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ABSTRACT

This research is intended to assist in establishing realistic criteria
for the size and weight of industrial packages. The problem of such criteria
is discussed, numerous important objective and subjective factors that
potentially affect human weight-lifting ability are mentioned, the proper
approach to the design of industrial loads is pointed out, and additional
programs of investigation that would clarify other aspects of the problem
are outlined. This study examined the interaction of two variables: (a)
the weight, and (b) the width- of one-handled, symmetrical boxes which
a sample of 30 adult males were able to lift from the floor to a table 30
inches high. No carrying was involved in this study. The subject sample
was chosen to be a reasonable representation by height and weight of the
U. S. Air Force population. All lifts were made with the preferred hand
under "ideal" laboratory conditions. The experimental variable, box
width, was varied from 6 to 32 inches. The maximum weight of box that
subjects were able to lift varied linearly, but inversely, with the width of
the box. From this sample, the maximum weight that 95% of the population
would be able to lift-but not necessarily carry-can be expressed by a
linear equation: Y = 60 - X, where Y is the weight (in pounds) of the
package to be lifted and X is the width (in inches). The numerical values
of this formula provide a recommended upper limit on the design of indus-
trial or military equipment which must be lifted under ideal conditions.
If the expected conditions of use are less than ideal, or if carrying for
appreciable distances is likely to be necessary, reasonable reductions
in weight, or size, or both should be made by the manufacturer.
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SECTION I

INTRODUCTION

In the past few decades we have witnessed an unprecedented
flood of products which are packaged and moved by men. To assist
men in handling these loads all manner of trucks, cranes, dollies,
chutes and other transport devices have come into common use. But
even in this mechanized age, lifting and muscular exertion remain
very much a part of industrial activity - and so too are bodily
injuries, strains, sprains, and back dislocations.

How heavy is too heavy? It would be of great scientific,
economic, medical and actuarial value to have comprehensive weight-
lifting-ability data upon which to base a rational work code.
Weight-lifting data are, of course, preserved as records of athletic
competitions and record books show that certain individuals have
made lifts - i.e., exerted forces - nearly four times their own
weight. But such feats are extraordinary, performed by men whose
physiques and motivations place them at the extreme end of the mus-
cle-strength spectrum of the population. For most people weight-
lifting is work, not sport, and competitive weight-lifting records
are obviously unsuitable as criteria for sizing industrial packages.
Only the champions - a vanishingly small percentage of the popula-
tion - could lift such packages.

At this point some will hastily conclude that a package should
be sized to weigh what the "average man" can lift. Though this
would provide a better criterion than weight-lifting records, it
still would not be the best because, by definition, the weight the
"average man" can lift is the mid-point of a range of force out-
puts. The weaker half of the population would still be unable to
lift such a weight. Thus even the use of the "average" eliminates
too large a percentage of the working population.

The best approach to choosing the best size-weight combination
is to ascertain the full range of lifting ability of the working
population, from its strongest to its weakest member, and then adopt
the weight and size which 90 percent, or 95 percent, or even 98 per-
cent of the population are able to lift under the expected conditions.
This last phrase is important; lifting, like all human performance,
involves both individual and environmental factors.

There are many properties of a package that affect a person's
ability to lift it. Its weight, its size, the location of its
center of gravity with respect to its periphery are all of immedi-
ate importance. Other factors are the sharpness of the edges, the
number of handles, their shape and diameter, and their locations
with respect to the center of gravity. The lifter's footing - the
slipperiness of the standing surface, its roughness or solidity, and
similar external factors - may affect the situation because of the
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balance required when exerting force. Besides these, of course,
there are the several factors unique to each individual that affect
his lifting ability: age, health, basic amount of muscle mass, phys-
ical condition, fatigue and motivation.

In addition to the package itself and the lifter's bodily con-
dition, certain anatomical limitations and interactions are part
of the situation. Man's body is a complex and varied structure
whose center of gravity must remain within a given relationship
to its base (the feet) to maintain balance while lifting. There-
fore, the relationships between the lifter's structure, center of
gravity and mass, and the package's structure, center of gravity
and mass, all constitute an important complex of factors in the
design of a piece of equipment.

