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INTRODUCTION

Man is limited in manual material handling by both his skeleto-
muscular system and his cardiorespiratory system. The skelto—-muscular
system limits the amount of weight that he can handle at infrgquent in-
tervals. The cardio-respiratory system, on the other hand, limits the
amount of weight if the task is frequent. An important aspect of all
weight lifting operations is the risk of structural injuries -- in
particular to the skeleto-muscular structure of the back. Much at-
tention has been given to the problem of back-injuries and there are
numerous publications available on the subject. However, most of them
deal with repetitive lifting. In the United States, the problem today
is injuries due to occasional peak loads. The percentage of industrial
injuries due to lifting has remained constant for the last two or three
decades. In order to analyze the effects of forces and torques on the
spine when a lift is made and thereby to establish séfety standards for
different percentiles of the population, it is essential to know how
different variables in lifting are related to the variocus forces, torques

and accelerations involved.



LITERATURE REVIEW

Industrial Accidents

According to a study made by Brown (1958), approximately 25 percent
of handling accidents are due to lifting. Peres (1964) stated "in most
comtries, agbout one third of ali compenéible industrial injuries arise
from incorrect handling of materials”. Troup (1965) stated '"manual
handling accounts for 25 percent of all reported industrial accidents in
the United Kingdom and 34 percent in France". Bond (1970) commented
that every year about 2 percent of all employees will have a compensible
injury. Snook, Irvine and Bass (1970) reported that 24 percent of all
"high cost workman's compensation accidents" compiled by Liberty Mutual
Insurance Company were associated with manual material handling. Brown
(1971) reported, from the records of Workmen's Compensation Board, Ontario,
that back injuries were 24.87 of all reportabie injuries for the period

1964-19638.

Back Injuries

Wayne (1954) and Ruseck (1955) made statistical inquiries and
established that there was a high number of back injuries in tasks in-
volving weight lifting. According to Morris, Lucas and Breasler (1961),
Nachemon (1962) and Armstrong (1965), injuries to the spine in lifting
seem to be concentrated on the vertebral bodies, intervertebral discs
and soft tissues (muscles and ligaments). Similarly, Thieme (1950),
Perey (1957) and Sonoda (1962) investigated the effect of injuries on

the general anatomy of the body. Fine (1966), Chaffin (1967), and



Chaffin and Baker (1970) developed mathematical models to study the different

parts of the spine affected by different forces involved in lifting.

Varying Recommendations

The laws and recommendations for weight 1lifting vary in different
countries and states both for adult males and females. The International
Labour Office (Muchinger, 1962) gave the maximum permissible weight for
"occasional lifting with straight back'" as a surprising "880 1bs for 0
degrees of trunk inclinmation and 110 1lbs for 90 degrees of trumnk inclin-
ation" for males and "528 1bs for 0 degrees of trumk inclination and
66 1lbs for 90 degrees of trunk inclination" for females. Peres (1964)

recommended maximum load for male adults in the U.K. as 130 pounds.

Bending Vs Squatting

Two types'of lifting are generally used -- a "bend" and a "squat".
"Bend" is defined as bending over from the waist, with the legs kept
straight at all times, lifting the weight, and placing it on a shelf.
"Squat" is defined as liftigg by bending the knees and keeping the back
relati;ely straight (See Fig. 1).

A "squat" is the lifting method recémmended by most authors and
researchers. Anderson (1951) has suggested "when the trunk is erect
and straight, the spinal joints are stabilized and the resistance or
weight to be lifted by the spinal lever is more directly over the fulcrum.
The spine should be straight when it takes the load to avoid back strain".

Munchinger (1960) stated that to prevent back injuries, loads should be
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Effact on the lurbar intervertebral discs when

Fig. 1. e 5es
1iftine in {(a) 'bending® position and (b} "souatting!

position.



raised smoothly from a squatting position with the upper part of the
body erect and the back filat. He found that in bending a pressure of
300 kg on the 5th lumber intervertebral disc is induced by an average
upper body weight of 45 kg. and lever arm of the bent trunk amounting to
about 35 cm. Thus, high pressure develops on the periphery of the disc
and increases the risk of rupture (see Fig la). When the same operator
lifts a load of 50 kg, the disc pressure reaches 700 kg. On the other-
hand, in squatting the pressure is equally distributed and the danger
of accident is reduced (see Fig 1b). Similarly, McFarland (1969) has
concluded "Leg 1lift, ﬁith back vertical and knees bent, affords a stronger
vertical pull than back 1lift, and entails much less risk of injury".
Stueve (1968) studied the physiological cost of lifting and lowering
a 25 pound tote-box. -Three orthogonal forces were measured by a force
platform for bending versus squatting. For the lifting procedures
studied, Stueve found that the physiological cost is less for a bending
manner than a squatting manner., He also concluded that the physiological
cost for lowering an object was greater than for lifting it. lWhile most
researchers advocate the squatting manner for lifting, a few doubt
its supremacy over the bending manner. According to Brown (1972), "workers
prefer to use some method which is more suitable to their own physical
strength and physical anthropology. ... for small weights up to 20-30
pounds the manner of lifting would not appear to be dictated by the
weight 1lifted"., Jomnes (1971) also questions the sole use of the straight

back lifting method for it causes unnecessary fatigue. "However'", Brown



concludes, "for objects weighing more than 50 pounds, it would appear that
the only way possible from a physical mechanical point of view, is with bent
legs and a straight back, for this task only but not necessarily for a

static lift from the ground".

Repetitive vs Occasional Lifting

Most of the work done in the field of lifting concerns repetitive
lifting. However the problem today in the U.S.A. is not injuries due to
repetitive loads but occasional peak loads.

Whitney (1958) conducted a study on the maximum isometric lifting
force by varying the distance between feet and frontal plane through the
grasp axis. He concluded that maximum lifting force decreased with the
increase of this distance. Switzer (1962) studied the capabilities of
human males for lifting weights to three different heights using three
different positions. The weight limit decreased significantly with in-
creased height but no significant lifting differences were found for the
three lifting positions. Snook and Irvine (1965) investigated méximum
weight and workloads for performing different tasks such as lifting,
lowering, pulling and pushing without strain or discomfort. Damon,
Stoudt and McFarland (1966) concluded that less powerfully built persons
can be more efficient in performing repetitive lifting tasks. Kamon
and Belding (1971) reported 33 lbs to be about the limit for repetitive
handling of bulky loads. Snook, Irvine and Bass (1970) used heart
rate and subject determined loads as criteria for lifting.

Larau (1957) studied lifting in France with a three.axis force plat-
form. Peak force was 45 kg for a 5 kg load, 70 kg for a 15 kg load and 85 kg

for a 25 kg load. Morris, Lucas and Bresler (1961) showed the importance of



the intra-abdominal and intra-thoracid pressures —-—- especially for dynamic
loading of the spine such as occurs at the beginning of the 1lift when ac-
celeration takes place. Zajaczkowska (1962) used photography_to study ve-
locity and acceleration as a function of skill. He concluded, "skill in
lifting consists of a progressive shift in the éirection from constant ac-
celerations to constant velocities. ... In terms of force, the contention
that skill in lifting consists of reducing acceleration to zero can be re-
stated in the propoéition that the skill consists of in using force equal
to the force represented by the lifted weight for sometime during movement".
Nachemson-(1965) reported that the load on the lumbar discs, when the effect
of increased intra-abdominal pressure is taken into consideration, is con-
siderably less than was thought. Konz and Day (1966) proved that the force
for a task had two components: (i) force due to the task and (ii) force due
to the body position. Groh, Thos and Baumann (1967) studied the effect of
various angles of lifting on load of the fith lumbar diéc. Chaffin (1969)
reported on a biomechanical model of lifting in the sagittal body plane.
Chaffin and Baker (1970) developed a compuéerized model of lifting with
eight solid links representing the major body segments. Poulsen (1970)
gave a formula to predict lifting ability; she stated the correlation
between maximum load and body weight was low (r less than 0.2) but r

was 0.7 for load versus back muscle strength; she also noted that the re-
gression lines for men and women were different with men being able to

lift heavier loads than women for the same measured muscle strength.
Poulsen and Jorgensen (1971) gave two formulas: for men, maximum load

to be lifted is equal to 1.10 (isometric back muscle strength); fﬁr women

maximum load to be lifted should equal to 0.95 (isometric back strength)



minus 8 kg. Tichauer (1971) used a one-axis force platform in combination
with electromyography and photography and concluded that weight/bulk of
the object lifted is a major determinant of the severity of the lifting
task, Martin and Chaffin (1972) evaluated lifts, pushes and pulls over

a range of body positions with a nine link model.

As can be seen from the above, experiments have been done using two
types of criteria. "Endurance oriented" criteria have been used mostly.
The other type is "biomechanical". Maximum stress is more relevant for
a safety oriented study than is the average stress. Average stress is
more relevant for an endurance or energy oriented study. Thus, maximum
or peak output was used as the criterion in our experiment of lifting

and lowering.



PROBLEM

In order to find the limiting conditions of stress on the spine for
safety in any lifting and lowering task, the major lifting variables must
be explored. A mathematical model employing a set of equations may be de-
veloped to predict stress on any part of the body (say lumbar discs) for
a particular task, after all the major lifting variables have been thorougly
investigated. Lifting variables can be placed into three major categories
— task, individual and technique. Task variables include object weight,
original location of the object to be lifted, load size, load rigidity and
density, handles and symmetry of the 1lift. Individual variables include
body weight, height, sex, age and physical fitness. Technique variables
include back position, hand position, foot position, acceleration of body
(slow, medium and jerky), distance of the body centerline from the load

.and subject training.

Konz, Dey and Bennett {(1971) investigated the effect of the task vari-
able (by changing the weight of load, distance of load from heel and angle
of tarn) on lifting. They found that the average peak vertical force did
not triple when the object weight was tripled; the vertical force was 47
lbs., with a load of 11 1lbs and 54 lbs; with a load of 33 lbs. It was
concluded that the weight of the body must be considered in addition to the
weight of the object. The results also emphasized the importance of ac-
celeration. Perkins and Konz (1973) investigated the individual variable
(by using 10 subjects, each representing one decile of the distribution of
heights of male U.§. adults for the same task) and concluded that welight

squared was the best single predictor of peak lifting force (r=.61 for
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vertical, .36 for frontal and .70 for lateral).

Whitney (1958) emphasized '"that foot placement is the most important
variable affecting the magnitude of the maximum lifting force'.

Tichauer (1971) showed that torque was the true index of task severity.
Brown (1972) commented that "a back injury may result equally well from
lifting a pencil or a hundred pounds, and in this connection it should
be stressed that it is not the weight which is important but the manner
in which this weight is lifted ....". From above, the importance of
technique is pointed up.

To supplement the work done by Konz, Dey and Bennett, this study
déalt with the invéstigation of effect of two aifferent foot positions
— feet parallel and left foot leading (see Fig. 2 and Fig. 3 respectively).
The effect was investigated both when lifting (or lowering) involved a
'45 degree turn of body' and a 'O degree turn of body' (see Fig. ‘4 and
Fig. 5 respectively). As acceleration had been established to be of great
importance, its effect on vertical forces was analyzed. Finélly, another
purpose of the study was to find the moment when the force {(or torque) was
a high peak and hence to locate the "critical" elements of 1lifting in the
force-time history or torque-time history.

The 'distance' between the center of the load and the center of
gravity of the body was kept constant. The center of gravity of the body
while standing erect was assumed to lie in the vertical plane passing
through the center of the two ears of the body (Asmussen, 1960).

The 'weight' of the load lifted by the subject was aiSO kept con-
stant.

The individual variable of 'body weight' was kept constant as far as

possible by choosing subjects whose weight fell between the 40th and 60th
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Fig. 2. Parallel feet (top view),
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Left foot leading (top view),

Fig. 3.
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percentiles of the weight of the U.S. adult male population.

The 'angle' of rotation (amount of turn the spine rotates through
during the task) was 0 degree and 45 degrees to the right.

The forces which were measured were vertical, laterél and frontal.
The torques were twist, somersault and cartwheel. The forces and
terques along and about the three orthogonal axes are shown in Fig. 6,

The vertical force acts along the vertical (Z) axis which is per-
pendicular to the plane containing the feet. The vertical force in the
upward direction is considered as positive.

The lateral force acts along the lateral (X) axis which lies in
the pl#ne paséing through the shoulders. The lateral force in the
direction of the left side of the subject is considered as positive.

The frontal force acts aleng the frontal (Y) axis which is per-
pendicular to the plane passing through the shoulders. The frontal force
in the front direction of the subject is considered as positive.

The twist torque is the torque acting about the vertical (Z) axis.
It is considered as positive when it acts clockwise about that axis.

The somersault torque is the torque acting about the lateral (X)

" axis. A clockwise somersault torﬁue about its axis is coﬁsidered as
positive.

The cartwheel torgque is the torque acting about the frontal (Y)
axis. A clockwise cartwheel torque about its axis is considered as
positive.

The vertical acceleration acts along the vertical (Z) axis. A

vertical acceleration in the upward direction is considered as positive.
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This assumption is made because an acceleration in the upward direction
adds to the gravitational pull and hence tends to increase the total
force on the body. A corollery to this assumption is that deceleration
in the upward direction is negative and likewise deceleration in the
dovnward direction is positive.

All the forces and torques and in particular the accelerations
were investigated in an attempt to define and establish their nature

and their behaviour for a typical lifting and lowering task.
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METHOD

Experimental Arrangement and Task

The apparatus for the experiment consisted of the following:

A. A force platform.

B. A linear accelerometer.

C. Three two-channel oscillograph recorders.

-D. A one-channel dynograph recorder..

E. A platform for the load at the start of lifting.

F. A shelf for the load at the end of the 1lift.

G. Standard weights in pounds.

H. A tote-box.

I. A stop watch.

J: A chatss

K. A video-tape recording set and monitor.

The force platform used was a six axis force platform (Hearn and
Konz, 1968). The platform was calibrated at the beginning of the experi-
ment.

A general purpose linear accelerometer (Entran Devices) was useﬂ to
measure the acceleration of the tote box in the vertical direction. The
range of the accelerometer was + 10g. Fig. 7a shows an output for ac-
celeration while lifting a tote box with "feet parallel and 45° turn of
body". |

The three two-channel recorders were used to record forces on the
three orthogonal axes and their associated torques. The force (or torque)
trace originates from an estaﬁlished "zero" or "datum" line and deviates

up or down. The distance deviated is directly proportional to the force or



PHINTED IM U.S.A.

Pig, 7. Outputs from recorders for {2) vertieal acceleration and
{b) vertical force and cartwheel torgue.
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torque enerted in the specific plame. It, when multiplied by the proper
calibration factor, gives the actual force or torque.' Fig. 7 shows a
sample output for vertical force and cartwheel torque while lifting
with "feet parallel and 45° turn of body". )

A one-channel recorder with_a strainfgauge coupler was used to
record the acceleration. |

Fig. 8 shows the dimensions of the experimental situatioms. To avoid
shocks to the accelerometer (a very sensitive and fragile instrument),
padding was provided on the top of both the load platform and the upper
load shelf.

Standard weights from 1 to 20 1bs were added on the platform in
case the subject weighed less than the maximum weight of 170 1bs for
which the platform was calibrated.

A tote box with dimensions 16.5" x 13" x 6" was uséd in the éxperi—
ment. It was filled with sand to 11 1bs. The.stop watch was used to
measure the rest interval between conditions of lift and lowering.

A chair was used for the subject to rest on after he had finished
lifting for one condition.

A video tape recording set consisting of a camera, a videocorder and
a monitor was used for recording the task and showing it to the subjects
before the start of the experiment.

The task was to 1lift and lower the tote box through a vertical height

of 30" using a squat lift while standing on the force platform. The subject
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assumed tﬁo different foot positions in lifting -and lowering:

1) '"parallel feet' while keeping the feet 9" apart (See Fig. 3)

and

2) "left foot leading" such that the toe of the right foot was

aligned with the front of the heel of the left foot (see
Fig 4).

The second variable was the angle of turn of the body. Keeping the
feet stationary, the subject lifted and lowered with

(1) "0 degrees turn of body" ie. straight ahead (see Fig 5) and

(2) "45 degrees turn of body to the right" (see Fig 6).

Iﬁ each case the subject stood such that the feet were 9" apart,
center to center and also that the center of gravity of his body passed
through the cgnter of the force platform. The center of gravity of the
body while standing erect was assumed to lie in the vertical plane passing
through the center of the two ears of the body. Forces and torques were
measured along and about the three orthogonal axis respectively and ac-

celération for the tote box was measured in the vertical direction.

Subjects

Eight male students between the 40th and 60th percentile of weight
(152 1bs - 168 1lbs) of the U.S. adult male population performed the task.
An effort was made to insure that the subjects were between the 40th to
60th percentile of height (68" - 69.5") of the U.S5. adult male population.
However, they varied between 69" and 70.5". The subjects were of fairly
medium build. The subjects were paid $5 for the experiment. The anthro-

pometric data of the subjects is given in Table 1.
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Table 1. Anthropometric Data of the Subjects

Sub. Age Weight Height
No. (years) (lbs.) {inches)
1. 18 157 69
2. 21 , 167 70
3. 21 162 70.25
4. | 19 152 70
5. 23 153 69
6. 20 160 70.5
7. - 23 155 - 69.75

8. 26 164 70
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Experimental Design

The two variables investigated were angle of turn of body and foot
position. There are four combinations of these two parameters for lifting
and same four for lowering (see Table 2). Each combination was called a
condition. The sequence of the four conditions was randomized differently
with each subject, with the constraint that each of the four conditions ap-
pears twice in each position (see Table 2 ). This was achieved by using
two latin squares.

Each subject lifted and lowered four times at each condition in the
first set of trials; the sequence was mirrored for the replicate set of
trials (see Table 2). Thus there were eight observations per subject for
each condition for lifting and eight observations for lowering. Different
peaks were calculated for each lift (or lowering). The mean of the cor-
responding eight peaks was the criterion in each condition (for each force,

torque or acceleration).

Experimental Procedure

The experiment was performed in the Human Engineering Laboratory at
Kansas State University.

A weight of 170 pounds (weight of the heaviest subject expected) was
placed on the force platform and the calibration of the force platform
was then done for the one hundred and seventy pounds weight. Each subject
was weighed and his height and age was noted. Before he performed the
experiment, additional weights were placed on the platform to bring the

total weight on the platform to 170 pounds. This eliminated the requirement



Table 2. Sequence of Conditions*

Subject no First set of trials Replicate set of trials
1. 2 4 1 3 3 1 4 2
2. 3 2 4 & 1 4 2 3
3. | 3 2 4 4 2 3 1
4., 4 1 3 2 2 3 1 &
5. 2 1 3 4 5 3 1 2
6. 1 2 4 3 4 2 1
7. 3 4 4 2 2 1 4 3

8. : 4 3 2 1 1 2 3 4

% 1 = Feet parallel; 0 degrees turn

2 = Feet parallel; 45 degrees turn
3 = Left foot leading; 0 degrees turn
4 = Left foot leading; 45 degrees turn



26

of adjusting the transformers for each individual subject's weight. By
calibration with known weights, the scale factors, which give the amount
of force in pounds/millimeter of deflection on the output paper for the
force axes and the torque in inch-pounds/millimeter of deflection on
the output paper for the torques axes, were determined for each axis.

The dynograph recorder was calibrated for the acceleration given
by the accelerometer. The control panel knob was put in the 'OPERATE'
position and the accelerometer was rotated through an angle of 180° about
its lateral axis. This gave a deflection in millimeters which represented
2 g (ie. 64.4 ft/secz) of vertical acceleration. The calibration was then
done accordingly.

The task was explained to the subject on the television screen with
the help of a pre-recorded video-tape. He was then orally instructed about
the task and any questions were answered. For all conditions the
subject had to squat; that is, he started with a particular foot position,
bent his knees while keeping the back as straight as possible, grasped the
box with both hands, straightened up while he kept his back straight as he
lifted and placed the box on the upper load shelf. An event marker was
used on the oscillograph recorders to mark the occurance of two events:

A) When the subject just grasps the tote box and picks it up (see Fig. 9

for condition 2) and B) when the subject just releases the tote box

(see Fig. 10 for condition 4). This was done both in lifting and lowering
in all trials and in all conditions. The subject was told to 1lift and

lower in rhythm and to avoid jerks. Two or three practice lifts and loweringg

were allowed before the data was collected for the experiment.
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The subject rested standing for 15 seconds between each of the four
1ifts or lowerings at each condition and for 180 seconds sitting between
conditions. The replicate set of trials was performed 180 seconds after
the first set of trials was over. The rest conditions were the same as
in the first set of trials., The experiments on eight subjects were run

over a period of 7 days.
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RESULTS

One of the major purposes of the experiment was to develop the
graphical patterns of the forces, torques and accelerations involved
in the body both for lifting and lowering. Curves were developed for
vertical acceleration, vertical, lateral- and frontal forces and cart-
wheel and somersault torque for each of the four conditions. Values
were averaged over the eight trials of a representative subject (subject 7).
Due to a malfunction in one recorder, twist torque was not recorded arnd
hence no curves were developed for it.

The curves for acceleration are shown in Fig 11 and Fig 12. The
maximum upward acceleration while liftingoccurred at peak "%" (86%
of the trials 'in condition 1, 69% cof the trials in condition 2, 86%
of the trials in condition 3, and 847 of the trials in conditiom 4;

see tables 3 through 10). The maximum downward acceleration while

lowering occurs 41% of the trials at "f" and 31% of the trials at "e"
in éondition 1, 48% of the trials at "f" and 37%Z of the trials at "e"
in condition 2, 44% of the trials at "f" and 37% of the trials at "e" in
condition 3 and 39% of the trials at "f" and 30% of the trials at "e
in condition 4, For the remainder of the trials peaks "e" and "f" made
one common peak. For lifting peak "L"occurred about 1.5 seconds after
the start. For lowering peak 'a'occurred about 0.9 seconds and 'f'

about 1.7 seconds after the start. All values of acceleration for the

representative subject are given in Table Al through A4 in the appendix.
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TAdLE 3

PEAK VALUES Pt ARCHLFRATION TN FELT s SFC,

SQUARE

DURING LEFFING IN ConnIT IO L
- 1 T s

FIRST  SET REPLICATE SET GRANN

PEARS SURJIFLTS 1 2 3 & 5 & 7 . MEAN MEAN
SUSJECTL  17.00  22.00  26.00  1%.93  20.00  19.20 20,00  28.00 20,27
SUBJECTZ 14403 16,00 17,00  18.00 14,70  20.00 14,90  LA.0D 1648
Createst  SURIECTI  19.00 16,50 2100 15.00  29.50 26,00 13.10 16,00 19.39
of SURJECT4A 13,00 16400  20.00  16a00 19,00  15.00  14.00  18.80 16.60
Fien SURJECTS  13.00  13.00 13.00 12,60 12.50 12,00 13.30  14.06 12.44
SUBJECTS 9.00 16400 13,00 14,00 16400  22.50  25.00  26.00 17,64
SUBJECTT 11,00  16.00  17.50 7.0 1500 14400  18.00  17.80 14.54
SUBIECTS  15.00  16.50 2000  12.00  14au0  18.00 1803  15.00  15.50

MELN 14050 16046 17,91 13.38 1759 1809 15,39 18.45 16258
SURJECT] 12,00 19.30  17.00  15.00 15,00  14.00  15.00  15.00 15.41
SURJECTZ 15,00  14.00 16400  12.80  12¢20  12.00  12.80 1430 13.70
SUSJECTI 1400  11.00  11.60  12.00 9.30  10.20  11.00  11.80 11.29
Oreatest (8JECT® 18,00 10200 10,00 17.00 15,00 10,32  10.00 12,00 i2-13
o SURJECTS  13.90 9,00 B.00 1.00 9.00 9.06 8.00 9.00 8.53
e SURJSECTE  1ue00  12e30 13400  15.50  14e00  l4eC0  11.80  17.00 - 13.31
SUBJECTT  15.50 1209 8200 14400 14280  14.50  16.00  18.00 14.09
SUBSECTA 1200 14,09 19400  16.00 14200 1200  18.00 14,00 1623

®EAN (3.8 12486 12013 13.16  12.8% 11.84 12,63 13.85 12.92
SUBJECT1 650 “on 5,00 .00 6.00 .80 4400 5.20 5.62
susJECT2 1.80 6.0 8.00 6-50 4420 .80 3,80 420 5,29
SUSJELTE 6.03 4203 4,20 3.83 4.00 6200 3440 3.80 4,45
SURECTS  10.09 3.00 400 4.00 3480 5. 80 1,00 4.00 470
* SumJECTS 2,00 3.00 1,56 3.00 7.80 4200 1.00 5.00 3.29
SUBJECTS 5030 5.6 4400 2.00 .80 5400 6.50 2.80 hath
SUAJECT? v.3a 6200 8000 .00 .00 4,30 £.00 3.00 .00
SuasECTs 2o %203 9.00  6.00  5.80 3.00 2.00 2,00 4,20

MEAN 5.6Q 4.4z c.84 P T 5.05 4.2} 1,75 474
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TABLE 4

PEAR VALVUES nF AFCFLFEIATIOAN IR FEET 7 SEC, SOQUARE
DURING LOWMR [NG [N CONDITINY 1

L 0 " E I [ s

FIRST SET REPLICATE SET GRAND

PEANS  SUBJFITS ! 2 3 . 4 5 3 7 8 MEAN EAN
SURLECTL 6400 5,00 5.00 8.00 8,50 7.00 7.50 7.00 5475
SUBJIECTZ 14400 7.00 iz.20 7.50 9.00 9.80 7.00 B.00 9.29
QOreatest sgpgjeECT3 11.00 12.00 5.00 8.00 10.00 7.00 8.00 10.00 8.88
of SUBJECT4 8.00 6400 7.00 5.00 T.00 8.00 8,00 T.00 7400
2, b, 8 susJECTS 5.80 3.80 6,00 5.00 2.00 3.50 3.00 2.00 1,89
SURJECTS 8,00 12.00 12.00 8.80 10.00 2.00 750 7.00 ?.26
SUBIFCTT 3.00 5.50 10.50 12.00 8.00 8.50 5.00 8.00 T4
{BIECTA 4.00 8,00 3.00 %450 450 2.00 4400 Ss00 $.25

mEAN 8.10 7.16 T.56 7.35 T.28 8.72 5425 6,75 7al8
| swagECT) 12.00 15.00 16.00 16.00 16.00 16.00 16,00 16,00 15,112
SUBJECT2 11.00 14.50 16.00 16,00 13.00 16,00 12.00 14.00 14.19
SUBJECT3 18,00 18,00 15.00 13,00 16.00 18.00 16200 iz.0C 15.75
Erealwel  gyayECTS 10.50 12.00 13.00 12.50 10.00 11.30°  10.00 11.00 11.35
of SUBJECTS 7.50 9.00 8.00 7.00 8.00 9,00 7.80 8.00 7.94
dy 8, I supszCTs 14200 15.00 15.00 18,00 15.00 16.00 13.80 15.00 15.60
SUBJECTT 13.50 18,00 20,00 11.00 12.00 14,00 14,50 15.00 18,75
SUBJECTS 15.00 14,00  14.00 12.00 1z2.00  1g.00 10.00  11.00 12,13

