CHAPTER 7

ENGINEERING CONTROLS

There are more hazards in manual materials handling than overex-
-ertion of the musculoskeletal or’' cardiovascular systems. Discrete
mechanical hazards such as slips, falls and dropping of objects
handled with subsequent damage or injury are important - so too
are high and low temperature environments which can modify overall
bodily response to the exertion of MMH. This chapter reviews
these "other" hazards and suggests control methods and design
Criteria. ' :

Manual materials handling is not a job done in isolation; rather
it is part of the overall system by which industry handles and
transports materials. Materials handling as a whole represents a
large part of industry's costs with an average of 50 tons of mate-
rials moved for each ton of Product produced. Hence materials
handling systems design has emerged as a discipline with its own
expertise and procedures. In order to aid the human in his/her
role as materials handler it is important to realize the materials
handling alternatives available, evaluate the alternatives
available and choose the one which is optimum with respect to

all criteria. The criteria include performance, cost and mainten-
ance as well as safety. Many of the alternatives to manual mate- .
rials handling have their own hazards so that this chapter classi-
fies and reviews the methods available to avoid the introduction
of substitute hazards into the workplace,

THE MECHANICAL ENVIRONMENT

The chief factors to be considered in designing the mechanical en-
vironment are the design of the container itseif and the 'couplings'
which transmit the container forces through the body to the floor
or other working surface. The container itself affects safety
directly through its weight and size (biomechanical stresses) and
indirectly through the limitations it imposes on methods of hold-
ing and carrying it. ' The human/container coupling affects the
ability to exert forces on the object, to maintain grip and to
exercise control - all vital to safe handling. The human/work-
surface coupling is important for maintaining Stability and pre-
venting the initiation of trips, slips and falls.
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Container Design

From biomechanical considerations, ceoentainers should be-as small «

as possible. In.particular every biomechanical model or formula
shows that Ls5/S] disc pressure is minimized when the center of
gravity of the container is as close to the spinal column as pos~
sible (e.g., Tichauer, 1971; 1978; Ayoub, et al., 1978) as dis-
cussed in Chapter 3. Compactness also allows a load lifted from
the floor to move between the worker's legs, decreasing spinal
disc pressure. '

Any factors which decrease the:predictability of the container's
response to applied forces will contribute to human error in
manual handling. Examples are loads with an unexpected center

of gravity (perhaps offset towards-one face of the container) or
those with a shifting center of gravity. Baffles, dividers or
packing should be used to keep the center of gravity in a constant
position.

The shape and size of the container are affected by anthropometric
dimensions of the work as well as biomechanical considerations.
The method of lifting and/or carriage determines the body posture
adopted and thus the critical dimensions for safe handling.

For narrow containers one posture adopted is carriage by one hand
at the side of the body, as with a suitcase. Containers carried

in this way should be as narrow as possible as the maximum ac-
ceptable weight is directly related to container width. McConville
and Hertzberg (1966) showed that for male military personnel:

Maximum Acceptable Weight (kg) = 35.52 = [0.169 .

x Width (em) ]

With weights carried in one hand in this way an equal and opposite
torque about the center line of the body is required for lateral
balance. This contributes to the spinal stress so that it is
usually preferable to carry two lighter containers, one in each
hand, for improved balance.

For containers carried at the side of the body the main anthropo-
metric requirement is that the arm can be fully extended downwards

so that there are no unnecessary static tensions in the arm muscles.
Maximum height to handle center, if the container is to be carried

at arm's length, would be 72.5 cm for a 5th percentile (short) male and
65 cm for a 5th percentile female.

For containers carried in front of the body, it is usual to grip
the container on each side, either along the base or along the
forward edge, and pull the container against the frontal surface
of the trunk, thereby supporting part of the weight with body/
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container friction (assuming the material is not caustic or hot) thus
relieving the static forces in the arm and shoulder muscles.

There are no studies on the effect of hand position on this
carrying task, and therefore, no recommendations on handle posi-
tion are possible. It is possible to set 1imits on container

size for this mode of carriage from anthropometric considerations.
For the general population, if the forward edge is to be reached
the length in the fore- and aft direction should not exceed 71 cm
(males) or 65 cm (females). To prevent interference with forward
vision, the maximum height of the container above handle_ position
should be 82.5 cm (males) and 80 cm (females). If handles are

not placed so that the whole container is above hip height with
elbows extended, then interference with the legs will result during
walking. ‘

In general, handles should be placed above the container center
of gravity for ease of container control but this may not be
possible with bulky containers which would then interfere with
leg movement. KXellerman and Van Wely (1961} in evaluating differ-
ent shaped boxes to carry a constant (17.5 kg) weight of flower
bulbs found both subjective preference and physiological evidence
of the superiority of a wide, shallow container. Their optimum
100 x 30 x 12 cm deep container allowed the worker to carry it at
arm's length without interfering with the legs during walking. A
compact container is recommended but if deep ones are used it is
suggested that handles be above the center of gravity for lifting
from floor to table height to reduce stooping, and at or below
the center of gravity for carrying or lifting above table height
to reduce leg interference.

Human/Container Coupling Design

The handle or hand-hold is the coupling between the container and
the worker and should be designed with the worker's hand in mind.
The importance of proper hand/container couplings cannot be over-
stressed. They have a large effect on both the maximum force

a worker can exert on a container and on the energy expenditure

in manual materials handling tasks. Aside from manual materials
handling injuries, Rigby (1973) shows that lack of handles is a
prime reason for people dropping products, with resultant product
damage. Handle design is usually rather poor in practice, Wood-
son (1971) notes that off-the-shelf handles appear to be "designed
as decorative appointments" rather then ®"designed to fit the hand" .
The major problems Woodson reports are insufficient hand clearance,
sharp edges which can cut into a worker's hand and too small a
handle diameter.

Postures of the hand with respect to grasped objects have been
classified by Napier (1956) into

1. A hook grip in which the fingers are flexed around the
object and the thumb is not used for gripping.
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2. A power grip in which the object is clamped between the
partly flexed fingers and palm with the thumb opposing
the grip and lying along the plane of the palm, and

3. A precision grip in which the object is pinched between
the flexor aspects of the fingers and opposing thumb,

Most handles, hand-holds or gripping aids on containers force the
worker to use a hook grip (the least effective) or a power grip.
This latter gives a good gripping force and .allows a large surface
area of hand to be used but it is inefficient if accurate control
of the container is needed. Frequently, however, the weight of a
container will not allow a precision grip to be used.

The other main consideration in handle design is the nature of the
forces that are to be transmitted through the handle to the con-
tainer. Figure 7.1 shows the forces and torques associated with
handle use. Most studies of handle design have assumed that the
best size, shape and texture of the handle can generalize from
one use to anothers their results do not show close enough agree-
ment to support this contention.

——

Push/Pull Force

Ulnar/Radial
Deviation Torque

Pronation/Supination
Torque

Thrust Force

Figure 7.1: Hand Forces and Torques on Handles
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One major variable has been handle diameter, whose effect has
been measured for different faorces and torques and using differ-
ent criteria. Pheasant and O'Neill (1975) measured flexion/ex-
tension torques and found the larger the handle the better, at
least up to 70 mm diameter although maximum shear force at the
handle surface was greatest for a diameter of 30~50 mm. Thrust
forces peaked at about 44 mm diameter. Flexion/extension torque
was maximized using rough knurled surfaces in place of smooth
_eylindrical handles. There was no effect of a wide variety of
handle shapes on’ maximum torques when the effect of diameter was
eliminated. .

r

" The pronation/supination torque was measured as a function of
handle diameter by Saran (1973), who found that a 2.5 cm diameter
handle was preferred over either a 1.9 or a 3.2 cm handle, There
were no differences between handle diameters in terms of electro-
myographic (EMG) activity of the muscle groups involved in the
task, -

Tasks requiring the production of a push/pull force have been
used to evaluate handle diameter in a number of studies. This is
perhaps the most relevant type of task for designing container
handles. Ayoub and LoPresti (1971) found a relatively flat opti-
mum between about 25 mm and 64 mm diameter when EMG was measured.
However grip forces were optimum for a diameter of 38 mm., Khalil
(1973) measured EMG activity for three diameters of cylindrical
handle, (3.5, 5 and 7 cm) plus an elliptical handle 5 cm long x
3.2 cm wide and a5cm diameter sphere. Of all these handles the
3.2 cm diameter handle was best.

Two unpublished studies both requiring a pull force (Sanderson,
1976; salvaterra and Chiusano, 1977) have tested cylindrical
handles in different tasks. The former used a holding task and
handles from 1 to 2.5 cm and found an optimum at 1.9 cm. The
latter used both a subjective scale and a change in grip strength
following a one minute holding of a 15 kg container to evaluate
handles from 1 to 5 cm. Optima were found in each case at the
center of the range, 1.9 cm and 3.8 cm respectively.

Other recommendations can be made based on different criteria,

If the hand is to fit the handle with no overlap of fingers and
thumb then Garret's (1971) anthropometric data would suggest 41

mm as a maximum diameter for a 5th percentile male without gloves.
Similarly, guidebook recommendations in human engineering recommend
diameters as follows (Rigby, 1973):

Weight of Item Miminum Diameter
15 1b. 6 mm
15-20 1b, 13 mm
20-40 1b. 19 mm
40 1b, 25 mm
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These values are quoted without evidence as to their efficacy.
Design Recommendations for Handles

For final recommendations on handle diameter, there is little
agreement in the literature, although diameters from 25 to 38 mm
receive more support than most and thus must, reluctantly, be
recommended. The elimination of sharp edges, seams, ribbing,
.and corners appears to be an equally important criteria. The
handle should be textured to provide maximum gripping force, par-
ticularly if other than a pull force is to be exerted. The shape
of the handle is better cylindrical than molded to the contours
of the hand. Tichauer (1966, 1971, 1978) demonstrates the limit=-
ations of such form-fitting handles. It is almost impossible to
design finger grooves into a handle in such a way that they fit a
large percentage of the population. Thus any set of finger grooves
will impair performance for those workers not perfectly fitted.

Handle or hand-hold width should be at least 11.5 cm, with 5 cm
clearance all around the handle to accommodate a 95th percentile
hand.. If use with gloves is anticipated, at least 2.5 cm should
be added to these dimensions.

Worker/Floor Surface Coupling

The worker/working surface coupling has been cited as a causative
factor in a large percentage of accidents, particularly trips and
falls (Safety Science, 1977). The major types of accidents of
this type are: ’

1. slip (loss of traction on work surface)

2, trip (movement of lower body arrested)

3. mis-step (putting foot down where there is no support)
These accident patterns account for almost three quarters of work-
surface related accidents. The major mediating variable in this
type of accident is the coefficient of friction between the shoe
sole and the working surface. Pfauth and Miller (1976) review
shoe/working surface friction and find it affected by:

1. work surface material (wood, concrete, steel, tile, etc.;
Irvine, 1967; Kroemer, 1971, 1974; Sigler, 1943).

2, surface coating (e.g., waxes can both increase and de-
crease friction; Braun and Roemer, 1974).

3. floqr condition (clean or dirty; wet, dry or greasy; e.g.,.
Irvine, 1967; Kroemer, 1971, 1974; Sigler, 1943).
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4, floor angle (Haxper, warlow & Clark, 1961; found higher

coefficients of friction were needed on increasingly
steeper slopes).

5. shoe sole/heel composition and contact area (rubber
soles and certain synthetic soles are better than lea-
ther under dry conditions, but differences reduce Or
even reverse under wet conditions; Irvine, 1967; Kroemer,

1971, 1974; sigler, 1943; safety Sciences, 1977) .