Structurally, the hand is a hook at the end of a cantilever
beam hinged in the middle, and the movement of any of the members
alters the center of gravity of the arm and of the body. Because
of this structure, it is axiomatic that, for one-handed lifting,
(1) the size of a package from its periphery to its handle must be
limited by the arm's length (except for very light packages that
can be swung up and managed overhead); (2) the larger a package,
the less must be its weight relative to its volume; and (3) con-
versely, so as not to overload the shoulder muscles, the heavier
a package, the more nearly its center of gravity must approach the
vertical center-line through the point of support, the shoulder.
In other words, the greater the weight, the less able the shoulder
muscles are to elevate the cantilever. This much is evident from
every man's experience.

The primary objective of the present investigation is to de-
termine by test the best combination of container size and width
that the Air Force population can conveniently lift with one hand.
Unfortunately, the detailed and time-consuming tests necessary to
establish sound criteria usually trail far behind a recognition
of the need for such data. The present tests are a case in point.
Some years ago, while HIAGSED (ref 5) was in the planning stage,
its editors desired load lift-and-carry information which simply
was not available then and could not be determined in time for
publication. Realizing that reasonable estimates are better than
no data at all, the second author simply drew on his experience and rec-
ommended upper limits of weight and size which were incorporated
into the Handbook (see HIAGSED, Vol 1, Part B.3-2.3, figure B.3-1).
These limits have remained in force ever since as the best avail-
able. They were, however, only occasional beacons in a general
gloom - useful, but incomplete. The present series is intended to
illuminate the scene by providing a spectrum of solidly-based data
for each important variable so as eventually to replace the pre-
vious estimates. Although a number of variables affect the amount
of weight that can be lifted, in this study only the variables of
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container weight and width were investigated.

The major result of this study is a formula by which the rec-
ommended upper limit of either package weight or package width may
be designed. (It may be noted that the HIAGSED-recommended upper
weight limit of 45 pounds coincides with the weight determined in
this study for a 15-inch-wide box, showing that the original esti-
mates were not wide of the mark.) In using the formula, manufactur-
ers of industrial or military packages should remember that the
tests were conducted under ideal conditions, involving no carrying,
while the HIAGSED recommendations assumed both carrying and less
than optimal conditions. In the place of the old data, designers
should of course use new data as they appear; but the new data must
be relevant, and the designer cannot avoid the responsibility to
exercise sound judgment in reducing the load size or weight, or
both, when the expected conditions of use indicate the need for it.

Future tests should be planned to establish approximate guide-
lines for the limits of size and weight for two-handed lifts of
loads with the center of gravity under the handle; for one-and two-
handed lifts whose cg is not under the handles; for one-man and
two-man loads hand-carried over specified distances; and for other
similar conditions, which may affect man's ability to work efficient-
ly.
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SECTION II

OBJECTIVES AND DESIGN OF THE STUDY

The subject sample consisted of thirty healthy male volun-
teers ranging in age from 18 to 39 years. The sample included
military and civilian employees of Wright-Patterson Air Force
Base and students from Antioch College and the University of
Dayton. The sample was random in that all who volunteered as
subjects were accepted with the exception of three individuals,
each of whom had a previous history of body injuries that might
be aggravated by heavy lifting. The subject sample was arbitrar-
ily divided into two groups of 15 men each (hereafter referred to
as Groups I and II).

All but two of the 30 subjects tested were in, or were in
training for, professional or technical work. The two individuals
not so classified were engaged in work of a light industrial nature.
Twenty-two of the subjects were, or had previously been, in the
military service. The average service career of this group was
2.3 years. The work history, physical training and athletic back-
ground of the group as a whole indicated very limited experience
in heavy lifting activities. While a few subjects stated that they
had practiced weight-lifting in a gymnasium, it was of a casual
nature as opposed to the intensive training of weight-lifters.