MEAN 12.31 14,44 15.00 13.19 12.75 13,75 12.54 12.75% 13,34
SUBJECTL 10.00 16.00 17.00 20.00 18.00 16400 16.00 18400 16,38
SUBJIECTZ 10.00 10.00 760 7.00 Se 00 8a40 13.00 11.20 8.65
SURJECT3 10.50 8.00 7.00 9.00 12.00 12.50 8.00 10.00 3.4
Graatest syguecTs 8,00 8.00 12.00 14.00 9.00 12.00 13.00 9.00 10.63
or SUBJELTS 9.00 9.00 10.00 8,00 11.02 8.50 10.00 7.00 9,06
g by 1 syBrECTS a.00 11.00 15.00 12.60 10,60 10.80 14,00 12.00 11.72
SUBJECTT 11.00 4.00 6,00 3.00 9400 8,00 1.00 8.05 7.88
SURIECTR Jed 10.09 AatG 10.95 ILTI0 S.00 A3 3.00 2.00

MEaN a,594 9,75 10,32 11.0% 10.00 10.65 18.75 10.52 19.24
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TABLE S

PEAK VALUES NF ACCELFRATINN IN FEFT / SEC. SQUARE
DURING LIFTING IN CCNDITION 2

L 1 F T s :
FIRST SET REPLICATE SET GRAND
. PEAKS  SURJECTS 1 2 3 L} 5 6 T a MEAN MEAN

SURJECTL 11,00 16.50 15,00 22.00 22.00 16.00 20.00 22,00 1B.06
SUBJECT2Z 16.C0 17.00 24.00 20.00 20.80 26,00 24.00 19.50 20.91
SUBJECTY 26400 2T.00 23.00 20.00 24.00 14.00 18.00 17.60 21.20
Greatsst SURJECTS 18.30 14,20 29.00 14.00 12.00 14.00 18.00 22.00 16.50
of SURJECTS 1l.00 9.00 9.00 10.00 11.00 14,00 12.00 14.00 1142%
1, mn SUBJECTSE 18.00 20.00 16.00 18,00 22.00 22.530 20.20 29.00 20.69
SUBJECTT . 11.20 14,00 14.00 12.00 14.00 15,50 18.50 16.00 14,38
SUBJECTS  15.20 17,00 24,00  16.00 12,00  16s00 18,00  13.00 16,40

MEAN 15.77 16.81 18,13 16.50 17.22 17.25 18.56 19,14 LT.42
SUBJECTL 12.00 12.00 T.50 T«50 15.00 16,00 16.50 18,00 13,086
SURJECT2 12.00 12.00 12.20 12.40 13.00 10.80 12.00 13.50 12.21
SUBJECT3 ’ 14.00 11.00 11.00 13.00 13.00 13.00 15.50 10.00 12.56
(Oreatast l SURJECTS 13.50 13.00 %.00 10.00 12.00 10.20 13.80 12.00 11.66
of SUBJECTS 12.00 4,00 83.00 8.00 10. 00 8.00 6,00 10.00 B8.50
9, Py SUBJECTE 12.00 10.00 12.50 16.30 15.20 14,00 16.00 13.00 13.59
SUBJECTT 11.20 14.00 8,00 14,00 11.50 12.00 156,00 l.!_-OO 12.44
SURJECTB .13_..11'_) 19.00 16.00 12.00 16,00 11.00 10.00 12.00 13.63

B MERN 12.44 12.13 10.50 11.61 13.21 11.85 13.22 12.69 12,21
) SUBJECTL 6.00 6.00 5.00 %5.30 4.00 3.00 4.00 6.00 4.91
SUBJECT2 6,00 2.80 3400 ) 2,00 1.00 5.00 6,80 4o B0 417
SUBJECT3 ) 6420 6.00 2,00 5,00 3.20 2.20 2.20 2.00 3.60
SUBJECTS . A 6.00 .50 " 4,00 6,00 5.50 3,50 4.80 12.00 5. 79
’ SURJECTS 2.80 2420 3.0 3.00 3.00 2.00 2.80 4.00 2+95
SUBJECTS 6,00 5.00 6.00 4.00 5.00 3.00 600 5.00 5.00
SUBJECTT 3.50 3.00 4.00 4. 00 5¢50 4.00 5.00 4,00 4.17
SUBJECTE 2,89 3.0 £.00 3.00 4200 3,00 4,00  3.00 3.85

MEAN 4496 .06 4o 22 4e 29 4.15 3.21 4a%S Se 10 4e3l



TABLE &
PEAX VALUES NF ACCELERATIAN [N FFET /7 SEC. SQUARE

DURING LOWERING IN CONAITICN 2 *
L Q W E R 1 N G S
FIRST SET REPLICATE SET GRAND
PEARS SUS JECTS 1 2 3 % 5 -3 7 ] WME AN MEAN
SURJECT1 6.00 S.00 6.00 4,80 6. 00 " T«80 8,00 ’ 8.00 G245
SURJECTZ 12.00 $.70 10.00 12.00 12.00 5«50 10.00 8,20 Q.42
SUBJECT3 10.C0 11.00 8.00 6.00 10.00 a.nq 6280 8.00 BakT
SUBJECTS 4400 6.00 9.00 6.00 4400 4o BO 4. 00 6.00 5.4T
of SUBJECTS 4.00 4,80 3.80 2.00 4450 3.50 3.20 6.00 3,97
b, SURJECTS 11.00 8,00 8.00 10.00 12.00 12,00 11.00 12.00 10.63
SURJECTT T.00 7.00 6.50 8.00 T.50 6.00 T«00 4.00 6.88
SUBJECTS  S.60  6.80  3.50 2,00 2:50 400 9.0 2,00 4.8z
MEAN Tok5 &.T9 5.85 635 Tahs GabS Ta37 T.02 6.97
SURJECTL 18.00 12.00 12.00 12.00 16.00 16.00 14,00 12.00 14,00
SURJECT2 22.50 16,00 12.00 10.50 16.00 11.00 10.80 8,80 13,20
SUBJECT3 i8.00 15.00 13,00 12.00 11.00 11. 70 13.00 18.00 13.96
Greatest SUBJECTS 8.00 10.00 11.30 10.00 10.00 14.00 10.00 10.00 ° 10.38 -
of SUBJECTS 9.50 T.80 8.00 10.50 8.00 . 8400 T-B80 9.00 8.57
4, 8 2 SUR JECTS 15.00 14,00 14.00 13.80 16,00 18.00 16.00 14,20 15.12
SUBJECTT 14,00 13,00 17.00 13.009 13.50 17.00 13.00 15.00 lbakdh
SUBJECTS EE::? EE:EP EE:ES 15.00 10.00 EE:E? 5129 12:22 . 11.31
% EAN 14.4% 12.22 12.50 12.10 12.56 13.46 11.57 12.12 T 12862
SUBJECT1 16.00 15.00 12.00 12.00 14,50 14.00 13,00 11.00 13.44
SUBJECT2 11.02 12.00 10.50 10.50 11,00 8.00 12.00 - 9.50 10.56
SUBJECT3 13.39 12.00 10.00 14.00 12.80 10.40 10.00 14.80 l 12.12
Oreatest SUBJECTS 9.00 . q.ﬂd 9.00 10.590 10.00 10.00 9.00 12.00 9.81
of SURJECTS 10.00 8.00 500 5. 00 10.0C 9.00 9.50 8,00 8,31
€ by 1 SURJECTS 10.00 11.00 13.00 10.580 13.00 16,00 14.560 16.00 13.02
SURJECTT 10.00 12,00 10.50 9.00 TS50 950 10.00 12.00 10.06
SURJECTS 9.0  13.00 18,00  12.00  10.00  8.00 1050  9.00  10.69

MM E &N 11.20 11.590 13.63 10.57 1l.10 10.£1 11.07 11.54 11.00




TABLE 7

PEAK VALUES OF ACCELECATION 1w FEET /

DUYRING LIFTING 1% COMOITION 3

SEC. SQUARE

FIRST SET ! "% aesurcers ser GRAND
PEAKS SURJECTS 1 2 3 & 5 & 7 A MEAN MEAN
SUBJECTL  13.90  15.00 14,00 22,00  12.00  18.00 22,00  19.00 16.58
SUBJECT2  16.00  14.00  10.00  11.00  11.00  16.00  17.00  11.80 13.35
SUBJECT3 16000  14.00 16,00 18,00 24,00  17.00 24,00  17.00 18.25
Greatest SUBJECTA  14.00  16.00 18280 21,00  13.00  18.00 18,60 1600 16067
e  SURJECTS 10,00  13.00  9.00 8400 10400  10.80  11.00  10.00 10.22
1,m B SUBJECTS  21.00 23,00  21.00 16,80 20,00 18400  20.60  18.00 19.80
' SUBJECT?  11.00 10,50  15.00  12.00 14,00  18.00  17.00 18400 1444
SUBJECTS  19.00 12,00 16400 15,00  15.00  13.00  18.00 18,00 1625
MEAN 15.00 15.19 14,73 15.%8 14. BB 16410 18.52 15.97 15.73
SUBJECTI  14.00  15.00 16020 18,00  12.80 15,00  léeip 14400 16,87
SUBJECTZ  14.00  17.50 14,50 16400 12,00  12.00  12.00  12.09 13.76
SUBJECT3  10.00  16.50 13400  14e00 16400 1000 10400  13.00 12.81
SUBJECT4 11,00 9,00  11.00  10.00 14,50 10,00  31.00  12.00 11.06
Qreatest
SUBJECTS  B.20  $.80  6.30  8.00  8.00  T.00  T.00 9,00 7.13
o= SUBJECTE 14400 14,00 14460  11.50 14,00 12,00 16,00  14.00 - 13.76
et SUBJECT?T 16450 18400 15,00 11,50 13,00  8.60  10.00 14,00 12.82
SUBJECTS 16,20  10.59 12,00 13,00 13,00  13.50  13.00  11.00 12.75
WEAN 12,71 13,05 1279 12,50 1291 11.01  11.63 12,38 12437
T sveEcn 5.00 420 5.00  5.20  4.20  8.00 400  5.00 .82
SURJECTZ  6.00 6,50  5.00  5.00  %.00  3.50  4.80  3.20 475
SUBJECT  5.80  : 4,00  5.50  3.80.  3.00  3.20 3480  4.20 506
SURJECT4 3,00  3.00  3.00 .00 2,00 3,00 %00  3.00 3.13
* SUBJECTS  2.80 6,00 3,50 2,00 400  4.00  2.00 2,00 3.29
SUBJECTE €400  3.80 1,80 2,80  6.00 2,60 .20 220 3,42 )
SUBJECT? 4,00 £.00 8.00 4.00 4,00  10.00 5.00 600 5,88
SuAJECTS 6.00  3.00 %00 3.00 5.00  2.00 300 3.00 3.63
MEAN &4.57 5458 LYY 3,72 4,02 4029 3,15 3457 4.12
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TABLE 8

PEAN VALUES DF ACCELFOATINN IN FEET /

DURING LOWERING TN CONDITEMM 3

SEC. SQUARE

38

L 3 E I N G S
FIRST SET REPLICATE SET GRAND
PEAKS SUBJECTS 1 2 3 & & -] MEAN MEAN

SUBJECTL 7.20 5450 1,90 8.50 9.00  T.00  10.00 8.00 147
SUBJECT2 5.00 10,00 5.00  12.50  10.00 .00 9.00  10.00 B.56
¢ " SUBJECT 4400 10400  10.50 3.00 8.00 8.00 7.00 4.20 684
Grestest  SURJECT4 T.00 6200 6.00 7.09 8.00 7.00 .00 9400 1.25
of SUBJELTS 5.30 4400 3.80 2,60 3.00 3,80 2.00 2.00 1.27
8, b, 0 SUBJECTS 12.50 10.00 B .00 15.00 11.50 12.00 6.00 1l.00 10.5612
SUBJECTT 6.50 5.80 1.00 8.00 5.00 T.50 #.00 8.00 8u47
SUBJECTS 5.60 600 6.00 .00  3.00 2,00 2.50 3,00 4419

L MEAN 8450 7.28 6029 7.70 .19 6a88 £.06 6290 ' 6084
SUBJECTL  16.00  14.00 15,50 14,00  15.00 18,00  13.20 16,00 14496
SUBJECT2 9.50 15400 10,80  17.09 1100  11.20  14.00  10.00 12.31
SUBSECTI  13.00  20.00  18.00  15.50  10.20  10.00  11.00  10.00 13.54
ot SUBJECTA  11.00 10,00  11.50 7.00  11.00  11.00  10.00  10.00 10.19
at SUBJECTS 9.00 10409 9.69  10.00 8.00 550 8.00 .20 a4l
401 SUBJECTE  14.70  13.09  11.00 14,00 10400  12.00  13.00 13,00 12.50
SUBJECT?  13.00 15,00  13.30 12,00 1000  14e00 12,00 .00 12.25
. SUBJECTS  12.00 16403 11.00 15,60 .00 12,90  13.50  11.30 11,81

MEALN 12.19 13,88 1242 13.086 10.13 11.59 11.84% 10,77 11.98
© SUBJECTL 1400 12,00  16.00 12,00  20.00 18,30 10,00 16,00 14,75
SUBJECT2 9.00  10.00 5.00  12.50 - 10.00 9.20 5.00  10.50 8.90
SUBJECT3 9.80 8.00  12.00 8,00 10.00 9,80 10.00 2,00 9.45
Graateni SUBJECTA 12,00 10,50 10,00 10,00 10,00  11.00  10.00 8.00 10.19
ef SUBJECTS 9,00 T.80 8.00 BR.00 10.80 5.00 B.50 T.00 B.01
bt SUBJECTS  13.00  11.50 11440  16.50  13.00 8.00.  13.00  12.00 12.05
SURJECTT 8.09 8.00  13.00 8.00  12.00 7e0d 8.00 8.00 8.38
SURJECTS .09 10459 10.50 3.20 6280 3,50 12.90 12,00 2,54

WEAM 10.35 9,79 10.36  10.13  11.57 9.56 9.56 9,94 10.16




TABLE 9

PEAK VALIJES OF ACCELERATION IN FFST / SEC, SQUARE
DURING LIFTING

IN CONNITION &

FIRST SET ! ros REPLICATE SET GRAND
PEAKS SURJECTS 1 b4 2 & 5 3 T a. MEAN MEAN
SUBJECTL 16.00 16,00  20.20 16.00 16.00 18.00 16.00 18,00 17.00
SUBJECT2 17.02 12.00 17.00 16.00 22.00 19.00 19.50 18.00 17T.56
SUBJECT3 19.00  21.50  22.00 16.00 20.50 19.00 18.50  22.00 19,81
Orestest SUBJECT4 10.00 16.00 19.00 18,00 1600 14.50 15.00 12.00 15.06
of SUBJECTS 12.00 13.00 15.00 15.00 15.00 15.00 11,00 13.00 13,63
e, SUBJECTS 21.00  20.00 22.00 19.50  20.00  30.00 21.50 26.00 22.50
SUBJECTT 16.09 13.00 14,00 18,00 15.00 14.00 18.00 18.50 15.81
SuBJECTE 16,00  17.20 19.50 20.90 11,30  17.00 15,00 16.30 16,50
mE AN 175.33 16.05 18,56 17.31 lés 54 18.31 l6.81 18.00 17.23
SUBJECTL 12.00 10.00 12.00 14,00 16.00 16.00 16.00 14.00 13.75
SUBJECT2 9.00 14,00 18,00 13,00 12,00 11.00 16,00  12.00 12.88
SURJECTI 13.00  13.00 16450 10.00 13.00 14.00 1420 15.00 13.59
Greatest SUBJECTS 8.09 12.00 11.00 10.00 10,00  13.58 11.80 10.00 10.79
af SUSJECTS 2.00 12.00 11.50 a,00 10.00 9.00 9.00 7.00 944
%P SUBJECTE 16.00 18.00 16.00 15.00 16,00 14.00 14.00 17.00 15,75
SUBJIECTT 14.00 13.50 14,00 16440 10. 20 13.00 14.50 13.00 13.57
SUBJECTS 14.80 13.C0 12.00 12.00 14.00 13.00 13,00 14.00 13.13
wEAN 11.75 13.19 13.38 12.42 12.65 12.9% 13.31 12.75 12.88
) SUBJECTL 6.00 5.00 4,00 6,00 4400 4.00 5.50 3.00 4,69
SUBJECT2 3,00 4200 6,00  3.00- 2,40 6,00 4,00 4,40 4,22
SUBJECT3 2.00 3.40 2.40 8.00 5.80 460 4,50 3.80 4.31
4 SUBJECT4 4400 %200 6200 3.00 4,00 3.20 4.00 4400 4,02
SUBJECTS 3.80 3.20 4400 1.00 4.00 3.00 2.00 2.00 2.88
SUBJECTS 6400 5.09 6,50 2.00 4400 3.00 2.80 3420 4.06
SUBJECTT 4400 11.00 5.00 1.00 “3.00 3.50 1.50 4,00 4,83
SUBJECTS 4,82 2.50 5.50 2.00 2,00 4.09 4.00 4.00 3.85
# E AN 5.20 e 79 5432 1. 75 3.77 3,89 3.T9 3455 4.0R
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TARLE 10
PEAK VALIICS MIF ACCTLIZATICN IN FFET / SFC, SCIARE
DUR[&G Ol RING IN CONDIT RSN &
L (1} “ F N s s
F1RST  SET REPLICATE SFT GRAND
PFAKS SUAJFCTS 1 2 3 4 5 [ T ] ME AN MF AN
SUBJICTL 2.00 6.50 6,09 4.50 400 8.00 5.00 4.00 5.00
suBJreT2 5.00 10400 . 9.50 9.00 9.00 9.50 8,00 8.00 9.00
SURJECT3 2,00 9.00 8,20 8.00 9,50 1.50 7,20 1.00 1.80
Croatest  SUSJFCTS .00 10.80 10400 6.30 4.00 7.00 4,00 5,00 6475
of SUBJECTS 4,00 4,20 &.00 4,00 %450 4,00 5,40 5,00 484
o SURJFCTE 11.00 11.60  13.40 13.50 11.50 11,00 14,00  11.00 12.10
SURIECTT §.50 2.00 5460 2.00 6.6 6,50 5.00 7.00 6.70
SUAJECTR 5403 .00 5.30 6,00 5.00 .00 2,00 2.00 4a83
ME AN £.56 2,34 1.64 7.50 5.59 7.06 6.57 6.25 1.08
SUBJECTL 16,00 12,00 18,00  12.40 12,50 15,00  15.00 14,00 14431
SUBJFCTZ 1270 12,50 15,40  15.90  14.30  14.00  12.00 12.00 13.45
SUBJECTI 18.00 16000 14400 16400 1400 1100 12,00 i1.00 14.00
SUBJECTS 10,06 11.00  10.00  12.00 12.00 12.00  12.00 12.68 11.38
Grestest  CimsecTs 7.30  10.00 8,30 7.00 7.80 8,00 6400 6400 T.47
= SUBJECTS  15.00  12.50 16,00  15.£0 14.80 12,00  13.00  15.00 14.20
Rt SUBJECT? 19.00 11.30 14,90 12,59 12.00 12.00 16,00 16.00 13.94
SuRJECTA 3.20 250 280 12.20 2.00 12,00 14,00  12.00 10.81
- “EAN 13.21 11.75  13.15 12.91 11.79  12.00  12.50 12,25 12,45
SURJECTL  12.00  13.50  14.00  10.00 12.00 13.00 12.20 12.00 12.34
SURJECT2 19.00 9.50 8200  15.30 3,00 8,00 9,00 9.00 9.6%
SURJFCT3 1270 12.39  10.50  11.00 11.00 7.00 13.00  11.50 11.09
Grestest  SUBJELT4 3.53 9.0  1I.50  10.50 12.00 B.00  15.00  10.00 10.56
of SUBJECTS .00 8.00 7.60 7.C0 8.00 8.00 8,00 .00 7.82
£ohed SURJECTS 12,00 11.00  16.00  12.80 14.00 16450 14400  18.00 14,19
* SUBJECTT  13.00 14.00  11.00 10459 10,00 10,00  14.00 9.00 11,44
SUBJECTB .00 10,00 9,00 9.00  10.00 16,00  10.08  12.00 975
MEAN 10.52  10.88 10,95  10.63 19.75 10,96  11.90 11.19 10.86
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The curves for vertical force are shown in Fig 13 and Fig 14. The
maximum vertical force cccured at peak 'f' while lifting and peak 'u'
while lowering. Peak 'f' was the maximum for 81% of the tri#ls in con-
dition 1, 70%Z of the trials in condition 2, ASZ.of the trials in con-
dition 3, and 65% of the trials in condition 4 (see Tables 11 through 18).
Peak d was the maximum for 5%, 14%, 25% and 14% of the trials in condition
1,2,3 and 4 respectively. Peaks 'd' and 'f' coincided the remaining
times. Peak 'f' occurred between 1.2 and 1.5 seconds after the start.
Peak 'u' was the highest for 80% of the trials in condition 1, 71% of the
trials in condition 2, 89% of the trials in condition 3 and 89% of the
trials in condition 4. Peak 's' was maximum for 20% of the trials in
condition 1, 20% of the trials in condition 2, 97 of the trials in condition
3 and 9% of the trials in condition 4. Peaks 's' and 'u' coincided for
the remainder of the trials. Peak "u'occurred between 2.7 to 3.1.seconds
after the start. Peak 'e' during lifting and éeak 't' during. lowering
assumed values both above and below the neutral axis between e and €ys and
ty and t, respectively. All values of the vertical forceé for the
representative subject are given in Tables A5 through A9 in the appendix.

Curves for fromtal force, lateral force, cart&heel ﬁorque and somer-
sault torque are shown in Figs. 15, 16, 17 and 18 respectively. The
values for different peaks on these curves for the representative subject
(subject 7) are given in Taﬂles Al0 through A20, Selected peak values
for all subtjects are given in Tables 19 through 50.

To examine the acceleration effect, the accelerztion curves Qere plotted

over the curves for the vertical forces for lifting and lowering (see
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VERTICAL FORCE in 1bs,

YERTICAL FORCE {n 1bs,
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ramL| 3t
Prag Qro/s NY yrRTICAL FRfE v PONINDS
DR ING LIFTING I8 CODTTIvS L
- 1 T
FIRST SFT REPLICATE SET GRAND
BFLYS SHRJECTS 1 X 3 L 5 & 7 B AN MEAN
SURJECTL 51,75 9,25 69,75 S3.50  67.50 50,00 6300 67,50 62418
SUBJELT2 30.75 45,00 41.25 60,00 g1 =0,50 34,50 38.25 40412
SURJELT? 39,75 Sh. TS 6079 40400 33.00 63, 7% 69,75 54425 54475
SUBJECT4 42,75 40450 52400 85,00 45475 43.50 4500 47425 44,34
B SURJECTS 33475 45.00 37.50 45,00  £4.25 45,00 42,00 17,50 41425
SURJECTE 32.7%S 37.52 54.00 45,00 52450 60-00- 60.00 61le50 ‘50-16
SUBJECTT 56,25 60,00 60400 58,50 63475 62425 75400 63,75 t2.44
SUAVECTS 61,25 .50 45.00  36a5e  40.50  4la25  43.50 W25 4134
M E AN 4R, 94 51.28 SJ.81 42Tub? 52.03 53,72 51.28 9,57
SUBJECT1 39. 75 9. 75 T3.50 61.50 39. 75 81.60 Bl.75 87.00 6675
SURJECT2 61.50 69.75 6075 T5.75 51.79% T3.50 78,75 67,50 67,41
SUBSECT] 42.C0 42.TS 41425 54,75 51. 75 57.00 45.25 56.25 4B.75
Greater SU3 JECTS 4B, 75 £9.50 33.75 36.75 49,50 4T.2% 46.50 48.75 45.09
of SUBJECTS 54,03 60.30 57.30 63. TS 55,50 60.TS T4.25 Tla25% 61,49
dl't SURJELTS 42.0D 57.75 82.50 53.25 &4 ,50 85,25 &T.50- 65.25 5B.50
SUSJECTZ 63,75 61.50  75.00 45,00 52450  67.55 63,75 60.00 61.12
SUBSECTS  75.30  T8.75  $T.50 6975 39.00 7.5 5250 50.00  63.7
M E AN 53.3% 61,22 5T. 66 57.19 50.53 64,37 63,66 b%e 50 5E.35
SURJECTI  17.25 3000 28,50  22.50 36,75  27.30  23.25 30400 26,91
SURJECTZ 37,50 33,75 30.00 23,75  23.25 22,50 17.25  22.50 26,25
SUBSECT3  25.50  264T5  31.30  24.00  15.03 27475 2325 28,75 28,74
SURJECT4  15.20 18,75 2025 30,00  Z4.00  2L.TS 22,50 22.50 21.24
€ SURPJELTS 30.00 iB.00 22.50 27.03 28. 50 A7.50 23.50' 34,75 28,59
SURJICTSE  27.00  35.25  45.30  45.75 20425  62.75 48,75 33.C0 37,22
SUBJECTT 21.75 2T.C0 25.50 17.25 26a 25 30.00 30.75 12,50 24,75
SUNJECTS 30,75 37.50 3375 33.75 32,00  43.50  17.25 36,75 32,51
mMEAN 25.59 28,12 29.62 27.94 25487 31.59 26a%4 29.72 28411
SURJECTL  16.50 28,50  17.25  18.75  15.00  15.00  15.00  15.00 17.25
SUBJECT2  16.50  23.25 26425  22.50 2775 22.50 22,50  22.50 23.34
SUBJECT) 5.25 3.00 TS0 9075 12.75 1500 1525 10.50 9,37
. SURJECTS  15.00  18.00 1425  15.75 18,75  16.50 15,75 15.75 16.22
SURJECTS 16,25 15,00 15.00 17.25 154.25 15.00 15.00 15,00 15.09
SUBJECTSE 15. 7% 1R 75 15.0C 15.75 14.25 15.00 15,50 16.50 15.75
SUSSEETT  15.00  15.00 19,50 15,00  17.25 17,25  22.50  21.00 17.81
SRIECTA 1425 15075 15.90  JRa73  13.50 1500 16:25 15400 1519
o E AN 14,44 1714 l6a22 16,31 16,49 1ta Rl 1hab1l lé6a%1 15,25
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TABLE 12