6. The style of shoe (Harper, Warlow & Clarke, 1961, found
that shoes with high or narrow heels are the most hazard-
ous}. In a related area Tichauer (1966) found potential
problems of biomechanical stresses from l1ifting in
higher heels. '

The general recommendation is to adjust shoes and working surfaces
'to give a coefficient of -static friction of at least 0.4 and pre-
ferably 0.5. Unnoticed changes in surface friction are implicated
in many accidents. Going from a less slippery floor to a more slip-
pery one produces slips, the opposite change produces trips and
mis-steps. These unnoticed changes can be reduced by:

1. ensuring that different surface materials or coatings
have transition zones between them. -

2. clearly marking any surface friction change.

3. using good housekeeping procedures to reduce transient
changes in surface friction such as spills, worn spots,
loose or irregular floors. :

These recommendations are of particular importance in manual mate-
rials handling where any handling other than direct lifting in-
volves horizontal inertial forces transmitted from the container
to the body. Such forces require increased frictional forces to
prevent foot slippage. The carriage of weights also affects the
body's learned reflexes for recovering from a slip or trip both by
changing the normal weight distribution of the body and by pre-
venting the arms from being used to regain balance or recover from
the fall. Finally, if a fall does occur, the container becomes
another moving mass in close proximity to the falling operator,
with potential for both crushing and puncturing the body .

THE VISUAL ENVIRONMENT

While manual.materials handling operations rarely demand the fine
visual discrimination of delicate assembly work, they do reguire
cogtrol_of the visual environment for optimum performance and
safety.

The total amount of 1ight needed is easier to specify than the
type of light. The task of manual materials handling involves
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vision of the container, the workplace around the container and
the surface on which the operator’ stands. Follawing the IES Code
for Interior Lighting, an illuminance of 150 lux in each of these
areas is a recommended minimum. :

Type of lighting can have a large effect on visual performance,
particularly in the areas of depth perception and surface texture
perception. The aim in both of these areas is to provide suffic-
jent visual contrast for safe operation. Contrast, which depends
on the difference in 1ight reflected from two surfaces, can bhe
controlled either by differential illumination or by differing
reflectance. pDifferential illumination should apply to stairs

or changes in walking surface such as shoe/surface friction changes.
Low, angled illumination is recommended for enhancing surface
texture to warn operators of changes in shoe/surface friction.
Depth perception erxors are usually controlled by changing the
reflectance of the container and task to provide additional con-
trast. Color contrast can also be used in critical areas such

as edges of steps, loading docks and ramps where the conseguences
of misperception are severe.

The American National standard z53.1, 1967, Safety Color Code recom-
mends the Yellow be used for marking hazards that may result in acci-
dents from slipping, falling, striking, etc. Yellow indicates
£flammable liquid storage cabinets, materials handling equipment,
radiation hazard areas, etc. Often black stripes or a checkerboard
pattern can be used with the yellow color.

In situations where the operator may be unfamiliar with a particu-
lar container, or where a variety of containers are handled, appro-
priate labels and markings should be put on the container. These
should be designed to ensure that the best handling position is
adopted and that the appropriate force is applied. All lettering
should be of a uniform style (e.g., MIL STD 33558).

Labelling should indicate handhold positions, cautions against
single person lifting if the load is heavy, or a note of caution
if its center of gravity is not near the center of the container,
or if its center of gravity is likely to shift. The center of
gravity and total weight warnings are particularly important with
modern packaging methods, where the size of the container may bear

very little relationship to its weight and dynamic characteristics.
Labels should be printed on all sides of a container, facing in at
least two directions so that they are visible to the operator at
gll times. Labelling should aim for brevity and simplicity if it
is to be used and understood on the maximum number of occasions.
THE THERMAL ENVIRONMENT

Barly stuqies on mine workers showed a relationship between environ-
mental {air) temperature and accident rates (Vernon and Rusher, 1920)
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A number of studies (Edholm, 1%67) have confirmed increased acci-
dent rates away from the comfort zone (18°C to 21°C, 65°F to 70°F)
and a greater effect of temperature for older workers. It is thus
particularly important to ensure that thermal stress does not
contribute to manual materials handling safety problems.

Cold environments are not usually a problem in MMH safety; the
strenuous nature of many of the MMH jobs gives a rate of metabolic
heat production sufficient to prevent hypothermia. However, colder
environments can lead to reduced dexterity (e.g., Wentzel, 1968)
which could increase human error in MMH. Also colder temperatures
_can motivate workers to wear protective clothing, particularly at
the extremities. Powell, et al., (1971) found decreased accidents
at lower environmental temperatures in a warehousing operation, much
of the effect due to the operators wearing their safety gloves in
colder weather for reasons of thermal comfort.

In hot enviromnments the added metabolic heat. produced inside the
body by MMH work can result in greater risk of overstrain and heat
illnesses. To prevent excessive exposure to heat, an assessment
must first be made of whether or not a heat problem exists.
Currently, the most accepted method for determining heat load is
decribed in the Threshold Limit Value (TLV) booklet of the American
Conference of Governmental Industrial Hygienists (ACGIH, 1980).
Figure 7.2 shows the lines of permissible exposure to work in hot
environments as developed by Dukes-Dobos and Henschel (Dukes-Dobos,
1976) which was adopted by the ACGIH as the TLV for heat stress.

The values given apply to acclimated workers who are physically
fit.

Various measures are possible for the alleviation of the heat
stress problem. All seek to reduce heat storage by the body,
either by limiting input heat lcad from the environment, by
limiting metabolic heat generation, or by limiting exposure
duration. In practice this can mean air conditioning, radiant
heat shielding, forced air movement, clothing design to minimize
heat absorption and maximize evaporative cooling, and finally
the deszgn of work-rest schedules to prevent body temperature
from increasing during the work shift.

Other methods of estimating metabolic costs for manual materials

handling tasks are available (Givoni and Goldman, 1971; Garg,
et al., 1978).
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These can be combined with detailed treatments of the physics of
heat transfer between human beings and their working environment
(Berenson' and Robertson, 1973) so that a detailed analysis of
human thermal load can be made (Givoni and Goldman, 1971, 1973).
These allow the effects of changes in environment, clothing and
workload to be predicted and engineering controls to be installed
in advance.

MATERIALS HANDLING SYSTEM ALTERNATIVES

The materials handling function is ubiquitous throughout industry
occurring in at least seven areas. '
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1. Transportation of Raw Materials. Each delivery of mate-
rials to the plant whether by road, air, rail or water
requires material moving equipment and people. Often
such transportatlon of raw material is performed by out-
side carriers over which the plant management has little
control, Still, their interaction with the manufactur-
ing process must be recognized as important.

2. Receiving. Unloadlng the material from the transporting
vehicle and moving the materials to their assigned places
constitutes materials handllng. Furthermore, inspection
for weight, quallty, quantity, etc., generally involves
handllng operatlons. Often, the handling itself takes
more time than the inspection or storing action.

3. In-process Handling. The handling of material within
the plant and particularly between work stations con-
stitutes major materials handling problems with respect
to effort, cost, and danger of accidents. Pieces may
be moved many times in manufacturing plants either as
single elements or combined with others in subsystems
or units., Storage of in-process parts between operations
is a very critical area of materials handling.

4. Handling at the Work Place. This is one of the most
overlooked but costly operations in materials handling.
It usually involves manual movement of material among
fixtures and jigs, into and from machines, and the dis-
posal of by-products and wastes. This is a phase in
materials handling which contributes s;gnlflcantly to
injuries and accidents.

5. Handling of Wastes and By-products. Rejects, wastes .and
by~products produced in the manufacturing process, or
used packaging material, must be moved and disposed.
This may involve sorting of materials that can be used
again or recycled, and of those materials that are dis-
carded. This is also an often overlooked aspect of
materials handling.

6. Warehousing. The storing, stocking, order picking, as-
sembly of orders, packing and movement out of the ware-
house are material handling operations.

7. Distribution. The transportation of the finished or
processed goods and materials is the last part of mate~
rials handling in the manufacturing cycle. This usually
involves, like the transportation of raw materials,
‘road, rail, air or water vehicles, and is often done by
outside carriers.

Materials handling systems can be classified in many ways by their
function and purpose. The International Material Management Society
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ani the ASME have adopted a decimal classification system with
nine major classes. The four most useful classes within a factory
are:

1.000 Conveyors

2.000 Cranes and hoists

3,000 Positioning equipment
and 4,00 Industrial wvehicles

Positioning equipment is used to transfer material from workplace
to matérials handling equipment or vice versa. It includesmanip-
ulators, dumpers, up-enders, positioning tables, lifts, jacks and
transfer machines. As such positioning equipment provides an
alternative to the unaided human operator at the workstation it-
self where many manual materials handling problems occur.,

At the workplace simple job aids can often facilitate materials
handling tasks. Ixamples are:

1. Hooks. The worker should be trained in the use of hand
or packing hooks so that they will not glance off hard
objects. If the hook is carried in the belt, the point
must be covered.

2. Bars. The major hazard in the use of a crow bar is that
1t may slip. The point or edge should have a good "bite".

3. Rollers. Rollers are often used to move heavy and bulky
objects. The principal hazard is that fingers or toes
may be pinched or crushed between a roller and the floor.

4, Jacks. All jacks should be marked to indicate the safe

: load they can support. The surface onto which a jack
is placed must be level and clean and be sturdy enough
to support the load. After the load is raised, substan-
tial horses or blocking should be placed under it for
support. Workmen using jacks should wear safety shoes
and instep guard protection because handles may slip, or
parts may fall.

5. Platforms. Platforms are useful for loading and unload-
ing, provided that the load is maintained at a convenient
height for lifting and handling.

6. Trestles. These and other supports may be used for
maneuvering long loads on the point of balance, or for
readjusting the grip or carrying posture.

The other three types of materials handling equipment are used es-

sentially between workstations. Their characteristics, functions
and uses have been well summarized by Apple (1971) as follows.
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Conveyors

These gravity or power devices are commonly used for moviag uniform
loads continuously from point to point over fixed paths where the
primary function is movement.

1. Common examples include:

a. roller conveyors,
b. helt conveyors,

c. sScrew conveyors,
d. chutes, -

e, monorails, and

£. trolley conveyors.

2. Conveyors are generally useful when:

a. loads are uniform,

b. materials move continuously,

C. routes do not vary,

d. loads are constant,

e. movement rate is relatively fixed,

£, conveyors can bypass cross traffic,

g. the path to be followed is fixed, and
h. movement is from one point to another.

Cranes and Hoists

These overhead devices are usually utilized to move varying loads
1nterm1ttently between points within an area fixed by the support-
ing and guiding rails, where the primary function is transferring.

1. Common examples include:

a. overhead traveling cranes,
b. gantry cranes,

c. jib cranes,

d. hoists, and

e. stacker cranes. :

W

2. Cranes and hoists are most commonly used when:

a. movement is within a fixed area,

b. moves are intermittent,

c. loads vary in size and weight,

d. cross traffic will interfere with conveyors, and
e. loads handled. are not uniform.




Industrial Trucks .

These hand or powered vehicles (nonhighway) are used for movement
of mixed or uniform loads intermittently over varying paths which
have suitable running surfaces and clearances and where the pri-
mary function is maneuvering or transporting,

1. Common examples include:

a,. forklift trucks,

b, platform trucks,

c. two~-wheel hand trucks,

d. tractor~trailer trains, and
e, hand stackers.

2. Industrial trucks are generally used when:

a. materials are moved intermittently,

b. movement is over varying routes,

c. loads are uniform or mixed in size and weight,

d. cross traffic would prohibit conveyors,

e, clearances and running surfaces are adequate and
suitable, )

£. most of the operation consists of handling =-
lifting, maneuvering, stacking, and the like, and

g. material can be put into unit loads.