Various investigators have found in past studies of human
strength that a significant relationship exists between body size
and strength test scores (refs 1, 3, 9). Since the results of this
study are intended to be applicable to the Air Force population, it
is desirable to know how well the body-size characteristics of the
samples being tested compare with those of the Air Force population.
If the body-size characteristics of the one are quite comparable to
those of the other the results of the study can be generalized to
an Air Force population with reasonable confidence. And since the
USAF body-size characteristics are probably fairly similar to those
of the healthy, adult work force, the results of the study may also
apply reasonably well to civilian groups. A comparison of the body-
size characteristics of the samples and an Air Force population is
illustrated in Table 1. Unfortunately, no comparative anthropometric
data on the general civilian work force are available.

The statistics indicate that there are but minor differences
in body size between the two study groups and the USAF population.
Those Group I and II body dimensions listed in Table 1, for which
there are no comparable Air Force population dimensions, were ob-
tained so that the relationship, if any, between lifting strength,
muscle mass and lengths of limb segments could be examined.
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TABLE 1

COMPARISON OF THE STUDY GROUPS AND AIR FORCE
POPULATION IN SELECTED ANTHROPOMETRIC DIMENSIONS

Group I Group II AF Population (2)

Measurement (1) Mean SD Mean SD Mean SD

1. Age 26.20 5.44 26.67 6.76 27.87 4.22

2. Weight 158.00 13.99 167.93 21.83 163.66 20.86

3. Stature 69.45 2.28 69.38 1.88 69.11 2.44

4. Acromial Height 56.95 1.98 57.08 1.72 56.50 2.28

5. Waist Height 42.84 1.46 42.04 1.30 42.02 1.81

6. Trochanteric Height 37.90 1.84 36.95 2.99 (3)

7. Biceps Circ., Min. 11.63 0.63 12.27 1.08 (3)

8. Biceps Circ., Max. 12.46 0.73 12.89 1.12 12.79 1.07

9. Forearm Circ., Min. 10.85 0.52 11.01 0.61 (3)

10. Forearm Circ., Max. 11.39 0.57 11.43 0.68 11.50 0.73

11. Chest Circumference 35.56 1.61 37.74 2.49 (3)

12. Waist Circumference 31.93 1.95 33.57 3.06 32.04 3.02

13. Shoulder-Elbow Length 14.11 0.52 13.75 0.56 14.32 0.69

14. Forearm-Grip Length 13.97 0.53 13.74 0.48 (3)

15. Grip Reach 25.19 1.13 24.92 1.02 (3)

16. Hand Length 7.48 0.25 7.25 0.21 7.49 0.34

17. Hand Breadth 3.38 0.14 3.35 0.13 3.48 0.16

(1 )Age is in years, weight in pounds; all other values are in inches.
(2) Ref 7.

No comparable USAF body dimension.
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The test equipment used in the study consisted of five wooden
boxes of the following dimensions:

Container Height Width Length

1 10" 6" 8"
2 10" 10" 12"
3 10" 14" 16"
4 10" 20" 24"
5 10" 28" 32"

Each container had a D-shaped metal handle centered on its
top (Figure 1). The handles were of 3/8-inch diameter, similar
to those in use on many of the portable military equipments. They
were attached to the containers by a metal plate which, when un-
locked, permitted 90-degree rotation in the horizontal plane (Fig-
ure 2). This arrangement allowed the width of the container to be
shifted from one axis to another, thus placing the container at
different distances from the body without changing containers.
Test container 3, for example, was 14 inches wide and 16 inches
long; by rotating the handle 90 degrees the effective distance of
the handle from the side of the body was increased one inch.

The weight of the container was increased by addition of ei-
ther five-pound shot bags or ten-pound lead slabs, depending upon
the particular phase of the test. A hinged door on the side of
each container provided access to a compartmented insert into which
the weights were placed. This compartmented insert facilitated
positioning of the weights to maintain the center of gravity of the
load directly under the handle and prevented the weights from shift-
ing in the container during a lift.

