CONSTRUCTION SAFETY AND
HEALTH OUTREACH PROGRAM

U.S. Department of Labor
OSHA Office of Training and Education

MATERIALS HANDLING AND STORAGE

POTENTIAL HAZARDS

Handling and storing materials involves
diverse operations such as hoisting tons of
steel with a crane, driving a truck loaded with
concrete blocks, manually carrying bags and
material, and stacking drums, barrels, kegs,
lumber, or loose bricks.

The efficient handling and storing of materials
is vital to industry. These operations provide
a continuous flow of raw materials, parts, and
assemblies through the workplace, and ensure
that materials are available when needed. Yet,
the improper handling and storing of
materials can cause costly injuries.

Workers frequently cite the weight and

bulkiness of objects being lifted as major contributing factors to their injuries. In
1990, back injuries resulted in 400,000 workplace accidents. The second factor
frequently cited by workers as contributing to their injuries was body movement.
Bending, followed by twisting and turning, were the more commonly cited
movements that caused back injuries. Back injuries accounted for more than 20
percent of all occupational illnesses, according to data from the National Safety

Council'.

In addition, workers can be injured by falling objects, improperly stacked materials,
or by various types of equipment. When manually moving materials, however,
workers should be aware of potential injuries, including the following:

! National Safety Council. Accident Facts, 1989 and 1991 Editions, Chicago, IL.
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e  Strains and sprains from improperly lifting loads, or from carrying loads that
are either too large or too heavy.

e  Fractures and bruises caused by being struck by materials, or by being caught
in pinch points; and

e Cuts and bruises caused by falling materials that have been improperly stored,
or by incorrectly cutting ties or other securing devices.

Since numerous injuries can result from improperly handling and storing materials,
it is important to be aware of accidents that may occur from unsafe or improperly
handled equipment and improper work practices, and to recognize the methods for
eliminating, or at least minimizing, the occurrence of those accidents. Consequently,
employers and employees can and should examine their workplaces to detect any
unsafe or unhealthful conditions, practices, or equipment and take the necessary
steps to correct them.

METHODS OF PREVENTION

General safety principles can help reduce workplace accidents. These include work
practices, ergonomic principles, and training and education. Whether moving
materials manually or mechanically, employees should be aware of the potential
hazards associated with the task at hand and know how to exercise control over
their workplaces to minimize the danger.

MOVING, HANDLING, AND STORING MATERIALS

When manually moving materials, employees should seek help when a load is so
bulky it cannot be properly grasped or lifted, when they cannot see around or over
it, or when a load cannot be safely handled.

When an employee is placing blocks under raised loads, the employee should
ensure that the load is not released until his or her hands are clearly removed from
the load. Blocking materials and timbers should be large and strong enough to
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support the load safely. Materials with evidence of cracks, rounded corners,
splintered pieces, or dry rot should not be used for blocking.

Handles and holders should be attached to loads to reduce the chances of getting
fingers pinched or smashed. Workers also should use appropriate protective
equipment. For loads with sharp or rough edges, wear gloves or other hand and
forearm protection. To avoid injuries to the hands and eyes, use gloves and eye
protection. When the loads are heavy or bulky, the mover should also wear
steel-toed safety shoes or boots to prevent foot injuries if the worker slips or
accidentally drops a load.

When mechanically moving materials, avoid overloading the equipment by letting
the weight, size, and shape of the material being moved dictate the type of
equipment used for transporting it. All materials handling equipment has rated
capacities that determine the maximum weight the equipment can safely handle and
the conditions under which it can handle those weights. The equipment-rated
capacities must be displayed on each piece of equipment and must not be exceeded
except for load testing. When picking up items with a powered industrial truck, the
load must be centered on the forks and as close to the mast as possible to minimize
the potential for the truck tipping or the load falling. A lift truck must never be
overloaded because it would be hard to control and could easily tip over. Extra
weight must not be placed on the rear of a counterbalanced forklift to offset an
overload. The load must be at the lowest position for traveling, and the truck
manufacturer's operational requirements must be followed. All stacked loads must
be correctly piled and cross-tiered, where possible. Precautions also should be taken
when stacking and storing material.

Stored materials must not create a hazard. Storage areas must be kept free from
accumulated materials that may cause tripping, fires, or explosions, or that may
contribute to the harboring of rats and other pests. When stacking and piling
materials, it is important to be aware of such factors as the materials' height and
weight, how accessible the stored materials are to the user, and the condition of the
containers where the materials are being stored.
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All bound material should be stacked, placed on racks, blocked, interlocked, or
otherwise secured to prevent it from sliding, falling, or collapsing. A load greater
than that approved by a building official may not be placed on any floor of a
building or other structure. Where applicable, load limits approved by the building
inspector should be conspicuously posted in all storage areas.

When stacking materials, height limitations should be observed. For example,
lumber must be stacked no more than 16 feet high if it is handled manually; 20 feet
is the maximum stacking height if a forklift is used. For quick reference, walls or
posts may be painted with stripes to indicate maximum stacking heights.

