has
been advocated. He went on (1973) to discuss and recommend the
dynamic or "free" 1lift which essentially allows the back to be
flexed. Troup (1965) stated that certain bent knee lifting methods
may place excess stress upon the body. He indicated that untrained
workers tended to raise their hips first, thereby placing their
backs in the horizontal position. This may have caused excessive
forces of acceleration upon the back. Davis, et al. (1965) agreed
that the hips tended to raise first in bent knee 1ifting which
places the back in an inclined position. Maxwell (1957) recommend-
ed the kinetic method which uses body momentum thereby reducing
the demand on the back muscles. Van Wely (1961) reported that
leg lifting was physiclogically less efficient than back lifting
when heavy loads were lifted. This was due to the fact that 1lift-

ing with the legs entailed lifting the upper body in addition to
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the load. The leg lift was said to afford a stronger vertical pull
than back 1ift and therefore has less risk of injury (McFarland,
1969). Asmussen, et al. (1965) recommended the leg 1ift method

as does Davis (1959), Munchinger (1961), Grandjean (196%), and
Davies (1969).

During the industrial phase of this experiment it was observed
that the straight back 1ift was probably the most accepted and most
often taught 1lifting method. However, it may be said that this is
incorrect and may even lead to injury (Brown, 1970). Brown (1975)
reported that of those people who experienced injury, 82 peréent
of them were using the prescribed method (i.e., leg lift). On the
other hand, only 77 percent of the uninjured people lifted with
their legs. This would indicate that the leg lift was no better
than other methods. Several authors stated that there should be
no single lifting method prescribed. Anderson (1951) stated that
lifting methodology was dependent upon the object being lifted,
~the type of 1lift employed, and the characteristics of the indivi-
dual performing the 1ift. Brown (1973) stated that "... there can
be no specific amd mandatory method for lifting all weights." He
went on to report that most people in industry tended to adopt a
"natural" posture while lifting. This natural position was dic-
tated by the personal prefsrences of the individual. Brown (1973)
and Jones (1972) contended that other factors such as physical
conditioning, postural fatigue, and lack of coordination may have
been the most important factors. One author, Hart (1968), report-
ed that "back injuries are not caused by improper lifting."

Repardless of lifting method (e.g., leg 1ift) the Ergonomics
Guide's prohibition against "fast jerky lifts" can be supported.

It can also be said that lifting that involves twisting or turning
may result in additional hazard. Anatomical studies performed by.
Davis and Troup (1964) of intra-abdominal and intra-thoracic pres-
sures during lifting suggested that the large pressures observed
during high rate of omset of force application ares likely to cause
physical damage such as herniation. They, therefore, recommended
that lifting be done slowly. Troup (1965) indicated that spinal

damage was more likely under shear or rotatiomal forces than under
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compression only. Farfam, et al. (1970) reported extemsive studies .
that indicated that torsion was a significant cause of discde-
generation and therefore injury.

The second hazard category discussed in the Ergonomics Guide
(1970) dealt with the age of the worker. The 'Guide' indicated
that moderately heavy lifting can be both good and bad for the
older worker. Physical activity was said to offset some of the
effects of aging. However, certain age r&lafed problems such as
intervertebral degeneration, cardiac, and pulmonary disorders may
be aggravéted’if certain older workers are placed in heavy tasks.
It was said that age affects physical strength less than reflex
response and perceptual skills and therefore self-paced jobs were
more suitable for older workers than certain light maéhine—paced
jobs. Asmussen and Heebdll-Nielson (1961} supported this by re~ .
perting that in older people, the limiting factor was not declining
muscular strength but decreased ability of the bedy to deliver
energy to the muscles for continued work. Research by several
individuals, Astrand and Rodahl (1970), Astrand, et al. (1973),
Shepard (1974) indicated that an individual's maximum oxygen uptake
decreased with age such that the mean value for a 65 year-old
individual was approximately 70 percent of the maximum oxygen
uptake of a 25 year-~91d (Astrand and Rodahl, 1970). Reasons given
for this decrease were: lung volume reduction (Shepard, 1974);

25 percent reduction in the oxygen transport system .(Shepart, 1974),
stroke volume decreases {Astrand and Rodahl, 1970), and heart rate
decrease (Astrand and Rodahl, 1970).

On the other hand, Shepard (1974) and Muller (1962) have
studied the oxygen consumption for a given submaximal load across
age. They reported that similar oxygen comsumption was required
for younger and older individuals. Hence, although age was thought
to not affect the metabolic energy expenditure rate, it did change
the stress level of what Muller (1962) termed the occupaticnal
work capacity. For example, given the same task, a 25 year-old
individual would perform the task at a lower percent of his maximum

oxygen uptake than a 65 year-old would of his. Consequently,the
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older individual was perférming the task much closer to his maximum
stress level, resulting in an increased risk.

A comparison between a group of industrial workers who had
experienced back injury and a randomly selected group who had not,
revealed that there was no significant age difference between
groups (Chaffin and Moulis, 1969). Rowe (1969), however, had
determined that the largest rate of lower back pain exists among
workers in their late thirties and forties. Schein (1969) reported
a study that indicated that those between 40 and 49 years of age
have the highest incidence rate. However, Rowe (1969) reported
that workers over 50 seem to regain vertebral stability. He
indicated that this may be due to an increased scar tissue buildup
across the intervertebral disc. Hirsch (1966) noted that even
though workers over 60 have high rates of disc degeneration, they
seemed to have markedly fewer back pain problems than workers 20
years younger,

Another consideration that has been discussed in the literature
is the effect of the sex of the lifter. Brown (1975) reported that
10 percent more women suffered back pain than men. Chaffin and
Moulis (1969) reported that certain spinal measurements taken from
X-rays might indicate that women are more susceptable to back
injury than men. Hirsch (1966), however, stated that back pain
_ was found among men and women equally.

Studies by Astrand (1960) and Astrand and Rodahl (1970) have
shown that there is a significant difference in maximum oxygen
uptake, after puberty, between males and females. Astrand and
Rodahl (1970) reported female values to be 70 to 75 percent that
of males. Garg (1976) cited a few of these reasons for this dis-
ferences as follows: higher oxygen~-binding capacity of the blood
of males, 10.9 percent to 14.3 percenf greater hemoglobin concen-~
tration in males (Ross, et al., 1960); smaller body dimensions for
females (Astrand and Rodahl, 1970); and smaller cardiac output,
lung capacity, blood volume, and maximal ventilation (Ross, et al.,

1969).



Garg (1976) cited several researcﬁerm to show the comtradiec-
tory data contained in the literature regarding sex difference
studies. BSome studies indicated that females, for submaximal
loads, had a higher work efficiency. Others, when corrected for
body weight, showed no difference between males and females. Others
showed a significant sex difference in energy expenditure, even
when corrected for body weight. Substantiation on any of the find-~
ings is unclear at this time. Garg (1976) cited the above as
sufficient cause for including both males and females in his study.
On this point there did not appear to be sufficient evidence to
permit generalizations regarding metabolic energy expenditure
across sex.

According to Herrin, et al. (1974) sex may be related to the
risk of manual materials handling injury or liness and is there-
fore worthy of further consideration. Asmussen and Heebdll-Nielson
(1962), Chaffin (1974), Chaffin, et al. (1976), Snook and Ciriello
(1974) indicated that, overall, female strength ranged from 60 to
70 percent that of males. Chaffin et al. (1976) cited Laubach
(1976) when stating that for specific strengths, female strength
may range from 35 to 85 percent of male strength.

Wyndham, et al. (1963); Cotes (1969), and Giten, el al. (1964)
have studied the effects of body weight on energy expenditure.

Each study reported a positive, linear relationship between body
weight and energy expenditure. Garg (1976) reported that, in
general, heavier subjects consume more energy than lighter sub-
jects in a "no extermal load" task. However, as the load increased,
the differences in met metabolic costs decreased.. Initially, the
lighter subject had the advantage in that there was less mass to
lifr. As the load increased, the mass of the heavier individual
provided an advantage over the lighter individual. The lighter
individual was having to expend more energy to compensate for less

body mass and strength.



Herrin, et al. (1974) and Chaffin, et al. (1976} stated that
body weight, age, and gender had a complex effect on the lifting
capability of individuals, but that they were probably secondary
when compared to the overall strength and physical work capacity
of the individual. Both sources also stated that heavier indivi-
duals usually demonstrated greater strength than lighter individuals
(Snook and Irvine, 1967; Konz, et al., 1973) but that overweight
individuals tended to experience isometric muscular fatigue more
readily (Petrofsky and Lind, 1973). Astrand and Rodahl (1970)
stated that Ikai and Fukanga (1968) found that stremgth per unit
cross—-sectional area was approximately the same for males and
females, not was there any difference in ordinmary or trained
adults.

There are a number of worker characteristics, pertinent to
this report, which may have an effect on the worker's capacity but
have been found to be less significant than strength, physical work
capacity, age, sex, or body weight or have not been studied in
sufficient detail to make such a statement.

Regarding motor characteristics, Herrin, et al. (1974) indi-
cated that little if any research has been done in the area of
manual materials handling regarding range of movement; kinematic
and endurance capabilities or in muscle training. They indicated
the same for the psyhomotor characteristics: information proces-
sion capabilities, reaction/response times, and coordination
abilities. 4

Personality characteristics, as agreed upon by the Herrin,
et al. (1974) symposium members, did affect an individual's
ability to lift. The literature did not provide a definitive role
as to its contribution, primarily because of the difficulty in
measurement and interpretation of data pertaining to worker values
and job satisfaction. Herrin, et al. (1974) indicated that the
areas of concern were attitude (towards work, training, manual
materials handling, 1life, etec.), risk perceptions and its inter-

action with attitude, and the risk acceptance ~ economic need



interface. They cited a few studies regarding age and training/
attitude (Blow and Jackson, 1971), education and religion (Magora,
1970), psychosocial background (Magora, 1970), and compensation
for exaggerated low-back pain versus personality (White, 1966).

The new worker, as reported in the Ergonomics Guide (1970), is
especially prone to have MMH injuries "because of improper selec-
tion procedures and lack of training, experience, and physical
conditioning.” The Guide stated that new workers should be
screened with medical examinations, including X-rays, and injury
history examinations. New workers should alsoc be properly trained
and gradually acclimated to the new job. Snook and Ciriello (1972)
reported that new workers have high incidence rates of back
injuries.

The Ergonomics Guide (1970) also indicated that work in a
stressful enviromment may add to the injury risk of manual materials
handling jobs. Environments that were hot and humid reduced the
working capacities of individuals. Cold environments required
additional clothing which may, because of restricted mobility, add
risk. Other environments may have associated factors which could
add to the injury potential of materials handling.

Awkward working positions and bad posture, according to the
Ergonomic Guide (1970), were also major causes of back injury.
These risks can be partially eliminated through adequate work place
design. Brown,(1973) suggested that back pain may be a result of
natural processes rather than lifting. For example, when non-
traumatic back pain was attributed to lifting, it was often the
result of postural fatigue. Brown defined postural fatigue as the
fatigue of certain muscles creating a muscular or coordination
imbalance which limits the ability of the lifter to lift safely.
It was suggested that posture be considered in job desigm.

Chaffin (1973) reported limited experimental fatigue data which
can be applied under specific conditions and to certain design
situations. The relationships between object weight, object
position and fatigue time were given for several job positions
including: shoulder angle, hand position, arm position, and

head tilt. Jones (1972) also supported the contention that back
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injury &ue to lifting is a result of a lack of coordination which
may be caused by fatigue, disease, or other cause. Corlett and
Bighop (1976) stated that job design and pain due to bad posture
were related and that a change in design may reduce incidence of
pain. |

The Ergonomics Guide (1970) also indicated that the health of
the worker has an effect on what he or she can be asked to do
safely. The magnitude of the effect was dependent upon the type
and seriousness of the health problem. The degeneration or rupture
of the intervertebral disc was among the most often given causes of
back pain. Rowe (1969) reported a study in which disc problems
accounted for approximately 70 percent of the low back cases ex-
perienced by men in industry. He alsc found, however, that these
problems seem to affect office and factory workers equally. Other
spinal anomalies, ostecarthritis, and disc protrusion accounted
for about half of the low back patients {(Ghrormley, 1958). Accord-
ing to Dively, et al. (1956) about ome third of the subjects in a
study of low back pain showed congenital amomalies. It would,
of course, be advisable to restrict the activities of persons with
these and similar health problemé. . However, it is certainly possi-
ble to suffer back pain, as Connell (1968) reported,.with no
apparent cause. According to one study (Kraus; 1964), some 80
percent of the‘patients with low back problems had no apparent
organic or mechanical cause. . LaRocca and MacNab (1970) have found
that there is no significant difference between back pain patients
and people without back pain when comparing a number of anomalies.
" Snook and Ciriello (1972) and Magora and Taustein (1969) stated
that overall physical fitness is probably the best injury preven-
tion. Snook and Ciriello (1972) reported that job design, employee
selection and ingtruction are next best. BRowe (1969) stated that
programs of exercise and instruction are helpful in reducing low
back problems.

Other studies indicated that certain cccupational groups are
subject to more materials handling injury risk than others. This
may be related to varied lifting stress or other factors. The Er-

gonomics Guide (1970) quoted statistics that indicated that persons
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involved in heavy work have an expected frequency of back injury
that is 12 percent higher than those people working in lighter jobs.
It also stated that heavy jobs result in 18 percent more lost time
than do light jobs. Magora and Taustein (1969) reported a study,

of eight occupational groups, that indicated that heavy industry
workers have the highest incidence of lower back problems. This
groﬁp was followed by nurses, farmers, light industry workers,

bus drivers, post office clerks, bank clerks, and policemen.

Herrin, et al. (1974) and Chaffin, et al. (1976) described
a few other, but seemingly less important, factors that have been
studied with respect to lifting. They cited Tauber (1970) as
reporting that taller individuals had higher frequencies of low-
back pain than shorter individuals. Tichauer (1973) was cited as
stating that lordotic curvature, and possibly somatotype may be
related to increased baék injuries. They cited Troup and Chapman
(1969b) as reporting that a study of trunk/hip mobility did not
correlate with the trunk 1ifting strength or lifting capacity
during flexion or extension.

The literature reviewed suggested that the frequency of 1ifr
may affect the amount of weight that can be lifted by an individual
(Van Wely, 1969; Aberg, 1961; Bastina, et al., 1961; Jorgensen and
Poulsen, 1974; Ayoub, et al., 1976). ©Noro (1967) emphasized that
pace had an effect in fixing the maximum permissible weight to be
carried by one worker. Aquilano (1968) and Hamilton and Chase
(1968) have shown that increasing the pace of handling loads also
increased the energy expenditure. '

Aghazadeh (1974) fitted a least square regression line to the
data obtained by Snook (1971) and found that the load lifted
decreased with an increase in frequency. Snook and Irvine (1968)
utilized a psychophysical approach to determine the maximum fre-
quencies of 1ift acceptable to male industrial workers. Their
findings also indicated a decrease in the a;ceptable weight of
1lift with an increase in frequency.

Van Wely (1961) suggested that the physiological efficiency
does not depend only on the weight lifted but also on the number

of 1ifts per unit time.
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Aberg (1961) investigated baling operations in a pulp factory.
The investigation showed a marked dependence on the relation between
momentary work load and the distribution of pauses.

Bastina, et al. (1961) examined 146 women workers at two brick
works. These women were continuously transporting small loads dur-
ing the whole work day. It was found that these women suffered
from reproduction disturbances, physiological shifts, and occupé—
tional diseases of the skeletal and motor systems. The authors
suggested that the total weight shifted per working day by women
should be subject to a standard rating.

Noro (1967) emphasized that in trying to fix the maximum
permissible weight to be carried by one worker many factors must
be taken into consideration such as duration of carrying, techni-
que; work breaks, etc.

Jorgensen, et al. (1974) conducted an experiment on repetitive
lifting of loads from floor to table. Four males and four females
participated in the experiment. For each subject both the maximum
load which could be lifted from the floor o table height and the
maximum oxygen uptake waé:&etermined. From the maximum load the
investigators calculated éach subject's relative loads of 10 per-
cent, 25 percent, 50 percent, and 75 percent, Lifting, at a mini-
mum of three different frequencies, was performed for each relative
load. The maximum lifting frequency which did not demand more than
50 percent.of the subject's V07 max was then determined for each
relative load for each subject. The results showed that the maxi=-
mum lifting frequency for females was 0.7 that of the males at the .
same relative load.

Aquilano (1968) studied the effect of pace on energy expendi-
ture and showed that increasing the pace of handling cartons was
accompanied by an increase in the energy expenditure.

Hamilton and Chase (1969), in an experiment to determine the
main differences in effects from variations of weight and work
pace in a carton handling task, found out that pace and weight were
significant in their effects on energy expenditure rates and heart
rates. They also found, from the trend analysis of work pace on

energy expenditure rate, that the relationship between work pace
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and energy expenditure was linear. ' In their conclusion they rec-
ommended moving heavier weights at a slower pace and lighter weights
at a faster pace.

Aghazadeh (1974) fitted a least square regression line to the
data obtained by Snook (1971) where three different frequencies for
floor to knuckle height 1ift (the three frequencies were 1, 3.75,
and 4.29 lifts per minute) were used. The regression line was
negative, i.e., the weight of lift decreased with an increase in
the frequency of lift.

Snook and Irvine (1968) utilized a psychophysical approach to
determine the maximum frequencies of lift acceptable to male in-
dustrial workers. The subjects were asked to perform a repetitious
lifting task using a 35 pound weight and subjects were permitted to
adjust the frequency of 1ift until they reached the frequency they
could maintain without becoming excessively fatigued. Three height
levels were used: £floor to knuckle, knuckle to shoulder, and
shoulder to reach. Negative correlations ware found between the
selected frequency of 1ift and subject's height and weight.

The amount of weight lifted by an individual was one of the
task variables that has been studied extensively as both a depend-
ent and independent variable. However, the results from these
studies (Chaffin, 1967; Aberg, et al., 1969; Garg, 1976; Fredrick,
1959; Aberg, 1961; Aquilano, 1968; Poulsen, 1970) were countrover-
sial., These data have not permitted the development of an accept-
able guideline for determining the maximal permissible and maximal
acceptable loads for workers.

The vertical height of lift directly ihfluenced the amount of
energy expenditure (Aquilano, 1968; Sunook, 1971; Garg, 1976) and
consequently the lifting capacity. ’ '

The enviromment in which the material was handled By a worker
affected his performance. Temperature, humidity, air movement, and
atmospheric contaminants were the most common and important envir-
~onmental factors which influenced the worker's physiological
behavior (Brouha, 1967).

Noise, radiation, and illumination, though they are health

hazards, had a pathological effect rather than a physiological
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effect. Heat combined with humidity was frequently encountered.
Very little was known about these environmental factors and how
tﬁey interact with other system characteristics to affect the
human performance, particularly as related to the task of manual
materials handling.

Kamon and Belding (1971) conducted a study to determine the
physiological cost of carrying bulky cardboard cartons weighing 10,
15, and 20 kg at speeds of 4 and 4 km/hr on level and 4 percent
grade at dry ambient temperatures of 20, 35, and 45°C. They deter-
mined that ﬁhe metabolic costs were not significantly different
under the three thermal conditions. However, they did report that
the heart rate increased by 7 to 10 beats per minute for each 10°C
rise in temperature.

Magora (1970) studied low-back pain data with respect to an
individual's region of residence and employment to investigate for
the possibility of climatic influence. Two cities with hot-humid
and cool-low humid climates, respectively, were chosen. He
concluded that the climate does not seem to be of importance. How-
ever, he reported that a very hot and humid condition will cause
general fatigue.

Tauber (1970) analyzed the cases of backache that occurred
during a one-year period in a large plant. He found that the
highest frequency occurred during the warm months. However, he
concluded that the influence of weather upon backache, at least
from his study, is not understood. '

In the survey conducted by Shaw (1956) of dock labor accidents,
small seasonal peaks for minor accidents were found in summer and
winter, but there was no evidence found to support the view that a
large proportion of accidents could be attributed to environmental
conditions.

Kloetzel, et al. (1973) undertook a systematic survey of the
relationship between professional exposure to heat and hypertensiom.
It was found that hypertension is strikingly frequent in metal-
lurgical workers exposed to high levels of heat. They concluded
that prolonged exposure to high levels of environmental heat has

15



to be considered as an additional factor of risk in the development
of hypertensicn.

Container dimensions of the load have received very littile
attention in the literature, although their significance has been
recognized by many researchers (Tichauer, 1971; Davies, 1972;
Badger, et al., 1972; and Garg, 1976). The "Ergonomics Guide to
Manual Lifting" (1970) has considered size of the load as one of
the important task variables. Martin and Chaffin (1972) ob-
served that the- lifting force decreased linearly with the in-
crease of box dimension in the sagittal plane. Similar conclusions
have been drawn by Aghazadeh (1974). Drury and ?feil (1973) re-
ported that lifting capacity was reduced by 40 percent while
using non—compact (bulky) loads. Tichauer (1971), and Tichauer,
et al. (1972, 1973) presented the concept of weight/bulk ratio,
which is directly related to the size of the object, and attempted
to quantify the physical stress to which the anatomical struétures
are subjected. Their findings indicated that 1ifting stress cannot
be dependent on the weight of the objectvbut rather on the moment
exerted on the vertebral column. The only seriocus attempts consid-
ering the size of the container, in the last 30 years, have been
made by Kellerman and Van Wely (1961) and by Ayoub (1976). How=-
ever, Kellerman and Van Wely's study did not take into considera-
tion the weight/bulk ratio. Ayoub (1976) used an optimization
technique and simple mechanics to determine the optimum container
size bhut with no experimental verification.

Standards have been suggested for a few comntainer/object
sizes (Woodson and Conover, 1964; McFarland, 1969). However, they
gave no justification or basis for recommending a particular size
box for a given weight of the object. Personal correspondence with
various agencies and industries indicated that the container/
package sizes used in industry are based on arbitrary specifica-
tions rather than on technical and ergonomic considerations.

Handles or gripping surfaces are thought to have a significant
effect on lifting capacity; however, investigation of this wvariable
has been sparsely reported in the literature. Andersomn (1951)

analyzed the act of bag lifting. He recommended grips except when
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they were either weak or simulated undue contraction'of flexor
muscles and excessive behding of the spine. Similar recommenda-
tions have been made by Himbury (1962). It was observed by
Koskela, et al. (1968) that problems related to lifting can be
reduced by equipping the loads with handles. Similar recommenda-
tions have been made by the International Labour Office (1958,
1966).

B. Control of Manual Materials Handling Ianjury

The procedures currently being used or recommended for use to
control the incidence and severity of manual materials handling
(MMH) injury may be grouped into three general areas of effort.
The first of these is the general arsa of preplacement medical
or other examination of the worker. The second is the assignment
of more or less arbitrary liftihg weight 1imits. The third is the
more logical comprehensive approach of attempting to scientifically
match the abilities of the worker to the lifting requirements of
the job.

The use of pre-employment medical X-~-ray examination has re-
ceived much attention in recent yeérs as a method to identify
those job applicants who may have a higher risk of back injury.
The value of such examinations is widely disputed. It is said by
some that the use of these methods merely transfers the problem to
industries where pre-employment examination is not used. Others
have shown that these examinations identify only a small ﬁumber
of those who have back problems. In a study conducted by Rowe
(1969) only ten percent of low back problems could have been
predicted by examination when the person was hired. He stated
that injury history was usually a good indicator of future
problems. Rowe's work was based upon a study of people doing
both light and heavy work. Alexander, et al. (1975) and Alexander,
et al. (1977) indicated that preplacement medical exams were of
little value in predicting absence rates of sedentary workers.
Glover (1970) stated that while pre-emplovment X-ray examination
was worthwhile, it did 'become known in the locality, and patients

with a history of back pain tend not to apply for jobs in organi-
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zations which are known to use lumbar X-rays to screen appli~
cants."

McGill (1968) reported the use of X-ray examination as an
employment screening method for 9,593 applicants for work. The
rejection rate was about ten percemt. He stated that the use of
this method reduced the incidence and costs of back problems.
Rejection was for spondylolisthesis (dislocation of spine),
sponclylolysis (gap in the vertebral arch), arthritic conditionms,
surgical defects, and boene or joint lesions,

Crookshank and Warshaw (1961) compared a group of 1,927 per-
sons who were given preplacement examinations to a group of 3,395
individuals who were not given exams. Of the people examined,

2.2 peréent were rejected for narrow disc, spardlylolisthesis,
previous injury evidence, arthritis, and spondylolysis.. Seven of
the pefsons examined and passed experienced back pain at a later
time. Little time was lost. During the same time period, 254

of the control group experienced back injuries. The authors
concluded that preplacement examinations are valuable tools.

Kosiak and Hartfill (1966) reported a program of preplacement
examination, training, and early diagnosis and treatment of back
pain. They concluded from the results that such a program could
reduce back pain losses. FKosiak, et al. (1968) stated that persons
with unacceptable back X-rays accounted for about 43 percent of
compensation claims.. It was also found that lifting was the cause
of most of the claims and caused the most days lost.

Moreton, et al. (1958) concluded from preplacement studies
that the method was an excellent way to detect certain abnormal-
ities linked to the incidence of back pain but not necessarily for
the exclusion of disc problems or major trauma problems. He also
reported (Moreton, 1969) a comparative study of two groups of men
over forty. There was no significant difference in the number of
X-ray abnormalities between the group suffering with back pain
and the group not suffering.

Redfield (1971) reported that those individuals identified as
high risk according to pre-employment examination did not have a

significantly higher rate of back pain than those identified as
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low risk. This study was based on the injury experience of 209
persons with abnormal X-rays and 1.992 persons with normal X-rays.
Pillmore (1960) reported essentially the sasme findings.

Connell (1969) reported that persons with identifiable spinal
abnormalities have back pain incidence three times that of indivi-
duals with normal X-rays. Becker (1961) also reported a signifi-
cant reduction in the number of disabilities when high risk indivi-
duals were rejected for heavy work using an X-ray screening proce-
dure. .

Snook and Ciriello (1972) and Roﬁe (1569) all agreed that pre-
employment examination can identify only about 10 percent of the
men who will eventually suffer from low back disability. Snook
and Ciriello went on to state that an examination of the indivi-
dual’s injury history is a more productive approach. LaRocca and |
MacNab (1970) questioned the existence of any valid rejection cri-
terion for use with pre~employment examination. Chaffin (1974)
concluded that there were other methods of preplacement selection
that were more effective than either X-ray examination or medical
history examinations. These methods involved standardized stremgth
testing, a view supported by Chaffin, et al. (1976).

