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ABSTRACT

" Powered industrial trucks, powered cranes and hoists, and powered conveyors

were the subjects of & study of safety in the design and use of material
handling equipment. Possible human factors deficiencies in the design, oper-
ation and application cf these equipment types were the specific issues ad-
dressed by the research.

Wisconsin Worker's Compensation case histories, accident investigatiocns, and
emplovee reports of injury furnished major categories of accidents and causal
factors. These in turn were validated, refined, and new information added,
through site-visit observations of the actual equipment in use.

Specific design deficiencies were not found to be as critical as were defic-
iencies in proper applications of the equipment, inadequacies 1in the use of
accessory tools and equipment, and general management and system inadequacies
in controlling material handling hazards through the development and exchange
of relevant information as to hazards and proper equipment use. Recommenda-
tions are included for possible standards improvement and for further research.

This report was submitted in fulfillment of Contract No. 210-76-0115 by the
Wisconsin Department of Industry, Labor and Human Relations under the sponsor-
ship-of the National Institute for Occupational Safety and Health.
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" SYNOPSIS

This section presents in a broad but concise form the main issues addressed
by this study and the major directions indicated for further action. The
more. specific and detailed findings and, recommendations are included in each
of Chapters 4, 5, and 6, .

OBJECTIVES AND METHODS

In very general terms, the purpose of this study was to uncover, through data
analysis and field observations, possible human factors deficiencies in the
design and operation of powered industrial trucks, powered cranes and hoists,
and powered conveyor systems. Objectives of the analysis included suggestions
for improvements in the Federal standards governing the equipment types, and
suggestions for alternative means and counter-measures for dealing with the
hazards associated with the equipment studied.

Major accident categories and causal factors were obtained from data analysis
of Worker's Compensation records, accident investigation reports, and employee
reports of injury or illness. These patterns served as the basis for later
discussions, site visit observations, and final analysis of results.

. Twenty-four industrial firms contributed to the study, either in furnishing data
and discussing material handling hazards, or in opening their plants to an obser-
vation visit. A team of researchers, including one of the two human factors con-
sultants to the project, usually completed such visits within one day.

The details of the site-visits, including the comments of those workers, super-
visors and management perscnnel who provided information on hazards, were cor-
related with the accident patterns and findings from the data analysis. When
the gathering of information was completed, a systems analysils of the human fac-
tors involved in designing, operating, and managing materlals handling equipment
was carried out.

RESULTS

The results of the research are summarized here, first in terms of general find-
ings, often common to all materials handling equipment types, and second, as
specific problems associated with cranes, conveyors or industrial trucks.

General Findings

(1) Design features of industrial trucks, cranes, and conveyors, of both
0ld and new models, cannot be clearly implicated as primary accident-pro-
ducing factors. The most striking characteristic of the accidents and ha-
zards studied is the multiplicity and variety of causes and their interac-
tions, both behavioral and physical, of whlch equipment design is but one
part.

£ )



(2) Contributing factors to the development of hazards and accidents in this
area arise from a spectrum of people, industrial equipment, management prac-

- tices, and industrial and governmental policies and standards. For the
equipment studied, these include designers and manufacturers of such equip-
ment, dealers in both equipment and accessory tools, management personnel
-including equipment purchasers and specifiers, design engineers, plant lay-
out specialists, industrial engineers, plant managers, supervisors and
workers. Decisions regarding design, selection, application, operation, and
maintenance of the equipment, and decisions regarding safe practices, pre-
ventive measures, and worker training too often appear to be made without
adequate information, research, or feedback from others involved.

(3) These findings lead to the conclusion that the hazards of industrial
trucks, conveyors, and cranes are not being managed. On the establishment
level, the result is unceontrolled hazardous conditions and behaviors com-
bining teo produce injuries 'and illnesses. But on a broader scale, it is the
‘lack of attention to influences and factors arising outside the establish-
.ment..-that constitutes the problem of unmanaged hazards: considering the
spectrum of businesses, institutions, govermnment agencies and other groups
with a potential positive impact on material handling safety, it appears
that the lack of integration of efforts between such change agents, and

the failure to define and set joint responsibilities and objectives in the

‘'safety and health area, is perhaps the most critical finding of this research.

Results specific to the three equipment types studied can be summarized as follows:

Powered Industrial Trucks -. :
(1) The ergonomic or traditional human factors design features of these
trucks cannot, on the basis of this study, be considered primary factors in
the development of industrial truck hazards and accidents in general, nor
can such features be dismissed from attention. While numerous factors and
variations were found to contribute to the problems at least as much as de-
sign features, significant design weaknesses involve inadequate safety de-
vices, visibility factors, variations in the activating means for service
brakes on stand-up rider trucks, cramped driver compartments, -and hard seats
lacking support for the lower back and thighs.

. (2) In the plants visited during this study, two dominant facts emerged:
the majority of industrial trucks in use were surprisingly old, and a key
factor in the operaticonal hazards discussed was a lack of maintenance on
these trucks. Truck malfunctions, often inevitable results of physical age,
and often preventable through preventive maintenance, were cited as main
factors of a number of hazards.

(3} Industrial truck operator selection and preparation, job design, and
workplace layout are crucial factors governing hazards in this area. Oper-
ators often had adequate experience, but little or no training; available
training appeared to be inadequate in preparing operators for the .unexpected,
unplanned conditions and behaviors which underlie the majority of hazards.
While injuries to pedestrians were a major result of the data analysis, site-
visit results revealed little attention to factors of communication between
the truck operator and pedestrian co-workers or others sharing the same area.

‘o



Powered cranes and hoists -
{l) The operator of the crane or hoist, whether overhead,
mobile, or pendant-operated, 1s the key person responsible
for safe lifting operations, If manapgement supplies the
proper resources and maintains the equipment, the ocperator
can control, more than the hitching or floor personnel, the
minute-to-minute hazards involved in heavy lifting and mov-
ing, The operator, dependinp on personal abilities, exper-
ience andéd training, can compensate for a number of deficien-
cies, including inadequate attachments of the load, and
some mechanical inadeguacies, in the operation of the crane
or hoist itself.

(2) The main hazard in crane and hoist use uncovered by this
study 1s the threat of a load falling due to insufficiently
attached loads.. While the attachment of the load i3 prim-
arily the responsibility of the hitching crew in overhead
operations, factors affecting the attachment system involve
designers, manufacturers, dealers, trairing personnel main-
tenance, and the operator, amonz others. : :

(3) Among .crane or hoiat factors directly influencing safety,
malfunctions during lifting were found to be significant.
These 1include any unreliable or inconsistent modes of oper-
ation, including jerking or slipping of the hoist means, and
inadequate ot un-smooth braking. Such factors could often

be traced to insufficient attenticen to machine maintenance.

Powered conveyor systems =~
(1) The predominant injury assoclated with conveyors involves
workers or maintenance personnel getting caught in the moving
parts of the system. Contributing to the problems iIn. this
area were instances of Inadequate or disabled machine guards,
and poor location of start-stop contrels. :

(2) Convevyors are involved indirectly in several categories
of accidents: employees are struck by material being con-
veyed, they are injured by falls near conveyors when the
latter produce wet floors, and workers suffer overexertion-
types of injuries in nanually handling conveyed poods.,  Con-
veyor heipht and accessibility, and the relationship of the
conveyor to workplace layout and job desipn are key factors
here.

RECOMMELIDATIONS

Sumnarized here are recommendatlions for action directed at JIOSH,
the materials handling industry, and employers responsible for
. wanaging the nazards of the equipment studied.

- Five general recommendations are'addressed te the issues common
to the three equipment types:



(1) The integration of industrial, government, and worker
resources for improved safety and health in materials hand-
ling calls for the development of improved hazard and acci-
dent data and a free exchange of such information between
manufacturers, dealers, users, zovernment apencies and others.

(2) Performance standards for preventive hazard managenment
are nceded to complement OSHA regulatory standards. The
behavior of humans in operating and managing materials
handling cquipment needs to be incorporatecd into safety and
health practices along with the prirarily physical specifi-
cation standards of USIA, ‘ ‘

{3) A Federallv-sponsored and subsidized ifaterials Handling
Safety & lealth Research Institute is needed to inwvestigate
and develop countermeasures for the opecrational hazards of
industrial truck, crame and convevar use.

(4) 1 I05H research programs in the human factors and system
management of materials handling hazards are recommended in
these areas: ‘
(a) Hazards, accidents and injuries discussed in this
study need to be correlated with the work-process
variables of chanre, of unexpected and unplauned
events and variances, and of job design. :

(h) Operators and workers using crames,. CORVeyors,
and trucks need improved means of communicating and
0of beilng Iinformed of hazards for more effective,
continuous control over equiprent safety.

{e) Safety and health managers using materials hand-
ling equiprent need research to develop better instru-
ments for efficiently detecting, tracking and abating
ltazards as they arilse, and human factors systems
principles are needed for analvzing and assessing

the causes and factors of hazards and injuries.,

(5) lazard management should be inteprated into the manage-
ment of all plant activities and functions. Top manapemnent
commitment has heen shown to be a characteristic of safe
plants, but the separation of safetv and production manage-
ments should be reversed for a total orpanizational commit-
ment.

Yor each equipment tyne, the major recommendations are sumnarized
as follows: '

Powvered Industrial: Trucks:
(1) ¥ I0SH research programs are needed to better determine
how various truck desipgn and worknlace factors affect sen-
sory information necded by workers, information overload,
and feedback compliance of machine operations. Other research
topics include the effects of worker participation and

xii



involvement in cecisions affecting truck safety, and research
designs for evaluating the safety and health effects of
erronomic improvements, :

(2) OSHA standards for industrial truck operations and for
operator training necd Tevision. Speclfic guidelines are
needed for employers te ensure their compliance with stan-
dards pertaining to training, and training should be extended
to include pedestrians and others working near rucks. Com-
pliance officers need improved education 1in forklifr truck
operations, in utilizing available plant data on trucks

and truck hazards, and in relving on the expertise of plant
personnel for improved detection of hazards.

(3) A Task Force to develop incentives in industry for
updating old industrial trucks is called for.

- (4) The Bureau of Lalor Statistics, 1.5. Department of
Labor, should develop a nation-wide information system,
based on the Supplementary Data System, geared toward iden-
tifying industrial truck hazards and evaluating the effects
of countermeasurcs and inspections.

(5) Manufacturers need to increase their research and devel-
opment efforts in the human factors and ergononics design
areas of industrial truck operator visibility, the operator's
compartment, pinch-points, and mounting/discounting means

for sit-down rider trucks,

(6) Manufacturers, dealers, and uscrs need to develop better
nmeans of oabtaining and exchanging data on hazards, accidents
and injuries invelving industrial trucks.

Powered Cranes and Hoists:
(1) Crane operators, cspecially in overhead and mobile c¢crane
cperations, should be recopnized as the key people responsi-
ble for lifting safely. They should be given all necessary
resources, including adequate training, experience, manage-
ment support, comfortable working conditions, and a properly
functioning machinc.

{2) Personucl invelved in attaching loads to the crane necd
to have detailed Xnowlcdpe of proper attachmwment tecnniques,
training and educaticon, and all of the resources necessary

to ensure safe attachments, including reacdily available lifc-
ing accessories and attachrents in pgoed condivion,

{(3) ‘anarement nmust ensure that the proner attaciment acces-
sorlies are available, and that this hardware is in sood
repair, is inspected reyularly, and is used in a safe manner.
A critical nced is the proper availlability of liftinp hard-
warc, so that selection of corrcet attachnrents can ve nade

as required for lifting and transvorting different loads.

xiii



(4) Cranes and hoists need continuous preventive maintenance
to ensure smooth operating conditioen,

(5) Proper application - the matchiny of the lifting device
to the load being lifted and the movement required - needs
to be recopnized as a keyv problerm in the development of
operational hazards and accidents.

(6) anagements can reduce lazards and accidents by adhering
strictly te the OSHA standards relating to crane utilization
and sufficiency. =L xisting standards should be complied with
and cxpanded upon to meet the demands of the specific tasks.

Powered Conveyors:

(1) Worker input regardine the following design features
should be considered by manufacturers and conveyor users:
location and layout should minirmize reaching, uncomfortable
standing positions, and improper heights for lifting tasks;
noise should be recduced to allow worker communication in
emergencies; and adequate lighting and non-slip floor sur-
faces shiculd be provided.

(2) The guarding of pinch points, placement and design of
emergency stop centrels, and lock-out systems for conveyor
maintenance are critical needs for controlling conveyor
hazards.

(3 Job design, including the selection of tasks to be done
by, the worker and the consideration of worker skills, train-
ing, experience and communication needs, must incorporate
the human factors of bhoth the technolory and the behavicoral
components, or socio-techinical considerations.

(4) 7 I08H can 1initlate resecarch projects for conveyor safety
in these arcas:
(a) Research and technical suprort for bLehavioral
performance standards development.

(b) Worker input in convevor design for safety and
health should be studied and evaluated,

(c) Checklists for design and operation should be
developed based on research.

(d) Training of people doing conveyor-related jobs
should stress preparation fer variances and coping
with unusual events.






CHAPTER 1. INTRODUCTION

Safety in the design and use of tools, equipmerit and machires has received
increasing emphasls over the least several years, particularly since the
advent of the Occupational Safety and Health Act of 1970. But injuries
involving these items have persisted. In June 1976, the National Institute
for Occupational Safety and Health awarded a research contract to the
Occupational Safety and Health Research Unit of the Wisconsin Department of
Industry, Labor and Human Relations for the specific purpose of analyzing
human factors deficiencies in the design and operation of materials handling
equipment showing high accident involvement. ‘ '

Objectives of the study included the formulation of measures for prevengion!
or correction of identified problems as well as the gathering of information
potentially useful in develeping improved safety standards governing equip-
ment design and operation. An unexpected outcome was the extent to which
peripheral factors, including regulatory policies, organizational features,
and traditicnal safety practices, interact with design and use factors to
produce hazards.

This introductory chapter details the rationale‘for the project, the scope of
the area studied, and the organization of the remainder of the report.

RATIONALE FOR THE STUDY

This report 1s concerned with safety and health aspects of an area of
activity common to industry worldwide: the movement and handling of heavy
materials. Of increasing concern to manufacturing, warehousing, distribution
and other industries, material handling as an organized business activity
covers an astounding range of industrial fuctions and operations. The
average cost of material handling is estimated to be roughly 25% of all pro-
duction costs, while the actual cost may vary from less than 10% to over 90%.
In rough terms, this cost includes the direct cost of equipment, including
purchase price, installation, maintenance, and operating costs: manpower;
indirect costs related to methods, equipment, and management effectiveness;
and indeterminate and intangible costs, the latter category including safety
costs. Sales of material handling equipment alone grew from a total of $600
million in 1957 te $1.3 billion in 1968 (Apple, 1972).

In viewing material handling as a problem in place utility, as compared with
the form utility of the manufacturing or production process, industry has
developed a highly sophisticated approach, depending increasingly on mechani-
zation, automation, and the computer for mathematical modeling and simulation.
The recognition that material handling is so interrelated with other elements
of the production process, and yet has characteristics of a unified whole,

has brought with it a broader view of the problem. This kind of systems



approach has been said to characterize the gains in this area (Carliss, 1974),
and from a technological viewpolnt, this has meant greater recognition of
material handling as a differentiated function important in its own right.

What has not kept pace with these gains have been results in material handl-
ing job safety and health. Attention to safety and health of the material
handler has grown, but not performance and results. With the growing use of
machinery, equipment, and mechanized or automated systems to lift, carry,
push, pull, and otherwise move material, there has beenr an increase in the
number and severity of occupational injuries associlated with these activities.

It is undoubtedly true that over the years, the gradual incorporation of the
powered industrial truck into tasks and jobs that once meant backbreaking
labor for workers has eliminated many pulled muscles, backstrains, and other
injuries common to manual handling tasks. The same can be said for conveyors,
and to some extent, for hoists and cranes. But these equipment types are
precisely those that account for the largest percentage of material handling
accidents. To the extent that one accident type has been traded for another,
industry has failed to integrate safety into its material handling systems.
To the extent that industrial truck injuries tc pedestrians have replaced
back injury disabilities, the systems approaches to material handling have .
not encompassed a large enough system: the human factors of safety have not
played an important encugh role.

What has been done seems promising. Material handlers can improve existing
plant layouts while jointly minimizing distance/volume, cost, and risk if the
‘hazards are known through a computer program, COSFAD (Computerized Safety and
Facilities Design) (Tomkins and White, 1977). More attention is being given
to human factors and the operator-machine interface in industrial truck
design than ever before. While this is due partly to the tremendous finan-
cial threat of product liability, it is nevertheless positive and should
impact the safety experience of users. Yet what remains to be done seems
staggering, if current accident trends continue.

The enlarged system examined in this project consisted of not only the material
handling equipment and its interfaces with human operators, but the systems
background within which these equipments are operated--the material handling
task, the industrial environment, and the supervisory, managerial, and
regulatory practices influencing their design and operation. The basic
objective of identifying the human factors design and operation .deficiencies
became more of a starting point than a final goal. The systems nature of

the safety problems studied and their dependence on interactions between
humans, machines, production and management systems, and regulatory standards,
have led to basic questions concerning the emphasis and structure of tradi-
tional safety practices.

SCOPE OF THE STUDY

Initial data analysis, based on Wisconsin Worker's Compensation cases and
other sources (see Chapter 3--Methods), considered twelve general equipment
types as candidates for study. Ranking of these based on frequency and
severity results in three types: powered industrial trucks, powered cranes
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and hoilsts, and powered conveycrs. Data on cases involving these types,
either directly or indirectly, was analyzed and results were used in design-
ing the field research phase.

The field research phase consisted of one or more vists tc 21 industrial
sites. These included three major manufacturers, one of each equipment type;
seven users of cranes and hoists; Seven users of Industrial trucks, and
seven users of powered conveyors. More than one firm was visited for two
equipment types. The principal consultant reported on crane usage he

studied while visiting Spain, and two researchers attended a meeting of the
International Standards Organization on safety standards for, powered indus-
trial trucks in Washington, D. €. Results of observation and interviews of
labor and management on the majority of these formed the backbone of the
analysis and recommendations of the study.

ORGANIZATION OF THE REPORT -

‘The chapter following the introduction details the‘theory and  background of
the study, including some of the past work of the Research Unit and the -
principal consultant on human factors in occupational safety and health.

This is provided for a contextual understanding of later chapters. Chapter 3
presents in a general form the methods of data analysis and the field obser-
vations and interviews.  Where methods were peculiar to the equipment type,
these are detailed in the beginning of the chapter covering that type.

These are Chapter 4--Powered Industrial Trucks, Chapter 5--Powered Cranes and
Hoists, and Chapter 6--Powered Conveyors. Fach of these chapters is largely
autonomous and provides the most detailed levels of analysis, both of the
data sources and results of the field studies. Specific recommendations are
made in these chapters. Summary. conclusions and general recommendatilons are
made in Chapter 7.



CHAPTER 2. BACKGROUND AND THEORY

While cranes, holsts, industrial trucks and conveyors were the focal points
of this study, the systems in which they operate are major considerations in
formulating solutions to safety and health problems. Industrial work systems
including materials handling systems, tasks, jobs, organizations, and, social
factors provide the background against which equipment design and use factors
must be viewed. Supporting this view are the hazards presented in later
chapters, suggesting as they do the Influences of peripheral factors-on
accident causation. A consequence of this influence, also supported by the
hazards and related factors, is that solutions to hazard control problems are
anything but general. The multiplicity of sources contributing to hazards

by itself suggests many options for the management of hazards, particularly
in those cases where behavioral or systems deficiencies outweigh the physical
features of the problem.

This chapter presents some of the definitioms, concepts and techniques under-
lying the methods used 'in the study. The term "hazard," as used in this
report, is given close attention, since it pervades the theory and the
approach outlined here. Concepts of hazard management (Smith, 1973) which
were included in the study are discussed. The relationship between hazards,
hazard management in materials handling, and systems of organization

(Miller and Rice, 1967) provides a link between systems analysis and causal
factors. From a control point of view, these and other factors are best
understood by examining accldents and hazards in relation to the regulatory
efforts of all levels: self-regulation of the individual, social controls

in work teams, management efforts to regulate accident occurrence, government
regulatory policles and practices, and system regulation in the business

and industrial environment.

HAZARDS AND ACCIDENTS

A hazard is a situation or condition which has the potential to cause an
accident or injury. To understand what 1Is a hazard or what is not a hazard,
however, requires a discussion of which situations and conditions fit the
definition.

In this study, hazards are perceived as dangerous situations by workers,
-managements, inspectors, and researchers. $So perception and individual dif-
ferences play a role in identifying hazards. Yet, because of their inter-

actlve nature, hidden or unseen hazards are also considered in this view,
since control measures can be instituted to uncover them in the majority of
cases. Conversely, the lack of control measures further complicate many
hazardous conditions.

According to this view, a hazard may be the end result of a sequence of com-
plicating and interacting factors. This partially explains the inadequacy
of a single-cause concept of hazard, such as the emphasis on physical flaws



and defects in the inanimate elements of the workplace. Physical defects can
be devastating, as many materials handling accidents demonstrate. Failures:
of hooks, chains, slings, and hoist motors themselves support the need for
exacting attention to engineering and strength of materials. But increasing
accident rates and considerable research implicate dynamic, momentary, opera-
tional hazards as those needing more attention-and study (Smith, et al, 1971;
Smith, 1973; Gottlieb, 1976; Kaplan, Knutson, and Coleman, 1976).

Smith (1973) defines operational hazards as human-factors interactions between
behavioral and physical, machine, and envirocnmental factors in work. Examples
of these are found in detail in Chapters 4, 5, and 6 on the specific equip-
ment types., An overview of the types of hazards identified will illustrate
their operational, dynamic nature.. :

The Dynamic Nature of Hazards

Momentary events such as falling crane loads, loads falling from industrial
trucks, or conveycrs jamming when material piles up against an obstacle, need.
not be hazards in and of themselves. The hazards arise when people approach
the scene of these events, and the probability of injury varies as .they move
around. Focussing on the event emphasizes the danger rather than the cause,
and prevention of injury depends cn alertness, warnings, and the avoidance

of impact on people. Near misses are hazards of this kind.

A less immediate hazard arises from conditions or situations favoring the
occurrence of a load falling, or a conveyor jam-up. Slippery cartons are
more hazardous than others in forklift operations. 01l on the floor may
prompt emergency braking which in turn can dump a raised load unexpectedly. -
Hazards of this kind are more clearly interactive, often momentary and
fleeting. But they may increase the probability that an event such as a
falling load may cccur. They may have a range of potentials for causing an
injury, and they may worsen as combinations of different factors occur. '
But constant and momentary factors may combine unexpectedly, as when a

crane load is being carried over workers' heads. A failure in the warning
bell or horn compounds the hazard to those below. “

Behavioral factors act often to compound situational or event hazards. With
respect to most recognized hazards arising during materials handling tasks,
behavior can further be categorized into planning and design factors, pre-
task preventive and anticipatory behaviors, and adaptive, protecrive steps
or reactions when an imminent, task-specific hazard is encountered. What
complicates this further is that at every stage in the development of a
hazard, and in those cases culminating in an accident or injury, there are
behavioral options open to the people exposed. But as the factors converge
to bring about a hazard, options are reduced, especially if no preventive
steps are taken. .

Hypothetically, such a sequence of events might occur in planning, preparing;
and. carrying out a forklift task involving recognized hazards. A stack of
cartons in a warehouse has tilted tc a dangerous angle due to effects of -



humidity on the bottom cube. In planning to restack in a drier area, the
plant manager and truck operator make a choice between two available trucks.
The smaller truck would require more time due to its lower capacity. The
larger truck could cut the time by 80%, but the forks have been known to drop
several inches erractically when raised to their maximum height, Since the
maintenance crew is behind in their scheduled $obs, a decision 1is made to

use the large truck while exerting special care. The behavior of the operator
from this point on 4is more critical to the success of the task. If preventive
measures such as clearing the area of personnel and proceeding with extreme
caution are not taken, only altertness and a quick jump may save the operator
or unseen passer-by should the stack collapse or fall from the forks.

In the same context, nepligence (conduct below some standard of care) plays

a role in some hazards, but probably far less often than 1s implied in the
common belief that 85% of all accidents are due to unsafe acts. When a
hazard 1s the consequence of a lack of reasonable care either in ensuring
someone else’s safety, or in taking informed risks on one's self, negligence
may be a key factor. But from-a systems viewpoint, most accidents are likely
~ to depend much more heavily on dynamic, interactive and unknown factors,

with negligence assuming minor importance.

Variance: Hazards as Unprogrammed Events.

Most of the hazards discussed so far are specific to a situation; many are
tied to an individual. Those presented in later chapters were either iden-
tified verbally by workers or management, or where seen by the research team
and later verified. Many of these depend on the simultanecus merging of '
independent chains of events and are, for all practical purposes, unique
situations.

Not only is every cranelift or forklift task new in some respects, and
different from every other past lift, or task in minute details; even in

the most repetitious mechanized processes, physical, chemical, or mechanical
changes are underway. But inclusion of the human operator in the material
handling task guarantees that unique event production is the rule.

Other factors contribute to the variation--both the industrial truck and the
crane are called variable-path machines, and their flexibility is more of an
advantage than a problem. But the more variable the task, from cycle to
cycle, the more important is the human operator's role. When the task is
safely completed, it is the human who has largely compensated for the count-
less variations, or variances, encountered on the way.

The concept of varlance as used here is one introduced in the socio-technical
literature of job design (Englestad, 1974) and organization design (Cherns,
1977). A variance is defined as any unprogrammed event; how serious it is
depends on how critical it is to the outcome. While the concept has not been
adopted by safety professionals, it is clear that hazardous events, condi-
tions, and behaviors, even accidents and injuries, are examples of variances.
The management of such unplanned events is reflected in job design, equipment



design and operation, workplace layout; equipment and operation deficiencies
are unplanned conditions that spawn more unexpected events. Safety and
health efforts can benefit from closer attention to these so that variances
are not left entirely up to the worker to manage.

Accidents and Injuries.,

Disabling injuries to users of material handling equipment offer the main
justification for this research. Yet the relationship between hazards and
accldents, to say nothing of the part of body infured, is at best an inde-
terninate one. What is fairly evident from statements of hazards as workers

see them is that a range of injuries could result from some hazards. Where

a helper might stand on the raised. forks of a lift truck to steady the load,

the hazard may be the threat of the load falling on the helper, or of the helper
falling to thé floor. A helper threatened with a fall may grab at the mast

to avoid falling and instead sever a finger in the moving lift mechanism.

These examples illustrate an often misunderstood fact about injuries and acci-
dents. Many accidents occur as a sequence of events which ultimately end in
injury or property damage. Within such a sequence, some events are determin-
istic or predictable while others are random. Once a powered industrial
truck tips beyond a certain angle, a fall is inevitable. But the operator

1s still free to move during the fall, and his or her actions are only partly
determined by the fall of the truck itself. The injury that might result is
thus an outcome of a series of interrelated, partly dependent events, the
whole of which is called an ''accident,” The term accldent itself tends to
suggest that preventive efforts are futile: new terms are introduced,

such as "incident, ''mear miss,’ etc., to avoid this attitude.

The notion adopted here is that while accidents usually involve both pre-
dictable and unpredictable elements, the focus on accidents as the basis for
safety efforts has detracted from the development of truly positive preventive
measures. The belief that accidents are wholly "accidental’ and therefore not
subject to prevention or control has colored the efforts of the safety and
health movement from the beginning, Worker's Compensation practices and the
widespread adoption of the ANSI Z16.2 method of recording basic accident facts
are examples of this, focusing as they do on the injury rather than the events
leading up to ‘it. T C ’

In a recent conference sponsored by the National Safety Council (Kinpg, 1977),
participants from industry, labor and govermment responded with an unusual
degree of unanimity to the call for the development and exchange of more
useful accident, hazard and countermeasure data. This is consistent with the
viewpolnt stressed here that data on hazards is first of all data on work
processes, workplaces and work behavior, Different kinds of data and different
data standards are needed at every stage of the process from design and plan-
ning of the factory to the task itself, and from a possible injury to the
compensation and rehabilitation efforts. Worker's Compensation has very
definite and legitimate information needs, but these should not be confused
with the requirements of the preaccident stages,



In viewing the process by which a hazard develops into an acecident, several
trends can be seen:

1. TFactors contributing to the accident bepgin with remotely determined
design factors, and end with specific, dynamic, physical and behavioral
events. Control of these factors passes from designers, managers and
supervisors, to workers. e

2. Options for controlling hazards are initially wide cpen from the design
point of view, but are progressively narrowed until the focus is on the
material handling task and its associated hazards. Finally, when certain -
physical hazards are realized such as a falling crane load, preventive
or protective actions are extremely limited.

3. At each stage of thils cycle, new and different options must be considered.
If the load 1is already in the air when a hazard develops, it is too late
to redesign jobs or change the workplace layout. If the load happens
to fall, it is tco late for the worker to don a hardhat and steel toed
shoes. At each stage, cholces made help to determine what will be cthe
options at the later stage,

The possibilities for studying safety reflect a similar trend: hazards can be
recorded, analyzed, disseminated, and followed through time. If data is
pathered only after accldents occur, research into the causes becomes nearly
impossible., It is for this reason that the management of hazards offers the
potential for positive prevention.

TIE INDIVIDUAL AND THE WORK TEAM AS CONTROL SYSTEMS

Enough is known to say that the individual, or group, working with cranes,
hoists, conveyors, and industrial trucks can be fruitfully studied as control
systems. DBut the nature of this contrel, where the operator's control fits in
with the mechanics of the machines, and where the control of the individual
breaks down when 1t can no longer compensate for design deficiencles, must be
determined through observation. We need to be able to understand how much
control can be delegated to the worker by management and work process designers,
how far a group -of workers can go in controlling hazards through mutually
communicating and warning each other, and to what extent additional sur-
velllance and recordkeeping of such hazards can supplement the self-regulation
and self-protection process.

Personal Hazard Control by the Individual

A major portion of this project, the informal interviewing of workers regard-

ing hazards in the design and use of cranes, conveyors, and industrial trucks,

was based on the theory of hazard management {(Smith, 1973: Coleman and Smith,

1976); and its emphasis on the worker's role in identifying, eliminating and -
regulating hazards and the behaviors defining them. There are many reasons v
for relying on worker input in hazard control, not the least of which is the

increased responsibility and potential for self-determination that can result.

And there is little doubt, among the management people interviewed in past

projects, that the worker is the best single source of information on specific

job hazards.



Yet the most critical aspect of worker control of hazards 1s that it needs to
be recognized in a formal way by management. If worker performance in hazard
identification and control is not managed, three results are likely to be
obtained. First, skilled, knowledgeable, and experienced workers will have
ways of adapting to hazards that may not be shared with new hires, and '
unskilled labor. Second, workers may develop elaborate, tine- consuming
defenses against perceived hazards which in many cases can be eliminated or
‘abated inexpensively by safety management. Third, assessment of caueal fac-
tors in investiggting accidents will be extremely difficult if not impossible,

The commonly understood “unsafe act' demonstrates one kind of result of this
“last type, when it is labeled as a causal factor in an injury. MWorker com-
ments in the hazard surveys conducted by the Research Unit show that when a
'hazard is recognized, what may appear to be unsafe to an observer may in fact
repregent carefully thought out actions in which alertness and caution.reduce
the risk greatly. The factor that is omitted when such an act is blamed for
an accident is the ''exposure:' how many times has this same unsafe act been
performed without incident, and why were the precautions finally inadequate?
A thorough analysis of the accident cannot ignore the self-management efforts
of the employe in performing safely prior to the injury. Unseen hazards or
possible variances should be looked for in helping to explain what went wrong.

The first step, therefore, in managing safe performance is finding out and
recording what people do to prevent hazards from causing accidents.  For

- example, experienced lift crew workers will relate the hazards of trying to
stop a multi-ton load from spinning as it's hoisted from the floor. Where the
inexperienced hitcher will inadvertently put a hand out to try to stop a heavy,
turning load, the knowledgeable crew member will let the load stop by itself
or fall from the hock before risking a hand or an arm.

_What "controls" does the individual have available in regulating safe behavior
- on the job? In the material "handling tasks studied here, not surprisingly,
the worker has available many of the options.management has in designing,

" operating and maintaining a productive system. The worker can, first, plan
his or her activities. To an extent, this means design of the task. And
except for certain routine jobs related to conveyor applicacions, on jobs
involving powered industrial trucks, cranes, and hoists, this kind of planning
is a requirement of the task. The operator responsibile for operating a
variable-path device of necessity must plan the move to avoild obstacles. In
practice, this avoidance reduces to the navigational skills of traversing
tight aisles, turning tight cormers and avoiding tipping hazards, but planning
skills show in the knowledge of plant layout and alternate paths to the same

"end. .

‘As the task of moving is carried out, the systems nature of the operator
defines the limits of personal control. ' As self-regulated, feedback
controlled organisms workers control their movements within specific, spatial
and’ temporal limitations. The physiological mechanisms of vision, hearing,
“and the tactual/kinesthetic senses depend on continuous, immediate feedback
of the effects of body movements. Factors impailring these mechanisms such

as drugs, alcohol, fatigue, stress, and physical disabilities related to past



or present illnesses, obviously have direct impact on personal control.
Conversely, people in good health and physical condition adapt readily to

a wide range of demands which arise as they work. Beyond the control of body
movements, alert workers use vision, hearing, and speech to widen the.
boundaries within which they can impact events. A hitcher can yell at the
cab operator to change the course of a swinging load, while a pedestrian can
step out of the path of a truck whose operator can't hear the verbal warning,
if these options are availahle. In short, the alert human operator controls
fairly effectively a sphere centered about the body and limited by his or_ her
ability to affect events at a distance through personal actions.

‘What cannot be contrelled and what the physical and physiological limits of
control are, cannot be determined without human factors principles and experi-
mental observations. In particular, operating sit-down and other rider indus-
trial trucks, overhead cab-controlled and mobile cranes is subject to the
1966), Formulated by this ﬁ?EEEEi 6 senior human factors consultant during
his work with the General Electric Company in developing anthropomorphous
‘1ifting and walking machines, the main features of the theory account for

‘the fact that nobile machines in general consist of an external metal exo-
skeleton within which the operator moves in manipulating machine controls.
Since gravity affects both the vehicle and the operator, attention must be
pald to the relationships between the operator and the machine, the coperator
and the roadway or fixed support elements, and the machine and the roadway or
supports. The aspects of this theory important to materials handling safety
are these:

1. The exoskeleton of the truck or crane cab, including the controls,
steering wheel, brakes, and 1lift mechanisms, provide a variety of
mechanical, visual and auditory feedbacks to the operator. Judg-
ments about the condition of the road or support surface, or about load
characteristics such as weight and stability, are based on this feedback
from the machine and its movements. Where vision or hearing indicates
one state of affairs, feedback from the exoskeleton may indicate another.

2. The compliance of the movements of the truck or crane cab with those of
the operator determines the smocthness and ease of control. That is,
if the cab or its moving parts, including hand and foot contrels,

* either display or require movements with rates, accelerations, or .
spatial characteristics different from those of normal postural, limb
travel, and manipulative movements of the operator, the control of the
machine may be compromised,

Many factors in the ergonomics of controls design, including foot-pound
requirements for maximum application of force to the truck brake pedal, have
gone into modern design of materials handling equipment. Yet where the
compliance needs of the operator become critical is not easily found by
‘centrolled or laboratory methods, since emergency or stressed situations can
compound the problems and cannot be easily simulated. Nor can experience or
training offset or negate such problems, especially those that might involve
delay of feedback to the operator. Smith (1973) demonstrated the decrease
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in learning that takes place in visual-manual tracking as visual feedback
delay is increased from zero to several seconds, although delays were not
among the problems cited by truck or crane operators (see Chapters 4 and. 5).

Social Controls in Work Teams

As with the individual or the industrial enterprise, the working team
exhibits some of the characteristics of open systems. The lifting crew of
three hicchers, a supervisor, and a cab crane operater thirty feet above the
floor, the industrial truck operator with a pedestrian helper restacking
pallets, or the team of two people banding boxes with steel strap on a con-
veycr line, may be thought of as task systems. With input-conversion-output
processes, self-regulatory management, and boundaries both spatial and
psychological, these groups tend .to have fewer accidents per hour. of exposure
. than employes working alone (Preiwisch, 1977). In mest work situations, a
group may have a designated supervisor, team leader or lead worker, but often
only informal authority relationships are seen. Problems arising from these
variable and nonstandard relationships show up in the management of lifting
operations with overhead cab controlled cranes. Most industry people agree
that the overhead cab operator has final responsibility for the integrity of
the load hook up, Yet worker comments reveal a wide range of practices. In
one plant, the cab operator exercized veto.power over a lift by simply refus-
ing to engage the controls until the hitchers guessed what his objections
were and corrected the situation,

As task or activity systems (Miller and Rice, 1967), material handling crews
have a primary task to complete, whether it is movement of unit loads from
receiving to storage or simply the turning of a 30-ton cast steel machine
housing. Flanning is frequently a main part of the task. 1In a large

paper machine factory, heavy and awkwardly shaped objects were lifted by crane
only after photographs of the part were taken, examination of these for deter-
mination of probable. center of gravity was done, and the object marked or cut
for the appropriate sling and hook attachments,

Groups of workers engaged In a common task therefore exhibit control
characteristics similar to those of the individual. Amplifying these are

the social tracking and communication that commonly must take place for the
group to carry out a joint effort (Smith, 1973). People working in such a
group expect one another to know what the others are doing. Warnings of fall-
ing loads or other impending hazards can avoid injuries which might otherwise
be unavoidable for a lone worker. The lone worker, in fact, is often a
casualty in industrial truck and crane operations apparently because he does
not enjoy the closer communication characteristic of the team actiomn.

Injuries to pedestrians who appear suddenly in a tfuck's'path, and injuriés
to preoccupied workers such as welders in the vicinity of a swinging crane:
load, are méntioned by industrial persennel and verified by the statistics.

MANAGEMENT 'S TASKS IV MATERIAL NHANDLING SAFETY

As the main planners of corporate and organizational goals, management makes
decisions that ultimately influence plant safety as no one elsé does. As
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builders and assemblers of tools, consisting of both machines and people, to
achieve these production goals, management predetermines through design and
planning whether plant safety will be a ‘'matural’ feature of everyday opera-
tions, or a function which will largely compensate for poor human factors
desisn of the workplace, the tasks, the jobs, and the equipment and tools used
tc carry them out.

These problems are particularly true for material handling. Even in a ware-
house where 90% of the handling is done by self-propelled walkie trucks,
selection of the appropriate make, model, and number of trucks needed cannot
be done by consulting catalogs only. Depending as it does on material
characteristics, movement requirements and equipment capabilities (Apple,
1975}, selection of trucks, especially with safety in mind, depends on, and
impacts, workplace layout, job design, and material flow, storage require-
ments, and countless other factors. Similarly, selection plays a major role
in conveyor usage and the adaptation of a complex conveying system to a large
plant’. Jointly optimizing this arrangement with safety needs and human
factors, including the need to walk over ori under the conveyor or to lift
objects to and from it, means simultaneously designing the conveyor and the
work processes which interact with it.

From a broader persepective, management has long-term control over these areas:

1. DPlanning the workplace, including the selection and placement of fixed
elenents of workplace layout.

2, Selecting the tools, equipment, machines, and other movable items.

3. Planning the work to be done, including tasks and their allocation to
people, machines, and jobs. '

4. Selecting and preparing the worker through personnel selection, training,
~and setting experience and supervision requirements for certain jobs.

5. lManaging the work and the haiards though effective identification and
reporting of operational data, primarily by evaluating performance in
relation to previously set standards, objectives, and poals.

The order of these tasks is relevant only in a logical way. In practice, all
five may proceed‘si@ultaneiously. :

Planning and Design of Workplace Layout

Traditionally, the responsibility for ''unsafe conditions' has rested with
management. Workplace layout--the configuration of machines, aisles, walls,
pillars, stairways, ramps, doors, storage racks, and the work processes that
detérmine how people move around in the layout--is one of the main sources of
constraints that lead to hazards, Roughly 207 of the hazards mentioned involved
elements of workplace layout (see Chapters &, 5, and 6).

-

Fixed physical characteristics of the workplace--aisle widths, vehicle routes,
machine placement, deoor slze--are rarely in themselves ‘'unsafe conditions,'
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although OSHA and ANSI standards specify some of these in great detail, They
are better viewed as constraints, within which more movable items, including
workers, must continually adjust and regulate their positions. They become
contributors to hazards only in relation to the more mobile, adaptable ele-
ments. HNarrow aisles are cited often by industrial truck operators as con-
tributing to a dangerous situation, Yet it's the width in relation to truck
gize, or turning radius, or load size and shape, that defines the hazard.

To the extent that management controls it, workplace layout defines an impor-
tant factor in material handling safety. But since the fixed elements of the
layout combine with the movement of .other elements to create hazards, pre-
scriptions for safe layout alone are difficult. What 1s needed 1s an open-.
minded management attitude and the communication necessary to ensure that
layout and layout related hazards are considered whenever changes in equipment,
structure, process, or personnel are anticipated.

Selection and Design of Equipﬁent and Mobile Items

The selection of equipment for materials handling is a key activity from a -
cost and efficiency viewpoint. Usually approached from a problem point of
view (Apple, 1972), selection of appropriate components for a system can be
extremely complex; yet wrong decisiens can result in a plant full of new
machines which is essentially obsolete (Rowan, 1977). And thc impacts of .
poor selection on safety may result in hazards turning up for years afterward.

In systems terms, selection is. an aspect of design. Users of cranes, hoists,
trucks and conveyors can select only those that are designed and marketed by
manufacturers. But manufacturers are influenced by what sells, by user needs,
by povernment regulation, and by competition. Over a period of time, user
selection influences desizn greatly.

From a workplace viewpoint, the user does more design than selection by assem-
bling a unique set of components for particular purposes. [quipment design
interacts so closely with workplace layout, storage methods, movement require-
ments and so on, that the design of the final operating system is truly in the
user's hands. And the hazards that arise can more often be characterized as
deficiencies in the total design than as defects in particular trucks, cranes
OT CONnvVeyors.

Hazards can arise from mismatches between equipment and layout factors, between
operator and equipment, between equipment and load characteristics, and between
combinatlions of these and others. An example that came up frequently on our
site visits Involved the choice between cab or pendant control of overhead
cranes. Workers having experience with both types tended to prefer cab control
(see Chapter 5), partly because pendant usage requires working close to the sus-
pended load. Cab control allows the worker to stand clear.after the hitching
is done. But the safer choice was by no means clear, and different managements
gave different reasons for theirs. Work activity in the crane bay was a main
criteria: others were distance of transports, availability of a path for
pendant controllers, and frequency of usage of the crane itself,
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The flexibility of an either/or situation delegates to the worker a part of the
selection task. Cherns (1977) established this as a principle of socio-
technical design, namely, that at each stage of design, only the minimum criti-
cal specifications should be mada, Practically, this includes consulting the
worker about potential problems and hazards as a part of equipment selection

as well as providing flexibility of options for safe performance. '

Examples of the interplay between industrial truck desipn and storage practice,
job design and other factors are detailed in Chapter 4. One worker cited an
oblong pallet rack that was stored lengthwise. But the truck had forks so
short that only widthwise engaging of this particular load was safe:; picking
up the load on 1ts narrow end meant the risk of tipping the truck. '

Planning the Work to be Done.

From a material handling standpoint, a recent trend has been the increasing

use of machines to both mechanize and automate the process of moving materials.
Precisely where humans are needed or used in the process depends on many
factors including the product manufactured, the technology available to produce
it, and the characteristics of the labor force available to operate it. A

high priority for safety and health in this process of allocating work to
machines versus people is needed and the area is another where management has
responsibility and control.

The two areas regquiring specific attention are operations design and job
~desizn, as these both affect and are influenced by material handling
decisions and practices. By operations design we refer simply to the overall
pattern of work or product flow through the workplace. Features of operations
on materials such as the number of distinct operations required to complete
the product, the organization of these operations by function or process,
time characteristics of different product flows, and storage and movement
requirements of raw materials, help to dictate the choices and decisions of
the material handler. Traditionally the province of plant engineers, design
of the operations necessary for production needs input from safety and hedlth
personnel and from those workers skilled in identifying hazards arising in
various operations.

Job design, according to the same view, is inseparable from the work to be
done. Neither job nor operations design can be carried out without the one
depending on the other, especially In cases like warehousing where movement
is both job and product flow at the same time.

In material handling, and particularly in the use of conveyors, industrial
trucks and cranes, job desipgn 1s more often a result of selection and layout
factors than an equal consideration. Job design features of interest here are
those that relate to product flow, such as numbers of workers performing
identical tasks, relationship of one worker's job to the finished task or pro-
duct, and other division-of-labor questions. Wage systems are considered a
part of job design also, especially since piece rates, bonuses, and other
incentive pay systems directly affect worker attitudes and actions in dealing
with hazards.
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Problems anticipated and later verified in the project inclided questions of
what role material handling played in a particular job. This varied along the
entire scale from conveyor related jobs requiring constant monitoring of pro-
duct quality to skilled machinist jobs where workers used a small jib crane
once or twice per day to turn a plece of lathe work, Operators of powered
industrial trucks and overhead cranes were more likely to be involved in full
time material handling, but there were many exceptions to this. Some crane
operators ran one of two or three overhead cranes, alternately climbing from
one to the other as required by operations. In warehouses, operators of
order picking trucks piled and repiled cartons and cases on pallets as they
alternated between storage and retrieval tasks. .

Pay systems were expected to show an influence on hazards. As an apparent
consequence of industrial engineering practices, industrial truck.drivers,

and crane operators to some extent, in showing understandable variations in the
time required from task to task, are not subject to the same time and motion
standards applied to others. Consequently, time pressures exerted by paced

job production workers on industrial truck operators were mentioned by workers
as compounding other hazards. ‘ L

As one large user of conveyors told us, conveyors don't usually require an
operator: they most often serve to carry products from one machine or opera-
tion to the next, But people are inserted Into the largely automated process
at only those points where variations in product line, carton type, or raw.
material require human judgment and flexibility. People in this operation
interface with the conveyor and related machinery by monitoring and ensuring
that the proper supplies and materials are avallable as inputs to the process.
Doing this by machine was perhaps possible, but not efficient or economically
feasible. Yet the input requirements were not the only variances compensated
for by the worker; the main hazard associated with one such job was the
frequent jamups that occurred which called for manually removing jammed
cartons and risking a caught-in injury to the arm or hand.

Worker Sélection and Training

Industrial organizations are systems open to the hirinpg and discharging of
individual employes, and one of management's tasks, increasingly influenced
by government regulatory policies, is to effectively select and prepare
workers for their tenure with the establishment in an effort to minimize .the
detrimental impacts of work and working on these people's lives, safety and
health, The material handling jobs handled by industrial trucks, conveyors,
and cranes offer good examples of the need for careful selection and training.

The relevance of human factors design of trucks, cranes, hoists and conveyors
to training is based on the fact that desipn precedes training. The latter

is useful only if it is specific to the equipment to be used. But related

to this is the fact that training cannot offset poor human factors desipgn of
machines and equipment (Goldstein, 1975), The variation in human performance
resulting from varying tool, machine and operations design 1is much greater
than that produced when training is varied (Smith, 1975). 1In a systems theory
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of safety, training and selection attain importance in relation to design as
supplementary activities, rather than substitutes for thinking through human
factors at the planning stape.

The concepts of industrial truck and crane operator selection and training
are not new to material handlers. Literature and films on operator training
are readily available from major manufacturers, and from related assoclations.
An outline of medical, physiological, and performance considerations used by
a major producer of industrial trucks (Industrial Engineering Magazine,
September 1975) is supported by a number of hazards found in this research
and detailed in later chapters. For example, the overriding importance of
good vision in operating industrial trucks, especially in plant environments
where high noise levels mask warning sounds, can be inferred from the ocutline.
Stressed also are the importance of good hearing and freedom from the problems
assoclated with cardiac diseases, diabetes, excessive weight, and others,

Operator training is also incorporated into the package available from the
chief producers of material handling equipment. And the data seem to reflect
this availability and the use of manufacturer's training programs: a large
percentage of industrial truck operators interviewed reported that training
of some kind had been given them. Prompting some of this is Section 1910.178
of the Q¢cupational Safety and Health Standards which mandates that only
trained and authorized persons be allowed to operate powered industrial
trucks, but common sense and a need for damage control have always been 'good
reasons for such training also.

Yet from the hazard management viewpoint, improvements need to be made in all
the areas of selection, training, autheorizing and managing of people exposed
to the hazards of these operations. This theory assumes that increased sur-
veillance, recording and tracking of specific operational hazards has impli-
cations for each of the functions mentioned. Selection needs to be made,

but tailored to the requirements of the plant and existing conditions, not
necessarily only to those of the manufacturer or dealer. The hazards of
operating an overhead crane in a foundry so dark that flashlight signals from
hitcher to cab operator are necessary, demand more than just a person with-
good vision. Ideally, experience requirements are needed which go beyond
selection criteria.

Experience, in fact, is the quality believed to distinguish the safe materials
handler from the rest, That training of the traditional kind can only pro-
vide limited experience is evidenced by the highly complex, varied and inter-
active nature of the hazards cited by industrial people. Since hazards often
represent the combination of a number of unanticipated conditions, behaviors
and other varlances left unmanaged or uncommunicated, they are not incorpor-
ated inte the standard training pregrams, Those programs that require super-
vised on-the-job practice may allow the operator exposure to hazardous
situations; but a program requiring periodic hazard review in safety meetings
can supplement training precisely where it i1s the weakest. In some ways,
only experience and the exposure to a wide range of varying conditions and
situations can adequately prepare an operator for certain jobs,
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Preventive and Emergency Maintenance

That machines, equipment and tools do wear out is a fact of life faced by
material handlers in all areas. Over its economic life of 5 to 6 years, a
powered industrial truck will accumulate maintenance costs that are 90% or
more of the original acquisition cost. A cost conscious management will save
considerably by replacing a truck at this point, since maintenance costs will
rise rapidly if the truck is kept in use. :

Results of earlier hazard surveys illustrate, however, that maintenance does
not receive the attemtion It deserves from the safety viewpoint. Roughly 15%
of cited hazards involved physical conditions felt by workers or researchers
to be the responsibility of maintenance personnel {(Coleman and Smith, 1976).
In the current research, maintenance problems directly affect physical condi-
tions of all workplace elements. In many cases, these can be compensated for
by extra caution and a clear understanding of the malfunctioning truck, crane,
hoist or conveyor. Workers clted many hazards resulting from poor lubrication
of truck parts, patchwork solutions to problems with poorly designed machines,
or low priorities on small repair problems due to heavy maintenance needs
elsewhere. In one establishment, the majority of walking forklifts had their
handles taped up to prevent them from falling to the floor. Springs designed
to return the handle to the upright position were in disrepair.

Problens with maintenance are not always solved by that function alone.
Workers admitted to keeping a poorly running truck in use beyond the safe
point, sometimes as a result of speed pressures or heavy work schedules, or
from the knowledge that maintenance would .tie the truck up for several days.
Workers instructed to retire a problem truck to the maintenance shop often
keep it running until the end of the shift, rather than travel the distance
required or fall behind in their work.

The theme of interaction central to this theory applies to the management of
maintenance as it affects safety and health in material handling as elsewhere.
The boundaries of a maintenance subsystem need special regulation by manage-
ment, especially in industries where maintenance workers are the most skilled
and highly paid labor in the plant. Problems of social interaction are _
reflected not in the quality of maintenance work, but in the hazards left to
production workers when the maintenance crew leaves jobs half done and machine
parts piled in the wrong places. Management's task is not only to ensure that
physical breakdowns are anticipated through scheduled preventive maintenance
or repalred when emergency malfunctlons occur. This aspect is crucial, since
physical and mechanical changes can introduce unknown variances in the most
carefully controlled processes. But the task must be enlarged to cover
relationships between maintenance and production, or maintenance and material
handling. The functions are different, and will have different. objectives,
goals, and different incentives to achieve them. The time urgency is one of
several key differences, and one outcome contributing to hazards is that
untrained operators attempt maintenance on their own machines rather than
wait for the mechanic to do the job. But these are all the more reasons why
effective management is needed to settle disputes and thereby better manage
the hazards.



The Separation of Safety and Production Managements

Most industrial organizations employing more than a dozen or so people have
a differentiated management function. For smaller groups, especlally coop-
eratives, an informally designated leader who works on the same tasks as do
the other employes may constitute manapgement. These groups and small
businesses may effectively contribute to the economy while largely self-
regulating their affairs as individuals and as a group. But where size or
complexity or other factors have brought about a need for control above that
afforded by self-regulation, people begin to do tasks loosely grouped under
the term management (Miller, 1959).

Most organizations with materials handling needs also have differentiated.
functions of maintenance, although some industrial truck dealers provide
maintenance services for small buyers. Some have separate personnel depart-
ments, purchasing functions, accounting, marketing, and other usual business
functions. The largest have a separate material handling division, and
almost all have some safety and health function. Very few have a research
function, except perhaps as a marketing or product development adjunct.

By analogy with biological organisms, these differentiated activities are
natural, as most systems with some open characteristics have them in common.
A generalized form of maintenance must take place to furnish the system with
raw materials, energy, and supplies, and to dispose of waste and other
depleted resources, The main operating activity, corresponding in industry
to the pursuit of the main business purpose or mission, must be carried out.
And management must regulate these import-conversion-export processes, the
various functional activities, and the relationships between them. Miller
and Rice (1967) present these concepts with refinements in Systems of
Organization,

What role does occupaticnal safety and health play in a systems structure such
as this? The theory of hazard management offers no generalized systems func-
tion analogous. to safety and health except management itself. The view put
forth here is that safety and health are the result of effective regulation
and control of hazards on all levels. One logical place for plant safety is
therefore as a part of management, but not necessarily division or department
management. Since control of hazards involve almost all major functions,
safety and health should be lodged at 'a level high enough to command the.
integration of these functions.

Studies have shown that plants with low accident rates tend to differ in a
significant management way from similar plants with high accident rates
(Cleveland, 1977). This 1s the top management commitment to safety and health
evidenced by the high level of the ranking safety official in the hierarchy.
Supporting- this in an indirect way are the hazards detailed in later chapters
of this report. One other reason why these hazards call for high level action
is the systems nature cf material handling itself--powered industrial trucks,
cranes and hoists and conveyors jointly cut across departmental and functional
boundaries in moving material in,. through production, and out of the plant.
Cnly in an organization where safety management has the authority to regulate
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accident occurrence across all these boundaries will joint safety and health
measures be taken.

It is this reasoninp that has led to the theory that management of hazards
differs in no real way from the management of production, of material handl-
ing, of maintenance, or of industry in general. The tasks of management
relevant to controlling hazards are those of management anywhere: the setting
of objectives and goals, including standards of performance; the careful evalua-
tion of progress relative to these standards; and the respomsible regulation

of the work process to make the work productive, the workers achieving, and

to keep the adverse impacts on them to a minimum (Drucker, 1974).

The concept of performance standards for safety demonstrates how worker,
supervisor, and management objectives can be set in areas relevant to hazard
control (Smith, 1973)., Especially appropriate for powered industrial trucks
is the need for standards of housekeeping, training, preventive maintenance,
and hazard review. Standards of experience in selecting truck and crane
operators for hazardous tasks: need to be established, but on a plant by
plant basis. Human facters design, attention to job stress factors, and
preventive maintenance are areas where conveyor cperations need performance
safety standards.

GOVERMMENRT STAIDARDS AND WORKER SELF-REGULATION

“aterials handling equipment users must comply with a series of OSlA regula-
tions, many of which are based on ANSI standards, and these are some of the
most specific and detailed standards currently in effect. As with many types
of standards, however, they demonstrate the inherent difficulty in regulating
personal behavior through lepal and administrative policy statements.

‘As mentioned earlier, a general assumption guiding this project was that most
of the observable crane, conveyor, and industrial truck related problems are
variable operational hazards depending on conditions and use of the equipment
which are influenced by management supervision and which are not necessarily
related simply to the physical characteristics of the equipment and the sur-
rounding workplace. Whether such hazards can be effectively detected or
observed through inspection without extensive intervention into the task it-
self, including communication with workers and supervisors as to their alert-
ness and any precautions they might be taking, is an operaticnal problem
relevant to the entire area of management. The records, data and information
needed by management varies extremely depending on the operation, but systems
management, management-by-objectives, and other well-known theories have been
formulated to answer these needs. '

Promulgating and enforcing safety and health standards is analogous to
writing job descriptions as a list of objectives and then trying to manage
the work with these statments alone. It has been noted (Cornell, et al,
1976) that OSHA, under Congressional mandate and pressure for early results,
adopted by inclusion and reference a set of standards written by'the
American National Standards Institute for purposes other than Federal
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enforcemenct. As partial Job descriptions for OSHA compliance officers and
for industry personnel responsible for compliance with them, these standards

determine the focus and the priorities of the safety efforts in industry, It

1s the assumption that they can substitute for effective hazard management
that is being questioned here.

Standards Governing Material Handling Equipment

These OSHA regulations that require specific training, skills and behavior
from equipment operators, and specific designatlon. authorization, and pre-
paration of these operators by management, are found in 29 CFR 191C. 178
{Powvered Industrial Trucks), and in 29 CFR 1910.179 and 1910.180 (Cranes,

Overhead and Gantry, and Crawlers, lLocomotive and Truck, respectively).

These regulations also specify that inspecticn and maintenance, and record-
keeping of these activities, be carried out,

A review of these repulations shows that NSHA has promulpated a number of
operational and performance requirements on the part of manapement of users
of cranes. hoists, and industrial trucks that are not subject to inspection
of equipment. They depend on positive cooperation of plant management and
considerable breadtlh of interpretation by both management and OSHA com-
pliance officers in defining compliance with them. Tor cranes, these
include:

Designation of Personnel: Only desipnated personnel shall be permitted
to operate a crane covered by this section {1910.179(b)(8)).

Operator Knowledge: The employer shall ensure that operators are
familiar with the operation and care of fire extinguishers provided
{1910.179(0) (3)).

Frequent and Periodic Inspections: Frequent inspections {(daily to
monthly intervals) of all functional operating mechanisms, deterioration
or léakage in lines, tanks, valves, drain pumps, etc., hooks with
deformation or cracks, hoist chains; etc. (1910.179(3)(2)(1i) through
(3){2) (vii); periodic inspections (1 to 12 month intervals) of deformed
cracked or ccrroded members, loose holts or rivets, cracked or worn
sheaves and drums, etc.(1910.179(1)(3) (1) through ({)(3)X)).

Testing: Tests of initial capacity and operations for new or altered
cranes are required and procedures specified (1910.179(k)).
Maintenance: Preventive maintenance procedures are mandated by the
standard, as are safety procedures to be followed during maintenance
operations. 1taintenance repairs are required to correct hazards
uncovered in the inspection process before the cranes are allowed back
in use (1910.179(¢1)).

Rope Inspection: Requirements for monthly testing procedures to check
and determine the integrity of both metal or other ropes used on crane

hoisting mechanisms. Specific conditions such as corrosion, kinking, and

" wear require attention, as do rope end connections. Ropes used only

infrequently must also be inspected and passed prior to their usage. all

of these reports must be signed and filed (1910.179(m)).
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Operator Performance Requirements: These standards include procedures: for
handling and moving loads with overhead cranes:- hazardous operations are
mentionéd and requirements. of personnel or employer responsibllity are
established for these situations. ‘

For powered industrial trucks, these standards include:

Operator Training: Inly trained and authorized operators shall be per-
mitted to operate a powered industrial truck. !ethods shall be devised
to train operators in the safe operation of powered industrial trucks
(1910.175(1)).

Truck Operations: These subsections require that trucks not be driven up
to persons standing in front of benches or other fixed objects, that no
unauthorized passengers are carried, that safe distances from edges of
platforms are maintained, etc.(1910.178(m)).

Traveling: This includes requirements that plant speed limits be
observed, that the operator slow down and sound horn 4t an incersection,
that speed be reduced to nepotiate turns, ete. (1910,173(n)).

Loading: {mly stable or safely arranged loads may be handled, load
engaging means shall be placed under the load as far as possible, etc.
{191n0.178(0)).

Operation of the Truck: These require that trucks in need of repair be
taken out of service, no truck shall be operated with a leak in the fuel
system, etc. (1910.178(n)). '

Maintenance of Industrial Trucks: These standards require that all
repairs be made by authorized personnel, that trucks used round-the-
clock are examined after each shift, ete. (1910.178(q)).

These are not presented as comprehensive or direct quotes of the relevant
regulations, but to serve as examples of performance based standards, rather
than specification standards which are often capable of verification through
physical, static measurements.

Standards such as those referred to above attempt to define safe performance
on the part of the crane or truck operator. The assumption of this research
is that such performance standards can be meaningful and effective extensiocns
of the more baslc physical standards. Performance standards currently govern
production, time characteristics of work, product quality, and other aspects
of modern work processes. But considerably more effort 1s required to
incorporate such standards into today's safety practices than that demanded
by compliance with the primarily physical standards of OSHA.