Used lumber must have all nails removed before stacking. Lumber must be stacked
and leveled on solidly supported bracing. The stacks must be stable and
self-supporting. Stacks of loose bricks should not be more than 7 feet in height.
When these stacks reach a height of 4 feet, they should be tapered back 2 inches for
every foot of height above the 4-foot level. When masonry blocks are stacked higher
than 6 feet, the stacks should be tapered back one-half block for each tier above the
6-foot level.

Bags and bundles must be stacked in interlocking rows to remain secure. Bagged
material must be stacked by stepping back the layers and cross-keying the bags at
least every ten layers. To remove bags from the stack, start from the top row first.
Baled paper and rags stored inside a building must not be closer than 18 inches to
the walls, partitions, or sprinkler heads. Boxed materials must be banded or held
in place using cross-ties or shrink plastic fiber.

Drums, barrels, and kegs must be stacked symmetrically. If stored on their sides,
the bottom tiers must be blocked to keep them from rolling. When stacked on end,
put planks, sheets of plywood dunnage, or pallets between each tier to make a firm,
flat, stacking surface. When stacking materials two or more tiers high, the bottom
tier must be chocked on each side to prevent shifting in either direction.

When stacking, consider the need for availability of the material. Material that
cannot be stacked due to size, shape, or fragility can be safety stored on shelves or



CONSTRUCTION SAFETY AND U.S. Department of Labor
HEALTH OUTREACH PROGRAM OSHA Office of Training and Education

in bins. Structural steel, bar stock, poles, and other cylindrical materials, unless in
racks, must be stacked and blocked to prevent spreading or tilting. Pipes and bars
should not be stored in racks that face main aisles; this could create a hazard to
passers-by when supplies are being removed.

USING MATERIALS HANDLING EQUIPMENT

To reduce potential accidents associated with workplace equipment, employees
need to be trained in the proper use and limitations of the equipment they operate.
This includes knowing how to effectively use equipment such as conveyors, cranes,
and slings.

Conveyors

When using conveyors, workers' hands may be caught in nip points where the
conveyor runs over support members or rollers; workers may be struck by material
falling off the conveyor; or they may become caught on or in the conveyor, thereby
being drawn into the conveyor path.

To reduce the severity of an injury, an emergency button or pull cord designed to
stop the conveyor must be installed at the employee's work station. Continuously
accessible conveyor belts should have an emergency stop cable that extends the
entire length of the conveyor belt so that the cable can be accessed from any location
along the belt. The emergency stop switch must be designed to be reset before the
conveyor can be restarted. Before restarting a conveyor that has stopped due to an
overload, appropriate personnel must inspect the conveyor and clear the stoppage
before restarting. Employees must never ride on a materials handling conveyor.
Where a conveyor passes over work areas or aisles, guards must be provided to
keep employees from being struck by falling material. If the crossover is low
enough for workers to run into, it must be guarded to protect employees and either
marked with a warning sign or painted a bright color.

Screw conveyors must be completely covered except at loading and discharging
points. At those points, guards must protect employees against contacting the
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moving screw; the guards are movable, and they must be interlocked to prevent
conveyor movement when not in place.

Cranes

Only thoroughly trained and competent persons are permitted to operate cranes.
Operators should know what they are lifting and what it weighs. The rated capacity
of mobile cranes varies with the length of the boom and the boom radius. When a
crane has a telescoping boom, a load may be safe to lift at a short boom length
and/or a short boom radius, but may overload the crane when the boom is extended
and the radius increases.

All movable cranes must be equipped with a boom angle indicator; those cranes
with telescoping booms must be equipped with some means to determine the boom
length, unless the load rating is independent of the boom length. Load rating charts
must be posted in the cab of cab-operated cranes. All mobile cranes do not have
uniform capacities for the same boom length and radius in all directions around the
chassis of the vehicle.

Always check the crane's load chart to ensure that the crane is not going to be
overloaded for the conditions under which it will operate. Plan lifts before starting
them to ensure that they are safe. Take additional precautions and exercise extra
care when operating around power lines.

Some mobile cranes cannot operate with outriggers in the traveling position. When
used, the outriggers must rest on firm ground, on timbers, or be sufficiently cribbed
to spread the weight of the crane and the load over a large enough area. This will
prevent the crane from tipping during use. Hoisting chains and ropes must always
be free of kinks or twists and must never be wrapped around a load. Loads should
be attached to the load hook by slings, fixtures, or other devices that have the
capacity to support the load on the hook. Sharp edges of loads should be padded
to prevent cutting slings. Proper sling angles shall be maintained so that slings are
not loaded in excess of their capacity.
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All cranes must be inspected frequently by persons thoroughly familiar with the
crane, the methods of inspecting the crane, and what can make the crane
unserviceable. Crane activity, the severity of use, and environmental conditions
should determine inspection schedules. Critical parts, such as crane operating
mechanisms, hooks, air or hydraulic system components and other load-carrying
components, should be inspected daily for any maladjustment, deterioration,
leakage, deformation, or other damage.

Slings

When working with slings, employers must ensure that they are visually inspected
before use and during operation, especially if used under heavy stress. Riggers or
other knowledgeable employees should conduct or assist in the inspection because
they are aware of how the sling is used and what makes a sling unserviceable. A
damaged or defective sling must be removed from service.

