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Abstract:
This study was proposed to evaluate the NIOSH equations of 1981 and 1991 to determine

their ability to predict back injury. The proposed study called for 2000 cases; however,
only data for 444 cases was collected for which LIs (lifting index) were calculated. Only
406 out of the 444 cases had positive exposure hours. In the descriptive analysis, all 444
were included. For relating outcomes to predictors, only 406 subjects with positive
exposure hours were included.

Prior to carrying out the study as proposed, a pilot study was conducted to develop data
collection methods, the associated questionnaires and other forms, and to identify the
problems that may be encountered in the process. One of the major problems
encountered is the discovery that the 1991 equation applied to a small percent of jobs
identified. This resulted in the revision of the data collection protocol to include a higher
percentage of manual handling jobs, particularly complex jobs such as those commonly
found in storage and distribution sectors.

While the data are sparse, a statistically significant prospective relationship between LI
(both 81 and 91) appears to be confirmed. Due to sparseness of the data, statistically
significant modifiers of LI effects are not found. The only variable that comes close to
significance is subject weight, which shows a decreasing effect on injury probability.

Due to the small number of injuries, the ability to make firm conclusions was hampered.
In two formal analyses, the lifting index 1981 equation (L181) model appeared to be a
better predictor, while in the simple logistic regression analysis, the lifting index for the
1991 equation (L191) model appeared to be a better predictor.

It was also noted that mild evidence of non-liner increases in injury probability as a
function of LI91 also noted by Waters et al (1999). Such nonlinear effects when using
the LI81 index was not noticed in this study.

The primary findings include: (1) Many jobs were excluded because of the selection
criteria and the requirements outlined in the users’ manual. (2) The equation parameter
ranges were often violated. In such cases, the Recommended Weight Limit (RWL) was
zero which resulted in an LI of infinity. (3} Even though the sample of jobs was biased
towards jobs amenable to analysis with the revised NIOSH equation, the majority of jobs
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studies technically violate restrictions on the maximum shift length (8 hours) and that no
other significant Manual Materials Handling (MMH) tasks be performed. (4)
Difficulties in measuring some of the parameters, particularly angles of twist and task
frequencies were noted. (5) Jobs containing multiple tasks created difficulty in
calculating the combined Li’s as proposed by the equation. This often resulted in large
values for LI
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ABSTRACT

This study was proposed to evaluate the NIOSH equations of 1981 and 1991 to determine their
ability to predict back injury. The proposed study called for 2000 cases, however, only data for
444 cases were collected for which Lls (lifting index) were calculated. Only 406 out of the 444
cases had positive exposure hours. In the descriptive analyses, all 444 were included. For
relating outcomes to predictors, only 406 subjects with positive exposure hours were included. All

statistical analyses were performed using SAS/STAT® software version 8.0.
This epidemiological study had five specific aims. These were:

(1) To determine if lifting index (LI) for jobs is related to the incidence and severity of low

back disorder (LBD),

(2) to prospectively determine if the relationship between the LI value and probability of

LBD is different for workers of different personal characteristics,
(3) to determine the relationship between the equation muitipliers and incidence of LBD,
(4) to determine if an alternate LBD prediction model can be developed, and
(5) to qualitatively evaluate the usability of the NIOSH equation in practical situations.

Prior to carrying out the study as proposed, a pilot study was conducted to develop data collection
methods, the associated questionnaires and other forms, and to identify the problems that may be
encountered in this process. One of the major problems encountered is the discovery that the
1991 equation applies to a small percent of jobs identified. This resulted in the revision of the
data collection protocol to include a higher percentage of manual handling jobs, particularly

complex jobs such as those commonly found in storage and distribution sectors.

The results of the study are summarized below.

While the data are sparse, a statistically significant prospective relationship between Li (both 81
and 91) appears to be confirmed. Due to sparseness of the data, statistically significant modifiers

of LI effects are not found. The only variable that comes close to significance is subject weight,

which shows a decreasing effect on injury probability.

Due to the small number of injuries, the ability to make firm conclusions was hampered. In two

formal analyses, the lifting index for the 1981 equation (LI81) model appeared to be a better
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predictor, while in the simple logistic regression analysis, the lifting index tfor the 1991 equation

(LI91} model appeared to be a better predictor.

it was also noted that mild evidence of non-linear increases in injury probability as a function of
LI91 also noted by Waters ef al (1999). Such nonlinear effects when using the L181 index was not

noticed in this study.

These data collected and experiences of those involved in data collection were summarized to

evaluate the usability of the revised NIOSH equation. The primary findings include:

*  Many jobs were excluded because of the selection criteria and the requirements

outlined in the users' manual.

*  The equation parameter ranges were often violated. In such cases, the RWL was

zero which resulted in an Li of infinity.

“  Even though the sample of jobs was biased towards jobs amenable to analysis with
the revised NIOSH equation, the majority of jobs studied technically violate restrictions on the

maximum shift length (8 hours) and that no other significant MMH tasks be performed.

*  Difficulties in measuring some of the parameters, particularly angles of twist and task

frequencies were noted.

*  Jobs containing multiple lasks created difficulty in calculating the combined LI's as

proposed by the equation. This often resulted in large values for LI.
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SIGNIFICANT FINDINGS

Based on this epidemiological study the following significant findings can be reported:

(1)

(2)

(7)

While the data are sparse, a statistically significant prospective relationship between LI for

both the 1981 and the 1391 NIOSH equations appear to be confirmed.

Due to sparseness of the data, statistically significant modifiers of LI effects were not found.
One variable, the weight of the subject, comes close to significance. This weight shows an

estimated decreasing effect on injury probability, although it is not statistically significant.

It was noted in two formal analyses that the LI for the 1981 equation model appear to be a
better predictor, while in the simple logistic regression analysis, the LI for the 1991 equation

model appeared to be a better predictor,

The results of this study seem to support the results reported by Waters, et al (1989) who

noted a decrease in injury probability for LI > 3 for the 1991 equation. Such decreases were

not noted when using the 1981 equation.

In the data collected for this study, about one third of manual materials handiing tasks have
one or more parameter values exceed the acceptable ranges. In such cases, the associated
muitiplier becomes 0, the RWL is 0, and the L! becomes infinite. In reality, the task does not
pose infinite risk simply because the parameter exceeds the limit. Extrapolation formulas

were used so that those data points could be used in the analysis.

Users of the NIOSH equation {even if they have MMH expertise) should receive formal

training on how to measure the equation parameters and apply them.

[t is important to design and test any training program to train the equation users.

xi
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USEFULNESS OF FINDINGS

Several findings were realized from this study that can be of some use to the user of both the

NIOSH equations of 1981 and 1991, There are listed below:

(1)

(2)

(3)

If one were to carefully assess all the restrictions inherent in the NIOSH equations, few
manual materials handling exposures {at least in the United States) are amenable to analysis
with these equations. Therefore, the application of the equations will most likely result in
viclations to be made. The extent of the violations allowed will actually depend upon the

expertise and training of the analyst.

The NIOSH equations of 1981 and 1991 have shown a definite relationship between the Li's
and probability of injury. Obviously this is of value for practitioners who use the equation for

evaluation of risks.

The case of very large numbers of tasks being performed, such as warehouse order pickers,
represents a job that does not fit the task description required. The task may be considered
assembling the orders, and it is impossible to precisely specify the parameters of individual
lifting and lowering tasks within this broader task since the contents of orders are viriually
stochastic. A different analysis approach than that considered by the NICSH eguation
(1991) may be developed to handle such expesures. Techniques incorporating sampling
schemes, such as OWAS (Karhu et al., 1977) or PATH (Buchholz et al., 1986), are capable
of analyzing the broader order assembly 'task' are possibilities. For both technigues, work
sampling is used to estimate the characteristics of the job demands to alleviate the need to
continuously record data. |deally, a task description should be developed first and an
analysis technique suitable for the exposure should then be selected. Although individual
manual handling actions like lift, fower, push, pull, and carry, have traditionally been
assumed to be the 'task,' many jobs are far too complex to comprehensively quantify using

these terms.

This study provided an insight into the training of individuals who may use the NIOSH 1991
equation. Based on our experience, it is recommended that emphasis should be placed on

having potential users trained with actual measurements (hands on) rather than a lecture

type training.

Xii
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{5) When training, our experience indicates that measurement of horizontal location of the foad
and frequency of handling should receive priority in such training. Errors in these two

parameters can render the analysis meaningless in some fasks.

(6) A critical issue which was discovered but not addressed in this study was the issue of
strategies adopted in job analysis and its impact on equation parameter measurements. A
challenging aspect found during this study was determining just what the individval tasks
were0 and what the equation parameters should be. Some jobs were sufficiently complex
that defining distinct tasks was difficult. Hence, the NIOSH equation may only be useful to
individuals with sufficient understanding of the limitations and assumptions of the methods

being used.

xiii
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1.0 INTRODUCTION

In 1981, the National Institute for Occupational Safety and Health (NIOSH) published the Work
Practices Guide for Manual Lifting (NIOSH, 1981) and in 1991 a revised version of the equation
was presented at a national conference (Putz-Anderson and- Waters, 1991). The NIOSH
equations attempt to simultaneously satisfy biomechanical, physiological and psychophysical
criteria. Additionally, epidemioclogical results were considered during development of the

equations.

Longitudinal studies that include workers from different industries performing a variety of manual
lifting jobs for different durations are needed to evaluate the efficacy of the revised lifting equation
in reducing back injuries due to manual handling (Pizatella et al, 1992; Putz-Anderson and
Waters, 1991). This research project is a prospective study aimed at addressing this issue. The
volume of data collected will also allow for qualitative assessments of the usability of the new

lifting equation in practical situations, alsc an area of interest to NIOSH (Pizatella et al., 1992).

Putz-Anderson and Waters (1991) and Waters et al. (1993) define the ratio of the actual load
lifted by a worker to the recommended weight limit (RWL) as the lifting index (LI}. However, the
relationship between LI and injury is not known (Waters et al, 1993). A primary goal of this
research project is to empirically estimate this relationship so that the LI can be effectively utilized

to gauge the percentage of the workforce that a given task will place at risk for low-back injury.

Putz-Anderson and Waters (1991) suggest that all jobs exceeding the RWL would be redesigned
befcre such an evaluation. This research investigation will examine a range of jobs, including both
jobs in which the RWL is less than the actual weight lifted and those in which the actual weight
lifted is greater than the RWL. The rational for this is so that the relationship between the LI and

low-back disorders can be determined over a broad spectrum of tasks, and hence a wide range of

LI values, present in industry.

Another approach to setting manual handling guidelines is the psychophysical approach, This
approach is based upon the premise of allowing subjects to select "maximum acceptable”
workloads that will prevent fatigue, discomfort, and subsequent injury. The largest and most
comprehensive psychophysical database is that of Snook and Ciriello (1891). This database
forms the basis of CompuTask™, a software program for evaluating manual materials handling
{MMH) tasks. The program calculates the percentage of the worker pepulation that a task is

acceptable to based upon the workplace and task parameters inputted. This approach to MMH
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guidelines is considerably broader than the NIOSH lifting equations in that CompuTask™ also

evaluates pushing, pulling, and carrying tasks.

While there is some epidemiological support for the psychophysical approach, there have been no
large prospective epidemiological investigations of psychophysical guidelines. Like the NIOSH
equations, there is a need for longitudinal studies to investigate the ability of psychophysical

guidelines to reduce the incidence and severity of MMH-related injuries,
1.1 SPECIFIC AIMS
The specific aims of this research project were:

1.) To prospectively determine if the LI for jobs from various industries is related to the incidence
and severity of low-back disorders. The ratio of actual weight lifted to the 1981 action limit (AL)
(NIOSH, 1981) will be evaluated for comparison purposes. The lifting indices based on the 1981

and 1991 equations will be referred to as Llgy and Llgy, respectively, when distinction is

necessary.

2.) To prospectively determine if the relationship between the LI value and probability of low-back
injury is different for workers of different sex, age, height, weight, and history of prior low-back
pain or injury episodes. Other job-related factors, such as percent cycle time that includes lifting or

fowering, not included in the NIOSH equations, will also be examined.

3.) To compare the current functional forms of the four multipliers that are continuous (i.e. VM,
HM, DM, AM as defined by Waters et al. (1993)) to empirically determined relationships between
V, H, D, and A and the incidence of back injuries. The relationship between frequency and injury
will also be compared to the frequency multipliers; however, the frequency multipliers were
designed based on physiological concerns (Waters et al, 1993). The analysis will include
provisions for assessing the relationship between the three levels of couplings (good, fair, and
poor) and injury. The analysis will also allow for comparisons between the 1981 multipliers and the

empirically determined functions, some of which are very similar in form to their 1991

counterparts.

4.) To determine if an alternate injury prediction model developed from the data collected that
incorporates the 6 variables currently represented in the RWL equation, personal variables, job-

related factors, and their interaction terms would be more appropriate than the NIOSH equation or

useful as a supplement.
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5.) To qualitatively evaluate the usability of the new equation in practical situations. Problems
encountered during data collection and during computation may suggest alternative data

collection procedures and analysis methods.
1.2 BACKGROUND AND SIGNIFICANCE

The concept of relating the task demands: lifting capacity ratio to the incidence and severity of
MMH injuries has been investigated in previous research. In terms of the Llgq and Ligq, AL and
RWL can be viewed as measures of lifting capacity and the actual weight [ifted represents task

demands.

Ayoub ef al. (1983} investigated the ability of the Job Severity Index (JSI}, a time and lifting-
frequency weighted ratio of job demands to worker capacity, to predict the incidence and severity
of MMH-related injuries. Worker lifting capacities were based on Ayoub et al's (1978) predictive
equations. Liles et al. (1984) reported the results of a field study utilizing a total of 453 subjects,
209 from the Ayoub et al. (1883) study. Incidence and severity rates {number of injuries and lost

days per 200,000 exposure hours, respectively) rose rapidly at JS| values greater than 1.5.

Chaffin and Park (1973) related the ratio of maximum load lifted to the maximum isometric
strength of a 87.5 percentile male, lifting in the same position, to incidence of low-back disorders.
This ratio was called the Lifting Strength Rating (LSR} and the iow-back incidence rates began to

increase significantly at LSR values greater than 0.2,

Chaffin et al. (1978} used the Job Strength Rating (JSR), the ratio of the average task specific
isometric strengths of all workers in a job to the maximum strength requirement of the job. The
relationship between JSR and incidence rate of low back disorders appeared to be fairly linear.
The relationship between JSR and severity rate was not linear, but values greater than 1 resulted

in considerably higher severity rates than values less than 1,

LI and the 3 methods discussed above (JSI, LSR, and JSR) are all based on the theoretical
construct that injury potential increases when job demands exceed operator capacity. The
methods differ in the manner that operator capacity is defined. LI and LSR use population
capacities as the definition, whereas JSI and JSR use individual measurements to define operator

capacity. With the exception of LI, field studies have indicated that this approach is valid.

Marras et al. (1993) performed a retrospective study, and they reported that they developed a

logistic regression model with lift rate, box weight, moment arm, [ift origin, and distance traveled,
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the variables in the 1981 equation. Unforlunately, they did not report the model {significance,

parameter estimates, etc.).

The shape of the risk function for the LI is not known, hence it is not possible to quantify the
precise degree of risk associated with increments in the LI, nor is there certainty about whether an
LI of 1 is a reliable houndary differentiating an increase in risk and no increase in risk for some
fraction of the population {Waters et al,, 1993). RWL provides a lifting capacity estimate, and this
estimate is equal for all members of the workforce. The AL and RWL were designed to
accommodate about 99% of the male workforce and 75% of the female workforce, so a given LI
value may not represent equal risk for males and females. Epidemiological evidence Is needed to
quantify potential differences between the sexes. Furthermore, other personal variables discussed
below may affect the relationship between LI and injury probability, and should also be

investigated.

Aside from the JSI study (Liles et af, 1984), the other epidemiological investigation of the
psychophysical approach was performed by Snook (1978). Sncok found that 25% of jobs
investigated involved tasks acceptable to less than 75% of the population, but that these jobs
resulted in one half of the back injuries recorded. Thus, this study was retrospective in nature, with
only qualitative analyses of the relationship between the percentage of the population

accommodated and injury incidence.

When conducting epidemiologically-based studies, risk factors that affect rates of the disease or
injury must be included in the study, or controlied, to prevent confounding factors from unduly
influencing the results and subsequent interpretations. Researchers have found that a prior history
of a low-back disorder (Battié ef a/,, 1990; Biering-Serensen, 1983c¢; Nordgren et al., 1980; Rowe,
1969; Troup et al, 1987; Venning et al,, 1987), length of time since the last low-back episode
(Biering-Serensen, 1983a; Biering-Serensen, 1984}, the length of work absence {Troup, 1981),
history of treatment for pain or chiropractic visits (Bigos et al., 1992), previous sciatica {Biering-
Swerensen, 1983b), frequency of previous low-back episodes (Biering-Serensen, 1983a; Burten
and Tillotson, 1991) and the number of previous low-back episodes (Chaffin and Park, 1973;
Troup, 1981) were related to future reports of low-back pain. Hull (1982) found that past history
was the most commonly used prognostic element among a group of 215 physicians surveyed in

the United Kingdem, Holland and Israel.

Some researchers have found that LBP may take an intermittent, but chronic course, once an
episode has occurred. Rowe (1969) found that 85% of an experimental sample reported recurrent

episodes of low-back pain {LBF) during their working careers. Recurrence rates in the first year
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alone, after the initial episode, have been found to be as high as 48.5% (Troup et al., 1981) and
62% (Bergquist-Ullman and Larsson, 1977). The ability of the NIOSH equation and CompuTask™
to protect workers from injury may differ for those with and without a history of low-back injury,
and if there are differences in injury probabilities due to history of prior injury, they need to be

considered.

Anthropometric variables such as height, weight, and muscle strength are potential modifiers of
low-back disorder risk (e.g. Ayoub and Mital, 1989; Biering-Serenson, 1984; Frymoyer, 1889;
Griffith; 1992; Mital ef al., 1993). Epidemiological research has shown age to be associated with
an increased risk of low-back disorders (e.g. Battié et al,, 1990; Kelsey 1975a,b). The literature
contains conflicting information concerning age; however, the stress supporting capacity of the
spine declines with age and age should be treated as a potential risk factor {Ayoub and Mital,
1989). Additionally, the relationship between anthropometry and predicted lifting capacity has
been empirically demonstrated (e.g. Ayoub ef al, 1978). The personal variables mentioned may
influence the LI risk function, and if so, the empirically determined relationships can be used to

assist the design and evaluation of MMH tasks assessed with the NIOSH equation.

The 1991 NIOSH equation is valid for both lifting and lowering tasks. Although lifting and lowering
have been compared with respect to biomechanical criteria such as peak lumbeo-sacral stresses,
intra-abbdominal pressure, and electromyography of the trunk and lower extremity musculature
{e.g. Delooze et al, 1993; Gagnon and Smyth, 1991; Kumar and Davis, 1983) and physiological
criteria such as oxygen uptake (e.g. Mital and Ayoub, 1981}, the two types of MMH tasks have not
been compared with respect to epidemiological criteria such as incidence and severity of low-back
injuries. The proposed research will provide provisions for such an investigation, although the
investigation will be dependent upon the jobs selected. For example, if few jobs contain a large
portion of lowering tasks, it will be difficult to assess differences in risk between lifting and
lowering. Such an assessment would require a reasonable representation of jobs ranging from

100% lifting to 100% lowering in order to reliably estimate differences with statistical methods.

The NIOSH equation is valid for lifting and lowering tasks, and dees not include provisions for
assessing other MMH tasks such as pushing, pulling, holding, and carrying. Waters et al, (1993)
suggest that metabolic analyses may be necessary when such tasks are common, but these
tasks often represent biomechanical as well as physiological demands. For this reason, all such
non-lifting and -lowering MMH tasks will be recorded to characterize the tasks. However, such an
analysis is not a primary goal of the proposed research and an attempt to include previsions may
confuse the geals outlined in earlier. As with investigating the risk differences between lifting and

lowering, investigating non-lifting and -lowering tasks would require selecting jobs that contain a
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broad spectrum of other such tasks as a percentage of job duties. Unfortunately, such a criterion

for job selection is rather impractical for an observational study design.

In contrast, CompuTask™ provides provisions for analyzing pushing, pulling, and carrying tasks
in addition to lifting and lowering tasks. For the CompuTask™ evaluation, all MMH tasks will be

considered.
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2.0 PiLoT STUDY

A pilot study was conducted to investigate the data collection process in the field. The primary
reasons for conducting the pilot study were: (a) to examine the effectiveness of the data collection
instructions, (b) to determine if there were any problems with the guestionnaire used to solicit
information from subjects, {c) to obtain an estimate of how long data collection would take on a
per-subject basis, and {d) to obtain an understanding of how willing various organizations would

be with respect to participating in the project.
2.1 METHODS

The pilot study was conducted using four safety and health professionals (SHPs} from the
northern United States. The SHPs were provided with training concerning the data collection
protocol. The training lasted approximately two hours. Since the complete final protocol and data

collection methodology are presented in the next section, the methods will not be discussed here.

2.2 RESULTS

The results of the pilot study are primarily the problems encountered during data collection. The
questions from the SHPs during the data collection phase indicated that mare training needed to
be provided, This was accomplished by providing an expanded training program for the main data

collection, which is discussed in more detail later.

2.2.1 Problemns Encountared

(1} The asymmetry measurements needed to be clarified to clearly reftect that the measurements
at the origin and destination are relative to the “neutral® position. An SHP misinterpreted the

asymmetry measurement as being the total displacement of asymmetry, versus two discrete

postures.

A second problem with asymmetry is that SHPs recorded most asymmetry angles as multiples of
5°, with many values of 45° and 60°. This indicates that the asymmelry measurements tended to
be rough estimations. To solve this problem, a protractor with two rulers for alignment with the
asymmetry line and sagittal line was developed. Training was developed to include specific

instructions concerning how to measure asymmetry with the device.
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(2) There needed to be a minimum carry distance in order for the task to be considered a carry.
To sclve this problem, instructions were developed that a carry is not recorded unless the

individual takes more than 2 steps.

{3) The frequency factor was found to be confusing. For example, a case was presented where
an individual packs boxes. The boxes are palletized into a 3*3 configuration over a period of 45
minutes. The guestion was how to assign a frequency to each level of the pallet given that Waters
et al. {1994) indicate that the frequency determination should be made over a 15-minute sampling
period. Since this method would induce errors, the training was redesigned to provide example of
how to calculate frequency for such situations. For machine paced tasks, spending 15 minutes to
calculate frequency is wastefui. For less frequent tasks, 15 minutes is not sufficient. Thus, the

time over which frequency is calculated is dependent upon the situation.

(4) A guestion was asked concerning what should be done when workers “toss” a load. While
there are no MMH guidelines to assess activities such as this, SHPs were instructed to make a

note on the data collection sheets that the load was being "tossed” or thrown.

{5) It was suggested that a task list be developed that will serve as checklist so that the SHPs
can be certain that all needed information has been gathered. A checklist was developed using

the pilot study SHPs' inputs, and is included in the data collection instructions.



Field Evaluation of Manual Materials Handling Criteria

3.0 MEASUREMENT VALIDITY STUDY

A common approach to the assessment of manual materials handling (MMH) tasks in industry is
using criteria to judge the “acceptability” of the tasks. Task parameters measured at the
workplace are used to calculate stresses associated with the task in the units of the criterion (e.g.,
Newtons of spinal compression). The observed value for the task is compared to a pre-defined
criterion value to provide an assessment of stress. Thus, both of these values are important when

performing workplace assessments.

There are two critical issues associated with this approach to MMH assessment at the workplace:
(1) the appropriateness of the pre-selected criterion, and (2) the accuracy and precision of the
observed value for the task(s) of interest. The pre-selected criterion needs to be capable of
protecting the worker population from adverse outcomes, such as low-back disability, and
therefore must represent a level of exposure that will be protective. This issue has received
considerable attention in the literature (e.g., Dempsey, 1998; Leamon, 1994), and will not be
discussed here. The second issue has received little attention so far. However, measurement
error in the observed value may have a profound influence on the decision as to whether or not a

particular MMH task presents a health risk in the workplace.
3.1. WORKPLACE ASSESSMENTS

Sufficient accuracy and precision of observed MMH criterion values are critical so that proper
conclusions are drawn from the assessment. Poor accuracy and precision can lead to reduced
sensitivity and specificity when using a pre-selected criterion, which may ultimately lead to an
inappropriate allocation of the resources appropriated for ergonomic improvements. A cost/benefit

analysis is only as good as the information available to perform the analysis.

The accuracy and precision requirements of specific parameter measurements are dependent
upon the particular method, and different parameters within a given analysis method may require
differential accuracy and precision. For example, equal errors in joint angles at the shoulder and
knee for a biomechanical analysis will differentially affect spinal compression estimates. As will be

illustrated later, this issue is relevant to the NIOSH equation.
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3.2. EPIDEMIOLOGICAL STUDIES

Given the lack of validation of many MMH criteria (Dempsey, 1998; Leamon, 1994), the
opportunity for epidemiologic investigation is extensive. A critical step in the investigation process
is the exposure assessment of MMH tasks at the workplace. The accuracy and precision of the
observed values of the MMH criterion of interest can have a direct impact on the results of the

study.

In epidemiologic research, measurement error is one source of study bias that influences the
validity of the results. When exposure variables are measured with some degree of error, and the
error is constant irrespective of the value of the outcome classification, the point estimate of the

effect of the association between exposure and outcome is reduced to some degree.

Exposure measurements may have multiple types and scurces of error. The effects of these
errors are usually complex and not easily predicted, and correction for these errors is often
difficult (Flegal et al. 1991). Standardization of workplace measurements can help assure reliable
estimates of exposure in epidemiological studies (Burdorf 1992; Hagberg 1992). Standardization
can be enhanced by developing and testing methodologies for exposure assessment, which was

one focus of the current study.

Like other MMH criteria, there is not extensive literature on application issues associated with the
NIOSH equation. The study by Garg (1989) was used in the revision of the 1981 equation, and
showed that the horizontal locations for lifting tasks varied between subjects, and the measured
values tended to be larger than the approximation of 15 cm. plus half of the box width. The mean
measured horizontal distances for different conditions were also considerably larger than the

minimum value of 15 cm. (6 in.) used for the 1981 equation.