The management of workplace hazards as outlined in this section assumes that
the lack of performance based safety standards underlies the increasing
problems of occupational safety and health 'today. Since behavioral perfor-
mance codes imply specific solutions to the countless varieties of hazards
faced by today's worker, Federal 'standardization' of such rules nay be
impractical. But Federal efforts to define the key activities of safety and
general standards for their performance are needed; this means auditing
safety programs in addition to checking compliance with physically measurable
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standards. What is needed rmore are voluntary efforts by industry to develop
the hazard detection and hazard control instruments which are both taillored
to the particular workplace and yet comprehensive enocugh to reduce injury and
illness rates. B
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CHAPTER 3. METHODS

This chapter presents the methods used in gathering data to define the scope
of the study and in researching through field visits and observations the
human factors and causal factors questions indicated by the data. Included
are brief discussions of the accident data sources used, and of the techniques
used during the site visit observations. Comments are also included on the
final appraisal, analysis and presentation of the research results. Each of
the relevant chapters (Chapters 4, 5 and 6} details those methods peculiar to
that equipment type alone. o

STUDY METHODOLOGY OVERVIEW
There were essentially three phases of study in this project:

1. 1Initial gathering and analysls of data to determine the scope of the study
and to indicate the directions to be pursued during later phases. This
included narrowing the array of material handling equipment to three types
most often involved in reported injuries, and combining data sources to
analyze patterns of causal factors.

2. Field observations on site visits to manufacturers and users of the =
selected types of equipment to evaluate and verify the results of the
data analysis, and to cbserve actual materials handling operations for a
better understanding of the human factors issues involved.

3. Analysis and assimilation of the results of the above efforts to present
the conclusions and recommendations of the study.

ASSESSMENT OF ACCIDENT DATA

Two speclfic tasks were carried out prior to the final determination of
equipment types to be studied, Data from Hisconsin s Worker's Compensation
case history file were used to narrow down the choices from the original
twelve types specified by NIOSH in Table 3-1. Six of these accident sources
each accounted for more than five percent of the total case counts for the
thirteen types. : o

The six equipment types used in the final ranking were powered industrial
trucks, powered conveyors, nonpowered hand trucks, cranes and derricks,
hoists not elsewhere clagsified, and towing vehicles.

A second task, which justified the above choices further, consisted of ére—

paring cross-tabulations of the accident data involving the equipment types
shown in Table 3-1. Figure 3-1 gives an example of one such cross-tabulation.

26



R TABLE 3-1
TYPES of Material Handling Equipnent
to be Considered for Further Scudy.
CODES are those used in the ANSI Z16.2
System for Source or Agent of Injury.

ANSI CODE TYPE OF EQUIPMENT

1301 ’ " Gravity conveyora
1350 Powered conveyors
2610 Cranes, derricks
2620 Elevators
2641 ‘ - Air hoist
2642 - Chain hoist
2643 o Electric hoist
2644 : " Gin pole
2645 Jacks
5631 Hand trucks, dollies, and
‘ , - other nonpowered vehicles
5635 Forklift, stackers and other
: powered carriers
5638 Mules, tractors and other powered

industrial towing vehicles

The ahove tasks were completed using only the computerized case history file
of Wisconsin Worker's Compensation reports from the period 1972 through 1975.
The relevant data for each accident report and for all cases involving a
particular source of injury, are the compensation time, the healing periocd and
the medical and indemnity costs for the case. Using the cross-tabulations for
frequency and severity indices of this kind on the six equipment types
mentioned, a ranking procedure was carried out to select three types for
detailed study,

Figure 3-Z presenta the summary ranking data used for the final determination.
The measures used in ranking the hazard potential of the materials handling
equipments were: case count or frequency, total compensation time, mean com-
pensation time, total healing period, mean healing period, total indennity -
cost, mean indemnity cost, total medical cost and mean medical cost, for each
equipment type. Healing period and compensation time were both included since
each measures severity in a slightly different way. Healing peried is a
variable determined by actual days away from work as a result of injury; it
therefore reflects individual differences as well as employer policies of
returning the injured to work as soon as possible. It is insensitive to
fatalities and to other serious injuries with short healing periods but severe
effects such as amputations or loss of an eye. Compensation time {s a legal
entity which is assigned a given value for a particular type.of injury or
illness: fatalities, for example, are charged with a constant 400 six-day work
weeks of compensation time, under Wiaconsin Law.

Figure 3-2 thus presents a combined ranking scheme which attempts to give due
consideration to both frequency and severity of injuries involving the six
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equipment types. Both total counts and mean (average) counts were felt to

be crucial, since the cobjective was to not only compare data between these
sources, but to assess the absolute or overall importance of each type as a
promising source of study. The right most celumn in Figure 3-2 shows a count
of how often a given source is ranked in the top three rankings cover the nine
measures used, A clear split is shown between the top three and bottom three,
with powered industrial trucks, powered conveyors, and powered cranes and
derricks on the top. Later analysis resulted in the combining of holsts with
cranes and derricks, since Worker's Compensation accident descriptions do not
clearly distinguish between the two.

Analysis Of Data For Site Vigit Observations

Beyond the ranking of equipment types for final study, severity and fre-
quency data were not used extensively. Patterns of causal factors which
were revealed by the injury source--—accident type cross tabulations were
noted, but the limitations of data coded by ANSI Z16,2 conventions, are well-
known. Two sources providing more detailed information on factors leading
up to the accidents were used: injured employe's descriptioms of the
accidents reported on promptnegs-of-first-payment cards (used in Wisconsin
to measure performance of worker's compensation insurance carriers), and
reports of investigations of selected worker's compensation claims carried
out by Wisconsin safety inspectors during 1972 through 1975.

Referred to as promptness cards, the first source was gathered and sorted to
compare patterns of Injuries and related facrvors with those found earlier
from the cross-tabulations of Worker's Compensation data. Since the prompt-
ness cards requested the employe's version of the accident and injury only
during the year 1974, a total of 1,354 such cards were identified as
implicating one of the three types of equipment. Comparison of these deg-
criptions with those on the Worker's Compensation First Report of Injury or
Illness revealed two items worth noting: first, the employe description of
the accident was more likely to detall events leading up to the accident,
allowing more accurate determination of agency and source of the accident;
and second, this identification of agency Indicated that for cranes, hoists,
and powered industrial trucks, the original cross-tabulations of Worker's
Compensation data underestimated the numbers of cases involving the three
types. While the latter counts were based on the number of first reports
referring to cranes, hoists and trucks, many cases referred only to the load
dropped as the immediate source of injury, with no mention of the equipment
as agency of accident. Estimates of involvement of cranes, holsts, and
trucks based on employe descriptions were up to 1007 higher than the original
counts. This was true for conveyors also, but to a lesser extent.

Information from accident investigations for the period 1972 through 1975
provided the second source of causal factors data. The accidents inves-
tigated cannot be considered as a representative sample of those selected
for study from the case history file, chiefly due to the selection pro-
cedure for investigating. The first reports of injury are screened by the
inspection staff, and those cases which appear to involve the possible
violation of an OSHA or Wisconsin safety regulation are singled out, as are
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most fatalities, Iowever, the information they provided, particularly in_
detailing what the employe was doing when the incident occurred, was felt to
be too valuable a source to omit, . In spite of the possible bias, the pat-
terns this data exhibited compared favorably with those of the worker's
compensation file and the promptness cards.

Table 3-2 presents a Summary of case counts covered by the various data

sources,
. ‘ . TABLE 3-2 ‘ ‘ -
Numbers of cases from each source for each equipment type (1972-1975)

Equipment Type

Powered . Powered ‘ - o
: Industrial Cranes and Powered
Data Source Trucks  Hoists - Conveyors.

Worker's Compensation _—
Case History File 3,087, 1,646 1,255 .
Employe Accildent Descrip-
tions (Promptness Cards)* 662 513 279
Accident‘lnvestigation .
Reports. 91 76 , 386

*1974 only

As Table 3-2 illustrates, large numbers of cases formed the basls for the
analysis, but the data on causal factors from the last two sources covered
only from 25% to 50% of the reported cases. Conveyor related cases were
investigated much more often due to the potential for finding a violation of
a safety regulation. The details of this data are presented in the relevant
chapters. '

To plan the site visits for verification and refinement of the causal factors
patterns, cases were sorted into categories roughly determined by the ac-
cident type wirthin the source (equipment). For each category, promptness
cards and accident investigations were analyzed and the factors sorted to
indicate possible human factors deficlencies in the design or operation of

the equipments studied. Checklists were constructed from these and were uged
on the site visits as focal points for observing actual operations., The
basic contents of these, which varied somewhat depending on the plant visited,
are presented in the following chapters.

FIELD OBSERVATIONS

Site visits were planned using the data analyzed as described above. ‘
Wisconsin business establishments with large numbers of reported Worker's
Compensation cases involving the three equipment types, and those suggested
by equipment dealers and manufacturers, were listed as possible candidates
for site visits, Visits were actually made to major manufacturers of each
equipment type, to users of each, and to a small number of dealers and comn-
ferences pertinent to the project.
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Vigits to Manufacturers

Site visits were made to several major manufacturers of cranes, hoists, con-
veyors, and powered Industrial trucks in and out of Wisconsin. The intention
was to determine to what extent designers and makers of material handling
equipment incorporated human factors design principles into their machines.
While a large percentage of the accidents used as the basis for the research
might be due to design features and operational features of older, sometimes
obsolete equipment makes and models, manufacturers' current practices and
objectives in this area were felt to be critical to an overall understanding
of the process,

A second objective was to discuss accldent and hazard patterns with
manufacturers, dealers and accessory sales people to determine the extent
to which they had knowledge of hazards, and had developed instruments in
their own plants and for users of their equipment to detect and manage haz-
ards associated with their machines. We surmised that in manufacturers'
plants, especlally where conveyors, industrial trucks and cranes. and hoists
were used extensively, specialized techniques for controlling and managing
hazards might be found.

Businesses in this category which were visited included two prominent
manufacturers of cranes and hoists, and a dealer for manufacturers of chailns,
slings, wire ropes, hooks and other crane and holst accessories: two .man-
ufacturers of conveyors and conveyor systems; one manufacturer of powered’
industrial trucks, and a dealer for a second truck manufacturer, Several
discussions were held with other industrial truck makers at a meeting of

the International Standards Organization, Technical Committee 110 Sub-
committee on Powered Industrial Trucks. This meeting also afforded
researchers the opportunity to talk with representatives of European industry
and government concerned with industrial truck safety.

The discussions held with the manufacturers and others typically centered
around questions of their perceptions of the need for human factors and
ergonomics in truck, conveyor and crane design. An effort was made to
determine how manufacturers and dealers saw theilr own responsibilities in the
areas of collecting data on accldents involving their equipment, of informing
dealers, buyers, and other users of possible hazards in the use/misuse of
their equipment, and of modifying product design when accident data seemed

to warrant a change. They were also 'asked to comment on the injury patterns
shown by the worker's compensation data analysis, and on - the relation between
these and the existing relevant OSHA and ANSI Standards. o

As manufacturers, dealers and others doing business with users were inter-
viewed first, the results of these discussions helped in refining the

questions to be asked of users,

Visits to Users -

Companies were selected as candidates for possible visits on the basis of
their reported Worker's Compensation case experience. Computer lists were
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generated showing all employers who had reported injuries or illnesses
involving cranes, conveyors or industrial trucks, and those plants with large
numbers of such cases were contacted by telephone. 1In addition,'several visits
were made, at the suggestion of a manufacturer or déaler, to plants which

were believed representative by the latter.

After arrangements were made by telephone, a team of four to six researchers,
including one of the human factors consultants, vigited the plant for on-
site observation of the selected equipment types in use. The visits’
typically began with a discussion with management and worker representatives
to clarify our objeectives and to identify operations in the’ plant for
detailed study and possible photography. At these meetings, the accident
patterns indicated by the Worker's Compensation data were discussed, specific
areas in which to look for hazards were noted, and individual management,
supervisory, or working people were named as good sources of information.

The observations of equipment in use were then made during walk-through tours
of the plant. Where feasible, researchers interviewad workers and supervisors
to clarify issues that came up, or to obtain information not available‘

elsewhere.,

The basic structure of the observations made during these visits was based
on the identification of hazards involved in the use of cranes, trucks, and
conveyors; the main sources for identifying these were the original accident
data analyses, worker and supervisor comments, and the researcher's observa-
tions themselves. In addition to information regarding the immediate hazard,
an understanding of peripheral factors, including organizational and
behavioral, was obtained through questioning of plant personnel and observa—
tion.

Based on the original analyses, each equipment type and its associated pro-
blems demanded slightly different kinds of information. Below are listed,
for cach type of equipment, the main points that weré addressed once a hazard
had been identified. - ' -

For powered industrial trucks:

.Truck operator data--job title, experience on present job, type and make
of truck involved, average time per day spent driving or working with
the truck, kind and amount of training the individual had been given,
nature of tasks involving the trucks.
.Task and machine characteristics—-peculiarities of the truck itself,
~ load characteristics, general work site description,

.Comments on specific hazards noted earlier--loads falling off the truck,
pedestrian traffic problems, riding on the forks or the load, trucks
tipping or overturning, running into things, adjusting the forks or
working on the truck, loading and unloading semis or railroad cars, other
hazards.



For powered cranes and hoists:

.Employe data--occupation, experience on present job, description of
job situation including equipment used, physical layout, housekeeping
factors, main tasks of the job, proportion time spent using cranes or
hoists, type of training received. '

.Specific hazards--for each of the appropriate following conditions,
information was sought on what specific hazards was the interviewee -
faced with, and what was done to control these hazards: loads falling
when lifted, manually handling and attaching, or moving loads on hoists
and cranes, getting hands caught in hoist or load, hoists or cranes
malfunctioning, maintenance cperations on cranes or holsts, availability
of proper equipment and accessories

For powered conveyors:

.Employe data~--occupation, experience in present job, equipment used,
description of environment, nature of work situatiom, main tasks of job,
time spent working near or with conveyors, type of training received

for the job.

.Data on specific hazards: caught in accidents, guarding of conveyor nip
points and other problem areas, lockouts, emergency stops, color coding
of pinch points, source of pinch points, maintenancing, unjamming, over-
exerting, being struck by conveyed objects, climbing over or under
conveyors

For all of the above, when a hazard had been identified by a worker or super-
visor, the person was asked how he or she attempted to control the hazard or
aveid its causing an accident, and also what supgestions did he or she have
for improving the situation. ' '

Photographs were taken to 11lustrate a particular operation or use of an
equipment type, when the employer had no objections.

ANALYSIS OF FIELD DATA

In depth study and discussion of the findings revealed a basic organization
among the perceptions of hazards and the judgments about their causes and
controls. This is the sequence of events and conditions which, beginning
with the design of a piece of egquipment and leading to a specific task,
defines and creates a particular hazard. Grether (1975) touches on this,
and Cherns (1977) and others of the socio technical school (Davis & Trist),
have long recognized the need for attention in the design phases to probable
outcomes. The present analysis provides evidence that accident causes and
hazards come and go at all stages of the design-to-ultimate-use process,
where failure to institute countermeasures In an early phase results in
greater risk and possibly more costly controls at a later stage.

The first step in the analysis was to categorize most of the information
gathered during field visits, The unit of analysis was a specifically
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identified hazard. When several hazards appeared tc arise during a specific
task, they were grouped under the general description of the task. Fipure
3~3 1s an example of the hazards and related factors found te be assoclated

with the tasks shqwn.

The information gathered was found to be largely'describable using the six
headings shown in Figure 3-3, According to this scheme, each hazard (Task
Specific Factors and Behaviors), such as a falling load or a truck tipping,
occurs during the task listed in the left most column. The next column
details those physical factors and design features usually decided upon by
management, while the third column (AT SITE SUPERVISOR AND EMPLOYE PREOPERA-
TION PLANNING SYMMARY) served to record factors contrellable just before the
particular taks or task cycle was to be started. Both preventive steps and
perceived obstacles to prevention, or simply known factors contributing to
the hazard, were detailed here. '

Columns 5 and 6 provided for information about correcting hazards arising
during the task, and about overall management support, usually maintenance

activitcies.

While some judgment on the researcher's part was necessary in categorizing
the information, the great majority of hazards were explainable in these terms.
Few had entries in every column; some, depending almost totally on worker

behavior during the task, were completely described in column & (TASK SPECIFIC

FACTORS AND BEHAVIORS). Others, particularly purely physical hazards,
dangerous. to anyone doing the task, are described tqtally in column 2,

The final report was written using these summaries and other more global data
resulting from the visits. This included the OSHA and ANSI Standards relevant’
to materials handling‘equipment,*infotﬁaticn on general safe practices obtained
from manufacturers, dealers and accessory sales personnel, and the general

safety and health literature.
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CHAPTER 4. POWERED INDUSTRIAL TRUCKS
BEGINNING

This chapter is about the human factors that contribute to accidents
and hazards involving powered industrial trucks. Design deficienc1es
in these.material-handling devices are discussed, and shortcomings

in ergonomic design in particular are pointed out. In addition,
several factors are discussed at length that are concerned with the
interface between the performance of one human task and the perform-
ance. of a related human Ctask. These matters and some others as.

well are included in the concept of humen factors that guided this
study, along with ergonomics.

An inspection cof the WOrkers Compensation records of 1ndustrial¥
truck accidents in Wisdonsin 1972-1975 showed what were the most’
crucial kinds of accidents for each of four kinds of truck: sitdown
rider-controlled trucks, pedestrian-controlled powered trucks
("walkie" trucks), front-end loaders, and standup rider-controlled
trucks. Causal information related to these Worker's Compensation
cases revealed some 1mportant patterns of accident-occurrence for
the different kinds of trucks. The findings from the WOrkers
Compensation investigations yielded the list of toplics to be studied

in the field.

During the\observatione of equipment in use and during the many
conversations we had with powered-industrial-truck drivers, pedestrian
co-workers, mechanics, plant engineers, plant managers, truck sales-
men, truck-makers' engineers, and safety officials, all relevant
factors were sought after, largely in order to gain an insight into
the importance of ergonomics relative to other factors. Preliminary
findings indicated that workers involved in industrial-truck oper-
ations are often highly experienced, but usually have had rather
little training. We also found the vast majority of trucks in use
to be surprisingly old. Given the size and prominence of the firms
we visited, we suspect that our sample was above national means and
nedians- with respect to worker training and experience and below the
national means and medians with respect to truck age.
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On analysis of the field-data, thirty-eight factors were found to

be common contributors to forklift hazards. -The most important of
these are discussed at length in this chapter (See also figure 4-8):
backing up with the truck, turning corners, establishing and main-
taining communication among workers in shared tasks and spaces, and
blocking wheels on 'semi-trailers; requesting/giving rides on the
load, bare forks, or empty pallet, the condition of the load, and

the condition of the driving surface; crowded cluttered aisles,
maintenance & age of the trucks, and training of workers involved in
industrial-truck operations. Problematic truck features discussed
include malfunctions and design-weaknesses related to these, inadequate
safety devices, visibility, and such human-factors design weaknesses
as make-to-make differences in the means of actuating service-brakes
on standup rider trucks, cramped driver compartments, and hard seats
.that may also lack thlgh support and lower-back support, :

OSHA and ANSI standards related to the thirty-eight factors were-
examined, and it would appear that most of the factors ‘are addressed
both by clauses of standards and by ewphasis during OSHA inspections.
Some points not addressed by clauses of the standards are also
claimed to be inappropriate matters for standards writing. Some
rather minor changes are suggested for existing standafds; however.

_Possible subjects for further fruitful study are intimated in all
phases and levels of interest in forklift operations. There are
issues of interest for the sake of" sc1ent1f1c understanding of
forklift hazards; other issues are related to the goal of further
clarifying standards and establishing guidelines by which employers
and drivers can comply with the standards: some other topics seen
helpful toward equipping dinspectors to i1dentify the

crucial hazard-making factors at their points of origin. Other
topics yet would be important for direct accident-prevention efforts
by plant managers and by truck-designers. And there are some items
of research-and-development interest directed toward raising the
state of the, trade in the ergonomics of trucks in use.

This study yields some'important conclusions: (1) ergonomics, or’

any other rather small set of factors, ‘cannot at this juncture

be shown to be a primary element in "the etiology of forklift hazards
and accidents in general. ‘There are tco many factors, too many

ways in which they can combine to produce hazards and accidents,

‘and too many conditions that vary too widely from one plant to the
next. Nonetheless, ergonomics cannot bée dismissed from attention.
(2) there are therefor no simple causes and hence no simple solutions
for the Industrial Truck Safety Problem.
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(3) the safe and effective performance of material-handling tasks
using powered industrial trucks depends upon the way in which vast
numbers of persons c¢ver whom drivers of industrial trucks usually
have little or no influence perform tasks distinct from but related
te the material-handling tasks. These tasks include both the design
of trucks and decisions about bases of pay within the planrt. Thus
forklift operations actually constitute a nation-wide system
consisting of huge numbers of sub-systems of interrelated human
activity. Individual elements of the system can break down, and

the system is rather poorly integrated.

(4) the human factors in forklift hazards and accidents are the
interfaces among all the subsystems of human activity that make up
the industrial-truck operations system.

ANALYTICAL STEPS AND PRELIMINARY FINDINGS--WORKERS' COMP. RECORDS .

When it was determined that powered industrial trucks were to be one
of the three kinds of materials-handling equipment té6 be investigated
in this study, it was decided to divide this category of equipment:
into four sub-types; sitdown rider trucks, standup rider trucks,
pedestrian-controlled ppwered industrial trucks (referred to here-,
after in this report as "walkie" trucks), and front-end loaders.
This last variety of materials-handling equipment was included .
because they are somewhat similar to forklift trucks, in that they
travel on tires rather than crawlers, they engage, lift, transport,
and deposit loads of materials, the main difference in the loads -
being that front-end loaders carry material in bulk rather than
items in containers on pallets or skids; it is also the case that
the Wisconsin Workers' Comp. coding system does not adequately
distinguish between the small bobcat-type trucks used indoors in
foundries from the larger earth-moving trucks used outdoors.

It was decided to analyze data for these four different kinds of
trucks separately on the reasoning that the notable differences

in the configurations of these different kinds of truck would likely
"be associated with different kinds of accidents. To some extent,
this assumption was borne out by the subsequent analysis.

Data recorded on the Workers' Comp. Case History File were analyzed
to compare the frequency and severity of powered-industrial-truck
accidents to the average of all Workers' Comp. cases, and of each
kind of truck to the other kinds of trucks. TFigure 4-1 shows the
results of this analysis. It was found, for instance, that
accidents involving powered industrial trucks in general account
for about 1.6% of all the W-C cases 1972-75, and were somewhat
more severe than average. Accidents with sitdown rider trucks
were far more frequent than accidents with other kinds of. trucks,
and were more severe than those invelving standup rider trucks and
walkie trucks.
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Figure 4-1

POWERED INDUSTRIAL TRUCKS VS- ALL ACCLDENTS

172 - '75
Total 'Hedn
‘ ‘Money . Money
SOUEEE Count= . Paid% , Paijd
All W-C Cases ' 196,612 - §127,734,23A $650
All Powercd Industrial 3,087 2,118,082 686
Trucks (1.6%) (1.7%) :
Sitdown Rider Forklifes . = 2,523 1,720,119 682
: (1.3%) 1.3%
Standup Rider Forklifts 224 » 131,625 588
(0.1%) (0.12)
Walkie Trucks ‘ : : 96 hG,iSl 481
4 (€0.1%2) - (<0.1%)
Endloader or Payloader 236 \ 217,709 923

S (0.1%) (n.2%)

Total " Avg.
Healing Hlng.
Days™® Days

3,789,190 19
66,001 21
(1.7%)
53,815 21
(1.4%)

h,609 21
(0.1%)

1, 18
(«0.1%)

5,685 24
(0.2%)

Total Avg.
Comp-. -Comp .
Days™ Days
6,294,276 32
109,880 36
(1.7%)
87,512 35
(1.4%)
6,031 27
(0.1%)
2,380 25
(«0.1%)
13,845 59
(0.2%2)

*percentages using the first figqure-in the column as a base.



Accidents involving endloaders were much less frequent, but notably
more severe. ‘ o T

Next the frequency of several accident-types was analyzed, and the
involvement of each kind of truck in each sort of accident was
compared both with the total for all kinds of trucks and with the
cther kinds of trucks. Figure 4-2 shows the results of this analysis.
It was found, for instance, that accidents in which someone was
struck by items falling from the truck were proportionately less
frequent for standup rider trucks and walkies than for sitdown rider
trucks, By contrast, it was found that accidents in which somecne
wvas pinned between the truck and. a stationary object were propor-
tionately much more frequent for standup rider trucks and walkies
than for sitdown rider trucks, as were accidents in which the
operator was struck by the truck he was maneuvering.

Next the fatalities involving powered industrial trucks were invest-
igated. Five deaths were assocliated with sitdown rider trucks,’ and
six with endloaders, thus bearing out the earlier finding that

these kinds of trucks are involved in the more serious accidents
than the other two types. Since there were so few fatalities in
relation to the total number of accidents, the associated accident-
types were noted, but further analysis was eschewed. Figures 4-3
shows the results of this analysis. ) ‘

Next the accident~data for each of the four kinds of truck wete
analyzed according to accident-type, toc learn the frequency and
severity of each major kind of accident for each kimd of truck.
Within each kind of truck, accident-types were assigned a rank
according to the following method: The severity-measures of _
mean W-C benefits paid per case, mean healing days per case, and
mean comp. days were calculated, and each accident-type was assigned
a rank ‘in descending order on each of these measures. The three.
severity-measure-ranks for each accident-type were averaged. . Then
the accident-types were ranked In descending order on case-counts.
The averapge of the severity ranks for each accident-type was then
averaged with the frequency-ranking to produce an overall ranking
that attempts to give frequency and severity equal weight. Figures
4-4, 4-5, 4-6 and 4-7 show the results of this analysis. It

‘turns out that the top three accident-types for sitdown rider trucks
were: somecne is struck by material from the truck, someonée is
pinned between the truck and a statiomary object, and third, someone
is struck by a moving part of the trunk., For walkie trucks, the top
three were: a pedestrian 1s struck by the truck, overexertion-type
injuries, and someone falls onto or against the truck. For end-
loaders, the order was: pedestrians struck by the truck, someone

is struck by a moving part of the truck, and someone is struck by
material from the truck. For standup rider trucks, the order is
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TABLE OF PREDOMINANT LIFT-TRUCK ACCIDENTS:

ALL TYPES

Struck by material from 1ift-truck

Caught between moving & stationary

object

Struck by moving part of forklift
Struck pedestrian (in the plant)

Truck overturns or tips

Collision with Stﬁtionary object

Fell from lift-truck

OCverexertion

Caught In or struck by mechanical

parts

Bumped into or fell against .
Mechanical failure

Fell with 1ift-truck

TYPES AND

Al
Powered

Trucks
3,079

218
(72)

432
(14%)

493
(16%)

711
(23%)

39
(1)

215
(7%)

84
(3%)
148

(5%)

59
(2%)

312
(10%)

18
(12)

N
(0.4%)

SOURCES
Sit-Down
Rider
Trucks:
2,523

201
(8%)

346

(142)

422
(17%)

617
(2&%)
33
(12)
166

(72)

63
(2%)

108
(h%)

36
(1%)

243
(10%)

Standup
Rider

Trucks:

224

.24
(11%)

7
(3%)

10
(4%)

12
(5%)

16
(7%)

]
(0.42)

Valkie

Truckss

QQI

(3%)

16

(v

T
(l%):

20
(21%)

0

2
(2%)

I
(13%)

23
(24%)

Endloader
or

Paxloadeﬂt
236

9
(4%)

15
(62)

52
(22%)
28

(12%)

6 .
(3%)

23
{10%)

13
(62)

7
(3%)

"
(5%)

he

o (19%)

0

(0.4%)
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Table of Predominant Lift-Truck Accidents - P.

Collision with moving vehicle

Struck by object handled by injured

Load shifted

Sudden stop

Other types

#"Percentages using the first figure

Al
Powered

Trucks

26
(1%)

57
(2%)

12
(0.4%)

18
(1%)

226
(7%

Sit-Down
Rider

Trucks
20
(12)

30
(%)

12
(0.5%)

t
(0.4%)

188
(7%)

in each ecolumn as a base.

Standup

Rider

Trucks

5
(2%)

12
(5%)

0

|
(0.4%)

12
( 5%)

Walkie

Fork

Trucks

14
(15%)

!
(1%2)

8
(8%)

’Endloader

or

Payloader

1

(0.4%)

|
(0.4%)



TABLE OF FATAL ACCIDENTS

Figure 4-3

INVOLVING

POWERED [NDUSTRIAL TRUCKS

Pedestrian struck by
industrial - truck

Cauvght in or struck by
mechanical part of
truck

Fall with truck

Struck by ariother vehicle

Struck by material from
1ift truck

Electrocuticon

Caught between a moving
and a stationary cobject

TOTAL

Sitdown
Riding
Fork Trucks

44

1

Endloaders
or

Payloaders
‘ H
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SITDOWN RIDER

Figure b4-4

FORK TRUCKS

- PREDOMINANT ACCIBENT TYPES

ACCORDING TO COMBINED FREQUENCY & SEVERITY

Total
Case Money
Accident Type Count Paid
ALL . TYPES. 2,523 1,720,119
Struck by material 201 172,428
from forklift ,
Caught between forklift 346 292,823
, & stationary object ) '
Struck by moving part 422 278,569
of forklift .
Truck strikes pedestrian 617 372,325
(in the plant)
Forklift tips 33 32,671
Collision with station- 166 90,646
ary object: .
~Fell from forklift 63 59,756
Overexertion 108 §0,218
;Caught in mechanical 36 28,046
’ parts or struck by S
mechanical parts
Bumped into . or fell 243 99,6 97
. against - ’ ,
Mechanical failure 17 11,765
Fell with forklift : 10 ‘7,119
Collision with moving 20 12,697 -
vehicle B o
Struck by object handled 30 7,204
. by injured , . '
Load shifted 12 4,198
Sudden stop 11 3,817
Other types | 166,140

Mean
Money
Paid

410

692
712
635
240
350
347

884

Total Mean Total
Healing Healing Comp.
Days Days Days
53,815 21 87,512
5,678 28 17,120
9,758 28 14,527
8,640 20 13,585
11,796 19 16,907

913 28 1,759
3,332 20 4,069
1,054 17 4,137
1,932 18 4,357

627 17 1,968
3,645 15 L,423

) 26 430

213 21 608

3846 19 602
- 366 [2 324

75 15 170
" 166 15 154
4,692 25

2,372

18

25
61

30
11

14
14
13

[==R N

10~

11
12

13

I o



Fiqure 4-5
PEDESTR|AN—CONTROLLED POVERED TMNDUSTRIAL TRUCKS ("WALKIE"Y TRUCKS)

PREDOMINANT ACCIDENT TYPES ACCORDING TO COMBINED FREQUENCY AND SEVERITY

Total Mean Total Mean Total Mean

Case Money Money Healling Healinag Comp. Comp.
Accident Type Count Paid Paid Qays Days Days Days Rank
ALL TYPES - 96 46,151 TN 1,771 18 2,380 28 ‘
'Pedestrién struck in plant 20 19,176 959 745 37 1,023 51 1
Overexertion - 23 17,892 778 564 25 929 4o 2
Fe]l onto o;-against truck 5 1,133 227 - 7h : 15 77 . 'j
Struck by object handled o 2,458 176 18 8 98 7 K
by injured ’ : : ’
Collision wftﬁ_statlonary 2 1,149 £7¢ 48 24 67 34 5
object. . : . : ' :
7 Cp;ght between a moving 16 2,264 142 110 7 - 89 6 6
' "and a-statlonary object _
Sudden stop 1 463 463 26 26 26 26 7
Struck by moving part of . 2 . 300 150 - 22 N 19 1o 8
truck ) 7
Bumped into truck . 2 494 247 15 8 a2 6 9
Struck by load falling 3 0 0 0 0 0 0 10
from vehicle ‘ ‘ : ' ' '
Other types 8 . 822 103 49, 6 40 5 -

My
6‘\



Accident Type

ALL TYPES

Pedestrian struck by
endloader

Struck by moving part
" of éndloader

Struck by material
' from endloader

Fell from endloader
i Caught in or struck by
' . mechanical parts
of endloader
Caught between a moving
and a stationary
ob ject
Bumped'lnfo endloader

"fell against endloader

Collision with a
stationary ohject

Overexertion
Sudden stop
Endloader tips

Various other types

i~
-d

TABLE OF ACCIDENTS INVOLVING ENDLOADERS

Case

Count

236
28

52

13

15

25

21

23

21

Figure h-s

Total
Money
Paid

217,703

£6,982
132,732
16,724
17,098
20,729

12,413

11,524
10,696
7,401

8,565
7,095
h,969
10,781

- Mean

"Total

Mean

_Money Healing Healing
Paid Days Days
922 5,685 24
2,035 7 699 25
629 1,204 23
1,858 k6 44
1,315 523 4o
1,884 h72 43
828 502 33
461 487 19
509 Lo2 19
322 224 10
1,224 196 28
S1,419 S 197 39
828 162 © 27
513 20} 10

Total
Comp.

Days

13,845

h,043
1,670
3,191
991
7hd

634

556
455
191

496
449
237
188

Mean
Camp.

Days
59

144
32
396
76
68

42

22

71
90

Cwo



Figure 4-7

STAMDUP RIDER FORKLIFTS - TABLE 0OF PREDOMINANT ACCIDENT TYPES
ACCORDING TO COMBINED FRECUENCY AND SEVERITY

I
<

35

Total Mean Total Mean Total
Case Money Money Healina Healing Comp.
Accident Type Count Paid Paid = Days Days Days
ALL_TYPES "7 224 131,625 588 ° h,609 - 21 6,031
Pedestrian struck in plant 46 35,268 767 1,226 27 1,637
Collisiomwith stationary 24 29 453 1,227 733 31 1,582
object .-
Caught.between a moving 55 30,378 552 1,256 23 1,277
and a stationary abject
Struck by Hovjng part‘of 18 11,553 642 421 23 558
truck .
Struck by object handled 12 5,629 469 265 22 256
‘ by injured
LStruck by load falling 5 2,899 580 90 18 159
- from vehicle .~
Collision wigﬁ moving S 2,699 CLY)) 116 23 143
‘ vehicle
Caught in parﬁs of Vift 12 2,0 173 91 8 - 85
truck ' .
Fell from equlpmént 7 1,732 247 78 1 69
Hechanical failure ] 1,337 1,337 16 16 16
Overexertion 10 2,573 257 81 8 66
Bumped into truck 1 2,485 226 91 8 7
Fell against 1ift truck 5 1,324 265 ﬂl 8
Other types 13 2,224 171 104 8 77

31

21

32

29

10
16

10

H

13



shuffied again: pedestrians are struck by the truck, the truck
collides with a stationary object, and someone is pinned bgtweén
the truck and a stationary object. -

Next, part-of-body- affecﬁed and nature-of-injury data were‘eiamined
and recorded for each major accident-type within the klnd of truck
involved. (See McPeek, 1976)

Then records of accident-investigations by Wisconsin inspectors, and
injured workers' descriptions of their accidents were matched to
truck-type and accident-type to gain causal information. Great
problems in matching were encountered, however, (sece above Chapter 3)
and for this reason further statistical analysis was abandoned,
Simple counts were relied upon instead to indicate the significance
of important patterns of accident-occurrence., It is .interesting to
note, however, that the causal reports indicate the true involvement
of powered industrial trucks in accidents on the job may be as much
as twice as great as wha; is recorded on the Wisconsin W-C Case
History File. '

The causal information reveals that loads fall off sitdown rider
trucks and strike bystanders somewhat more often than they strike
helpers and drivers. It is noteworthy also, that attachments and
overhead canopies themselves fall off the truck about half as often
as the load falls on a bystander. Forks have a tendency to fall
off the truck as well. Drivers of these trucks pin pedestrians
against stationary objects, but they also pin their own extremities
rather often as well. The major pattern with respect to persons
struck by a moving part of the truck turns out to involve co-workers
resting hands on part of the lift mechanism while riding on the
forks or the load or an empty pallet, or while standing and talKing
with the driver. (for other interesting patterns related to the
remaining accident-types, see McPeek, 1976)

With respect to pedestrian 1n3ur1ES invelving walkie trucks, the
causal information was rather unenllghtenlng. In the case of the
overexertion-type injuries, it was found that these involved the
operator maneuvering his truck. The falls onto or against walkie
trucks turned out to be drivers who slipped on a poor walking surface.
(for further information, see McPeek, 1976)

The causal information regarding endloader-accidents was gquite
unenlightening as regards pedestrian accidents, and those accidents
in which someone is truck by a moving part of the truck. The load-
falling-off accidents, however, seemed to involve the use of the
endloader's bucket as a small powered hoist, with the load poorly
arranged and poorly hitched. (cf. Chapter-5 below).
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Such llttle causal 1nformatlon as could be: strlctly matched with
standup rider trucks with regard to pedestrian accidents and
collisons with stationary objects revealed no clear patterns of
~ accident-occurrence, In the case of pinning someone against a
‘staﬁiOnary object, however, 1t became clear that this happened:
mostly to the truck's own driver. The most important contributing
factor seemed to be problems the driver encountered in backing the
truck up; in 3 cases, the driver appeared to have been dangling a
lower extremlty out the back of the truck.

#a

METHODS AND PRELIMINARY FINDINGS IN THE FIELD.

It became clear early on in our attempts to contact plants to visit
for observation of powered industrial trucks in action that we would
‘be unable to choose plants according to type or make or model of
“truck we might wish to observe. We also wanted to view as wide a
variety of makes and models and attachments as possible. (Cf. above,
Chapter 3).

Accordingly, it was decided to draw up a list of topics for dicussion
with workers and plant engineers and plant managers that would

apply to industrial trucks quite generally; we decided ‘also that the
llst of tOplCS would need to be as brief as p0351ble. The actual ’
list is given above in Chapter 3.

We aéked our discussants to talk about hazards and factors that
could contribute to accidents, and we deliberately broached topics
in a very broad, general manner. We did not ask them directly about
accidents. This was done to elicit as wide a range of information
4s possible in as non-threatening a way as possible: This approach
is ¢alled for by the model of hazard management that guided this
study from its outset., (see above, Chapter 2, and Coleman and Smith,
1976). Some degree of content-validity of worker-mentioned hazards
was assured by conductlng our conversations at or very near the site
of our discussants' tasks, so that workers could demonstrate the
problems they talked of. ‘ ' : ‘

The W-C causal information and some previous experience had indicated
that, if there is any such thing as the Average Industrial Truck, it

is a sitdown rider truck powered by a gasoline or LP Gas engine, of

two or two-and-a-half ton capacity. We suspected that standup rider
tricks (mostly electric powered) and walkie trucks (almost ‘all electric)
"would be found in numbers equal to each other, but each less common

than the 51tdown rider truck, Less frequently useéd yet, we surmised,

are side- loading fork trucks and order-picker trucks. We wére very _
fortunate that we were able to observe trucks in just about those .
proportions, despite our limited ability to pre-select trucks for
observation. Half of the trucks we observed were sitdown rider

trucks, most of them LPG powered; l8% were standup rider trucks,

18% were walkies, 13%Z were order-picker trucks, and we observed one
side-loader. We had occasion to watch in action 2 different kinds

of clamp-attachment, fork extensions, push-pull attachments, and
reach-scissors attachments.
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We observed operations and talked with workers:about dindustrial--
truck hazards in twelve different plants in seven firms with..
different operations: three were essentially warehouses, and the
other nine were manufacturing plants. The warehouses handled
different kinds of goods: one is a central warehouse for a chain
of retail food stores, one is the shipping facility for finished
goods in 3 firm that manufactures aluminum wares, and the third
is a non-store retail distribution center for a large mail-order
firm. The manufacturing plants include a -maker of non-powered
hand tools, an alumimun-reolling mill, a maker of brass fixtures,

a milling-and-assembly plant for engines that power electric
generators, an iron foundry, a canner of carbonated soft drinks,

a maker of vitreous-china goods, a maker of corrugated-board
containers, and a crew that functioned as a centrally-dispatched
group for unloading incoming raw materials at various buildings in-
the firm. ) -

We talked with 146 workers: 22 drivers of industrial trucks in
loading-dock coperations, 62 industrial truck drivers engaged in
supplying and picking up from production work-stations, 40
industrial-truck drivers engaged in warehousing operations (trans-—
porting good from receiving to storage,. placing goods in stacks

and racks, rotating warehouse stcck, selecting items for shipping
orders, transporting goods from storage to shipping), 11 pedestrians
working as production workers or clerks who have occasion to inter-
act with industrial trucks, and 11 mechanics who maintain the trucks.

We observed 11® individual trucks of at least 10 differenﬁ ﬁakes
spanning the alphabet from Allis-Chalmers to Yale, and in very few
instances were several trucks of the same model and make and vintage.

We found two things rather remarkable about our discussants:

(a) they tended tc be guite experienced; (b) they did not always
receive much training... The range of experience was from less than
3 months- in one case to more than 30 years in another, but the
average was 8 years in driving or interacting with powered in-
dustrial trucks. Only 7% of our discussants had less than a year's
experience 1in the tasks demanded by their present jobs, and 25%

of them had had 10 years' experience ‘or more. Since a recent study
shows the c¢critical experience~value to be 0-12 months {(Hart 1976)
no analysis of hazards by experience of discussant was attempted.
We also found no important connection between length of experience
and value of the information ocffered.

We found that only 23% of the drivers we talked with had received
formal training for their industrial-truck tasks, and the numberx

of hours in the classroom varied from 1 (taken up by a written test
and not by instruction) to 16; some programs were administered at
the plant, some by local vocatioconal schools, and some by truck-
manufacturers. Some training programs were spread over a 4-week
period, and some were concentrated into two days. Not all programs
included written tests, and only one included a "road" test,

Some training was administered as much as two years after the
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drivers had begun operating industrial trucks. Only one plant we
visited. had a regular program of re-training and re-certification,
of industrial-truck drivers. -

Not' all programs included supervised practice with the trucks.

About forty-four percent of the drivers we talked with said that they
had received on-the-job training. The training tended to consist. of
an explanation or demonstration of the controls of one kind of truck
the trainee would be using by a supervisor or experienced worker.
But the amount of supervised "practice" varied from 15 minutes of
loosely supervised regular tasks to as much as 10 days of rather
closely supervised "1light" tasks under low-presssure corditions.

The amount of supervised "practice" did not appear related to
previcus experience: only a tenth of those who received on-the-job
training said they had had previocus experience, and even then that
experience was often with farm tractors, not industrial trucks.

Somewhat more distressing is the fact that fully 34% of the drivers
we talked with said they had had no training, and only a tenth of
these had had any previous experience. This experience, too, was
with farm machinery, not industrial - trucks. Included in this 34%
are almost all of the walkie operators, who appear to receive
training  in only the rarest cases.

Several of - the mechanics had had many long years of experience in
repairing industrial trucks, and a little less than half of them
had completed courses in automobile repair at vocational schools. .
Only one had received training specifically for industrial trucks,
and he had been a field-service man for a lecal industrial-truck
dealer before joining his present firm.

The pedestrian workers we talked with had received no training

for those portions of their tasks that involve interaction with
powered industrial trucks. It appears that no one receives any
training emphasis in defensive walking in the plant.

We also ‘found that, in spite of the size and prominence of the
firms we visited, they tend to keep their trucks in use for quite

a long time. Hardly any of the trucks we observed were known to be
less than 18 months from the dealer, and the vast majority were
5 years old or more. In one plant, this researcher observed in

operation a truck with over 90,000 hours on its meter--equivalent
to nearly 10 years' constant use without interruption even for

refueling. The truck was said to be given intermittent use daily.
In the same plant, at least one other truck was observed that had
over 70,000 hours on its meter. TIn another plant, trucks were

observed in regular daily use hauling melt from furnaces to poufing
stations in a foundry. 1t was not known precisely how old these
were, but they were thought to be of World War IT wvintage.
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In some other plants, trucks presented a very battered and battle-
scarred appearance, with almost all nameplates long since gone.
These were suspected to be at least ten. years old, if nbt,more.
The plant that appeared to have the lowest average age of truck
owned none more than eight years old--but the plant itself was.
barely eight years old at the time of our visit, '

It would appear, then, that the real world of industrial-truck
operations is dominated by large numbers of very old trucks. This
would tend to suggest much in terms of the likelihood of truck
malfunctions, difficulties in maintaining the trucks in top operating
condition, and the state of the art of ergonomic design of trucks

as drivers actually encounter it.. .

SOME COMMON FACTORS

Notes from the field observations and from the éoﬁversations with
drivers of industrial trucks, pedestrian workers, plant engireers
and safety personnel and managers, were analyzed with respect to

the hazardous event to which the discussant felt the factor he
mentioned contributes. There were some eighteen categories of

such events and these are, in descending order of frequency of
mention: (1) the load falls off the truck; .(2) pedestrian is ‘
struck or pinned by the truck; (3) collisions in general; (4) the
truck tips; (5) driver lecses control of the trucky (6) discomfort,
aches and pains in driving an industrizl truck; (7) driver falls
with the truck; (8) collisions between industrial trucks and other
moving vehicles; (9) industrial truck collides with a2 stationary
object; (10) co-worker falls from the truck, or pinches his hands

in a part of the mast; (l1) co-worker or driver falls from the
truck; (12) items fall from stacks and racks; (13) industrial truck
. strikes or pins pedestrian, or else collides with another moving
vehicle; (14) worker's hand pinched between fork and carriage, or
else a fork falls on the worker's hand or foot; (15) the truck tips,
and/or the load falls off; (16) the truck strikes or pins a o
pedestrian, or else collides with a stationary object; (17) a number
of different hazardous events infrequently mentinned that had not
been initially sought after in the field work; (18) a numberfof
different factors thet were mentioned as contributing to more than
one-kind of hazardous event, but not any one kind in particular.
Where a factor was mentioned as contributing to two or more specific
kinds of hazardous cvents, it was listed under each of the appropriate
categories,

In light of several considerations, however, it was decided that this
analysis by nature of the hazardous event to which the mentioned
factor contributed was not the analysis relied upon for the major
conclusions of this segment of the study. One such consideration is
the rather large number of technically interesting jitems that per
force appeared in the last category. It was felt that several of

=
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these items have a great deal of explanatory value that could be too
easily overlooked in the context of this sort of analysis. Anocther
consideration was the technical interest afforded by items in the
seventeenth category, and the importance of factors -mentioned under
those headings in explaining several sorts of industrial-truck

safety problems from a systems point of view. A third and probably
weightiest consideration was the fact that, as the analysis proceded,
it became clear that a large number of factors mentioned in connection
with one kind of hazardous event by one batch of discussants were

also mentioned in connection with other kinds of hazardous events

by the same discussants, and by other discussants as well. In light
of the pervasive nature of these factors, it appeared that the
specifically human factors, including problems stemming from design- -
deficiencies in the trucks themselves, would come most effectively

to light in an analysis that focussed on these cross-category factors.
It appeared also that if these cross-category factors were to become
the focus of accident-prevention efforts, a greater number of kinds

of hazardous events could be affected.

Subsequently, then, the notes from the field observations and
conversations were re-analyzed with a view toward disclosing factors
that contributed, in the view of our expert discussants, to more than
one kind of hazard. This analysis yielded a list of some thirty-
eight common cross-category factors that fall into 5 rather natural
categories: (A) systems-features of industrial-truck operations in
plants, including such matters as worker training, maintenance of

the trucks, availability of accessories and attachments, and the age
of the trucks in use; (B) behavioral/operational requirements of
workers in their tasks, including such matters as backing up, turning,
warning others of one's presence, servicing the truck, and blocking
wheels of highway trucks and railroad cars; (C) observable charac-
teristics of the task-site, including such matters as crowded,
cluttered aisles, heavy concentrations of traffic, and the condition
of the driving/walking surface; (D) characteristics of the load,
including such matters as poor palletizing, and inherent instability
of the load; (E) features of the trucks themselves,; including brakes,
leaks in hydraulic systems and transmissions, safety devices,
emissions from the trucks, anthropomerric and ergonomic design
features, visibility problems, and rider confusion about controls.
Figure 4-8 provides a full list of the thirty-eight factors disclosed
in this analysis. Within each of the 5 categories, factors. are
presented roughly in descending order of combined frequency of
appearance in the Workers' Comp. causal data and in the notes.of the
field conversations.

In the course of analyzing the notes of the field conversations,
cate was taken to distinguish among factors that have their origin
during the course of workers performing their materials-handling
tasks, facrors that have their origin somewhat before workers begin
their material-handling tasks, and factors that have their origins
at rather greater spatictemporal remove from the actual materials-
handling tasks. This analytical step was prompted by consideration
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0f the model of hazard management that focusses on the individual worker
and the work-team as the primary locus of feedback-and feedforward
control of conditions and events that affect the safe and effective
accomplishment of the tasks at hand. On this model, the contribution

of physical and environmental conditions in the plant and of persons

not directly engaged in the tasks at hand is .te be examined in terms

of the ways in which these other items and persons render easy or
difficult the effective feedback-and-feedforward control workers exert

in the course of performing their tasks.,

For a full discussion of the model of hazard management and of the
individual worker and work-team as the primary locus.of feedback-and-
feedforward control of conditions and events that affect the safe and
effective accomplishment of theilr tasks, see. the sections above in
Chapter 2 devoted to these matters. ‘

During-the-task factors would include matters like a ' driver's backing
his truck up without first loocking behind him, warning others ‘of one's
presence, and between-task matters such as reaching 1nto the englne-
compartment  of the truck to perform a service-adjustment to the motor,
adjusting the width of the forks, changing the fuel tank or the
battery--in short, most of those items included under the heading

of behavioral/operational requirements of workers in their materials-
handling tasks. It should be noted, however, that several factors
that interact with these during-the-task factors have thelr origins
either just before the workers initiate their material- handllng tasks,
or in some decision or action .or omission that occurred even more
remote from the task. ' o

Factors that arise just before the task is begun include decisions
about how, when and where the task is to be done, which are made by
persons involved in or closely related . to the tasks; the category
also includes certain conditions that can vary from one forklift
trip to the next, viz. the condition of the.lcad in particular.
Examples of just-before-the-task decisions that can contribute to
hazards would be the decision of a foreman or suPerv1sor to handle
large rolls of paper with a standard carriage-and-forks attachment
while the clamp-truck is down for repairs, or the decision of an
industrial-truck driver to request a co-worker to ride on an out-
sized locad to stabilize it, or the decision of a driver or co-worker
to raise someone to perform an odd job at height on the bare forks
or an empty pallet, Problematic conditions of the load include its
size, its weight, its center of gravity, and the way it is palletized.

35



[« A URE I S R VY
v .

Figure 4-8
Thirty-Eight Common Factors In Forklift Hazards

Systems -~ Featureés of industrial-truck operations in plants.

1. Training of workers for those portions of their tasks that
involve interaction with 1ndustrJal trucks.

2. Production-speed stress.

3. Availability of tools & atachments & accesscries.

4., Assigoment of trucks and drivers to each other.

5. Maintenance of trucks.

6, Pay-scales and Job- Prestlge Levels.

7. Age of trucks.

Behavioral/Operational Requirements of Workers in their Tasks.
1. Backing up.
2, Turning.
3. Warning others of truck's presence.
4. Requesting/Giving rides on the truck, load, Bare TForks
or Empty Pallet.
5. Walking and working im the General Area of Lift~ Truck
" Operations.
6. Communication during shared tasks, or in shared spaces.
7. Parking the truck. :

8. Blocking wheels on semi-trailers and railroad cars, checking

on bleccking and bed-surfaces.

9. Non-required behaviors-~Horseplay, showoff driving, jerky
driving.
10. Generally attentive operating.

11. Servicing the trucks.

Observable Characteristics of the Task-Site.

1. ©Narrow aisles.

2. Crowded, cluttered alsles.

‘Intersections and doors.

Concentrations of traffic.

Condition of the driving surface.

. Environmental conditions -- noise, obnoxious odors,
toxic gases, dust, lighting.

Characteristics of the Load.

1. Poor palletizing.

2. Pallets in poor repair.

3. Load is too heavy.

4. Load is inherently unstable or blocks vision.
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Features of the Trucks,
Brakes. g
Steering.’ -
“Malfunction of c¢lutch,

Driver vision.

Emissions . from trucks.

.

'shift linkage,
Malfunction of speed-and-direction switches.
Leaks 1in hydraulic systems and/or transmissions.

Ergonomic design features.
Safety devices lacking, inadequate,

Driver confusion about controls.
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The more remote factors include a wide range of matters that are
typically decided upon some weeks or months or years before materials
handlers begin the tasks in which the factors can present problems,
and typically by managers, purchasing agents, and other persons

not directly involved in the materials-handling tasks themselves.
This group of factors includes physical features of the workplace and
operating procedures, supplies of attachments and accessories for
materials-handling by industrial truck, planning for the system of
maintenance for the truck, amount.and kind of training provided for
materials handlers and truck mechanics, and other aspects of overall
plant operations design and the design of individual workers' jobs.
It should be clear that these factors need not be hazardous in and

of themselves; yet, in many cases changes in these factors can help
to reduce hazards and accidents that arise later.

During the Task

Factors that arise during the actual performance of materials-

handling tasks using powered industrial trucks consist largely of
maladaptive behaviors of the workers in response to certain operational
and behavioral requirements imposed upon them as a part of the tasks

at hand. From the Workers' Comp. causal information and the field-
cbservation notes, it would appear that the most frequently problem-
"atic operational requirement for industrial~truck drivers is backing
up, and the most frequent maladaptive behavior would be backing the
truck without first checking behind for obstructions and/or traffic.

Backing up--

The process of backing up, particularly without locking first, was
cited in the Workers' Comp. records and in the field notes as being
involved in actual and potential collisions, whether with stationary
objects or pedestrians or other moving vehicles, in the load falling
0off the truck, in the truck tipping, in the truck and driver falling
off of the dock, and in discomfort of the driver in operating the
truck. The process of backing up, particularly without looking, was
mentioned as c¢ombining with a great many other factors with the
effect that a hazard (as defined above in Chapter 2) is -created.

In combination with factors like turning, carrying the load too high,
narrow and/or crowded aisles, poorly palletized lcad, unpredictable
pedestrian behavior, traffic concentrations, malfunctions of the
truck particularly in the brakes, slippery cor uneven driving surface,
driver confusion about controls particularly the means of actuating
service brakes, failure of others to hear or give or heed warnings,
noise from truck engines and/or in the plant in general, and workers
wearing hearing protection, backing up constitutes an important
hazard.
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-Several items were offered by lift-truck drivers toward explaining

why a driver might back his truck up without looking. For one matter,
a8 worker noted that one tends to get a stiff neck from turning around
to back up with a sitdown rider truck; even when one does turn around
on such a truck, he cannot turn a full 180° from the normal driving
position. ©One must turn to one side or the other, and thus can miss
important visual infermation from his blind spot. One might also fail
Lo turn around te look while backing because he is attending to
obstructions or other .problematic conditions on one side of the truck

or surrounding the load. Another worker explained that 1t is rather
common for a driver to be involved in a task that requires several
maneuvers of backing and going forward. The driver may check for .

traffic and obstructions just prior to the first backing maneuver
but not .before the second one because he has just checked a few

seconds ago.

_This researcher also noted- that forklift trucks .are almost never
equipped with any sort of rearview mirror.

Turning-- : ‘ o

This operational requ1rement also appears problematlc, and the chlef
maladaptive behavior here appears to be a driver's going around a
corner too fast or failing to stop to check for traffic. The
operational requirement of turning tends to he involved in the same
kinds of accidents and hazards as backing up, and tends to combine.
with the same sorts of additional factors to produce .these hazards
‘and accidents.

The chief reasons offered by discussants to explain why a driver
might turn too fast or fail to stop at an intersection was that he
has been -instructed to hurry. Also mentioned in this connection were
inexperience, unfamiliarity with the area, and overfamiliarity with
the area. ' : ' :

The pressure on the driver to hurry is in turn explained by several
other matters mentioned by discussants in this connection. Discussants
rarely mentioned drivers of industrial trucks being paid on an
incentive plan, but they did report that it is fairly common for the
work-stations supplied by industrial-truck drivers to be on such a
pay-plan. Discussants reported that production workers and drivers
of highway trucks rather frequently urge the .forklift drivers who
supply them with materials to hurry and bring another pallet-load of
parts, or hurry and get the trailer unlcoaded and reloaded. One
forklift driver mentioned this production-speed-stress .as one of

- the greatest safety problems of his job.

Less frequently mentioned, but technically interesting, is also a
production-speed stress imposed by the plaunt operations in themselves,
Such a stress can arise for a forklift driver when there is a lack

of coordination among the work-stations he services. 1If, for
instance, an up-line productiomn process is markedly faster or is
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producing .an item other than what is needed by down-line work-
stations {~the up-line process can quickly swanmp the interim in-
process storage space allotted forcing the forklift driver to

make extra trips ‘to extra length ;to .pick up :from the one work-
station and still keep pace with .the needs of 'the down-line
stations.,. .According to the discussants, .the forklift-driver's
‘reaction to this kind of stress is to hurry up, and to omit
safety-steps like slowing ‘down.for turns, stopping at intersections,
lowering (the load .before trying to. turn -the truck, and . .so on.

Establishing and alntalnlng Communlcat1on--

Establishing and maintaining communication among workers who are
operating in the same area, or who are engaging in shared tasks, is
a common-sense behavioral requirement of any task in which one is
not working entirely alone. Failure to fulfill this requirement
can lead to several kinds of very nasty hazards ‘and accidents.
Although this factor was not sought after directly in analyzing
Workers' Comp. records or in the field observations, it made its
appearance in both socurces of information, and its importance
became quite clear in analyzing information from both sources.
-Workers' Comp. records show a number of cases in which a pedestrian
worker was struck or pinned by an .industrial truck while the
pedestrian's back was toward the truck; injured pedestrians report
that forklifr drivers have failed to warn them of the truck's pres-
ence; discussants report that pedestrians workers do not always hear
or heed the warnings drivers may give. .

Workers' Comp. records also show several cases in which a co-worker
riding on the load 'or working at height on bare forks or an. empty’
pallet were injured when the driver moved the mast or the truck
unexpectedly. Discussants alsc mentioncd the hazards of a co-worker's
hand becoming caught in the clamp or scissors of a push-pull attach-
ment, and the load falling off or else the truck tipping as a driver
attempts to evade a pedestrlan.

Lack of effectlve communication among workers sharing the same general
area or the same task can combine with and be exacerbated by a list

of other factors that is nearly endless. Narrow, crowded aisles,

the presence of blind intersections and doors, visibility as a
feature of the truck or the truck-load combination, noise in 'the -
plant, guiet-operating electric trucks, workers wearing ear protection,
warning devices on the truck malfunctioning or simply not existing,
concentrations of traffic, the condition of the driving/walking -sur-
face, and other factors yet, all can interact with the lack of
effective communication among workers sharing the same general space
and/or tasks. :
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As reasons why drivers do not always gilve effective warnings, dis-
cussants offered the following: the noise of constant beeping, or
backup-bells or sirens can be quite annoying to the driver and tpo
pedestrian workers who are not part of the traffic; warning llghts

and horns are sometimes inoperative, due to poor maintenance of these
items'; some trucks lack horns altogether, and rather few trucks are
equipped with warning lights or backup bells or backup sirens.
Discussants mentioned that a driver might be unaware of these problems
if he has fajled to check ocut his truck before beginning his tasks
with it, or if he is inexperienced. '

As reasons why warnings given are not always heard or heeded by
pedestrians, discussants mentioconed that pedestrian workers may be
absorbed in their own tasks, e.g. checking goods in or out, fetching
help for a jammed production machine or conveyor, or working at -
their own work station; pedestrians seem to be unaware of technical
aspects of industrial trucks like stopping distances and limitations
to drivers' vision; pedestrians seem unaware of the potential for
serious injury presented by even a small industrial truck.

Two other technically interesting impediments to the establlshment
and maintenance of effective communication among workers sharing the
same general space and/or tasks were brought out by workers as well.
One impediment is a consequence of a seniority system in which the
most senior workers are not trained or experienced in cperations
that involve complex sharing of tasks between a lift-truck driver
and a pedestrian co-worker. When one member of such a team is
absent from work, he may be replaced by a worker with greater
seniority in the plant, but less training and experience in the
complex shared tasks. Lacking knowledge of when and how to establish
effective communication with the other member of the team, the
inexperienced worker represents a hazard all on his own.

Another technically interesting -impediment involves right-of-way
rules. A foundry we visited transports molten metal from the furnaces
to the pouring stations in 'ladles hauled by industrial trucks. In
this foundry, the trucks have the right of way when they are loaded
with the melt, but not when they are empty. The problem in feedback
control of these situations by pedestrian workers consists’ in the fact
that these workers cannot determine when the trucks are carrying melt
and when they are empty.