PFAX VALUFS DOF VERTICAL FRCF IN POUNDS

DURING LWERIKG

IN CONPIT ICN 1

45

L o E I N G S

FIRST SEV REPLICATE SET GRAND

PEAKS SURJIFCTS 1 2 3 & L 3 7 8 WE AN MEAN
SURBJECTL 20,25 16,50  23.2%  17.25  22.%0  21.00  21.75  19.50 20.25
’ SUBJECT? 36400 24400  30.00  27.75 22,50  26a25 26425 25450 27,28
SUBJECT3  10.50  10.50  11.2% 8.25 | 13450 12.75 42,00  18.7% 15.94
e SUBJECTA 15,03  15.00 16450  15.00  17.25  21.00  15.75 18,75 16,78
SUBJECTS 18,75 15.75  17.25  Z1.00  21.00  21.32  15.7%  15.00 18.19
SUBJECTE 18475  19.50  20.25 16,50  21.00  22.50 18,75  21.75 19.87
SUBJECTT  23.25  17.25 1875 22.50  21.00  21.00  21.00 20,25 20.62
SUBJECTB 16.59 21.00 21.00 22.50 21408 15.03 21.00 1T.25 19,41

ME AN 16.87 1T 4% 19.78 158,84 19,97 20. 06 22.78 19.59 19.79
SUBJECTI  22.50  33.75  41.25  44.25  37.50  24.75  32.25  138.25 34,31
SUBJECTZ  15.T5  21.75 30400 26425  15.00  15.00 22,50  23.25 21.1%
SUBJECTI  21.00  24.00  30.00 T.50  54.75  22.50 33.75  15.75 26.16
" SUBJECT4  21.00 7450 15400 34,50  15.75  29.25  30.00  21.00 21.75
SUBSECTS  1B.75  1Ta25 24,00 23425 26425 26425 22,50 24400 22.78
SUBRJECTS 15.00 28.50 30.00 33.75 0. 75 42.00 43.50 34450 3225
SUBJECTT  36.T5 22450 22,50  24.00  21.75  23.25 24,75  15,7% 23.91
SUBJECTS 20.25 30,00 33,75  29.25 25«75  38.25  20.75 31.50 25.81

MEBSN 21037 23.16 28,31  2T.84 28431 2T.&6 30,00  25.5C 26.52 -

SUBJECT1 47425  62.25  T1.25  60.00  60.C0 *© 36,00  55.50  60.00 T56453
SUBJECT2 53.2% 54450 60.00 1350 67.50 T1.25 82.50 97.50 TLe25
SUBJECTS 45.00 40,75 52.50 57.75 4725 53.25 63.75 Bl.CO 56.16
Greater SUBJECTS 40450  37.50  42.75  37.50 39,00 #4425 34,50  39.00 39,37
of SUBJECTS 45.75 46.50 60.00 52.50 15.75 6T.50 46.50 53.25 5597
_— SUBJECTS  #5.75 5175 3B.25  37.50  56.25  5T.00  56.25  67.30 st.z2e
SUBJECT7 55,50 90,00 105.00  89.25 74,25  92.50  £2.25  50.00 81.09
X SUBJECTS 67450 69275 72.50 59425 60.75 59.25  72.08  £3.00 85.62

MEAN 50406 58.87 6291 S58.41 60409 58.87 59.186 6891 59. 60
SUBJECTL  52.50 75400 66450 8,75 53,25  37.50 52,50  61.50 55.69
SUBJECTZ  41.25  52.50 51,00  4B.0G 52,50  58.50 59,25  52.50 S1.94
SURJECT3 37,52 30.00 37.50 39.00 36 TS 42.00 45.00 48,75 39,586
. SURJECTS  37.50  33.75 36,75 33,00 34,50  30.00  23.25  35.25 32:62
SUBJECTS 33.00 3n.00 31.50 32.00 4la25 37.%2 37.50 35.25 24.50
SUBJECTS 50.c0 45400 52.50 45.75 544 75 60.00 6075 $9.25 58, TS
SURJECT? 42.C0 TR,TS 75.0C 51.20 54,00 6. 15 45,75 A3. 75 6%2.00
fURJECTR Sy BlWB) E0.000  SR0RS BRES0 R2e800 TSR0 SO0 ¢1:30

MEAN 45,17 51.17 Slad9 43,78 48.58 #B.4? ®9,95 531.18 &P, A2




TABLE 13

PEAK VALUES NF VERTICAI

FPRCE IN PCUNDS

46

OURING LIFTING IN CONDITION 2
1 T

FIRST SET REPLICATE SET GRAND

PEAKS SUAJECTS 1 2 3 & s -6 7 8 ME AN MEAN
SUBJECTL 39,75  58.50  52.50  70.50 56,25  Tl.25  52.50  67.50 58.59
SUBJECT2 39,00 42,00  45.00  43.50  38.25 50425 45,00  53.25 44,53
SUBJECT3 48400 66400 60400 ° 53.25  45.00  52.50 52,50 . 52450 53.72
& SUBJECTS 40450  45.00 45,00 45,00 48,00 55,75 45,75  #5.00 45.00
SUBJECTS  57.00  44.25 36275 42,75 39,00 36,00 42,00 45,75 42.94
SUBJECT6  45.00 52,50  52.50  60.00  60.00  60.00  60.00  60.75 56434
SUBJECTT  S55.50  60.00  46.00  75.00  52.50 78,75 69,00  75.00 68047
T SUBJECTE 42,00 42475 40.50 46450  38a25 42,00 4575 42.75 42,56

MEAN 45.84  51.37  49.78  54.56  47.16  54.56  51.56  55.31 s1.27
SUBJECT1 43,50 44225 45,00  67.50  67.50 81,00  87.75 84,00 65.06
SUBJECT2 59,25  52.50 45,00  53.25 105.00  90.00  73.50 6675 68.16
SUBJECTZ  §5.75 52450 90400 78475 49,50 37,50  45.00  60.75 57.47
SUBJECTA 56,00  45.00 56425  45.00  46.50  38.25  53.25 6075 49.87
&:W SUBJECTS  60.75 51,75  47.25 57,75 52,50  63.T5  66.75  93.00 61.89
4 SURJECTE 49,50 66400 6450 60400  T5.00  &61.50 60,75  72.75 63.75
SUBJECTT 57,75 72,50  67.50  58.50 58,50  &67.50  7T1.25  £9.00 5,54

SURIFITA  54.00  67.50  63.75  64.50  L3.T5 6075 67.5C  60.7% tzeut %

WE AN 53.06  56.82  $9.91  60.68 6478 82,53 65,72 70,97 - 61.78
SURBJECTL  30.75  33.75  34.50 3075 3225 28,50  36.75 - 16.75 13.00
SUBJECTZ 30400  32.25 30,00  33.75  30.00  26.00  26.25  26.2% 29.06
SUBJECT2Z 30,75 30400  30.00  34a50  2TeT5 26425  35.25  33.7%5 31.03
" SUBJECT4 18,75  30.00 30,00  28.50 22,50 24400 3075  31.50 27.00
SUBJECTS 24,75 30,00  29.25  30.00  27.00 37,50  19.50  37.50 29444
SUBJECTE 35,25 5100 51.00 37,50 40,50  34.50  39.75  37.50 40,87
SUBJECTT  18.75  37.50  37.50  42.75  33.00  30.00  29.25  41.25 33.75
) SUBJECTE  23.25 34450  34.50  46.50 22,50  22.50  23.25 - 22.50 28,69

MEAN 26453 34.8R  34.55  35.53  29.44  28.41 30,09 33.37 31.61
SUBJECTI  12.00 15,00 16,50 14,25  10.50  15.00  15.00  15.75 14.25
SURJECTZ  15.75 15,00  15.20  15.75 18,50  21.00  16.50 20425 17434
SUBJECTI .75 6400 7450 9.75  11.25 T.50 2.25 7.50 6.94
h SUSJECT4  21.00 16,50  15.00  15.75  13.00 15,00  15.00  15.00 6,81
SUBJECTS  15.U0 15,00 13450  15.00 18475 15,00  15.00  15.00 15.28
SURJECTS  13.50  12.7% 7.50 9.00 15,00  14.25 15,00  15.00 12.75
SURJECTT  15.00  15.00 16450  18.00 1950  15.00  18.00  21.00 17.25
SUBJECTE  13.50 13,50  15.00  15.00  15.00  1$.25  15.00  17.25 14.81

MERHN 13,69 13,59 13431 14.08  15.96  14.62 11,97  15.84 14.38




TABLE 14

SEAK VALUFS NF YERTICAL

FrRCE

Iy SMNDS

DURTHG LOWERING [8 C1MOITHON 2

L o E I N G 5
FIRST SET REPLICATE SET GRAND
PEAXS SUAJECTS 1 Z 3 4 5 [ T f MEAH MEAN

SUBJECTL. 13.50 13.50 14.25 15.00 12.75 14.25% 18.00 14,25 lée b é
SUSJELT2 18,73 19.50 15,75 22450 21.75 21.75 21.75 22.50 Z0.53
SURJECT3 11.25 15,00 15.75% 13.50 3.75 12-.75 12.00 Fe 75 11.72
e SUBJECTS 18.75 13.50 16,50 15,00 12,75 15.00 15.00 15.00 15419
SUBJECTS 1500 18,75 15.00 15475 15.0C 15.00 15.75 . 1%5.00 15.56
SUBJECTS 15.75 2l.00 15,75 16.50 18.00 17.25 15.00 21.7% 1762
SURJECTT 1725 28.50 16.50 15.73 2175 21.00 20425 22,50 20.4%%
SWBJECTE 12,00 1273 18.25 1275 1200 14.25 1573 15.00 13,59

MEAN 15.28 17.81 15.47 15.8% 16,72 16.41 16.69 16,97 16,15
SUBJECTL1 ‘45,00 35,25 43.50 32.2% 54425 4L.25 37.50 33.7% 39,69
SUBJECT2 24.00 33,00 38.25 27.00 28,50 36475 33,75 2558 30.64
SUBJECT2 34450 38.25 21.75 45.00 34.50 29.25 23.25 18,75 10.64
r SUBJECTS 15.00 26,25 264 25 30.00 28+50 30.00 22.50 19.50 24,75
SUBJECTS 3I7.53 27T.00 27.00 33,75 26429 30,00 29.25 25,25 29.62
SUBJECTS 44025 45.00 39.00 3B. 25 33.T5 39.75 45.00 43,50 41405
SUAJECTT 30.08 43.50 51.00 39.25 41.25 42.75 42.00 4. 2% L3 1T
SUBJECTE 28,50 17.5 37.50 21.00 27.00 30.00 21.00 BheTs 3l.a1

" EAN 32.34 35.72 15,53 33,94 33,00 34,97 32,53 21.081% 3487
SUSSECTL 44025 48. 75 52450 59.25% 52.50 46.50 45.00 5&.25 S0.57
SUBJECT2 45.75 51.00 45,75 43.75 81.50 30.00 B82.50 86,25 BT.69
SUBJECT3 46450 66400 69.00 51.00 60.00 72.00 5T.00 64.03 60494
Greater SUBJECTS 4l.2% 42400 45,00 45,00 35,75 %3450 41.2% ELRY - Slaad
of SUBJECTS 45.75 48.75 40 .50 56425 T3.50 62225 &Ge75 4. 75 R L
s ‘ SUBJECTE 51.75% 37.50 51.75 45.00 69, 75 6000 59.25 El.75 52. 3%
SURJECTT 15.75 T2.00 72_.15 5925 61.52 964,75 105.00 £7.50 8C.08E
SUBJECTB T4.25 ©  B&.T75 67.50 T4.25 T N) 50.T5 60,75 53,25 654532

W EAN 53,14 S4.09 55.59 58459 64.93 6bate? 63, 9% 6L.,19 5751
SUBJECT1 60400 42.00 §7.25 a0. 00 67.50 50.00 75.00 LoR0 56.S97
SUBJECTZ 48,75 47.25% 57.75 48,75 53.50 46450 4% 50 53.2% 0.5
SUBJECTS 45,00 45.00 42.00 42.T5 45.00 48.75% 5775 26423 47.E1
SURJELTS 27.75 45.00 31.350 37.50 30. 75 37.50 33,7 37.50 G150
b SURJELTS 30.03 24,00 310.75 30.7% 3T7.50 54,75 30.75 29,50 EENE L]
SURJECTS 86,25 46450 58.50 4%, 50 52.30 52450 Ste2% 55,50 51,5«
SUSJECTT +3a50 6750 40.00 65,75 36400 &a7.50 82.50 2,50 £9.%1
SUYRJECTS SRe 50 83475 Tl.25% 67450 37_-_20 T1.25 _5_5_._‘30 :éu;ﬂ) _5_3_'__4

HE AN 4%.72 4T7.62 52.87 S0.44% *Bab6 ShaB4 55.50 #9.6% 50417
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TABLE 13

SEAK YALUES NF yFRTICAL FARCE IN POUNDS

DURING LIFTING

iN CunDITION 3

s FIRST SET : ¥ REPLICATE SET GRRNA
PEARS SUAJELCTS 1 2 3 & 5 & 7 8 BE AN MEAN

SURJECT] 4875 &0e00 66000 66475 b6a 00 8750 6150 50,00 62206
SUBJECT2 48,30 45,75 3T.50 57.00 41.2% $8. 7% 45,00 52.50 48,97
SUBJECT3 45,00 43.50 57,440 60,15 51.75 £3.00 £7.75 67250 S5kl
® SUBJECTS 36a75 40450 40.50 32.2% 37.50 40+ 50 35. 2% 38,75 37.50
SUBJECTS 45,00 54,25 45,00 45,00 38,25 45,00 46450 %3.50 #4406
SUBJECTE I7.50 52.50 653,75 G225 5‘4-00 55,50 bl.50 63.75 56.34
SURJECT? 61.50 T2.00 70.50 60.00 58,450 71.2% 58.50 aT.50 4497
E!JFCTR 44a25 52450 S2.50 #M 41.25 45,715 45,00 45,00 46441

MEAN 45,84 51.37 5% .29 53.62 48,56 S4.28 51.37 54e58 51.T1
SUBJECTL 45,50 2T 75 71.25 69,00 34.50 45,0 66,00 51.00 S1.37
SUBJECTZ T0.50 T5.00 59,25 67.59 63,75 108.00 63,75 86,25 Ta.25%
. SUBRJECT3 45.00 50.25 56425 52,50 5T.00 15.00 55,50 &7.50 5737
SUBJECTS 52.50 45,00 S9.25 45,00 $2.50 S1.00 52.50 48,75 50.81
Grester SUBJECTS 4425 53,25 46,50 3B.25 51.00 57475 60.00 52.50 50.44
L SUBJECTS TS.00 &0, 00 T3.50 62,25 &0.00 52.50 50.00 56,25 2444
é' £ SUBJECYT 60.00 S6e25 T5.00 52.50 19,75 &7.50 37.50 45.00 4,19
SUBSECTE T 63,00 6000  T5.00  60.73  $6.25  39.25 5325 56,23 6047

ME AN -57.09 53 b &% . 50 55.97 51 .84 64,50 55.06 5794 _ g 57.67

SUBJECTL 30.00 1650 27.00 24,00 22.50 31.50 19.50 20.25 23,91
SUBJECT2 33.75 38.25 33.75 30.00 22450 22.50 26.25 2625 29,16
QJB.JEC“ 12.75 21,75 15.00 12,75 36.00 20625 J&.00 37.50 23.25
.8 SURJECTS 31.50 22.50 2%.50 30.75 26425 28450 30,00 27.09 28.12
’ _ SUBJIECTS 26425 22.50 27.00 22.59 30. 75 30.00 27.00 24.00 26.25
SUBJECTS 46,50 48.00 34.50 45.00 17.50 43.50 4B. TS 37.50 42.66
SUBJECTY 16.50 31,50 26400 32,25 2850 32425 27.75 34,50 28,41
SUBJECTS 38450 37,50 42,00 46.50 24200  36.75  31.50  38.25 36437

MEAN 28,97 29.81 2B.97 3047 27.75 30.86 30.B4 3066 29,77
SURJECT] 12.75 12.7S 15.00 13.50 14.25 14,25 11.25 13.50 13,41
SUBJECT2 18.00 15,75 15.00 15.75 13,50 15,00 16,50 15,75 15.656
SURJECTZ TeSJ 7«59 .00 4475 6,50 9.75 11.25 11.25 Ta8T
SUSJECTS 14.25 12.00 12.00 14.25 13.50 . 12.00 12.75 12,00 12.84
A SURJELTS T30 8,25 12.50 12.75 15, 7% 2100 20,25 15.00 14«25
SURJECTS 12.00 12.7% 12.00 15.60 11.25% T.50 10.50 11.25 11.53
SURJFCTT Be25 12.75 15,09 12.00 15.30 13.50 15.00 11,50 13.13
SURJFCTA  13.50  11.25  13.50 9.75 il.zs  12.00  13.50 . 7.50 1159

M F AN 11«72 1le62 12.37 12:47 1256 13.12 13.47 12,47 12.51
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TABLF 18

PEAK VALUFS NF vFeTIrCAl FAOCE [N SOUNDS
DURING LOWFRING 1N CPYNTTINN 3

49

L n E N 6 ]

FIRST SET REPLICATE SET GRA&ND

< PEAKS  SURFLTS 1 2 3 L3 ) Y 1 3 PEAN MEAN,
SUBJFCT] 12.73 12.00 12,00 12.75 12.00 :0.50 15.00 13.50 12.56
SUBJSECT2 15.00 15.00 15.00 15.00 18.00 15.00 18.75 14025 1575
SUBJECT3 7.50 12.00 B.2% 15.00 12.75 11.25 5.00 15,00 10.97
q SURJECTS 8,29 13.50 15.30 ’ 14.25 ‘8,25 8.25 7.50 11.25 10.78
SUBJELTS 11.25 11.25 T.50 8.25 15,00 18.00 15.00 18,75 13.12
SUBJECTS 16450 15. 75 15. 75 18.00 15.T5 18.75 15.00 16.50 16.50
SUBJECTT 12.70 11.25 15.75 9.00 15.00 16.50 15,00 18,75 l4slb
SURJECTE 11,25 .73 11.25  13.50  15.75 908 12,00  15.00 12.19

WEanN 11.81 12.55 12.5& 13,22 14.06 13441 13.03 1537 13.25
MJECTI 30.00 34,50 28,50 27.75 30.00 24,75 27.75 3%.00 29.18
SURSECT2 T.50 2775 T.50 22,50 20+ 25 22,50 12.75 18.75 17.44
SUBJECTS 22.50 15.00 30.00 30.00 24,00 33.75 31.50 1T.25 25.50
- SUBJECT4 22.50 17.25 15.00 15,00 21.75 18,75 21.00 21.00 19.02
SUBJECTS 33,75 27.00 26425 27.00 206425 15.75 18.75 26.25 25,13
SUBJECTs 36430 35225 37.50 30.00 29225 33.75 36,75 36.75 34ebl
SUBJECT? 15.00 22.50 30.75 26,25 23,25 28,50 33.00 15.00 26.28
SUBJECTA 33.00 24,75 23.25 23.25 24400 22.50 20.25 2T.75 24. B4

MEAN 25.03 25,50 24454 25,22 244 B4 Z5.03 ) 25422 2409 e 24297
SUBJECTL 30.00 45,00 57«75 33.75 45.75 3 6750 37.50 47.25 45.56
SUBJECT2 45,00 54400 52,50 54075 69,00 78.75 86.25 68,25 63,58
SUBJECT3 5550 64,50 6l.50 54.00 63,75 &T7.50 54.00 M.D.O 60.84
P SUBJECT4 45.00 38,25 33,75 39. 75 33.75 38,25 32.25 41.25 37.78
of SUBJECTS 50.25 45.00 51.75 3T.50 52450 56425 63,75 45.00 50.2%
i & SUBJECTS 54.75 52450 60.00 63.75 52,50 51.7% 52,50 46450 S4e28
’ SUBJECT? 75.00 75,00 T1.25  78.75 715.00 Bl.75 S0.00 B2.50 T2. 66
SUBJECTA &T7.50 51.50 5625 73.00 41.25 52.50 60,00 58450 59,06

ME4&4N 52.87 3547 55.5% 54.566 54419 62,78 59.513 56491 5825
SUBJECTL 53.25 58,50 56425 28.25 68.25 54.00 38.25 %42.75 51.1%
SURJECTZ 3%.50 45,75 39,25 36.75 60.00 45.00 48. 75 679,75 47.34
SUBJECT 26425 39.00 37.50 34.50 48,00 39,75 45,50 3R.25 38.72
SUBIECT4 37,50 28025 19.50 2B, 50 25.50 2775 30.75 34,50 28,78
Y SUB.IFCYS 36,75 30.75 29,25 30.75 18.2% 33,75 32,25 39.00 33,84
SURJECTS 5179 51.75 60400 5325 52450 5le 75 52.50 56025 S4at7
SURJECT? 52457 75.00 65.25 &2.00 67.50 67.50 4£5.25 84.00 67.12
SURJECTH €0a 00 44250 60,730 7 .00 Sb45G 62,25 65,00 AR50 £0.09

MEAN 4haub 48494 45,75 43.52 50.81 47,72 47.91 52.A7 47.70




TABLE 17

PEAK YVALUES 0OF VFRTICAL FNRCF R 90UNNDS

DURING LIFTING

IN CONDITION &

50

: FIRST  SET ' ' REPLICATE ST GRAND
PEANS SURJECTS 1 k| & 5 & 7 . ] NE AN MEAN
SUBJECTL  53.25  SLe75  54e00  56.25 6750  T0.50  #7.25 58,50 57.37
SURJECT2 41.2% 41.25 33.75 41.25 26425 41,25 42.75 37.50 38.16
SUBJECT3 56,00  60.00  59.25  59.25  45.00  52.50  63.75  52.50 $5.78
B SUBJECTS 48,00  41.25 36425  36u75  36a50 42,00  36.00 39,00 39.47
SUBJECTS  45.00  36.75  39.00  45.00  38.25  46.50  52.50  39.00 42,75
SUBJECTE  49.50 57400  52.50  59.25  47a25 52,50  56.25  60.00 54.28
SUSIECTT  T1.25  60.00  61.58 49,75  48.75 56425  67.50 6300 61.87
SUBJECTA 45,00 41a2% 3IR.25 56s 75 33,00 44e 25 .61._9'0 M 45,56
MEAN 50.91 L8.66 4T.06 $2.78 42456 50.72 53.25 49,31 4$5a41
SUBJECT] 26425 43450 26425 41,25  S5Ta00  73.50 74,25 66400 51.00
SUBJECTZ  63.75  63.75 75,00  T75.00 101.25  97.50  81.75 108,00 83.2%
SUBJECTY 66475  61a50 67050 56400 6000  57.00 60,00  67.50 63.28
. SUBJECTA  47.25  51.00  58.50  4B.75 45,00  37.50 45,00  39.00 46,50
Greader  CUBJECTS  52.50  52.50  60.00  49.50  60.75  46.50  #5.00  61.50 53.53
of SURJECTS 72400 60,00  63.75  61.50  61.50 60,00 60,00  67.50 43.28
4r SUBJECTT  51.75 63,75  67.50  61.50  45.00  61.50  75.00  54.75 60.09
SUBJECTS 6000  60a75 1050 64450  57a75 62,25  60.75 64,50 62,62
M E AN 55,03 57.09 6lal2 59450 61.03 6197 62.72 65.09 6045 N
SUBJECTI  29.25 30,00  26.25 22,50  17.25  37.50  30.00  22.50 26.91
SUBJECTZ 18,75  30.00  46.50  30.60  30.00 24,00  37.50  22.50 29.91
SUBJECTI 30,00  29.25 21475 30,75  27.00  39.75 36,50  34.50 30.94
. SURJECTA  15.75  18.00  22.50  22.50  15.75 26425 1875 2025 19.97
SUBJECTS  22.50  37.50 - 37,50  22.50 26,25 26,00 36,00  22.50 28,59
SUBJECTE  43.50 37,50  36.75  48i75  33.00  38.25  45.75  45.75 4l.18
SUBJECTT 3T.50 26425 30.00 31.50 29. 25 45,75 45,00 37.50 35,34 )
’ SURJECTE 30,00  26.75  37.50  25.50  15.00 24,75 29.25  30.00 27.09.
mMEAN 2B.4%1 2% 16 32434 29,25 24419 32.53 34,59 29,44 29.99
SUBJECTI 14425 15,00  18.90  12.00  15.00  13.50 16,50  15.00 1491
SUSJECT2 15.00 15. 7% 19.50 15.Q0 16.50 18.75 15.75 22.50 17.3%
SUBJECT) 4,25  13.50 15,00  12.00  12.75 9.75  11.25  13.50 12.00
h SIRJECTS 16.50 15,30 1B, 75 2025 15.00 19.50 18.75 19.50 17.51
SUBJECTS 1500 15.00 1575 15.00 15. 75 18,00 1B, T5 - 18675 16459
SURJECTS 15,75  16.50 20425  18.30  15.75  15.7%  15.00  17.2% 16.78
SUBJECTT 15.L0 16.50 19.590 17,25 18.75 17.25 18.75 15.00 1725
SURJFCTS 15.00 14,25 15 .00 14.25 19.50 12.7% 15.00 _1_5._15 E._lq_
M EAN 14, 3% 15.19 17.72 15.47 16.12 15. 66 16.22 1718 15-‘?3_




TA3LFE R
PLAK WALUL S 0OF yISTICAL F .77 [% 20NDS
MERIAS LeWwFRIRG 1K ConiT) 5
L8 0 £ 1 5 s

FIRST SET REPLICATE SFT GRAND

P T ) 2 3 4 s ? n ME AN MEAN
SUAJEC Y TS5 15.00 15.75 1575 15.00 22«50 12.75 18.71% 15.75
SUnJElT2 2733 26425 23.2% 26425 21.75 22.50 22.50 22.50 23444
ALY iR 75 20.25 16,50 22.50 16.50 15.75 22.50 9.00 20434
IURIFCT S SE.30 21.03 22,50 i6.50 2L.00 15.00 1Z.75 13,50 18.09
4 LU IELTS 15.00 21.00 21.00 21.75 18.75 20.2% 22.50 19.50 19.97
SUAJECTS 33,00 25.50 30,90 25425 25.50 29.25 30.00 30.00 28431
SUBJECTT 19.50 22.50 19.75 21.7% 1R 75 16458 22450 2175 20.25%
SURJECTS 18,25 15,75 15.30 20,25 15.00 1373 13.50  13.50 1575