Recently, Dempsey and Fathallah (1999) examined the asymmetry multiplier of the 1991
equation. Using three independent sources of data, they concluded that there is substantial
variation in how different individuals measure asymmetry when applying the equation in industry.
Potential methods of increasing consistency of application include revising the multiplier and

developing clearer instructional materials.

A study of the accuracy of 27 non-ergonomists’ assessments of vertical location, horizontal
location, asymmetry, coupling, and significant control was reported by Waters et al. (1998). The
subjects measured parameters of an asymmetric lifting task in a laboratory eight weeks after a

seven-hour training session. Significant differences between measured and actual asymmetry

10
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values were found, and 41% of the participants rated coupling incorrectly. The authors concluded
that a one-day training class is sufficient to instruct users to properly measure the studied
parameters. However, Burdorf and van der Beek (1999) recommend cautious interpretation since
random sources of measurement error present in the workplace, as well as difficulties measuring

frequency, may result in less favorable results for actual workplace use than those reported in a

laboratory setting.

The objective of this study was to investigate the accuracy of parameter measurements required
to apply the NIOSH equation. This information was used to assess the adequacy of the content of

a four-hour training program developed by the authors.
3.3 METHODS

3.3.1 Subjects

Eight subjects (seven males and one female) participated in the study. All subjects held at least a
BS degree in Engineering/Safety or other related fields and had limited experience in assessing

MMH tasks in the field.

3.3.2 Apparatus

All lifting tasks involved handling 5 kg. cardboard boxes (26 cm high, 40.6 cm wide and 37.7 cm
deep) with 7.6 cm wide by 2.5 cm high cut-out handles. The subjects were provided with a spring
scale to measure box weight, a tape measure to measure horizontal and vertical locations, and a

protractor with reference guides to measure the asymmetry angles.

3.3.3 Procedures

Prior to data collection, the subjects underwent a four-hour training session. The 3.5 hour lecture
included definitions of variables and methods of measuring the workplace and task parameters
necessary to calculate the NIOSH lifting index. Approximately 45 minutes of the lecture were
devoted to issues specific to an ongoing epidemiologic study being conducted. The content of the
training material and all variable definitions were based on the “Applications Manual for the
Revised NIOSH Lifting Equation” (Waters et al.,, 1994). Actual RWL and LI calculations were not
covered since the authors strongly recommend using computer software to perform the
calculations. Throughout the training session, subjects asked pertinent questions about specific
measurements. Measurement demonstrations were made by the authors during a 0.5 hour

interactive session for parameters measured with the protractor and tape measure (e.g.,

11
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asymmetry, horizontal distance). After the training session, each subject consented to participate

in the study and was asked to gather data on the simulated tasks.

A trained volunteer performed five simulated lifting/lowering tasks: 1) a symmetric lift, 2) an
asymmetric lift, and 3) a palletizing operation consisting of three asymmetric lowering tasks. The
tasks were chosen to represent asymmetric and symmetric tasks, and single and multiple-task
situations. Reference measurements were made by two of authors with expertise in the NIOSH

equation. The reference values for parameters of all tasks are given in Table 1.

Table 1. Reference parameter values for the five lifting/lowering tasks.

Task Vo Vo Hy Hp Ag Ap F  Duration
1 - Symmetric 25.4 99.1 48.3 83.8 0° 0° 6 Short
2 - Asymretric 22.9 99.1 45.7 68.6 0° 48° 4 Long

3 - 15" Palletizing 149.9 25.4 266.0 2584 ?50° 261° 4 Long
4 - 2™ Palletizing 124.5 50.8 66.0 *584 °50° "61" 4 Long

5 - 3" Palletizing 99.1 76.2 *66.0 *58.4 *50° “61° 4 Long

* Average values, see text for explanation

V, = Vertical height at the origin; V,, = Vertical height at the destination; H, = Horizontal distance
at the origin; H, = Horizontal distance at the destination; A, = asymmetry at the origin; Ay =
asymmetry at the destination; F = frequency (lifts or lowers per minute). All distance measures are

in centimeters.

The first task (see Figure 1a) was a single lift assumed to be continuously performed for a period
of 45 minutes before performing a one-hour paper-work task, simulating a short-duration task.
The task duration and rest break information were provided to subjects on paper in order to

calculate the duration.

The second task {see Figure i1b) was an asymmetric lifting task assumed to be continuously
performed for a period of two hours before taking a thirty-minute lunch break, simulating a long-

duration task.

Tasks 3-5 (see Figure 1c¢) simulated a palletizing operation. The volunteer lowered six boxes
(three layers of two boxes) from a table at his right side and stacked themn (three levels) at floor

tevel (see Figure 1¢). It was assumed that each of the layers constituted a single task. For a given

i2
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whenever the subject was through recording all the parameters. The subjects were provided with
data sheets to record all information. Durations for all tasks were calculated after the

measurements were completed.
3.3.4. Data Analysis

The mean and standard deviation were calculated for weight (W), vertical distance at the origin
(Vo) and destination (Vp), horizontal distance at the origin (Ho) and destination (Hp), asymmetry at
the origin (Ag) and destination (Ap), frequency (F), and LI at the origin (Llo) and destination (Llp).
The RWL and LI values for each task were calculated at the origin and the destination of the lift as
described by Waters et al. (1994) with two exceptions. The value of Hp for Task 2 (68.6) and the
values of Hg (66.0) for Tasks 3-5 exceed the maximum value of 63 cm. In these cases, the RWL
is technically equal to 0 (and the LI = ) since the horizontal multiplier is 0 when the bounds are
exceeded. However, the authors chose to ignore this violation for the calculations since infinity
values exclude meaningful statistical analysis. The multiplier itself accepts values greater than 63;
thus, the value of the muitiplier with the actual values were used. This is not unlike situations in

industry where practitioners use a similar method or use a value of 63.

To test for significant differences between the subjects’ measurements and the reference value

(accuracy), a t-test statistic was computed for each variable.

The sensitivity of the Task 4 LI (destination was used} to changes in parameter values was
evaluated by calculating the effect on the LI of using the minimum and maximum values of the
individual multipliers. The minimum and maximum multiplier values represent the extremes of
errors of under- or over-measurement, respectively. The six parameters studied included vertical
location, travel distance, asymmetry angle, horizontal location, frequency, and load weight. The
sensitivity is expressed by the range in Lis and the ratio of the highest to the lowest LI. This
analysis provides insight into the range of potential errors that can be caused by individual

parameter measurement errors for a fairly typical task.

Second, an analysis was made of the effect of measurement error on the calculated LI.
Measurement variability for the six parameters was expressed by the standard deviation, and,
subsequently, the 95% confidence interval around the LI was calculated. The references values
were used for each parameter. Each standard deviation was then haived, and the procedure was
repeated. It was assumed that the standard deviation represents random measurement error in
the parameters. The standard deviation values for the displacement measurements were all set to
5 cm. to enhance comparison across parameters, and values for the other parameters were set

by examining the experimental results. These values are somewhat arbitrary, and can be easily
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changed to examine errors of varying magnitudes. However, the values chosen were assumed to

represent reasonable values.
3.4 RESULTS

The reference values, descriptive statistics of measurements made by the subjects (observed
values}, and results of t-tests for each parameter of all tasks are given in Table 2. Significant
differences are from testing the hypothesis that the mean observed value is equal to the reference

value. There was an overall tendency to underestimate the reference values.

For task 1, there was a significant difference between reference values and mean measured
values for the vertical and horizontal locations at the origin. In spite of these differences, the mean
Li value from the observed values was not significantly different from the reference LI value.
Overall, the subjects had a tendency to underestimate the measures. Duration was calculated
correctly as short by all eight subjects, significant control was correctly rated yes by five subjects,

and coupling was rated correctly as fair by six subjects {two incorrectly rated coupling as good).

For task 2, there was a significant difference between the reference value and the mean
measured value only for vertical location at the destination. This task had similar variation in LI
values to task 1. Duration was caiculated correctly as long by three subjects (five subjects rated
duration as medium), significant control was correctly rated as yes by four subjects, and coupling

was rated correctly as fair by seven subjects (one incorrectly rated coupling as good).

For tasks 3-5, there was a significant difference between reference values and mean measured
values for the vertical and horizontal locations at the origin. Additionally, there was a significant
difference between reference values and mean measured values for the vertical location at the
destination and horizontal location at the origin. For task 4, the mean LI value for the origin was
significantly different from the reference LI value. Duration was calculated correctly as long by all
eight subjects, significant control was correctly rated yes by four subjects for task 3 and by five
subjects for tasks 4 and 5, and coupling was rated correctly as fair by seven subjects for all three

tasks (one incorrectly rated coupling as good).

Table 3 provides the sensitivity of the LI for task 4 1o errors in parameter measurements. The ratio

of the maximum LI to the minimum LI expresses the variability in potential LI values that can be
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Table 2. Comparison between the reference and observed values for the five tasks 1 (symmetric lift).

Task

W

\'

v

H

° o o HD Ao AD F L% L%

1 Reference: 5.0 25.4 99.1 48.3 83.8 - - 6.0 0.8 1.2
Observed Mean (SD): 4.9 (0.4) 21.0 (2.5) 85.2(25.3) 403 (5.5) 80.3 (9.1) - - 6.5(2.5) 0.6 (0.2) 1.0 (0.4)

2 Reference: 5.0 22.9 99.1 45.7 68.6 - 48 4.0 1.3 1.9
Observed Mean (SD): 4.9 (0.4) 21.1(2.5)  g5.0" (2.6) 47.0 (7.8) 65.1 (17.6) - 51.6 (7.2) 5.3(2.8) 1.3(0.2) 1.8 (0.5)

3 Reference: 5.0 149.9 25.4 66.0 58.4 50.0 61.0 4.0 2.3 2.0
Observed Mean (SD): 4.9 (0.4) 125.4 (47.2) 20.6" (3.8) 48.4 (15.9) 53.5 (18.4) 39.4° (8.6) 37.0° (11.7) 5.3 (3.8) 1.4° (0.8) 1.5 (0.7)

4 Reference: 5.0 124.5 50.8 66.0 58.4 50.0 61.0 4.0 2.0 1.8
Observed Mean (SD): 4.9 (0.4) 105.9 (33.9) 47.5 (8.6) 52.1 (21.8) 53.9 (19.1) 39.4° (8.6) 40.1 (7.6) 5.3(3.8) 1.3°(0.7) 1.3(0.7)

5 Reference: 5.0 99.1 76.2 66.0 58.4 50.0 61.0 4.0 1.6 1.4
Observed Mean (SD): 4.9 (0.4) 90.0 (33.2)  65.4 (20.7) 50.6 (18.2) 53.2 (17.7) 39.4'(8.6) 40.1 (7.6) 5.3(3.8) o0.9"(0.8) 1.0(0.9)

LI, = Lifting Index at the origin; LI, = Lifting Index at the destination. ‘Significant at p < 0.05.
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realized across the range of valid parameter values. Table 4 provides confidence intervals for the
LI using the stated standard deviations for each parameter. The standard deviations were halved
and the new confidence intervals were computed, yielding insight into the effect of more accurate
parameter measurements. Tables 3 and 4 indicate that errors in the measurement of frequency
and horizontal location have the largest effect on the LI.

Table 3. Sensitivity of the LI to the possible range of individual parameter values for Task 4
(destination).

Possible range of multipliers

Multiplier

Parameter minimum-maximum ratio in lifting Possible range in
task LI {min-max)

HD 0.40-1.00 2.50 0.43 0.78-1.95

vV, 0.70-1.00 1.43 0.93 1.68-2.41

Travel distance  0.85-1.00 1.18 0.88 1.58-1.87

A, 0.57-1.00 1.75 0.80 1.45-2.54

F 0.13-1.00 7.69 0.45 0.81-6.27

Coupling 0.90-1.00 1.11 0.95 1.72-1.91

Table 4. Effect of measurement error on the Lifting Index in the 1991 NIOSH lifting equation, given
a lifting task with LI=1.81

True LI calculation with LI calculation with

Parameter measure measurement error reduced
measurement errcr

SD  95%Cl SD 95% Cl

Horizontal location {cm) 58.4 50 1.55-2.08 2.5 1.68-1.93
Vertical location (cm) 50.8 50 1.75-1.85 25 1.77-1.82
Vertical travel distance 73.7 50 1.78-1.81 2.5 1.79-1.81
{cm)

Asymmetry angle (%) 61 7.3  1.72-1.89 3.7  1.76-1.84
Frequency 4 1.5 1.24-3.67 7 1.47-2.31
Coupling 0.95 ha ha na na
Weight (kg) 5 0.4 1.54-2.05 0.2 1.69-1.91
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3.5 DISCUSSION

The measurement error results should be interpreted with respect to the sample size of eight,
since the range of LI values (for example, 0.2 - 1.3 for the destination of Task 1) indicates
practical significance, even if the differences are not statistically significant. On the other hand, the
results indicate the presence of systematic errors. For example, the standard deviation for Vp for
Task 1 is 25.3 cm. In this case, a participant misunderstood a measurement strategy presented.
The instructor stressed the importance of making the origin and destination measurements at the
points when the load first leaves the surface and when the load first touches down, respectively.
When the load is lifted from or placed on a surface such that measurement of vertical location
becomes difficult due to obstructions, the instructor indicated that the vertical location can he
taken relative to the top of the surface and the height of the surface can be added to this value.
However, a subject did not add the height of the surface when using this technique, causing the

large variation. The training program was revised to avoid such confusion in the future.

The authors believe that the range of errars of other parameters can also be decreased through
revising the content of training. The training program was revised to provide more focus on
techniques for measuring parameters. Explicit techniques were provided for cases where the
worker cannot stop to allow the analyst to make measures, as well as cases where the worker
can stop. The latter case is ideal, but the authors have encountered numerous situations where
minimal work stoppage is feasible. It should be noted that the experiment utilized the case where

the worker does not stop, which enhanced measurement difficuity.

Several examples were also integraied into the training class that require participants to rate
coupling and duration as well. For coupling, participants were asked to rate the handling of
available objects, such as the overhead projector used for the training class. For duration, several
textual examples were provided that included hypothetical durations of various activities that had
to be rated as work time or rest time. Parlicipants were asked to rate duration from this
information, and the instructor then went through the calculations in detail. Finally, a session
involving measurement of at least 3 lifting and lowering tasks was added. This was accomplished
by having the instructors repetitively perform simulated tasks, and having groups of 3-4
participants measure the task parameters. There was high interaction among the group members
and participants, which clarified the operational measurement of the parameters. When
participants wanted more practice, additional tasks were measured. This provided a feedback
mechanism on actual measurement that was not provided in the original training class (although

errars made by participanis were discussed individually after the experiment).
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The sensitivity analysis provides insight into the effect that measurement error can have on LI
values. Unfortunately, the most sensitive parameters were the ones asscociated with some of the
highest experimental errors. Reducing measurement error by 50% (Table 4) indicates that the
most benefit can be achieved by reducing errors in frequency, horizontal location and weight.
Reducing errors in measurement of weight can be achieved through the use of more accurate
and precise instruments. Reducing errors in frequency and horizontal location can be achieved

through better training and measurement strategies, as well as more careful measurement at the

workplace.
3.5.1 Implications of Resulis

This study provides insight into the design of training programs for users of the 1891 NIOSH
equation. Following the experiment, the paricipants were asked to provide feedback concerning
the training program and the experiment. The comments tended to focus on feeling confident after
the lecture, but being somewhat intimidated once the measurements began. This feedback, as
well as the experimental results, led to improvements in the training program. The ‘hands-on’
portion of the class involving measurement of the individual parameters was partially subsumed
into the lecture with the instructor demonstrating the measurements. The hands-on portion then
became more like the experiment in that participants each demonstrated their ability to measure
all parameters of simulated tasks. From these experiences as well as experiences with more
diverse {with respect to education and job type) groups of users attending ergonomics short
courses, it is recommended that strong emphasis is placed on actual measurement rather than
lecture. ldeally, the most effective method is to visit a workplace and provide additional guidance

and feedback to users. Several of the authors have used this approach with positive feedback.

Regardless of the training program used, the results indicate that measurement of horizental
location and frequency should receive priority. In fact, the magnitude of errors in the LI due to
errors measuring horizontal location and frequency can make measurement errors in the other
variables irrelevant for some tasks, i.e. a large error in frequency or horizontal location could be of

the magnitude that the analysis will not be meaningful, regardless of other errors.

Comparison of the resuits of this study to those of Waters et al. (1998), which had more favorable
results in some ways, provides interesting insight. The main differences between the two studies
are Waters et al. (1998) used a training session almost twice as long {seven hours) as in the
current study, only one task was measured, and frequency and duration were not measured. The
results of the current study suggest that frequency is very important. The primary deficiency of the

training program used for the current study was the lack of sufficient participation in
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measurements by subjects. Although the program has been modified to correct this problem, the
results stress the importance of this type of training content in programs aimed at teaching users
to correctly apply the equation. Given the results of both studies, and taking intc consideration that
the training was provided by individuals with expertise and experience applying the NIQOSH
equation, it is recommended that all users not familiar with measurements for the equation

receive formal training.
3.5.2 Study Limitations

Several limitations of the study shculd be considered when interpreting the results. The first
limitation is that five tasks were studied, all with the same box weight. Since the equation is
multiplicative, errots can have differential relative effects for different weights. Also, these five
tasks do not represent the full spectrum of industrial lifting and lowering tasks. L kewise, the
sample of eight subjects does not represent the full spectrum of NIOSH equation users. Although
all subjects had safety and health training, different results may have been obtained if the

participants had either no or extensive training and expetience. The latter two scenarios represent

individuals that use the equation.

A critical issue that this study did not address is the broader issue of the impact of job analysis
strategies on parameter measurement error, Cne of the most challenging aspects of using the
NIOSH equation {and other task analytic MMH approaches} in industry is determining just what
the individual tasks are, and then determining what the ‘typical’ parameter values are. In some
cases, jobs are sufficiently complex such that defining distinct tasks is extremely difficult or
impossible (e.g., warehousing, truck loading/unloading, complex palletizing operations where
products frequently change). Similarly, workers rarely perform repetitions of a particular task in
the same manner. One only needs to consider a layer of a pallet to be a distinct task to appreciate
the variability in parameter values. In this case, parameters actually become variables. This issue
could potentially be as or more important than parameter measurement error alone. Additionally,
MMH guidelines such as the NIOSH equation may only be useful to experts with a real

understanding of the limitations and underlying assumptions of the method being applied (Buckie

et al., 1992).
3.6 CONCLUSIONS

Based upon the results presented, as well as the authors’ experiences with additional training

sessions, the following conclusions can be made:

(1) Users of the NIOSH equation with MMH expertise should receive formal training.
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(2) The length of training and/or the complexity of the tasks measured can affect users’ ability to

measure parameters.

(3) Due to the sensitivity of the LI to errors in frequency and horizontal location measurements,
these parameters should receive priority when providing training. Additionally, these parameters

are rather difficult to measure compared to the vertical locations (and hence distance traveled).

(4) The results illustrate the importance of testing a training program, and the current study

provides an example of a methodology that can be used to test programs developed in the future.
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4.0 DATA COLLECTION - PHASE |

4.1 GEOGRAPHIC LOCATIONS

Phase | of the data collection was conducted throughout the continental United States. This will
provide a diversity of various factors such as industry type, jobs, and subject variables. The
training of the 74 data collectors, which is described in the following section, was conducted in the
locations listed below during the end of 1996. Individuals involved in collecting data were
scheduled to attend the nearest location for training; thus, data collection was conducted in a
wider range of sites than listed below.

Training sites:

Hopkinton, MA

Syracuse, NY

Irving, TX

Blue Bell, PA

Norcross, GA

Jackson, MS

Brentwood, TN

Orlando, FL

Pleasonton, CA

Orange County, CA

Novi, MI

ltasca, IL

4.2 DATA COLLECTOR TRAINING

Using the resuits of the pilot study and the validity study, a 4-hour training session was developed.
The sessions involved approximately equal distribution of lecture and hands-on training. The
lecture portion of the training session was based upon the data collection instructions discussed
below. The hands-on training involved demonstrations and practice involving measuring the
various task variables. Since horizontal distance and asymmetry are the variables requiring the

most difficult measurements, these variables are given more attention.
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4.3 DATA COLLECTION INSTRUCTIONS

The original version of the data collection instructions are provided in Appendix A. Each SHFP was

provided with a bound copy of the instructions.
4.4 SELECTION OF PARTICIPATING ORGANIZATIONS

The organizations being selected to participate have to be willing to allow SHPs to make the
measurements and access OSHA logs, etc. Selection was primarily restricted to manufacturing
facilities. Potential participants were told the reasons for the study and were informed of what their
participation would require. Only those organizations with numerous MMH jobs were approached

for participation.
4.5 JOB SELECTION

Job selection was restricted by the constraints of the study, e.g. the NIQOSH equation only applies

to certain settings. The criteria for job selection are discussed below.
The following exclusion criteria are being used to select jobs for the study:

a. Jobs where workers perform, on average, more than 15 lifts or lowers per minute. This

criterion is necessary because the 1991 NIOSH equation does not apply to jobs where workers

b. Jobs where workers perform patient handling. Again, this is due to the restriction that

the NIOSH equation is not applicable to these types of tasks.

c. Jobs with more than 15 distinct lifting/lowering tasks. This criterion was selected
because we felt that jobs with many tasks would be difficult to model due to the uncertainty

concerning how to weight the tasks.

d. Jobs which involve driving a vehicle. This criterion was selected because driving is a
significant risk factor for low-back disorders. Including jobs involving significant driving
components would make it very difficult to assess the contribution of MMH tasks to low-back

disorder occurrence versus the contribution of the driving component.

e. Jobs involving seascnal work. This criterion was selected to reduce the possibility of

exposure misclassification due to seasonal job demands.

The following inclusion criteria are being used to select jobs for the study:
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a. Jobs with few component tasks. i.e., try to select jobs that have fewer distinct MMH
tasks. This criterion was selected to reduce data collection costs. Additionaily, simpler jobs make

it easfer to determine the contribution of individual tasks to injury risk.

b. Select jobs with the least day-to-day variety. We have to assume the data collected are
representative of what the worker does every day, so this criterion was used to reduce exposure

misclassification.

c¢. Jobs with multiple workers. This criterion was used since jobs with multiple workers are

more efficient from the standpoint of data collection costs.

d. S8HPs were instructed to select a variety of job types with respect to the MMH demands

so that the criteria could be evaluated over a broad spectrum of job demands.
4.6 PERSONAL DATA

The personal data collected are shown on the personal data questionnaire shown in Appendix A.

The informed consent used is also provided.
4.7 JOB AND TASK DATA

The job and task data are being collected using the forms in Appendix A. Each of the variables
being collected are indicated on the forms. These forms were developed prior to the pilot study
and have been redesigned using feedback from the SHPs that participated in the pilct study.

4.7.1 Data Collection Apparatus

Many of the MMH task variables measured and recorded require the use of measuring
instruments. SHPs were provided with a spring scale to measure object weights and pushing and
pulling forces, a tape measure to measure various workplace and task variables, and a protractor

with reference guides to measure asymmetry.
4.8 DATA COLLECTION PROBLEMS
4.8.1 Applicability of the 1991 NIOSH Equation

A serious barrier to data collection has been problems associated with the restrictions on the use
of the 1891 NIOSH equation. If the restrictions given by Waters et al. {1594) were followed to the
letter, almost no jobs would be appropriate for the use of the NIOSH equation. Among the

prominent problems are one-handed lifting and frequency viclations. Although Waters et al.
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(1994) indicate that jobs involving other materials handling tasks, such as holding for more than a
few seconds or carrying more than one or to steps, should not be evaluated with the NIOSH

equation. This restriction could not be followed because many jobs involving MMH have activities

besides lifting or lowering.

A related issue is that the job selection criteria are rather restrictive. This has made it difficult to
find jobs that satisfy the criteria. These restrictions were instituted to ensure that the frequency,

duration, and magnitude of exposure were captured.

4.8.2 Miscellaneous Problems

Cne problem that has been encountered is that of unions not wanting their membership to
participate because participation is voluntary. This is unfortunate, but is a reality of labor-

management relations that must be considered.

A problem has been that many facilities visited thus far have had only a few jobs that gqualify for
inclusion. To remedy this situation, larger organizations with repetitive tasks performed in multiple

sites were solicited for participation at the corporate level. This approach facilitated data

collection.
4.8.3 Remedial Measures lo Facilitate Data Colfection

In order to assess the technical reasons for why data collection was not progressing as rapidly as
expected, a survey tool was developed to gather information on jobs that were not analyzed.
Reports from those trained to collect data indicated that many organizations agreed to participate,
but that the jobs in the facilities were not suitable for the study. Information was gathered on the

nature of these jobs, and this information was used to create the survey shown in Figure 2.

SHPs were asked to fili out the survey in Figure 2 for each job that was examined, but not
included in the study. These surveys were completed for several months, and a total of 40 jobs
were examined. Table 5 provides a summary of the results. Overall, the results indicate that the
content of the jobs was too dynamic to be studied. A major problem was that of weights being too

variable to perform a reasonable exposure assessment.
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Figure 2. Survey form for jobs not suitable for study.

Name Office Date

Customer

Facility LLocation

SIC Code

Willing to participate Yes O No D

If no, why?

Job Title

Was Job Examined Acceptable? Yes O No (0 If yes, date sent to LMAC

If No, Why not? (check ALL that apply)

Job Rotation 0O No 2-handed lifting Q
Too many tasks to analyze QO Workers not willing Q
Weights/tasks change O Job changes often O
Other

Table 5. Summary of 40 jobs not suitable for study

Category Percent Jobs

Weights variable (> 10 |bs) 62.5%

Job changes often 25%
Job Hotation 22.5%
Too many tasks to analyze 22.5%
No 2-handed lifting 15%
Frequency too high 15%
Woarkers not willing 2.5%
Language barriers 2.5%
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A brief summary of the data also revealed that some of the observations violate restrictions of the
NIOQSH equation. This included: (1) 32% of acceptable observations exceed 8-hour limit, (2) 52%
of observations include significant “other” tasks, and (3) 25.2% of observations do not have a valid

Ll. However, these violations were necessary since the sample size would be drastically reduced.
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5.0 DATA COLLECTION - PHASE I

5.1 REVISED DATA COLLECTION PROTOCOL

The probilems finding suitable jobs for inclusion in the study {see 4.8.3) prompted a major revision
to the data collection protocol. In order to provide a protocol capable of assessing a higher
percentage of MMH jobs, protocols were added to address warehousing jobs (and other jobs with
very high numbers of distinct tasks), jobs with rotation, and jobs with variable weights. The revised

instructions and data collection protocols are shown in Appendix A..