Since the matter of communications was not an issue broached dlrectly
by researchers during the observations and conversationg, little
iliumination was gained on the question of why pedestrians do not
always annouce their presence to forklift drivers, or why communi-
cation is not always maintained among workers engaged in shared tasks.
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Blocking the Wheels—- :

Blocking the wheels of highway trucks and of railroad cars to. :prevent
these vehicles from moving while they are loaded or unloaded by
industrial trucks 1Is a task required to be performed by sections

(k) and (m) of the OSHA standard for industrial trucks (1910.178).
Section (m)(7) also requires that the bed-surfaces of highway
trucks,‘Semi—traile;s,‘and?railroad cars be checked before driving
industrial ‘trucks ‘onto them. :Yet these things are not always done,
and even when they may have been done, the driver of the industrial
truck is not alwvays made aware of conditions. These operational
failures can lead to the driver losing control of the truck, the
truck falling through the bed of the highway truck or railroad .car, ~
the forklift truck falling through the gap between the highway

truck or railroad car and the dock, or the highway-truck driver

pulling away from the dock with an industrial truck still inside

the hlghway truck.

o>

The failure to block wheels, to check on blocking, to check om the
condition of bed-surfaces, and to inform the industrial-truck driver
can occur in combination with conditions 1like too-light dockplates,
slippery dock driving surface, and a slippery surface under the semi-
trailer to produce accidents in which an industrial-truck driver -
falls with his truck. Tt also happens that the dolly-wheels of semi-
trailers collapse with an 1ndustr1a1 truck inside. :

Discussants told us that in their plants, no one checks on these
things. In some plants, drivers of highway trucks are assigned the
task of blocking the wheels, and in some plants, sipgns are posted

in the loading/unloading area to remind them of this responsibility;
but 1in these same plants, we were told that no one checks up on
these matters. We encountered only one plant in which responsi-

bility for checking was clearly assigned. Discussants alsoc mentioned,
in several plants, that wheel blocks were simply not available in
the plant at all. Discussants mentioned further that: unless someone

else makes himself resp0n51ble for checking the blocklng of wheels
and the bed-surfaces, the industrial-truck driver must get down off
his truck to check--but even this cannot be done when cushion doors
are used on the loading dock. C o

Somewhat before the Task

As mentioned above, factors that arise a rather short time before -the
task can include two sub-types of factors: (a) decisions of drivers,
¢o-workers, foremen and supervisors about how and when the task is to

be done (b) certain conditions, primarily conditions cf the load and

of the driving surface and of the aisles, that can vary from one
forklift-trip to the next, and thus must be adjusted toc more or less -
at a moment's notice. ‘
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Requesting/Giving Rides on the Load, Bare Forks, or Empty Pallets--
One such decision, typically made shortly before workers embark on
a4 task, is the decision to have a co=-worker ride on the load,. the
truck, the bare forks, or an empty pallet. This sort of decision can
lead to the co-worker falling off the truck, falling off the truck
and getting run over by it, catching his hands in part of the

lift mechanism, or even being slammed into arn overhead obstruction.
While such decisions can be carried out without untoward incident,
as indicated by the fact discussants said that they did not regard
such decisions as very frequent occurrences or terribly serious
matters, the decision can -be compounded by the failure of the
workers involved to establish and maintain effective communication
with each other during the task itself (cf. above).

Discussants mentioned that co-workers sometimes "hitch" a ride on
the forks of an industrial truck to avoid walking to a “distant"
break area or washroom, or to carry fuel to refill a tank on a truck
that has run out of fuel far from where the fuel is stored. Dis-
cussants mentioned that co-workers are occasionally asked to ride

on the back of a truck to act as two-legged counterweight when the
load is somewhat above the truck's capacity. Co-workers are asked
to ride on the load itself sometimes to help stabilize it when it is
much longer than the forks, very wide, or ccnsisting of rather large
loose items like scrap lumber. Co-workers are called upon to ride
up to height on bare forks or an empty pallet to perform "odd jobs"
at height. Most of these odd jobs seem to be unprogrammed events
and conditions that come up with little or no notice, (cf., above

in Chapter 2 on the subject of variances) such as the need to unjam

‘an overhead conveyor, or fetch down a single item or two from a

high shelf, or to begin unloading a railroad car or highway truck in
which the load is so messy that unloading in the conventional way by
industrial truck cannot begin immediately. Inventory is alsoc taken
by this method in some plants.

Discussants proffered several reasons why such decisions might be
made: it can be that no appropriate truck or attachment or stacking-
container is available to handle the overweight or outsized or
"messy" load; loads do shift and settle inside highway trucks and
railroad cars during transit; rather few trucks have fuel gauges on
the dashboard, -soc that a driver can easily run out of fuel far from
where fuel is stored; no ladder or other device appropriate to
working at height is readily available near where it 1is needed.

Researchers noted that only three of the dozen plants visited
possessed any device other than order-picker trucks for working at
height: two owned self-propelled lifting-platform vehicles for use

by the maintenance department, and one had a working platform equipped
with guardrails that could be attached to the forks of an industrial
truck. Researchers found it remarkable that these three plants owned

only one such device each.
o
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Loads are‘Overweight,,Outsized Inherently Unstable, or a Block to
»DflVEI Vision--. .
These conditions of the loads that 1ndustrlal truck drivers must.
transport are matters that . can change from one trip of the forklift
to the next, and must be adJUthd to . more or less on the spur of the
_moment. These conditions can lead to the load falling off on a
“ helper or bystander, the truck tipping 21ther forward - or to its
- side, to the helper falllng off the truck (see just above), to the -
helper catching his hands. in part of the lift-mechanism. (see above).

The factors that can combine with these conditions of the load are
qulte varied: the ‘list includes such operational mistakes as carrying
. the load too high, travelling too fast for conditions, turning too
fast, . not getting the forks far -enough under the load, and swerving
. to avoid a pedestrian; conditions of the workplace are included -as
.well, such as narrow, cluttered aisles, slippery, or littered or
uneven driving surfaces; facets of the truck figure in - -as well,

such as 1its being equipped with forks that are too short for the
load or with an attachment inappropriate for the. lead such as
+standard forks to handle -large rolls: of paper, or malfunction of the
Latruck's  brakes or clutch or transmission or hydraulic system or mast
chaing, or differences of design between makes of truck that render
~-it possible for a driver to become, confused about some aspect- of
.the controls, particularly how to actuate service brakes, or the
visual obstructlon presented by the lifting attachment, particularly
.a  push-pull attachment. - ‘

Implicit in our respondents' discussions of these problematic load
conditions was the same reason f£hat they gave to explain why co-workers
are asked to ride on the truck or the load=--viz.-that equipment
appropriate and adequate for handling these loads is sometimes (in

some plants, discussants seemed tc think the equipment 1s always)
~unavailable. ‘ : ‘
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Loads are Poorly Palletized--

Poor palletizing of loads 1is 1itself a group of factors, for there
are several ways in which a load can fail to be palletized proper-
ly. When a load consists of.items of different sizes and shapes,
it can easily happen that there are empty spaces in the stack,
with the result that some upper items in the load are not sup-
poerted. The weight of the load may pe concentrated

on one part of the pallet; items can be stacked on a pallet so
that part of the load overhangss the pallet. The load can consist
of slippery items, like cartons coated with o0il- or water-resis-
tant substances, or of items like pieces of pottery or castings
that cannot be neatly nested into one another. When loads like
this are not secured against internal movement, or are not secured
to the pallet, and are not handled in special palletizing contain-
ers, they can present problems. The hazards to which poorly pal-
letized loads contribute include, obviously enoupgh, the load fall-
ing off the truck. But poor palletizing was also cited as contri-~
buting to the truck's tipping either forward or to the side, and
to part of the load hanging up on nearby objects, as well as items
falling from stacks and racks. i . o

As compounding -factors, discussants mentioned operational mapférs
like cornering, carrying the load toc high, attempting to avoid a
pedestrian, physical features of the workplace like narrow aisles
and littered or slippery or uneven driving surface, voor lighting
in areas where the truck operates and crowded aisles. Truck
features include malfunctions of various parts of the truck and
design features that contribute to driver discomfort in operating
the truck, Differences in design between makes of truck

-can contribute to driver confusion about the controls. 'Qiscus-
sants mentioned alsoc that a pallet that is itself in poor repair
with boards missing or broken is an important compounding factor.

Discussants revealed the fact that several aspects of poorly pal-
letized loads can remain hidden from the industrial-truck driver
until it is too late. Pallets with boards missing or broken

are often hidden underneath loads, and items overhanging"the
‘pallet can be obhscured by nearby pallet-loads and on a side of;
the load away from the driver's direct line of vision. This fact
would explain in part why such unsafe loads are actually handled.

Discussants left researciiers with the distinct feeling that
drivers of industrial trucks often find themselves without the:
necessary time or authority or assistance to correct poor pallet-
izineg when they are able to rccognize it prior to engaging or
carrying the load. Drivers seem to feel that most of the time,
they have no chofce but to carry such unsafe loads in their

unsafe condition, If indeed true, this also would go a long way
in explaining wiy unsafe loads are somectimes transpo:ted.,,Theré
is often nothing left for the driver to do but "grin and bear it",
as the saying pgoes.
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Discussants offered some reasons why poorly palletized loads

are encauntered. One important fact 1s that goods do shiit and
settle in highway trucks and railroad cars in transit. Another
is that during busy seasons, goods come in and go out of the
plant in greater quantities and at a quicker pace than normal.’
Under such conditions, palletizing procedures tend to deteriorate.

A chance discussion between this researcher and a highway-truck
driver (unfortunately not recorded) revealed several other inter-
esting matters: the manual materials handlers typically assigned
to load and unload highway trucks and to place objects on pallets
are usually low-skill workers who are at the bottom of ‘job-prestige
and wage scales in the plant. 1anual materials-nandler appears

to be typically a low-pav, high turnover position for which workers
are typically not trained and poorly supervised, This driver
reported that in his experience at several plants, the workers

who form loads on pallets either do not know how to palletize pro-
perly or do uct care. They are typically_not sitlown how or why it
is important, and their supervisors often do not insist upon good
palletizing, and do not allow time or help in re-deing work poorly
done., 1I1f this is generally the case, as it seems to be, it can
explain why poor palletizing occurs, and can also exnlain why
‘loads can shift and settle in highway trucks during transit.

Littered and/or Slivpery Driving Surfaces--

WVorkers' Compensation records and field conversations show these
kinds of conditions to be involved in suech unhappy events as '
drivers losing control of their trucks, trucks tipping over on
their sides, pedestrian workers slipping and falling, walkie-truck
operators slipping and falling and being struck by the handle of
their own trucks, the load falling off, and the steering wheel

or liandle breakinsy free of the driver's hands and striking him.

Compounding factors mentioned include sueh operational require-
ments as backing up and turninpg, such operational mistakes as '
travelling too fast and travelling with forks or load carried too
lhigh, or travelling forward wita load blocking vision, and“such
physical features of the workplace as narrow and cluttered, aisles,
blind intersections and doors, and illuminmation. Also mentioned
was a feature of plant operations-design, viz. concentrations of
traffic. Litter on the fleors was said to combine with certain
design featurcs of tue trucks to produce driver discemfort: the
lack of springs ané shack absorbers in truck suspensions, hard
seats, and desipns in which the driver is to stand and stcer Ly a
lever at™~his side. :

The sources of litter and slop on the £floor were said to be the
industrial proceéses themselves that penerate debris. It was

also mentioned, however, that rain and snow somectimes blow onto
the loading dock from outdoors, and that objects stored outdoors
and then brought in bring water and mud with them, and on the
tires of tine industrial trucks. It was also frequently noted that
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industrial trucks themselves sometimeé leaﬁ transmission ¢il and/or
hydraulic fluid.

Industrial debris on the driving surfaces was said to be problem-
atic because housecleaning operatlions were not adequate .to rqmové
it before an industrial-truck driver would encounter it. Excess
metal from castinps, and paper from order lists are not picked up
frequently enough, and floor-dry is not always spread to soak up
water or oil soon enough.

Leaks from the trucks were said to stem from problems in maintain-
ing the trucks, primarily from the difficulty in obtaining parts
like oil seals for the old trucks in use in many of the plants we
visited,

Factors of More Remote Origin

It will be noted in the foregoing discussions of during-the-task
factors and factors that arise somewhat before the tasks begin,
that many of the compounding factors and many of the reasons why
the factors discussed arise at all can be traced to further factors
that tend to arise days and weeks and months and sometimes years
before materials handlers begin their concrete tasks in which

the factors contribute to hazards. These further factors are
typically the results of decisions and actions and omissions of
perscns themselves rather removed from the actual tasks of handling
materials with industrial trucks: managers, purchasing agents,
industrial planners, and designers of industrial trucks. Discus-
sants mentioned several such more remote factors as contributing

in important ways to hazards., Some of these factors are relative-
ly fixed features of the workplace such as aisle width, storage
facilities and practices that affect aisle width, and traffic
engineering in the plant. Other factors of more remote origin
that were mentioned as contributing to hazards fell into a group
that could be called systems-features of industrial- :ruck oper-
ations. This group of factors includes such matters as the EyS~
tem of maintenance for the trucks, the way 1in which trucks are
selected for use in the plant and the way in which trucks and
drivers are assigned to each other, the training provided for
industrial-truck drivers and manual materials-handlers and truck
mechanic¢cs, and the age of the trucks in use in the plant.

Crowded, Cluctered Alsles~-
fisles crowded and cluttered by interim and in-process storage

are shown to contribute to five different kinds of frequent and
severe accidents: 'collisions of industrial rrucks with pedes~

trians, with other moving vehicles, and with statlionary objeets,
often. knocking them onto scmeone else; the load falling off the
truck on a helper or byqtander, driver pins himself against a’

stationary object. :

'Crowded, cluttered aisles were found to combine with guite a num-
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ber of other factors to produce these kinds of accidents: behav-
ioral miscues 1like unpredictable pedestrian behaviors, drivers
travelling toe fast, drivers ctravelling forward with the load
blacking their vision, drivers not looking in the direction of
travel, and drivers failing to sound their horns; also mentioned

as compounding factors were certain physical features of the

plant, especially the condition of the driving surface, inter- _
sections and doors, alsles that are teo narrow to begin with, and’
noise in the plant that prompts workers to wear hearing-protective’
devices; truck malfunctions of various sorts and limitations to
drivers' visibility were sald to compound the problems presented

by cluttered aisles. '

Goods stacked in aisles, at the ends of storage racks, and in

areas that might otherwise be completely open create thelr own set
of blind intersecetions, and when a driver 48 inexperienced, or

under pressure to hurry to supply work Btations or complete loading/
unloading tasks, he may find the aisles difficult to cope with |
adequately.

Crowding and cluttering of aisles by poods stacked and stored
there arise for different reasons in different plants, but most
of these reasons can be traced to one aspect or another of the
design of the industrial operations of the plant. In one plant
we visited, in-process storage consisted largely of the sides of
aisles., Partly-finished items were stored there between work-
stations in stackable containers. Researchers noted that the
items were neatly stacked, and were piled only one layer deep
along side the aisle-way, but drivers of industrial trucks in the
plant mentioned that with these storape practices; the aisles were
not wide enough for two 2~-1/2 ton sitdown rider trucks to pass
golng opposite directions. This in-process storage was nade nec-
essary in part by the fact that the general storage areas were
filled with raw materials and supplies and objects that would not
need to be moved again only a few hours later. Thére was no
other available space in the plant for other kinds of storage,
and the work-stations to which the in-process stored goods were
generally not very distant from the work-stations from which the
partly-finished goods came.

In one warehouse we visited, goods were unloaded into a staging

area by drivers of one kind of industrial truck, were transported

to the storage-rack and set down in the aisle in front of the

appropriate section of shelves by drivers of another kind of R
truck, and placed in the shelves when this was possible by a

third truck of a different kind. Ry admission of the warehouse's
managers, this facility was drastically overstocked largely
because the managers' superiors did not allow acquisition of any
more storage space or remodelinpg of present facilities for greater
efficiency, and did not instruct the company's buyers to slow

down In acquiring nev goods when warehouse space was exhausted.
Workers in this plant reported that the overstocking lead to
"temporary" storage in the staping areas at the receiving dock
bccéming "permanent”, to stacking goods at the ends of storage
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racks, to stacking goods so that fire exits and fire extinguishers
were blocked, and to very difficult pathways through the aisles. |

between storage racks. To make things worse, workers said that -

rejected and damaped goods were not plcked up often enough by the

firm's suppliers, creating crowding in .the shipping-dock area.

In a third plant, aisle storarce was made necessary by the seasonal
nature of the business., FEven though the building itself was only
eipght years old at the time of our visit, workers reported to us
that the amount of poods coming in to the plant in preparation for
the Christmas busy season outstripped the capacity of the storape
racks, and so goods would be sracked at the ends of storage racks
(i.e. along side the cross-aisle), and in impromptu rows of stacks
in areas’ that would otherwise be empty. This latter practice was
mentioned as compounding the problem already presented by receiv-
ing clerks popping out of nowhere: 1in the busy season, drivers
noted that there 1Is more “"nowhere' out of which pedestrian workers

can pop. -

Maintenance and Age of the Trucks--

Trucks that are not properly maintainad are obviously more prone
to malfunetion than trucks in good condition; truck malfunctions
can contribute to accidents of nearlv every conceivable kind, The
truck-elements that our discussants mentioned most frequently as
being prone to malfunction as a result of inadequate maintenance
are discussed below in a section on truck malfunctions., Qur field
conversations brought to light a great many important ways in
which the maintenance-system for trucks can itself break down.
Poor performance on the part of the maintenance department can
infect nearly every aspect of truck operations with problems and
for that reasen the subject is broached here. ‘

Many of the reasons for the occurrence of poorly maintained trucks
stem in the first instance from the drivers themselves. Drivers
do not always give their. trucks a thorough checkout before start-
ing their tasks with the trucks; drivers do net always bring in
trucks with defects they recognize when the problem arises, but
cften wait for the end of the shift or longer; drivers sometimes
defeat certain controls on the trucks, e.g. the deadman braking
feature of walkie trucks. This feature is defeated by attaciring

a length of tape between the handle of the walkie and the main
body of the truck, sc¢ that when the operator lets go of the handle
it will not fall all the way to a horizontal position that would
ordinarily stop the truck. Drivers werc said to abuse the trucks
knowingly by, e.g. knowingly overloading them.

It should be noted, however, that these failures on the part of
drivers of the industrial trucks can themselves be explained by
further facts also mentioned by our discussants. Drivers said,
and some mechanics corroborated this, that they c¢ould not always
be sure to et thelr maintenance requests attended to in timely
fashion. Drivers in three plants mentioned that the malntenance
department seems to be alwavs '"booked up'" with repailr requests
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that had come 1in earlier, Drivers also mentioned -that maintenance
departments do not always have the parts needed to fix a truck pro-
perly. They noted that particularly with old trucks, the parts

are likely to be hatrd to find and long in arriving at the plant.
In the meantime the drivers must continue to use defective. trucks.
In a fourth plant, drivers and mechanics reported that the truck
maintenance crew was.so understaffed and poorly.equipped that
almost all maintenance effort had to-be devoted to trucks that had
broken.down to-the point of not. running at all. In a fifth plant,
workers noted that under the previous maintenance supervisor, work-
priorities were set so that problems_ he' (though not necessarily the
worker confronted by them) thought unimportant were not attended to
at all; in the same plant,‘maintenance requests had to receive.
approval from the driver's foreman, who might well throw the request
in the trashbasket for no stated reason at all. Under such circum-
stances, drivers felt they had little reason tc be assiduous in
discovering and reporting defects.

In particular, the defeating of the deadman-brake feature of walkie
trucks 1in the plant where the practice was noted, was said to be
prompted in:part by the fact that this feature malfunctioned fre-
-quently amd was not adequately maintained.

Uther fallures and poor practices on - the part of drivers are
expllcable by the demands of the drivers' own jobs. It takes-
much. longer, and cives rise to possible confusion and routing mis-
takes, to break down a larpge order into two parts and transport
the parets separately, particularly when. there are no empty pallets
handy and not enouph order-tags for that purpose, and the load
wvould be only a little over the truck's capacity. A driver may
find it an aunoyance to interrupt the flow.of his tasks to pet a
defect attended to immediately, particularly witen he 1s bLeing
pressured to hurry up by the production workers or highway- truck
drivers he services. We noted that in four plants we visited,
-these other workers were on a piecework or incentive pay-svstem,
eaven thougpgh. the industrial-truck drivers: therselveq were not.

‘This pressure on-drivers. to hurrv (production speetd-stress)'vas
noted by our discussants as a cause of drivers' omitting secveral
different kinds of safety stcps. : C

- We nqteé‘also that at more than half of the plants we visitecd,
drivers and trucks were not assigned to each otner oft- a regular
basis. Certain trucks would be assigned to a given operation,
and certain drivers would be recularly assigned to that same
operation on a repular basis, but in.the plants, the trucks -and
drivers were not assipned to each otiher on a repular basis. Al-
though drivers did devclop preferences -about trucks, drivers in
these plants could not point to a given truck and .say "that's my
cruck' . In these plants, drivers were to use whatever truck was
available and running. Discussants noted that the lack of iden-
tification of any given truck as one’'s own can prompt drivers to
be lackadaisical in detecting and reporting maintenance problems.
Thls comment seems to be borne out by the fact that 1in all but
one plant where thils arranpgement was in effect, there seemed to
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be important problems with tihe maintenance of the trucks, accord-
ing to our discussants.

Other aspects of operations-design in the plant were noted by our
discussants as affecting truck maintenance adversely. Drivers,
wlhio may feel tnemselves pressured to return quickly to theilr tasks,
also impose production-speed stress directly on mechanics. Some
discussants noted that mechanics are not always well trained (see
also below under Training), and workers and mechanics for nearly
nalf of the plants said that truclh malntenance crews were drasti-
cally understaffed and poorlv equinped with items like hoists and
service lifts. Mechanics at one plant reported that thelr hoist’
could not be made to functien properlv, and the service manuals
for two of the makes of trucks used there were poorly wricen,
poorly illustrated, and omitted certaln crucial information. {The
two moddls of truclk in question are no longer being manufactured.)

In another plant, truck maintenance is performed by a separéte
contracting firm at three-week intervals. This plant operates
its trucks 24 hours per dav 5-1/2 days per week. Drivers fe&lt™
maintenance was done too seldom, particularly since jobs like-
bralke adjustements could not he done in the plant betwveen v151ts
of the maintenance firm,

-

tesearchers noted also that only one of the twelve plants we
visited showed any evidence of having a system of recularly-
sciieduled preventive maintenance. In all other nlants, drivers
were relied upon to detect mattefs needing. correction and report
thiem. The superiority of the former kind of syster is indicaced

by ihe faet that, at the plant where the syvstenm is in effect
workers reported only one xind of Ilwportant truck-maintenance
nrghlem that they did not feel was as yet adequately under control.
Aty all the other plants, there were said to be several.

Jiscussants also mentioned the aze of the trucks at their plants
to be a matter that adversely affects both truck operations and
maintenance. Researchers founéd that this concern is not at all
misplaced. Actual ages of the trucks we observed arec given above
under llethods and Preliminary Findings in the Field. '

Couversations with manufacturers revealed that truck-makers tend
to consider the useful life of the "average" industrial truck

to be eight to ten ycars. If they are right, and if the plants

we visited are a representative sample, then most of the indus-

trial trucks actually in daily use in industrial plants are too

old to be useful,

Vur discussants said that old trucks are more prone to malfunction
than newver trucks due to simple fatigue of parts, even if they

are maintained "according to the book". They also said that
important parts for these old trucks arec often quite difficult

to come by, and tend to take a lone time to arrive even after

they arce found. In the meantime, the defective truck must con-
tinue to be used, in a great many cases. Problems in availability
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of parts seem worst in relation to oil seals for transmissions
and compeoneunts for hydraulic systems. ' '

Training of Drivers, Pedestrians, Mechanics Palletizers-=-

It is obvious that the lack of training or inadequate training of
workers involved with industrial truck operations ‘can contribute
to nearly every kind of accident and hazard imapinable. ©Qur. dis=-
cussants mentioned several kiunds of incidents in particular:

{a) a driver pins himself apainst a wall with an electric standup
rider truck because he does not know how to apply the brakes;

(b) an untrained driver tries to drive through a doorway with the
mast raised and knocks three rows of bricks out; (¢) a runaway
truck nearly hits several pedestrians because no one in the
vicinity knew how to brake it; (d) an untrained or inexperienced
pedestrian nelper in a slip-truck operation can easily have his
hand caught 4in the clamp of the push-pull attachmeant or be run
over by the slip-truck because he does not know how and where to
place -himself, or how to work with the driver of the slip-truck.
Discussants mentioned alsc that lack of training and/or experience
can contribute to a driver's becoming confused by the differences
in how to apply service brakes from one make of truck to the next,
They said too that poorly trained mechanics can contribute to
hazards in the operation of trucks. A chance conversation with a
driver of a highway truck revealed that the manual materials hand-
lers who palletize goods and load highway trucks by hand are
rarely trained at all, which in part can explain some degree of
poor palletizing, and some depree of the shifting and settling of
goods in highway trucks and railroad cars during transit. Drivers
of industrial trucks mentioned that pedestrian workers in general
seem to lack certain important bits of information about the room
that industrial trucks require for maneuvering, trucks’ stopping
distances, and the limitations to drivers' vislon. This lack of
knowledge, they seemed to think, would in part explain why pedes-
trian workers do some of the unpredictabléfthings they do, for
instance stepping out into an aisle in front of an industrial
truck, or failing to announce their presence in an area when the’
truck driver's back is toward the pedestrian.

Some noteworthy items appeared when we looked at the notes on
what discussants sald about the training they themselves had

for their tasks that involve industrial trucks. Although the
vast majority of the drivers we talked with said that they had
had some sort of training for their job of driving industrial
trucks, the amount and kind of training they had received varied
ereatly. Forty-four percent of them said they had received an
introduction te the truck's controls from a supervisor or exper-
ienced worker. In two plants, drivers said they had received
this kind of training, and had undergone periods in which they
were assigned casy tasks in low-traffic areas at low-traffic
times under ratuer close supervision before they were fully cert-
ified as drivers.

The specific statistics we developed concerning training are given

72

-



ahove 1In YMethods and Preliminary Findings in the Field.

A further remark seems in order at this 'point. "It appears from
indirect comments from drivers of indusitral trucks that such
formal training programs as are administered are not designed
around and do not ineclude a large component deveted to hazards -
arising from the specific kinds of jobs the tralnees will encoun-
ter in the plant. Researchetrs did not make a point of reviewing
the content of the traifining received by drivers in the plants we
visited, but such reviewing as was nossible showed only a moder-
ate connection between hazards mentioned by workers in the plant
and matters covered in the training wmaterials; those matters
tended to be covered in a zeneral, but not plant-specific uanner.
Those drivers who proffered evaluative comnents about their form-
al trainineg said the programs were adeguate in most respects, but:
did not seem to feel that the pregrams were "right on" for pur— '~
poses of driving in that particular plant. It turned outs‘alseo
that these same drivers were themselves hipghly experienced men
.wito seemed to feel that they themselves were not seriously threat-
ened by the hazards they mentioned., It would appear that the 7.
formal training that tends to be offered to drivers is adequate
for those who need it least. It is not clecar that the same -can
be said for the utter neophyte driver,

Proiblematic Features of the Trucks Themselves-

Discussants made a great many comments reyarding inadequacies of
the trucls operated in their plants. Upon examinatiou of these
comments, however, it appecared that the vast majority of them
were concerned with malfunctions of varicus elewents of’ the trucks
that werce traceahle first and foremost to inadequate malntenance -
of the trucks, and in some few instances te poor quality-cohtropl
at the truck-manufacturer's plant. Comnents implicating hazard-
cus design-features of the trucks were nuch fewer, and most of
these fall into the realm of driver comfort. This fact would
appear to say mucl about where efforts should be concentrated in
the attenpt to nprevent industrial-truck accidents. The matter
w1ll be taken up at some length below.

Truck Malfunctions--

Worlters' Compensation records show malfunctions of trucks to be
involved in pedestrians beinyg run aver or pinned by industrial
trucks, loads Falling on pedestrians, the carriage falling on a
iielper, a co-worker falling from an elevated platform, pedestrian
workers slippiny in o0il lcaked from the trucks, collisions of
trucks with stationary objects, and collisions of trucks with
otiter moving veiicles. A noteworthy hazard mentioned by discus-
sants was walkie-trucks running down their own operatnrs.

The specific malfunctioning components mentioned by our discus-

sants 1ncluded the following, in descending order of frequency of
mention: Dbrakes, hydraulic systems for lifring and tilting loads,
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clutches and transmissions and shift linkages, warninpg devices
like lights and horns, and speed-and-direction switches on eclec-
tric trucks. As noted above, workers traced these malfunctions
to inadequate maintenance of these components, and only very
rarely to 1nadequacy of design of the trucks. +Where drivers and
mechanics did mention desipgn inadequacy In connectien with these
malfunctions, the mention was elther tentative, indicating the .
worker was not c¢ertaln in his own mind about the ‘involvement of .
poor design, or else 1t was made in reference to a truck that was
clearly old and felt by the worker to be obsolete.  !HMost freq-
vently, the wvorker went on to note that he had cncountered newer
desipns tnat were. nmuch better. ' '

Desifgn Weaknesses Related to Halfunctions-- ) . .
Although comparatively few in number, mentions of weakness 'in de-
siygn possibly responsible for truck malfunctions were sometimes
interesting and insipghtful, Among the least conclusive were men-
tions of inadequatc desipgn of brakes. One criver said that the
strictly mechanical braking system on his truck was lonyg since
made cobsolete by the incorporation of nydraulice braking systems
on industrial trucks (his own truck was clearly ancient). Another
driver, who worked in a plant in which near-capacity loads were
carried continuously 24 hours a day 5-1/2 days per week, sald he
felt the brakes of the tfrucks his firm used did not seem to be
designed with such use in mind - they needed adjustment every
week to two weeks, which he felt to be too frequent. He was the
only worker wno brought this matter up.

Of .somewhat greater dinterest are the malfunctions of speed-and-
direction switches on electric trucks, Drivers and mechanics
noted that the mechanically-engaged contact points of the switches.
on the trucks they used were subject to wear, and could even weld
themselves shut under prolonged heavy use, particularly when the
maintenance of these items is not adequate. But they noted that
this problem is greatly reduced by the fully-electronic switches
witii'r no or few moviny parts that are incorporated into some of
the newest trucks. These kinds of switches wear better and need-
less maintenance, they said. ‘ : '

Malfunctions in the hydraulic systerm and the trouble mechanies
are said :to- have chronically in getting these systems to work
properly and without leaking would seem intuitively to be trace-
able to poor design of such systems. Drivers and mechanics men-
tioned these malfunctions in connection witlh nearly every make of
trucl: we observed, and engineers we talked with freely said that
cvery make has trouhle with the hydraulic system. Both workers
and engineers refrained from poing so far as to impuegn the design
of these systems, however, and seemed to feel that hydraulic-sys-
tem prolblems were just one of those inevitable unplecasant facts
of 1ife with industrial trucks.
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Inadequate Safety-Devices--

A larpe portion of the complaints about inadequate safety devices
were matters not clearly related to the drawing-board or manufac-
turers '-engineer level of desipn of industrial trucks. Instead,
they seem to be matters concerning the way trucks are equipped.
Unly a very few of the trucks we observed were equipped with warn-
ing lights; steady-beam warning lights were mentioned as less
effective than rotatineg, lighthouse-type beams of ligut; horns
were rmentloned as beinpg not loud enough; load backrest extensions
were mentioned as being teoo low: a canopy was said to be too short
to cover tihe driver's lower extremities when he was seated pro-
perly, and to have openings larpe encugh to allow part of nis
usual loads to fall through and strike him. VWorkers admitted
that most of these problems could probably be cured by bolting on
devices available from the manufacturer or from other supply
firms, or by fashioninpg a rather simple devicc in the plant's own
shops. DBut it can be sensibly arpued that a manager or purchas-
ing agent designs the trucks for his plant in a secondary way
vhen he gives the dealer the specifications for the trucks that
are needed, and selects the variable features that would be
needed in his plant, and calls for modifications to the gruck in
the respects just mentioned - or falls to do some or all of the
foregoing. These matters are discussed here for just these lat-
ter kinds of reasons (cf. also adove, Chapter 2).

Visibility--

Visibility as design-feature of industrial trucks was very rarely
mentioned by our discussants. In one instance, the plant engin-
eer pointed out to this researcher some old trucks (still in con-
stant daily use in the plant) on which the mast was clearly a
bloek to driver wvision, with very narrow spaces left between the
main lift cylinder and piston and the outer uprights, and hydrau-
lic lines running through the length of one of these spaces (cf.
Plate 4-%a; a different truck, but the feature is roughly the
same) . It is noteworthy that the drivers of these same trucks
did not mention this feature as a problen thev felt important.

On one newer truck, the driver pointed.ocut the presence of the
spool for the hydraulic lines on the right front upright of the
overhead canopy, and the offset of the driver's seat to the left
of the truck as making it difficult to see nedestrians and other
rmoving objects coming fror the rigeht. A third driver mentioned
the push-pull attachment, and the facect that, unlike pallets,
loads placed on slin-sheets cannot be seen through, as notable
blocks to driver vision. Rearwvard visibility wns obscured on. Aa
croup of different trucks hy mounting the LI tank upripght (see
-Plate 4-9b) ipn responmse to an engine-overaneat pronler.

lthuman-Factors Design Weaknesses--
Cecmplaints in this arca concerned mainly considerations of driver
comfort, bhut some other interesting matters were broached by our

75






9l

PLATE U_9a (amove)

FIGURE L= VISIBILITY FROM THE DRIVER'S SfAT

VIS|ON FORWARD

PLATE 4-98 (mrLow)

VISION REARWARD







discussants as well. Let us turn to some of these first.

Urne driver mentioned tuat havinpg the gearshift lever and separate
controls for 1lift and tilt all on the same side of the steering
wheel nade too many 1ltems to be controlled by one hand, leading
to possible confusion and to grabbing the wrong lever. He said
he appreciated the design of another truck he sometimes used on
which forward and reverse are controlled by foot pedals. Two
drivers said they appreciated desipns in which 1l1ft and tilt are
integrated into a single lever-control. They said this design
,could allow simultanecus lifting and tilting, thereby speeding up
operations.,

As an aside, let us note also that drivers pointed out that con-
fusion about controls 1Is contributed to alsc by lack of durable
markings of the controls. They pointed out that controls are not
always matked at all (this was true of the cldest trucks, though
not of the newer ones), and that markings tend to wear off rather
early in the truck's useful 1life.

Three drivers mentioned that confusion is possible ahout how to
apply service brakes on standup rider trucks. This was mentioned
in three different plants in which drivers were called upon to
operate two or more differcnt makes of standup rider trucks, often .
in the same day. They pointed out that on some makes, service
brakes are applied by pressing down on a single pedal on the
right of the driver's platform; other makes reguire a pedal on
the left to be pushed down while standing on a '""deadman' type of
pedal on the right: on other makes yet, brakes are applled by
raising one or the other foot from a deadman pedal or button.
The latter desipn 1is typical in order-picker crucks (cf. Figure
4-10). Drivers mentioned that these make-to-make design differ-
ences can be very confusing for an inexperienced driver, and one
experienced driver felt this possible confusion to be the main
hazard of lhis particular jobh. 1In light of these matters, it
would seem to belioove managers to attend to the relationship .
between truck design and job-design Iin their plants.

This researcher observes an inherent problem in all designs of
foot-actuated brakes for standup rider trucks: regardless of
wvhether brakes are applied by lifting the foot from a pedal or
by pushing down en one, the driver 1s necessarily somewhat off
balance when he applies the brakes. Unfortunately, it 1is not
immediately obvious how this condition could be alleviated with-
out adding to possible confusilons concerning hand controls,

Two drivers and a mechanic noted a further interesting item re-
lated to the brakes of standup rider trucks. They noted that
occasionally, accidents occur with standup rider trucks that have
brakes actuated by lifting the foot from a pedal. 1In such cases,
the driver sometimes c¢laims brake fallure to be the cause, when
further investigation shows no defect. Our discussants said such
incidents can sometimes be explained by the driver's inadvertently
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having both feet on the braking pedal or button. Lifting only
one would of course accomplish nothing.

An ergonomic design weakness related to driver comfort also impli-
cates standup rider trucks. Drivers of such devices said that
their driving compartments are quite often too confining, even on
the roomiest of models. Therc Is often so little foot room that
drivers with large feet said that their heecls overhang the rear
of their platform when they are otherwise comfortable. When
drivers of such trucks are called upon teo operate them for long
perlods without a break, they note that their feet and legs Legin
to become painful, and thhat in order to shift pesicions, they
must danple a leg and/or foot, and/or upper extremity out the
back of the truck or over its side (cf. Plate 4-11la).

This problem of cramped driver compartments was also noted with.
respect to some models of sitdown rider trucks (none of which 1s
produced any longer), and can explain why drivers sometimes dan-
sle extremities outside the running lines of the trruck, which
sometimes leads to their being pinned between the truck and some
inconvenient stationary obiect {(cf. Plate 4-11lh).

It was noted that seats on sitdown rider trucks are often very
hard and lack thigh-support and lover-back support. Drivers said
that when they are called upon to drive these (usually old)
trucks, they get pains In the derriere and back for their efforts
(cf, Plate 4-12).

Drivers noted also that some (usually old) trucks lack power-—
assisted stecring, which causes them to make additional effort
in steering and sometimes gives rise to pains Iin the chest,
shoulders and upper arms.

Two drivers pointed out that one 1s often called upon to drive an
"industrial truck backward when the load blocks forward vision.

On a sitdown rider truck, one nmust turn his body to do this, and
thereby assume an uncomfortable position. Looking where one 1is
going while backing with a sitdown rider truck, they sald, is
literally a pain in the neck. The stiff neck devecloped while
looking in the direction of travel during backing with a sitdown
truck can partially explain why drivers might back up without
looking first. It's just a pain in the neck.

Two drivers said that the lacl of springs and shock absorbers in
the suspension svystems of indoor-type industrial trucks, combilned
with dips and cracks and potholes and debris in the floor as well
as highway trucks and railroad cars being lower or higher than’
the loading dock (due in one case to the dock sinking into the
ground at its ends), jolts the internal organs of a driver,

These drivers admitted that severe injurv would be difficult to
prove in this connection, but they said that the discomfort is
definitely worthy of attention.
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Four dJdrivers mentioned that thev felt their trucks' engines were
noilsy, and three mentioned that their qeats._located near the
enpine compartments, did not disperse heat well and so were uncom-
fortably warm. These complaints, too, involved old trucks.

It bears repeating here that most of the complaints about design
inadequacies, including human-factors design weaknesses, were
made about trucks five or more years old. Workers noted that
with respect to almost all of the complaints they had, newer
designs that they had encountered were vast improvements. They
said too that the newer trucks they encountered were nearly all
much smoother to operate and demanded far less physical effort..

THE FACTORS AND THE SAFETY‘STANDARDS

The ANSI and OSHA Standards related to Industrial Trﬁcks, viz.
B,56.1 1969, B.36.1 1975, and 1910.178, 1910,176, 1910.22, were

not a subject of direct investigation fnr ‘this study, _Hovever,

as the analysis of the. Workers' Conpensa;ion data and the field-
information disclosed factors that commonly contribute to hazards
in lift-truck operations, these standards were searched for clauses
closely related to the factor in question. The Appendix to this
cihapter shows the results of these searches, and lists.thc-numbe}
of times the clause was cited in 1975 by OSHA inspectors.nation-,
wide, -

By way of peneral summary, it seems fair to say that there are
clauses of the ANSI and OSHA Standards related. to most of the

38 comnon factors 1in such a way that full compliance with the
various clauses could conceivably prevent a sizable number of.
accidents. It seems falr te say, too, that clauses related to
important commen factors are being ciCed rather frequently by

OSLiA inspectors. There are some clauses, however, that relate to
important common factors but are not being cited very frequently
by inspectors. These clauses are oues that would appear to call
for a judgment on the part of the inspector about whether the

load being handled is safe, the speed while turning 1is low enocugh,
the stoppinpg distances allowed are great enough, and some other .
similar matters, It is not immediately clear from the data avail-
able for the present study why these clauses are not cited fre-
quently; it seems a matter appropriate for further study, and

will be addressed in the subsequent section of this chapter on ‘
topics for further study. It will be argued later in this section
that other factors not addressed by the standards, as wvell a$
certain aspects of truck design, are not matters about which.
legislation would appear to be appropriate,

On the basis of the findinpgs presented in the Appendix to this.
chapter, it would appear that there are few, if any, glaring mis-
takes or omissions in the OSHA and ANSI standards that could be
said to be responsible for significant numbers of severe forklift
accidents., Our investipgations do indicate gsome areas in which

the standards could be improved, however. There are a few clauses
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that appeaf poorly worded, a few that appear incomplete as they
stand, and some clauses concerning truck design about which dis-
agreement can be voiced. It will be noted, however, that most of
the changes suggested in subsequent paragraphs would be accomp-
lished without great technical-engineecring difficuley.

Poorly Worded Clauses

The chief object for potential complaint on this score would be
clause (a)(13) of 0SHA 1910.178. This clause provides that,
while negotiating turns, speed shall be reduced by means of turn-
ing the hand steering wheel in a smooth, sweeping motion at a
moderate, even rate., A5 written, the clause would appear to
require that all trucks be steered by a hand-vheel; this arrange-
ment is inappropriate for standup rider-controlled trucks, since
one-hand steering is neesded for almost all of these trucks, and
the arrangenent is nearly impossible for wvalkie-trucks. As
written, the standard vould also avpcar to require that speed be
reduced during the turn and by some means other than "easing off"
on the speed centrol or applying the service brakes. It is ques-
“tionable whether the procecdure apparently required by this c¢lause
should even be permitted, Idéally, one would reduce speed, eitiher
by '"easine off on” the specd control or by applving the service
bralkes, before initiating the turn. A few word changes could
communicate better what one hopes 1s the intent of the clause,
viz. taat turns be accomplished smoothly and not too fast.

an object of somewhat less concern 18 clause (k) (4) of OUSHA
1910.178, 1t appears to be redundant, This elause requires that
positive protection be provided to prevent railroad cars fron
beinp moved wihile dockboards or bride plates are in position.
Clause (k) (2) requires that wheel stops or other recognized posi-
tive »rotection b»c provided to preveunt railroad cars from noving
during loading or unloading operations. If the two clauses are
intenced to regulate different hazardous situations, some wording
chanpes would seem in order to make that point clear., However,
if the same situation is envisioned in both clauses, it would
seem that (k) (4) could be deleted, since {(k)(2) suggests a con-
crete way to prevent movewment of the cars. '

Clause (m)(1lZ) is a matter of rather greater concern, however,
This clause deals with trucks cauinned with controls clevatable

with the carriape or ferls., The description as given in the staa-
dard would fit only order-picler trucks and certain other, even
more highly-sprecialized, trucks. Our investigcations show, unow-

ever, that order-picker trucks are certainly not the onlv kinds,
and perhaps not even tue main kinds, cof means used for elevating
personn¢l on industrial truchks. Platiorms attachiable to and de-
tachable from tue forks of an ordimary forklift truck are in some
use - tacse platforms rarely provide for any controls at all teo
"be elevatable with the carriare. It is not clear from the clause

as written whether it is intended to apply to this means of lifting

rersonncl or not, If application to detachable platforms is
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intended, some wording changes seem in ‘order to make this point
clearer, ' ‘ - ' ' ‘ .

Umissions in the Clauses

If clause (m)(12) is not intended to apply to removable platforms
for lifting personnel on industrial trucks, then 1t does not
explicitly include them, Since such platforms are in use, and

it would appear that their use is increasing, it would be 'appro-.
priate to include the provisions of ANSI B.36.1 1975 para. 427
that addresses directly matters of elevating personnel with indus-
trial crucks., This seprment of the ANGSI standard could he incor=-
porated by transcription or by explicit reference. In view of

the rather infamous practice of elevating personnel on bare forks. .
or an empty pallet (sec above, in the section on Somewvhat-before-.
the-Task factors, this cnapter), it would seem in order to add a
sub-clausc requiring the use of some approved device for lifting.
personnel with am indusctrial truck anveime this is done. In :
light of our observatiou that plants tend to own rather few such
appronriate safe devices, ancd tend to keecp ther at some distance
from points at waicu they are nceded, it would scem appropriate

to require employers to demonstrate adequate numbers of such
devices in good repair ncar where tihey are needed. What is
adequate and appropriate will of course differ from nlant to
plant. )

Clause (k) of 1910,178 on the blocking of wheels of highway trucks
and railroad cars seemns to lack an important nrovisien. Our
investigations indicate that the primary reason why the wheels of
highway trucks and railroad cars tend to go unhlocked more often
titan blocked 15 that the plant ‘does not own enough of these de-
vices, or that they are not always availahle near where they are
needed. Accordingly, it would seen in order to require cmployers
to demonstrate the presence of adequate nunbers of wheel blocks
in zood repair near where they are needed. lere 'again, what is
adequate will vary from one plant to the next. Also, some allow-
ance should be ‘made for the never-design semi-trailers on which
the trailer's air-brakes are automatically set when the tractor
is detached.

As another part of the concern for forklift-safety In loading and
unloading operations, we neote that in rany plants, there 1is no
regular systewm for cheching en the blockiny of wheels and the
condition of hed-surfaces and-for reporting on such matters to
the industrial-truchk drivers concerned. It would secm appro-
priate to require employers to demonstrate existence of an effece-.
tive system for checking uhﬁethlncking and béd-surface condi-
tions and informing the industrial-truck drivers concerned before
they initiate their loading/unloading tasks. Concrete details of
how suclh a system nlght worl can easily be left open, so as to
accomodate the individual needs and work-designs of individual
plants. : : ’ ‘ :
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Clause. (q)(l). provides that repailr of industrial trucks shall be
performed only by authorized personnel. It does not provide that
the personnel regularly assigned to repair and maintain powered
industrial trucks must have had traininp specifically for repair-
inz powvercd industrial trucks. Some mechanics told us that their
own lack of training was a factor contributing to hazards; we
have noted that most mechanics are not trained specifically for
repairing industrial trucks; it is obvious that there are impor-
tant differences between the enpincering principles on which
industrial trucks are designed and those of automobiles, which
some mechanles have been trained to repair. This is particularly
so in the case of electric-powered trucks, and the use of these
trucks seems likely to increase as the price of petroleum-based
fuels increases. The mechanics we talked with seemed to feel,
however, that experience 1in repairing industrial trucks can
larpely supplant specific training. Thus it would seem in order
tnat tue clause require mechanics to be trained or experienced 1in
rcpalring the trucks.,

Clause (o) provides that only stable and safely-arranged loads
shall be handled. It provides, in effect, that over-capacity
loads shall be adjusted, and that care shall be exercized when
handling loads with attachments. Since poorly palletized leoads,
and loads that are inherently difficult to handle with standard
fork-and-carriage attachments, are shown in our investigations to
be as much a problem as overweight and too-high loads, it would
secm proper to require that loads be handled only with the appro-
priate device. The appropriate device can be of course many
things: a bigger truck, an attachment of suitahle size and
capacity such as fork extensions or a roll-clamp or barrel-
clamp or carton clamp or push-pull attachment, a special stack-
able palletizing container, or a device that secures the load
direccly to the pallet or skid used,.

Our investigations suggest that one of the major reasons why
appropriacte devices are not always used is that they are not
readily available when .and where needed.  Hence 1t seems fitting
to require that employers demonstrate cxistence in the plant of
an effective system to ensure the following: adequate numbers
and kinds of devices in the plant near where they are needed; all
the devices including pallets and skids are maintained in good
repair;, tue use of the devices wiienever needed.

And in light of the importance our study found in palletizing
loads, it would not seem misdirected to require that employers
demonstrate existence in the plant of an effective system to
ensure that loads that are not safelv arranged are re-arranged
and properly secured against internal movement prior to handling
with industrial trucks.

Je note also that neither 1910.178 nor 1910.176 requires that

those responsible for forming the loads that are handled hy indus-
trial trucks be trained for these tasks., Uor does either standard
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require that pedestrian wortkers who interact with industrial
trucks be trained for these interactions. 'Interactions' is
understood here to include activities like walking in aisles used
also by powered industrial trucks, and working at a work-station
serviced by a powered industrial truck, as well as the more well-
defined tasks that require a pedestrian to work together with a,
forklift driver in a shared activity. Our discussants informed
us that the lack of training in palletizing and in "how to behave
around forklifts" is a definite factor that contributes to severe
hazards. Thus it would not seem amiss to require that those
responsible for forklift-load formation, and all pedestrian
workers who interact with industrial trucks in the senses just
mentioned, receive special emphasis on these aspects of their
jobs as an important part of the lnstructlon they receive for
deing their jobs properly,

Standards of Truck Design

ANSI B.56.1 paragraph 421 on overhead guards specifies a clear-
ance of 74" between the top surface of the driver's platform and
the underside of the overhead guard on standup rider trucks, and
a clearance of 39" between the teop of the driver's seat (not the
seat-back) and the underside of the guard on.sitdown rider trucks
in the 1969 edition. The corresponding paragraph of the 1975
edition specifies the same clearances, and allows the clearances
to be adjustable downward for low-clearance applications of the
truck. Unfortunately, our investigations show that these clear-
ances are mnot always adequate. For a graphic instancé of. thlS
claim, see Plate 4-11c; the 1975 standard does not exp11c1tly
allow upward adjuét@billty to accomodate taller drivers. It can
be argued that these are minimum clearances, and manufacturers
are perfectly free to build in greater ones. But one feels
prompted to ask if manufacturers actually deo build in signifi-
cantly greater clearances as a general rule, or only on special
order; are upwardly-adjustable clearances an extra-cost item?.

If so, it seems safe to suppose that very few users who need them
will adopt them.

But complaints about cramped driver compartments are not limited
to overhead clearances. They implicate foot-room, knee-room,
overall leg-room, hip-room and elbow-room as well. The cramped
guarters would probably not present a great safety problem in
themselves 1if drivers were regularly called on to drive the
trucks for only a few minutes in successicn in every hour. But
our discussants mentioned quite frequently that they are called
upon to drive for rather long periods at a time. They said that
in the course of this time, they need to shift p031t10n to avoid
muscle cramps, particularly in the legs, and so they need to dan-
gle extremities out the back or outside the running lines of

the truck to stave off discomfort. They are often aware of work
rules and OSHA regulations against this practice, but if the other
alternative is leg cramps, the choice is clear. Some drivers of
narrow-aisle reach trucks (a variety of standup rider truck) said
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their operating platforms are so small they cannot get their feet
all the way onto them when standing in normal operating position.

Accordingly, it seems in order for future truck-design standards
to be restated along lines like the following: driver compart-
ments should be roomy enocugh to accomodate male drivers at the
95th centile for such body-measures as height, girth, foot-size,
arm-length, leg-length (etc.) with comfort; clearances should be
adjustable by the user to fit comfortably even larger drivers and
smaller drivers to the point of females on the 5th centile for
the body-measures stated. Due consideration should be evident

in the design for the need to drive the truck for long periods at
a time. : ‘

ANSI B.56.1 1969 specifies the maximum pedal-pressure that a
truck's service brakes may require. For pedals one depresses to
actuate the service brakes, the maximum pressure is given at 125#
{about 543 Newtons). The 1975 edition allows a maximum pressure
of 150# (about 651 Newtons). A recent study (Hansson 1975) indi-
cates that these figures are too high. The study found a mean
maximum pressure among males to be 655 Newtons (just above 150#)
and for females 404 Newtons {(about 93#)., Hansson feels that stan-
dards should allow a maximum pressure of 250-300 Newtons (up to
about 70#) in order to be well within the capabilities of the
average female forklift driver. If Hansson 1s right on this
topic, 1t seems likely that the standards for maximum effort in
actuating other kinds of controls should be reviewed as well,
Further research is needed before establishing a revised standard,
however, and this subject will be discussed later in this chapter.

ANSI standards for truck design do not address at all the matter
of padding in driver compartments of standup trucks and on

driver seats of sitdown trucks. QOur investigations turned up a
rather large number of complaints, most of them not explicitly
solicited, on just these matters. Poorly padded and pocrly con-
toured driver facilities were said to contribute to a wide assort-
ment of aches and pains, and to some other hazards as well. This
is particularly the case, our discussants said, when they are
called upon to drive the trucks for long periods at a time, as it
appears they often are. It would not seem harmful, then, if the
standard were to require that truck-designers devote some atten-
tion to these matters in the design of all rider-controlled
trucks. For even the smallest ones are subject to being driven
for long periods without a break. While a great deal of research
would be needed to set specific values for padding and contouring,
it would not be remiss for the standard to require that the
trucks as provided to users evidence due consideration to driver
comfort for long driving-periods in the design of padding for
driver compartments on standup trucks, and padding and contouring
of drivers' seats. Such a provision could have the effect of en-
suring that all wmakers of industriél'trucks, not just the most
progressive ones, devote some energy to these matters, thereby
spurring perhaps some rises in the current state of the art.
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ANSI standards do not address matters of visibility with a separ-
ate paragraph on the subject. Although this study does not indi-
cate that v151b111ty is the gravest design-weakness, another re-
cent study (Laumann 1977) indicates that perhaps it is, Conver-
sations with manufacturers of industrial trucks indicate that
visibility is very high indeed on their lists of concerns. It -
might be appropriate to include in the 'standard a separate clause
to the effect that trucks shall be designed to as to previde the
driver with the greatest possible visibility in all directions,
and modifications of the truck that affect visibility shall not

be made without express written authorization by the mamifacturer.
It would probably be 1nappropriate to set a more specific stan-
dard. This researcher's experiences with an international stan-
dards-setting group indicate that there is doubt about the ade- '
quacy of currént methods of testing for wvisibility, and until the‘

experts reach a consensus about better ones, it would seem unwise-

to establlsh SPElelC standards.

ANSTI B.56.1 standards set out some guidelines for the layout of
both hand-operated and foot-operated controls on various kinds

of trucks. These guidelines are rather broad and general, how-'
ever, and would naturally allow a good bit of variation from one
make and medel of truck to the next. We encountered these make-
to-make variations as factors contributing to hazards in the

case of means of actuating service brakes on standup rider-con-
trolled trucks, especially in contexts where drivers are called
.upon . to drive two or more different makes of truck, often in the -
same shift. Drivers told us that in such conditions, a driver
could become confused about how to brake his truck and cause

real problems, especially if the driver is inexperienced. Ve
encountered some models on which there is one foot-pedal; it 1is
sometimes to be depressed by the right foot, on other trucks by
the left foot, ©On other trucks yet, the pedal serves as a dead-
man brake, that is, it must be depressed in order for the truck
to travel, and releasing it actuates the brakes. This pedal can
be operated on some trucks by the right foot, on some by the left
foot, on others by either foot. This control ls often uot a
pedal but & button. On other kinds of trucks yet, there arertwo
pedals, one of the deadman sort, the other to be depressed as the
service brake, Which foot is to actuate which pedal can differ
from one make or model to the mnext. Drivers told us also that
when a truck has an upward-movement braking means, it is possible
for him to have both feet on it imadvertently, so that when one
footr is lifred, an apparent brake~fajilure occurs - but is undet-
ectable on further investigdtion. Despite these findings, we
would argue against requiring greater uniformity 4inm this connect-
ion, on grounds to be brought out below. ‘

Standards Addressing Theméelveé'to‘Drivers
A great many clauses of 1910.178 require specific behaviors (often

refraining-type behaviors) of drivers of powered industrial
trucks, whether the clauses' wording is addressed to the employer
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or the driver. The outstanding examples of such clauses are the
one that requires drivers to slow down and sound the horn at -
intersections (i.e. clause (n)(4)) and the one that requires
drivers and others to refrain from placing hands and arms between
the uprights of the mast and to refrain from dangling extremities
outside the running lines of the truck (i.e. clause (m)(4)). It
is of course a good practice to give warning when one approaches
a place where .vision is obstructed, and a bad practice to place
extremities outside the running lines of the truck or between the
uprights of the mast. The discussion in the section of this
chapter entitled Some Common Factors indicates several conditions
that can prompt drivers and others to violate these clauses; the '
clauses as they are written do not evidence consideration of ' «
these conditions. What is unfortunate about the clauses as they

are written is that they allow employers to gain the impression

that they can comply with the clauses by merely establishing a

workrule to the same effect as the clauses, without addressing’

the conditions that prompt workers to violate such rules. The’

two clauses just mentioned here are not the only cases in which

this matter comes up: the sub-clauses of (m), of (n), and of (o)

are replete with requirements aimed ultimately at the workers

themselves, '

-

It is doubly unfortunate that it is not immediately clear how
such clauses could be altered to show proper consideration of the
conditions that impede and limit compliance with them. It is
clear that this matter is an appropriate subject for much further
study. It would seem to be helpful, though, if inspectors were
provided with the techniques necessary to ferret out the reasons
why the behavioral/operational missteps they observe are occur-—
ring in the plant, and address these reasons by citing the other
appropriate standards, or by other appropriate action.

Matters not Appropriate for Standards-Setting

In relation to the inadequacies of truck-design standards that we
noted above, it is probably not appropriate at this time for the
problem to be solved by spelling out gpecific values to the
requisite variables. In the case of mest of the "weak" standards
discussed just above, it would appear that not enough is estab-
lished as certain knowledge in the scientific and engineering:
communities to ensure that the values one could provide now

would be the proper ones. This is particularly the ¢ase in con-
nection with the problem of visibility from the driver's normal
operating position. There are some scientific problems to be
resolved in connection with pedal-pressure requirements, too:

one engineer noted that a healthy adult can exert as much as

1500 Mewtons (or nearly three times the current maximum allowed
by ANSI B.56.1 1969) in a panic situation. It is not immediately &
clear how this fact and the results of Hamsson's study should

both be taken into proper consideration in setting a standard.

There are also engineering problems, viz. how to allew a low
maximum-pedal-pressure requirement in the design of a truck's
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brakes and still prevent the wheels from locking up when the
brakes are applied in a panic. Nor is it clear that there is
enough reliable knowledge available to set specific values for
padding of driver compartments, and padding and contouring of
drivers" seats. '

This researcher argues that it would be inappropriate for stan-
dards to require greater uniformity in the layout and means of
actuation of service-brakes on standup rider-controlled trucks.

In other connections, manufacturers argue that the ways in which
thetir designs for pedal-layouts deviate from the usual layout of
pedals in automecbiles offer distinct operating advantages. And
.in some degree drivers tend .to agree with the manufacturers.
Requiring greater uniformity would likely serve, then, only to
make it more difficult for a driver to be provided with the truck
that meets his needs best.

No great need to réquire greater uniformity is apparent to this
researcher. The problem can be met at the level of the truck-
user (owner or ‘lessee) in.a great variety of ways: in the selec-
tion of trucks for use in the plant; in the ways that trucks and
drivers are assigned to operations and to each other; in the
training and supervision drivers receive; in the experience-
requirements established for drivers in certain operations or
departments; in the work-schedules and production-rate expecta-
tions drivers are called upon to meet; and by other approaches
besides. It would seem morally incumbaent on the truck user,
however, to address the problems posed by the non-uniformity of
service-brake layout and means of actuation in some effective
way, where the problem exists. ’

Some factors disclosed by this study as contributing to forklift
hazards and.not .addressed by standards include matters not related
in any obvious way to the design of the trucks. These other
‘areas perhaps ought not to be addressed by safety standards. In
this category would seem to fall matters like production-speed
stress, pay-scales and job-prestige levels, and‘the'ways’in,which
trucks and drivers are assigned to operations and to each other.
These factors affect many facets of plant operations in addition
to industrial-truck operations, and do not obtain in all plants,.
Where they are hazard-making factors, the ways in which they arise
and contribute to hazards can vary almost incredibly. 1In addi-
tion, ‘many of these matters are commonly held to be within the
sphere o0f labor-management-relations or management prerogative
rather than the safety sphere, and this study alone is certainly
not sufficient ground for overriding this common view. Since the
foundations  of these factors, where they are problematic, vary
according to conditions in and about the plant, it would appear
most appropriate for them to be addressed at that level. It

would seem morally incumbent, however, on both workers and nanage-
ment to identify such problems where they exist, trace them to
their roots, and deal with them in some effective way.
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SUBJECTS FOR FURTHER STUDY

The present study probably succeeds in suggesting topics that
deserve painstaking investigation in their own right at least as
well as it succeeds in exposing human-factors roots of forklift
safety problems. The topics that arise at various points in this
study would appear to be appropriate matters for several different
groups. In what immediately follows, items will be suggested for
investigation by NIOSH, by NIOSH or OSHA, by OSHA's training sec-
tion, by 0OSHA's and ANSI's standards-writing sections, by a spec-
ial task-force of scme appropriate sort, by the Bureau of Labor
Statistics, by truck-manufacturers and/or their trade associa-
tions, by truck-manufacturers and their dealers, and by plant
managementis.

Items of Potential Interest to NIOSH

The present study indicates that there is a good deal of scienti-
fic work that can well afford to be done with the goal of under-
standing the relaticonship between factors and hazards, evaluating
the exact contribution of various facets of ergonomic design to
accident-occurrence "and -prevention, and establishing what would
be the avenues of approcach most likely to bear fruit in prevent-
ing the meost important kinds of industrial-truck accidents,

1. The present study has shown 38 factors that commonly contri-
bute to forklift hazards. The model of hazard management that

has guided this study (see above Chapter 2) focusses on the worker
and work-team as the primary locus of control of the conditions -
affecting tasks, and thus defines a hazard-making factor as one
that would render workers' control of these conditioms difficule.
The present study shows only that these factors do render control
by workers difficult, but is not able to show exactly how control
is rendered difficult. There are of course many ways control can
be made difficult, including the following: (a) lack of relevant
sensory or general information; (b) overload of sensory or kines-
thetic feedback information; (c) inconsistencies in the informa-
tion; (d) neurophysiological impediments to the formation of
appropriate control-juﬁgments; (e) poor feedback-ccocmpliance of
‘the tools and equipment used; (f) neurophysiological or mechani-
cal or spatial or temporal impediments to the execution of appro-
priate control-judgments. What remains to be established is which
factors contribute in which ways to the workers' difficulty im.
controlling conditions in and about their tasks.

2. The present study indicates that the factors that contribute

to forklift hazards are many, complex, and likely to interact

with each other and with conditions that in themselves are unprob-
lematic, in a bewildering assortment of complex ways. The present
study shows that these factors c¢an have their roots at various
levels of authority, and thus that accident-prevention efforts
exerted at various levels can help a great dezl., But this study
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has not been able to reveal many useful geneéralizations about
which factors can be addressed mest effectively at whi:zh levels
and in which ways. Industrial-truck drivers and the pedestrian
workers with whom they interact bear the ultimate responsibility
for controlling conditions of tasks in forklift operations, and =
it is they who in the end will be called upon to implement and
cope with whatever accident-prevention steps are tiken at other
levels of authority. '

Recent studies show (Gottlieb 1976, and Coleman and Smith 1976)
that workers are well aware of hazard-making factors and of the
effectiveness of safety measures currently taken. Thus it would
seem appropriate to learn from these workers, their foremen, plant
engineers and managers what general avenues of approach to acci-
dent-prevention are most likely to bear the greatest fruit.