Harley (1972) reported a 6 year study of the relationship
between injury resulting from heavy work and physical exmaination
including X-ray. He concluded that it is impossible to eliminate
back injury but that perhaps the use of X-ray examination and care-
ful selection could reduce time lost due to back injury. Plunkett
‘and Morris (1973)concluded that pre—employment X-ray examinations
were equally applicable to men and women. Splithoff (1953) found
no significant difference in structural variation when comparing
two groups of 100 persons, one with chronic backache and one
without. However, he did not discount the importance of X-ray
examinations as they were indeed helpful in identifying many
structural problems which may be partial causes of back pain.

Montgomery (1976) presented an extensive review of opinions
regarding the value of pre-employment X-rays. He also discussed
findings from his owm experience. Of the group of people studied,

a larger percentage of those individuals not experiencing back
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pain had X-ray evidence of abnormality than did those individuals
with back pain. He contended that much of the dispute over the
value of X-ray pre-employment examination may be a result of
incorrect conclusions made by many researchers. He contended

that studies reporting the criterion of rejection and rejection
‘rates of X-ray examination have little or no value for the resolu-
tion of thé conflict. He also stated that reports of significant
reduction in back injury rates after the institution of pre-
-employment procedures were also questionable because they failed
to account for the increase of other safety efforts that normally
accompany such programs. According to Montgomery, conclusions
concerning the validity of preplacement X-ray examination must be
based upon comparative studies such as many of the above citatioms.
His conclusions, based upon several comparative studies, was that
the pre-employment X-ray examination was of dubious value. This
conclusion was summarized as follows. ''Tha use of pre-employment
back X-rays has been based primarily upon the hypothesis that
developmental abnormalities predispose to an increased incidence
of low back injury. The preponderance of evidence would indicate
this hypothesis has not been substantiated."”

Commenting on the larger societal problem that resulted from
the rejection of medically unfit persons, Hanks (1977) stressed
the need for ratiomal placement methods which do not arbitrarily
prohibit certain persons from gainful employment. He claimed that
many people who are rejected on the basis of medical and injury
history examinations were forced to accept marginal employment, un-
employment and welfare, and crime as a means to exist. These
people were often exposed to significant hazards in the smaller
companies that would accept them. He stated that since most
rejections are done to protect the employer from risk, it is
possible that legal reform is needed in addition to better place~
ment procedures.

The second method used as an injury control procedure was, as
stated earlier, the assignment of maximum weights rhat a worker
should be allowed to lift. These limits may apply to all workers,

workers of different sex and age, or to various percentages of
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the worker population. In any case, these attempts provided no
direct relationships between the weight that a given person lifts
and what might be expected with respect to injury incidence.

The International Labour Office (ILO) reports of 1965 and 1966
dealt extensively with the history amd current practice of the
setting of load limits. The first of these reports stated that:
"The weight of the loads carried manually varies widely. 1In
certain cases, the maximum weight is fixed by national laws or
regulations. In many other cases the weight is determined by
local tradition or by commercial custom in the matter of packag-
ing. In many instances it is the method of manufacture or material
breakdown of the goods which determines the weight to be carried."

According to the ILO, governmental legislation in various
countries took one of two approaches. The first approach was to
make a general statement that no person should be required to
carry a load sc heavy so as to be injurious. The second was to
fix a limit which may not be exceeded by any worker, various
worker classes, or workers working in certain conditioms. The
provisions, either general or specific, may apply to men, women,
young people, and/or a combination.

The Factories Act of both the United Kingdom and Ireland
specify that no person shall be required to lift, carry or move a
load so heavy that it may cause him injury. Both laws also
empower various govermmental officials to set maximum weigﬁﬁ
standards that may be applied to workers in general or to various
categories of workers. India, Guatemala, and.the Netherlands
have similar laws.

Many countries have laws and regulations, both specific and
general, dealing with the demands placed upon women and young
people. In Australia, the South Australian Industrial Code
specifies that no girl under the age of twenty be allowed to lift
or carry a load in excess of 25 pounds. $Spain specifies that males
under 16 vears of age should not transport by hand any load over
16 kilograms in weight. The same law specifies what may be carried

by women vounger than 18, between 18 and 21, and over 21. Austria,
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Bolivia, Bulgaria, France, Greece, India, and others also have
laws regulating load carrying by women and young people.

The laws in force in the United States also apply primarily
to women and young persons. Most of the state laws are specific
in nature. The weight limits vary from 10 to 30 pounds for women
and up to 50 pounds for young men of 16 and 17. Only one state
law applies to adult males. In Massachusetts, thosé adult males
working in the textile industry may not be required to 1lift in
excess of 325 pounds. For those working in foundarieé, the limit
is 100 pounds.

A number of other countries including the U.S.S.R., India,
United Kingdom, Mexico, Panama, and others have laws dealing with
the adult worker. Weight limits range up to 100 kilograms.

In addition to statute lifting limits, labor agreements and
other accepted practices in many countries have continued set
weight limits., These agreements apply to women as well as men in
some cases and are found in Argentina, Austria, Canada, United
States, Israel, and Great Britain. These unofficial limits may
also go as high as 100 kilograms.

The International Labour Office (IL0O, 1966) has made a number
of recommendations with regard to the weights of 1lift that should
be permitted. These recommendations are summarized below.

1. No worker should be required to carry a load of a weight
likely to affect his health (includes lifting and lowering).

2. No person under 16 years of age should be assigned to the
manual transport of loads.

3. The maximum permissible weight to be carried by one male
worker under-the age of 18 years of age should be 20 kilograms.
4. The maximum permissiblé“weight to be carried by one

woman worker under 18 vears of age should bhe 15 kilograms.

5. The maximum permissible weight to be carried by one adult
woman Qorker should be 20 kilograms.

6. No woman should be agsigned to manual transport of loads
during pregnancy.

7. The maximum permissible weight to be carried by one adult

male worker should be 50 kilograms.
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Obviously, theée and all such arbitrary limits of 1lift
totally ignored various job and individual differences other than
age and sex. In addition, the use of such limits as control
methods for injury seems less than justified because such limits
seem to have little or no definable relationship to measurable
injury parameters. The Department of Labor recognized that many
with a practical need to know have long awaited the issuance of
objective criteria and the setting of permissible maximum weight-
lifting maximums by outside expertise. But the Department was re-
luctant to accept these limits unless they were surrounded by quali-
fications specifying the conditions under which the weights were to
be lifted and carried (Dryden, 1973). Some of these qualifications
included job factors, such as range of 1lif and environment, and
worker characteristics, such as "physical capabilities and physio-
logical makeup." This position (i.e., the need to consider indi-
vidual differences and job cha;acteristics) was supported by
Chaffin and Baker (1970), Chaffin (1973), Sncok and Irvine (1967),
Snook (1971).

Introductory to the third section is a discussion of a series
of studies dealing with the prediction of maximum weight of lift,
maximum acceptable weight of 1ift, and maximum frequency of lift
or work rate. These ﬁere almost exclusively based upon the psycho-
physical perception of task acceptability of experimental subjects.
The assumption 'was made th;t there is a relationship between what
(i.e, how much weight) an individual will accept in the lab and
his or her injury potential. This may be true but the exact
relationship has not been determined. However, these values were
a valid means to compare individuals. In fact, one such capacity
predictor was used in this work to determine the important indi- '
vidual differences.

More recent work may provide the basis for a third and much
more comprehensive approach to the control of materials handling
injury: the correct matching of the worker's abilities to the
lifting requirements of the job. This proper matching required
the assessment of all factors that are a part of the manual mater-

ials handling system. Chaffin and Ayoub (1976) presented a
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summary of the component factors of the materials handling system

that must be recognized in attempts to control materials handling

hazards.

These component factors are given below.

Worker Characteristics

A.

Physical: include general worker measures, such as: age;
sex; anthropometry; postures.

Sensory: measures of worker sensory processing capabili-
ties, such as: visual; auditory; tactual; kinesthetic;
vestibular; proprioceptive.

Motor: measures of worker motor capabilities, such as:
strength, endurance, range-of-movement; kinematic '
characteristics; muscle training state.

Psychomotor: measures of worker capabilities interfacing
mental and motor processes, such as: information pro-
cessing; reaction/response time; coordination.
Personality: measures of worker wvalues and job satis-
faction by attitude profiles, attribution; risk accep=
tance; perceived economic need.

Training/Experience: measures of the worker education
level in terms of formal training or imstructiom in
manual material handling skills; informal training;

work experience.

Health Status: measures from worker general health
appraisal, such as: previous medical complaints; diagnos~-
ed medical status; emotional status; regular drug usage:
pregnancy; diurnal variations; deconditioning.
Leisure-Time Activities: measures of the persons choosing
to be involved in physical activities during leisure
hours, such as: holding a second job or regular partici-

pation in sports.

Material/Container Characteristics

At

Load: measure of mass; pushing/pulling force requirements;
mass moment of inertia.
Dimensions: measures of size of unit workload, such as:
height: width; breadth when indicating the form of rectan~
gular, cylindrical, spherical, etc.
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Distribution of Load: measure of the location of the unit
load CG with respect to the worker for one-hand and two-
handed carrying. '

Couplings: measures of simple devices used to aid in
grasping and manually manipulating the unit load, such as:
texture; handle size, shape and location.

Stability of Load: measures of load CG 1ocation con-
sistency, as a concern in handling liquids and bulk

materials.

Task Characteristics

A.

Workplace Geometry: measures of the spatial propertiés
of task, such as: movement distance; direction and ex-
tent of pathj obstacles; nature of destination.
Frequency/Duration/Pace: measures of the time dimensions
of the handling task including frequency, duration, and
required dynamics of activity over the short term and
long term.

Complexity: measures of combined or compounding demands
of the load, such as: manipulation requirements of move-
ment; objective of activity; precision of tolerance;
number of kinetic components.

Environment: measures of added deteriorative environment-~
al factors, such as: temperature; humidity; lighting;

noise; vibration; foot traction; seasonal toxic agents.

Work Practices Characteristics

AB

Individual: measures of operating practices under thé
control of the individual worker, such as: speed and
accuracy in moving objects; postures (i.e., lifting tech-
niques) used in moving objects.

Organizational: measures of work crganization, such as:
physical plant size; staffing of medical, hygiene, en-
gineering, and safety functions; and utilization of team-
work.

Administrative: measures of administration of operating

practices, such as: work and safety incentive system;
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compensation scheme; safety training and control; hygiene

and safety surveys; and medical aid and rescue; long work

shifts; rotation; personal protective devices.
The authors (Chaffin and Ayoub, 1976) stated that at present the
research depicting how the components singularly and collectively
pose a given type of hazard is not yet adequate for the develop-
ment of standards. But, the research base may have supported
certain general guidelines, many of which directly impinge on the
practice of Industrial Engineering. These guidelines encompassed
four areas of job design. These were work place layouty objéct
size and weight, speed of load handling , and rest allowances.

The guidelines for work place design could be summarized with
the following four statements:

1. Design should be such that the load (especially heavy
loads) is kept as closé to the body as possible in order to
control the force moment placed upon the spinal column,

2. The load should be positioned so that the worker's hands
do not go below 20 inches from the fléor when handling heavy
objects. The stooped or squatted ﬁoéture can place undue stress
on the lower back. '

3. Loads should not be lifted above 50 inches (approximately)
from the floor. The lifting capacity of most people is markedly
reduced above shoulder height. If the load is dropped from this
height the danger of impact injury to the legs and feet is ex-
cessive.

4, Jobs should be designed such that asymmetric load handling
is minimized. Avoid one~handed 1ifts.

The guidelines for object size and weight indicated that
packages that required the hands to be more than 16 inches in
front of the body should not be carried by one person. This was
especially critical when the load was heavy. It was also stated
that properly designed handles should be provided for good control
of load movement.

The general statement was made, concerning the weight of load,
that "loads of greater than 35 pounds could be hazardous to some

people”" and should be avoided. This was apparently based upon the
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péﬁulétion statistics (90th percentile males)‘provided by Mc-
Daniel (1972), Dryden (1973), and Knipfer (1974). It should be
realized, however, as the authors pointed out, that individual
differences were important and camnot be accounted for using a
single lifting limit. The authors presenter population distribu-
tions of maximum acceptable weight of 1lift for male and female
industrial workers for three lifting ranges.

The guideline dealing with speed of handling stated that work
practices should be such that the "normal, smooth, well controlled
movements of loads" is encouraged. This was meant to control the
damaging effects of the forces necessary to accelerate the load
quickly. The authors stated that new workers should be allowed
to adapt slowly to the demands of the job. With regards to rest
allowances, the authors contended that they should be determined
on the basis of heart rate and metabolic energy expenditure rates.

The recent development of a comprehensive injury control pro-
cedure was reported by Chaffin, et al. (1976 & 1977). This proce-
dure was an attempt to logically match the job and the worker. The
method involved a detailed job observation and description to deter-
mine the extreme body positions and hand forces required to perform
the job. These observations were then used as inputs toc a computer-
ized biomechanical strength model which evaluated the muscular
strength requirements of the activity relative to assumed worker
population strengths. The output of the model was a prediction of
the proportions of the male and female populations who could per-
form the task. The authors stated that the output helped in three
areas of decision making. First, the output gave a quantitative
indication of which jobs should not be filled with weaker persons
and may have indicated which jobs are potentially hazardous with
respect to lifting. Secondly, the procedure identified physical
acts which are especially stressful so that changes in work place
design can be affected. Finally, with the knowledge of the various
stresses required, injury and illness reports may be more easily
understood.

Chaffin and Park (1973) reported earlier work which used a

simpler job evaluatiom technique: a quantity called the Lifting
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Strength Ratio (LSR). The LSR was the maximum weight required for
a lifting job divided by the strength capability of "a large strong
man”’ performing the required 1ift. This strength capability evalua~
tion used a graphical method developed by Martin and Chaffin (1972).
As the LSR approached 1.0, only the largest and strongest men were
able to perform the task. A study was conducted (Chaffin and Park,
1973) to determine the effectiveness of the LSR measure. It was
reported that job related lower back problems increased from al-
most zerc at LSR values close to zero to almost four injuriés per
1000 man-hours at LSR values close to one. The study also showed
that a history of back pain and an inability to demonstrate the
isometric strength required by the job were both highly correlated
to injury incidence.

Herrin and Chaffin (1978) summarized the two works cited above
and other similar work to conclude that methods which compare the
lifting forces required by the job to the lifting strengths
demonstrated by individuals can be used as a basis for materials
handling injury control. It should be noted that all of Chaffin’s
work was based upon the static force requirementé of a given job.

The forces produced in the dynamic situation were not considered.

"C. The Prediction of Lifting Capacity

This effort required the determinatiom of a safe lifting
capacity for individuals and groups of individuals. The assumption
was that there is a relationship between an individual's lifting
capacity and his or her injury potential. 1In other words, a per-
son with a small capacity with respect to a given task requirement
is more likely to be injured than another person with a larger
capacity.

The measure of capacity used in this work was "maximum accept-
able weight of lift." Maximum acceptable weight of 1lift was
generally defined as that weight of 1ift which can be accepted by
a specific individual. It was the maximum weight, determined ex-
perimentally, that a given person could 1lift repeatedly for long

periods of time without undue stress or overtiring.
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The general method used by experimenters (McDaniel, 1972;
Dryden, 1973; Knipfer, 1973) to develop predictive relationships
for maximum acceptable weight of 1ift consisted of several steps.
The first step generally was to select an appropriate subject
population and make various human measurements. These measurements
usually included certain strength, endruance, and anthropometric
- measurements. Sex and age were also ﬁoted. Each subject was then
asked to perform a simulated lifting task in the laboratory. De-
pending on the task of inferest, the task was described by a given
frequency of 1ift, range or height of 1lifi, and load dimension or
box size. While performing the task, the subject was asked to ad-
just the weight of 1ift (usually by adding or subtracting lead
shot) to a weight level that he or she felt could be lifted re-
peatedly throughout the work day. The subject was asked to "work
as hard as you can" (lift as much weight as possible) "without
straining yourself or without becoming unusually tired, weakened,
overheated, or out of breath." The third step was to determine the
functional relationship between this maximum acceptable weight of
1ift and one or more of the human measurements and one or more of
the task variables. This relationships was then used for predic-

tive purposes.
. This method of allowing the subject to adjust his or her weight
of 1lift was a variation of an old and frequently used method in
psychplogy. It is called psychophysics. Psychophysics was con-
cerned with the relationships between human sensation and their
physical stimuli and has been used to determine effective scales of
temperature, loudness and brightness (Smook, 1971). According to
Snook and Ciriello (1974), the perceived strength of a sensation
was directly related to the intemsity of its physical stimuius by
means of a power function. The relationship of interest in mate-
rials Handling was that between the perception or sensation of
msucular effort and the stimulus of external force (the force
required to lift an object). Snook stated that this relationship
obeys the psychophysical power function. Snook quoted a number of

gsources which validate the application of this method to manual
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materials handling situations. Snook's early studies cited in the
text below were the first to report the use of psychophysics in
materials handling., Howaver, he credited the suggestion for its
use to earlier studies conducted by Emanuel, et al. (1956) and
Switzer (1962).

The following is a review of the studies reported in the
literature that have used the above approach to determine maximum
acceptable weight of lif;. Included are citations of works which
give experimental maximum acceptable weight of lift information
with no attempt to develop predictive relationships, as well as the
determination of psychophysical based quantities of interest other
than maximum acceptable weight of lifc.

Several factors have been investigated and reported in the
literaﬁure. On such important factor is frequency of 1lift,

Snook and Irvine (1968) used the psychophysical approach to deter-
mine the maximum acceptable frequency of lift for male indugtrial
workers for three ranges of 1ift. This was essentially a repeat of
an earlier experiment which used physioclogical measures. The sub-
jects were instructed to adjust the lifting frequency for 35 and

50 pound loads until they reached a maximum which could be main-
tained without becoming excessively tired. The results indicated
that the subjects accepted a higher lifting frequency in the middle
lifting range {(i.e., knuckle to shoulder). This may have been due
to the fact that the lower range (floor to knuckle) required that
the torse be lifted as well as the weight. Shoulder to reach height
was perhaps more awkward than the middle range. Van Wely (1961),
Shephard (1967) and Ronnholm {1962} reported varicus studies that
indicated relationships between frequency of activity and physio-
logical work efficiency. Romnholm (1962) reported that the optimum
rhythm or frequency of 1lift is apparently different for different
people. '

Lifting height was also an important consideration. Snook and
Irvine indicated that different lifting heights resulted in dif-
ferent maximum frequencies. Emanuel, et al. (1956), Switzer (1962),
and Ronnholm (1962) reported relationships between weight of 1lift
or frequency of 1lift énd lifting height. As will be discussed

later, lifting height or range was an important factor in the
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experiments conducted and reported dealing with the maximum weight
of lift (Snook, 1971; McDaniel, 1972; Dryden, 1973; Knipfer, 1974).

MacFarland (1969) indicated that an object became "heavy" at
about 35 percent of body weight. He also stated that bulky ob-
jects with a center of gravity in excess of 20 inches from the body
should not exceed 20 pounds and that 60 pcunds should be the limit
for objects carried a short distance and 35 pounds for objects
carried a long distance. Women should be limited to 55 to 65
percent of male lifting limits. Cathcart, et al. (1967) estimated
that men should not lift more than 50 percent of body weight for
occasional lifting and 40 percent of the body weight for continuous
lifting.

Asmussen, et al. (1965) reported a relationship between elec-
tromyograms and isoﬁetric backward pulls. The study comncluded that
the weight allowed for repetitive 1ifting should be between 40 and
55 percent of isometric back strength.

Poulsen (1970) reported an investigation of the maximum
possible lifting burden. This was done for two heights of lifct;
floor to table height and table height to head height. Measure-
ments were taken of arm, back, and leg strengths, weight, and
others. The subjects were asked to perform the lifting tasks
adjusting the weight of 1lift until a maximum weight of 1ift was
determined. Poulsen's findings were said to be highly correlated
to Asmussen, et al.'s theoretiéal model based upon electromyograms.
Poulsen recommended that the maximum be reduced by 30 percent for
occasional lifting and by 50 to 60 percent for repetitive 1ifting.

Snook (1971) summarized several of his earlier works (Snook
and Irvine, 1966; Snook and Irvine, 1967; Snook and Irvine, 1969;
Snook, et al., 1970). Based on the results of these studied and
Snook and Cirielle (1974), the authors developed psychophysically
based maximum acceptable weight of 1ift guidelines for various
materials handling tasks including lifting, lowering, pushing,
pullins, carrying, and walking. The values for lifting and lowér~
ing were determined using a simulated laboratory lifting task such

as one described earlier. These studies made no attempt to develop
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predictive eguations. It ﬁas interesting to note the maximum
weights of lift and lower for the above studies were not appreci-
ably different. This was true regardless of sex or lifting range.
However, the work rate acceptable for lifting tasks in all cases
was less than that acceptable for lowering tasks. The lifting
frequencies used in the exﬁeriment were slightly lower than the
lowering ffequencies. Couclusions from Snook and Ciriello (1974)
indicated that there were sigﬁificant statistical differences be-
tween.men and women wheﬁ considering maximum acéeptable weight of
lift (and lowering) weight.

A series of three experiments to derive psychophysically
based predictive relationships for maximum acceptable weight of
lift were reported. McDaniel (1972) dealt with the floor to
knuckle lifting range. Dryden (1973) discussed the knuckle to
shoulder lifting range. Knipfer (1974) discussed the shoulder to
reach lifting range. In each experiment, a tote box was lifted
repeatedly at various frequencies of 1ift. WMcDaniel used four
lifts per minute. Dryden used'six lifts per minute. Knipfer used
five 1ifts per minute. These lifting frequencies correspond roughly
to the maximum acceptable lifting frequencies reported by Snock as
discussed earlier. The lifting ranges used were based upon
measured knuckle height of the individual subject. Floor to
knuckle was self explanatory. Knuckle height to shoulder height
was défined as measured knuckle to measured knuckle height plus
20 inches. Shoulder ﬁeight to reach was defined as knuckle height
plus 20 inches to measured knuckle. height plus 40 inches. Therefore,
for the two upper ranges, the distance of lift was 20 inches regard-
less of subject. Each of these authors measured a number of indi-
vidual characteristics (strength, etc.) and comstructed linear
regression models to predict the maximum acceptable weight of 1lift
as functions of these characteristics.

Dryden and Knipfer used industrial workers as test subjects
while McDaniel used college students. Knipfer attempted to vali-

date McDaniel's model using industrial subjects. The results were
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inconclusive. FKnipfer also reported on an attempt to formulate a
combined model for all three lifting ranges. He concluded that
the use of three separaté models gave betfiter results than a single
combined model.

It should be remembered that maximum acceptable weight of 1lift
or capacity.was simply a measure of what a given person feels he or
she could do without becoming "overheated or overtired." The
quantity alone had no direct relationship to injury potential ex-
cept for the assumption that a person with a small capacity would
be expected to have a larger injury potemtial than a person with a
large capacity. It was felt that these models were adequate to
predict the relative lifting capacity of individuals and could

therefore be used to account for individual differences.
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II. OBJECTIVES

The purposes of this research were to generate data and deter-
mine procedures which could be effeétively utilized to match the
physical requirements of MMH lifting activities with the abilities
of individuals performing those activities. This information may
permit a more effective control of MMH related injuries and the
associated costs.

The objectives for attainment of the above described purposes
were.as follows:

A. The generation of 1ifting capacity data in terms of the
maximum acceptable weight of 1ift by a sample of experienced MMH
workers representing a broad spectrum of the MMH population (age,
sex, body weight)} while performing lifting tasks which varied in
accordance with the frequency of 1lift, height and range of lift,
and box size.

B. The development of lifting cépacity prediction models (an
estimate of an individual's lifting cépacity) wherein the indepen-
dent variables are comprised of selected individual (strength
and anthropometric) and task (frequency of 1ift, height and range
of lift, and box size) variables.

C. The determination of the effects of the ratioc (Job
Stress Index-JSI) between the physical demands of lifting jobs
and an individual's lifting capacity om occupational injuries

associlated with lifting activities,
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ITII. METHODS AND PROCEDURES

To acﬁieve the objective of this project, two distinct phases:
a laboratory experiment and a field study were conducted. The
experimental phase was concerned with generating the lifting capa-
city data and the development of lifting capacity prediction
models. The field study was concerned with the problem of deter-
mining the effects of the Job Stress Index (JSI) on occupational

injuries attributable to lifting.

A. Experimental Phase

The experimental phase consisted of a laboratory experiment
to:

1. Generate lifting capacity data in terms of the maximum
acceptable weight of 1lift from individuals experienced in MMH
activities, lifting in particular, who performed a lifting task
which was pre-selected, based on an experimental design, where
height and range of 1ift, and box size were varied to reflect dif-.
ferent task demands.

2. Collect strength and anthropometric data from each of the
experimental subjects. These measurements will be utilized in the
development of lifting capacity prediction models.

3. Develop the lifting capacity prediction models utilizing
selected individual variables (strength and anthropometric) and
task variables (frequency of lift, height.and range of 1ift, and
box size) as the independent variables.

The experimental procedure consisted of subjeét recruitment
and screening, subject strength and anthropometric data collectionm,
and the development of lifting capacity prediction models. For
the purposes of this report the experimental phase discussion has
been divided into three areas: the generation of lifting capacity
data, the collection of strength and anthropometric data, and

the development of prediction models.
1. The Generation of Lifting Capacity Data

The lifting capacity data was generated in Texas Tech Univer-

sity's Department of Industrial Engineering laboratory through the
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performance of lifting tasks which consisted of unique combinations
of frequency of lift, height and range of 1ift and box size. Each
subject performed nine combinations of the lifting tasks. In
every case the subject lifted a box of lead weights where the

amount of weight to be lifted was determined by the subjects.

a. Experimental Variables

There are three categories of variables that can influence
the lifting capacity data values. These are: (a) worker variables,

(b) task variables, and (c) environmental variables.
1. Worker Variables

The subjects participating in this project were all industrial
workers with experience in manual materials handling and were
recruited and screened so that the subject sample reflect the
following charactéristics:

Sex: Male and female subjects were utilized. A total of
73 male and 73 female subjects were used in this experimental
phase.

Age: Subjects recruited were screened to form three dif~
ferent age groups in 10 yéar increments. Hence, the following
age groupings were formed: 20-29, 30-39, 40-49 years of age.

Weight: Subjects were screened to represent the population
in terms of body weight in two rangéé. One range is that below
the median and the second range is that above the median of the
U.S. population. Hence, the integration of subjects dependent on
whether their body weight was above or below 77.1 kg for males

“and 61.2 kg for females.

Skill and Motivation: All subjects were recruited from

industry and screened based on their prior MMH experience. All
subjects have had a minimum 6 months MMH experience immediately
preceeding their participation in the experiment. All the subjects
were paid subjects, however, none of the subjects were forced to
participate or to complete the test protocol in order to receive

their pay.
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Method of Lift: All subjects had MMH experience and there-

fore were asked to 1lift in the manner they were accustomed to. No
attempt was made either to change or standardize each subjects
method.

