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Abstract:

Despite various efforts through research and studies to make manual materials handling tasks safer and
less stressful, statistical data, on the cases of back injury and the amount of compensation paid, indicate
that manual materials handling is the leading cause of back injuries.

Biomechanical, physiological and psychophysical approaches have been used for the determination of
safe loads for static and dynamic or repetitive tasks. The psychophysical approach requires individuals
to adjust either the frequency of handling or the weight of load being handled according to their
perception of physical strain. In the actual industrial setup various combinations of manual materials
handling activities involving upper-extremity are encountered.

This study aimed at determining the effect of an upper-extremity. activity on Maximum Acceptable
Weight of Lift (MAWOL) in a combined manual materials handling task by using psychophysical
approach. ' A combined manual materials handling / task (lifting, carrying and shearing) often found in
labor intensive steel furniture manufacturing industries was chosen for the study. The task was
simulated using LIDO Workset under laboratory conditions. Eight college students served as human
subjects for the study. A metabolic measurement cart, a heart rate monitor, a frequency counter and an
anthropometric measuring kit were other pieces of equipment used in the study to record various
physiological and anthropometric data.

MAWOL was determined for each task using psychophysical approach and energy expenditure rate
during each experiment was estimated by using the increase in heart rate above resting heart rate value.

The results of the analysis of the data recorded during the study showed that MAWOL values for
different tasks were higher at . low frequency of handling than those at high frequency (14% lower for
4/min than for 2/min for lifting, carrying and combined lifting and carrying;. 24% lower for combined
lifting, carrying and shearing). Mean heart rate was higher for higher frequency of handling than that
for lower frequency.

The major conclusion reached from the result of analysis is that the upper-extremity activity under
study had no significant effect and hence, is not a limiting factor on maximum acceptable weight of lift.
At this time there is no need to adjust MAWOL values for combined manual materials handling tasks
involving upper-extremity.



THE EFFECT OF AN UPPER-EXTREMITY ACTIVITY ON MAXIMUM.
ACCEPTABLE WEIGHT OF LIFT IN A COMBINED

MANUAL MATERIALS HANDLING‘TASK

By

Bheem Prakash Kattel

A thesis submitted in partial fulfillment
of the requirements for the degree

of
‘Master of Science
in

Industrial and Management Engineering

MONTANA STATE UNIVERSITY
Bozeman, Montana

April 1994




KI?™

APPROVAL
of a thesis submitted by

Bheem Prakash Kattel

This thesis has been read by each member of the thesis
committee and has been found to be satisfactory regarding
content, English usage, format, citations, bibliographic
style, and consistency, and is ready for submission to the
College of Graduate Studies.

Approved for the Major D;

Head, Major Departmen

Approved for the College of Graduate Studies

Date Graduate Dean



i ]

iii

STATEMENT OF PERMISSION TO USE

In presenting this thesis in partial fulfillment of the
requirements for a master’s degree at Montana Sﬁate
University, I agree that the Library shall make it available
to borrowers under rules of the Library. '

If I have indicated my intention to copyright this thesis
by including a copyright notice page, copying is éllowable
only for scholarly purposes, consistent with- "fair use" as
prescribed in the U.S. Copyright Law. Requests for permission
for extended quotation from or reproduction of thisithesis in

whole or in parts may be granted only by the copyright holder.

Signature /%;Z&C

Date ST1sT 94

[




Lt

Civ

TABLE OF CONTENTS
CHAPTER SN ' Page
1. INTRODUCTION
2. LITERATURE REVIEW

1
4
Overexertion Injury . o e e 4
Design Approaches to Solv1ng MMH Problems c e e 5
Epidemiological Approach: . e e e 5
Biomechanical Approach 5
Physiological Approach 7
Psychophysical Approach 8

Effectiveness of Various Approaches e e e e e e 10
Models Used for Different Approaches e e v e e 12
Biomechanical . . . . e e e e e e e e e 12
Physiological . . . . . . . . . . . . o . .. 14
Psychophysical . . . . . . . . . . . . . . . 15
Studies on MAWOL . . . . . , 18
Studies on Combined Manual Materlals Handllng . . 24

Heart Rate During Physical Activity . 29 .

Factors Affectlng Maximum Acceptable Welght of

Lift . . e e e e e e e e e e 32
Individual Factors- e e e e e e e e e e e 32
Age: . . L0 v e e e e e e e e e e e e 32
Gender : . . e e e . 33
Phy31que/anthropometr1c strength . « < . - 33
Training . . . . . .« . .« .« . o+ . . ... 33
Task Factors . . . . . .« . . . o .0 .. 34
Frequency . . e e e e e e e 34
Container size and type e e e e e e 34
Height and range of 1ift . . . . . . . . 35
Handles . . . e e e e 36
Location of Center of Grav1ty e e e e . 37
Density of Material . . . . . . . . . . 37
Subject . . e e e e e e e e e e 37
Environmental Factors o e e e e e e e e e e 37

3. RATIONALE AND OBJECTIVES e e e e e e e e e e 40 .
4, METHODS AND PROCEDURE e e e e e e e e e e e e e e 43
Subjects . . . . . . .. Lo o oo e e e 43

Equipment . . . . . . . . . . o . 00000 e 43




\4

TABLE OF CONTENTS-Continued

Sensormedics Metabolic Cart
LIDO Workset
Polar Vantage XL Heart Rate Monltor
Anthropometric Measurement Kit -
Frequency Counter -
Familiarization Period
Procedure .
Psychophysical Measurement
Lifting
Carrying . .’ '
- Combined Llftlng and Carrylng
Simulated combined activities
Physiological measurements
Experimental Design
. Hypotheses. Testlng

5. RESULTS AND DISCUSSION

Populatlon Sample

Diagnostics and Residual Analys1s

Analysis of Variance (ANOVA)

Post Hoc Tests (Tukey’s Test) .
Post Hoc Test of Task on MAWOL .
Post Hoc Test of Task on Steady-state HR
Post Hoc Test of Task on Estimated

Energy Expenditure

Pearson Correlation (Pairwise)
Comparison of Results

6. CONCLUSIONS AND RECOMMENDATIONS.

Conclusions.
Recommendatlons for Future Research

REFERENCES
APPENDICES
APPENDIX A PRELIMINARY FORMS

Subject Consent Form
Instruction for Subjects.

APPENDIX B DATA COLLECTION FORMS.
Physiological Data of Subjects

MAWOL for Lifting Task.
MAWOL for Carrying Task

59
62
68
70
70
72
73

74
74

76

76
77

79
85

86

87

90

.91

92
92




vi

TABLE OF CONTENTS - Continued

MAWOL for Combined Lifting and Carrylng

MAWOL for Combined Lifting, :
Carrying and Shearing

Heart Rate Measurement. .

Estimated Energy Expendlture for Tasks

Primary Data Collection Form.

APPENDIX C RAW DATA

APPENDIX D GRAPHS

93
93
94
95
96
98

103~




LI

LI

“wvii

LIST OF TABLES .
- Table

1. Relationship between Various
Metabolic Measurements.

2. Protocol of Experiments.

3. Randomization Table.

4. Independent, Dependent and Controlled Variables

5. Experimental De51gn Layout for MAWOL, MHR and

Estimated Energy Expenditure

6. Descriptive Statistics for Subject Population

7. Statistical Values of Anthropometric Values

8. Values of MAWOL for Subject‘Sample, Average U.S.

Industrial Workers and t-statistic

9. Results of Diagnostics Test.

10. Descriptive Statistics of MAWOL (Kg) for Different

Tasks

11. Descrlptlve Statistics for Steady-state Heart Rate

(Beats/mln )

12. Descriptive Statlstlcs of Estimated Metabollc

Energy Expenditure -(Kcal/min.)
13. ANOVA Summary for MAWOL

14. ANOVA Summary for Steady-state HR (B/min.

15. ANOVA Summary for Estimated Energy Expenditure

(Kcal/min.)

16. POST HOC Test of Task (Tukey’s Test) on MAWOL

Page

31

53

54
55

56
60

61

61
63

64

64

65
68
69

69

71




17.
18.

19.

20.
21.

22.

viii

LIST OF TABLES - Continued

Tukey’s Test of Task on Steady-state Heart Rate
Power Output Values (Kg-m/sec.) from LIDO

MAWOL Values from Previous Studles
and Present Study

Raw Data:

Resting Heart Rate Values (Beats/min) for
Different Tasks at Two Frequencies

Random Number Table for Load

72

74

75

99

101

102




ix

LIST OF FIGURES
Figure ' ' ' Page

1. Relationship between Pulse Rate .and

Energy Expenditure . . . . . . . . e e e e 31

2. Metabolic Measurement Cart. . . . . . . . . . . 44
3. LIDO Workset System . . . . . . e e . . . . . &5
4. folar Heart Rate Monitor Components . . . . . . 47
5. MAWOL for Different Tasks . . . . . L . . . . . 66
6. Work-pulse for Different Tasks. . ; . e e . . . B7.
7. Plot of Residual vs Estimate for MAWOL . . . . 104

8. Plot of Residual vs Estimate for Mean HR . . . 105

9. Plot of Residual vs Estimate for Estimated
Energy Expenditure . . . . . . . . . . . . . . 106




ABSTRACT -

Despite various efforts through research and studies to
make manual materials handling tasks safer and less stressful,
statistical data, on the cases of back injury and the amount
of compensation paid, indicate that manual materials handling
is the leading cause of back injuries.

Biomechanical, physiological and psychophysical
approaches have been used for the determination of safe loads
for static and dynamic or . repetitive tasks. The

psychophysical approach requires individuals to adjust either
the frequency of handling or the weight of load being handled
according to their perception of physical strain. In the
actual industrial setup various combinations of manual
materials handling activities involving upper-extremity are
encountered.

This study aimed at determlnlng the effect of an upper-
extremity activity on Maximum Acceptable Weight of Lift
(MAWOL) in a combined manual materials handling task by using
psychophysical approach. A combined manual materials handling
task (lifting, carrying and shearing) often found in labor

" intensive steel furniture manufacturing industries was chosen

for thé study. The task was simulated using LIDO Workset
under laboratory conditions. Eight college students served as
human subjects for the study. A metabolic measurement cart,
a heart -rate monitor, a frequency counter and - an
anthropometric measuring kit were other pieces of equipment
used in the study to record various physiological and
anthropometric data. '

MAWOL was determined for each task using psychophysical
approach and energy expenditure rate during each experiment
was estimated by wusing the increase in heart rate above
resting heart rate value.

The results of the analy81s of the data recorded durlng
the study showed that MAWOL values for different tasks were
higher at .low frequency of handling than those at high
frequency (14% lower for 4/min than for 2/min for lifting,
carrying and combined lifting and carrying; 24% lower for

combined lifting, carrying and shearing) .- Mean heart rate was
higher for higher frequency of handllng than that for lower
frequency.

The major conclusion reached from the result of analysis
is. that the upper-extremity activity under . study had no
significant effect and hence, is not a limiting. factor on

. maximum acceptable weight of 1lift. At this time there is no

need to adjust MAWOL wvalues for comblned manual materials
handllng tasks involving upper extremity.




CHAPTER 1
INTRODUCTION

Despite various technological.innovations and efforts to
automate the materials handling tasks, involvement of humans
for the materials handling tasks has been on the rise over the
years. .The situation in the third-world countries has been
still more serious due to economic conditions and the surplus
manpower available to be employed. Thﬁs, manual materials
handling tasks are the forces to reckon- with, in any
industrial scenario, throughout the world. The back injuries{

associated with manual materials handling activities, have

. necessitated research works ‘to be conducted for the.’

determination of the maximum acceptable weight of 1lift

(MAWOL) . Even after numerous research works leading to the

significant reduction in the back injﬁry problems, the
compensation costs associated with it are still severe (NIOSH

1981).

Caillet (1981)- estimated that 70-million Americans héve_

been inflicted by back injuries and that the number will
increase by 7-million annually. The cost associated with this
‘problenl is extremely high. Klein, Jensen, and Sanderson

(1984) estimated that between 19% and 25.5% of all workers’
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compensation claims are due to back‘pain. Thé summary from
the National Safety Council’s Work Injury and Cost Statistics
(1972—1984)‘show that while injury frequency declined slightly
between 1981 to 1984, the cost remained about the same.

Many research studies have been carried out, utilizing
various methodoiogies, for ﬁhe determination of maximum
acceptable weights for manual materials handling activities in
the past years (Stevenson, et al., 1989; Dutta, et al., 1989;
Gallagher, 1991; Ayoub, et al., 1980; Ayoub, et al., 1980;
Mital, et al., 1980; Garg, 1§8Q; Mital, et al. 1983; Chaffin,
et al., 1983; Drury, et al., 1989; Nicholson, 1989; Mital,
1984; Garg, et al., 1980; Ciriello, et al., 1983},Kroemer,
1983).

Psychophysical method 5f determining thé maximum
acceptable weights for manual materials handling tasks has
been used by many researchers in the past many years.
However, most of these research studies relate oniy ‘to
individual tasks such as 1lifting, cérryiﬁg, lowefing_
(Ciriello, et al., 1993; Fernandez, et al.; 1988; Ciriello, et
al., 1990; Ciriello, et al.; 1983; Mital, 1983; Garg, et al.,
1980; Ciriello, et al., 1991; Jiang, et al., 1986; Ciriello,
et al.,1993; Ayoub, et al., 1980).