These persons can be asked whether worker training {(and on what
subjects), or better supervision, or standards-writing by govern-
ment, or changes in the truck or loads or physical features of
plants would wreak the greatest good in preventing such frequent
and severe accidents as loads falling on bystanders, pedestrians
being struck or pinned by industrial trucks, and in eliminating
such factecrs as co-workers riding on the truck or load or forks
or empty pallet. Results cof such a study could conceivably be
invaluable in guiding accident-prevention efforts at all levels
concerned with industrial-truck coperations.,

3. Some experiments would seem to be in order for the purpose of
assigning a pPrecise value to the effect of ergonomic-design
improvements on forklift accidents. Researchers could select
some trucks with designs that appear to provide poor forward
visibility, some trucks with apparent poor rearward visibility,
some trucks with apparently cramped driver compartments, some
trucks with apparently thinly-padded seats, and some trucks with
apparently poorly contoured seats. Accident-rates and near-miss
rates for such trucks could be compared against accident- and ‘
near-miss-rates for trucks with apparently better designs in
these regards, Variables that would appear to require accounting
for in the experimental design would seem to include the
effectiveness of the maintenance-system for the wvarious trucks,
physical characteristics of the drivers, visibility character-
istics of the locations in which the trucks are used, and the
drivers' perceptions and attitudes concerning design-weaknesses
of their trucks in the respects tested.

4, Experiments would be in order also to establish appropriate
values for the physical effort required to operate the various
foot- and hand-controls on trucks. It would be important to
establish not only mean and median values and ranges of maximum
effort exertable by males and females, but values for effort
exerted in panic-situations as well. Candidates for testing
would appear to include downward-movement pedals, upward-move-
ment pedals, controls to be squeezed by the hands, controls to
be pushed by hand-and-arm movement, and controls to be pulled by
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hand-and-arm movement. In the case of controls to be squeezed by
the hand, it would be important to take into consideration the
clearance between the fixed element and the movable element,
since womens' hands tend on the whole to be somewhat smaller than
mens'. Results of such experiments could be extremely helpful in
determining specific design-standards for trucks.

5. Experiments would be called for to determine the exact nature

and extent of the effect on drivers' ability to control their X
trucks arising from the need to lift one foot to actuate service-
brakes on standup~rider-controlled trucks. 'As noted elsewhere in
this report, lifting the foot to actuate the brakes would tend to
throw the driver somewhat off-balance. The adjustments of post-
ural movements necessary for a driver to keep his balance could
conceivably affect adversely the driver's ability to make the
major-limb movements and manipulative movements needed to control
the truck properly. This situation may or may not have an impor-
tant effect on, controllability of the truck, since many curreat '
designs call for at least one of the driver's hands te be resting
on a contrel that is supposed to be stationary with respect to
fore-and-aft travel of the contrel while the truck is travelling.
To determine the exact nature and extent of the balance-while-
braking problem, it would be important to investigate various
desipgns and layouts of hand-controls in relation to different
pedal-layouts (right-foot actuation vs. left-foot actuation) and
means of actuation (by releasing the pedal wvs. by depressing it).

+

Topics for NIOSH and/or OSHA

Items of potential study-interest for either NIOSH or OSHA or
both relate to matters that probably cannot be spelled out very
specifically in a2 general-industry standard on powered industrial
trucks. As the present study shows, practices and needs in such
areas as worker-training, types of overhead-protective devices,
adequacy of maintenance-systems, adequacy and appropriateness of
varning devices, and numbers and kinds of attachments and acces-
sories vary tremendously from one plant to the next. It would
undoubtedly be quite unfeasible to attempt to cover all the pos-
sible varlations of plant-needs within the standards themselves,
and so the standards are phrased in very general, non-specific
terms. Yet it would appear that employers need to gain a rather
speclfic idea of what they can and should do to come into com-
pliance with the spirit of the clauses. Thus it would seem help-
ful to bring out some specific guidelines of an advisory, not
conmpulsory, nature on the following topics. ‘

1. What constitutes a very good system for educating workers in
those portions of their tasks that involve industrial trucks?
Guidelines should cover such important sub-toplicse as content and
nmethods of training, amounts and kinds of supervised practice’
prior to full authorization for industrial-truck tasks, licensing,
refresher-training, re-licensing, progress toward general author-
ization for all industrial-truck tasks, and procedures for select-
ing workers for industrial-truck tasks. The present study sug-

A

93



gests that not only drivers need education for their tasks, but
also mechanics, those who form loads for industrial-truck trans-
poert, pedestrians who act as helpers for drivers, workers whose
tasks are supplied by industrial trucks, workers whose rasks
involve working in close proximity to industrial-truck traffic,
and any employee who has rather frequent occasion to move about
in aisles where there is forklift traffic. 1In this researcher's
view, task-education guidelines should be constructed for these
kinds of workers also. : ‘

2. What constitutes an adequate system of maintenance for the
trucks? ' ‘ :

3. What kinds of overhead-protective devices are best for what
kinds of application in handling what kinds of goods, and what
would constitute keeping these devices in adequate repair and in
use when and where needed.

4. What kinds of warning-devices work best in which general kinds
of industrial settings. It is rather obvious that one kind of
warning device would be called for in a paper mill's rarely-used
basement, while another is far better in the center of a steel-
forging operation.

5. Numbers and kinds of attachments and accessories for handling
different kinds ‘of loads always in a safe way, and for blocking
wheels of highway trucks and railroad cars. :

Surveys of drivers, pedestrian workers, and plant engineers in
different kinds of industrial operations could be. extremely
helpful in developing the guidelines; the guidelines could also
serve as indicators of experience in the field as to what kinds
of devices and systems and approaches work effectively and which
do not,

Guidelines should be written in non-technical, laymens' language
for use by managers, safety officials, and even the workers them-
selves, in individual plants..

NIOSH has completed some work of this kind (cf. Anonymous 1975)
in the area of content and methods of training industrial-truck
drivers. But it would appear that more is needed, ardd in other
areas as well,

For Trainers of OSHA Inspectors

We noted above in.the section of this chapter on Factors and Stan-
dards that there are quite a number of clauses that call for
certain behaviors and procedural steps on the part of drivers

of industrial trucks and sometimes their co~workers. Compliance
with some of these calls for expert judment on the part of
drivers. Lf these clauses are to be properly enforced by inspec-
tors, the inspectors must have good judgment in these matters as
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well, and nust know how to obtain the information necessary tc
make good judgments.

The present study has not soupht specifically te evaluate the
performance of OSHA inspectors in connection with industrial-truck
operations, but some tentative conclusions c¢can be drawn: many
important areas are being given emphasis in inspections, but some
standards are not cited as often as they seen to deserve to be.
From the data avallable during this study, it cannot be confirmed
0r disconfirmed that the most important factors are being iden-
tified in the violations cited in inspections. In order to ensure
that the genuinely important factors in the plant are indeed de-
tected in inspectlons, and that behavicral/operational require-
ments of drivers and co-workers are being enforced in due extent,
it would seem helpful if OSHA inspectors were to be theoroughly
schooled in the following matters:

1. The basics of forklift operations, frem load-formacion through
actual driving and load-handling to repair of the trucks;

2. The use of the plant's safety-data to identify potential troub-
‘le-areas for the safety of forklift operations in the plant, and
the use of general data to gain advance knowledpe of thea most
important kinds of forklift-safety problems;

3. Techniques for using expertise available 1in the plant from
engineers, workers, foremen, and others, to trace actual viola-
tions detected to their rocts, cite the correct clauses, judpe
tiie adequacy of maintenance, numbers and kinds of attachments and
accessories, adeaquacy of warning devices and of worker-education
in the plant for their industrial-truck tasks, and to judge pro-
perly the compliance of drivers and co-workers with the behavior-
al/operational requirements of the standards.

It is clear that a2 great deal of development-work 1s needed to
provide OSHA inspectors with these skills. The expertise used in
this development work could also be tapned to provide employers a
consultative service, in which they could subwmit their forklift-
safety systems and plans for expert review and comment without
fear of immediate c¢itation and penalty.

For Standards-¥Writing Activity by 0S51IA and ANSI

As noted Aabove in thie section on Factors and Standards, sone
improvements in the standards to seem possible. To a large
extent, tuhe changes that seem to be called for consist of alter-
ations in the lanpuage of some clauses to make them clearer, and

a few additions in order to address better some noteworthy hazard-
malking factors. Clauses {(n)(15), (k)(4), and (m)(12) would ap-
vear to be candidates for wording changes. C(Clauses {(m)(12), (&),
(6) (1) and (o) would apvear to stand in some need of completion,

In addition, it would seem prudent to add clauses requiring that
workers wno interact with industrial ‘ttucks ‘as part of thelr
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usual tasks receive some education in the proper and safe accom-
plishment of these tasks, Some careful study on these matters in
their own right would of course be called for to determine the
advisability and feasibility of such changes, as well as their
specific content, ‘

We noted earlier some issues in the standards related to the de-
sign of trucks that would seem to need review, These issues in-
clude the following: clearances among components in the drivers®
compartments of trucks, maximum allowable physical effort required
to actuate and manipulate various controls on the truck, visibil-
ity from. the driver's position, padding in drivers' compartments,
and the padding and contouring of drivers' seats. In most of
these issues, a great deal of ergonomlc research needs to be done
before specific wvalues can be set in the standards, but it does
seem appropriate that interim clauses be drafted to require that
manufacturers devote significent attention to these matters in
designing their trucks. Careful consideration will need to be
given to the advisibility, feasibility, and specific content of
these interim clauses as well, ’ S

The ANSI B.56 committee would seem to be the most appropriate
body to consider changes in truck-design standards, but some
provision should be made for incorporating revisions in the ANST
truck-standards into the OSHA standard as these revisions are,
made .

For a Speclial Task-Force

The present study indicates that powered industrial trucks tend
to remain in service long beyond the eight-to-ten year'useful
life anticipated by many truck-manufacturers. This finding
lwplies that there is a great gap between the state of the art of
ergonomic design of trucks as displayed on the dealers' showroom
floors and the state of that art as it is encountered by the o
workers who drive and ctherwise interact with powered industrial
trucks. Our investipations turned up several interesting com-
plaints related to ergonomic design features of trucks, but 1t
was noted that most of these complaints pertained to rather older
trucks. Assuming that truck-users' patterns of practice in re-
placing trucks are not litkely to change significantly, ¥We ¢an
readily draw the conclusion that drivers will be called upon to
cope with these poorer designs for quite some time vet. It would
seem helpful toward alleviatinp this situation {f manufacturers
were to devise and provide update-kits for various aspects of
older trucks in which deslign has made significant progress.

Conversations with representatives of truck manufacturers reveal
that some such efforts have been attetmpted., Some update-kits
were developed and provided to users at a cost somewhat below
the manufacturer's cost of providing them. The manufacturers'
representatives said the kits were a commercial flop. They alsco
sald that manufacturers themselves could not possibly absorb the
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full costs of developing, providiﬁg and installing such kits.

It would seem helpful, then, for a task-force to be formed to
devise ways in which positive incentives could be provided to
ensure that drivers of powered industrial trucks have in their
lhands equipment that-is as near the current state of the design-
art as humanly possible, and use it in the most effective ways,

‘lanufacturers should have incentives to develop and provide update--

kits that improve the ergononic features of existing trucks as
well as the reliabllity and effectiveness of other truck-compon-
ents such as brakes, clutches and transmissions, hydraulic sys-
tems, and power-assists for various truck controls. Truck users
should also have some positive incentives to have the available
devices installed and te instruct their workers in how to use
these new devices effectively and safely. Clearly a great deal
of careful study will be needed to determine what forms' such pos-
itive incentives could feasibly take.

For the Bureau of Labor Statistics

The BLS currently has, through its Supplementary Data System,
some capability for statiscical tracking of industrial-truck
accidents, and some means are currently avallable for monitoring
the oractices of inspectors in connection with industrial-truck
operations. These capabilities could be drawn together and sup-
plemented with causal information on industrial-truck accidents
to form a nation-wide data base on forklift safety. Frequency
and severity of certain kinds of truck-related accidents could be
neasured for various regions or time-periods or sectors of the
eccnomy, and trends could be detected. Such a nation-wide data-
base could be extremely helpful in settinpg priorities for truck-
accident prevention efforts and.tracking the effectiveness of
such éfforts. This researcher's experiences with the current
data-sources indicate that much careful study will need toc be
devoted te the plannlnp of such a nation-wide data base. There
have been a pood many thorny problems to be dealt uith in current
efforts at improving the SDS.

-For'Hénufactufers of Industrial Trucks
As has been indicated previously, there are several areas of
truck design in which manufacturers would seem well-advised to

carry on continual research-and-development work toward improv-
inpg their product. Some of these areas would be as follows:

1. Visibilify from the driver's position.

2., Foot-room and knee-room and hip-room and leg-room and elbow-
room, as well as head-room in drivers' compartments. Ever-better
means need to be found to accomodate drivers of widely varying

sizes and shanes in comfort.

3. deation, quality and quantity of padding in drivers' compart-
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nents and padding and contouring of drivers' seats.  Desipn-con-

sidecration should be given to the fact that drivers are often.
called unon to remain Iin their operating pvositions for long
periods of time without relief, '

4. Development of update-kits for any aspect of older‘trucks.in
which desipn has made significant strides, including ergonomic
matters as well as matters of reliability and serviccability.

5. Means .0f reducing by engineering and truck-desipgn the likeli-
hood that a driver or co-worker would he severely injured {f he
were to place bhands or arms in what are now pinch-points .around
the mast. The limiting consideration here is of course visibil- .
ity. liow. to eliminate ¢r guard pinch-points around the nast with-
out detracting from visibilityv from the driver's position is a
nroblem that calls for sizable amouunts of incenuity,

A. Lbetter means for mounting and dismounting sitdown rider trucks,
A recent study (Laumann 1777) indicates, and the Workers' Compen- .
sation data reviewed for the present study sorncwhat confilrms,

that notable numbers of Injurious falls from trucks can be

traced In part to poorly designed means of mounting and dismount-
ing the trucks. Laumann points out that current designs that =
enploy flat vertical sides for the truck do not lend thewselves
readily to bullding in pgood stens up to the driver's platform,

le notes further that, although steps could be cut into such
truck-sides, these steps would not be visible from the driver's
seat, and would have to he felt around for with the foot for
dismounting. Laumann also suggests that handgrips at appro-
nriate heipghts could be attached to the left-front upright of the
support for the overhead canoypv, so that the driver would not.

feel called upon to reach for the steering wheel - wiiich pnrovides
an unstable eoTtTip at the best, : ‘

For Truck Manufacturers and Their Dealers‘

Conversations with makers and dealers of industrial trucks indi-
cate that these bodies engape in sipnificant efforts to learn of
their users' problems with their trucks and respond to these
pleces of information. The scope of these efforts includes not
only technical inforwmation and help with maintenance problems,
but training materials for drivers and mechanics as well. But
conversations with users and drivers and mechanics, as well as a
brief review of some court cases, indicates that communications
between users and providers can sometimes be inadequate in quan-
tity or quality .or scope. ' ilanufacturers and dealers do not appear
to be active in helping users with all of the problems involved:
in the 38 factors identified in the present study, and it may be
that truck-providers have expertise and contact with expertise 1in
arcas where they are not now offering these things to theilr users
(cf., the paragranhs noted in the Commerce Clearing House P roducts
Liability Reporter). .



Accordingly, it would -appear helpful for truck-providers.to put
their alreadyv significant efforts at soliciting feedback from
users and drivers and mechanies on 'a regular and systematic basis,
and set the scope to include any and all factors that contribute
to hazards in the various aspects of truck operations. A rigorous
survey of users' safety problems and needs could be extremely
helpful in determining priorities for aspects of truck design,
indicating ways in which existing customer services could be
improved, identifying matters in which technical information is
needed in greater quantity or different form, and d1dentifying

problems in which truek providers could help by facilitating .con- .

tact between users and other experts. Such a regular and rigorous
survey in broad scope could supply ‘truck-providers a way of
ensuring that their good efforts are well d1rected

For Plant and Firm }lanagements

Our conversations with plant managers, safety officers, and

plant engineers show that salaried employees are indeed aware of
a great many of the concerns voiced by ‘drivers and mechanics and
pedestrian workers about the factors that contribute to forklift
hazards. But it does seem to occur sometimes that some matters
are not brought teo the attention of managerial personnel, and it
seems that wore frequently, the knowledge of manaperial persons
is not communicated completely or effectively te the drivers and
mechanics and pedestrian workers. Since it is these latter work-
ers who nust perform their tasks under existing conditions and
control existing hagzards, and must in the end .cope with whatever
control-measures are instituted, and since these workers are
extremely valuable sources of information on hazards and the
effectiveness of current control-measures (cf. Gottlieb 1976 and
Coleman and Smith 1976), it would seem appropriate for plants .and
firms to institute a syster that makes effective use of workers'
knowledge,

Accordingly, it would be in order for plant manapgements and firm
managements to survey workers involved in industrial-truck opera-
tions on a regular basis in systematic fashion. Such a survey
can reveal much 1In the way of hazards and factors that constitute
problems: in the safety of industrial-truck operations in the
plant. QResults of the survey can be posted ‘and updated with in-
formation about developments relateé to the hazards and factors
identified, so that the workers themselves can monitor the sub-
jects of their concerns. Results of such surveys can be extreme-
ly helpful in setting priorities for forklift-safety efforts, in
identifying points at which planning for chances could fruitfully
involve worker .input, and in evaluating the safetv-performance

of all sectors -of the plant and firm in connection with forklift-
operations. ) ) )

Since the specific conditions that pgive rise to factors which con-

tribute to hazards and accidenta In forklift operations vary so
grecatly from one plant to the next, and since wany of them are
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subjects on which precise safety-laws cannot be written, it is appropriate that
the management of these conditions be done at the .point at which they arise -
the plant or firm. Effective management depends of course upon having good
information about factors and hazards, and the information needed can be

gotten in largest measure from ''the horses' mouths” -~ i.e. the drivers and
mechanics and pedestrian workers themselves.

HAZARDING A CONCLUSION

This study was intended to identify some important human factors that play
a causal role in accidents that involve powered industrial trucks. We began
with the assumption that human factors is a very broad area that includes

a great many things besides ergonomic design of the trucks. (See above,
Chapter 2). Accident data were analyzed to discover the main kinds of
frequent and severe accidents involving powered industrial trucks, and
subsequent examination of causal information regarding these accidents,

and of the comments our discussants made during conversaticns in the field
were directed toward the discovery of as many factors involved in forklift 
hazards and accidents as possible.

This method was intended to accomplish two things: (a) to allow for

the possibility that various aspects of ergonomic design of powered
industrial trucks might appear as factors contributing to hazards and
accidents in areas that one might not suspect intuitively: (b) to allow us
to gain some perspective on the importance of ergonomic-design features of
powvered industrial trucks relative to other factors that contribute to
nazards and accidents. Both aims were accowmplished.

Unsuspected Involvements of Human-Factors Design of Trucks.

Several things were learned about the ways in which ergonomic and human-
factors design of powered industrial trucks contributes to hazards and
accidents. Some of them were quite surprising. We learned, for instance,
'that LPG-powered trucks are rather rarely equipped with a fuel-guage on the
dashboard, sc that a driver can easily run out of fuel with a load elevated
10 feet in the air. We learned that the brake-design on a standup rider
truck that requires the driver's foot to be lifted from a pedal can be a
part of an actual brake failure in which no defect can be found in the
brakes on later investigation. It can be the caseé that, in some such instances,
the driver inadvertently had both feet on the pedal, so that lifting only
one would fail to actuate the brakes.

We found that generally cramped driver compartments, particularly on stand-
up rider trucks, but also somewhat on sitdown rider trucks, are cccupled by
drivers for long periocds without stopping; in order to gain some comfort by
shifting positions, drivers sometimes dangle feet and legs out the back of
standup rider trucks, and dangle extremities outside the running lines

of sitdown rider trucks.

We learned that overhead canopies on ofder-picker trucks are sometimes designed
too low for tall drivers and are not readily adjustable upward.
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We learned that the upright supports for overhead canopies can be
sloped backward too far, making it easy for a driver to bump his
head while getting on or off the truck.

We found alse that the offset of the driver's seat tc the left of
the trucks, coupled with the presence of a rather large spool for
hydraulic lines on the right front upright for the overhead canopy
can make it difficult for the driver to see obstructlons and noving
objects on the right of the truck.

We learned that it is uncomfortable to turn around to look in the .
direction of travel while backing a sitdown rider truck, which cam
explain somewhat why drivers often back up without loocking.

We found that lack of padding can be a factor: drivers' platforms

on standup rider trucks are rarely padded very thickly, and when

one is required to operate the truck for long periods, achey feet),
leg cramps, and lower-back pain can ensue, drivers' seats, parti-
cularly on older trucks, are rarely contoured to the body shape,
often lack lower-back support and thigh support, and are often poorly
padded, which leads to sore derrieres and to back pain, particularly
when one is required to operate the truck several hours in succession,
as seems rather ccmmon. Drivers noted that the lack of springs and
shock absorbers on the trucks exacerbates the lack of padding where
the driver's feet or sitter contacts the truck. Drivers said that
the discomfort generated by these design features, in combination
with littered and bumpy driving surfaces, decreases driver atten-
tiveness and can contribute to all sorts of hazards and accidents.

In 1light of these findings, and of those of another recent studies
(Laumann 1977), (Hansson 1975) several areas related to truck design
would appear to be worthy of further study: (a) anthropometric
considerations, such as distances between the driver's trunk and
components of the driver compartment: knee room, foot room, hip room,
distance of canopy to seat or top of driver's platform, positioning -
of canopy uprights with respect to head clearance while driver is
mounting or dismounting. )

(b) improving driver comfort, particulary in regard to padding and
contouring of seats, padding of driver platforms, and feasibility
of allowing ;rucks' suspensions to absorb some of the jolts.

(e) visibility all around the truck, but most particulary through L4
the mast,

(d) proper levels of pressure required to operate’ the truck's brakes,

and the attendant problem of preventing lockup of the braking wheels. ¥

(e) improving the means of mounting and dismounting the trucks.
(f) the exact extent to which the incorporation of foot-actuate

brakes in the 'design of standup rider trucks contributes to hazards
and accidents, and the possibility of eliminating this feature.
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(g) making the markings of controls more durable.
(h) instrumentation on truck dashboards.

As noted above, these matters should be the subjects of ongoing
research that would aim at continually making improvements in these
areas of truck design. Although truck design has made great -strides
forward in most of these areas in the last few yesars, manufacturers
have admitted to us that they realize that there is a long way yet

to go, and that fresh breakthoughts are always in order. For this
reason, 1t does not seem fruitful to attempt to set standards in these
areas. : : . :

There is yet another matter related to truck design that was
occasiocnally noted as problematic: the layout of controls, parti-
cularly the means of actuating the brakes. Although the ANSI stand-~
ard for powered industrial trucks (B.56.1) sets some general require-
ments for layout of controls and means of actuating themn, significant
differences are encountered among makes of truck. When drivers,
particularly inexperienced ones, ate called upon to operate more

then one make of truck, these differences can lead to confusion,

and thereby to hazards and accidents. However, it does not seem that
it would be fruitful to make control layouts and means of

actuation more uniform, either by standard or by industry agreement.
Manufacturers argue, and to some extent drivers agree with them, that
the features peculiar to their trucks can offer drivers some note-
worthy advantages. It should be noted alse that making control
layouts and means of actuation uniform beyond what ANSI standards now
call for would make it more difficult for users to select just those
trucks that suit their operations and drivers best.

The problems presented by non-uniformity in control layouts and

means of actuation can be combatted on other levels: drivers and fore-
men can allow themselves a little extra time: to accustom themselves

to the peculiarities of the trucks they need to use; users can devote
attention tg the non-uniformity problem when selecting new trucks;
users can institute some changes in job~design to prevent drivers from
using more than one make of truck.

Putting Ergonomics into Perspective.

Although the foregoing paragraphs concern themselves with several
items of human-factors design of powered industrial trucks that do
contribute to hazards and are of some technical interest, they
‘represent a rather minor segment of the large mass of contributing -
factors. Other factors were mentioned much more frequently and much
more strongly than design inadequacies in the trucks, and the
contribution of these other factors is a great deal clearer than the

contribution of truck design.
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The age and state of maintenance of the trucks is a factor that

was of much greater concern to our discussants than any features

of truck design. A poorly maintained truck can contribute to a

vast number of different kinds of hazard, and an old truck is more
difficult to maintaln in proper operating condition than a relatively
newer one. Maintenance departments can perfarm poorly for a number
of reasons, not all of them under any influence of the driver who
must use the truck. It may also be the case that managers are not
adequately aware of the problems posed by o0ld, worm out trucks, and
thus do not replace the trucks often enough. As we noted above, it
would appear that most of the trucks inm actual use in material-
handling tasks are quite old. This means that there is a large gap
between the state of the art in truck design and what drivers are
called upon to cope with, and this fact in turn tends to 11m1t
drastically the impact that design improvements cen have on accident
prevention. .This impact is also dependent upon the performance of
the plant's maintenance department, the level of training and
experience and skill of the drivers, and upon the actual operational
requirements of material-handling tasks to be perfomed in the plant.

The nature and condition of the load to be moved was of great concern
to our discussants. The problem mentioned most frequently was the
way in which the load is palletized. The load can be formed so that
part of it overhangs the pallet, or contains empty‘spaces so that
upper items are not supported by lower items, or it can be unsecured
against internal movement, or not secured to the pallet adequately;
it can also be lcaded on a pallet that has boards missing or broken,.
Some of these conditions can remain hidden from the driver, but even
when they are known, the driver can find himself called upon to move
the load anyway. The roots of this problem can be traced in part to
those responsible for forming the lcad in the first place, and in
part to those who make the decision to move unsafe loads without
altering them. The driver himself is not always found at these roots.

Certain physical features of the workplace were also found to be guite
‘problematic. - Chief among these appears to be aisles that are crowded
and cluttered with interim in-process "short-term" storage of goods.
This condition can be brought on by an operations-design that calls
for in-process storage along aisles that may be too narrow to begin
with, by an operations-design that calls for loads being handled by
two or three different kinds of truck before they arrive at their
place in the storage racks cor inside the highway truck or railroad .
car, and by overstocking the plant with goods and materials. Piece-
meal rearrangement of production machines and operations can play a
part here as well. These problems are often complicated by the state
"of maintenance of the trucks, production-speed stress, and non-
defensive walking and working practices of pedestrian weorkers who

find themselves in areas where industrial trucks operate, Here again,
the driver 1is called upon to adjust to conditions that, for the most
part, he did not create himself,
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The condition of the driving surface appears as an important factor

as well, Water and oil and debris on the floor from industrial
processes, water blown onto the loading dock by the weather and
dripping from objects stored outdoors then brought inside, bumps and
cracks and dips and potholes in the floor, and leaks of transmission
0il arnd hydraulic fluid from the trucks themselves all pose obvious
problems. The condition of the driving surface can combine with
certain design-features of the trucks that are not obviously problem-
atic in themselves to add up to a large number of very serious hazards.
Housekeeping operations are not always adequate to keep ahead of these
problems, and drivers rarely have much control over the performance

of these operations.

Our dlscussants mentloned quite a number of operational/behavioral
missteps as contributing in important ways to hazards. Drivers some-
times back up without looking first, turn corners too fast, travel
forward with the load blocking their vision, and fail to warn othérsf
of the truck's presence. Pedestrian workers sometimes appear in _
front of trucks from doorways and side aisles with no advance notlce
to the drivers, fail to hear or heed warnings given, and act as if
they always had the right of way regardless of other relevant ‘
conditions. ,

Most important among these operational/behavioral missteps would
appear to be these three: (a) failure to establish and maintain
effective communication: among workers who are sharing the same tasks
or the same aisle space; (b) the decision to have a co-worker ride
on the truck, the load, the bare forks, or an empty pallet; {(c) the
failure to block wheels on highway trucks and railroad cars, to
check for the blocking, and to check the bed surfaces of hlghway
trucks and railroad cars. .

Ineffective communication among workers sharing the same tasks or the
same aisle-space is inveolved in several different kinds of hazards,
but the need for such communication is nowhere clearer than in tasks
that inwvolve complex interactions between an 1ndustr1a1 truck driver
and a pedestrian helper. A good example of such a task is unloading
goods piled on slip-sheets from highway trucks and railroad cars.
The failure to keep in close touch with each other seems traceable
in large measure to lack of training. . We found that pedestrian
workers are rarely trained at all for those portions of their tasks
that involve interactions with industrial trucks. Drivers also

told us that pedestrians appear to lack important information about
trucks and their operational requirements, such as lateral space
needed, stopping distances, and limitations to drivers' vision.

The communications-problem combines with, and is partially explainable
by several other matters as well: warning devices on the trucks that
are inoperative, inadequate, or just plain missing; blind inter-
sections that lack adequate mirrors and signing, and doorways that
open directly into aisles; nolsey truck engines and noise from
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production machines te which many workers respond by wearing hearing-
protective devices that make it dlfflcult to establlsh and malntaln
auditory communication.

Co-workers are sometimes called upon to ride on the back of an
industrial truck to act as human counterweight for a load just over
the truck's capacity; they are sometimes asked to ride on the load
itself when it is much longer than the forks or consists of inherently
‘unstable items like scrap lumber from broken-down pallets; they are
sometimes asked to ride the bare forks or an empty pallet to per-

form odd jobs like unjamming an overhead cunveyor, fetching a single
item down from a high storage rack, change a lightbulb, or take
inventory, These requirements of materlal -handling tasks seem to
arise with little or no advance notice to the workers called upon to
perform them. Someone, not always the involved workers themselves,
decides also that the task cannot wait for appropriate equipment to
be brought to the scene. 1In many cases, the plant may not own the
appropriate kind of truck or attachment, or the néeded item may be
down for repairs, or currently in use 1in another part of the plant.
The 1involved workers themselves rarely have much say over the number
and kinds and locations of such devices as fork extensions, bigger
trucks, clamp-attachments for handling large rolls, or proper
elevating work platforms with guardrails and toe-boards, or ladders.
They often feel also that they do not dare countermand instructions
by a foreman to do something they consider to be unsafe, or to slow
down the process by taking the time to bring the appropriate equip-
meat to the scene.

The failure to block the wheels on highway trucks and railroad cars

is not one that can be charged to industrial-truck drivers very often.
It is rarely they who are assigned thils task, but if the wheels are
not blocked, this operational misstep can affect the industrial-truck
driver in drastic ways. This failure seems traceable in large measure
to a shortage of wheel-blocks in the plant. No plant we visited

owned enough wheel-blocks to provide two for each bay at the loading
dock and two for each bay at the unloading dock, yet we observed times
when almost all of the bays were in use at once, and no wheels were
blocked at all.

The failure to check for wheel=-blocking and poor bed-surfaces appears
to be a matter of work-design in the plant. The task of checking on
these matters is not always assigned to industrial-truck drivers, and
it is not always clear to the workers around the dock who do have
this responsibility. 0f course, the need to check for blocking is
completely eliminated in many plants by the industrial-truck drivers'
knowing there are no wheel-blocks in the plant. And it is naturally
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difficult to check the bed-surfaces on a highway truck or railroad
car that is fully loaded; but none of this obviates the need to check
on the surfaces of empty trucks and cars, and if no one is aware

that he has the job of doing this and reporting to the industrial- .
truck driver, the latter may lack for crucial information.

Our discussants also talked: about several general features attendant
upon working im thelr plants that contribute in important ways to
hazards. The list includes such matters as pay-scales and job-
prestige levels, the way that drivers and trucks are assigned to

each other, production-speed stress, the age and state of maintenance
of the trucks, and the training that workers. receive for those portions
of their tasks. that involve industrial trucks. It should be noted

that these factors interact with each other and with other factors"-
discussed above in many different ways.

It can happen that, in a plant where production workers are all highly
skilled welders and machinists, positions in the material-handling
aspect of plant operations are low-status, low-paying jobs which other
workers consider to be assigned to those who are generally incompetent
for important work in the plant, but cannot be sacked. Workers who

are filling positions considered in the plant to be low-pay low-prestige
pesitions tend not to fill them for very long, and their position at

or near the bottom of the totem pole provides them little incentive

to attend closely to the quality of their work. Supervision of such
workers can be very lax as regards quality of performance in the

tasks, and strict only as regards quantity of work produced. Positions
known to be toward the bottom of wage-and-prestige pecking orders are
not generally thought to be cones for which much training is appropriate.
This seems particularly true for manual materials-handlers who are

often the ones responsible for load-information in the first instance,
and the generalization seeéms to hold to some lesser extent for walkie-
truck operators and for the drivers of the smaller trucks in the plant.
Workers having a deflated view of the importance of their jobs can
explain _much in the way of poor palletizing and inattentive performance
of many other tasks related to forklift operations.

An attitude of "Oh, what the heck, nobody really cares'" on the part of
materials-handlers may be prompted by what workers perceive to be
management attitudes. 1In one plant, workers told us management did not
care how things were done, just so that they were done quickly. There
may also be a connection between poor attitudes on the part of workers
and the nature of the goods produced at the plant, It appears from

a large number of visits to a great many different kinds of plants in
connection with this and other research projects, that plants producing
inexpensive goods with rather wide margins for tolerance for a mass
market tend to employ rather lower-skilled workers at rather lowver
wages, offer them less training, and emphasize quantity of production
often to the detriment of quality and safety. On the other hand, we
have noted that plants producing high-quality goods for a well-defined
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specialty market tend to employ rather -higher-skilled workers, pay
them rather more, train them somewhat more, and set higher standards
of performance for them as regards both quality of work and safety,
even in materials-handlinpg tasks,

Production-speed stress imposed on drivers of industrial trucks is
..another systems—feature of in-plant operations. Although drivers of
indugstrial trucks are rarely paid on a piecework or incentive basis,
they often interact with other workers who are paid on such a basis.
Production workers and drivers of highway trucks whose pay depends
upon the number of units produced or delivered are not reticent to
remind drivers of industrial trucks of this fact. - We were told that
the need for industrial-truck drivers to rush tends to decrease driver
attentiveness and thereby contribute to a vast number of different
kinds of hazards, as well as to such operational mistakes as turning
a corner too fast, and backing up while turning with the load held
high. :
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We found in several plants that trucks and drivers are assigned to
operations, but not to each other. This way of parcelling out tasks
and equipment has two important consequences: (a) a single driver is
often called upomn to -operate several makes and models of truck, and
even nore than one kind of truck; (b) a single truck will be operated
by several different drivers over a period of time as short as one
shift. These consequences in turn have implications in the broad
human-factors realm. One such implication is that since different
trucks have different control layouts and even identical trucks have
different operating quirks and peculiarities, driver confusion is
possible, especially when the driver is inexperiencéd or has not had
a chance to learn the peculiarities of this truck before beginning’
his tasks with it. It can also be that where a driver has no truck
that is "his" to be responsible for, he is not very careful 1in
identifying and reporting maintenance needs of the trucks he usges.
This kind of general condition can undermine the efforts of a sys-
tem where preventive maintenance depencs solely on the reports of
defects from drivers. In addition, 1t is a truism in maintenance
departments that the number of maintenance needs and problems on a
truck multiply with the number of different people who drive it.

Although the systems-features discussed in the foregoing few para-
graphs are important factors in their own right, the systems-factors
that were most often thought to contribute importantly to hazards -~
were the wage and state of maintenance of trucks, and the training
of workers for tasks that involve powered industrial. trucks.

We noted above that age of the truck affects its maintenance and
operation adversely, and that an old, poorly maintalned truck can
fipure in hazards of nearly every conceivable stamp., We noted in

an earlier section of this chapter that maintenance crews are often
overworked, understaffed, underequipped, and not always well trained.
Drivers sometimes knowingly abuse their trucks, often owing to what
they feel to be the demands of their own jobs. They do not always
perform a therough checkout of the truck before starting their tasks
with it, possibly because of what they perceive to be their job-de-
mands, and because they may have grounds to believe that their

reports of defects will not be attended to expeditiously. Fuel is
added to the fire of such a bellef by shorthandedness in the main-
tenance department. In lipht of these problems, we draw the conclusion
that systems of maintenance that rely solely on the drivirs to inspect
the trucks and detect and report defects are very rarely adequate to
the task of preventing malfunctions in the trucks. A system of
regularly-scheduled routine maintenance of the trucks, with thorough
checklists and required documentation would seem far better. We found
it quite remarkable that only one of the twelve plants we visited
during the course of this study had such a systen.

It was noted in an earlier section of this chapter -that ‘the vast
majority of forklift drivers we talked with said they had received
some training. This fact is hardly just cause for great rejoicing,
however: 34%Z of them said they had received no training; the amount
of training offered drivers seems proportiomal to the capaecity

of the truck they drive, with walkie operators generally receiving
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none at all; formal training is often administered as late as two
years . after the driver begins operating his forklife; formal training
does net always include ‘much hands-on practice, nor does it uniformly
include both a written and a "road" test; it is not clear that on-the-
job training is always very thorough or very intensive, or carried
out in controlled cilrcumstances with close supervision. One driver,
when asked what training he had received for driving a forkllft, said,
"Training? In this joint? _Are you kiddlng?" ,

This researcher finds shortcomings of training in other areas related
to forklift operations even more glaring. We find that very few
mechanics are trained specifically for repairing powered industrial
trucks. If all industrial trucks were powered by gasocline or LPEG, '
this matter would not be serious, but there are now large numbers of
electric-powered industrial trucks, and there are likely to be even
more as the price of liquid fuels continues to rise. Electric

trucks are significantly different from the automoblles that mechanies
are sometimes trained to repair.

We find also that pedestrian workers who are called upon to interact
with industrial trucks are very rarely trained for these interactions;
manual materials-handlers are rarely trained at all which has import-
ant consequences for the condition of the loads drivers are called
upon to move; and no one receives any training emphasis in defensive
walking in the plant.

This last inadequacy in training is made very poignant indeed by
several considerations:

{a) the large number of cases in which a pedestrian bystander is run
over or pinned by an industrial truck, or struck by part of all of

a falling load; (b) the fact that, as drivers report, the attempt to
avoid pedestrian can contribute to several different kinds of
hazards; (c) the fact that drivers often feel pedestrians are unaware
of certain crucial facts about forklift operatioms; (d) the fact that
pedestrian traffic in an industrial plant is almost never isolated
physically from industrial-truck traffiec. On city gstreets, there is
usually a curb, and a few feet distance separating pedestrians from
‘cars and trucks.  On city streets, there are also traffic lights

and marked pedestrian cross-walks, and rather clear right-of-way
rules. Such care in traffic engineering is almost never found within
an industrial plant, and training is not offered to take its place.

The appendix to this chapter shows that there exist 0SHA and ANSI

safety standards that are related to most of the thirty-eight common 2
factors identified in the course of this study. The appendix shows .
also that several of the factors singled out for discussion in this

chapter have received a good deal of emphasis during inspections by .
0SHA offieials, particularly training and maintenance. ‘Even some -
of the operational/behavioral standards have received commendable

emph351s in inspections, partlcularly in the case of blocking wheels

on highway trucks and railroad cars, and in the case of slowing down

and sounding the truck's horn at corners and intersections.
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Other important items like the requirement that only safe loads be
handled, are not addressed so well by either the standards or by
1nspections Some additions and alterations im the standards would
seem to be helpful in such areas, particularly the following:

(a) it should be required that loads must be handled using the
appropriate attachments or containers, which must be adequately
naintained and present in adequate numbers and size near where they
are needed in the plant; (b) it should perhaps be required explicitly
that the plant must maintain adequate numbers of wheel blocks for
highway trucks and that these be readily available where they are
needed; (c) the section on platforms for elevating workers on the
forks'seems to stand in need of an explicit reference and inclusion
of ANSI B.>6.1 1975 para. 427 that deals with elevating work plat-
forms; (d) it might be advisable to require that industrial~truck
mechanics be trained specifically for repairing the kinds of

trucks used in the plant, that those responsible for forming the
loads that are to be moved by industrial truck be trained for these
duties, that pedestrian workers who interact with industrial. trucks
be trained for these interactions, and that all workers in the '
plant be given training emphasis in defensive walking in the plant;
(e) it seems appropriate to require that the plant have an adequate
system of regular maintenance of the pallets and skids and stack-
able containers used in the plant; (f) it seems in order for certain
sections stating operational/behavioral requirements aimed ultimately
at the driver to be re-worded, as discussed in the section of this
chapter on standards. It will be noted that the changes recommended
here would require some study before they can be finalized, but no
change recommended here is a very drastic one. They are all additions,
clarifications, and rather minor re-wordings of sections that already
exist. :

But to make the standards even more workable, a great deal of further
study and work would seem to be called for. 1In order to be quite
general, the standards are necessarily rather vague on scme important
matters of adequacy of training, of numbers of wheel blocks and
attachments, of warning devices on the trucks, of devices attachable
to the truck for working at height. Employers might well have some
difficulty in reckoning what they must do to come into compliance
with such standards, and inspectors may well have some trepidation
about judging the degree of compliance with such standards in a given
plant. Accordingly, it would seem helpful to develop some guidelines
for employers, and drivers as well, to give these persons a more
concrete idea of what they could do to come into compliance with the
spirit of the regulations. These guidelines should be of an advisory
nature, not mandatory, because the specific needs can vary almost
incredibly from one plant tc the next, even within the same industry
with roughly the same processes. It would seem to the point also to
provide 0SHA (and State) inspectors with techniques for judging the
employer's degree of compliance on such matters of judgement as
adequacy of training, of truck maintenance, of pallet maintenance,

of numbers and kinds of attachments and accessories, of aisle width
and stcrage practices, of the condition of driving surfaces and
driving and walking and of safe speeds and traffic engineering in the
plant. Since the workers in the plant are in the best position of
anyone to judge such matters, it would seem appropriate for inspectors
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to have at their disposal techniques for interviewing workers on such
topics and evaluating their responses. Some training for inspectors

in how to use BLS accident data and plant safety records to spot
potential trouble-areas would also seem in order. Clearly a great
deal of study will be needed to develop such gulidelines and techniques,

There is alsc a great deal of study that seems in order in connection
-with these non-design factors that contribute to industrial-truck
hazards, that is not related to standards. Some of this study would
be of a2 more scientific nature, aimed at enlarging and completing the
understanding of how factors contribute to hazards; other study would
be of a survey-type aimed at discovering needs and establishing
approcaches to the cure of The Industrial Truck Problem.

Scientific investigation is’ called for to learn just how factors
actually contribute to hazards. The model of hazard management

(see above in Chapter 2) that has guided the present study focusses
attention on the individual worker and work team as the primary

locus of control of the hazards of their tasks. Accordingly, a
factor contributes to a hazard by making it difficult for the
individual worker or the work team to control that hazard during
their tasks. The present study has disclosed thirty-eight such
commbﬁ_factors, but it has not always been able to explain just

how the factors in question make it difficult for workers to excercise
effective feedback-and-feedforward control of the hazards they
encounter. For a properly full understanding of how factors
contribute to hazards, questions like the following need to be
answered for a great number of different factors: (a) Does the factor
constitute a lack of information crucial to the worker's forming an
appropriate control judgment? (b) Does the factor in question
constitute an information-overload? Of what sort? (c) Does the factor
inhibit the formation of an appropriate control-judgment, even given
adequate information? How does the inhibition occur? (d) Does

the factor constitute a block to the execution of an appropriate
control judgment? Is the block meurological, physical, or "psych-
ological'?

Some survey-type investigations seem in order as well, with the
aim of discovering the most helpful lines of approach toward
curing some of the most pressing common problems in forklift
safety. We have found over the years that workers are collective-
ly very good socurces of information about what safety practices,
plant layouts, operations designs, job designs, and so on tend to
contribute to hazards and which do mot. Since it is individual
forklift drivers and pedestrian. co-workers who must in the end
adapt to and work with whatever curative approach is taken, it
seems most appropriate to consult them in advance. Thus it seems
in order to survey these workers to learn if certain kinds of
hazards and factors can be eliminated and controlled best with one
or another approach. For each of several kinds of accidents and
hazards, and factors, workers should be asked whether changes in
the loads, the physical features of the workplace, the trucks,
certain job requirements, training, work rules and supervision,
maintenance, or other general features of plant operations would

111



constitute the most fruitful approach to preventing forklift safety
problems. Results of such investigations can help to guide stan-
dards-setters, enforcement personnel, scientists, plant managers,
training experts, manufacturers of industrial trucks, and truck-
dealers to areas in which their efforts can accomplish the greatest

good.

Other survey-type research can be carried out at the level of the
individual plant and at the level of truck-dealer and truck-manu-
facturer. Plant managers would seem very well advised to survey
their own workers to learn what the hazards and factors are that
prevail in the individual plant. Comments from workers can be
extremely helpful in setting priorities for forklift-safety efforts,
and in guiding the efforts in the most fruitful directions.

Manufacturers and dealers of industrial trucks might do well to
survey their users more rigorously and in much broader scope than
they appear to do now. Conversations with manufacturers' repre- -
sentatives have left this researcher with the distincet impression
that dealers and manufacturers do not have a very broad or very
reliable picture of their users' real forklift-safety problems
and needs. The result of this lack of wide reliable knowledge
seems to be that the ingenuity of design-engineers is sometimes
applied to problems that may be quite minor ones. Such a rigor-
ous .survey might yield the results that manufacturers and dealers
should devote efforts toward fitting better-vision masts and

more comfortable seats and better foot-padding and more durable
markings to the more widely used models of older trucks; such a
survey could show that design-priorities for new trucks should
center around matters like eliminating pinchpoints around the
mast rather than the shape of hand-grips for trucks designed

to be steered with one hand; such a shrvey might shew that man-
ufacturers and dealers should allow design-innovations to take

a back seat to efforts in referring users to consultants with
expertise in other areas of truck operations - e.g, training,
plant layout, load formation, materials flow, traffic engineering,
maintenance of trucks and physical plant, -housecleaning and the
like.

AND TO CAP IT ALL OFF...

Five crucial matters have become quite clear in the course of the
present study: (a) the factors that contribute to industrial-
truck hazards and accidents are myriad in number and kind, and
they interact with each other and with factors .that are otherwise
quite innocuous in a fairly bewildering number of different ways;
{b) the conditions 1in the plant that give rise to hazard-making
factors for forklift operations vary almost incredibly from one
plant to the next even among plants in the same industry and with
roughly similar industrial processes; (c) the effective and safe
performance of materials-handling tasks using powered industrial
trucks depends very much on the way that persons other than the
driver and his helper{s) perform tasks that are distinct from,
but obviously related to the tasks of the driver and his helper(s);
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the driver and his helpers typically have little or no influence

over the way in which these other tasks are carried gut; (d) the
training that workers involved in industrial-truck operations receive
génerally tends to leave somewhat to be desired; (e) the wvast majority
of powered industrial trucks in use today are quite old, and there is
thus a large time-lag between the state of the art available in new-
truck designs that can be purchased or leased and the truecks that
drivers and pedestrian workers are called upon to cope with in their
everyday tasks. '

These five matters have drastic consequences for safety research,
for standards-setting and -enforcement, and for direct accident-
prevention efforts. '

1, MNo single factor or group of factors can be said to have over-
bearing importance in the causation of forklifr accidents and in

the prevention of same. When the complex interactions of factors
and the plant-to-plant variations are taken adequately into account,
it can turn out that no one factor or group of factors even rlses

to the status of statistical significance.

2. The ergonomic design (or lack thereof) cannot justly be said

to be among the top three, top five, or even top ten considerations
in the causation and prevention of industrial-truck-safety prob-
lems. That is not to way that human-factors design of trucks is
not dimportant and cannot be improved - what is said in this chap-
ter would surely vitiate that conclusion. But its 1mportance
cannot be given a precise ranking of any sort.

3, The same is true for truck-design inadequacies in general as
is true for ergonomic design of powered industrial trucks.

4, Hazaxrd-making factors can arise or be eliminated within every
task~element related even remotely to industrial~truck operations,
from truck design to truck selection and procurement to load
formation to housekeeping to plant layout to training to oper-
ating with the truck to job-design to operations-design and
materials-flow, and so on ad nauseam. A decision or change in
any one of these elements can have drestic consequences, be
rendered ineffectual, or be contreolled for in at least ¢ne other
element. A management decision tc place production workers on a
piecewotk or incentive basis of pay can give rise to some very
ugly industrial-truck hazards, even when industrial-truck drivers
thepselves are not paid on this basis. The incorporation of an
inch-pound load-moment device can be rendered ineffectual by poor
malintenance or uninformed mechanics; it can be a source of great
frustration to a highly-skilled driver if he is never told that
his truck is equipped with such a device. A more stable truck
can be rendered irrelevant if the driver goes around a cornmer at
near top speed with a heavy load teld high. A cramped, poorly
padded driver facility of the truck can-be compensated for by a
driver who knows how to take frequent stretch-and-limber-~up breaks
without letting his foreman catch him at it.
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5. Therefore, concentration of research and direct accident-pre-
vention efforts in a narrow range of areas for universal applica-
tion, such as a national-emphasis-effort on training and/or truck
degsign alone, 1s not likely to accomplish much toward the reduction
in frequency and severity of forklift accidents,

6. Industrial-truck operations should be regarded as single
nationwide system, of which every driver, every pedestrian co-
wvorker, every manual materials-handler, every truck designer and
assembler and dealer and saleman, every manager and purchasing

agent and industrial planner, every safety researcher and data-
gatherer and standards—developer and enforcement-officer should
consider himself a part. As things stand now, each of the ele- .
ments of this system performs inadequately at least sometimes,

and the system as a whole seems very poorly integrated;‘ No one
element is always properly aware of the needs of the other elements.

7. To allow better integration of the industrial-truck-operations
system, pedestrian workers and forklift drivers should be made
better aware of each others' job-requirements and equipment-limit-
ations; plant managers should become more aware of the actual haz-
ards faced by their workers, and the factors that contribute to
these hazards; dealers and manufacturers of industrial trucks
could be better informed about the actual forklift-safety problems
of their users, and could apparently do better at communicating
their own expertise to the users and drivers; inspectors should be
equipped with some good techniques for identifying important
gafety problems in forklift operations in the plant at hand,
tracing them to their roocts, and verifying their importance in

the plant,

The human factors involved in industrial-truck hazards and acci-
dents include the ergonomic design of these trucks, but they con-
sist more importantly in the way in which persons other than the
industrial-truck driver and his helper (s), and these persons as
well, perform tasks related to handling materials with powered
industrial trucks. The most remarkable areas of human performance
would appear to be these: establishing and maintaining effective
communication among workers sharing the same material-handling

task or the same aisle-space; the decision to have a co-worker ride
on the truck, the load, the bare forks, or an empty pallet; the
performance of those responsible for forming the loads to be carried
by industrial trucks; the performance of those responsible for
blocking and bed-surfaces; the performance of those responsible

for planning plant layout, storage practices, material flow,
traffic engineering, training, pa-bases and production schedules,
and procurement of trucks and attachments and accessories; the
performance of those responsible fer maintaining the trucks, and
for housecleaning; the performance of those persons responsible

for the design of the trucks themselves; and the integration of

the industrial-truck-~operations system as a whole. ‘
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APPENDIX TO CHAPTER 4

Table of .
Factors and Standards and Violations

Factor - Standard ‘ 1975 Violations”

A. SYSTEMS - FEATURES OF INDUSTRIAL-TRUCK OPERATIONS IN PLANTS

1. Training ' a. 178(L) provides that only a.
authorized and trained persons
shall operate industrial trucks

b. 178(Q) (1) all repairs shall b.

be made by authorized personnel

2. Production-Speed Stress

3. Assipnment of Trucks &

Drivers to.Each Other
4. Availability of Tools & a. 178(G)(4) a conveyor or over- a,

Attachments & Accessories head hoist or equivalent mat-
erial handling equipment shall
be provided for handling batteries

b. 178(K) (2) requires wheel-stops b.
to be provided for railroad cars

c. 178(K)(1) requires setting c.
brakes, blocking rear wheels
of semi-trailers

d. 178(M)(12) sets design re- d.
quirements for trucks equipped
with controls elevatable with
the carriage or forks for
lifting personnel

e, ANSI B.56.1 1975 para. 427 on e.
elevating platforms
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50 fine

86
$2,115 fines

207
82,640 fines

142
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5, Maintenance of Trucks a. 178(P)(1) defective trucks a. 930
shall be .removed from service - §16,149 fines
until restored to safe oper-
ating condition

b. 178(Q) (1) defective trucks b. 291
shall be removed. from service $3,805 fines
c. 178(Q)(7) trucks shall be c. 336
examined daily or at end of $4,321 fines

each shift. Defects found .
shall be reported immediately

and corrected; defective trucks
shall not be placed in service

d. ANSI B.56.1 1969 para 702A d. -
A scheduled preventive main-
tenance, lubrication, and
ingpection system shall be

followed
6. Pay-Scéles and Job-
Prestige Levels
7. Age of Trucks as under Maintenance, above

B. OPERATIONAL/BEHAVIORAL REQUIREMENTS OF TASKS

}

1. Backing Up ‘ a. 178(N){4) driver shall travel a, 635
with load trailing if load $5,635 fines
.being carried obstructs forward
view
b. 178(N)(6) driver shall look  b. 9
in direction of travel and $275 fine
. keep a clear view of .path of oo
travel
2. Turning a. 178(N)(4) .(See‘above) " a. See above

b. 178(N)(15) while negotiating  b. 1
turns, keep speed down to a $0 fines
safe level by means of turning
the hand steering wheel in a
smooth sweeping motion. Except
when maneuvering at a very low
speed, the hand steering wheel
shall be turned at a moderate,
even rate
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3. Warning Others of
Truck's Presence

4. Requesting/Giving Rides
on the Truck, Load,
Bare Forks or Empty
Pallet

5. Walking and Working‘in.

the General Area of
Life-Truck Operations

6. Communication during
Shared Tasks, or in
Shared Spaces

178(N){4)  (See above)

. ANSI B.56.1 1969 para 427

requireS'horn; or whistle, or
gong or other warning device

. 178(N)(4) driver shall slow

down and sound the horn at
cross aisles and other loca-
tions where vision is ob-

‘structed -

. 178(M) (3) unauthorized per-

sonnel shall not ‘be permitted
to ride on powered industrial

‘trucks. A-safe placé to ride
shall be provided where riding

of trucks is authorized’

. 178(M) (4) employer shall pro-

hibit arms or legs from being

placed between the uprights of
the mast or outside the running

lines of the truck

178(M) (12) (See abave)

. 178(0) (1) only stable or

safely arranged loads shall
be handled

. 178(0)(2) only loads-within

the rated capacity of the
truck shall be handled

ANSI B.56.1 1975 para 427
on elevating platforms

- 176(A) and 22(B){1) permanent

alsles and passageways shall
be kept clear and in good
repair, with no obstruction
across or in aisles that
could create a hazard

22(B) (2) perManent aisles and

‘passageways shall be appro-

priately markeq‘

u

. 178(N) (6} (See above)}

178(N)(8) speed must allow
safe stopping

119

3]

. N.A.

See above

78
$6,450 fines

38
5360 fines

See above

24
3610 fines

. 13

$220 fines

Fourth most

frequent viola-
tion 1973%*

See above

See above

. 13

$265 fines
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10.

11.

. Parking the Truck

Blocking Wheels on
Semi-Trailers and Rail-
road Cars, Checking on.
Blocking and Bed-
Surfaces

. Non-Required Behaviors-

Horseplay, Showoff
Driving, Jerky Driving

Generally Attentive
Operating

Servicing the Trucks

. 178(M) (5) specifies procedure

when driver leaves the truck

: 178(K) (1) (See‘above)

178(K)(2) (See above)

; 17B(X)(3) requires fixed jacks

under semi-traile¥ when trac-
tor is unhitched

. 178(X) (&) requires positive

prevention to be provided
against railread ¢ar moving
when dockplates are in place

; 178(M) (7) repeats the provi-

sions of (X), mandates check-
ing bed-surfaces on trucks,
trallers, railrpad cars before
driving industrial trucks onto
them

. 178(N) (9} stunt driving and

horseplay shall be prchibited

.v178(G)(2) facilities shall be

provided for flushing and

neutralizing spilled electrolyte

b. 178(G)(4)
c. 178(Q)(7)
d. 178(Q) (1)

e. 178(P) (1)

(See above)
.{S8ee above)
(See above)

(See above)

. 178(Q) (4)

trucks in need of
repairs to the electrical
system shall have battery dis-
connected prior to such repairs

C. OBSERVABLE CHARACTERISTIES OF THE TASK-SITE

1. Narrow Aisles

a .

176(4A) and 22{B)(1) suffi-
cient safe clearances shall be
allowed for aisles
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516
$4,105 fines

See above

. See above

3
$85 fines

5 .
$30 fines

. 101

$1,115 fines

3

$65 fines

297
$2,530 fines

See above

. See above

See above
See above

0
50 fines

. See above



2. Crowded, Cluttered a. 176(A) and 22(B)(1) (See a. See above

Aisles above and below)
3. Intersections and a, 178(N){3) no passing at . a. 0. o
Doors intersections or blind spots 50 fines
b. 178(N) (4) (See above) b. See above
c. 178(N)(6) {See above) ¢. See above
d. 1L78(N)(8) (See abowve) d. See above
e. 178(N)(10) slow down for wet e, 0
and slippery floors 50 fines
f. 178(N)(14) avoid hitting £f. 2
lcose objects on the driving $60 fines
surface
g. 176(4) and 22(B)f1) (See g. See above
above)
4. Concentrations of
Traffic
5. Conditlon of the a. 176(A) and 22(B)(1l) (See - - ' a. See above
Driving Surface above)
b. 22(A)(1) all places of em— b. N.A.
ployment - shall be kept
clean and orderly and in a
sanitary condition
c. 22(A)(2) the floor of every c. N.A.
workroom shall be maintained
in a clean and, so far as
possible, a dry condition
d. 178(N) (1) observe all traffic d. 10
regulations, maintain dis- $§335 fines
tance about -two truck lengths
from truck ahead. Keep truck
under control at all times
e. 178(N)(10) (See above) e, See above
f. 178(N) (14) (See above) f. See above
6. Noise, Obnoxious QOdors, a. 178(1I)(1) sets TLV for CO, - a. 5 T
Toxic Gases, Dust, refers tc 1000 $60 fines
Lighting

b. 178(H) (1) sets standards for b. 11
lighting intensity $100 fines
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6. Noise (Cont'd.)

D. LOAD CHARACTERISTICS
1. Poor Palletizing
2. Pallets in Poor Repair

3. Load is Too Heavy

4. Load 1s Inherently
Unstable or Blocks
Vision

E. TRUCK FEATURES

1. Brakes

2. Steering

C.

. 178(GY(2)  (See

. 178(0)(2)

. 173(0)(35

178(H) (2) mandates auxiliary
lights for trucks operating
in dark areas.

above)

178(0)(1)‘

(See” above)
178(0) (1) (See above)
178(0) (1) (See.above)
178(0)(2). (See above)
.178(0)(3) long or high loads

that affect capacity shall
be adjusted

. 178(0)(1) (See above)

{See abové)

(See abdve).

. 178(0) (4) when using éﬁtach—

ments, secure and handle
loads carefully

178(0) (5) driver shall get
forks :‘as far under load
as possible

ANST B.56.1 1969 para 410
thru 416 set minimum drawbar-
drag figures, maximum pedal
pressures

b. 178(RP)(1) (See above)
c. 178(Q) (1) (See above)
d. 178(Q)(7) (See above)
a. 178(P)(1) (See above)
b. 178(Q) (1) (See above)
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. See

. See

. See

. 8 ,
$60 fines

above

above

See above

. See above

See above

0. ,
$0 fines
See above

See above

. See above

-1

$0 fines

$80 fines

N.A.

See above

See above
above
See above

See above



. Steering (Cont'd.)

. Malfunction of Clutch,

Shift Linkage or
Transmission

. Malfunction of Speed-

and Direction-Switches

. Leaks in Hydraulic

Systems, and/or
Transmissions

Driver Vision

. Ergonomic Design

Features

Safety Devices Lacking,
Inadequate, or Mal-
function

. 178(Q) (7) (See above)

a. 178(P)(1) (Sée above)-

b. 178(Q)(1) (See above) -

c. 178(Q)(7) (Bee above)

d. 178(M)(5) (See above)

a, 178(P){1) kSee above)

b. 178(Q) (1) (See above)

c. 173(Q)(7) (See above)

a. 178(P)(1) (See above)

b. 178(Q) (1) (See above)

c. 178(Q)(7) (See ab§ve)

a. 178(Q){9) trucks tbat over-
heat must be removed from-
service, defect remedied
befofe placing back inte
service

a. ANSI B.56.1 1969 para 421

overhead guard must be min-
imum 74" from top of plat-

form to underside of canopy
on 9tandup rider trucks

ANSI B.56.1 1969 para 421 sets
specifications for overhead
guards

. B.56.1 1969 para 422 sets

specifications for load
backrest ‘extensions

178(E)(2) and (M)(10) require
use of load backrest exten-
sion if type of load presents
hazard of 1ts falling backward.
Extension must conform to

ANST B.56.1 1969 °

178(E) (1) and (M) (9) requite
overhead canopies
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c. See above.
a. See above
b. See above
.c. See above
d. See above
a. See above
b. See»above
c. See above
a. See above
b. See above
c. See above
a. 1
Fines N.A.
a. N.A.
a. N.A.
b. N.A.
c. 60 ‘
$1,520 fines
d. 522

314,865 fines



8. Safety Devices e, B.36.1 1969 para 427
(Cont'd.) {See abowve)

f. 178(PY(1) (See above)
g. 178(Q) (1) (See above)

h. 178(Q)(7) (See above)

9. Emissions from Truck a. 178(1)(1) (See above)
10. Driver Confusion o a,_ANSI B.56.1 1969 para\&ii

about Controls - ) thfu 416 set general guide--
. ‘lines for control layouts
and modes of operation

b.ZIJB(A)(l) nameplates must be

kept in good legible condi-.
tion A

c. 1]8(Q)(10) trucks must be
kept clean

* 1975 violation data courtesy of OSHA
** from Anonymous, 1973 .
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See above

. See above
. See above
Seeé above

. N.A.