Three additional training classes with 10 participants were conducted in the sites listed below:
Training sites:

Hopkinton, MA
San Antonio, TX

Blue Bell, PA

Additionally, five members of the Research Center and the Director - Ergonomics and

Manufacturing technology were involved in data collection.
5.2 DATA COLLECTION PROBLEMS

in spite of the revised data collection protocol, problems were still encountered. Although the new
protocols allowed more jobs per facility to be included, limitations on the scope of the NIOSH

equation limited data collection. A brief summary of the use of the revised protocols is as follows:

{1) Warehouse/Complex Protocol: This was clearly the most widely used of the new protocols. In
fact, many MMH jobs observed during 1999 were fairly complex from the standpoint of the
number of tasks, variety of materials handied, etc. One of the most useful cbservations noted

during the study is that future assessment methods need to focus on the ability to analyze such

exposures.

(2) Job Rotation Protocol: This protocol was not used extensively. In several cases, the job
rotation schemes in the facilities visited were not regular. In some cases, the retation occurred in
almost érbitrary manners, with rotations depending on staffing for a particular day. This was
particularly true in several facilities that had workers that rotated jobs in order to fill in for

absences, vacations, etc.
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(38) Variable Weight Protocol: The variable weight protocol was also not used extensively. For
many of the jobs with variable weight demands, all the parameters of the lifting tasks tend to
change as weight changes. For example, horizontal location tends to be partially dependent on
the dimensions of the load, frequency tends to vary with the magnitude of the load, etc. In fact, the
sampling procedure for the warehouse/complex protoccl was applied to several amenable jobs of

this nature.

Below are several examples of why data collection efforts during 1989 were not completely

successful.

+ Producer of systems and components for nonresidential structures - 8 [ocations

Three locations were visited, resuiting in three subjects being added to the study, all from the
same location. Unfortunately, numerous jobs involving materials handling did not involve two-
handed lifting or lowering that could be analyzed with the NIOSH equation. Many jobs involved
lifting or lowering items that were partially supported on a surface, team lifting, and one-handed
lifting. Managers from two of the locations that were not visited were contacted and they indicated

that similar jobs would be found in those facilities.
* China manufacturing - 3 locations

Three locations were visited and 25 subjects were added to the study. Numerous jobs were
examined but not analyzed due to highly variable activities. In some cases, lifting was almost
exclusively of partially supported molds, so the equation was not applicable. The actual job

required more material manipulation than material handling.

e Printer - 1 location

This facility was visited and four jobs were examined, but none had manual handling tasks that

could be analyzed with the NIOSH equation.

Overall, most facilities did not have enough exposures that fit the exposure assessment protocol,
including the revised protocols for variable weight, job rotation, and warehouse/complex jobs to be
economical. Likewise, the problems of finding jobs for the study resulted in the slow data
collection process. Although we fine-tuned our ability to solicit cooperation, the major limiting
factor was the number of viable jobs in facilities that have agreed to participate. The entire
process of soliciting facilities and workers to volunteer, scheduling visits, and making data

collection visits was quite involved and personnel-intensive.
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5.3 PROSPECTIVE FOLLOW-UP PROCEDURES

All active participants in the study are sent a letter and brief survey four times a year. The survey
is shown in Figure 3. The survey asks if they are still doing the same job as when they enrolled in
the siudy. If not, they are asked what date they stopped performing that job, and why. Participants
are also asked if they have been injured at work, and if they have been out of work for more than
three weeks at a time. Subjects are provided with a pre-paid envelope to return the guestionnaire,

and as an incentive are included in a prize drawing if surveys are returned on time.

If a subject is longer doing that job and provides the date they stopped, they are sent a letter
thanking them for their participation, and removed form the active mailing list. Subjects can also
be removed from the active list if their workers' compensation history is not available. In this case,
the last insured date for the company is used as the last exposure date. Otherwise, participants

remain on the mailing list and continue to receive the quarterly mailings.

Further attempts are made to contact those subjects who do not respond to the mailings. Twice a
year participants who fail to return the survey after three weeks are sent a reminder, and another
copy of the survey. On the other two occasions, an attempt is made to contact non-respondents
by telephone. This includes calling directory assistance for non-working numbers, and searching

internet databases for potential matches.

Contact is also maintained with participating companies. Once a year a newsletter detailing
progress on the project and other MMH related content is sent to each workplace. A list of
participants who cannot be contacted is also sent to each company contact. We ask the

company to confirm that these employees are still doing the job as evaluated, and if not what date

they stopped.

The SHPs who have contact with the paricipating companies are asked to obtain the OSHA 200
logs from participating sites on an annual basis. Several problems have been encountered,
particularly when the company contact that was involved in the study is no longer with the
company or in the same job. Several facilities are also exempt from keeping the OSHA 200 log.

The workers’ compensation information is retrieved annually.
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Figure 3. Follow-up survey for obtaining prospective information.

Follow-Up Survey

Please  print any clhanges to personal

Interview Date: 1/1/97 information (name, address, phone #)
below.

Name: Jochn Doc Name

Address: 15 Main Street Address

Metropolis MA 33333

Telephane: 0595-1212 Phone #

Wark Shift: 1 Shift

E-mail?

Job:  Materials Handler at Manufaciuring Company

1. Are youslill doing the above jobasof ___/__ /__ ( please write in toduy's dade 2

e [Om
Il no, when did you stop working as a(n) Materials Handler? { date stopped ) F

if no, why did you stop working on this job? {Please check an answer belaw.)

[ job teansfer — Injury

1 job re-designed CJomer
[ Laid off (wrile in)
2. Since  6/15/97 , have you been injured at work? [ yes ] m

If yes, please write below the type of injury you had (e.g. sprain), part of body hurt
and date of mjury.

Type of Injury Body Part Date
3. Since 1/1/97, have you been out of work for more than 3 weeks at a time? D yus D no
If yes, please complete below:
reasan: from dates l/ to [/
reasan: from dates I S to /!

Thank you for enrpleting this survey,  This survey must be fully compieted (o be eligible for the rafile.

Please retum in the enclosed, postage paid envelope to:
93 Liberty Mutual Research Center, 71 Frankland Road, Hopkinton, MA Q1748
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6.0 DATA ANALYSIS

Appendix C contains a listing of n=444 cases for which valid Lls are calculated. Of these 444,
only n'=406 had positive exposure hours; the remaining 38 cases either left the study immediately,
or had not had follow-up assessment at the time of writing this report. In the descriptive analyses
we include all 444 subjects as representing our “intent to observe” population. For relating

outcomes to predictors, only the 406 subjects with positive exposure hours are included.

Al statistical analyses are performed using the SAS/STAT® softwars, version 8.0.

6.1 SUMMARY OF SUBJECT DATA

The following tables display summary statistics for the subjects. Table 8 iliustrates the descriptive
statistics of female workers obtained from the worker survey. For simplicity, the values in the
table are rounded up to two decimal places. The subject height is measured in inches and the
weight is measured in pounds. The age of the subject is calculated by dividing the number of
days between the initial interview date and the subject's date of birth by 365.25. Thus, the
calculated age is in decimal places. The average number of hours each subject works per day

includes lunch break.

Table 6. Descriptive statistics of female subjects.

Variable N Mean Std Dev Minimum Maximum
Height (inches) 138 64.39 3.38 48 76
Weight (pounds) 122 148.89 31.18 100 280
Age (at entry into study) 135 37.03 9.50 19.54 59.89
Hours worked per day 139 8.24 1.44 3 12

Table 7 shows the descriptive statistics for the male workers. 1t can be seen that the average
height and weight of the male workers are greater than that of female workers. Female subjects
are slightly older than male subjects (37 versus 34 years). The number of hours the male

workers work per day is approximately the same as that of the female workers.
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Table 7. Descriptive statistics of male subjects.

Variable N Mean Std Dev Minimum Maximum
Height (inches) 309 69.82 3.17 60 81
Weight (pounds) 309 187.54 35.97 115 308
Age kat entry into study) 306 34.09 9.92 18.10 62.18
Hours worked per day 310 8.18 1.20 2.5 12

Numerous jobs were included in the study. These selected jobs were required to have a primary
lifting and lowering component. Each job might have different exposures to different task
compositions. For example, one job might require more lifting than pulling and another might
require more lowering and carrying. Listed in Table 8 are the frequencies for the most common

jobs included in this survey.

Table 8. Numbers and percents of workers in the most frequent jobs.

Job Title Frequency Percent Cumulative
Packer 36 8.22% 8.22%
Operator 27 6.16% 14.38%
Material Handler 21 4.79% 19.18%
Stocker 18 4.11% 23.29%
Bundler 18 4.11% 27.40%
Stock Handler 15 3.42% 30.82%
Caster 13 2.97% 33.79%
Shipper/Receiver 13 2.97% 36.76%
Machine Operator 13 2.97% 39.73%
Shipper 12 2.74% 42.47%
Forklift Operator 11 2.51% 44.98%
Loader 10 2.28% 47.26%

According to the survey, 4.7% of the subjects responded that they had filed a workers’

compensation claim during the past 12 months because of back pain (Table 9). The majority of
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the workers, however, responded that they did not file a workers' compensation claim during the

past 12 months.

Table 9. Frequency table for workers’ compensation claim.

Prior warker* Frequency Percent Cumulative Cumulative

compensation Frequency Percent
No 425 95.3 425 95.3
Yes 11 4.7 446 100.0

* No = No compensation claim filed, Yes = compensation claim filed

In the survey form, subjects were asked whether or not they exercise on average three or more

times per week outside of work and, if so, what type of exercise that they do. Table 10 shows that

55.6% of the workers gave a positive response and the rest 44.4% responded that they do not

exercise regularly.

Table 10. Frequency table for regular exercise.

Exercise Frequency Percent Cumulative Cumulative
Frequency Percent
No 247 556 247 55.6
Yes 197 44.4 444 100.0

Table 11 shows that out of 447 subjects surveyed, 336 workers responded in the survey that they

do not wear a back belt while doing the assigned job. This makes up about 75% of the total

workers surveyed. The other 25% responded that they have worn a back belt while performing

their jobs.

34



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Table 11. Frequency table for wearing back belt.

Backbelt Frequency Percent Cumulative Cumulative
Frequency Percent
No 336 75.2 336 75.2
Yes 111 24.8 447 100.0

Table 12 shows the comparison of weighted lifting index between subjects who had and had not
filed a workers' compensation claim during the past 12 months because of back pain. A total of
21 subjects responded that they had filed a worker's compensation claim while 420 did not. The
mean of weighted LI91 (1991 lift index time-weighted by task group as described in section 6.3) of

injured workers was found to be 13% greater than those who were uninjured.

Table 12. Descriptive statistics of weighted LI191.

Weighted LI
Prior worker* N Mean Std Dev Minimum Maximum
compensation
No 420 4,08 5.36 0.13 39.05
Yes 21 4.60 5.24 0.67 21.02

* No = No compensation claim filed, Yes = compensation claim filed

6.2 SUMMARY OF JOB DATA

The following table provides summaries of parameters relating to lifting stress. The data are

accumulated over all subjects, task groups, and tasks within task groups.
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Table 13. Summary of job parameters.

Variable N Mean Std Dev  Minimum Maximum
Object weight (pounds) 3946 25.14 15.6 1 100
Starting vertical position (in) 3946 35.32 13.91 1 90
Ending vertical position (in) 3946 35.35 14.48 1 84
Starting horizontal position (in) 3946 17.59 5.17 5 49
Ending horizontal position (in) 3946 19.04 5.39 5 45
Starting angle of asymmetry 3946 19.92 20.83 0 110
Ending angle of asymmetry 3946 18.98 19.07 0 110
Lifting Frequency (lifts/minute) 3946 3.36 3.13 0.01 15

To facilitate data collection and thereby increase sample size, we decided during the course of the
research to use measured job characteristic data from one worker to apply to all workers holding
the same job. The warehousing jobs in particular have several such dupiications. There is some
concern about using such duplicated observations in the summaries of Table 13. Table 14 shows

the same statistics, excluding jobs that are duplicates. (There are 166 unique jobs in the study).

Table 14. Summary of numerical job parameters using 166 unique jobs. Sample sizes are higher
than 166 because there are typically multiple task groups and tasks within groups per job.

Variable N Mean Std Dev  Minimum  Maximum
Object weight (pounds) 1100 24.97 14.66 1 100
Starting vertical position (in) 1100 34.92 13.68 1 90
Ending vertical position (in) 1100 34.73 14.26 1 84
Starting horizontal position (in) 1100 16.95 5.36 5 49
Ending horizontal position (in) 1100 18.24 5.75 5 45
Starting angle of asymmetry 1100 17.29 21.52 0 110
Ending angle of asymmetry 1100 19.47 21.3 0 110
Lifting Frequency (lifts/minute) 1100 2.66 3.16 0.01 15
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The summaries are similar in Table 13 and Table 14; however, since a large proportion of the
repeats are warehousing jobs with higher pick frequencies, the average frequency is higher in the

complete data set where the warehouse data is weighted more heavily.

We also include tables of frequencies for qualitative job parameters as follows in Tables 15 and

16.

Table 15. Summary of qualitative job parameters.

Frequency Percent

Long 3625 91.87

Duration Med 140 3.55
Short 181 4,59
Total 3946

Frequency Percent

Fair 3199 81.07

Coupling Good 124 3.14
Poor 623 15.79
Total 3946

Frequency  Percent

Significant No 3157 80.01
Control Yes 789 19.99
Total 3946

37



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Table 16. Summary of qualitative job parameters using 166 unique jobs.

Frequency Percent

Long 902 82

Duration Med 71 6.45
Short 127 11.55
Total 1100

Frequency Percent

Fair 837 76.09

Coupling Good 78 7.09
Poor 185 16.82
Total 1100

Frequency Percent

Significant No 753 68.45
Control Yes 347 31.55
Total 1100

6.3. LIFT INDEX CALCULATIONS

6.3.1 Calculation of the AL, RWL, Lilgy and Llg7.

The AL and RWL calcuiations are (NIOSH, 1981; Waters ef al., 1993b):

l_._l

AL = 40kg. *[ *[1 .004]V — 75]]* % {

RWL =23kg. *[ 5}*[1— 003V - 75]}J 82+—§} FM+[1-.0032% A CM
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Where:

H = Horizontal distance (cm.) from the ankles to the hands at the origin and destination of the

load.
V = Vertical [ocation (cm.} of the load at the origin and destination of the lift/lower.
D = Vertical distance (cm.) the load travels,
F = Frequency of the lift in lifts/minute.
Fmax = Value determined from table in NIOSH (1981).

FM = Freguency multiplier from table in Waters et al. {1993b) using extrapolations for cases not in

the table.

CM = Coupling multiplier determined according to the definitions given by Waters ef af. (1993b).

A = Angle of asymmetry at the origin and destination of the lift.

The AL and RWL are calculated for both the crigin and the destination of the load for each task as
described by NIOSH (1981) and Waters ef af. (1993). The lower of each of these two sets of

values is used as the AL and RWL for that task, respectively.

The Llg1 and Llgq values are defined as:

_ Actual load B Actual load

- LI =
8l AL ! RWL

LI

6.3.2 Calculation of Composile Lifting Indices

Most tasks analyzed consist of several lifting/lowering tasks, such as palletizing operations. For
these tasks, a single Ll is be needed for the statistical analyses. Although there were no multi-task
procedures for the 1981 equation (NIOSH, 1981), multi-task procedures have been developed for
the 1981 equation. The following multi-task procedures is used for both the 1981 and 1991
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equations so that the results of the statistical procedures are comparable. (In what follows the

procedures are discussed using only the 1991 equation for simplicity).

Three separate methods for computing composite lifting indices are discussed below.
6.3.2.1 Waters et al. (1993a) Method

This method involves the following steps (Waters et al,, 1993a):

1. Calculate Freguency-Independent Recommended Weight Limits {FIRWL) for each task. The
RWL given above is calculated using a FM value of 1 to obtain the FIRWL.

2. Calculate the Frequency Weighted Recommended Weight Limits {FWRWL) for each task,

where:

Y(FIRWL*F,) . )
FWRWL = where F is the task frequency and i is the task number.

LF,

3. Calculate the Composite Recommended Weight Limit (CRWL):

CRWL = FWRWL*FM,, where FMjop is determined for the overall frequency and

duration of the job from the frequency multiplier table.

4, Calculate the LI for each job by dividing its load weight by the CRWL for the job.

5. This methods provides a LI for each task, however, the statistical analyses require that each

job has only 1 LI. To accommedate this, the following revision to this method is used:

s Hours.* LI
CLI =Y ———————
i=1  Hours,
Where:
n = number of tasks Llj = LI for task .

Hoursj = hours spent performing task /.  Hourst = Hours worked per day.
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6.3.2.2 Waters et al. (1994) Method,

This method involves the following steps (Waters ef af., 1994):
1. Compute the FIRWL as described in the preceding discussion,

2. Compute the Single-Task Recommended Weight Limit (STRWL) for each task. This is
accomplished by multiplying the FIRWL for each task by its FM value obtained from a table.
3. Compute the Frequency-Independent Lifting Index (FILI} and Single-Task Lifting Index (STLI)

for each task where:

FILIE z_ﬂ STLI,- .:.EE.CL__.
FIRWIL, STRWL,

4. Compute the Composite Lifting Index:

a. The tasks are numbered in descending order of STLI;.

b. The CLlis computed according to the following formula:

1,2 l 2,3 FM].2

] I |
+ | FILI * -
’. FMI.2.3...n 12 {n-1)

CLI:STLII+FFILIZ*[ ! ]1+FFIL1( L1 ]L..
[ I'l |

1

J

The numbers in the subscript refer to the ordered task numbers and the FM values, determined

from the table, are based on the sum of the frequencies for the tasks listed in the subscripts.

6.4 INJURY OUTCOME DATA

There were 10 observed back injuries in the course of the prospective study. Despiie the rather
small number of incidences, a trend seems apparent, both in relation to LI191 and to LI81. Tabie

17 shows the categorizations, excluding cases with zero exposure hours.
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Table 17. Tabulation of injury outcomes for different LI categories.

Injury LI91 category
Frequency <1 1-2 2-3 >3 Total
Col Pct
No 61 117 66 152 396
98.39 99.15 94.29 97.44
Yes 1 1 4 4 10
1.61 .085 5.71 256
Total 62 118 70 156 406
Two-sided Cochran-Armitage trend p-value = 0.3982 (exact)
Injury LI81 category
Frequency <1 1-2 2-3 >3 Total
Col Pct
No 119 166 70 41 396
99.17 97.65 95.89 95.35
Yes 1 4 3 2 10
0.83 2.35 4,11 4.65
Total 120 170 73 43 406

Two-sided Cochran-Armitage trend p-value = 0.0915 (exact)

Note that the percentage of injuries appears higher with larger LI's. Interestingly, the trend seems
more consistent (and more significant) with LI81. Also, note that there are fewer LI81 values in

the upper ranges, because LI91 tends to produce larger index values.

It is also customary to report injuries per 200,000 exposure hours (or per 100 FTE as defined by

OSHA). These data are given in Table 18.
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Table 18. Tabulation of injury outcomes per 100 FTE for different L! categories.

L191 Category

O<li< 1<ll<2 2<Lll<3 LI>3
Exposure Hours 195,811 207,146 196,538 316,913
# Injuries 1 1 4 4
Rate/100 FTE 1.02 0.97 4.07 2.52

L181 Category

D<Lli<1 1<li<2 2<lI<3 LI>3
Exposure Hours 353,504 318,019 172,379 72,506
# Injuries 1 4 3 2
Rate/100 FTE 0.57 2.52 3.48 5.52

The estimated injury trend in rate per 100 FTE is more pronounced for the LI81 measure, but

since the data are so sparse, we cannot necessarily conclude that the 181 measure is more

predictive of LB injury.

43



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

7.0 PREDICTION MODELS RELATING INJURY OUTCOMES TO
SUBJECT AND JOB DATA

The goal of the research was to model the injury probability function using LI81 or LI191, or
alternative forms involving job parameters, and to include personal covariates. Given the lack of
observed injuries, and the very marginal significances shown in Table 17, it is not possible to
assess such effects with much precision. Nevertheless, the data suggest some interesting effects

as we discuss below.
7.1 SIMPLE LOGISTIC REGRESSIONS USING LI81 AND LI91.

Tables 17 and 18 display trends as a function of the discretely categorized LI responses. There
are many Ll's in the higher ranges: as shown in Table 12, the maximum of LI91 is 39.05. There is
therefore loss of information when making the responses discrete. In this section we consider

simple logistic regression models for injury probability as a function of LI191 or LI81 (see Table 19).

Table 19: Logistic regression results for LI191.

Analysis of Maximum Likelihood Estimates

Standard
Parameter DF Estimate Error Chi-Square Pr > ChiSq
Intercept 1 -4.1445 0.4108 101.7746 <.0001
LI91 1 0.0789 0.0299 6.9913 0.0082

R-Sguare 0.0122
rax-rescaled A-Square 0.0594

Odds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits
LI91 1.082 1.021 1.147
Estimated Model: 1n(p/(1-p)) = -4.1445 + 0.0789LI91, where p = injury probability
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Note that, in contrast to the Cochran-Armitage trend test shown in Table 17, the trend is
significant using the logistic regression model. The odds of injury are increased by an estimated

8.2% per unit increase in L191, with a 95% confidence range from 2.1% to 14.7%.

Figure 4 shows the observed LI31 and injury data, as well as the fogistic regression model.

Figure 4. L!91 data and logistic regression model.

LI91 Injury Probability Model
e G OO OO——O0
Inj 86 .
ur < lnjur-y
v L — P(Inj)
62 /
-1 -0.5 0 0.5 1 1.5 2
Logie{LI91)

The model (see Table 20) appears not as significant as the LI91 model, but the odds ratio is
estimated at a higher value. This seeming inconsistency is explained by the fact that the LI81

range is less, as shown in Figure 5.
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Table 20: Logistic regression results for LI81.

Analysis of Maximum Likelihood Estimates

Standard
Parameter DF Estimate Error Chi-Square Pr > Chigq
Intercept 1 -4.0968 0.4072 101.2105 <.0001
LIBt 1 0.1538 0.0664 5.3650 0.0205

'R-Square  0.0092
Max-rescaled R-Square 0.0447

0dds Ratio Estimates

Point 95% Wald
Effect Estimate Confidence Limits
LI8T 1.166 1.024 1.328

Estimated Model: 1n(p/(1-p)) = -4.0968 + 0,1538LI81, where p = injury preobability

Figure 5. LI81 data and logistic regression model.
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7.2 FLEXIBLE (NONLINEAR) LOGISTIC REGRESSION MODELS

One of the initial goals was to assess nonlinear affects through flexible (spline-based) logistic
regression models. Such are implemented in the statistical package "SPLUS". Figures 6 and 7

show how the flexibie logistic regression model compares with the simple linear logistic model.

Figure 6. Comparison of linear and spline models for LI91.

Linear and Spline Models For Injury Probability
LIS

Logit(P)

/_ —— Spline
e e A Li
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The unusal “dip" in the spline model is explained by the LI91 values for the 10 injured subjects:
They are {see Appendix C) 0.64, 1.30, 2.04, 2.16, 2.32, 2.98, 4.56, 17.21, 20.52 and 39.05. The
"dip" corresponds to the gap between 4.56 and 17.21. No statement concerning general validity

of the "dip" is made: it is probably sample-specific phenomenon caused by low number of
observed injuries.

The corresponding analysis of LI81 is shown below;

47



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Figure 7. Comparison of linear and spline models for LI81.

Linear and Spline Models for Injury Probability
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The "wavy appearance” in this spline mode! is explained by the LI81 values for the 10 injured
subjects: They are (see Appendix C) 0.69, 1.14, 1.32, 1.39, 1.62, 2.12, 2.15, 2.86, 8.95 and17.87.
The two "dips" correspond to gaps (2.86 to 8.95) and (8.95 to 17.87) . Again, no statement
concerning general validity of the "dips" is made: they probably sample-specific phenomena

caused by low number of observed injuries.

In both the LI81 and LI21 models, the linear approximation is adequate. Deviations from linearity

shown in Figures 6 and 7 are atiributable to low number of injuries.

7.3 EVALUATION OF EXTENT THAT SUBJECT MODIFIERS CAN BE ENTERED INTO THE
EQUATICN

As previously noted, our ability to detect subject-specific modifiers to the probability of injury is
limited by the low frequency of injury occcurrences. For both of the finear logistic regression
modeis for injury (using both LI91 and LI81), we considered forward selection of additional factors
among the set of variables GENDER, HEIGHT, WEIGHT, AGE, and EXPOSURE HOURS. None
contributed additional significance to the model! at the 5% level. Relaxing the significance for entry

criterion to 50%, we find that WEIGHT enters both models with a coefficient of -.007 ¢r -.008
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(depending on the model}. Although this effect is not significant, the estimate suggests that the

odds of injury are reduced by 7% when workers are 10 pounds heavier.

7.4 COX MODEL

Noting that the analysis of the previous section tound no significant effect of exposure hours in the
logistic regression model, it is not expected that a survival analysis of time until injury will provide
substantially different conclusions. Nevertheless, we report such results here for completeness,

as they were part of the initial deliverables for the research grant.

The response variable is time until injury. Note that all but the 10 injury occurrences are treated

as censored observations, with censoring times given by the exposure hours (see Table 20a and

b).

Table 20a: Cox regression model results for predicting time untii injury, Coefficient of LI91 is

effect on log hazard.

Parameter Standard Hazard
variable DF Estimate Error Chi-square Pr > chisqg Ratio
LIO1 1 0.10276 0.03373 9.2798 0.0023 1.108

Estimated Model: 1ln(A) = C + 0.10276LI91, where A = hazard function, and C = baseline
hazard

Table 20b: Cox regression model results for predicting time until injury. Coefficient of LI81 is

effect on log hazard.

Parameter Standard Hazard
Variable DF Estimate Error Chi-Square Pr > ChiSq Ratio
LIB1 1 0.23738 0.07244 10.7380 0.0010 1.268

Estimated Model: 1n{i) = C + 0.23738LIB1, where A = hazard function, and C = baseline
hazard
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The conclusions agree with those of the logistic regression in that significant effects are found, but
the degree of significance flip-flops when comparing L191 and LI81. In the analysis of hazards,
the LI81 model appears more significant. However, with so few occurrences, this conclusion

should not be considered generalizable.