M4 E AN 18.75 20.91 20,34 21.7% 19,03 20«06 19,87 21.19 20.24
SURJECTL 39.00 33.75 41.25 35.28 32.25 45,00 37.50 38.25 27.78
SUAJECT2 27.30 26425 21.90 25.50 23,25 29.25 33.75 315.00 28.12
SURJECT3 22.50 29425 22.50 24,00 23.25 4125 2475 15,75 25.41
SUBJECTS 18,75 15. 75 i5.00 21.75 ZT« 06 2%e T 25252 28425 21.8%
' SUBJECTS 1Bs TS 2T.75 23,25 24,00 24,00 30.00 22.50 24,75 24437
SUBJECTS 33.75% 37.50 3Ba25 39.00 42.00 34.50 37.50 45.00 3B.44%
SURJECTT 39,75 31.50 39,00 23.25 23.2% 37.50 27.00 22.50 30.47
SUBJECTS 36,75 27.75 2575 34a50  29.25 37,50  24.00  33.75 31.02

HEAN 29453 2R.89 28412 28441 28403 34457 2%.L6 3. 66 29468
SUAJECTL 38.25 45. 30 2%.75 43.50 59.25 45,75 17.50 41,25 41.91
SUBJECT2 75.00 80.00 £%3.00 56,25 61.50 56,75 68,25 75.T5 65,56
Greater  SUBJECT3 48250 82.50 70.50 75.00 57«75 18,75 53.25 S8.25 61.31
af SUBJECTS 52.50 45.00 48,75 53425 45. 75 33,75 45.T5 35.00 45,09
B0 SUBJELTS 4125 4200 51.00 45,00 £7.50 63.00 60.00-  &),.00 53.72
SUBJECTS 63.75 5775 7. 25 &1a 50 5. 00 48.75 46450 56e2% 56234
SURJECTT 82.50 T5.00 50.00 T6.50 £63.75 #8425 60.00 73.50 T3.69
SUBJECTR 6675 58,52 67.50 63,75 s0.00 52,50 54400 4T.25 5R.78
— el —_ —_—

‘mE AN SR 31 S5taaT 6l.59 55034 5T7.55% 57.19 53.186 55.78 : 57.18
SURJELTL 60.00 12,00 3,50 a7.1% 62,25 45.09 48,75 36.75 57.00
SURJECT2 37.59 39.90 56425 43,50 45453 52.50 51.75 46450 46,69
" SUBJECTR 43.50 4B, 75 45,30 47.25% 45.00 45.75 48450 31.50 %3.76
SURJECTS 319,03 24.75 34450 48.75 26425 34450 34,50 %75 35,25
M SURJECTS 36,30 37.50 30.75 41.2% 4200 39,00 41.25 45,00 3%.09
SURJECTS 4275 5175 4B.30 51.75 o S0 52.50 42,25 61,50 $2.12
SueJECTT 57.00 L4,2% £3,.7% 51.00 59.25 _ 4D.C3 £7.50 53.25 56,62
SUBJTCYE  85.75 3375 T1.25 71.25 63eTS sa75 LSO 85075 Ell22

ME AN 4k o R 87,77 49.12 56,131 “Ba7% 49,50 5175 4hoh? 58,97
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Fig, 15, Tire history of frontal force for lifting and lowering in the four

eonditions,



53
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Force to the left
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Straight Ahead
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Fig, 16, Time history of laterzl torque for lifting and lowering in the
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Fig, 17. Time history of cartwheel torgue for lifting and lowering in

the four conditions.
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PFAK VALINS 1IF FACNTA] FOR[F

TN PHUINDS

OURING  FIFTIMG TN CoNAITEN ]
[} L3

FIRST SFT v REPLICAT SET HRAND

PEAKS  SHRJECTS | 2 3 LI 5 6 .t B BEAY MFAR
SURJECT] 13.50 10.2% 10.7% 475 10.00 B 75 B. 75 10. 50 9,91
sSimMcerz 5.3 He25 5.00 B.00 6429 7.00 5.00 5«50 6,00
SUBJECT3 B.%50 1&.50 10.00 Ta5Q 1= 50 5.50 .50 5,50 T.81
SUANCTS 5450 5.09 4e50 5.00 B.T5 4e75 TS50 5. 90 S« 81
b SURJECTS 450 3.00 2.00 3.75 3425 3.00 3.7% 300 3.28
SUBJECTS 7.50 3.50 Se50 5.00 T.25 6.75 T.50 B.75 be47
SuaJECT? Ba0Q B.T5 10.25 650 1C.00 8.7 10.50 B.T5 B.94
SURJFETE  5.50 T.00  5.50 .50 5450  7.50  5.25  1.00 6259

MEAN 6.87 8. 73 5,69 b.B7 Ta31 650 6,97 6,81 6485
SUBJECT1 10.25 12.50 15.25 B.75 750 12.50 13.75 15.50 12.00
SuBlSECY2 18,00 B.T5 6425 Fa 53 7.00 12.090 8,00 T.50 Bab2
SUBJECTI 12.50 5.50 11.25 13.00 000 12.00 7.50 T.00 .54
SURJIELTS 10.048 11.25 9.00 8.75 6450 T.50 5.00 750 8.19
4 SUBJECTS 5.00 3.25 6,75 6e 25 3.75 7«00 5.00 6,75 5.47
SUBJECTE Be 5D 5. 75 T=50 -11.59 10.00 12,50 10.00 12.00 9.47
SUBJECTT %4450 3.T5 6425 4425 6. 25 4.50 .00 5.00 5.19
susJcCTs 5.25 6,00 5.25 5.2% 1.00 3.25 425 5.15 5,25

ME AN 8402 7.09 B.44 8.1 1.25 B.91 756 8437 8,00
SUBJECTL' 5.50 8.75% 9.50 1025 10.00 16.50 12.50 12.50 Y94

SUBJECT2 6425 10.00 8.50 1C.00 12,57 13.00 B 75 10.00 9.50 %
SURJECT3 11.25 12.50 15.50 11.00 12.00 1Z.50 ’ 11.2% 13.75 12.59
SUBJECTS 7.52 - ] 8.75 B 75 6. 00 4450 6425 T.50 675
¥ SUBJELTS 5.75 £.50 4450 6.25 6a25 4,25 4,00 5.00 5.06
SURJECTS 5200 5.50 5.00 8.25 15.2%5 11.50 8,75 8.2% Ta9%
SuBJECTY 5.00 2450 - 4.50 S5.00 10.50 Ta75 10.53 12.50 T.28
SUBJELTS 250 T.5¢ 5.25 5.25 1450 Te00 500 5.25 LS

ME AN HaB& To80 . Te59 7497 9,25 3,50 8437 9.36 i 2,18
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TABLE 20 —~
PEAK VALUES I't Fo0uTaL FNRCE IN POUNDS
DURING LOWERING 1N CCHNITION 1
L 1 W E NG S
FIRST SET REPLICATE SET GRANG
PEAKS  SURJECTS 1 2 3 4 5 & 7 B HEAY nEAN
SUBJECTL 8.25  11.00 2.25 7450 13.75 14425 15,00 16,00 11.87
SUBJECTZ  10.50 9.50 16400 12450  12.50  14s25 1025  12.90 12.19
SUBJICTI 1057 15,00 10,00  12.50  15.00 20,00  20.00 12,75 14.59
° SUBJEC TS .00 8400 6425 7.50 5.50 6425  13.00 5.58 1,00
SUSIECTS 7.90 7.00 .75 8.75 5.73 .73 5.75 5.00 5.%4 -
- SUSJIECTS 7.0 10.00.  7.00 9.50  16.25  13.50  10.00 7.00 13.03
SUBJECT? 7450  16.25 9.75  10.00  12.00  15.00  10.00 .50 11.12
SUBJECTS 7,50 5450 7,75 J.50 11.25 5.50 5.50 5.00 5494
mE AN 8.16  10.28 .97 9.22 11.50  11.56  10.81 9.09 2.95
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TABLE 21

PEAK VALUES NF FRrYTAL FIRFE TN POIANS
DURING LIFTING IN COMDITION 2

58

FIRST SET ! J REPLICATE SET GRAND

PEAKS SURJECTS 1 2z E 4 5 L3 7 B8 MEAN MEAN
SUBJECT1 6425 8,00 B, 75 9.00 T-50 8. 7% T.00 6,25 Teb9
SUBJECT2 5«50 S 15 S.00 T.50 8.00 5.00 T.00 T.50 bebl
SUBJECT3 10.00 5«50 5«75 T+ 50 Se 50 5.50 650 Te50 &eT2
b SUBJECT4 3.00 3.75 45,00 5.00 65250 65.00 5.50 T.00 5.09
SUBJECTS 3.00 S.33 5.00 3,00 250 2.50 3.25 2.25 3.31
SUBJECTS T.50 625 7.00 6.25 T.50 9.00 &, 15 6. 50 709
SUBJECT? 9.50. 10.59 8.75 Ta2s 9.50 10.52 9.50 T+50 912
BUBJECTE 6425 12.75 5200 550 5s25 225 Ta25  7.00 .03

MELN 6.37 1.19 G528 6.37 5.53 6269 5.59 LT 2 G656
SURJECTL 5.00 B.00 1.50 12.50 12.00 12.00 12.25 14,75 10,50
SU!JEC'I"Z 8.75" Te50 T«50 5«00 18,75 13.75 11.25 10.00 10.21
SUBJECT3 12.50 %50 17.50 12.048 8.50 13.50 8. 75 6,25 11.06
& SUBJECTS 10.00 5.00 550 3.75 5.50 6.75 4250 675 S97
SUBJECTS T.00 525 5450 4o 50 3.715 5. 00 4,50 650 5425
SUBJECTE 12.00 10.00 11.25 12.50 8,75 10.50 9.25 15.00 11. 18
SUBJ.ECTT 4425 3.58 9.00 be 25 7«50 5250 150 T.00 6231
SUBJECTS  5.25 3,00 10,00 350  5.00  $.00  5.00  3.00 5.72

& MEAN B.09 B.67 ’ 9,22 ) Ta63 B.T2 9.00 T«87 9,28 B.29
SUBJECTL 3.75 S5.50 B.75 7.(-10 T.00 He25 T.75 B 75 T.09
SUBJECTZ 5.00 5«50 6.25 5.25 625 T.00 9.50 T.00 6e59
SUBJECT] 6025 12.00 15,00 9.50 8,00 9.50 11.25 BaT5 10.03
P SURJECT4 3.75 3.75 S5.00 675 6425 ) 8.00 550 5.7% 5.59
SUBJECTS 550 5025 Ta50 Te 50 5.25 5. 50 5450 5.00 S.87
SUBJECTS 10.00 T.50 3.00 8.75 5425 T=25 6. 75 10,50 200
SUBJECT? 2250 5.90 600 T.00 5«50 5.00 Te50 5450 )
SUBJECTA  5.50  £.50  9.50  6.25 3.7 5.00 5,00  S.00 5254

MFE AN 5.28 &a19 .25 7.37 5.91 S5a9% Teds 703 679




TABLE 22

PEAX VALUES NF FRONTAL FNRCE IN POUNDS

OURING LOWERING [N CCUNITION 2

59

] o E 1 G s
FIRST SET REPLICATE SET GRAND
PEAXS SUBJECTS 1 2 3 4 5 & 7 B MEAN MEAN
SUBJECT] 6,25 5.00 &.50 S.00 6.00 T«00 9,50 T.50 6.59
SUBJECT2 10.00 11.25 T.50 8.00 10.50 750 12.00 Te75 9,31
SUBJELTA 18.00 17.00 13.75 11.50 1700 17.50 13.75 15.00 15.%4
» SUBJELT S 4e5U S.G0 Be25 B. TS /.00 8,75 6.50 10.00 122
SUBJECTS 5.00 Te25% 6.50 5+50 & o 50 4,00 4450 4.00 S«1l8 -

SUBJECTA 9.50 Te 15 8,75 T.50 7«50 6025 Ta25 Te50 Ta75
SUBJECTT? T.50 8.50 5.50 11.25 B.00 5+50 4.50 8.00 Tai6
UBJECTS  T.50  5.00  4.25 7430 6s25  6a25  $.00  5.75 5.9

M E -.l N 8.53 B.34 Teb2 Bsl2 84457 T« 59 T.87 8.19 B.09




TABLE 23

PEAK VALUFS OF FPNONTAL FNRRCE TV PrUMNGS

60

DURING LIFTING TN CONODITION 3
1 T

FIRST SET . REPLICATE SET GRAND

PEAKS SURJECTS 1 2 3 L) 5 & T 8 HEAN MEAN
SUBJECT] T«00 G50 4.00 9,50 7«50 T.00 T.00 10,50 Be25
SUBJECT2 3.75 5.00 3,00 500 5.00 5250 be25 T.00 S.06
SURJECT2 6425 10.30 5.00 5.00 5,00 6.25 5.00 T.50 6,25
] SUBJECTS 5«00 4,00 5.00 4,00 750 7. 50 5.50 -5-25 547
SUBJECTS 2.50 5.00 3.25 4 .00 2.50 3.00 2.00 2.59 3.09
SUBJECTS T.50 B. 15 8,00 T 75 1.50 8.00 9.00 9.50 8.25
SUBJECTT 10.50 12.50 10.00 3,75 8,75 10.00 T.50 T 50 B.81
SUBJECTS 4,00  5.25 5425 6.25 5,00  5.50 1,00  _5.50 5.38

MEAN 5.81 T.50 S5.94 S5.68 5.97 6,59 LT9Y ) 5291 6.32
SUBJECT! 5.25 B.T5 12.50 11.00 750 10.25 10.50 10.50 9.53
SUR JECT2 6425 11.25 7«50 8,75 T.50 13,75 13.75 12.50 10.16
SUBJECT? 3.00 10.00 10.00 12.00 T.00 12.00 12.50 12.00 10.06
d SUBJECTS 6a25 10.75 6.50 T« 50 5.00 8,75 11.00 9.50 8.186
SuUB JELTS £.30 5.00 3.75 5,25 250 5.00 5.50 2.50 Sebd
SUBJECTE Ge25 12.50 8.00 12.00 10.00 10,50 13.25 18.00 11,31
SUBJITCTT? .00 Te59 12,00 2450 S.00 T.00 6425 4.50 659
SUSIECTS 10,50 700  5.50 825 .50 %50 Ta50 .00 T.09

N MEAN 656 9.09 8,22 8.28 613 9,59 10.03 bl 8.42
SUBJZLT] 9.50 6. 50 12.00 13,00 8,00 T« 50 14.50 10.25 10.16
SUBJECT2 5.25 7.5 6.50 T.75% T.50 8.75 10.50 12;00 834
SUBJELTS TQO’G 13.00 11.25 11.25 10.00 9.50 13.75 10.50 10.78
4 SUBJECT4 9.00 T.00 T.00 Te25 T«15 T« 50 5.50 10.50 T«69
SUBJECTS 5.59 T-00 5,00 3,50 675 5.00 4.00 5.00 522
SUBJECTE 10.00 10.50 "11.25 10. 25 10. 50 10.50 13.00 10.75 10.34
SURJECTT 12-5-0 11.25 13.50 13.75 1G.00 10.00 13.00 8,00 11.50
SURJECTR  9.25  5.00  5.00  9.50  T.50  10.25  7.50  5.00  7.50

MEARN B.52 Ra&T F.06 9.53 Be50 B.&2 10.22 9.00 9.00




TABLE 24

PEAK VALUES OF FanyTAL FORCE TN POUNDS

DURING LMWERING IN COHMDITION 2

; Eugr sgr £ ' NREPLfCAI'ES SET GRAND

PEAKS  SUAJECTS 1 2 3 & 5 & 7 8 MEAN MEAN
SUBJECTL 12.00 13.00 11.50 14.50 14.50 14.50 14.00 13.30 13.37
SUBJECT2 T.50 10.00 T.50 11.00 10.75 11.50 12.00 14,75 10.62
SUBJECT3 15.00 17.50 21.25 18.75 17.50 13.75 27.50 22.50 19.22
o SUBJECTS 6425 6.75 T.25 7.75 8,75 10.75 10.00 11,00 8.56
SURJECTS 8.75 T.50 5.25 6425 5.00 5.00 5«00 5.00 5,917
SUBJIECTS T-50 12,00 10.75 14,50 15.50 12.75 10.35 13.00 “11.78
SUBJECTT 17.00 12,75 15.50 8.00 5.00 ‘3,00 5+00 5450 $e72
SUBJECTS 19.00 10.50 B.75 15.09 5.00 _9.00 _5.00 550 _B.S9

MEAN 10.50 11.00 10,97 11.97 ’ 10,78 11.09 11.is 10.98
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TABLE 25

PEAK VALUES 0OF FRONTAL FN2CE TR POUNDS -
DURING LIFTING IN CONDITION & -
. A A
PEAKS SUBJECTS 1 ;“sr se; L] - nE:'-lc“TE ger a ME AN E;::D
SUBJECTL 6250 8.50 8.50  9.50 “B.50 7.50 8.00 ' 7.00 7.75
SUBJECT2 3.75 3.75 3,75 3,75 4400 5.50 5.50 6450 8456
SURJECT3 5.00 1.50 7.50 7.50 5.00 5.50 T.50 1.50 6.82
® SURJECTS .00 5.00 475 .00 B.50 7.00 7.00 8.75 8.75
SUBJECTS 4.50 4450 2.50 3.25 4,50 4.00 2.50 2.50 3.53
SUBJECTS 6425 7.75 7.50 775 8.00 8.75 8.00 9450 794
SUBJECTT  10.00  10.00 9.75  11.25 8450 .50 1.25 7.75 9.00
SUBJECTS 5.00 7.50 3,25 5.00 5.90 5.00 5.00  5.25 5.13
MEAN 5-?5 6a.81 Se%% T.00 6425 . ba 34 [ P11 6. 84 ) Gabl
SUBJECTL 8.25 8.00 7.50 8.75  12.50  12.00  13.75  13.50 10.53
SUAJECT2 6425 375 - £.00 7450 10,50 12,75 12,50  12.75 8,75
 SUBJECT] 8.50  14.50 6225  10.00  12.350  12.50  12.50  13.00 11.22 .
SUBJECTS 5.00 8.75 9.50 7.2% 5.50 8.00 1.25 9450 7459
® suesects 475 6400 5.50 5.00 5.50 5.00 3.75 3.00 s.81
SUBJELT6 6225 10,00  12.50 8.75 9.50 1500 10.00  10.00 10425
suaJECT? 6425 7.75 2.00 8.00 6.25 5.50 5.50 6200 s.78
SUBJECTE  3.75  7.T5  9.00  7.50  5.00 °_5.00  7.50  5.50 .37
) nE AN 612 8.31 1.91 T.84 8,41 9.47 9.09 916 8.29
SUBJELTL 5.00 6228 5.50 7.00 6.25 8.00 7.50 7.25 6e34
SUBJECT2 7.50 6a25 8,25 8,25 7.00 8.75 4450 5.50 6.50
€ SUBJECT3 7.50 2,50 7.50 7.50 8.75 6,25  10.00  12.50 8.69
4 SUBJECTS 5.00 4,50 5,90 1.25 5.75 4250 5425 575 537
SUBJECTS 5.00 450 5.25 5.75 5.50 5.00 5.00 3.00 48T
SUBJECTS 5,00 8,75 5.50 7.00 5.00 650 5.50 625 5,94
SUBJECTT 7,75 5.25 6425 7.50 4450 7.50 8.00  7.00 6.72
SURJECTS .00 5,00 4.0 S. 75 3.00 2,50 5,00 5.50 534

MEAN 5.04 6,00 Seb6 6.75 572 5.87 b4 3% 659 .10




TABLE 26

PEAR VALUES F FaNNTAL FORCF IN PNUNDS
DURING LOWERING [N ZONDITION 4

63

Lt o £ 1 N 6 5
FIRST SET REPLICATE SET GRAND
PEAXS  SUBJECTS 1 2 3 3 5 ) 7 3 MEN MEAN

SURJECT] 7.00 7.50 4475 6.50 5.00 5.00 450 4,75 5,75
SUBJECT2 6.25 6-25 7.00 9.00  10.00 7.50 8.50  10.50 8.12
SUBSECTI 1300 13,50  16.25  13.00  15.50 13,75 750 14450 13.37
= SURJECT4 5.00 . 6425 7.00 8.00 5.50 6.00 5.50 9.00 6.53
SUBJELTS 5.00 5.00 5.00 5.00 3.50 5.00 2.50 2.50 4.19
SUBJECTS 5.25 9.00  10.30 5.00  12.00 5.50 1.50 T.00 T.78
susJECTT .25 5.25 5.50 5.25 5.50 7.00 7.50 575 .12
SUBJECTS 7.50 5.25 5.25 5.75 5.75 5.50 450 600 5.69

T.19 7.97 5291 600 7.50 7.20

REAN Telb TelS 7.59




TABLE 27

PEAK VALUES OF LATERAL FORCE [N POUNDS

DURING LIFTING IN COsDETION 1

64

FIRST SET ! ' REPLICATE SET GRAND
PEAXS  SURJECTS 1 2 3 & H & 7 8 MEAN MEAN

SUBJECTL 3,33 5483 5,00 4alT 5.83 417 3,33 3,33 4237
SUBJECTZ2 3.33 2.92 S.00 1.67 S.60 5.00 5.83 3.33 4201
SUBJECT3 5417 8e8T 7.92 S.00 6u67 5.25 3.00 650 6452
e SUBJECT4 4.58 400 6.00 4,17 T<50 3.83 4.83 &,67 S.20
. SUBJECTS 2,33 1e67 2.08 3.17 2033 2.92 2.33 3.00 2,60
i SUBJECTS 6e67 1.92 5,75 7.50 5.83 5467 6450 5.57 6469
SUBJ&I‘;TT S5.67 5483 2492 5400 41T 3,33 %17 3,33 %30
SUBJECTS 5.00 5.00 &.38 4417 _3.7% 5.00 3.75 5.00 Aebl

HEAN 74.6& 485 5,03 4. 35 Sela 452 4,97 4260 4,78
SUBJECTL 3.75 4017 4417 3,33 2.50 %17 2.50 3.33 3.49
SUBJECTZ2 5.;2 2450 4e17 5.00 2+50 5.00 417 417 4211

SUBJECT3 4217 3.33 3,32 3.33 Se42 S.00 4.83 3.33 409 £
SUBJECTA 3,33 2.50 2.50 2.92 %400 2.5G %00 2,92 2.08
£ SURJECTS 2.92 3,33 2292 2.58 2092 287 2400 2250 2473
SUBJECT Z.50 .75 4alT 2.92 4,17 3.50 2.92 3.50 3443
SUSJECTT 1.867 3,33 5,00 250 1. 67 3.33 3.33 4,17 3e12
SUBJECTE 217 4u33 250 2.50  2.08 3.7 333 208 277

M EAN 3a24 3.0l 3.59 3alb 3,67 3,25 3,33

3.39

3.14



TABLE 28

PEAK VALUES OF LATERAL FQRCE IN POUNDS
DURING LUWERING IN CUNDITICN 1

L o w E R I N & s :

FIRST ST REPLICATE SET GRAND

PEAKS SUBJECTS 1 2 3 % 5 -3 7 a MEAN MEAR
SUBJECTL 4458 5.83 4017 5.00 3.33 S.42 2.50 3.23 4e2?
SUBJECTZ 5,83 4,58 5.00 2.50 7.5 3.33 3.33 5.83 474
SUBJECT3 2.50 3.75 3.17 2.50 3,75 5.17 4.58 .00 3.80
. SUBJECTA 2.67 %17 4.25 2.53 2.50 2.67 2.33 3.17 3.02
SUBJECTS 2.92 417 3.83 3.00 3.50 ©  3.50 4.00 3.00 3.49
SUBJECTS 3.33 3.33 417 2.92 4.58 417 5.00 3.42 3.86
SUBJECTT 2.92 3.33 2.50 1.67 2.50 .50 2.50 1,17 2,64
SUBJECTS 2590 3.33 2450 292 3433 2;53_ 1._33 E.E ) ‘3._ﬂ3

MEAN ' 3a4) 4,06 3.70 2.87 3.87 3.70 3.20 4.05 3e b1
SUBJECT] 450 3.33 5.8 5.00 3.33 5.00 3.33 3.33 4.21
SUBJECTZ 6.67 1.75 4al? .00 5.83 5.00 5.83 $.00 S.16
SUBJECT3 -2.92 3.33 2.08 3417 3,17 4283 5,33 4.83 3.71
. SUBJELT4 425 3.50 3.42 S.67 350 483 3.32 2433 3.85
SUBJECTS 2.17 4al? 3.17 2.87 1.83 3.83 1.83 1.67 2.87
SUBJECTE 5.42 T.08 5.42 6.25 6.50 5.67 4.83 S.42 5.82
SUBJECT? o3 .58 5.83 7.08 6025 5.83 542 558 5455
SUBJECTE 3.33 S5.00 4.58 2292 $.17 3.33 3.75 Z.T.rl. 3,73

SUBJECTS 3233 5.00  4.58  2.92 .17 23 3B a8

ME AN L1 LIELS 4e131 8. 72 4.32 479 %.21 ‘3.1'& 436




TABLE 29

PEAK VALUES OF LATERAL FRCE IN POUNDS

DURING LIFTING [N CONDITIGN 2

66

FIRST SET ! & REPLICATE SET GRAND

PEAKS SUBJECTS 1 2 3 & 5 [ T 8 MEAN MEAN
SUBJECTL 6abT 417 5430 417 5.81 5.83 5.83 3,33 5.10
SUBJECTZ 5,00 5,00  6.87  4u17  7.50  5.00  5.83  5.00 5.52
SUBJECT3  7.50 Bl  6.92 54042 6e87 81T 8.67 483 6u5%
ce SUBJECTe  4.83 417 6.25 5.00 7u17 4,83 4.17  4.83 S.16
SUBJECTS  4u17 3,17  5.06 250 7.92 233 2.58 267 3.79
SUBJECTE  9.17  6.67  Ta50 7.08  5.00  7.08  5.83 7.08 6.93
SUBJECTT  4.07  #e17  4u58  4.58 4.0  #u17  2.50  3.75 3.9
SUBJECTS  3.33 400  5.87  5a67  3a33  4u58  5.42 3,33 sa82