178 .

$6,695 fines

35

$35 fines
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CHAPTER 5. HUMAN FACTORS IN USING CRANES AND_HOISTS FOR OVERHEAD LIFTING

I. INTRODUCTION

The use of cranes and hoists for overhead lifting and materials handling is
pervasive throughout industry. Crane and hoist systems allow industrial op-
erations great flexibility 4n moving and manipulating objects from a few
pounds to 300 or more tons. Besides this flexibility, crames and hoists
occupy little usable floor area while providing a tremendously productive
tool to numerous manufacturing operations. In constructiomn, cranes of var-
ious types-are indispensable. Warehousing, shipping, maintenance and repair
operations find various crane or-hoist systems invaluable.

However, as with any mechanical technology, the use of overhead lifting
devices presents particular hazards to the humans who must operate and
interact with these machines. This chapter will attempt to define these
areas of hazards in the use of holsts and cranes; indicate what is being
done to control these hazards; and suggest what might be done to provide
improved and realistic accident prevention and worker protection through the
control of crane- and hoist-related hazards. Throughout this éffort, com-
ments on the ergonomic relationship of human behavior to machine function
will be employed to indicate the interactive and multi-factored nature of
crane and hoist operations.

OVERVIEW OF CRANE AND HOIST OPERATIONS

Understanding the safe operation of any crane or hoist, whether a 200-pound
garage holst or a 400-ton construction ringer crane, involves understanding
the system in which that crane or hoist functions. That system involves the
physical dimensions of the crane or hoist (controls, capacity, slings and
attachments, etc.); the behavioral components of crane or hoist use (operator
selection, proper procedures, hitcher operator communications, erc.); and the
interaction of these two factors (equipment selection, maintenance reporting
and schedules, sling inspection and repair, etc.). When crucial components
of any system fail to inteprate properly, variance develops in the system.
This variance in the system's operation must be compensated for or the pos-
sibility of system fallure exists. This study report seeks to indicate what
obstacles to the proper integration of crane or holst operations are likely
to occur, and how these unwanted situations can be prevented; or should they
occur, how can workers be protected from injury. ‘

Simply, the function of any crane or hoist involves three steps: 1lifting
some object to a height adequate to clear surrounding obstructions; moving
the object to some desired location within the range of the crane or hoist's
design, and the placement of the object at some desired position. Within
this process, the crane or hoist can be used to manipulate or support the
object so that some further operation involving the object might be carried
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out. One other element crucial to successfully moving any object with a
crane or hoist invelves properly attaching the object to be moved to the
crane so that the object will not fall as it is handled and moved.

Although cranes and hoists come in a variety of sizes and designs, varia-
tions of the above steps are common to the operations of each machine's use.
However, -because of differences in their design, locatlon, size or type of
locations, different types of cranes and hoists have various hazards
involved in their operations to a greater or lesser degree. :

These variations in use and scope of operations segment cranes and hoists
into four general categories: Mobile cranes and tower cranes which are
designed to be moved from one job location to another, used extensively in
construction and ocutdoor operations; holsts and small cranes fixed in posi-
tion or mounted on a single travel rail which may swing around a fixed

pivot or be stationary; cranes and heoisting systems operated by some port-
able remote station, where the crane or hoist has travel in two dimensions
other than hoisting (bridge and gantry type cranes--radio or pendant oper-
ated); and cranes and holsting systems operated from a cab attached to the
crane or some fixed remote station, where the crane or hoist has travel in
two dimensions other than hoisting (bridge and gantry cranes, stacker cranes,
and custom rail guided cranes). While this division is not perfect, and
some cranes exhibit components of more than one category, this categoriza-
tion of equipment does generate idsues unique to the use of cranes in each
of these divisions. These issues will be discussed at length in Section III
of this chapter. ' : C ‘ ‘ Lo

MAJOR HAZARDS INVOLVED IN CRANE USE

The principal hazards 1nvolved in overhead lifting are 31m11ar to the hazards
involved in aircraft flight. In both cases the main goal is to lift an
object (aircraft or materials load), transport it and set it down at a
chosen location. Failure in the suspension mechanisms of aircraft mean a
crash or emergency landing; a failure in the suspension of a lifted crane
will result in the load's falling. When an aircraft in flight strikes some
intermediate cobject, like a mountain, its flight is terminated; when a crane
load strikes a pedestrian or a machine while being moved, damage is done and
a lead could fall. A poorly maintained aircraft is likely to operate
roughly and unreliably; a crane or hoist poorly maintained can operate
jerkily, respond to controls 1nd1fferent1y, and occasionally fail physically
far below its rated capacity. :

This analogy can be extended; however, the important point is that the
obvious hazards to safe aircraft transportation have been controlled by
developing elaborate systems to manage these inherent hazards. When the
visibility of an aircraft pilot is limited or restricted, flights are not
allowed unless instrumentation to compensate for this limitation is used;
if aircraft do not receive periodic maintenance checks or adhere to inspec-
tion standards they aren't allowed to fly; and pilots who lack the train-
ing, experience, or physical ability to safely operate various types of
aircraft are restricted to only those types of aircraft for which they
qualify. .
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Similar types of hazard management in rhe use of crane and hoist systems
are either nonexistent, or where these sorts of controls or restrictions
are imposed through standards or individuazl company policy,  their imple-
mentation is often compromised by expediency or "get the job done" consid-
erations. ) .

In the balance of this report, the nature of hazards and their possible con-
trols in crane and hoist use will be documented and discussed. By utilizing
accident reports and investipations; results of interviews with overhead
lifting equipment manufacturers and distributors; interviews with managers,
engineers and workers in industries using crane and hoist systems; and appro-
priate allied information sources (other research, conference comments, pub-
lished articles, etc.}, an attempt will be made to define the dynamic inter-
action of factors which are involved in crane and hoist operations safety.
Where apprcpriate, examples from this data will be used to illustrate various
aspects of safety in crane and hoist use. These examples are hot intended

to limit the scope of applicability of this report's results; rather, they
are intended to stimulate the users of-this report to translate it's results
to the specific crane or hoist use situation they are concerned with.

.

REPORT ORGANIZATION

The following section of this chapter details the process of data gathering
and field observations forming the methodology for studying crane and hoist
use. The next section will summarize the results of the data amalysis and
field observations performed concerning the safe use hazards and human fac-
tors issues in crane and hoist use. ' Following the presentation of this
data, Section IV discusses the implications of this data to human factors
in crane and hoist use. The final section presents some recommendations
for further safety efforts related to crane and hoist use.
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II. CRANE AND HOIST STUDY METHODOLOGY

As is indicated in Chapter 3, the methodology in this project involved three
phases: (1) the gathering and analysis of rausal accident information;

(2) the observation of field use of materials handling equipment, integrating
the accident information into these field inveatigations; and (3) the analyeis
of this information for the formulation of research conclusions. Below we
will briefly indicate how these procedures were applied to the study of human
factors in the safe use of cranes and hoists.

DATA ANALYSIS FOR CAUSAL PATTERNS

The qualitative and quantitative description of crane and hoist accidents -
detailed in Section III of this chapter are the results of studying crane
and hoist accldent data from the Wisconsin Worker's Compensation Systen.’
This data consists of causal comments and causal data coding from employer's
reports of compensable accidents, employe causal remarks on an accident ben-
efits assessment questionnaires, and field inspection reports of selected
accidents. ‘

This data analysis generated categories of accident description and indicated
causal factors involved in these crane and hoist accidents. Information
obtained from the data analysis was used to generate a Detailed Analysis of
Crane and Hoist Accidents summarizing the significant information involved in
the data analysis, and documenting the descriptive data factors involved in
the accident categories. This accident analysis was used to direct the ef-
forts of the next phase of the study, the cbeservation and assessment of human
factors and safety hazards in the use of cranes and hoists.

OBSERVATIONS AND SITE VISITS

Ten industrial establishments were visited in the course of this study to
observe and discuss the use or design of cranes and hoists. Three of the
establishments were primarily approached as manufacturers or suppliers of
cranes or holstg and overhead lifting attachments. "One manufacturer is a
large Wisconsin corporation which is the major domestic manufacturer of large’
Overhead Bridge cranes and a major manufacturer of electric hoists for incor-
poration into small and medium sized crane and holst systems, as well as
other heavy equipment and mobile hydraulic cranes. A second Wisconsin man-
ufacterer speclalized in the design and production of large lift, ringer and
tower mobile cranes; this corporation has earned a reputation for excellence
in this field. The third establishment was a small energetic company engaged
in the supply and fabricacion of slings and attachments for overhead lifting, .
as well as the sale of small electric hoist systems, This company was the
main supplier of chain and other sling accessories to a number of 1atge and
small establishments participating in our study

0f the seven other companies visited to observe crane or hoist operations,
four involved foundry operations exclusively or had a foundry operation as
part of their manufacturing operations. Those egtablishments with foundry
operations as part of thelr manufacturing plant were involved in the produc-
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tion of plumbing fixtures and small gasoline engines: papermaking machinery;
and large drive gears and transmissions for maritime and other large scale
applications. The three remaining establishments were an aluminum rolling
mill, attached to a large aluminum stamping corporation:; a construction site
involving the erection of a large electrical generating plant; and a trans-
fer, storage and crane rental operation. '

The extent of the observations and discussions carried on in each estab-
lishment visited varied and was usually determined by the willinpgness of the
company involved to allow the. researchers to approach workers on the shop
floor; or the time and physical energy limitations of the researchers and
accompanylng company representatives. In five of the establishments visited,
members of our research team were able to directly talk with workers on the
shop floor, when such conversations did not upset production. In thesgse in-
stances, workers were asked questions designed to extract the workers' knowl-
edge of crane-or hoist-use hazards or hazard contrels. In plants or work
sites where it was not feasible to interview some or all workers, supervisory
and management personnel were made avallable for extended discussions. These
types of discussions were also carried out in plants where workers were
interviewed.

Where it was allowed, a photographic record was made of crane and holst op-
erations and indicated hazards. These 35mm transparencies were used by
researchers in subsequent discussions of the hazards and hazard control sys-
tems observed in the establishments visited.

OTHER SOURCES OF DATA AND IKFORMATION

In addition to the data analysils discussed above and the field observatiomns
of equipment used, other avenues of informatlon related to the safety of
crane and hoist operations were pursued. The lack of a vast body of 1lit-
erature In ergonomic and engineering journals was indicated by an initial
manual search of these sources and later confirmed by a computer literature
search (University of Wisconsin Engineering Library Services). Trade jour-
nals, while found to contain information of probable value to industrial
managers concerned with efficient hoisting equipment selection or standards
compliance, seldom contained articles providing data on the causes of safety
problems in materials handling equipment use. Those articles which were
found to be of value will be discussed at appropriate times in this report
and are listed in the bibliography at the end of this chapter.

One notable source of information on moblle crane safety and proper op-
erations was obtained through discussions with Mr. Don Dickie of the
Province of Ontario's Construction Safety Association. Mr. Dickie's or-
ganization, as part of the Province's Worker's Compensation program, carried
out an in-depth study of crane use accidents in construction. The applica-
tion of their research results through training and certification aimed at
crane operators has had a significant effect on reducing Ontario's crane
accldents in construction. Thils program and two training books on crane
operation and rigging published by the Construction Safety Association of
Ontario are discussed 1in greater detail in Section IV of this chapter.
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An additiornal source of information on mobile crane operations was obtained
when three members of our research team attended a .course on crane failures
presented by the University of Wisconsin Extension. Information and com—
ments gathered from this course will be presented in the mobile crane sec-
tion of a supplementary report (Gottlieb 1978).

HAZARD ANALYSIS AND DATA INTEGRATION

Having amassed a large amount of accident. data, information sources, and .
interview notes related to c¢rane and hoist use generated through this pro-
ject, the final task involved synthesizing a coherent . picture of the human
factors involved in the safe operations of cranes and hoists. This process
involved two basic components of analysis and a final component of expanding.
on the findings of the study to formulate suggestions for improving efforts
at eliminating the losses accrued from crane and hoist related accidents.

The first analysis effort involved the integration of causal and descriptive.
accident data with the results of field observations and interviews related
to crane and holst use and their hazards and hazard control systems., This
consisted of analyzing the results of field observations and interviews to
relate the hazards or hazard controls indicated in this data to five
catepories, indicating where in the Industrial work process the hazards or
controls originated or where realized. These categories (remote precccupa-
tional conditions, at site preoperational conditions, at site task op-
erations, at site task follow-up, and overall operation support), described
in the Chapter 2, are intended to indicate where in the industrial pracess
attention might best be directed to reduce a hazard's developing into an-
accident. The results of this analysis are presented in Section TIT.

The gecond analysis involved the incorporation of cormments gathered from
field observations and interviews on-crane and -holst hazards into the gen-
eral accldent categories developed in the initial analysis of crane and

hoist accidents. Hazards were listed under each category of accident type
for which the hazard seemed appropriate. The central themes of these hazards
were indicated and used to summarize the nature of the hazards which were
found to be appropriate to each category of accidents. The results of this
summary and analysis are contained in the next sectilon of this chapter.

The final effort of the gtudy, whose results are presented in Sections IV
and V of the chapter, invclved the application of the data and results of
this project to specific hazard management and control situations involving
cranes and haists. In Section IV, areas of human factors problems deter-
mined te be crucial by the researchers and consultants in this project are
addressed, Section V is a more subjective attempt to outline suggested
actions which may be initiated by industry or government to reduce the
undesired effects of crane and hoist hazards. :
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II1. ACCIDENT AND FIELD INTERVIEW ANALYSIS--HAZARDS AND CONTROLS RELATED TO

THE CAUSATION. OF CRANE AND HOIST ACCIDENTS

ACCIDENTS, HAZARDS AND HAZARD CONTROL

The ambition of this section is to condense a large amount of accident data
and interview and observation notes invelving crane and hoist use in in-
dustry. This data documents the causal nature of accidents which can and do
arise out of these machines' use. The procedure used to generate this data
provides the structure for reporting the results of its' analysis. First, a
category of crane and hoilst accidents will be defined. The hazards related
to this type of accident, or to control systems supggested or used to control
hazards indicated by workers, managers or researchers’' observations will be
discussed.

This study incorporated a philoscphy developed by K.U. Smith (Smith,

1975; Coleman and Smith, 1976) which states that accident control in in-
dustry can only be achieved by the management of hazards which exist in
industrial processes, which when not compensated for, can eventaully pro-~
duce an accident. The realization of this philosphy of Hazard Management
dictates an approach to the promotion of safety and health in the workplace
by first, defining the hazard dynamics of an accident prone situation
(Swain, 1974); and then developing controls and standards for equipment and
performance to avoid the accident protential of a hazard (e.p. maintenance
of a chemical exposure TLV (Stellman, 1977) or avoidance of equipment fail-
ure. The bulk of this section will present a hazard analysis of crane and
hoist accidents, and point toward directions for the control of these haz-
ards.

Hazard controls related to the use of crane and hoist systems are either
involved in the prevention of a hazard's realization or the protection from
injury occurrence should a hazard be realized. While prevention of the
development of a problem is desirable as a controcl for that prohlem, pro-
tective measures are necessary if preventive measures fail to control or
avoid the develepment of a problem. This dichotomy of prevention and pro-
tection will be included in our discussions of crane or hoist use hazards.

ACCIDENT DATA ANALYSIS SUMMARY

The sources of accident data--the Wisconsin Worker's Compensation Case Illis-
tory file, Employe comments from the 1974 Promptness of Payment Survey, and
investipgation of accident reports are explained in detall in the methodology
overview of this report and in Chapter 3. It was found that the informa-
tion contained in the W,C, Case History file was not of sufficient detail teo
generate concise catepgories of crane and hoist accldents of any value in
defining causal factors in these accidents. The 413 employe responses on
the promptness survey and the 76 accldent investigations which were found to
relate to crane and hoist use were of sufficient detail to generate causal
categories,

Table 5-1 indicates the 27 causal categories of crane or hoist accidents gen-
erated from the two above mentioned data sources. These categories were
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TABLE 5-1
CRANE AND HOIST ACCIDENT ANALYSTS CATEGORIES

Employe Rgports1 Accident Investigationsz

Type #1 Category Description Freq. Percent Freq. Percent Fatals Cited
1. Loada being lifted which slip from hooks, chains, 97 cases 23.5% 12 cases 15.7% 2 3

slings, etc. to Injure workers

2. Workers struck by loads being moved or by parts 3 " 8.7% 5" 6.5% 1 1
of crane or hoist, while machine is moving. '

3. Loads or parts of load hook up falling from crane 25 " 6z g 11.72 - 5
or hoist to injure due to breakage of hooks,
cables, chains, etc. :

4. Workers injured by being caught between lifted w v 9z 2 " 2.7% - -
loads lifted and/or hook up elements of hoist
or crane, ,

5. Crane or hoist or integral part of crame or 30 ™ 7.3% 5 " 6.5Z 1 3
hoist (boom, anchor hardware, etc.) falling :
and causing injury.

6. Slippage in the lift mechanism of the crane or 20 " 4.7% 5 " 6.5% 1 2
hoist which causes the load to fall or machine '

to:jErk and cause 1njury.

7. Worker injured falling or stepping off crane 18 " 4.3% 2 " 2.7% - 1

or hoist.
8. Worker. injured falling from overhead crane rail. 2 " .52 - - - -
9. Overexertion 1n operation {moving loads) of 8 - " 4,.3% - - - -

crane or hoist,
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TABLE 5-1 continued

CRANE AND HOIST ACCIDENT ANALYSIS CATEGORIES

Employe Reports1

Accident Investigationsz

Type il . Category Description Freq. Percent Freq. Percent Fatals Cited

10. Loads or parts of cranes or hoists hitting 16 cases 3.7% 4 cases 5.3% - 1
other objects while moving and falling or
causing something else to strike injured.

11. Injured pinned between moved load and other 15 3.7% 1 " 1.32 - -
object.

12. VWorkers getting caught in mechanical part of 14 ¢ 3.5% 4 5.3% - 4
hoist mechanism.

13. Loads falling from cranes or hoists, not 1z v 3% - - - -
specifiable.

14. Operator of crane or hoist injured by object 10 2.5% ) . 1.3% - -
not part of crane or hoist while operating
(tripping or falling over object}.

15. Workers injured setting up or disassembling a g " 22 3 " 47 1 2
crane or hoist.

16. Load or part of hoist lowered on injured. g " 2% - - - -

17. Overhead and other cranes running into injured.. " 1.7% 5 " 6.5 - 3

18. Injured while manuvering materials to load on 7" 1.7% - - - -
crane or hoist.

19. Injured while replacing cable on crane ot holst 6 " 1.5% - - - -

(mainly falls).
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TABLE 5-1 continued

CRANE AND HOIST ACCIDENT ANALYSIS CATEGORIES

Employe Reporisl

Accident Investigations2

Type #1 Category Description B Freq. Percent = Freq. Percent Fatals Cited

20. Bumping into stationary crane or hoist to injure 4 casen 1z - - - -
aself.

21. Worker injﬁred climbing into crane - 4. " 1% 1 case 1.3 - -

22. Worker pinned between piles of material while 4 " 1z - - - - -
hooking them.

23. Contact w1£h e1ectr1c1ty through crane.- . 3 " T% 17 cases 23.3% 11 9

24. Crane or hoist mishooking and tipping load 2z " 5% - - - -

- to cause injury.

25. Ergonomica in crane deaign (of cab and controls) 2. " .5% - - - -

26. Crane operators 1njured by collision . | 2 " .5% - - - -

27. Cranesland hoists ﬁot determinable. i 10 " 2.5%Z - - - -

TOTALS | 413 cases 76 17

1 Employe reports are taken from comments returned on a questionnaire sent out to nonfatal victims of

"analysis was: Describe below what caused your injury or 111neas.

cases

reported worker's compensation cases in 1974, The primary purpose of the questionnaire was to evaluate
the promptness of benefit payments. The question asked of these workers which was used for the above

Name the object, machine, material,

condition or action which caused it to happen. All reports which indicated the involvement of cranes

or holsts were included in this analysis.

Accident 1nvestigations analyzed in this section were carried out by inveatigators from the Wisconsin

Division of Safety and Buildings between 1971 and 1975.

The determination of accident case selection
for investigation was not made on a random basis as those cases which seemed to indicate poasible -

violations of industrial codes or which had resulted in fatalities were most likely to be selected. for

investigation.



further grouped into & classifications of crane and hoist accidents given in
Table 5-2. These classifications of crane and hoist accidents were used
further in this study to solicit responses on hazards and hazard controls
from manufacturers, managers and workers interviewed. The classifications
also provide the topic outline for presenting the details of accident and
interview results later in this section,

While the W. C. Case History file information could not be used to develop
accident classifications, by roughly assigning accident type categories

from the Case History file to the various classifications of crane accidents
from the above analysis: quantitative, cost and other descriptive estimates
of the mature of crane and hoist accidents can be made from this data. The
Yorker's Compensation data shows 1,646 cases from 1972 through 1975, due to
cranes or hoists as the coded source of the accident. This is .83% of the
total W. C. cases reported. The costs of these accidents (indemnity pay-
ments plus medical costs) are §1,418,220 or 1.11% of the total W. C. costs.
The cases indicating cranes or hoists as sources of accidents probably
represent only a fraction of the accidents with crane or hoist involvement.
Only 1/2 of the employe promptness reports, selected by causal description
information, were coded with cranes or hoists as the accldent source on the
data file. This assessment 1s based on a case-by-case comparison of the
cases reported from the employe promptness reports with the cases as they
are reported on the data file. Of the 413 employe promptness reports select-
ed for analysis on the basis of an indication of crane or hoist involvement,
only 144 cases were source coded as cranes or hoists on the Worker's Com-

pensation file,

Tables 5-3 through 5-5 show cross tabulations of data from the W. C. file.
Table 5-3 is a cross tabulation of accident. type code groups, with the ac-
cident type code groups, with the accident source classification of crane or
hoist reported and coded on the W. C. file; this provides a basic summary of
the nature of accidents invclved in the use of various types of cranes.
Tables 5-4 and 5-5 are based on data from 1971 through. 1975 on the U. C.
Case listory file and they show breakdowns by accident type groups and coded
source classification of crane or hoist for the 2~or 3-digit SIC (Standard
Industrial Classification) groupings indicated. These two tables give an
overview of various industries' accident experiences in the use of cranes
and hoilsts. Other than Tables 5-4 and 5-5, all W. C. data referred to in
this report will be based on 1972--1975 Worker's Compensation data.

INTERVIEW AND FIELD OBSERVATION DATA SUMMARY

As indicated in Section II of this chapter, ten industrial establishments
were visited in the course of this project to discuss and observe crane or
hoist operations. At five of these establishments interviews with workers
were carried out on the shop floor. The worker interviews centered around a
determination of what hazards or hazard controls they felt existed in their
job situation and experilence in relation to various:aspects of crane or
hoist operatioms hazards. These aspects of c¢rane and hoist hazards (loads
falling, moving lifted loads, getting caught in cranes and hoists or loads
and slings, machine functions and/or maintenance, overexertion in load
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TABLE 5-2
CLASSIFICATION.OF ACCIDENT CATEGORIES FOR CRANES
AND HOISTS FROM 1974 EMPLOYE REPORTS

Lifted items or other load elements falling,when

I.
hoisted to cause injury, from..... Gbesssreassranrsanraanssnnns :
A. Loads being lifted which slip from hooks, ,
chains, slings, etc., to injure workers.........97 cases 23,5%
B. Loads or parts of loads hook up falling
from crane or hoist te injure, due to
breakage of hooks, cables, chains, etc......... 25 cases = 6%
C. Loads falling from cranes or hoists,
not speclfiable. vvivsascernrsssiereansanssissal? cases 37
D. Crane or hoist mishooking and tipping _ o
to cause injury............ Caeacaes seacasesenas 2 cases . .5%
TOTAL ) 136 cases  33%
II. Load being moved by cranes or hoist, or part
"of crane or hoist moving load, striking some
object and causing injury, from......ocvicierrricoriersrennens
A. Workers struck by loads being moved or by :
parts of crane or hoist while machine ,
1 MOVINE . iaverecdsrserdinsscesnanrtearensssenens 36 cases 8.75%
B. Loads or parts of cranes or hoists hitting :
other objects while moving and falling or 7
causing something else to strike injured..... ..16 cases  3.,75%
C. Injured getting pinned between moved load T '
and other object.....cccieeivvrennrneresnssenes.l5 cases 3.75%
D. Load or part of hoist lowered or injured....... 8 cases 2%
E. Overhead and other cranes running into '
Injured. e vueivenrsaresarcasssasernssssnsaessse 7 CEGES 1.75%
F. Crane operators injured by collision........... 2 cases + 3%
TOTAL ' 85 cases  20.5%
I11. Worker gets caught in or between loads lifted
or prepared for lifting, and/or crane or
hoist parts, from........ccoeevvvvervrrrasorrasrrsnccrsanstsnas
A. Workers injured by being caught between
lifted loads and/or hook up elements of
hoist or crane (hooks, slings, chains, etc.)..37 cases 97
B. Workers getting caught in mechanical
parts of hoisting mechanisms.......ecevevecnnn 14 cases 3.5%
C. Worker pinned between piles of material ‘ ‘
while hooking,them............................ 4 cases 17
TOTAL ‘ _ 55 cases 13.5%
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TABLE 5~2 continued

I¥. Injuries involving some failure, malfunection or
misoperation of crane or hoist mechanisms or
structures,from............. et evressrmavssacssematennenesnanon
A. Crane or hoilst of integral part of crane or
hoist (boom, anchor hardware, etc.) failing
and/or falling to cause injury.........ec:s....30 cases 7.3%
B. Slippage in the lift mechanism of the crane
or hoist which causes load to fall or
machine to ierk and result in injury...........20 cases 4,7%
TOTAL 50 cases 127
V. Injuries incurred as a result of manipulation
of the locad in order to attach and hoist it,
or from manually participating in the moving
of loads, from.....vvveencree cesesesannns teeeecnruarsarsanrans
A. Overexertion in operation (moving loads)
of crane or hodst...civeviervirrsscnseassanesss1B8 cases 4.3%
B. Operator of crane or hoist injured by
an object not part of the crane or hoist
. while operating (tripping or falling over
ObJECE. . veetieusrennecnosasssnersansroasrances 10 casea  2.5%
C. Manuvering materials to load onm or hook
to crane or hoist.......ccvvunrn s e esesaneann 7 cases . 1.7%
TOTAL 35 cases . 8.5%
vI. Injuries involving workers operating around or on
crane hardware and/or entering or leaving crane
cabs, fromM..cieurverranrrasonrsosstrasstocsssstssasinases feene
A. Worker falling or stepping off crane or hoist..l8 cases 4.2%
B. Worker injured climbing inte crame............. 4 cases 17
C. Worker falling from overhead crane rail........ 2 cases .52
TOTAL ) 24 cases 5.7%
VII. Injurles from crane or hoist maintenance operations
not otherwise covered, from......viveeienteienocnsnse cerseseven
A. Workers injured setting up or disassembling
acrane or holst.. .. vt iinncnnnns sssesrsse.s 8 cases’ 27
B. Worker injured replacing a cable on a crane
or hoist (mainly falls)........................ 6 cases 1.5%
TOTAL o - 14 cases  3.5%
VITII. Remaining categorieB ...vvvervesrvcarssmesresransoancnsrsonnsns
A, Bumping into a stationary crane or hoist
to injure self...., L - 1-1-T- 17
B. Contact with electricity through cranes........ 3 cases 72
C. Ergonomics in crane design (of cab controls.... 2 casges «57%
D. Cranes and hoists not determinable............. 10 cases 2.5%
TOTAL » ; 19 cases 4.7%
GRAND TOTAL 413 cases
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TABLE 5-3 . .
7 CRANE _AND HOIST ECUIPMENT TYPES By ACCILENT TYPE GROUP. FROM 1972 To 1975 Qonn&a's COMPENSAT|ON DATA _
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TABLE 5-4

INDUSTRIAL GROUPS BY ACCIDENT TYPE GROUPS, FROM 1971 TO 1975 WORKER'S COMPENSATION DaTa

ACCINCKT TYPE —p TOTAL FRPercemi]FaLL OrSTrHuCK BY |STRUCK oYf“ITRUCK 8y [CAuchHT CAuGnHT LCAU(:»:T TOELTo | ANCCUTACT JLORNTACT KOVERIXCAT  JCTHER
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handling or machine operations, and accessory avallability--glings and
attachments) corresponded to the general nature of hazard indicated by the
eight- classifications of crane and hoist accidents gemerated in the data
analysis (Table 3-2). Workers were also asked to indicate what they felt
was the major hazard Invelved In crame and hoist use before being asked to
corment on each of the aspects of operations hazards. '

There were 90 discussions with workers carried out, each generating comments
on various of the hazard categories of differing depth and specificity.
Crane and hoist operators made up 42 of these Interviews, with the balance
of the Interviews involving load hitchers and maintenance or inspection per-
sonnel involved with cranes, hoists and slings.

Tn addition, notes were taken during seven discussions of various 1ssues
involved in the use of cranes and hoilsts with management and engilneering
staff of the establishments visited., While this information is not included
in the hazard analysis data, it will be mentioned when pertinent to the dis-
cussions in this chapter.

The comments made by workers were analyzed in a manner outlined in Section II
of this chapter. The results of this analysis of workers' comments on crane
and hoist hazards and hazard controls will be incorporated in the discussion
to follow in this chapter. The remainder of this section will involve dis-
cussions of the accident description and causation factors, and hazard and
hazard control comments from workers which relate to classifications of

crane and holst accidents paralleling those given in Table 5-2.

ACCIDENT FACTORS ANALYSIS AND WORKER TNTERVIEW RESULTS

The following seven segments of this section will present the most sallent
points of the accldent data analysis and fleld survey interviews with users
of cranes and hoists. The format for these segments will be to introduce
and define a classification of accident type or hazard type., Following this
description, the accident analysis results will be summarized. This sum-
marization will be an expansion on the information presented in Tables 5-1
through 5-5, especially Table 5-2 which presents classifications of crane
and hoist accidents roughly parallel to those which follew.

Next, the results of comments reparding hazards gathered during the fileld
observation interviews will be summarized. The major groups of hazards
pointed ocut by the 90 workers interviewed as well as the protective and
preventive measures workers and managements have taken or suggest are
presented in Tables 5-6 through 5-12. These tables will be accompanied by
some explanatory narrative for each classification.

A. LOAD OR LOAD FLEMENTS FALLING FROM HITCHING SYSTEM MALFUNCTION OR FAIL-
URE - -

This classification, Classification A, correéponds to hazards and accidents
which indicate the system connecting a load item to a cramne or hoist falling
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in some way, and dropping the load. Classification A attempts to exclude
factors of crane failure or physical misoperation (malfunction, rcughness,
etc.) which are related to loads falling, which are described in Classifica-
tion D,

Accident Analysis Results

Accidents assigned to this classification accounted for 33% of the acecidents
related to crane usage from the promptness survey, and 27-1/2% of the ac-
cident investipgations related to crane operations. The Worker's Compensation
file indicated 397 of the cases, implicating cranes or hoists as the main
accident source, invelved falling objects or materials from equipment -
striking and causing injury. The total Worker's Compensation costs attrib-
uted to these types of accidents was $559,218 {(cost from the W, C. file for
accidents, source coded as cranes or hoists).* These accidents most eoften
result in injury to a worker's feet. -

Causal Information from the employe promptness reports and accident inves-
tigations, generated three categories into which the cases in this clas-
sification (lifted items or load elements fallins when hoisted) fit: 1) ac-
cidents due to load or-hitching hardware slippapge: 2) accldents due to |
breakage of hitching hardware or part of load; and 3) a few cases implicating-
mishocked loads tipping when lifted.

These accidents are those which correspond roughly to reported accidents
which were type coded to the "Struck by falling load or part’ type code
categary.* Tables 5-3 and 5-4 show this type of catepory to be the most
frequent type of accident reported for almost all types of cranes and
hoists, and industrial classifications. Manufacturing industries often show
over half of their crane and hoist injuries coming ‘from this type of ac-
cident. Construction and other outdoor users of cranes showed this type of
accident to be involved in one-fourth to one-third of their reported W. C.

records. :

The promptness survey reports indicated that the materials which fell and
caused injury most often were {in order to most to least frequent):
castings: varlous iron and steel items (plates, pipes, beans, etc.); molds
and flasks: and various pieces of machinery. This data came primarily from
workers in (in order of greatest frequency to least frequency): .primary
metal industries: machinery manufacture (especially construction machinery
and electric motors manufacturing); and metal fabrication and forging, A
lesser involvement is shown for the construction industry, utilities and
sanitation services, and paper mills.

There were two maln categories of causal factors in this accident clas-
sification: loads falling from load or hitching hardware slippage; and
loads falling duc to breakage of hitching hardware or breakage of part of
the load. Factors associated with these categories were.

*Some of these cases may belong in Classification D, as Worker's Compensa-
tion Coding was not fine enough to discriminate between these two catepo-

ries.
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For loads, etc. slipping:

1) Loads or load attachments unhooking from sling or crane and hoist hooks.
-failure or lack of safety latches
~allowinr cables to slack
-improper hooking or using wronp or damaged hooks
2) Chains slipping or loads slipping from chains.
-loads being manipulated when lifted and slippinp
-choker chalns slipping on grab hooks
-choker chains using improper hooks (swivel hooks)
-lpads not in balance :
-irrepular shaped loads not securely hitched
3) Clanmps slipping off loads (mainly steel plates) and hooks
~improperly sized hooks
—-failure to attach clamps to hoist hooks with flexible slinzs and safety
latch hooks
4) Ttems falling from magnets--exceeding mapnet 1lift capacity.
5) lLoads falling from various slings other than chains.
6) Loads falling when raised for maintenance or cleaning operations--
unthooking, slippinqa.

For hiteh hardware and load breakage:

1) DBreakage of hoist or crane cables, cable slings
-cable clamp end fasteners (dops) not sufficient
-lifting in excess of capacity and jerking loads

2) Hoist chains or sling chains breaking.

-failing to repair (replace) chains with bad links
-using unrated chains for lifting (nonalloy)
~lifting in excess of capacity and jerking loads
-chains crystallize from extremely hot temperature

3) Hooks bend or break--overloads and crystallization.

4) Cyebolts or hitch points on loads breaking--pulling in sideways direce-~
tions.

Interview Results

The comments, related to this classification of accidents, made by workers
interviewed during the field study sepgment of this project are summarized
in Table 5-6. This classification of accidents, loads falling from
hitching system malfunctions, penerated nearly twice as many comments as
did any other accident classification: in excess of 130 comments.

These comments basically fit into three categories: those dealing with the
control that operators of cranes have in the process of handling loads safely:
comments related to the load handling adequacy of slings and load attachment
devices: and indications that the nature of the method in which the load is
hitched 1is the key to aveiding loads falling when lifted. A comparison of the
accident data analysis presented earlier with the comments indicated in

Table 5-6 indicate that workers as group seem to be aware of the factors in
crane and hoist use which are related to crane and holst use accidents.
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TABLE 5-6

SUHMARY OF HAZARDS AND COMTROLS RELATED TO LDADS FALLING FROH

HITCHING SYSTEM HALFUHCTIONS - FROM VOPKER INTERVIEVS .

I. LINMITATIONS TO THE CRANE OPERATORS COMTROL OF THE LOAD

(40 Comments):

Hature of Nazard

Measures Indicated to Prevent Hazards from Developlng
Into Accldents

Heasures Indicated co
Protect Against Injury if
Hazard Develop

-Operator visibility limi-
tations from equlpment,
worksite and operations
designs or environmenial
conditions (e.p. in
foundries from dust or
molten meral incande-
scence; pcndant cantrols
operator's limitarions
on movement and position;
and crane operator’s
vieuval restrictions when
setting high steel, etc.
in construction jobs}).

~Hazards to smoothly
handling an attached load
wvhen it is lifted, woved
or turned=-loads shifc-
ing en thelr hitch.

=Pedestrians in the puth
of a load who could be
etruck by a falling load
or part.

-Operator's limitations
and the responsibility
for checking hicches and
olings.

=Close coordination |s needed between the operator
and the hlitcher regarding the seteing oF hitcheas and
signalling load 1l fts (pre-11ft procedures commun-
lcatlans) .

-Prior to uslng the crane the operater should check
out ITts control functlons.

~Prlior to load VIftlng, operator should check load
path for obstructions or floor traffic (pedestrians,
1ift trucks, etc.), and make judiclous use of harn

.or bell to alert floor trafflc.

-Check the hltchers selectlon of sling and hltch for
edequate capacity and hlteh balance befare 11fting.
Center holst overload.

=Lift the load only & few Inches at Flrst to check
hliteh before raising to travel helght.

-Operate the erane In only sae dimenslon of movement
at a time. -

-¥hen the operators vislon ls obscured, the cperator
should try to posftlon hilmsel!f to Lotter sec the
load. If this lsn't reasonable {opearator gots
stralned, could fall from cab or ladder), vision
holes or windows can be cut In the floors and sides
of cabs; extra signal-relay personnel or comnunlca-
tion equlpment (radlo or telephone System) should be
used to transmlt signals from hitcher to operator,
cperators who have to handle bright objects (molten
metal) can use polarized glasses and use perlpheral
vislon, ‘llghts could be used for slgnal communlcatien;
and where operators have to handle loads near weld-
Ing operatlaons, welders should stop weldlng while
the operator has to look In thelr directlon.

(1. HAZARDS RELATING
(39 comments):

Marure of Hazard

~Loads should be moved at
as low a lcvel as surround-
iag obstructions peromit
so 1F loads slip Lhey can
be lowered quickly or will
only fall a short

distance.

=Don't move loads over
peoplel

. =Make sure hirchers are

clear of load when 1r is
1lifced.

TO SLINGS AND LOAD ATTACHHENT DEVICES

Heasures Indlcated to Frevent Hazerds frem Developing
Into Accldents .

Meagures Tndicated ro Pro-

Ltect ! inst Injury if
Hazard Develops

-Slings getting damapged
and subsequently failing
while 11fting load.

-Selecting slings insuffi-
clent in capacity or in
configurarion Lo safely
1ifr and move a load.

-3llngs should be stored In racks or lockers close
to the work statlon at which they will be used =
borrowed sllings ''disappear' tao often.

-Provide slings of adequate design or type (chaln,
wire rope or nylon) to safely handlc loads at a
glven work statlon.

CONTINUED NEXT PAGE

=When chains are used for
14fring and any chance of
chain failure existas,
workers an che fleor
should give the load and
8ling 8 wide berth when
loads are [irst lifred.
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TABLE 5-6 Continued

~-Specidl atrachment sys—
rems (magnets, clamps,
vacuum devices, etc.)
failing to sufficiently
prip loads. .

-Avold damaglng chalns from: overload stretching,
shock loadlng, crushing, welding arcs and excesslve
heat crystallization, sharp edges on loads (padding),
and twisting or kinklng chains in 1lfting. .

-Avold damaglng nylon strap slings from: cuts fro
sharp edges on loads {padding), stretching from
overload or tight chockers, damaqe from heat expo-
sure.

-Avold damage to wire rope slings from: klnking,
repeated bending, Yoss of lubrication (rust), exces-
sive Internal! or external wlre breakage, twisting,
and tight chockers.

-Inspect slings for damage regularly before and after
use., Damaged slings should be taken out of service
for repalr or evaluatlon and replacement (downrating
may bhe feaslble, but only after a specialist In-
spects the damage). Adequate substlitutes far
renoved sllings should be provided ta mect the
requirements for safe Vifrimg.

-Perlodlc Inspection for meral farioue shouvld be made.
-Attachment devices which hald load~ from the top
(magnets, plate clamps, hydraulic clamps, vacuum
devlices ,  etc.) should ba regularly Inspected and
malntalned for securc operations. Clamp teeth and
grab edges should kecp a sharp bitiug edge. Hydrau-
11c systems should maintain pressvres and not leak.
Vacuum devices don't work well on rough surfaced
loads or cold loads. :
=Hltchers should select sllngs they Ffeel are suffl-
clent ta handle load slze and welght. ODperators
of cranes should check the sling and hitch visually
before 11fting and not 1Ift loads until they feel
the hitch and sling are right.

~Wear gloves wlien using
wire rope slings to pro-
tect hands [rom broken
wires.
~When loads are fnicially
lifeed they could shife
and vxert a maximum strain
on r'c sling--workers
should stay clear.
—~Hork-rs should not walk
undcr loads lLeld by
attachment deviees which
hold -loads by pressure
(clanps and vacuum devices)
or wugnels.

bit. LCADS FALLIMG FROM AN INSUFFICIENT HITCH MHICH CAN INJURE

HITCHERS OR OPERATORS AROUND THE LOAD.

Nature of Hazard

Heesures Indlcated to Frevent Hazerds from Developing
|nto Accldents

~Loads thar can fall frem
improper hitching (off-
center hitch; twisted or
erosscd chalns, straps or
ropes; improperly set
hooks, etc.}.

~Load: falllng when attach-
ment points on loads
breal or Fail (trunions,
welded hitch polnts,
wooden pallets).

-Luads falling when the
irem lifted slips on the

_hitch (odd shapes, oily

" loeds, cold weather loads).

~Hltchers zand crane operaters have to cooperate to
safely handle loads. Crane operators will under-
stand the hitchers probhlems better | f they have
some cxperlence hltehlng (progression and tralning
for crane operators should include hltching). Sig-
nals and procedures beotween hltchers and operators
should be clear before they start 11 ftring lnads.
-0n large, Irrcgular or unusual loads, Information
related to the load welght and center of aravity,
es well as safe hitch polnts, should be supplied to
the hitchers. Where pesslble, welcht and center of
gravity should be marked an odd-shanped pleces.

CONTINUED NEXT PAGT

. -lizchers should make sure

they have a clear estcape
path 1o case a lpad fa{ls
when lifred or moved. -
=Operators should try to
lower leoads quickly and
safely tf pome problem
develops in the hitch of
a load after it 1s lifted.
Horns and bells can be
used to warn workers of
16ad's proximity.
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1ABLE 5-0 Continued

-Hitchers or pendant crane
operators are injured by
loads whieh twist or swing
on thedr hitcher <hen
moved or lifted and sub-
sequently fall.

-Crane operators are In a generally better position
than hitchers to make sure that slings aren't twist-
ed or crossed and that the hitch and holist are pro-
perly c¢entered for the lead. The kitcher has better
vision of the lower parts of the hitch or the slde
af the load opposlte the operator than the crane
operator and can keep track of theie parts of the
hitch and load and slgnal problems to thu operatnc.

~Hlitehers should be tralned to know the capacity of
slings In different conflauratiens; also they should
know the proper method for maklng the hitches they
are requlred to nake. Some hltche s felt sling capa-
¢lty pocket cards helped, cspececlal.y for leregularly
shaped or slized loads. -

=Vhere the loads 11fted by a floor cperated pendant

» controlled crane are larqge or longy, and the operator
of the crane can't mancuver hls controls enough to
see or be clear of his load, the pendant operator
should be moved up into a cob or scne other elevated
positlon where he has a good vliew ni the load, hltch-
ers and load path.

-Where pleces have hitch palnts att:ched to thenm,
these points should be welded ar >vtoched securely
50 they wlll support the welght of the load., Par-
manent hltch paints llke trunlons on foundry flasks
should be reqularly Inspected and repalred or
removed |f damaged.

~When working with small
or medium sized loads,
hirehers and other
workers who work with
hoists and cranes could

_be protected from fnjury
by protective foor wear.




The preventive measures workers indicated are those practices workers engage
in or would like to be able to engage in to control the likelihood of loads
falling from their hitches. 1In general, these preventive measures involved
actions workers felt had to be performed by themselves or their co-workers
prior to lifting loads (setting hitch: checking hiteh, slings and heist:
etc.), The role of management in these preventive actions was seen bas-
ically as providing the mechanisms which would allow workers to carry out
these preventive actions (adequate operator vision of hitch and load from
operation station, tralning and enforcement of safe lifting practices, sling
inspecticon programs, ete.). The protective measures indicated to lessen the
chance of worker injury should loads fall centered primarily around workers
keeping clear of loads being lifted or moved.

3. LOADS OR PART OF CRANE SWINGING OR MOVING INTO SOMEONE (OR SOMETHING) TO
CAUSF, AN ACCIDINT :

The accidents and hazards involved in this classification (B) encompass
those accidents and hazards which relate to a load being handled or a moving
part of a crane colliding with some unintended object or person. These ac-
cidents seem to arise from loads or cranes in transit striking something; or
from loads being lifted, swlnging and striking or pinning someone in the
proxinity of the load. :

Accident Analysis Results

Accidents assigned to this classification amounted to 20-3/4% of the ac-
cidents related to crane or holst usage from the promptness survey, and
19-1/2% of the accident investigations related to crane or hoist operationms.
The Worker's Compensation File shows 17.87% of its cases, implicating cranes
or hoists as the main accident source, invelved workers injured when struck
by a moving part of equipment, or from being caught between a moving and
stationary object. An additional 2% of the crane or hoist accidents are the
result of the crane or hoist colliding with a pedestrian or injuring the
operator in a collision. The cost of these crane or hoist accident types is
$204,893 or 14-1/2% of the Worker's Compensation costs attributed to cranes
and hoists as an accident source. ‘

There were six categories (see Table 5-2) of accident descriptions which fit
into this accildent classification: 1) Workers injured by loads being moved,
or by part of crane or hoist mechanisms which they are moving: 2) loads or
parts of cranes or hoists hitting some cobfect while moving and causing some~-
thing to fall or strike and cause injury: 3) part of a crane or hoist or a
moving crane or hoist load pinninpg a worker against a fixed object: 4) load
or part of a hoist lowered on a worker: 5) overhead or other types of cranes
running into workers (pedestrians): and 0) crane operators injured in colli-
sions.

The promptness survey reports indicated that the parts of the moving equip-

ment or loads which cause the injury in these accidents are (greatest to

least frequent): the crane hook or hook block: other moving crane or hoist

part like booms, chains or cables: loads of metal (most commonly pipe, beam
1 N .
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or plate): foundry items (flasks, molds and castings); and machinery or
machinery parts being moved. This data was reported from workers in the
following industries (in order of preatest to least frequency): Machinery
Manufacture, except electrical (especially construction machinery manufact-
uring and speed changes, drives and gears manufacturing: Primary Metal Indus-
tries: Transportation Equipment Manufacture: Fabricated Metal Products-
(structural products and forging and stamping): Durable Goods ¥holesale
(industrial machines and scrap metal): and Paper and Pulp }Mills. The types
of cranes and holsts in these cases were overhzad cranes: various boom type
cranes (shovel crane, magnet crane, hydraulic crane, swing crane, ete.):
chain hoists: electric hoists: and jib cranes. L .

The causal factors which were found to be associated with the accident cat-
egories within this classification were:

1. Crane loads which are too low Being moved or set swinginé, and sﬁ:iking
" some object. -

2. Holsts not positioned above loads causing the load to swing when;lifted.
3. Loads shifting when 1ifted or moved causing the load to swing.

4. Crane boom or load swinging into an objéct causing load or object‘to
fall. ' . ‘ :

5. Crane operated or load 1lifted too fast.

6. Crane or part of load and hitch catchlup on some cbject, breaking loose
under tension and striking worker. ‘

7. Operator not paying attention to signal man.
8. Malfunction in crane operation causins load to swing into objects.

9. Maintenance being performed on crane bridge without locking out crane
or alerting the cab or pendant operator of the crane.

10. WYork.or maintenance being done on raised 1oads causing load to swing,

Interview Results

lorker comments related to this classification of crane and holst accidents
gave the_second most numerous response: slipghtly more than 20 comments.
These corments are summarized in Table 5-7.

Worker's comments related to loads swinging or moving into something
unintended fit into three categories: those involving the operators of
cranes and hoists and floor personnel's involvement and exposure in moving
loads: hitching and load lifcing problems possibly leading to loads swing-
ing; and mechanical function or design aspects of cranes or hoists which can
set loads swinging, or otherwise make loads more susceptible to striking
something,
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TABLE &=7

B. SUMHARY OF HAZARDS AMD CONTANLS RELATED TO LOADRS SWINGING AR NOVIHG

INTO SOMEONE (OR SOMETHING) 10 CAUSF AH ACCIODLNT - FROH WORKIR INTLRVIEWS,

|. HAZARDS RELATING TO CRANE OPERATORS' AND FLOOR PCRSONHELS'
INVOLVEMENT IN MOVING LOADS (52 comments):

Nture of Paiiad

Mensures Indlcared to Prevent Mazards from Developing into
jAccldents —_

~Floor trafliie (hitcheyrs,
other pedestrizns, 1ift
trucks, efre.) voluer-
abiliry ra noving Tea':
carricd helow head Icow
Thie ig a greater pre
the greater the d2ne Ly
of fleor traffic bleivw o
crane, dvring shift
changes, and vhere pods o=
Erians are inalientive
or disregarding ul their
SULTOVNGLilfG.
=Speeial vvlnerahiliry of
hitelurs a2nc workera near
loads from I
when figel 1iit
shiftin ’
centered hodawrde ),
=Pendanl ci1aae oparetor e
and hitcher: who o -
expused Lo poLuibly boing
caught hulweea the lecg,
they 11fL und ticarby
machinery or stacis ol
materlJaly,
~0Other cbstructions in the
possible pauh of & craae
load (machinury, large
pleces, storage racks, cre.)
which load could rrrile--
eauring samerhing fall .
-In oufdanr aperariong, wind
and wind guaCs can swing
loads. . .

to travel, check It for possible obstructions and for
clearance of floor trafflc before the load Is |lfred
and moved. '

-Crane operators should try to keep track of pedestrlan
and floor trafflic below them so they don't forget
gbout someone |Ff they walk sut fram behind a blind
spot. Mirrors can help operators blind spot vision
where operator ls at a fixed statlon.

-Hitchers and crane operators should stay In visual
communlcatlon while moving loads sn the operatoer
knows the hitcher 15 safe and the hitcher can slgnal
operator regarding path clearance from hitchers
perspecrtive.

-Storage around crane and holst 11fting statlons should
be stable and orderly to allow safe hitcher, pendant
operator clearance. VWhen production lIncreases,
floor areas get more crowded, decreasins the safe
work area.

-Where pendant cranes or holsts are used, especially
to handle long or large losds, pendant controls
should allow operators to stay outsicde of a loasds'
swing radius. Hitehlng equipment to 1ift loads with
controlled spln should be used.

-When weather gets windy In outtaor crane work, esp-
ecially high construction work shouls stop (booms
lovered If winds become sufficiently s}rang).

-Operators of cranes should use thelr warning devices
(horns and buzzers) to alert Inattentlve floor per-
sonnel of a laad in thelr working proximity.

+ -Warnling devices shouldn't be overused to alert
people routlnely or they will stop paylng attention
to lr.

-Pendant controlled cranes nesd operator controlled
warnlng devices, not just automatlec crane start-up
bells or horns.

--Crane operators should preselect the path for the lsad

Mea Indirated tv Pro-
tedt st Inj i1
Hazard bovel e

- R
-IHrehers and pendant holst

aud eranc pperators siwuld
be ecawtiouvs and avedd (1f
possible) position/ng them-
sclves botveen statleonary
objects aud loads ro he
1ifted which |:|1y‘tu".~.l

or swing.
-litchers and pendant and
rope conlriLilid holst oper-

ators should have a <lear
path in mfnd Lo escape a
lead should it swing eor
twlst.

=Operators of wiaw = rhoyld
have Joad warning deiow.
to slynal [leor traflic af
a load gets out of copirenl.

CONTINUED NEXT PAGE
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TABLEL 5-7 Continued

It. HETCHING AND LOAD LIFTING PROBLEMS POSSIBLY LEADING TO LOADS
SWINGING (|5 comments):
1

IMeasures /Indicated to Prevent Hazards from Developlng Inte
lAheeTdents j

Rature of Hav-rd

=Loads swing
leads swinging® or tw.:ting
when lifted—-goncrally
frow loads stabil
thelr Litch (hals
with hoist shirti
1ifted. LCxpusirs
and others jo the lead's
imnedizle vicloity ta

if becaune ol -Hltchers should make sure the load Is hltched to avold
turnling or settllng or, If losd Is deslgned to be
turned as 11fred, antlclpate the dircction and posl-
tlon themselves approprlately when load Is 11fred.
-Operators of cranes and hoists should Insure that
thelr hoists are centered above thelr loads, and that
Mltchers appear proper for 11Ft.

=Loads being handled or quided when moved or moved
around flaor traffic should be hltched so their

pesslble dnje.y. twist and swing will be controlied (le., not using
-Leoads which (v ot maving sIlngle basket hlteches on lonc loads; proper use of
eauily when haulled dis nonrotatlng ropeon single line hoist cables, or using
to hircch Lem. hook splnners to minimlze the tendency of loads spin-

ning or twisting, etc.).

~Nitchers oad olhier [l -
traffic org
1ifeed si
the ;i '
of a land ag

21 Yoodls being

on the o, 1.

iy and .

—Aveld potting in a peltdion
to et ravped betweern a

swilaring jvad and a fixed
ebstacle,

1), HAZARDS ToO LOADS SWINGING INTC SOMEONE FROM THE MLCHANICAL
FUNCTION OR DESIGN OF A CRAUME OR HOIST (20 comments):

Heasures Indiceted to Prevent lNazards from Developlng Into
iAccldents

Nature of Hazard

-Operators should check machline controls before 11Ffe-
Ing loads with cranes to Tnsure the safe and smooth
functlion of the crane. |Improperly gprrating machlnes
shouldn't be used untl!l properly operating. Controls
tubrlcation on a regular basls can kerp cranes run-
nlng smocthly ltanger.

~Where brakes on cranes and holst trolleys must be
applled preclsely to move or hold loads properly,
these cranes should be run by an operator In an oper-
ating statlon attached to the crane so he can utlllze
the feel he gets from the crane's bra%es {operators
control feedback).

-Where loads are large or have to be moved to locations
by pendant contralled cranes which don't allow the
pendant operator to hold the pendant and safely see
trafflic around the load, the operator should be placed
to greb the load or crane at an cperating statlon where he (she) Is able to see
cabla to stop the load, around the load adequately (or at lecsst be given slg-
can set loads swinging. nal personnel to help mave the load).

—Crane bridges can slide on -Brake functlons should be regularly checked and thelr
worn spots in support rails. sensltivity and efficliency properly wilntained {includ-

Ing some self-adjusting brakes that don't properly

adjust). Crene operators should be huppy with the

sensltivity of thelr cranes' brakes.

-loads ser swinging from
jerky or uneven operatlon
of cranes or hoiscs.

-Loads set swinging from the
breking action of a cranme
or holst. Brakes that
grub will jerk and swing
loads, loose brakes will
allow loads to elide.
—Cranes and hoists with no
hoist brake using direc-
tional controls to stop
loads (lift contrel te
stop a right moving load
and vice-versa) or requir-
ing hoist or cranc pperators

CONTINUED NEXT PAGE

Measures Indicated to Pro-

rect Apainst lojury if

Hazard Develops

-Pendant and hoist oper-
ators, as well as hitchers
who work arcund cranes
with poor brakes, should
etay cautipus of chelr
poaition relative to
woved loads.

-Other measurcs indicated
in this table.
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TABLL 5-7 Continucd

~Crane operators whose
vigion around the load is
partially obscured by thelr
equipment's design or
ltmitarions and can’t see
floor traffie around the
load (cab sperator's
vision blocked by cab
Eloors or walls, pendant
operatnrs whose pendant
cables won't stretch to
allow them to reach, see
or move around the load,
mobile cranes with rotat-
ing booms and Ilxed cabs
have limited operator
vigion angles).

e

=Crane cabs whose sltdes or floors limit the aperator's
vislon around loads near the cab should have vision
bkoles or windows put Into the cabs 1. possible (struc=
turally) and/or have hltchers or others skgnal them
regarding trafflc In thelr blind spots.

~Hobhlle cranes with 360° bnom swings znd flxed cabs
should try to limlt the angle of the Loom to In




The preventive measures related to work site activities primarily indicated
the crane operator's contrel of the lifting and movement of loads and lim-
itations on the ability of the operator to carry out his cperations safely,
Other preventive measures involved the load's hitcher properly attaching
loads so they don't shift, twist or swing when lifted and moved. Other com-~
ments regardinp hitchers and other floor traffic around loads were protec-
tive in nature involving floor traffic staying clear of loads which could
possibly injure them.

Preventive measures tied to management decisions {(not worker controlled) in
equipment'sélection, work path and work station layout, and maintenance and
inspection of equipment were also mentioned or implied in workers' comments.
One type of equipment accessory--warning devices and their subsequent use
was frequently indicated as a protective and preventive measure.

C. WORKLR'S FINGERS OR BODILS GETTING CAUGHT IN LOADS BEING LIFTED, BEING
HITCHED FOR LIFTING, AND IN CRANES OR HOIST PARTS ,

These hazards and accidents are those which involve workers handling loads .
or working on or with hoists and cranes getting part of their body injured
by caught in or caught between {pinch points, getting pinned) accidents.
These accidents arise primarily from load hitching, equipment maintenance
and materials stacking collapse. ‘

Accident Analysis Results--

As indicated in Table 5-2, this classification of crane and hoist acecidents’
accounted for 13-1/2% of the cases found to relate to cranes and hoists in
the employe promptness data, and &% of the crane or hoist related accident
investigations. These accldents correspend to crane and hoist source coded
accldents with type coding of caught in or between equipment or moving
objects. The data from the Worker's Compensation file indicates that
approximately 147 of the crane or hoist coded accidents were due to the
types of accidents indicated above. These accidents had a total Worker's
Compensation cost of $177,480 or 12-1/2% of the costs for accidents whose
gsources were coded as a crane or hoist.

Three categories of accident types were found to fit into this classifica-
tion: 1) accidents involving workers who get caught in or between lifted
loads and/or hookup elements of hoist or crane (hooks, slings, chains, etc.-
primarily injury hands); 2) workers getting caught in mechanical parcs of
hoisting mechanisms: and 3) workers pinned between piles of material while
hookinpg them. Of these categories, the first type of accident--workers
getting fingers and hands caught in lifted loads--accounted for the bulk of
the accidents in this classification,

The promptness survey results indicated that the types of materials and
hoist elements which workers get caught in or by were (in order of most to
least frequent): chains and steel loads, flasks, coils, other chains, boxes
or molds: hooks and their attachments; clamps and loads; cables; and slings
and lifted machines. The mechanical parts of hoisting mechanisms which



workers most often got caught in were: cables and pulleys: chains and
holsts; hook blocks and cables or chains; hoilst levers: hoist trolley and
tracks; and crane drive shafts. When workers are pinned between the piles

of materials being hitched, these items are usually cylindrical objects like
metal pipes or logs. The industries from which these reports come are:
Fabricated Metal Products (boiler shops and iron and steel forging, mainly
involving caught in lifted loads and attachment cases):; Primary Metals In-
dustries (especially gray iron foundries); Machinery manufacture--except
electrical (especilally construction machinery manufacture, only cases involy-
ing caught in lifted loads and attachments accidents); and to a lesser .
degree, the Paper Products and the Transportation Equipment Manufacture In-
dustry. The crane types involved in these accldents were (most to least fre-
quent): chain hoists, overhead cranes; electric hoists; winches; hydraulic
cranes and air hoists.

Causal factors reported and investigated for caught in and caught between
accidents were:

1. Operators misunderstanding or ignoring signals from hitchers and pre-
maturely lifting loads.

2. Miswiring or mistaking operation of pendant 1lift and lower controls. ‘
3. Loads or cables being guided or held, moving and catching fingers.
4, Hitcher holding on to hook or sling when load 1s lifted.

5. Maintenance operations being performed on cranes or hoists not locked
out,

6. Lack of proper pinch point guards.

7. Brakes or crane drive functions not working smooﬁhly causing loads to
shift and catch fingers, etc.

Interview Results

The comments made by interviewed workers related to caught in accidents are
summarized in Table 5-8B., Workers making comments on this category of haz-
ard made relatively few comments considering the relatively large percentage
of crane and hoist accidents this type of acclident represents. Workers made
33 comments found to relate to this category; this small number may indicate
that workers don't pgive these types of hazards the respect they deserve.

These comments f£it Into three peneral categories: Caught in hazards from
hitching loads and the operations of the crane (hoist) in lifting the load,
generally involving the hitchers exposure to situations where he (she) can
get caught or pinched: physical elements of the hitching system or the
hitcher's hands (rings and gloves) which could increase the chance of caught
in injury; and caught in hazards inveolved in maintenance operations and
pendant holst and crane operators helding loads to get guidance feedback.
Table 5-8 gives a summary of comments made regarding these categorieec,
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TABLE 5-8

Mature of Hazard

€. SUMRKARY OF HAZARDS ANMD CONTHOLS RELATED TO WDRKERS GETTING CAUGHT-IN

LOADS DEIHG LIFTED, BEIHG Hi1CHED, AND IM CRANE OR HOIST PARTS - FROM

MORKER INTERVIFUS .

|

I. CAUGHT-IM HAZARDS ARISING NUT OF THE HITCHIRG OF A LOAD AND THE
OPERATION OF THE CRAHE IN LIFTIHG 1T (29 comments):

Heasures Indlcated to Prevent Hazards from Davelopling to

Accldents -

-Hitchers and operators
screwing up sigrals
resulting in carly lifts--
often involviug rmore than
one hitcher signall np
operator 4t a time or
1limited aperacor vinion of
hiccher.

—Operzrars lifring lnads
before hiteher is [iniched
or ready.