Very little research work has been done to determine the
maximum acceptable weights fdr combined manual materials
,hapdling activities. 1In the éctual industrial set-up, various

combined manual materials handling activities are carried out




3.
and it has been ﬁécessary to detefmine if the combination 6f
activities produce any significant effect on the maximum
acceptable weight in relation to tHe individual activities
making the combination. - Designing the manual matérials
handling taské based on this, would certainly be beheficial‘in
' reduciné the back injurf cases and hence, the ever increasing
compensation costs for such injuries. The research works
carried out on the maximum acceptable weighté fbr the combined
tasks involved only the combination of different manual
materials handling tasks (Jiang, et al., 1986; Gallagher,
1991; and Ciriello, et.al., 1993). However, in the real case
industrial scenario, workers may have to perform a seguence of
' operations involving manual materials handling tasks as well
as some other tasks of different nature such as the
involvement of upper extremities or lower extremities.

The present . study is intended to determine if a
combination of upper extremity activities, in a sequence of
manual materials handliﬁg activities, produces any significant
effect on the maximum acceptable weight of 1ift, wusing

Psychophysical methodology. -




CHAPTER 2
LITERATURE REVIEW

Overexertion Injury

Compensation costs of over 1 billion per vear and the 12—
million lost workdays due to overexertion on account of manual

materials handling actiVities,‘speak for themselves on the

seriousness of the situation. The seriousness 1s more

reflected by the report that injuries of overexertion due to
manual materials handling activities account for 25% of all
the overexertion injuries (NIOSH, 1981).

" Low back pain continues to account for approximately one
third of all workers compensation costs. Manual materials
handling tasks are associatéd with 63% of low back disorders
(Ciriello, et al., 1993).

Overexertion, musculoskeletal, and back injuries occur
due to' a mismatch between the strength abilities of the
workers .and strength demands of their jobs. Strength
capabilities of thé working pépulation and the methods for
matching individual worker to the job's physical requirements
are needed to reduce such injuries. Making such a match

provides a permanent engineering solution (Garg, et al.,1980).
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Design Approaches to Solving MMH Problems

The following approaches have been used over the yearé to
determine the maximum acceptable weight of lift:

1. Epidemiological ‘

2. Biomechanical

3. Physiological

4 Psychophysical

(Mital, et al., 1993; NIOSH, 1981; Garg, et al., 1980).

Epidemiological Approach:

"Epidemiology 1is thé séudy of disease occurrence in
human populations". In general, it 1s concerned with
discerning the injury patterns present, if any, and uéing
these patterns to predict the occurrence of injury. The basic
measurements in epidemiology are: counts (number of people in
group suffering from back injuries, a particular back
disordef, low back'pain, etc.), prevaience rate (number df
people in a group inflicted with some back disorder/total
number of people in fhe group), and incidence rate .(number of
people developing a disorder/total number at risk/unit
time) (Mital, et al., 1993). This methodology is not
applicable for the determination of maximum acceptable weight

of lift.

Biomechanical Approach:

The biomechanical approach to estimate the mechanical

stresses on the body (primarily, forces acting on the lower
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back) relies on two measures: the compression and shear forces
generated at the L5/S1 disc of the spinal column and,

‘

pressures generated at the abdominal cavity (IAP) (Mital, et
al., 1993). ‘

The genéral concern in occupational biomechanics is to
determine with given precision what a person can bhysically
(mechanically) do. In an industrial setting, this means that
the person’s physical capabilities must be assessed along with
the.physical demands of.a préspective job. In addition to the
simple ability to perform, biomechanics is conéerned with
those physical attributes of the individual and job Ehat have
been found to- produce potential- harm to the musculoskelétal
system (NIOSH, 1981). This approach is suitable for analyzing
infregquent tasks only, since the models developed to date do
not account for the fatigue that results when physical tasks
are pefformed repéatedly kMital,'1983). ‘\

The primary concern of this apbroach has.been witﬁ\thé
muscular strength aﬁd musculoskeletal 1qading; a§di the
experimental design has been such that'the,p?ff?g;lity-of
cardiovascular and muscular fatigue has been eliminated
(Nicholson, 1989);

Studieé, on forces developed by load 1lifting on
musculoskeletal system, specifically on the lOW':baCk; by
various reéearcheré, have .shown that lifting of small loads
(less than 20 kg) away from the body will.produce large

compressive and shearing forces on the low Dback.
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Iﬁtervgrtebral discs.may be destroved by spinal_forcés as léw .
as 1568 N (160 Kg) (Garg, et al., 1980).

Va?ious biomechanical models have been developed to
facilitate this approach.. The. models developed by Chaffin
(1967, 1969), Fisher (1967), and Chaffin (1971) are static in
nature. Chaffin’s model (1967) can compute the static forces
and torques at the major articulatioﬁs of the body for a
static midsagittal-plane lifting task. Given the dimensions’
and the position of the body segments, the pfogram computes
the forées_and torques at the wrist, elbow, shoulder, hip,
knee, and ankle joints using the free body diagram.(Ayoub, et

al., 1980).

" Physiological Approach:

Unlike the biomechanical approach, the Iphysiological
approach is applicable to repetitive lifting where the load is
within the physical strength of the worker. While performing'
manual materials handling tasks, several ‘physiologicai
responses, such as, metabolic energy cost, heart rate, blood
pressure, blood lactate are affectedd_ Of all these responses,
"metabolic energy expenditﬁre”has been the widely,accepted
physiologiéal responsé ‘to repetitive handling as it 1is
directly proportional £o the worklcad at steady-state-
conditioﬁs (Mital, et al., 1993).

Since in industrial settings manﬁal materials handling
activities are made up of both dynamic ana‘static efforts, the

]

~physiological responses to each ought to be properly
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understood to obtain fairly accurate results (NIOSH, 1981).

The physiological approach has been used for the studies
on simultaneous activities. Wiley and Lind (1975) and Kibom
and qundin (1976) examined the respifatory and circulatory
responses to simultanéous static (hand-grip) and rhythmic
(bicycle ergometér5 ‘exercises. | Sancheé,'tet al., (1979)
studied the effects of dynamic work (walking), static work
(pushing, pulling or holding) and combined static and dynamic
work on heart rate and oxygen consumption (Jiahg, et'al.,'

1986) .

Psychophysical Approach: _

Psychophysics is a very old branch'of'psychology that is
concerned with the relationship between hﬁman sensations and
their éhysical stimuli; very rarely is this a one-to-one
relationship. Strength, in.psychophysicai context; is defined
as the maximum voluntary force alperson is willing to exert in
a singlé attempt. Similaf}y, endurance (capacity) is the
force a person is willing to repeatedly exert fqr an extended
period of time without "feeling fatigued" (NIOSH, 1981).

Modefn psychéphysical theory, i.e., Stevens theory,
states that the strength of a sensqtibn. (S) 1is directly
fgléted to the intensity of its physical stimulus (I).by means
of a power funcfion: |

S‘; kI1®

where,
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S = strength of a sensation
I = intensity of phygical stimulus !
k = a constant which is a function of the particular
units of measurement that are used
n = the slope .of the line .that represents the power
functién when plotted in log-log coordinates.
Experiments have determined the exponents for many types

of stimuli, some of which are:

electric shock = 3.5, for taste (salt) = 1.3, for
loudness (binaural) = 0.6, and for lifting weights =
1.45.

The psychbphyéical appréach to manual materials handling'
job design réﬁuires individuals to adjust either the handling.
freduency, the weight of load or tﬁe forée'exerted on the
object being handled according to their perception of physical
stfain, One variable is adjusted while all other variables
are controlled. ~ The individuals are told to adjust the
workload to the maximum amount they can handle for a specified
period of time, without .undue Stfain or-'discomforbv and
without becoming unusually tired, weakened or'oVerheated, or
out.of~breath. The final workload, thus selected, is the
maximum acceptable frequency of handling or the maximum
acceptable weight/fgrce of handling (Mitél, et al.,-19§3).

In the Psychophysical approach, a person adjusts the load
such.that repetitive lifting‘dées4not resulﬁ in overexertion

or .excessive fatigue. The weight selected by the operator is
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referred to as the maximum acceptable weight of lift (Ayoub,
et al., 1980).

Psychophysical approach is simple to use and understand

and it 1is effective in the sense that, it is only the

individual worker who can integrate the varioﬁs sensory inputs
into- one meaningful response (Garg, et al., 1980). The
following indices can be used in the psychophysical approach:

- Rated perceived exertion (RPE)

- Body part discomfort frequency (EPDF)

- Body part discomfort severity (BPDS)

(Drury, et al., 1989).

Effectiveness of Various Approaches

Of the various approaches available for the ergonpmic
design of manual materials handling activities,
epidemiological approach is never -used whefeas‘ the " other
approaches.are used frequently depending upon the type of
workload, frequency, etc. o

Biomechanical approach has beeﬁ used by many researchers
in the analysis of manual materials handling,activities.

This approach is suitable for analyzing infrequent tasks
-only, since the models developed té date do not account for
the fatigue that results when physical tasks are performed
repeatedly (Mital, 1983).

For infrequent lifting, the acceptable Weight.oﬁ load

determined by biomechanical approach was higher than that
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determined by psychophysical approach (Nicholson, 1989).

Acceptable weight limits based on muscle strength testing
and biomechanical modeling (Poulsen and Jorgenéen, 1971;:
Poulsen, 1970; Martin and Chaffin, 1972; Chaffin, et al.,
1977), in ‘géneral, are "higher than those based on
psychophysical methodology (Snook, 1978; Ayoub, et al., 1978;
ILO, 1965; Snook and Ervine, 1967).

Physiological.approach is used in case of repetitive
iifting also. The lifting capacity based on physiological
approach overestimated the lifting capacity based on
psychophysical approach at 2 lifts per minute by 25.36%.
However, at 8 lifts per minute, the lifting capacity based on
physiologiqal approach underestim&ted the lifting capacity
based on the psychophysical approach by 28.83% (Fernandez, et
al., 1988). | |

At low frequencies the biomechanical approach is more
apprdpriate, while at high frequencies the physiological
approach is more appropriate. 'Utilizing the psychophysical
approach to estimate lifting capacity is appropriate over the
entire frequency range when compared to utiliéing: the
physioiogical or the biomechanical approaches (Fernandez, et
al., 1988). |

The psychophysical approaéh seems to be a valid measure.
of lifting cépacity across the lower and moderate lifting
.frequency range. Lifting capacity estimated by the |

psychophysical approach is relatively consistent (Fernandez,
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et al., 1988).
Psychophysical techniques utilize a trained worker to

adjust the load lifted until the maximum load which can be

‘lifted repeétedly over a long work bout is reached (Ayoub,

1977) .
According to Snook, the major advantages of

psychophysical approach are the following:

1. It permits the realistic simulation of industrial
work. For ‘example, lifting can be a dynamic task through a
given vertical distance, and not just isometric pull. Task

frequency can be varied from very fast rates to very slow
rates.

2. It can be used to study the very intermittent'tasks
that are commonly found in industry. -

3. Its results are consistent with the industrial
engineering concept of .a "fair day’s work for a fair day’s

pay w
4. Its results are very reproducible.
However, the following are the disadvantages of this approach:

1. It is a subjective method that relles upon self-
report from the subjects

2. Its results from very fast frequency tasks are higher
than recommended metabolic criteria. Permissible loads for
very fast tasks should probably be based. upon metabollc
crlterla .

3. It does not appear'sensitive to the bending -and
twisting moticns that are often associated with the onset of
low-back pain. For example, psychophysical results are higher

- for the floor to knuckle height lift. than for the knuckle - .

height to shoulder height 1lift (Marley, 1990).

Models Used for Different Approaches

Biomechanical:

Various biomechanical models have been developed in the
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past many years. 21l the models are not concerned with
lifting activities alone. All of these models estimate the
reactive forces and‘torques‘on the various joints, with a few
also estimating the compressive and shear forces in L4/L5 and
L5/81 discs (Ayoub, et al., 1980).

| Chaffin’s model (1967) can compute the‘static forces and
torques at the major articulations of the body for a static
mid-sagittal plane lifting tasks.

Fisher’s model (1967), which was an expanded version of
Chaffin’s (1967) model, could compute the compressive, shear,
and torque forces on the lumbar spine. This‘ﬁodel corrects
for the effect: of abdominal pressure.

Chaffin’s computer model (1969) estimates forces and
torques at the foﬁrth lumbar through the first sacral spinal
veftebrae of a person performingva weight handling task. This
is in addition to the estimation of forces and torques at six
major articulations of the body (wrist, elbow, shoulder, hip,
knee, and ankle). His 1971 model, which was an.improvement on
the 1969 modelf considered even mass distribution of equipment
gravity. All these models considered only'the staﬁic forces,
i.e., the forces generated due to movement acceleration was
assﬁmed to be negligible.

El-Bassoussi’s model (1974) and'Ayoub and El—Bassoussi;s
model (1976) took into consideration even the subject’s
movement and the forces generated by the movements. ' This

model also considers the reactive forces and torques on
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various body joints, as well as -the compressive and shear

forces at the L4/L5 and L5/S1 joints.

Physiological:

‘Frederick’s model (1959) gives the interaction of all the
independent variables (frequency, height of 1ift, load, etc.)

but does not include any main effect. One of the serious

drawbacks of this model is that, energy consumption is based’

on lifting as a single performance. Thus, this drawback makes
this model not suitable to repetitive industrial tasks.
Despite the fact that squat méthod of lifting regquires higher
rate of energy expenditure (Brown, 1971), this model does not
take into account lifting postures, i.e., squat, stoop,‘etc.