Slings must not be shortened with knots or bolts or other makeshift devices, sling
legs that have been kinked must not be used. Slings must not be loaded beyond
their rated capacity, according to the manufacturer's instructions. Suspended loads
must be kept clear of all obstructions, and crane operators should avoid sudden
starts and stops when moving suspended loads. Employees also must remain clear
of loads about to be lifted and suspended. All shock loading is prohibited.

Powered Industrial Trucks

Workers who must handle and store
materials often use fork trucks, platform lift
trucks, motorized hand trucks, and other
specialized industrial trucks powered by
electrical motors or internal combustion
engines. Affected workers, therefore,
should be aware of the safety requirements
pertaining to fire protection, and the design,
maintenance, and use of these trucks.
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All new powered industrial trucks, except vehicles intended primarily for earth
moving or over-the-road hauling, shall meet the design and construction
requirements for powered industrial trucks established in the American National
Standard for Powered Industrial Trucks, Part 11, ANSI B56.1-1969. Approved trucks
shall also bear a label or some other identifying mark indicating acceptance by a
nationally recognized testing laboratory.

Modifications and additions that affect capacity and safe operation of the trucks
shall not be performed by an owner or user without the manufacturer's prior written
approval. In these cases, capacity, operation, and maintenance instruction plates and
tags or decals must be changed to reflect the new information. If the truck is
equipped with front-end attachments that are not factory installed, the user should
request that the truck be marked to identify these attachments and show the truck’s
approximate weight, including the installed attachment, when it is at maximum
elevation with its load laterally centered.

There are 11 different types of industrial trucks or tractors, some having greater
safeguards than others. There are also designated conditions and locations under
which the vast range of industrial-powered trucks can be used. In some instances,
powered industrial trucks cannot be used, and in others, they can only be used if
approved by a nationally recognized testing laboratory for fire safety. For example,
powered industrial trucks must not be used in atmospheres containing hazardous
concentrations of the following substances:

e Acetylene
¢ Butadiene
e  Ethylene oxide

e Hydrogen (or gases or vapors equivalent in hazard to hydrogen, such as
manufactured gas).

* Propylene oxide

AT
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e Acetaldehyde

* Cyclopropane

¢  Dimethyl ether

e Ethylene

° Isoprene, and

e Unsymmetrical dimethyl hydrazine.

These trucks are not to be used in atmospheres containing hazardous concentrations
of metal dust, including aluminum, magnesium, and other metals of similarly
hazardous characteristics or in atmospheres containing carbon black, coal, or coke
dust. Where dust of magnesium, aluminum, or aluminum bronze dusts may be
present, the fuses, switches, motor controllers, and circuit breakers of trucks must
be enclosed with enclosures approved for these substances.

There also are powered industrial trucks or tractors that are designed, constructed,
and assembled for use in atmospheres containing flammable vapors or dusts. These
include industrial-powered trucks equipped with additional safeguards to their
exhaust, fuel, and electrical systems; with no electrical equipment, including the
ignition; with temperature limitation features; and with electric motors and all other
electrical equipment completely enclosed.

These specially designed powered industrial trucks may be used in locations where
volatile flammable liquids or flammable gases are handled, processed, or used. The
liquids, vapors, or gases should, among other things, be confined within closed
containers or. closed systems from which they cannot escape.

Some other conditions and/or locations in which specifically designed powered
industrial trucks may be used include the following;:
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°  Only powered industrial trucks that do not have any electrical equipment,
including the ignition, and have their electrical motors or other electrical
equipment completely enclosed should be used in atmospheres containing
flammable \}apors or dust.

e Powered industrial trucks that are either powered electrically by liquified
petroleum gas or by a gasoline or diesel engine are used on piers and wharves
that handle general cargo.

Safety precautions the user can observe when operating or maintaining powered
industrial trucks include:

e  That high lift rider trucks be fitted with an overhead guard, unless operating
conditions do not permit.

e That fork trucks be equipped with a vertical load backrest extension according
to manufacturers' specifications, if the load presents a hazard.

e That battery charging installations be located in areas designated for that
purpose.

e That facilities be provided for flushing and neutralizing spilled electrolytes
when changing or recharging a battery to prevent fires, to protect the charging
apparatus from being damaged by the trucks, and to adequately ventilate fumes
in the charging area from gassing batteries.

e That conveyor, overhead hoist, or equivalent materials handling equipment be
provided for handling batteries.

e That auxiliary directional lighting be provided on the truck where general
lighting is less than 2 lumens per square foot.

e That arms and legs not be placed between the uprights of the mast or outside
the running lines of the truck.

10
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o  That brakes be set and wheel blocks or other adequate protection be in place to
prevent movement of trucks, trailers, or railroad cars when using trucks to load
or unload materials onto train boxcars.

e That sufficient headroom be provided under overhead installations, lights,
pipes, and sprinkler systems.

o  That personnel on the loading platform have the means to shut off power to the
truck.

o  Thatdockboards or bridgeplates be properly secured, so they won't move when
equipment moves over them.

o  That only stable or safely arranged loads be handled, and caution be exercised
when handling loads.

o  That trucks whose electrical systems are in need of repair have the battery
disconnected prior to such repairs.

o  That replacement parts of any industrial truck be equivalent in safety to the
original ones.