Other classficatory schemes are possible, for example by the power
requirements. At least three classes can be distinguished: Human
Powered, Gravity Powered and Self-Powered. The total energy ex-
pPended by the human operator is obviously highest for human power=
ed systems with consequent increased probability of overstrain,
But the total energy marshalled, and hence available for damage
and injury, is greater for gravity~ and self-powered systems..

The final classificatory variable is the coupling between the load
and the materials handling system. Special«~purpose attachments
are available in profusion; forks, clamps, hooks, platforms and
hoppers are all used across the other classifications of materials
handling systems.

It

&

The aim in this classification is to enable the materials handling
System designer to specify the function of the equipment rather
than the equipment itself., This ensures that novel approaches

to materials handling problems are not overlooked because of over-
familiarity with particular solutions.,

POTENTIAL SAFETY AND ERGONOMIC PROBLEMS
Each of the major classes or materials handling equipment has

Problems of human/machine mismatch which are potential and actual
Sources of accident causing errors,
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Conveyors

The major problem with conveyors, aside from puxely mechanical en-
trapments, is that work is externally-paced., Human performance is
inherently variable with successive cycle times on a repetitive
task having a standard deviation of 10-20% of the mean time. Any
attempt at external pacing of the operator gives rise to time-
stress induced errors, even when the operator is paced at well
below his/her mean unpaced performance. Murrell (1969) found
that if missed components (errors) could only be tolerated at 0,.5%
of total production, then production rates had to be set 20~30%
below optimum conveyor speed.

Not only must conveyor based systems be designed taking account
cycle-to-cycle variability of one operator, but their operation
must allow for operators of different abilities at each worksta-
tion. With typical between-operator ranges of 2:1 in cycle times
this means that large numbers of operators will either be over-
stressed or under-stressed in their work. One solution, as Sury
(1965) shows is to increase the tolerance of the conveyor system
for fast and slow cycles. He found that a time tolerance of 99%
of the cycle time distribution for each operator was needed to
remove the effects of too-rigid pacing. Buffer stocks between
stations achieve the same effect,

Conveyors and their associated pacing have infamous effects on
employee attitudes. For example Coetsier (1965) found that the
imposition of pace was a more significant factor in negative at-
titudes than was the actual rate of work. Davies (1965) cites
the use of a conveyor to enforce a particular work output as
replacing the management functions of managers.

However, not all conveyors are paced, Many gravity or powered
and free conveyors merely transport goods between workstations
where the goods form a waiting line until operated upon by the
worker. Another positive use of conveyors is the use of mobile
conveyors or rollers to facilitate loading and unloading of trucks
and containers.

Cranes and Hoists

Considering the dangers inveolved when heavy loads are suspended,
Cranes are among the most dangerous pieces of material handling
equipment. For this reason, specific requirements must be met by
all cranes, Overhead and gantry cranes must meet the design
specifications of American National Standard B 30.2.0 (OSHA regu=
lation 1910,.179); all crawler, locomotive and truck cranes must
meet the design specifications of American National Standard
B30l1.5 (OSHA regulation 1910.180). Cranes installed before
August 27, 1971, must be modified to conform to these regquirements
(see National safety Council, Supervisor's Safety Manual).
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1. The crane cab, and all controls, must be designed for
good visibility, and safe operation. Sell (1977) show-
23 how an integrated cab for an overhead crane could’ be
designed. :

2. 0f course, RnO <rane should be loaded beyond its rated -
load capacity. the load including the weight of all
auxiliary handling Jdevices such as hoist blocks, hooks,
and slings.

3. 10ad hooks, chains, ropes; and the hoisting device itself
must be clearly marked with the maximum allowable load.

4, Loads must not be carried over people, and may not be
moved while a person is on the load or hook.

5. The operator must pbe thoroughly trained. He must not
jeave his position at the controls while the load is
suspended.

6. Standard signals should be used between the crane opera-
tor and the signal man on the ground.

Most of the materials handling accidents investigated by Coleman,
et al., (1978) were connected with falling, slipping, or bumping

of the load. The major factors in such accidents were inadegquate
communicatioris between the crane operator, the hitcher, and the
signal man. Often the visibility from +he cab was insufficient,

- the controls inadequate, and the overall design required tiring
body positions. Simple ergonomics principles of control positions
and directions of movement, workplace layout and visibility are
readily available (€eGey McCormick, 1976; VanCott and Kinkade, 1972)
and should be used in design or redesign. :

Hoists and particularly air-balance hoists are useful at the work-
place where heavy components can be moved with only small (control)
forces having to be supplied by ‘the human operator.

Industrial Trucks

Human factors and safety design weaknesses found by Coleman, et al.,
(1978) concerned missing or inadequate safety devices, lack of
standardization in braking, reduced visibility, cramped driver
compartments, seats not damping transmission of road impacts and
vibrations, and not providing sufficient body support.

Bazards often encountered in the operation of powered and hand

trucks include: .

1. contact with the moving parts of the truck,

2. falling of the lecad, particularly at corners and on
inclines,
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3. rollover,
4, collision between the truck and other object,
5. the operator getting pinned between the truck and

another object, and
6. the truck running up the heels of the walking operator.

Many of these hazards also apply to dollies and wheelbarrows. They
can be reduced or eliminated by using the following guidelines.

1. All exposed handles should be equipped:with knuckle
guards so that the operator's hands cannot be jammed
against external obstructions.

2. All wheels should be recessed or otherwise guarded.

3. All trucks should have brakes that apply automatically
when the handle is either fully raised or fully lowered,
or released. .

4. Major features should be standardized, e.g., brake
activation on powered trucks.

Fox (1971) found many instances of negative transfer between
different vehicles with different positions and directions of
controls. He also found critical incidents caused by errors in
blind reaching for controls while the driver's vision was directed
to the load rather than the controls.

5., All operators must be trained to follow safe practices,
such as

a. proper loading (i.e., s© that the vehicle is bal-
anced, that the load will not fall off, that
vision is not obscured, etc.)

b. leaving the truck facing the traffic

c. maintaining safe speed

d. backing loads down inclines to avoid front end

. tipping
e. lowering the fork to floor level when not in use
f. chocking wheels if parked on an incline.

Pertaining OSHA regulations are detailed under Part 1910, Subpart
N. particularly section 1910.178. Two anonymous articles, "powered
Hand Trucks," (July 1975 issue, National Safety News, 53-57), and
"Industrial Trucks - Their Operations and Maintenance," (September
1975 issue, Industrial Engineering, 32-37) discuss many of the

safety features and 1lists applicable safety standards and recommend-
ations.

Fork-1ift trucks have the dubious distinction of violating many
human engineering principles and recommendations, and of having
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many accidents. Human engineering data and recommendations shoudl
be made as the basis for design or purchase of a new fork-lift
truck. In its operation, many mishaps can be avoided by using
"safe practices” in training the new operator, in monitoring the
operator's performance, and by enforcing safe practices by positive
(reward) and negative (punitive) control measures (Lovested, 1977).

Again many of these problems can be alleviated by the intelligent
application of ergonomics/human factors principles. The environ-
ment in which the industrial truck operates. can have a large effect
on its efficiency and safety. Drury and Dawson (1974) evaluated
control performance of five powered fork trucks and found that
considerable lateral room was required even to drive them consist-
ently in a straight line. For drivers concentrating totally on
vehicle contrel, an aisle width of 0.5 m greater than truck or load
width was required. In more realistic situations where the opera-
tor must monitor the load stability, plan his/her course through a

factory and be alert to avoid other traffic much greater clearances
are needed.

For human powered vehicles, Drury, Barnes and Daniels {1975) found
that large wheels gave easier handling and that, again, adequate
clear aisle widths had to be provided. Handles should be about 1
meter above the floor for maximum force exertion. With any human
powered vehicle flatness of floors is essential and special care
must be taken to avoid sudden floor steps of even a few millimeters
as they can cause large increases in the force necessary to push
or pull the vehicle.
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CHAPTER 8

RECOMMENDATIONS

This chapter outlines load limit recommendations for lifting tasks. ..
Sections on how to identify a’hazardous lifting job, how to inter- -
Pret the guidelines and how to apply them to actual lifting situ-
ations are provided. In addition, brief summariez of Chapter ¢,
Administrative Controls and Chapter 7, Engineering Controls, are
included.

It is intended that this chapter will provide the Industrial or
Safety Engineer with an easy means to quickly scan the Guide,

Pick ocut important points and apply them to the appropriate situ-
ation. References to earlier chapters are made if a more thorough
and detailed discussion of a topic is desired,

DEFINITION OF A LIFTING TASK

For the purpose of this Guide, a lifting task is considered to be
the act of manually grasping and raising an object of definable
size without mechanical aids (i.e., hoists, conveyors, block and
tackle, etc.). The time duration of such an act is normally less
than two seconds, and thus little sustained exertion is required
(as opposed to holding or carrying activities). The lifting limits
Presented in this chapter do not apply to all kinds of lifts. They
are intended to apply only for:

a. smooth lifting
b. two-handed, symmetric lifting in the saggital plane
(directly in front of the body; no twisting during lift)

C. moderatg width, e.g., 75 em (30 in) or less
d. unrestricted lifting posture

e, good couplings (handles, shoes, floor surface)
£. favorable ambient environments.

It is assumed that other manual handling activities such as hold-
ing, carrying, pushing, pulling, ete., are minimal. When not
engaged in lifting activities, the individual is assumed at rest.

The assumed work force is Physically fit and accustomed to physi-
cal labor,

The Guide dces not include "safety factors" commonly used by en-
gineers to assure that unpredicted conditions are accommodated.

a
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LIFTING TASK VARIABLES

The primary task variables identified earlier in this Guide on the
basis of epidemiology (Chapter 2), biomechanics (Chapter 3), phys-
iology (Chapter 4) and psychophysics (Chapter 5) of lifting include:

1. Object weight (L) = measured in kilograms (pounds)

2, Horizontal location (H) - of the hands at origin of
1ift measured forward of the body centerline or mid-
point between ankles {in centimeters or inches)

3. Vertical location (V) - of the hands at origin of 1lift
measured from floor level in centimeters (inches)

4. Vertical travel distance (D) - from origin to destina-
tion of 1ift in centimeters (inches)

5. Frequency of lifting (F) - average number of lifts per
minute .

0. Duration or period - assumed to be occasional (less
than one hour) or continuous (8 hours)

The latter two variables (lift frequency and period) are the most
difficult to define and consequently measure and provide guidance.
For the purpose of this Guide jobs will be grossly classified in
three categories: ‘ .

1. Infrequent - either occasional or continuous lifting
less than once per 3 minutes

2. Occasional high frequency - lifting one or more times
per 3 minutes for a period up to 1 hour

- 3. Continuous high frequency - lifting one or more times
per % minutes continuously for 8 hours. -

Evidence presented in earlier chapters shows that for infrequent
lifting a person's musculoskeletal strength (Chapter 5) and
potential high stress to the back (Chapter 3) are the primary
limitations to ability. As such, biomechanical variables are
p;edominant in determining hazard. Occasicnal high frequenc
lifting results in psychophysical stress {(Chapter 5) and possible
muscle fatigue as the primary limitations. For continuous, high

frequency lifting the primary limitations are based on cardio-
Vascular capacity and metabolic endurance (Chapter 4).