7.5 SEVERITY ANALYSIS

At the time of writing this report, severity analysis is not available. We expect that such
information will be available in the future and will appear in follow-up research reports of Liberty

Mutual and Texas Tech University in regards to this study.
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8.0 DISCUSSION

8.1 PROGRESS ON ACHIEVING SPECIFIC AIMS

1.) To prospectively determine if the LI for jobs from various industries is related to the

incidence and severity of low-back disorders.

While the data are sparse, a statistically significant prospective relationship between LI {both 81

and 91) appears to be confirmed. See Sections 7.1 and 7.4,

2.) To prospectively determine if the relationship between the LI value and probabiiity of
low-back injury is different for workers of different sex, age, height, weight, and history

of prior low-back pain or injury episodes.

Due to sparseness of the data, statistically significant modifiers of LI effects are not found. The
only variable that comes close to significance is subject weight, which shows an estimated
decreasing effect on injury probability, although it is not nearly statistically significant. See Section

7.3.

3.) To compare the current functional forms of the four multipliers that are continuous (i.e.
VM, HM, DM, AM as defined by Waters et al. (1993)) to empirically determined

relationships between V, H, D, and A and the incidence of back injuries

These relationships cannot possibly be uncovered with only 10 injury occurrences. Data
collection difficulties have precluded the successful completion of this aim. We have attempted to
assess whether the more flexible spline-based models will be preferred to the linear predictors
{see Section 7.2) but the results are inconclusive, and we choose to retain the linear model for this

study, mainly for the sake of parsimony.

4.) To determine if an alternate injury prediction model developed from the data collected
that incorporates the 6 variables currently represented in the RWL equation, personal
variables, job-related factors, and their interaction terms would be more appropriate

than the NIOSH equation or useful as a supplement

We have attempted to address this to a degree by comparing LI81 with LI91. Again, we find that
the lack of injuries hampers our ability to make firm conclusions. In two formal analyses, the L181

model appeared to be a better predictor (the categorical data analysis of Section 6.3 and the
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proportional hazards analysis of Section 7.4), while in the simple logistic regression analysis, the

L191 mode! appeared to be a better predictor (see Section 7.1).

We have also noted mild evidence of non-linear increases in injury probability as a function of
LI91 also noted by Waters et al (1999), who noted a decrease in injury probability for LI>3 (Table
4 of Waters et al.) We found similar, corroborating evidence (see the LI191 results in Table 13 and
in Figure 3}, although the sample size is too small to make a strong conclusion. Such a decrease
might be explained by selection effects: workers selected for stressful lifting duties (or who

themselves have selected such duties) probably have stronger backs.

We do not notice such nonlinear effects when using the LI81 index (see Table 13 and Figure 4),

however.
5.) To qualitatively evaluate the usability of the new equation in practical situations

The results presented provide an overview of various usability issues associated with the revised
NIOSH equation. In summary, there are various levels of usability that were assessed. At the
most basic level, the parameter ranges and certain restrictions were examined with field data. At a
broader level, the usability of the equation was examined from the standpoint of the ability to
perform assessments of MMH jobs with the equation. Each of these constructs is discussed in

more detail below.
5.1. Scope and fimitations of equation

The data presented earlier indicate that about one third of MMH tasks have one or more
parameter values that exceed the acceptable ranges. In these cases, the associated multiplier
becomes 0, the RWL is 0, and the LI becomes infinite. In reality, the task does not pose infinite
risk simply because the parameter exceeds the limit. In these situations, the highest value the
multiplier accepts can be used, or in some cases, the multiplier will actually accept higher values.
In both cases, the fact that the parameter exceeds the bounds is often a signal of poor workptace

design and can be considered an assessment result in and of itself.

If one were to carefully assess all the restrictions above before applying the equation, few MMH
exposures {at least in the United States) are amenable to analysis with the NIOSH equation. The
tasks analyzed for the present study are biased since primarily lifting and lowering jobs and
simpler jobs (in terms of the number of distinct tasks) were sought. Thus, a random sample of
manual handling jobs would likely indicate even a lower percentage of exposures are amenabie to

analysis using the NIOSH equation than the percentages reported earlier. Thus, application of the
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equation will likely require violations to be made. The extent of the violations allowed will actually
depend upon the expertise of the analyst, as an understanding of the effects of violating the
restrictions can lead to valid interpretation of the results. This presents a situation where MMH
models are perhaps only useful to experts with a comprehensive understanding of limitations and
underlying assumptions (Buckle et al, 1992), despite the fact that many of the MMH assessment

methods are developed for practitioners.
5.2. Task Design vs. Job Assessment

Perhaps the most relevant finding of the efforts to perform baseline evaluations of MMH jobs with
the NIOSH equation is that the most significant problems occur when attempting to assess jobs.
There are no historical data to prove or disprove the notion that the division of labor in
manufacturing facilities may be retreating from the most acute levels in the past. However,
anecdotal observations suggest that work organization factors like job rotation and flexible
manufacturing have resulted in physical demands that are more complex from the standpoint of
ergonomic assessment. On the other hand, the shifting economic rotation from manufacturing to
service sectors in some economies may present similar problems. From the standpoint of task
analysis, many service jobs are highly specialized, but have variable job demands when analyzed
at the task’ level. Delivery jobs provide a salient example, as the comhinations of items delivered
and the variable nature of the delivery locations (stairs, etc.) portray a complex ergonomic task
analysis. The practical solution is often to analyze a subset of tasks. In each of these cases, the

analyst is restricted to analyzing a subset of tasks comprising the job.

Subsets of tasks are often composed of the most stressful tasks, and may represent more of a
peak exposure. For example, Waters et al. (1995) chose 10 lifting tasks in a grocery warehouse
that were judged as having a high potential for injury, and representative of a diverse sample of
stressful lifting postures. Many practitioners use similar approaches. The other approach is to use
a representative sample. When analyzing warehouse jobs, Dempsey et al. (2000b) chose a
similar approach to Waters et al. (1995), but attempted to select 15 tasks that were representative

of the distribution of weights and vertical locations of the boxes handled.

A comprehensive assessment of a job represents more of a cumulative exposure, depending on
how the tasks are aggregated during the analysis. A true estimate of cumulative exposure, for
example daily exposure, may require a large number of samples, or an approach that utilizes
integration of all tasks. Sampling on different days and even at different times throughott the year
may be needed if seasonal variations exist. Of the possible aggregation approaches, integration

and work sampling are methods capable of capturing the important determinants of exposure

53



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

(magnitude, frequency and duration) {Dempsey 1999}. Although the theory and practice of work
sampling are well developed for traditional industrial engineering applications, the application to
manual handling is not. Similarly, integration is often untenable due to the resources required. The
study by Jager et al. (2000) provides a salient example of the data reduction and analysis

demands associated with integration of demands.

If the equation is being used in the design process, the relevance is diminished. For example, the
relationships expressed by the multipliers can be used to suggest optimal fixed heights of
conveyors, shelves, etc. The concepts presented by the individual multipliers can be used for
training purposes as well. However, the above concepts have substantial relevance if the results
are used to estimate the risk associated with a job. A risk assessment requires that the magnitude
of the outcome of interest for a given exposure be estimated for the population of interest
(National Research Council, 1983). In fact, the epidemiological study described earlier was
motivated by the desire to enable this process for the NIOSH equation. Clearly, many problems
exist when attempting comprehensive exposure assessments of jobs with the equation. At this
time, there is not sufficient epidemiclogical data to confirm whether or not assessing peak loads is

sufficient.

The problem becomes further complicated when the variety of potential cutcomes is considered.
The NIOSH equaticn and similar tools are designed primarily to prevent low-back pain {LBP} and
the associated disability. When considering the difference between analyzing jobs (e.g., sampling
approaches) vs. a subset of tasks, an important, yet often implicit, philosophical decision is made
regarding the etiology of low-back disorders. In the case of peak exposures, it is implicitly
assumed that the peak tasks may iead to episodes of LBP. In the case of more comprehensive
job assessments, it is assumed that the cumulative exposure to the job may lead to episodes of
LBP. Comprehensive job assessments may be more relevant to the prevention of low-back pain
disability (LBFD}. The relationship between a given level of LBP and disability is complex, but will
likely vary across diffarent levels of manual handling demands. Attention to peak demands may
not be sufficient to prevent LBPD. In fact, it may possibly be a minimum manual handling demand
that leads to the transition from pain to disability, i.e., the level of MMH demands that a worker

with LBP can tolerate rmay be well below peak demands.

For the average user of techniques such as the NIOSH equation, it is implied that application will
reduce the overall incidence of injuries and disorders associated with a particular workplace
exposure (Buckle et al., 1992}. Given the limitations analyzing some jobs with the equation, the
valid use of the equation will be limited to design in some cases. This will reduce the potential for

inaccurate risk characterizations of jobs being derived from a subset of task assessments.
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5.3 What is the Task?

The NIOSH equation represents one technique for performing a task analysis of manual
materials handling exposures involving lifting and lowering. In fact, the equation requires an
implicit form of the task description for the exposure being analyzed: highly repetitive lifting and
lowering tasks with parameters that do not change. Overall, these types of exposures appear to
be less prevalent than when the equation was first published in 1981. Not only has automation
reduced the number of such highly repetitive tasks, other organizational factors such as job

rotation and other means of increasing job content has resulted in fewer jobs with small numbers

of MMH tasks.

The case of very large numbers of tasks being performed, such as warehouse order pickers,
represents a job that does not fit the task description required. The task may be considered
assembling the crders, and it is impossible to precisely specify the parameters of individual lifting
and lowering tasks within this broader task since the contents of orders are virtually stochastic. A
different analysis approach developed to handle such exposures may be required. Techniques
incorporating sampling schemes, such as OWAS (Karhu et ai., 1977) or PATH (Buchholz et al.,
1996), that are capable of analysing the broader order assembly ‘task’ are possibilities. For both
techniques, work sampling is used to estimate the characteristics of the job demands to alleviate
the need to continuously record data. Ideally, a task description should be developed first and an
analysis technique suitable for the exposure should be selected. Although individual manual
handling actions like lift, lower, push, pull, and carry, have traditionally been assumed to be the

‘task,” many jobs are far too complex to comprehensively quantify using these terms.

5.4 Limitations

A limitation of this study is that jobs were selected using criteria, not at random. The selection
criteria were oriented towards finding simpler jobs with the |least within and between-day variation
possible. Seasonal exposures were avoided, and the primary effect of this is that not construction
jobs were studied. As mentioned earlier, some jobs in machine shops, flexible manufacturing
cells, and similar settings were avoided. It is important to recognize that the results are not from a
random selection. Finally, the jobs were all located in the U.S. Although there is no supporting
literature, it is possible that there are geographical differences in manual handling. In spite of the

limitations, the criteria were biased towards jobs amenable to analysis with the NIOSH equation.

55



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

REFERENCES

Ayoub, M.M., and Mital, A. {1989). Manual Materials Handling. Londen: Taylor and Francis.

Ayoub, M.M., Mital, A., Asfour, S., Bakken, G., Liles, D., Selan, J., Mahajan, P., and Bethea, N. (1983).
Effects of Task Variables on Lifting Capacity. Final Repert, HEW (NIOSH) Grant No.
5R010H007958-04.

Ayoub, M.M., Bethea, N., Deivanayagam, S., Asfour, S., Bakken, G,, Liles, D., Selan, J., and Sherif, M.
{1978). Determination and modeling of lifting capacity. Final Report, HEW (NIOSH) Grant No.
5R010H00545-02.

Battié, M.C., Bigos, S.J., Fisher, L., Spengler, D.M., Hansson, T.H., Nachemson, A.L., and Wortley, M.D.
{1990). Anthropometric and Clinical Measures as Predictors of Back Pain Complaints in Industry: A

Prospective Study. Journal of Spinal Disorders, 3(3), 195-204.

Bergquist-Ullman, M., and Larsson, U. (1977). Acute Low Back Pain in Industry. Acta Orthop Scand,
8170, 1-117.

Biering-Serenson, F. (1983a). A Prospective Study of Low Back Pain in a general Population .

Occurrence, Recurrence and Aeticlogy. Scand J Rehab Med, 15, 71-79.

Biering-Sgrenson, F. (1983b). A Prospective Study of Low Back Pain in a general Population ll. Location,

Character, Aggravating and Relieving Factors. Scand J Rehab Med, 15, 81-88.

Biering-Serenson, F. {1983c). A Prospective Study of Low Back Pain in a general Population Ill. Medical
Service-Work Consequence. Scand J Rehab Med, 15, 89-96.

Biering-Sarenson, F. (1984). Physical measurements as risk indicators for low-back trouble over a one-

year period. Spine, 9(2), 106-119.

Bigos, S.J., Battié, M.C., Fisher, L.D., Hansson, T.H., Spengler, D.M., and Nachemson, A.L. (1992). A

Prospective Evaluation of Preemployment Screening Methods for Acute Industrial Back Pain. Spine,

17(8), 922-926.

Bigos, S.J., Bowyer, O., Braen, G., et al (1994). Acute Low Back Problems in Adults, Clinical Practice
Guideline No. 14, AHCPR Pub. No. 95-0642. Rockville, MD: Agency of Health Care Policy and
Research, Public Health Service, DHHS.

56



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Buchholz, B., Paquet, V., Punnett, L., Lee, D., AND Moir, S. (1996). PATH: A work sampling-based
approach to ergonomic job analysis for construction and other non-repetitive work. Applied

Ergonomics, 27, 177-187.

Buckle, P.W., Stubbs, D.A., Randle, I.P.M., and Nicholson, A.S., (1982). Limitations in the application of

materials handling guidelines. Ergonomics, 35, 955-964.

Burdorf, A. (1992). Exposure assessment of risk factors for disorders of the back in occupational

epidemiology. Scand J Work Environ Health, 18, 1-9.
Burdor, A., and van der Beek, A. {1999). Letter to the Editor. Applied Ergonomics, in press.

Burton, A.K., and Tillotson, K.M. (1991), Prediction of the Clinical Course of Low-Back Trouble Using
Multivariable Models. Spine, 16(1), 7-14.

Chaffin, D.B., and Park, K.S. (1973). A Longitudinal Study of Low-Back Pain as Associated with

Occupational Weight Lifting Factors. American Industrial Hygiene Association Journal, 34, 513-

525,

Chaffin, D.B., Herrin, G.D., and Keyserling, W.M. (1978). Preemployment Strength Testing, J Occup
Med, 20(6), 403-408.

Cox, D.R., (1972). Regression Models and Life-Tables. Journal of the Royal Statistical Society, B34:
187-220.

Del.ooze, M.P., Toussant, J.H., van Dieén, J.H., and Kemper, H.C.G. {1993). Joint moments and muscle

activity in the lower extremities and lower back in lifting and lowering tasks. J. Biomechanics, 26(9),

1067-1076.

Dempsey, P.G. (1998). A critical review of biomechanical, epidemiological, physiological and

psychophysical criteria for designing manual materials handling tasks, Ergonomics, 41(1), 73-88.

Dempsey, P.G. {1999). Utilizing criteria for exposure and compliance assessments of multiple-task

manual materials handling jobs, International Journal of Industrial Ergonomics, 24(4), 405-416.

Dempsey, P.G., and Fathallah, F.A. (1999). Application issues and theoretical concerns regarding the

1991 NIOSH equation asymmetry multiplier, International Journal of Industrial Ergonomics, 23,

181-181.

57



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Dempsey, P.G., Sorock., G.S., Cotnam, J.P., Ayoub, M.M., Westfall, P.H., Maynard, W., Fathallah, F., and
O’Brien, N. (2000b). Field Evaluation of the Revised NIOSH Eguation. In: Proceedings of the X1V
Triennial Congress of the International Ergonomics Association and 44" Annual Meeting of the
Human Factors and Ergonomics Society {5¢724-5¢727). Santa Monica, CA; Human Factors and

Ergonomics Society.

Deyo, R.A., Rainville, J[., and Kent, D.L. (1992). What Can the History and Physical Examination Tell Us
About Low Back Pain? JAMA, 268(6), 760-765.

Flegal KM, Keyl PM, Nieto FJ. (1991). Differential misclassitication arising from non-differential errors in

exposure measurement. Am J Epidemiol, 134,1233-1244,
Frymoyer, J.W. (1988). Back Pain and Sciatica. New England Journal of Medicine, 318(5), 291-300.

Frymoyer, J.W. (1989). Helping your patients avoid low back pain. The Journal of Musculeskeletal
Medicine, 6(5), 83-101.

Gagnon, M., and Smyth, G. (1991). Muscular mechanical energy expenditure as a process for detecting

potential risks in manual material handling. J. Biomechanics, 24, 191-203.

Garg, A. (1989). An evaluation of the NIOSH Guidelines for Manual Lifting, with Special Reference to
Horizontal Distance. Am Ind Hyg Assoc J, 50, 157-164.

Griffith, C.J. (1992). Low Back Pain: Clinical Presentation, Diagnosis, and Treatment. Physician

Assistant, 16(1), 86-989.
Hagberg, M. (1992). Exposure variables in ergonomic epidemiology. Amer J Ind Med, 21, 91-100.

Hull, F.M. {1982). Diagnosis and prognosis of low back pain in three countries. J R Coll Gen Pract, 32,
352-354,

Jager, M., Jordan, K., Luttmann, A., and Laurig, W. (2000). Evaluation and assessment of lumbar load
during total shifts for occupational materials handling sjobs within the Dortmund Kumbar Load Study -

DOLLY, International Journal of Industrial Ergonomics, 25, 553-571.

Karhu, O., Kansi, P., and Kourinka, I. (1977). Correcting working postures in industry: A practical method

for analysis. Applied Ergonomics, 8, 199-210.

Kelsey, J.L. (1975a). An Epidemiolcgical Study of Acute Herniated Lumbar Inter-vertebral Discs.
Rheumatology and Rehabilitation, 14, 144-159.

58



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Kelsey, J.L. {1975b}. An Epidemiological Study of the Relationship Between Occupations and Acute

Herniated Lumbar Inter-vertebral Discs. International Journal of Epidemiology, 4(3}, 197-205.

Kilbém, A. {1994). Assessment of physical exposure in relation to work-related musculoskeltal ;orders-

what information can be obtained form systematic observations? Scand J Work Environ Health, 20,

30-45.

Kumar, S., and Davis, P.R. {1983). Spinal loading in static and dynamic postures: EMG and intra-

abdominal pressure study. Ergonomics, 26, 913-922.

Leamon, T.B. (1994}. Research to reality: A critical review of the validity of various criteria for the

prevention of cccupationally induced low hack pain, Ergonoemics, 37, 1959-1974.

Liles, D.H., and Mahajan, P. (1985). Using NIOSH Litting Guide Decreases Risk of Back Injuries.
Occupational Health and Safety, February, 57-60.

Liles, D.H., Deivanayagam, S., Ayoub, M.M,, and Mahajan, P. {1984). A Job Severity Index for the
Evaluation and Control of Lifting Injury. Human Factors, 26(6), 683-693.

Marras, W.S., Lavender, S.A., Leurgans, S.E., Rajulu, S.L., Allread, W.G., Fathallah, F.A., and Ferguson,
S.A. {(1993). The Role of Dynamic Three-Dimensional Trunk Motion in Occupationally-Related Low
Back Disorders. Spine, 18(5), 617-628.

Mital, A., and Ayoub, M.M. (1981). Effect of task variables and their interactions in lifting and lowering

tasks. American Industrial Hygiene Association Journal, 42, 134-142,

Mital, A., Nicholson, A.S., and Ayoub, M.M. (1983}. A Guide to Manual Materials Handling. London:

Taylor and Francis.

National Research Council. (1983}, Risk assessment in the federal government: managing the process

Washington, DC. National Acaderny Press.

NIOSH (1981). Work Practices Guide for Manual Lifting, NIOSH Technical Report No. 81-122.

Cincinnati, OH: U.S. Dept. of Health and Human Services, National Institute for Occupational Safety

and Health

Nordgren, B., Schéle, R. and Linroth, K. {1980). Evaluation and Prediction of Back Pain During Military
Field Service. Scand J Rehab Med, 12, 1-8.

59



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Pizatella, T.J., Putz-Anderson, V., Bobick, T.G., McGlothlin, J.D., and Waters, T.H. (1992). Understanding

and evaluating manual handling injuries: NIOSH research studies. Ergonomics, 35(9), 945-953.

Putz-Anderson, V., and Waters, T. (1991}. Revisions in NIOSH guide to manual lifting. Paper
presented at national conference entitled A National Strategy for Occupational Musculoskeletal Injury

Prevention - Implementation lIssues and Research Needs. University of Michigan. Ann Arbor,

Michigan.
Rowe, M.L. (1969). Low Back Pain in Industry: A Positicn Paper. J Qccup Med, 11(4}), 161-169.
Snook, S.H. (1978), The Design of Manual Handling Tasks. Ergonomics, 21, 953-985.

Snook, S.H., and Ciriello, V.M. (1991). The design of manual handling tasks: revised tables of maximum

acceptable weights and forces. Ergonomics, 34, 1197-1213.
Troup, J.D.G. (1981). Back Pain in Industry: A Prospective Survey. Spine, 6(1), 62-69,

Troup, J.D.G., Foreman, T.K., Baxter, C.E., and Brown, D. (1987). The Perception of Back Pain and the
Role of Psychophysical Tests of Lifting Capacity. Spine, 12(7), 645-657.

Venning, P.J., Walter, S.W., and Stitt, LW. (1987). Personal and Job-related Factors as Determinants of
incidence of Back Injuries Among Nursing Personnel. J Occup Med, 29(10), 820-825.

Waters, TR, Baron, SL, and Kemmilert, K. (1998). Accuracy of measurements for the revised NIOSH lifting
equation. Applied Ergonomics, 29(6):433-438.

Waters, T.R., Baron, S.L., Piacitelli, L.A., Anderson, V.P., Torsten, 5., Haring-Sweeney, M., Wall, D.K.
and Fine, L.J. {1999). Evaluation of the Revised NIOSH Lifting Equation: A Cross-sectional
Epidemiologic Study. Spine, 24, 386-395,

Waters, T.R., Putz-Anderson, V., and Baren, S. (1995). Health Hazard Evaluation Report No. 983-0920-
2548 Kroeger Grocery Warehouse, Cincinnati, OH, DHHS(NIOSH).

Waters, T.R., Putz-Anderson, V., Garg, A., and Fine, L.J. {1993). Revised NIOSH equation for the design

and evaluation of manual lifting tasks. Ergonomics, 36(7), 749-776.

Waters, T.R., Putz-Anderson, V., and Garg, A. (1993a). A Method for Assessing Multi-Task Lifting Jobs
Using the Revised NIOSH Lifting Equation. In W.S. Marras, W. Karwowski, J.L. Smith, and L.

Pacholski (eds.) The Ergonomics of Manual Work. London: Taylor and Francis.

60



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Waters, T.R., Putz-Anderson, V., Garg, A., and Fine, L.J. (1993b). Revised NIOSH equation for the

design and evaluation of manual lifting tasks. Ergonomics, 36(7}, 748-776.

Waters, T.R., Putz-Anderson, V., and Garg, A. (1984). Applications Manual for the Revised NIOSH
Lifting Equation DHHS(NIOSH) Publication No. 94-110. Cincinnati, OH: NIOSH.

61



FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Appendix A

Data Collection Forms
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eV

JOB ROTATION WORKSHEET

R1

Evaluated by (Name)

Office

Date

Subject Name

Company Name

Location

SIC Code

Shift Average Duration of Work Day (Hours)

Average Duration of Work Week (Days)

Restricted Duty (Y/N)

Rotation # Job Title (and # if any)

Department Name (and # if any)

Rotation Schedule (Hours/Day or Hours/Week)

1

2

s

~| | W

10

Customer Contact:
Name

Company

Title

Address

Phone #

Can Research Center call the customer contact directly to obtain OSHA logs? (Y/N)




eV

JOB ROTATION DESCRIPTION

R2

Rotation
#

Job Title (and # if any)

Department Name
{and # if any)

Description (Indicate (1) most stressful job, (2) most frequent ot second most stressful job)

10




-V

Company:

JOB ROTATION SKETCH OF WORKPLACE

Job Title: Subject Initials:

R3



Sv

Company:

JOB ROTATION TIME SCHEDULE

Job Title:

Subject Initials:

R4

Job Rotation #

TASK DESCRIPTION

Time
(e.g. 9:00-12:00 p.m.)

1

10










Liberty Mutual Research Center for Safety and Health
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME

SOCIAL SECURITY NUMBER

Date of Interview / /
Month  Day Year

Background Information

1.  Height ft in

2. Weight

3. Gender: Male___~ Female __

4. What is your date of birth? / /

Mo. Day YT,
5. When did you first start working for this employer, either permanently or temporarily?

/
Month Year

6.  Whatis your job title, or occupation?

5.  When did you first start working on this job?

{
Month Year
7. How many hours per day, on average, do you do this job? Hours
B. How many days per week, on average, do you do this job? Days

A-8



10.

11.

12.

13.

14.

15.
16.
17.

18.

What is the total percent of your day normally spent doing the following activities?

Lifting
Lowering
Pushing
Pulling
Holding
Carrying

How much time, per day, on average, are you in a vehicle commuting to and from work?

Hours Minutes

Have you filed a workers’ compensation claim during the last 12 months because of back pain?

Yes No

Do you exercise regularly (on average 3 or more times per week) outside of work?
Yes No
IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check all that appiy.

Woeight Lifting

Running/Jogging

Aerobics

Golf

Any Team Sport {including bowling, softball, etc.)

OCther {specify)
Do you currently smoke cigarettes? Yes No
IF YES, SMOKE: Cn average how many cigarettes a day do you smoke 7
IF YES, SMOKE: For how many years have you smoked?

Do you ever wear a back belt {support or brace) while doing this job?

Yes No

[F YES, HAVE WORN BAck BELT: When did you first start wearing it?

Month Year

A9



19. IF YES, HAVE WORN Back BELT: How often do you wear your back belt? {read cheices)

Always or most of the time
Sometimes or about half of the time
Very little or not at all

Only when handling heavy loads

20. [FYEes, Have WORN BACK BELT: What type of belt do/did you wear?

Stretchable:

some types of nylon, any material that stretches when pulled

Non-Stretchable:
for example, belts made of webbed nylon, leather, or other non-elastic

materials

We would like to send you a very short questionnaire (it will take 5 minutes or less) every 3 months for
about a year and a half to ask about your job and about whether or not you have been injured at work.
Also, we may want to call you once or twice during this period.