ERGONOMIC SAFETY AND HEALTH PRINCIPLES

Ergonomics is defined as the study of work and is based on the principle that the job
should be adapted to fit the person, rather than forcing the person to fit the job.
Ergonomics focuses on the work environment and items such as design and function
of workstations, controls, displays, safety devices, tools, and lighting to fit the
employees' physical requirements and to ensure their health and well being,

Ergonomics includes restructuring or changing workplace conditions to make the
job easier and reducing/stressors that cause cumulative trauma disorders and
repetitive motion injuries. In the area of materials handling and storing, ergonomic
principles may require controls such as reducing the size or weight of the objects

11
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lifted, installing a mechanical lifting aid, or changing the height of a pallet or shelf.

Although no approach has been found for totally eliminating back injuries resulting
from lifting materials, a substantial number of lifting injuries can be prevented by
implementing an effective ergonomics program and by training employees in
appropriate lifting techniques.

In addition to using ergonomic controls, there are some basic safety principles that
can be employed to reduce injuries resulting from handling and storing materials.
These include taking general fire safety precautions and keeping aisles and
passageways clear.

In adhering to fire safety precautions, employees should note that flammable and
combustible materials must be stored according to their fire characteristics.
Flammable liquids, for example, must be separated from other material by a fire
wall. Also, other combustibles must be stored in an area where smoking and using
an open flame or a spark-producing device is prohibited. Dissimilar materials that
are dangerous when they come into contact with each other must be stored apart.

When using aisles and passageways to move materials mechanically, sufficient
clearance must be allowed for aisles at loading docks, through doorways, wherever
turns must be made, and in other parts of the workplace. Providing sufficient
clearance for mechanically moved materials will prevent workers from being pinned
between the equipment and fixtures in the workplace, such as walls, racks, posts, or
other machines. Sufficient clearance also will prevent the load from striking an
obstruction and falling on an employee.

All passageways used by employees should be kept clear of obstructions and
tripping hazards. Materials in excess of supplies needed for immediate operations
should not be stored in aisles or passageways, and permanent aisles and
passageways must be marked appropriately.

12
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TRAINING AND EDUCATION

OSHA recommends using a formal training program to reduce materials handling
hazards. Instructors should be well-versed in matters that pertain to safety
engineering and materials handling and storing. The content of the training should
emphasize those factors that will contribute to reducing workplace hazards
including the following:

e  Alerting the employee to the dangers of lifting without proper training.

e  Showing the employee how to avoid unnecessary physical stress and strain.

o Teaching workers to become aware of what they can comfortably handle
without undue strain.

e Instructing workers on the proper use of equipment.

e  Teaching workers to recognize potential hazards and how to prevent or correct
them.

Because of the high incidence of back injuries, safe lifting techniques for manual
lifting should be demonstrated and practiced at the work site by supervisors as well

as by employees.

A training program to teach proper lifting techniques should cover the following
topics:

o  Awareness of the health risks to improper lifting--citing organizational case
histories.

o  Knowledge of the basic anatomy of the spine, the muscles, and the joints of the
trunk, and the contributions of intra-abdominal pressure while lifting.

13
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° Awareness of individual body strengths and weaknesses--determining one's
own lifting capacity.

° Recognition of the physical factors that might contribute to an accident, and
how to avoid the unexpected.

°  Use of safe lifting postures and timing for smooth, easy lifting and the ability
to minimize the load-moment effects.

° Use of handling aids such as stages, platforms, or steps, trestles, shoulder pads,
handles, and wheels.

° Knowledge of body responses--warning signals--to be aware of when lifting.

A campaign using posters to draw attention to the need to do something about
potential accidents, including lifting and back injuries, is one way to increase
awareness of safe work practices and techniques. The plant medical staff and a team
of instructors should conduct regular tours of the site to look for potential hazards
and allow input from workers.

SAFETY AND HEALTH PROGRAM MANAGEMENT GUIDELINES

To have an effective materials handling and storing safety and health program,
managers must take an active role in its development. First-line supervisors must
be convinced of the importance of controlling hazards associated with materials
handling and storing and must be held accountable for employee training. An
on-going safety and health program should be used to motivate employees to
continue to use necessary protective gear and to observe proper job procedures.

OSHA's recommended "Safety and Health Program Management Guidelines" issued
in 1989 can provide a blueprint for employers who are seeking guidance on how to
effectively manage and protect worker safety and health. The four main elements
of an effective occupational safety and health program are (a) management
commitment and employee involvement, (b) worksite analysis, (c) hazard

14
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prevention and control, and (d) safety and health training. These elements
encompass principles such as establishing and communicating clear goals of a safety
and health management program; conducting worksite examinations to identify
existing hazards and the conditions under which changes might occur; effectively
designing the job site or job to prevent hazards; and providing essential training to
address the safety and health responsibilities of both management and employees.