MEAN S.60U 4.54 5.95 4,82 5.93 S.00 $.85 &35 S«18
SUBJECTL 167 3.33 3.33 5.00 1.67  2.50  2.50 1.67 2.1
SUBJECT2 1067 3,33 5,00  0.83  4.1T  5.00  2.50  3.33 3.23
SUBJECT  3.75 375 S5.00 167 2,50 4458 4483 5,33 3.93
f SUBJECTS L.67 1.67 2.50 1.83 2:50 5.00 3.33 2467 Z.65
SUBJECTS 167  4.58  3.0¢ 4.58 1025 16T 2.92 2.67 " 2.19
SUBJECT6  3.33  3.75  5.42 3.33 1,67 . 5,00  4.83 3.75 3.89
SUBJECTT 417  2.92 S.42 333 417 97 4.33 2092 455
SUBJECTS  0.42 2108 4.00  8.00  3.75 2,08 4.58 2,52 3.23

mEAN 229 318 .21 3.32 2.70 437 3.73 3.16 3.37
SUBJECTL  5.00  5.83  5.00 5.83 3.33 AT 4el? 3.33 4.53
SUBJECT2 583  4elT  5.83  S.00  #e17 500 5.00 5.00 5.00
SUBJECTI 9,17  7.50 8433  5.83  9.17  9.17  7.92 8.33 8.18
SUBJECTA  5.00  4.1T  4.58 4050 5.17 6,25  4.58 5,00 4e91
wt SUBJECTS 4258 4200 Sak2 S5.67 5.83 4.58 4458 5.00 "-83
SUBJECTS T.08 T.08 Ta92 T.08 667 T.08 5.00 T«50 65+93
SUBJECT7 Se&2 Sa00 4.17 &.17 4. 33 4417 T« U0 4.58 4485
SUBJECTE 5,00  4.83  3.33 8,17 5.00 3,50 3.75 4458 4a27_

M E AN S«89 5432 Se%5 328 5e 46 Seh9 5,25 S5.42 Sebb




TABLE 30

PEAKX VALUES 0OF LATEWAL FORCE

I[N POUNDS

DURING LOWERING IN CEMDITICN 2

67

L 1] € N G s
FIRST SET REPLICATE SET GRAND
PEAKS  SUBJECTS 1 2 3 . 5 6 7 3 MEAN HEAN
SUBJECTL 3.33 .67 6ab? 5.00 2450 3.33 les? 2450 3.9¢
SUBJECT2 2450 4al? 3.33 2.50 6e67 4217 5.00 4.58 %.11
SUBJECT3 4,17 3,33 3.75 3.33 4400 4a17 5.00 4,17 3499
% SUBJECTS 7.92 5.00 7.08 4483 8.33 1.50 1.50 5.00 5,15
SUBJECTS 4017 4.7 4.58 4a17 4a17 3.33 3.33 2.50 3.80
SUBJECTo 5.82 5.67 6.00 6.67 7.92 7.08 1.08 Te82 690
SUBJECTT 3.50 417 4.17 3,75 5.83 5.00 5.00 5.00 4,55
SUBJELTS 3475 - 3,33 400 417 483 5.00 2.92 3417 350
®E AN i o 40 4e69 4095 4 30 5,53 4. 20 .94 be 35 454
SUBJECTY 7.08 5.83 5.00 5.00 5.83 3,33 6025 6.87 5.62
SUBJECT2 7.50 4417 567 4.17 6a6? 5.83 5.83 5.42 5.78
SUBJECT3 9.17 7467 S.83  10.83 9417 B33 .92 9458 B.56
= SUBJECTS 5.83 5.42 5.83 6450 7.08 6,67 6250 6a87 8431
SWEJELCTS Seul .17 75.00 3.75 5.83 S.83 5.83 5«83 S5.18
SUBJECTS 7.50 7.33 7.50 6.67 2.3 6.67 Ta50 8223 T.48
SUBJECT? 3,33 S« 83 4,17 5.83 5.53 5.00 Ta32 5.83 SeaT
SUBJECTS 450 5467 5,00 5.83 5.83 5417 5.00 5,83 5,23
MEAN 6.24 5.76 5.62 6,07 6.82 5.73 6.59 8.77 6.20
SUAJECTY 4,17 4,17 5.00 6400 6480 Be25 4,58 3433 4296
SUBJECTZ 6067 5.00 6,25 5.00 7.50 5.00 5.42 5.00 5.73
SUBJECT3 4,33 S5.17 5042 Seh2 9 1T Te 50 - .Y 4 Te50 Le4D
r SUBJECTS $.00 .58 2.08 517 2.50 4.7 %.58 .83 4028
SUBJECTS 4033 0.67 3.33 2.33 417 2.92 3.33 2450 2.95
SURJECTS Te50 5283 5.83 T.08 583 SeB3 3.32 B33 b.20
SUBJECTT 4417 S.83 4a17 417 4.17 4.00 Se00 .58 &e51
SuUBJECTS 2.50 2,17 3,33 517 333 5100 3.32 2.52 i, )
ME AN 4233 %230 4423 4aT9 5,33 SeuB 4453 S5a12 4480




TASLE 3}

PEAK VWALULS ' |AT!wmAL bosCl IN PUUKDS
DURTHL  LLIFVING IN CunelfTieN 3

t t F ¥ 5

FIRST SE7T REPLICATE SIT GRaND

PEAKS  SUAEClS 1 2 E] o 5 & 7 § HMEAN MEAN
SURJLCT] 4.83 [ % | Sl 3233 .52 3.75 S.00 5400 Sela
SUBJECTZ 5443 B33 4e b7 3,13 3.13 bubT 5¢ B4 S5aU0 S.31
SUBJECTS 2elud 5.83 3.33 4,83 4,83 GabT 8417 G.83 S.00
SUBJECTS 4.17 .50 3,67 5.00 2.52 3.00° 4,00 4oll 3.80
¢ SUBJECTS 4.0l 1.67 2433 4200 2a92 1a67 2450 1.867 2.5%9
SUBJECTG e 50 5.17 4,58 5.42 417 T.08 333 5.00 5.28
SYBJECTY 3,75 5402 458 T 250 5425 S.83 3433 3.¢T %e29
SURJECTS 2.5) 3.33 3.50 7.5d 2.52 4.33 5.17 5417 4230

MEAN 4039 4499 3,90 4,49 4a 23 4467 4a42 dakd 4atb
SUBJECT] 4o B3 4.17 5400 4,17 TaS0 5.00 5.83 5.62 5429
SUBJECT2 4u k7 4e17 3e33 3.75 5460 9.83 batsT S.00 4aT%
SUSJECT3 4a17 Sa42 417 5.75 5400 G6.6T 5.00 2.92 4,89
SUBJECTS bez5 4.17 4u67 4a 58 4. 25 4a33 44,58 ST 4aBl
s SUBJECTS lab7 - 2.08 3.32 1567 3,75 2.33 2.17 1.B3 2. 35
SUBJECTS [ 9.¥4 3.50 5.00 458 ba25 3.67 417 4.17 4475
SUBJECT? 3.35- 4458 5483 3.33 4442 4.11.' BuET 3.83 4452
SUBJECTE Ba5T 5.33 3.33 5.89 L.58 S5.02 530 2.53 474

5.01 3.57 +a51

®E AN Ge 12 o il 4e33 4210 S5e 0% 4 &2
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TABLE 32

PEAR WALUES OF LATERAL FNRCE IN PCUNDS

DURING LOKERING IMN LUNGITION 3

69

L i} € I G
FIRST SET REPLICATE SET GRAND
FEAKS  SUBJECTS 1 z 3 4 5 & 8 MEEN MEAN

SUBJECTL 1.67 2.50 Lea7 0.83 2.08 3.33 2.50 2450 2.1%
SUBJELT2 la6? 1.67 1.67 Q.83 Z.52 1.67 Z.50 1e67 1.82
SUBJECT? 2.50 5.00 4s17 4s17 5,00 4450 6.50 4.58 4455
T SUBJIECT4 la&? 1.00 2.92 L.50 1.67 Z2.08 .17 5.00 2,37
SUBJECTS les? 1.25 167 l.00 4400 2.50 2a50 2.58 2.15
SUBJELTS 5,87 Z.92 5.00 3433 3.75 %a17 3,75 3.33 3.99
SUBJECTT la67 1.25 1.25 2.08 l.867 0.83 0.83 l.25 1a35
SUBJECTS 2.50 2.08 1.67 3.33 1.67 1.87 1.67 3.75 2.29

MEAN 2431 2.21 2.50 2ol 2. 84 2459 Z.93 3,08 2.58
SUBJECTL 5000 .17 5.00 5.00 5.83 6425 500 Geb7 5«38
SUBJELTZ 5400 5.02 8433 417 150 5.00 5.83 babT 5.94
 susJECT3 3.75 375 &.00 T.50 5.67 4458 T.92 4017 S.42
SUBJECT4 5.83 1033 S.30 5«42 6a25 6a87 6.50 Se42 5.55
b SUBJECTS Ze50 .08 3.33 2.67 2.08 1e67 1.67 2417 Z.27
SUBJIECTS 6425 4,00 7.08 6.67 7.50 5.00 5.83 5.83 5.27
SUBJECTY 4e17 6.67 6425 3433 2.50 2.50 5400 417 4e32
SUBJECTE  3.33 3,17 3,17 7,50 3.75  Aal7  S.0u .00 4.84

. MEAN 4048 .27 5465 5.28 Sal4 4048 5434 Se14 4,97




TABLE 33

PEAK YALUES OF LATERAL FURCE IN POUNDS

DURING LIFTING IN CLlHDITICY &

<

FIRST SET ] d REPLICATE SET GRAND

PEAKS SUBJELTS 1 z 3 L3 5. ] T B8 MEAN MEAN
SUBJECTL 8433 7.50 8425 5.52 %al? 5.42 5,83 | 4a1T 5.89
SUBJECT2 3.33 3.33 317 4.58 2450 3.75% 417 5«00 3.73
SUBJECT? 5417 41T 1.50 417 6450 7.50 7.08 T.50 5.70
R SUBJECT4 5.67 3.75 5.00 487 4.17 4.33 5.17 5,83 4.82
SUBJECTS 2259 2450 3432 3,33 3.75 4.0 3.323 2492 3.21
SUBJECTS 5,83 4al7 4.58 3433 8.33 6e87 7.92 8425 5.89
SUBJECTT 417 6a6T 5«83 5.00 S.83 3.75 5.00 3,33 %295
SUBJECTS Sa42 3.7 £.25 3.33 4a17 5.00 4017 335 2587

MEAN 5,05 5.T2 4.4 4423 4493 5.05 5.33 4.79 4486
SUBJECTL 292 250 2450 Z-Sh 4017 3.33 la67 S5.00 3.07
SUBJZCT2 1.67 2.08 0.00 1.67 l.67 3.32 1.67 5.00 2.14
SUBJECT3 1.25 2292 2492 2450 led3 4458 4.17 3,33 2.9%
T SUBJECT4 4.17 .92 .17 2.6T 250 2233 3417 2.00 2+86
. SUBJECTS 1.67 2433 250 Q.83 1.25 le&T 1.67 1a67 170
SUBJECTS ©  1.83 5.00 5.42 2.08 2.50 3.33 167 2450 i.04
SUBJECT? 1.67 1.67 1e87 0.0 1.67 0.00 1.67 4.17 1.58
SUBJECTS 3,67 3.75 2417 5.00  3.33 2.50 4a17 2.5¢ 3.64

MEAN 2,35 290 2479 2.16 Z2e3b 2ab% 2448 3.27 ) 2e62
SUBJECT] 4.58 8,17 4017 3.33 458 3.33 4.17 5.00 417
) SUBJECT2 4,17 3.75 3433 5.00 3.33 1,33 5.00  5.00 4all
SUBJECT3 117 5.33 4200 5.83 4.00 7.00 7.08 Se42 5.23
¢ SUBJECT4 4.00 2.92 4.33 3,17 3.17 2.00 4.17 4,17 3,49
SUBJECTS 3433 2.08 2.08 2.50 1.25 1.50 1.67 2.50 2.11
SUBJECTS 4.00 2.50 3,32 4.00 3.75 3.33 2.08 175 3.34
SUBJECTT 2.62 5.0 2.50 2492 3,33 3.33 2450 2.50 3.12
SUBJECTS .67 2.52 3.75 2,08 2.33 2250 3.33 2.592 269

M E AN 3a48 3,58 3. 44 380 3.22 3.29 . 3a.15 1.91 3.53
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TABLE 34

PEAK VALUES OF LATE<AL F5=CE IN POUNDS

DURING LGWERING IN CONDITICN &

L 0 € i1 N 6 S
FIRST SET REPLICATE SET GRAND
PEAKS SUBJECTS 1 2 3 4 S & L -] ME AN MEAN
SUBJECTE 2450 2450 3.33 3.33 5.00 3.33 5.00 2,50 3.44
SUBJECT2 2450 1e67 1.67 1.67 3.33 4.17 3.33 3.33 2.71
SUBJECTI 5.00 5233 2.08 5.83 3.33 3.75 3.33 2250 3.90
- SUBJECT4 1.67 1.67 5.00 7.67 4a58 2,67 250 3.42 3.02
SUBJECTS le6T 3.33 1.567 292 le&T 167 2.50 1.67 Z2a14
SUBJECTS 5,00 5.00 1.67 4.17 4,58 458 5,23 3.23 4.08
SUBJECTT 2.08 - 2.08 3.33 2.50 2450 5.00 3.15 5.00 3.28
SUBJECTS 2,50 2,92 2.50 2.08 167 2082 252 2.92 2.55
MEAN 2a86 306 2066 3.15 3.33 3.51 3. %8 3,08 3.14
SUBJECTL 4,58 4.58 5.83 5.00 5e 42 5.83 4e17 2.50 474
SUBJECT2: 1,677 3433 4al7 5.00 4a17 %17 2.92 3.75 3465
SUBJECT3 4,17 .08 5,00 $.00 4.50 687 .00 5.83 5,42
a SUBJECTS Ge50 S.00 333 4a 17 54 83 4a 00 3433 4417 byl
SUBJECTS 417 5.00 5.00 5.33 5.00 4.7 4217 3.33 4a52
SUBJECTS 533 4458 4450 667 417 625 £+00 S« 83 Sekd
SURJECTT 3.33 2.50 2450 3.33 3.75 3.75 2.50 417 3.23
SUBJECTE  4.58 4400  3.17 3.33  3.33 233 47 2.92 3.80
) MEAN 45429 %51 4419 4,73 4253 4aT7 %.03 4.06 4439
SUBJECTI 417 5.83 5.00 5.00 4,00 4458 4417 5,83 5,82
SUBJECTZ 4elT 5.83 5.00 5,00 5.00 4,17 4a17 7.50 5.10
SUBJECT3 4,33 3.58 617 3.33 4200 3.33 7.50 3.33 4,45
SUBJECT4 3.32 483 4483 4.58 250 6233 5«00 S.00 455
i SUBJECTS 3.33 3.33 417 2.50 3.33 2,92 4417 3,17 3.36
SUBJECTS 5.50 792 500 5. 83 5. 83 5.83 .75 4058 5453
SUBJECTT S.42 5.00 417 3.33 3.75 2.50 2.92 3,33 3.80
SUBJECTS 4458 4.33 2,17 3233 5.00 3.17 2.92 V.90 3.31
M F AN 4y 35 5.8 269 2all 4018 $all 3232 4,09 .37
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TABLE 35

PEAX VALUYS NF CARTwMir{

TORur IN

INCH PDUNDS

DURTNG  LIFTING N CLNOITION L
- S

FIRST SET REPLICATE SET GRAND

PFAXS SUBJFCTS 1 2 3 4 5 & A MF AN MEAN
SURJECTL 154229 50,41 12,8  S1.43  S1.43 102488 128,57  25.71 72.32
SURJECTZ  25.71  25.71 0.00  51.43 0.00 10Z.86 154429 0.00 45,00
SUBJECT) 0.00 102.86  S1.43  25.71 25.71 77,14 T7.14 182,00 67.50
. SURJECTS  51.43 25,71 S1.43  SLle43  TT.1& 128,57  Sl.43  TT.14 64,29
SURJECTS  102.86  102.86 0.00  12.86  Sl.43  TT.14 Q.00 51,42 49,82
SUMJECTS  123.57  128.57  TT.1&  17.14 0.00 12857 154429  12.86 88.39
SUBJECTT  102.86 180,30  51.43 102.86  25.71  S51.43  7T.16  &l.71 Bl.b4
SUBJECTA  123.57 154,29 128,57 1R0,00 12357 0200  25.T1 128,57 109.29

ME AN 856.79 Q653 4b.61 5911 45,00 R3,57 B3,57 £T. 18 72,28
SUBJECTY  S1.43  77.14  12.86  64a29 0.00 154429  51.43  25.71 S48
SURJECT2  1G2.86  1B2.00 102,86 205.71  205.71 Sle43  231.43  180.00 157.50
SUBJECT3 205.71 0.80 18Q0.00 20571 180.09 128.57 Sla%3 TTalb 128,57
" SUBJELT4 102485 128,57 51,43 102.86 12B.57 0.00 0.00  51.43 70.71
SUBJECTS - 102.86  TT.14 102,86 38,57  S1.63 25,71 0.00 102.86 62.68
SUBJECTS  102.86  T7.14  7T.14  25.71 12,86 128.57 102.86  51.43 72,32
SUBJECTT  180.00  154.29 129,57 1B0.00  154.29 0.00 154429 156,29 138.21
SUBJECTA  25.71 0400  25.71 180,00 25,71 25,71  25.71 _51.43 45,00

M EAN 109,23 %479 85.18 125.36 94.82 644,29 T7.14 Bb.T9 91.21
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TABLE 238

PEAK VALHES OF CARTWHEEL TORQUE N INCH POUNDS

DURING LOWFRING IN CONDITINN 1

L o E N & s

FIRST SET . REPLICATE SET GRAND

PEAKS SUBJECTS 1 2 3 * 5 & T a MEAN MEAN
SUSJECTL 154.29 64,29 T1.14 51.43 51.43 0.00 T7.14 TT.1% 69,11
SUBJECT2 180400 154.29 T7.14 102.8& 205. 71 180.00 25.71 128.57 131.79
SUBRJECT3 51,43 257.14 51.43 25.71 25,71 25,71 25.71 25.71 61.07
K SUBJECT4 5143 154429 154.29 102.86 51.43 T1a14% 64429 5le43 88,39
SUBJECTS 51.43 51.43 128,57 Q.00 25.71 25.71 0.30 25.71 3B.57
SUBJECTe 25.71 25.71 25,71 154429 25.71 128,57 154,29 128,57 83,57
SUBJECTT 5143 51a43 46429 51a43 64429 53,00 159.43 25.71 67+50
SUBJECTAS 51.43 154.29 154.29 154,29 128.57 25.71 {9@:&? {Eziiﬁ 109.29

MEAN T7.1% 11411 89.36 80. 34 12,32 6911 T6.18 10.71 8l.16
SUBJECTL V.00 0.00 5l.43 51.43 51.432 128,57 S51.43 51e.43 48.21
SUBJECTZ 25.71 T7.14 102.86 5le43 TTa 14 5le43 154429 5la43 T3.93
SURJECT3 T7.14 15%.29 12B.57 257.14 385.71 TT.14 0.00 102.86 14T7.86
SUBJECTS 128.57 51.43 51a42 154.29 1714 102.86 25.71 0.00 13.93
= SUBJECTS 51.43 de 00 0.30 25.71 T7.14 102.86 25.T1 TTal% 45.00
SUBJECTS 2571 2571 11.14 154.29 2%.71 Sle%3 156,29 180.00 86.79
TSUBJECTT 252.00 102.86 128.57 252.00 128.57 1B0.00 231443 154,29 178.71
SUBJECTS 132.86 T7.14 180.00 25471 128,57 154.29 51.43 51443 S6.43

REAN 82.93 61.07 S.00 121.50 118.93 106.07 B6.79 B3.57 93.R6
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TABLE 37

PEAX VALUES OF CARTWHFEL TORQUE EN INCH POUNDS

DURING LIFTING IN CONNITION 2

FIRST SET -l ' * s REPLICATE SET GRAND
PEAXS SURJECTS 1 2 3 & 5 & 7 8 MEAN MEAN

SUBJECTL 1eT.14% 102.86 154,29 154,29 17.1% S1l.43 38,57 115,71 107.48
SUBJECT2 257«14% 130-.00 205,71 154429 0. 00 5143 205.71 437,14 185443
SURJECT3 128,57 115.71 205.71 205.7T1 154.29 205.71 154.29 T7.14 155,89
» SUBJECTS S5le43 Sl.43 77.14 154,29 1B0.00 T7.1% 5led3 TTel% 20.00
Su8 JECTS “TTul% TTal4s 25.T1 102.86 TTal% 77.14% 25.71 Tl.14 67.50
SUBJECTS 257.14 156,29 205.7T1 2%.TL 5143 180.00 TT.14 T7.14% 128,57
SUBJECTT 308457 128.57 30A.57 102.86 180.00 205.71 360.00 205.71 225.00
SUBJECTE 12.86 128457 72.00 51443 25.71 128.57 102.86 102.886 T8.11

’ MEAN 157.50 117.32 1564 B& 118.93 5321 122.1% 126496 146425 129.90
VSUBJECTI 514.29 488,57 540 .00 48B.57 61T.1% 658457 655.71 617.14 573.75
SUBJECT2 56571 654429 617.14 617.14 197.14 565,71 720.00 668.5T7 655471
SUBJECTI 514,29 501.43 488.57 363,00 527.14 586.29 540.00 565.71 5'_10.43
SUBJECT‘; 654429 654429 868457 6l7e14 T20.00 654,29 T32.8B6 T27.71 693464
Greater SUBRJECTS 591,43 642,86 542 .86 258.57 604.29 E17.1% 637.71 642,86 630.96
of SURJECTS 694,29 B48.57 T71e43 197.14 65429 BT4.29 694.29 720.00 76178
o d SUBRJECTT 6iT.14 59143 540.00 50te%3 51714 578457 617.14 514,29 512.14
SUBJECTH 411.%43 b17.14 591.43 745,71 6594 . 29 &42 486 694.29 568,57 633.21

RE AN 575.356 534,82 60T.50 599446 658493 653446 661450 640461 628495
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TABLE 38

PEAK VALUES NF CARTWHFEL TCRQUE IN INCH POUNDS

ODURING LOWERING TN CNNNITICN 2

L 0 E I N G S

FIRST SET REPLICATE SET GRAND

PEAKS SUBJECTS 1 2 3 d 5 & T 8 ME AN MEAN
SUBJECTL 540,00 £91.43 48B.57 617.14 668,57 568,57 668.57 668457 613.93
SUBJECT2 642,86 6424 85 540. 00 634429 654,29 720.00 668457 745.71 668457
SUBJECT3 617.14 $30.00 694425 540.00 663,43 591.43 591.43 565,71 611.68
k SUBJECTS T7T1.43 642,86 517.1% 668,57 123 .00 720.00 732.88 468,57 692.68
SUBJECTS 652,86 642,86 591.43 668,57 617. 14 604429 565.71 604.29 &1T.14%
SUBJECTS. - TTled3  B4B.57 T9T«14% T45.71 TTl.43 848,57 37429 797.14 B06.78
SUBJECTT 514429 565.71 517.14% 668457 654429 T20.00 6946429 565a71 630.00
SUBJECTA T20.00 171.413 T20.00 694,29 TT1.43 T71.43 591.43 T45.71 T23.21

®EAN 652.50 666496 633.21 £62.14 1C0.07 T05.53 673439 6T0.18 670.50
SUBJECTL 20571 - 154.29 102.386 77.14 154.29 51.43 0.00 0.00 53,21
SUBJECT2 ' 128457 0.00 TTals 7. 14 180400 128.57 TTel4 0.00 83457
SUBJECT3 308,57 132.86 102.886 180.00 205.71 51.43 0.00 25.71 122.1%
1 SUBJECTA TTal4 154.29 205.71 102.B6 G.00 S5lek3 51a43 S5la%2 B6.79
SUBJECTS 0.00 51.43 TT=1% 11.14 3.00 51.43 25.71 5143 41.79
SUBJECTS 102.86 7.14 77.14 51.43 0.00 TT.14 S51l.43 0.00 S4e.b4
SUﬂJéCTT- 2571 102.86 25.T1 Tla 14 Sla43 25.T1 TTal4d 25.71 51443
SUBJECTS 25,71 25.71 51.43 102.86 25471 25.71 154.29 51.43 57.86

MEAN 109.29 83,57 920.00 93.21 T7.14 57.86 S54.64 25.71 T3.93
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TABLE 239 B

PEAK VALUES NF CARTWHFEL TRAQUE IN INCH POUNDS
DURING LIEFTING IN CONDITIEONM 3

L 1 F T s
FIRST SET REPLICATE SET GRAND

PEAXS SURJECTS 1 2 3 4 5 & T 8 MEAN MEaN

SUBJECTL 102,86 128.57T Z0S.71 128.57 7714 25,71 77.1% 154,29 112.50

SUBJECT2 25.71 TT.14% 128457 154,29 128.57 102.86 TTal% 102,86 99.64

SURJECTI 154.29 51la43 5143 102. 86 T7a 1% 25.71 S5ls43 51.43 T0.71
B SUBJECTS 12B.57 257.14 180.00 308.57 257414 180.00 205.71 25T.14 221.79

SUBJECTS 12.86 1714 0.00 25.71 TTalé TTal4 5143 25,71 43.39

SUBJECTS 257+1% 205.71 12B.57 90.00 205,71 205.71 T7. 14 154429 165.54

SUBJECTT 25.71 Sle43 149.14 2400 128,57 0.00 30.86 25,71 Si.ii

SUBJECTE 385.71 334.29 Sl.43 205.71 102,86 102.86 129457 25. 71 167.14

M E AN 136.61 147.86 111. 8¢ 126496 131,79 90.00 87,43 99.6% 116,52

SURJECTL 257.14 437. 14 380.00 389,71 411l.43 321443 231.43 282.86 335.89

SasECTZ z82.86 360.00 *ii.43 462486 4ila43 5l4.2% 41143 334.2% 398,57

SUBJECT3 591413 36G.00 334.29 231.43 3BS.T1 437.14 360.00 43714 352.14

SUAJECTS 565.71 514.29 462,196 55%0.00 540,00 462.86 565471 514429 520471
d SUBJECTS 360430 43714 36U.00 385.71 TT.14 Sl.42 51,43 180.00 237.86