The Aberg, et al., (1968) model requires the center‘of

gravity to be determined. Its indifference to the gender for

horizontal arm work and/or for pushing and pulling, difficulty

in the determination "of center of gravity, and non-.

consideration of the effect of posturé and technique make this
model to be used only in‘a limited sense.

Garg’s model (1976), though the most flekible of all the
metabolic rate prediction models,. takes into account the
activities in the ségittal plane alone. The assumption of
this model, that an activity can be broken down into tasks and
that- the metabolic rate for the agtivity is the sum of the
metabolic rates for all the tasks, has not been verified SO

far.
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Psychophysical:

Various researchers have developed models to study the
manual materials handling activities in a psychophysical
approach. McConville and Hertzberg (1966) developed a model
to examine tﬁe inﬁeraction of twb variables: the weight and
the width of one—handed{ symmetrical boxes. The predictive
lift equation developed with maximum weight of 1lift as
dependent variable and for floor to knucklé height of 1lift is

as follows:

!

Predictive 1ift = 60 - (width of box in inches)

Poulsen (1970) developed predictiéﬁ equations for
investigating the maximum weight a person could liff for two
different heights. Both Jnaleé and females Wwere used as
subjects in his‘sﬁudy. ‘Thé'predictive lift equation developed
with maximum'weight of 1lift as dependent variablé, and for
both male and female are as follows:

For Fioor to table height-

Pfedicted lift = 1.40(max. isometric back st.)- 0.5 (body

weight) . _ v

For Table to heéd-height—

Predicted 1ift = 0.5(sum of right and left max. isometric

arm push) .

McDaniel (1972), and Ayoub (1976) developed regression
equations to estimate ;he predicted 1lift. The equations

developed for male, female and both are as follows:
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Floor to knuckle height of lift-
Predicted 1lift = -176.36 + 0:02(ht)? - 2.73(étatic end.)?
+ 0.02(RPI) * (arm st.) + 0.05(RPI) * (back st.) -
2.51(FI/dynamic end.) for male.
Predicted 1ift = -24.03 + 0.19(RPI)? +
0.006(arm st.) (leg st.) for'female.
Predicted 1lift = 11.93- 1.12(back st.) + 0.16(RPI)?

+ 0.005(back st.)? - 8.81(static end.)? - O.l(sex)(Fl)”‘
. 0.06 (ht) (RPI) '+ 0.03(RPI) (leg st.) -
0.002(back st.)(leg st.) - 0.03(leg st.) (stat. epd.) +
0.11(static end.) (FI) for both male and' female.
The models developed by various researchers from three
lifting ranges are as follows: -

Floor to Knuckle Height (McDaniel, 1972):

Predictéd Lift for male = -172.3599 + 0.0220607 * Ht.
12.72867 * Stat.Ef. + 0.0209696 * RPT * Arm St. +
0.0534346 * RPI * Back St. - 2.51346 * RPI/Dynam.EE.
Predicted Lift for female = -24.02682 + 0.19362 * RPI +
0.00607224 * Arm St. * Leg St.

\Predicted Lift for both male and femaleﬁ: 11.93388 -
1.1024 * Back St. + 0.15611 * RPT + 0.00458322 * Back
St.- 8.80718 * Stat. EE. - 0.09552 * Sex * FI + 0.06007
* Ht. * RPI + 0.0231265 * RPI * Leg St.- 0.00021627 *
Back St. * Leg St. - 0.027092 * Leg St. * Stat. Ef. +

-

0.11092 * Stat. Ef. * FI
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Knuckle to Shoulder Height (Dryden, 1973):
Predicted Lift for male = 0.82766 * Chest Cir. + 0.55885
* Dyn.Ef.
Predicted Lift for female = 3.809 * RPT - 1.47347 * Ht.
* FI/1000 - 0.31199 * RPT * Stat.Ef. + 1.22804 * Percent
Fat * FI/1000
Predicted Lift for both male and female = 24.12120 +
0.37912 * Sex * Dynam. Ef.
Shoulder to extended Reach Height (Knipfer, 1974):
Predicted Lift for male = 4.91337 + 0.19746 * Back St. -
0.01733 * Shoulder St. + 0.42917.* Age
Predicted Lift for female = 15.07131 + 0.34346 * Wt. +
0.83999 * Dynam. Ef. + 0.33545 * Forearm Circ.
.PredictedlLift for both male and female =

5.225 * Sex + 0.00494 * Shoulder St. + 0.1944 * Horiz.

Push St.
Where, | |

Dynam. = Dynamic

End. = Endurance

RPI = Recipfocal Pendoral Index
Stat. = Static

Ef. = Effort

Ht. = Height

St. = Strength

Wt. = Weight
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Studies on MAWOL

As described above, various reséarchers have used
different models to determine the Maximum Acceptable Weight of
Lift.

Stevenson, et al., (1989) used an incremental lifting
machine (ILM) to determine the maximum lifting performance by
isoinertial tests and concluded that prediction of maximum
lifting 'ability or endurance ability wusing ILMZ'might be
enhanced by closer approximation of specific task variables,
or by inclusion of dynamic parameters to measure technique.

Dutta, et al., (1989) used efficiency of mechanicél work
as the response variabie' for optimization purposes in
determining the optimum- activity 1levels when carrying
symmetrical loads in the sagittal plane. They concluded that
to improve the efficiency of workers performing carrying taék,
loads should be very close to 18 kg and handling frequency
shoﬁld be near 3 times/min; The metabolic enérgy expendiﬁure
values indicated that carrying heavy loads for lohger
distances increases the mechanical Work, metabolic costs, and
heart rate. As a result, under this condition and with more
frequent handling, intermittent carrying tasks closely
approximate continuous carrying tasks. Therefore, carrying
tasks involving handling light loads for shorter distances are

more economical from the metabolic and mechanical work point

of view.
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Ciriello, et al., (1990) used psychophysical approach to
investigate maximum acceptable weights and forces when
performing manual handling tasks continuously for four hours
at frequencies of 4.3 /min or slower. They conciuded that the
weights selected after 40 min were not significantly different
from the weights selected after four hours. It was also
concluded from this study that psychophysical methodology was
appropriate for determining maximum acceptable weights for
task frequencies of 4.3/min br slower.

Ciriello, et al., (1983) used psychophysical methodology
to study the effect of size, distance, height, and frequency
on manual handling tasks with 10 male and 12 female industrial
workers as subjects. The results of this study indicated that
acceptable weights for lower frequency tasks are lower
compared to higher frequency tasks and that maximum acceptable
weights and forces for female workers were significantly
lower, but proportionately similar, to the maximum acceptable
weights and forces for male workers.

Mital, (1983) conducted an experiment to verify the
psychophysical methodology used for determining lifting
capabilities of workers. The result indicated that male and
female workers could lift only 65% and 84% respectively of the
estimated value for 25 min, in 8-hour work duration. When the
duration of the task increased from 8 hour to 12 hours, the
amount of load lifted was only 70% and 77% respectively. The

metabolic energy expenditure rate of the subjects decreased
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significantly with time as the loads were reduced, and heart
raté remainéd relatively constant at about 100 beats/min.

Kroemer, (1983) conducted éxperiments to determiné the
best technique for selecting peréons suitable for materials
handling. He concluded from the results of the experiment
that isoinertial'technique-was better than static strength
tests. |

Ayoub, et al., (1983) used psychophysical approach to
determine the maximum acceptable weight of 1lift which was used
in the determination of Jdb Severity Index (JSI). JSI which
is defined as the time-and-frequency-weighted éverage of the
maximum weight required by each task divided by the selected
lifting éapacity given the 1lifting task conditions. The
researchers proposed the use of JSI as a tool for job desién
and employee placement. |

Gallagher, (1991) conducted experiments to study the
psychophysically'acceptable'weights and physiological costs of
performing combined lifting and lowering tasks in restricted
postures.. The results of the experiments indicated the
following; | |

- psychophysically determined MAWOL averaged 11.3% lower
when kneeling - as compdred to stooping, is slightly greater
(3.5%) when handling loads asymmetrically, and is decreased
(5.00%) with increasing lifting height when performing lifting

and lowering tasks in restricted postures.
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- energy expenditure was greéter in thé stooped posture,
when lifting aﬁd lowering asymmetrically, and when iifting and
lowering to a_higher shelf height in.restricted positions.

- the psychophysical approach of determining acéebtable
- weights of lift was sensitive to differences in: lifting
-capac1ty even for a relatlvely brief MMH periods.

Jlang, et al., (1986) studled.psychophy51cally the effect
of combined manual materlals—handllng activities on maximum
‘acceptable weiéht of 1lift. The increase in-the heart rate
verified the subjects’ comments that combined activity was
more stressful than the.individual component activities of the
combination.

Ciriello, et al., (1993) conducted further studies of
psychophysically determined maximum acceptable Qeights and
forces. The results of their studies indicated that lifting
boxes without handles produced consistent decreases (median,
16%) in maximum acceptable weights when .compared with lifting
: boxes with hanalés. Lifting'with extended horizontal reach.
(approximately 48 cm) produced consistent decreases (median,
48%) in maximum acceptable weights when compared with lifting
close to the body (approximately 17 cm). No significant heart
rate or oxygen consumption differences occurred in either of
these variables. The maximumlacceptéble force of pulling was
lower for 1longer (15.2 m) pulling tasks. The maximum
acceptable weight for combination tasks was similar to that of

the limiting components.
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Snook, et al., (1991) reviewed some of‘the experiments
already carried: out to study lifting, lowering, pushing,
pulling, and carrying tasks. . Psychophysical approach was used
in each case with the measurements of oxygen consumption,
heart.rate, ana anthfopdmetric characteristics. The results
of the experiments Showed'lower means for the criterion tasks
( i.e., low 1lift, center 1lift, Ilow lower,'céntgr lower,
initial push, sustained push, initial pull, sustained pull,
and carry) were lower than the original values for female
subjects, whereas opposite trend occurred for the ﬁale
subjects.

Nicholson, (1989) did a comparative study of methods for
establishing load handling capabilities and concluded from the
results of the experiments that care must be exercised when
using or recommending psychophysically determined weights with
an origin of lif# beiow knee level. The comparisons wefe—
limited to' bimanual, sagittal pléne lifting. The study
supports the conclusions of Garg and Ayoub (1980) that the
acceptable weights according to psychophysical studies are
lower than those according to biomechanical criteria.

Mital, (1984) conducted an experiment on comprehensive
maximum acceptable weight of 1ift database for regular 8-hour
work shifts. The experimental data collected in this study,
for 8 hours, were compared with previous studies of Snook,
(1978) and Ayoub, et al., (1978) and was found that -all three

studies compared favorably.




23

Garg, (1980) did a literature survey on recommendations
for the maximum weight of the load and work loads. The three
different criteria (biomechanical, physiological, and
psychophysical) were reviewed in the literature and:- the
comparison showed that (1) the recommendations based on a
given criterion are not in agreement, (2) the maximum
permissible weights of the load based on psychophysical
studies were lower than those based on biomechanical criteria,
and (3) the psychophysical fatigue criteria, as compared to
physiélogical fatigue criteria, resulted in greater work loads
at higher frequencies of lifting.

Smith, et al., (1984) did a study on manual bag lifting.
The results of the study indicated that for short work bout
(approximately 30 minutes), average percent of PWC for the
psychophysical approach was 55.3%

Gallagher, et al., (1990) conducted experiments to study
psychophysical, physiologicél and biomechanical effects of
lifting in stooped and kneeling postures. Results of this
study indicated that lifting capacity was greater when the
subjects could assume a stooped posture than when kneeling.
The metabolic cost was greater in kneeling postﬁre for heart
rate, oxygen consumption, minute ventilation, and respiratory
exchange ratio.

Karwowski, et al., (1986), in their invesﬁigation‘on the
reliability of the psychophysical approach to manual lifting

of 1liguids by females, observed that the wuse of the
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psychophysical method in the present fomn, as applied to
manual materials nandling, should be limited to the‘low and
moderate frequencies only, as originally intended by Snook and
Irvine in 1986 (Karwowski, et al., 19865. |

Snook, et al., (1970).conducted an ergonomiC'sEudy to
detenmine a man’s physical capacities while performing manual
materials handling tasks. - Lifting, lowering, pushing,
pulling, carrying, and walking tasks were studied in a
controlled environment of 68° to‘72° F and 40% to 55% relative
humidity. The results of the study indicated that there were
no significant differences between maximum.accepfable weights
of 1lift and maximum acneptable weights of lower. However, for
different heights, maximum acceptable “weights were
significantly greater for lowering than for lifting. The
initial force for pushing was significantly greater than
initial force for pulling. There were no significant rate

differences among three replications of the walking task.

Studies on Combined Manual Materials Handling .

Very few research works have been carried out on combined
‘manual materials handling activitiesi All the studies
reported in this field relate to various activities only in
the field of materials handling activities. No research work
has been reported to déterminé tne effect of upper or lower
extremities activities which might come in the sequence of |

manual materials handling activities.
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Taboun, et al., (19895 conducted research to determine
the energy cost models for combined lifting ana carrying
tasks. .In their\experiment, oxygen uptake (VO, 1l/min.) and
heart raté (beats/min) were the response variables, whilst a
number of-task related parameters: load handled, helght of
1lft frequency of handling, carrying distance and load width,
were manipulated using rotatable central composite design.