Instituting these practices, along with providing the correct materials handling

equipment, can add a large measure of worker safety and health in the area of
materials handling and storing.
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SLING SAFETY

INTRODUCTION

The ability to handle materials - to move them from one
location to another, whether during transit or at the
worksite - is vital to all segments of industry. Materials
must be moved, for example, in order for industry to
manufacture, sell, and utilize products. In short, without
materials-handling capability, industry would cease to
exist.

All employees in numerous workplaces take part in
materials handling, to varying degrees. As a result, some
employees are injured. In fact, the mishandling of
materials is the single largest cause of accidents and
injuries in the workplace. Most of these accidents and injuries, as well as the pain
and loss of salary and productivity that often result, can be readily avoided.
Whenever possible, mechanical means should be used to move materials in order
to avoid employee injuries such as muscle pulls, strains, and sprains. In addition,
many loads are too heavy and/or bulky to be safely moved manually. Therefore,
various types of equipment have been designed specifically to aid in the movement
of materials. They include: cranes, derricks, hoists, powered industrial trucks, and
CONVeyors.

Because cranes, derricks, and hoists rely upon slings to hold their suspended loads,
slings are the most commonly used piece of materials-handling apparatus. This
discussion will offer information on the proper selection, maintenance, and use of
slings.
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IMPORTANCE OF THE OPERATOR

The operator must exercise intelligence, care, and common sense in the selection and
use of slings. Slings must be selected in accordance with their intended use, based
upon the size and type of load and the environmental conditions of the workplace.
All slings must be visually inspected before use to ensure that there is no obvious
damage.

A well-trained operator can prolong the service life of equipment and reduce costs
by avoiding the potentially hazardous effects of overloading equipment, operating
it at excessive speeds, taking up slack with a sudden jerk, and suddenly accelerating
or decelerating equipment. The operator can look for causes and seek corrections
whenever a danger exists. He or she should cooperate with co-workers and
supervisors and become a leader in carrying out safety measures - not merely for the
good of the equipment and the production schedule, but, more importantly, for the
safety of everyone concerned.

AN
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SLING TYPES

The dominant characteristics of a sling are determined by the components of that
sling. For example, the strengths and weaknesses of a wire rope sling are essentially
the same as the strengths and weaknesses of the wire rope of which it is made.

Slings are generally one of six types: chain, wire rope, metal mesh, natural fiber
rope, synthetic fiber rope, or synthetic web. In general, use and inspection
procedures tend to place these slings into three groups: chain, wire rope and mesh,
and fiber rope web. Each type has its own particular advantages and disadvantages.
Factors that should be taken into consideration when choosing the best sling for the
job include the size, weight, shape, temperature, and sensitivity of the material to
be moved, as well as the environmental conditions under which the sling will be
used.

Chains

Chains are commonly used because of
their strength and ability to adapt to the
shape of the load. Care should be taken, & S’
however, when using alloy chain slings

because they are subject to damage by sudden shocks. Misuse of chain slings could
damage the sling, resulting in sling failure and possible injury to an employee.

'l
)
i
P

Chain slings are your best choice for lifting materials that are very hot. They can be
heated to temperatures of up to 1000°F; however, when alloy chain slings are
consistently exposed to service temperatures in excess of 600°F, operators must
reduce the working load limits in accordance with the manufacturer's
recommendations.

All sling types must be visually inspected prior to use. When inspecting alloy steel
chain slings, pay special attention to any stretching, wear in excess of the allowances
made by the manufacturer, and nicks and gouges. These are all indications that the
sling may be unsafe and is to be removed from service.
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Wire Rope

A second type of sling is made of wire
rope. Wire rope is composed of individual
wires that have been twisted to form
strands. The strands are then twisted to
form a wire rope. When wire rope has a
fiber core, it is usually more flexible but is
less resistant to environmental damage. Conversely, a core that is made of a wire
rope strand tends to have greater strength and is more resistant to heat damage.

Rope Lay
Wire rope may be further defined by the "lay." The lay of a wire rope can mean any
of three things:

1. One complete wrap of a strand around the core: One rope lay is one complete
wrap of a strand around the core. See figure below.

One Rope Lay -
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2. The direction the strands are wound around the core: Wire rope is referred to
as right lay or left lay. A right lay rope is one in which the strands are
wound in a right-hand direction like a conventional screw thread (see
figure below). A left lay rope is just the opposite.

Right Lay

3.  The direction the wires are wound in the strands in relation to the direction of the
strands around the core: In regular lay rope, the wires in the strands are laid
in one direction while the strands in the rope are laid in the opposite
direction. In lang lay rope, the wires are twisted in the same direction as the
strands. See figure below.

Left Lay, Regular Lay Left Lay, Lang Lay
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In regular lay ropes, the wires in the strands are laid in one direction, while the
strands in the rope are laid in the opposite direction. The result is that the wire
crown runs approximately parallel to the longitudinal axis of the rope. These ropes
have good resistance to kinking and twisting and are easy to handle. They are also
able to withstand considerable crushing and distortion due to the short length of
exposed wires. This type of rope has the widest range of applications.