All subjects were recruited and screened not only in terms
of their age, sex, body ﬁeight and skill, but alsc to ensure that
the employed subjects were of good health and did not have a his-
tory of back injury or other injuries which may affect their per-
formance on the lifting task or may further stress them in their
participation in this project.

To aid the recruitment and screening process each subject was
required to complete a Personal Data and Consent form (see
Appendix A).

2. Task Variables

Frequency of Lift: The frequency of lift for each task con-

sisted of one of four levels utilized in the experiment, These
were: 2, 4, 6, or 8 1lifts per minute. The subjects were paced in
order to maintain the'assigned lifting frequency for the duration
of that particular lifting task combinatiomn. ] '

Height and Vertical Range of Lift: The vertical range of

1ift consisted of six levels, each with a specific starting and

terminating point. The combinations were as depicted in table 1.

TABLE 1 _
Vertical Range of Lift

Range Starting Point Ending Point

Floor to knuckle Floor level Measured knuckle
. height (MKH)
Floor to shoulder Floor level MKH + 50.8 cm
Floor to reach Floor level MKH + 88.1 cm*
Knuckle to shoulder MKH MKH + 50.8 cm
Knuckle to reach MKH MKH + 88.1 cm*
Shoulder to reach MKH + 50.8 cm MKH + 88.1 cm*

*1f needed the terminal height was lowered until the subject
could place the container onto the platform, at the terminal
height.
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3. Box Size

The box size was varied in the sagittal plane only and at
these levels: 12, 18, and 24 inches. The three box sizes were
(width x depth x length): 12"x7"x12", 12"x7"x18", and 12"x7"x24".

4. Environmental Variables

Envirommental variables were not varied, but rather they were
controlled and maintained constant throughout the experimental
phase. It is felt that although environmental conditions are
important, any attempt to study their effects in this study would
have increased the size of the experiment, making it more difficult
tc manage. In addition, since the data in the second phase was
collected at the participating companies' plant locations, it
would have been difficult to comntrol the environmental variables
which may have been considerably different at the various work

locations.

b. The Task

The subjects were required to perform lifting tasks. Each
task was comprised of one level of each of the task variables
(frequency of 1lift, vertical range, and container size). The
basic task consisted of lifting various size containers from one
height level to another at particular frequencies. There were 72
different possible combinations.

The 1ifting task required the use of a lifting apparatus,

a container with handles, and lead weights. The subject was to
lift the container with both hands, in the sagittal plane, using

a freestyle lifting technique. The subject would begin the task
without prior knowledge of the amount of weight in the container.
The subject was free to adjust the weight of the container at any
time during the task periocd until a maximum load the subject could
lift repeatedly for a long period of time (a2 work shift) was reach-
ed. The subject was to continue repetition of the task until

instructed to stop.
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The subject lifted the box, with both hands grasping the
handles, from one prescribed level to ancother, at a set frequency
of 1ift for a specified box size, the lifting apparatus would
loﬁer the container to the initial level and the subject lifted
the box again at the prescribed signal. During the period between
l1ifts the subject was free to adjust the weight of the load.

The container weight at the end of the 20 minute period was
considered the individuals maximum acceptable weight of lift, for

that particular task combination (See Appendix B).

c. Experimental Design

The obvious difficulties involved in testing a subject for
72 treatments, wherein‘each treatment lasts for a minimum of 20
minutes, resulted in theée decision to utilize an incomplete ran-
domized block design. A balance&'incomplete randomized block
design involving 73 treatments and 73 blocks was the closest
available design (Cochran and Cox, 1960). In the design chosen,
73 blocks corresponded to 73 subjects. Subjects were treated as
blocks to remove differences among Subjectﬁ.h'ihe sample size 73
also represented an acceptable sample gsize for the regression
model. .

The incomplete block design resulted in the use of 73 sub-
jects (blocks). Thus it was decided to repeat the experiment,
resulting in 146 subjects. These twc sets are labeled as design
I and design II. (See Appendix C). Since only 72 treatments are
available, one of the 73 treatments was randomly chosen in designs
I and II, and added in each case as treatment 73, A total of 73
males and 73 females were required, 12 subjects in each sex cate~
gory (M,F), age category (20-29, 30-39, 40-49), and weight categnry
fabove and below median). Two of these categories were chosen at
random to have one additiomnal subject each.

Each subject ha& a code number and was randomly assigned a
block number such as I-1, ... I-73, II-1, ... II-73 ... etc. The
experiment was conducted in a random order so that both designs I
and IT would be intermixed. A random number table was used to

determine the order in which the experiment was to he performed by
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a given subject. Each subject under this randomized design per-
formed nine treatment combinations and each treatment combination
was tried on nine different subjects. The layout of the experiment

is given in an attached computer printout {(See Appendix C).

d. Experimental Procedure

| The experimental procedure, with respect to the lifting task,
was selected to be a modified psychophysical technique.

The lifting procedure associated with this experiment allowed
the individual to subjectively adjust, based upon the individual's
estimate of his/her working capacity, fatigue, and endurance, the
amount that he/she could perform without straining or discomfort
and without becoming tired, weakened, overheated, or out of breath.
Lead weights were placed in or taken out of the box by the sub-
ject, until the maximum weight the subject could 1lift repetitively
was determined. The subject lifted at a specified frequency con-
trolled by the cadence of a light and buzzer signaling the start
of each 1ift.

Following the completion of the persomal data and consent
forms, the collection of strength and anthropometric data, and
a psychological battery the subject was ready to begin the lifting
activity.

Each subject was then required to read and listem to a record-
ing of instructions explaining the experiment and the task and what
was expectad of each subject (See Appendix D).

Fach subject was required to perform nine of the 72 task com-
binations over a 3 hour period wherein each task was performed for
approximately 20 minutes (McDéniel, 1972). A brief rest period
wqs provided between each 20 minute period while the equipment was
being adjusted for the subsequent task combination.

During this 3 hour period cues regarding the elapsed time and
the load weight were minimized by removing all time pieces and
coding the load weight.

The subject waé not provided with any external motivational
cues, such as encouragement to lift more or reference made to the
affect that the individual was performing better or worse than an

arbitrary reference value.
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Upon completion of performing the nine task combinations
the subject was asked to respond to several questions pertaining

to the experiment (See Appendix E).

e. Egquipment

The lifting machine (see Figure 1). The lifting apparatus
used in this project, in contrast to previcus ones used by McDaniel
(1972), Dryden (1973), and Knipfer (1973), was nompowered. It
utilized a rubber cup (A) in a 6 foot tube -(B) as the main com=~
ponents of this equipment. The tube (B) had a butterfly value on
the top (C) and an adjustable value (D). The cup was attached to
a movable shelf (E) by means of a steel cable over idling pullies.
The entire mechanism was balanced so that when the shelf was empty
the rubber cup would slide downwards and the shelf would move up-
ward. During such motion the butterfly valve on top of the tube
would open to equalize the pressure on both sides of the cup, thus
letting the shelf move upward freely until it stopped against ad-
justable stops (F). On the other hand, if a box of 8 pounds or
more was placed on the shelf, the shelf would move rapidly down-
wards. During such action, the butterfly valve would close and a
pressure would be created inside the tube, depending on the posi-
tion of valve (D). By adjusting the valve (D) it was possible to
cushion the descgnt of the shelf with any amount of weight on it.

In addition, the equipment had the feature of dumping the
box from the moving shelf onto the floor or on an adjustable
stationary shelf depending on starting and ending points of the
lift. The height level of the stationary shelf was adjustable.

The container box (figure 2); the box was constructed of
metal, was equiped with largé handles to permit an easy and com~
fortable fit of the subject's hands. The handles were such that
they swiveled to allow the subject to easily grasp and control the
load. All handles were so fitted to the box that the point of
hold was always above the center of gravity of the load to allow
for a more stable condition. The handles on the designed box were

5" above the base of the box.
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Figure 1. Lifting Equipment
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Figure 2. Box with Lead Weights and Extension Piece
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An extension rod was used to simulate the variation of the box
size iﬁ the sagittal plane. The rod was held in place By cotter
pins.

The amount of weight lifted was determined by initially
weighing the total amount of weight and subtracting the amount
remaining in the storage container after the subject had arrived
at an acceptable weight of 1ift. A scale with a capacity of 300
pounds was used for this purpose.

2. The Collection of Strength, Anthropometric and
Endurance Data

The development of lifting capacity prediction models based
in part on individual variables, necessitated the collection of
selected strength, anthropometric, and endurance data for each of
the participating subjects:

Each variable was selected on the basis of its supposed
correlation with the lifting task. These measures were to be
utilized as an independeﬁt variables in the development of lifting
capacity prediction models.

-

a. Variables

The anthrppometric measurements have been depicted and des~
cribed in Appendix F. These were: weight, stature, acromial
height, knuckle height, standing iliac crest height, knee height,
forearm grip distance, chest depth, chest width, and abdominal
depth.

The maximum voluntary isometric strength measurements are
depicted and described in Appendix ¥, These were: shoulder
strength, arm strength, composite strength, back strength (two
different modes), and leg strength.

The endurance measurements, as depiéted and described in
Appendix F consisted cf a static and dynamic arm endurance mea-

surement.
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b. Experimental Procedure

As described earlier, 146 subjects (73 male and 73 female)
were recruited, screened, and found for participation in the
experimental phase of this research.

Upon completion of the personal data and consent form each
subject was required to read and listen to a recording of instruc-
tions which described the strength, anthro@qmetric, and endurance
data collection procedures (See Appendix G). If, at this time,
the subject elected to continue with the experiment the appropriate
data was collected in accordance with a prescribed sequence (See
Appendix H). The data collection seugence took into consideration
that the wvalidity of certain tests is dependent on a reasonable
rest period between tests. During those rest periods measuring
of nonstressful variables wuch as stature and weight, etc. were
made. A typical measurement period was approximately 1 hour,

After completion of the strength and anthropometric data
collection, the subjects continued on with the experiment, that is,
the psychological battery, the lifting instructions and the lift-

ing tasks, in that order.

¢. Equipment

Subject measurements reduired the use of several pieces of
equipment. The equipment could be categorized into three groups:
anthropometric, gtrength, and endurance.

The anthropometric measurements were made using a standard
anthropometric measurement kit distributed by Siber Hegner and
Company (See Appendix F, Figure F-1). Subject weight was measured
using a standard Detecto-Medi scale with a capacity of 300 pounds
(See Appendix F, Figure F-4). The accuracy of the scales was
checked periocdically during the experimental phase.

The various strength measurements were made using a second
group of equipment. This group included a metal platform, vertical
metal pole with collars, pelvic brace, back board, short handle,
long handle, shoulder bar with straps, length of chain, load cell,

and the associated load display device (See Appendix F, Figures

F-2 and F-3).
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The platform served as a base for all strength measﬁrements.
It was constructed of metal 30 inches wide, 48.5 inches long,
and 1 inch thick. A modified 9/16 inch eye bolt was placed
through the platform at its center. This was used during the arm,
composite, and shoulder strength measurements as a point of attach-
ment for the chain and load cell assembly.

A second modified 9/16 inch eye bolt was placed through the
platform 4 inches from the side (width) and 24.25 inches from either
end. This was used during the leg strength measurement as a point
of attachment'forvthe chain and load cell assembly.

Force measurement for the strength measurements was accom—
plished using a load cell and the associated readout device. The
load cell used was a Schevitz Engineering AC operated linear
variable differential transformer with a range of 1,000 pounds
in either tension of compression coupled with a matching digital
readout transducer. This device had the tension peak hold optiom.
These two devices were calibrated according to manufacturers
specifications prior to the measurement phase of the research and
were checked periodically during the experimental phase. The load
cell was coupled at one end to the various handles with a hook
and to the chain at the other end with 2 special coupling fixture
(See Figure 3).

Both static and dynamic endurance measurements, and static,
required the use of a set of weights (See Appendix F, Figure F-19),
a tape recorder, and a stop watch. The set of weights consisted
of a 1 inch diameter solid steel bar 24-1/2 inches in length.

The bar weighed 5.4 pounds. Two tightening collars were used
weighing l8 of a pound each. Forty five pounds of iron weights

were included, ranging in size from 10 pounds to 1-1/4 pounds each.
The tapé recorder was a small cassette type tape recorder with AC .
adapter. The stop watch was a standard Meylan mechanical stop-

watch graduated in one hundredths of a minute,.
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3. Predictive Models

The development of effective lifting capacity prediction
models, that is, a proecedure for successfully estimating an in-
dividual's maximum acceptable weight of 1lift for a given set of
task conditions, is based on the correlation between the indivi-
dual's lifting capacity and individual variables such as sex,
strength, anthropometric, endurance, and task variables such as
frequency of liff, height, lift, and box size.

In addition.tb the physical measurements obtained from each.
subject, a battery of psychological questions (See Appendix I)
was administered to each subject. The battery was of interest in
that it generated a profile of the subject which could be used
to explain any unusual performance.

The objective of the predictive models was to estimate an
individuals lifting capacity given a set of task conditions
(frequency, height, and box size) and specific information per-
taining to the individual, e.g., Sex, weight, age, anthropometry,

and strehgth.

a. Variables

Each of the individual and task variables discussed in earlier
sections provided the bases for the development of the lifting
capacity prediction models. ‘

The individual variables include sex, age, body weight,
selected strength measurements, such as, arm strength, leg strength,
etec., selected anthropometric measures, such as, age weight,
stature, etc., and the two endurance measures, static and dynamic
arm endurance,

The task variables include frequency of 1lift, ﬁéight and range
of 1ift, and box size.

The psychological profiles of the subjects were not used.

b. Development of the Prediction Models

Development of the lifting capacity prediction models con-
sisted of establishing the correlationms between the task and

individual variables and the use of regression analysis to develop

48



a given subject. Each subject under this randomized design per-
formed nine treatment combinations and each treatment combination
was tried on nine different subjects. The layout of the experiment

is given in an attached computer printout (See Appendix C).

d. Experimental Procedure

The experimental procedure, with respect to the 1lifting task,
was selected to be a modified psychophysical technique.

The lifting procedure assoclated with this experiment allowed
the individual to subjectively adjust, based upon the individual's
estimate of his/her working capacity, fatigue, and endurance, the
amount that he/she could perform without straining or discomfort
and without becoming tired, weakened, overheated, or out of breath.
Lead weights were placed in or taken out of the box by the sub-~
ject, until the maximum weight the subject could 1ift repetitively
was determined. The subject lifted at a specified frequency con-
trolled by the cadence of a light and buzzer signaling the start
of each lift. |

Following the completion of the personal data and consent
forms, the collection of strength and anthropometric data, and
a psychological battery the subject was ready to begin the lifting
activity.

Each subject was then required to read and listen to a record-
ing of instructions explaining the experiment and the task and what
was expecte& of each subject (See Appendix D).

Each subject was required to perform nine of the 72 task com-
binations ovaer a 3 hour period wherein each task was performed for
approximately 20 minutes (MecDaniel, 1972). A brief rest period
wqs provided between each 20 minute period while the equipment was
being adjusted for the subsequent task combination.

During this 3 hour period cues regarding the elapsed time and
the load weight were minimized by removing all time pieces and
coding the load weight.

The subject was not provided with any external motivational
cues, such as encouragement to lift more or reference made to the
affect that the individual was performing better or worse than an

arbitrary reference value.
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Upon completion of performing the nine task combinations
the subject was asked to respond to several questions pertaining

to the experiment (See Appendix E).

e, Eguipment

The lifting machine (see Figure 1). The lifting apparatus
used in this project, in contrast to previcus ones used by McDaniel
{1972), Dryden (1973), and Knipfer (1973), was nonpowered. It
utilized a rubber cup (A) in a 6 foot tube (B) as the main com~
ponents of this equipment. The tube (B) had a butterfly value on
the top (C) and an adjustable value (D). The cup was attached to
a movable shelf (E) by means of a steel cable over idling pullies.
The entire mechanism was balanced so that when the shelf was empty
the rubber cup would slide downwards and the shelf would mgvevup—
ward. During such motion the butterfly valve on top of the tube
would open to equalize the pressure on both sides of the cup, thus
letting the shelf move upward freely until it stopped against ad-
justable stops (F). On the other hand, if a box of 8 pounds or
more was placed on the shelf, the shelf would move rapidly down-
wards. During such action, the butterfly valve would clese and a
pressure would be created inside the tube, depending on the posi-
tion of valve (D). By adjusting the valve () it was possible to
cushion the descent of the shelf with any amount of weight on it.

In addition, the equipment had the feature of dumping the
box from the moving shelf onto the floor or on an adjustable
stationary shelf depending on starting and ending points of. the
lift, The height level of the stationary shelf was adjustable.

The container box (figure 2); the box was constructed of
metal, was equiped with large handles to permit an easy and com-
fortable fit of the subject’s hands. The handles were such that
they swiveled to allow the subject tc easily grasp and control the
load. All handles were so fitted to the box that the point of
hold was always above the center of gravity of the load to allow
for a more stable condition. The handles on the designed box were

5" above the base of the box.
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Figure 2. Box with Lead Weights and Extension Piece
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An extension rod was used to simulate the variation of the box
size in the sagittal plane. The rod was held in place by cotter
pins.

The ameunt of weight lifted was determined by initially
weighing the total amount of weight and subtracting the amount
remaining in the storage container after the 'subject had arrived
at an acceptable weight of 1ift. A scale with a capacity of 300
pounds was used for this purpose.

2. The Collection of Strength, Anthropometric and
Endurance Data

The development. of lifting capacity prediction models based
in part on individual variables, necessitated the collection of
selected strength, anthropometric, and endurance data for each of
the participating subjects..

Each variable was selected on the basis of its supposed
correlation with the lifting task. These measures were to be
utilized as an independent variables in the development of lifting

capacity prediction models.

a. Variables

The anthropometric measurements have been depicted and des-
cribed in Appendix . These were: weight, stature, acromial
height, knuckle height, standing iliac crest height, knee height,
forearm grip distance, chest depth, chest width, and abdominal
depth.

The maximum voluntary isometric strength measurements are
depicted and described in Appendix F. These were: shoulder
strength, arm strength, composite strength, back strength (two
different modes), and leg strength.

The endurance measurements, as depicted and described in
Appendix F consisted of a static and dynamic arm endurance mea-

surement.
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b. Experimeuntal Procedure

As described earlier, 146 subjects (73 male and 73 female)
were recruited, screened, and found for participation in the
experimental phase of this research.

Upon completion of the personal data and consent form each
subject was required to read and listen to a recording of instruc-
tions which described the strength, anthropometric, and endurance
data collection procedures (See Appendix G). If, at this time,
the subject elected to continue with the experiment the appropriate
data was collected in accordance with a prescribed sequence (See
Appendix H). The data collection seugence took into consideration
that the validity of certain tests is dependent on a reasonable
rest period between tests. During those rest periods measuring
of nonstressful variables wuch as stature and weight, etc. were
made. A typical measurement period was approximately 1 hour.

After completion of the strength and anthropometric data
collection, the subjects continued on with the experiment, that is,
the psychological battery, the lifting instructions and the 1lift-

ing tasks, in that order.

c. Equipment

Subject measurements reduired the use of several pieces of
equipment. The equipment could be categorized into three groups:
anthropometric, strength, and endurance.

The anthropometric measurements were made using a standafd
anthropometric measurement kit distributed by Siber Hegner and
Company (See Appendix F, Figure F-1). Subject weight was measured
using a standard Detecto-Medi scale with a capacity of 300 pounds
(See Appendix ¥, Figure F-4). The accuracy of the scales was .
checked periodically during the experimental phase.

The wvarious strength measurements were made using a second
group of equipment. This group included a metal platform, wertical
metal pole with collars, pelvic brace, back board, short handle,
long handle, shoulder bar with straps, length of chain, load cell,

and the associated load display device (See Appendix F, Figures

F-2 and F-3).
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The platform served as a base for all strength measurements.
It was constructed of metal 30 inches wide, 48.5 inches long,
and 1 inch thick. A modified 9/16 inch eye bolt was placed
through the platform at its center. This was used during the arm,
composite, and shoulder strength measurements as a point of attach-
ment for the chain and load cell assembly.

A second modified 9/16 inch eye bolt was placed through the
platform 4 inches from the side (width) and 24.25 inches from either
end. This was used during the leg strength measurement as a point
of attachment for the chain and load cell assembly.

Force measurement for the strength measurements was accom-—
plished using a load cell and the associated readout device. The
load cell used was a Schevitz Engineering AC operated linear
variable differential transformer with a range of 1,000 pounds
in either tension of compression coupled with a matching digital
readout transducer. This device had the tension peak hold optiom.
These two devices were calibrated according to manufacturers
specifications prior to the measurement phase of the research and
were checked periodically during the experimental phase. The load
cell was coupled at one end to the various handles with a hook
and to the chain at the other end with a special coupling fixture
(See Figure 3).

Both static and dynamic endurance measurements, and static,
required the use of a set of weights (See Appendix F, Figure F-19)},
a tape recorder, and a stop watch. The set of weights consisted
of a 1 inch diameter solid steel bar 24-~1/2 inches in length.

The bar weighed 5.4 pounds. Two tightening collars were used
weighing .8 of a pound each. Forty five pounds of iromn weights
were included, ranging in size from 10 pounds to 1-1/4 pounds each.
The tape recorder was a small cassette type tape recorder with AC
adapter. The stop watch was a standard Meylan mechanical stop-

watch graduated in one hundredths of a minute.
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Figure 3.

Load Cell, Hook, and Coupling Fixture
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3. Predictive Models

The development of effective lifting capacity prediction
models, that is, a procedure for successfully estimating an in-
dividual's maximum acceptable weight of 1lift for a given set of
task conditions, is based on the correlation between the indivi-
dual's lifting capacity and individual variables such as sex,
strength, anthropometric, endurance, and task variables such as
frequency of 1lift, height, lift, and box size.

In addition to the physical measurements obtained from each
subject, a battery of psychological questions (See Appendix 1)
was administered to each subject. The battery was of interest in
that it generated a profile of the subject which could be used
to explain any unusual performance.

" The objective of the predictive models was to estimate an
individuals lifting capacity given a set of task conditions
(frequency, height, and box size) and specific information per-
taining to the individual, e.g., sex, weight, age, anthropometry,

and strength.

a. Variables

Each of the individual and task variables discussed in earlier
sections provided the bases for the development of the lifting
capacity prediction models. )

The individual variables include sex, age, body weight,
selected strength measurements, such as,arm strength, leg strength,
etc., selected anthropometric measures, such as, age weight,
stature, etc., and the two endurance measures, static and dynamic
arm endurance.

The task variables include frequency of 1ift, height and range
of 1lift, and box size.

The psychological profiles of the subjects were not used.

b. Development of the Pradiction Models

Development of the lifting capacity prediction models con-
sisted of establishing the correlations between the task and

individual variables and the use of regression analysis to develop
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general prediction models. After development, these models were
tested. )

The statistical technique of regression analysis was used to
develop suitable models for predicting the lifting cépacity as a
function of the predictor variables. The models fitted to the data
were of the form

Y =!3° + 812

+ 1+ ,.. + 8.2 + e,
1 Pp

where

v is the sum of maximum acceptable weight of lift (or liftihg
capacity) and the body weight. Zj’ j=1,2,..., p, are functions of
the predictor variables, e.g., Zj = sz, xj3, xjxk, log xj, etc.,
where xj and xk represent specified task or operator variables,

B, is the intercept (comstant) term in the models and is to be
estimated, Bj’ j=%k,2,..., p, are coefficients to be estimated,
and

¢ is a random error assumed to be normally distributed with
mean 0 and variance 02.

Noted that the independent variables Zj may be either princi-
pal component variables or factor variables which are, of course,
themselves linear combinations of the task and individual variables
as discussed in the previous section.

The data used in fitting the model (i.e., in estimating the
coefficients Bo,..., Bp) were given by (yi, Zli’ zZi""’Zpi)’

i=12,..., n, where n was the total number of subjects used.

¢. Regression Analysis

The SAS.76 (Barr, et al., 1976) STEPWISE procedure with the
maximum R2 improvement option was used to perform a multiple
linear regression analysis to obtain suitable regression models.

Two thirds of the subject's and their lifting capacity and
their predictor variable data collected earlier were used for the
development of 1ifting capacity prediction models. A total of six

models were developed, one for each height level.
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d. Model Verification

Verification or testing of the six lifting capacity prediction
models was accomplished through the use of the remaining one third

of the lifting capacity and predictor wvariable data.

B. Field Study Phase

The objectives of this phase were:

1. The collection of historical lifting injury data for many
types of manual materials handling jobs, which involved lifting
activities. These data were used for determining the relatiomnship
between the number of injuries and/or the number of lost week
days resulting from those injuries, and the job demands in terms
of the amount of weight lifted and the frequency of 1lift.

2. A determination of the lifting requirements of a select
number of jobs, the coilection of strength, anthropometric, and
endurance data for individuals performing those jobs, and the
collection of current injury profiles for the same individuals.
These data were utilized to determine the effects of the job
stress index (JSI), that is, the ratio between the job demands
and the individual's lifting capacity, and lifting injuries
both in terms of frequency as well as severity.

3. The development of job stress or severity measures.

1. Data Requirements and Sources

The data collection efforts of this phase were divided into
four general areas which correspond to the four types of informa-
tion needed.. These were: (a) historical injury data, (b) the
1ifting requirements of the job, (c) the lifting capacity of the
individual, using the predictive models, and (d) the current
injury data on a sample of workers employed in these jobs.

The data collection effort began with the compilation of a
list of organizations to be solicited for participation in the
project. The name of a responsible person working in each or-
ganization to whom an inguiry could be directed was included..
This list of organizations and names was accumulated with the

help of local insurance agencies dealing in worker's compensation,

50



local chapters of the Texas Association of Business, and personal
referrals., '

Each organization was initially approached by letter (See
Appendix J). The letter briefly explained the research project,
outlined the requirements of participation, and asked that partici-
pation be seriously considered. If the letter produced no timely
response, a follow-up telephone call was made. Plant visits were
scheduled with those companylrepresentatives who expressed a in-
terest in the project. During these initial visits, in most cases,
prelinimary decisions were made as to whether specific lifting jobs
were appropriate for study.

If, at the end of this initial visit, the company was still
willing to participate and if ome or more jobs were deemed adaquate
for study, a second visit was scheduled. This second visit was
used to obtain a detailed job description and to collect historical

injury data for each of these jobs.
2. Selection of Jobs for the Study

a. Job Qualifications for Inclusion

An appropriate job was one which required a significant amount
of repetitive lifting and showed at least some similarity to the
"ideal" lifting jobs which were used for the formulation of the
maximum acceptable weight of 1lift equations. These ideal lifting
jobs were described as having speecific weights of 1lift, sﬁécific
frequencies of 1ift, specific lifting ranges, and a comstant box
size. The "ideal" job also exhibited no carrying, pushing or
pulling. Obviously, few, if any, actual lifting jobs exactly met
these specifications. It was, therefore, necessary to include many

jobs that were less than ideal.

b. Job Sources

This data was obtained through the cooperation of 22 private
companies and governmental entities, cperating in the Dallas-Ft.
Worth metropolitan area, where 63 jobs required lifting task were

studied.