In these tests, all subjects were bare-handed, since the wear-
ing of heavy (2-layer) gloves is known to decrease the forces the
fingers can exert in certain conditions (ref 6). Also, the tests
were conducted under reasonably ideal conditions of footing, bal-
ance, health and physical condition.

Prior to the actual tests, each subject filled out a brief
personal history form. (See Appendix II.) The subject was then
given an empty container and instructed in the manner in which he
was to lift. Each subject was told to lift using his right hand
only, witk his palm and fingers up. This grip, while not always
preferred by subjects, tends to keep the stress distributed along
the distal ends of the metacarpals, as opposed to the distal pha-
langes when an overhand grip is used. The subject was instructed
to lift the container from the floor by straightening his leg, to
pause in the lift briefly after coming upright, and then make a
biceps-flexion lift to the table top. Swinging or jerking the
container from the floor, or using the upper leg and hip to steady
the load during the lift were not permitted.
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Figure 1. Container and Insert Used in Study

Figure 2. Details of Handle Construction
The central ring holding the handle can turn 90°,
and is locked in either position by the wing-nut.
Outer ring is 5-1/4 inches in diameter; inside
dimension of handle is 3-3/4 inches. The diam-
eter of the handle grip itself is 3/8-inch.
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Following the instructions, weights were placed in the central
compartment of the containers and the tests were begun. The initial
starting weight (thirty pounds) was kept constant for all subjects.
A trial was considered successful when the subject was able to lift
the container with one hand from the floor to the table surface 30
inches above the floor. (See Figure 3.) After a successful trial,
the observer replaced the container on the floor and added an incre-
ment of weight; either five or ten pounds, depending upon how easily
the previous lift was carried out. The trials were continued until
the subject had achieved his maximum possible one-handed lift. The
score for any series of trials on a particular container was the
maximum weight (weight of container and lead) successfully lifted.
No attempt was made by the observer to influence the subject as to
the amount of weight he should endeavor to lift. There was no defi-
nate rest period for the subject beyond the time needed for the ob-
server to change the weights and reposition the container.

After the test using one size of container had been completed
the subject was allowed a five-minute rest period. After the rest
period the next series of trials using a different container was
begun. The order of the container sizes was random for each sub-
ject so that the scores for any one container would not be biased
by its order in the series. The same procedures were followed for
Group II except that the handles on all containers were rotated 90
degrees to increase the container's effective width.

Figure 3. Technique of Weight-Lifting Used in This Study
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SECTION III

TEST RESULTS

The test results reported in this section are based upon the
weight-lifting scores achieved by two groups of fifteen subjects
each. The two groups were tested under nearly identical condi-
tions, only one variable being changed. The variable which was
changed was container width. After the first group had been
tested the handle on each of the five containers was rotated 90
degrees, which increased the width of each container 2 or 4 inches.
The scores reported are the maximum weight in pounds a subject
could lift to a table top, 30 inches above floor level, in a single
trial. The horizontal distance the container was moved was kept to
a minimum consistent with the size of the container being lifted.

Table 2 presents the statistics on the weight-lifting scores
by group and container width. The means and standard deviations
were computed using small-sample techniques. The percentile values
were determined by plotting the cumulative frequencies on normal
probability graph paper and approximating a line of best fit.
Strength data are usually slightly skewed in distribution. This
tendency, along with the small size of the sample, accounts for
the differences between mean values and the 50th-percentile values.
The coefficients of variation for these data are somewhat higher
than is common for biological statistics, but are well within the
range of values reported by others who have investigated muscle
strength using weight-lifting tests (refs 4, 9).

The mean values from Table 2 are plotted in Figure 4 as a line
graph. The over-all decrement in weight lifted, as container width
was increased, is obvious. The line connecting the data points is
fairly smooth except at the extreme left of the graph. The data
points in this area appear somewhat erratic in comparison to the
rest of the data. Two scores appear high, those for the containers
8 and 12 inches in width. As both of these scores are from the
second sample tested, we might assume that it is the stronger group;
however, the rest of the data points for other container sizes do
not substantiate such an assumption.