From the results of their experiment, the researchers
concluded that the values obtained for metabolic ehergy
.expenditure should be related to the aerobic work capacity of
workers involved in the task. They also concluded that the
energy cost equation developed from thé experiment could be
used with a high degree of acéuracy to set job standards in
industry. -

The energy cost models developed were:

Model I: Applicable to individual carryingrkasks and/or
combined carrying and lifting from 75 cm (tab;e height) to a
height of 150 cm or less.

VO, ='O 1809 + [(BW+L) * (2.6112 * (BW+L) * 92.594 * D * H) + .
F * (318.16 * L + 7.9815 * BW * D + 49.1565 * L * D)] * 1073
+ 2.2956 * WID/L (R* =0.824) ‘ |

Model II: Applicable to combined lifting and.carrying'
tasks, where lifting starts from the floor to 150 cm height or
less. .

VO, = 0.0738 + [ (BW+L) *(3.9918* (BW+L) +61.226*D*H) + L * F *

(424.131+81.926*D) ] * 1075 + 3.851 * WID/L (r? = 0.863)
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Where,

VO, = oxygen consumption (l/min), BW = body weight (kg),
L = load handled .(kg), F = frequency (handling/min), D =
carrying distance (m), H = height range of 1lift (m), and WID
= box width (m) along the sagittal plane.

The above mddels give the best results when used within
the following range limits;

1. Load: between 8 and 28 kg. |

2 Frequency: between 1 and 5 handling/min.

3. Carrying distance: between 0 and 12 m.

4. Height range of lift: from floor to 1.5 m.

5. Box width: between 0.15 and 0.55 m.

(Taboun, et al., 1989)

- Gallagher, (1991) studied the acceptable weights and
physiological costs of performing combined manual handling
tasks in restricted headroom conditions. ‘The independent
variables included posture (stooping or kneeling on two
knees), task symmetry (symmetric or asymmetric), and vertical
lift distance (35cm or 60cm). He concluded from the results
~ of the experiment that:

1. Effect of lifting height is similar whether one is
lifting or performing a combined lifting and lowerlng task and
that the MAWOL .of the combined tasks was 'limited by the
capacity to lift, rather than the capacity to lower. .

2. Psychophysically determined MAWOL averages 11.3%
lower when kneeling as compared to stooping, is slightly
greater (3.5%) when handling loads asymmetrically, and is
decreased (5.0%) with increasing 1lifting height when
performing lifting and lowering tasks in restricted postures.

3. Energy expenditure was greater in the stooped
posture, when lifting and lowering asymmetrically, and when .

lifting and lowering to a higher shelf helght in these ,
- restricted positions. :




.27
4. The psychophysical approach.of determining acceptable
weights of 1lift was sensitive to differences in lifting
capacity even for relatively brief MMH periods. Only 3% of

tests "had to be repeated due to. violation of the 15%
criterion.

5. IAP studies suggest lower llmltS in the stooped
posture, while psychophy81cal studies indicate a more limited
lifting capacity in the kneeling posture.

(Gallagher, 1991) .

Jiang, et al., (1986) studied the éffect of cémbined
.manual mqterials handling activities on the capacity of the
workers. They conducted experiments with combined MMH
activities: lifting‘from floor to knuckle height and carrying
(LFRK+C); 1lifting from floor to knuckle height, carryingﬂand
lifting ffonlyknuckle to shoulder height (LFK+C+LKS); and
lifting from floor to knuckle height, carrying and.lowering to
" the floor (LFK+C+LOW). They concluded from the experimental
results that at higher frequencies (>6 lifts/min) the combined
" activities allowed for little resting'time. Consequeﬁtiy,
there was very little time for physiolbgiqal recovery from
muscle fatigue. \

The lifting caﬁacity of the combined MMH activities is
determined by the limiting capacity of the indiyidual
component activity. The limiting capacity usually occurs at
the most stressful individual activity or at the weakest limb
of the human body used in handling the task, i.e., in the
combined LFK, carrying 3.4m and LKS task at a pace of six
handlings per minute, the LKS task becomes the limiting

capacity because of the weakest strength for LKS height.

(Jiang, et al., 1986)
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Ciriello, et al., (1993) carried out further studies 6fv
psychophysically determined maximum acceptabie weights and
forces and came to,;he conclusion that the maximum acceptable
Wéight for combination tasks was similar to that of the
-limiting, component. (Ciriello, et al., 1993f

Snook, et al., (1991) from their investigation of the 
combination task, consisting .of a 1lift, carry, and lower
conciuded'thét the maximum. acceptable weights for the .
combination task were significantly lower than that of
individual carrying task performed separately. But, they were
not significantly different ffom the values for/individugl
lifting and lowering tasks performed separately. The heart
rates for the combination task were significantly higher than
those for the individual lifting, carrying, and lowering tasks
(Snook, et al., 1991).

Taboun, et al., (1989) conducted experiments to determine
the metabolic résponses to combined manual materials handling
tasks, wviz., liftiné and cafrying and‘developed energy cost.
models for these tasks. The developed models were compared
with responses for individual handling tasks and validated .
using the "Prediction Error Sum of Squares". They concluded
from the results of the experiments that the most stressful
task appeared to be the one in which a load (even as low aé 13
- kg) wés lifted from the floor to thé'Shéulder height and then
carried over distances exceeding 3 m at relati#ely low

frequencies. It was also established that the net metabolic
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energy expenditure for the combined tasks cannot be estimated
by summing the net steady-state metabolic costs for individual

task components (Taboun, et al., 1989).

Heart Rate During Physical Activity

The heart _fate during any physical activity éan be
thought of as comprised of Resting Pulse, Working Pulse, Work
Pulse, Total Recd&ery Pulse (recovery cost), and Total Work
Pulse (cardiac cost), defined as follows:

1. Resting Pulse: average heart rate before the work begins.
2. Working Pulse: average heart rate during the work. -

3. Work Pulse: difference between the resting and working
pulses.

4. Total Recovery  Pulse (recovery cost): sum of heart beats
from the cessation of work until the pulse returns to its
resting level. . , ,

5. Total Work Pulse (cardiac cost): sum‘'of heart beats from
the start of the work until resting level is restored.

Karrasch, and Miller made use of their studies to
determine an acceptable upper limit of work load as being that
within which the working pulse did not continue to rise
indefinitely, and when the work stopped, returned to the
resting level after about 15 minutes. . The maximum output
under these conditions is the limit of continuous performance
throughout an eight-hour working day.

According to E. A. Maller, .the limit of continuous
performance for men is reached when the average working pulse
is 30 beats/min. above the resting pulse (i.e., work pulse

= 30 b/min), both of these being measured in the same

posture. Rohmert and Hettinger have made a systematic study
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of the limits of work load, during which the heart rate
remained steady, using a cycle-ergometer, and a hand crank for
eight hours at-a time. They caﬁe to the conclusion that this
limit was still valid up to a work pulse of 40 b/min.,
provided that the resting pulse was measured when the operator
was lying down. The.authors show that for dynamic work
involving a moderate number of muscles, 1 work calorie/min. =
10 work pulse. “

Several studies ﬁndertakén in factories have shown that
it is easier Eo measure the resting pulse when the subject is
sitting than when lying down, so it is suggesfed that; for
men, resting pulse should be taken when seated and 35 work
pulses be fixed as the limit for continuous performance.

Christensen has suggested that within certain limits,
ventilation of lungs, heart rate, and body temperature show a
linear relationship with thé rate of energy consumption, or
the work perfdrmed. Table 1 shows reactions measured at
various work loads (Gréndjean, 1986) .

Since the energy. produced by muscle éontraction is
directly related to thé bxygen used (the exact 'relationship
depending on the proportion of carbohydrate, protein, and fat
in the diet),‘energy expended may be measured by ascertaining
the oxygen consumed and the carbon dioxide produced.
EQuipment for this purpose will thgrefo;e be réquired to
measure thé‘ventilation rate in m®, and to fake a sample of

the expired air for subsequent analysis. However, due to the

e




bulkiness

subject to wear mask over face during the experiment,
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of the equipment, and the requirement for

not always feasible to follow this procedure.

Table 1.
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The second and more practically viable method of

measurement utilizes the relationship between pulse rate and

energy expenditure (Figure

Figure 1.

Relationship between Pulse Rate and Energy

Expenditure.

D (Applied Ergonomics Handbook).
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Factors Affecting Maximum Acceptable Weight of Lift

Individual Factors:

The following are the individual factors which have been

found to affect the maximum load handling capacity of an

individual:
Age: it is a well known fact that people experience
decreased capability with the increase in age. The studies

conducted by Aberg (1961) indicafed that the capacity
decreases after 20 years of age. Howéver, studies coﬁducted
by Mital, (1984) on comprehensive maximum acceptable weight of
lift for regular 8-hour work shifts, did mot show any
significant age effects either on the maximum acceptable
weight of 1ift, heart rate, or‘okyéen'uptake for either males
or females. |

That ageing 1leads to reductibn in physical work
capacity, range of lumbar spinal motion, muscle strength,
muscle contraction speed, shock absorbing charactéristics of
the lumbar disc, intra-abdominal pressure, loéd supporting
capacity of the spiné, and aerobic capacity has been well
established. However, the effect of ageing on manual
materials handling capabilitiesl does not appear to be
significant (Ayoub, et -al., 1989; 1993).

Mital, et al., (1983) concluded from their experiments

that age appeared to be important predictor of MAWOL.
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Gender: Gender differences are also reflected in the
manual materials handling capabilities of men and women.l
Primarily due to the difference in tﬁe muscle strengths, the
MMH capability of women is substantially lower than'tﬁat of
-men (Ayoub, et.al., 1993f. This has been verified from

‘many experiments conducted by a number ‘of researchers-

Physique/anthropometric strength: Several studies have

shown that, compared to shorter individuals, tall people are
relatively weaker in lifting strength and more susceptible‘to
back pain as they have to lean and reach further to pick up or
set down a load. "The review éf scientific literature
indicatés that taller, muscularly‘weak, or obese individuals
"are disadvantaged when performing materials handling jobs,
particularly repetitive MMH jobs. Muscularly built persons,
on the other hand, have greater MMH capacity and are less
prone to low-back pain (Ayoub, et al., 1993)".

Mital, et al., (1983) concluded from their experiment
that body wéight of the subjeét appeared to be an important

predictor of MAWOL.

Training: It is a generally accepted fact that training
the workers on the safety in materials handling plays a great
part . in reducing the hazardous effect of manual materials
handling activities. Various European countries have been
providing training to the workers on .the concept of "human

kinetics" with the aim of avoiding the unnecessary stress due
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to materials handling (NIOSH, 1981).

"Since training haé an educational value and enhances
éardiovasculér and muscular capabilities, MMH activities are
perceived to become easier (reduced physical stress) and
require less effoft with training. Physical training,
therefore, is highly desirable. The training program shouid
include not only physical training but training in safe
_handling techniques and use of materials handling aids as well
and should be extended not only to new employees but also to
existing workérs. Classroom instruction on the hazards of MMH
activities should be an integral part of a training pfogram"

(Mital, et al., 1993).

Task Factors:

The following are the task factors that affect the

maximum weight handling capacity of any individual:

Frequency: Garg, et al., (1979) concluded, from their

experiment on effect of liffing frequency and technique on
physical fatigue with special reference to psychophysical
methodology and metabolic rate that maximum acceptablé weight
of lift increased with tﬁe increase in the frequency of 1lift.

Frequency of lifting‘is a task variable which affects the
lifting capacity. Several investigations indicate that
lifting capacity decreases when the frequency of 1lift

increases (Ayoub, 1977).

Container size and tvpe: The study conducted by Garg, et
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al., (1980) showed that container size and type -had
significant effects on the maximum acceptable weight. From

"the samé experiment they concluded‘that\a person could 1lift
heavier weight with a box type of container for containér
volumes appréximately less than or equal to O.ilnﬁ. For large
contéiner volumes (>0.11n§5, a bag type of container is more
suitable.

The studies conducted by Tichauer, (1971); Aghazadeh,
(1974), E1 Bassoussi, (1974) and Ayoub, et al., (1978) péint

out that as the size of the load increases in the sagittal

plane,'the mean weight lifted décreases (Ayoub, 1977).

The container size has a Significant bearing on the .

maximum acceptable .weight of 1lift. The maximum acceptable
weight lifted was significantly higher when performing a bag
lifting task either with handles or when the bag was 95% full.

The maximum acceptable weight of 1ift for bag lifting tasks

was higher (2.21 kg) -than for box lifting tasks under the .

conditions of the experiment conducted by James L. Smith and-

Bernard C. Jiang (Smith, et al., 1984).

-,

Height and‘ range of 1ift: Mechanical work doné in
performing a repetitive lifting work can be expréssed by the
expression-

.Mechanical Work = Load * Frequency * Heiéht of Lift

The expressién“showsAthat mechanical work required is
directly proportional to the height of 1lift. Thus, metabolic

energy expenditure should increase with an increase in the
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vertical height of 1ift (NTIOSH, 1981).

Similarly, the 1lifting capacity is different for
different ranges of 1lift in the vertical direction, i.e.,
lifting capacity for the lifting raﬁgé of floor to knugkle
will be differepﬁ from that of shouldef height to réach .

height. This is because of involvement of different muscle

groups in the process of lifting (Fernandez, 1986).

Héndlesa Garg, ét al., (1980), from their experiment on
the study of container éharactéristics aﬁd maximum acceptable.
weight of lift, concluded that handles on the containers had
a significant effect on the MAWOL. The maximum weighf
acceptable to a person was significantly lower when lifting a
. box without handles, as comparéd to 1lifting a box with
handles.