Lang lay (where the wires are twisted in the same direction as the strands) is
recommended for many excavating, construction, and mining applications,
including draglines, hoist lines, dredgelines, and other similar lines.

Lang lay ropes are more flexible and have greater wearing surface per wire than
regular lay ropes. In addition, since the outside wires in lang lay rope lie at an angle
to the rope axis, internal stress due to bending over sheaves and drums is reduced
causing lang lay ropes to be more resistant to bending fatigue.

A left lay rope is one in which the strands form a left-hand helix similar to the threads
of a left-hand screw thread. Left lay rope has its greatest usage in oil fields on rod
and tubing lines, blast hole rigs, and spudders where rotation of right lay would
loosen couplings. The rotation of a left lay rope tightens a standard coupling.

Wire Rope Sling Selection

When selecting a wire rope sling to give the best service, there are four
characteristics to consider: strength, ability to bend without distortion, ability to
withstand abrasive wear, and ability to withstand abuse.

1. Strength — The strength of a wire rope is a function of its size, grade, and
construction. It must be sufficient to accommodate the maximum load that will
be applied. The maximum load limit is determined by means of an appropriate
multiplier. This multiplier is the number by which the ultimate strength of a
wire rope is divided to determine the working load limit. Thus a wire rope
sling with a strength of 10,000 pounds and a total working load of 2,000 pounds
has a design factor (multiplier) of 5. New wire rope slings have a design factor
of 5. As a sling suffers from the rigors of continued service, however, both the
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design factor and the sling's ultimate strength are proportionately reduced. If
a sling is loaded beyond its ultimate strength, it will fail. For this reason, older
slings must be more rigorously inspected to ensure that rope conditions
adversely affecting the strength of the sling are considered in determining
whether or not a wire rope sling should be allowed to continue in service.

2. Fatigue — A wire rope must have
the ability to withstand repeated
bending without the failure of the
wires from fatigue. Fatigue failure
of the wires in a wire rope is the
result of the development of small
cracks under repeated applications
of bending loads. It occurs when ropes make small radius bends. The best
means of preventing fatigue failure of wire rope slings is to use blocking or
padding to increase the radius of the bend.

Wire Rope Fatigue Failure

3. Abrasive Wear — The ability of a wire rope to withstand abrasion is determined
by the size, number of wires, and construction of the rope. Smaller wires bend
more readily and therefore offer greater flexibility but are less able to withstand
abrasive wear. Conversely, the larger wires of less flexible ropes are better able
to withstand abrasion than smaller wires of the more flexible ropes.

4. Abuse — All other factors being
equal, misuse or abuse of wire rope
will cause a wire rope sling to become
unsafe long before any other factor.
Abusing a wire rope sling can cause
serious structural damage to the wire
rope, such as kinking or bird caging
which reduces the strength of the wire rope. (In bird caging, the wire rope
strands are forcibly untwisted and become spread outward.) Therefore, in
order to prolong the life of the sling and protect the lives of employees, the
manufacturer's suggestion for safe and proper use of wire rope slings must be

Wire Rope "Bird Cage”
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strictly adhered to.

Wire Rope Life. Many operating conditions affect wire rope life. They are bending,
stresses, loading conditions, speed of load application (jerking), abrasion, corrosion,
sling design, materials handled, environmental conditions, and history of previous
usage.

In addition to the above operating conditions, the weight, size, and shape of the
loads to be handled also affect the service life of a wire rope sling. Flexibility is also
a factor. Generally, more flexible ropes are selected when smaller radius bending
is required. Less flexible ropes should be used when the rope must move through
or over abrasive materials.

Wire Rope Sling Inspection. Wire rope slings must be visually inspected before each
use. The operator should check the twists or lay of the sling. If ten randomly
distributed wires in one lay are broken, or five wires in one strand of a rope lay are
damaged, the sling must not be used. It is not sufficient, however, to check only the
condition of the wire rope. End fittings and other components should also be
inspected for any damage that could make the sling unsafe.

To ensure safe sling usage between scheduled inspections, all workers must
participate in a safety awareness program. Each operator must keep a close watch
on those slings he or she is using. If any accident involving the movement of
materials occurs, the operator must immediately shut down the equipment and
report the accident to a supervisor. The cause of the accident must be determined
and corrected before resuming operations.

Field Lubrication. Although every rope sling is lubricated during manufacture, to
lengthen its useful service life it must also be lubricated "in the field." There is no
set rule on how much or how often this should be done. It depends on the
conditions under which the sling is used. The heavier the loads, the greater the
number of bends, or the more adverse the conditions under which the sling
operates, the more frequently lubrication will be required.
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Storage. Wire rope slings should be stored in a well ventilated, dry building or shed.
Never store them on the ground or allow them to be continuously exposed to the
elements because this will make them vulnerable to corrosion and rust. And, if it
is necessary to store wire rope slings outside, make sure that they are set off the
ground and protected.