Table 8.1 summarizes which task variables are emphasized by the
four approaches examined in Chapters 2=5. A careful review of
these approachés shows two important points. First, all of the
task variables are highly interactive. - In other words, the
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Table 8.1: Emphasis on task variables by alternative

approaches.
0
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A3 EU 0o 133
£ ot = 0
3 ;m ™ ¥
Object Weight {L) X X X X
Horizontal Location (H) X X _ X X
Vertical Location (V) X X X X
Travel Distance (D} * X X
Frequency of Lift (F) X X X
Duratibn or Period (P) X

importance of object weight (for example) is highly dependent on
where the weight is located (horizontally and vertically), how far
it must be moved, and how frequently. Thus, none of these variables
should be evaluated independently.

Secondly, the four approaches taken separately may lead to differ-
ent conclusions. For example, metabolic criteria (Chapter 4) can
lead one to believe lifting heavy loads infrequently is preferred
to frequent 1ifting of lesser loads (due to the cost of

moving the body}. From a biomechanical or strength point of view,
(Chapters 3, 5) object weight should be minimized regardless of
frequency.

Another example has to do with object location., A person is gen-
erally strongest when lifting with the legs and back. Were
strength the only criterion, (Chapter 5) one would favor leaving
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objects on the floor rather than on shelves. Of course, bio-
mechanical low back compression (Chapter 3) and cardiovascular
(Chapter 4) criteria would deem this least desirable, h v

CRITERIA FOR GUIDELINE

It is concluded, regardless of the approach taken to evaluate the
physical stresses of lifting, that a large individual variability
in risk of injury and lifting performance capability exists in the
population today. This realization requires that the resulting
controls be of both an engineering and administrative nature. 1In
other words, there are some lifting situations which are so ha-
zardous that only a few people could be expected to be capable of
safely performing them.' These conditions need to be modified to
reduce stresses through job redesign. On the other hand, some
lifting conditions may be safely tolerated by some people, but
others, particularly weaker individuals, must be protected by an
aggressive selection and training program. To specifically define
these conditions two limits are providel based on epidemiological,
biomechanical, physiological, and psychophysical criteria.

1. Maximum Permissible Limit (MPL)

This limit is defined to best meet the four criteria:

a. Musculoskeletal injury rates and severity rates
have been shown to increase significantly in
populations when work is performed above the
MPL.

b. Biomechanical compression forces on the ;g/sl disc
are not tolerable over 650 kg (1430 1b) ih most workers.
This would result from conditions above the MPL.

C. Metabolic rates would exceed 5.0 Kcal/minute for
most individuals working above the MPL.

d. Only about 25% of men and less than 1% of women
workers have the muscle strengths to be capable
of performing work above the MPL,

2. Action Limit {AL)

The large variability in capacities between individuals
in the population indicates the need for administrative
éontrols when conditions exceed this limit based on:

a. Musculoskeletal injury incidence and severity rates

increase moderately in populations exposed to
lifting conditions described by the AL,
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b. A 350 kg {770 1b) compression force on the Lg/S3 disc
can be tolerated by most yound., healthy workers. Such

forces would be created by conditions described by the
AL. )

c. Metabolic rates would exceed 3.5 for most individ-
wals working above the AL.

d.' Over 75% of women and over 99% of men could 1lift
10ads described by the AL. '

Thus, properly analyzed lifting tasks may be of;3 types:

1. those above the MPL should be viewed as,unacceptable
and reguire engineering controls

2. those between the AL and MPL are unacceptable without
administrative Or engineering controls

3. those below the AL are believed to represent nominal
risk to most inaustrial workforces.

To illustrate this point, Figure 8.1 shows the three regions and
boundaries defined for infrequent lifting (F < .2} from the floor
(v = 15 cm [6 in]) to knuckle height (P = 60 cm [24 inl).
Depending on the size of the object, in terms of horizontal hand
location, the maximum weight which can be 1ifted can be détermined

(16)  (Xg)
2007
80 |
. dy Interference
_ Limit
1504 |
S |eor
E: Hazardous
:l = Liffmg
y 400- Cond/tions
% 40t
& J i ™ _ Functional Reach
™ { Moximum
50- ) i bl
20 L 'P"ﬂ?r':i?“ ¢
-~
b Action
i Limit
0+ O
0 : (e
o ) 0  (n)

. p v s '
HORIZONTAL LOCATION OF LOAD

Figure 8.1: Maximum'Welght versus Horizontal Location for Infre-~
quent Lifts from Floor to Knuckle Height
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GUIDELINE LIMITS

With the large number of task variables (5 in this case) which
modify risk during lifting it is virtually impossible to provide

a simple yet accurate procedure for evaluating all possible jobs.
This problem is further complicated by the need to satisfy four
separate criteria (epidemiological, biomechanical, physiological,
and psychophysical). The following guideline is the simplest form
known which best satisfies the four criteria.

i

In algebraic form:
AL (Kg) = 40(15/H)(1-.004|V-75|)(.7+7.5/D)(l-F[?max)-metric units

or
AL (1b) = 90(6/H) (1-.01]V=-30]) (. 7+3/D) (1=F/Fpax) ~U.S. Customary units

MPL = 3 (AL)
where H = horizontal location (centimeters or inches)
forward of midpoint between ankles at origin
of 1lift

V = vertical location (centimeters or inches) at
origin of lift

D = vertical travel distance (centimeters or inches)
between origin and destination of lift

F = average freguency of lift (lifts/minute)

Frax = maximum freguency which c¢an be sustained
, (see Table 8.2)

For purposes of this Guide, these variables are assumed to have
the following limits.

1. H is between 15 cm (6 in) and 80 cm (32 in). Objects:

‘ cannot, in general, be closer than 15 em (6 in) without
interference with the body. Objects further than 80 cm
{32 in) cannot be reached by many people.

2. V is assumed between 0 cm and 175 cm (70 in) representing
the range of vertical reach for most people.

3. D is assumed between 25 cm (10 in) and (200-V) cm [(80-V) inl.
For travel less than 25 e¢m, set D = 25,

4. F is assumed between .2 (one lift every 5 minutes) and

Fphay (see Table B.2), For lifting less frequently than
once per 5 minutes, set F = 0.
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Table 8.2: Fmax Table.
AVERAGE VERTICAL LOCATION (cm)(in)
v = 75 (30} V < 75 (30)

Standing Stoowred
1 hour 18 15
PERIOD
8 hours 15 12

The above equations for the action limit (AL) and maximum permis-
sable limit (MPL) represent a multiplicative factor weighting for
each task variable. The first factor

H Pactor = (15/H)

represents the importance of the horizontal location (). If H =
15 cm this factor is 1 and no adjustment for horizontal location
is necessary. If H =75 cm, this factor is 15/75 = .20 meaning

the AL is reduced from 40 to 40(.20) = 8 kg.

The factor for vertical 1ocati6n invelves the absolute deviation
of V from 75 cm (approximate knuckle height). For V = 75, the V
factor is

Vv Factor = (1-.004|v=75])
= (1-.004(0)) =1
For V = 15,
v Factor = (1-.004|15-75])
= 1-.004(60) = .76
Likewise for Vv = 135,
Vv Factor = (1-.004]135=75])

1-.004(60) = .76
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Likewise, the D factor ranges from 1 to .74 as D wvaries from 0 to
200 cm.

D Factor - (.7+7.5/D)

-~
For D = 0 set D = 25 (the minimum allowed value), then
D Factor = (.7+7.5/25) = 1.0
For D = 200,
D Factor = (.747.5/200) = .74

The F factor is a bit more complicated. If the 11ft1ng originates
below 75 centimeters (on the average V < 75) and is performed con-
tinuously throughout the day, Fpay = 127 (as given in Table 8.2).

If the observed frequency is 6 lifts per minute (F = 6} then,

(1- F/ max

1-6/12 = .5

F Factor

The effective weight which can be lifted is thus halved due to
frequency of lifting required.

Combining factors is illustrated for continuous lifting below
knuckle height with average H = 20 cm, V = 40 cm, an average dis-
tance of D = 100 em, at a rate of 6 lifts per minute; then

AL

40 ( 15/20) (1-.004{40-75|) (.7+7.5/100) (1-6/12)

40 (.75)(.86) (.78) (.5) = 10 kg.
MPL = 30 kg. ‘

The mechanics of this example would be exactly the same using the
U.S. Customary form of the eguation and the task variable limits
given on page 120. The weight handled on the job could be com-
pared directly with these values. Suppose the load was 35 kg
(above the MPL). 1In this case, one "engineering control™ might
be to reduce the frequency of lifting from 6 per minute to 1 per
minute (admittedly a drastic change). This would increase the
frequenecy factor from .5 to .92 and consequently the

AL 18.4, and

MpL = 55.2
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Viewing the relative weights of each factor (.75) (.86} (.75) (.50)
in this case allows a guick evaluation of the relative weights
associated with changes in any factor., Frequency of lifting is
the biggest discounting factor (.5) in this case and should re-
ceive first consideration.

Reducing frequency to 1 1lift per minute would lower the stressful-
ness of the job to within the "administrative controls" region.

In this case, 35 kg is between AL = 18.4 and MPL = 55.2. This
should not preclude further "engineering controls™. It is import-
ant to realize that the job still cannot be safely performed by
most women or the majority of men. Further reductions in the fre-
quency (factor = .92) would be ineffective since this factor can
only increase to 1.0. The load probably cannot be brought appre-
ciably closer to the body (H = 15 versus H = 20 cm).

The best engineering solution at this point would be to change the
load weight. Halving the weight (from 35 kg to 18 kg) would be
one solution to achieving a task within the capabilities of most
people (18 kg is less than AL = 18.4 kg). An egually acceptable
solution would be to increase the load to 100 or more kg and pro-
vide mechanical 1lifting aids thus precluding manual handling and
relieving the person of lifting altogether,

JOB PHYSICAL STRESS EVALUATION

The purpose of the job physical demands evaluation is to identify,
quantify and document the physical stresses associated with a given
job, This section outlines how such an evaluation should be per=-
formed so that the guidance of the previous section may be applied.

Selection of Analysts

All job analyses should be performed by an individual who has ex-
perience in work measurement and who is thoroughly familiar with
the plant and the jobs done in it. The analyst should know the
prescribed methods of performing these jobs and should be aware

of all tasks (including any irregularly occurring tasks) associated
with the job.

Selection of Employees

Only experienced employees who routinely perform their work accord-
ing to job descriptions and who work at a normal pace should be se-
lected for measurement during the job evaluation. This will assure
that the job description accurately describes the work performed.
Selection of Jobs

Jobs should be rank ordered by incidence and severity rates of

musculoskeletal disorders. Jobs with the highest rank should be
studied first. The primary source used to formulate this sort of
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job ranking should come from medical information (if available)
such as: A

medical reports

first aid reports

QSHA 101 forms

worker's compensation payments

Things to look for on these reports include:
1. musculoskeletal injuries, particularly back injuries

< overexertion
- strains/sprains
- contact injuries such as:
- lacerations
- bruises
- abrasions
- fractures

2. what job the injury occurred on so that a total for
each job can be compiled

3. how much lost time was associated with each injury.
In the absence of medical records, stressful jobs can
be identified by information obtained from line super-
visors or foremen for a particular job, such as:

- is there a high turnover rate?
~ is there frequent absenteeism?
- are there frequent sprain/strain complaints?

Analysis Procedures

All data collected should be organized on a "Physical Stress Job
Analysis Sheet" (see Figure 8.2). The exact form is, of course,
optional but it should include background and identification in-
formation for each job such as date, plant name, department,

analyst's name and job title as well as the task descriptors to
be measured, These are:

1. Weight of the object lifted - determined by direct

weighing. If this varies from time to time, note the
average and maximum weights,

2, The position of the load with respect to the body - this
must be measured at both the starting and ending points
of a 1ift in terms of horizontal and vertical location.
The horizontal location from the body (H) is measured
from the midpoint of the line joining the ankles to the
midpoint at which the hands grasp the object while in
the lifting position. The vertical component is
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PHYSICAL STRESS JOB ANALYSIS SHEET

DEPARTMENT DATE
JOB TITLE _  ANALYST’'S NAME
TASK OBJECT |HAND LOCATION & ragk

DESCRIPTION | WEIGHT g’ig'\: D’:'"“’:" rreall aclwmpill REMArks

Ave Maxicn eml cm em

Figure 8.2: Example Coding Form.

determined by measuring the distance from the floor to
the point at which the hands grasp the object. The co-
ordinate system is illustrated in Figure 8.3.