What is your home phone number? ( )
area code

What is your home address?

Street Address or PO Box

City State Zip Code

Sometimes it is difficult to locate participants if they move or change phone numbers. To help us with this we
ask for the name and address of two people who should know how to contact you in such instances (such as a
family member). In case we can't reach you for some reason to ask about where you're working, may we have
the name, address and phone number of a close relative or friend we can contact? We'll only use this if we

can not reach you by mail or phone,

Name:
Address:
Street Address or PO Box
City State Zip Code

A-10



LIBERTY
MUTUAL:

The Research Center for Safety and Health
71 Frankland Road
Hopkinton, MA 01748
(508) 435-9061
Liberty Mutual Research Center for Safety and Health

Informed Consent Form

Purpose of Study
The purpose of this study is to evaluate and describe tasks and workplaces where

materials are handled manually. Workers performing the manual tasks will be
interviewed. The primary goal of the study is to determine the relationships between
job demands and future occurrences of injury. Eventually, the results of the study will
be used to (re)design workplaces to minimize the probability of being injured.

Benefits
You will receive no direct benefit from your participation in this study but the
information gained may result in the improved health of workers who perform manual

handling tasks.

Risks
Since you will be doing your regular job, there will not be any risks beyond those you

encounter under normal working conditions.

Participation

Your participation in this study is strictly voluntary. You are free to decline to
participate in the study without penalty or question. You are also free to decline to
answer any questions. You will be under no pressure to continue. If you agree to
participate you will be interviewed, observed doing your job, and measurements will be
taken of a variety of your work tasks. General health and employment information will
also be collected. We would like to send you a very short questionnaire (takes less than
5 minutes to fill out) every 3 months during the next 1 1/2 years to ask whether or not
you are working in the same job and to ask about any recent injuries at work. Also, if
you are willing, we may wish to call you once or twice during the 1 1/2 year period to
ask you more details about your responses to the questions.

Videotaping
In this study, you may be videotaped as you perform your job for research purposes
only.

Initials

Page 1



LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road

Hopkinton, MA 01748

(508) 435-9061

Confidentiality
Our policy is to consider test data to be privileged. All data collected will be identified

by a subject number and not your name. Individual personal data gathered through the
questions will not be shared with your employer or anyone else. The questionnaire
data collected are strictly for research purposes. Any published work will not refer to
you by name, rather the results will be presented in a manner that summarizes or

averages the data.

Supervision

This study will be directly supervised by Patrick Dempsey, Ph.D. Questions or
comments about participation should be directed to Dr. Dempsey at (508} 435-9061
(x309). If, after contacting the above person, you do not feel that your concerns were
adequately addressed, you may contact Mr. Jim Klock, Director of Operations for the

Research Center at (508) 435-9061 (x303).

Consent
Please read the following statement and sign on the line below if you agree to

participate in the study.

I have read this document or it has been read to me and understand the
purpose of the study, and what is expected of me if I agree to participate. By signing
this consent form, I agree freely to participate in this study without any pressure
having been placed on me to do so.

Signature Date

Witness Date

Page 2



gl-v

VARIABLE WEIGHT JOB WORKSHEET

V1

Evaluated by (Name)

Office

Date

Company Name

Location

SIC Code

Subject Name

Job Title (and number if any)

Department Name (and number if any)

Shift

Average Duration of Work Day (hours)

Average Duration of Work Week (Days) | Restricted Duty (Y/N)

Job Description

Customer Contact:
Name

Company

Title

Address

Phone #

Can Research Center call the customer contact directly to obtain OSHA logs? (Y/N)




vV

Company:

VARIABLE WEIGHT SKETCH OF WORKPLACE

Job Title: Subject Initials:

V2



SV

VARIABLE WEIGHT TIME SCHEDULE

V3

Company: Job Title: Subject Initials:
Task Numbers Time
(From Pages 4 and 5) DESCRIPTION (e.g. 9:00-12:00 p.m.)







LIV

Company:

VARIABLE WEIGHT - Task Measurement Sheet 2

Job Title:

For tasks with variable weight, enter a "'V" in the Object Weight field.

Subject Initials:

\E

Task
Components

Measurements and Observations
(Use Material Handling Scale Kit If Needed)

TYPE

Lift
Lower
Push
Pull
Carry
Hold

Task
Group
(All)

Letter

Object
Weight
(Lift,
Lower,
Carry,
Hold)

LB.

Hand Height
(All)

Start  End
IN. IN.

Hand Distance
Away From
Body (lift,
lower)

Start End
IN. IN.

Significant

Control
(lift,
lower)

(lift,
lower)

Y/N S/M/L

Duration

Coupling
(lift,
lower)

G/F/P

Twisting
(lift, lower)

Start End

DEG. DEG.

Task
Frequency
(All)

Per
Minute

Pushing and
Pulling Forces

Initial Sustained
LB. LB.

Push
Pull or
Carry

Distance

Cycle
Time

MIN.

15)

16)

17)

18)

19)

20)

21

22)

23)

24)

25)

26)

27)

28)




8l-v

Company:

VARIABLE WEIGHT WORKSHEET

Job Title:

Subject Initials:

Measurements and Observations
(Use Objective Data or Estimates from the Workers)

Variable Weight
Task #
(From Pages 4 and 5)

Average
Object
Weight

LB.

Maximum
Object
Weight

LB.

Percentage of Loads in the Following Categories

0to 20
LB.
k)

21 to 40
LB.
%

4] to 60
LB.
%%

61 to 80
LB.
%

81 to 100
LB.
%

Over 100
LB.
%%

TOTAL

%

Objective
Data?
Yes/No

100

100

100

100

100

100

100

100

100

100

100

100

100

100

Vé



V7

100
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Liberty Mutual Research Center for Safety and Heaith
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME
SOCIAL SECURITY NUMBER
Date of Interview / /

Month  Day Year
Background Information
1, Height ft in
2, Weight
3. Gender: Male _ Female _____
4.  Whatis your date of birth? / /

Mo. Day Yr.
5. When did you first start working for this employer, either permanently or temporarily?

/
Month Year

B. What is your job title, or occupation?

5. When did you first start working on this job?

/
Month Year
7. How many hours per day, on average, do you do this job? Hours
8. How many days per week, on average, do you do this job? Days

A-20



10.

11.

12.

13.

14,

15.
16.
17.

18.

What is the total percent of your day normally spent doing the following activities?

Lifting
Lowering
Pushing
Pulling
Holding
Carrying

How much time, per day, on average, are you in a vehicle commuting to and from work?

Hours Minutes

Have you filed a workers' compensation claim duting the last 12 months because of back pain?

Yes No

Do you exercise regularly (on average 3 or more times per week) outside of work?
Yes No
IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check all that apply.

Weight Lifting

Running/Jogging

Aerobics

Golf

Any Team Sport (including bowling, softball, etc.)

Other (specify)
Do you currently smoke cigarettes? Yes No
IF YES, SMOKE: On average how many cigarettes a day do you smoke ?
IF YES, SMOKE: For how many years have you smoked?

Do you ever wear a back belt (support or brace) while doing this job?

Yes No

IF YES, HaveE WoRN BAaCcK BELT: When did you first start wearing it?

Month Year

A-21



19. IF YES, HAVE WORN BACK BELT: How often do you wear your back beit? (read choices)

Always or most of the time
Sometimes or about haif of the time
Very litlle or not at all _

Only when handling heavy loads

20. IFYEs, HAVE WORN BACK BELT: What type of belt do/did you wear?

Stretchable:

some types of nylon, any material that stretches when pulled

Non-Stretchable:

for example, belts made of webbed nylon, leather, or other non-elastic

materials

We would like to send you a very short questionnaire (it will take 5 minutes or less) every 3 months for
about a year and a half to ask about your job and about whether or not you have been injured at work.

Also, we may want to call you once or twice during this period.

What is your home phone number? ( )
area code

What is your home address?

Strest Address or PO Box

City State Zip Code

Sornetimes it is difficult to locate participants if they move or change phone numbers. To help us with this we
ask for the name and address of two people who should know how to contact you in such instances (such as a
family member). In case we can't reach you for some reason to ask about where you're working, may we have
the name, address and phone number of a close relative or friend we can contact? We'll only use this if we

can not reach you by mail or phone.

Name:
Address:
Street Address or PO Box
City State Zip Code
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LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road
Hopkinton, MA 01748
(508) 435-9061
Liberty Mutual Research Center for Safety and Health

Informed Consent Form

Purpose of Study
The purpose of this study is to evaluate and describe tasks and workplaces where

materials are handled manually. Workers performing the manual tasks will be
interviewed. The primary goal of the study is to determine the relationships between
job demands and future occurrences of injury. Eventually, the results of the study will
be used to (re)design workplaces to minimize the probability of being injured.

Benefits
You will receive no direct benefit from your participation in this study but the
information gained may result in the improved health of workers who perform manual

handling tasks.

Risks
Since you will be doing your regular job, there will not be any risks beyond those you

encounter under normal working conditions.

Participation

Your participation in this study is strictly voluntary. You are free to decline to
participate in the study without penalty or question. You are also free to decline to
answer any questions. You will be under no pressure to continue. If you agree to
participate you will be interviewed, observed doing your job, and measurements will be
taken of a variety of your work tasks. General health and employment information will
also be collected. We would like to send you a very short questionnaire (takes less than
5 minutes to fill out) every 3 months during the next 1 1/2 years to ask whether or not
you are working in the same job and to ask about any recent injuries at work. Also, if
you are willing, we may wish to call you once or twice during the 1 1/2 year period to
ask you more details about your responses to the questions.

Videotaping
In this study, you may be videotaped as you perform your job for research purposes
only.

Initials

Page 1
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LIBERTY
MUTUAL:

The Research Center for Safety and Health
7! Frankland Road

Hopkinton, MA 01748

(508) 435-9061

Confidentiality
Our policy is to consider test data to be privileged. All data collected will be identified

by a subject number and not your name. Individual personal data gathered through the
questions will not be shared with your employer or anyone else. The questionnaire
data collected are strictly for research purposes. Any published work will not refer to
you by name, rather the results will be presented in a manner that summarizes or
averages the data.

Supervision

This study will be directly supervised by Patrick Dempsey, Ph.D. Questions or
comments about participation should be directed to Dr. Dempsey at (508) 435-9061
(x309). If, after contacting the above person, you do not feel that your concerns were
adequately addressed, you may contact Mr. Jim Klock, Director of Operations for the
Research Center at (508) 435-9061 (x303).

Consent
Please read the following statement and sign on the line below if you agree to

participate in the study.

I have read this document or it has been read to me and understand the
purpose of the study, and what is expected of me if I agree to participate. By signing
this consent form, I agree freely to participate in this study without any pressure
having been placed on me to do so.

Signature Date

Witness Date

Page 2
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Liberty Mutual Research Center for Safety and Health
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME

SOCIAL SECURITY NUMBER

Date of Interview / /
Month Day Year

Background Information

1. Height ft in

2. Weight

3. Gender: Male___ Female ____

4. What is your date of birth? / /

Mo. Day Yr.

5. When did you first start working for this employer, either permanently or temporarily?

/
Month Year

6. What is your job title, or occupation?

5.  When did you first start working on this job?

/
Month Year

7. How many hours per day, on average, do you do this job? Hours

8. How many days per week, on average, do you do this job? Days

A-25



10.

11.

12,

13.

14.

15.
16.
17.

18.

What is the total percent of your day normally spent deing the following activities?

Lifting
Lowering
Pushing
Pulling
Holding
Carrying

How much time, per day, on average, are you in a vehicle commuting to and from

work?
Hours Minutes

Have you filed a workers’ compensation claim during the last 12 months because of
back pain?
Yes No

Do you exercise regularly (on average 3 or more times per week} outside of work?

Yes No
IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check all that apply.

Weight Lifting

Running/Jogging

Aerobics

Golf

Any Team Sport (including bowling, softball, etc.)
Other (specify}

Do you currently smoke cigarettes? Yes No

IFYES, SMOKE:  On average how many cigarettes a day do you smoke ?
IFYES, SMOKE:  For how many years have you smoked?

Do you ever wear a back belt (support or brace) while doing this job?

Yes No
IF YES, HAVE WORN BACK BELT: When did you first start wearing it?

Month Year

A-26



3
19. IF YES, HAVE WORN BACK BELT: How often do you wear your back belt? (read choices)

Always or most of the time
Sometimes or about half of the time
Very little or not at all

Only when handling heavy loads

20. IFYES, HAVE WORN BACK BELT: What type of belt do/did you wear?

Stretchable:
some types of nylon, any material that stretches when pulied

Non-Stretchable:
for example, belts made of webbed nylon, leather, or other
non-elastic materials

We would like to send you a very short questionnaire (it will take 5 minutes or less)
every 3 months for about a year and a half to ask about your job and about whether or
not you have been injured at work. Also, we may want to call you once or twice during

this period.

What is your home phone number? ( )
area code

What is your home address?
Street Address or PO Box

City State Zip Code

Sometimes it is difficult to locate participants if they move or change phone numbers. To
help us with this we ask for the name and address of two people who should know how to
contact you in such instances (such as a family member)}. In case we can't reach you for
some reason to ask about where you're working, may we have the name, address and phone
number of a close relative or friend we can contact? We'll only use this if we can not

reach you by mail or phone.

Name:
Address:
Street Address or PO Box
City State Zip Code
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STANDARD JOB WORKSHEET

S1

Evaluated by (Name)

Office

Date

Company Name

Location

SIC Code

Subject Name

Job Title (and number if any)

Department Name (and number if any)

Shift

Average Duration of Work Day (hours)

Average Duration of Work Week (Days) | Restricted Duty (Y/N)

Job Description

Customer Contact:
Name

Company

Title

Address

Phone #

Can Research Center call the customer contact directly to obtain OSHA logs? (Y/N)




GcvY

Company:

STANDARD JOB SKE CH OF WORKPLACE

Job Title: Subject Initials:

S2



oe-v

STANDARD JOB TIME SCHEDULE

S3

Company: Job Title: Subject Initials:
Task Numbers Time
(From Pages 4 and 5) DESCRIPTION (e.g. 9:00-12:00 p.m.)










Liberty Mutual Research Center for Safety and Health
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME

SOCIAL SECURITY NUMBER

Date of Interview / /
Month  Day Year

Background Information

1. Height ft in

2, Weight

3. Gender: Male_____  Female

4.  Whatis your date of birth? / /

Mo. Day Yr.
5. When did you first start working for this employer, either permanently or temporarily?

/
Month Year

6. What is your job title, or occupation?

5. When did you first start working on this job?
/

Month Year
7. How many hours per day, on average, do you do this job? Hours
8. How many days per week, on average, do you do this job? Days
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10.

11.

12.

13.

14.

15.
16.
17.

18.

What is the total percent of your day normally spent doing the following activities?

Lifting ____
Lowering
Pushing
Pulling
Holding
Carrying

How much time, per day, on average, are you in a vehicle commuting to and from work?

Hours Minutes

Have you filed a workers’ compensation claim during the last 12 months because of back pain?

Yes No

Do you exercise regularly (on average 3 or more times per week) outside of work?

Yes No

IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check all that apply.

Weight Lifting

Running/Jogging

Aerobics

Golf

Any Team Sport {including bowling, softball, etc.)

Other (specify)
Do you currently smoke cigarettes? Yes No
IF YES, SMOKE: On average how many cigarettes a day do you smiocke ?
IF YES, SMOKE: For how many years have you smoked?

Do you ever wear a back belt (support or brace) while doing this job?

Yes No

IF YES, HAVE WORN BACK BELT: When did you first start wearing it?

Month Year
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19. IF YES, HAVE WORN BACK BELT: How often do you wear your back beit? {read choices)

Always or most of the time
Sometimes or about half of the time
Very little or not at all

Only when handling heavy loads

20. IFYES, HAvE WORN BACK BELT: What type of belt do/did you wear?

Stretchable:

some types of nylon, any material that stretches when pulled

Non-Stretchable:
tor example, belts made of webbed nylon, leather, or other non-elastic
materials
We would like to send you a very short questiornaire (it will take 5 minutes or less) every 3 months for

about a year and a half to ask about your job and about whether or not you have been injured at work.
Also, we may want to call you once or twice during this period.

What is your home phone number? ( )
area code

What is your home address?

Street Address or PO Box

City State Zip Code

Sometimes it is difficult to locate participants if they move or change phone numbers, To help us with this we
ask for the name and address of two people who should know how to contact you in such instances (such as a
family member}. In case we can't reach you for some reason to ask about where you're working, may we have
the name, address and phone number of a close relative or friend we can contact? We'll only use this if we

can not reach you by mail or phone,

Name:
Address:
Street Address or PO Box
City State Zip Code
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LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road
Hopkinton, MA 01748
(508) 435-9061
Liberty Mutual Research Center for Safety and Health

Informed Consent Form

Purpose of Study

The purpose of this study is to evaluate and describe tasks and workplaces where
materials are handled manually. Workers performing the manual tasks will be
interviewed. The primary goal of the study is to determine the relationships between
job demands and future occurrences of injury. Eventually, the results of the study will
be used to (re)design workplaces to minimize the probability of being injured.

Benefits
You will receive no direct benefit from your participation in this study but the
information gained may result in the improved health of workers who perform manual

handling tasks.

Risks
Since you will be doing your regular job, there will not be any risks beyond those you

encounter under normal working conditions.

Participation

Your participation in this study is strictly voluntary. You are free to decline to
participate in the study without penalty or question. You are also free to decline to
answer any questions. You will be under no pressure to continue. If you agree to
participate you will be interviewed, observed doing your job, and measurements will be
taken of a variety of your work tasks. General health and employment information will
also be collected. We would like to send you a very short questionnaire (takes less than
5 minutes to fill out) every 3 months during the next 1 1/2 years to ask whether or not
you are working in the same job and to ask about any recent injuries at work. Also, if
you are willing, we may wish to call you once or twice during the 1 1/2 year period to
ask you more details about your responses to the questions.

Videotaping
In this study, you may be videotaped as you perform your job for research purposes
only.

Initials

Page |
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LIBERTY
MUTUAL;

The Research Center for Safety and Health
71 Frankland Road

Hopkinton, MA Q1748

(508} 435-9061

Confidentiality
Our policy is to consider test data to be privileged. All data collected will be identified

by a subject number and not your name. Individual personal data gathered through the
questions will not be shared with your employer or anyone else. The questionnaire
data collected are strictly for research purposes. Any published work will not refer to
you by name, rather the results will be presented in a manner that summarizes or
averages the data.

Supervision

This study will be directly supervised by Patrick Dempsey, Ph.D. Questions or
comments about participation should be directed to Dr. Dempsey at (508) 435-9061
(x309). If, after contacting the above person, you do not feel that your concerns were
adequately addressed, you may contact Mr. Jim Klock, Director of Operations for the

Research Center at (508) 435-9061 (x303).

Consent
Please rcad the following statement and sign on the line below if you agree to

participate in the study.

I have read this document or it has been read to me and understand the
purpose of the study, and what is expected of me if I agree to participate. By signing
this consent form, I agree freely to participate in this study without any pressure
having been placed on me to do so.

Signature Date

Witness Date

Page 2
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8E-v

WAREHOUSING/COMPLEX JOB WORKSHEET

w1

Evaluated by (Name)

Office

Date

Company Name

Location

SIC Code

Subject Name

Job Title (and number if any)

Department Name (and number if any)

Shift

Average Duration of Work Day (hours)

Average Duration of Work Week (Days) | Restricted Duty (Y/N)

Job Description

Customer Contact;
Name

Company

Title

Address

Phone #

Can Research Center call the customer contact directly to obtain OSHA logs? (Y/N)




68V

Company:

WAREHOUSING/COMPLEX JOB SKETCH OF WORKPLACE

Job Title: Subject Initials:

W2



ov-v

Company:

WAREHOUSING/COMPLEX JOB TIME SCHEDULE

Job Title:

Subject Initials:

W3

JOB ACTIVITY
{e.g. Order Picking; Paper work)

DECRIPTION OF ACTIVITY

Time
(e.g. 9:00-12:00 p.m)










gv-v

OTHER MMH TASKS:

Measure other (up to FIVE) major MMH tasks that the workers perform besides the typical task measured above (order picking).

TYPE Object Hand Height Hand Distance I Significant | Duration | Coupling Twisting Task Pushing and Push
Weight Away From Control (lift, (lift, (lift, lower) Frequency | Pulling Forces Pull or

Lift (Lift, Body (lift, (lift, lower) lower) Carrying

Lower Lower, lower) lower) Distance

Push Carry,

Pull Hold)

Carmry Start  End Start  End Start  End Per Initial Sustained

Hold LB. IN. IN. IN. IN. Y/N S/M/L G/F/P DEG. DEG. Minute LB. LB. FT.

1

2

3

4

5

MOST STRESSFUL TASK:

Task (e.g. Picking Bags of Dog Food):

Was it Measured Above? Y/N If NO, Measure the appropriate task Information below:

TYPE Object Hand Height Hand Distance | Significant | Duration | Coupling Twisting Task Pushing and Push
Weight Away From Control (lift, (lift, (lift, lower) Frequency | Pulling Forces Pull or

Lift (Lift, Body (lift, (lift, lower) lower) Carrying

Lower Lower, lower) lower) Distance

Push Carry,

Pull Hold)

Carry Start End Start End Start End Per Initial Sustained

Hold LB. IN, IN. IN. IN. Y/N S/M/L G/F/P DEG. DEG. Minute LB. LB. FT.

W6



Liberty Mutual Research Center for Safety and Health
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME
S0CIAL SECURITY NUMBER
Date of Interview / /

Month  Day Year
Background Information
1.  Height ft in
2. Weight
3. Gender: Male Female __
4,  What is your date of birth? / !

Mo. Day Yr.

5. When did you first start working for this employer, either permanently or temporarily?

/
Month Year

6.  Whatis your job title, or occupation?

5. When did you first start working on this job?

/
Month Year
7. How many hours per day, on average, do you do this job? Hours
8. How many days per week, on average, do you de this job? Days
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10.

11.

12.

13.

14.

15.
18.
17.

18.

What is the total percent of your day normally spent doing the following activities?

Lifting
Lowering
Pushing
Pulling
Holding

Carrying

How much time, per day, on average, are you in a vehicle cornmuting to and from work?
Hours Minutes

Have you filed a workers’ compensation claim during the last 12 months because of back pain?

Yes No

Do you exercise regularly {on average 3 or more times per week) outside of work?

Yes No
IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check all that apply.

Weight Lifting

Running/Jogging

Aerobics

Golf

Any Team Sport {including bowling, softball, etc.)
Other (specify)

Do you currently smoke cigarettes? Yes No
IF YES, SMOKE: On average how many cigarettes a day do you smoke ?

[F YES, SMOKE: For how many years have you smoked?

Do you ever wear a back belt (support or brace) while doing this job?

Yes No,

IF YES, HAVE WORN BACK BELT; When did you first start wearing it?

Month Year
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19. IF YES, HAVE WORN BAcK BELT: How often do you wear your back belt? {read choices)

Always or most of the time

Sometimes or about half of the time
Verylittle ornot atall

OCnly when handling heavy loads

20. IFYEs, HavE WORN BAcK BELT: What type of belt do/did you wear?

Stretchable:

some types of nylon, any material that stretches when pulled

Non-Stretchable:

for example, belts made of webbed nylon, leather, or other non-elastic

materials
We would like to send you a very short questionnaire (it will take 5 minutes or less) every 3 months for

about a year and a half to ask about your job and about whether or not you have been injured at work.
Also, we may want to call you once or twice during this period.

What is your home phone number? )
area code

What is your home address?

Street Address or PO Box

City State Zip Code

Sometimes it is difficult to locate participants if they move or change phone numbers. To help us with this we
ask for the name and address of two people who should know how to contact you in such instances (such as a
family member). In case we can't reach you for some reason to ask about where you're working, may we have
the name, address and phone number of a close relative or friend we can contact? We'll only use this if we

can not reach you by mail or phone.

Name:
Address:
Street Address or PO Box
City State Zip Code

A-48



LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road
Hopkinton, MA 01748
(508) 435-9061
Liberty Mutual Research Center for Safety and Health

Informed Consent Form

Purpose of Study
The purpose of this study is to evaluate and describe tasks and workplaces where

materials are handled manually. Workers performing the manual tasks will be
interviewed. The primary goal of the study is to determine the relationships between
job demands and future occurrences of injury. Eventually, the results of the study will
be used to (re)design workplaces to minimize the probability of being injured.

Benefits
You will receive no direct benefit from your participation in this study but the
information gained may result in the improved health of workers who perform manual

handling tasks.

Risks
Since you will be doing your regular job, there will not be any risks beyond those you

encounter under normal working conditions.

Participation

Your parttcipation in this study is strictly voluntary. You are free to decline to
participate in the study without penalty or question. You are also free to decline to
answer any questions. You will be under no pressure to continue. If you agree to
participate you will be interviewed, observed doing your job, and measurements will be
taken of a variety of your work tasks. General health and employment information will
also be collected. We would like to send you a very short questionnaire (takes less than
5 minutes to fill out) every 3 months during the next 1 1/2 years to ask whether or not
you are working in the same job and to ask about any recent injuries at work. Also, if
you are willing, we may wish to call you once or twice during the 1 1/2 year period to
ask you more details about your responses to the questions.

Videotaping
In this study, you may be videotaped as you perform your job for research purposes

only.
Initials

Page 1
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LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road

Hopkinton, MA 01748

(508) 435-9061

Confidentiality
Our policy is to consider test data to be privileged. All data collected will be identified

by a subject number and not your name. Individual personal data gathered through the
questions will not be shared with your employer or anyone else. The questionnaire
data collected are strictly for research purposes. Any published work will not refer to
you by name, rather the results will be presented in a manner that summarizes or
averages the data.

Supervision

This study will be directly supervised by Patrick Dempsey, Ph.D. Questions or
comments about participation should be directed to Dr. Dempsey at (508) 435-9061
(x309). If, after contacting the above person, you do not feel that your concerns were
adequately addressed, you may contact Mr. Jim Klock, Director of Operations for the
Research Center at (508) 435-9061 (x303).

Consent
Please read the following statement and sign on the line below if you agree to

participate in the study.

I have read this document or it has been read to me and understand the
purpose of the study, and what is expected of me if I agree to participate. By signing
this consent form, I agree freely to participate in this study without any pressure
having been placed on me to do so.