SUBJECTS 488.57 334.29 385,71 372.86 380,00 25T« 14 360.00 385.71 368.064

SU!)ECTT 160.00 234,29 231.43 231.43 231.43 257.14 25T7.14 205.71 263.57

SuB JECTS £65.71 437414 25T.14% 380,00 282,86 347,15 385,71 308.57 368.04

MEAN 433,93 401,79 350436 371.25 337.50 331.07 327.86 331.07 360.50




TABLE 40
PEAN VALUES NF CARTWHEFL TCROUE TN INCH PCUNDS '
DURING LOWERING IN CONDITICHN 3
L n E 1 N & S
FIRST SET REPLICATE SET GRAKD
PEAXS SUBJECTS 1 2 3 & 5 & 7 -] MEAN MEAN
SUBJECT1 231.43 102.886 257.14 180.00 282.886 334,29 154,29 308.57 231.43
SUBJECT2 543.00 488.57 617.14 %37.14 43T.14 617.14 565.71 4lle43 516.29
SUBJECT3 257.14 25T7.1% 334,29 282,86 385,71 334,29 360.00 411443 327.86
1 SUBJECTS 514.29 43714 514.29 462.86 52T.1% 514.29 56571 540.00 509.46
SUBJECTS 483457 411.43 360. 00 411443 205.71 102.86 154.2% 25a71 272400
SUBJECTS 565.71 385.71 462.86 462,86 4%50.00 514,29 372.86 41l1e43 453,21
SUBJECTT 251‘.1‘; 262.29 231.43 154.29 257+1% 231443 264429 la0.400 22725
SUBJECTS 411.43 540.G0 334.29 514.29 360.00 360,00 321.43 360.00 400.18
ME AN 408421 36064 388.93 363.21 363.21 376.07 342,32 321.07 366.TE
SUBJECTL 0.29 51.43 T7.14 25.T1 Sla43 51e43 51e43 102.8¢ 51.43
SUBJECTZ 360.00 1¢62.86 T7.146 180.00 205.71 308457 257414 5la43 192.8¢
SUBJECT2 180,30 Q.00 T7.14 5le43 0.00 154,29 0.00° 25.71 si.o07
Greater SURJECTS - 0.00 51.43 231.43 10z2.88 128.57 25,71 154.29 0.00 86.79
of SUBJELTS 128.57 128.57 205.71 128.57 S51.43 lﬂIZ-Sb 25.71 154.29 115.71
| T SUBJECTS 180.00 25,71 T7.1% 154.29 0.00 TT.14 Sla43 154.29 l S0.00
SUB-JEC]'T 100.29 115.71 257.14 205.71 154, 29 TTal4 132.86 154,29 157.1R
SUBJECTB 183.00 205.71 _128.57 154.29 102.8% G.00 115.71 25,71 114.11
MEAN 141.11 85.18 141,43 125436 Bb. 79 9%.64 106407 83457 108.64
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TABLE 41

PEAX VALUES 7 (ARTWHFFL
DURING LIFTING [N CONDITION 4

TCRQUE [N [NCH PAUNDS

Fiest ser L ! REPLICATE SET GRAND
PEAKS  SUBJECTS 1 2 3 s 5 & 7 8 MEAN MEAN
SUBJECTL 115,71 123.43 102,86  231.43 77.14  Sle43  S1.43 228,29 122.48
SUSJECTZ  162.00 77,14 156.29 102.86  T7.16 257.14 336,29  154.29 164,89
SUBJECTI 102,86  180.00 154429 126,57 205,71  102.86 226,29 154429 156.86
b SUBJECT4  385.71  360.00 334429 228.86 205.71 154.29 180.30 205.71 256.82
SUBJECTS  3.00  51.43 0,00  25.71 154429 128.57  51.43 205,71 .14
SUBJECTE 51,43 - 231.43 257.14 180,00 180.00 154,29  12.86 154,29 152.48
SUBJECTT 64429  64.29 133.71  102.86 154,29  90.00 0.30  115.71 90.64
SUBJECTA 231,43 51443  282.86 282,36  51.43 252,00 205.71  25.71 172.93
ME AN 13918 122.39 177,53  160.39 138,21  14B.82 132,75 155.25 149,30
SUBJECTL  385.71 637,71  462.86  360.00 591,63 565.71 565.7L 617.1s 523.29
SUBJECT2  308.57 385,71 154,29  154.29 257.14 205.71 257.14  360.00 260436
SUBJECT3  128.57  180.00 2B2.36  360.00  340.00 4ll.43  483.43  334.29 317457
e SUBJECTS  385.71  S11.43 360400  257.14 4B8.57 488.57 488.57 437,14 414,64
SUBJECTS 694,29 565471  585.7%  617.14 688,57  $14.29  4B8.57  565.71 585.00
SUBJECTS  540.00  617.14 540400 63771  591.43  617.1%  642.86 &17.14 600,43
SUBJECT?  372.86 462,86  437.1é 514,29 475,71 511.71  720.00 630.00 51557
SUBJECTE  411.43  411.43  360.00 385.71 488,57 432,00 565.71 488,57 442,93
ME AN 403.39 #59.00 395.36 41079  490.18 468,32 526.50 506.25 457.47
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TABLE 52

PEAK VALUES NF CARTWHFEL TORQUE TN TNCH POUNDS

DURING LOWERING IN CGNDITICN 4

79

Fll;T SgT REPL?CATES SET GRAND
PEAKS SUBJECTS 1 2 3 4 s & T 8 MEAN MEAN
SUBJECTL 380.57 411.43 308,57 372.86 654429 494,29 132,86 565.71 520,07
SUBJECTZ 334.29 385.71 252.00 437414 514.29 48857 540,00 514,29 433,29
SUBJECTS 334029 205.71 360.00 380.57 56% 71 308.57 41143 385,71 369-03.
1 SUBJECTS 411.43 334.29 308,57 437,14 540400 591.43 514,29 488,57 453,21
SUBJECTS &17.14 591.43 591,43 591443 514.29 565.71 514,29 L42486 5T8.57
SUBJECTe 4B8.57 64286 591443 551443 668457 61714 642.86 552. 88 59946
SURJECTT 335.29 385.71 437,14 501.43 493.71 668,57 475.71 516.86 476,68
SUBJECTS 475.71 50143 372.86 3134429 437.14 411.43 512:3? E:E:fﬂ 448,39
MEAN 522.04 %32.32 402.75 435.79 553.50 543.21 553,21 525.86 #84.53
SUBJECTL 64229 156,29 156.29 TT.14 TTal4 25.71 8.00 Slas3 15454 .
SUBJECT2 0.00 154.29 102.86 5l.43 102,86 7T.14 TT.l4% 2.00 70.71
SUBJECT2 129,57 TTal4 0.00 205.71 231.43 25.T1 51.43 51la43 6,43
a SUBJECTS 257.14 154.29 51.43 51,563 102.86 180.00 128,57 128.57 131.79
SUBJECTS 180.00 180.00 d«00 25.71 51.43 51a43 0. 60 0.00 61,07
SUSJEC}& 128,57 TT.14 128.51 205.71 TT14 5143 180,00 180.00 128.57
SUBJECTT 133.71 205.71 154429 102. 86 0.00 T7.14 64,29 180.00 114,75
SUBJECTE 102886 102.86 102.86 0.00 2371 180,00 25,71 25.71 T0. 71
MEAN 124,39 138.21 85479 90.00 93.57 83.57 65.89 7T.14 93,70




TABLE 43

PEAK VALUFS DF SOMERSAULT TORGQUE TN INCH PCOUNDS
DURING LIFTING IN CONNITION 1

80

FIRST SET ! ! REPLICATE SET GRAND
PEAKS SURJECTS 1 2 3 4 5 & L B ME AN MEAN
SUBJECT] T96.99 910.84 959.64 196499 b6b.87 813,25 Thha#b T15. 66 803,09
SUBJECT2 B52.05 878,31 910.84 894,58 ?10.84 943,37 910.84 910.84 902.71
SUBJECT2 T1l5.66 T15.66 Ti5«68 731.93 813,25 873,31 845,78 878,31 T86.82
SURJECT4 650.60 618.37 513.98 #71.69 634,34 585.5% 585.54 536.75 574,54
of SUBJECTS 520448 357.83 325430 390436 455.42 2 325.30 341.57 357.483 384.26
a4 SUBJELTS 6B3.13 683,13 T4B.19 748,19 Tob 46 813.25 T4BL19 445,78 754429
SUBJECT? 650460 756499 T48.19 618.07 796499 673,37 796.99 813.25 T36a.81
SUBJECTA T15.56 Thaabb 583.13 &01.81 T48.19 T15.66 583.13 TL5.66 7034t
MEAN 699.40  715.66 T0%.62 656. 70 723,79 T18.51 709.56 T21.76 T05.7%
SUBJECT] 52?.99 536,75 601.81 468.52 439.16 553.01 #27.89 399,36 489,98
SUBJECT2 6l1.57 650460 569.28 601.81 T15.66 6B3.13 550.60 618.07 637459
SUBJECT3 683.13 633,13 650.50 £50.60 683,13 T4B.19 TEG. T2 T15.66 659.40 .
Gisatin SUBJECTS 487.95 513,98 287.95 422.89 579,04  4T1.69 %87 .95 471,69 4%90.32
of SURJECTS 390« 36 390.36 350438 33le36 455 %2 390.30 439416 357483 400453
Y SUBJECTS 538. 75 5Cs.22 481.95 618.07 601,81 569,28 553.01 601,681 559,11
i SUBJECTT 504.22 4BT.95 422.89 455.42 553401 655,42 487595 504.22 4#83.89
SUBJELTS 439.16 585,54 4156.39 357.83 553.01 455,42 487.95 455,42 468.84
;____ MEAN 522451 544.07 503440 493424 572453 540+ 81 S3P.T8 514438 52Ba72
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TABLE 4%
PEAK VALHES NF SNYERSALT TOAROUE [N INCH POUNDS ‘
DURING LNWERING [N CONDITIAN )
L 0 E & s
FIRST SET REPLICATE SET GRAND
. PEAKS SURJECTS 1 2 3 4 5 & i 8 ME AN MEAN
SUBJECT1 520.48 433,16 448.92 481445 357.83 4%87.95 357.83 260,24 %19.23
SURJECTZ 650,60 T15.866 T4A.19 813.25 683.13 699,40 T15.66 683,13 Tl3.e3
SUBJECT3 520,48 618.07 634.34% 585.54 T15.86 683,13 T4A, 19 T48.19 556470
SUBJECTS 471.69 %55.62 487,95 471.69 48T.95 4T1.69 455442 4B87.9% 473,72
SUBJECTS 48Ta85  455.42 4BT7495 455442 455, 42 455.42 439,16 422,89 457,45
g F SUSJECTB 650.60 S504.22 553.01 487.95 569.28 513.98 520.48 569,28 546,10
SUBJECTT 504.22 422.89 455,42 351.32 536475 520.48 520.48 585.54 487e1%
SUBJECTS 357.83 439.16 399.36 390,36 325,30 455.42 292.77 455442 3668.33
ME AN 523.48 $06.25 525. 77 €0%.62 516.42 535.93 506.25 526458 517.79
SUBJECTL 852.29 862.05 878,31 894.58 520.48 T15.66 650.60 487,95 T132.74%
SUBJECT2 813.25 B45.78 839.28 90 4«34 845.78 943,37 S10.84  910.84% 316-59
SUBJECT)I 455,42 390.36 357.83 227. Tt 552.01 B78.31 87B.31 813,25 565.28
Ore=t SUBJELTS 536475 910.86 504022 553.01 487.55 585454 565.28 520.48 583.51
of SURJECTS 390,36 390,36 390.36 390.36 292477 227. 71 292, 77 22771 325.30
%, SURJECTS 526499 520.48 5B5.534 683,13 69940 666487 TL5.66 T15.66 639,22
SUEJEC}T 618.07 Tea.46 T4B.19 Tl5.66 £€83.13 813.25 18C.T2 796.99 T40.06
SURJECTS 618.237 553.01 5657.60 522.89 553.01 657.11 585.54 569.28 576,19
ME AN 60Lle40 584,57 619,29 598.56 579464 685098 672.97 530,27 630.37
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TABLE 45

PEAK VALIIES OF SOMERSAULT TRROUE [N INCH POUNDS
DURING LIFTING TN CCNDITION 2

FIAST SET ' T REPLICATE SET GRAND
PEAKS SURJECTS 1 2 3 & 5 ] T 8 ME AN MEAN

SUBJECT1 T80.72 78072 806475 975.90 T15.66 6A3.13 Té4e4b T15.66 717.8%
SUBJECT2 813.25 813.25% B&5.78 TE4e4d 1073.49 975.90 975.90 975.90 904,74
SURJECTI 749,19 TROLT2 855,78 B871.81 £18.07 683.13 699.40 TL5.66 T45.35
Greater SUBJECTS 6]:3.01 650,60 585.54 615.07 650.60 585.56 634,34 618.07 620.10
of SUBJECTS 504.22 439.16 569,28 520448 520.48 422489 455,42 585.54 502.18
d, 8 SURJECTS 845,78 780.72 180.72 B13.25 6B83.13 BLl3.25 B13.,25 813.25 152.92
SUBJECTT 6B83.13 796.99 583.13 585454 731.93 813.25 699,40 T4B.19 71769
SUBJELTS T4B.19 §53.01 618,07 613.07 683413 618.07 683.13 650. 60 646454

mEAN 717.569 599.40 Ti16.58 720,595 T709.56 £9%.40 T15.66 T27.86 T13.42
SUBJECT] 520.4% 390,36 422.89 487,95 325.30 357,83 455,42 309.04 408,686
' SUBJECT2 618.03; 553.01 536475 601481 553.01 553,01 553.01 455,42 553.01
SUBJECT3 653.60 735.18 180,72 T15.66 520448 650,60 650.60 634.34% 66T« 27
Greater SURJECTS 390436 357.33 309.04 253473 357.83 416439 341,57 390.36 352,14
of SURJECTS 357.313 364434 455,42 390.36 455.42 357,83 422.89 4224 B9 403.37
& h SUBJECTE 422489 487.95 520.48 523.48 422.89 455442 44B.92 390,36 458.67
SUBJECTT 341.57 357.83 35T.53 357.83 422489 390.36 406463 390.36 378.16
SUBJ’EC'I.'B 341.57 325.30 325.1;3 250.2% 350,36 455,42 390.36 357.83 355.80

M EAN 455442 456448 463455 448451 431.02 458,61 458.67 ®18,82 447,14
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TABLE 46

PEAK YALUES MF SCMFASAyLT TNRAUF TN [INCH POUNDS
DURING LCWAFRING IN CONDITICN 2

L a E |4 G s
FIRST SET REPLICATE SET GRAND
PEAKS SURJTCTS 1 2 3 4 5 [} T L] E AN HEAN

SURJELTL 292.77 227.‘71 390.36 292477 252477 325.30 292.77 294,02 301.31
SUBJECT2 $520.4%9 422.8%9 487.95 455.42 455 .42 504.22 553.01 350.3¢ 473,72
SUBJECT3 5B5.5% 618,07 585.54 £13.87 t1ls57 £53.01 504e22 601.81 584.73
Great SURJECT4 406,63 330.36 351.32 36434 390.36 309.04 374,10 364,34 268,81
of SUBJECTS 357.B83 439,16 422,89 45542 455442 2590426 43%. 16 455442 426496
r SURJECTS 455,42 422489 350.36 422.89 439,16 357,33 555,42 422.89 420.86
SUBJELTT 27651 341.57 34157 374.10 331.81 357.83 406.63 374,10 350.51
SUBJECTB 390438 JBI.66 26N 24 325.2C 3T44 10 325,130 292.77 390.36 342.79

W EAN 410.69 405,91 403,78 415.5% «18.82 330,36 4l4.76 411.91. 4)8.71
SUBJECTL 'ME.I? 813,25 B718.3} 731.93 650.80 T80.72 T15.66 699,40 152.26
SIMBIECT2 313,25 894,58 B78.31 T48.10 "?F.Q!J 943,37 975,90 1008.43 NG T4
SURJECT3 T41.69 780.72 Bl3.25 845.78 618.07 T15.66 699, 40 Ti5.68% T41.28
Greater SUBJECTS 585.54 5719.04 575.24% 471.69 ST19.04 579.04 550.60 504,22 565.02
of SUBJECTS 325.39 331l.21 370.84 341.57 252. 77 292477 3B3.86 357483 337.09
%, 10 SURJECTA 699,40 T31.53 T83.72 699.40 Tl5.66 T23.467 780,72 T80, 72 T39.65
SUBJECTT 683.13 Tobhabd 73193 683,13 780.72 TThe22 787.23 T15.66 T404 026
SUHJEC‘_B. 553.01 494 .45 471.69 570,48 666,87 £83.13 553,91 634,34 572412

WS.bq 673.743 6B82.01 633.27 659.95 687.20 693430 677.03 66%.15

ME A
,»";



TABLE 47

PEAX VALUES NFf SCM=RSANLT TORCUE IN [NCH POUNMDS
OURING LIFTING

IN CONOITION 3

84

FIAST SET ! ' REPLICATE SET GRAND

PEAKS SUsJFCTS L 3 & 5 & 7 8 MEAN MEAN
SURJECTL 71684172 693,13 650460 683.13 €83.13 650,60 650260 650.60 675,20
SUBJECT2 731.93 487.95 618,37 650,60 TBJ.T2 To4.46 T14.22 a78.31 710.78
SUARJECT3 325.30 &1P.07 650460 650460 616.63 T80.72 813.25 650,60 645,72
Grastar SUBJECT4 5B85.54% 618.07 553.01 601.81 569+28 683,13 585.54% 683413 60994
of SURJECTS 471.69 555,42 422 .89 455.42 504422 211.45 341.57 32%.30 398449
d, e SUBJECf& 813,25 862.05 Bl13.25 TBO. 72 T80.72 845.78 845.78 313.25 819.35
SUBJECTT 04434 975.90 A78,31 6T6.63 715.66 699,40 T4l.89 Té4 .48 794,55
SUBJECTE 845.78 520.4R 634434 748.19 650460 780,72 76Q0. 72 585.54 693.30

' MEAN &TB. 25 652463 652.63 655,89 673.12 677.03 6591 .67 668.50 668.39
SUBJECTL 585454 487.95 536.75 52048 565454 553.01 520,48 520.48 538,78
SURGECT2 Toha 4k 513-25 1566 813,25 T80,.72 813.25 TT4.22 813,25 TAb .01
SUBJECT3 683.13 T4Be19 T&R.19 196499 9€9. 40 T780.72 945.78 7B8Q.72 T%elb
Greater SURJECTS 663.13 576463 637.13 731.93 699,40 T15.86 650,560 T4B.19 698,58
of SUBIECTS 520.48 4R7,95 955,42 455442 601481 257.83 406a63 357.83 #5552
&h SURJECTS T15.66 731.93 748,19 683,13 683,13 T48.19 683,13 748,19 T17.69
SURJECTT B45.78 731.93 553.01 585454 569.28 601.81 618.07 618.07 640.4%
SUBJECTS 595.54 569.28, 536,75 557,11 T15.86 5R5,54 585,54 585.54% 602.862

HE LN 672.97 655.99 622414 655448 TC0.62 644.50 625.56 565454 654,21




TABLE 4B

PEAK VALUES 0OF Sr™ERSAULT TNRQUE [N INCH POUNDS
DURING LOWERING 1IN CONDITION 3

85

- L n € R I G L
FIRST SET REPLICATE SET GRAND
. PEAKS SUAJECTS 1 2 3 & 5 & T 8 MEAN MEAN

SURJECTL 4BTa95 471e69 455442 52048 553.01 536. 75 455,42 601,81 510.32
SUBJECTZ T15.66 T96499 845.78 813.25 T15.586 T48.19 T15.66 87Ta.31 778,59
SURJECT3 115. 66 650,60 683.13 683,13 683,12 878.31 T15.66 61B.07 T03.46
SURJECTS Te4 46 780.72 T80.72 796459 T80.72 845,78 T48.19 736,59 186,82
Groster SURJECTS 520.48 487.95 520448 536,75 43%.16 422.89 471.69 422489 4TT.79
% SURJECTS Téhabb T48,19 666 .87 $99.40 T15.86 699,40 £50.60 T15.66 707.53
WF SUBJECT? T48.19 731,93 601.81 634.34 487.95 618,07 585.54 634.34 630,27
SUBJECTS 650.£0 585454 536475 4554 42 T48.19 5A5.54 520.48 487,95 571.31

% F AN 670.93 656,70 636437 642,47 640 . o4 666,87 607.91 644450 665, 7T
SUBJECT] 780.72 TT4.22 T87.23 T15.66 T15.£€6 699.40 683,13 585. 5% T17.69

SUS JECTZ 683413 751.91 TT4.22 SH5,54 T96.99 Td9.16 B806.75 829.52 739.65 -
SUBJECT3 520.48 44B.92 4BT.9% 4Bl.45 ET6.83 650.60 611.57 520.48 549,76
Greater SUBJECT4 §53.01 553,01 518,37 585,54 506.22 520.48 487.95 553,01 S4e,.91
of SUBJECTS 325.30 374.1G 292.77 357,83 227.71 292.77 211.45 276451 294.80
t, u SUBJECTE T15.866 T48.1% 796 .99 T15.66 £83.13 601.81 &£18,07 Thhe b 705.50
SUBJECT? 520.48 478,131 T48.19 663,13 &76.63 683,13 Toee o T15.66 108.75
SUSJIECTE 535454 601,81 - 569.2B 536475 657411 601. B1 390.36 520.48 557.89

nEAN 5854 54 538.81 634.34 582.70 617426 594.89 571.72 595.71 60 2. 62




TABLE 492

PEAK YALUILS OF

SoMraSAR T TORQUE IN INCH PRUMDS

RURING 11FTING IN CoNelTlon 4
1 T

FIRST SET REPLICATE SET GRIND

PEAKS  SHAIFRTS 1 2 3 4 s 6 1 A WE AN MK
SURJECT1  B13.25  S59,66 839,28 943,37  715.86 61B.07 618,07 634,34 TeT.71
SURJECT2 £99,40 553,01 689,64 SB85.54 T80.72 B4S. T8 B29.52 B39,28 T27.84
SUBJECTY 583,17 813,25  845.78  325.30  T48.19 910.84 A13.25  B13.25 Tas.13
SUBJECT4  741.69  T15.65  780.72  650.60  715.86 = 618.07 650.40 650460 650,45
Oreater  ClaSECTS  455.42  455.42  S0%.22 520448 536,75  520.48  487.95 487,95 466,08
of SURJECTaE 945,78 830.24 B45,78 780.72 813. 25 780,72 748,19 845.78 B80T.56
die SURJECTT  6656.87  T2B.67 845,78  £656.87 633,13  T15.66 699,40 780,72 723.39
§|IHJEf18 &1R.07 553.01 565.28 T43.19 71484 19 634,34 TR0.72 To4.46 £T7.03

ME AN _ 890,45  §97.36  T4D.06 652,63  T17.69  T05.50  703.46_ 727.05 104,28
SURJECTL  201.69  260.24 211.45 330.36 292.77 162.65 276,51 243.58 254,95
SUBJECT2  4B7.95 455.42  455.42  535.54  $53.01 422.89  455.42  487.95 487.95
SUBJECT3 553,01 634,34  T715.66 331.81 585.56 B13.25 618,07 553,01 600.5%
Crester - SURJECTS 357,83  325.30 455.62 504,22 292,77  227.71 325.30  309.04 349,70
ot SUBJECTS 292,77 162,65 211.45 357,83 22771  260.24 221420  520.48 281.79
6 SUSJECTS 325,30 253.73 325,30 325.30 292.77 325.30  357.83  325.30 316.35
SUBJECTT 276,51 227.T701 243,98 146435  260.26 292.77 162.65 260.24 222,81
SUBJECTE  227.71 178.92  195.18  260.24  260.2% 292,77 27651 195.1F 235.84

ME AN 340.35 312,29 351.73  362.T1 345,63 349,70  336.69  361.90 345,12
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 TABLE SO

PEAK VALUES NF SAWRSAULT TORCUHE 1IN INCH POUNDS
DURING LOWERING [N CONDITION &

B7

L 1] £ N G s
FIRST SET REPLICATE SET GREND
PEAKS SURJELTS 1 2 3 4 5 L3 7 a ME AN MEAN

SUBJECTL 221,20 274451 292.77 3p2.53 162465 97.59 113.84 195,18 207,79
SUBJECT2 374.10 4#8ls45 487,95 520.48 422.89 250.36 390.356 455442 450438
SUBJECT2 506.22 585.54 683,13 520445 422.89 536.75 455.42 601.81 538,78
o SURJECT4 487.95- 390436 439,16 374,10 221,20 162.65 292.77 309.04 334465
of SUBJECTS 227.71 211.45 211445 211445 260.24 195.18 275451 195.18 223,64
o SUBJECTSE 325,340 325.30 A90.36 422.89 325.32 32%.30 292,77 309,04 339.53
SUBJECTT - 234.22 234422 266.75 227.71 260424 195.18 292,77 227.71 242,35
SUBJECTS 292,77 260.24 292.77 225.30 260.24 325.30 275.51 260,24 288,67

ME AN 333.43 355.43 183,04 363.12 251.96 278,54 23,87 319.20 326,72 -
SUBJECTL 943.37 992.17 813,25 8L6.51 650.60 650.560 6C1le81 520458 148,50
SUBJECT2 569.28 6T6a63 61B.07 676463 683.13 715,856 TiS, 66 Bl3.25 683.54
SUBJECT3 7i5.86 ThBe1v E45,78 683.13 EB3.13 £39:. 40 813.25 715,66 738403
a SUS-JEC‘I:-k 683,13 129,16 536415 657,11 5%53.01 618.07 £53.01 585454 611.97
SUBJECTS 3904356 439,16 406.62 374.10 42289 357463 3481.57 357,83 386429
t,u SUBJECTE T48.19 715.66 845,78 TSO..TZ T48.19 715. 64 715,65  T84.44 T54.29
SUBJECTT 666,87 T3l.93 683,13 683.13 18072 683.13 618.07 520.48 670,93
. SUBJECTR 618,07 585.54 5B85.54% 6béa AT 650 80 553.01 56%.28 650460 50994

mME AN 666.87° &99.80 666.B7 66727 b4baSh 62417 515.04 £16.04 650.45
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Figs 19 and 20). The peak force for lifting occurred corresponding to
peak '%' for maximum acceleration. Peak 'L' occurs about 0.1 sec. after
the box leaves the lower shelf.