51



c. Job Requirement Analysis

The job requirements for each of the jobs tentatively selected
for study were determined using a detailed job description proce-
dure. The job description requirements and procedures are explain-
ed below.

It was necessary to determine, for each job, the actual weight
or weights lifred and the job factors necessary to.predict an in-
dividual's iifting capacity. It was originally thought that the
final set of lifting capacity prediction models would include the
predietive variables; frequency of lift, range of 1ift, and box
size as well as various individual characteristics. The final
set of models did not use frequency of 1ift or box size. However,
it was necessary to accomplish the job description activity prior
to the final determination of the models. As a result, each job
studied was described in terms of actual weight of 1lift, frequency
of 1ift, box size, and range of lift,

The lack of constant parameters exhibited by many of the jobs
selected, required that the job description procedure be designed
to accommodate a certain amount of variability, This was accom-
plished by dividing each job into a number of components tasks.
Tasks were selected so that each could be described with constant
or near constant parameters. This procedure was dévised to enable
the accurate description of each job as well as to facilitate the
Job Severity Index (JSI) calculations.

The initial step in the job description procedure (See Appen-
dix K) was to complete a master job description form (See Appendix
L). The information recorded of this form included; the job code,
the job t;tle or name, the average length of the work week, the
average length of the work day-or shift, the number of shifts per
day, a general written description of the job, and additional
comments.

A five digit code was assigned to each jeb in the study for
purposes of identificatiom. The first three digits of this code
identified the company where the particular job was found and the
final two digits ?ertained to the job itself. The job title or

name information included both the official job title and the
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informal name used, 1f any. This informal name was ocften more
deseriptive than the official title. It was also found, in some
cases, that two or more different lifting jobs could have the ssme
official or organizational title. The average length of the work
week, measured in days per week, and the average length of the
work day, measured in hours per day, were recorded. This informa-
tion was needed to determine the employees average job exposure
time. The number of shifts during which the job was performed was
recorded for use in subject measurement scheduling. The general
written description included a short qualitative summary of the
activity involved to be used for communication with the company
management and with the subjects. The additional comments section
was included to record any unusual aspects of the job such as
adverse environmental conditions. When determined, the number of
lifting and non-lifting tasks required by the job were also record-
ed on the master job description form.

The lifting activities required in a job were described
through a series of lifting tasks, each of which could be describ-
ed by constant or nearly constant parameters. A lifting task form
(See Appendix M) was completed for each lifting task. The informa-
tion recorded on this form included the job code, the task code,
the amount of time actually spent doing the task, the lifting
range, the beox size or dimension, the lifting frequency, the actual
weight of 1ift, and anw ;ertinent additional comments. Prior to
actual task description, each task was assigned to a task group
consisting of other tasks which were performed during the same
tiﬁe period. For instance, if a certain job required the per-
formancevof four unique tasks, two of which were performed in the
morning and two of which were performed in the afternoon the two
morning tasks were grouped together and the two afternoon tasks
were grouped together. This method allowed a more accurate des-
cription of jobs that required different activity on different
days of the week. The task groupings were recorded in the comments
section of the lifting task form. In addition, the amount of time

that a task was performed was estimated in relation to other tasks
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within a group. For example, if two tasks were performed with
equal lifting frequency for 4 hours per day, 3 days per week, the
time estimated was 50 percent of 4 hours, 3 days per week., This
estimate was recorded on the task description form for each task.
The lifting requirements of range, dimension, frequency and

weight of 1lift were then determined and recorded for each task.

To make the job descripticns usuable for any person working in

that job, it was decided to define the range of 1ift in terms of
1ift initiation level and lift termination level. The vertical
distance, in inches, from the floor to the hand at the 1lift initia-
tion level was measured and recorded. This was called the "FROM"
point. The vertical distance, in inches, from the floor to the
hand at the 1ift termination level was also measured and recorded.
This was called the "TO" point. If one or both of these points
were not constant, the mean and the uppef and lower limits of
variation were recorded. Any variation in these parameters was
assumed to have a uniform distribution. This allowed, for instance,
the stacking or unstacking of pallets to be described using a
single task description. If the variation in one or both of the
two parameters was obviously bi-modal, additional tasks were _
defined. The box size or dimension was defined as the dimension

of the box or other load, measured in inches along a line perpen-
‘dicular to the frontal plane of the body of the person doing the
lifting. If this parameter displayed variation, the mean and upper
and lower limits of variation were recorded. The lifting frequency
~was recorded as the average number of lifts per minute required by
the pariicular tasik. These average frequency estimates were

made using production records. Variations in frequency of 1lift
were handled using additiomal task descriptioms. The actual weight
of lift was measured and recorded in pounds. Variation was again
handled by recording the mean and upper and lower limits of an
assumed uniform weight distributiom.

During job selection, those jobs requiring a significant

amount of carrying, pushing, or pulling were excluded. Therefore,

the job description procedure did not provide for the description
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of these activities. It was found, however, that most jobs re-
quiring lifting activities also required some significant amount
of lowering. The job deseription procedure explained above was
also applied to all lowering activities. It was assumed, that
during analysis, lowering would be separated from lifting and

weighted differently.
3. Historical Injury Data

a. Types and Sourcses

The historical injury data profile was job oriented, that is,
an injury profile was determined for a job versus an individual by
collecting injury data pertaining to those aspects of the job that
involved lifting.

Injury history information was collected for 54 jobs covering
the previous 3 year period. Several of the injury histories were
actually combined histories pertaining to two or more jobs within
a single organization. In these instances the jobs had similar
lifting requirements and insufficient injury records to discrimi-
nate whether the injury pertained to one job versus the other.
However, when adequate historical records existed, unique injury
profiles were determined regardless of job similarity. In several
cases, historical profiles could not be compiled because of a
combination of insufficient records and dissimilar lifting require-
ments. These cases were not included in the 54 jobs reported in

the study.

b. Procedure

The injury histories were obtained from organizational records.
The information collected included: the date of injury; the name
of the injured person; number of lost work days; work termination,
or death of the emplovee; the nature of the injury in terms of
injury type, affected area of the body, and required medical
attention; and a narrative description of the incident or accident.
In addition, an estimate was made of the employee exposure hours
for the 3 vear time period coincident with the collection of the

historical injury data. This information was reduced in volume
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using an injury history summary for each job. The procedures
and forms for the injury history data collection and summary are

presented in Appendix N.
4, Subject Measurements

a. Variables

The individual measurements required in this phase were
specified by the final selection of individual predictor variables
used in the lifting capacity models. However, subject meésurément
for this research began prior to the above final selection. It
was, therefore, decided to make measurements of all variables most
likely to be included in the final models. The final set of
variables used to predict lifting capacity included only a few
of the variables actually measured. The following discussion
describes the actual méasurements taken.

The measurements required and taken were a sub-set of the
set of measurements taken in the experiment used to formulate the
predictive equations. Ayoub, et al. (1977), described the measure-
ments (See. Appendix F) used in théféarlier experiment. The follow-

ing is a list of the actual measurements taken during the field

. effort:
TABLE 2
List of Subject Measurements Taken
in Field Study Phase
Sex Knuckle Height Shoulder Streangth
Age Knee Height Arm Strength
Weight Abdominal Depth Composite Strength
Height Chest Depth Back Strength
Shoulder Height Grip Distance Dynamic Endurances

b. Subjects and Subject Sources

Two hundred and forty-four (244) individuals (220 males and
24 females) were selected who were assigned to the 63 jobs identi-
fied as appropriate for this study. The subjects volunteered
to participate in the study but were paid their normal wage by}the
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employer. No additional compensation was given for participation in

this study.

¢. Subject Data Collection

The measurement sessions were accomplished at the employees
place of employment and were scheduled so as to minimize any possi-
ble disruption in the work place. In most cases a small private
room was provided. When a private rocom was not available, addi-
tional precautions were taken to reduce the influence of onlookers.
Environmental conditions varied. Several of the measurement
sessions were conducted in rooms or arsas that were not air con-
ditioned. 1In those cases, the subjects were asked to take longer
rest periods between measurements to reduce the effects of heat
fatigue,

The subjects measured were all volunteers selected from the
people working on the lifting jobs selected for the study. Pre-
liminary selection was made by management prior to the day of
measurement. The company representatives were asked to solicit
volunteers from among their employees based upon three selection
criteria. Ezch volunteer was required to have been working on
one of the jobs for at least 3 months, to be between the ages
of 18 and 55, and not have a serious medical or injury conditiom.
Final screening and selection was made by the experimenter prior
to actual measurement.

The measurement procedure described below was patterned after
the laboratory procedure used for the model formulation experiment
at Texas Tech Ergonomics Laboratories.

The measurement session began when the subject was brought
to the measurement site by his or her supervisor. After introduc-
tions, the subject was given a short explanation of the research.
This and most subsequent explanations and instructions were pre-
sented orally using a cassette recording which was played as the
subject was reading the instructions in written form (See Appendix
0). All instructions and explanations were available in both

Spanish and English. It should be noted that the title of the
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research and parts of the explanation given to the subjects differ
slightly from the actual title and objectives stated earlier. The
removal of any mention that injury data would be collected after
measurement was required for two reasons: (1) an accurate descrip-
tion of the research may have biased the results by influencing the
subject population by suggestion, and (2) reservations were ex-~
pressed by most of the companies involved, that complete disclosure
might cause a "rash of injuries."

Final screening was accomplished using a pre~test questiomnaire
{See Appendix P) administered by the experimenter. After the sub-
ject's name, address, and phone number were recorded, he or she
was asked to give a short description of his or her job. This
was to insure that the person was indeed working in one of the
described jobs. Each person was asked how long they had been
working on the job. If the answer was less than 3 months and if
the person's previcus job required no lifting, that person was
excluded from the study. Several pertinent questions were asked
to determine the subject’s physical and medical acceptability.
A subjeect was excluded from the study if one or more of the follow-
ing was true.

1. History of back surgery.

2. Current back, leg, shoulder, neck, or arm pain.

3. History of uncontrolled or uncorrected high blood pressure.

4. Measured blood pressure in excessive of 140/90 on the day

of the measurement session (each subjects blood pressurs was taken
by the experimenter at that time).

5. Uncorrected abdominal hernia.

6. Corrective surgery for an abdominal hernia within the
past ten years.

7. Any history of heart attack or heart condition.

8. Less than 3 hours sleep the night prior to measurement.

9. Taking medication that might inhibit muscle action in
any way. '
These precautions were taken to reduce the possibility of subject

injury during measurement. This screening also reduced the number
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of people included in the study likely to be injuried or re-injured
for reasons other than job severity.

If a person was found acceptable for study, he or she was
asked to read and sign an informed consent. As in the case of the
initial instructions, the consent form was available in two lan-
guages and was recorded on tape for playback as the subject was
reading. (The text of the iﬁformal consent is included as part of
the subject questionnaire in the Appendix P).

Prior to signing, the subject was asked if he or she had any
questions and if he or she fully understood what they were about
to sign. After the subject had read and signed the consent form,
the investigator signed and dated the form. The signature of a
witness, usually the subject's supervisor, was also obtained.

The measurements taken were recorded on a data sheet (See
Appendix Q). Each subject was assigned a three digit numerical
code. This code, along with the subject’s name, age, sex, and
job code was recorded. The date and time of measurement were also
recorded.

The measurements were made in the following sequence.

1. Shoulder Strength

2. Weight

3. Arm Strength

4. Height

5. Shoulder Height
6. ZKnuckle Height
7. Knee Height

8. Composite Strength

9. Forearm Grip Distance
10, Back Strength
11. Abdominal Depth

12. Chest Depth
13. Dynamic Endurance

It should be noted that the strength and endurance measurements
were each separated by at least one anthropometric measurement.
This was done to allow sufficient rest periods for the subjects
without unnecessarily extending the time required to complete the
measurement session. Using this sequence the measurement session,
including the completion of the quetionnnaire and explanationm,

took between 30 and 45 minutes.
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Special instructions were given to the subjects immediately
prior to each measurement. Each instruction consisted of written
directions accompanied by a photograph (See Appendix F). The
anthropometric measurementsrequired only‘passive participation
on the parf of the subject., Therefore, these instructions were
not recorded on tape and are not presented here., The strength and
endurance measurements, however, did require active subject parti-
cipation. Therefore, recordings of these instructions were pre-
sented in conjunction with the written instructions (See Appendix
E) and photographs.

The four strength measurements were each repeated until a
minimum of three measurements were observed. The subjects were
required to rest for a minimum of 30 seconds between each repeti-
tion. The average of the three strength measurements was recorded.

The four strength averages and the weight of the subject were
recorded to the nearest whole pound. The height, depth, and other
linear measurements were made and recorded to the nearest tenth of
a centimeter. The endurance measurement was made and recorded to

the nearest one hundredth of a minute.

d. Eguipment for Subject Measurement

Subject measurements required the use of several pieces of
equipment. This measurement equipment was equivalent to that used
in the previous model formulation study conducted in the laboratory
at Texas Tech University. A number of equipment changes, however,
were required due to the fact that the subjects used in this re-
search were measured at their place of employment.

‘ The equipment had to be portable and easily assembled and
disassembled. Therefore, a few modifications were made to make

the equipment easier to transport, assemble, and disassemble.

5. Current Injury Data Collections

a, The Various Data Collected

-~

The injury data was collected and classified according to
its cause and injury type. The two injury cause classifications

were simply lifting and non-lifting. A lifting injury was defined
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as any injﬁry not classified as a lifting injury. Because of
inadequate accident reporting the distinction between lifting and
non~lifting injuries was sometimes difficult to make. These
injuries were recent enough, however, that in many of those cases
additional clarificaﬁion could be obtained from first line super-
vision. 1If, after clarification, there remained doubt, regarding
the injury classification, the injury was classified as non-lifting.
The determination of injury type was less difficult. Each injury,
‘regardless of cause, was classified as one of the five injury types
described below.

Type 1 - Musculoskeletal injuries (strains, sprains, broken
bones, ete.) involving the lower back.

Type 2 - Musculoskeletal injuries to parts of the body other
than the lower-back.

Type 3 = Surface tissue injury due to impact (cuts, bruises,
etc.).

Type 4 - Surface tissue injury due to causes other than impact
(chemical and thermal burns).

Type 5 - Injuries not classified as one of the other four

types.

b. Sources of the Injury Data

The current injury data was collected on those 244 subjects
identified earlier. Each subject was employed by one of the 22
organizations participating in the project. The injury data was
obtained from the organizational records and, when needed, through

interviews of the first~line supervisors.

c. Injury Data Collection Procedures

The current injury data was collected in one of two methods.
If a company provided fewer than 10 subjects, injury report
questionnaires were mailed to the company and completed by an
appropriate person working there. I£, however, the company had
provided more than 10 subjects, the information was collected by
the experimenter during an on~site visit using the same injury

reports (See Appendix R)
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Injury data was collected from these workers for a 9 momth
period beginning with the day when the individual lifting capacity
predictor variables were measured. However, for subjects measured
during early stages of the subject measurement phase, injury data
was collected for two time periods. The first time period was
4 to 6 months after measurement. The second time period was at the
end of the study (9 months}. Subject injury information for those
subjects measured later in the measurement phase was collected
once at the end of the study. .

Each injury sustained by one of the subjects subsequent to
measurement was fully documented. The information requested in-
cluded the date of injury, the amount of lost time involved, the
type and location of injury, and the injury cause. The number of
hours worked by the individual between injuries or bétween measure-
ment and the first injury was determined. Additional information
collected included: the date of transfer or termination, if any,
and the reason for that transfer or termination; the total of
hours worked by the individual during the study period; and the
number of hours worked between the date of the most recent injury
prior to measurement and the date of measurement., If there was
no record of previous injury, the number of hours worked between
the date of employment on the job and the date of measurement

was determined.

_6. . Measures of Job Stress

£ Assumptioﬁs

The determination of the job severity index for each person
required certain information about the person and about the job
in which the person was working. The job severity index was de-
fined as the actual weight lifted on the job divided by the pre-
dicted capacity of maximum acceptable weight of 1ift of the person
doing the lifting.

The measure of lifting capacity ugsed in this study is maximum
acceptable weight of 1ift. The maximum acceptable weight of 1ift

is not an absolute measure of what an individual can 1lift but
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rather a measure of a persen's capacity of lift. Equation to pre-
dict maximum acceptable weight of 1lift capaciﬁy were developed in
the experimental phase of this project. There are six predictive
equations, one for each of the six common ranges of 1lift (i.e.,
floor to knuckle, etc.). Subsequent mention of individual lifting
capacity refers to‘the maximum acceptable weight of lift'predicted
by one or more of these six equations.

The requirements of a job, as used in this study, were confined
exclusively to the lifting requirements. As stated earlier, the
jobs selected for study required a minimal amount of carrying, push-
ing or pulling. However, many of the jobs did require substantial
lowering of loads. For the purposes of this study, load lowering
was not considered.

The simple Job Stress Index (JSI) formulation was not directly
applicable to actual lifting jobs feound in industry. Most jobs had
no single lifting requirement. A given job may have required that
several different weights be lifted over several different ranges
of 1lift. It therefore seemed necessary to assume that any index
used, be devised so as to account for this variability. Three
of the four job severity indices were formulated on that basis.

A fourth index was presented which does not account for job
variability. This index was investigated to check the validity
of the assumptiom.

The job description procedure, as explained earlier, facili-
tated the accounting for job variability. Each job was defined as
a series of tasks. Each task had a unique maximum required weight
of lift, a unique set of lifting ranges required, and a unique
‘average lifting frequency. The tasks were, in turn, grouped
according to when they were performed. Tasks, for example, per-
formed only in the morning were separated from those performed
only in the afternoon. ZEach group had an average frequency of
life which was equal to the sum of the lifting frequencies of the
tasks in the group.

The job descriptions specified the point of 1ift initiation

and the point of 1ift termination, or the range of each, for all
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tasks. A given required lift may start or stop at any poiﬁt from
the floor to the full extended reach of the individual performing
the 1ift. The predictive equations, however, used only four points
of lift dnitiation or termination and provide for omly six unique
ranges of 1ift. These six lifting ranges are:

1. From floor level to knuckle level,

2. From floor level to shoulder level,

3. From floor level to reach level,

4. From knuckle level to shoulder level,

5. TFrom knuckle level to reach level, and

6. From shoulder level to reach level.

Knuckle level is equal to the measured knuckle height of the
individual performing the 1ift. Shoulder level and reach level
are 20 inches and 40 inches above knuckle level respectively.
Obviously, some procedure was necessary to assign actual observed
lifting ranges to one of the above six so that individual capaci-

ties could be predicted. Such a procedure was devised.
b. Tyves

The first of the four job severity indices investigated
essentially the time and frequency weighted average of the task
severities. The task severities were equal to the maximum weight
of 1lift required divided by the average of the capacities predicted
for the lifting ranges required by the tasks. This definition

was restated as follows:

M DAYS HRS i B 9 L WI o
i1, = [—i + —1] 7§ J:..[i-ZCAP ] (eq. 1.0)
j=1 DAYST HRST i=1 FTj Ky
M = Number of task groups.
Nj = Number of tasks in group j.
DAYSj = Number of days per week that group j is performed.
BAYST = Number of days per week that the job is performed.
HRSj = Number of hours per day that group j is performed.
HRST = Number of hours per day that the job is performed.
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F = Lifting frequéncy of task i.

i N,
and
FT' = Total lifting frequency of group j = Z Fi.
J i=1
R = Number of different ranges required by task i.
WTi = Maximum weight of lift required by task i.
CAPky” = Predicted capacity of individual y to 1lift over

range k.

The second index investigated did not account for job varia-
bility. It was simply defined as the maximum weight of 1lift re-

quired by the job divided by the average capacity of the individual.

JSIZY = CAP . (eq. 2)
y
Where
WI = Maximum weight required by the job.
CAP = Average of six capacities predicted for individual y.

¥y

The third index defined was similar to the first except the
capacity used was the smallest of the predicted capacities for the
ranges required by a given task. This third index used, as a
control, the worst or most stréssful task situation. The additional

step of averaging the required range capacities was removed.

M DAYS, HRS 3
JS13 = z [ —_—] x —1 ] z [ — x ]. (eq. 3)
j=1  DaYS, R car,

Where
CAPiy = The smallest of the one or more capacities for the
ranges required by task i for individual y.

Other symbols = Same as for JSIl.

The fourth and final index was again similar to the first
except the capacity was equal to the average of the six capacities
for each individual. This index, in effect, ignored the differences

in lifting range.
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1. (eq. &)

Where

CAPy = Average of six lifting capacities for individual y.
Other symbols = Same as for JSII.

Work Rate (WR), a measure of absolute job demand, was defined
as the number of inch-pounds per minute that an individual was
required to do. This measure, like the ones described above, dis-
regarded any lowering requirement.  For purposes of computationm,
the points of lift initiation and termination were assigned to one
of six regions. The boundaries of these regions were one-half
knuckle height, knuckle height, knuckle height plus 10 inches,
knuckle height plus 20 inches, and knuckle height plus 30 inches.
All lifts were assumed to initiate or terminate at the mid-points
of these regions, or in the case of the two extreme regions, at
a point 5 inches from the boundary. It is assumed, in additionm,
that a lift from one region to the next higher region required a
movement of 10 inches. A lift within the same regioﬁ was assumed

to require a movement of 1 inch, This measure, as was obvious,

ignores individual differences. .
N, :
M DAYS, HRS, JFi 1 :
wrR= ) [ Lox —L] [ = [=] @ xF, x0IsD].
j=1 DAYST HRST i=1 FTj R R
(eq. 5)
Where
DIST = Lifting distance in inches.
Other symbols = Same as for JSI1.
‘ Another measure of absolute job demand, Average Maximum Weight,

(AWT), was similar to work rate in that it also ignored lowering
requirements and individual differences. Average maximum weight
was the time and frequency weighted average of the task maximum

weights.
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M DAYSj HRS . i
awT = ) [ X 1] 7 —=— x W, - (eq. 6)
j=1  DAYS HRS, i1 Fp, '

Where all symbols are as previously defined.

The final independent variable considered was simply the
average of the six predicted lifting capacities for each individual
ACAP ).
( y)

6
z CAF, . (egq. 7)

¢. Procedure

A total of four job severity indices, two measures of absolute
job demand, and one measure of individual capacity were compared
through the use of correlation and linear regression analysis to
the injury measures. The job severity indices were all variations

of the simple relationship:

. N WT
Job Severity Index (JSI) = T
Where
WT = Maximum weight of lift required, and

CAP = Predicted lifting capacity of individual.

The two absolute measures of job demand were work rate, measured
in inch-pounds per minute, and average maximum weight lifted. The
measure of individual capacity was the arithmetic average of the
six predicted maximum acceptable weights of 1ift for each indivi-
dual.,
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IV, RESULTS

The results are presented in two parts. The first part is a
presentation of the results of the experimental phase while the

second part is a presentation of the results of the field study.

A. Experimental Results

The experimental phase results include: subject data, lifting
capacity data, frequency effect, effect of box size, combined box
size and frequency effect, effect of age, and prediction models
and their use. The data presented is for both males and females

unless otherwise noted.
1. Subject Data

Strength and anthropometric measurement means and standard
deviations for the male and female subjects used in the experimental
phase and field study phase are given in Tables 3 and 4. Although
these means were not tested statistically, the difference does not

appear to be significant. .
2. Lifting Capacity

Lifting capacity, in this context, is defined as the maximum
acceptable weight of 1lift at the rate of one lift per minute for
the different height levels. The maximum acceptable weight 1lifted
by maie and female subjects for the different frequencies was
adjusted to one lift per minute assuming a linear frequency effect,
to determine the lifting capacity. Table 5 is a presentation
of the lifting capacity means and standard deviations (assume
normal distribution) for the six different height levels. Lift-
ing capacity bar diagrams are presented in Figures 4 and 5. The
lifting capacity histograms for each height of 1ift are presented
in Appendix S.

Table 6 i1s a presentation of the mean lifting capacities for
different frequencies. The effect of box size was ignored to ob-
tain these values, Similarly, the mean lifting capacity for dif-
ferent box sizes (Table 7) were obtained by ignoring the effect of
frequency,

68



TABLE 3: Strength and Anthropometric Measurement Means and
Standard Deviations for Field Study Data Subjects

Male (N=220)

Female (N=24)

Std. Std.
Age Meaan Deviation Mean Deviation

Age 27.99 9.59 31.29 7.43
Weight 171.38 35.16 147.46 22.46
Height .174.53 7.30 162.69 7.64
Shoulder Height 144,58 6.61 133.95 6.32
Knuckle Height '77.78 4.05 72.47 $.48
Knee Height 46.511  3.09 43,30 2.50
Abdominal Depth 20.39 3.62 19.88 3.59%
Chest Depth 20.95 2.66 18.56 2.48
Grip Distance 25.77 2.04 32.77 1.72
Shoulder Strength . 108.05 26.66 .'50.33 17.93
Arm Strength 86.60 24,28 44.58 13.88
Composite Strength 244,63 69.59. 115.00 44,73
Back Strength 142.53 41.36 81.67 25.81
Dynamic Endurance 2,36 1.33 2.42 1.41
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TABLE 4:

Strength and Anthropometric Measurement Means and

Studied Deviations for Experimental Data Subjects

Male (N=73)

Female (N=73)

Std. Std.
Age Mean Deviation Mean Deviation

Age 33.61 10.58 34,08 10.06
Weight 172.83 32.82 141.53 26.18
Height 173.82 7.55 161.65 5.52
Shoulder Height 142.51 6.47 132.79 4.49
Knuckle Height 75.65 4.63 71.58 3.04
Abdominal Depth 22.07 3.77 20.07 4.48
Chest Depth 21.61 2.57 19.07 2.05
Grip Distance 34,16 2.14 31.09 1.82
Shoulder Strength 110.16 28.08 60.72 14.79
Arm Strength 81.45 21.29 51.58 13.15
Composite Strength 249,10 59.79 142.20 39.92
Back Strength 185.74 52.65 118.42 30.94
Dynamic Endurance 2.55 1.42 2.63 1.62
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The means and standard deviations for each combination of
frequency and box size for the six height levels are gi#en in
Table 8,

The lifting capacity data can be interpolated to arrive at
the 1ifting capacity for other frequencies and box sizes. Extra-
polation can also be used within close value used in the data
development (within 15 1ifts per minute and 1 lift every 5 minutes).