Signature Date

Witness Date

Page 2
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FIELD EVALUATION OF MANUAL MATERIALS HANDLING CRITERIA

Appendix B

Data Collection Instructions
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FieLD EVALUATION OF MANUAL MATERIALS HANDLING
CRITERIA

DATA COLLECTION INSTRUCTIONS
DATA COLLECTION FORMS

VERSION 21 - MARCH 22, 1999

RESEARCH CENTER FOR SAFETY & HEALTH
HOPKINTON, MASSACHUSETTS

TEXAS TECH UNIVERSITY
INSTITUTE FOR ERGONOMICS RESEARCH
LUBBOCK, TEXAS

© 1999 Liberty Mutual Group All Rights Reserved
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CHECKLIST

CUSTOMER COOPERATION

0 Information pamphlets
MATERIALS TO BRING

0 MMH Kit with Protractor

O Video cameras and tape (if available)
O Data Collection Instructions

O Data Collection Forms

O Copies of letter/consent form for subjects

JOB SELECTION
0 No patient handling
0 No vehicle drivers

O No Jobs involving substantial seasonal work

DATA COLLECTION
O Consent forms
O Questionnaires
O Job Worksheet Packets
* Standard job Packet
» Warehousing/Complex Job Packet,
* Job Rotation Packet,
* Variable Weight Packet

0 OSHA 200 Logs for past year (or 3 years if available)
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Project Management Contacts

Principal Investigator

Patrick G. Dempsey, Ph.D.

Liberty Mutual Research Center for Safety and Health
71 Frankland Road

Hopkinton, MA 01748

Phone: (508) 435-9061 X309

SDN: 8-446-2309

FAX: (508) 435-8136

E-mail: patrick.dempsey@libertymutual.com

Questions concerning data collection procedures or the study in general should be
directed to Patrick.

Product Manager of Ergonomics and Manufacturing Technology

Wayne Maynard

Liberty Mutual Group

175 Berkeley Street

Boston, MA 02117

Phone: (617) 357-9500 X42676

SDN: 8-444-2676

FAX: (617) 357-5349

E-mail: wayne.maynard@libertymutual.com

Questions concerning administrative details and other related questions should be
directed to Wayne.
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2.5.c Holding frequency (ha!ds per mmure) ...................................................................................................... 14
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4.0 COMPLETING WAREHOUSING /COMPLEX. JOB WORKSHEETS......covinmnimsimnsememmmsnninrie 16
5.0 COLLECTING JOB ROTATION WORKSHEETS ....cccuonmmmemmsrmrommersrssasissisinsnsissssssississssssssssassssssssssssssss 17
6.0 INJURY DATA..covnrmemeirenene . RO e 18
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Incentives

* As incentives for participating in this study, participating locations can select ONE of
the following:

e One (1) free copy of CompuTask™ with single user license

e Two (2) free Summit Training video rentals

e Any one (1) "5-Minute Safety Video" of their choice
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1.0 SELECTING LOCATIONS, TASKS AND SUBJECTS

1.1 Location Selection

One of the first steps involved in the study will be selecting locations to participate.
Please use the following guidelines as a starting point in this process:

a. Select locations with whom you have good working relationships.

b. Select locations with stable jobs (no seasonal schedules or job rotation periods of
more than one week).

c. Select locations with sufficient MMH jobs.

1.2 Job Selection

A critical step in the process of collecting the data is selecting those jobs that will be
analyzed.

The following EXCLUSION criteria must be adhered to when selecting jobs for the study:
a. Jobs where workers perform patient handling.
b. Jobs which involve substantial vehicle driving.

c. Jobs involving seasonal work.

The following INCLUSION criteria should be used when selecting jobs for the study:

a. Jobs with few component tasks, i.e., try to select jobs that have fewer distinct
MMH tasks.

b. Select jobs with the least day-to-day variation. We have to assume the data
collected are a reasonable representation of what the worker does every day.

¢. Jobs with multiple workers are useful as they will save you time if you select
several workers.

d. Include a variety of job types with respect to the MMH demands, not just very
stressful jobs.
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1.3 Subject Selection

Subjects will be selected from the jobs that qualify for the study. Please use the
following criteria to select subjects:

a. Subjects must be full-time employees.
b. Subjects must have 1 week of experience.
c. Select male and female subjects.

d. Subjects must be willing to participate.

1.3a Gathering Subject Data

In addition to job, task, and workplace data, data on the individual subjects selected for
participation will be required. To collect these data, you will need to interview the
subjects. These data are as important as the other data. Subjects will also have to fill
out a consent form. If subjects are uncomfortable about answering certain questions,
they do not have to answer them. However, if subjects do not answer a question, please
do not leave the space in the questionnaire blank. Indicate that the subject chose not to
answer by putting the letters '/RA' (Refused to Answer) in the space provided.

1.4 Types of Jobs to be Studied:

This section briefly discusses each of the major classes of jobs that will be included in
the study. The specific details of how to collect data for each of these job types will be
discussed in more detail later.

Standard Jobs refers to jobs in which the manual handling tasks that are performed from
day to day are identical or very similar. Examples include assembly tasks involving
lifting or lowering during each cycle, palletizing tasks of the same or similar products,
etc. In general, these jobs involve MMH tasks that stay the same (i.e.,, weight, hand
height, etc., for each task are quite stable).

Variable Weight Jobs refers to those jobs in which the MMH tasks performed remain
relatively stable, but the weight changes. For example, a worker in a machine shop may
operate a certain type of metal removing machine (such as a lathe or mill)
approximately once every 5 minutes. The process may require the worker to lift the
stock into the machine and out of the machine, but the weight of the workpiece varies
depending upon the product. In this case, the task parameters are measured, but
detailed information on the weight distribution will need to be collected.

Warehousing/Complex Jobs are acceptable for the study even though they involve many
different types of lifts/lowers and different loads. The way to collect data in these
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3

situations is to use a sampling strategy. Other than exclusively warehouse picking jobs,
there are situations in which a very large number of distinct MMH tasks are performed
(complex jobs}). These complex jobs will be analyzed in the same manner as
warehousing jobs. An example of a “complex” job would be unloading trucks
(assuming the same worker is not the driver, since significant driving excludes a job).

Job Rotation is acceptable for the study as long as the rotation schedule is regular and on
a daily or weekly basis as compared to a monthly or seasonal basis. At least one of the
jobs in a rotating schedule is required to have a significant MMH work component.
However, some information on each of the rotations will be required.

2.0 GATHERING WORKPLACE INFORMATION

A critical aspect of performing data collection will be deciding on the appropriate job
type and the corresponding packet of worksheets to complete. The flow chart in Figure
1 has been created to assist you in this process.

A great deal of care must be taken at the work site to identify and record relevant
information for each type of job. Since the purpose of the study is ultimately to provide
the customer with appropriate recommendations concerning the NIOSH equation and
CompuTask®, accurate information must be gathered to draw valid conclusions. All
jobs which fit the selection criteria will have af minimum the job description completed.
In addition to this form, the appropriate Job Evaluation Worksheets should be used to
record information on the task components or elements.

2.1 Choosing Appropriate Worksheets

There are four types of worksheets for each of the job types discussed in Section1.4.
Figure 1 illustrates a broad overview of the first step in the data collection, which is
selecting which worksheet to use. Some jobs involving manual handling will not be
included in the study for the reasons mentioned.

2.1.a If Job Description Is The Only Information Recorded

If the Job Description is the only information recorded about the job, please provide a
detailed explanation why. It is critical that you provide as much information as is
available since this information will be used to provide suggestions for future MMH
guidelines. If it does not fit on the first page, please use an additional sheet.
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Figure 1. Data Collection Flow Chart

Conduct a watk-through/interview of locations
you think have MMH jobs.

Job involves: patient
handling, or substantial

driving, or seasonal
work?

Yes] Don't collect data

Is rotation
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rofation? schedula

flexible? 4

Yes—HComp]ete Job Description Only

(s}
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Complete Job Rotation
Worksheat

Arg weights/MH

activities highly
varnable at different

Is job complex?
‘2

Yas

Yss—’ICGmplete Job Desaription Only
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Complete
Warehousing/Complex JobWorksheet

Does the degree of

|5 the job the same
axcapt vanabln
weight?

weight variability also

affect other variables, Yes—’.ICGmplete Job Description Only

Yas.

ag., job shop tasks?

I L]

Comgplete Jeb Descriptionand Complete
Standard Joh Worksheet Varlable WeightWorksheat

1. Flexible work cells where employess choose frequency or type of rotation.
2. In temns of variabla Vertical/Herizontal distances, or weight, eg., warehouss picking.
3. Seasonal freight shipping/handling.

B-10



2.2 Completing Standard Job Worksheets

The four different types of Job Evaluation Worksheet Packets attached to the end of this
document were developed for recording the elements of each of the manual materials
handling tasks. A separate set of worksheets is provided for standard jobs,
warehousing/complex jobs, job rotation, and variable weight jobs. The use of the forms
is required to avoid omitting task elements essential for the study. The material
handling evaluation kit and protractor must be used for taking the necessary
measurements.

Whenever possible, the data collection procedures were designed to match the
CompuTask® procedures. However, in some cases, “Different from CompuTask®”
appears, indicating that the measurements need to be taken some other way. Please use
extra caution when measuring those variables with which you are not familiar.

2.2.a First Page of Worksheet

Record your name, office and the date on which the data are collected on the first line.
Following this are several cells concerning the work schedule, company information,
etc. For restricted (light) duty, place a yes or no depending on whether or not a
restricted duty policy is in place. For the job description, a brief clear, concise
description of the job should include the department name, job title, operation, etc. If
job rotation is involved, a description should be provided for each job that the worker
performs (even if MMH is not involved). Additional sheets may have to be attached for

this purpose.

The customer contact section should provide the name, address, and phone number of a
person at the site for purposes of obtaining follow-up data as well as for informing
locations about the progress of the study. Also, this person will be sent the executive
summary of the results. For the purposes of obtaining future OSHA 200 logs, ask the
contact if someone from the Research Center may contact him/her directly (Yes/No).

2.2.b Sketch of Workplace and Time Schedule

The Sketch of Workplace does not have to be completed, but is meant to serve as an aid
for data collection.

The Time Schedule is very important, and must be completed for all four types of
worksheet packets. There are two methods used for recording the time schedule.
Choose one of the following methods according to the type of worksheet completed:

» Standard Job or Variable Weight Worksheet- A time schedule (e.g., 8:00 a.m. - 10:00 a.m.)
along with a short description of each of the task components listed on pages 4 and 5
in these packets should be recorded.

B-11



6

 Job Rotation or Warehousing/Complex Worksheet - An overall time schedule (e.g., 8:00
a.m. - 10:00 a.m.) should be completed for each job rotation/major activity indicated
on page 1 of these worksheet packets along with a short description of the major
tasks included in each category.

2.2.c Task Measurement Sheets

For all four types of worksheets, there are task measurement sheets for entering the
relevant job parameters so that the NIOSH Lifting Index can be calculated. The
measurements for all types of worksheets are detailed in the remainder of Section 2.
Specific instructions are also provided in Sections 3-5 for job rotation,
warehousing/ complex, and variable weight worksheets.

The Task Measurement Sheets should be completed as follows:

Task Components:

Enter the components in the sequence in which they occur in the task. A job can
consist of a single component tasks or may have multiple component tasks. Care
must be taken at this point.

* Single component task: In a single component task, only one component is
performed at a time. For example, lifting for one hour followed by carrying
for the next hour, and then lowering for a third hour should be analyzed as

three single components.

e Multiple component tasks: A multiple component task occurs when two or
more components are performed before handling another object. For
example, a multiple component task having three components would be
lifting an object, carrying the object, lowering the object and then returning
for the next object.

» Stacking or Palletizing: The manual transfer of each item to or from each
separate level of a stacking or palletizing operation must be considered and

analyzed as a separate task.

A task should be considered unique if:

(1) The task type (push, pull, lift, lower, carry, hold) is different from all other
tasks performed.

(2) Any of the variables required for a task type is different (e.g., the weight of
the load is heavier or lighter, the box must be lifted 5 inches higher, etc.).
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Task Grouping:

Please indicate task groupings by adding a common letter next to tasks that are
performed simultaneously. For example, if a worker performs a lift, a push, a lower,
and then repeats this sequence for 2 hours, these tasks are performed simultaneously.
Put an A next to all these. On the other hand, if the worker lifts for 1 hr., followed by
pushes for 1 hr., then the lift would be assigned an A and the pushes a B.

Standard /Job Rotation/Variable Weight Worksheets- If more than 5 task groupings
involve MMH, then only five task groupings should be analyzed and reported on the
form. Similar to selecting jobs, the analyst needs to select the 5 most stressful MMH
task groupings completed by the operator in the job. Included in these five should be
the task component that comprises the largest percentage (of time) of the work cycle. If
the task that is done for the largest percentage of time is not among the 5 most stressful
MMH tasks, then the 4 most stressful tasks should be analyzed in addition to the task
done for the longest duration.

2.3 Lifting /lowering tasks:

2.3.a Object Weight (pounds)

If the weight of the object is not indicated on the object itself, it can be determined by
weighing the object on a scale in the facility, or by using the spring scale in our kit.
Enter the weight to the closest pound.

Variable Weight Worksheet- If the weight is variable for the task being analyzed, puta
"V" in this column and fill out a line on the Variable Weight Data Sheet for this task.
Refer to Section 3.0 for specific instructions regarding the variable weight worksheet.

2.3.b Hand Height (inches) (start and end of lift /lower)

Enter the average height of the two hands (using the middle knuckle as a reference
point) above the floor at the start and at the end of the lift/lower. Enter the hand height
to the closest inch.

2.3.c Horizontal Hand Distance (inches) (start and end of
1ift /lower):

THIS IS DIFFERENT FROM CompuTask®.



This measure is the distance from the mid-point of the hand grasps (the worker’s large
middle knuckle) projected down to the floor to the mid-point of the line joining the
inner ankle bones during performance of the component and must be measured at the
start and end of the lift/lower. If the two hands are kept at different distances, enter the
average. This horizontal location measure is illustrated in Figure 2. Enter the hand

distance to the closest inch.

VERTICAL

POINT OF
TOP VIEW PROJECTION

f

HORIZONTAL g4
LOCATION J

HORIZONTAL

LATERAL

e
}/‘ MID-POINT BETWEEN
INNER ANKLE BONES

v VERTICAL
LOCATION

r

= HORIZONTAL

MID-POINT BETWEEN L—H—*
INNER ANKLE BONES HORIZONTAL POINT OF PROJECTION
Loc

Figure 2. Graphic representation of hand locations. Horizontal location refers to
hand distance and vertical location refers to hand height.
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NOTE: In cases where hand distance absolutely cannot be measured directly, then it may
be estimated as follows:

(1} When hand height at start or end of lift/lower is > 10 inches: Hand
distance =8 + W/2

(2)  When hand height at start or end of lift/lower is < 10 inches: Hand
distance =10 + W/2

W is the width of the container.

2.3.d Significant Control at Destination (Yes or No):
Significant control is “Yes” when the worker must do one or more of the following;:
a. Re-grasp the load near the destination of the lift/lower.
b. Momentarily hold the object (“hover”) at the destination.
c. Position or guide the load at the destination.
If significant control is required, enter a Yes on the data collection sheet. If significant
control is not required, then enter No.
2.3.e Duration (Short, Moderate or Long):

Duration is classified as short, moderate, or long. The durations are defined by the
relationship between work time (WT) and recovery time (RT). Work time is simply

the length of time during which the worker is lifting or lowering. Recovery time
includes any time after the lifting/lowering task that the worker is resting or
performing non-strenuous activities. The following definitions can be used:

Short duration: Tasks with work times of 1 hour or less (0-60 min.)
followed by a recovery time of 1.2 times the task (ie., RT/WT=1.2).

Moderate duration: Tasks with durations between 1 and 2 hours (61-120
Min.) followed by a recovery period of at least 0.3 times the work time
(RT/WT = 0.3).

Long duration: Tasks with durations between 2-8 hours (>120 min.) with
standard breaks (coffee, lunch, etc.).



10

EXAMPLES:

It should be noted that if the recovery time is not long enough as described for short-
and moderate-duration tasks, it is disregarded for calculating duration. This is
illustrated in the examples below.

(1) A worker lifts continuously for 30 minutes followed by 10 minutes of light
work (i.e., recovery), then a 45-minute period during which lifts are
performed. Since the 10-minute recovery time (10 min.) is less than 1.2 times
the work time (36), the recovery time is disregarded. The 30 and 45 min.
periods are combined yielding a 75 minute period which is classified as
moderate duration.

30 10 45

30 minutes of lifting, 10 minutes rest, 45 minutes of lifting
10 minutes is less than 1.2 times the first work period, so rest period is ign

Work time is equal to 75 minutes

3U 45

No strenuous work afterwards - Duration is Moderate
45 minutes + of work afterwards - Duration is Long

(2) A worker performs lifts and lowers for 100 minutes followed by 10
minutes of rest. Following the break, the worker lifts continuously for 3
hours. Since the rest period (10 min.) is not at least 0.3 times the first work
period (100 minutes), the break is disregarded and a work period of 100 +
180 min. = 280 min., or slightly less than 5 hours is used. Thus, the task is
classified as having a long duration.

NOTE: If a rest time is not sufficient for either the short or medium duration
definitions, the rest time should be ignored, i.e. treat the determination as if
there was no break. Simply combine the time of the tasks before and after
the break and determine the duration of the “new” task.
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2.3.f Coupling (Good, Fair or Poor):

Coupling is classified into 1 of 3 categories: Good, Fair and Poor. Figure 3 provides a
decision tree for determining the coupling category. The table in the Appendix and
notes underneath it provide additional details about how to correctly characterize the
coupling of an object.

Decision Tree for Coupling Quality

Object Lifted

Container Loose Object
Optimal B
. ulk
Container? NO YES Objec)':?
< 16 in. wide )
< 12 in. high
Smooth surface NO
YES¢ POOR
Optimal ﬁ Optimal
Handles? CE‘.)rip’?
.75-1.5 in. diameter )
> 4.5 inches long Comfortable grip,
Optimal hand can be wrapped
Cutouts? NO around object
>1.5in. high, 4.5in. long
> 2 in. clearance, . NO YES
.25 in. thick container Fingers oo
YES NO Flexed 90°% <
+YES
FAIR
-
* GooD

Figure 3. Decision tree for deciding on coupling quality.

2.3.g Angle of Twist (i.e., Twisting) (degrees):

Record the angle of twist (asymmetry) in degrees for each component. Please be
cautious in that this angle refers to load asymmetry and not trunk twisting. As shown in
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Figure 4 angle A is defined as the angle between the sagittal plane and the center of the
load. Measure to the closest degree using the protractor.

SAGITTAL
PLANE

POINT OF ABYMMETRY ASYMMETRIC SAQITTAL
PROJECTION LINE ANQLE LINE

Figure 4. Definition of angle of twist (asymmetry).

The sagittal line can be estimated by placing your feet in a position similar to the
worker’s feet at the origin/destination of the lift. The sagittal line is a line extending
directly in front of you.
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2.3.h Task Frequency (lifts/lowers per minute):
THIS IS VERY DIFFERENT FROM CompuTask®.

Standard/Variable Weight/Job Rotation Worksheets- Task frequency is calculated
using a 15 minute observation period. The number of lifts/lowers performed during the
15 minute period is divided by 15 to provide the frequency in lifts/lowers per minute.
NOTE THAT FREQUENCY IS LIFTS PER MINUTE, NOT 1 LIFT EVERY X SEC./MIN.
AS IS THE CASE WITH CompuTask®. In cases where the task is machine-paced or very
steady, you may not need 15 minutes to obtain an accurate estimate. The frequency
must be determined for EACH distinct task. For example, unloading a pallet with 8
levels requires 8 distinct types of lifts/lowers with different parameters. In such a case,
the frequency is determined for each of the individual distinct tasks (levels) and not the
overall task. This is illustrated by the example provided later.

Warehouse /Complex Job Worksheet- Pick frequency is calculated by using a 15 minute
observation period of active picking. The number of picks performed during the 15
minute period is recorded to provide the frequency in picks per minute. Also, if
possible, obtain production standards or other information which specifies work rates.

2.3.i Cycle Time (minutes):

Cycle time is particularly relevant for repetitive tasks. Cycle time refers to the time it
takes to do one cycle, i.e. how long it takes to do a sequence of tasks before starting over
again. For example, if a worker lifts stock and loads a machine, performs several
drilling operations, then unloads the machine and lowers the stock, the cycle time
begins when the worker begins to lift the stock and ends when the worker places the
stock back where it was. Thus, cycle time does not necessarily include lifting, lowering,
etc. exclusively, but also includes other tasks.

2.4 Pushing and Pulling:

2.4.a Pushing and pulling forces:

These would normally need to be measured using the material handling kit's spring
scale. For pushing components, measure the force by pulling, since the force required
would be the same.

Initial force: Enter the amount of force necessary to start the object moving. Take three
measurements and enter the highest value in the column. Keep in mind that initial
force may be highest in areas where floor conditions are poor.
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Sustained force: Enter the amount of pushing or pulling force necessary to keep the

object moving. Since the scale will fluctuate somewhat, take three measurements and
enter the average in this column.

2.4.b Pushing/pulling distance (feet):

Record the distance load is pushed (closest foot).

2.4.c Pushing/pulling frequency (pushes/pulls per minute):

Frequency is calculated the same as for lifting /lowering tasks.

2.4.d Hand height (inches):

Record the height of knuckles above the ground.

2.5 Holding:

2.5.a Object weight being held (pounds):

If the weight of the object is not indicated on the object itself, it can be determined by
weighing the object on a scale in the facility, or by using the spring scale in our kit.
Enter the weight to the closest pound.

2.5.b Holding time (Minutes)

Record the length of time object is held. Use 1 decimal place of accuracy. This time
should be entered in the Duration column on the Task Measurement Sheet.

2.5.c Holding frequency (holds per minute)

Frequency is calculated the same as for lifting/lowering tasks.

2.5.d Hand height (inches)

Record the height of knuckles above the ground.
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2.6 Carrying:

2.6.a Weight being carried (pounds)

If the weight of the object is not indicated on the object itself, it can be determined by
weighing the object on a scale in the facility, or by using the spring scale in our kit.
Enter the weight to the closest pound.

2.6.b Carry distance (feet)

Record the distance the load is carried.

2.6.c Carrying frequency (holds per minute):

Frequency is calculated the same as for lifting /lowering tasks.

2.6.d Hand height (inches):

Record the height of knuckles above the ground.

3.0 COMPLETING VARIABLE WEIGHT JOB WORKSHEETS

As was mentioned earlier, “Variable Weight Jobs" refers to those jobs in which the
MMH tasks performed remain relatively stable, but the weight changes.

If the ‘“Object Weight' for a task varies, a "V’ should be placed on the task worksheet and
an entry for the task should be included on the Variable Weight Worksheet. This sheet

requires the following information:
(1) the average object weight;
(2}  the maximum object weight; and

(3) the percentage of objects lifted in the following categories (percentages should
sum to 100):

0 to 20 pounds,
21 to 40 pounds,
41 to 60 pounds,

61 to 80 pounds,
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81 to 100 pounds,
Over 100 pounds.

If possible, this information should be obtained from available company records or
objective data (production records, etc.). However, in some cases, the information will
need to be obtained by asking the workers to estimate these values based upon their
work experience. Estimates provided by workers are not going to be as precise as
objective measurements, but will still be of value to the study. If a worker provides
estimates that seem inaccurate based on your observations of the job, a supervisor
should be consulted regarding the values. In the last column of the Variable Load
Worksheet please indicate whether the information in the Table was obtained from
objective data (‘yes’ in this column) or from the worker ('no’ in this column). Objective
data refers to production planning or scheduling data, shipping data, etc. or by actually
weighing the objects using a scale.

4.0 COMPLETING WAREHOUSING /COMPLEX JOB
WORKSHEETS

A task sampling procedure will be used to gather the data for warehousing operations
or operations with many lifting and lowering tasks. Recall that these operations should
only be included if multiple workers are performing the same job. The analysis will
have to be conducted during a typical work day. It is anticipated that lifting/lowering
will be the primary job of workers involved in warehousing operations, but carrying
may also be a major component.

You need to make up to three critical observations for each of 15 different lifting tasks
(i.e., picks) that occur during the work shift. There will be three required observations
when the job requires the worker to lift or lower an item from a slot, carry the item
more than two steps, and then lift or lower the item to the pallet or whatever is used to
collect the items. In this case, the three observations are:

(1) The lift or lower from the slot (indicated as 1a. Initial Location (e.g. Pick Slot),
(2) The carry distance (last column), and
(3) The lift or lower to the pallet (indicated as 1b. Final Location (e.g. Pallet).

If the pallet is close enough that two steps or less are required, simply measure the
lift/lower parameters for the start (origin) and end (destination) of the lift or lower.

In all cases, the tasks selected should be representative of the breadth of lifting tasks
completed at the facility, but in all other ways should be randomly selected. For
instance, try not to analyze 15 lifting tasks that involve items that are unusually heavy.
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The subjects used in the analysis should be part of the normal work force. Information
for each of the 15 different lifting tasks observed should be entered into the
Warehousing/Complex Task Measurement Sheet. It is good to measure tasks
performed by several different workers, i.e., try not to measure all 15 tasks from the
same worker. Each sample should reflect how the individual that is being observed at
the time is completing the task and should not be biased by previous observations.
Object weight for the samples should reflect the object being lifted for the current task
and should not be marked "V’ for variable. A completed analysis for a warehousing
operation will include Warehousing/Complex Task Measurement Sheets #1 and #2
with data for the 15 different picking tasks observed for all workers that do the

warehousing job.

Other MMH Tasks- In addition to collecting data on 15 different lifting tasks grouped as
warehouse/complex jobs, you should also record information on other manual material
handling tasks. Measure other (up to five) MMH tasks that the worker performs (e.g.,
restacking 60 Ib. wood pallets).

Most Stressful Tasks- You will also need to obtain information on the most stressful task
performed. This task MAY be included as one of the 15 different lifting tasks from page
W4 - W5. Selecting the tasks that are most stressful in terms of MMH will have to be
done based on your personal expertise and judgment. Work tasks that tend to be most
stressful involve heavy loads, longer reaches, twisting during the lift, and high
frequencies. Both the workers and their supervisors should be consulted in making this

determination.