Handle shape and size are relatively easy to défine;.but
placeﬁent of héndles on containers represents a more difficqlt
problem. Laboratory and field studies of hand and handle
placement were reviewed- by Drury, et al., (1983) with the
conclusion that handles should be placed so as to give both
hbrizontal and vertical stabilify, excebt for héavy lifting,
in which a symmetrical handle placement may be pfeferred, as
it minimizes arm forces (Drury) ét'al., 1983).

Drufy, et al., (1989) in a study of symmetric and
asymmetric manual materials handling'concluded thét all haqdle

positions were better than no harndles, but the best handle
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position changed from asymmetric for 9-kg boxes to symmetric
for 13-kg boxes. The effect of handles was equivalent to‘a.
weight change of 1-2 kg for Heart Rate and Rated Perceived
Exertion, but much higher (2;14 kg) for Body Part Discomfort

measures.

Location of Center of Gravity: The location of center of

gravity has a significant effect on the weight of 1lift fMital,
et al., 1983). - Their results indicated that the maximum
acceptable weight of 1lift decreased by 3.1% when the CG was
offset by 12.7cm and by 7.6% when the CG was offset by 25. 4cm

Asymmetrical llftlng tasks are less stressful when the CG is
located closer to the preferred hand. On the average 3% more
weight was lifted when the CG was located closer to the

preferred hand.

Density of Material: Mital, et al., (1983) concluded

that the density of the material handled had a significant

effect on the maximum acceptable weight of 1lift.

Subject: Mital, et al., (1983) concluded from theif
study that under identical conditions, there was‘a‘significant
differences in the effect of frequency on the méximum
acceptable weight of 1lift between the student and the

industrial subject populations.

Environmental Factors:

The most common_environmental variables which affect the
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physiologiqal behavior of workers ére, ambient temperature,
humidity, air movement, and atmospheric constituents
(Fernandez, 1986). |

Kamon - and Belding (1971) reported that heart rate
increased approximately 7 to 10 beats per minute fof 10 degree
centigrade rise in ambient temperature (Fernandez,J.E., 1986).

Snook and Irvine (1974) repbrted that the hot énvironment
significantly increased.heart'rate and rectal temperature and
significantly reduced the workload (Fernandez, 1986).

Héfeé (1980) reported that the weight selected by
subjects at 27—degrees Wet Bulb Globe Temperature (WBGT) were
significantly different than the weight selected at 22-degrees
WBGT. On the other hand, the weights selected at 32-degrees
WBGT as well as the physiological responses (oxygen
consumptién, resting body temperature, resting heart rate,
working body temperature, working heart rate) at 32—degreés
WBGT were significantly different from thoée at 22-degrees
" WBGT (Fernandez, 1986).

The effécts of all the above factors on the lifting
éapacity could be summarized by the following relation (Ayoub,
et al., 1979):

Lifting capacify = W(h,p,s,f,b)

where,

h = Lifting height which has three leveis: floor to
knuckle height; knuckle height to shoulder height;.shoulder'

height to reach‘height.
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P = Percentile of the population assuming a normal
distribgtion of 1lifting capacity. Five percentiles are
considered using the mean and sténdard deviation of the
lifting capacity at each lifting heightf these percentileé are
the 10th, 25th, 50th, 75th and 90th percentiles.

s = Sex of the wofker. Two levels, males. and femaies,

are éonsidered.

"f = Frequency of lift. Six levels of frequency of 1lift

were considered: 1, 2, 3, 4, 5%and 6 lifts per minute.

b = Box length;_ which is. the box dimension. in ‘the

.sagitﬁal plane of.the body. Lengths of 10, 18, 24 inches

were considered.

The value of W corresponding to given h, p, s, £, and b

has to be read from a table.
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CHAPTER 3
RATIONALE AND OBJECTIVES

The first study on combined manual materialé handling
activities was conduc;ed in 1986. Though various researchers
and organizations were involved in the study of manual
materials handling acfivities, the studies were limited to
individual actiyities alone. However, in industry, workers
.often perform .varioué typés\ of tasks consisting of a
combination of materials handling aétivities., Though the
mechanization of materials handling activities have helped in
reducing the number of cases of occurrences of injuries in
‘recent yeafs,‘the compensation amount paid for these injuries
indicates that it is still the leading injury élass.

| The situation in the developing economies around the
world, where an ample labor force is available at a reasonabiy
low cost, is completely différent. The standards fixed for
the maximum weight of 1lift, in most of the cases, are not
updated according to the results of studies in this field.
Thus, the workers are exposed to the risk of_back injury

which, mostly, are unnoticed for compensation purposes.
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In addition to combined MMH activities involving only
lifting, carrying, lowering, pushing, pulling etc., realistic
industrial © scenarios include specific upper-~extremity
activities to be performed by workers simultaneously or in
sequence to the MMH activities. For instance, rice milling
plants in the third-world countries require such activities as
carrying the paddy in sacks to a platform for drying, lifting
the sacks, carrying them to the parboiling tanks, dumping into
the tanks, and opening the steam valves. This whole process
involves upper extremities work in addition to material
handling activities. This additional work may have a bearing
on the amount of weight the worker could tolerate lifting
safely. Similarly, steel furniture manufacturing industries
require that cold rolled sheets be lifted, carried to the
worksite, and lowered, and shearing, bending or forming
operations be performed on these sheets. These tasks would
add stress to various parts of the body of workers.
Therefore, it is‘postuléted that stress to upper—extremitiés
may affect MAWOL.

The major objectives of this study are:

1. To establish using the psychophysical methodology,
whether or not, combined manual materials handling task
involving upper-extremity activity is a limiting factor on
maximum acceptable weight of 1lift.

2. To determine values of maximum acceptable weight of

1lift for simulated lifting, carrying, combination of lifting
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and (carrying, and combined mangal materials héndling
activities involving the upper extremity and compare to see if
any relation existed between them.
3. To estimate the energy consumption during simulated
lifting, "carrying, and shearing activities and compare the
results.with that of combined manual materials handling task

involving upper eéxtremity.
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CHAPTER 4

METHODS AND PROCEDURE

Subjects

Eight male students of Montana State University were
randomly selected as'subjects for this study. The sample size
was determined on the basis of previous studies using similar
criteria and protocol for the experiment. The subjects were
so chosen that they were free from back pain and any type of
musculoskeletal abnormalities. Each éubject was thoroughly
familiarized with the expérimental procedure, before
commencing on the data collection. Consent was duly obtained

from each subject, through signing of the consent form.

Equipment

Sensormedics Metabolic Cart

This equipment (Fig. 2), maﬁufactured by Sensormedics
Corporation, analyzes oxygen consumption by a Zirconium oxygen
analyzer. The 2900c Sensormedics Metabolic Measurement Cart,
available for experiment provides the following testing

options:
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Breath-By-Breath, Non-invasive Computer Assisted
Anaerobic Threshold (AT) Detection, Automatic Maximum Oxygen
Uptake (VO2Max) Analysis, Indirect Calorimetry, and Automated
interpretation of test data. Testing mode technology can be
selected from these as required by the experiment. The
Metabolic Measurement Cart provides analysis of inhaled and
exhaled respiratory gases. This analysis can be used to

measure the energy expenditure of the body.

Computer Disk Drive "A"
Computer Power Switch
Patient Valve Assembly
Sample Flowmeter, C02
Scrubber. Inspiratory sample
line BxB Cal port and Sample

AT N -

line Barb.

Figure 2. Metabolic Measurement Cart
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Indirect calorimetry option of the Cart gives the

measurement of respiratory gas exchange to assess the body®s
energy expenditure.
The subjects were hooked up to this equipment during

lifting task only and energy expended by the body during the

task was monitored.

LIDO Workset

This equipment (Fig. 3), manufactured by Loredan

Biomedical, Inc., 1is designed to provide Tfunctional testing
and rehabilitation in a single device. This equipment utilizes
variety of attachments for simulating multiple exercise modes,

high static and dynamic torque, and sensitive minimal torque.

It can simulate diverse job tasks and daily activities.

Figure 3. LIDO Workset System
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. This workset offers simulation, isokinetic, and isometric
exercise types with concentric, eccentric, and continuous
passive motion modes . These modes, plus the simulation
functions of ramp up, ramp down, ramp up/down, and breakaway,
provide various biomechanical models for real-world
situations. There are high torque and iow torque toolv
attachments.

Dynamic torque can be set as high as 120 ft-1b (162Nm)
énd static torque can be set to 150 ft-1b (202.5Nm) to allow
practicél testing of maximum strength of'strong subjects.
Similarly, weak sﬁbjects'can also be tested and rehabilitated
because the workset allows measurements as small as 4 in-oz
with 2 in-oz resolution.

The workset has the capability of. generating full
documentation of subject performance including‘average and
peak power or torque, avefage work, total work, and average
range of motion. It also calculates the coefficient of
variation énd fdtigue index ﬁhat canlhelp assess the subject’s
effort. Bilateral summary .reports and progress reports
provide side-to-side and testfﬁé—test comparison information.

This equipment was used in this study to‘simulate‘the
sheet metal shearing operations. The subjects, after
performing lifting and carrying operations, performed
simulated sheet metal shearing operétiohs at a representative
torgque value of 4.16 Kg-m (30 ft-1b) for 4 or 2 cycles

corresponding to the freguency of handling of 2 or 4 per
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minute and went back to repeat the cycle. The energy consumed
and power required to perform the operation are given by the

output from the system computer.

Polar Vantage XL Heart Rate Monitor

The monitor (Fig- 4), manufactured by Polar USA, Inc.,
consists of a chest band, in combination with a
sensor/transmitter, which, when strapped around the subject®s
chest, transmits the heart rate of the subject during workouts
to the wrist monitor. The wrist monitor displays the heart
rate at any particular moment and also has the capability of
storing the heart rate data at predetermined intervals. The
three intervals provided in the monitor are 5 seconds, 15
seconds and 60 seconds. If the heart rate is required at any

desired time it can be instantly read from the monitor screen.

Lock system for adjusting . .
Chest Band the belt length Wrist Monitor

Three line display

*Select *

Conductive electrodes inside the Chest Band

Sensor/Transmitter Casing tor transmitter

electronics and battery
'‘Signal *

Selection status line

Chest strap connectors

Figure 4. Polar Heart Rate Monitor Components
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The heart rate monitor was used to measure the heart
rate of the subjects during each of the experiments. Thé
increase in heart rate during an experimént over resting heart
rate value was used to estimate the energy expended

(1 work kcal/minute = 10 work pulse) during the experiment.

Anthropometric Measurement Kit

"PTM" Martin’s Human Body Measuring Kit is a set of
measurement instruments designed for making objective and
guantitative measurements on the sizes and forms of wvarious
parts of the human body.

"The kit essentially consists of instruments for
measurement on distances in straight lines, on curves and
circumferences, on thickness, on weight, angle, volume and
center of gravity. The kit was used in the study for
measuring the body height, knuckle height, and shoulder

height of the subjects.

Freguency Counter

This is a device which, when set to a required frequency,
will signal the subject, through an electronically produced
auditory signal, to start the experiment. This eliminates the
possible human error in reading the clock and signalling the
subject to start the experiment. This device was used in the

study to control the frequencies of handling of various tasks.
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Familiarization Period

The subjects were familiarized with the experimental
conditions and procedures. The‘bbjective of the
familiarization period was to: (1) allow the subjects to
become familiar with the use of equipment; (2) train the
subjects in the method of psychophy5i0a13adjustment; (3) tone
the forearm and shoulder muéble groups by performing the
simulated sheet metal shearing tasks; and (4) increase
cooperation and understanding between subject and the
experimenter. The famiiiarization period lasted for one hour
and included screening and introduction session and one

training session.
Procedure

Required anthropometric measurements; stature, knuckle
height and shoulder height and physiological data for each
subject were collected. The MAWOL for each of the subjects
was determined using psychophyéical‘methodology. In order to
make sure that each subject received the same instructions for
the experiment, written as well as oral instructions were

provided.

Psychophysical Measurement

The following experiments were conducted to collect
various psychophysical data required for the determination of

MAWOL::
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Lifting: A vertical distance of lift_of 76 cm from the
floor (floor to knucklé) was used as height of_lift_for
'frequencies of 2 and 4 1lifts pef minute fpr.thé simulated
lifting activity. Freéuency for the experiment was controlied
by a freéuency qounter‘ device. For each frequency, one
experiment, starting with heavy or light load depending upon
a randomization procedure was condﬁctédﬂ The experiment
consisted 5f two bouts. The first was an adjﬁstment bout
lasting 20 minutes and the hext' was a steady—state bout
lasting 5 minutes. During the course of the adjustment bout,
the subjects'were told to lift a tote box (54 cm long; i.e.,
distance_between two hands; 39 cm wide, ite.; distance %long
the sagittal plane) with handles, at predetermined frequency
and adjust the load in the box (inc;ease or decrease from the
-initial load depending on whether the initial load was light
or hea&y),‘until'they felt confident of handling the load for
a period éf‘8 hrs, with the pfovisién‘of normal breaks during
the shift work, wifhout feeling unduly strained or overexerted -
or overexhausted. With the load adjusted in 20 minutes, the
subjects were told to continﬁe lifting for 5 more minutes.
The oxygen conéumptién and heart rate measurements were taken
during the experimént. The order of performing the operation
was randomized. The final adjusﬁed values of the load for
each of the two experiments were then recorded as the maximum °
acceptable weight of handling for the experimenﬁ for the

frequency at which the experiment was conducted.
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Carrvin :  Two frequencies of carrving 2 and 4 per minute
to a distance of 210 cm were utilized. The subjects picked up
tote box (the same box uSed. in the .lifting ekperiment)
containing lead shots from a height of 76 cm, carried it to a
\distance of 210-cm, and placed it on a table 76 cm in'héight.
The next cycle coﬁsisted.of carrying the tote box back to its
original place. There waé no lifting involved in this
experiment. The order of operation was randomized. Heavy or
light loads were used at random as in lifting experiment, and
the subjects were told to adjust load (increase or decrease
according to whether the initial load was light or hea&y) for
a period of 20 minutes, to the value which they felt confident
of handling for a period of 8 hrs without feeling unduly tired
or exhausted. The subjects continued carrying the adjusted
load for 5 more minutes. Thus each experiment consisted of 25
minutes (20 minutes of adjustmént bout and .5 minutes of
steady-state bout) for each frequéncy. The final adjusted’
load at the end Qf each experiment was recorded as the maximum

acceptable weight of handling for the frequency of handling.