Lifting capacity data, based on the psychophysical approach,
have also been generated by several other researchers (McDaniel,
1972; Dryden, 1973; Knipfer, 1974; and Smook, 1978), but due to
certain experimental differences it is not possible to compare all
the data. However, for the common height levels (floor to knuckle,
knuckle to shoulder, and shoulder to reach height levels), the
lifting capacity data are similar for both males and females. The
exception is in the case of male data generated by Dryden (1973)
and Knipfer (1974). The values in these two cases are much higher
than those generated by Snook (1978) or im the present study. It
should be noted that in this study, the data were generated using
a large industrial subject population making the data more reliable

than the Dryden and Knipfer studies.
3. Frequency Effect

As the frequency of lift per minute increased, the amoung of
work done (in foot pounds) also increased. As expected, the maxi-
mum weight of lift decreased with the increase in frequency of lift.
The amount of weight 1ifted for different frequencies is tabulated
in Table 6 and the main effects are plotted and shown in Figures
6 through 11 for all six height levels. Regression equations, for
the amount of weight lifted for different frequéncies, were devel-
oped and are indicated om each figure. These equatioms should be
used to determine the effect of frequency on the lifting capacity.

‘When the effects of frequency were considered over all box
sizes and height levels, no significant difference (p<.05) was
found in the lifting capacity for females, between frequencies of
4 and 6 1lifts per minute and 6 and 8 lifts per ﬁinute.' All other
levels (males and females), however, were significantly different

(Figure 12).
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4, Effect of Box Size

The box size in this study refers only to a variation of the
box dimension in the sagittal plane. A 12 inch box with a tube
projection was used as discussed in the equipment section, to move
the center of gravity in the sagittal plane, away from the subject
3 inches or 6 inches, thereby simulating an 18 inch and 24 inch
box size. The general box size effect was analyzed ignoring the
frequency effect. The means and standard deviations of the maximum
acceptable weight of lift for each box size and each height level
are presented in Table 7. The main effects are plotted in Figures
12 through 18. Regression equations (Figures 13 through 18) were
developed to show the effect ofAbox size on the lifting capacity.
It should be noted that for the Knuckle to reach and the shoulder
to reach height levels, for males, there is an increase in the
lifting capacity with the increase in the box size. Causation of
this phenomenon is not known at this time. _

When the effects of height level and frequency were ignored,
no significant differences (p<.95) were found in the lifting
capacity for box sizes ﬁf 12 inches and 18 inchgs fofvméles.
However for the remainder of the box sizes, the differences in
the lifting capacitf, for both males and females; were significantly

different (Figure 19).
5. Combined Box Size and Frequency Effect

The interaction effect ¢of the box size and frequency was
analyzed. Table 8 is a presentation of the means and standard
deviations of the maximum acceptable weights of 1ift for each box
size-frequency combination for each height level.

The data was fitted with straight lines (manual estimation)
without the use of statistical regression analysis methods. The
effects, general trends, are plotted in Figures 20 through 25 and
in Figures 26 through 31 for females. As the box size and frequency

of lift increased, the amount of weight lifted decreased.
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6, Effect of Age

The subjects in this study were divided into three groups:
age 18 to 29 years; 30 to 39 years; and 40 years and above. The
means and standard deviations of the maximum acceptable weight of
lift for each age group are presented in Table 9. The effect of
age did not have any significant effect on lifting capacity for

both males and females.
7. Lifting Capacity Prediction Models

In the development of the prediction models several approaches
were used before a final set of models were selected. In the
development of these models, attempts were made to:

(i) Use wvarious transgenerations composed of the indgpendent
variables (logs, exponents, quadratic funecrions, ... etc.).

(ii) Develop male/female as well as combined male-female
models.

(iii) Use the maximum acceptable weight of 1ift 'as the sole
independent wvariable or use the maximum acceptable weight of 1ift
plus body weight as the dependent variable.

(iv) Use all the task Qariables as independent variables in
the models. ‘

The final models selected are presented in Table 10. The
selection was based primarily on the smallest number of variables
in the modéls since the performance statistics on these models
were not significantly different from each other. The statistics
for the selected set of models are given in Table 11. The verifica-
tion of these models were made on one third of the data set not
used for model development. Figure 32 shows the model performance.

Models to predict lifting capacity have been developed by
several other researchers (McConville and Hertzberg, 1968; Poulsen,
1970; McDaniel, 1972; Dryden, 1973; and Knipfer, 1974). These
models have limitations in that they are applicable to only one or
two height levels for lifting in the sagittal plane, and are devel-
oped in this by collecting data at only one frequency of lif:.

Many of these limitations have been overcome in the models develop-

ed in this study. The models are for six different height levels
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TABLE 9:

Mean and Standard Deviation of the Maximum'Weights (1bs.)
Acceptable to the Three Age Groups of Males and Females

Age Groups

Up to 29 years

30 to 39 years

40 years and above

Std. std. Std.

Sex Mean Deviation | Mean Deviation Mean Deviation
Male 47.29 11.92 46,17 15.35 47.19 14,52
Female 24.79 6.19 27.27 6.21 26.61 5.98
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TABLE 11:

Model Statistics for Prediction Equations
Given in Table 10

=
o} b Yo
o el o] Q
& Q -
~ o U 151 -z
Q = =3 Q
- > M [V
¥ Q O = - 0
ke = a2 N 3 =) G
= - ] 8
ol @ o= o [ w2 .o
3 % 2 3 @ 3 5= 23
j= = e o] R = - 0o = - n =
1(F-K) 0.868 =-1.078 16.910 ~36.230 1.940
2(F-S) 0.877 4,600 15.490 39.430 1.950
3(F-~R) 0.850 -1.660 17.390 44,990 2.150
4(K~-5) 0.861 -4,790 18,460 46.820 2,120
5(K-R) 0.877 -5,600 14,190 =31.090 | 1.640
6{S-R) 0.863 -2.750 J 13.820 -29.310 1.570
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Predicted Weight (1lbs.)

VW = -72.165 — 28.334 # sex + 24.243 * wt., code + .143 % arm st.
-0.553 * age + 1.225 * shoulder ht. + 0.056 * back st. + 4.914
*abdominal depth + 1.757 * dynamic endurance
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Figure 32: Model Performance for the Floor to
Knuckle Height (Males and Females)
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and are based on the data collected at different frequency of
lift with different box sizes.,

In many respects the models given in Table 9 are consistent
with other past models. Back strength, arm strength, age, and
dynamic endurance are the common independent variables in most of
these models. The models in Table 9 are combined models (both for
males and females) and predict the lifting capacity beﬁter than
individual models (high RZ and low mean error). This inference is
different from the one drawn by McDaniel (1972), Dryden (1973), and
Knipfer (1974). '

8. Model Usage
Usage of the final models is relatively simple. The units and
miltipliers for the different variables are given as follows:
1. Sex Code: Vl - 0, for males, and
1, for females.

2. Weight Code: V3 = (, 1f the body weight is equal to or
below the median, and

= 1, if the body weight is above the
median.
Median Weight = 135 pounds, for females, and

170 pounds, for males.

3. Arm Strength VB8: wunits are pounds.

4, Age, V15: units are years.

.5. Shoulder Height, V18: wunits are centimeters.

6. Back strength, V28: units are pounds.

7. Abdominal Depth, V34: units are centimeters.

8. Dynamic Endurance, V36: units are minutes,

If the above variables are measured in the units indicated
and those values are utilized in the models (See Table 10), the
maximum acceptable weight of 1ift plus body weight, in pounds, can
be calculated. By subtracting the individual's body weight from
the calculated value, the maximum acceptable weight of 1lift for

that individual can be determined.
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B. Field Study Results

Data associated with the determination of the effects of the
JSI (ratio between the lifting demands of the job and the indivi-
dual's lifting capacity) on occupational injuries are presented
in this section. Specifically, the results include subject data
collected, injury data, the analysis of the injury data, job
design, and employee placement procedures.

The field study was achieved by (1) collecting history injury
information to determine the relationship between job demands and
potential injury (Historical Injury Data) and (2) collecting on the
job injury frequency and severity to determine the relatiouship
between the ratio of job demands to capacity and potential injury
(Current injury data). The relationship between frequency and
severity of injury and some acceptable measure of relative job
stress was defined for this purpose. This relationship was used
asg the basis for developing job design and employee placement -
procedures.

The measure of job severity was the Job Stress Index {(JSI)
and in its simplest form is the ratio of weight of 1ift required
by the job and the lifting capacity of the individual performing
the 1ift under the considerations of the job.

The establishment of the relationships between the JSI and the
frequency and severity of injuries required the collection of the
following data:

1. The lifting requirements of tﬁe job in which the person
was working,

2. The maximum acceptable weight of 1ift for the particular
individual, and

3. An injury profile describing that person's on-the-job
injury experience.

Those jobs from a number of organizations in the Dallas-Ft.
Worth area, which required a significant amount of repetitive
lifting, were selected. Each job was described in terms of actual

weight of 1ift, frequency of lift, box size, and range of 1lift.
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The lack of constant parameters exhibited by many of the jobs
required that the job description procedure be designed to accom-
modate a certain amount of variability. This was accomplished by
dividing each job into a number of component tasks. Tasks were
selected so that each could be described with constant or near
constant parameters,

Prior to actual task description, each task was assigned to
a task group consisting of other tasks which were performed dur-
ing the same time period. Tor instance, if a certain job required
the performance of four unique tasks, two of which were performed
in the morning and two of which were performed in the afternoon,
the two morning tasks were grouped together and the two afternoon

tasks were grouped together,
1. Injury Data Collection

The injury~data collection was divided into two parts:

. (a) the first part was to determine an injury history profile for

each job. A total of 54 jobs were studied. (b) The second part,
information was gathered pertaining to any injury that may have
been sustained by a subject during the 9 month period after the
various strength and anthropometric measurements on the subject
were made. A total of 63 jobs (220 male and 24 female workers)

were studied.

a. Historical Injury Data and Analysis

Injury history information was collected for a total of 54
jdbs. Several of the reported injury histories were actually
combined histories pertaining to two or more jobs within a single
company. Combining the injury historieé was done when the jobs
had similar lifting requirements and when injury records were

insufficient to discriminate between an injury pertaining to one

. job from an injury pertaining to another.

Each injury, regardless of cause, was classified as one of
the five injury types described below. |
Type I - Musculoskeletal injuries (strains, sprains, broken

bones, etc.) involving the lower back.
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Type II - Musculoskeletal injuries to parts of the body other
than the lower back.

Type III - Surface tissue injury due to impact {cuts, bruises,
etc.).

Type IV - Surface tissue injury due to causes other than impact
(chemical and thermal burns).

Type V - Injuries not classified as one of the above four
types. |

Combining of the injury histories reduced the total number of
jobs to 41 involving 250 persons. The historical injury informa-
tion was collected for a 3 year time period beginning immediately
prior to the day of subject data collection. From the historical
injury data it was shown that 271 lifting injuries accounted for
1034 days lost. Of these 271 injuries there were 93 back injufies
that resulted in 842 days lost. Eighty five of these back injuries
were caused by lifting which accounted for 681 of the days lost.
Table 12 is a summary presentation of the historical injury data.
Figures 33 and 34 are scatter diagrams of the back injuries vs.
work days lost for the different amounts of weight lifted on the
job. Figures 35 and 36 are scatter diagrams of work rate vs,
the number of back injuries and work days lost.

The total number of injury exposure hours (man hours worked),
for the study jobs, during this 3 year period was 1.4819 million
hours. Based on these historical data, models were developed to
predict the number of back injuries and the work days lost. The
dependent and independent.variables used in developing the predic-

tion equations were:

Variable
Variables Description ’ Number

Dependent Number of lifting injuries per 1000 man

hours worked. 1
Number of work days lost due to lifting

injuries per 1000 man-hours work. 2
Number of strains-sprains per 1000 man-

hours worked. 3
Number of work days lost due to strains-

sprains per 1000 man-hours worked. 4

Independent  Maximum weight lifted on job (pounds). 5
Overall frequency of 1lift (lifts per minute) 6

Work rate (weight*frequency*range—-in pounds
per minute). 7
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TABLE 12 : Summary of Historical Injury Data Based on 41
Jobs Utilizing 250 Male Workers

Max.'! Weight Work Rate* # Back Injuries # Work Days
Lifted on the {in.~1bs./ Per 1000 Lost Per
Job_# Job_(1bs.) min.) Man-hrs. 1000 Man-hrs.
i 60.00 8133 0.00 .00
2 60.00 8625 0.20 0.00
3 60.00 9000 0.00 0.00
4 60.00 3240 0.02 0.10
5 26.00 8562 0.18 0.16
6 26.50 438 0.00 0.00
7 18.00 630 0.03 0.90
8 32.00 2640 0.06 0.00
9 22,00 126 0.00 0.00
10 80.00 9600 0.15 1.48
11 60.00 3779 0.00 0.00
12 70,00 1434 0.10 0.00
13 90.00 948 0.06 0.41
14 45,00 819 0.00 0.00
15 45.00 1375 0.00 0.00
16 45.00 5095 0.00 c.00
17 50.00 204 0.00 . 0.00
18 75.00 603 0.12 0.60
19 50.00 73 0.00 0.00
20 75.00 519 0.05 1.06
21 85.00 126 0.03 0.25
22 83.00 2386 .0.00 0.00
23 85,99 840 0.00 0.00
24 90,00 1215 0.38 0.12
25 42.00 35 0.13 0.00
26 40.00 0.00 0.00

54
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TABLE 12: Summafy of Historical Injury Data Based on 41 Jobs
Utilizing 230 Male Workers (Continued)

Max.M Weight Work Rate#® # Back Injuries # Work Davs
Lifted on the (in.~1bs./ Per 1000 Lost Per
Job # Job (lbs.) min.) Man~hrs. 1000 Man~hrs.
27 60,00 26 0.00 0.00
28 40.00 33 0.00 0.00
29 100.00 41 ¢.00 0.00
30 25.00 1240 0.00 0.00
31 70.00 605 0.00 0.00
32 100.00 4788 0.25 1.25
33 50.00 4000 0.00 0.00
34 14.50 464 0.00 0.00
35 14.50 464 Q.13 0.00
36 100.00 17460 0.29 1.80
37 56.00 2963 .02 1.45
38 25.00 488 .02 0.09
39 15.00 272 0.00. 0.00
40 15.60 - 88 0.01 0.07
41 100.00 1337 .02 0.11
*Work Rate = Z Task Max. Wt.*Task Frequency*Task Max. Range**
All
tasks

**Task Max. Range = Greatest Lifting Distance (in.) Required by a Task.
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Figure 33 : Scatter Diagram of the Number of Back
Injuries Per 1000 Man-hrs. and the
Maximum Weight Handled on the Job
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Figure 34: Scatter Diagram of the Number of Work Days
Lost Due to Back Injuries and the Maximum

Weight Handled on the Job
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Variables 1, 2, 3, and 4 were used as dependent variables and
variables 5, 6, and 7 as independent variables in the regression

analysis. The prediction equations developed were:

One variable models:

[No. of lifting pack injuries/1000 man-hrs.] = [0.02455 + 0.00014%
work rate] (1)

R = 0.488

[No. of work days lost due to lifting back injuries/1000 man-hrs. ]
= [0.04844 + 0.0008*work rate] (2)

R = 0.5203
Two variable models:

[No. of lifting-back injuries/loa man-hrs.] = [~14.06026 + 0.77983
*weight of lift + 0.11986%work rate] (3)

R = 0.5376

[No. of work days lost due to lifting back injuries/106 man-hrs. ]

= [1.13799 + 427.66968%X, + 0.0013*X,] (4)
where
Xl = 1, if the weight of lift > 75 pounds
0, otherwise
X2 = {(work rate)l°9; work rate in foot pouﬁds per minute
R = 0.6996

b. Current Injury Data

For each of the subjects measured, injury information was
collected for a 9 month time period, commencing the day the measure-
ments wera made. As in the case of injury histories, this informa-
tion was taken from company records. Each injury was classified

according to its cause (lifting and non-lifting) and type.
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Various strength and anthropometric measurements (described
earlier in the report) were recorded for each of the 220 male and
24 female subjects.

Table 13 provides the complete injury breakdown, for a total
of 195,690 man-hours worked, according to injury type and cause.
Forty-nine of the subjects experienced some type of injury. A

total of 67 injuries of all types were reported.
2. Analysis of the Current Injury Data

Before the development of the relationship between a suitable
measure of injury and Job Stress Index (JSI) is presented, the
injury measures used are defined:

1. Frequency rate - number of reported injuries per million

exposure hours.
2. Severity rate - number of days lost per million exposure
hours.
y 3. ‘Average days charged - average number of work days lost/
number of injuries.

4, Proportion of workers injured ~ Number of people injured/

number of people in the group.

a. Measures of Job Stress

Lifting job stress is measured in terms of JSI, which is
defined, in general, as a comparison of the lifting requirements
of a given job to the ability of capacity of a given persomn to
perform the required lifting. A total of four job severity in-
dices (two measures of absolute job demand and one measure of
individual capacity) were compared to the injury measures des-
eribed above. The following procedures were used in the develop-
ment of the JSI's: ‘

1. All lowering requirements were ignored because:

a. the capacity prediction models {(Table 10) are
restricted to lifting activities only.
b. Lowering is considered less stressful than lifting

(negative work).
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2, Each of the 63 jobs were described as a series of 1ift-
ing tasks only. The description consisted of:

a. Weight(s) of 1ift - uniform variation in weight was
described using a single task (mean, upper limit,
and lower limit were determined).

b. Range(s) of lift - the range(s) of lift was determined
for each task (if there was uniform variation in the
range, then average, upper and lower limits were
determinéd).

¢, Frequency of lift - average number of lifts per minute
for each task.

d. Box size - measured but not used (See Table 10).

3. The tasks were grouped according to when they were per-
formed, i.e., tasks 1 and 2 performed in the morning were in
group 1 and tasks 3 and 4, if performed in the aftermoon, were in
group 2.
Group frequency = sum of the frequencies of tasks
in the group.
4, Determination of lifting range - there were basically
six lifting ranges for which lifting capacity prediction equations
were developed (Table 10), but since jobs did not always fit pro-
perly into those six ranges, a method was devised to assign the

lifting ranges, Table 14 describes this assignment.

h. Job Stress Indices

The first of the four JSI's investigated is essentially the
time and frequency weighted average of the task severities. The
task severities are equal to the maximum weight of lift required
divided by the average of the capacities predicted for the lifting

ranges required by the tasks.

iF WL, (5)

1 M DAYS, HRS,
Jsi® =

! [ 5 *
Yo oya1 p HRSp 7oy Fog R CAP
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where:

M = Number of task groups.
Nj = Number of tasks in groups.
DA_YSj = Number of days per week that group j is performed.
DAYST = Number of days per week that the job is performed.
HRSj = Number of hours per day that group j is performed.
HRST = Number of hours per day that the job is performed.
Fi = Lifting frequency of task i. .
i

FT' = Total lifting frequency of group j = X Fi

4 iml
R = Number of different lifting ranges required by

_ task 1.
WTi = Maximum weight of 1lift required by task i.
CAPky = Predicted capacity of individual y to 1ift over the
' range k.

The second index (JSIzy) investigated does not account for job
variability. It is simply defined as the maximum weight of 1lift
required by the job divided by the average capacity of the indivi-
dual.

2 _ WT . (&)

Where:
WT = Maximum weight required by the job.

CAPy = Average of six capacities predicted for individual y.

The third index is similar to the first except the capacity
used is the smallest of the nredicted capacities for the ranges
required by a given task, thereby, accounting for the worst or most

stressful task situation.

(7N

DAYS,  HRS, NoooF WT
[ DAYS. — TRS 11 T F_.
T T i=1 T3 iy
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Where:
CAPiy = The smallest of the one or more capacities for the
ranges required by task i for individual y.
The fourth index is also similar to the first except the
capacity is equal to the average of the six capacities for each

individual. This JSI ignores the differences in lifting range.

. (8

Wherse:

CAPy = Average of six lifting capacities for individual vy.

The Job Stress Indices (JSI's) based on work rate and average
maximum weight did not show high correlation: with the injury data
(See Table 16). 1313y

exhibited by a particular task (since CAPiy is in the denominator).

takes into account the worst possible case

Also, this approach eliminated the need to average JSI's for all
possible lifting combinations. The JSI3Y gives a frequency-time
weighted average of the task "worst cases."” An example of JSI

calculation is given in Appendix I .

¢. Grouping of the Data

The data was grouped such that each group contained approxi-
mately equal numbers of egposure hours, The subjecté were arranged
in ascending order of job severity and then divided into equal
exposure hour groups. This was thought to be the best grouping
procedure because two of the four injury measures are functions of
exposure hours. As it turned out, the number of indiviauals per
group was relatively constant using the exposure hour grouping
method. The analysis presented here divided the subject set into
five and ten groups. A third set of 20 groups was also analyzed,
but is not presented here because it displayed a very large
variznce of group averages and hence showed very little signifi-
cance.

Another grouping consideration pertained to lost time in-
juries. The injury data shows (Table 13) two injuries in an
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excess of ten days lost, each. The injury severity and average days
charged were analyzed both with and without the inclusion of those
two injuries. Tables 15 and 16 gives the correlation coefficient
between the injury measures and the JSI's, work rate, maximum
weight, and average capacity for give groups and ten groups, re-
spectively. As is clear from the correlation coefficients in
Tables 15 and 16, JSI3 is more highly correlated with injury fre-
quency and severity than the other JSI's.

d. Models to Predict Job Stress Measures

Best fit equations were developed for the five independent
variables (JSIl, JSI3, WR, WT, and CAP) and it was found that JSI3
explained variance better than others. The models developed were
of the form:

Y' (dependent variable) = intercept + constant (function(JSI3)).

Tables 17 and 18 give the actual observed averages of injury
measures and JSI3 for five groups and ten groups, respectively.
The following are the prediction models for various injury measures

as a function of the JSI3.

Frequency {(number of injuries/1000 man-hrs.) = 0.42243

+ 0.13949%LN(JST7) (9)
R2 = 0.9463
Frequency (number of injuries/1000 man-hrs.) = -0.10061

+ 0,49823*[LN(L + JSI] (10)
R% = 0.9535

Although model (10) is slightly better, model (9) is recom-
mended because it is easier to use.

Figure 37 is the scatter diagram of frequency and 3513 and
R2 for model (9).
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Current Injury Data

Injuries/1000 hrs. = 0.32243 + 0.13949 (in JSIs)

R2 = 0.9463
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Figure 37: Scatter Diagram of Injury Frequency
and JSI3 (5 groups)
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Severity (number of work days lost/1000 man hrs.)

35 a2
= 0.297528 + 0.000838(Exp.) 517 (11)
(All injuries)
Rz = (.9864
Severity (number of work days lost/1000 man hrs.)
= (.061803 + 0.305981#*X (12)
(Minor injuries) ‘

where
X = 0, if JSI® < 1.3412

1, otherwise

8% = 0.9957
Days charged (number of work days lost/number of
3\ 442
injuries) = 1.22285 + 0.00169)*(Exp.) W51 ) (13)
(All injuries)
R? = 0.9263

Figure 38 is the scatter diagram and R2 for the model.

Da&s charged (number of work days lost/number of
injuries) = 0.3+ 0.57844%X (14)

(Minor injuries)

where

X =1, if JSI° > 1.3413
0, otherwise

R® = 0.9445
Proportion injured (fraction of people in a group with

one or more injuries) = (.207026 + 0.59726*LN(JSIB}
2 (15}
.R” = 0.6501

Proportion injured (fraction of people in group with one
or more injuries) = 0.129525 + 0.124518%% (16}
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Current Injury Data
Work Days Lost/1000 Man-hrs. = 0.297528 + 0.000838
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Figure 38: Scatter Diagram of Severity and JSI3 (5 groups)
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where

X =1, if JSI°

> 0.9366

0, otherwise

R2 = 0.9047

It is recommended that model (16) be used as it accounts for
90 percent of the variance even though it is discontinuous.

Models 9 thru 16 are based on fivé groups. Injury frequency
shows a natural log relationship between injury frequency and JSI
is indicated. This relationship is not evident when ten groups
are used. The injury frequency prediction model, using ten groups,

as shown below, indicates a linear relationship.

Injury frequency = 0.143512 + 0.132585%JSI°

R? = 0.7021

Comparison of the two models indicates that the difference in
the relationships are due to grouping. Similarly, the prediction
model for proportion of workers injured, for tem groups, also

indicates a linear relationship.

_ Proportion injured = 0.1127 + 0.14157%X

where
X=1, if J513 > 0.6591

0, otherwise.
R? = 0.5842

3. Job Design and Employee Placement Procedures

The results can be used as a tool for job design and employee
placement. The following is a step-by-step procedure for job

designs:

Step 1. Describe the job as a series of tasks, each having
a weight distribution, average frequency, and ranges of 1lift. e
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Step 2. Select the maximum acceptable injury frequency
(based on company, union, or insurance pclicy).

Step 3. Select the population for which the job is to be
designed (i.e., 95 percent of the population? Males or females?
or both?).

Step 4. Using step 2, determine the corresponding JSI from
table 19, |

Step 5. For each task:

| a. Select the smallest of the predicted lifting

capacities using Table 8 (i.e., if a task re-
quires three lifting ranges, select the smallest
capacity of the three). Use table 14 to deter-
mine the ranges.

b. Calculate the maximum design weight of 1ift for
the task as follows:

WT = capacity*JSI3 : (19)

¢. Multiply by sex factor

WT = WI*Sex Factor (20)

]

Sex Factor 1l for men

0.56 for women (calculated from
Table 5).

Step 6. If for a given task, the required weight of 1lift
is above the designed weight of 1ift, the job should be redesigned
{change the range of lift, adjust the frequency, etc.). As . long
as the overall JSI® remain unchanged, other factors can be adjust-
ed.

It should be noticed that:

1. The design weight is the maximum weight allowed for the
task. It is not the average.

2., The procedure is not applicable if the models given in

Table 10 predict negative capacity.
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3. If the job is to be designed both for men and women,
design limits for women should be used.

The procedure for employee placement is given below:

Step 1. Record the various strength and anthropometric
measures needed for predicting the lifting capacity (See Table
10).

Step 2. Determine the J813 for the person.

Step 3. Use Table 19 to determine the predicted injury
fraquency.

Step 4. Make the decision.
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TABLE 19: Injury Frequency and the

Corresponding J813

Injury/1000 Man-Hrs. 3
Maximum Acceptable Frequency Corresonding Value of JSI
0.14 0.0000
0.15 0.0489
0.16 0,1244
0.17 0.1998
0.18 0.2752
0.19 : 0.3506
0.20 ) 0.4261
0.21 0.5015
0.22 0.5708
0.23 | 0.6523
0.24 0.7277
0.25 0.8032
0.30 . 1.1803
0.35 1.5574
0.40 1.9345
0.45 2.3116
0.50 i 2.6888
0.60 3,4430
0.75 ' 4.5743
1.00 . 6.4599
1.16 . 7.6449
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V., CONCLUSIONS AND DISCUSSION

This section includes conclusions drawn from the analysis of
maximum acceptable weight of 1ift, lifting capacity prediction

models, historical injury data, and current injury data.