These measures are repeated for the ending point of the lift (in
the lifting position) and all four values are recorded on the job

analysis sheet.

It these four values vary from task to task (e.g., stacking cartons
on top of each other), the job must be separated into elements and
each element evaluated. Examples later will suggest ways to handle
such situations.

To be precise, the H value should be measured as described in
item 2. However, a convenient rule of thumb is H = (W/2+15) cm
or (W/2+6) in, where W = the distance of the load away from the
body measured in the horizontal axis (fig. 8.3).

3. Frequency of lift - this should be recorded on the job
analysis sheet in average lifts/min. for high frequency
jobs. A separate frequency should be entered for each
distinguishable job task. ‘
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Figure 8.3 Graphic Representation of Vertical, Lateral and Hori-
zontal Axes.

4, Period (or Duration) - the total time engaged in 1lifting
should be noted. This need only be defined as less thad

one hour or more than one hour for the purposes of this
Guide.

Figures 8.4 through 8.7 illustrate the factor weights for each of
thg.above task variables. These nomograms allow the analyst to0
guickly qetermine the correct factor adjustments to be applied for
each variable in order to complete the latter columns of the job
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analysis sheet. The remarks section may be useful in describing
which factor is most restrictive or limiting for each element.

EXAMPLES

Five examples will now be discussed to illustrate the analysis ang
interpretation of this methodology.

Example 1: Infrequent Lifting

Figure 8.8 illustrates a common misconception (or oversight) in
terms of what types of jobs may be physically stressful. A punch
press operator, for example, routinely handles small parts, feeding
them in and out of a press. A cursory view of this task may over=-
look the fact that once per shift, the operator is required to load
a reel of supply stock (illustrated shoulder height) from the floor
onto the machine. The reel weighs 20 kg. This activity is docu-
mented in Figure 8.9. Assuming the operator lifts the reel in the
Plane shown (rather than on the side of the machine) Bhe appropri- .
ate horizontal dimension is (75/2 + 15) = 53 cm or (3— + 6) = 21 in.
At the destination V = 160 cm (63 in). Since the act%vity occurs
only once per shift, F = 0 (no frequency adjustment required).

. 160 em
) A

Figure 8.8: Example 1, Punch Press Operator.
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PHYSICAL STRESS JOB ANALYSIS SHEET

DEPARTMENT__S 28R cAT oA DATE _2/18/80
JOB TITLE Puscx PRESS ANALYST'S NAME _ £ 783
TASK oBJECT |HAND LOCATION | TasK

Qrigin |Destinaton
H V| H V
¢m cm| cm c¢m

DESCRIPTION | WEIGHT

FREQ ALIMPLJ]{ REMARKS
Ave Max :

Loap Sroex | 20 20 | 53|38 53060 © | 72 |216|| Mew work
: Prachce Meeded

Figure 8.9: Job Analysis for Example 1.

Interpreting this activity in terms of the critical variables:

H factor = 15/H = 15/53 = ,28

D factor = .7 + 7.5/(160-38) = .76

V factor = 1 - ,004 (75-38) = .85

F factor = 1 - 0/15 = 1.0
Therefore _

AL = 40(.28)(.76)(.85)(1.0)= 7.2. kg

MPL = 3(7.2) = 21.6 kg

In this case, lifting the 20 kg reel in this way would be stress-
ful for most people and at least strong administrative controls
would be required if not engineering controls.
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Notice that the H factor is most critical in this case (H factor =
.28)., If possible, the operator should load the machine from the
side (i.e., grasping the reel by its perimeter)}. This would allow
the reel to be brought closer to the body (i.e., H = 20 cm for
example). With this preferred work practice,

AL = 40(.75) (.76) (.85) {1.0) = 19.4

" MPL = 3(19.4)= 58,2

For all practical purposes the activity is now within the capabil-
ities of most people. Alternative engineering controls might in-
clude elevating the delivery of reels (above the floor) thus
improving both the V and.D factors.

Examples 2 and 3: H Not Constant

Evaluation of jobs where the H value is not constant throughout
the 1ift should be approached with caution by the analyst. The
most common error is to exaggerate H, making a job seem more
difficult than it actually is. '

For example, a compact load is lifted from the floor to a point 125
cm high as illustrated in Figure 8,10. Due to workplace constraints
the object must be placed on a moving conveyor at a distance H=B80
cm but the lift is unconstrained up to waist height (about 100 cm}.
In most cases, the load can be lifted close to the body up to this
point and then through transfer of momentum be placed on the con-
veyor with little difficulty. Using an H value of 80 cm greatly
overestimates the strength requirements of this task. As a general
rule of thumb, the analyst should use the K value at the origin

{in this case close to the body) to determine the weight limit

and not the H value for the end point of the lift. However, a
fragile load that must be carefully handled throughout the lift

may well require the strength capabilities of lifting the load

from the floor to the end point at an H value equal to that of

‘the end point! '

The estimation of horizontal location as W/2 + 15 cm for body
clearance is not appropriate with horizontal obstructions such as
illustrated in Figure 8.11. " In this case, the appropriate hori-
zontal dimension is 60 cm at the origin. Presumably the load is
not fragile, nor need it be retrieved from the destination. If
it must be retrieved the horizontal location at the destination
will become the origin for a subsegquent lift!

Example 4: Occasional High Frequency Lifting of Constant Weights
Suppose that for a period of one hour, a person unloads palletized

cartons each weighing 5 kg stacked 5 high onto a conveyor as illus-
trated in Figure 8.12. In this case the vertical origin location
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Example 2, Transfer of Momentum,

Figure 8.10:
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Figure 8.12: Example 4, Depalletizing Operation.

(V) and vertical travel (D) vary from one lift to the next. Also
note that this task requires both lifting and lowering (for those
high cartons) as well as possibly some twisting and carrying.
These later aspects are outside this Guide and their effects should
be minimized by a slowed pace for lifting and delivering pallets
as close to the conveyor as possible.

Figure 8.13 presents an analysis which approximates the stresses
of this activity assuming the carton dimensions are 40 cm x 40 cm
X 40 cm, unloaded 12 per minute, and the person is free to climb
over the pallet to get close to each carton. Basically the job

is divided into 5 tasks representing the 5 tiers of the loaded
pPallet, The base frequency (12/min) is divided between each tier
(2.4 lifts/min/tier). The horizontal location is estimated as

H = (15 + 40/2) = 35 cm. The vertical locations at the origin
represent the position of the hands under the cartons (ignoring
the pallet height for purposes of this example}.

Two separate analyses are warranted in this case. Each task should
be analyzed separately and then collectively. The most stressful
task (or tier).is task 5. For this task the V factor = (1 - )
+004(160~75)) = .66. The V factors for each of the other tasks will
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PHYSICAL STRESS JOB ANALYSIS SHEET

DEPARTMENT _LAREHIVIE paTe __E/8/80

JOB TITLE DEPALLETIZING = ANALYST'S NAME S04

TASK OBJECT “;r"i‘g’i #%ﬁ:ﬂg& TASK .
FREQ|| AL|MPL|| REMARKS -

DESCRIPTION | WEIGHT
H VI H v
Ave Max| o el em em
LUanono Pawers 12
Tier 1 5|5 l3s|lol3asisoe X'
TIER 2 S 15 |35sl413s]| 50 - XY
TieR 3 € | 5 |3s|8ol3s5| 50 2.4
Tiek 4 - S |5 |35o|35| 50| 2.4
TIER S S |5 [3s|uolzs |so | 2.4 g |24
Torac 5 35 |& 12 47 [
i

Figure 8,13: Example 4, Analysis Sheet.

be larger since this vertical origin is most distant from 75 cm.
Note that with more complicated tasks such a simplification will
not necessarily be possible. It is only possible with this job
since all other variables remain constant.

For this most stressful task, then

AL 40 (15/35) (.66) (.7+7.5/110) (1-2,4/18) = 8 kg

MPL = 3 (8) = 24 kg

It is concluded that individually the elements of the job are
quite reasonable (5 kg is below the AL).

Now consider the tasks collectively. The following approximation
is not exact but should provide a reasonable composite estimate,
Derive a weighted average for each variable in the job analysis
according to frequency. 1In this case frequency is constant across
tasks and vertical origin and travel distance are the only factors
which vary.
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The average vertical location is .

v = 0 + 40 + Sg + 120 + 160 _ ap cm

The average vertical travel is

50 + 10 4+ 30 + 70 + 110 _
= = 54

D cm

For the total job then

AL = 40 (15/35) (1-.004(5)) (.7+7.5/54)(1-12/18)
= 40 (.43) (.98) (.84)(.33)
= 4.7 kg

MPL = 14 kg

Since the carton weight (5 kg) is nominally above the AL, admin-
istrative controls may be required. The analysis suggests that
the problem with this job is not so much strength (at issue in
the individual task analysis) but endurance. Since a number of
simplifying assumptions were made in this analysis a more detailed
metabolic analysis of such a job may be warranted before imple-
menting administrative controls. Such an analysis is described

in detail by Garg, et al., (1978).

Example 5: Continuous High Frequency Lifting, Variable Tasks

Lifting tasks of this type are typical in warehousing, shipping
and receiving activities where there are many different sized
loads, of varying weights that are lifted at varying frequencies.

As a simple example, consider a job with the set of 3 tasks des-
cribed in Figure 8.14.

For highly variable jobs (such as this one) this Guide is most |
limited. Following the procedure of the preceding example, each
task should first be examined individually. ~The recommended AL

and MPL for each task is as follows:

TASK 1: AL 40 (15/40){l-.004(75))(.7+7.5/75)(l—1/12)

40 (.38) (.70)(.80)(.92) = 7.8
MPL = 23.4
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PHYSICAL STRESS JOB ANALYSIS SHEET

DEPARTMENT_ZECcEivmla OATE 571/ 80
JOB TITLE _&240eR ANALYST'S NAME _S KA
TASK oBJECT |HAND LOCATION | 1agk

Origin |Destination

H V] H v
em emj em cm

" DESCRIPTION | WEIGHT FREQ AL|MPL}| REMARKS

Ave Max

Provuer A to | 4o |4olo|spl7s | ¢ 78 |234 || Reduce prodvet
Vﬂ 7 5;{1‘
FRoover B /15 |30 |30|o|30|/5| 2 ite {348 e 47
PRoover ¢ S |0 | 15|75 20 |00 | 5 2.8 | 8o
ToeraL 8.1 22 |47 8 2.7 l23.1

] J ! L

Figure 8.14: Example 5, Highly Variable Job.

TASK 2: AL

]

40 (15/30) (1-.004(75)) (.7+7.5/25)(1-2/12)

40 {.50) (.70)(1.0)(.83) = 11.6 kg
MPL = 34.8
TASK 3: AL

40 (15/15) (1-.004(0)) (.7+7.5/25)(1-5/15)

40 (1.0) {1.0) (1.0) (.67) = 26.8 kg
MPL = 80.4 kg
Two technical aspects of the above calculations are noteworthy:
a. Travel distances less than 25 cm should be considered
as 25 em. 1In task 2, this cutoff was used. (Factors
must all be less than or equal to 1.0).
b, Since this job is performed continuously, F factors

(from Table 8.2) of 12 and 15 were used for iifts from
less than and greater than 75 cm.
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Based on this elemental analysis it can be concluded that Tasks

1 and 2 are the most stressful. In fact, the maximum weights of
40 kg {(Pask 1) are above the MPL = 23.4 and engineering controls
(such as mechanical aids or two-person lifting) are warranted.
Note that the average weights in Task 1 (10 kg) are reasonable
with administrative controls. In both cases, the horizontal lo-
cation produces the greatest discount in ability. Task 3 appears
to be nominal in terms of physical stress.