Combined Lifting and Carrving: Combined lifting and

carrying tasks were simulated by combining the individual
lifting and carrying experiments as previously performed at
two pfedetermined frequencies of 2 and 4 handlings per minute. -
The subjects lifted a tote box (same box used in the pre&ious
experiments) from flpof to a height of 76 cm, carried it to a

distance of 210 cm, and placed on a table ‘76 cm high. The
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experiment was performed for 25 minutes; 20 minutes of
adjustment bout'and 5 minutes of steady-state bout. 'The‘final
adjusted value of the load was recorded .as MAWéL. 'Heart rate

measurements were taken during the experiment.

Simulated combined activities: . The simulated combined

activity consisted of lifting through a vertical distance of
76 cm (floor to:knuckle), carrying at knuckle height to a
distance of 210 cm, and performing shearing operation. The
sequence of operations (lifting, carrying, and sﬁeeringf was
performed at frequencies of 2‘and 4 per minute. The shearing
operation was simulated on LIDO Workset\for 20 sec and 10 sec
for the two frequencies of handling of 2 and 4 per minute
respectively with a force -of 6.82 Kg (15 1b), velecity.limit
of 45 degree/see, Range of.motion of 75 degrees, moment arm of
61 cm (24 in), and the axis of rotation being 137 cm (54 in)

from the floor. The subjects lifted a tote box (the same box

.used in the previous experiments) from floor to a height of 76;

cm; carried the box at that height to a distance of 210 cm,
placed . it on a table of 76 cm height, and performed a
51mulated shearing task w1th the set parameters on LIDO
Workset and returned to the orlglnal place without the load

This cycle was repeated at predetermined frequency for 20
minutes during which they adjusted the load to MAWOL and
continued to perform for 5 more minutes as in the prev1ous
experiments. Heart rate measurements were taken during this

experiment.
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The combined manual materials handling task simulated in
the experiment is the task of shearing sheet metal sheets to
different sizes required to manufacture various types of steel
furniture.

The protocol for the experiment has been.given in Table
2.

Table 2. Protocol of Experiments.

Task Height of 1lift Distance Freq.
cm cm. 1/min
Lifting (L) Floor-Knuckle 76 2
Lifting(L) Floor-Knuckle . 76 4
Carrying(C) Knuckle Height , 210 . 2
Carrying(é) Knuckle .Height \210 4
L+¢C Lift to knuckle 76 2
v ' ht. and'carry 210
L +C Lift to knuckle 76 4
ht. aﬁd carry 210A
L+C+ S © Lift, Carry and 76 2
shéet netal 210

shearing 4.16 Kg-m (30 ft-1b)
L +C+ S Lift, Carry and ‘ 76 4
sheet metal 210

shearing = 4.16 Kg-m (30 ft-1b) -

Note:

L: Lifting .
C: Carrying

L+C: Lifting + Carryipg

L+C+S: Lifting + Carrying + sheet metal Shearing

S: 20 & 10 sec for 2 & 4 lifts/min. at a Torque of 4.16 Kg-m.
(4 cycles corresponding to 2/min and 2 cycles corresponding to 4/min.)




Physiological measurements:

During the performance of the individual lifting task,
oxygen consumption and the heart rate were monitored by using
a Metabolic Measurement Cart and a Heart rate monitor. These
values were used for the evaluation and comparison of the
energy required to perform the individual tasks as well as the

combined task.

Experimental Design

A randomized block design with factorial treatment
combinations with subjects as blocks and experiments as
treatments was used for analyzing the data.

Randomization of the sequence of experiments for the
subjects was done on the basis of the randomization table

developed for the purpose (Table 3).

Table 3. Randomization Table.
Random Sequence of Experiment for Subjects

SBECT #

<
<
<
S
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Az Garvvirg &Kk at 4 hlerdings/fminute
LC2- Liftarg + Garyarg ek at 2 lerdinrgs/fminute
LA:- Liftg + Garyvirg &Kk at 4 lrerdingsfiinute
- Gobiretaan of Lifts - ad g Eds
LC=2 _g= tepl Liftey, CGaryay, Seximg a2

Lcm:kg)érlj?'etiojd:Liﬂi'g, Gryayg, ad Sexig edsac 4

Tasks were assigned numbers from I to 8, as in the second
column of Table 3. Random numbers were generated iIn sequence
for each subject and task corresponding to the random number
assigned for the subject, thus generating the sequence of
tasks for each subject.

Three 1i1ndependent and two dependent variables were
considered for the experiment. Table 4 provides information

on independent, dependent, and controlled variables used in

the study.
Table 4. Independent, Dependent, and Controlled Variables.
Cless \éaricble
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Sharp and Legg (1988) and Legg and Myles (1985) showed
that alternating starting load of lift between heavy and light

had no significant effect on MAWOL values determined with
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psychophysical method of adjustment. Hence, the starting load
was not considered as a factor in this study.
A two-way analysis of variance (ANOVA) method was used
for the analysis of the data collected from the experiments.

Table 5. Experimental Design Layout for MAWOL, MHR and
Estimated Energy Expenditure.

Taa(D
1 2 3 4
Reaaoc ) S (ca¥s2eV () S (ca¥c2eV () RreaeaocA)
e 12 1 2 12 1 2
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The models for the analysis of the experimental data were:

MAWOLijk = Q + Ti + Fj + TFij + Sk + EMijl

SSHRijk = [ + Ti + Fj + TFg + Skn + W1+ Eklij,, here, weight
is a random factor nested iIn subject. But subject, not being
the main effect, SHKIl and Wiwill be combined into a composite
blocking effect Sk reducing the model to,

SSHRijk = B+ Ti + Fj + TFij + Sk + EHMijl

for 1 = 4 (no. of tasks), jJj = 2 (no. of frequency
levels), and k = 8 (no. of subjects).
[l = grand mean,

Ti effect of the i1th task,

Fj = effect of the jth frequency.
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Sy = effect of the kth block, -and

€y(;5) = values of independenf,‘nermally distriEuted random
variables having zero means and eommoﬁ variance o2.

Energy expenditure.values corresponding to each task were
‘estimated on ehe basis of work-pulse (MHR - Restiﬁg heart
rate), 1 Kcal/min beiﬁg equivalent to 10 work—pulsesf
Therefore, no model was necessary for estimated energy

expenditure.

Hypotheses Testing:

The following hypotheses were tested for determlnlng
" whether task, freguency of handling, interaction between task
and frequency and blocking effect had any effect on MAWOL and

MHR

Main Effects:

Ho: T; = 0 for all i,

H;: T; # 0 for at least some 1i,

Critical region: reﬁect H, at level o = 0.05

if F > Fu(vy,V,) where, v, and v, are degrees of freedom.
Hy: F; = 0 for all j,

Hi: F; # 0 for at least some j,

Critical region: reject H, at level o = 0.05

if F > Fy(Vvy,V,) where v, and v, are degrees of freedom.

Interaction Effect:

Hy: TF;; = 0 for all i and 3,

Hy: TF;; # 0 for at least.some 1i,j
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Critical region: reject H, at level a = 0.05
if F > Fu(Vv,,V,) where v, and 'v, are degrees of freedom.

Blocking Effect:

He: Sy = 0 for all k,
H,: S, # 0 for at least some k,
Critical region: reject H, at level a = 0.05

if F > Fu(Vv,,V,) where v, and v, are degrees of freedom.
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CHAPTER 5
RESULTS AND DISCUSSION

Results of various experiments conducted during the study
have been presented in this chapter. Data dolleqtéd from the
experiments were analyzed wusing .a statistical software
package, SYSTAT, on a PC at Montana State University.‘ Table
5 provides descriptive statistics for the subject population
used in the study. The following discussion is based on t@e

objectives of the study as stated in chapter 3 of this report.

Population Sample

Table 6 gives thHe descriptive statistics of the subjegt
sample involved in the experiments related to the study. Mean
valués of body height, body weight, knuckle height and
‘shoulder height measurements of the subjects‘wére'céléulated. \
Corresponding.values of anthropometric -estimates for UﬂS.
"adult males (Pheasant, S., 1986 and Woodson, et al., 1992)
were obtained (Tabie 7). Hypotheées testiﬁg concerning one -
‘mean for sample size less than 30 was pérformed to determiné
if the population mean assumed for subject sample used for the
study was identical to that of the U.S. male pbpulation at

large.
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The following statistic was used for hypothesis testing:

t X-VO
s/sfn
where,
X = mean of the anthropometric measures of subject
sample,

Mo = corresponding average value for U.S. adult males,
s = standard deviation of measures of subject sample,
and n = sample size.

HO: M = MO and

Hi: M * Mo

Critical region: Reject HO for level a = 0.05

if t > t0.6,(

Table 6. Descriptive Statistics for Subject Sample.

AE HEAGIT VEIGTT KNLHT SOHr
No. ofF Gees 8 8 8 8 8
MiNEnum © Iz (Ssxeil 2 5
Mexdanum 2/ 'S SWaed 1S S¥C 5 825 =1
Raoe 8 1B DS 105 8
Meen 2 e ke B D 7519 1063
Sd Bas 273 412 105 34D 307

The results of the test of hypotheses indicate that the
body height of the subject population was significantly
greater (179.9 cm vs 175.5) than the average estimated value

for U.S. adult male population. Similarly, shoulder height of
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the subject population was significantly higher (150.6 cm vs
144 cm) than the corresponding average, estimated value for
the U.S.- adult male population. This was to be expected,
since shoulder height is proportionately related to the body
height.

However, body weight and knuckle height of the subject
population was not significantly different (78.95 kg vs 76.36
kg and 76.19 cm vs 76.5 cm) from those of U.S. adult males.
Knuckle height and body weight are the two main variables in
determining the lifting capacity of a person. All the tasks
were performed at knuckle height, and mean knuckle height was
not significantly different from that of the U.S. population.
Therefore, the subject population can be assumed to be a

representative of the population at large.

Table 7, Statistical Values of Anthropometric Measures.

Meeare Saple 53 S) Zee g)) Tt CF RAdo
Msen Body Held e 129 412 155 305 7 as
@

Meen Bady Weidt B D 105 B35 iy << 7 40
Meen Knudkdle HE- B.19 34D psise -5 7 S 24
@)

I\g%1 Soulider HE 106 307 .0 6108 7 o@

Table 8. Values of MAWOL for Subject Sample, Average U.S.
Industrial Workers and t-statistic.

Meeare Sb. a8 SID Tt oF Prdo.
ML & T 76 2 59 21 7 85
Liftairg a& 4

jeog pd) x pa) 25 7 O™

anﬁ§§gt4mil
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Table 8 shows the values of MAWOL for the subject
population and a&erage U.S. industrial worker population
(Mital, et al., 1993) and the result of t—statistic calculated
to test whether there was é sigﬁificant difference between the
_subject poﬁulation and the U.S. industrial worker population

at large. The average values for lifting at knuckle height and

carrying at a frequency of 4/minute ‘for U.S. industrial

workers were taken for the purpose of analysis. The result of
the test and quantitative values of MAWOL for the two groups
show that the values for industrial workers were‘Significéntly
higher than those fof the sﬁbject (étudent) population (22 and
27 vs 17.6 and 20 for lifting and cérrying reépectively). The
purpose of testing significance for the sgbject populapion
with the population means was to check for potential bias iﬁ
ergonomic results which are correlated with anthropometry.
Moreover, the major objective of the ;esearch.was to determine
if an upper—extrémity activity héd any effect on MAWOL in

combined manual materials handling task and not to‘prepafe

guideline or design workload. Based on all the anthropometric

measures and MAWOL values for the subject population there was

no reason to suspect any real bias.

Diagnostics and Residual Analvsis

Before proceeding on with analysis of the collected data,
residual analyéis was done to see if there was any outlier in

the collected data which could possibly affect the results of
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analysis. Table 9 provides the summary of diagnostics test:

Table 9. Results of Diagnostics Test

\axricble adiertCse N Meesred \allLe StLcetizd
ResacLall

NAL D © <4 292

3 < 2937
Sesdsstste HR ¥ 162 270
&M

B &6 3.1p

B 1B2 460
Est Ereroy 5 B 612 330

5 735 295

The plot of studentized residuals against estimates
(Appendix D : Fig-7-9) showed that steady-state heart rate
values for case 36 and 43 were outside the horizontal band
within 3 units around zero. The cause of the values outside
the control limits might have been recording error from the
heart rate monitor or consumption, by the subject, of certain
cold drinks which would elevate heart rate within certain time
duration. The estimated energy value for task being dependent
upon the heart rate, case 43 value for estimated energy
expenditure was expected. The final analysis of the collected
data was performed with the outlier values for the mean heart
rate (values for case no. 36 and 43) and estimated energy
expenditure (value for case no. 43) removed. Removal of
outliers will not require modification to the model or
additional analysis due to the lack of an interaction effect

and recommendations of Milliken and Johnson (1984).
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Table 10 provides the descriptive statistics of MAWOL
values for the subjects as determined from the four different

types of tasks performed at the two different frequencies.