A. Lifting Capacity

Based on the experimental data, lifting capacity norms
(Table 5) were developed for the male and female industrial popu~
lations. The difference in the lifting capacity due éo seX wWas
highly signifiéant. This leads to the conclusion that sex of the
operator must be considered while assigning an employee for a
given lifting job or designing lifting jobs.

It is recommended that the lifting capacity data for the nine-
tieth and fifteenth percentile should be used as lower and upper
capacity limits, respectively for job design. A majority of the
population should be able to 1lift loads of ninetieth percentile
and below. Above the fifteenth percentile value, relatively few
individuals would be able to handle the load and as shown in equa-
tion 4 where the severity of injury increases if the weight is

more than 75 pounds. Subject selecticn procedures should be used
‘if the job requires to lift a load manually between these limits.
Lifting capacity prediction models should be employed for the

purpose of selection.

1. Effect of Task Variables

Several task variables were considerad in this study. These
were: height of 1ift, frequency of 1ift, and size of the box
handled. As the vertical height of 1ift (from the same starting
point) increased, the lifting capacity decreased. This was true
for both, males and females. The effect is clearly indicated
in Figures 4 and 5.

Frequency of 1ift and box size data indicate a linear rela-
tionship with the lifting capacity.. As the frequency of 1lift or
box size increased, the lifting capacity decreased linearly.

However, in case of males, for the knuckle to reach and the
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shoulder to reach height levels, the lifting capacity increased

with the increase in box size. The reason for this behavior is

not understood and no explanation can be given at this time,
Although the frequency box size interaction was not statis-

tically tested, similar effects are expected,

2. Effect of Age

The 1ifting capacity data indicated that age did not have a
significant effect on the lifting capacity of male or female

workers. This may be due to on-the~job training and/or experience.

B. Lifting Capacity Prediction Models

Lifting capacity models were developed to predict the lifting
capacity of an individual worker (male or female). These models
require isometric strength data and anthropometric data of the
individual. The final set oﬁ models predict the body weight plus

maximum acceptable weight for that particular worker.
1. Variables in the Mcdel

The lifting capacity prediction models utilize strength and

anthropometric variables as the independent variables. Although

the lifting capaeity is affected by task variables, only the

height of lift has shown significant partial correlation. Fre-
quency of lift and box size were not as strongly correlated with
the lifting capacity as the strength and anthropometric wvariables.
However, other task variables need to be included in some future
study before a conclusive statement can be made about the effect
of task variables on the lifting capacity and their inclusion in

the prediction models.
2. Model Statistics

The lifting capacity prediction models, developed in this
study, explain 85 to 88 percent of the variance. Although addi-~
tional variance can be explained by including other operator and
task variables, this increase is not significant to justify their

inclusion. The average error in the predicted value of lifting
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capacity varies from approximately 1 to 6 pounds.  Table 11 gives

the details of model verification.
3. Applicability

The measurement required as input in the lifting capacity
prediction models (stremgth and anthropometric) can be made
quickly and accurately. This makes these models suitable for
industrial use for the purpose of employese selection and placement.

These models are for six different height levels, which cover
the majority of the height levels involved in manual 1lifting. Any
other height level between the floor and reach can be converted
into these six height ranges by the procedure described in Table
13.

C. Historical Injury Data

The relationship between back injuries and job demand was
established by collecting the injury history information and
developing regression equations for back injuries and work days
lost. These models use the maximum weight lifted on the job and

work rate as independent variables.

1. Work Rate vs. Maximum Weight of Lifc

Work rate and maximum weight of lift were used to develop
one variable and two variable models to predict the number of
back injuries and work days lost. These models lead to an impor-
tant conclusion that the amount of weight 1ifted on the job alone
is not as important a measure of severity as work rate. Work fate
is a more important measure.

A light load at high frequency could be as hazardous, or more,
as a heavy load at low frequency. This is also endorsed by the
inclusion of dynamic endurance in the 1lifting capacity prediction
models.

2. Relatlionship Between Work Days Lost and Maximum Weight
Lifted on the Job

The work days lost prediction model, based on two variables,

is a two stage model. The first stage is up to 74 pounds weight
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of 1lift and the second stage is for weights of 75 pounds or greater.
If the weight of 1lift is 75 pounds or greater, there is a sharp
increase in the number of work days lost due to lifting back in-
juries. This leads to the conclusion that a load of 75 pounds

is the upper limit if it is to be handled manually. This number
closely corresponds to the fifteenth percentile value of the

lifting capacity.

D. Current Injury Data

The analysis of current injury data indicates a definite
relationship between injury frequency and job severity. This
relationship has been specifically described as a function of
JSI3 and indicates that by proper job design J813 can be reduced

and hence the injury fregquency and severity.
1. JSI3 Limit

The relationship between 3813 and the number of days lost per
1000 exposure hours are plotted in Figure 38. The relationship is
‘exponential., As the J813 value exceeds two, there is a steep
increase in the number of days lost. It can be concluded from
this data that a J313 value of two may be considered the upper
limit for manual lifting activities. Thus, if for am individual
the JSI3 value for a given job exceeds two, either the job should

be redesigned or the right person for the job be selected.

2. Relationship Between Injury Frequency and Job

Severity

The relaticnship between JSI3 and the number of injuries per
1000 exposure hours is plotted in Figure 37. Initially, the number
of injuries increases sharply, followed by a gradual decrease in
this rate of increase. As the job demands incréése, the number
of potential injuries for a given work increases.
3. Job Design (Redesign) and/or Employee Selection/

Placement

A procedure for designing jobs and selecting employees for

particular jobs based on job demand has been outlined earlier.
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If the procedure is utilized in conjunction with the limitations
(capacity limits, JSI3 value, etc.) discussed in previous sectioms,
it can be expected that the frequency and severity of injuries
resulting from manual lifting should decrease. The procedure
considers the worst case and enables the job demand to be

matched with the capacity of an individual,
4. Injury Breakdown

Table 21 gives the breakdown of 1liftiing and non~lifting
type injuries and the work days lost due to them. There were a
total of 40 non-lifting injuries against 27 lifting injuries, but
211 work days were lost due to lifting injuries while 38 work
days were lost due to nom-lifting injuries. About five times
more work days were lost due to lifting injuries even though
they accounted for less than half the total number of injuries.
Injuries attributed to lifting activities were generally incurred
by fewer people as opposed to those injuries attributed to non-
lifting activities; however, they were generally more severe.
Therefore, it is reasonable to conclude that lifting injuries,

based on the number of work days lost, are more severe.

137



LIST OF REFERENCES

Aberg, U. 1961. Physiulogical and mechanical studies of material
handling. Ergonomics Research Society Ann. Conf..

Aberg, U.; Elgstrand, K.; Margnus, P. and Lindholm, A. 1969,
Analysis of components and prediction of energy expenditure

in manual tasks. The Int. Journal of Production Research.
6(3), 189~196.

Aghazadeh, F. 1974. Lifting capacity as a function of operator
and task variables, Texas Tech University: Unpublished
Thesis, August.

Alexander, R. W.; Maida, A. S. and Walker, R. J. 1975. The
validity of pre-employment medical evaluations. Jourmal of
Occupational Medicine. 17(11), 687-702.

Alexander, R. W.; Bremman, J. C.; Miada, A. S. and Walker, R. J.
1977, The value of preplacement medical examinatioms for non-

hazardous light duty work. Journal of Occupational Medicine.
19(2), 107-112.

Anderson, T. M. 1951. Human Kinetics and Analyzing Body Movements,
Baglifting. London: William Heinman Medical Book Let.

Aquilano, N. J. 1968. A physiological evaluation of time studies
for strenuous work as set by stopwatch time studies and two
predetermined motion time data systems. Journal of Industrial

Engineering. 19(9), 425-432.

Asmussen, E. and Heebgll-Nielsen, K. 1961. Isometric muscle
strength in relation to age in men and women. Communications
No, 11. Danish National Associaticon for Infantile Paralysis,
Hellerup, Denmark.

Asmussen, E. and Heeb¢gll-Nielsen, K. 1962. Isometric muscle
strength in relatioms to age in men and women. Ergonomics.

5(1), 167-169.

Asmussen, E.; Poulsen, E. and Rasmussen, G. 1965. Quantitative
evaluation of the activity of the back muscles in lifting.
Communications No. 21l. Danish National Association for In-
fantile Paralysis, Hellerup, Demmark.

Astrand, I. 1960. Aerocbic work capacity in men and women with
special reference to age. Acta Physiology Scand.. Supple-
ment 169, 49.

Astrand, P. 0. and Rodahl, K. 1970. Textbook of work physiology.
New York: McGraw-Hill.

138



Astrand, I.; Astrand, P. 0.; Hallback, I. and Kilbom, A. S. A.
1973. Reduction in maximal oxygen uptake with age. Journal
of Applied Physiology. 35(5), 649-654.

Ayoub, M. A. 1976.. Optimum design for containers for manual
material handling tasks., International Symposium: Safety in
Manual Material Handling.

Ayoub, M. M. 1978b. Personal communication with industrial con-
cern regarding employee injuries related to manual materials
handling.

Ayoub, M. M.; Deivanayagam, S. and Bakken, G. 1977. A preliminary
manual for selected anthropometric, strength, and endurance
measurement. Texas Tech University: Unpublished Technical
Report, Department of Industrial Engineering.

Ayoub, M. M.; Dryden, R. D.; McDaniel, J. W.; Knipfer, R. E. and
Aghazadeh, F. 1976. Modeling of lifting capgcity as a func-
tion of operator and task variables. Paper 13. International
Symposium: Safety in Manual Materials Handling, Buffalo,

New York, July 19-21,

Badger, D. W.; Dukes-Dobog, F. N. and Chaffin, D. B. 1972. Pre-
vention of low back injury in the industrial work force. A
report on a NIOSH Sponsored Symposium, November.,

Barr, A. J.; Goodnight, J. H.; Sall, J. P. and Helwig, J. T. 1976.
A user's guide to SAS 76. Raleigh, North Carolina: Sparks
Press.

Bastina, P. I.; Gratslianskaya, L. M.; Syromyatnikova, E. N. and
Elkin, M. A, 1961. The effect of women's health by occupa-
tion involving frequent carrying of small weights. Public
Health English Abstract XLI (9). September.

Becker, W. F. 1961. Prevention of :low back disability. Jourmal
of Occupational Medicine. 3(7), 329-335.

Blow, R. J. and Jackson. 1971. Rehabilitation of Registered
dock workers. Proceedings of the Royal Society of Medicine.
64, 753-760.

Brouha, L. 1967. Role of climatic and environmental conditiouns
in weight carrying. Industrial Med. Surgery. 36(4), 257-266,

Brown J. R. 1970. Lifting. University of Canada: Department of
Physiological Hygiene, School of Hygiene.

Brown, J. R. 1972. Manual Lifting and Related Fields. An anno-
tated bibliography. Ontario, Canada: Labour Safety Council
of Ontario.

139



Brown, J. R. 1973. Lifting as an industrial hazard. American
Industrial Hygiene Association Journal. 34(7), 292-297.

Brown, J. R. 1975. Factors contributing to the development of
low-back pain in industrial workers. American Industrial
Hygiene Association Journal. 36(1), 26-31.

Bureau of Labor Statistics. 1967. Work injuries and work injury
rates in the heavy construction industry. BLS Report No. 318,
United State Department of Labor, June.

Cathcart, E. P.; Bedale, E. M.; Blair, C.; McLeod, K. and Weather-
head, E. 1967. The physique of women in industry: A contri-
bution towards the determinarion of the optimum industry.
Physical Education. 539, 1978.

Chaffin, D. B. 1967. Some biomechanical considerations in manual
materials handling tasks. Proceedings of 15th Annual Meeting
of MIM Association. - 1-25, Ann Arbor, Michigan.

Chaffin, D. B. 1973. Localized muscle fatigue - definition and
measurement. Journal of Qccupational Medicine.  15(4),
346-354,

Chaffin, D. B. 1974. Human strength capacity and low-back pain.
Journal of Occupational Medicine. 16(4), 248-254,

Chaffin, D. B. and Ayoub, M. M. 1976, The problem of manual ma-
terials handling. Professional Safety, April, 28-33.

Chaffin, D. B. and Baker W. H. 1970. A biomechanical model for
analysis of symmetric sagittal plan lifting. AIIE Trans-
actions. 2(1), 16-27.

Chaffin, D. B.; Herrin, G. D.; Keyserling, W. M. and Foulke, J. A.
1976. Pre—eployment strength testing in selecting workers for
materials handling jobs. The University of Michigan, Final
Report Contract CDC-99-74-62, NIOSH.

Chaffin, D. B.; Herrin, G. D.; Keyserling, W. M. and Garg, A. 1977,
A method for evaluating the biomechanical stresses resulting
from manual materials handling jobs. American Industrial
Hygiene Association Journal. 38(12), 662-675.

Chaffin, D. B. and Moulis, E. J. 1969. An empirical investigation
of low back strains and vertebrae geometry. Journal of Bio-
mechanics. 2, 89-96.

Chaffin, D. B. and Park, K. S. 1973. A longitudinal study of low-
back pain as associated with occupational weight 1lifting fac-
tors. American Industrial Hygiene Association Jourpmal., 34
(12), 513-525.

140



Cochran, W. G. and Cox G. M. 1960. Experimental Designs.
New York: Wiley.

Connell, M, A, 1968. Bony anamolies of the low back in relation
to back injury. Southern Medical Journal. 61, 482-286.

Corlett, E. N. and Bishop, R. P. 1975. A technique for assessing
postural discomfort. Ergomomics. 19(2), 175-182.

Cotes, J. E. 1969. Relationships of oxygen consumption ventila-
tion and cardiac frequency to body weight during standardized
submaximal exercise in normal subjects. Ergonomics. 12(3),
415«427.

Crookshank, J. W. and Warshaw, L. W. 1961. The lumbar spine in
the workman. Southern Medicine Journal. 54, 636-638.

Davies, B. T. 1969, Preventing manual handling and lifting in-
juries in industry. Archives of Environmental Health, 19(4),
593.

Davies, B, T. 1972. Moving loads manually. Applied Ergonomics,
December, 3(4), 190-194,

Davis, R. P. 1959. Posture of the trunk during the lifting of
weights. British Medical Journal. 87-90.

Davis, P. R. and Troup, J. D. G. 1964. Pressures in the trunk
cavity when pulling, push1ng and lifting. Ergonomics.
7(4), 465-474,

Davis, P. R.; Troup, J. D. G. and Burmard, J. R. 1965. Movements
of the thoracic and lumbar spine when lifting: A chrono-
cyclophotographic study. Journal of Anatomy. 99(1), 13-26.

Diveley, R. L.; Kiene, R. H. and Meyer, R. W. 1956. Low bhack pain.
Journal of American Medical Association. 1603, 729.

Drury, C. 1976. International Symposium on Manual Materials
Handling Safety. Cincinnati, Ohio: HNational Institute for
Occupational Safety and Health,

Drury, C. G. and Pfeil, R. E. 1973. A task-based model of
manual 1ifting performance. State University of New York
at Buffalo: Department of industrial Engineering. (Mimeo).

Dryder, R. D. 1973. A predictive model for the maximum permissible
weight of 1lift from knuckle to shoulder height. Texas Tech
University: A dissertation in Department of Industrial
Engineering.

141



Emanuel, I.; Chaffee, J. W. and Wing, J. 1956. A study of human -
weight lifting capabilities for loading ammunition into the
F86H aircraft., WADC Technical Report AD 972086,

Ergonomics guide to manual lifting. 1970. American Industrial
Hygiene Association Jourmal. 31(4), 511-516.

Farfan, H. F.; Cossette, J. W.; Robertson, G. H.; Wells, R. V.
and Kraus, H. 1970. The effects of torsion on the lumbar
intervertebral joints: ‘The role of torsion in the production
of disc degeneration. The Journal of Bome and Joint Surgery.
52(3), 468-497.

Fredrick, W. S. 1959. Human energy in manual 1lifting.  Modern
Material Handling. 74~76.

Garg, A. 1976. A metabolic prediction model for manual material
handling jobs. University of Michigan: Unpublished doctoral
dissertation.

'Ghormley, R. K. 1958. An etiologic study of back pain. Radiology.
70, 649-642,

Gitin, E. L.; Alerud, J. E. and Carroll, H. W. 1964. Maximal
oxygen uptake based on lean body mass: A meaningful measure
of physical fitness. Journal of Applied Physiology. 36(6),
757-760.

Glover, J. R. 1970. Occupational health research and the problem
of back pain. Transaction of the Scciety of Occupational
Medicine. 21, 2-12.

Grandjean, E. 1969. Fitting the Task to the Man. London: Taylor
and Francis, Ltd.

Hamilton, B. J. and Chase, R. B. 1969. A work physiology study
of the relative effects of pace and weight in a carton handl-
ing task. Industrial Engineering. 1(2), 106-111.

Hanks, T. G. 1977. Medical standards for employment in relation to
nondiscrimination laws. Journal of Occupational Medicine.
19(3), 181-187.

Harley, W. J. 1972. Lost time back injuries: Their relationship
to heavy work and preplacement back X-rays., Journal of
Qccupational Medicine. 14(8), 6l1-6l14,

Hart, R. H. 1969, Get off my back. National Safety News. 62-66.

Herrin, G. D.; Chaffin, D. B. and Mach, R. S. 1974. Workship Pro-
ceedings: C(riteria for research on the hazards of manual ma-
terials handling. Final report, Countract CDC-99-74-118, NIOSH.

142



Herrin, G. D. and Chaffin, D. B. 1978. Effectiveness of strength
testing. Professional Safety. July, 39-43, '

Himbury, 8. 1962. Industry gets lessons in lifting methods.
Aust. Fact., January, 16, 33-38,

Hirsh, C. 1966. Low back pain eticlogy and pathogenesis. Applied
Therapeutics. 8, 857-862. .

Ikai, M. and Fukunaga, T. 1968. Calculation of muscle strength
per unit cross-sectional area of human muscle by means of
ultrasonic measurement. -Int. Z. angew Physiol. einschl. Anbert-
sphysiol. 26:26.

International Labour Office. 1958. Safety and Health in Dock
Work. Geneva.

International Labour Office. 1966, Maximum permissible weight to
be carried by ome worker.

International Labour Office. 1963. Maximum permissible weight
to be carried by one worker. Geneva,

International Labour Office, 1966. Maximum permissible weight
to be carried by one worker. ILO, Geneva, Report 1.

"Jones, D. F. 1971. Back strains: The state of the art. Journal

of Safety Research. 3(1), 28-34.

Jones, D, ¥. 1972, Back injury research: a common thread.

American Industrial Hygiene Association Journal. 33(9),
596-602.

Jorgensen, J. and Poulsen, E. 1%974. Physiological problems in
repetitive lifting with speical reference to tolerance limits
to maximum lifting frequency. GErgomomiecs. 17(1), 31-70.

Kamon, E. and Belding, H. S. 1971, The physiological cost of
carrying loads in temperate and hot environment. Human Fac-
tors. 13(2), 153-161.

Kellermann, F. T. and Van Wely, P. A. 1961. The optimum size and
shape of container for use by the flower bulb industry.
Ergonomics, July, 4(3), 219-228.

Kloetzel, K.; de Andrade, A. E.; Fulleiros, J. and Pachecho, J. C.
1973. Relationship between hypertension and prolonged expo-
sure to heat. Journal of Occupational Medicinme. 15(11),
878-880.

143



Knipfer, R. E. 1974, Predictive models for the maximum acceptable
weight of 1ift., Texas Tech University: Unpublished doctoral
dissertation in the Department of Industrial Engineering.

Knoz, S.; Dey, S. and Bennett, C. 1973. TForces and torques in
lifting. Human Factors. 15(3), 237-245.

Kosiak, M. and Hartfill, W. F. 1966. Backache in industry.
Journal of Occupational Medicine. 8(2), 51-38

Kosiak, M.; Aurelius, J. R. and Hartfill, W. F. 1968. The low
back problem - an evaluation. Journal of Occupational
Medicine., 10(10), 588-593.

Koskela, A.; Noro, L. and Pekka, 0. 1968. Observations concern-
ing problems connected with 1ifting. Work-Enviromment-Health.
Finland, 5(1).

Krause, H. 1964. Pseudodisk - the problem of backache, proceed-
ings of Rudolf Virchow Medical Society in New York. 73, 50-59.

Lauback. L. L. 1976. Muscular Strength of Men and Women: A
Comparative Study (Report No AMRL~TR~75-32). Wright-Patterson
AFB, Ohio: Aerospace Medical Research Laboratory, May.

Magora, A. and Tausetein, I. 1969. An investigation of the pro-
blem of sick leave in the patient suffering from low back pain.
Industrial Medicine and Surgery. 38(11), 398, 408,

Magora, A. 1970, Investigation of the relation between low back
pain and occupation. Industrial Medicine and Surgery. 39(11),
465-471.

Ménchinger, R. 1961, Manual lifting and carrying. Scheizerische
Blatter fur Arbeitseicherheit (CIS Information Sheet No. 3).
Lucerne, Novermber, 41.

Martin, J. B. and Chaffin, D. B. 1972. Biomechanical computerized
similation of human strength in sagittal-plans activities.
AIIE Transactions. 4(1), 19-28,

Matthysen, H. J. 1973. The cost of an accident and how it affects
profits. Selectad Readings in Safety., Edited by Joanne T.
Widner. Macon, Georzia: Academy Press, 209-215.

Maxwell, R.. J. 1957. Weight handling. Transactions of the Asso-
ciation of Industrial Medical Officers. 7(1)._

McDaniel, J. W. 1972, Predictions of acceptable 1ift capability.
Texas Tech University: Unpublished doctoral dissertation in
the Department of Industrial Engineering.

144



McFarland, R. A. 1969. Injury - A major environmental problem.
Archieves of Environmental Health. 19, 244-255.

MeGill, C. M. 1968, 1Industrial back problems. Journal of Occupa-
tional Medicine. 10(4), 174-178.

Montgomery, M. D. 1976. Pre-employment back X-rays. Journal of
Occupational Medicine. 18(7), 495-501.

Moreton, R. D. 1969. So called normal backs. Industrial Medicine

and Surgery. 38(7), 46-49.

Moreton, R. D.; Winston, J. R. and Bibby, D. E. 1958. Value of
preplacement examination of the lumbar spine. Radiclogy.
70, 661-665.

Muller, E. A. 1962. Occupational work capacity. Ergonomics.
5, 445-452,

National Safety Council. 1971. Accident Facts. Chicago.

National Safety Council. 1974, Accident Prevention Manual for
Industrial Operations. Chicago.

Noro, L. 1967. Medical aspects of weight carrying. Industrial
Medicine .and Surgery. 36(3), 192-195.

Petrofsky, J. S. and Lind, A. R, 1973, Isometric endurance in
men who are overweight. The Physiologist. 16(3), 422.
Abstract.

Pillmore, G. V. 1960. Occupational low back hazard. Iadustrial
Medicine and Surgery. 29(1), 28-32.

Plunkett, E. R. and Morris, M. D. 1973, Pre-employment back.X-
rays for females. Journal of Occupational Medicine. 15(5),

443-445,

Poulsen, E. 1970. Predictions of maximum loads in lifting from
measurements of muscular strength. Communication No. 31.
Danish National Association for Infantile Paralysis, Hellerup,
Denmark. :

Redfield, J. T. 1971 The low back X-ray as a pre-employment
screening tool in the forest products industry. Journal of
Occupational Medicine. 13(5), 219-226.

Ronnholm, N, 1962. Physioclogical studies on the optimum rhythm of
lifting work. Ergonomics. 5, 51-52.

145



i

Ross, B. J. M.; Conger, R, C. and Taylor, P. 8. 1969. Differences
in maximal and submaximal work capacity in men and women.
Journal of Applied Physiology. 27(5), 644-648.

Rowe, M. L. 1969, - Low back pain in industry. Journal of Qccupa-
tional Medicine. 11(4), 161-169.

Rowe, M. L. 1971. Low back disability in industry: Updated posi-
tion. Journal of Occupational Medicine. 13(10), 476-478.

Schein, A. J. 1968. Back pain and associated nerve root irrita-
tion in the New York City Fire Department. Clinical Observa-
tions. 59, 119-124.

Shaw, W. J. 1956. A survey of dock labour accidenfs in the part
of London. British Journal of Industrial Medicine. 59-69.

Shephard, R. J. 1967. The prediction of "maximal" oxygen consump-
tion using a new progressive step test. Ergonomics. 10(2),
1"'15 °

Shepard, R. J. 1974. Men at Work. Charles C. Thomas.

Snoock, S. H., 1971. The effects of age and physique on continuocus
work capacity. Human Factors. 13(5), 467-479.

Snook. S. H. and Ciriello, J. M. 1972. Low back pain in industry.
American Society of Safety Engineers Journal. 17(4), 17-23,

Snook, S. H. and Ciriello, V. W. 1974. Maximum weights and work
loads acceptable to female workers. Journal of Occupational
Medicine. 16(8), 527-534.

Snook, S. H. and Irvine, C. H. 1966. The evaluation of physical
tasks in industry. American Industrial Hvgiene Association
Journal. 27(3), 228-233.

Snook, S. H. and Irvine, C. H. 1967. Maximum acceptable weight
of 1ift. American Industrial Hygiene Associatiom Journal.
28(4), 322-329,

Snook, S. H. and Irving, C. H. 1968. Maximum frequency of 1ift
acceptable to male industrial workers. American Industrial
Hygiene Association Jourmal. 29(6), 531-536.

Snook, S. H. and Irvine, C. H. 1969. Psycholophysical studies of
physiological fatigue criteria. Human Factors. 11(3), 291-
300.

Snook, S. H.; Irvine, C. H. and Bass, S. F. 1970. Maximum weights
and work loads acceptable to male industrial workers. Ameri-
can Industrial Hygiene Association Journal. 31(5), 579-586.

146



Splithoff, C. A, 1953. Lumbosacral junction - roentegenographic
comparison. of patients with and without backaches. Journal
of thée American Medical Agsociation. 152(17), 1610-1613.

Switzer, S. A. 1962. Weight-lifting capabilities of a Selected
Sample of Human Males (Report AD-284054). Wright-Patterson
AFB, Ohio: Aerospace Medical Research Laboratories.

Tauber, S. 1970. An unorthodox lock at backache. Journal of
Occupational Medicine. 12(4), 128~130,

Tichauer, E. R. 1971. A pilot study of the biomechanics of 1ift-
ing in simulated industrial work situatioms. Journal of Safety
Research, September.

Tichauer, E. R.; Miller, M. and Nathan, I. M. 1973. Lordosimetry:
A new technique for the measurement of postural response to
materials handling. American Industrial Hygiene Association
Journal. 34(1), 1-12.