The total force at all peaks is broken into 2 components: 1) Force
due to the load and 2) Force due to body weight. Force due to the load

is given by

(gta)y
P-1f—]
where F is the force, in lbs

L is the load, in 1lbs

g is the acceleration due to gravity = 32 ft/sec2

a is the vertical acceleration in the upward direction,
feet/secz.

Acceleration "a" is positive when either the accelératicn is in
the upward direction or deceleration is in the'dowmward direction; it
is negative when either the acceleration is in the downward direction
or the deceleration is in the upward direction.

The acceleration corresponding the peak 'f' was 14.54 ft/secz.
For the load (11 1bs) lifted, the force will be

11 x (32.2 + 14.54) 1bs

37,9 = 15.95 1Ibs

F =

The difference between the total force (61.0 1lbs) and the force
due to load (16.0 1bs) gives the force due to body which is 45.0 lbs.
Curve abdef'g'h'i' (Fig. 21) gives the force due to body alone. The

acceleration effect in lifting for all conditions is given in Table 51.
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Fig. 19. Verticsl force and vertical acceleration vs time relstionship for
1lifting ‘for "feet parallel and straipght ahead®,



ACCELERATION in feot/see?
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Fig. 20. Vertical force and vertical acceleration vs time relationship for
lowering for ®feet parallel and straight ahead®,
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Forees due to body plus load

60 l-..--.l--l-rmel du. h W
Poree upward
- 40
20 - 5
2
&
g
0 .
£
E Porce downward
=20 -
B0
=60 .
1 1 1 1 T
0 1 2 3 L 5
TIME in seconds

Fig, 21,. Vertical forces due to the body weizht plus load, and body welght
without load for ithe representative subject during lifting with

"parallel feet and straight ahead®,
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Different peak values for the three forces and two torques are
given in Tables 11 through 50. It is readily observed that vertical
forces are the critical ones. A comparison of the means for'lifting
and lowering is given in Tables 52 and 53 respectively. To determine
the effect of foot position, it is found that, for lifting, there is
a penalty of 1.5 1bs for the critical peak 'f' (see Figs-‘lB and 14) if
the left foot is not put forward while lifting straight ahead and a
penalty of 1.3 1bs if the left foot is not put forward while lifting
with a 45 degrees turn in body. In lowering, the penalty when the
left foot is not leading is 3.4 1lbs for the critical peak 'u' (see Figs.
13 and 14) while lowering with 0 degrees turn and 2.3 1lbs for lowering
with 45 degrees turn to the right.

Means of cartwheel torques for the four conditioms are shown in
Table 54. Both in lifting and lowering with parallel feet and 45 aegrees
turn, the torques are very high (629.0 and 676.5 inch 1lbs respectively).
But they reduce to 457.5 and 484.8 inch-lbs respectively if the left
foot is leading. Thus, there is a penalty of 170 inch-lbs in lifting
and 186 inch-1bs in lowering if the left foot is not used as leading.
For somersault torque there is a penalty of 37 inch-1lbs in iifting and
28 inch-1bs in lowering if the left foot is not used as leading for
the '0 degree turn" situation (see Table 54). If the body involves a
45 degree turn to the right, the penalties for not using the left foot
as leading are 9 inch-1bs and 19 inch-lbs for lifting and lowering re—

spectively.
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Table 52 Means for peaks of vertical force (lbs) during lifting

Condition

feet parallel;
0 degrees tummn

feet parallel;
45 degrees turn

left foot leading;
0 degrees turn

left foot leading;
45 degrees turn

49.6

51.3

51.7

49.4

greater of

d,f

59.1

61. 8

57.6

60.5

Peaks

28.1

31.6

29.7

30.0

16.3

14.4

12.5

16.0
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Table 53 Means

Condition

feet parallel;
0 degrees turn

feet parallel;
45 degrees turn

left foot leading;
0 degrees turn

left foot leading;
45 degrees turn

for peaks of vertical force (lbs) during lowering

19.8

16.2

13.3

20.2

26.5

33.6

25.0

29.7

Peaks

59.7

59.5

56.3

57.2

48.9

50.2

47.7

49.0
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On conducting paired two-tailed t-tests on the means of the eight
lifts (and lowerings), it is found that the vertical forces are less
(the computed t-value being 1.79) at p < 0.20 for lowering Qith "left
foot leading and 0 degrees turn of body" than.with "feet parallel and 0
degrees turm of body"; they are not significantly diffe;ent for 1lifting
under similar condition {the computed t-value being 0.49) at p < 0.20.
Again the verticai forces are less (the computed t-value being 1.43)
at p < 0.20 for lowering with "left foot leading and 45 degrees turn
of body" than for lowering with "feet parallel and 45 degrees turn of
body"; they are not significantly different for lifting under similar
conditions (the computed t-value being 0.43) at p < 0.20.

The cartwheel torques are significantly less both for lifting and
lowering when the left foot is used as leading while a 45° body turn
{(to the right) is involved (the computed t-values being 4.44 ana 6.34
respectively) at p < 0.05; they are significantly more for lifting and
lowering when the left foot is used as lééding while a 0° body turn is
involved (the computed t-values being 8.03 and 8.29) at p < 0.05. The
somersault torques are not éignificantly different for ;ifting and
lowering both when a 0° turn of body or a 45° turn of body is involved
(the computed t-values being 1.06, 0.29, 0.35, 0.69 respectively) at
P < 0.05.

Least square lines for the learning effect in the four conditions
shown in Fig. 22 through Fig. 25. The forces shown are average values
of vertical forces (in Tables 11 through 18) averaged over all (eight)

subjects at the peaks for each lift (or lowering). 'POLRG' subroutine

are
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Vertical force in lbs

Vertical force in 1bs

80 |
70
(a) Lifting
60 |
50 ]
*
40 Peak vertical force (1bs) =53.47 + 1.25 (Lift)
30
20 4
10 * Peak (greater of d, f)
in Fig, 13
O T ™~ — T T T T T 1 N
1 2 3 4 5 6 7 8
Lifts (Chronological order)
BO,
(b) Lowering
70 o
- -
L] e ———"
60- i ) --_--'_-_--—G"’- o .
i
50 B o
Peak vertical force (1lbs) = 53,07 +1.,46 (Lowering}
40
h{ed
204
%% Peak "u' in Fig., 13
104
n T A - L] Al LI T L] ¥ 1 ¥ T
1 2 3 4 5 h 7 8
Lowerings (Chronnlogical order)
Fig. Learning effect on vertical forces with "feet parallel

.and O degrces turn” for (a) lifting and {b) lowering.
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vertioal ferce in lus

VYortical ferce in lws

8O |
- (a) Lifting
70 ]
60 J
50 5
Pesk vertical forca (1bs) = 51498 + 2,17 (Lift)
40
30 J
20 4
* Peak (greater of td!, 'f7)
10 . in Fig, 18
0
1 T T 1 T T 1 v L
1 2 3 4 5 -] 7 8
Lifts (Chrenelegical erdsr)
80 J
(») Lewerirgz
70 |
° -
o o -
&0y  am==T - °
______ &
------ °
f °
50 4
Peak vertical foros = 52425 + 1,59 (Lewering)
40 J g
30 4
20 J
% Peak 'u' in Pip. 13
10 J
0 T T T LE T T ¥ L L
1 2 b 4 5 6 7 8
Lewerinrs (Chrorelerical order)
Pige 7?3+ Llaarring effsct on wortical feorcass with "feet narallel

and 45 derrees turn’ fer (a) liftirg and (%) lowerine.
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Vertioanl ferce in lhs

Vertionl ferce in les

80

70 J

60

50 .

30

204

10

{a) Lifting

Peak*vertical farca (1bs) =56.86 + 0a17 (Lift)

* Peak (greater of 'd', 'f')
in Fig. 14

70 5

80 J

50 -

40 4

30

20 4

10 -

Peak*Yertical forcs (1les) = 52.41 + 0.85 (Lewaring)

s+ Psak 'u' in Fig. 14

2 3 4 5 6 7 8 '

=

Lowsrings {Chronolegical erdsr)

Figs ?4e Lemrning offect tn vertical forees with "left feot leadirr
and O derrees turn of body" fer (2) lifting and (k) lewerinc.
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Vertioanl forom in lbhs

Yertioal feroce in lbs

BO - -
70 | (o) Lifting
60 4 . )
50 4 - ) : = sEE @ oo
Peak vertical ferce (1bs) = 54,51 + 1.31 (Lirt)
40 -
50 -
20 4
10 . * Peak (greatesr of td', 'f')
in ?ig- 14
o T T T T T T T -
1l 2 s 4 ] ] 7 8
Lifts (Chronelegical erder)
8O _
70 ,
(®) Lewering
60 R '1 -
——————— B By
---- ¥
. °
50 -
Peak*¥ertical force (1bs) = 56427 — 0e47 (lowering)
40 | ’
- 80 J
20 J
10 & Peak 'u' in Fig. 14
0 T L T ! L h L] ¥
1l 2 3 4 5 & 7 8
Lewerings (Chronclerical erder)
Fige ?fe learrir- effact on vertical fercea with "left feot leading

and 45 derrees turn of hody" for (a) lifting and (b) lowerinrg,.
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was used for polynomial regression. Since the number of trials was
fairly small (only 8), a first degree polynomial was used. -

On conducting the analysis of variance for 1 degree polynomial, it
is found that there is no significant learning effect (the computed
F=value being 2.95) for a = 0.10 on vertical forces in case of lifting
in Counditioun 1 (seg Fig. 22a). VThere is significant learning effect
on vertical forces for lowering in Condition 1 (see Fig. 22b), lifting
in Condition 2 (see Fig. 23a) and lowering in Condition 2 (see Fig. 23b)
(the ccmfuted F-values being 5.31, 66.54, and 10.11 respectively) at
a'= 0.10. Again there is a significant learning effect on vertical
forces for lowering in Condition 3 (see Fig. 24b) and lifting in
Condition 4 (see Fig. 25a) (the computed F-values being 5.56 and 37.53
respectively) at a = 0.10. There is no significant learning effect on
vertical forces for lifting in Condition 3 (see Fig, 24a) and lowering
in Condition 4 (see Fig 25b) (the computed F-values being 0.05 and 1.31

respectively) at o = 0.10.
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DISCUSSION

From the summary of forces and torques given in Table 54 it was
observed that the vertical forces are much greater than either the lateral
force or frontal force. This result was expected inasmuch as the vertical
component of the body weight and object weight and vertical accelerations
and decelerations are dominant in lifting and lowering. Further, the
critical values (the danger spots) of the vertical forces occur during
lifting just after the load is picked up (peak f) and during lowering
just after releasing the load (peak u).

Forces due tollowering are observed to be.a mirror effect of forces
due to lifting. However, the highest peaks (f and u, see Figs. 13 and
14) are not mirrored. This is explainable since the subjects in the
case of lowering moved upwards faster and with more acceleration after
releasing the load than they did downward with the load before releasing
it. Although the mass effect is greater in moving downward than moving
upward, the acceleration effect is greater in the later case leading
to a higher peak force.

The accelerations and vertical forces when plotted on'fhe same
time scale showed that forces increased with inérease of acceleration
and vice versa. Further, it was seen that most of the force was due
to the body weight.

An important fact is brought up that injury may occur because of en-
cessive force without actually lifting or lowering any load. Thus it is

the technique (acceleration) which is the critical factor and not the



load. This calls for proper training for all people involved in lifting
and lowering. Training is important as it could lead to reduced back
injuries and increased efficiency.

To find the exact position of the load when the peak vertical
force occurs, the relatiomship betweén acceleration, velocity and dis-
placement was employed. Acceleration is the time rate of change of ve-
locity and velocity is the time rate of change of position. Acceler-
ation when integrated over a time interval gives the velocity at the end
of the time interval and by a similar process the integration over ve-
locity gives the displacement. The integratiom process was performed
graphically, merely by counting the squares enclosed by the curve and
the times axis (see Fig. 26).

It was found that corresponding to the peak of the acceleratiom
curve, the di;placement was given by point "x" on the displacement curve,
it measured about %-inch. Thus the maximum vertical force occurs after
the load was mcvea by about-% inch.

Foot position affects the vertical forces in the body as can be
gseen from the results. Penalties of 1.3 1bs of vertical force and 170
inch-1bs of cartwheel torque in case of 1lifting with parallel feet while
employing a turn of 45 degreeé to the right suggest that the left foot
should be leading. Again, penalties of 2.5 1bs of vertical force and
186 inch-lbs of cartwheel torque in case of lowering under similar
conditions suggest the use of the left foot as leading. For lifting

and lowering straight ahead with parallel feet, the penalties are 1.5

lbs and 3.4 1lbs respectively. However, there were penalties of 269
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and 285 inch-lbs of cartwheel torque for using the left foot leading
and straight ahead. This shows that the subjects tended to rest more
weight on the right foot than on the left thus creating the torque.
From the above, the left foot leading éitﬁatiou does not seem to be
desirable in case of lifting or lowering straight ahead. Proper
training for the geople involved in lifting and lowering is stressed
again.

Wherever the effect of learning is significant, it causes the
vertical forces to increase rather than decrease (see Figs. 22 through
25). This indicates that the subjects were relatively cautious for
the initial lifts and as they became more confident, they tended to
Iift (or lower) with greater accelerations (with each lift or lowering).
With proper training, workers can get skilled in lifting (or lowering)
so that there is a progressive shift in the direction from constant
accelerations to constant velocities (Zajackowska, 1972)., The result
will be lesser forces when their learning stabilizes (on the learning

curve).



CONCLUSIONS

The study provides information about different forces, torques
and accelerations involved in lifting and lowgring. Curves have been
drawn to depict the mature of actual forcés on the body while lifting
or lowering in the four conditions.

The 'eritical' peaks of vertical force occured just after the load
is picked up while lifting and slightly after the load is released
while lowering.

Most of the force is contributed by the body weight.

Acceleration-of the body is a critical féctor; injury may occur
even in lifting a pencil from the ground since the major force was
due to body weight rather than the object weight.

Left fqot leading is better both for lifting and lowering when the
body involves & turn of 45 degrees to the right. It can be generalized
also that as one is lifting or lowering and turning to one side, the
foot on the side to which one is turning should be back and the other
foot should be forward. When no turn of body is involved, 'feet
parallel’ is better for lifting and lowering.

The implications of the results of the present study are several.
They should be useful in further detailed exploration of the 'technique’
variable. Future findings could then be applied in 'fitting the job
to the man' in industry. In other words, tasks could be redesigned
and techniques can be improved so that each individual can perform

his task with less risk of injury.
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APPENDIX
All peak values of forces, torques and accelerations for a represen-

tative subject (subject 7).
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TAALE Al

ALL PE#K VALUES OF ACCELERATION IN FEET/ SEC. SOUARE
FOR A REPRESENTATIVE SUBJECT IN CONDITION 1

FIRST SET REPLICATE SET

TASK PEAK 1 2 3 4 5 [ 7 8 MEAN
L 1 11.00 16,00 17.50 7.00 15.00 14,00 18,00 17.80 14.5%
m 3.00 6.00 2.00 4,00 2.00 5.00 2450 1.00 3,19

- n T.00 9.50 8.00 7.00 9. 00 7,00 13,50 8,00 . 8,63
F ° 15.50 8.00 5.00 14,00 12.50 14450 16,00 18.00 12.9%
P 15,50 6400 6. 00 14.00 12.00 14450 16.00 18.00 12.75
T q 15.50 12.00 8.00 14.00 14.00 14,59 12.50 - 184,00 13.56
r 4,50 4,00 3.00 3.50 1.50 2.80 5450 1.00 3,22

s 4,00 1.00 4,00 0.00 2.50 0.00 0.00 0.00

+ 9.00 6.00 8.00 4,00 6.00 4,00 8.00 3.00 6.00

1 2 8.00 5.00 5,00 8,00 - 7400 5250 10.50 7.00 7.00
b 8.00 3.80 5.00 7.00 200 4,80 4.00 6,00 5.07

0 e B.00 6450 5.00 7.00 8.00 4,80 6200 12,00 Taif
u d 12.09 14400 8.50 9.00 13.50 10.00 18.00 3,50 11.06
® 5.00 7.00 6.00 T.00 11.00 9.00 17.00 3,00 8.13
E z 11,00 8.00 14450 15.00 15.00 18.00 20400 11.96 14.06
R £ 7.00 B.00 6.00 8.00 11.00 6400 5.00 8,00 7.50
h 0.00 0.00 2,00 6.00 2.580 0.00 4,50, 4.00 2.41

i 9,00 6.00 7.00 8.00 7.00 4,00 5.00 4.00 6.38
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TABLE A2 -
ALL PEAK VALUES OF ACCELERATIDON IN FEFT/ SEC. SQUARE
FOR A REPRFSENTATIVE SUBJECT IN CONDITION 2
FIRST SET REPL ICATE SET
_TASK BEAK 1 2 3 4 5 6 7 8 ME AN
1 9.00 10,00  14.00 8.00  14.00  15.50 18,50  16.00 13.13
m T. 00 14.00 5.00 3,50 B.00 12.00 18.50 12.00 10.38
. % 11.00  10.00 9450  12.00 12,00 14400 18,50  12.00 12.28
! . 9.00  14.00 8.00 14,00  11.50  12.00 16,00  13.00 12.19
i ] 11.00 14,00 8,00 14,00 11.59 10.00 16.00 11.00 11.%4%
' a 9.50  14.00 8.00  14.00 11,50 10,00  16.00  12.00 11.88
r .00 1.00 5.00 3.00 3.00 2.00 2.00 4.00 3.00
8 0.00 0.50 1.00 1.50 1.00 0.50 9.50 1.00 0.75
t 3.90 3,00 44,00 4.00 5.50 %00 0.50 4400 3a61
a 7.00 5.00 5.0 .00 7.50 5.00 1.00 5.0 5.58
b 7.00 5.00 4,00 3.50 3.00 5.00 7.00 5.00 4.9%
T c 7.00 7.00 6450 8.00 6000 6400 7.00 6400 646
0 d 10.00  13.00  15.00  13.00  10.00  14.00  11.00  12.00 12.38
9 N 10.00 7.00 14450 9.00 8.50 14400  10.00  11.50 10.56
3 £ 14,00 11,00  17.00 10,00  13.50  17.00  13.00  15.00 13.81
3 n 8.00 4.00 8.00 9.00 6.00 12,00 10,00 12,00 B.63
h 10.07  12.00  10.50 7.00 6.00 9.50 5.00 2,00 .75
i 10,00 B.00 6.60 3.00 T50 5.00 8,50 400 T.13




TABLE A3

ALL PEAX VALUES OF ACCELEPATION IN FEET/ SEC. SQUARE

FOR A REPRFSENTATIVFE SURJECT IN CONDITICN 3
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FIRST SET REPLICATE SET

TASK PEAK 1 2 3 & 5 & 7 8 MEAN
1 11400 1050  15.00  12.00 14,00 18,00  17.00  18.00 14,44
» 1.00 8.00 2.00 3.00 5.00 8.00 3.80 4.00 4.10

. . 4,00 2,00 4e50  11.50 6400 6400 6.00 5.00 6.50
T o 11.00 13,00  15.00  11.50 10400 Bo50  12.00  10.00 11.38
d P 14,50 16200  13.50 8,00  13.00 3.80 8.00 9,00 10,72
H a 11.00  13.00  14.00  10.00  12.00 8.60  10.00  14.00 11.57
T 3.50 6480 4400 5.00 2.00 5.00 2.00 1.50 3.72
s 1.20 1.00 2.30 2.00 1.50 0.00 2.00 2.00 1.50

t 4,00 6.00 8.00 4.00 4,00  10.00 5.00 6400 5.88
a 4000 4.00 7.00 8400 5.00 7450 4200 *8.00 5.9
b 2,00 3,00 5,50 8.00 3,00 6.00 2.00 £.00 4.56
L c 8.50 5.80 5.50 -Be0Q %.00 5,00 4.q0 65400 5.97
3 d 13.00 14,00 12,00 12,00 . 10,00  10.00 12,00 7.00 11.25
d e 13,00 12,00  10.00 7,00 8400 8.50  12.00 7.50 9,75
s £ . 13.00 15.00  13.00  11.00 850  14.00  12.00 9.00 11.94
R ¢-*7 8.00 8.00 8.00 8.00  12.00 5.00 8.00 6400 7.88
n 0.00 6.00  10.00 3.00 9,00 1.00 4,00 1.00 4e25
s .59 6.00 7.00 6.00 4,00 7.00 8.00 6.00 bub4




TARLE A4

ALL PEAK VALUES NF ACCELERATION [N FEET/ SEC. SQUARE
FOR A REPRESENTATIVE SURJELT IN CONDITION 4
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FIRSY SET REPLICATE SET

TASK PEAK 1 2, 3 4 5 -] 7 8 MEAN
1 16,00 13.00 12.50 13.00 15,00 14.00 18.00 18.50 15.63
n 10.00 4.00 Ta00 8,20 B« 80 10.00 183.00 18.00 10.50
T a 9.00 4.00 14,00 14430 12.00 13.50 18.00 18.00 12.8%
3 8 14.00 13.50 14200  16.40 10,20  13.00 13,00 13.00 13.39
F p 14,00 11.50 14,00 16440 10,20  13.00  12.80  13.00 13.11
¥ a 14,00 11,30 14.02 16.00  10.20  13.00 14.56 13,00 13.25
r 4480 4430 400 4480 2. 50 6«00 1.80 2,00 3.77
s 2,00 4,00 2.00 2.50 1.80 1.00 1.00 _ 2.00 2.04
% 4,00 11.00 5,30 3,00 3.00 3.50 1,00 4,00 4,56
a 4a00 7.00 5.00 9,00 4.80 6450 6400 7.00 6416
L b 2.50 9,00 5.00 9.00 2.50 5,00 6400 7.00 5.75
0 e 450 6,50 5,00 900 6400 5,00 6400 7.00 6o13
4 d 15.00 6.00  14.00 0.00  12.00 12.00 - 12.00  13.00 10.50
] e 18.00 4.50 14400 10.20 5. 50 16,00  11.00 12,00 10465
g £ 15.00  11.00  14.30 12,50 6.50 12.00 16.00  16.00 12.88
9.50 14.00 9.50  10.00 10,00  10.00  14.00 9.00 10.75
h - 3400 5.00 11,20 8.C0 T.50 2.00 T.50 &.00 6,38
i 13,09 5,00 S.00 10.50 8.00 44,00 5450 T-80 T35




TABLE AS

ALL PEAK WALUES NF VERTICAL FDORCS IN POUNDS
FOR A REPRESENTATIVE SUBJECT I% CONDITION 1

FIRST SET REPLICATE SET

TASK PEAK 1 2 3 4 5 (-] 7 8 MEAN
b 56.25 60.00 60.00 58450 63. 75 62425 75.00 53,75 E2.44%
: d 58450 48.75 T1.2% 41.25 37.50 45,00 63.75 37.50 5044
f L] -12.00 -15.00 -30.75 +6,00 -18.75 ~22.50 =3.75 =3.75 -1.31
) £ 63,75 51«50 T5.00 45,00 52.50 6T.50 63,00 60.00 61.03
; -4 21.75 27.00 25.50 17.25 26425 30.00 30.75 2700 25.69
t " h 15.00 15.00 19.5¢ 15.00 17.25 17.2% 22.50 21.00 1T.E1
i 6.90 2.25 225 1.53 3.00 2225 750 ?.75 3.56

? © 15.00 16450 17.25 16450 17. 25 15.00 1575 15.00 16.03

g 2325 17.25 18.75 22.50 21.00 21.G2 21.40 20.25 20.62

- T 36475 22.50 22.50 Z4,00 21.75 23a25 24.75 15,75 23,91
? s 30.00 60.00 52450 45.00 52450 44425 52.50 59.25 49.50
j t ~-0.75 15.00 11.25 6.T75 =15,00 300 -15.00 7.50 1.22
: o 55450 90.00 105.00 89,25 Thae 25 82.50 62.2§ 90.00 81.09
2 v & 42.00 T8.75 75.00 51.00 54.00 69.75 63,75 60.00

4575
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TABLF 4s&

ALL PEAK VALUFS NF VERTICAL FORCE IN POUNDS
FOR A REPRESENTATIVE SUBJFCT IN CONDITION 2 -

FIRST SET REPLICATE SET

TASK PEAK 1 2 3 4 5 & T B MEAN
b 5550 &60.00 66,00 75.00 52.50 T8.75 69,00 75.00 6647

b a 45,00 73.50 6750 43450 56a 29 67.50 67.50 69,00 6la22
! € ~16.50 =750 -T.50 +13.50 +22.50 — 600 =356,00 —~3.75 - 5.16
¥ i 57.75 60,00 52.50 58.50 58.50 67.50 TL.25 69,00 61.87
* 18,75 37.50 37.50 42,75 33.00 30.00 29.25 41.25 33,75
15.00 15.00 16.50 18.00 19.50 15.00 18.020 21.00 17.25

i 4450 6275 6.00 6. 75 49 50 1l.50 1125 225 Seb4
P 1l.25 9. 75 2,00 18.00 12.75 15.00 11.25 9.75 12,09

% q 17.25 28450 16450 15.75 21.75 21.00 20.25 22450 20.44
& T 30.00 43.50 51.30 38.25 41.25 42.75 42.00 44425 41l.62
W E 3675 44,25 37.50 48400 41.25 61l.50 63,75 544,00 48437
£ t 15,00 +12.75 =T.50 -T7.50 +9,75 =150 =22.50 +18.00 -1.69
2 " . T5.75 72.00 T2.75 89425 61.50 96 T5 105.00 6T.50 BD.06

¥ 43,50 67250 6000 66475 36.00 6750 82.50 5250 59.53




TABLE A7

ALL PEAK VALUES OF VERTICAL FORCF IN POUNDS

FOR A REPRESENTATIVE SUBJECT IN CONDITION 3
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FIRST SET REPLICATE SET

TASK PEAK 1 2 4 5 -] 7 8 MEAN
b 61,50 T2.00 TC.50 60,00 58.50Q Tla25 58,50 &7.50 &4 .97
a 60.400 564,25 T5.00 52.50 39,75 67.50 37.50 45.00 54,19

L e ¥1l.25 +1.50 +T7.50 +11.25 0.00 +9.00 +18.75 415,00 49,28
£ £ 20.25 45.00 31.50 48,75 70;50 586425 48475 67,50 48,56
F 16,50 31.50 24.00° 32.25 28,50 32.25 27275 34.50 284,41
® h Bs25 12.75 15.00 12.00 15.00 13.50 15.00 13.50 13.13
i 7.50 8,25 6430 T.50 T.50 3.00 9.00 6.00 6 0%