Table 10. Descriptive Statistics of MAWOL (Kg) for Different

Tasks
Teeks

2 L4 (02 (e} L2 Te?! = Te=71
No. oF Ge=s 8 8 8 8 8 8 8 8
MENETUM ©r n ums 3 9 95 10 85
Madmum < 9] B5 ;!5 <4 p | € 53 2
Raoe B 75 2 2 Vg ms = 155
Maen D4 176 B2 0] 185 159 189 1A
S v 64 59 86 78 58 51 89 51

Cursory glance at the table indicates that the mean
values of MAWOL 1is higher for lower frequencies and lower for
higher frequencies.

The mean MAWOL values for combined lifting and carrying
(LCi1) and combined lifting, carrying and shearing (LCSi) tasks

appear to be nearer to the value for individual lifting task

L.

Table 11. Descriptive Statistics for Steady-state Heart Rate
(Beats/min.)

Taaks

=2 L4 (&2 (@4 L L L2 LG
No.oF 8 8 8 8 8 8 8 8
Ce=s
MEL g8 N B6 &6 776 776 6 a4
M 156 1B2 B2 152 168 w8 1378 maa
R 378 pr2 56 8B6 P2 &2 B2 (=]
Meen B 1139 X7 B2 a4 188 1075 121
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Table 12. Descriptive Statistics of Estimated Metabolic
Energy Expenditure (Kcal/min.)
Teds
2 La (@2 (@4} L= L L2 LcA
No. ofF Gees 8 8 8 8 8 8
ManETum . 065 156 03B 095 o 114
Mep<mum 5. . 612 52 4.8 688 735 ygc
Raoe SS 54 416 4 5 (S¥7ed 62
Meen 227 267 15 35 357 38
Sud. Bas 21 14 146 1P 2m 187
Tre boid 1'ig,resn1tesha:Hjcellsaebfﬂjm1tee’erg/\al5dlaerjﬁon
metsolic Gt ad te rest vvare estinmated usirg warkepullse \alles.
Note ¢ Tebles 9,10 ad 1D:
IL_AZL : Liftag at 2
(] Eca1y§§zx:2ﬁi1
(@] :Csnyl'% L AfrEn _ _
L2 = Gnba Liftirg ad Garylrg at 24
LA - Gybired Liftirg ad Garyarg a2 A
LCS?- Gobired Liftig, Garyag ad Seaxrirg 2/
LCHA:- Grybired Lifteg, Caryvirg ad Sesxrirg at 4

Tables 11 and 12 provide descriptive statistics of
steady-state heart rate (b/min.) and the estimated energy
expenditure (Kcal/min.) during the performance of the tasks at
two different frequencies of 2 and 4/min.

Figures 5 and 6 represent graphically the values of MAWOL
(Kg) and work-pulse (elevation of heart rate above resting

level) for different tasks at two different frequencies.
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FIGURE 5

MAWOL for Different Tasks

At Frequencies of 2 and 4/min.
25

[ =Y
(62

MAWOL (Kg)
5

Note:

L : Lifting Task

C : Carrying Task

LC : Combined Lifting and Carrying Task

LCS : Combined Lifting, Carrying and Shearing Task
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FIGURE 6

Work-pulse for Different Tasks

At Frequency of 2/min. vs 4/min.
50

40

W
o

WORK-PULSE (MHR-RHR) IN B/M
=
o

L C LC LCS
TASKS

t 2/min. At 4/min.

Note :

RHR : Resting Heart Rate in Beats/min.

MHR : Mean Heart Rate in Beats/min.

L : Lifting

C : Carrying

LC : Combined Lifting and Carrying

LCS : Combined Lifting, Carrying and Shearing
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Analysis of Variance (ANOVA)

Table 13 provides ANOVA summary for MAWOL. According to
the summary, BLOCK, Task and frequency of handling have
significant effect on the value of MAWOL. Since random
variability among the subjects is expected, a completely
randomized block design with subjects as blocks was used to

analyze the main effects.

Table 13. ANOVA Summary for MAWOL

L \aricbles STF
MANL. = GONSIANT + Ti + j§ + T + S<+ Bdgl
Boontersd

Lecks

s=8

T=4

F=2

Aslsis oF \ériae

Sure s o= NG FRatio P
HOIK 7 o rdy.st 7 XP 556 =12 oar
Teek ZN.90 3 B33 6.756 oan”
Ragavy 1 | 's2) UsP Q
TekKFAegawy 915 3 cYe 5% o o
Brar 50.65 D 1166

* Statistically sigiificat et a = 0.
Task had significant effect on the value of MAWOL.

Frequency, also had significant effect on the value of
MAWOL for different Task. This verifies the cursory glance
inference on Table 8 and also corresponds to the results of
previous researchers that MAWOL values are inversely
proportional to the frequency of handling (Ayoub, 1977; Garg,

et al., 1979) . The iInteraction between task and frequency did
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not have a significant effect on MAWOL.

Table 14 provides the summary of ANOVA for Steady State

Heart Rate. The probability figures in the summary report

indicate that Block, Task and Frequency had significant effect

on Mean Heart Rate whereas Task and interaction between Task

and Frequency did not have significant effect on Mean Heart

Rate.

Table 14.

ANOVA Summary for Steady State HR (B/min.)

Mool \éariebles

PR

F =

SR = State Heart Rate

Categrical \éricbles STF

Mol SR =CNSIANT +T1+F, +TFIL+ S+ HEg
Leels Boontered

s=8

T=4

F=2 Aalsis of \eriace
Sue s o- NS FRatdio P
BaK enas 7 1174830 10171 oam~
Teek 12608 3 4534 3apr oqQis~
ARegavy sz vy SO N | 21770 3738 oam~
Teek *~ Frag ey M6.72 3 138907 1B 0319
Brar 006 47 115512

* Statistically signifiat ek a = 0.6,

Table 15. ANOVA Summary Tfor Estimated Energy Expenditure
(Kcal/min.)
Sue s o~ NS FRatio P
BaK =31 7 765 346 oaB~
Teek B0 3 890 4.06 oqQr>-
ARegavy 17381 | 173 789 o~
Teek * Fregaoy 782 3 2551 1145 03D
Brar 106833 3] 2226
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Table 15 provides the summary of ANOVA for estimated
Energy consumption in Kcél/minute during the performance of
various Tasks. Probability figures in the summary'feport show
that Block, Task and Frequency had significant effect on
estimated energy consumption, while Task ahd ~interaction
between TaskAand'F}equency did not have significant effect.

The result corrésponded with the results of the effect of

~independent variables upon steady-state heart rate due to the

fact that energy expenditure was estimated on the basis of

steady-state heart rate.

"Post Hoc Tests (Tukey'’s Test)

Post Hoc Test of Tasks on MAWOL

Since ANOVA summary on MAWOL (Table 13) showed that task
and frequency had significant' effect on MAWOL, steady state
heart rate and estimated energy expenditure it was necesséry
to determine the nature of these relationships. TukeY’s tesﬁ;
which gives the matrix of pairwise comparison probabilities,
was used to determine these relationships. Tabie 16 giyes the
result of post hoc test of task on MAWOL. Matrix of pairwise
comparison probabilities and Table 9 show that wvalues of
MAWO# for combined ;ifting and carrying and combined lifting,
carrying and sheariné tasks were significantly lower thén
those from carrying task alohe (Mean values of 18.5, 15.9 and
18.9, 14.4 vs 23.2, 20 for Frequencies of 2 and 4/min.,

respectively) . All other Tasks were not significantly
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different from each other. Since all Tasks excluding carrying
involved lifting as one of the components and each of them
being significantly lower than the carrying task, it is fair
to conclude that lifting was not only a common factor but was
also a Ilimiting factor. This result agrees with the
conclusion reached by the previous studies that for a
combination of manual materials handling tasks the value of
MAWOL is limited perceptually by the most stressful component
in the combination (Jiang et al ., 1986; Ciriello, et al_., 1993

and Snook, et al., 1991) .

Table 16. POST HOC Test of Task (@ukey®s Test) on MAWOL

Matrix of Pairwise Comparison Probabilities

L C LC LS
L 1@
C o= 1@
LC (0Fz52) oaxt 1@
LGS (0 52< 53 oai* (o174 1@

Since combined lifting and carrying and combined lifting,
carrying and shearing were not TfTound to be significantly
different from each other (mean values of 18.5 and 15.9 vs
18.9 and 14.4 for frequencies of 2 and 4/min., respectively),
the addition of upper-extremity activity 1in the form of
shearing task did not seem to have any significant effect on

MAWOL .
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Similarly probability figures for the test of Frequency
on MAWOL show that the values of MAWOL for the two frequencies
were significantly different from each other. Table 8
quantitatively jJustifies this inference and also shows that
the values of MAWOL were higher at lower frequencies and lower
at higher frequencies (mean values of 20.4 vs 17.6 for
lifting; 23.2 vs 20 for carrying; 18.5 vs 15.9 for combined
lifting and carrying; and 18.9 vs 14_.4 for combined lifting,
carrying and shearing for frequencies of 2 and 4/min.,
respectively). These results agree with the conclusion of the

researchers (Ayoub, 1977 and Garg, et al., 1979).

Table 17. Tukey®"s Test of Task on Steady-state Heart Rate

Matrix of Pairwise Comparison Probabilities

L C LC LGS
L 14D
C o215 1ao
LC o3 (012 5) 14D
LGS o83 OB o 1.aD»

> Satistically siguficax &t led a =06

Post Hoc Test of Task on Steady-state Heart Rate

ANOVA summary (Table 14) showed that task had significant
effect on the steady-state Heart Rate. Tukey"s test of Task
on steady-state Heart Rate (Table 17) and Frequency show that
combined lifting, carrying and shearing task was significantly
higher (107.5 and 112.1 vs 92.7 and 96.2 at frequencies of 2
and 4 per minute, respectively) than the individual carrying

task. Tukey®s test of Frequency on steady-state Heart Rate
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show that the values of heart rates at higher freqﬁency were
hiéher than those at lower frequencies(§8.95, 92.743, 91.350,
107.525 vs 113.975, 96.2, 108.775, 112.125 fof lifting,
carrying, combined lifting and qarrying and combined lifting,
carrying and shearing tasks at frequencies of 2 and 4/min.,

respectively) .

Post Hoc Test of Task on Estimated Energy expenditure

Table 18 shows that the carrying task had‘¢significantly
lower energy expenditure than lifting task (2.27 and 2.67 vs
2.85 and 4.33 fo£ lifting and carrying at frequencies of 2 and
4 per minute, respectively). 'Similarly, the values'of energy
expeﬁditure were significantly lower for lower frequency than
for higher frequency (2.85, 2.27, 1.55, and 3.57 Vs 4ﬂ33,
'2.67, 3.25, and 3.48 for the tasks at frequencies of 2 and 4
per minute, respectively).

Estimated energy'expenditure values for tasks were higher
fof higher frequency than those at lower frequency. However,
the mean energy éxpenditure value for combined lifting,
carrying and shearing task was lower for higher frequency than
that for lower frequency. The reason.for_this was because of
the involvement of more number of cyéles of shearing task at
lower frequency for the combined task. Four cycles of
shearing operation waé simulated for a frequency of 2/min. for
the combined task while only two cycles of éhearing operation
was simulated~corresponding to a freguency of 4/min. for the

combined task. This is justified by the value of'power output
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data (Table 18) obtained from the LIDO Workset.

Table 18. Power Output Values (Kg-m/sec.) from LIDO

Sbject Te==i Te=71
1 551 4.5
2 11.35 1067
3 52 416
4 817 856
5 1.0 52
6 .10 o997
7 105 o/
8 o.M 738
Meen 887 76

Pearson Correlation (Pairwise)

Correlation between Frequency and MAWOL and between
steady-state Heart Rate and MAWOL was found to be negative
(-0.236 and -0.152, respectively) while the correlation

between Frequency and Steady-state Heart Rate was found to be

positive (0.291) .
Comparison of Results

Due to variations in the protocol used by different
researchers, it is not possible to compare the results of this
study in particular to any one result from previous studies.
However, the frequencies of lift and height range of lift
being the same, the results of MAWOL values from the study
conducted by Fernandez, et al., (1988) have been taken to

compare with the results of lifting task at a frequency of 2



75
per minute of this study. Table 19 gives the values of MAWOL

from the previous study and this study.

Tablel9. MAWOL Values from Previous Study and Present Study

Kg) -
Iira:;aty ML & Saple S Sd.- /2. ©
Faradez 2 21 .S T 2 597 a;u
ass Lo o & L8 '
Pesax Sndy 2 4 kg 8 64 kg

Testing of two means
Kq: Ul - Wz
H1: Ul — W
Level of significance: a = 0.05
Criteron: reject HO if t > t.051B or t < -t.(05(8

where.