As with Example 4, .analysis of the combined elements of the job
can only be approximated by computing weighted averages according
to frequency. In this case, the composite

H = = 22 cm

1(40) + 2(30) + 5(15)
3

The coefficients 1, 2, and 5 correspond to each elemental frequency
and 8 is the total number of lifts per minute.

Similarly, the weighted average

1(0) + 2(0) + 5(75)
8

vV = = 47

_ 1(75) + 2(15) + 5(25)

) = 29

F=1+2+5=28
Thus, for the combined tasks:

AL 40 (15/22)(l-.004(75-47)}(.7+7.5/29)(1-8/12)

40 (.68) (.89) (.96) (.33) = 7.7 kg
MPL = 23.1 kg

Since the average weight lifted is 8.1 kg, administrative controls
are required.

It is important to note that this "“averaging"™ of the task descrip-
tors in this case tends to dampen out the large differences between
the tasks. This is true in general (but not always). This erreor
and the errors introduced by ignoring other carrying, holding,
pushing, and pulling tasks can only be resolved with more detailed
biomechanical, metabolic, and psychophysical evaluations,

o
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ADMINISTRATIVE CONTROLS

Given the preceding detailed analysis of the physical Stresses, a
lifting job (or tasks within a job) can be classified into one of
3 zones: o

1. Acceptable (below the AL),

[ETERVE

2. Unacceptable for most individuals  (above the MPL), or

3. Unacceptable for some individuals (between the AL and
MPL) .

This section deals with selecting and training of workers for jobs
of the latter type (3). A more detailed discussion is presented
in Chapter 6. Alternative engineering controls are then summar-
ized for conditions 2 and 3. A more detailed discussion appears
in Chapter 7.

Selecticon

In order to safely match a worker to the physical demands of a
given task, several selection procedures can and have been used.
For the many manufacturing, distribution, and service industries
which have no medical staff, self-selection has been the principal
method. Other methods commonly used are:

1. Questionnaires on health and medical history

2. Tests of visual, auditory and puimonary function, blood
pPressure, mobility and a chest X-ray

3. Clinical examination.

The problem with these is that they are unreliable predictors of
medical risk of injury. Also, the worker is usually not followed
medically during the first few weeks of training when many pos-
tural stress related problems could be prevented.

In view of these problems, routine lumbar spinal radiography has
often been prescribed by occupational medical advisors as a prere~
quisite for employment in heavy manual work., Using X-rays for
this purpose, however, is very controversial because:

1, There have not bheen any statistically significant dif-
ferences shown in the incidence of radiological abnor-
malities between workers with known history of back
pPain and those without.

2. There is a problem of X-ray interpretation. No reliable
data exists on the predictive rating for observed ab-
normalities, It is also impossible to quote a value for
the increased pProbability of back trouble for different
abnormalities, ' :
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3. X-rays present a radiation hazard, particularly for &Sa-
males who cannot be given adequate gonadal protection,

In summary, caution must be exercised in using the lumbar spinal
radiograph as a selection tool. If so, it should be performed by
an experienced physician after a thorough interview and examina-
tioen, and with full knowledge of the MMH job concerned.

Physical Assessment of Workers

What is needed is an objective means for assessing the physical
capabilities of a worker who is being considered for a certain
job. In providing such an assessment certain medical, social and
economic criteria must be met, these ares

l. Is it safe to administer?

2. Does it give reliable, quantitative values?

3. is it rel;ted to specific job reguirements?

4, Is it practical?

5. Does it predict the risk of future injury or illness?

As we have seen, the low back X-ray fails to some degree in each

of these criteria, particularly in those relating to safety and
reliability. As an alternative, worker strength testing and
aerobic capacity testing have been proposed as means to meet these
objectives. If carefully administered they appear to satisfactorily
meet each of the above criteria as discussed in Chapter 6.

Training

The importance of training in manunal materials handling in reducing
hazard is generally accepted. What is lacking, however, is a clear
definition of what the training should be and how it should be
taught. Most controlled studies of training have shown it to be
ineffective in reducing accidents and injuries related to lifting.
Despite this, however, some form of training in manual materials
handling jobs is likely to continue. What follows is a suggestion
of what a training program should include.

1. What should be taught.

The aims of training for safety in lifting should be:

a. To make the trainee aware of the dangers of care-
less and unskilled lifting.

b. To show them how to avoid unnecessary stress.
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C. To teach the worker individually to become aware -«
of what he/she can handle comfortably without un=
due effort. .

In order for the training to be effective, the instruc-
tors must be well versed in the sciences basic to manual
materials handling and in ‘Safety Engineering. The con-
tent of the course must also be suited to the education-
al background of the trainees. E

The course should cover the following aspects:

a. The risks to health of unskilled lifting: Case
Istories from the organization concerned provide
the best illustration.

b. The basic biomechanics of 1ifting: The body as
represented by a system of levers.

c. The effects of lifting on the body: The basic
anatomy of the spine 2nd the muscies and joints
of the trunk; the contribution of intra-thoracic
pressure while lifting.

d. Tndividual awareness of the bodx's strengths and
weaknesses: How to estimate one's comfortable

1ifting capacity.

e. How to avoid the unex ected: Recognition of the
pHys;cal.faCtors which might contribute to an
accident. . .
£. Handling skill: Safe 1ifting postures; minimizing
the Ioa% —moment effects; timing for smooth and

easy lifting.

Ge Handling aids: Platforms, stages or steps,
trestles, handles, wheels, shoulder pads.

h. Warnings: What to be aware of when lifting.
How it Should be Taught.

It is not enough to teach safe 1lifting practices by
slides or films. The trainee should be practically in-
volved from the start. Therefore, classes must be small.
Training should not be restricted to a classroom. Lift-
ing technique should be demonstrated and practiced at
the work site. Supervisors, as well as trainees, should
pe involved in the training program. The following are
the steps to an effective training program:
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a. Begin with a poster campaign drawing attention <o
the need to do something about lifting accidents
and back injuries, changing them every few days,

b. Organize a training session for managers ang super—"
visors.

C. Present the training course to small groups of
employees. _

d. Have the plant doctor and the team of instructors
tour the plant, discussing any points put to
them by the workers.

e. Continue to make plant tours at reqular intervals.

In summary, there is a vital need for +training to be both in the
classroom and on the site, to involve all levels of workers
including executives, and to be monitored routinely throughout
the factory in order for the program to be effective.

ERGONCMIC/ENGINEERING CONTROLS

More important than proper selection and training in the lony term
prevention of accidents and injuries related to lifting, is pro-
viding a safe ergonomic environment in which to work. This includes
factors of the mechanical environment (such as container design,
human/container coupling design, worker/floor surface coupling),

the visual environment and the thermal environment.

Mechanical Environment

1. Container Design. From the biomechanical considerations
discussed in Chapter 3, containers should be as small as
possible. A compact load minimizes the compressive
forces applied to the Lg5/S] disc because the load center
of gravity can be brought close to the spinal column -
oftentimes between the legs, which reduces disc pressure
even more. Another important factor in container design
is the load center of gravity. Baffles, dividers or |
packing should be used to keep the center of gravity in
a constant position because any shifting of the load
could contribute to human error in manual handling.

Anthropometry plays an important part in recommending
the maximum dimension of a container. If the forward
edge is to be reached, the length should not exceed

70 cm (males) or 65 cm (females). To prevent interfer-
ence with forward vision, the maximum height of the
container above handle position should be 83 cm (males)
and 80 cm (females). Also handles should be placed so
that the whole container is above hip height when the
elbows are extended.
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Human/Container Coupling Design. Handles on containers
should be designed with the worker's hand in mind. They
have a large effect on both the maximum force a worker
can exert on a container and on the energy expenditure
in manual materials handling tasks. The major problems
with most handles are insufficient hand ¢learance, sharp
edges which can cut into the hand and too small of a
handle diameter,

The postures of the hand with respect to grasped objects
can be classified as follows:

a. Hook grip. One in which the fingers are flexed
- around the object and the thumb is not used for

gripping.

b, Power grip. One in which the object is clamped
between the partly flexed fingers and palm with the
thumb opposing the grip and lying along the plane
of the palm. ‘

c. Precision grip. One in which the object is pinched
between the flexor aspects of the fingers and op-
posing thumb, '

Most handles force the worker to use the hook grip (the
least effective) or the power grip. The power grip gives
a good gripping force and allows a large surface of the
hand to be used but often is inefficient if accurate
contreol is needed. The weight of the object often pre-
vents the precision grip from being used. :

There is little agreement in the literature as to what
the optimum handle diameter is, but from 25 mm (1 inch)
to 38 mm (1.5 in.) is the range into which most recommen=-
dations fall. The elimination of sharp edges, seams,
rubbing, and corners appears to be of more importance
than actual handle diameter. The shape of the handle is
getger cylindrical than molded to the contours of the

an -

Handle width should be at leastll.5cm (4.5 in.) with 50
mm (2 inches) clearance all around the handle to accommo-
date a 95th percentile hand., If gloves are used, at
least 25 mm (1 inch) should be added to these dimensions.

Worker/Floor Surface Coupling. Poor worker/floor coupl-
ing will most often result in accidents such as slips,
trips, or missteps. The major mediating variable in
these types of accidents is the coefficient of friction
between the shoe sole and the working surface. This can
be affected by:

149



a. work surface materials

b. surface coating

c. floor condition

d. floor angle

e. . shoe sole/heel composition and contact area
£. shoe style

The:general recommendation is to adjust shoes and wWOork-
ing surfaces to give a coefficient of static friction
of at least .4 and preferrably .5.

Unnoticed changes in surface friction can also cause
accidents. These can be reduced by:

a. ensuring that different surface materials Oor coat-
ings have transition zones between them,

b. clearly marking any surface friction change,

c. using good housekeeping procedures to reduce trans-

lent changes in surface friction such as spills,
worn spots, loose or irregqular floors.

Because of the forces transmitted from the container to
the body when lifting, goed work/floor coupling is
essential in controlling accidents and injuries result-
ing from foot slippage, :

The Visual Environment

While manual materials handling operations rarely demand the fine
visual discrimination of delicate assembly work, they do require
control of the visual environment for optimum performance and
safety., The task of lifting involves vision of the container,
the workplace around the container and the surface on which the
operator stands. An illuminance of 150 lux (14 foot-candles) in
each of these areas is a recommended minimum,

Types of lifting can have a large effect on visual performance,
Particularly in the areas of depth perception and surface texture
perception. Differences in contrast or differential illumination
can be used to make stairs or changes in walking surfaces easily
discernible. Low, angled illumination is recommended for enhanc-
ing surface texture to warn operators of changes in shoe/surface
friction., Depth perception errors can be controlled by changing
reflectance of the container and task to provide additional con-
trast. Color contrast can be used on edges of steps, loading docks
and ramps when the consequences of misperception are severe,
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Labeling can be used to indicate handhold positions, cautions
against single person lifting if the load is heavy, or a note
of caution if its center of gravity is not near the center or if
it is likely to shift. '

The Thermal Environment

Deviations from the comfort zone (18°C (64.5°F) to 21°C (70°F)
have been shown to influence injuries in many industries. It is
thus particularly important to ensure that thermal stress does
not contribute to manual materials handling safety problems,

Cold environments are not usually a problem in manual materials
handling because the strenuous nature of the work provides suffi-
cient heat production, and the :thermal clothing may provide some
personal injury protection. The cold, however, does reduce dex-
terity which could lead to human error in lifting.