Note: Using the sling several times a week, even at a light load, is a good practice.
Records show that slings that are used frequently or continuously give useful
service far longer than those that are idle.
Discarding Slings. Wire rope slings can provide a margin of safety by showing early
signs of failure. Factors requiring that a wire sling be discarded include the
following;:

e Severe corrosion,

¢ Localized wear (shiny worn spots) on the outside,

e A one-third reduction in outer wire diameter,

¢  Damage or displacement of end fittings - hooks, rings, links, or collars -by
overload or misapplication,

e Distortion, kinking, bird caging, or other evidence of damage to the wire
rope structure, or

e  Excessive broken wires.
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Fiber Rope and Synthetic Web

Fiber rope and synthetic web slings are used primarily for temporary work, such as
construction and painting jobs, and in marine operations. They are also the best
choice for use on expensive loads, highly finished parts, fragile parts, and delicate
equipment.

Fiber Rope

Fiber rope slings are preferred for some
applications because they are pliant, they grip the
load well and they do not mar the surface of the
load. They should be used only on light loads,
however, and must not be used on objects that have sharp edges capable of cutting
the rope or in applications where the sling will be exposed to high temperatures,
severe abrasion or acids.

The choice of rope type and size will depend upon the application, the weight to be
lifted and the sling angle. Before lifting any load with a fiber rope sling be sure to
inspect the sling carefully because they deteriorate far more rapidly than wire rope
slings and their actual strength is very difficult to estimate.

When inspecting a fiber rope sling prior to using it, look first at its surface. Look for
dry, brittle, scorched, or discolored fibers. If any of these conditions are found, the
supervisor must be notified and a determination made regarding the safety of the
sling. If the sling is found to be unsafe, it must be discarded.

Next, check the interior of the sling. It should be as clean as when the rope was new.
A build-up of powder-like sawdust on the inside of the fiber rope indicates

excessive internal wear and is an indication that the sling is unsafe.

Finally, scratch the fibers with a fingernail. If the fibers come apart easily, the fiber
sling has suffered some kind of chemical damage and must be discarded.

10
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Synthetic Web Slings

Synthetic web slings offer a number of advantages for rigging
purposes. The most commonly used synthetic web slings are
made of nylon, dacron, and polyester. They have the following
properties in common:

e  Strength — can handle load of up to 300,000 Ibs.

¢ Convenience — can conform to any shape.

e Safety — will adjust to the load contour and hold it
with a tight, non-slip grip.

e Load protection — will not mar, deface, or scratch
highly polished or delicate surfaces.

o  Long life — are unaffected by mildew, rot, or bacteria; resist some chemical
action; and have excellent abrasion resistance.

e  Economy — have low initial cost plus long service life.
e Shock absorbency — can absorb heavy shocks without damage.
e Temperature resistance — are unaffected by temperatures up to 180°F.

Each synthetic material has its own unique properties. Nylon must be used
wherever alkaline or greasy conditions exist. It is also preferable when neutral
conditions prevail and when resistance to chemicals and solvents is important.
Dacron must be used where high concentrations of acid solutions —— such as sulfuric,
hydrochloric, nitric, and formic acids — and where high-temperature bleach
solutions are prevalent. (Nylon will deteriorate under these conditions.) Do not use
dacron in alkaline conditions because it will deteriorate; use nylon or polypropylene
instead. Polyester must be used where acids or bleaching agents are present and is
also ideal for applications where a minimum of stretching is important.

11
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Possible Defects. Synthetic web slings must be removed from service if any of the
following defects exist:

e  Acid or caustic burns,

°  Melting or charring of any part of the surface,
e Snags, punctures, tears, or cuts,

e Broken or worn stitches,

° Wear or elongation exceeding the amount recommended by the
manufacturer, or

e  Distortion of fittings.

12



CONSTRUCTION SAFETY AND U.S. Department of Labor
HEALTH OUTREACH PROGRAM OSHA Office of Training and Education

SAFE LIFTING PRACTICES

Now that the sling has been selected (based upon the characteristics of the load and
the environmental conditions surrounding the lift) and inspected prior to use, the
next step is learning how to use it safely. There are four primary factors to take into
consideration when safely lifting a load. They are (1) the size, weight, and center of
gravity of the load; (2) the number of legs and the angle the sling makes with the
horizontal line; (3) the rated capacity of the sling; and (4) the history of the care and
usage of the sling.

Size, Weight, and Center of Gravity of the Load

The center of gravity of an object is that point at which the entire weight may be
considered as concentrated. In order to make a level lift, the crane hook must be
directly above this point. While slight variations are usually permissible, if the crane
hook is too far to one side of the center of gravity, dangerous tilting will result
causing unequal stresses in the different sling legs. This imbalance must be
compensated for at once.

Number of Legs and Angle with the Horizontal

As the angle formed by the sling leg and the horizontal line decreases, the rated
capacity of the sling also decreases. In other words, the smaller the angle between
the sling leg and the horizontal, the greater the stress on the sling leg and the smaller
(lighter) the load the sling can safely support. Larger (heavier) loads can be safely
moved if the weight of the load is distributed among more sling legs.