=litchers. appreaching load,
touching hiteh or load

- and getting hurte-(e.g.
grablhing a woving Tnad to
stop or steady).

=HItchuery heviug te hold
hovks ot blings 1o properly
set hitch.

Heasures Tndicated ro Pro-
teet feadrie duya- AT

Hazard Dewelop:-

[ -Hitchers and eperatars should have a 1ift slignalling

system worked out that allows the hitcher to 1ndi-
cate to the operator vhen he I3 ready for a T1ft,
For thls to work, operators should have a clear view
of the hitcher or sameones relaying slgnals from the
hitcher. Operators may Instruct hitchers where to
stand durlng TIft.

=When morc than one hlitcher e Involved, It sheould
be deternlned ahead of time who will cfve the oper-
ator slgnals.

‘~Mlitchars, where posslble, shaould atay clear of @
load when 1|fted unless they slgnal the crane oper=—
ator and get a clear signal back.

-L1ft slaonals shouldn't be given untll loads are
ready.

-Hitchers who have to hold hooks or chaln slings to
set hltches properly should hald the back side
{away from load) of hooks and slings, avold pinch
polnts and don't stand with thelr back to the opar-
ator. VWhen sltings are being set they should be
tightened cnough to set the hiteh but not 1ift the
load until hitcher Is clear, hitch Is checked and
all ¥s clear.

—hitelwrs should tyy to 9
keep thuir hauds visible .
to the crane operaztor and
the operator should kecp
an eye oa the hitelcy so
IF e pote eaupht, the
load can Le lovcred (c.g.
hiteber shiouldn't teza
Lark en operstar vien the
load 1c diftrd,.

Nature of Hazard

11. PHYS1CAL FACTORS HAZARDS TO GETTING CAUGHT-IN, USING CRAHNES AND
HO1$TS (5 comments):

. Measures Indicated to Prevent ‘Hazards fram Developling te

Accldents

—Workers getring rings or
protective gloves caught

in hooks, sliugr aud Juals.
—Holsts and JiL aud rall
type swmall cranes whose
lack of holst travel
brakes require workers te
grab loads on hitch blocks

§ to stop loads-—could get

pinched.

C—a

-Don't wear rings If you hitch loads; protective
gloves should fltv tightly but be able to s!ip out
2f; unless necessary, these gloves should not be
bulky. )

-Mhen grabbing loads or hoaok blocks, avold plnch
polnts. B

-Select properly slzed slings to safely make !Ifts.

-0ften single or double-wrapped basket sllings (wire
rope) can move safely replace wirs rops choker
siings. '

CONTINUED NEXT PAGE

Measurre Indicated te Pro-
et ety daes

~Stay clear o1 wire rope
slinps (cspeetaily chokeps)
vhen londs are sei down,
unedl 31 renzion is of £
the el g,
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T4ILL 5-8 Continued

=Agpects of cerrain slinge
which can increase caught—
in chances (e.g. slings
with heok rings too small
for craneg or hoist hooks;
wire rope chockers may
twlst when Lhe Lenslon of
the loid 1s relicved,
catching a finger).

111, CAUGHT-IN

Rature uf ¥ovag

HAZARDS IN REQUIREMENTS FOR PROPERLY HANDLING LOADRS
AND CRANE AND HOISTING EQUIPHENT (k comments):

+ Accldents

Measures tndtcated to Prevent Hazards from Peveloping to

Heasvre:s
teet A

Indfeatid Lo PYro-

{

—Caught-in bazards vhiich
can reselt {rom waimfougnee
operaliuns dnvalv
and holsts.

—Pendant viine opoierose
and operaicic of lieiscy ylhe
have to hold leadr in
order to pet [vedbanl of
the load's mavercent {i.e.

caui

operile Jorkily).

Il

=When malntanance |s belng done on holst assemblles,
hook blacks, running ropes, etc. the holst's drums
should be blocked to avold turnlng, running ropes
clamped and holst blocks clamped.

-Malntenance personnel shouldn't wear glasses or hats
unless they are attached to thelr person. ({F these
were to fall, & person may meke a reflex move to
grab them and possibly get caught In the equlpment
being worked on (or fall). .

-Pendant operators who have to hold. loads to get guld-
ance feedback should hold loads, not slings, and keep
hands cleer of pinch polnts.

.—._f_,

mjury 2+
Hazand H

-Nu prot-ctive eominent:
wade.




The principal protective and preventive measures indicated activities the \
hiteher and operator should enpage in to reduce caught injury likelihood or
extent. Those comments relevant to management or supervisory activity, :
principally involve providing a sufficient work place or encouraging effec- |
tive work practices. (signal use and signal personnel) to get the job domne
safely. o

D. CRANE OR HOIST MECHANISMS OR STRUCTURES: MALFUNCTIONING, MISOPERATING OR
FAILING--RESULTING IN HAZARDS (ACCIDENTS FROM FALLING ITEMS)

The hazards and accildents described in this classification involve those
hazards or accldent reports indicatins the involvement of some operational
shorteoming in the mechanisms or structural elements of a hoist or crane.
The accidents or potential accidents these hazards relate to are the results
of workers getting struck by (pinned by or between, etc.) some falling
cbject (loads or parts of hoist or crane system). These incidents and com-
ments differ from those in Classification A (falling items from hitching
systen malfunction or failure) by the emphasis of the crane or hoist
systen's operation as a causal elemenc in the accident report or hazard

statement.
Accident Analysils Results-—-

This accident classification accounted for 127 of the aceidents selected
from the promptness survey which showed the involvement of cranes or hoists.
Inspected accidents in this classification accounted for 13% of the inves-

tinations of cases showlng cranes or hoists as principal factors in the ac-
cident.

It 1s difficult to correlate the accidents described in this classification
with the type groups of Vlorker's Compensation coding system. Some of the
accldents described in this section might be described by the code for
workers injured when struck by a falling object when cranes or holsts are
the corresponding source code, but other type codes correspond to the cases
found to fit this classification of employe reports. For this reason, no
estimate of costs is available from the Worker's Compensation Data.

The catepories of accidents which make up this accident classification (see
Table 5-2} are: 1) those involving cranes or hoists or integral parts of
cranes or hoists (boom, anchor hardware, etec.) falling and/or fallius and
causing injury:; and 2} slippage in the '1ift mechanism of the crane or hoist
which causes the load to fall or machine to jerk and result in injury.

The promptness survey responses indicated the types of equipment which most
often are involved 1in structurally falling or falling hoists or cranes are
(listed most to least frequent): overhead and monorail cranes. stacker
cranes: boom and hydraulic boom truck cranes; trucks with boom winches:
stationary cranes. electric hoists: chain holsts: and hand hoists. The
objects which fall when cranes and hoists fail or fall are: booms and
braces ' holsts: cranes: crane handles; and hoist motors. For cranes whose
holst mechanism slip or jerk, the types of equipment involved are: chain
hoists, overhead cranes, winches and roofing power hoists. The objects which



fall as a result of crane slippage run a gamut from parts moved for assembly,
to sling yokes, to cranes and crane parts; with no item of any frequency
apparent, The industries most frequently having crane or hoist accidents
similar to those above are: machinery manufacture, except electrical (espe-
clally construction machinery manufacture); primary metal Industry {(espe-

clally gray iron and steel foundries): fabricated metal products (especially

fabricated structural metal products and iron and steel forging); and con-
struction.

The causal factors the promptness reports and investigations indicated for
the accidents in this classification were:

1) Poorly mainta;ned hoist brakes.

25 Hoist anchor hooks and safety latches fail (hoisf falls).

3) Gears slipping on-éhain holsts. |

4} Drakes’ failinfr to hold loads, below hoist or cranes rated/capacity.
5) Hoist (crane) running ropes slippin? off sheves, pulleys (jerk loads).

6) Lack of drive train guarding near emergency brake levers——result in
operators making emergency moves getting caught in mechanical parts.

7)  Maintenance or modifications being performed on crané Booms, without
~blocking booms eor relieving tension on:support ropes.

8) Maintenance personnel omitting toc replace or reset crane tracks or -end
stops and limlt switches after service work.

9) Overloading cranes (boom cranes) and hydraulic boom failure,

10) ' Stacker cranes hanging up on jutting racks, pallets and falling.

11) 'Ice on hoist moving parts, rails--causing slippage.

12} Hoist trolley wheels bend——hoist falls below rated load weight loading.
13) Handles on come along hoists not well attached, falling or pulling out.
14) Flectrical system failures cause hoist brakes to fail.

Interview Results—-
The 58 comments made by workers which related to this classification of
potential accidents are presented in Table 5-9. !Many of-these types of haz-
ards (related to physical functioning of machines) may closely relate to
causal factors in accildents and hazards discussed in parts A and B of this

section: for this reason, much of the information in Tables 5-6 and 5-7 is
related to the comments presented in Table 5-9.

&
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TABLE 5-9

D. HAZARDS AND CONTROLS REULATED TO THE POSSIBLE MALFUNCTION, MISOPERATION

OR FAILURE OF CRAHES AND HOISTS.

I. HAZARDS PERTINENT TO MAIHTAINING THE 5MOOTH AMND SECURE PMYSICAL
FUNCTIONING OF CRANES AND HOISTS (27 comments).

Nature of Hozerd

Measures Indlicated to Prevent MHazards from Developing Into
- |

Measureg Indicated to Pro-
tect Apaingt Injury {f

Agcldents

Haeard Develops

=Cranes and hoists wvith
rhysical faulte can oferate
Jerkily, fall from their
BUNpPOTT eyRtem, fzil to
respond to eoperator's
econtrels @= anticipated
(increase load falling
likelihood) .

-Repalrs made to "get 1t
working" or modificarions
to machinery wmade during
repalr may ncke future
work on a machizne di%{icult
or lupossikie for cther than
perroanc] nad{iving, erone
or hoirt.

=Pxpocvre to hont or vibra-
tionB cen ive Lolur and
crane cablex and lonsen
bolets securing eranes and
hoists to supporis or ratle
resulcing in an unexpected
equipment failure.

~A system for operstors to check out all baslc fune-
tlons on cranes and halsts, report any problems, and’
rapldly have thege problems solved should be developed
to cover all cranes and holsts. Thls Is especlally
8 problem for 2nd and 3rd shifts where Support per-
sonnel are minimal.

-Where possible Functlon problems can't be rapldly
repalred, alternative equipment should be available
;o make It unnecessary to use a defective crane or

olst.

-Crane operators should regularly (dally) lubricate
control levers and electrical contacts on crane
controls to malntaln thelr smooth operastion.

~Pocumentation should be kepr an all repalrs, modlf|-
cotlons, usage problems reported, etc. For each
plece of equipment, to faclllitate rapld repalr (or
Usage problems development).

-Praventive maintenance schedules with adequately
frequent fnspection and replacement procedures shauld
be developed to cover cranes and holsts In use In a
plant. The ameunt of time between Inspectlions and
replacement should be determined by the amount of
use and exposure to destructlve elements to which

4 the machine 1s subjected.

-Ho specific protective
measures were indicaced
that deal wich the above
described hazards; other
protective comments from
Tables 6 and 7 probably
apply.

1. HAZARDS ARISING FROM THE DESIGN AND FUNCTION OF CRANE AND HOIST
CONTROLS, AND THE ABILITY OF THE OFERATOR OF THE MACKINE TO SAFELY
OPERATE 1T {17 comments}),

Bature of Hazard

Measures Indicated to Pro-
tect Against Injury 1f

Accldents e

~ihen operators of cranea or
hoists switch fromw onme
machine to another, thelr
ability to smoothly and
precisely operate the
machine can be adversely
affected by differences in:
the sensitivity of controls
in different machines.

-Before using any crane or holst for the first time
during a shift, the operator should check out all
the contro! functlions of the machiae so that he or
she is aware of how the machine will rzact (as well
as detecting any physical problems In s machine's
Ffuncelon}), )

-Hachine brakes should be adJusced, serviced and
frequently checked to make sure they are able to
handle the welght of the loads the crane or hoist
carries. '

CONTINUED NEXT PAGE

HMeasures Indlcated to Prevent Hazards from Developling Into

- Hazard Develops

—— .
~See above commenta.
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TABLE 5-S Continued

-Pendant controlled hoists
and cranes occasionally
don't fumcrion consistencly,
butrons will srick, brakes
are irregular, buttens won't
work, and thie machine will
gtick In une mode of opera-
tton (i.e. lifring or lower-
ing). Operators of pendants
also do not get a good
pense of feel from the brak-
ing operation JF crane
trolleys or bridges.

-Cab cperated lever contrels
can operate. roughly and
cause loads Lo jerk. Scme
automatic eleciric brakes
give litcle Flexibility to
the operater as far a3
amount of applicatian
(brakes can grab).
~Limit switches on hoisrs nr
rail crane systems can fall
to function on orcasion,
cpusing a possible eguip-
ment faflure.

~Where cperators of cranes or halsts detect [rregu-
larttles In the smooth operatlon of their machline's
controls, they should be reported and repalred
qulickly.

-Pendant controls (buttons) require more time to
smoothly handle VYoads than level caontrols since It
1s harder to smoothly start and stop ltoads wlth
the buttons than the levers, Operators can lubricate
levers and levcr contacts to hoep them working smooth-
ly, no operator cervlcing can be done to prevent
sporadl¢ operation problems from developing in
pendant-buttons. .

-Unless physlcally cannected to a crane, the operator
cannot gct good feellng (tactwal feedback) of the
actlon of brakes on the crane, helist and load. This
makes manlpulation of loads from floor opcrated
cranes more dlfficult.

-Limit control swltches should bhe reqularly checked.
They shouldn't be used as brakes in normal epecrations.

“111. HAZARDS RELATED
AND HOISTS WHICH
(L comments]).

Rature of Hazard

-locking trolley, bridge ot
hoisr brakes can cause
machines to skid, wearing
the drum, rails, etrc. of
the machines. This can
develop smooth snd worn spote,
€lat spors, and gouges which
will cause hoiscs and cranes
to slip or Jerk in their
operation. This can alsa
develop when one crane bumps
another crane with 1its
brakes on or net In a neu-
tral countrol mode.

~frverloadipg craneg can
increase the wear on moving
parts and meral fatigue 1in
cranes and hoisty.

TO THE SMOOTH AMD SECURE FUNCTIONING OF CRANES
ARISE DUT OF THE DOPERATIONS OF THE HMACHINE

Heasures Indlcated to Prevent Hazards frem Developing into

Measures Indicated ro Pro-
tect Against Injury if

Accldents .
| =msmme—mmomme e _—

-Operators of cranes and holsts should smoathly .
operate thelr machines, avoiding overloads or skid-
dIng which wll]l accelerate wear on thc parts of the
mechine.

~By keepling loads low whea mavime them znd malntalning
a length of cable between the load anu holst or boam.
tlp, some of the shocks and jerks in roving loads
wll)l be absarbed.

-Holsts and boom tlps should be centercd above loads
before 1ifting to avold side Yoads oo booms or
running ropes. .

-When mohlle cranes are set up for use, thelr ouvt-
riggers should be placed on firm supports {(not soft
ground} and be fully extended. VWhen long booms or
other potentially unstable conflgurations arc being
used, experts In the set-up and suppart of mobile
cranes should check the cranes set-up. Applicable
load charts should be avallable to ¢rone operators
to aveld overloads,

CONTINUED NEXT PAGE

Hazard Develops

-Operatars of cranes should
leatn where worn spors are
on crane rails go they can

compensate fer any slippage
due to the rail wear by
operation ot the bridge
controls.

-(0n small capacity mobile
Cranes) opeéralors can sense
the effect of an overload on
the crane's balance and |
quickly, but with control,
lower a too-heavy load.
(Larger capacity cranea glve
lesg of thip balance feed-
back to the operator.)
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TABLE_§-9 Contimued

-Fatlure ro center hoiscu
above loads, Jerking holists.
or side loading bocm cranes
can pull running ropes. off
of wultiple rope hoist and

“pulley systems, or damage
booms from side pull
BtTesses.

-Moblile cranes can tip below
1oad raring capacity if chey
are not set up securely cn
a firm base.




The comments made by workers fit into three general categories presented in
Table 9: 1) those dealing with the maintenance of smooth and secure func-
tioning of cranes and hoists, in order to insure safe load handling; 2) com-
ments related to the ability of the operator of a crane or hoist to utilize
his or her machines' controls to safely and smoothly handle loads with the
machine; and 3) those comments made by workers regarding procedures involved
in the operation of cranes and hoists which can or do affect the secure and
smooth operations of the machine. Where a number of causal and descriptive
-factors in the accident analysis indicated that come along and chain type
hoists were involved in some accidents in this classification, these types
of equipment were not in use in the plants we visited.

The preventive measures workers Iindicated mainly concerned activities which
should be undertaken to maintain the smooth and secure function of cranes

and hoists: or where the design of some function of a crane or holst adverse-~
ly affected the operator's ability to smoothly operate the machine, comments
emphasized what equipment or operations changes might remedy those problems.
The comments of workers related to maintenance indicated the need for an ef-
fective inspection, report and repair program to insure that cranes and hoists
are kept in top operating condition. The attitudes expressed indicated that
machine operators should be responsible for daily evaluation of thelr machine's
controls function (both to detect the development of problems and to be
familiar with controls variations) and for the routine lubrication of moving
control parts. A more formal maintenance program to detect and alleviate
problems in major mechanical systems before their adverse effects made safe
machine operations difficult, and an effectively frequent inspection and
replacement program for crane or hoist parts subject to excess wear or break-
down was also indicated.

Problems arising out of the design or functional operation of machines cen-
tered around chroniec operation problems workers moted are involved with the
use of pendant controls and, to a lesser degree, level controls, and op-
erator's practices which have the potential of causing damage to the smooth
functioning of their machines. The thrust of the preventive measures
indicated worker's suggestions for alleviating these problems.

E. HAZARDS AND ACCIDENTS COMING FRO! REQUIREMENTS FOR MANUAL EXERTION IN
THE HANDLING OF LOADS WITH CRANES AND HOISTS . -

The hazards and accldents in this classification are those which arise from
workers becoming manually involved in the operation of materials handling
with cranes and hoists. These factors generally involved potential over-
exertion in manhandling loads or crane or hoist equipment and, to a lesser’
degree, floor workers involved with cranes or hoists who are subject to
tripping injuries from obstructing objects,

Accident Analysis Results
This accident classification accounts for 8-1/2% of the accidents selected

from the 1974 employe promptness of payment survey which implicated cranes
and hoists as the principal causal source in the accldent reported. Only
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one of this type of accident was investigated and this accounted for only:
1-1/4% of the accident inspections. The accidents in this category gen-
erally indicated type codings of overexertion in handling or ecperating

a crane or holst, or a fall on the same level over some sort of object. Ac-
cident type coding of falls to the same level accounted for 2-1/2% of the
cases whose source was coded as cranes or hoists on the Worker's Compensa-
tion file from 1972 to 1975: and 2-1/4 of the Worker's Compensation costs,
For accidents type coded overexertion and source coded as cranes or hoists,
the percentage of frequency was 9-1/2%, and the cost 5.25%.

Three categories of accidents were found for this classification (see Table
5-2): 1) Accidents involving overexertion in the operation (primarily
moving loads) of cranes or hoists; 2) the operator of a crane or hoist (gen-
erally floor operated) injured by an object not part of the crane or hoist,
while operating the equipment {(generally falling or tripping over the
object): and 3) operators maneuvering materials to load or hook them to a
crane or hoist and receiving an injury {generally an overexertion case).

The most frequently implicated types of equipment involved in these in-
cidents are (listed most to least frequent): overhead cranes: magnet
cranes; hydraulic cranes and hoists: chain hoists; hand hoists; and winches,
The types of materials being moved most often are: steel loads (piles of
tubing, plates, forgings, beams, castings, etc.): various containers (bar-
rels of beer, drums of chemicals, buckets of plastic, etc.): rolls of papet:
and small machines or parts of machinery. The industrial classifications
which show up most repeatedly for these cases are: fabricated metal prod-
cuts, especilally iron- and steel forging; primary metal industries, espe-—
cially steel pipe and tubing and gray iron foundries: machinery manufacture,
except electrical; transportation equipment manufacture, trucking and ware-
housing; and paper and allied products '

The causal information related to the falls accldents was:

1. Workers falling over some obstructing object while trying to move,
attach or remove objects from cranes or hoists. The objects tripped
over (anszle iron, 2 x 4's, forgings, roller stand, oil spots) tend to
indicate that these cases involved a lack of maintenance of clear pas-
sageways where cranes or hoists are operated.

The causal information related to overexertion accidents were:

1. Pulling on the crane or hoist to either lift or move the load.

2. Applying muscle to 'a hoist or crane which operates roughly or hangs up
(on rail welds for example).

3. Trying to push loads beyond the movement limits of the hoist or crane, to
put load on a worktable or platform.

4. Trying to manipulate or 1lift loads to aid in their attachment to hoists
or cCranes.
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5. Workers forced to stand in an awkward position to manipulate, hook or
unhook loads.

The one key element which seemed to run through the overexertion accidents
was the fact that the loads moved were apparently not extremely heavy. This
may have encouraged workers to try to manipulate these loads manually, rather
than making more precise use of available hoists or cranes as would be the
procedure with heavier loads.

Interview Results

Workers made 29 comments which indicated hazards or controls related to this
classification af accident type. This 1s somewhat short of the number of
comments which would have been expected, were workers' comments for this
classification in the same proportion to accident frequency.

vhen asked about manual exertion hazards related to hoist and crane

use, workers frequently indicated they felt no such hazards existed. It may
be that one worker, who indicated that he was too old to be worried about
showing how strong he was by lifting heavy objects, and now got help lifting
heavy items, may have hit the nail on the head as to why many overextertion
injuries develop. Another problem with this type of injury, is that over-
exertions (spraina, strains and back problems) often develop .from repeated
chronic stresses rather than one time acute traumas like most of the crane
and hoist accidents we have previously mentioned.

The comments made by workers are summarized in Table 5-10. These comments
fell into three catepgories of manual exertion involvement hazards: 1) those
arising out of the physical requirements involved in the utilization of
cranes and hoists to handle materials (moving loads, setting hitches, select-
ing slings, ete.); 2) design and functional limitations of cranes and hoists
which can add to the likelihood of manual exertion involvement injury:; and

3) hazards coming from obstructions to the uncluttered movement of workers

on the work floor using c¢ranes and holsts.

The preventive measures workers indicated they should carry cut to cope with
these hazards involved: wusing mechanized methods (holsts and cranes) to
substitute for manual lifting where possible or obtain help handling heavy
objects:; and the exercise of caution while climbing on or around large
objects, The maintenance of good housekeeping around their work stations
was another preventive measure workers felt could be generally dealt with

at the work site.

Preventive measures which workers felt they had little or limited ability to

exercise without management support were: the proper desipgn of crane cabs
and pendant control attachments: having the facilities at hand to obtain help
from other workers when they needed it: and maintaining sufficient stor-

age and room around work sites to be able to work without obstruction.
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TABLE 5-10 "E.

HAZARDS AND CONTROLS COMING OUT OF MANUAL EXERTICHMS INVOLVED IN HANDLING

LOADS WITH CRANES AND HOISTS

1. HAZARDS OF MANUAL

INVOLVEMENT DEVELOPIHG FROM THE PHYSICAL REQUIRE-

MENTS OF USING CRANES AND HOISTS TO HAHNDLE MATERIALS (14 comments).

Nature of Yazazd

-Marually havizg to push and
turn or position loads
while lifted soses the ;us-
eibility of szrains or
etrains. The possibilicT
of an overexerzien injurs
1s also present when a
hitcher or pexdant erane
aperator musr ~old or lift
8 load in order to keep it
balanced.

~Workers who have of chocse
to Lift loads cn other sig-
nificantly heavy items o
be used in crase and haist
materials hancling. This
includes lifcizz heavy
slings, manuaily pestiric=-
ing leoads for lifring a-
having to de —anual work
alone~--ugually done with
assistance.

=Workers having ro elimy ca
&nd off Ioads inm order t:
properly hiteh rhem {cli=>-
ing onto railroad cars,
geLeing in and our of craze
cabs, ete.)}.

Heasures indicated to Prevent Hazards from Developing Into

Accldents

~Where posslhle, holsts or cranes should be used

to do manual llfelng tasks.
ever, workers Indleated 1t Is
manually maneuver -heavy ltems

In regards to thils, how-
often much eesier to
than te get a holst

system (gantry crane, jib crane or bridge crane) and

proper attachments to handle

Items.

-When anything heavy needs to be manually 1lfted, qet

help from another worker to |

fft 1t - Fforget about

trying to show off your strength.

=When clinmbing on losds, =tc, .,
shoes or a plece of the load.

watch out for oll on

Meagures Indica:ed to Pro-

Hazard Develops

tect Against Injury if

~No protective measures
mentioned.

CONTINUED NEXY PAGE
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TABLE S5-10 Continued

). EQUIPHENT DESIGN AND FUNCTION LIMITATIOHS CONTRIBUTING TO THE
LIKELIHOOD OF MANUAL EXERTIOH - INVOLVEMENT (NJURIES (8 comments)

Heasures Indicated to Prevent Hazards from Developlng into
Acclidents

Nature of Hazard

4
-Pendant controiled holsts
and ¢ranes vhose pendant
cables are too short rec:ir-
ing operaters o stretch

-Pendant controls should have control cables long
enough to allow operators to move arcund loads as
necessary, without stretching rthemselves or cord.

-Where vistblility around load or the load's destination
themselves out Lo see Is prohiblitive for an operator an the floor, he or sne
around oT maneuver bulky thould be eleavated to a cab ar same stablte platform.
10ads. ’ -Crane cabs whlch have to 1ift Items below the cabs

-Pendant crane operators vao should have windows or vislon hales 1n the cab's
have to climb instable floor.
ladders or stacls fn orcer -%eats far crane operators should provlide padding from
to sce where they are cou- i ¢matl bumpc and jerks, and provide lower back s:pport.
ing their loads.

-Cab operators of cranes *av-
Ing to lean or stretch sut
over cab of the crane ro
see loads belcw the crana
cab’s floor.

~Virbrations or bumps rrem
travelling in meobile rraczas
or from the jerks of nor-al
Crane operat:icizg can crsaie
a gore back--=gperiall-r
where the operacor's sea:
ian't well pa--ad.

Measures Indicated to Prg-

tect Againse Infurry if
Hazard Develops

=No protectlivée measures
wmentioned.

11J. HAZARDS INVOLVING WORKPATH OBSTRUCTIONS WHICH MAY QBSTRUCT OR TRIP
WORKERS. INVOLYED 1N CRANE OR HOIST OPERATIONS ON THE WORK FLOOR
(7 comments). i

|

'Hessures Indlcated to Prevent Hazards from Developing Inte
?cciﬂenti ;
- .. - - - . 1
-~Housekeeplng should be maintained In sreas whare
hplst ar crane operatlions are staged.
=Silngs and other materials used In crané and holse
operatlons should be stored out of trafflc areas
when Aot being used.
-Work preas should be kept large enough to allow
workers to perform their tasks without Bumpling
Into the items around them when workling with cranes
and holsts.

Nature of Hazard

~Excessive floor -space taken

up by increased production,
debris around a hotisr sta-
tfon, slinps left on flpor,
ungrganized storage, etc.
can block or parrially
prohibir the free movement
of a worker cancentrating
on a ralsed load. or trying
to eecape a falling load.

Meagures Indicared to Pro-
tece Apainst Injury if

Hazard Develops

~Workers should be sure they
have a clear path of egress
to get away from a load if
a problem develops.




F. HAZARDS AND ACCIDENTS ARISING FROM: - WORKING ON OR AROUND CRANE HARDNARE
ENTERING OR LEAVING CRANE CABS AND HAINTENANCE OPERATIONS

The accidents and worker comments in this classification are a conglomera- .
tion of reports indicating the danger of falls or hazards of working at
heights which are assoclated with normal crane operations or maintenance
operations. These are summarized below. ,

Accldent Ana1y51s Results

This classification is made up of two acclident classifications from Table
5-2. These are Numbers VI and VII.  These two claggifications are combined
for analysis because many elements of the accidents which constitute them

are similar. The first classification, injuries from operating on or

around cranes or crane hardware, accounts for 5-3/47 of the crane and hoist
cases selected from the promptness survey. Four percent of the accident
investigations pertained to this clagsification of accidents. The second -
classification, accidents resulting from maintenance operations not cove;ed
in other classifications, represents only 3-1/2% of the promptness survey
sample; and 47 of the accident investigations. The codes corresponding to
falls from elevation with crane or hoist source codes account for less than
17 of the frequency and cost of crane and holst coded cases from the Worker's
Compensation file. The bulk of the cases analyzed from the promptness survey
were source coded to sources other than cranes or holsts on the Worker's
‘Compensation file. :

The categories of accidents that went into these classificatiohs are:

1) WQrkers falling or stepping off a crane or hoist.

2) Workers injured c¢limbing into a crane, and workers 1njured falling from
overhead crane rails. ‘

3) Workers injured setting up or disassembling a crane or hoist.

4) Workers injured replacing a cable on a crane (mostly falls).

The principal types of cranes and hoists involved in these accident classifica-
tions are (listed most to least frequent): mobile cranes (truck cranes,
crawler cranes, and other portable boom type cranes); overhead cranes: and

to a lesser degree, chain hoists, and other small materials hoists. The
industries reporting acecidents of these types primarily are: construction;
wholesale trade--durable goods; primary metal Industries:; and tire and

inner tube manufacture. :

The causal factors involved in the accidents reported in the promptness sur-
vey are: .

1) Lifcing hoists and other parts of équipment into position causing strains.

2) Dropping apparatus while installing it and falling.
3} Walking or working on slippery surfaces--ice, snow, grease and oil.

4) Working on unstable maintenance platforms.
5) . Feet catching in parts whlle working.
6) Fingers getting caught between trolley wheels and rails.
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7) Coming into contact with power lines while working on top of a crane
boom. '

Interview Results—-

Workers interviewed indicated hazards related to this classification which a
dealt primarily with considerations for safety when they were engaged in
maintenance operations. The twenty comments summarized in Table 5-~11 were
given by five full-time maintenance personnel interviewed in two of the
plants we visited.
. . LA
All of these comments related to the physical hazards which maintenance op-
erations exposed workers to, especially those arising from working on the
bridges of out-of-service overhead cranes. For the most part, these hazards
resulted from the exposure to energized power contacts, toe heights, or to
collisions from other cranes operating in the same bay as an out-of-service
crane being maintenanced. Workers indicated that giv?n the proper warning or
lockout procedures, or work platforms, these hazards could be controlled.

G. OTHER HAZARDS AND ACCIDENTS NOT PREVIOUSLY COVERED

A few of the accidents reported in the promptness survey and a number of ac-
cident investigations, primarily dealing with unintentional contact with
overhead power lines in béom crane operations, were not covered by the pre-~
ceding categorization of accident classifications. In addition a few of the
comments made by workers interviewed during the field investigations,
primarily regarding general comments made about safe hoisting operations or
job stresses involved in the operation of cranes or hoists didn't fit pro-
perly into any of the classifications previously discussed. These accident .
types and comments are presented below.

Accident Data Analysis--

These remaining accident categories, mainly derived from the promptness
survey responses, accounted for only a very small (4-3/4%) portion of the
employe promptness reports analyzed. In more than half of these cases, no
determination of the type of accident involved could be made. Of the
remaining cases: :

1) two involved injuries produced by the design of the crane operator's
cab controls (foot strain from brake pedal, and shoulder and back strain
resulting from repair and relocation of the crane operator's seat).

2) four cases concerned workers working in the proximity of a crane who
were injured bumping into a stationary crane (one case indicated that
the crane was parked in the wrong location).

The final classification of accidents only had three cases reported on the

promptness survey. This 1s because fatalities tell no tales! These are
cases where workers get injured, and quite often killed as a result of a
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TABLL 5-11 F. INDICATED BY WORKERS PRODUCED BY THE PHYSICAL ACTIVITIES AEQUIRED

[N

WORKING ARQUMND CRANES

I. HAZARDS TO PHYSILAL SAFETY IH CRANE MAINTEMANCE OPERATIONS

{20 comments)

Bature of Hazard

Measures [ndlcated to Prevent Mazards from Develaoping into

Measures Indicated to Pro-
tect Agsinst Injury if

Acclidents

Hazard Develops

—Werkers on out of service
cranes performing repairs
&re vulnerabhle ro being
struck by cranes scill in
cperation in the sawe crane
bay. N

~Fall hazards exist for work-
ers working on or arouad
€rane bridges to perform
repaire, or to listen to and
observe crane machinery to
diagnose operations
problems.

=Either beranse of the in-
abilicty to shut aff all
power to a crane bay (shut-
ting down all the cranes in
that bay (nail)), or poor
plant lock-out procedures;
maintenzgnce persennel are
sometimes exposed to live
power sources (mainly
bridge travel power con-
tacts not usually designed
to discennect to single
¢ranes in mulciple erane
bays) .

-Maintenance workers could be
invelved in caughr-in moving
parts Injuries while involvea
in crane mainrenance
operations.

~Mobile crane operators pec-
forming routine maintenance
on cranes have to climb
around crane.

~Warning devices (llghts) should be used to alert
operating cranes of out of gservice cranes; and a
strict rule for operating eranes to stay clear of out
of service cranes flashing these devices should
be enforced.
-Use support boards or other devices to provide a plat-
form for working on the bridges of averhead ecranes.
~Use available lock-out systems whanm doing work on
cranes Qutslde of the crane cab. When extensive

- work needs to be dene on rmotors 6r bridge drive

systems, shutting down power to the entire crane
bay should be considered.

-Holst drums, running ropes, and other parts which
fay move durlng maimtenance should be locked or
blocked In place.

~Halntenance workers shouldn't wear glasses or loose
Items not secured to thelr person as they may
Instinctlively grab for these ltems should they fall,
possibly resulting tn a fall or caught-in accident.

-Moblle cranes shauld have nen-sllp arates or walkways
to allow safe footing for maintenance on machinery,

-The best preventive to maintenamce hazards Ig to
minimlize the tlme machlnes must be worked on. Regu-
lar lubricatian of controls and rails will extend
the time machines remaln trouble-free. Good records
on equlprent wlll speed repalrs.

“~No protective messures
indicated.




_ crane coming into contact with overhead or other power lines. Seventeen
':;gasesﬂior 22-1/4%, of the aceident investigations involved this type of
‘dceident. The Worker's Compensation file indicates 37 cases of cranes and
hoists (one electric hoist) contacting electrical power; this 1s 2-1/4% of
the accident totals for cases coded as cranes or hoists. The Worker's Com-
pensation cost of these accidents was $244,303 or 17-1/4% of the cost of
crane and hoist accldents. O0f these accidents, 19 cases involved fatal
injuries.

The overwhelming number of electrical contact accidents involved boom type
cranes. Many of these incidents took place at or around construction sites;
however, a fair proportion of the cases occurred in the yards of industrial
plants. The main industry suffering this type of accident was the construc-
tion industry; as well as wholesale scrap, waste metal processing, and
electric and sanitation work to a lesser degree. These accidents did not
generally injure the operators ¢f cranes, but rather hook up and guide men
outside of the crane structure.

The causal factors most important in these cases involved:
1. Working in too close proximity to live overhead high voltage lines.

2, Hitchers and guide men holding onto guide lines and crane attachments
when booms contacted power lines.

3. Operators of cranes not being aware of the location of power lines, or
the proximity of their booms to power lines.

4, Kot disconnecting and grounding power lines when working in close
proximity to them.

These cases are discussed in more detail in the discussion of c¢rane fatal-
ities in this section, and in the segment on mobile cranes in the sup-
plementary report to this chapter (Gottlieb 1978).

Interview Results--

The remaining comments from worker's Interviews are presented in Table 5-12.
These comments on hazards in the use of cranes and hoists related to the
personality attributes crane operators and, to a lesser degree, hitchers
need to possess to safely operate their machines. Other hazards were noted
by crane operators who indicated they were exposed to high levels of some
toxic substances, working above certain operations in foundries. These com-
ments are expanded upon in Table 12,

CRANE USE FATALITIES
The Wisconsin Worker's Compensation Case History File shows 30 incidents
where cranes or hoilsts were indicated as the main source of injury in fatal

accidents from 1971 through 1975. ' An additional two cases involving a
fatality were not source coded as crane accidents, but according to their
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TABLE 5-12

1. SAFETY ELEMEMTS
AHD PLRASOHALITY
(13 comments)

Nature of Hazard

G. OTHER WORKER COMMINTS HOT PREVIDUSLY DISCUSSCD

1N CRANE OPERATIONS ASSNCIATLD WITH REHAVIORAL
AYTRIBUTLS OF CRAMF OPELATORS AHD HITCHERS

Heasures Indlcated to Prevent Hazards from Developing Inte

Ac

Measures Indicated to Pro-
tect Agalnst Injury if
Hazard Develops

~Operators, hitchers and
glgnal persennel have to

- communicate effectively for-
operations to run smoothly.
A number of factors may
interfere with the effec-
riveness of this communica-
rion: (1) inexperienced
hitchers just starting on
the job: (2) lack of stan-
dardized hand signals: (3)
new palrings of operators
and hitchers, from shifts
or work changes; and (4)
mote than one hitcher of &
group glving signals to a
crane operator.

-Operators of cranes need to
have skille and qualities in
thelr persconality to safely
operate cranes: (1) new
operators need thorough
training; (2) larger, more
complex cranes require more -
finesse to tun safely; and
(3) crane operators can't
wortk safely Lf they get
nervous, or who can't or-
don't pay atteation to
their task.

-Operators and the hltchers they work with should

be surc they have thelr slognals strafeht. This 1s
especlally necessary to get stralight vhen unfamillar
people are working toccther, or for hitechers and
operators who don't get alonn well off the job.
~Crane operators just starting thelr Job; or 'worklng
a new ‘crane wlth new lpads, surroundings, etc. should
be tralned and checked te make surc they have ade-
‘quate tralning, skills and sensory cagaclty (e.q.
depth pcrcnption) te handle the job.
=Only pecople with stalble personalities should operate
cranes.

=Ro Pl lviiine 1 2AsITIS
Indietail.

CONTINUED NEXT PAGE
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TABLE 5-12 Continucd

Nature of Hazard

-Operarars of cranes arc
sometrimes pressured te work
faster than they feel is
pafe from: (1) lncreased
production scheduling; and

b {2) incentive pald workers
being serviced by crane
operators, ¢lamering for
the use of the crame.

-Crane operators, especially

| those in open cahs working

] in foundry type operations,
are often exposed to toxic
fumes (lead) and dust, often
impairing immedlate alert-
ness and deleriorating long-

‘term healch.

. [ B R

I1. PHYSICAL AND PSYCHOLOGICAL STRISSES 1HDICATED FROM JOB REQUIRE-
MENTS AMD TOXIL EXPOSURES

(10 comments)

Heasures
Accldents

Indicated to Prevent Hazards from Developing Into

Mea:ures Tndicated to Pro-

tect ﬁg;?ﬁég lujury {5_7
Hazard llevelops

T

-Crane operators shouldn't get frazzled or allow
themsalves to be rushed or to hurry operatlons to
do them faster thanm what they feel Is safe.
~When production perlodically gets heavy, the number
of hours of productlen should be increased, instead
of trying to rush work.
~Where cab oprrators are exposed to airborn contamin-
ants, the cabs on thelr ¢ranes should be enclosed
and supplled with flltered alr. A less attractive
preventlve measure {s the use of resplrators or dust
masks. These may not be as effectlve 1f workers are
required te remove resplirators or masks to talk to
floor workers, or open windows for the same purpose.

110. OTHER CQMMEHTS

-—_—— -

Naturc of Hazard

-On some oldcr bridge cranes,
some of the electrical con-
tacts alonp the inside of
the bridge rail are exposed.
Ralsed and swinging crane
hooks could contact these,
posesibly exposing someone
to an electrocutlon hazard.

=Tle metal capacicy taps on
chaln slings can gecr tangled
in the chaine and snap off,
fly and possihly scrike
vworkers, and no longer
provide laad csapaciry
information.

<

-No protective weasures
fndicated

{2 comments)

Measures Indlcated to Prevent Hazards from Developing into

Accldents

=0lder cranes should have thelr contacts covered
and shlelded llke the newer cranes do.

-The- company with the rtac problem was granted a
varlance to add an oversized llnk to one chain arm
of a sling and thelr 1Ink was starpced with the cap-
aclty information,

Heagures Indicated to Pro-
tect JSpainst Tnjury 1f
Hazard_Develops

-No protective measures
indfcated.




accldent investigations, cranes or crane operations were critical factors in
these incidents. The principal catepories of fatality due to crane opera-
tions are: (two early 1976 cases are included).

1. Contact with overhead power lines through cranes (cables and booms), 22
cases (this includes one of the cases not source coded as crane or

heilst).

2. Being struck by some object falling from a crane or hoist, or by a
falling hoist, 6 cases. .

3. Being struck by some moving part of a crane or hoist, 3 cases (including
one of the cases not source coded as a ¢rane or hoist).

4, One case each of: a worker killed falling with equipment: a pedestrian
struck by a truck crane; and an overhead crane contacting some elec-
trically energized parts.

The probable causal factors for these types of accidents are discussed in the
following analysis.

The most cormon victims of fatal crane accidents are: Construction gen-—
eral laborers (8 cases); truck drivers {8 cases); other general laborers (3
cases); and 2 cases each for foremen, roofers, electric power linemen and
naintenance operatives. None of the inspected cases indicated that a man
inside of the crane cab was the victim of any of these fatal accidents.- The
primary victims of all of these incidents were hookers, hitchers, guide men,
or crane operators operating the equipment with pendant or other remote con-
trols.

For the nonelectrocution fatal cases which were inspected: two involved
cables coming loose from their attachments; one was caused when a crane boom
and attached magnet resting on.a pile of scrap metal slipped and swung free
to crush a man in a truck cab; another was the result of a plate clamp and
plate slipping off their hook when the pressure slacked as the load was set
down, falling on an employe; and a fatality was caused by a jerky roofing
hoist working free of its anchor materials and falling.

The power line contact electrocution fatalities which were inspected zall
involved boom or derrick cranes. The key illuminating factors as to the
causative natures of these accidents mainly point toward some disregard for
a known hazardous situation (contact with overhead energized power lines).
In three of the investigations of crane electrocutions, large permanent
warning sipgns on the cranes, and constant management warnings related to
working in the proximity of power lines lead the inspectors to conclude that
no violation of standards requiring proper distance from power lines could be
attributed to the employer. In another five investigated crane electrocu-
tions, knowledge of the proximity and danger of power lines was testified to
by various of the principals in the accldents: however, in all these cases,
the involved workers either felt they could avoid contacting the lines
during the fatal operation or, despite the use of one or more look outs,
came Iinto contact with the proximate power lines during the operations. Only
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one inspected case indicated that the operator, in this case also the
deceased, operating the crane from outside the truck, may not have been
informed of the hazard presented by coverhead power lines., The remaining
crane electrocution inspectilons do not provide clear enough information to
draw any inferences.

Overall the crane fatalities seem to reflect similar accident patterns as the
rast of the crane accildents. The most outstanding source of crane fatalities
come from contacting overhead wires while the crane is operating. Thils pat-
tern of accident causality is similar to those accidents involving moving
loads or cranes striking objects in thelr path (classification 2). Most of
the electrocutions inspected seemed, in retrospect, easily avoidable if a

few simple precautions had been taken prior to the commencement of the op-
eration. The remaining fatalities appear to be characteristic crane ac-
cidents where somecne was in the wrong place at the wrong time.
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IV. THE HUMAN PACTORS DYNAMICS IN OVERHEAD LIFTING SAFETY

INTRODUCTION
What Causes Accidents

In a recent study of accident investigations (Hagglund, 1976) it
was found that 54% of 257 investigated accidents implicated some
factor; primarily physical ("unsafe condition') as the principal
accident cause. The purpose of the above study was to question
the claims of numerous safety professionals and organizations
arising from a study of accident causation by Feinrich (1959)
that 75-95% of industrial accidents are caused by "unsafe acts™.
This latter statistic has been interpreted by some industrial
management personnel as indicating that worker's unsafe behaviors
‘are responsible for the bulk of industrial injuries, and, there-
fore, expenditures for improving safety are of little value,

For the purpose of preventing accidents and protecting against
serfous injury, that notion of the unsafe act or unsafe condition
is of 1ittle value. As Hagplund concludes at the end of his
study, "It 1s more likely that accidents are caused by interact-
ione of a variety of complex events and factors'" (1976). The
point is not that unsafe acts or unsafe conditions don't play a
role in causing accidents in overhead lifting, but rather that
numerous physical and behavioral factors may combine to cause an
accident or to create a hazardous situation whaere the potential
for an acclident existas. '

Yow Do You Avoid Accidents

Once an accident occurs, the system to insure worker safety has
fatled. Any post-mortem analysis, at best, serves to point out
areas where attention is needed; and aeldom does more than place
blame and agssess punishment. Unfortunately, the lepal system
attached to industrial accidents encourages blame assessment
making an accurate attempt at causal analysis almost impossible.
The proper time to control accidents is before they occur by reg-
ulating or eliminating the hazards which can lead to accidents.

The purpose of studying crane and hoist use safety is to point
out the areas where hazards are found to exist, and indicate what
means are used or what further efforts are needed to manage these
hazards.

*A current series of NIOSH studies (Cohen, Smith and Cohen, 1975;
Smith, Cohen, Cohen and Cleveland, 1978; and Cleveland, Cohen,
Cohen and Smith (in press)) have shown that it 1s the qualita-
tive nature, rather than just the quantity, of industrial safety
programs which determine their effectiveness.
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The Hazards of Using Cranes and Hoists

Section III of this chapter details the factors found to be
involved in the causation of accidents related to the use of
ecranes or holsts, and the opinions of what workers and managers
involved with crane or hoist use consider to be the hazards
related to these overhead lifting problems. This information,
summarized in Tables 5-1 thru 5-12, indicates five general sit-
vations where the use of cranes or hoists are likely to present
hazards which can and do lead to worker injuries. Hazards related
to these types of situations include:

1. The attachment devices used toc secure lcads 'to cranes
and hoists fail to hold the load when lifted, result-
ing in the load falling. ‘ 4

2. The movement of the crane or hoist and/or the lifted
load leads to a collision with some other object or
person.

3. Load hitchers, signal perscnnel or floor located oper-
ators of c¢ranes or holsts (and other floor traffic)
getting injured while attaching a load or while parci-
cipating in a load's movement with a crane or hoist,

4, While lifting or moving loads some structural or mech-
anical component of a crane or hoist may fail to oper-
ate as expected or collapse.

5. Crane operators or maintenance personnel working on or
around cranes or crane structures risk injury, prim-
arily from falls or caught-in injuries.

While these five types of gituations were found to be sufficient
in describing the range of possible conditions from which crane
or hoist accidents can arise, the hazards and associated controls
indicated by the field study often act across these s{tuational
categories. Tt was found that the comments of workers and man-
agers involved in the use, manufacture and distribution of cranes
and holsts indicated four systems of physical and behavioral ele-
ments where attention to hazard control was essential to safe
overhead lifting operations. These four control systems are
those encompassing: ‘

A. The factors which are principally behavioral that are
involved 4in the operation of crane or hoist systems;

B. The principally behavioral factors involved in load

" attachment and human involvement in load handling sup-

port of loads handled by cranes or hoists;

The principally physical and behavioral aspects of the

loads to be handled by cranes and hoists and the

attachment systems for these loads; and

" D. The principally physical aspects of the performance and

- mechanical limitations in the design and function of

crane or holst systems.

a

These four control systems and their critical interactions encom-

175



pass the dynamic elements involved in handling materials with
cranes or hoista. The balance of this chapter will focus on the .
human factors components of these systems which were indicated by
cur study of crane and hoist use, and were found ro be essential
to safe overhead materials handling. For the sake of brevity,
thege discussions will avoid much of the operations-related
detail which our research found important in crane and hoist use
safety, An emphasis will be placed on defining those factors
which emerged as the most cruecial to safe crane and hoist use.
Readers who are interested in a more derailed discussion of

of these various factors are directed to a supplementary report
on crane and hoist use (Gottlieb, et al, 1978) and to the various
references and standards noted in the following discussions.

A. BEHAVIORAL FACTORS IN THE OPERATION OF CRANES AND HOISTS

More than any other single factor, the way in which a crane or
hoist is operated is central to safety in overhead materials
handling. This was an almost universal constant in our discussion
with anyone associated with the use of cranes and hoists. Crane
operators who were perceived as "doing a good fob" were consid-
ered an essential asset in insuring crane or holst use safety.
Likewise, where some prohlem was nerceived regarding the way 1in
which a crane was operated, significant cafety hazards were indi-
cated as being associated with the crane or heist operations. 1If
the summary of worker's comments presented in Tahles 6 - 12 are
studied, the role crane (and.-hoist) onerations play in relation
to all of the possible sources of overhead lifting accidents is
pervasive. At least one aspect of each hazard indicated is
elther defined by some component of erane operations, or sees
crane operation as an important preventive factor in the control
of overhead lifting hazards.

Other factors involved in overhead lifting such as the function
of crane or hoisting machinery, and the nature and function of
load attachment systems, are essential to safe crane and hoist

- use, However, while these factors are seen as necessary to lift-~
ing saferty, different elements of crane operations are able to
have both positive or nepative effects on the safety aspects of
these other factors. On the other hand, functions of 1ifting
machines or load attachment systems are often seen as factors
which, 1f inadequate, adversely affect crane or hoist operations,
but which cannot commnensate for insufficient crane operation,

The clearest example of the importance of crane or hoist oper-
ations to the safety of an overhead materials handling situation,
involved an engine hoist system found in a small foreign car
repair shop. This "hoist" consisted of an. alloy chain draped over
a ceilinp I-beam, and used a ratchet type chain tightener to
affect 1ts hoisting action. The mechanic who pointed this system
out indicated the need for being very careful when using this
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homemade hoist system. Fertunately no injury, to anyone's know-
ledge, has ever resulted from the use of this hoist. Here a pot-
entially hazardous plece of equipment has, until now, been used
safely primarily through the vigilance of the hoist's operators.
It is interesting that, according to current OSHA standards, a
hoisting device such as the one described above probhably 1s in
general compliance with the standards. This will be discuassed

at greater length at the end of Part D of this section.

Factors in Crane and Hoist Operations Controlled by Operators

The crane or holst operator 1s responsible for a variety of fac-
tors in the process of safely handling loads in overhead lifting.
"Many of these arise from the integral involvement of the crane
operator in the processes of attaching, lifting and moving loads,
and are detailed in Tables 5-6 and 5-12. Below is a list of . the
principal factors which crane or hoist operators indicated as
their responsibilities in safe overhead lifting.

-Selecting and avoiding traffic and fixed obstacles in a
lifted load's travel vath.

-Checking the security and capacity of a load's attach-
ment before lifting and travelling with the load.

. -Making sure hitching or signal personnel are aware of a
load heinpg lifted or moved, and are clear of the load
when 1t 1is lifcted.

-Making sure the hoist mechanism of a crane 1is centered
above a load and the load hitch is balanced to avoid
the load swinging when it is lifted.

-Makineg smooth movements from one dimension of load
movement to another to ingsure loads don't {ferk and
possibly fall,

-Determining that the weight of a load item to be lifred
is within the structural and stability limitations of
the crane or hoist being used (especially 1in mobile
crane operation).

-Inspecting and testing crane and hoist operating sys-

" tems including transport, limit switch, controls, hoist
ropes and chains, and brake functions.

-Reporting prohlems in equipment structure or function
for repair.

-Performing routine and minor lubrication, maintenance,

“or repair on cranes and hoists.

The degree of skill required of each crame or hoist operator to
perform the above tasks varies in relation to the complexity of
the crane or hoist used, the tvpe of load handled, the nature of
the locad movements to be made (does the load need to be rotated
or turned, or just transported), and the location of the crane or
holst's operating station relative to the load and its path.
While some of these factors are bevond the control of the crane
operator, a sipnificant amount of safety in overhead lifting is
determined by the skills and attentions which erane and hoist
operators exert in their 3ob tasks.
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Crane and hoist operators, because of their close and constant
relationship to the operation of their machines, are .in an excel-
lent position to routinely monitor and ‘detect -prohlems in the
machine's functioning, and to perform minor maintenance on the
mechanisma of the machine. The O0SHA standards for Overhead and
Gantry Cranes {(1910.179) and for Crawler, Locomotive ‘and Truck
Cranes (1910.180) specify various operational components of these
machines which should be frequencly 'inspected. Most of the
industrial users of cranes we visited made these frequent inspec-
tions a part of the crane operator's rTesponsibility., Periodic in-
spections of the majer mechanisms of the crane usually involve
the crane operator and a crane maintenance specildlist, Crane-
operators usuallly are expected to perform routine lubrication of
crane controls, and to check and sarvice other ¢rane lubricant
levels. -

Prior to the task of lifting .and moving ‘a load with a crane or
hoist, it was noted by a number of crane operators that they
should select the pathway for moving the load. As part of this
path selection, they try to note any possible obstacles which the
load could hit or which might block the operator's view of the
load or posasible traffiec below the load. Where some vision obhs-
tacle exists which a e¢rane operator cannot avoid, crane operators.
indicated that they try toc arrange to have thelr hitchers or sig-
nal persons signal them as to whether the obscured area i3 eclear
of traffic and safe to move the load through.

Another pre-lift task pointed out by c¢rane operators is to main-
tain clear communications with ctheir hitching and signal person-
nel. This communication is necessary both to make sure that the
operator and load hitcher are satisfied with the security of the
load's attachment, and to insure that the hitcher is prepared for
the load's being lifted. This latter point, the crane operator
making certain that hitchers are cleaxr of a load which 18 about
to be lifted and aware of 1ts impending movement, 1s necessary to
avoid the hitcher getting injured by petting :caught-in loads and
Blings being lifted, or pinned or struck by .a swinging load
{(Table 5-7 and 5-8). )

While all crane and hoist operators have to be concerned with
lifting loads of welghts within the capacity of their heisting
machines and the load attachment system used, mobile crane oper-
ators need to be more cautlous in this regard. Because the astab-
ility or scructural lifting capacity of these machines varies
with the length of the c¢rane boom, boom angle, the support base
of the machine (on outriggers or on rubber), and which part of
the ecrane base a load 4s swung over (different stability and cap-
acity when the load 1s lifted over the side of the crane or the
back of the crane). As a result of thelr mobility and changing
stability (related to 1ifting capacities), nmobile cranes require
attention to a mumber of factors related to load handling safety
which operators of fixed site cranes and hoists don't have to
contend with. A more detalled discussion of some of these
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factors which are the concern of mobile crane users and operators
are presented imn a two-volume series on crane operations and rig-
ging in construction (Dickie, 1975), and in the supplementary
report to this chapter mentioned previously (Gottlieb, 1978).

Safe operation of a crane or hoist while a load is being lifted
or transported demands that the crane or hoilst operator must con-
tinue to pay attention to a number of factors related to overhead
materials handling safety, according to comments made by workers
invelved in these operations, Crane operators must keep con-
scious of the area around a moving load in order to avoid moving
raised loads over or into people or traffic around the load. As
previously mentioned, maintaining clear communications between
the operator and hitching and signal personnel is important to
the safe attachment and 1lifting of loads. It is also important
for crane or hoist operators toc keep track of these workers to
avoid injuring them with the moving load. It was noted by a
number of crane operators that difficulties often arise from
workers on the floor not immediately invelved ig moving the load
who move, unknowingly, into the area of the load's path. Since
these workers aren't aware of a load's presence, crane operators
indicated that it is their responsibility to avoid moving loads
into the vicinity of these workers and to try to alert them to
the loads presence by using the crane's warning device (horn or
bell). Most crane operstors expressing an opinion on the use
of warning devices felt they should be used only when needed to
alert workers who seem unaware of a load's presence.

The OSHA Standards related to crane and hoist use include some
generzl 1istings of procedures to be aobserved in handling loads
with cranes (1910.179(n), 1910.18Q0(h)). These standards provide
what amounts to a "do's and don'ts" checklist for safe crane and
hoist operations. While the provisions contained in these stan-
dards address many of the factors the crane and hoist operators
we interviewed indicated as important for safe overhead lifting,
the general provisions of these standards are nowhere required to
be transmitted to workers deslignated to operate cranes or hoists.
The development of these load handling standards and the crane
and hoist ingpection standards discussed previously, into a
checklift or training presentation for crane or holst operators
might improve the effectiveness of these standards and overall
safety in crane or hoist use,

Another standard of significance to crane operations and crane-

*Some pendant crane operators complained of not having control of
their crane’s warning devices from their control box. Many of
these crane's warning bells sound automatically when the crane
starts to move; workers felt this reduced the warning device's
effectiveness,
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use accldent prevention £{s OSHA Standard 1910.180(j)* This stan-
dard addresses certain operatlional considerations important to
mobile crane use near electric power lines. As.indicated in the
discussion of fatalities related to crane and hoist use, contact
with overhead powerlines is the most frequent causal factor in
fatal crane accidents, Because of the possible serious conse-
quences of powerline contact, crane operators whose cranes may
come close to these hazards should be well aware of these stan-
dards.

Factors in Crane and Hoist Operations Beyond the Control of the
Operator

The crane or holst operator, while controlling the functions of
his machine in locad handling, is 1in turn affected by the extent
of control he is able to exercise by conditions beyond his immed-
late control. The factors of this sort which were uncovered by
this study included:
-The nature of the crane or hoist machine, it's controls
design and operation, and the location of the operator;
-The types of loads, load handling and attachment sys-
tems for these loads, and the personnel who work with
the aperator to hitch and move loads;
-The layout of the workplace within which the c¢rane or
hoist operator has to perform his load handling tasks;
-The pace of work required of the crane or hoist oper-
ator to meet the demands of production, or of the
workers the operator serves; and '
-Environmental stressors which can have an adverse ef-
fect on the crane or heist operator's senses, alert-
ness or health.

These above factors, which are created or alleviated somewhat by
the way in which management or supervisory personnel set up work
and production, can have a significant impact on safety in crane
operations. The observations, comments by interviewed workers
and supporting literature related to these above factors, will be
summarized in the following discussions.

The design of the operating systems of eranes or hoists was indi-
cated as having an effect on the machine operator's abilities to
perform various tasks for which they are responsible in overhead
materials handling. The location of the crane crerator's control
station, and the view and control of the load his location
affords him, 1s one significant factor related to the design of
lifting equipment.

A number of fleor crane operators (pendant operated cranes) com-
plained of problems related to vision around large-sized loads
they have to move. Another complaint of pendant crane or hoist
operators related to difficulties they experience manually man-
euvering large or bulky loads while s8till having to keep a hold
on their pendant control boxes, This is particularly a problem
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when the cables on the pendant controls are short, restricting
the movements of the operator. As a result of these limitations,
extra signal personnel to relay information on blind spots to
floor crane operators; crane or hoist operators having to assume
contorted or dangerous body positions in order to see around or
position loads; and crane operators having to climb ladders or
get dangerously cleose to their moving loads; are all procedures
floor crane or hoist operators indicated or complained of in
relation to safely moving large and bulky loads.

Mobile crane operators often suffer from a lack of clear visual
communication with thelr loads or load handlers. 1In situations
where loads are 1i1fted to great heights or over visually obstruc-
tive barriers, crane operators have to rely on signals relayed
from the load's site or telephone communications from a signal
person near the load. :

Cab located overhead crane operators Iindicated that their view
of some loads, primarily those located directly below the crane
cab, was often ohstructed hy metal plates in the cab's walls and
floor. Some crane operators found it necessary to lean over cah
rails in order to see loads or workers below them. Other crane
cabs had been modified by cutting windows 1in the floor or walls
of the cab (covered by glass or open grates) to provide thelir
operators vision of loads below the cab, Cab crane operators
indicated that their blind spot, below the cab, was one location
where they relied upon information from their hitchers to warn
them of hidden obstructions or workers.

One ecrane with a fixed operating station was observed in the
course of our study (a furnace charge crane in one of the foun-
dry operations visited). This crane's operator indicated that
his elevated station permitted him a generally clear view of

his crane's range of movement. The crane's large magnetic charge
bucket moving through this area provided his major visual ob-
struction, The use of judiciously placed convex mirrors filled
his blind spots, and a loud speaker system he controlled was used
to alert inattentive floor traffic of the crane’s approach.

The location of a crane operator's centrel station can have an
effect on the operator's ability to control the c¢rane's load.
Operators of cab operated bridge cranes indicated that much of
thelr control of the trolley and bridge braking functions is reg-
ulated by the feel of the braking action they receive through the
crane's structure. In contrast, floor crane operators cften
indicated that smooth movement and braking, and load movement

was difficult to accomplish using their pendant's push-button
controls. Some of the difficulty pendant crane operators exper-
ienced was attributed to thedlr difficulties in precisely regulat-
ing their load's movement, and in maintaining proper amounts of
pressure on their pressure-regulated control buttons to achieve
the desired crane movement. Another problem noted by floor crane
operators is a lack of feel for the way the crane is moving from
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the remote location of their controls. Pendant crane and hoist.
operators indicated that in order to get sufficient feedback from
the crane or hoist's movement, they hold onto the load or part of
the attachment system of a moving load in order to better sense
the movement of the crane. This often necessitates that these
floor operators stand ¢loser to some raised loads than they feel
is safe.

The necessity of immediate (non-delayed) feedback for the precise
performance of machine tracking tasks has been demonstrated in
laboratory situations on a number of different occasions (Bauman
1975, Smith and Henry 1968). The superior performance of tactual
feedback as opposed to visual feedback in regards to the accuracy
and compliance in continuous trecking tasks has also been exper-
imentally demonstrated {Rothe 1375, Smith and Henry 1968). The
cab crane operator recelves hils feedback of the crane and load
movement through the tactual sensations he receives via the
crane's structural compoments, to some degree from the cranme's con-
trol function levers, and from his visual perspective of the
load. The floor crane operator must primarily rely on visual
feedback of the load's meovement, or tactual feedback from touch-
ing the load {(delayed due to some damping effect of the hoist
cables) to sense the crane's movements which he must controel., If
the research cited above and the comments of the majority of
crane operators on this issue are wvalid, crane operators located
in cabs with lever controls appear to be Iin a better position to
perform precise load movements than their counterparts operating
cranes from floor contreols.