If a heat stress problem is suspected, it should be assessed by
the Wet Bulb Globe Temperature (WBGT) index. Récommendations

for this index can be found in the ACGIH (1980). Engineering
control measures such as radiant heat shielding, forced air
movement, clothing design and work-rest schedules can be used to
prevent body temperatures from increasing over the 38°C :(100.4°F)
recommendation. '

Materials Handling System Alternatives

Jobs which exceed the MPL should be performed with the aid of some
mechanical device or redesigned so that they can be performed

safely. Some examples of simple lifting aids found at the work-
place are:

a. Hooks: The worker should be trained in the .use of
handTing packing hooks so that they will not glance
off hard objects. -

b. Bars: The major hazard of a crow bar is that it may
slip. The edge should have good "bite".

c. Rollers: These are effective in moving heavy and bulky
objects.

d. Jacks: They should be marked to indicate the safe load
which can be raised. ‘

e. Platforms: These provide the maintenance of a conven-
lent height for lifting and handling.

£. Trestles: These can be used to maneuver long loads on
the point of balance, or for readjusting the grip or
carrying posture. .
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Other types of mechanical aids are:

a.

Conveyors are used primarily when loads are uniform,
movement is from one point to another, and materials
move constantly.

Cranes and Hoists are most commonly used when loads
vary in size and weight, moves are intermittent, and
cross traffic will interfere with conveyors.

Industrial trucks are most often used when materials
are moved intermittently, over varying routes, when
cross traffic would prohibit conveyors, and loads are
uniform or mixed in size and weight.

Potential Safety and Ergonomic Problems

Reducing the physical hazardsAor manual lifting to the musculo-
skeletal system can often result in other types of safety problems.
Some of these are:

a.

Conveyors: Aside from mechanical entrapments, the

major problem with conveyors is that the work is extern-
ally paded. This can cause time-stress induced errors.
Conveyor designs which take into account the cycle~to-
cycle variability of the operator can reduce such stress.
Buffer stocks between stations achieve the same effect.

Cranes and Hoists: Because of the dangers involved when
a load is suspended, cranes are among the most hazardous
of matferial handling egquipment. The crane cab and all
controls should be designed for good visibility and

safe operation. The loading capacity of the crane should
be clearly marked. Standard signals should be used
between the crane operator and the signalman on the
ground. .

Hand Trucks: Safety hazards include falling of the load,
coliision between the truck and other objects, and the
operator getting pinned between the truck and another
object. These can be reduced by such design features

as: covering all exposed handles with knuckle gquards,
guarding or recessing all wheels, brakes that apply
automatically when the handle is either fully raised or
fully lowered, or released.
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CONCLUSION

It has been traditional to bemoan the existence of widely diver-
gent recommendations for maximum weights which can be safely
lifted. These divergent recommendations have actually been due
to the differences in what is accepted as a reasonable criterion
by different scientific disciplines. This Guide has attempted
to integrate the conclusions of four distinctive disciplines with-
in the broad field of Ergonomics into one set of recommendations.
Obviously, the recommendations do not satisfy any of the criter-
ia perfectly and considerable qualification of the specific as-
pects of 1lifting were required in order to arrive at any
consensus.

The convergence between the methodologies, however, overshadows
the differences., The fact that these technologies agree on the
major factors which limit lifting ability and even point to
similar absolute magnitudes is strong evidence that the guidance
is sound. This guidance will only be effective, though, if it
is carefully studied and applied within your workplace. -
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APPENDIX

This appendix contains a sensitivity analysis of the work prac-—
tice guide equation presented in Chapter 8. TFor a variety of
‘vertical and horizontal hand locations, vertical travel distances.
and frequencies of 1ifting, the action limit (AL) and maximum per-
missible limit (MPL) are evaluated in terms of: '

1. the expected percent of the workforce capable based on
.dynamic strength, Ayoub, et al., (1978) and snook (1978),

2. the range of expected percent of the workforce capable
based on isometric strength, Chaffin, et al., (1978),

3. the lower and upper bounds on predicted static com-
pressive force at the Ls5/S; vertebral level, Chaffin,
et al., (1978), and

4. - the range of predicted metabolic rates according to
Garg, et al., (1978).

In all cases, the AL is evaluated pased upon a female industrial
population; the MPL is based upon a male industrial population.

Ranges for the jast- three indices were obtained by calculating
these values for both the least- and most-desirable posture. For
example, the metabolic expenditure for low lifting in a squat
posture is greater than when 1lifting in a stoop posture (see
Chapter 4). Therefore, the value corresponding to the squat
posture is least preferred and represents the upper pound on meta-
bolic rate. The lower value corresponds to a stoop posture. No
range is given when the vertical hand jocation is 8l em or higher
because it is assumed that only a stand posture would be appro-
priate for lifting. A detailed explanation of the derivation of
values for each column follows. ' - '

DYNAMIC % CAPAELE

The table value is calculated by obtaining the standard normal
distribution Z-value for the given vertical and horizontal hand
location, travel distance and frequency suggested in Chapter 5
(Table 5.7). For the Action Limit (Table A.l) the ranges assumed
were as follows:
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floor to knuckle: 15 cm and 50 cm vertical
knuckle to shoulder: 75 cm and 125 cm vertical ~
shoulder to reach: 150 cm and 175 cm

A horizontal hand location (in the sagittal plane) of 46 cm is

assumed. The complementary cumulative probability of the stan-

dard normal distribution is recorded in the table as the expected . . u
percent capable for the given set of conditions. The values in

Table 5.7 for males were, likewise, used to obtaln the percent e,
capable for the MPL in Table A.2. . )

ISOMETRIC % CAPABLE

The table value is obtained by entering the vertlcal and horizon-
tal hand locations and the AL into the biomechanical model report-
ed by Chaffin, et al., (1978}. The following postures were also
agssumed:

deep squat, squat or stoop: 15 ¢m and 50 cm-vertical
squat or stoop: 75 cm vertical
stand: 125 ecm, 150 ¢m and 175 cm vertical

The minimum and maximum female percent capable for the various
postures are entered in Table A.l, Lateral hand separation was
assumed to be 20 cm., It should also be noted that this biomechan-
ical model assumes average male and female anthropometric dimen-
sions, The same procedure was used for the MPL (Table A.2) but
values represent the percent of the male workforce capable.

BACK COMPRESSION

Tables A.l and A.2 present upper and lower bounds on static back
compressive force obtained with the same input to the biomechani-
cal model used for (isometric % capable) above, The larger value
is the maximum back compression obtained for the various postures
and the lower value is the minimum back compression for the given
set of conditions,

Once again, the upper and lower bounds on back compression for the
Al, represent biomechanical model output for the female working
population (Table A.l) and bounds for the MPL (Table A.2) represent
male back compression estimates. Preferred and least desirable
postures are not necessarily the same for males versus females or
strength versus back compression.

METABOLIC RATE

The Garg, et al., (1978) equation presented in Chapter 4 was used
in the estimation of the expected metabolic rate (Kcal/min.). ok
Female 50 percentile body weight was used when calculating the <
rate corresponding to the AL, and 50 percentile male body weight ?f
for the rate corresponding to the MPL. Also, basal metabolic ke
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rate for a bent standing posture was assumed when the vertical
hand position was 81 cm or less (irrespective of the travel dig-
tance), whereas the basal rate for a standing posture was used
otherwise (i.e., 82 cm and above)., The lower value corresponds
to an assumed stoop lift and the larger value assumes a sgquat
lift. Obviously, such a range can only be calculated when the
lift begins below 81 cm. Above 81 cm, the equation for an arm
lift was used to calculate the metabolic expenditure per 1ift,

For frequencies of .2 1lifts pPer minute, the ﬁefébalic rates repre-

sent basal metabolic rates. Horizontal hand location is not ac-
counted for in these estimates. . :
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Table A.l:

Action Limit Sensitivity Analysis

v q D | F JACTION ISOMETRIC BACK
(em) | tem) | (em)| (per JLIMIT JDYNAM | & CAPABLE COMPRESS. MET. RATE
verr | Horz |pisT|min) | (L) §s cAP JLOWER |UPPER | LOWER|UPPER | LOWER|UPPER
15 15 25 1 <.2 30 -— 82 92 154 316 §1.8 1.8
1 28 -— 85 94 149 | 297 | 2.0 2.2
10 5 S Bt B 111 146 | 3.3 4,2
15 15 75 | <.2 24 - g8 | 96 143 273 18 1.8
- 1 22 -— 90 | 97 140 . 260 | 2.2 2.4
10 4 P B R 110 142 | 3.7 4.7
15 45 25 .2 10 -_— 87 90 246 | 271 § 1.8 1.8
1 9 98 89 92 239 262 | 2.0 2.1
10 2 99 { -=- |--- 162 191 | 3.2 4.0
15 45 75 | <.2 8 -— 91 93 231 254 f1.8 1.8
1 7 99 92 94 224 245 | 2.0 2.2
10 1 99 | =-- |--- 156 186 | 3.3 4.2
15 |75 25 | <.2 6 -— 39 75 284 367 | 1.8 1.8
1 6 —— 42 77 278 360 § 2.0 2.1
10 1 -— - |- A 215 278 | 3.2 4.0
15 75 75 | <.2 5 -— 45 80 272 352 f1.8 1.8
1 4 -— 48 88 265 342 | 2.0 2.1
10 1 S 215 278 §3.3 4.1
50 15 25 | «.2 36 -— 56 97 317 375 | 1.8 1.8
1 a3 -— 66 97 305 362 §2.0 2.1
10 6 —— - je-- 163 232 | 2.7 3.2
50 15 74 | <.2 29 -—- 81 98 286 340 f1.8 1.8
1 26 -— 87 99 276 330 | 2.3 2.4
10 5 S B B 157 228 ]3.4 3.9
50 45 25 .2 12 —— 88 96 295 362 | 1.8 1.8
1 11 93 90 97 283 348 §1.9 2.0
- 10 2 99 f--- |--- 166 243 | 2.5 2.9
50 45 75 | <.2 10 -—- 94 97 265 326 |1.8 1.8
1 9 99 95 98 254 316 [ 2.0 2.1
10 2 99 | --- |--- 166 243 }2.9 3.3
50 75 25 | <.2 7 ——— 71 80 349 374 }1.8 1.8
1 7 -— 74 82 342 365 [ 1.9 2.0
10 1 ——— - |- 262 268 §2.5 2.9
50 75 75 | <.2 6 -— 80 87 329 349 f1.8 1.8
1 5 -— 83 89 322 341 §2.0 2.0
10 1 J — - - 255 260 §2.8 3.1
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‘Table A.1 (cont.)

v H .. D F ACTION ' ISOMETRIC BACK

{em) | tem} § (cm)| (per §rIMIT JDYNaM | & capABLE COMPRESS. MET. RATE
VERT | HORZ [ DIST{min) {AL) % CAP JLOWER |UPPER j LOWERIUPPER | LOWER]UPPER
75 15. |25 | .2 40 — 48 54 306 | 404 1.8 1 1.8
; 1 37 —— 59 61 291 | 2388 2.1 1 2.1

t 10 7 _— - - 151 | 240 2.4 | 2.5

75 15 |75 {<.2 32 — 76 77 268 | 363 1.8 | 1.8
‘ : 1 29 - 82 84 257 | 351 2.4 | 2.5