(X1-22)-6 lilXn2 (H~n2-2)
Q“l—l) Si+(C2-1)S2 ~ InN1™"n2)

Calculation: Substituting the corresponding values in the
above equation, t = 3.454 which is greater than 2.101 the

value corresponding to t Q518

Decision: Since t = 3.454 exceeds the value 2.101, HO
must be rejected at level a = 0.05. Thus MAWOL values

for the two samples are not the same.
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CHAPTER 6
CONCLUSIONS AND, RECOMMENDATIONS

Conclusions

The following afe the conclusioﬁs dérived in terms of
objectives of this study:

1. Tﬁe shearing activity involving the upper-extremity
is not a limiting factor on maximum acceptable weight of 1lift
in combined manual.materials'handling task. At this time,
there is no reason to suspect that MAWOL values would need to
be adjusted forluppéf—extremity activities.

2. The values of maximum acceptable Weight of 1lift for
different tasks. showed that frequency was an important factor
in determining the MAWOL with the psychophysical appfoach.
MAWOL values are inversely ﬁroportional to freqﬁency of
handling. This result agreed with the conclusion arrived at
from previous stﬁdies (Ayoub, 1977 and Garg,'et al., l§79f.

3. Among the Tasks involving lifting, lifting is a

limiting factor on the value of MAWOL. The value of MAWOL for

all combinations examined is nearer to the value of MAWOL for

individual 1lifting alone under the same experimental

conditions. This agrees with the result of study on the
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effect of combined;manua} materials handling activities on the
capacity of workers by Jiang, ét'al.,f1986.

4. Estimated energy expenditure varied with the changé
in frequency of handling. The mean.value of estimated energy
expenditure for individual task is more for}higher frequency
than for léwer frequency. The exception to this, according to
the result of analysis, is the values of energy consumption
for combination of lifting, carrying and sheéring, in which
case it was lower at lower frequency. The reason for this is
the involvemeﬁt of four cycles of shearing éctivity in the
combination with frequency of 2/min and 2 cycles of shearing
in the combination with frequency of 4/min. Thus the
combination with lower frequency had lower wvalue for the
estimated energy consumption.

5. The energy consumption £for the combination of
activities is not equal to the sum total of the energy

required by the individual components in the combination.

Recommendations for Future Research -

1. This study, Being the first of its kind, used one
specific type of upper-extremity task for the analysis. The
results of this study may not be apﬁlicable to all types of
upper-extremity acti&ity. Hence, research should be continued
to study other upper—exﬁremity tasks aﬁd combare the results
to dgtermine if any tybe of locally stressful.upper—éxtremity

activity is insignificant to the value of MAWOL.
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2.  This study utilized the change in the heart rate

above the resting heart rate level of an individual to assess

the physiological stress during the performande of .a task.
Though: the results obtained have been consistent, future
studies could utilize other methods of assessing energy
consumptibh (i.e., measurement of. V0,) and compare the

results.

3. Duration of an individual taék on the combination of
tasks might have some effect on the value of MAWOL. Fuﬁure
research coﬁld study such combinations. Since.this study
involved an upper-extremity - task with average power
requirement of 8.87 Kg-m/sec, research could be done with

tasks requiring more than this value.
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APPENDIX A

PRELIMINARY FORMS




MONTANA 7 Deparementof dusca
Engineering
. STATE ‘ ) College of Engineering
UNIVERSITY . Bozeman. ME 39717 oot

1893 e CENTENNIAI®1993) Telephone 406-994-3971

SUBJECT CONSENT FORM N
' -FOR
PARTICIPATION IN HUMAN RESEARCH

You are invited to participate in a study titled
"Evaluation of the Effect of Upper Extremity Activities on the
Maximum Acceptable Weight of Lift of a Combined Manual
Materials Handling Task." This study will examine the use of
a subjective method (the psychophysical approach) to determine
the acceptable limits of weight handling for a combination of
manual materials handling (MMH) tasks as often observed in the
industries.” The results of the study are expected to aid
industrial engineers in determining the maximum limits of load
handling for any MMH task which, ultimately, will lead to
reduced risk of back injury due to unsafe and excessive load
handling. ” .

If you decide to participate, you will be required to
perform simulated 1lifting, - carrying, and combination of .
lifting, carrying and bending tasks. Beginning with an
unknown.weight of load, you will keep adjusting the 1load
(increasing or decreasing) till you feel confident of handling
the load for an extended period of 8 hours without feeling
unduly stressed, overheated or overexhausted. Two frequencies
of handling will be used and each of the session will last for
25 minutes. Including orientation and familiarization
sessions, you will be expected to participate ‘for a total of
about 5 hours of observations spread over a maximum of 8 days.

Depending upon the stage of experimentation, further

information will be collected. These variables include
anthropometric measures such as body height, body weight,
knuckle height etc. During performance of the simulated

tasks, measures of heart rate and oxygen consumption may be
monitored. :
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Because these tasks are simulated using a non-functional
tool, and the dependent physiological measures taken are non-
invasive, you should not éxperience any unusual discomfort nor
risk of injury resulting from the equipment or procedures.
Because the tasks involve the musculature of the upper
extremities, however, you may experience some minor soreness
in these muscles and/or stiffness in the involved joints. The
I&ME Department or Montana State University .cannot provide
compensation for such conditions or any other health problems
that might arise as a result of this experiment.

You have wvoluntarily accepted to participate in the
experiment and hence, will not be monetarily compensated for
your effort. "Since your participation is completely
voluntary, you may choose to withdraw from participation at
any time and for whatever reason. Such a withdrawal will not
‘affect your relationship, if any, with the I&ME Dept. or with
Montana State University. All information obtained during
this study by which you could be identified will be held in
strict confidence. -

If at any time you have gquestions regarding this
research, you may contact either the student assistant or Dr.
Robert Marley, Industrial & Management Engineering Dept, 315
Robert Hall, Montana State University, Bozeman, MT 59717,
(406) 994-3971. :

By placing your signature below, you are indicating that
you have read all of the above information and are willing to
participate. You may keep a copy of this form.

Signature of Participant Date

Dr. Robert J. Marley Date
(or authorized assistant) N
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Form II
\

Instruction of Psychophysical Approach for Subjects:

The objective of this study is to determine the weight-

handling ability of individuals in a representative work
situation. * This 1is an experiment to find Treasonable
quantities that normal healthy persons can handle under
different manual materials handling activities at two and four
handling per minute. These activities are: -1ift from floor to
knuckle height (L); carry for 2.1 m (C); L and C; L and C and
bending activity for 20 seconds at 2 handling per minute and
for 10 seconds at 4 handling per minute.
THIS IS NOT A TEST TO DETERMINE YOUR- MAXIMUM WEIGHT-LIFTING
CAPACITY. I .repeat, THIS IS NOT A TEST TO DETERMINE YOUR
MAXIMUM WEIGHT-LIFTING CAPACITY. Rather, it is a study to find
reasonable quantities - I repeat, reasonable guantities - that
individuals can handle repetitively under the specified
conditions. :

We want you to imagine that you are working in a steel
furniture factory during a normal working day, getting paid
for the amount of work that you do. In other words, the more

work you do the more money you make. You are expected to work ’

continuously at least 30 minutes, as hard as you can, without
straining vyourself or without becoming unusually tired,
weakened, overheated or out of breath

ONLY YOU WILL ADJUST THE WORKLOAD. If yvou feel that you
can work harder without getting overloaded, add more weight to
the box. If you feel you are working too hard and could not
keep up the rate for half hour, yvou should remove some weight
from the box. Remember, only yvou will adjust this workload.

DO NOT BE AFRAID TO MAKE ADJUSTMENTS. You have to make
enough adjustments so that you get a good feeling for what is
too heavy and what is too light. You can never make too many
adjustments, but you can make too few.

REMEMBER....THIS IS NOT A CONTEST. NOT EVERYONE IS
EXPECTED TO DO THE SAME AMOUNT OF WORK. WE WANT YOUR
JUDGEMENT ON HOW HARD YOU CAN WORK WITHOUT BECOMING UNUSUALLY
TIRED. TAKE IT EASY.

Remember to adjust the weight, when necessary, so that
the box represents the maximum weight that you would be
willing to handle at this pace, height and distance.
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APPENDIX B

DATA COLLECTION FORMS
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Form I : Phyéiological data of the subjects.

Date: ’ Time:

Name of the Subject : Subject #

Age ( Years )

Body Weight ( Kg )

Height ( cm )

Shoulder Height (cm):

Knuckle Height ( cm):.

Knee Height ( cm )
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Form II : MAWOL for Lifting Task

Subject # | MAWOL (kg)

Oxygen
Consumption
(1/min)

HR max

'Date

Time

© | Joy | (W N -

Form III : MAWOL for Carrying Task

Carrying Height from the floor (cm)

Range of Carry (cm)
Frequency of Handling :

Subject # | MAWOL (kg)

HR max

Date

Time

o |9l |u s |w v |e
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Form IV

3

A

Height of Lift (cm)
Distance of Carry (cm) :
Frequency of Handling (/min)

93

MAWOL for Combined Lifting and Carrying Task

Subject # MAWOL (kg) HR max Déte Time
1
2
3
4
5
6
7
8
Form V MAWOIL, for Combined Lifting, Carrying and Shearing

Tasks

Height of Lift (cm)

Distance of Carry (cm) :
Shearing Torque Applied (Kg-m)
Frequency of Handling (/min)

Subject #

MAWOL (kg)

HR max

Date

Time

0 | oy U WD |R




94

Form VI : Heart Rate Measurement
Subject # -
Unit of measurement: Beats/min (bpm)
Interval of HR Measurement (min) : 1

L2 L4 c2 c4 LC2

LC4

LCS2

LCS4

HR

HR

HR

Time HR HR HR | R " HR

W | || JO | |W N |

(Y
o

=
=

=
[\]

=
w

’_l
'S

=
ul

=
[e)}

=
~3

=
¢ o]

=
0

[\
o

\e]
=

[\S]
[\S]

[\
w

[\S)
g

[\S]
&3]




)

95

Form VII :  Estimated Energy Expenditure for the Tasks
Subject # Lifting - Carrying + L+C+8S
(L) (c) -
1
2
3
4
5
6
7
8
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Primary Data Collection Form

Subject #:

Age:

Body Height:
Body Weight:
Shoulder Height:
Knuckle Height:

Experiment #: 1

Date: Time:
Resting Heart Rate(RHR): HR Max:
Mean Heart Rate(last 5 min.): ;

Oxygen Consumption(L/min.):

Energy Consumption{(Kcal/min.):

MAWOL (Kg) : .

Experiment #: 2

Date: , Time:
Resting Heart Rate(RHR): HR Max:
Mean Heart Rate(last 5 min.):

Oxygen Consumption(L/min.):

Energy Consumption(Kcal/min.):

MAWOL (Kg) :

Experiment #: 3

Date: . Time:
Resting Heart Rate(RHR): HR Max:
Mean Heart Rate(last 5 min.):

Energy Consumption(Kcal/min.):

MAWOL (Kg) :

Experiment #: 4

Date: Time:
Resting Heart Rate(RHR): HR Max:
Mean Heart Rate(last 5 min.):

Energy Consumption(Kcal/min.):

MAWOL (Kg)

Experiment #: 5

Date: Time:
Resting Heart Rate(RHR): HR Max:
Mean Heart Rate(last 5 min.):

Energy Consumption(Kcal/min.):

MAWOL (Kg) :




Experiment #: 6
Date:

Resting Heart Rate (RHR).:

Mean Heart Rate

(last 5 min.):

Energy Consumption(Xcal/min.):

MAWOL (Kg) :

Experiment #: 7
Date:

Resting Heart Rate(RHR):

Mean Heart Rate

(last 5 min.):

Energy Consumption(Kcal/min.):

MAWOL (Kg) :

Experiment #: 8
Date:

Resting Heart Rate(RHR):

Mean Heart Rate

(last 5 min.):

Energy Consumption(Kcal/min.):

MAWOL (Kg) :

97

Time:
HR Max:

Time:
HR Max:

Time:
HR Max:
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APPENDIX C

RAW DATA




Raw Data
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Table

VA5 8

a

o5

1186

3IA9
4185

A

21
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D2

A
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2r5

or2

B6
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1066

1106
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20. (Contd))

Table

483

=4

13r8
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105
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o6
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6
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(01235)
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B4
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Table

Sub.

21.

L2
73
73
86
78
74
76
76
75

Resting Heart Rate Values(Beats/minute) for
Different Tasks at Two Frequencies.

L4
74
75
82
72
62
75
72
76

c2
8l
78
8l
72
74
75
76
67
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4
82
58
82
73
75
75
75
76

LC2
78
74
72
78
68
74
8l
82

LC4
74
76
85
78
75
68
76
78

LCS2
79
82
85

71

75
76

LCS4
79

g 3

75
78
75
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Table 22. RANDOM NUMBER TABLE FOR LOAD

SBETT #
Task 1 2 3 4 5 6 7 8
2 012 OZF O3 04 067 071 0. 0.5
L4 O OB 013 0B 05 0800012

04 04 053 08 058L03L 0= 097
o0 00/ 0N 02021011 031 067
O0Pb 05 OB 05 0D0O0=B06r 018
0S5 0B 04 0O BOoOBO®OAO®
0B 035 066 08 0508 057 0./
04 O5 0 05 0B o0& O 012

@@@ﬁ@ﬁi

Even numbers signify HEAVY LOAD

0dd numbers signify LIGHT LOAD

Tak
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APPENDIX D

GRAPHS
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FIGURE 7

Studentized Residual vs Estimate
For MAWOL
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FIGURE 8

Studentized Residual vs Estimate
For Steady-state Heart Rate
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FIGURE 9

Studentized Residual vs Estimate
For Estimated Energy Expenditure
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