Rated Capacity of the Sling

The rated capacity of a sling varies depending upon the type of sling, the size of the
sling, and the type of hitch. Operators must know the capacity of the sling. Charts
or tables that contain this information generally are available from sling
manufacturers. The values given are for new slings. Older slings must be used with
additional caution. Under no circumstances shall a sling's rated capacity be

13
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exceeded.
History of Care and Usage

The mishandling and misuse of slings are the leading causes of accidents involving
their use. The majority of injuries and accidents, however, can be avoided by
becoming familiar with the essentials of proper sling care and usage.

Proper care and usage are essential for maximum service and safety. Slings must
be protected from sharp bends and cutting edges by means of cover saddles, burlap
padding, or wood blocking, as well as from unsafe lifting procedures such as
overloading.

Before making a lift, check to be certain that the sling is properly secured around the
load and that the weight and balance of the load have been accurately determined.
If the load is on the ground, do not allow the load to drag along the ground. This
could damage the sling. If the load is already resting on the sling, ensure that there
is no sling damage prior to making the lift.

Next, position the hook directly over the load and seat the sling squarely within the
hook bowl. This gives the operator maximum lifting efficiency without bending the
hook or overstressing the sling.

Wire rope slings are also subject to damage resulting from contact with sharp edges
of the loads being lifted. These edges can be blocked or padded to minimize
damage to the sling.

After the sling is properly attached to the load, there are a number of good lifting
techniques that are common to all slings:

° Make sure that the load is not lagged, clamped, or bolted to the floor.

14
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® Guard against shock loading by taking up the slack in the sling slowly.
Apply power cautiously so as to prevent jerking at the beginning of the lift,
and accelerate or decelerate slowly.

®  Check the tension on the sling. Raise the load a few inches, stop, and check
for proper balance and that all items are clear of the path of travel. Never
allow anyone to ride on the hood or load.

e Keep all personnel clear while the load is being raised, moved, or lowered.
Crane or hoist operators should watch the load at all times when it is in
motion.

e  Finally, obey the following "nevers:"

— Never allow more than one person to control a lift or give signals
to a crane or hoist operator except to warn of a hazardous
situation.

— Never raise the load more than necessary.

— Never leave the load suspended in the air.

— Never work under a suspended load or allow anyone else to.

Once the lift has been completed, clean the sling, check it for damage, and store it
in a clean, dry airy place. Itis best to hang it on a rack or wall.

Remember, damaged slings cannot lift as much as new or well-cared for older slings.
Safe and proper use and storage of slings will increase their service life.

15



CONSTRUCTION SAFETY AND U.S. Department of Labor
HeEALTH OUTREACH PROGRAM OSHA Office of Training and Education

MAINTENANCE OF SLINGS
Chains

Chain slings must be cleaned prior to each inspection, as dirt or oil may hide
damage. The operator must be certain to inspect the total length of the sling,
periodically looking for stretching, binding, wear, or nicks and gouges. If a sling has
stretched so that it is now more than three percent longer than it was when new, it
is unsafe and must be discarded.

Binding is the term used to describe the condition that exists when a sling has
become deformed to the extent that its individual links cannot move within each
other freely. It is also an indication that the sling is unsafe. Generally, wear occurs
on the load-bearing inside ends of the links. Pushing links together so that the
inside surface becomes clearly visible is the best way to check for this type of wear.
Wear may also occur, however, on the outside of links when the chain is dragged
along abrasive surfaces or pulled out from under heavy loads. Either type of wear
weakens slings and makes accidents more likely.

Heavy nicks and/or gouges must be filed smooth, measured with calipers, then
compared with the manufacturer's minimum allowable safe dimensions. When in
doubt, or in borderline situations, do not use the sling. In addition, never attempt
to repair the welded components on a sling. If the sling needs repair of this nature,
the supervisor must be notified.

Wire Rope

Wire rope slings, like chain slings, must be cleaned prior to each inspection because
they are also subject to damage hidden by dirt or oil. In addition, they must be
lubricated according to manufacturer's instructions. Lubrication prevents or
reduces corrosion and wear due to friction and abrasion. Before applying any
lubricant, however, the sling user should make certain that the sling is dry.
Applying lubricant to a wet or damp sling traps moisture against the metal and
hastens corrosion.

16
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Corrosion deteriorates wire rope. It may be indicated by pitting, but it is sometimes
hard to detect. Therefore, if a wire rope sling shows any sign of significant
deterioration, that sling must be removed until it can be examined by a person who
is qualified to determine the extent of the damage.

By following the above guidelines to proper sling use and maintenance, and by the
avoidance of kinking, it is possible to greatly extend a wire rope sling's useful
service life.

Fiber Ropes and Synthetic Webs

Fiber ropes and synthetic webs are generally discarded rather than serviced or
repaired. Operators must always follow manufacturer's recommendations.

17
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SUMMARY

There are good practices to follow to protect yourself while using slings to move
materials. First, learn as much as you can about the materials with which you will
be working. Slings come in many different types, one of which is right for your
purpose. Second, analyze the load to be moved - in terms of size, weight, shape,
temperature, and sensitivity - then choose the sling which best meets those needs.
Third, always inspect all the equipment before and after a move. Always be sure to
give equipment whatever "in service" maintenance it may need. Fourth, use safe
lifting practices. Use the proper lifting technique for the type of sling and the type
of load.
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