10 § 5 - - - 145 | 231 3.2 | 3.3

75 45 25 | <.2 13 —— 86 97 289 | 364 1.8 | 1.8
1 12 86 89 97 280 | 355 1.9 | 1.9

10 2 99 - - 167 | 245 2.1 | 2.2

75 45 75 €,2 11 - 94 99 258 | 347 1.8 | 1.8
1 10 97 95 99 252 | 342 2.0 | 2.1

10 2 99 - - 162 | 240 J 2.5 | 2.6

75 75 25 | <.2 8 — 77 80 353 [ 389 1.8 { 1.8
1 2 - 82 g3 339 | 373 1.9 { 1.9

10 1 --- - - 250 | 272 2.1 1 2.2

75 75 75 | <.2 6 _— 86 86 325 | 357 1.8 | 1.8
1 6 — 88 89 319 | 349 2.0 | 2.0

10 1 -_— - -- 244 | 263 2.4 | 2.5

125 15 25 | <.2 32 - - 97 24 | —-- 1.5 | 1.5
1 30 — -- 97 233 | --- 1.8 | 1.8

10 11 .- .- - 105 | - - 2.5 | 2.5

125 15 75 { <.,2 26 -_— -- 99 204 | —=- 1.5 | 1.5
1 24 S - 99 195 | --- 2.1 | 2.1

10 9 _—- -- ] -2 92 | =-- 3.7 | 3.7

125 45 25 | <.2 11 - -- 94 182 | ——- 1.5 | 1.5
1 10 90 - 94 177 | —-- 1.6 | 1.6

10 4 99 - - 100 | -—- 2.0 | 2.0

125 45 75 | <.2 9 _— - 96 160 | --- 1.5 | 1.5
- 1 8 98 - 97 155 | —=- 1.7 | t.-

10 3 99 -—- - 89 | -—- 2.5 | 2.5

125 75 25 | <.2 6 _— - 91 326 | -—- 1.5 | 1.5
1 6 _— -- 93 318 | === 1.6 | 1.6

10 2 —- - - 257 | === 1.9 | 1.9

25 75 75 | <.2 5 - - 95 303 | —=- 1.5 | 1.5
1 5 —— -- 95 303 | ——- 1.7 | 1.7

10 2 — - - 249 | ——- 2.3 | 2.3

' IR
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Table A.l (cont.)

v H D F ACTION ISCMETRIC BACK

{cm) | (cm) {cm) | (per JLIMIT J DYNAM 3 _CAPABLE COMPRESS. | _MET. RATE

VERT | HORZ jDIST|min) (AL) % CAP | LOWER |UPPER | LOWER |UPPER } LOWER|UPPER
.

150 15 25 <,2 28 — - 73 230 ——- 1.5 1.5

1 26 - - B0 215 —— 1.8 1.8

10 9 —— - - 1o0% - 2,5 2.5

1392 15 50 <. 2 24 - - BS 200 === 11.5 1.5

1 22 —— - 89 191 —— 1.8 1.9

10 8 -—— - - 96 —-— 3.0 3.0

150 45 25 <.2 r 9 -— - 85 247 - 1.5 1.5

1 9 97 - 87 236 - l.6 1.6

10 3 99 -— -- 174 -—- 2.1 2.1

150 45 S0 <.2 8 -——— - 98 225 - L.5 1.5

' 1 7 99 | -- | 99 J220 | -=- }J1.7 [1.7

10 3 99 - - 168 -—— 2.3 2.3

150 75 25 <. 2 6 -—— - P p* -—- 1.5 1.5

"1 5 - - P P -— 1.6 1.6

10 2 -—— - - P -—— 2.0 2.0

150 | 75 |so | <2 ] s - 1 -- P P | - |15 |L.s

' 1 4 -— - P P - 1.6 l.8

10 2 - - - P -—— 2.1 2.1

1735 15 ] 2% <.2 24 -—- -- 97 196 - L.5 1.5

) 22 - - 98 184 —— 1.7 1.7

10 8 -—- - -- 95 - 2.5 2.5

175 45 25 .2 8 - - 4 14 L.5 1.5

l 7 99 o ——— p P 1.6 106

10 3 99 - P 2.1 2,1

*The currently available models suggest that reach posture
(P} rather than strength is most limiting in these cases.

180




Table A.2: Maximum Permissible Limit Sensitivity Analysis

. - N
Q v H D ] F | MAX ISOMETRIC [  BACK
: tem) | (em) | (em)| (pex |PERMIS | Dynam | s capasrr ) compRESS, MET. RATE
verT t Horz |prerlmin) QMPr) | ¢ ca. §LOWER [UPPER § LOWER |UPPER | LOWER|UPPER
\ “l
L 1s | 15 |25 [<.2 ]| o1 - 53 | es §255 | 786 2| 2.2
1 84 — 67 76 I 244 | 730 .2 | 3.0
10 15 - - -- § 140 256 .6 | 5.8
15 15 {15 | <.2 73 -— 82 | -85 § 227 654 2| 2.2
1 67 —— 86 ss § 218 612 .5 | 3.8
10 12 -— - - K136 237 3 7.3
15 a5 |25 | <.2 | 30 -— 69 go |k 456 583 2 2.2
1 28 32 75 g4 § 435 547 .51 2.6
10 5 97 -- -- § 245 267 1] s
15 45 | 75 | <.2 24 -— 81 89 § 406 505 2.2 | 2.2
1 22 59 86 91 § 384 475 2.7 2.9
10 4 98 - - | 233 258 i 4.6 | 5.6
15 75 |25 | <.2 18 -— 36 38 | so1 660 | 2.2 | 2.2
1 17 _— a1 52 [ 482 635 2.4 | 2.6
10 3 — - - [ 295 390 4.0 | 5.0
15 75 |75 | <.2 15 _— 61 73 {451 594 2.2 | 2.2
1 13 - 66 77 {432 573 2.6 | 2.7
10 2 ——— -- -- [283 375 | 4.2 { 5.3 h
50 15 |25 | <.2 | 108 -— 40 73 | 809 911 2,2 | 2.2
1 99 — 52 79 | 764 848 2.8 | 3.0
10 18 —— -- -~ {284 360 3.9 | 4.7
50 15 {715 | <.2 86 — 71 g5 | 700 758 2.2 | 2.2
1 79 — 80 go § 664 706 3.6 | 3.8
10 14 - - -- | 259 342 5.6 | 6.3
50 45 |25 | <.2 36 _— 60 75 |21 710 2.2 |+ 2.2
1 33 13 66 79 Qsoc 680 2.4 | 2.5
10 6 95 - - J262 361 3.3 | 3.8
50 45 |75 | <.2 29 — 76 90 551 629 2.2 | 2.2
1 26 39 80 92 ]s28 601 2.7 1 2.8
10 5 97 - - J250 | 331 1.9 | 4.5
\ 50 75 {25 | <.2 22 — 49 64 |634 706 2.2 1 2.2
b 1 20 - 55 75 1609 673 2.4 | 2.5
: 10 4 - - -- }364 375 3.2 | 3.7
{; 50 75 |75 §<.2 17 _— 64 g6 |s67 623 2.2 1 2.2
= 1 16 — 69 gg [s44 598 2.6 | 2.6
10 3 _— L - -- [350 358 3.6 | 4.1 I

i1




Table A.2 (cont.)

v H D F MAX T SOMETRIC BACK ']
{em) | {cm) { (cm)| (per §PERMIS | DYNAM |_% CAPABLE COMPRESS. MET. RATE
VERT | HORZ |DIST|min) d(MPL) | % CAP fLOWER |[UPPER | LOWER |UPPER ] LOWER |UPPER

e .

75 15 25 | <.2 [ 120 ——m 11 17 725 878 2.2 | 2.2
1§ 110 —— 20 26 677 827 2.8 | 2.9

10 20 N - — [ 236 372 3.6 | 3.7

75 | 15 |75 | <.2 | 96 eam b 37 | 4 Fe1x | 7ss | 2.2 | 2.2
1 88 - ag | s5 574 7 . 3.8 | 3.8

10 16 -— —_— | - 237 351 5.# 1 5.5

75 45 | 25 | <.2 40 — 55 68 § 626 757 §} 2.2 | 2.2
1 37 5 62 75 592 722 2.4 | 2.4

10 7 94 - - 260 360 2.8 | 2.9

75 45 |75 | <.2 32 - 73 85 538 668 2.2 | 2.2
1 29 25 78 90 513 643 2.7 | 2.8

10 5 96 - -- 245 345 3.5 | 3.7

75 75 {25 | <.2 24 -— 47 56 674 |.726 2.2 | 2.2
1 22 —-- 54 64 641 688 2.3 | 2.4

10 4 _—— - - 366 389 2.6 | 2.8

75 75 | 75 | <.2 19 -— 64 74 599 642 2.2 | 2.2
1 18 ——— 69 79 579 619 2.5 | 2.6

10 3 - -- - 352 374 3.2 | 3.3

125 15 | 25 <. 2 ‘96 —— F - 14 689 - £.9 1.9
1 90 —_— - 20 646 — 2.4 | 2.4

10 32 -— -— -— 260 S 4.0 | 4.0

125 15 |75 | <.2 77 —— - 38 560 - 1.9 | 1.9
1 72 - - 47 527 — 3.2 | 3.2

10 26 -—— - - 218 - 6.8 | 6.8

125 45 |25 | <.2 32 — -- 74 483 - 1.9 | 1.9
1 30 8 - 78 460 -—- 2.1 | 2.1

10 11 79 - -- 208 - 2.7 | 2.7

125 45 | 72 | <.2 26 _— - g5 401 _— 1.9 { 1.9
1 24 22 -- 88 384 -— 2.3 | 2.3

10 9 89 - - 185 -——- 3.8 | 3.8

125 75 |25 [ <.2 19 — - 71 520 v 1.9 | t.9
1 18 _— -- 75 600 _— 2.0 | 2.0

10 6 S -- - 398 —— 2.5 | 2.5

125 75 |75 | <.2 15 .— - 81 560 - 1.9 t1.9
1 14 —— - 84 544 ——- 2.2 | 2.2

10 5 - - - 375 -— 3.2 | 3.2

*-.‘..,-r.
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Table A.2 (cont.)

e

v H D F MAX ISOMETRIC BACK

{cm} | (em) | (cm)]| (per YpERMIS | DYNAM P COMPRESS. MET. RATE
VERT { HORZ |[DI3T|min) (MPL) % CAF § LOWER LOWER |UPPER

1 150 15 25| ¢,2 B4 - -- 1.9 1.9
* 1 78 —— - 2.4 2.4
. 10 28 —— -- 3.9 3.9
150 15 50 <.2 71 ——— - 1.9 1.9

1 67 - - 2.7 2.7

10 24 - - 5.1 5.1

15¢ 45 25 | <.2 28 - - 1.9 1.9

1 26 -— - 2.0 2.0

10 9 g8 - 2.8 2.8

150 45 50 <.2 24 - - 1.9 1.9

1l 22 34 - 2.2 2.2

10 8 95 -— 3.2 3.2

150 15 25| «,2 17 -— - 1.9 1.9

1 16 —-—- - 2.0 2.0

10 6 — -- 2.6 2.6

150 75 50| <,2 14 -—— - 1.8 1.9

' L 13 -——— - 2.1 2.1

10 5 -—= - 2.9 2,9

175 15 25| <,2 72 ——— —-— 1.9 1.9

1 67 - - 2.3 2.3

10 24 - - 3.7 3.7

178 45 25| <, 2 24 - - 1.9 1.9

1 22 33 -- 2.0 2.0

10 8 -—— - 2.8 2.8

A

© U.5. GOVERNMENT PRINTING OFFICE: 1981 — 75707411080

183