The determination of the design of a crane and the location of
its operator is made by industrial engineering and operations-
finance management personnel in the plants we visited., It
appeared on occasion that thesgse determinations are often dictated
more by economics than operations safety concerns.,

No OSHA Standards currently exist which in any way gpecify the
type or operational design of a crane or hoist to be used in
specific industrial applications, save the requirements regarding
the lifting capacity of eranes. OQur studies indicate that the
operators of various types of c¢rane or hoist machines feel that
the location of their. control statiocn, and the design and nature
of their ¢rane or hoist controls can have a significant effect on
their ability to perform their materials handling tasks and the
safe completion of these tasks. What is alarming is that the
industrial engineering personnel, with whom we talked, who are
responsible for decisions on crane applications, appeared to be
oblivious to many of the operations design factors discuased in
the preceding pages. Where they were aware of these factors,
they were constrained in their decisions regarding equipment
gselection or conversion (ie., modification of a cab operated
crane to a floor coperated crane) by short-term ecomomic or per-
sonnel utilization considerations, and not by considerations for
operations or worker safety (a long-term economic and personnel
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"utilization consideration!).

Considerable differenices of opinion regarding the inherent safeaty
of various coperational desipgns of crane and hoist systems exist
between crane operators and industrial engineering management.
This topic appears to be a necessary area for further investiga-
tion and research. This 1s especially timely as not only was the
operational design of the cperator-contral aystem found to be
crucial to continucus safe overhead 1lifting, but in an attempt to
reduce labor overhead, many of the plants we visited were con-
verting cab-operated cranes to floor operation. While many of
these conversions may not compromise operating safety, it was the
opinion of interviewed workers that sericous safety compromises
were 1nvolved in many of these changes., Perhaps some standards
guldance regarding the design of the operational and control sys-
tems of cranes for various industrial application tasks should be
developed. While such an O0SHA Standard would be unique, design
standards related to the design of industrial machines for var-
ious use and environmental applications do exist (1910.178(b)
Designations and (c) Designated Locations).

The relationship hetween crane or hoist operation and the attach-
ment and hitching of loads is a key element in the control of
overhead lifting hazards. The failure of some aspect of this
relationship frequently appeared as a causal element in the crane
and hoist accidents analyzed. It was 2lso indicated as being
crucial to hazard rvealization and control by numerous workers. A
number of facets of this relationship (the need for communica-
tions between hitchers and crane operators and the operator's
responsibilicies in regard 'to this communication) have been dis-
cussed previously in terms of safety factors which the erane or
hoist operator has control of in overhead lifting. A number of
elements related to the relationship of load hitching and crane
ocperation are primarily regulated by the hitcher or some com-
ponent of his work situation and will be discussed later.in this
section, There are significant aspects of crane operation and
load attachment safety beyond the immediate control of either the
crane operator or load hitcher which remain. The following dis-
cussion will outline some of these situations.

During the preparation of a load for overhead lifting, the crane
operators and hitching personnel we talked with indicated that
the operator had a number of responsibilities to carry out.

These include checking the load path for ohstructions, keeping in
visual or voice communicatien with his hitchers or signal per-
sons, making a final determination of the capacity and sufficien-
ey of a load's attachment system prior to lifting the load, and
checking the positioning of the hoiat above the locad te insure
the load does not swing when lifted. Whether or mot the opera-
tor attempts to perform these tasks depends on the competence and
concentration of the operator. Since all of these tasks require
that the opnerator bé able to see the lodd and his hitchers and/or
hear some signal, factors beyond the operator's control may
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restricr his ability to perform those tasks for which he 1s res-
ponsible. Crane operators and hitchers noted a number of condi-
tions where operator vision is adversely affected by excessive
dust, bright light resulting from the incandescence of molten
metal, and physical ohatructions (pillars, larpe objects on the
work floor, parts of the crane cabh, etc.). High levels of back-
ground noise often make voice communications difficult,

Another source of hazard related to the operators of cranes and
hoists in the attachment and handling of loads has to do with the
coordination required between the crane (hoist) operator and any
hitching personnel, or other workers who become directly or peri-
pherally involved in their load handling tasks. The work coord-
ination between many crane operators and hitchers, especially
those who have worked together for a long time, is so refined
that little more than a glight nod of the head 1is necessary for
communicating lift and hitch signals. Workers indicated that
thelr work patterns become so familiar to each other that overt
communications become unnecessary. These same workers indicated
that vhen a new worker came into a load 1lifting team, extra pre-
cautions have to be taken to avoid improperly anticipating the
new workers actions and possibly causing an accident. New in
this sense includes both newly hired workers and workers who for
some reason are transferring into a new 4job situation. These
latter workers, while often having skilled work patterns, may
work quite differently from another experienced worker who has
been doing the same joh.

One of the most serious breakdowns in hitcher-operator coordina-
tion was found in a large foundry ovneration where a number of
relatively high bridge cranes are used for setting up and pouring
molds, These cab-operated cranes are high, and excessive dust
in the air obscures the crane operator's view of the hitcher and
load. Because of this, rigid depth perception standards are -
_imposed on the operators of these cranes. This has resulted in
the reassignment of a number of older crane operators -to less
demanding machines. It also broke up teams of crane operators
and hitchers who have worked together for many years. These men
not only worked well with each other but are also friends and,
neighbhors away from work. The replacements for these older
crane operators are much younger men,.

A
The above situation has gené%ated considerable animosity among
the experienced hltchers regarding the new crane operators,
according to the plant's safety director. This has resulted in a
tendency on the part of the hitchers to become hypercritical of
the new operator's mistakes, doing little to try to improve their
working relationship. The new operators feel somewhat handi-
capped by their poor visihility conditions, and the communica-
tions block between themselves and their hitchers. The safety
director acknowledsged this problem and indicated that a solution
is difficult. He 1is primarily relying on the foundry supervisors
to encourage some communications between the hitchers and their
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new crane operators.

Since the coordination between crane operators and hitchers is
central to much overhead lifting, it represents a social tracking
and communications relationship which 18 ecrueial to the safety of
much crane and hoist uge. One of the suggestions of the human
factors consultants on this research project i1is that this crucial
relationship between crane or hoist operator, hitcher and/or sig-
nal persons should be reinforeed by joint training sessions and
management-encouraged job-related bull sessions. The point of
this extra training and supplemental communication is to enhance
the understanding and apprecilation workers in overhead lifring
tasks have for each other's responsibilities and limitations in
performing their }obs. No plant visited had formalized any such
program of joint operator-hitecher training or communications.
Most of the plants visited who made extensive use of overhead
cranes usually employved their crane operators as hitchers prior
to their becoming crane operators. KNone of the OSNA Standards
provisions covering overhead or mohile cranes address any aspect
of the communication or cooneration which must exist between
crane or hoist operators and those involved in their overhead
lifting tasks (hitchers, signal personnel, etc.).

The physical nature of the load items and their attachment sys-
tems can also affect the way in which a c¢rane or hoist operator
performs hils machine operation tasks, and the amount of control
the operator can exercise in performing these tasks. Previously
mentioned are the problems that large, visually obstructive locads
can cause crane or hoist operators - especially floor-located
operators. Crane and hoist operators are also responsible for
checking the sufficiency and proner alignment of the load's
attachment system {capacity of hardware for load weight; lack of
twists or kinks in chains, ropes or straps; properly set hooks;
etc.) before they lift the load. The nature of the load and {its
attachment system will define the number and type of pre-lift
checks and lifting procedures which the operator is expected to
perform, Floor crane and holst operators who perform thelir own
load hitching as well as operating their machines must contend
with the responsibilities and hazards of both machine operation
and load hitching. These hazard and control factors which are
related to the nature of lcads and theilr attachment to cranes and
hoists will be discussed in subsequent sections of this chapter.

The physical layout of the workplace and the pace of work output

expected from crane or hoist overators are two other factors
determined by management and supervisory decisions. Crane and
hoist operators indicated this has an impact en crane and hoist
operation’s gsafety., As we've noted, such factors as the location
of large pleces of equipment or piles of material, traffic aisles
and the location of cranes or haists and these machines' opera-
ting ‘stations can all have an effect on the ability of the oper-
ator to clearly see his load or projected load path. Factors
such as noise and dust which interfere with the ability of a
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crane operator to communicate with his hitcher and to clearly see
his load and load path are also affected by the layout of the.
workplace and different machinegs and processes relative to the
location of cranes or hoists, The design of a construction pro-
ject and the accessibilgty to the site or lack of it from various
angles will, in large part, determine the types of mobile or
tower c¢raneg which will be needed for a proiect, and how these
cranes will be used.

As a result ¢f the numerous checks and performance tasks which a
crane or hoist operator is called on to perform, crane operators
and many of the management and supervisory personnel with whom
we talked felt that crane and hoist operations should not be
rushed., It was the opinion of many of these industrial personnel
that crane operations could not be sped up too much without
creating safety compromises which can possibly lead to injury.
In gpite of this, a number of pressures on crane operators to
work at a rate faster than what they felt was safe, were pointed
out to usg during our study.

While no crane operators interviewed worked on individual incen-
tive pay systems in machine shop operations, - the workers who are
served by crane operators are often on incentive pay plans. This
situation led to one crane operator complaining that she was
under constant pressure from these workers to move their loads
{for machine set-up) faster than she felt safe. While this situ-
ation did produce some tension, she indicated that she was able
to 1ignore the bulk of these demands and work at a rate at which
she felt comfortable and safe. Most of the crane operators
interviewed indicated that they were encouraged not to exceed
what they felt was a safe workrate by their supervisors. Pres-
sures for them to work faster occasionally developed during
production rush periods, when extra nersonnel were put on to

help them out. : '

Many of the hoist operators we interviewed were on some sort of a
plece work incentive system (machiniste and foundry molding and
pouring operations). Some of these workers indicated that this
encouraged them to cut corners in order to increase production,
often creating some safety hazard., Often a rushed work pace on

a foundry molding assembly line resulted in pile ups of materials
around hoisting stations limiting hoist operators range of move-
ment te avoid injury should a load slip. On one molding line,
wortkers disconnected a pouring ladle hoist from its' motorized
trolley. This allows them to more quickly pour molds by manually
pughing the ladle. This introduces a source of overexertion
injury and possible burns 1if the ladle is moved in a jerky
fashion.

It was Indicated by a number of field consultants for the mobile
crane manufacturer we visited that construction site foremen will
often pressure crane operatars to hurry a job in order to mini-
mize the cost of having a crane at a comstruction site. They
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felt this was especially the case where cranes were rented.

These men and other comstruction workers hhave indicated that
cranes are often used when wind conditions are too severe for
safe load handling in order to meet deadlines., Other misuses of
mobile cranes. such as not relocating a c¢rane when lifting a dis-
tant radius load welghing near the safe lifting capacity of the
crane is called for, or where some avoidable wvisual barrier
exists, are found to be related to some crane use accidents.

The OSHA Standards for Overhead and Mobile Crane Use include .
operational ‘requirements. for. the handling of loads (1910.179(n),
1910.180(h)). The procedures and responsibilities of operators
in load handling noted in the previous discussions provide the
mechanisms to achieve these basic safe operating requirements.
When some element of workplace design or work pace acts to inhi-
bit the crane or hoist operator's ability to comply with these
basic overhead lifting safety regquirements, the safety of the
operation 1is compromised and the: spirit -of these standards is
viclated. - SRR W

The detrimental effects which environmental conditions can impose
on the health and safety of all workers and specifically on the
ability of crane or hoist operators to.-operate theilr machines and
safely handle loads, 1s the final area of operations related haz-
ards to be-discussed.: In the Encyclopedia of Occupational Health
and Safety under the topiec of cranes, lifting machinery and
tackle; it is noted that many crane operator's work in environments
containing "..,.excessive amounts of fumes, smoke vapors and toxic
gases (which) often rise to -the heipht of the crane cab and con-
stitute a health hazard for the operator" (Quinm, 1971, p. 347),
The health problem represented by ."chronic" exposures to chemicals,
dusts and fumes rise and concentrate. above the workplace

floor, 1s a serious concern -for the well-being of overhead cab
crane operators. The detrimental effects which low levels of
chemical, physical and psychological stressors may have on the
alertness .or psycho-motor capabilities of ¢rane and hoist oper-
ators pose a hazard to the safe operation of cranes and hoists.

The melt room of one of ‘the foundry operations we visited was
attempting, under OSHA compliance. orders, to bring lead fume
levels into permissible limits, . While wventilation on the iron
melt furnaces had reduced the airborne lead levels, workers on
the melt platform were required to wear respirators. liowever,
because wvolce communications between workers necessitated the
frequent -removal of resuirators and other failings of these per-
sonal protective devices, the blood lead levels of many of the
melt platform workersg -increased to levels which ' required their
rotation out of the melt room area. According to union offi-
cials we talked with, the transfer c¢rane operators, whose cab
is located above the melt furnaces, were "dropping like flies"
from léead intoxication. R

A discussion with one of the transfer tréne operators 1ndicatéd
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that he knew of a number of other transfer crane operators whose
blood lead had risen to levels which required their rotation out
of the melt room, He alsc indicated that he and other transfer
crane operators often complained of feeling extremely fatigued by. .
the end of their shifts. They felt that this fatigue was a

result of their exposure to the furnace fumes.

A NIOSH study of the behavioral effects of lead exposure (Repko,
et al 1975) indicates that psychomotor c¢oordination, sensory and
psychological functions, and task performance were all adversely
affected by increasing blood lead levels. Since these impaired
functions include those which erane operators rely on to perform
and regulate their job tasks (hearing, visual-motor coordination,
tactile-motor coordination), the lead exposures these crane oper-
ators receive not only affects their own health, but also their
ability to safely perform their job. This, in turn, affects the
safety of all those working around the transfer crane.

Other behavioral toxicology research has shown significant behav-.
ioral and physiological function impairment for low level expo-
sures to various chemical substances likely to appear in the
environments of crane and hoist operators. A NIOSH study of

the effects of carbon monoxide on vigilance performance showed
that eye-hand coordination in tracking tasks, response times to.
visual targets, auditory monltoring accuracy, and neurological
functions were all adversely affected by carbon monoxide expo-
sures producing a 5% carboxyhemoglobin (blood level absorption)
level (Putz, et al 1975). Carbon monoxide is a likely air con-
taminant in any industry where combustioen is part of anm indus-
trial process or where diesel engines are used. The noted behav-
ioral effects of carbon monoxide may present hazards to safe
crane or hoist operations in some foundry operations as well as
mobile c¢rane uses. Other negative behavioral effects of various
industrial substances are documented in the published proceedings
of a NIOSH seminar on behavioral toxicolopy (Xintaras, et al
1974) . ‘

Chemical substances are not the only stressors which may have
negative effects on crane or hoist operator's health and possibly
on overhead lifting safety., Physical and psychological stressors
experienced by crane and hoist operators may also generate crane
use safety hazards. For example, exposure to high noise levels
is discussed in an ergonomic study of mobile cranes (White, 1973).
This study found 59% of the mobile cranes studied had crane cab
noise levels which averaged 1in excess of 90dBA. Five cases of
hearing loss due to occupational noise exposures are reflected

on the Wisconsin Workers' Compensation Case History File (from
1972 through October 1977) for workers whose occupation is listed
as crane or holst operator. The industries from which these
workers come (foundry; mecal stamping, forging and fabrication)
indicates that they were probably in-plant crane operators.
Whether prolonged exposure to high noise levels has & detrimental
effect on a crane operator's abilities to perform his job tasks
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{beyond complicating communications) is not immediately ¢lear,

Psychological stresses have been shown to relate toc a number of
illnesses, notably hypertension and cardiac problems. The gen-
eral finding is that increased stress 1s positively cortelated
with poorer physical or mental health (Margolis, et al 1974),
Crane operators are in an occupation with a high stress poten~
tial. Factors of job responsibility, complexicty, routine and
production time demands may combine 1in a destructive as well as a
beneficial manner. The demands (stresses) of safely operating a
crane, attaching lcads properly for lifting, maintaining effect-
ive communications, etc., can.adversely affect the workers'
health or behavioral abilities. For example: the authors of the
study of construction equipment operator’'s mortality data {(Decou-
fle, et al 1977) hypothesized that increased involvement in non-
working traffic accidents, among heavy equipment operators may be
the product of a stress reaction, inattention or laxity while
driving in traffic, as a reaction to the high concentration and
attentional demands on these operators from their job tasks,

Overexertion injuries (mainly back and trunk sprains, strains,
dislocations and hernlas) account for 32% of the Wisconsin
Workers' Compensation cases reported for workers whose occupa-
tion is indicated as a crane or hoist operateor (1972 through
October 1977). Many of these overexertions are probably the
result of accumulated physical stresses. It 1s also possible
that the bouncing around some crane operators receive from their
machine's movements; or strains introduced by poor seat cushion-
ing and lower back support, and lack of adjustment for comfort or
accessibility to controls, are chronic exposure factors contri-
buting to the develcpment of these injuries. The mobile crane
ergonomics study (White, 1973) reported that a number of crane
operators complained of back problems they felt were due to poor
seat desipn, Our study uncovered a few complaints of pains
attributed to the jerking 6f both mobile and ‘overhead ‘cab oper~
ated cranes or to poor seat design, however, this type of problem
was complained of much more often by forklift truck drivers.
Whether the pain caused by these conditions or injuries affects
the concentration and alertness of crane or hoist operators is

a topic requiring further study to evaluate. :

Construction equipment operators (including mobile crane opera-
tors) experience significantly higher than expected death rates
from cancer (especially respiratory system cancers), respiratory
systenm disecase, digestive system discase, and vioclant deaths
(especially accidental death) according to the results of a study
of 2,190 deceased construction equipment operators {(Decoufle, et
al 1977). These authors hypothesized that the respiratory prob-
lems could be related to dust and sand at construction sites.
The increased frequency of lung cancer deaths i1s indicated as
primarily associated with crane men, derrick men, hoist men and
shovel men in other mortality studies cited in this study.
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The control of environmental stressors must -rest to a large
degree on management and governmental activity. The current OSEHA
Standards which cover the control of substances which may create
occupational health problems are currently being expanded and
strengthened. These standards primarily emphasize the mainten=-
ance of threshold 1limit valuea €for various substances and moni-
toring of worker's health when some substances exist in the work-
place. An alternative or supplemental emphasis on the develop-
ment of workplace practices for the proper handling and control
of dangerous industrial substances and proper hygienic behaviors
has been proposed by Dr. Jean Stellman (1977). A continuing
effort to control toxile exposures and their attendant occupation-
al diseases seems necessary.

The behavioral effects of chemical, physical and psychelogical .
stresses 1s less clearly understood than is the problem of chem-.
ical exposures and occupational diseases. Understanding of the
long term health effects of many stressors (noise, vibration,
time stresses, etc.) are just beginning to be evaluated. The
immediate (acute) effects these environmental stressors might
have on safe industrial operation (such as the use of cranes and
hoists) has, for the most part, not been defined. Current know-
ledge of the effects of some of the stressors described above
indicate they may play a significant role in industriazl acci-
dents. For this reason further study ¢of these areas is called
for.

B, BEHAVIORAL FACTORS IN LOAD ATTACHMENT AND LOAD HANDLING SUP-
PORT IN OVERHEAD MATERIALS HANDLING

Load hitchers, signal personnel and load handlers involved in the
use of cranes and hoists to move materials in industry, because
they must be in close proximity to lifted loads, are the most
frequent victims of the types of accidents described in Tables
5-1 and 5-2 and elsewhere in Part III of this chapter. These
workers are also integrally involved in the attachment of load
items to cranes and hoists for lifting. Since a majority of
crane and holst accidents result when attachment systems fail or
loads slip from their attachments and fall, it would be antici-~
pated that these workers can play a significant role in the con-
trol of load attachment hazards. The results of our study indi-
cate that this Is Iindeed the case.

Personnel involved in the atrachment and handling of loads to be
moved by cranes and hoists have five basic tasks and/or respon-
sibilities which our study uncovered. ‘
1. The at-site gelection and inspection of the attachment
hardware to attach a specific load item to a crane or
hoist,
2. The application of this attachment hardware in the
actual hitching of the load to the crane or holist.
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3. Assisting the crane operator in checking the load hiteh
and attachment hardware for sufficient condition, ade-
'quate capacity, and secure attachment before the Jload
is raised to travel height.

4, Maintaining wvoice or signal communication with the
¢rane operator to alert him to any problems with the
load's attachment system, provide information on visual
blind spots, help gulde the load to its destination,
give 1ift signals. ‘ete.

5. Insure that they {(the hitchers-or signal people) do not
get injured in the process of lifting and moving loads.’

The degree of responsibility an individual hitcher or signal per-
son ‘has in a 1lift is detetmined by ‘the nature of the load item '
and its purpose in being lifted and moved, the hitcher's other
responsibilitiés in regard to the load item, and the layout of
the ‘workplace relative to the lacation of the crane operator.

When a floor operated crane or hoist operator also handles his

own hitching he must perform both the operator's arnd hitcher's
taskes, as well as being exposed to the same hazards as the hitcher.

Hitchers and signal personnel perform important tasks in the pro-
cess of overhead lifting of loads. The first four points in the
preceding list speak to these tasks. 'While crane operators usu-
ally have the final veto over the use of one. attachment device or
another, we found that in practice the hitcher usually selected
the attachment sling or clamp’ device from these available to.
attach a specific load. The crane operator's role in this task
1s'usually only corrective,; rejecting a hitech system when he
feels it 15 insufficient for-some reason.

Hitchers are also responsible‘for checking over. attachment hard-
ware for damage prior to 1ts use, and tagging defective pileces

of lift hardware for repalr or replacement. The plants we visit-
ed all had some pericdic (weekly or monthly) check of their
attachment hardware by specially trained personnel. These repg-
ular inspection programs are all supplemented by training pro-
grams for hitching personnel to instruct them in how to detect
and avoild damage to lifting hardware, as well as how to properly
attach loads with the hardware they use.

The prior section on crane’ operations explained many of the func-
tions that hitching and signal personnel provide to crane or
hoilst operators by supplying them with information on the load's
behavior or the load path. As a function of the difference in

the pogition of the hitcher or signal person and the crane oper-

ator each worker can see certain -aspects of the load better than
the other., By communicating problems to the crane or hoist oper-
ator ‘that the operator c¢an't see as well as the hitcher's per-
spective allows, load handling safety is improved. A number of
the hitchers interviewed indicated that they first hitched larsge
loads on the load's side visible to the crane operator and then
hitched the load on the operators blind side. Then they checked
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the hitch and stood clear of the load, in'clear view of both .the
operator and the operator’'s blind side of the load, before giving
the signal to lift the load. 1In this way they are able to alert
the crane operator should any problem with the hitch develop on
the operator's blind slide when the load is 1lifted.

Since the hitcher, in many circumstances, makes major decisions
as to what available attachment hardware to use to hitch a load,
and hitching personnel are in the best position to detect damage
to attachment hardware; these workers should possess the skills
and tools necessary to perform these tasks. This requires that
the hitcher have at his disposal the proper types and kinds of.
attachment hardware (clamps, chain slings, nylon straps, wire
rope slings, hooks, ete.), and know how to properly apply and
inspect these devices when used for attaching loads.

During our discussions with hitching personnel we were told that
occasionally they have to substitute less appropriate slings or.
clamps for the proper slings because the proper slings have dis-
appeared from their nearby storage locations. These workers
lndicated that the demands on their time didn't permit them to
search for slings which have 'wandered off". This points up the
need for plant management and supervision to establish a system
for keeping appropriate attachment devices available at the sites
where they will be used. This means that when a sling or clamp. .
is removed from service due to damage or wear it should be . . .
promptly replaced with a suitable substitute, to eliminate the .
need for workers to borrow slings from surrounding stations. The
lack of proper slings, etc. or their regular "disappearance" was
indicated as the reason for some workers locking up needed slings
or hooks, in order to insure their continued availability. 1In
plants with multiple shifts or where a variety of hitchers use
the same attachment hardware, load attachment device managers
indicated this type of hoarding led to expensive duplication of
attachment materials.

OSHA Standard 1910.184 - Slings, provides detailed information on
considerations of capacity, configuration, inspection, repair

and application for slings and their attachments constructed from
a variety of materials (alloy chain, wire rope, and metal or syn-
thetie mesh). The provisions of this standard do not require
workers who select and apply slings in industrial overhead 1ift-
ing be familiar and knowledgeable with the provisions of the
standard, However, the provisions of thils standard pertaining

to safe operating practices (Fart (c)) and inspections (parc (d))
imply that those workers selecting and applying slings be fami-
liar with the provisions of these and appropriate subsequent
sections of the standard.

The industrial establishments we visited varied in the manner
and extent to which they trained their hitching personnel. At
a minimum, hitching personnel (and crane operateors) have been
supplied with pocket charts showing lifting capacity for various
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sizeg and configurations of slings of various materials.. One of
the best of these guides is a four-page pocket folder published by
tne Harnischfeger Corporatior, including paraphrased listing of
OSHA Standards requirements (safety do's and don'ts), as well as
capacity charts for alloy steel chain and wire rope slings. The
more gophisticated hitcher training programs.include annual
hitcher training sessions with trained plant . personnel or sales
and training trepresentatives from hitching hardware suppliers or
manufacturers.  While the extent tc Wwhich various hitchers felt
the training they received-aided them in: their daily job tasks
varied, most hitchers felt the training and instructional mater-
ials ‘they received alerted them to possible problems they might
experience, Workers who had to deal with a wide variety of loads
and hitching hardware generally found their training of more
value than did hitchers performing more: routine tasks. :

As mentioned at the beginning of this. discussion, hitchers, sig-
nal personnel, and floor located operators of cranes and hodists
are exposed to injury hazards due to their close proximity to
loads to-be lifted, Our study of accident data.and worker's
opinions indicated that these hazards come from three major
sources: 1) Being struck by a falling load or load part when the
load 1s lifted or moved; 2):being struck or pinned by a load
which swings when 1lifted or moved; and:3) getting fingers or
hands caught in hitching hardware between loads and hitch . hard-
ware when the hitch 1is being tightened or the load lifted. Both
hitchers and crane operators had opinions on these hazards and
how 'injuries can be avoided. These are presented in Tables 5-6
and 5-10 and are summarized below. -

The prlncipal protection against injury from lifted loads unex-
pectedly swinging or falling was indicated to be aveidance of
being within the possible swing or fall radius of a load when it
is lifted. A number of factors:limit the ability of .these
workers to avoid possible falling ot swinging loads. These in-
¢lude the need for hitchers to hold hooks while a hitch is-being
tightened, and-objects or materials around a load to:-be lifted
blocking a hitcher's escape routes should the- load swing or fall,

The prevention of loads . swinging or falling to injure a hitcher
or other worker focuses on the use of proper safety procedures in
the attaching and 11fting of loads. These consist of: sufficient
communications between-the hitcher and operator when attaching
and lifting the load; the onerator making sure the hoist is cen-
tered above the center of gravity of the load and hitch; and
initially 11ifting. a load only a few inches to make sure it is
securely hitched before: the load 1is. 1lifted to 1its travel height.
To prevent caught-in aceidents invelving hitching apparatus,

‘crane aperators indicated that they tried to avoid lifting or

tightening loads when their hitchers' hands were vulnerable to
getting caught, they generally indicated that hitchers have to
be careful to avoid possible caught-in situations. Hitchers
indicated the need to be careful how they -hold chains and hooks
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while setting slings, to make sure they have their lift signals
with operators straight, and to aveld turning their backs on
crane operators blocking their view of the hitcher's hands., The .
chance of a wire rope sling twisting when the load temnsion is
relieved was pointed out as another possible source of a caught- .
in injury.

C. PHYSICAL CONSIDERATIONS FOR SAFETY IN LOAD ATTACHMENT SYSTEMS

I

The previous section indicates that the proper attachment of load
items to cranes and hoists is a significant component of safety

in overhead lifting. The prior discussion emphasizes the role
that hitching personnel perform in this aspect of overhead mater-
ials handling. The other side of the load attachment picture is
the physical design and function of the attachment systems which .
provide the essential bond between the load and the load hook of
the hoist or crane. : ‘

We found a wide variety of devices used to provide the bond be-
tween load and lifting machine. These 1include slings of a wide
variety of design and component material, various standardized
and custom clamps and grabs, magnets, vacuum units, etc. Besides
the need for skilled workers to select and apply these attach-
ment Systems properly, our research indicated these attachment
systems need to meet a number of other criteria to insure safety“
in their use. , .

Any load attachment device basically has to be of sufficient capwu;
acity to 1lift the weight of the lcads they are required to ‘

"attach. Theilr reserve capacity has to be sufficient to handle

the weight of the load and the inertial effects of the load
created by the (possibly jerky) movement of the crane or hoist.
To prevent an accident occurring from a failure of some conmpon-
ent of an attachment device, it not only has to be of sufficient
load handling capacity when it 1is new, but also after it has
suffered the routine use and abuse to which this industrial
apparatus 1s exposed. Damage which reduces the capacity of
attachment hardware from improper use, attachment, or storage
and wear beyond tolerable limits must be avoided and detected-
before some failure in the attachment systems ogcurs,

In addition, a lcad attachment device has to be designed to be
able to hold onto its intended load, to keep it from falling des-
pite a certain amount of jerky movement which may occur when loads .
are moved by crane or holst. This is not always achievable with
all combinations of load and attachment device. A number of
foundry operations we observed used magnet attachments to 1lift
scrap 1ron and steel to charge their melt furnaces. Operators of
these charge cranes noted that some scrap pieces which are
attracted strongly .enough by the magnet when the magnet is raised
can fall with the slightest jerk of the crane's drive mechanisms.
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For this reason all traffic below the charge crane's magnet is
tightly controlled and no lifting i3 done when personnel are in
these ‘areas. Because grab type clamp devices, vacuum attachment_
systems and other systems which attach their loads by attraction .
(rather than cradling loads as a sling or hook does) could lose.
their attraction because of power system failure or reduced grab -
capacity from wear, traffic below loads handled by these attach-
ment systems 1is usually avoided, according to our observations.

The majority of attachment systems in the factories visited are
slings, primarily of alloy chain, but also constructed of nylon
web, metal mesh and wire tope. A variety of specialized attach-
ment devices were alsc observed. These ranged from simple grav-
ity plate clamps to speclalized and customized hydraulic and
vacuum devices. These are designed to handle lcad items which
would be difficult '1f not impossible to attach by slings. While
these special attachment systems improve the ease and security
with which many load items can be attached to hoists or cranes,
thelr special design and mechanical systems may require special
inspection and adjustment, Rigid special attachment devices,
such as clamps, should be attached to crane or hoist hooks by g
flexible chain or by safety latch hooks. ‘A fatal accident occur-
red when a rigid plate clamp slipped out of a hoist hook when the
plate was placed up on a work table, allowing the metal plate to
fall on :he hoist operator.' ‘

S5lings constructed from alloy steel chains provide their users
with a tremendous amount of flexibility in tailoring their sling
design and their ability to rapidly make repairs to damaged
slings or bulld customized attachment apparatus. By maintain-
ing a supply of chain, hooké. attaching rings and coupling links,
even small industrial establishments can build their own custom
designed slings by cutting chain to desired lengths and attach-
ing appropriate hooks, clamps, etc. This in-house sling avail-
abllity allows for much faster turnaround time in the replacement
of damaged sling components, making it more likely that workers
will report sling damage and remove potentially dangerous slings-
from use.

Chains of alloy steel, although extremely strong, are susceptible
to link damage from a variety of sources (crushing, welding arec,
cutting, high temperature exposure, metal fatigue stresses,
twisting, etc.). Since a chain is only as strong as its weakest
link, employees using chain slings should know how to avoid and
detect damage to chain links.  The susceptibility of chailns to
sudden failure and a number of other problems enumerated by
Dickie (1976) make chains undesirable for use {in construction.
Slings comnstructed from wire rope components, which fail strand
by strand rather than suddenly, and are less prone to damage by
crushing than chains, are commonly used in construction appli-
cations. Wire ropes can experience internal damage. This is not
always readily detected by an untrained inspection of the rope's
surface. Wire rope also can be damaged by kinking, sharp bending.
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and abrasion,  Another common sling material, nylen mesh, while
being extremely strong and slip resistant, requires special mach-
ines to construct them and usually must be ctustom made. Nylon
straps will gtretch before they break, unless they get cut,

These synthetic mesh slings can be easily cut by sharp edges on
the loads they handle; for this reason they should be padded at -
sharp cecdges to avoid damapge.

Both slings and special attachment systems need to be applied
properly and inspected regularly to insure thelr continued safe
use. The provisions of the OSHA Standards on Slings (1910.184)
provide detailed requirements on the use and Inspection require-
ments for slinga and hooks of various materials. There are no
such standards covering the use and inspection of speclalized
attachment systems used in overhead lifting. Our study indicated
that certain specific operational systems of specialized attach-
nent devices need inspection attention to insure that they con=- "

- tinue to function safely. These operational components of spec-

ial attachment devices which require special attention are:

biting edges of clamps; attachment rings for these devices {(which

often wear in visually obscured areas); and power systems and

lines for magnets, vacuum units and hydraulic devices.

Most of the preceding discussion has focused on considerations of
the attachment systems being of a proper design to meet the
demands for attaching and lifting the loads they attach. The"
other facet of lcad attachment 1is the suitability of the load item
itself te be attached and handled, One of the most organized
programs of materials 1liftiung planning was found in a large cus-
tom-designed equipment manufacturing plant where large sub-assemn-
blies had to be manipulated by cranes for construction and assem-
bly. In this operation a major part of the engineering effort

to design the machines produced and to to plan their construction
is the anticipation and preparation for the attachment of various
unusual shaped and sized loads. This load 1lift planning, trans-
lates into providing marked centers of gravity and load weight on
the plans which accompany odd shaped or weiphted pieces. Where
design, lifting, and industrial engineers; and consulted crane
operators and hitchers feel they are necessary and structurally
feasible, 1lifting shackles, holes to set hookse and other welded
attachments are added to large sub-assemblies to facilitate their
attachment to cranes for handling and manipulation.

D= PHYSICAL CONSIDERATIONS FOR SAFETY IN THE MACHINES USED TGO
PERFORM OVERHEAD LIFTING TASKS

The emphasis, earlier in this section, on the importance of the

crane or hoist operator in regulating safety in overhead lifting
is not meant to disregard the important safety component provided
by the machines which perform the tasks of lifting and transport-
ing loads. OQOur study failed to find any physical design elements
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-of any crane or hoist system which represents an inherently un-
safe operational component of these machines (with the possible
exception of brake systems). What our study found as the cause of
hazards to overhead lifting safety from the physical character of
the lifting machinery was the failure of the machinery to operate
in an anticipated or deaired manner. This type of failure is
most likely toc develop when the functional mechanisms of the
crane or hoist aren't maintained in proper working order, or when
a crane or hoilst is used to perform-a load handling task which
approcaches the limits of its control systems Sensitivity or load
handling capacity,.

As an example of this latter point, the manufacturer of wire rope
industrial hoists we interviewed produces two types of hoist 1lift
and lower push-button controls - a single speed centrol and a
five-speed stepped control system modulated by pressure on the
control button., The single speed control tends to start and stop
abruptly because it has to achieve .a compromise between smooth
starting speeds and acceptably rapid raise-lower speed. Where
precise load movement is not a consideration, this sort of hoist,
assuming adequate capacity, will perform sufficiently. Where
precise movement or alipgnment of loads with machinery or for
assembly is required, single speed controls were found lacking

by a few of the hoist operators we interviewed. Since the move-
ments of a single speed regulated holst are abrupt and jerky,
hoist operators often must repeatedly punch, 1lift and lower
buttons to achieve proper load alignment, . The multi-stepped
controls allow the hoist operator to inch (or millimeter) his
loads into position.

This control's sensitivity design factor proved to be more than
jJust a minor annoyance in using hoist equipment. The more fre-
quent button pushing {(often required of single step control
hoists) seemed to generate more hoist. operator maintenance com-
plaints of sticking or worn control .cellenoids. Constant and
repeated charges in directional torque that single speed controls
impart on the mechanical compoents of hoists, according to their
manufacturer, lead to more rapid deterioration and failure of
hoist drive components. These physical problems can cause a
hoist to wear out early or fail to function unexpectedly, leading
to the sort of hoist aceidents whose hazards . are summarized in
Table 5-9. The hoist manufacturer indicated, however, that be-
cause of the extra cost of the multi-step controlled hoist,

short term economic considerations lead many. customers to pur-
chase the single speed hoists for job applications more suited to
the performance aspects of the multi- -speed hoists. In the long
tun, many of these customers ended up having to overhaul or re-
place their hoists much sooner than anticipated because of this
mis~-match of equipment with. job task. . :

The same sort of‘maéhine capability mis-match wi:h'the equip;

ment's use was found to relate to the lifting capacity of cranes
and hoists relative to the welight of loads they are consistently
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called upon to handle. This problem breaks down to the simple
fact that a 60~ton crane which seldom 1lifts loads Iin excess of
50 tons will develop maintenance problems with less frequency
than a 50-ton crane constantly lifting loads near its' capacity.
The former equipment application will result in a crane which
will have less down time or will operate reliably and smoothly
longer than the latter application, given equivalent preventive
maintenance and equipment inspection efforts. 1In the long run,
the equipment reliability and safe operations assets of the
heavier capacity c¢rane and the flexibility {ts existence provides
production planners will offset the increased acquisition cost
this crane represents over the smaller crane.

The disadvantages of the 50-ton crane above can be offset by
increased attenticn to inspecting, detecting and quickly repair-
ing the accelerated wear it will experience if constantly used at
or near its limits. This is no minor commitment, however, as we
found one plant with 55 bridge cranes, most of which are fre- ‘
quently called on to perform near capacity lifts, employ the
equivalent of seven full-time ¢rane maintenance experts and.
apprentices whose only job is to keep cranes and hoists function-
ing properly. :

Another factor of crane and, to a lesser degree, hoist design
which has an effect on the speed of overhead materials‘handling
ls the gearing on the drive systems of hoisting, bridge and
trolley travel systems. For an equivalent lifting capacity
machines the cost of a more rapid travel system may be a sub=-
stantial increase over a slower c¢rane. However, 1f the demand
for the crane's services is substantial, a quicker erane may make
the addition of a second crane unnecessary and may provide the
crane operator with some break time between lifts. One less
expensive measure bridge crane owners may take to speed the
functions of thelr machines is to select a secondary or auxiliary

hoist of approprtate capacity to supplement the main hoist of thg_"

crane. Since smaller supplementary hoilsts operate at up to two
to three times the rate of main hoists, they are more efficient
for lifeing lighter loads. If a 40-ton main hoist 1is supple-
mented by a 5-ton auxiliary hoist, only large enough to perform
307 of the crane's lifts, converting to a 10-ton auxiliary hoist
able to handle 30% of the crane's lifts may result in a signi-
ficant increase in machine efficiency.

The lack of a motorized trolley eystem on some holst systems
(chain hoists, jib-pillar cranes, materials hoists, etc.) requires
the hoist's operator or assistant to move hoists and loads along
their rails by manual gear drives or by manually pushing or pull-
ing the hoist or load, While manual gear drives for trolley and
hoist functions, often found on chain hoists, occasionally are
related to overexertion injuries involving their operators, push-
ing or pulling on hoist or locad are factors which were indicated
in a number of accidents, These push and pull related injuries
were overexertions from pushinpg hoists on rough running trolley
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rollers or from trolleys hanging up on rough spots on hoist rails
(welds), load items fallinpg when pushed out of their hitch, and
injuries occurring when handles used to pull or crank holsts
loosen or fall. These are problems most likely related to poor
maintenance in relation to hoist design.

Another funcrional component of hoists as well as cranes which
received a disproportionate amount of operator criticism is
brakes., These complaints revolved around brakes' lack of sensi-
tivity, hypersensitivity, lack of holding power and often just
plain lack of brakes. This study did not find any specific make
or type of brake which consistently causes problems; although
some types of crane or hoist brakes may possess chronic preoblems,
further study would be necessary to point these out. As previous-
ly noted, operators of bridge cranes working from attached cabs
felt they had better control of crane and hoist braking due to
the feel of the braking action of the crane they received through
the crane structure, Some of these bridge crane operators did
complain of too much or too little sensitivity in some of their
crane's brake mechanisms. Floor crane cperators complained of
difficulty in being able to modulate theilr crane's brakes from
the push button controls which activate various erane brakes,
Hoist operators who have brakes, on oc¢casion had the same com-
plaints as floor crane operators. Some operators indicated they
have difficulty contrelling trolley movement on holsts which use
opposite directional controls to perform braking functions. Many
hoist operators complained of inadequate holding brakes on their
hoists, especially when lifting near capacity loads.

Many of the problems mentioned above and others involving the
physical functioning of cranes and hoists can be detected and
corrected by adequate ilnspection and maintenance of cranes and
hoists. The OSHA Standards covering Cranes (1910.179 and
1910.180) specify a number of component systems which must be
inspected at vaguely specified intervals. These intervals,
frequent and periodic, are left unspecified but should be of
appropriate duration to reflect the amount of use and the extent
of use a crane gets. Most regularly used cranes should have
their major control systems checked before being put into use at
the beginning of an operator's shift, and should receive more
complete inspection of all mechanical systems subject to wear or
stress fatigue at appropriate intervals. In most cases, crane
purchasers are supplied with documentation on crane and holst
inspection and maintenance from the equipment's manufacturer,
The crane and holst users we visited have translated OSHA and
manufacturer inspection and maintenance requirements into check
lists specific to each type of machine they use.

The design specifications of the ANSI B 30 standards appropriate
for Overhead and Gantry Cranes (B 30.2.0 1967 =~ revised in 1977)
and for Crawler, Locomotive and Truck Cranes (B 30.5 - 1968) are
incorporated into OSHA standards 1910.179 and 1910.180 respect-
ively. The other provisions of each . of the above OSHA standards
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seem to be based at least in part on their corresponding ANSI
standards, Other pleces of overhead lifting equipment, hydrau-
lic boom cranes, monoeraill cranes, overhead hoists, chain hoists,
etc., covered in thelr own subsection of the ANSI B 30 standards
do not have these standards design specifications incorporated
into the mandatory OSHA Standards (ANSI Standards are voluntary).
Whether the pieces of overhead lifting equipment whose design is
not addressed by OS5HA are covered by the subsequent portions of
the two OSHA Cranme Standards is unclear to most field users of
these pieces of equipment. The answer 1s regrettably that they
are not covered; since hoists and hydrauliec bocom cranes have
their own unique hazards to their safe operation, they should
have OSHA standards regulating their design, inspection, main-
tenance, operation and usage. Currently the advertising claim:
that a hoist "meets all OSHA Safety Standards” is of no real
value.
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V. CONCLUSIONS AND RECOMMENDATIONS

The use of cranes and hoists in overhead lifting defines a system
of factors which interrelate and integrate toc accomplish load
lifting tasks. As defined in the preceding sectlon the ergoncomic
factors involved in this system encompass the nature of the
design and operational use of cranes and hoists, and the appli-
cation of the attachment systems to handle these loads. The
lynchpin holding down the major responsibility for safety in
these systems 1s the crane or hoist operator. These operators
cannot be expected to achleve safe operations without cooperation
from their load hitching assistants, and plant management and’
‘supervision who determine a variety of crucial elements of over-
head lifting operatione, These management-determined factors run
the gamut from equipment selection to the allocatien of manpower
resources for maintenance and inspection; to the selection of
operating, hitching and signal personnel; to the determination

of the training, knowledge and encouragement toward the safe per-
formance of their jobs that overhead lifting personnel receive.
The single most effective effort for safety in overhead lifting
would be the determination of the specific hazards to safe crane
ot holst use which exist for specific uses of 1{fting equipment,.
This, coupled with the development of mechanisms to inform oper-
ators and assoclated workers of the nature of these hazards, and
encouraging work practices which will provide controls for these
hazards, can have a profound effect on improving overhead 1ift-
ing safety. This suggestion embodies the concepnts of the hazard
management scheme and especially the development of safe opera-
tions performance standards discussed in detail in Chapter 2.

The effort of detecting and controlling work hazards should have
a meaningful contribution from a variety of sources including:
shop floor workers, supervisors, manapers, equipment manufactur-
ers and guppliers, regulatory and enforcement agencies, and
research into various critical aspects of safety in the work
process. The purpose of each of these proups' contributions
should be to enhance the knowledge and abilicy of those workers
and supervisors involved in overhead lifting regarding the recog-
nition of hazards to safe operations and the prevention of these
hazards developing into accidents. The preceding sections of
this chapter have triesd to define some of the sources of hazards
that we found to exist in overhead materials handling, and to
point out some of the considerations which might be taken into
account in developing mechanisms to control these hazards. The
following discussion will try to 1lluminate some of the direct-
ions which might be taken to achieve preventive management of
crane and hoist ugse hazards.

Since the performance of the personnel invelved in the operation
of cranes and hoists and those involved in attaching lecads to
lifecing machines, and the nature of communications between these
two groups of workers, were found so critical to safe overhead



materials handling, efforts to optimize the safe performance of
the tasks of these workers in load handling should be beneficial.
As previously mentioned, these efforts should be directed at in-
creasing the knowledge and skills of these workers to prevemt . ©
accidents by detecting hazardous conditions in their jobs and
controlling these hazardous conditions. There are 8 number of
directions which might be pursued in respect to the above. Mech-"
anisms to assess the opinions of involved workers as to the haz-
ards they find in their Job tasks and how they control these héz-__
ards, such as the hazard survey technique used in this gtudy h
(Coleman &nd Smith, 1976), can provide valuable information from
which to develop materials to furthetr develop safe work perform-
ance standards and to educate workers in safe operations. The
ultimate training of overhead lifting safety to workera should be
an on-going process, utilizing the knowledpge resources of the
workers themselves as well as the accumulated knowledge and
experience of the manufacturers and suppliers of 11ifting hardware

NIOSH, as a part of its mission to train workers and managers in
industrial health and safety, should develop materials to serve
as resources for educating overhead lifting workers in safe oper-
ations. As a part of this effort, guidance should be given to '
managers in industry as to how to tailor worker safety training
"to the needs of their particular situation. Hazard management
principles should be of value in this effort. ‘

A large number of factors in overhead 11fting safety require
resources beyond the limits of any single worker's skills and
competence, The current OSHA Crane Standards address many of
these factors, such as equipment design, inspection, operatien
and maintenance, in at least a satisfactory manner. Other of
these factors: the 8Bkille and knowledge level of workers; the
match of equipment functions and operating limitations to load
handling requirements; and basic worker protections from the
hazards of Insufficient design, inspection, maintenance, oper-
ation, etc., of lifting equipment not covered by the Crane Stan-
dards (hoists, hydraulic boom cranes, etc.) are not now addres-
sed by the OSHA Standards. Efforts to address these areas
through appropriate standards, and an expansion of governmental
efforts to insure and aid in achieving workplace compliance with
current health and safety standards should be undertaken,

In addition to the above areas of standarde ingsufficiency, an
additional area of research into overhead lifting operation
safety seems appropriate. This area revolves around the ques-
tion of the effect of inciplent levels of environmental stressors
(chemical exposure, whole body vibration, psychological stresses)
on workers such as crane operators or load hitchers whose job
requires periodic intensive concentration. While c¢onsiderable
efforts are being expended in efforts to evaluate the long-term
effects of exposure to these stressors, little attention has been
glven to determining the possible effects that day-in and day-out
exposure to combinations of these strressors have on safe and

202



attentive job performance.

In general our study found that safety in crane and hoist use {in
materials handling 18 synonymous with proper and efficient oper-
ating procedurea. For this reason, emphasis on operations safety
should be treated as part and parcel of consistently efficient
production. While manufacturing processes which compromise safe
operations may generate faster production, the costs of possible
damage or injury, should these short-cuts produce accidenta, 1f
not prohibitive in regards te business economica is intolerable
in regards to the societal damage occupational injury and illness
represents. In the long tun, safe overhead lifting operations
are preoductive operations. A number of the long-term benefits
which short-term sacrifices for gsafety generate, pointed out in
Part IV of this chapter, apeak to this point,
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VI. SUMMARY

The purpose of this study of crame and hoist use in overhead
lifting was to utilize .accident data to derive causal patterns
for accidents involving this equipments' use, and to assess the
validity of these patterns through observatlion of the use of ‘this"
equipment in industrial practice., As an adjunct to the above:
effort an attempt was made to evaluate the human factors compon—
ents involved in the safe use of these machines.

The data analysis and field observation data, presented in Sect-
ion III of this chapter, confirmed that the bulk of the safety
hazards associated with crane and hoist use arise directly from
the processes involved in the attachment of loads te cranes or
heists, and the subseguent lifting and transportation of these
loads. The most significant source of Iinjury associated with
crane and holst use was found to be lifted loads falling becduse
of some insufficiency in the attachment of the load to -the crane
or hoist; or locads falling as a result of improper operation of
the crane or hoist machine (excessively rough or jerky movement
loosening the lpoad from its attachment or some failure of the
support mechanisms of the crane or heist system), Other signi-
ficant sources of injury arising from the handling of loads by
cranes and hoists invelved: 1loads being lifted or moved, or
moving crane structures strikinp workers or.objects {n their
environment to cause some injury; workers becoming entangled in
loads and thelr attachment hardware when loads are lifted or pos-.
itioned; manual exertions involved in preparing a load for .
attachment or manipulating a 1lifted load causing an overexertion
injury:; and workers involved in moving loads, falling over debris
in their workpath, The other significant source of injuries-
assoclated with cranes and hoists result from working on or
around these machines (maintenance, entering and leaving, ete:.).

The evaluation of the human factors considerations in c¢rane and
hoist use safety yielded a picture of a system of physical and
behavioral components that dynamically interrelate in the pro-
cesses involved in overhead lifting. This system's components
break down inte four main areas: the operation of cranes and
hoists in overhead lifting processes; the process of attaching
load items to cranmes and holsts; the design and sufficiency of
the devices used to attach loads to cranes and hoists; and the
deslgn and functional consistency and suffliciency of the crane
and hoist machines themselves,

0Of the above factors the role of the crane or hoist operator in
the process of overhead materials handling is central to assuring

safety in crane and hoist use. The operator, through his task
activities, controls a large number of factors critical to over-
head l1ifcing safety. The operator, however, must rely on the

performance, signals and judgments of the load hitching and sig-
nal personnel with whom he works. These hiteh and signal person-
nel were found to play a significant role in a varlety of aspects
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of safe overhead lifting, especially in load attachment. The
bond of communication between the operator and load hitcher or
signal perscon was found te be one of the most significant ele-
nents contributing to safety in crane and hoist use.

In addition to these primarily behavioral factors relating to the
roles played by the operators, hitchers and signal personnel, a
number of principally physical factors related to the apparatus
used to attach loads to cranes or hoist, and the ¢ranes and '
hoists themselves were found to represent significant components
of safety in overhead ‘lifting. For the load attachment system
the design of the system for its use requirements, their avail-
ability, 1lnspection and match with the load were major factors
concerned with the sufficiency of the attachment of the load to
the crane or hoist, The g¢rane or hoist machine must function in
a consistently predictable manner, have an appropriately designed
and located operating control system, and in general be of suffi-
cient design to perform the tasks required of it in order to
allow 1its' operator to safely move materials with the crane or
holst.

In order to povern the interaction of these physical and behav-
ioral components which determine the safety of overhead 1ifting,
both workers, managers, supervisors, and equipment manufacturers .
and suppliers must all play important roles in the detection and
control of overhead lifting hazards. Each of these groups, be-
cause -of the distinctive knowledge and control of safety hazards
they possess, can provide.unique support to a positive program

to prevent crane and hoist use hazards from becoming accidents.
Workers, due to their immediate relationship to the equipment and
job tasks . invelved in overhead lifting, can perform crucial func-
tions in detecting and communicating hazards to safety from their
jeb tasks and equipment, and can through their job performance
contrel many of these hazards. Managers and supervisors have

the responsibility to insure that the use of the physical and
personnel resources provided for in overhead liftinpg are suffi-
cient to assure safe operations. Their task in this respect can
be made more realistic 1if they can optimize the use of the inform-
ation and skills of thelr workers and equinment suppliliers and
manufacturers, This latter group must develop and provide equip-
ment of appropriate function and desien to meet the overhead
lifting needs of their customers, To meet these needs these
businesses not only have to build or sell safe devices and mach-
ines, but they must also aid the user in determining which types
of equipment best meet their needs, and provide guidance as to
the safe use of the equipment.

Regulation'of safety in overhead lifting through the OSHA crane
and sling standards has had a profound effect on improving the
consciousness of those involved in overhead lifting in a number
of significant areas of crane and sling design, inspection, main-
tenance and to some degree operatlons usage. The OSHA standards
appear to need some strengthening in areas involving the utiliza-
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tion and assurance of skills aud knowledpe sufficiency of the
personnel direectly involved in overhead lifting, in matching
equipment design and function with task requirements, and in pro-
viding protective coverage to those affected by the use of hoists,
hydraulic boom mobile cranes and other overiead lifting equipment
not covered by the current OSHA standards governing cranes and
slings. These standards shortcomings and the other human factors
areas mentioned above are discussed at greater length in Sectlons
IV and V of this chapter and in Chapter 2.
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A PICTORIAL SUMMARY OF CRANE AND HOIST HUMAN FACTORS
RELATED TO SAFE OVERHEAD MATERIALS HANDLING

The following four pages present a brief summary of some of the
critical aspects of human factors involved in the safe usage of
cranes and hoists. The organization of these photographs roughly
parallels the discussion of topics 1in Part IV of this chapter.
Plates 1 thru 7 relate to issues involved in the operation of
cranes and hoists and factors related to the cranme and hoist
operators control of overhead lifting safety. Plates 8 thru 10
point out some of the hazards and control factors related to the
functions that 1load hitching personnel perform in e¢rane or heoist
operation., Plates 1l thru 17 1llustrate problems and hazard con-
trol mechanisms related to the mechanisms for attaching loads to
be lifted to cranes and hoists, The final group of plates

(18 thru 22} peint out some of the design and match of machine

to task usapge factors cur study found important to safe crane

and hoist operations.
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#14 THE LOCATION OF A CRANE OR
HOIST OPERATOR!S CONTROL STATION
AFFECTS A VARIETY OF FACTORS 1IN SAFF
OVERHEAG LIFTING = WHiCH RELATE TO
THE WAY THE CRANE OR HOIST IS5 OPER=
ATED,

#3 8 CRANE AND HOIST INJURIECS OFTEN
HAPPEN WHEN LOADS SLIP AND FALL ON
WORKERS , AND WHEN MOViNG LGADS COLLIDE
WITH WORKEKS OR OTHER OBJECTS =

CAUSING AN (NJURY, BY NOT MOVING LOADS
OYER WORKER'S HEADS, AND CAREFULLY
CHOOS ING LOAD PATHS OPERATORS CAN AVOIE

INJURIES.

[ i - [ B KA. X
#2 A THE OPERATOR!S LOCATION SHOULD
ALLOW , AS MUCH AS POSSIBLE, A CLEAR
VIEW OF THE LOAD, AS WELL AS A CLEAR
VIEW OF WORKERS AND OBJECTS AROUND
THE LOAD,

-

#u‘ FLCOR CRANE OPERATORS OFTEN
HAVE THEIR VISION OF LOADS, CR
WORKERS ARCUNC LOADS CBSCURED BY
LARGE O8JECTS IN THEIR WORK AREA
OR BY THE RAISED LOADS. SOME
OPERATORS OF PENDANT CRANES COMa
PLAINED ©OF DIFFICULTY N PRECISELY
CONTROLLING CRANE DRIVE AND EBRAKE
CONTROLS .

#5 4 MOBILE CRANE OPERPATORS MUST
BE SURE THAT THE LOADS THEIR
CRANES LIFT ARE WITHIN THE CAPA-
CITY OF THE CRANE FOR THE BOOM
LENGTH AND S0OM ANGLE USED.
CRANE SUPPORTS, LIKE THIS OUT-
RIGGER, MUST BE FULLY EXTENDED
AND REST ON A FIRM SURFACE TO
ASSURE PROPER SUPPORT,







#6 A THE AREAS WWERE CRANES AND HOISTS

MOVE LOADS SHOULD BE AS FREE OF QEBRIS #7 & CRANE AND HOIST OPERATORS AND
AND TRIPP[NG HAZARDS AS POSSIBLE, A THEIR ASSISTANTS OFTEM WORK INMN
NUMBER OF INJURIES FROM MOVING LOADS AREAS WHERE ThEY ARE EXPOSED TO
wWITH CRANES AND HOISTS [NVOLVED WORKERS TOXEC FUMES., THESE FUMES ARE NOT
TRIPPING OVER DEBRIS WHILE CONCEN= ONLY A HEALTH HAZARD FOR THE
TRATING ON RAISED LOADS, WORKER , THEY CAN ALSO CAUSE STRESS

AND FATIGUE.

#8 & LoAD MITCHERS OFTEN HAYL TO HOLD SLINGS WHILE 7
THEY ARE BEING T|GHTENED TO MAKE SURE THEIR HOOKS
SET PROPERLY. THESE WORKERS AND CRANFE OPERATORS ,‘
WORKING WiTH THEM SHOULD BE CAREFULL TO AVOID
GETTING THEIR FINGERS CAUGHT fN THE SLINGS OR THE
SLINGS AND THE LOAO.

£9PA1 0aDs ARE MOST LIKELY TO SWING OR FaLL FROM ',
THEIR ATTACHMENTS WHEN FiRST LIFTED, FOR TH1S o
REASON WORKERS SHOULD TRY TO STAY CLEAR OF LOADS
WHEN THEY ARE LIFTED,

#10’THE COMMUNJCATIONS RETWEEN THE LOAD M|TCHER
AND THE CRANE OPERATOR ARE VERY IMPORTANT TO LOAD
HANDLING SAFETY. THEY SHOULD HAVE A CLEAR V|Ew DF
EACH OTHER, AND/OR AN EFFECTIVE SIGNAL SYSTEM TO
TRANEMIT LOAD LIFTING INFORMAT|ON,
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#1144 A VARIETY OF
SLINGS AND SLING
MATERIALS ARE USED
FOR LOAD ATTACH-
MENT IN OVERHEAD
LIFTING, HITCHERS
CAN SELECT THE
PROPER SLING MOSY
EASLY WHEN THEY
ARE NEATLY STORED
ON A& RACK, AS
ABOVE,

], #12 B By KEEPING A
SUPPLY OF SLING
COMPONENTS ON HAND
A COMPANY CAN
DESIGN AND BUILD
SLINGS TO FIT
THEIR NEELOS, THIS
TYPE OF SLING
FASRICATION

SYSTEM CAN ALSO
HELP A SLING
INSPECT|ION AND
REPLACEMENT PRO-
GRAM,

#1id A nuMBER OF SPECIAL DEVICES
ARE USED TO ATTACH OR ATTRACT
LOADS TO BE L{FTED., THIS CLAMP
AND OTHER GRAB TYPE DEVICES ARE
FREQUENTLY USED TO GCRASP LOADS.
THESE NEED SPECIAL MAINTENANCE T0
KEEP WORKING PROPERLY. THE CLAMP
SHOWN ABOVE |5 HAZARDOUSLY ATTACHED
TO THE KOIST HOOK, ]T CAN EASLY
SL1P OFF THE HOOK IF THE HOIST
LINES GO SLaCK.

#13 A ALL SLINGS CAN GET DAMAGED BY
IMPROPER USE OR STORAGE., WORKERS
WHO USE SLINGS SHOULD BE TRAINED TO
STORE SLINGS PROPERLY, USE SLINGS

TQ AVOID CAUSING DAMAGE, AND INSPECT
SLINGS FOR DAMAGE BEFORE US|ING THEM.
WORKERS NEED TO BE SUPPLIED WITH THE
RESOURCES TO PERFORM THESE TASBKS,

‘ﬁ Lt Ny i
#1548 THIS MAGNET NEEDS 1O BE
REGULARLY CHECKED TO BE SURE IT'S
POWER CABLES ARE N GOCD CONDIT}ON
AND IT!S ATTACHMENT RINGS AREN'T
WORN »

#16@ To MORE EASLY ATTACH
ODD SHAPED LOADS, THESE LOADS
CAN BE DESIGNED WITH SPECIAL
. HOLES OR GRAB POINTS FOR THE
ATTACHMENT OF SLINGS.

#17 9 ONE FREQUENT CAUSE OF
CHAIN DAMAGE 1S WELD BURNS
FROM ARC WELD (NG DONE WHILE
SLINGS ARE STILL ON LOADS.
THIS KIND ©OF PITTING CAN :
CAUSE THE METAL TO CRYSTALI2E:
AND LEAD TO A LINK FALLING.
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#18 & our sruoy
FOUND THAT NO MAJOR
DESIGN FLAWS EXISTED
IN ANY OF THE CRANES
OR HOISTS WE STUDIEC,
WHAT WE FOUND IS

THAT LIFTING MACHINES
AND THEIR CONTROL
SYSTEMS MUST BE
MATCHED TO THE TASKS
THEY HAVE TO PERFORM.