Tichauer, E. R.; Yagoda, H. P.; Weinstein, J. M. and Wall, R. A.
1972, Design Criteria for Packages and Containers. A report
on the state of art. October.

Troup, J. D. G. 1965. Relation of lumbar spine., Disorders to
heavy manual work and 1lifting. The Lancet. April 17.

Troup, J. D. G. and Chapman, A. E. 196%a. The static strength
of the lumbar erectors spinae, Journal of Anatomy. 105(1),
186. (Abstract).

Troup, J. D. G. and Chapman, A. E. 1969b. The strength of the
flexor and extensor muscles of the trunk. Journal of Biome-
chanies. 2(1), 49-62.

Van Wely, P. A. 1961l. Manual lifring of loads. Ergonomics
Research Annula Conference.

White, W. M. 1966. The compensation back. Applied Theraupetics,
October, 8(10), 871-874.

Woodson, W. E., and Conover, D. W. 1964. Human Engineering Guide
for Equipment Designers. 2nd Ed. 2/246. Berkeley: University
of California Press.

Wyndham, c. H.; Strydom, N. B.; Morrison, J. F. and Williams, C. G.
1963. The influence of gross body weight on oxygen consump-
tion on a physical working capacity of manual labourers.

Ergonomics. 6(3), 275-286.

147



Appendix A

Personal Data and Comsent Form
Lifting Experiment;

Personal Data

l.

A Address:

Name:

Phone: Work Home

Employer's name:

Employer's address:

(a) Does your job involve lifting? Yes No. 1If yes, do
vou lift continuously (i.e., with no rest between successive
1lifts), intermittently (i.e., with enough time in between

lifts to rest), or cccasionally (i.e., few times per shift)?

(b) 1If the lifting is continuous, for what percentage time?

. If intermittent, how many times per hour?
(c) What height ranges do you normally lift in: knee height,
waist height, shoulder height, full arm reach, all heights,

or other?

(d) In what weight range do you normally lift? pounds

to pounds

(a) How long have you been employed in this capacity?

vears months

(b) If less than three months, did your previous job require

lifting? Yes No

(c) 1If yes, explain in the same order as for question 6.

148



Physical Data

l.

10.

Have you ever sought medical attention for lower back pain?

Yes No If yes, explain

Have you suffered extreme lower back pain without censulting

medical personnel? Yes No If yes, when

Have you suffered extreme shoulder or arm pain? Yes Wo
If yes, which arm? shoulder? Did you
you receive medical attention? Yes No

Have you lost time from work recently due to lower back pain

or arm or leg problems? Yes No Which?
Do you participate in an exercise program? Yes - No

If yves, on which of the following type of basis

a. regular (at least three times a week)

b. intermittent (less than three times a week)

c. occasional (whenever you feel liké it)

(a) Do you have a hernia?  Yeas No

(b) Have you had any correctivé treatment for a hernia?

Yes No If yes, how many times?

How much sleep did you have last night? _ hours. 1Is

this normal, less than normal, more than normal?

Time since last meal? hours. Quantity eaten? WNormal,

less than normal, more than normal?

Are you taking any type of medication? Yes No If yes,

what is the medication, the nature of your illness?

The above are true to the best of my knowledge. T hereby

voluntarily consent to participate in the study entitled:

149



Determination and Modeling of Lifting Capacity. I under-
stand that these studiés are part of an Industrial Engineer-
ing research project, and have had the purpose and risks of
participation explained to me by the investigator responsible
for conducting the studies, and I understand these risks.

The risks are possible stresses on the musculoskeletal system
sgch as sore muscles, or possible musicle injury due to manually
héndling weights. However, the probability of such injuries
are small when the instructions are carefully followed. I
have read the attached instructions and understand that I can
adjust the work load to avoid strain or becoming unusually
tired, weakened, overheated or out of breath. I also under-
stand that I may discontinue this study at any time that I

choose.

SUBJECT SIGNATURE

Signature of Responsible Investigator

WITNESS

DATE
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Appendix B

Lifting Data Collectiomn Form
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Appendix C

Experimental Design and Layout
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Appendix D
Lifting Phase Instructions for Subjects

The objectives of this study are twofold:
1. To secure data on the weight-lifting ability of individuals
in a representative work situation.'
2. To measure individuals size and strength and relate the 1ift-
ing ability to these strength and size measures. It is
hoped that from this it would be possible to predict the

lifting ability from a few measures of strength and size.

THIS IS NOT A TEST TO DETERMINE YOU MAXIMUM WEIGHT LIFTING
CAPACITY. I repeat, THIS IS NOT A TEST TO DETERMINE YOU MAXIMUM
WEIGHT LIFTING CAPACITY. Rather, it is a study to find reasonable

quantities, I repeat, reasonable quantities, that individuals can

can 1ift repetitively throughout the workday.

We want yvou to imagine that you are on piece work, getting
paid for the amount of work that you do, but working a normal
eight-hour shift that allows you to go home without feeling
"bushed." In other words, we want you to work as hard as you can

without straining yourself or without becoming unusually tired,

weakened, overheated, or out of breath.

ONLY YOU WILL ADJUST THE WORKLOAD. If you feel that you can
work harder without getting overheated, add more weight to the
tote box. If you feel you are working too hard and could not
keep up the rate for a long period, you should remove some weight

from the box. Remember only you will adjust this workload.
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DO NOT BE AFRAID TO MAKE ADJUSTMENTS. You have to maké
enough adjustments so that you get a good feeling for what is too
heavy and what is too light. You can never make toé many adjust-
ments, but you can make too few.

You will be working today at nine different 1lifting combina-
tions which involve different heights and frequencies of lift.
You will work at each of these combinations for approximately 20
minutes. A signal light and a buzzer on the lifting machine will
help you in maintaining the proper pace or speed., When the signal
comes on - start your lift. Then return to your normal standing
posturé and wait for the next signal to start the next lift,
REMEMBER. . . .

THIS IS NOT A CONTEST.

EVERYONE IS NOT EXPECTED TG DO THE SAME AMOUNT OF WORK.

WE WANT YOUR JUDGMENT ON HOW HARD YOU CAN WORK WITHOUT BECOMING
UNUSUALLY TIRED.
Remember to adjust the weight, when necessary, so that the

tote box represents the maximum weight that you would be willing

to lift, at this pace and height, over an eight hour workday.
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Appendix‘E
Experiment Evaluation

Here are a few final questions about the work you were asked
to do for this study. Please give your honest opinions, since
your answers will help us in future work. Please circle the
response for each question that best describes your feelings.

1. In this study, in terms of physical labor I worked:

a. Much harder than I usually do on my job
b. Somewhat harder than I usually do

¢. About the same as I usually do

d. Not quite as hard as I usually do

e. Not nearly as hard as I usually do

2. The work situation in this study was:

a. Much more demanding than my regular work situation

b. Somewhat more demanding than my regular work situation
¢. About the same as my regular work situatiom

d. Somewhat less demanding than my regular work situation
e. Much less demanding than my regular work situation

3. After doing the physical work in this study, I felt:

a. Much more tired than I usually do at work

b. Somewhat more tired than I usually do at .work
c. About as tired as I usually do at work

d. Somewhat less tired than I usually do at work
e. Much less tired than I usually do at work

4, I think the information from this project:

a. Will probably be worthwhile
b. Will probably not be worthwhile

Please give your reasons:

5. At some future time I would:

a. Like to be in a study like this again
b. Not want to participate again
¢. Do not care either way

Please add any comments jou may have about this project:
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Appendix F

A Preliminary Manual For Selected
Anthropometric, Strength, and Endurance Measurements

by
M. M. Ayoub, Ph.D., P.E.

S. Deivanayagam, Ph.D.
Gary Bakken

Department of Industrial Engineering
Texas Tech University
Lubbock, Texas

January 1977
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Anthropometric, Strength and Endurance Measurements

General:

Each subject, through written and oral instructions, is
briefed concerning the procedure and significance cf the various
measurements. (See Attachment I for written instructions.)

The various anthropometric, strength, aﬁd eﬁdurance measure-
ments are taken in accordance with standard procedures. The
measurements are:

a) Statiec Arm Strength

b) ~ Static Shoulder Strength

¢) Static Back Strength (2 measurement procedures)

d) Static Leg Strength

e) Static Composite Strength

£) Static Endurénce

T g) Dynamic Endurance

h) Height
i) Weight

j) Other basic anthropometric measurements and age.
Each measurement procedure is described and shown in the'next
section.

Accurate strength measurements are dependent on the subject's
ability to maintain a steady, even exertionm. Any jerks, twists,

or other disruptive movements result in the particular reading

being cancelled and the measurement repeated.
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Each strength measurement is repeated a minimum of three
times. The readings recorded are to be consistent within a range
of 10%. The individual strength measurements are repeated
until three readings within the specified range are obtained.

The minimum time interval, after the absoluﬁe minimum of one
minute, is determined by the subject.

Each individual strength measurement effort is sustained,
at the peak value, for a minimum of five seconds.

Anthropometric Measurement Equipment (Figure F-1):

Anthropometric calipers, manufactured by Seibert, were
utilized.

Strength Measurement Equipment:

The equipment consists of a load cell and associated elec-
tronic circuitry manufactured by Schaevitz (Figure ¥-2) and
hardware manufactured by Texas Tech University laboratories
(Figure F-3 and Table F-1.

Endurance Measurement Equipment:

The equipment consisted of a standard stopwatch, a recording
of an electronic metronome, and bharbell type weights.
Postures:

The procedures used to obtain the various measurements are
standard. However, for clarification, each posture and procedure

is described and pictorially displayed.
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Figure F-1.

Anthropometric Measurement Equipment.
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Repraduced from
best available copy.

Figure F-2. Strength Measurement Equipment. Load
Cell and Associated Electronic Circuitry.
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Weight (Figure F-4):

The éubject is weighed on a standard medical scale with
weights recorded to the nearest half pound.

?he subjects are lightly clothed (slacks and blouse or

shirt). Other items, such as shoes, sweaters, coats, and hats,

are removed.
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Height Measurement (Figure F-5):

The subject stands erect against a vertical wall, feet
separated at shoulder width, heels, buttocks, and scapulae
against the wall, upper extremities adjacent and parallel to
lateral surfaces of the torso, and eyes lookiﬁg straight ahead.
The vertical-disténce is measured, with an anthropometer, firmly
contacting the scalp, from the floor to the superio? surface of

the subject's skull.
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Figure F-~ 5.
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Subject Height Measurement.
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Acromion Height Measurement (Figure F-6):

The measurement is performed on the right side of the subject's
body. The subject stands erect against a verticél wall, feet
separated at shoulder width, heels, buttocks, and scapulae against
the wall, upper extremities adjacent and parallel to the lateral
surfaces of the torsoc, and eyes looking straight ahead. The
vertical distance measured, with an anthropometer, is from the
floor to the superior lateral border palpable on the maréin of

the acromion process of the right seapula.

180



5,

Figure F-6. Subject Acromion Height Measurement.

181



Knuckle Height Measurement (Figure F-7):

The measurement is performed on the right side of the
subject's body. The subject stands erect against a vertical
wall, feer separated at shoulder width, heels, buttocks, and
scapulae against the wall, upper extremities adjacent and
parallel to the lateral surfaces of the torso, and eyes looking
straight ahead. The vertical distance is measured, with an
anthropometer, from the floor to the third distal metacarpal

joint of the right hand.
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Subject Knuckle Height Measurement.

Figure F-7.
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Standing Iliac Crest Height Measurement (Figure F-8):

The measurement is performed on the right side of the
subject's body. The subject stands erect against a vertical wall,
feet separated to shoulder width, with the heels, buttocks, and
scapulae against the wall, upper extremities adjacent and parallel
to the lateral surfaces of the torso, and eyes looking straight
ahead. The vertical distance' is measured, with an anthropometer,
from the floor to the anterior superior surface of the iliac

spine of the right ilium.
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Figure ¥-8.

Subject Standing Iliac Crest
Height Measurement.
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Knee Height Measurement (Figuré F-9):

The measurement is performed on the subject’'s right leg.
The subject stands erect against a vertical wall, with the‘feet
separated at shoulder width, the heels, buttocks, and scapulae
against the wall, upper extremities adjacent and parallel to
the laterial surfaces of the torso, and eyes looking straight
ahead. The vertical distance is measured, with an anthropometer,
from the floor to the superior surface of the medial condyle of
the right tibia. Experimenter identification of this anthropo-

metric landmark is accomplished as shown in Figure F-10.
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Figure F-9. Subject Knee Height Measurement.
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Figure F-10. Superior Surface of the Medial Condyle
Location Technique.
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Forearm Grip Distance Measurement (Figure F-11):

The measurementlis performed on the subject's right forearm.
The subject stands erect, the right arm is vertical, at the side
of the torso and the right forearm is flexed 90° relative to
the upper arm. A rod (5/16" in diameter) is held, by the right
hand, in a vertical position. The distance (1.1 cm.) measured
with an anthropometer is from posterior surface of the olecranon

to the vertical axis of the rod.
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Figure F~11. Subject TForearm-Grip Distance Measurement.
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Chest Depth Measurement (Figure F-12):

The subject stands erect in a comfortable stance. The
respiration is to be smooth and normal. The chest depth is
measured with a caliper. One end of the instrument is pressed
lightly against the sternum at the 1eée1 of the fourth sterno-
costal joint. The other end of the caliper is placed on the
back, between the sqapulae, élso at the level of the fourth
sterno~costal joint, such that the caliper tips are in a hori-
zontal plane. Because of the periodic variations in the
dimensions of the thoracic cage, wait for a few seconds until
the reading is constant. Or, determine visually the median

reading and record it.
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Figure F-12.

Subject Chest Depth Measurement.
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Chest Width Measurement (Figure F-~13):

The subject stands srect in a comfortable stance. The
respiration is to be smooth and normal. The subject's arms are
abducted. The tips of the caliper are pressed lightly against
the laterial surfaces of the torso at the level of the fourth
sterno-costal joint. The subject then adducts the arms and stands
erect. Because of the periodic variations in the dimensions of
the thoracic cage, wait for a few seconds until the reading is
constant. Or, determine visually the median reading and record

it‘
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Figure F-13. Subject Chest Width Measurement.
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Aﬁdominal Depth Measurement (Figure F-14):

| The subject is required to étand erect in a comfortable
stance. One end of the caliﬁer is ﬁressed lightly against the
abdomen, one inch below the navel, while the other end of the
caliper is placed on the lower back, such that the caliper tips

are in the medial plane and in a horizontal plane.
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F‘igure F-14. Subject Abdominal Depth Measurement.
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Static Shoulder Strength Measurement (Figure F-15):

The subject stands erect and supports, with both arms, a
bar with two straps; The straps are positioned over the distal
end of the humerus by inserting the arms outside-in. The arms
are flexed to a posture such that the arms are perpendicular
to the subject's torso, i.e., at the shoulder level, and the
forearms are vertical, i.e., paraliel to the torso. The sﬁbject's
feet are to remain flat, the legs straight, and the back erect.
A load cell and a vertical, link chain connect the bar to the
platform on which the subject is standing. The exerted force is

to be upward, vertical and generated by only the shoulder muscles.
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Figure F-15. Subject Posture for Shoulder Strength
Measurement.
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Static Arm Strength Measurement (Figure F-16):

The measurement requires that the iong handle be adjusted
such that the forearms are flexed 90°, i.e., perpendicular to
the subject’'s torso, and the arms are vertical, i.e., parallel
and adjacent to the torso. The subject stands erect, with legs
and back straight and with the feet flat. A load cell and a
chain connect the handle tc the platform on which the subjecé
is standing. The exerted force is to be upward, vertical and
generated by only the arm muscles. The subject is instructed to

avoid any shoulder movement.
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Figure F-16. Subject Posture for Arm Strength Measurement.
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Static Composite Strength Measurement (Figure F-17):

The short handle is adjusted to the height of 15 inches
above the platform (the height is measured from the platform
to the lower horizontal plane of the handle). The subject is
to take a semi-squat position, such that thé handle is between
the legs. The subject's elbows are extended. Contact between
the upper and lower extremities is not permitted. The heads of
the first metatarsals are to be placed opposite one another and
intersect the vertical plane éf the chain and the load cell.
The feet are to remain flat on the platform. The subject is to
exert an upward, vertical force by extending the knees and

simultaneously extending the torso.
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Subject Posture for Composite Strength
Measurement.

Figure F-17.
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Static Endurance Measurement (Figure F-18):

Thé subject is seated on a flat-top stool with scapulae
and buttocks against a vertical wall, The forearms are flexed
90°, i.e., perpendicular to the torso.

The subject is to hold, with botp arms, a total weight
equal to 25% of the subject's average static arm strength. The
subject is instructed to hold the weight as long as possible.

Throughout the test, the upper”arms are kept vertical and
adjacent to, but not contacting the torso. The forearm is
horizontal, i.e., perpendicular to the torsc. Prior to the
measurement the subject assumes the measurement posture. The
weight is then handed to the subject. The task duration time is

recorded as the static endurance time.
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Figure F-1 j
8. Subject Posture for Static Endurance Measurement
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Static Back Strength Measurement #1 (Figure F-19):

The long handle is located at 75% of the knee height
(tibiale height) and approximately 15 inches in front of the
medial malleolus. (The height measurement is from the plat-
form to the lower horizontal piane of the handle.)

The subject's feet are separated at shoulder width. Both
feet are kept at an equal distance from the chain anchor point.
The subject flexes the torso in order to grip the handle.

The upward, vertical force is exerted by torso extension.
The elbows and knees are fully extended and the eyes are looking

straight ahead.
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t Posture for Back Strength

J

Subjec

Figure F-19.

Measurement #1.
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Static Back Strength Measurement #2 (Figure F-20):

The subject stands erect and rests the anterior surfaces of
the pelvis and the abdominal muscles against a padded brace.
The brace is adjusted to a height such that the subject can
comfortably ‘apply a horizontal pelvic/abdominal pressure. A
padded board is placed om the subject's back at the level of the
posterior surface of the crest of the spine on the scapulae. The
load cell is hooked to a strap wﬁich is connected to the pa&ded
board. A link chain connects the load cell to a vertical brace.
The chain and lcad cell are to be kept perpendicular to the torso.

The measurement requires the subject to exert a horizontal,
rearward force against the padded board, by extending the torso.
The knees are fully extended, the upper extremities are parallel

to the lateral surfaces of the torsoc and the feet are kept flat.
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Measurement #2.

Figure F-20.
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Static Leg Strength Measurement (Figure F-21):
€8

The height of the bar is based on the subject’s stature:

a) TFor subject heights equal to or below 169.5 cm, the
bar is placed at a height of 66 cm.

b} For subject heights between 169.5 cm and 179 cm, the bar
is placed at a height of 72 cm.

c) For subject heights equal to or greater than 179 cm, the
bar is placed at a height of 79 cm.

The horizontal bar is gripped with the palm of the hands
(finger grasping is not permitted) such that the dorsal sur-
faces of the hands are facing outward (visible to the experimenter).
The subject exerts an upward, vertical force on the bar, by ex-
tending the knees, while keeping the.scapulae, the buttocks, and
the heels against a common vertical plane, such as a wall. The

feet are to be kept flat.
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Subject Posture for Static Leg
Strength Measurement.

Figure F-21.
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Dypamic Endurance Measurement (Figures F-22 & F-23):

The subject staﬁds erect, against a wall, while holding,
with both hands, bar/weights at the waist level (Figure F-22).
(Heels, buttocks and scapulae maintain contact with the wall.)
The total bar/weight is 25% of‘the subject's average static arm
strength.

Prior to the measurement the subject is instructed to main-
tain the established task pace of 50 movements per minute for as
long as possible. The pace is established by the percussion of
an electronic metroncme recorded on a cassette tape.

The subject assumes the measurement posture and is handed
the weights. The subject rhythmically 1lifts and lowers, by
elbow flexion and extension, the weights from a horizontal plane
(established by 90° flexion of the elbow from the anatomical
position) to the chest and vice versa (Figure F-23). The only
movement permitted is that of the elbow joint. The task dura-

tion time is recorded as the dynamic endurance time.
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Figure F-22. Subject Initial Posture for Dynamic
Endurance Measurement.
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Figure F-23.

Subject Sequential Posture for Dynamic
Endurance Measurement.
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Attachment F-1

Measurement Instructions for Subjects

The experiment that you are gbing to participéﬁe in as a
subject has as its objective the determination of the capacity
of an individual to lift weights. There are two parts to this
experiment. First, the measurement of your body size and strength
and second, the actual lifting of the industrial type tote box
containing lead weights.

During the first part of the study certain dimensions of
your body will be measured. The experimenter ﬁill need to locate
particular bony land marks on your body by.pressing the fingers
(experimenter’'s) against the skin. Measurements such as arm
length, shoulder height, chést depth and so on will be made.
During this phase you shduld be weariag light clothing so the
joints and bony land marks can be accurately located.

The strength measurements deal with your maximum capability
to apply fqrce under a given condition. It is your maximum

strength that is needed. Let me repeat that: it is your maximum

strength that is needed. In order to obtain the maximum strength

you will need to exert the force smoothly over three or four
seconds. Hold it for five seconds and then release. Again, in

order to obtain the maximum strength yvou will need to build up

the force smoothly over three or four seconds. Hold that

position for five seconds and then release. While building up

the force do not pull suddenly or jerk or shake.
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Appendix G
Measurement Instructions for Subjects

The purpose of the experiment that you are going to parti-
cipate in as a subject has as its quective the determination
of capacity of an individual to lift weights. There are two
parts to this experiment. First the measurement c¢f your body
size and strength which will be performed in a few minutes and
secondly the actual lifting of the industrial type tote box
full of weights.

During the first part of the study certain dimensions of
your body will be measured. The experimenter will need to locate
certain bony land marks on your body by pfessing his fingers
against the skin. Measurements.such as arm length, standing
knee heights, so forth will'be made. During this phase you
should be wearing light clothing so the joints and bony land -
marks can be accurately located.

The strength measurements which will be made deal with your
maximum capabilit& to apply force under a given condition,
Remember it is your maximum strength that is needed. Remember

it is your maximum strength that is needed. In order to obtain

the maximum strength you need to build up the force smoothly
over three or four seconds. Hold it for two seconds or so and

then release. In order to obtain the maximum strength you need

to build up the force smoothly over three or four seconds.

Hold it for five seconds or so and then release. Do not pull
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suddenly or jerk or shake while pulling. Let me repeat that
again, while pulling do not pull suddenly or jerk or shake.

If you have any doubts about what is expected of you, do
not hesitate to consult the experimenter who will be on duty
in the room with you at all times. The success of the experi~-
ment depends on your understanding of the verbai and written
instructions and performing accordingly. Thank you for your-

participation.
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10.

11.

12.

13.

14.

15.

16,

Subject Measurement Data Collection Form

Appendix H

Lifting Experiment

Subject Name Code
Sex __M
. AM
Date Time M
°F
Temperature o Humidity A
1b —_— b e 1b
Shoulder Strength kg kg kg
. — . 1b _— b . 1b
Arm Strength kg kg kg
e 1D —— b ——_ 1b
Composite Strength kg kg kg
Static Endurance | min
(25%) T
Age yrs
- 1b
Weight ke
sesane o o
Shoulder Height e CT
Knuckle Height —_— Cm
Standing Iliac Crest e CT
Height
Knee Height cm .
Fore arm—-grip ————— CH
distance
Static Back Strength — %{.b llc.b 1];2
Test #1 — *8 — B e XE
—_— 1b — 1b o 1b
Test #2 T ke — k38 ____ ke
— 1D USRI | » T N
Leg Strength kg kg kg
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18,

19.

20.

21.

22.

Chest Depth
Chest Width
Abdominal Depth

RPT = H/iaw

Dynamic Endurance
(25%)

cm

min
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There are a number of areas of life listed below.

ask yourself
one response

Appendix I

Psychological Test Battery

Lifting Experiment

OPINION QUESTIONNAIRE 1

Please

how satisfied you are with each area, then circle
on the left in each case.

If you feel Very Dissatisfied, circle VDS
If you feel Dissatisfied, circle DS
If you cannot decide ome way or the other, circle N
If you feel Satisfied, circle S
1f you feel Very Satisfied, circle VS
o o
0 3
e ol
Yt U ~ ~
0 0 0 o
Sy e e oy
ey e 4 N Ut
o G g =t T u “
@ (£ 0 o |s- -
LI B R T I S e -
o ot U b [ 2l
A JEA |2 |E® [w®
v 3 ¥ | & v
= A Z | =
VDS { SD [N} S Vs 1. My health
VDS | SD | N] S VS 2. My family's health
VDS | SD | N| S Vs 3. My financial situation
Wws{ SD{N| S | VS| 4. My marriage
VDS SD [N} S Vs 5. My children
VDS § SD {N| S Vs 6. My job
VDS | 8D | N| S Vs 7. My social life
VDS | SD {N| S | VS| 8. The world situation
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o e
L] Q
o o
Y U4 o ha~
] @ ) a
o o 4 o=
= Eo IR ) 3 U Yed
o [T I T @ L4 ]
wnleolag|ls= o
B (2T | &3 W o
v | Od [0 | @
Qs 3] BW LW
3] ) 38 o
= n Z|n >
VDS SDh | N S Vs 9. My community
VDS SD |N S Vs 10. In general, the way 1 am spending

my life these days

The next items refer to your present job. Please circle one
answer, just as you have done above, to tell how satisfied
you are with these aspects of your job.

VDS ; SD N} S |VS 11. Being able to keep busy all the time
VDS SD (N S VS 12, The chance to work zlome on the job
1}3. The chance to do different things
VDS | SD N} S5 |VS from time to time
1] 1
ws!| splxl s |vs 14, The chance‘to be "somebody" in
the community
VDS!| SDIN| S |VS 15. The way my boss handles his men
VDS | x g Vs 16. ?he co?petencg Qf my supervisor
in making decisions
" : t
sl splw! s |vs 17. Being able to do th%ngs that don't
_ g0 against my conscience
vps! splw!l s |vs 18. The way my job provides for steady
emp loyment
ws! spinl s |vs 19, The chance to do things for other
] people
VDS! SD{N}| S | VS 20. The chance to tell people what to do
21. The chance to do something that makes
VDS| SD|Nj S | VS use of my abilities
s ol w s |vs 22. ?he way co?pany policies are put
into practice
VvDS| SD| N| S | VS 23, My pay and the amount of work I do
VDS sl N S Vs 24, ?he chance for advancement om this
. job
VDS SD| N S Vs 25. The freedom to use my own judgment
ws! splxl s | vs 26. The chance to try my own methods of

doing the job
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-u‘ =
] ]
o=t ot
U U L] e
9 | ] ]
Lal i ot o
PRI US| FRRT U
v WM =~ | @ 0
miS v jd |5~ ond
(IR S B O I N W 4
od |22 15|24 |5
S |U 0O 1)
= 177} Z oiva =
vDs Sh |N| 8 Vs 27. The working conditions
vDs SD |N ]| S VS 28. TI}E way my co-workers get along
with each other
VDS | SD IN| S Vs 29, The praise I get for doing a
good job
vDSs sp iNl s Vs 30. The feeling of accomplishment

I get from the job
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OPINION QUESTIONNAIRE II

Listed below are pairs of statements. Please read one pair
at a ti@e, then decide which statement of the pair you agree with
the most. If you strongly prefer the statement labeled A, circle
the Capital A, 1If you only slightly prefer A, circle the lower
case a. Similarly, if you strongly prefer B, circle capital B.
If you only slightly prefer B, circle the lower case b.