The standard deviations of the lifting scores for Group II are
in general greater than those for Group I. The single exception is
for the 32-inch-wide container. This would indicate that Group II
probably contained both "stronger" and "weaker" individuals than
Group I. This was verified by plotting the scores on a scatter
diagram.

A second explanation would be that weight-lifting scores are
not significantly affected by container width of less than 12 inches
and, therefore, such deviations from the otherwise linear response
would not be unexpected. This interpretation, which cannot be
fully verified, appears to offer the most logical explanation of
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these data.

A regression computed from the data is plotted as the dashed
line on Figure 4. The formula for this regression line is:

Y = 78.30 - .947 X (1)

where Y = pounds of weight lifted and
X = container width in inches
SEest = 10.37

As this computation is based upon average scores, it is of
limited use in most design problems. The proper procedure is to
design equipment to the capabilities of as large a per cent of the
population as is possible. In this instance, if it were necessary
to accommodate all but the weakest 5 per cent of the population
(with regard to one-handed weight-lifting), the point of origin of
the regression line would be shifted downward by 1.65 times the
value of the standard deviation of the regression. This shift re-
sults in the equation:

Y = 61.22 - .947 X (2)

With little error, this equation can be replaced by the somewhat
simpler one:

Y = 60 - X (3)

It is recommended that formula (3) be used for most design purposes.

From the plot of equation (3) in Figure 4, one variable may be
selected gs a design criterion based upon the value of the other
variable.

The personal-history data taken on each subject (Appendix II)
were also used in the analysis of the weight-lifting scores. The
total sample was separated into sub-samples by age, occupation and
physical activity with regard to sports. No statistically signi-
ficant differences in weight-lifting scores were found to exist
among the different sub-samples.

Correlation coefficients between weight-lifting scores and the
anthropometric variables were computed but were found to be not
statistically significant for the small samples used in this study.

.
Converted into the metric system, formula (3) becomes:

140 - X
5

where Y = kilograms of weight to be lifted
X = container width in centimeters.

This formula has been selected from several conversions for its
simplicity and ease of remembrance. It closely approximates
formula (3) for widths from 10 to 25 inches.
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The partial correlation coefficient of body weight and lifting
score, with the effects of age removed, was 0.608. This appears
to indicate that body weight could be used with an appreciable de-
gree of success in evaluating or predicting weight-lifting ability.

To evaluate the reliability of the techniques and procedures
used in this study, four subjects of the original sample were re-
tested. The re-test was performed under conditions as nearly iden-
tical as possible to those of the initial test. It was found that
20 percent of the test--re-test differences were zero, 30 percent
were five pounds, 30 percent were ten pounds and the remaining 20
percent, fifteen pounds. In eleven of the twenty lifts made dur-
ing the re-test, the individual being re-tested increased his pre-
vious score for a particular container; in the remaining cases, the
re-test score was equal to or less than his previous test scores.
Using an analysis of variance, the test--re-test differences were
found to be not statistically significant. The techniques and pro-
cedures are, therefore, assumed to be adequate for the purposes of
the study.

13



APPENDIX I

DESCRIPTION OF ANTHROPOMETRIC MEASUREMENTS

1. Weight. Determined on medical scales to the nearest quarter-
pound.

2. Stature. Subject stands erect looking directly forward. The
vertical distance from the floor to the top of the head is
measured.

.
3. Acromial Height. Subject stands erect. The vertical distance

from the floor to the acromion is measured.

4. Waist Height. Subject stands erect. The vertical distance
from the floor to the constriction of the waist is measured.

5. Trochanteric Height. Subject stands erect. The vertical
distance from the floor to the superior lateral aspect of the
greater trochanter is measured.