Warehouse/Complex Job Worksheet- Pick frequency is calculated by using a 15 minute
observation period of active picking by one worker. A 15-minute period that
approximates the average pick rate should be selected. The number of picks performed
during the 15 minute period is recorded to provide the frequency in picks per minute.
Also, if possible, obtain production standards or other information which specifies

work rates.

Once the job data is collected, you should perform interviews on as many workers as
possible that perform that job.

5.0 COLLECTING JOB ROTATION WORKSHEETS

“Job Rotation” refers to formal job rotation or situations where different sets of MMH
tasks are done at different times throughout the day. For instance, a production worker
may spend the better part of his/her day working on a line, but may also spend some
time palletizing. Although this may not be “Job Rotation” in the strict sense, the work
pattern very much resembles work that is part of formal job rotation schemes.

For jobs that involve job rotation, the following rules should be followed in completing
worksheets on page 5 - 6 in the Job Rotation Packet. If the work schedule includes only
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two different jobs, then Task Measurement Sheet on page 5-6 should be completed. If
more than two jobs are involved, you will need to determine: (1) the job that is most
stressful in terms of MMH (record data on page 5, Most Stressful Rotation); and (2) the
job involves MMH and comprises the largest percentage of the work rotation cycle
(record data on page 6, Second Most Stressful Rotation). If all jobs are done for an equal
amount of time, the first and the second most stressful MMH related jobs should be
selected. Regardless of the number of jobs being performed by the worker, only two
jobs should be selected for analysis.

Selecting the jobs that are most stressful in terms of MMH will have to be done based
upon your personal expertise and judgment. Work tasks that tend to be most stressful
involve heavy loads, longer reaches, twisting during the lift, and high frequencies. Both
the workers involved in the job and their supervisors should be consulted in making
this determination. Once the two rotations are selected, they should be analyzed in the
same manner as standard jobs.

6.0 INJURY DATA

Please obtain a copy the OSHA 200 log at the beginning of the study for the current
year, as well as the last three years if possible. You will also need to follow up with the
customer contact to obtain the OSHA log at year end if customer cannot be contacted by
the Research Center.
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COUPLING CLASSIFICATION
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A-2

GOOD

FAIR

POOR

1. For containers of
optimal design, such as
some boxes, crates, etc., a

“Good” hand-to-object
coupling would be
defined as handles or
hand-hold cut-outs of

optimal design {see notes
1 to 3 below].

1. For containers of
optimal design, a “Fair”
hand-to-object  coupling
would be defined as
handles or hand-hold
cutouts of less than
optimal design [see notes
1 to 4 below].

1. Containers of less than
optimal design or loose
parts or irregular objects
that are bulky, hard to
handle, or have sharp
edges [see note 5 below].

2. For loose parts or
irregular objects, which
are not usually
containerized, such as
castings, stock, and
supply materials, a

“Good” hand-to-object
coupling would be
defined as a
comfortable grip in

which the hand can be
easily wrapped around
the object [see note 6
below].

2. FPor containers of
optimal design with no
handles or hand-hold cut-
outs or for loose parts or
irregular objects, a “Fair”
hand-to-object coupling is
defined as a grip in which
the hand can be flexed
about 90 degrees [see note
4 below].

2. Lifting non-rigid bags
(i.e. bags that sag in the
middle).

1. An optimal handle design has .75 - 1.5 inches diameter, = 4.5 inches length, 2
inches clearance, cylindrical shape, and a smooth, non-slip surface.

2. An optimal hand-hold cut-out has the following approximate characteristics: =

1.5 inch height, 4.5 inch length, semi-oval shape,

2 inch clearance, smooth

non-slip surface, and = 0.25 inches container thickness (e.g. double thickness

cardboard).

3. An optimal container design has =

height, and a smooth, non-slip surface.

16 inches frontal length, = 12 inches

4. A worker should be capable of clamping the fingers at nearly 90° under the
container, such as required when lifting a cardboard box from the floor.
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5. A container is considered less than optimal if it has a frontal length > 16
inches, height > 12 inches, rough or slippery surfaces, sharp edges,
asymmetric center of mass, unstable contents, or requires the use of gloves. A
loose object is considered bulky if the load cannot easily be balanced between
the hand grasps.

6. A worker should be able to comfortably wrap the hand around the object
without causing excessive wrist deviations or awkward postures, and the
grip should not require excessive force.
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APPENDIX B

“Standard Job” DATA COLLECTION WORKSHEETS
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6c-d

STANDARD JOB WORKSHEET

S1

Evaluated by (Name)

Office

Date

Company Name

Location

SIC Code

Subject Name

Job Title (and number if any)

Department Name (and number if any)

Shift

Average Duration of Work Day (hours)

Average Duration of Work Week (Days) | Restricted Duty (Y/N)

Job Description

Customer Contact:
Name

Company

Title

Address

Phone #

Can Research Center call the customer contact directly to obtain OSHA logs? (Y/N)




oe-d

Company:

STANDARD JOB SKETCH OF WORKPLACE

Job Title: Subject Initials:

S2



le-d

Company:

Task Numbers

STANDARD JOB TIME SCHEDULE

Job Title:

Subject Initials:

S3

(From Pages 4 and 5)

DESCRIPTION

Time
(e.g. 9:00-12:00 p.m.)




ce-g

Company:

STANDARD JOB - Task Measurement Sheet 1
Job Title:

Subject Initials:

S4

Task
Components

Measurements and Observations
(Use Material Handling Scale Kit If Needed)

TYPE

Lift
Lower
Push
Pull
Carry
Hold

Task
Group
(AlD)

Letter

Object
Weight
(Lift,
Lower,
Carry,
Hold)

LB.

Hand Height Hand Distance | Significant | Duration | Coupling Twisting Task Pushing and
(All) Away From Control (lift, (Lift, (lift, lower) Frequency | Pulling Forces
Body (lift, (lift, lower) lower) (All)
lower) lower)

Start End Start End Start End Per Initial Sustained
IN, IN, IN. IN. Y/N SIM/L G/F/P DEG. DEG. Minute LB. LB.

Push
Pull or
Carrying
Distance

Cycle
Time

MIN.

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

|§))]

12)

13)

14)




£e-4

Company:

STANDARD JOB - Task Measurement Sheet 2

Job Title: Subject Initials:

S5

Task
Components

Measurements and Observations
(Use Material Handling Scale Kit If Needed)

TYPE

Lift
Lower
Push
Pull
Carry
Hold

Task
Group
(All)

Letter

Object
Weight
(Lift,
Lower,
Carry,
Hold)

LB.

Hand Height Hand Distance | Significant | Duration | Coupling Twisting Task Pushing and Push
(All) Away From Control (Lift, (lift, (lift, lower) Frequency | Pulling Forces { Pull or

Body (lift, (lift, lower) lower) (All) Carry
lower) lower) Distance

Start End Start End Start End Per Initial Sustained FT.
IN. IN. IN. IN. Y/N S/M/L G/F/p DEG. DEG. Minute LB. LB.

Cycle
Time

MIN.

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)




Liberty Mutual Research Center for Safety and Health
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME
SOCIAL SECURITY NUMBER
Date of Interview / /

Month  Day Year
Background Information
1. Height ft in
2. Weight
3. Gender: Male _~ Female _____
4, What is your date of birth? / /

Mo. Day Yr.

5, When did you first start working for this employer, either permanently or temporarily?

/
Month Year

6. What is your job titie, or occupation?

5. When did you first start working on this job?

/
Month Year
7. How many hours per day, on average, do you do this job? Hours
8. How many days per week, on average, do you do this job? Days
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10.

11.

12.

13.

14.

15,
16.
17.

18.

What is the total percent of your day normally spent doing the following activities?

Lifting

Lowering

Pushing

Pulling

Holding

Carrying

How much time, per day, on average, are you in a vehicle commuting to and from work?

Hours Minutes

Have you filed a workers' compensation claim during the last 12 months because of back pain?

Yes No

Do you exercise regularly {on average 3 or more times per week) outside of work?

Yes No

IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check all that apply.

Weight Lifting

Running/Jogging

Aerobics

Golf

Any Team Sport (including bowling, softball, etc.)

Other (specify)
Do you currently smaoke cigarettes? Yes No
[F YES, SMOKE: On average how many cigarettes a day do you smoke ?
IF YES, SMOKE: For how many years have you smoked?

Do you ever wear a back belt (support or brace) while doing this job?

Yes No

IF YES, HAvE WORN BACK BELT:  When did you first start wearing it?

Month Year
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19. IF YES, HAVE WORN BAck BELT: How often do you wear your back belt? {read choices)

Always or most of the time
Sometimes or about half of the time
Very little or not at all

Only when handling heavy loads

20. [IFYES, HavE WoRN Back BELT: What type of belt do/did you wear?

Stretchable:
some types of nylon, any material that stretches when pulled

Non-Stretchable:

tor example, beits made of webbed nylon, leather, or other non-elastic

materials
We would like to send you a very short questionnaire (it will take 5 minutes or less) every 3 months for

about a year and a half to ask about your job and about whether or not you have been injured at work,
Also, we may want to call you once or twice during this period.

What is your home phone number? ( )
area code

What is your home address?
: Street Address or PO Box

City State Zip Cede

Sometimes it is difficult to locate pariicipants if they move or change phone numbers. To help us with this we
ask for the name and address of two people who should know how to contact you in such instances (such as a
family member). in case we can't reach you for some reason to ask about where you're working, may we have
the name, address and phone number of a close relative or friend we can contact? We'll only use this if we

can not reach you by mail or phone.

Name:
Address:
Street Address or PO Box
City State Zip Code
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MUTUAL.

The Research Center for Safety and Health
71 Frankland Road
Hopkinton, MA 01748
(508) 435-9061
Liberty Mutual Research Center for Safety and Health

Informed Consent Form

Purpose of Study
The purpose of this study is to evaluate and describe tasks and workplaces where

materials are handled manually. Workers performing the manual tasks will be
interviewed. The primary goal of the study is to determine the relationships between
job demands and future occurrences of injury. Eventually, the results of the study will
be used to (re)design workplaces to minimize the probability of being injured.

Benefits
You will receive no direct benefit from your participation in this study but the
information gained may result in the improved health of workers who perform manual

handling tasks.

Risks
Since you will be doing your regular job, there will not be any risks beyond those you
encounter under normal working conditions.

Participation

Your participation in this study is strictly voluntary. You are free to decline to
participate in the study without penalty or question. You are also free to decline to
answer any questions. You will be under no pressure to continue. If you agree to
participate you will be interviewed, observed doing your job, and measurements will be
taken of a variety of your work tasks. General health and employment information will
aJso be collected. We would like to send you a very short questionnaire (takes less than
5 minutes to fill out) every 3 months during the next 1 1/2 years to ask whether or not
you are working in the same job and to ask about any recent injuries at work. Also, if
you are willing, we may wish to call you once or twice during the 1 1/2 year period to
ask you more details about your responses to the questions.

Videotaping
In this study, you may be videotaped as you perform your job for research purposes
only.

Initials

Page 1
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MUTUAL.

The Research Center for Salety and Health
71 Frankland Road

Hopkinton, MA 01748

(508) 435-9061

Confidentiality
Our policy is to consider test data to be privileged. All data collected will be identified

by a subject number and not your name. Individual personal data gathered through the
questions will not be shared with your employer or anyone else. The questionnaire
data collected are strictly for research purposes. Any published work will not refer to
you by name, rather the results will be presented in a manner that summarizes or
averages the data.

Supervision

This study will be directly supervised by Patrick Dempsey, Ph.D. Questions or
comments about participation should be directed to Dr. Dempsey at (508) 435-9061
(x309). If, after contacting the above person, you do not feel that your concerns were
adequately addressed, you may contact Mr. Jim Klock, Director of Operations for the

Research Center at (508) 435-9061 (x303).

Consent
Please read the following statement and sign on the line below if you agree to

participate in the study.

I have read this document or it has been read to me and understand the
purpaose of the study, and what is expected of me if I agree to participate. By signing
this consent form, I agree freely to participate in this study without any pressure
having been placed on me to do so.

Signature Date

Witness Date

Page 2
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APPENDIX C

“Variable Weight Job” DATA COLLECTION WORKSHEETS
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VARIABLE WEIGHT JOB WORKSHEET

Vi

Evaluated by (Name)

Office

Date

Company Name

Location

SIC Code

Subject Name

Job Title (and number if any)

Department Name (and number if any)

Shift

Average Duration of Work Day (hours)

Average Duration of Work Week (Days) | Restricted Duty (Y/N)

Job Description

Customer Contact:
Name

Company

Title

Address

Phone #

Can Research Center call the customer contact directly to obtain OSHA logs? (Y/N)
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Company:

VARIABLE WEIGHT SKETCH OF WORKPLACE

Job Title: Subject Initials:

V2
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VARIABLE WEIGHT TIME SCHEDULE

V3

Company: Job Title: Subject Initials:
Task Numbers Time
(From Pages 4 and 5) DESCRIPTION (e.g. 9:00-12:00 p.m.)




ev-d

Company:

For tasks with variable weight, enter a "'V" in the Object Weight field.

VARIABLE WEIGHT - Task Measurement Sheet 1

Job Title:

Subject Initials:

V4

Task
Components

Measurements and Observations
(Use Material Handling Scale Kit If Needed)

TYPE

Lift
Lower
Push
Pull
Carry
Hold

Task
Group
(All)

Letter

Object
Weight
(Lift,
Lower,
Carry,
Hold)

LB.

Hand Height
(AlD)

Start End
IN. IN.

Hand Distance
Away From
Body (lift,
lower)

Start End
IN. IN.

Significant
Control

(ift,
lower)

(lift,
lower)

Y/N S/M/L

Duration

Coupling
(Lift,
lower)

G/F/P

Twisting
(lift, lower)

Start  End

DEG. DEG.

Task
Frequency
(All)

Per
Minute

Pushing and
Pulling Forces

Initial Sustained
LB. LB.

Push
Pull or
Carry
Distance

Cycle
Time

MIN.

9]

2)

3)

4)

5)

6)

7)

8)

9)

10)

1)

12)

13)

14)
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Company:

VARIABLE WEIGHT - Task Measurement Sheet 2

Job Title:

For tasks with variable weight, enter a "V" in the Object Weight field.

Subject Initials:

Vs

Task
Components

Measurements and Observations
(Use Material Handling Scale Kit If Needed)

TYPE

Lift
Lower
Push
Pull
Carry
Hold

Task
Group
(Al

Letter

Object
Weight
(Lift,
Lower,
Carry,
Hold)

LB.

Hand Height
(AlY)

Start End
IN. IN.

Hand Distance
Away From
Body (lift,
lower)

Start End
IN. IN.

Significant
Control
(lift,
lower)

Y/N

Duration
({1ift,
lower)

S/M/L

Coupling
({ift,
lower)

G/F/P

Twisting
(lift, lower)

Start  End

DEG. DEG.

Task
Frequency
(Al

Per
Minute

Pushing and
Pulling Forces

Initial Sustained

LB. LB.

Push
Pull or

Carry
Distance

Cycle
Time

MIN.

15)

16)

17)

18)

19)

20)

21)

22)

23)

24)

25)

26)

27)

28)
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Company:

VARIABLE WEIGHT WORKSHEET

Job Title:

Subject Initials:

Measurements and Observations
(Use Objective Data or Estimates from the Workers)

Variable Weight
Task #
(From Pages 4 and 5)

Average
Object
Weight
LB.

Maximum
Object
Weight
LB.

Percentage of Loads in the Following Categories

0 to 20
LB.
%

21to 40
LB.
%

41 to 60
LB.
%

61 to 80
LB.
P

81 to 100
LB.
%

Over 100
LB.
%

TOTAL

%

Objective
Data?
Yes/No

100

100

100

100

100

100

100

100

100

100

100

100

100

100

Vo



Liberty Mutual Research Center for Safety and Health
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME
SOCIAL SECURITY NUMBER
Date of Interview / /

Month  Day Year
Background Information
1. Height ft in
2. Weight
3. Gender: Male_  Female ___
4.  Whatis your date of birth? / /

Mo. Day Yr,

5. When did you first start working for this employer, either permanently or temporarily?

/
Month Year

6.  What is your job title, or occupation?

5. When did you first start working on this job?
/

Month Year
7. How many hours per day, on average, do you do this job? Hours
8. How many days per week, on average, do you do this job? Days
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10.

11.

12.

13.

14.

15.
186.
17.

18.

What is the total percent of your day normally spent doing the following activities?

Lifting

Lowering

Pushing

Puiiing

Holding

Carrying

How much time, per day, on average, are you in a vehicle commuting to and from work?

Hours Minutes

Have you filed a workers’ compensation claim during the last 12 months because of back pain?

Yes No

Do you exercise regularly (on average 3 or more times per week) outside of work?

Yes No

IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check all that apply.

Weight Lifting

Running/Jogging

Aerobics

Golf

Any Team Sport (including bowling, softball, etc.)

Other (specity)
Do you currently smoke cigarettes? Yes No
IF YES, SMOKE: On average how many cigarettes a day do you smoke ?
IF YES, SMOKE: For how many years have you smoked?

Do you ever wear a back belt {support or brace) while doing this job?

Yes No

IF YES, HAVE WORN BACK BELT: When did you first start wearing it?

Month Year
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19. IF YES, HAVE WORN BACK BELT: How often do you wear your back belt? (read choices)

Always or most of the time
Sometimes or about half of the time
Very little or not at all

Only when handling heavy loads

20. IFYes, HAvE WORN Back BELT: What type of belt do/did you wear?

Stretchable:

some types of nylon, any material that stretches when pulled

Non-Stretchable:

for example, belts made of webbed nylon, leather, or other non-elastic

materials

We would like to send you a very short questionnaire (it will take 5 minutes or less) every 3 months for
about a year and a half to ask about your job and about whether or not you have been injured at work.

Also, we may want to call you once or twice during this period.

What is your home phone number? ( )
area code

What is your home address?

Street Address or PO Box

City State Zip Code

Sometimes it is difficult to locate participants if they move or change phone numbers. To help us with this we
ask for the name and address of two people who should know how to contact you in such instances (such as a
family member). In case we can't reach you for some reason to ask about where you're working, may we have
the name, address and phone number of a close relative or friend we can contact? We'll only use this if we

can hot reach you by mail or phone.

Name:
Address:
Street Address or PO Box
City State Zip Code
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LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road
Hopkinton, MA 01748
(508)435-9061
Liberty Mutual Research Center for Safety and Health

Informed Consent Form

Purpose of Study
The purpose of this study is to evaluate and describe tasks and workplaces where

materials are handled manually. Workers performing the manual tasks will be
interviewed. The primary goal of the study is to determine the relationships between
job demands and future occurrences of injury. Eventually, the results of the study will
be used to (re)design workplaces to minimize the probability of being injured.

Benefits
You will receive no direct benefit from your participation in this study but the
information gained may result in the improved health of workers who perform manual

handling tasks.

Risks
Since you will be doing your regular job, there will not be any risks beyond those you

encounter under normal working conditions.

Participation
Your participation in this study is strictly voluntary. You are free to decline to

participate in the study without penalty or question. You are also free to decline to
answer any questions. You will be under no pressure to continue. If you agree to
participate you will be interviewed, observed doing your job, and measurements will be
taken of a variety of your work tasks. General health and employment information will
also be collected. We would like to send you a very short questionnaire (takes less than
5 minutes to fill out) every 3 months during the next 1 1/2 years to ask whether or not
you are working in the same job and to ask about any recent injuries at work. Also, if
you are willing, we may wish to call you once or twice during the 1 1/2 year period to
ask you more details about your responses to the questions.

Videotaping _
In this study, you may be videotaped as you perform your job for research purposes
only.

Initials

Page 1
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LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road

Hopkinton, MA 01748

(508) 435-9061

Confidentiality
Our policy is to consider test data to be privileged. All data collected will be identified

by a subject number and not your name. Individual personal data gathered through the
questions will not be shared with your employer or anyone else. The questionnaire
data collected are strictly for research purposes. Any published work will not refer to
you by name, rather the results will be presented in a manner that summarizes or
averages the data.

Supervision

This study will be directly supervised by Patrick Dempsey, Ph.D. Questions or
comments about participation should be directed to Dr. Dempsey at (508) 435-9061
(x309). If, after contacting the above person, you do not feel that your concerns were
adequately addressed, you may contact Mr. Jim Klock, Director of Operations for the

Research Center at (508) 435-9061 (x303).

Consent
Please read the following statement and sign on the line below if you agree to

participate in the study.

I have read this document or it has been read to me and understand the
purpose of the study, and what is expected of me if I agree to participate. By signing
this consent form, I agree freely to participate in this study without any pressure
having been placed on me to do so.

Signature Date

Witness Date

Page 2
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APPENDIX D

“Warehousing/Complex Job” DATA COLLECTION WORKSHEETS
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WAREHOUSING/COMPLEX JOB WORKSHEET

W1

Evaluated by (Name)

Office

Date

Company Name

Location

SIC Code

Subject Name

Job Title (and number if any)

Department Name (and number if any)

Shift

Average Duration of Work Day (hours)

Average Duration of Work Week (Days) | Restricted Duty (Y/N)

Job Description

Customer Contact:
Name

Company

Title

Address

Phone #

Can Research Center call the customer contact directly to obtain OSHA logs? (Y/N)




£5-d

Company:

WAREHOUSING/COMPLEX JOB SKETCH OF WORKPLACE

Job Title: Subject Initials:

w2
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Company:

WAREHOUSING/COMPLEX JOB TIME SCHEDULE

Job Title:

Subject Initials:

w3

JOB ACTIVITY
(e.g. Order Picking; Paper work)

DECRIPTION OF ACTIVITY

Time
{e.g. 9:00-12:00 p.m)
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WAREHQUSING/COMPLEX JOB- Task Measurement Sheet 1

Company: Job Title: Subject Initials:
Measurements and Observations (Use Material Handling Scale Kit If Needed)
Pick/Object TYPE | Object | Hand Height Hand Distance | Sig. Control | Coupling Twisting (DEG) Carrying Dist.
Number LifuLower| e [START END | START END Y/N GIF/P | START END FT.
1a. Initial. Location (e.g. Pick Slot) ib in in in in deg deg

1b. Final Location (e.g. Pallet)

2a. Initial. Location

2b. Final Location

3a. Initial. Location

3b. Final Location

4a, Initial. Location

4b. Final Location

Sa. Initial. Location

5b. Final Location

6a. Initial. Location

6b. Final Location

7a. Initial. Location

7b. Final Location

8a. Initial. Location

8b. Final Location

Oa. Initial. Location

9b. Final Location

10a. Initial. Location

10b. Final Location

w4
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WAREHQUSING/COMPLEX JOB- Task Measurement Sheet 2

Company: Job Title: Subject Initials:
Measurements and Observations (Use Material Handling Scale Kit If Needed)
Pick/Object TYPE | Object| Hand Height Hand Distance | Sig. Controi | Coupling Twisting (DEG) Carrying Dist.
Number LifLower| Ve |START END | START END | YN G/FIP | START END FT.
11a. Initial. Location (e.g. Pick Slot) b in in in in deg deg

11b. Final Location (e.g. Pallet)

12a. Initial. Location

12b. Final Location

13a. Initial. Location

13b. Final Location

14a. Initial. Location

14b. Final Location

15a. Initial. Location

15b. Final Location

SPECJAL WAREHOUSE FREQUENCY CALCULATION (Picks Per Minute):

Number of Picks Observed in 15 Minute Observation Period:

AND (If Available)

Calculated Rate Based on Daily Picking Info:

Source of Information (e.g., work standards, historical average, etc.):

w5



454

OTHER MMH TASKS:

Measure other (up to FIVE) major MMH tasks that the workers perform besides the typical task measured above (order picking).

TYPE Object Hand Height Hand Distance | Significant | Duration | Coupling Twisting Task Pushing and Push
Weight Away From Control dift, (lift, (lift, lower) Frequency | Pulling Forces Pull or

Lift (Lift, Body (lift, (lift, lower) lower) Carrying

Lower Lower, lower) lower) Distance

Push Carry,

Pull Hold)

Carry Start  End Start  End Start  End Per Initial Sustained

Hold LB. IN. IN. IN. IN. Y/N S/M/L G/FIP DEG. DEG. Minute LB. LB. FT.

1

2

3

4

5

MOST STRESSFUL TASK:

Task (e.g. Picking Bags of Dog Food):

Was it Measured Above? Y/N If NO, Measure the appropriate task Information below:

TYPE Object Hand Height Hand Distance | Significant | Duration | Coupling Twisting Task Pushing and Push
Weight Away From Control (lift, (lift, (lift, lower) Frequency | Pulling Forces Pull or

Lift (Lift, Body (lift, (lift, lower) lower) Carrying

Lower Lower, lower) lower) Distance

Push Carry,

Pull Hold)

Carry Start  End Start  End Start  End Per Initial Sustained

Hold LB. IN. IN. IN. IN. Y/N S/M/L G/F/P DEG. DEG. Minute LB. LB. FT.

w6



Liberty Mutual Research Center for Safety and Health
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME

SOCIAL SECURITY NUMBER

Date of Interview / /
Month  Day Year

Background Information

1.  Height in

2, Weight

3. Gender: Male___ Female _____

4. What is your date of birth? / /

Mo. Day Yr.

5. When did you first start working for this employer, either permanently or temporarily?

/
Month Year

6. What is your job title, or occupation?

5. When did you first start working on this job?

/
Meonth Year
7. How many hours per day, on average, do you do this job? Hours
8. How many days per week, on average, do you do this job? Days _

B-58



10.

11.

12.

13.

14.

15,
16.
17.

18.

What is the total percent of your day normally spent doing the following activities?

Lifting
Lowering
Pushing
Puliing
Holding
Carrying

How much time, per day, on average, are you in a vehicle commuting to and from work?

_Hours Minutes

Have you filed a workers' compensation claim during the [ast 12 months because of back pain?

Yes No

Do you exercise regularly (on average 3 or more times per week} outside of work?

Yes No

IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check al! that apply.

Weight Lifting

Running/Jogging

Aerobics

Golf

Any Team Spori (including bowling, softball, etc.}

Other (specify) _
Do you currently smoke cigarettes? Yes No
IF YES, SMOKE: On average how many cigarettes a day do you smoke ?
IF YES, SMOKE: For how many years have you smoked?

Do you ever wear a back belt (support or brace) while doing this job?

Yes No

IF YES, HAVE WORN Back BELT: When did you first start wearing it?