Here is an example.

AaBb 1. A. Around here, we get some of the best weather
in the country.

B. The weather around here is miserable.
Circling A would mean vou very much like your weather, and
‘B would be the opposite. If you didn't have strong feelings
either way, but thought your weather was a little better than
average, you would circle a. If a littlé worse than average, b.
Now, please proceed to circle one letter for each of the
following pairs of statements.

AaBb 1. A. Becoming a success is a mafter of hard work,
luck has little or nothing to do with it.

B. Getting a good job depends mainly on being in
the right place at the right time.

AaBb 2. A. The best games are games of chance.

B. The best games are those involving only skill.

AaBb 3. A. In my work, I demand too much of myself.
B. I do only what I have toc do to get by at work.
AaBb 4. A. Most people don't realize the extent to which

their lives are controlled by accidental
happenings.

B. There really is no such thing as "luck.”
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i0.

11.

12.

13.

14.

15.

I would only bet on a sure thing.

I 1ike to take a big chance now and then.

I usually do more than I had plamned to do.
I usually get much less done than I had planned.

I enjoy working more than most people.

. Working is something I would rather not do.

Many times I feel that I have little influence

over the things that happen to me.

It is impossible for me to believe that chance
or luck plays an important role in my life.

I like taking on added responsibilities.

I wish I had fewer responsibilities than I

do now.

I hardly ever finish things I've started.

I almost always finish what I start.

Other people think I work too hard.
Other people think I take life pretty easy.

Life would be dull if people didn't take risks.

The best life would be free of all risks.

I seem to work for long periods oftime without
getting tired.

I find it's important to take frequent rest

breaks while working.

It would be an ideal life if people didmn't
have to work.

A life without work would be very unpleasant.

I stick to difficult jobs longer than I should.
When something is difficult, I give up quickly.
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OPINION QUESTIONMAIRE IIIX

The purpose of the next section is to measure the meanings of
various concepts to you by having you judge them against a series
of descriptive scales. Please make your judgments on the basis
of what these concepts mean to you. You will find a series of
concepts to be judged, and under each, a set of scales. You are
to rate the comcept on each of these scales in order.

Here is how you are to use these scales:
If you feel that the concept which the scale refers to is very

closely related to one end of the scale, you should place your
check mark as follows:

FAIR : X : : : UNFAIR

oe
»
ee
.o
.

OR

FAIR : : : : s : : X : UNFAIR

If vou feel that the concept is quite closely related to omne or
the other end of the scale (but not extremely), you should place
your check mark as follows: ‘

STRONG : X : 3 : H ¢ WEAK

OR

STRONG : : : H : X ¢  WEAK

If the concept seems only slightly related to one side as opposed
to the other side (but is not really neutral), then you should
check as follows:

ACTIVE : : . X : : : ¢ PASSIVE
OR

ACTIVE - : : 1 X 3 : : PASSIVE

The direction toward which you check, of course, depends on which
of the two ends of the scale seem most characteristic of the
thing you're judging.

If you consider the concept to be neutral on the scale, both
sides of the scale equally unassociated with the concept, or if
the scale is completely irrelevant, unrelated to the concept,
then you should place your check mark in the middle space.

SAFE : . : : 1 X ¢ S : :  DANGEROUS
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IMPORTANT: (1)

(2)

(3)

Place your check marks in the middle of spaces,
not on the boundaries:

H X : : X :
THIS NOT THIS

Be sure you check every scale for every concept-
- DO NOT OMIT ANY.

Please do dot put more than one check mark on a
single scale.

Physical pain is:

NICE
ACTIVE
PAST
RUGGED
HEALTHY
GO0D
LARGE
STRONG
YOUNG

: SHARP

BRAVE

H : : AWFUL

* [3 .
. «

Y3
[

: PASSIVE

eo
e

SLOW

-
e
oe
wo
e
L
es

DELICATE

.
.e
ee
.
ee
-

se
LT

..
"a
o
o
oe

-

SICK

[ 3]
.o

. . . . . + . ) BAD
. - . - - - . ©

SMALL

aa

WEAK

OLD

ce
..

o
Y3
e
-
°
-
e

DULL

: : : : : :  COWARDLY
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My job is:

GOOD : : : : :  BAD

..
®
-

HEALTHY : : : + SICK

ae

RUGGED : : : : : : : ¢ DELICATE

FAST : +  SLOW

..

-
-
28

ACTIVE : : : : : : : : PASSIVE

NICE t  AWFUL

.
L]
.
.e
'

BRAVE : : : : : : : ¢+ COWARDLY

STRONG : : : : : : : WEAK

(1)
L3

SHARP : H : : : H : : DULL
YOUNG : H : : H : : QLD
LARGE : : : SMALL

My life in general is:

SHARP : H : : : : : DULL

BRAVE : : : : : +  COWARDLY

c es

NICE : ¢  AWFUL

.
e

ACTIVE : : : : : : : :  PASSIVE

FAST : : : SLOW

.s
s
..

RUGGED : : : ¢ DELICATE

e
.o
-

[

HEALTHY : : : : : : : : SICK
GOOD : : s : : :  BAD

LARGE : : : :  SMALL

STRONG : : : : 3 1 WEAK
YOUNG : : : : H H : OLD
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Work is:

| BRAVE
NICE
ACTIVE
FAST
RUGGED
HEALTHY
GOOD
LARGE
STRONG
YOUNG

SHARP

.

Y

.

-
-
. - . . . -
3 . . * ° .
. . - - .
3 . . . .
. - . . »
. . 1 v .
[ *
. -
. . [3 . a
a - . ° .
- -
. -
- - .
- - .
- - - . - .
- * . . 3 .
. . . - ° .
» L3 s 'S * .
- . - » . »
@ » s . - 14
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Appendix J
Initial Contact Letter and Enclosure

Sept. 28, 1976

Mr. Bill Smith

X¥Z Company

1200 N. Main
Arlington, TX 76010

Dear Mr. Smith:

The problem of occupational injury due to lifting is a
seriocus problem in industrial settings where the manual hand-
ling of materials is required. In light of rapidly increasing
injury related costs, any attempt to reduce the frequency and
severity of such injuries seems justified. An experimental
research project, currently underway at the University of Texas
at Arlington, is attempting to provide a tool which could be
used to aid the industrial sector in the proper selection and
placement of individuals in materials handling. The results
of the research will enable personnel departments to predict
the likelihood of injury for a prospective employee if placed
in a specific lifting job.

This letter is a request for your aid in providing the
human subjects and certain other information upon which to
base the research. Enclosed is a description of the research
project and the specific research needs for which help is being
requested,

The participating companies will be given complete access
to all research findings. The use of the expected results would
certainly lead to cost savings both from the potential reduction
of injury costs and from the increased effectiveness of the
placement activity. 1In addition, currently available criteria
for the design of materials handling jobs will be given to the
participating companies. Your favorable consideration in this
matter will be greatly appreciated. All gquestions are welcome.

Sincerely,

D.H. Liles

Reply to: D.H. Liles
Department of Industrial Engineering
University of Texas at Arlington
Arlington, TX 76019
817/273-3092
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Enclosure: Lifting Research - D.H. Liles
1. Research Description

The experiment will consist of certain physical strength
measurements to be taken from each of a large number of human
subjects provided by industry. Each set of individual measure-~
ments will be used as inputs for a previously defined and veri-
fied mathematical model which predicts the maximum allowable
weight of 1ift for a given individual working in a specific
job. The maximum allowable weight of 1ift for each individual
will then be compared to the actual weight of 1ift required by
that individual's job. The entire set of such comparisomns or
ratios will then be statistically correlated to the incidence
of subsequent injury. The result will be a function describ-
ing the likelihood of lifting injury given the ratio of actual
job requirements to predicted individual capacity.

2. Experimental Subjects

The experimental subjects must satisfy certain specifica=-
tions. Each subject:

- must be involved in lifting activity

- must have been engaged in the activity for at least

six months

- must be between 20 and 50 years of age

- may be either male or female

- must have no previous lifting related injury

- must be a volunteer

3. Testing

Each subject must complete a questionnaire and must under-
g0 a series of strength measurements. The testing procedure
will take place within each participating facility and will
require approximately thirty minutes per subject. The testing
should be done in a private area of the plaat to reduce the
effects of external influences such as passers by. Testing
will commence in September 1976.

4. Injury Data

The prior injury history of each subject is to be deter-
mined either from medical records or by the use of the ques-
tionnaires. In addition, the occurrence of subsequent injury
during the duration of the research must be reported and re-
corded. This information is required for use in the determina-
tion of the probability function.

5. Job Requirements

The job lifting requirements for each subject or group of
subjects are needed. This information is to be obtained either
from the formal job description or by experimental observation
done by the experimenters. )
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Appendix K

Job Description Procedure

Job Description: MASTER

AC

Job

Assign to each job, within a company, a unique two
digit identification number. Place the appropriate
company code and the job identification number in a
box A.

Record the job title om line B. If the everyday title
is different from the official title, specify both.

Record the average length of the work week (Box C:
number of days).

Record the average length of the workday or shift
(Box D: number of hours).

Record the number of shifts per day on which the job
is performed (Box E).

After all sub-tasks are defined, record the number of
lifting and non-lifting sub-tasks defined (Boxes F
and G).

Write a general description of the job in question.
Refer to all sub-tasks.by number as assigned in the.
sub~task description (i.e., L-1l, NL-2). Refer to
position using the layout on the sub-task form{s).

Use the "comments' section to describe any unusual
aspects of the job such as adverse environmental
conditions. '

Description: Lifting Sub-Task
Record the job code in Box A.

Assign and record an identification number for the sub-
task (Box B).

Estimate and record the proportion of the work day that
the task is performed (Box C). If the sub-task in
question is performed simultaneously with other sub-
tasks, record the proportion as a percent of the number
of hours that the tasks are performed (i.e. 2 sub-tasks
performed alternately all day each consuming 50% of 8
hours). 1If the sub-task is performed by itself, record
as 1007 of the number of hours the sub-tasks 1, 2, & 3
are performed simultaneously for 3 hours per day and sub-
task 4 is performed alone for 5 hours. Indicate which
sub-tasks are performed simultaneously, if any.
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NOTE:

Record the number of days per week that the sub-task
is performed (Box D).

Record the lifting range in the FROM-TO boxes. 1In the
FROM box record the distance from the worker’s hand
level at 1ift initiation to the surface upon which the

feet are resting. In the TO box record the distance
from the worker's hand level at 1lift termination to the
surface upon which the feet are resting. If worker
normally assumes a posture other than standing (i.e.
sitting), the measurement should be made to that support
surface. Make special note of any posture other than
standing on feet. Record any variation in initiation
or termination points as a comment.

Record the load dimension (Box F). The dimension re-
quired is the physical front to back size of the load
as measured along a line perpendicular to the lateral
plane of the body. Measure this distance in inches.

Record the lifting frequency (Box G). BRecord this
frequency in lifts per minute. The frequency recorded
should apply only to the sub-task being described and
the appropriate time period. (i.e. Suppose item A is
lifted 300 times during a five hours period. The
frequency recorded should be: 300 = (5 X 60) = 1 lift/
minute for 5 hours.)

Record the weight of 1lift (Box H).

A lifting sub-task may contain considerable variation

in terms of E, F, & H. If the variation in dimension,
point of lift initiation or termination, or weight is
approximately uniform over a given range of variation,
indicate the average in the appropriate box and note
the range of variation as a comment. Non—uniform varia-
tion should be handled using multiple sub-task descrip-
tions.

III. Job Description: Non~Lifting Sub-Task

Complete Boxes A, B, C, and D in the same manner prescribed
for lifting sub-tasks. Provide a general written descrip-
tion of the non-lifting sub-task.
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Appendix L

Master Job Description Form

Job Descriptiom: MASTER

A. Code A,

B. Job Title

C. Length of Work Week

D. Length of Workday (Shift)

E. Number of Shifts

F. Number of Lifting Sub-Tasks Defined

G, Number of Non-Lifting Sub-Tasks Defined

Written Description (General)

Comments
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Appendix M

Sub~Task Description Forms

Job Description: LIFTING SUB~TASK

A. Code o A.

B. Sub-Task i out of

C. % of Hrs. - | C.

D. Days/Week D.

E. Range _ From mmo——— in. t0 " in.
F. Dimension F. . in.
G. Frequency Gu . 1ifts per

H. Weight H. .lbs.

Comments and Layout
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Job Description:

NON-LIFTING SUB-TASK

A. Code

B. Sub-Task
C. 7 of Hrs.

D. Day/Week

E. Written Description

B. Sub-Task
C. 7% of Hrs.

D. Days/Week

E. Written Description
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Appendix N

Job Injury History Procedure, Forms and Data Summary

I. Injury History
For each defined job, provide a three year job injury
history. These histories should be taken from OSHA or other
appropriate records and should include:

1. The reported date of injury.

2. The name of the injured employee.

3. The loss attributed to the injury (workdays lost,
termination from company or job, or fatality),

4. The nature of the injury (Provide a clear description of
the injury including the part of the body injured, the
type of injury, permanent or temporary impairment, and
medical attention required.),

5. The description of the incident (This should be a clear
and complete description of how, when, and where the
injury occurred.).

NOTE:

All injuries that have occurred on the particular job should

be recorded, even if a particular injury is not a direct

result of lifting. If the job has changed sometime during
the three year period, the injury history should include
only those injuries pertaining to the current job.

Injury History Summary

iI.

A. Each injury history should be summarized.

B.- Fill in the appropriate job code, job title, and time
period.

C. Estimate the total number of worker hours worked during
the time period for the job being summarized. This
estimate should be as accurate as possible.

D. Record the date of injury, loés, type and cause of
injury for each injury that occurred, using type and
cause codes.
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Injury History: SUMMARY

A. Code A.
B. Job Title
C. Time Period Summarized . c.
D. Total Number of Worker-Hours Worked D.
Work Days Light Termi- | L/NL,
#' Lost Duty Days | nation | Type Comments
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Injury History Data

Symbols:
i.

2.

10.
11.

12.

13.

CJ

5

3

LI

LL

NI

NL

TI

TL

T1, T2, T3, T4, T5

1,

L1, L2, L3, L&, L5

company/job code

exposure hours

maximum weight lifted {(1bs)

frequency of lift (lifts/min)

work rate (inch-pounds/min)

number of lifting injuries

number of days lost due to lifting injuries
number of non~lifting injuries

number of days lost due to non-lifting injuries
total number of injuries

total number of days lost

number of injuries of type

2, 3, 4, 5

]

number of days lost due to

injuries of type 1, 2, 3, 4, 5
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Appendix 0

Explanations of Project and Instructions
for Subject Measurement

The purpose of the project: Formulation of Job Design Methods
for Lifting Activities, is to provide the management of your
company with the capability of designing lifting jobs so that
you and others are subjected to a smaller chance of injury

than may now be the case. In addition to the physical measure-
ments taken today, certain measurements have already been taken
which describe your job. The injury history of your job has
also been determined.

You are asked, today, to do two things. First of all, you are
asked to f£fill out a questionnaire which asks several things
ahout you and your job. Secondly, you are asked to allow the
experimenter to take several of your physical measurements.
There are two types of measurements to be taken. These are
explained below.

The first series of measurements is to determine certain of your
body dimensions. The experimenter will need to locate certain
bony landmarks on your body. He will locate these landmarks

by pressing his finger on your skin. He will make measure-
ments of your height, weight, knuckle height, shoulder height,
chest depth, abdominal depth, knee height, and forearm grip
distance.

The second series of measurements consists of certain strength
measurements which will measure your maximum capability to

exert force. These measurements are the composite, arm, back,
dynamic endurance, and shoulder strength measurements. For

these measurements, it is your maximum safe strength that is
needed. Remember, it is your maximum safe strength that is
needed. In order to obtain your maximum safe stremgth you should
build up the force smoothly over three or four seconds; hold it
for five seconds; and then release slowly. Remember, in order

to obtain vour maximum safe strength, you should build up the
force smoothly over three or four seconds; hold it for five
seconds; and then release slowly. Do not pull suddenly, jerk,

or shake during the measurement, Remember, do not pull suddenly,
jerk, or shake during the measurement. As was just stated, it is
your maximum safe strength that is needed. Do not exert yourself
beyond your safe limit. ’

You will be given special instructions for each measurement when
it is made. You will also be shown a photograph of each measure-
ment to be made.

240



The strength measurements require physical exertion and there-
fore, there is a chance of injury such as sore muscles. The
risk of injury is very small if all instructions are carefully
followed. 1If you do have an injury, it will be handled just as
if you had been injured on your regular job.

If you have any doubts about what is expected of you at any

time during the experiment, please stop and ask the experimenter.
The success of this experiment depends upon your understanding
of the instructions and upon your correct performance. Thank
you for your participation.
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Appendix P
Pre~test Questionnaire and Consent Form
Subject Questinnaire

Subject Code:

Job Code:

Name:

Address:

Phone:

Employer:

Division/Department:

Employer’'s Address:

Job description:

A, Name of job?

B. How many times per hour do you 1ift?

C. What objects do you normally 1ift?

D. What are the sizes of these objects?

E. What are the weights of these objects?

F. Where do you lift From?

G. Where do you lift To?

Length of employment:

A. How long have you been doing this job?

B. If less than three months, did your previous job require

lifting?

C. 1If yes, reanswer questidn 7 for your previous job.
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Physical Data:

A,

Have you ever sought medical attention for lower back pain?

Yes, WNo. If yes, explain,

Have you suffered extreme lower back pain without consulting

medical personnel? Yes, No. If yes, when?

Are you now or have you ever been treated for high blood

pressure? Yes, No. If yes, explain.

Have you suffered extreme shoulder or arm pain? Yes, No.

1If yes, which arm? shoulder?

Did you receive medical attention? Yes, No.
Have you lost time from work recently due to lower back pain

or arm or leg problem? Yes, WNo. Which?

Do you participate in an exercise program? Yes, WNo. If

yes, on which of the following type of basis?

1. Regular {at least three times a week)

2. Intermitten {(less than three times a week)

3. Occasionally (whenever vou feel like it)

Do you have a hernia? Yes, No.

Have you had any corrective treatment for a hernia? Yes,

No. 1If ves, how many times? When?

How much sleep did you have last night? hours. Is
this normal, less tham normal, more than normal?
Time since last meal? hours. Is this normal, less

than normal, more than normal?
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Are you now taking any type of medication? Yes, WNo. If yes,

what is the medication, the nature of your illness?

Have you ever had a heart attack: Yes, No. Have vou or

~do you now have heart disease or a heart condition? Yes,

No.
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Informed Consent

I hereby wvoluntarily consent to participate in the study

entitled: Formulation of Job Design Methods for Lifting

Activities. I understand that these studies are part of an
Industrial Engineering research project. I have had the purpose
and risks of participation explained to me by the investigator
responsible for conducting the studies and I understand these
risks. The risks are possible stresses on the musculoskeletal
system such as sore muscles or possible muscle injury due to
muscle exertion. However, the probability of such injuries is
small when the instructions are carefully followed. I under-
stand that if I do have an injury, it will be handled just as
if I were injured at my regular job. I have answered the
questions on the attached subject questionnaire to the best of
my knowledge. I also understand that I may discontinue this
study at any time that I choose and thét I give up no legal
_rights by signing this document. I understand that my identity
will he held confidential.

Subject Signature

Signature of responsible investigator

Witness

Date
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Appendix Q
‘ Subject Measurement Data Collection Form

Data Sheet: Date: Time:

Subject Name:

Job Code
Sex M. F. Subject Code
Age (yrs.)
Weight lbs. Weight Code

Height (cm.)

Shoulder Height (cm.)
Kouckle Height (cm.)
Knee Height (cm.)
Abdominal Depth (cm.)
Chest Depth (cm.)

RPI

Forearm Grip Distance {cm.)
Shoulder Strength (1b.)
Arm Strength (1b.)
Composite Strength (1b.)
Back Strength #2 (15.)

Dynamic Endurance (min.)
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Appendix R

Post Measurement Injury Data Collectiecn
Instructions and Forms

Instructions for Completion of Injury Data Report #1 and #2

(Please'Reaq)

Please leave right hand column blank.

Please answer all questions on the front side of each individual's
report with reference to the date of measurement, the effective
date of the report and the job in which the individual is or was
working. These three pieces of information are given on each
report form., Please use the comments section to give additiomal
details such as suspected fraudulent injury claim or injury
resulting in death or permament disability.

Injury Block (reverse side of Report form).

A, Please report every injury, appearing in your records,
sustained by the individuals in question. No injury
is too minor to report.

B. Please report all injuries in chronological ovder starting
with the first injury occurring after the date of
measurement.

C. Please report the number of workdays lost and the number
of light duty days worked as a result of each injury.
This information is the same as is recorded on your
OSHA report. If the individual has not returned to
work or to full duty, please put '"NOT RETURNED" in
the appropriate space.

D. Please describe the nature of the injury. This descrip-
tion should be sufficient to determine the type of
injury (strain, cut, etec.) and the part of the body
affected (leg, lower back, eve, etc.)

E. Please describe the incident causing injury (if knowm).
This description should be sufficient to determine
whether or not injury was caused by the 1lifting or
handling of materials.

F. Please record the total number of hours worked by the
individual (excluding light duty) between the date of
last injury {or date of measurement) and the date of
this injury. Please make this and all total hours
worked estimates as accurately as possible.
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If needed, please use additional injury blocks included in the
packet. Be sure to record the name of the individual on the
additional injury blocks.

Please return reports in the enclosed envelope as soon as
conveniently possible. If there are any questions please
call Don Liles at 817/273-3092.
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Company

Job:

Injury Data Report #1

Subject:

Date of Measurement:

Effective Date of this Report:

1.

Is this individual still working on
the same job as shown above? ‘ Yes

If No, was the transfer or termina-
tion a result of an on the job
injury: Yes

Date of transfer or termination
(if any):

No

No

Bow many total hours has this individual
worked on the above job (excluding

light duty) between the date of
measurement and the effective date

of this report (or date of transfer

or termination)? The dates are

shown above.

Did this individual have a record
of injury on the above job prior
to the date of measurement? Yes

If Yes, please record the total
number of hours worked by this
individual (excluding light duty)
between the date of most recent
injury (prior to date of measure-
ment) and the date of measurement.

If No, please record the total
number of hours worked by this
individual between the date of
employment on this job and the
date of measurement.

Has this individual been injured

one or more times on the above
job since the date of measurement? Yes
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If Yes, please complete an injury block (reverse
side) for each injury. (See instructions.)

5. Comments: (Refer to injury by number)
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Injury Data Report #2

Company:

Job:

Subject:

Date of Last Report:

Effective Date of this Report:

1. 1Is this individual still working -
on the same job as shown above? Yes No

If No, was the tramsfer or
termination a result of an omn
the job injury? Yes No

Date of transfer or termination
(if any):

2. How many total hours has this
individual worked on the above
Jjob (excluding light duty)
between the date of last report
and the effective date of this
report {or date of trangfer or
termination)? The dates are Hours

shown above.

3, Has this individual been injured
" one or more times on the above

job since the date of last report? Yes No
If Yes, please complete an injury

block (reverse side) for each

injury. (see instructions)

4, Comments: (Refer to injury by number)
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Date of First injury:

Number of regular work-days lost as a result of

this injury: _ Days
Number of light duty days worked as a result of

this injury: Days

Nature of this injury:

Description of incident causing injury:

Total number of hours worked by this individual between
the date of measurement and the date of this injury,
excluding light duty: Hours

‘Date of Second injury:

Number of regular work-days lost as a result of
this injury: } Days
Number of light duty days worked as a result of

this injury: Days

Nature of this injury:

Description of incident causing injury:

Total number of hours worked by this individual between
the date of the first injury and the date of this
injury, excluding light duty: _ Hours

Reverse Side of Reports #1 and #2
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Additional Injury Blocks

Subject Name:

Date of injury:

Number of regular work-days lost as a result of
this injury: Days

Number of light duty days worked as a result.of
this injury: . Days

Nature of this injury:

Description of incident causing injury:

Total number of hours worked by this individual between
the date of the injury and the date of this injury,
excluding light duty: o Days

Subject Name:

Date of injury:

Number of regular work-days lost as a result of
this injury: Days

Number of light duty days worked as a result of
this injury: Days

Nature of this injury:

Description of incident causing injury:

Total number of hours worked by this individual between
the date of the injury and the date of this injury,
excluding light duty: Days

253



Post Measurement Injury Data
Symbols:

1. CC~JC = company code - subject code

2. MEAS DT = measurement date (1 July 77 1)

1)

3. REPORT DT = date of last imjury report (1 July 77
4, #HRS WKD = number of hours worked during study period
5. TERM DT = date of employee termination (if any)

whether or not subject had ome or more
injury on this job prior to measurement

6. PRIOR INJ

7. PRIOR HRS

number of hours that the subject worked
between the date of last injury (if prior
injury) or date of employment (if no prior
injury) and the date of measurement.

8. INJ# = injury number

9., DT = date of injury (1 July 77 = 1)

10, TYPE = type of injury "X-Y"

X =1 if lifting injury
= 0 if non~lifring injury
Y= 1,2,3,4,5 as described in Chapter 3

"11. DAYS LOST = number of days lost due to injury

12. HRS = number of hours worked between last injury
{(or measurement date) and this injury
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Lifting Capacity Histograms
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Appendix T

Job Stress Index Example Calculation

The following is an example of JSI calculation for a hypo-

thetical job.

e s
o——

T_ 50"
i e
‘ \\I ! Floor

CONVeyors

Subject has a knuckle height of 30 in. Boxes weigh from
20-45 1bs, and are lifted from the center conveyor to the upper
conveyor as required. There is only one group. The frequency
of 1ift from floo:.té 30 in. conveyor (Task 1) is 1.5 lifts/min.
and the frequency of lift from floor to 50 in. conveyor (Task 2)

is 1 lift/min. Subject works 8 hours a day and 5 days a week.

BL=3RE 33 @IS,
where CAPl = Predicted lifting capacity from the floor to
knuckle height
CAP2 = Predicted lifting capacity from the floor to

shoulder height
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Both, JSI:L and JSIB, would give the same numerical value 'for
the above job. However, if the job is stacking, say from 30 in.
height to 70 in. height, this would require lifting in the three
" height ranges:

Floor to knuckle
Floor to shoulder

Floor to reach.
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