6. Biceps Circumference (Min. and Max.). Subject stands erect
with his arms at his side. The measurement is made at the
level of the maximum circumference of the biceps muscle (min.).
Subject then flexes his forearm 90 degrees and makes a fist.
The circumference is again measured at the same level (max.).

7. Forearm Circumference (Min. and Max.). Subject stands erect
with his arms at his side. The measurement is made at the
level of the maximum circumference of the brachio-radialis
(min.). Subject then flexes his forearm 90 degrees and makes
a fist. The circumference is again measured at the same level
(max.).

8. Chest Circumference. Subject stands erect. The circumference
of the chest is measured at the level of the nipples during
normal breathing. As the circumference varies slightly during
breathing, the maximum value is recorded.

9. Waist Circumference. Subject stands erect with abdomen relaxed.
The circumference of the waist is measured at the constriction
of the waist.

10. Shoulder-Elbow Length. Subject stands erect, with his upper
arm at his side and his forearm flexed at 90 degrees. The
vertical distance between acromion and the distal tip of the
elbow is measured.

Taken according to the descriptions reported in WADC TR 52-321.
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11. Forearm-Grip Length. Subject stands erect with his upper arm
at his side and his forearm flexed at 90 degrees. The distance
from the dorsal tip of the right elbow to the center of the
clenched hand is measured.

12. Grip-Reach. Subject stands erect with arm extended laterally
from the body at an angle of 45 degrees. The distance from
the superior aspect of the bicipital groove to the center of
the clenched hand is measured. (The bicipital groove, also
known as the intertubercular groove, can be palpated on the
lateral surface of the humeral head just below acromion. The
use of this dimension is an attempt to test the body link
lengths as determined by Dr. Wilfrid T. Dempster in ref 2.)

13. Hand Len th. The subject's hand is extended with the palm up
(supination). The distance from the proximal edge of the na-
vicular bone to the distal tip of the third phalanx is measured.

14. Hand Breadth. The subject's hand is extended, with the palm
up (supination). The distance across the maximum breadth of
the distal end of the metacarpales is measured.

.

Taken according to the technique reported in WADC TR 52-321.
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APPENDIX II

TEST PROCEDURE

Subject Information Sheet

The purpose of this study is to determine the amount of weight
which can be lifted in containers of varied physical size. The data
are to be obtained on a sample approximating the Air Force population,
and are to be utilized in the design of optimally-sized "black boxes"
for use in Air Force operations.

The first phase of this study is designed to determine the opti-
mal weight and configuration of electronic packages that require
lifting with one hand. Complete instructions as to test procedure
will be given by the observer in charge of the test.

Great stress is placed upon impressing on the subject that he
is not to strain or otherwise dangerously over-exert himself. The
test does not constitute a contest and results will not be made known
as individual scores. The problem here is to ascertain optimal
rather than maximal capabilities under normal conditions of lifting
heavy weight. The subject must not under any circumstances attempt
to lift more weight than he feels may be handled without discomfort
or pain.

Any subject who has functional limitations such as hernia,
hemorrhoids, current and previous back injuries or related disorders,
is requested to make this known to the observer.

In addition to the test, subjects will be requested to fill out
a brief personal history form and be measured anthropmetrically.
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Weight-Lifting Study---Test Form

Name Date
Date of Birth Age Race Marital Status
Birthplace Longest Residency
Length of time in service
Principal duties
Previous Occupation
Current physical training, sports or exercise

Previous physical training, sports or exercise

Body Measurements

Weight Chest Circ.
Stature Waist Circ.
Acromion Height Shoulder-Elbow Length
Waist Height Forearm-Hand Length
Trochanteric Height Grip Reach
Biceps Circ. Hand Length

(Min. and Max.) Hand Breadth at
Forearm Circ. Metacarpale

(Min. and Max.) Grip Preference

Weight-Lifting Study---Test Form

Subject

Test 1 Date Time to

Configuration Remarks Max. Lifted Weight

1
2
3
4
5

Retest 1

Configuration Remarks Max. Lifted Weight

1
2
3
4
5
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