Month Year
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19. IF YES, HAVE WORN BACK BELT: How often do you wear your back belt? (read choices)

Always or most of the time
Sometimes or about half of the time
Very little or not at all

Only when handling heavy loads

20. IF YEs, HAVE WORN BACK BELT: What type of belt do/did you wear?

Stretchable:

some types of nylon, any material that stretches when pulled

Non-Stretchable:
for example, belts made of webbed nylon, leather, or other non-elastic

materials
We would like to send you a very short questionnaire (it will take 5 minutes or less) every 3 months for

about a year and a half to ask about your job and about whether or not you have been injured at work.
Also, we may want to ci  you once or twice during this period.

What is your home phone number? ( )
area code

What is your home address?

Street Auuress or PO Box

City State Zip Code

Sometimes it is difficult to locate participants if they move or change phone numbers. To help us with this we
ask for the name and address of two people who should know how to contact you in such instances (such as a
family member). In case we can't reach you for some reason to ask about where you're working, may we have
the name, address and phone number of a close relative or friend we can contact? We'll only use this if we

can notrear you by mail or phone.

Name:
Address:
Street Address or PO Box
City State Zip voae
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LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road
Hopkinton, MA 01748
(508) 435-9061
Liberty Mutual Research Center for Safety and Health

Informed Consent Form

Purpose of Study
The purpose of this study is to evaluate and describe tasks and workplaces where

materials are handled manually. Workers performing the manual tasks will be
interviewed. The primary goal of the study is to determine the relationships between
job demands and future occurrences of injury. Eventually, the results of the study will
be used to (re)design workplaces to minimize the probability of being injured.

Benefits
You will receive no direct benefit from your participation in this study but the
information gained may result in the improved heal of workers who perform manual

handling tasks.

Risks
Since you will be doing your regular job, there will not be any risks beyond those you
encounter under normal working conditions.

P -ticipatic

Your participation in this study is strictly voluntary. You are free to decline to
participate in the study without penalty or question. You are also free to decline to
answer any questions. You will be under no pressure to continue. If you agree to
participate you will be interviewed, observed doing your job, and measurements will be
taken of a variety of your work tasks. General health and employment information will
also be collected. We would like to send you a very short questionnaire (takes less than
5 mi to fill cut) every 3 months during the next 1 1/2 years to ask whether r not
you are working in the same job and to ask about any recent injuries at work. Also, if
you are willing, we may wish to call you once or twice during the 1 1/2 year period to
ask you more details about your responses to the questions.

Videotay 1g
In this study, you may be videotaped as you perform your job for research purposes

only.

Initials

Page |
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LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road

Hopkinton, MA 01748

(508) 435-9061

Confidentiality
Our policy is to consider test data to be privileged. All data collected will be identified

by a subject number and not your name. Individual personal data gathered through the
questions will not be shared with your employer or anyone else. The questionnaire
data collected are strictly for research purposes. Any published work will not refer to
you by name, rather the results will be presented in a manner that summarizes or

averages the data.

Supervision

This study will be directly supervised by Patrick Dempsey, Ph.D. Questions or
comments about participation should be directed to Dr. Dempsey at (508) 435-9061
(x309). If, after contacting the above person, you do not feel that your concerns were
adequately addressed, you may contact Mr. Jim Klock, Director of Operations for the

Research Center at (508) 435-9061 (x303).

Consent
Please read the following statement and sign on the line below if you agree to

participate in the study.

I have read this document or it has been read to me and understand the
purpose of the study, and what is expected of me if I agree to participate. By signing
this consent form, I agree freely to participate in this study without any pressure
having been placed on me to do so.

Date

]
Y

Witness Date

Page 2
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APPENDIX E

“Job Rotation” DATA COLLECTION WORKSHEETS
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Company:

JOB ROTATION SKETCH OF WORKPLACE

Job Title: Subject Initials:

R3












Liberty Mutual Research Center for Safety and Health
Texas Tech University

Field Evaluation of MMH Criteria

Worker Survey

NAME

SOCIAL SECURITY NUMBER

Date of Interview / /
Month  Day Year

Background Information

1. Height ft in

2. Weight

3. Gender: Male Female __

4, What is your date of birth? / /

Mo. Day Yr.
5. When did you first start working for this employer, either permanently or temporarily?

/
Month Year

6. What is your job title, or occupation?

5. When did you first start working on this job?
/

Month Year
7. How many hours per day, on average, do you do this job? Hours
8. How many days per week, on average, do you do this job? Days
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10.

11.

12.

13.

14.

15.
16.
17.

18.

What is the total percent of your day normally spent doing the following activities?

Lifting

Lowering

Pushing

Pulling __

Holding

Carrying

How much time, per day, on average, are you in a vehicle commuting to and from work?

Hours Minutes

Have you filed a workers’ compensation claim during the last 12 months because of back pain?

Yes

Do you exercise regularly (on average 3 or more times per week) outside of work?

Yes

IF YES, EXERCISE REGULARLY: What type of exercise do you do? Check all that apply.

Weight Lifting
Running/Jogging
Aerobics

Golf

No

No

Any Team Sport (including bowling, softball, etc.)

Other (specify)

Do you currently smoke cigarettes? Yes

I[F YES, SMOKE:

IF YES, SMOKE:

Do you ever wear a back belt (support or brace) while doing this job?

Yes

IF YES, HAVE WORN BACK BELT: When did you first start wearing it?

No

Month

No

On average how many cigarettes a day do you smoke ?

For how many years have you smoked?

Year
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19. IFYES, HAVE WORN BACK BELT: How often do you wear your back belt? (read choices)

Always or most of the time
Sometimes or about half of the time
Very little or not at all

Only when handling heavy loads

20. IFYESs, HAVE WORN BACK BELT: What type of belt do/did you wear?

Stretchable:

some types of nylon, any material that stretches when pulled

Non-Stretchable:

for example, belts made of webbed nylon, leather, or other non-elastic

materials

We would like to send you a very short questionnaire (it will take 5 minutes or less) every 3 months for
about a year and a half to ask about your job and about whether or not you have been injured at work.
Also, we may want to call you once or twice during this period.

What is your home phone number? ( )
area code

What is your home address?

Street Address or U Box

City olate Zip Code

Sometimes it is difficult to locate participants if they move or change phone numbers. To heip us with this we
ask for the name and address of two people who should know how to contact you in such instances (such as a
family member). In case we can't reach you for some reason to ask about where you're working, may we have
the name, address and phone number of a close relative or friend we can contact? We'll o1 ' use this if we

can not reach you by mail or phone.

Name:
Address:
Street Address or PO Box
City State Zip Code

B-72






LIBERTY
MUTUAL.

The Research Center for Safety and Health
71 Frankland Road

Hopkinton, MA 01748

(508) 435-9061

Confidentiality
Our policy is to consider test data to be privileged. All data collected will be i ntified

by a subject number and not your name. Individual personal data gathered thr gh the

questions will not be shared with your employer or anyone else. The questionnaire
data collected are strictly for research purposes. Any published work will not refer to
you by name, rather the results will be presented in a manner that summarizes or

averages the data.

Supervision

This study will be directly supervised by Patrick Dempsey, Ph.D. Questions or
comments about participation should be directed to Dr. Dempsey at (508) 435-9061
(x309). If, after contacting the above person, you do not feel that your concerns were
adequately addressed, you may contact Mr. Jim Klock, Director of Operations for the

Research Center at (508) 435-9061 (x303).

Consent
Please read the following statement and sign on the line below if you agree to

participate in the study.

I have read this document or it has been read to me and understand the
purpose of the study, and what is expected of me if I agree to participate. By signing
this consent form, I agree freely to participate in this study without any pressure
having been placed on me to do so.

“‘gnature Date

Witness Date

Page 2
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Subject and LI data set

Subject Exposure LB
ID  gender height  weight age LIo1 LI81 Hours Injury?

1 F 62 110 44 25.09 12.04 39 No
4 F 62 106 38 0.98 0.64 0 No
5 F 62 114 52 0.76 0.43 0 No
6 F 67 175 39 0.70 0.51 1791 No
7 F 64 136 59 2.36 0.68 1791 No
8 F 64 140 35 2.92 2.36 0 No
9 F 63 125 32 0.86 0.54 1791 No
10 F 59 100 41 0.17 0.08 729 No
11 F 65 130 48 0.44 0.34 1791 No
12 F 62 . 35 1.93 0.90 2091 No
13 F 62 153 56 3.32 3.22 2606 No
14 F 60 . 63 5.42 0.87 4469 No
15 F 67 . 42 0.32 0.35 1925 No
16 F 63 . 63 0.86 0.84 7516 No
17 F 71 145 31 0.30 0.29 571 No
18 F 62 189 42 0.57 0.53 146 No
19 F 60 135 44 0.39 0.38 4341 No
20 F 68 170 60 0.47 0.13 7103 No
21 F 66 . 57 1.51 0.36 0 No
23 F 66 130 38 1.96 1.05 1404 No
24 F 69 . 53 0.97 0.59 6414 No
25 F 61 115 47 0.73 0.42 7392 No
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28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

45

46

47

48

50

51

52

53

54

Fir=s o~ Muran o

62
65
64
67
69
63
66
69
63
67
66
61
59
62
66
62.5
63
64
61
68
62
64
72
67
64
68
71

60

170

118

135

165

170

130

146

210

137

120

120

131

155

107

120

142

142

185

140

140

150

204

206

150
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46

31

39

47

36

43

35

34

30

32

48

30

35

37

29

36

36

25

49

37

44

43

35

44

37

48

C-3

0.85

2.87

2.04

3.39

3.47

0.91

0.75

1.68

1.74

2.53

1.16

1.84

2.55

1.36

0.36

0.36

0.64

0.48

0.50

0.79

0.67

0.99

1.38

2.06

1.21

3.86

2.42

0.52

1.69

1.86

2.57

1.68

0.35

0.32

0.58

0.57

1.41

0.87

1.41

2.10

1.01

0.39

0.37

0.70

0.50

0.54

0.72

0.66

0.82

1.77

0.95

2.64

1.33

1.03

4536
6646
6589
4617
5686
3103
1714
0
0
3217

3600

6486
280
5021
971
3734
2210
1305
2028
4675
4718
1117
2833
747
3423
3903

4514

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No

No
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55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

71

72

73

74

75

76

77

78

79

80

81

82

61

64

63

60

61

67

66

66

66

62

65

63

62

65

62

62

67

70

63

61

66

67

64

67

69

66

65

67

148

118

123

125

130

116

175

175

135

140

165

120

160

110

115

130

140

130

135

160

152

180

30

28

37

33

38

34

46

42

46

63

35

41

23

40

40

26

32

24

34

54

24

49

41

28

23

25

22

C-4

2.13

1.32

0.85

0.94

0.84

0.96

0.47

0.79

0.82

0.74

0.51

0.76

0.67

0.99

1.26

5.47

2.74

9.72

0.65

1.55

1.34

2.07

1.58

1.58

1.58

21.02

21.02

1.39

1.09

0.60

0.68

0.60

0.66

0.23

0.28

0.61

0.50

0.30

0.53

0.52

0.75

1.03

1.40

0.83

3.89

0.56

1.20

1.04

1.68

0.86

0.81

0.81

0.81

0.85

0.85

6623

5651

3651

2800

74

674

1760

6371

80

6480

3874

3994

2594

577

857

1549

6526

326

1326

1326

1326

2029

4189

3251

2040

5589

3817

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No



83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100

101

102

103

104

105

106

107

108

109

110

64

69

63

67

66

66

69

67

65

65

65

63

64

63

63

59

62

60

62

71

62

60

64

60

62

61
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170

116

130

120

140

210

185

120

145

146

150

180

126

146

145

185

141

170

118

150

140

156

142

180

33

58

56

45

39

45

32

25

27

39

44

46

38

57

54

52

51

40

42

37

28

33

52

40

45

C-5

21.02

21.02

21.02

21.02

2.28

2.28

0.13

1.62

2.82

4.39

4.39

7.90

7.90

7.90

7.90

2.59

2.59

2.59

2.59

2.59

2.59

2.59

2.59

2.44

2.44

1.61

1.00

1.23

0.85
0.85
0.85
0.85
1.67
1.67
0.08
1.56
1.57
3.24
3.24
0.53
0.53
0.53
0.53
0.96
0.96
0.96
0.96
0.96
0.96
0.96
(

1.75
1.75
0.70
0.66

0.73

6709
6714
223
2034
1920
3491
4200
6709
6069
63
1657
6240
4274
2040
5434
5611
731
1943

1137

1091
3149
4651
2651
1080
302
480

3171

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
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111 F 64 150 31 0.49 0.64 6160 No
112 F 62 119 36 5.63 15.12 1229 No
113 F 48 120 53 5.63 15.12 1131 No
114 F 65 218 40 4.83 2.66 1171 No
115 F 69 165 42 4.83 2.66 6109 No
116 F 62 118 50 4.83 2.66 2783 No
117 F 62 159 53 4.83 2.66 3829 No
118 F 67 127 44 4.83 2.66 474 No
119 F 63 178 30 4.83 2.66 217 No
120 F 61 143 45 4.83 2.66 6109 No
121 F 67 280 31 4.83 2.66 3417 No
122 F 61.5 116 54 4.83 2.66 6109 No
123 F 60 138 29 3.94 3.69 1148 No
124 F 63 116 28 2.89 1.99 8833 No
125 F 64 130 37 4.42 1.89 1197 No
126 F 63 210 39 20.52 1.62 1522 No
127 F 65 140 39 20.52 1.62 823 Yes
128 F 72 180 37 20.52 1.62 9514 No
129 F 66 140 26 13.84 1.40 216 No
130 F 65 160 29 4.83 2.66 474 No
131 F 67 137 30 0.60 0.53 1206 No
132 F 64 128 44 0.60 0.53 4103 No
133 F 67 190 33 0.71 0.57 2297 No
134 F 66 135 39 5.50 2.41 2520 No
135 F 62 120 30 5.50 2.41 3914 No
136 F 66 120 36 5.50 2.41 6189 No
137 F 64 140 54 5.50 2.41 4017 No
138 F 69 168 23 0.65 0.69 6600 No

C-6
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139

140

141

142

143

144

145
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147

148

149
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151
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154

156

157

158

159
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163

164
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£ £ £ £ £ £ £ 2 2 2 g g g2 g 2 2 g g g 2 2 2 =

66

64

76

64

63.25

68

69

72

68

65

71

69

75

74

70

72

65

70

67

71

68

73

68

70

66

70

66

71

158

120

240

200

150

220

235

185

155

218

182

167

240

195

178

210

185

165

190

240

223

218

o -

175

147

270

200

160

41
36
41
45
36
27
29
31
38
32
35
38
28
40
40
28
33
48
56
56
66
43
44
42
39
54
65

24

C-7

2.16

2.20

0.57

0.81

0.28

4.56

4.56

4.56

5.44

5.44

5.44

5.44

6.02

6.02

1.81

1.83

1.56

1.56

7.54

3.93

1.41

0.61

0.61

0.76

0.76

0.76

2.12

2.23

0.92

0.46

0.93

0.16

2.86

2.86

2.86

2.27

2.27

2.27

2.27

0.41

0.41

1.92

0.98

0.92

0.92

5.80

0.89

2.67

0.67

0.51

0.51

0.56

0.57

0.57

5217

257

743

6446

5354

3780

3177

2674

3846

6411

3846

4063

2354

658

1439

5697

6217

789

1800

6303

2417

6480

1371

2211

6589

3589

1234

5051

Yes

No

No

No

No

No

No

No

Yes

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No

No
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180
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182
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184
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186
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188

189

192

193

194
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72

70

71

71

70

70

67

60

69

73

67

66

67

70

72

64

74

71

73

74

71

70

65

71

71

70

73

74
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160

195

150

280

170

200

135

140

147

210

135

155

145

185

186

140

230

205

146

270

180

220

280

165

196

160

172

225
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28

50

27

40

45

36

25

30

24

29

30

42

49

42

43

28

36

44

46

37

34

44

36

42

24

44

40

35

C-8

0.76

0.76

0.76

0.76

0.76

0.76

2.93

2.93

2.93

2.93

2.93

2.93

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

1.02

2.21

3.04

2.26

1.02

0.57

0.57

0.57

0.57

0.57

0.57

1.26

1.26

1.26

1.26

1.26

1.26

1.26

1.26

1.26

1.26

1.26

1.26

0.48

1.03

0.49

0.78

5154
5160
1360
1360
1960
0
3103
3377
1234
5149
674
2371
954
4291
1623
1766
954
474
3520
1423
1983
1640
537
406
2200
2200
2200

1114

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
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65
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145
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215
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170

176
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140
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-
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225

185
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140

120

45
26
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24
32
26
31
23
20
22
48
21
30
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39
22
40
36
27
50
38

44

36
50
44
48

47
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2.32

2.32

2.32

2.32

2.32

2.32

2.32

1.53

2.78

2.98

2.98

8.89

8.89

8.89

1.63

1.64

1.29

0.75

0.75

0.75

0.75

1.27

1.27

1.31

1.27

1.36

1.36

1.58

1.39

1.39

1.39

1.39

1.39

1.39

1.39

1.75

2.46

2.15

2.15

1.59

1.59

1.59

1.69

1.69

0.74

0.74

0.74

0.74

1640

0

2703

3623

1200

1349

2537

2051

3080

703

1536

1736

1736

1207

3200

1043

1783

1794

2234

1069

2223

17.

1503

229

2229

2309

1743

No
No
Yes
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
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68

76

68
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70

70

70

72

65

60

60

76

66

66

70

60

64

72

70

71

68

74

72

68.5

74

66

76

175

214

180

165

160

155

145

170

130

170

170

175

190

180

150

160

246

206

230

190

290

265

200

115

211

154

165

47
39
61
29
28
39
21
23
55
21

22

43
40
49
39
35
31
36
39
45

52

25
63
27
32

35

C-13

1.58
1.58
1.58
1.58
1.58
1.58
1.58
1.58
1.58
1.58
1.58
1.58
5.38
5.38
2.84
2.84
2.84
2.04
2.04
3.61
4.71
1.30
1.30
1.30
1.30
1.30
1.30

1.93

1.21
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1.21
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1.59
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1.32

1.32

1.64
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1.14
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1834

1840

1754

2217

1034

1331

2223

1749

1417

1771

623

1663

1714

2086

2086

2086
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1937

1709

514

2269

246

177

1463

1554

691

314

1937

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
Yes
No
No
No
No

No
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64
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163
200
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251
140
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160
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225
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160
220
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275
250
150
142
170
285
240
225
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44
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24

30
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3.88
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4.18
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4.18
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4.18
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2.03

2.03

2.03

2.03

2.37

2.37

2.37

2.37

2.37
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1920
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1554

1606
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1589

1486

920

783

2023

1949

2029

1463

926

834

360

1297

829

1383

1331

840

840

1383

823

846

1280

823

No
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No

No
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No

No

No

No
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No

No
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No

No

No

No
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72

73
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76

68
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75

70

73

71

68
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71
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175

170

230

300

185

190

180

220

300

162

185

160

305

215

180

230

150

210

245

200

175

200

255

170

170

160

160

250

45

38

21

34

38

37

50

26

43

44

56

43

36

34

40

28

36

51

45

43

41

36

34

34

25

25

24

39

6.38

6.38

6.38

1.28

1.28

1.28

1.28

1.28

1.28

3.89

3.89

3.89

3.89

3.89

3.89

3.89

3.89
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3.49
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1.90

1.90
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926
480
1303
651
1383
1280
743
891
1297
1234
760
811
1320
1246
1320
1320
760
1326
1303
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760
1320
1234
880
211
1240
777
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No
No
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No
No
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No
No
No
No
No
No
No
No
No
No
No

No



392

393

394

395

396

397

398

399

400

401

402

403

404

405

406

407

408

409

410

411

412

413

414

415

416

417

418

419

FIELD EVALUATION O *aarm:

= £ £ £ £ £ £ £ £ 2 2 £ g g2 2 2 2 2 g 2 2 2 2 2 z 2 =z =

72

71

77

74

70

67

73

66

69

69

71

70

68

66

70

66

68

67

71

68

70

67

73

73

73

70

67

66

180

220

215

205

185

153

205

170

165

200

190

160

177

160

145

190

160

190

150

215

150

223

215

196

195

198

240

140

31

39

29

49

32

48

30

26

28

53

33

20

38

29

23

40

25

26

42

40

29

38

33

59

36

25

ay BN avwrrmial ~ l,I_Allr\l e CRITERIA

3.18

10.23

10.23

10.23

10.23

10.23

10.23

10.23

10.23

10.23

10.23

10.23

3.36

3.36

3.36

3.36

3.36

6.15

6.156

6.64

6.64

6.64

6.64

6.64

6.64

6.64

1.85

1.85

1.90

5.67

5.67

5.67

5.67

5.67

5.67

5.67

5.67

5.67

5.67

5.67

2.52

2.52

2.52

2.52

2.52

4.28

4.28

2.72

2.72

2.72

2.72

2.72

2.72

2.72

1.30

1.30

760

126

0

120

135

126

321

135

135

2263

1549

141

141

1377

810

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No



FIELD EVALUATION OF M**"'**. MATERIALS HANDLING CRITERIA

420

421

422

423

424

425

426

427

428

429

430

431

432

433

434

435

436

437

438

439

440

441

442

443

444

445

446

447

£ £ £ 2 £ £ £ £ £ £ 2 g2 2 2 g2 2 2 2 2 2 2 = z =

70

70

69

69

74

67

65

71

70

70

67

72

71

68

69

70

75

68

73

70

71

68

66

71

165
163
131
130
200
230
245
175
195
195
165
170
160
185
180
195
190
154
185
275
190
180
170

145

29

24

27

23

30

25

29

44

34

44

36

33

35

39

52

48

26

25

21

33

23

20

38

38

1.85

1.85

1.85

1.85

1.85

1.85

1.85

1.85

1.85

1.85

1.85

4.26

4.26

4.26

4.26

4.26

4.26

4.26

4.04

4.04

4.04

1.30

1.30

1.30

1.30

1.30

1.30

1.30

1.30

1.30

1.30

1.30

1.03

1.03

1.03

1.03

1.03

1.03

1.03

1.95

1.95

1.95

1.95

1.95

1.95

1.95

2.00

2.00

2.00

154

154

137

154

0

0

148

154

148

148

148

91

91

91

91

91

91

91

91

91

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
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448 . . . 4.20 1.95 0 No

449 . . . 4.20 1.95 40 No
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196

197

198

199

200

201

202

203

204

205

206

207

208

209

210

211

212

213

214

215

216

217

218

219

220

221

222

223

£ £ £ £ £ £ £ 2 2 2 £ g2 g g 82 g 2 2 g g 2 2 2 2 T 2 2 =

72

67

68

68

71

72

73

72

74

73

72

72

70

74

81

72

71

75

69

71

75

69

67

68

71

68

66

64

175

200

205

210

160

213

215

218

227

140

174

185

120

160

260

180

215

165

150

280

176

145

160

205

122

183

174

140

27

29

39

45

43

36

41

35

32

27

27

35

42

31

32

28

30

39

62

22

25

43

40

26

46

28

49

1.02
2.31
2.31
2.31
2.31
2.31
2.36
2.36
2.36
2.36
2.36
39.05
39.05
39.05
39.05
1.24
1.24
1.24
1.61
1.61
1.61
1.61
1.61
1.61
1.61
217
2.17

2.17

0.78

2.30

2.30

2.30

2.30

2.30

0.61

0.61

0.61

0.61

0.61

17.87

17.87

17.87

17.87

1.35

1.35

1.35

0.97

0.97

0.97

0.97

0.97

0.97

0.97

1.65

1.65

1.65

4809
2440
2440
5714
2429
680
783
1531
5149
309
3737
114
629
331
629
5149
2949
5149
1337
1406
1794
3309
3177
4434
851
1506
2908

4232

No
No
No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No



224

225

226

227

228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251
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= £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ £ g2 2 £ £ g g2 g £ =

65
69
71
61
69
67
66
67
67
65
67
67
67
66
68
70
72
74
67
71
66
69
68
71
73
71
66

68

200

185

225

168

200

150

180

170

165

145

150

145

153

165

150

160

200

195

160

160

175

172

174

185

150

165

182

308

37

49

30

43

38

27

28

30

39

24

28

25

28

30

39

56

48

30

37

36

38

62

52

57

35

43

62

33

217

217

217

217

217

1.43

1.43

0.92

1.43

1.43

17.21

17.21

17.21

17.21

17.21

17.21

17.21

17.21

17.21

2.22

11.64

11.64

11.64

11.64

4.54

4.54

1.54

1.54

1.65

1.65

1.65

1.65

1.65

0.65

0.65

0.58

0.65

0.65

8.95

8.95

8.95

8.95

8.95

8.95

8.95

8.95

8.95

1.66

2.85

2.85

2.85

2.85

2.54

2.54

1.32

1.32

516

1530

1396

1409

3200

3023

3023

1377

1640

349

149

4423

4423

2371

457

2446

3331

3811

4423

1314

971

4455

572

4044

19

2029

1657

No
No
No
No
No
No
No
No
No
No
Yes
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
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252
253
254
255
256
257
258
259
260
261
262
263
264
265
266
267
268
269
270
271
272
273
274
275
276
277
278

279

§§§§§§§§§§§§§§§§§§§§§§§§§§§§

72

67

72

66

72

69

66

73

64

68

72

65

68

69

71

70

75

68

70

68

69

72

65

69

70

70.5

66

74.5

190
215
195
160
185
220
167

224

188
165
151
170
204
185
160
195
140
170
166
183
180
130
165
195
210
173

235

22

24

23

27

39

23

35

57

45

52

38

33

53

39

49

42

35

25

23

30

53

26

31

55

36

29

33

27

1.46

1.46

1.46

1.46

1.46

1.46

3.03

3.03

2.31

8.42

8.42

8.42

8.42

0.64

1.23

9.98

3.10

9.98

9.98

1.04

1.04

2.21

3.60

3.60

1.76

2.14

222

10.02

1.26

1.26

1.26

1.26

1.26

1.26

1.97

1.97

2.18

2.87

2.87

2.87

2.87

0.55

0.65

5.86

1.75

5.86

5.86

1.02

1.02

1.65

1.32

1.32

1.41

1.24

1.66

8.09

2497
4074
897
600
194
354
0
3594
2994
2697
354
2423
3954
3480
491
3446
3949
3611
4074
486
1857
1840
520
1246
3949
2006
4114

3034

No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No
No

No
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