P 13,50 14,25 15,75 1%.50 14.25 11.25 14.25 16450 14.91

L g 12.00 11.25 15.75 9.04 15.00 16.50 15.00 .18.75 14,16
2 T 15.00 22.50 30.75 26425 23.25 28.50 33.00 15.00 24.28
f = 36.75 T5.00 Tle23 4275 4}.25 41,25 41ls25 “3.50 49,87
® t +7.50 Q.00 +18.75 - 56,00 -6.00 +16.50 0;00 +1.50 +5.03
? u T5.00 37.50 38,23 7B. 75 75.00 81.75 90.00 B2.50 65,84
v 52,50 75.00 65.25 50420 67.50 67.50 65,25 84.00 67.12




TABLE A8

ALL PEAK VALUES 0OF VER?ICAL FORCE IN PTUMAS
FOR A REPRESEMTATIVE SURJECT IN CONDITICN &

121

FIRST SET REPLICATE SET ¢
TASK PEAK 1 2 _ 3 4 5 & 7 B MEAN
L -] T1.25 6000 ’ 61,50 69,75 48.75 56425 6T.50 60.00 61:87
» d 51.75  63.75  67.50 6150 33,75 3750  33.75 . 37.50 48437
. e $31.50  +3.75  +418.75 +412.75 0.00  -7.50  +#4.50 +22.50 +10.78
7 : of 43,59 43,50 54-ﬂﬂ- 58.50 45.00 61.50 T75.00 S4.75 S4et7
g 37.50 26425 30.00 31.50 29.25 45.75 45.00 37.50 35.34
h 15.00  16.50  19.50  17.25  18.75  17.25  18.75  15.00 17.25
i 3.00 3.7T5 3.00 3.00 6,00 T+ 50 be 75 2425 4obl
p 13.50 | 15.75 16.50 2175 14,25 SaT5 15.00 15,00 15.19
k a 19,50 22,50 12,75 21475  18.75 16450  22.50  21.75 20.25
0 r 39,75  31.50  39.00  23.25  23.25  37.50  27.00  22.50 30.47
L s 43,50 34,50 52.50 &4%qe25 42400 45.00 45.60 45,00 43,97
E % ~1.50  42.25  -7.50  +7.50 0.00 0.00 +22.50 0.00 +2.91
R a 82.50  75.00  90.00 76450  63.75  68.25  60.00  73.50 73,69
- 5T.00 494,25 63,75 S5le.00 594 25 60,00 67.50 50.25 58.62




TABLE A9

ALL PEAK VALUFS TF FRONTAL FORCE IN POUNDS
FOR A REPRESENTATIVE SUBJECT IN CONDITIGN 1
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FIRST SET REPLICATE SET

TASK PEAK 1 2 3 4 5 6 T 8 MEAN
b 8.00 8.75  10.25 6.50  10.00 8.75  10.50 8475 8.94
L e 3.T5 3.75 625 3.75 Se 50 4450 550 2.50 Satrd
1 d 4e50 3,75 6425 4.25 6425 4.50 7.00 5.00 5.19
» b o 5.00 2.50 4450 6450 10.50 TeT5 120.50 12.50 Te&T
T h 3.75 4.50  10.00 2.09 2.00 0450 0.50 1.00 3.03
= 6e25 7.00 5. 00 3.00 2200 2.00 3,00 2,00 3,78
% 2 3,75 2.0 2.5¢ 3.75 3.25 2.50 3.75 4.56 3.25
g o T«50 164,25 Fe 75 10.00 12.00 15.60 10,00 8450 1le12
g ) 200 .00 5.00 5.00 5.00 T70.00 25.90 45,00 20.75
a 3,25 10,90 11.00  10.50 528 8.75 5.00 8400 7.84




TABLE AlQD

ALL PEAK VALUES OF FRONTAL FDRCE IN POUNDS
FOR A REPRESENTATIVE SURJECT IN CONDITION 2
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FIRST SET - REPLICATE SET

TASK _ PEAK 1 2 2 4 5 6 7 g EAN

5 9.50  10.50 8.76 7.25 9.50  10.50 9.50 7.50 5.12
b % 4.25 3.50 9.00 6.25 - T.50 5.50 1.50 7.00 6e31
I t 2.50 5450 6400 7.00 5.50 5.00 7.50 5450 5.56
£ . 6.00 6.75 2.00 1.00 1.00 2.00 0.50 3456 2.84
T h 2450 2250 3.50 3,75 5.50 3,00 3.25 3.75 3.72

1 4.00 4.25 3.50 3.00 3.75 3,25 2475 4400 3.56
b - ) T«50 8,50 5.50 11.25 8.00 5.50 4.50 8.00 Ta34
¢ " 2,00 2.50 2.090 6.00 2,00 2.00 8.00 2.50 312
. & 4450 8.00 5.00 8.50 5.00  10.00 5450 3400 6419
2 ? 400 3.50 2400 3.00 2.00 6400 2,00 3.00 3.19
* a 3.50 Te50 Je50 3.5C 450 3.00 2.50 3.00 3.50




TABLE 211

alL PEAK VALUES NF FRNNTAL FDRCE IN POUNDS
FOR A PEPRESENTATIVE SUBJECT IN CONDITICN 3
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FIRST SFT REPLICATE SET
TASK PE&K 1 2 3 % 5 -3 T a8 MEAN

. b 10.50  12.50  10.90 3.5 B.75  10.00 7.50 7.50 881
e 800 5.00 12400 2450  4a50 5.00 2.50 675 6.28

% a 8.00 7.50  12.00 2.50 5.00 .00 6425 4.00 6.53
* 1 1250  11.25 13,50  13.75  10.00  10.00  13.00 8.00 11.50
h .75 0.75 2.00 3.00  2.50 2.50 2.50 3.75 2.59

2 i 2.50 3.75 1.00 3.75 2.00 1.00 2.00 2.50 2.31
1 s 400 - B.D0 2+30 4250 125 250 3,75 5.00 3.88
0 n S.00 5= 00 4e25 230 3.75 2.50 5.50 .50 44,00
u n 17.05 12.75 15.50 B.00 12.50 14450 10.00 12.5D 12.84
B o 3.00 V 10.50 10.%50 T«50 Ba00 4450 750 5400 T+06
- . 4450 1050 8200  5.00 9.5 3.00  10.00  11.25 .12
q .75 2.75 “e 50 250 4a50 200 5.00 200 3.50

r 6.00 Sa?d 450 3.50 500 3.25 5.00 2,00 B oy

8.75 7.50 5200  2.00 450 3.00 5.50 5.50 5.22




TABLE AlZ

ALL PEAX VALUES OF FRNNTAL FORCE IN POHNDS
FOR A REPRESENTATIVE SUBJECT IN CONDITION 4
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FIRST SET REPLICATE SET
TASK PEAK 1 2 3 4 5 6 7 8 MEAN
b 10.00  10.00 9.75  11.25 8.50 7.50 7.25 7.75 9.00
b c 6.25 7.75 9.00 8400 6025 5450 5.50 6400 6.78
% a .75 5.25 6425 7.50 4250 7.50 8.00 7.00 6.72
F o 2.50 4.25 2.50 2.50 5.50 0.50 . 0.75 0.25 2.34
% ¢ 4050 6.00 4.50 2.50 5.50 3.00 3.25 0.50 3.72
L 1 2.50 3.00 4.00 4.25 4.50 1.25 4.25 4425 3.50
o n 7.25 5.25 5.50 5.25 5.50 7.00 7.50 5.75 6e12
W o 7.25 5.25 8.00 3.50 2.50 3.25 450 3.25 4.69
z P 5.00 7.00 8400 4e25 7.00 5.50 - 5.00 6425 6.00
B




TABLE Al3

ALL PEAK VALUES OF LATERAL FDRCE IN PCUNDS
FOR A REPRESENTATIVE SUBJECT IN CONDITICN 1
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FIRST SET REPLICATE SET
TASK PEAK 1 2 3 4 5 5 7 8 MEAN
i e 5.67 5.83 2.92 5.00 417 3.33 417 3.33 4430
T a 1.25 0.00 0.17 0433 0.00 1.50  ~1.25 10.00 1.50
7 & 3.33 3,33 4417 4al7 417 4400 4.00 5.00 4402
T t +0.17 +1.00 0.00  +0+67  +0408  -0s67 -1.50 ~1.67 -0.24
= 1.67 5.33 5.30 2.50 1.67 3.33 3,33 4417 3.12
- q 2.92 3.33 2.50 1.67 2.50 2.50 2.50 3417 2464
" r 1.67 0.83 0e67 2.17 3.33 1.83 3.17 0.CO 1.71
v s 3.75 3.75 4417 4,83 2450 4el? 2.50 4458 3.78
. 5 4.83 4.58 5.83 T.08 6425 5.83 5.42 4458 5.55
? v 2.92 3,33 4a17 4.17 2.50 4e17 417 5.00 3.50




TABLE Al4

ALL PEAK VALUES OF LATERAL
FOR A REPRESEMTATIVE SUBJECT [~ CONDITICY 2

FORCE IN PCUNDS
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FIRST SET REPLICATE SET

TASK PEAK 1 2 3 & 5 - 7 B MEAN
e 4el7 4417 4458 %458 4400 4e17 2.50 3.75 3.99

L d 2.08 1.00 0.83 J.0d a.17 1.67 5.83 3.42 G.87
4 a 44033 6.67 4aU0 +e 50 5.00 4e83 4e58 292 4,60
¥ £ el 2.92 5.42 3,33 4al7 0.83 4433 2.92 3.51
3 E 4,33 4.17 4458 3.75 3.33 4,58 4400 3.75 4.06
h ~le67 Ded2 let7 leGd le&7 0.83 0.83 dab2 Ue65

i 5a42 5433 417 4,17 4a33 4a17 7.30 4458 4465

1 m 3.59 4417 4al7 3.75 5483 540G 5,00 54 Gl 4,55
2 n 3.33 5.83 4el7 5483 5.83 S.0u 7.92 5.83 5.47
w o 2450 U.00 017 4417 Ge 67 1e67 Q.67 1.67
T o 3.50 1.67 2.92 5a17 2.92 3.33 150 2.08 2.76
7 Q 3.67 3.33 2.08 3433 2.52 2.08 2.50 1.50 2.68
r 3450 %4el7 583 4417 4a17 3.75 5.00 %4458 4440
8 4a17 4,17 .17 4017 4217 & ol 2,33 3,33 3454
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TABLE Al5

ALL PEAK VALUCS [CF LATERAL FORCE [N POUNDS
FOR A REPRESENTATIVE SURJECT IN CONDITICN 3

FIRST SET REPLICATE SET

TASK  PEAK 1 2 3 4 5 6 7 8 MEAN
3.75 5.33 4.58 2.50 5.25 5.83 3.33 3.67 4.28

t d ~1.25 1.50 0.00 2.08 0.42 0400  -1.25 000 0.19
I e 4458 3.50 0.00 0.83 - 0400 0e0U  —1.25 0.00 0496
2 ~1.67  =0.83 0.00 0400 0.42 0.00  =1.25 Ge00 —0.42

. g 3.33 4.58 5483 3.33 4at2 4a17 6067 3.83 4,52
T B 0.00 0.42 ~  1.67 1.67 0.83 0.83 0483 0.83 0.89
i 3433 2.67 2,92 3.75 2.50 3.33 2,50  3.33 3.04

3 0a83 1.67 0442 D.83 le67 1.25 1.25 1.67 1.20

" a 2450 3.33 2.08 2.50 3433 3.17 2.92 3.33 2.90
o r 1.67 1.25 1.25 2.08, Le67 Ge83 0.83 1.25 1.35
5 8 3.33 2.92 2.50 3.75 3.33 5.83 417 2450 3.54
= + 3.75 3.33 3.33 3433 2450 2450 3.33 3433 3.18
" v 0.83 1.67 0.83 1.67 0.83 0.83 2.92 C.83 130
w 417 6.67 6225 3.33 1.67 1.87 5.00 4a17 4ell

x 1.67 1.67 0.83 U.00 0.83 D83 0.83 0.42 0.89




TABLE Alé

ALL PEAK VALUES OF LATERAL FORCE IN POUNDS
FOR A REPRESENTATIVE SURJECT IN CONDITICN &
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FIRST SET REPLICATE S:T ¢

TASK PEAK 1 2 3 & & ki 8 ME AN
L b . leZ5 0.83 Ua83 Le6T J.83 0«83 2.50 0483 le.20
1 e 417 6467 5,83 5.00 5483 3,75 5.00 4417 5.05
F a 167 3,33 1.67 0.83 0«83 Q.83 167 C.83 ladb
7 & 3.75 3423 2.50 2.50 5.42 3,33 4458 500 3.80
f 1l.67 1.67 167 0«20 1.67 Ge00 1a67 417 1.56

g 2.92 5.00 2.56 2.92 3.33 3.33 2.50 2450 3.l2

h 3433 3.75 3,33 2450 4917 3.75 2450 3.75 3.39

i 1467 l.67 1.25 JeE3 167 1.67 2,50 1.25 le56

- 2.58 2.08 3.33 2.58 2.50 5400 3.75 5.0 3.28

L ° 2.92 3.33 3.33 2.50 4.17 4417 5.09 3.75 3.65
°. P 0e00 0.83 le67 0.00 1467 0.83 1.25 -2.50 Y
¥ q 3.33 2.50 2.50 3.33 3.75 3,75 2.50 417 3,23
& r %+ 58 1.67 3.75% La867 l.67T 4083 4,58 5.00 3447
" s 5.42 3433 3.23 1.67 2,50 2.50 4458 4458 3.49
t 5.42 5.00 417 3.33 3,75 250 2+92 3.33 3.80

u ey U683 1l.25 Je83 Ue 83 Je B3 2.50 Qe%2 U925




TABLE Al7

ALL PEAK VALUES NF CARTWHEEL TORQUE I[N INCH POUNNS
FOR A REPRESENTATIVE SUBJECT 1IN CONDITION 1

FIRST SET N REPLICATE SET

TASK PEAK 1 2 3 & 5 ) 7 8 MEAN
. b 102.86 72.00 4lel4 51.43 25.71 12.86 0.00 5.14 38.89
. ] 102.858 180.00 51l.43 102.86 25.TL 51.43 1714 6l.71 8le.64
F d -72.00 +51.43 -128.57 000 -128.57 -236457 +38.57 =38.57 ~&ha29
’ e 180.00 154,29 128.57 200457 154.29 0.00 154.29 154,29 140,79
£ 102.86 51.43 25.71 61.71 7714 51le43 12.86 25.7T1 S51.11

-;T 3 43.71 TTa1% 5143 46029 38457 S5.14 0,00 5.14 33.43
0 k Sl.43 51.43 46429 5le43 6429 90.00 159.43 25.71 67,50
w 1 252.00 128.57 205,71 252.00 12B.57 180.00 231.43 154429 191,57
E m . 252,00 102.86 128.57 231.43 128.57 180.00 102.86 154429 1&€0.07
R n 252,00 115.71 180.00 231.43 128,57 180.00 115.71 154,29 16%.71
-] 128.57 5l.43 0.00 115.71 133.71 21B457 102.886 25.71 97.07

38457 25,71 T-71 0.00 0.00 2457 25.71 | 25.71 15.75

=
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TABLE AlS
ALL PEAK VALUES 7F CARTWHEEL TORQUE [N INCH POUNDS

FOR A REPRESENTATIVE SUBJECT IN CPONDITION 2

. . FIRST SET REPLICATE SET
TASK PEAK 1 2 3 4 s 7 3 MEAN
o b 308.57 128.57 308457 1D2.86 180.00 205,71 360.00 205. T 225.60
T e 61l7.14 591.43 540400 514.29 61T7.1% 514.29 591.43 514.29 562450
? a £1T7.14 591443 540.00 501,43 617.14 578.57 617«1% 514.29 572.1%
* a -128.57 -128.5T =TTaléd =-205.71 +25.71 -102.86 +51e43 -128.57 ~86.79
i 3 154.29 16714 141443 180.00C 192.86 177443 183.00 180,00 17164
0 r 514429 565.T1 617,14 668457 494,29 720.00 694429 565, T1 63G.00
q 1 25«71 +102.86 —25.71 +77.14 +51.43 —25.71 17714 $+25.71 +38.57
7 n 25.71 128457 25471 25. 71 25,71 25471 -5l.43 126.00 4last
R n +51.43 =102.86 +25.71 —T7.1% +51.43 —25.71 +77.14 —30.86 +34.T1

-9 +25.71 -102.886 =205.71 -25a.71 =-51.43 =128.57 +77.14 =-180.00 —73.92
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TABLE Al9

ALL PEAX VALUES DF CARTWHEEL TORUE IN INCH POUNDS
FOR A REPRESENTATIVE SHAJECT IN CONDITION 3

FIRST SET REPLICATE SET

TASK PEAK o | 2 3 & 5° 6 7 8 MEAN
b a S1e43 12B.57 102.86 154429 72.00 28,57 38.57 64429 81.32
I b -25.71 51e43 149414 0.00 128.57 0.00  30.86 -25.T1 38.57
F c 205.71  244.29 S1.43  141.43 -Sl.43  100.29 64.29 180.00 117.00
T a 360,00 334,29  231.43 231,43  231.43  257.14 257.14 205.T71 263.57
o 51.43 46429 25.71 51.43 59.14 77.14 12.86 51443 46,93

L k TTel4 56457 51443 10286 ~ Tlel4 51,43 51.43  102.86 71.36
0 1 257.14 262,29 231443 154429  257.14  231.43 2544429 180,00 227.25
Ed B 176,86  159.63 102,86 231.43 180.00 231.43 128457 205.71 176.79
ﬁ n 100429 115471  257.14 205.T1 154429  77.1% 192.86  154.29 157.18
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TABLE A29

ALL PEAK WALUES GF CARTWHEEL TORQUE N INCH POUNDS
FOR A RFPRESENTATIVE SUBJECT

IN CONDITION &
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FIRST SET REPLICATE SET
TASK PEAK 1 2 . 3 4 5 & 7 8 MEAN

1 a TT.14 128457 128.57 13l.14 51e43 %0.00 154.29 108.00 108.64
1 b 65,29 64,29 133.71 102,86 154,29 92.57 0.00 115.71 9056
F c 372.86 462486 437.14 514.29 475.71 511.71 720,00 630.00 515.57
T 4 T7.14 12.86 3B.57 12.86 128.57 T7.14 0.00 G.00 43,39

-] 51443 25471 38,57 12.86 128.57 77. 14 0.00 0.00 41479
I k 108.00 102.86 180,00 128,57 l4l.43 14la43 154.29 205,71 145,29
o 1 334429 385,71 437.14 501.43 493,71 668457 4T5.71 516.86 476,68
W n 133.71 205.71 154429 102.86 0.00 =TTe 1% 64429 180.00 95.46
B n 0.00 +25.71 $25.71 +51.43 0.00 =-180.00 =-154,29 0.00 =28.53
R o +180.00 4205.71 $128.57 +82.29 128457 *51,43 ¥25.71 +102.86 +100.29

P 102.86 25.71 23143 180.00 192.86 257.14 128,57 38.57 144,64

~n ma



TABLE A2l

ALL PEAK VALUES OF SOMERSAULT TOROUE IN INCH POUNDS
FOR A REPRESENTATIVE SUBJECT IN CONDITION 1 )

FIRST SET REPLICATE SET

TASK PEAK 1 2 3 4 5 & T B ME AN
5 ) b 243,98 211.45 22T.71 260.24 146.39 26675 22771 195.18 222,42
I d 650.60 T64e46 T48.1S 618,07 666,87 673,37 796,99 813.25 T16.47
F e 644,10 796.99 £83.13 618.07 196499 608.31 T14.22 813,25 716.88
T f 65,06 16.27 97.59 91.08 81.33 Tle57 48.B0 58.55 66428

gsh 504,22 487.95 422.89 455442 553.01 455+ 42 487,95 504422 483,89

i 65,06 0.00 32.53 0.00 32.53 32.53 97.59 0.00 32,53
L p 162465 130.12 130412 9759 123.61 156.14 195.18 130,12 140,69
D q,r 504.22 422.89 455442 351.32 536.75 520.48 520.48 585.54 48T.14
E ] s =146.29 +65.,06 +113.86 +65.06 +188B.67 +97,59 +B81433 +97.59 +70.35
E t 618,07 To4uab 683,13 618.07 683.13 813.25 T15.66 Tés.46 T707.53
B u 4Tl.69 699,40 T48.19 T15. 66 585.5% B13.25 TB0.T72 - 796.9% T0l.43

hd 130.12 65,06 J.00 162,65 6e51 6e51 32.53 8le33 60.59
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TABLE A22

ALL PEAK VALUES OF SNYERSAULT TORQUE IN
FDR A REPRESEMTATIVE SUBJECT IN CONDITION 2

TNCH POUNDS

FIRST SET REPLICATE SET
TASK PEAK 1 2 3 4 S & 7 8 MEAN

b 211.45 204.94 227.71 162.65 195,18 195.18 260424 260424 214,70
L - a 6&3.13 T15.66 6£83.13 585.54 T31.93 T15.66 601.81 520,48 654467
: e 666487 796,99 683,13 585454 731.93 813.25 899,40 748.19 T15.66
F ? 65.06 156.1% 276.51 Tl.57 58.55 195.138 48.80 Tl.57 117.92
x gh 341.57 357.83 357.83 357. 83 422.89 390.36 406463 390.36 3T8B.1&

i 162465 0.00 162,465 0.00 97.59 0.00 162.65 0.00 T3.19

D 97.5% 113.86 97.59 97.59 113.86 65.06 l46.39 162.45 111.82
L q,r 276451 341,57 341457 374410 331. 81 357.83 406,863 3T4.10 350451
£ 5 +97,59 +48.R0 +65.08 +65.06 +58.55 +65,06 +48,.,80 +32,53 +60.18
* + 618,07 164+ 46 715. 66 683413 780.72 699,40 787,232 T15.66 T20.54
E A a &83,13 731.93 731.93 683,13 780.72 TT4e22 T48.19 618,07 T18.91
& 6£5.06 6.51 ° 81.33 16.27 91.08 6451 0.00 0.00 33.34
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TABLE 423

ALL PEAK VALUES NF SOMFRSANLT TORQUE IN INCH POUNDOS

FOR A REPRESENMTATIVE SUBJECT IN CONDITION 3

136

FIRST SET REPLICATE SET

TASK PEAK 1 2 3 & 5 L] T a MEAN
L b 227.71 243.98 227.71 221.20 188.67 276451 227.71 211.45 228412

I d 904.34 878431 878,31 6T6.63 618.07 699.40 T31.93 Tb4a46 T68.93

F 8 904. 34 575.90 845.78 &50.60 T15.66 699,40 T41.69 T64a46 787.23

T f - 97.59 +48.80 =32453 =325.30 +162.65 ~48.80 - 65.006 =97.59 - 56493

gyh 845,78 731.°3 553.01 585454 569.28 601.81 618.07 61B8.07 640444

i 97.59 48,80 €451 32,53 48,80 32,53 6.51 32.53 38.22

L D 227.71 243.98 195,18 178,92 130.12 169.16 182.17 178.92 183.27

o] g,r T48.19 731.93 601.81 5618.07 487.95 618,07 585.54 634,34 £28.2%

L g s +260.24 -65.06 97,59 +65.06 0.00 - 65.06 +16.2T7 =-113.86 +24a 40

- E t 520.48 878,31 748,19 585,54 676.63 683413 T15.66 T1l5.66 650.45
R u 520448 RT8,31 T4Ra19 585454 676,63 683.13 715.66 T15.66 6S0.45

v 520.48 455.42 634.34 683.13 634,34 650.69 Té4e46 T1S.66 632.30
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TABLE A24

ALL PEAX VALUES OF SOMFRSAULT TORQUE IN TNIH POUNDS
FOR A REPRESFNTATIVF SUBJECT IN CORDITION &

FIRST SET REPLICATE SET

TASK PEAK 1 2 3 4 5 6 7 8 MEAN
L b 260.24 195.18 97.59 130.12 B4.58 162,65 65.06 65.06 132.56
I d 195,18 236,22 195.18 292.T7 195.18 195.18 227,71 260.24 224446
F a8 666,87 T15.66 845,78 666,87 618.07 683.13 601.81 780,72 697,36
T k4 666487 728467 B45.78 666487 683.13 T15.66 699,40 780.72 723,39

gsh 195.18 195.18 65.06 113.86 195.18 113.86 130.12 32.53 130.12

i 276.51 227.71 243,98 146439 260424 292.77 162.65  260.24 233,81
1 ? 65.06 97.59 6451 65.0¢& 8l.33 32.53 65,06 65.06 59.77
0 q,r 65.06 91.08 S7.59 58.55 B8l.33 71.57 65.06 58.55 7360
v s 234,22 234,22 266475 227.71 2604 2% 195,18 292,717 227.71 242435
E t -91.08 -16.27 0.00 -32.53’ -97.59 =-162,65 =-65.06 -58.55 ~65.47
R u 634,34 634,34 6504690 57%.04 683413 553.01 579.04 682413 624.58

¥ 666.87 731.93 6B83.13 683.13 780.72 683,13 618.07 520.48 6T70.93
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ABSTRACT

A six axis force platform was used to study the effect of foot
position (feet parallel and left foot leading) on lifting and lowering
when the body involved an angle of turn (45 degrees and 0 degrees).
Eight subjects representing the 40th to 60th percentile of the dis-
tribution of weights of male U.S. adults, lifted and lowered an 11 1b
weight through a vertical height of 30", eight times in each condition.
Mean of the eight peaks was the criterion in each conditienm.

The mean peak vertical forces were 59.1, 61.8, 57.6, and 60.5 1bs
inrcase of 1iftiné and 59.7, 59.5, 56.3, and 57.2 1bs for lowering
for: feet parallel and straight ahead, feet parallel and 45 degrees
turn of body, left foot leading and straight ahead, and left foot
leading and 45 degrees turn—of body respectively. 'Critical' peaks
of vertical forces occured just after the load is picked up while
lifting and slightly after the load is released while lowering.
Vertical acceleration was found to be a critical factor. 'Left foot
leading' was found to be better both for lifting and lowering when
the body involved a turn of 45 degrees to the right; other wise
Apenalties of 1.3 1lbs of vertical force and 170 inch-lbs of cartwheel
torque, and 2.5 lbs of vertical force and 186 inch-1lbs of cartwheel
torque were involved in case of lifting and lowering respectively.
When no turn of body is involved, 'left foot leading' was found to

be neither better for lifting nor for lowering.