#15 P ONE PROBLEM
OPERATORS OF FLOOR=-
PENDANT OPERATED
CRANES IND{CATED IS
HAVING TO STAND TOO
CLOSE TO THEIR LOADS,
AND HAVING TO HANDLE
BULKY PENDANT CONTROL
BOXES,

#20 o MANY PENDANT
CONTROLLED CRANES AND
HOISTS HAVE PENDANT CORDS
ATTACHED DIRECTLY TO THE
HO1ST MECHANISM, THIS
LIMITS THE RANGE OF
MOVEMENT AVAILABLE TO THE
CRANELS OPERATOR. THIS
MAKES IT NECESSARY FOR
THE DOPERATOR TO REMAIN
CLOSER TO THE RAISED LOAD
THAN THEY OFTEN WANT TO
BE.

#21 P PENCANT CONTROLS ;
FCR CRANES CAN BE ATTACHED -
TO CRANES BY LONGER CAPLES
WHICH RUN ALCNG THE
CRANE'S BRIDGE RAIL. THIS
TYPE OF PENDANT ATTACHMENT |
ALLOWS THE. OPERATOR MORE
FREEDOM OF MOVEMENT
AROUND RAISED LOADS.

#22 4 REGARDLESS OF WHAT TYPE
OF CRANE OR HOIST 1S USED ALL
OF THESE MACHINES NEED TO BE
REGULARLY INSPECTED FOR WEAR
AND MALFUNCTION. THEY HAVE TO
BE MAINTAINED IN TOP OPERATING
CONDITION TO [NSURE THEIR
CONTINUED SAFE USE. FEACH TYPE
OF CRANE OR HOIST HAS SPECIF1IC
INSPECTION AND MAINTENANCE
NEEDS DETERMINED BY 1TSS DESIGN
AND THE WAY IN WHICH IT IS

USED.
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CHAPTER 6. HUMAN FACTORS AND SAFETY CONSIDERATIONS OF CONVEYOR SYSTEMS

INTRODUCTION

Analyzing the human factor of conveyor systems is not a simple task, ideally
or realistically speaking. The interaction between the working individual
and a conveyor system represents a compllcated network of physical and oper-
ational design considerations.

Qur purpose in studying the human factors of conveyor systems was to identify -
various problem areas that are related to conveyor systems and to begin to
provide directions for controlling these hazards.

This chapter represents the major findings of the conveyor portion of this .
study. A general statistical background concerning conveyor accidents is
provided along with a section concerning the current status of conveyor
related OSHA Standards. A theoretical discussion of relevant concepts that.
apply to the dynamics of conveyor operations is also contained in this
chapter, The rest of the chapter deals primarily with major problem areas
that were emphasized in the hazard information collected from workers,
management, ctc. A general summary and recommendations for controlling

and preventing conveyor accidents is outlined.

Conveyor

"A horilzontal, inclined or vertical device for moving or transport-
ing bulk material, packages, or objects in a path predetermined by
the design of the device, and having peints of loading or discharge,
fixed or selective (American Netl. Std. B20-1972)."

"Conveyors are probably the most versatile labor saving device in industry.
In its very earliest form - the chute - the conveyor predates the invention
of the wheel. It is estimated that there are almost 100 types of material
handling conveyors. The most common types include the belt, slat, apron,
chain, screw, bucket, pneumatic, aerial, portable, gravity, live roll,
vertical, magnetic, overhead and floor trolley." (Natl. Safety News,

Feb. '77)}. Conveyors are often a component of other machines. Innovations
created for particular job demands create an endless variety of conveyor
systems, For the purposes of our study, only powered conveyors are included
since their accident experience was rated higher than nonpowered conveyors.
However, in most of the plants visited, the gravity conveyor was an integral
part of the automated conveyor system,

Conveyors are used across industries for transporting materials and

assembling operations. These uses vary from: handling bottles 'and cast-
ings {apron conveyors), acting as scrapers for stone, cpal (flight convey-
ors), carrying hot, greasy metal parts, butchered meat (trolley conveyor),
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to mixing cement/sand mixtures, paint, etc. (screw conveyor).
Conveyor System

Unlike the crane and forklift material handling systems, the conveyor remains
in a stationary position and is often a permanent fixture. The conveyor
operator does not "control" the conveyor other than turning it on or off or
perhaps controlling the speed (unlike cranes and forklifts where operator
control is the crucial element in the system). There are instances where

as much as 52 miles of conveyor can operate without a worker in the vicinity.

Therefore, the conveyor system is simpler than the crane and forklift system
in that it requires less human involvement in its operation (including
control and interactions). As a materials handling system, however, convey-
ors can by very complicated and complex pleces of machinery for moving mat-
erial.

Conveyor Tasks--Job Design

Conveyor workers generally fall into two categories: production and
maintenance. The production worker (who works at a conveyor) usually per-
forms cne of two major functions. The first is Asseumbling or performing

an operation on the conveyed item (i.e., assembly line production). The
second task involves Monitoring or watching for jammed materials, or
inspecting material, while feeding or removing materials from the convey-
or. The assembling and monitoring workers usually work at a fixed location
or work station, unlike crane and forklift operators who must move with

the flow of material.

Maintenance workers are ancther group that periodically work on conveyors
performing regular or emergency operations.

Pecple on conveyor systems are there largely to handle those tasks that
machines cannot or at least do not do. This can be a rational use of human
abilities, considering their remarkable visual perception and flexible
manual output skills. There is little doubt that people excel at “straight-
ening out the mess™ and ."keeping things moving in spite of". They are, in
fact, too accomplished in exercising this adaptive flexibility. Too
accomplished in the sense that they too easily exceed reasonable perform-
ance limits and thereby expose themselves to excessive accident potential.
Unlike machines, which often simply stop or break if pushed beyond danger
limits, people continue to perform, using a rather vast array of coping
mechanisms. These mechanisms can be internal, information processing
adjustments like selective omission, increased tolerance, increased errors,
and temporary memory storage {Miller, 1964). They may also involve external,
job related adjustments like reaching too far, too late in an attempt to
prevent an errant part from jamming a machine.

BACKGROUND
This section concerns itself with the statistical analyses of information

analyzed from the Ewployer's First Report of Injury, employee's report of
the accident (Promptness Cards), and State Inspection Investigations. A
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discussion of conveyor related standards, both Federal and ANSI, is also
provided.

Conveyor Statistics

The initial phase of the study involved analysis of conveyor related data.
This data was obtained from three sources: Wisconsin Workers' Compensation
Case History File, Wisconsin Safety Inspectors' accident investigations and
promptness cards {(mailed to every Workers' Compensation claimant who suffer-
ed an occupational injury involving four or more lost workdays during 1974.
The cards contained a short questionnaire in post card format allowing the
injured worker to describe how his/her accident occurred).

Analysis of Conveyor Related Promptness Cards

In investigations of 279 cases with conveyor implicated as a causal factor
in 1974, the largest type of accident was caught in conveyor parts. There
were 87 caught in conveyor cases reported accounting for 31% of conveyor
accidents. Of the 87 cases, 37 occurred while employee was maintaining or
unjamming the conveyor. Examples of this type of accident-include: an
employee replacing some part on the conveyor when ancther employee turned
the conveyor on, or when an employee was trying to unjam something from the
conveyor and the conveyor belt suddenly started up. Tables 6-1, 6-2.
Thirty-five caught-in cases occurred while the employee was working 'at a
conveyor line, loading, unloading packages, pushing items along the convey-
or line. Fifteen cases were reported where it was undetermined what the -
employee was doing at the time of the injury. '

Falls on or against conveyors accounted for 34 cases or 127 of the conveyor
accidents. Examples of these conveyor accidents are (1) slipped on conveyor,
(2) climbing over conveyor belt and (3) foot slipped off of framework
dropping workéer onto floor.

There were twenty-one cases (8%) where a worker bumped into or struck
against a conveyor. An example of this type of accident occurred when a
worker jumped over a conveyor track, slipped and hit his leg on conveyor.

In 12 cases, a worker was struck by conveyor part. In one instance, a
worker injured his back when the arm of a faulty conveyor belt hook dropped
due to vibration of rotating belts.

Sixteen percent of the conveyor accidents or 44 cases implicated material
being handled on and around the conveyor. In four cases, workers were
struck by moving objects on conveyors. These accidents indicate a pacing
problem as employees were injured by material coming off ‘the conveyor too
fast. Twenty-two cases involved accidents where the employee was struck
by objects falling from conveyor. These accidents resulted in bruises
and cuts while loading and unloading material from the conveyor.

In nine other cases, workers were injured when they got caught between
materials moving on conveyor; for example, getting hands or fingers caught
between two boxes or cartons moving along the comveyor lines.
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Overexertions in handling objects from conveyor totaled 57 cases or 20%.
These accidents were most likely to occur from repeated motion of lifting
heavy material on or off conveyor belt, or from jobs that require a lot of
twisting and bending while loading or unloading the conveyor. There were
thirteen cases that involved overexertion from handling the conveyor itself.

Table 6~1. Examples of promptness card cases involving conveyors.
Caught in
While maintaining conveyor;

1. Replacing plate in mold conveyor, another emplovyee turned conveyor
on causing plates to move tqgether and pinch hand.

2. Installing chain on chip convéyor, finger caught between chain and
sprocket,

Unjamming conveyor;

1. Eﬁployee was removing a piece of wood wedged between steel rollers and
conveyor belt. After wedpge was removed, conveyor belt started up due
to faulty stop switch. Right hand was forced between two steel rollers,
crushing hand. Prior to removing wood, employee pushed all stop buttons.
Working at line;

1. While ioading, glove entangled in conveyor belt.

2, Pushing blocks from roller conveyor into box, hand slipped between
conveyor belt and steel bar attached to the frame,

Fall Onto or Against Conveyor

1. Stepped on roller conveyor to remove cans, slipped on conveyor, bumped
leg.

2. Climbed over conveyor belt, foot slipped off framework dropping worker
about three feet onto concrete floor.

Bumped Into or Struck Against Conveyor

1. Jumped over conveyor tratk to release wedged cover, slipped, leg hit
conveyor.

Struck by Conveyor Part

1. Faulty conveyor belt hook, arm dropped due to vibration of rotating
belts, injuring back. '
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Pacing of Conveyor

1. Sliding packages into conveyor belt, they are only supposed to come one
at a time but tco many came at once, eémployee jumped back out of the way
so feet wouldn't get caught, instead he fell over the edge of platform
and was injured.

Struck bzﬁMDving Object on Conveyor

1. Ribs were agalnst cars as assembly line started up resulting in broken
rib.

Struck by Object Falling from Conveyor

1., Heavy metal object rolled off conveyor belt, object fell onto left foot.
Cbject was four feet long and about 50 pounds.

Struck by Object Being Handled Onto/From Conveyor

1. 1lifted large carton onto conveyor, it slipped out of worker's hand
injuring hand.

Caught In Materials on Conveyor

1. Got finger caught between board that was cominig down belt too fast.

Overexertion in Handling Objects from Conveyor

1. Repeated motion of lifting heavy boxes and carrying te conveyor belt,

2. Job required a lot of twisting and bending to plck cylinders off
conveyar.

Overexertion Handling Conveyor Itself

l. Lifting conveyor, strained bBack.
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Table 6-2. Total promptness cards with conveyor implicated as cause:

Major Groups'df Prompfnéss Cards

Caught in‘Coﬁﬁeyor
while maintaining, unjamming
while working on line
undetermined
Fell On or Against'Conve&or
slipped and fell against
fell when stepped on or against
Bunped Into or- Struck-Against
Struck by Conveyor Part
Struck by Moving Object on Conveybf.‘
Struck by Object Falling froﬁ Conveyor

Struck by Object Being Handled from
Conveyor

Caught in Materials on Coﬁveyor'

Overexertion in Handling Object from’
Conveyor

Overexertion in Handling Conveyor Itself

Other Miscellaneous
Total

*does not equal 100 due to rounding
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87
37

35

15

34

16
18

21

12

22

9

57

cases
cases
cases
cases
cases
cases
cases
cases
cases
cases

cases

cases

cases

cases’

13‘cases

11 cases
279 cases

31%

12%

8%
42
1%

8%

279 cases.

32

3z
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5%

43

99%*
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Summary Of Accident Investigations By Wisconsin Safety And Bulldings Inspectors

A total of 386 accident imnvestigation cases involving conveyor accidents
during the period from 1972-1976 were analyzed. These accidents wére
analyzed according to the following factors; type of accident, source of

of accident, causal factors and other factors. Most of the accidents
occurred when the injured became caught in the conveyor (221 cases). Often
these accldents occurred when the injured attempted to unjam the conveyor
(43 cases), when cleaning the conveyor (38 cases), or when performing some
type of maintenance on the conveyor (38 cases). Many of the accidents (97
cases) occurred while the injured was working at the line (unloading or
loading conveyor, etc.). . Table 6-3.

Several specific conveyor parts were involved in a number of cases. The
sprocket and chain was the source of 28 accidents, belt and pulley (25
cases), belt and roller (18 cases), rollers (1B cases) and augers (13 cases).

Many of the accidents were due. to lack of proper guarding (110 cases or 28%)
or employe neglecting to shut off conveyor when unjamming or maintaining it
(61 cases or 1l6%).

Other factors involved in conveyor accidents include getting gloves caught
in conveyor (23 cases). This can happen as a result of improper fit of ’
gloves. Lack of training was mentioned as a contributing factor in some
cases. Other causal factors include slipping and tripping on or near con-
veyors, loose clothing (sleeves), workplace layout and speed stress. ‘

Viclations of safety standafds_(primarily improper guarding) were invoivéd
in 142 (37%) out of 386 accldents investigated.

Conveyor Fafalities

There were six (6) fatal conveyor accldents in Wisconsin from January 1972
to August 1976. There was one accildent each year except that two accidents
occurred in 1974. Two accidents involved becoming caught between belt and
roller, one case involved becoming caught in a screw conveyor, one accident
involved a fall from a conveyor, in one case a worker was caught between a
dry block elevator and the dry block conveyor and in one accident the
worker was dragged by a stacking conveyor and buried in a hopper.

All six accidents occurred when the employe was performing some type of
maintenancing operation (unjamming, etc.). Only one of the six accidents
resulted In a safety violation being written.

Table Descriptions

A cross tabulation of conveyor accidents within three digit SIC classifica-

tion by type of injury is found in Table 6-4. All Wisconsin Worker's
Compensation reported injuries from 1971-1975 were included in this analysis. .
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Table 6-3. Summary of investigated conveyor accidents. 1972-1976.
Total number of investigat;ohs ' : ' 386

Most frequent type of accident:

Caught in while performing normal job ' .21 57%
Unjamming 43 11%
Cleaning ‘ , S 38 - 107
Other maintenance oo 38 : 10%
Working at ‘1ine {loading, unloading, etc.) 97 25%

Most frequent source of accident:

Sprocket and chain 28 . 7%
Belt and pulley - 25 6%
Belt and roller 18 5%
Rollers B - 18 5%
Auger = - e : 13 3%
Conveyor nec. 21 5%

Causal factors:

No guard : - 110 28%

Employe didn't shut’ conveyor off 61 16%

Employe tripped, or slipped around 28 7%
conveyor

Gloves (too large, got caught in conveyor) 23 6%
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Table 6-4.

Top 20 industries with conveyet injuries by type of injury 1971-1975.

5.1.C. Acci- .Caught Caught In Falls Falls Over- ver mrer Over Struck Siruck Struck Struck Struck
Rank # dents % In Mech. Parts  Cther  Same  exertion  Handling Push. LI1ft St. Obj.. Mater. Mov. Tip

Food Etc. L 32 2L 20 129, 3 % 5 4 8 i S 8_ 5 12
Fab. Metal 2 119 7.4 3 _35 1 11 1 3 4 729 23 .2 2 5
Prio Metal 3 16 7.2 12 37 2 9 2 2 2 16 18 4 . 11
Mach. Ex. Elec [ 114 7.1 _ 7 27 4 13 5 3 4 ~ 18 14 1 -] 16
Paper ) 5 101 6.2 12 52 9 2 3 10 5 1 2 5
Lumber ‘6 92 5.7 8 45 7 1 L 11 15 2 1 1
OTR Retail 7 79 4.9 6 25 8 ) 4 14 3 2 5 3
Whole Nan 8 68 4.2 7 23 2 3 2 7 5 5 4 8
Agrisn. 9 63 3.9 3 30 4 _ 4 4 ) 2 1 7
Trans. Equip 10 56 3.4 2 15 1 3 2 7 15 2 1 3
Elee. Equip 11 45 2.7 2 14 2 2 315 5 1 1
Whole Dur 12 39 2.4 4 13 1 5 2 3 4 2 2 3
'Trucking 13 38 2.3 3 ZQ 2 17 2 1 k] 2. 1 1
Furniture 14 34 _ Zfl 1 10 37 1 11 6 1
"Other Serv. 15 32 2 1 14 1 3 1 1 3 4 3 ' 1
Stone, Class 16 29 1.8 2 15 3 5 1 1 2
Pub. Adm. 17 27 1.6 1 8 2 1 _ 1 5 4 1 1 3
Auto Repair 18 25 1.5 4 21

Rubber 19 21 1.3’: 12 27 1 4 1

Mining 20 20 1.2 3 9 1 1 1 2 1
Other 159 9.8 . 15 62 4 9 _ 3 & 24 18 2 2 9
Lotal 1,609 123 618 19 133 1 24 32 S7 258 182 31 35 91
Percent 1.6 38.4 1 8.2 1.4 1.9 3;5 .16 11.3 1;2 2.2 5.6



Industries are ranked according to number of accidents within a SIC grouping.
The vertical "%" column represents the total percent of conveyor accidents

that fall within a given industry.

As shown in the table, the Food Industry by far accounts for the largest number
of conveyor accidents (332 accidents) as well as the highest percentage of con-
veyor accidents (21%) as compared to the total number of conveyor accidents in
Wisconsin from 1971-1975. 1In the Food Industry, caught in mechanical parts

and struck by stationmary objects represents the major types of conveyor acci-
dents. These two types account for 60% of the conveyor accidents in this
industry. Ranked below the Food Industry in number of conveyor accidents are
the Fabricated Metal, Primary Metal and Machinery except Electrical Industry
groups. .These three industries each account for about 7% of the total number
of conveyor accidents from 1971-1975. In the Fabricated Metal Industry group,
ranked number two, caught-in accidents accounted for 37 accidents while struck
by stationary object and struck by material accounts for 52 accidents (44% of
this industry's conveyor accidents).

Due to limited data avallable, it 1s not known at this time whether the high
number of conveyor accldents are a function of industries with high conveyor
usage or high numbers of workers in contact with conveyors.

A cross tabulation of conveyor accidents within three digit SIC classifica-
tion by source of injury 1s found in Table 6-5. This table represents
reported conveyor injuries from 1971-1975. The primary sources of conveyor
injuries are conveyor n.e.c. (not elsewhere classified) (60%) and belt
conveyors (20.3%). ‘

Conveyors placed in the category of conveyor n.e.c. are unspecified on acci-
dent reports at the time the accident 1s coded. It is assumed that a large
proportion of conveyor n.e.c. accidents involve belt conveyors since belt
conveyors are most commonly used.

Table 6-6 represents a cross tabulation of type of accident by source of
conveyor. The four major combinations of conveyor accident types as repre-
sented by this tahle are: (1) caught in conveyor n.e.c., (2) caught in belt
conveyor, (3) struck against conveyor n.e.c., and (4) struck by conveyor n.e.c.

Differences in totals between these three tables can be explained by different
time periods and different coding groups for the computer listings that were
obtained. . .

Statistical Overview

An analysis of 1,605 conveyor accidents for 1971 through 1975 indicated that
being caught in the mechanical parts of the conveyor was the most frequent
type of accident (46%). Being struck in various ways by either material on
the conveyor or the conveyor 1tself constituted the second major category
(37%). Falls involving conveyors (9.2%) and overexertion (7%) were the
least frequent types of conveyor accidents.
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Table 6-5. Top 20 indugtries with conveyor iInjuries by source 1971-1975.

5.1.C. Gravity Qverhead Mobile Conveyor
Accidents 4 Belt Chailn Roller Monorail Trolley Pallet Screw Elevator NEC Orhar

Food Etc. 336 21 67 15 12 1 2 2 ? 1 204 8

Feb, Metal 120 7.3 11 7 8 3 89 2

Prlm. Metal 117 7.2 13 2 13 2 8 1 o1 76 1

Mach. Ex. Elec. s 7 0 - 4 ) 9 3 2 _ 3 81 4

Paper 101 6.2 26 3 9 _ 2 L 6l

Lumber i} 93 5.7 22 4 9 i 1 _ 57

OTR Retail 80 4.9 _ 722 3 5 7 . & 42 2

Whole Non 71 4.3 o 13 3 2 1 o 19 32 1

Agris. 63 3.9 13 4 . _ L ] 19 26

Trans. Equip 56 3.4 4 3 i 1 46 T

Elec. Equip 45 2.8 _ 10 3 1 o 10 1

Whole Dur. 19 2.4 8 I | : - 7 22

Trucking 38 2.3 17 3 i 14

Furniture 34 2 4 4 1 R 25

Other Serv. 13 2 13 2 . 16 2

Stone, Glass 29 1.8 10 7 3 1 15

Pub_ Adm. 27 1.6 & 2 2 2 Y 3

Auto Repair 25 1.5 3 2 ] 12

Rubber 22 1.3 (] 1 3 1 i 11

Miniog 20 1.2 '] ] 12

QOther 160 9.8 45 3 7 1 3 1 1 95 a4

Total 1624 331 54 102 __ 6 42 7 12 64 978 28

Percent 20.3 3.2 6.2 .03 2.5 .04 .07 3.3 - 60 1.7
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Table 6-6. Conveyor Source by Type of Accident. (1972-1975)

Mono- Overhead ' Mobile Conveyor Other
Type Total Belt Chain Rail Trolley Pallet Screw Auger Elevator NEC.  Conveyers
Total 1255 293 38 4 36 7 10 2 49 . 806 10
Falls 127 12 1 0 1 1 0 0 3 108 1
a. PFalls on same ' . .
) ievel onto 105 10 95 1
or against ’ :
Struck Agalnst’ 228 20 1 1 3 1 1 0 4 196 1
a. Statlonary .
object bumped 205 16 1 0 3 1 1 o] 4 179 1
into
Struck By 262 23 1 1 20 2 0 ] i &) 178 2
a. Tipping, slid-
ing, rolling 27 4 0 0 1] 0 0 0 3 20
object
b. Moving part 24 3 5 -1 15
of equipment
c. Material from 133 14 1 10 1 107 1
equipment '
Caught-In 551 234 32 1 6 3 8 2 16 244 5
a. Mechanical
apparatus 445 208 30 1 5 2 7 2 11 179 4
or parts )
Overexertion 97 4 3 1 2 0] 1 0 10 75 1
a. Lifting, ' “
lowering 50 1 1 5 43
b. Pushing,
pulling 30 2 1 1 . 3 23
¢. Handling 15 1 1 1 1 2 9 1

Other 10 0 0 0 4 0 0 0 1 5 0




Insurance promptness reports and state inspectors' accident reports were a
subset of these conveyor accldents. An analysis of these nondetailed
sources of information revealed trends in causal factors implicated in the
etiology of these accldents. Specifically, caught in conveyor accidents
either occcurred while the injured was unjamming or in some way clearing the
conveyor, or the injured was working at the line performing his/her normal
duties. The most frequent caught in nip sources were sprocket and chain,
belt and pulley, and belt and roller. The main reason for the accidents (as
determined by inspectors' reports) was that a guard was lacking on the -
conveyor. The second most critical factor indicated that the employe failed
to shut the conveyor off when he/she should have. The final categories con-
sisted of the employe tripping or slipping inteo nip points of. the conveyor
and having large gloves or other apparel items catch and drag the employe
into the conveyor.

Standards

In the area of standards regulation, the Federal guidelines for conveyor
systems are very limited. :

While there are several standards that have provisions for conveyors (Spray
Finishing 107(b)(7), (h)(7); Dip Tanks 108 (c)(6); Cooperage Machinery

214 (o); Pulp, Paper and Paperboard Mills 261(c)(15)(16); and Forging
Machines 218(j) (3); Bakery Equipment 263(d)(7}, (1)(7); and Sawmills
265(c)(18)) (OSHA Standards 1976), these are related to very specific machines
and conveyor components; generally geared toward guarding considerations.-
Presently, there is no standard that has been promulgated by the Occupational
Safety and Health Administration toc cover all conveyors and theilr operatioas,
(although one 1is being proposed as of the date of this writing). The
standards mentloned in 1910.212 (General Requirements for all Machines) and
1910.219 (Mechanical Power Transmission Apparatus), while not written
specifically for conveyors, are very relevant to conveyor systems. They
address many of the issues of guarding, exposed nip points, moving gears and
machinery, ete. In fact, based on an analysis of Wisconsin Inspectors'
Investigations (years 1974-77), these two standards were cited more fre-
quently in relation to conveyor accidents than any of the other standards
specifically mentioning conveyers. Qut of 80 citatiens, 1910.219 and its.
various subsections were c¢ited a total of 23 times; 1910.212 and its sub- .
parts were cited 42 times. Various other standards were cited once or twice.

Reparding the citation of specific conveyor standards by OSHA inspectors,
data was obtained on the frequency that these standards were cited in the
Chicago area along with the relative dollar amount for each citarion,

Iable 6-7. As can be seen from this table, the OSHA standards specifically
related to conveyors are cited very infrequently. Counts for 1910.212 and
1910.219 standards are not given, since there is no way of knowing specifi-
cally how many violations are related to conveyors. It is felt, however,
that as was true with state inspections, these two standards would also be
implicated in many of the Federal citations of conveyors.
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Table 6-7.

Conveyor
Standards

Serious
Violation

Nonserious
Violation

Total
Violations

Standards Cited in the Chicago Region October 1976-March 1977.

Total
Penalties ($)

1910.107(b) (7)
Spray Finishing

1910.107(h) (7)
Spray Finishing

1910.108(c) (6)
Dip Tanks

1910. 214 (o)
Cooperage Machinery

1910.218{3) (3)
Forging Machines

1910.261(c) (15)
Pulp, Paper
Paperboard Mills

1910.261(c) (16)
Pulp, Paper
Paperboard Mills

1910.263(d) (7)
Bakery Equipment

1910.263(1) (7)
Bakery Equipment

1910.265(c) (18)
Savmills

L v
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The American National Standards Institute (ANSI) has developed a rather
complete set of standards for conveyors (ANSI B20.1--'76) and this has been’
adopted in part in some of the conveyor related OSHA standards, In addition,
according to information received during this project, in certain instances,
specific manufacturers of conveyors and companies that use conveyors have
also incorporated the ANSI standard into the design of their conveyor

systems. ‘ '

The safe operation of conveyor systems requires that certain physical stand-
ards, e.g. guarding be met. In conjunction with this, and just as impor-
tant, are behavioral or operational requirements that must be followed by
individuals who work at and around conveyors. The following conveyor
standards are among ANSI B20.1--'76R standards that refer to behavioral
requirements. These behaviors include utilizing trained, qualified per-
sonnel in certain operations, setting up maintenance programs, prohibiting
riding on conveyors and stopping conveyors before workiﬁg on them, etc.
{5.02.1, 5.02.2, 5.02.3, 5.02.4, 5.02.5, 5.02.6, 5.03.1, 3.04, 5.11.4.2,
5.12.1, 5.12.2, 5.12.4, 5.12.5, 5.12.8, 6.01.2.1, 6.04.3,1, 6:11.1.2)

SOCIO-TECHNICAL ASPECTS

The following section contains a discussion concerning the interaction of
social and technical factors related to conveyor systems,

Socio-Technical Systems Design

Socio-technical systems theory is concerned with any organizational setting
in which humans combine their efforts in cooperative activity with tech-
nology toward the achilevement of a goal. Therefore those workers who work
on or around conveyors as well as the conveyor hardware are components in
the socio-technical system.

The system is viewed as operating within and interacting with its environ-
ment. It receives inputs, alters them and exports cutputs to that environ-
ment. For example: A conveyor receives materials or packages, processes or
performs operations on them, and material is moved out of the conveyor
system,

In socio-technical systems, independent technical and social systems operate
and interact jointly. This leads to the central concept of joint optimi-
zation, which states that when achievement of a goal depends on independent
but correlated systems such as conveyor hardware and conveyor operations, it
is impossible to design for optimal performance without seeking to optimize
the correlative systems jointly. {Davis, 1972) Therefore, the conveyor
system must be designed to allow for the optimum performance of both workers
and the machine.

In terms of optimal human performance, design of conveyor based work systems
is predominantly concerned with the physical and operational task factors
encompassed within the 1limits of human ability. In addition, design of
psycho-social needs for self-satisfaction is necessary for worker atten-
tion and motivation. '
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Optimal performance of the technologic or machine aspect of the socio-
technical system is directed towards minimizing shu;down time (and hence
maintenance), speed or maximization of production flow, and minimizing the
processing cost per unit of production. '

The joint cptimization of these two sets of factors thus constitute the
efficient production achievement goal of the conveyor based socio-technical

system.
Variance--

"Humans in automated systems are interdependent components required
to respond to stochastic, not deterministic conditions, i.e., they
operate in an environment whose 'important events' are randomly
occurring and unpredictable. 1In production systems, stochastic .
events have two charactéristics; unpredictability as to time and
unpredictability as to nature. For economic reasons, they must be
overcome as rapidly as possible, which imposes certain requirements
on those who do the work. First, the workers must have a large
repertoire of responses or skills, because the specific interven-
tion that will be required is not known. Second, they cannot depend
on supervision because they must respond immediately to events that
cccur irregularly and without warning. Third, they must be com-
mitted to undertaking the necessary tasks on their own initiative."
(Davis, 1972) (Additional discussion of variance is found in
Chapter 2.)

Conveyor Accidents and Variance Effects--

Varlance effects are unprogrammed events that critically effect outcomes.
Like stochastic conditions, varlance effects are often events that workers
have limited control over, and require unusual actions on the part of the
worker. These events seem to be implicated in a large number of conveyor
accidents. For example, caught-in accidents make up the largest number

and percentage of conveyor accidents. Unjamming materials is the largest
type of caught-in accident. Since jammed materials are unprogrammed events,
the operation of unjamming 1s often unexpected. Furthermore, employes may
not be trained in safe unjamming procedures. ‘

Another varilance effect related to conveyor accidents occurs when a worker
has shut off the conveyor tc malntenance it, and another worker, unaware of
the actions of the first worker, turns the conveyor on or starts it
unexpectedly. _ : .

Varying the materials conveyed can result in several problems. The conveyor
may not have been designed to convey these items. Materials may fall off or
strike workers. Workers might utilize a new set of movements to compensate.
Other variance effects may result from workers whose job 1s changed and are
unfamiliar with the operation and stop buttons, etc. Speedups to meet pro-
duction quotas also produce a variance effect on the worker. ‘
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The workplace layout may encourage werkers to assume unplanned or unprogram-
med actions. For example, the location of a conveyoer work station may not
create easy access to other work areas. Therefore, workers are injured
when climbing over or under conveyors., This indicates that one type of
‘variance may lead to another and so on.

It appears that variances are a factor in the majority of conveyor related
accidents e

Variance'éontrol—r

Variance control is an important tool in current socio-technical analyses
(see Engelstadt in Davis and Taylor, 1972 for an example). It takes the
stand that the important toles for people in productive systems are in
reducing (controlling) deviations (variances) from regular, expected opera-
tions. (Looked at the other way, 1t suggests that if variances do not occur
the process 1is ripe for machine handling )  Reducing variances seems a use-~
ful way of viewing much conveyor work, particularly if ‘an extension to ‘
include loading and unloading varying size and shape items 1s allowed. . The
fundamental concept in current soclo-technical theory (Cherms, 1977) is te
place the control of variance as near as possible to its source or generat-
ing point——ldeally with the same person or at least group responsible. for
the source. Thus, for example, the person responsible for straightening out
items or sorting out defects on a conveyor should have, or be a member of a
group that has, responsibility for the machine whose process produces the.
nonuniform array of defects. Passing variance across departmental lines or
architectural barriers (e.g. through walls) is obviously poor design. . The
configurations which ‘might follow from this design principle are, of course,
totally dependent on the specifics of the plant, process, and. product.

‘New technology requires a high degree of commitment and_autonomy_on the part
of the workers in automated production processes, Organizations are far
more dependent on the individual (although there may be fewer individuals)
in automated systems. (Louis, 1972)

Conveyor Operations Safety-—-Control, Coastraints, Varlance--

A system 1s made up of interacting components. Each compenent possesses
control over‘certain factors while being constrained by other factors.

As Table ‘6-8- illustrates, management has control over most factors in the
workplace in regard to safety. Management makes decisions regarding

physical aspects of the workplace, design of equipment, and personnel as

well as general production management. Management operates under technologi-
cal financial constraints and labor markets. Workers' contrel is constrained
by the factors that management controls since workers seldom have input im
these matters.

Certain ' unprogrammed events" or variances occur which cén create hazardous

conditions. These events include machine malfunctions,‘human behavior,
speedups, irregularfvarying meterials, etc¢. Management has control over
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these factors to some extent, e.g. management controls speedups, irregular/
varying materials, job placement and training and selection, supervision of
workers, preventive maintenance programs, etc. Workers and management are
constrained by material and equipment and their own past decisions and
personal characteristics.

Social and Psychological Factors-- / ’ S

Unlike materials handling tasks such as driving forklifts or cperating or

hooking cranes, many conveyor related operations require the operator to

remain in a stationary or fixed position with repetitive body movements.

This job design may produce monotonous, fatiguing, boring work conditions o~
that may result in lowering the workers' attentiveness to their tasks, per-

haps increasing one’'s susceptibility to an accident in the event of an

unexpected occurrence. Boredom may also prompt a worker to seek stimulus,

thereby creating a hazard situation. (Mann, Hoffman, 1960)

During the course of our observations and interviews with those who work on
conveyors, several soclal issues arose. Environmental conditions may range
from an extremely crowded workplace with many workers on a line and lines
close together to working on conveyors in isolation. Both social conditions
produce potentially hazardous situations. While the social interaction
allowed in crowded workplaces are desirable for most workers, the physically
crowded conditions produce hazards. However, indbility to communicate with
co-workers due to noise or geographic isolation has been shown to be a
factor in'psychological disorders (e.g. group hysteria, depression).
(Colligan,‘Smith,'19?7) In cases of an imminent danger or accident,
communication to 'prevent an accident or reach or assist an injured worker

is restricted. ' ‘

Another sociai}psychological phenomenon related tc conveyors is the .
operator's lack of control over the pace of work. In most cases, management
sets the pace of the conveyor and workers are forced to constantly work
under speed stress. Speed stress may be an underlying factor in many
conveyor related accidents. If speed stress wasn't present, many unjamming
accidents would probably be prevented since operators, not being as rushed
or pressed to keep lines going, would turn off the conveyor first, before.
reaching to remove a jammed item. Similarly, it seems that a large percent-
age of overexertion and struck-by accidents may also be reduced. Feelings‘
of lack of control may also lead tc alienation and apathy towards the job and
possibly lower attention to tasks, producing a preaccident scenario.

METHODS ~ ‘ __ A
The following section describes the method utilized in collectingvinput

from manufacturers, designers and users (management and workers) of

CONVeyors.

Introduction--Conveyor Site Visits

In total, thirteen companies including two manufacturers were visited for
the conveyor portion of the human factor's materials handling project.
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Table 6-8.

Control, Comstraints, Variance-=-Conveyor Operations Safety.*

CONTROL OF
MGT. CONTROL MGT. CONSTRAINTS = WORKER CONTRQT. WORKER CONSTRAINTS VARTANCES VARTANCES
WORKPLACE: OLD, INADEQUATE HAZARD AVQIDANCE WORKPLACE LAYOUT MANAGEMENT
layout DESIGN BEHAVIOR
temp. CURRENT ’ .
noise TECHNOLOGY 5§
DESIGN OF OLD, INADEQUATE REPORTING DESIGN OF MACHINE MANAGEMENT
EQUIPMENT: DESIGN HAZARDS - EQUTPMENT MALFUNCTTION preventive
guards CURRENT maintenance
height TECHNOLOGY programs
location of $S
controls DESIGN OF TOOLS
PERSORNEL: LACK OF AVAIL- EXPERIENCE: - ADEQUACY OF HUMAN SELECTION
training ABILITY training SUPERVISION, BEHAVIOR TRAINING
experience 58 skill MAINTENANCE SUPERVISION
selection PERSONNEL JOB
TRAINING TRANSFERS
MANGEMENT TOP MANAGEMENT MGT. DECISIONS SPEEDUPS MANAGEMENT
DECISIONS: SIZE OF WORKFORCE maintenance IRREGULAR/
maintenance S priority VARYING
priority safety MATERIALS
safety priority
priority pace
pace Job design
job design
materials
handled

*This table is meant only to glve examples of coﬁponents involved in éonveyor operations safety. It is

not exhaustive



At the initial stages of the project, manufacturers of conveyor systems
were contacted and visited in order to provide input regarding design and
installation considerations of conveyors.

In five companies, management, supervisors and individuals who worked with.
and around convevers were interviewed concerning factors related to conveyor
operations. These included a corrugated paper company, a carbonated soda
canning company, a brewery, a glass bottle manufacturer and a bakery. The
selection procedure for these companies and the format of the site visit

was similar to that previously described. (See Forklift Section.)

In addition, we were able to accompany several state ingpectors on three
investigations of conveyor accidents. The three investigations occurred at
a packaged food plant, a canning company and a wood furnishing ccmpany.

Supplemental information was also obtained from three additional companies
including a frozen foods bakery, a battery manufacturing plant and a plastic
manufacturing industry. While no workers were actually interviewed in

thesé three companies regarding conveyor operations, conveyor operations were
observed, and the information collected was felt to be relevant for inclusion
in this report.

A total of 58 workers in five plants were interviewed for their ideas and
input to conveyor operations and related tasks. (Examples ¢of the questions
which were asked of workers/management involved in conveyor operations are
shown in Appendix A.)

The occupational titles cof these workers varied from plant to plant and were
related to the specific conveyor line or machine they were working on, e.g.
in the bakery individuals who were bun line operators, loaf molders, wrapper
operators, were interviewed; in the beverage and brewery plants there were
filler operators and depalletizer operators; in the corrugated paper plant
there were feeders and stackers. In no company did we interview anyone who
was known "'per se" as a 'conveyor operator." However, even though the
occupational titles were quite different from plant to plant, the functions
and job tasks related to these cperations were quite similar. For example,
most of the conveyor operations looked at required someone feeding or putting
something onto a conveyor, removing something from a conveyor or guiding the
product or material being conveyed. (This function of guiding the product,
or performing something of an inspection task, was particularly the case in
the canned beverage, brewery and glass industries.)

RESULTS
The following section entails the results of worker and management interviews

as well as more specific comments regarding causal factors invelved in
conveyor accidents. These include hazard tables and explanation of various

conveyor ''accident types" (e.g. caught in, overexertion, falls, bumped into),.

equipment design, job design and training.
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Custom Design and Conveyors

Prior to any actual industry site visits or interviews with workers, manu-
facturers of conveyors were contacted and visited in order to gain their
insight on conveyor problems, and also to gain an understanding of the
conveyor equipment that i1s being utilized iIn industry.

Based on Information recelved from conveyor manufacturers and subsequent
information obtained In conveyor site visits, it became obvious that,
unlike forklifts and cranes, conveyors are often custom-designed for a
company"s needs. Components of the conveyor system such as chain, belt,
etc. are usually purchased from several conveyor component manufacturing
companies in the country. \ \

A manufacturer may be responsible for designing, building and installing a
conveyor system or may be involved in just one stage of this process. In
certain instances a company will send their specifications to a conveyor
manufacturer and have them design and build the system, Installation is
another service that i1s left up to the purchaser.

According to one conveyor manufacturer, there are basically three major
kinds of conveyors used In industry; the belt, screw and trolley conveyor.
In addition, these are driven primarily by chain, V-belt or wire rope.

This conveyor manufacturer felt that many conveyor problems and injuries
were due to poor or unscheduled maintenance. In the experience of this
manufacturer, conveyors need three things: greasing at least once a month,
aligning, and maintaining belt tension. If maintenanced properly and
regularly, conveyors should last through 5--7-1/2 years of normal use; with-
out maintenance this is reduced. 3--5 years. - Nine out of ten conveyors that
this manufacturer later replaced were not properly or regularly maintenanced.

Training personnel regarding proper maintenance procedures is a service that
is provided by the manufacturer to the buyer at an additional cost. Some
companies employ maintenance companies to maintain their conveyors.

Guarding and lock-out systems are recommended by the manufacturer aleng with
emergency stops located every 50 feet or 1in sight ¢f the conveyor operator.
These features, however, are up to the discretion of the purchaser. If the’
purchaser should decide not to install these features, the manufacturer
"makes the recommendation in writing and has the purchaser sign the refusal
of recommendation. This is usually a safeguard (although no guarantee of
protection) for the manufacturer should any questions or problems arise in
the future that may be related to product lilabillity cases.

The design of conveyors is almost always done after a building is built.
Because of this, and because’ of the variety of uses for conveyors, there are
probably no twe conveyors which are exactly alike. This makes generaliza-
tion on conveyor problems somewhat difficult. s '
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Results from Worker Interviews on Conveyor Operations

Tables 6-9--6-13 represent hazard information that was collected through
worker interviews. The tables are initially arranged by the major type of
conveyor hazard that's indicated by the reported hazard (e.g. caught-ins,
fall, bumped into, overexertions). These hazards were then placed serially in
categories depending on the amount of control a worker had in effectively
preventing the hazard from resulting in a serlous problem (e.g. (1) hazards
present in the workplace which the worker has minimal control over, (2)
hazards related to preoperation tasks and (3) hazards related to task-
specific functions). Within each of these classifications, hazards were
organized into hazard categories that Indicated a potential hazard or situa- &,
tion that the hazard related to e.g. guarding problems, inadequate malnte-
nance, workplace design, ete¢. In certain instances the hazards reported
were applicable in geveral of the hazard categories. When this was the case,
the hazards were listed under appropriate catepories. As a result, these
categories are not independent or mutually exclusive of themselves.

Analysis of conveyor hazards reported by workers closely parallelled the
information that was discerned from Worker's Compensation statistics,
Inspectors' Investigations of conveyor accidents, and Injured's report of
conveyor accidents (promptness cards).

Caught in conveyor type accidents represent the primary problem with con-
veyor systems, as indicated by the accident statistics and worker Interviews.

Caught-In Type Ccnveyor Problems

Caught in conveyor type accidents are one of the primary problem areas
asgsoclated with conveyor systems. Unguarded nip points and gears consti-
tute a major concern for individuals who must work at or around conveyors.
Interviews with workers Indicated that sometimes guards are either
inadequate or missing completely resulting in caught-in hazards. In other
instances, maintenance may be slow in repairing or replacing a broken guard.
Another factor that is appropriate to caught-in problems is the location or
placement of control switches and stop buttons. Worker Interviews often
revealed that "stop" switches are not easily accessible from the work sta-
tion. It was learned that on some conveyors the stop switech 1s located on
the opposite side of the conveyor from where the worker is standing. 1In
other cases workers reported that the controls were placed too high which
was particularly a problem for shorter people. The location of controls is
significant in emergency situatlons.  For instance, a situation could
develop where the item being conveyed jammed or a worker got caught in the Y
conveyor. If stop buttons are out of reach, serious injury could result if
the worker were not able to be freed quickly.

Loose clothing (sleeves, shirttails, gloves) can also create a caught-in

problem. In some industries, workers must wear gloves that are too large L N
or where they aren't properly fitted.
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Scrap or clutter that accumulates on the floors, slippery flocrs, poorly
designed platforms are several conditions that may be implicated in caught- .
in hazards. If the workplace is laid out so that the work station becomes :
cluttered with debrils, workers may slip and fall into moving parts of the
conveyor. ’ ' ’

An operational behavior that is very important in conveyor related tasks
concerns shutting off the conveyer prior to doing any work on the conveyor.
This is particularly relevant to unjamming or emergency situations. Under
these conditions, caught-in accldents can result in various ways. One of
the wmost frequent of these occurs when the item or product ‘being conveyed
jams on the conveyor. This may be due to a defect in the product or a
conveyor that 1isn't designed to adapt to various sizes or shapes that are
to be conveyed. Speed stress or production pressure can alsoc lead to
jam-ups 1f a worker must perform at a pace that 1s not conducive to safe
conveyor operations., In many instances, a worker's first reaction after a
jam has occurred is to reach into the conveyor to try and free the item
without first shutting off the power to the conveyor. Pulling on a conveyor
belt or jammed item may cause the conveyor to suddenly start up, pulling
the worker into the moving conveyor.

Another hazard arises when lock-out systems are not available to adequately
shutdown a conveyor. Another side to this involves lack of communication
between co-workers regarding shutdown procedures. Information obtained
particularly from inspectors' investigations revealed that one worker not
realizing a conveyor is shutdown for emergency or maintenance purposes may -
accidently turn the conveyor system on while another worker is attempting

to repair the conveyor. Behaviors such as these can often produce a caught-
in accident, especially in areas where workers are geographically isolated .
from one another., This is more of & problem in industries that are highly
automated, requiring fewer workers to attend to the conveyer line.

Other caught-in accidents can result when workers are performing their
normal duties on the conveyor (e.g. feeding something onto the conveyor,
remcving items from the conveyor, inspecting items as they are being
conveyed).

If job functions are repetitious and monotonous (as is often the case with
conveyor operations) alertness and attentlon to the task being performed
may decrease, As an example, workers may put thHeir hands in unguarded
areas and a caught-in accident could result.

Overexertions

There are several conveyor features that encourage overexertion. These are
related to the height of the conveyor or workplace. The height of the work-
table or rollers may be too low requiring bending, thus leading to backstrain.
The platform a worker stands on may not be of the correct height. Mechanized
lifts for feeding stacks of materials intoc or from conveyors may be lacking.
Inadequate malntenance also may contribute to overexertion, e.g. missing
rollers, guide that feeds intc conveyor is broken.
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Other factors occurring during a conveyor task causing overexertions include:
materials being stacked too high from a conveyor making subsequent manipula-
tion difficult or hazardeus. Lifting materials such as boxes or cartons

used to package conveyed materials, lifting material on or off conveyor,
bringing down a heavy motor on ladder when repairing overhead conveyor,
unloading material from high stacks results in overexertion hazards. Pushing
loads over conveyors may cause overexertion. This is particularly a problem
when rollers are missing, pushing against "grain" of conveyor, pushing over
walkplates. The process of feeding the conveyor may require constant bend-
ing, reaching, twisting or turning. '

Falls

Falls account for another problem area that is connected with conveyor
systems. The most common fall hazard results from 0il leaks that remain on
the floor creating a slipping hazard. Interviews with workers and mainte-
nance personnel indicated that hydraulic systems are frequently the source
of o1l leaks on conveyors.

Wet and slippery floors are a particular problem in certain industries
(e.g. food, beverages) because of the nature of the processes.

The use or lack of walkplates or walkovers can result in falls around
conveyors. In certaln companies, interviews revealed that workers didn't
use the available walkplates often because of Inconvenience. If walkplates
weren't available 1in certain areas, workers would walk across the conveyor
itself in order to get to the other side. Sometimes this was necessary due
to time pressure. It was also pointed out by workers that some walkplates
were very narrow in width, requiring a balancing act to cross them. This
in itself could result in a fall onto the conveyor.

Bumped Into

Hazards related to bumping into the conveyor can occur when workers are
working at or climbing around the conveyor. This can be in relation to the
ordinary job tasks or because of some variance or unplanned event. This is
particularly the case i1f there is a speedup or some emergency that needs

to be taken care of immediately. The layout of the conveyor may also con-
tribute to "bumping into" hazards. Sharp corners, appendages that stick

out from the conveyor and crowded work conditions may all be involved in
this type of hazard. Obstructed alsles and work surfaces are another factor
that may result in a hazard to the worker who must contend with extranecus
material while still attending to his job functions at the conveyor.
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Table 6-9. Data collected from worker interviews--Caught in conveyor hazards.

Bazards Pregent in the Workplace which the Worker has Minimal Control Over

Hazard
Category
Guarding -unguarded slack in chain--catch belt buckle
Problems -pinch points difficult to guard
Total 18 -maintenance--must remove guards to fix conveyer
~paper. cutters partially exposed (unguarded)
-fingers could get caught @ roller-belt junction
-could put hand past guard
-could get fingers caught under dividers attached to.
conveyor belt
-no guard 1n area of packer (where cans go into the
cardboard trays) where cperator stands
-pinch points between main chain driven pusher bar in
machine and shrink wrap feed the rollers
-palletizer machine--pinch peint between pusher bar and
apron that holds cases until full layer 1s formed
-nip polnts not guarded
-could get hand caught in moving conveyor belt while
removing trays
-gquirrel cage behind station could cause a caught-in
-can get hand caught underneath belt and roller, removing
sheet or cardboard
~taking material off belts, get caught between them
-could get fingers caught in dough chute
-pinch points underneath conveyor table--cleaning belt
and roller ' ‘
-placing dough into idler press--catch hands between roller
and belt conveyor :
Inadequate -loaf molder--end guard is broken
Maintenance -getting hand caught in conveyor--removing sweet roll
Total 2 from between bent slats
Inadequate -can't easily reach shut-off
Location ~-lock-out switch located in front of workers @ head
of Controls he1ght, not easily accessible
Total 6 -"stop” button out of reach if worker caught finger or
hand in conveyor
-controls are located on ‘the other side of - conveyor, couldn't
stop it in an emergency
-no automatic shut-off switch if something is caught
between rollers
-no shut-off switch nearby on most lines
Workplace —-in order to unload boxes from conveyor, must walk acrcss
Design scrap pile that has accumulated on floor--could slip on
Total 2 scrap plle--get caught in moving conveyor

-gometimes have to walk on feed conveyor to clear out loose
cans, broken packs, etc.
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Hazard

Category

Workplace
Design
Total 3

Apparel and
Appendages
Total 3

Irregular
Material or
Conveyor Part
Total 3

Shutting Off
Conveyor
Prior to
Working on
Conveyor
Total 2

Feeding
Something
onte
Conveyor
Total 5

Removing
Item from
Conveyor
Total 6

Unjamming
Total 7

' Hazards Related to Pre-Task Operations

-scrap accumulates on floor from partition slitter

-worker stands on stoop (is short)--may lose balance, o
fall into line

-slippery floors and platform

-wearing loose clothing--can be dragged into conveyor
-¢could catch glove on canvas belt N
-sleeves (hands) may catch onto fast moving cans—-pull

them into seamer

-shrink wrap sheets don't seal
-warped boxes--jam partition slitter
-bent slats on conveyor

-shut off conveyor first, before clearing out loose cans,
broken packs, etc.
-not shutting conveyor off before unjamming

Hazards Related to Task-Specific Functions

-running short boxes into machine--fingers come close teo
getting caught in feed roller

-running long boxes, operator is too far away from shut-off
button to reach it

-lying down pushing l2-pak--shoulder holding back rest cf
cases--really shoves into pusher bar

-reaching into machine to thread sheet, get caught in
pusher bar or if co-worker started up machine

-placing dough into idler press--catch hands between
roller/belt

-removing pans from conveyor
—taking material off belts
-(sleeves, fingers) may catch onto fast moving cans— »
pull them into entrance tg seamer
-removing trays from conveyoar belt (catch hand in belt)
-removing sheet of cardboard
-unloading boxes from conveyor, walk across scrap
e
-unjamming conveyor without shutting it off
~unjamming conveyor
-removing sweet roll from between bent slats
-unjamming pallets on depalletizer
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Cleaning,
Mainten-
ancing
Coveyor
Total 2

Workplace
Design
Total 2

-unjamming boxes and cartons on packer machine
—unjamming boxes and cartons on packer machine——cartons
not scored right

—unjamming warped boxes from partition slitter

-cleaning belt and roller—-pinch point underneath conveyor
-maintenancing conveyor--must remove guards to fix

-pile on floor--could slip and fall into conveyor
-crawling under/around conveyor
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Table 6-10.

Data collected from worker interviews--Falling hazards.

Hazards Present in the Workplace which the Worker has Minimal Control Over

Handling
Total 1

011 leaks
Total 1

Work
Surface
Total 2

01l Leaks
Total 1

Work
Surface
Total 2

Handling
Materials
Total 1

Walking/
Standing

on Conveyor
Total 3

~-heavy stationary loads--(pushing)
Qleaks from hydraulic system on conveyor

-station set near dough mixing area
-aren't enough walk places

Hazards Related to Pre-Task Qperations

-o0il around conveyor--slip

-not using ﬁalkplaces
-slippery waxed floors

-cardboard jams on conveyor system

-standing on conveyor's rollers to push load
-walking on rollers to unjam conveyor _
-walking over conveyor rollers--speed stress or
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Table 6-11. Data collected from worker interviews--Bumped into conveyor accidents.

Hazards Present In the Workplace Which the Worker has Minimal Control Over

Climbing -worker sometimes crawls under walst-high conveyor
Around -climbs under conveyor to get to other area of work
Conveyors . station

Total 3 -climbing under conveyor periocdically--hit head and neck
Objects -pans may fall off of conveyor onto worker

Falling from -electrlc eyes eliminate problem of objects falling off

Conveyor conveyors
Total 2

Hitting Part -sharp corners on edge of equipment--bruise legs when

of Conveyor walking around

Total 3 -pole sticks out at end of machine--can bump head ‘
-hit "fingers'" that stick up on machine

Hazards Related to Pre—OQgration Tasks

Hitting Part 7-slippery floors and platform

of Conveyor -~runs into corners of machines in workplace if in hurry—-
Total 2 boxes on floor
Objects -when machine that glues end flaps (packer) on cases of

Falling from loose pack doesn't work, full cans drop off line, gets
Conveyor knee deep in cans
Totael 2 -bumping into each other—--co-workers run through station
to clear jam ‘
-pans may fall off of conveyor onto worker

Hazards Related to Task-Specific Functions

Climbing ~worker sometimes crawls under waist-high conveyor

Around -climbs under conveyor to get to the other area of work
Conveyor station v

Total 3 -climbing under conveyor pericdically--hit head and back
Hitting - =unjamming, can hit forehead

Part of -working around conveyors. can bump shins, bruise leg on
Conveyor sharp edges

Total 3 ~-Tuns into corners of machines in workplace if in hurry——

boxes on floor
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Table 6-12.

Data collected from worker interviews--Overexertion hazards. -

Hazards Present in the Worxkplace which Worker has Minimal Control Over

Height of
Conveyor or
Workplace
Total 7

Maintenance
Total 3

Lifting
Heavy
Materials
Total 2

Helght of
Workplace
Total 1

Material
Stacked
Too High
Total 3

Lifting
Total 5

Pushing
Load con
Conveyor
Total 5

Height of
Workplace
Total 3

- —workplace 1s low

-platform worker stands on is not correctly chosen
~height of conveyor a problem

-height of worktable is low g
-low rollers on conveyor
-conveyors aren't lined up
-low conveyor
P

-roller is missing on conveyor (gravity)
-maintenancing heavy motor ladders to repair overhead

conveyors, layout poor--need
-guide next to,the boxes that feeds the conveyor is

broken off
-no mechanized 1ift for feeding the stacks of board into

the press
-stacks of boxes coming off the machines are heavy to liftc

and stack

Hazards Related to Pre-Operation Tasks

-height of platform worker stands on not correctly chosen
-boards sometimes get stacked om yellow walkplates-~

difficult to get load over
-stacks of board come in high stacks from feed conveyor
-stack sometimes stacked too high

Hazards Related to Task-Specific Functions

—unloading stacks of board from high stacks--must be

tilted in order to unload
-lifting boxes of doughnut cartons
-standing/performing tasks on platform that's at bad height
-bringing down heavy motor from overhead conveyor to repair
-lifting 40# boxes of topping
, A

~hard to push lcad

-pushing load

-feeding boards through paper press
-pushing materials over yellow walkplates
-pushing load against grain of comveyor LB
-pushing load on conveyor--roller missing

~bending over low conveyor
-bending/twisting-~height of conveyor bad
-back strain--(low workplace)
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Bending . -feeding stacks of board into press--much bending, twisting,
Total 2 turning ‘ i
-feed board through press--bending constantly 10-15 minutes
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Table 6-13.’ Data collected from worker interviews--Miscellaneous hazards.

OTHER

Hazards Present in the Workplace Which the Worker Has Minimal Control Qver

Total 10

-machine not wired or grounded properly--worker receives electri-
cal shock when he touches metal strip on outside wall of building
and metal parts of machine

-pans coming off conveyor can stack onto each other--can cut hands
on pans when lifting them off conveyor

~getting burned on bread pans as they're moving on conveyor

-operator of slitter machine could be pinned between conveyor and
slitter if forklift operator bumps into conveyor when delivering
load

~-loads unstable on conveyors—-held up by a wooden peg—-product
and/or conveyor could fall on worker 4

-machines and forklifts leak cil on floor--slippery, glasses get
bumped, knocked off, bands can break--hit face

-transfer conveyor cart has no horn or warning device, can't warn
pedestrian or 1lift trucks in the conveyor path

-when cleaning under the stacking conveyor (must be raised)},
hydraulic pressure of the lift mechanism holds it up--without a
backup system, a hydraulic pressure failure could cause the
table to fall

-burn by hot glue

-noise affects concentration

Hazards Related to Pre-Task Operations

Total 7

-machine not wired or grounded properly, worker receives electri-
cal shock when he touches metal strip on outside wall of building
and metal parts of machine

-have to hold boxes so they feed in straight, get cutsg, callouses
on hand

-when piles of boxes get high, operator can't see and boxes hit
helper's face

-when cleaning under stacking conveyor (must be raised), hydraulic
pressure of the 1lift mechanism holds it up--without a backup
system a hydraulic pressure failure could cause table to fall

-sometlmes walks across conveyors just out of laziness--first
makes sure it's clear

=01l from forklift

—cut fingers on sharp lips of cans that worker picks from area
before cans enter single lane convey

Hazards Related to Task-Specific Functions

-machine not wired or grounded properly--worker receives electri-
cal shock when he touches metal strip on outside wall of building
and metal parts of machilne
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Total 15

-pans coming off conveyor can stack onto each other——can cut hands
on pans when lifting them off conveyor

-getting burns on bread pans as they're moving on conveyor

-have to hold boxes so they feed in straight, get cuts, callouses
on hand _

-operator of slitter machine could be pinned between conveyor and
slitter if forklift operator bumps into the conveyor when deliver-
ing a load

-loads unstable on conveyors held up by a wooden peg~--product and/or
conveyor could fall on worker

-when pilles of boxes get high, operatoer can't see and boxes hit
"helper's face

-machines and forklifts leak oil on floor—-slippery, glasses get
bumped, knocked off, “bands can break--hit face

-hands get sore from bundling

-when cleaning under stacking conveyor (must be raised), hydraulic

' pressure of the lift mechanism holds it up--without a backup

system, a hydraulic pressure faililure could cause the table to fall

-paper cuts

—-sometimes walks across conveyors just out of laziness -makes sure
it's clear first

—can bump head on heater bar when replacing plastic wrap roll

-cut fingers on sharp lips of cans that worker picks from area
before cans enter single lane convey

-while unjamming depalletizer, structures drop on fingers or head,
causing bruises

Job Stress

Total 3

-heat from press motor close to the feeder station makes the
feeder's work station hot--could increase air circulation--feeder
gets very hot, especially in summer

-when production is high, loads pile up at the bander--puts a
stress on the operator ‘

—-whén production is high, loads pile up at the bander--puts a
stress on the operator -
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Examples of Human Factors Aspects of Copveyors

BROKEN GUARD OM CONVEYOR -

MAY CONTRIBUTE TO CAUGHT IN ACCIDENTS

REMDVING ITEMS FROM CONVEYOR -

CAN BE CAUGHT IN BELY AND ROLLER

A HazarDous BeLT:

FRAYED AND MISAL JGNED

SLIPRERY FLOORS ARE A CONTRIBUTING FACTOR

IN STRIKING OR BEING CAUGHT=IN CONYEYORS



A
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TwO-WAY ROLLERS FACILITATE

THE MOVING OF MATERIALS ON THE CONVEYOR

WARNING LIGHT ON

CONVEYOR SYSTEM INDICATES
WHEN A PROELEM OR JAM-UP

OCCURS ALONG THE CONVEYOR LINE

POOR WORKPLACE AND JOB DESIGN RESULTS IN BENDING

AND REACHING TO PERFORM JOB TASKS - AWNWARD

800y iQSITION CAN AFSULT IN QVEREXERTION

AND EXCESSIVE B3TRESS ON THE WORKER

I NADEQUATE HEIGHT OF CONVEYOR RESULTS IN USE OF MAKESHIFT

STANDING ON A POORLY DESIGNED PLATFORM CAN RESULT 1IN

UNNECESSARY FATIGUL OR FALLS

PLATFORM=
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Design

The design of conveyer systems has been implicated as a.contributory factor
both in the accident data that was analyzed and the personal interviews .
which were conducted with workers.

These design consideratlons are primarily fixed (as decided by management)
or remote factors that are already existing in the workplace and which the
worker has to compensate for prior to, or while, they are performing their
specific job functions. . .

Certain of these design factors may be primarily physical in nature such as
the presence or absence of machine guarding, location of emergency stops and
controls, height of the conveyor and work station, the layout of the con-
veyor system throughout the plant, and the size of the item being conveyed.:
Design features, however, may also be related to operational procedures for
conveyors, for example, the speed and rate at which an item is being
cenveyed, and the design of the job being performed at the conveyor, e.g.
loading, unloading items, agsembly line work, inspection or guidance of the
material being conveyed and the relative attentiveness required for each of
these job functions.

Training

Most of the workers interviewed reported that tralning for conveyor opera-
tions was virtually nonexistent. Since conveyor systems are highly auto-
mated, conveyor operatlons are considered to require rather low skill. To
a large extent, individuals who work in these operations are required to take
something off of the conveyor, put something on the conveyor or perform.
somewhat of an inspection duty by watching the product or material being
conveyed to make sure everything is running smoothly. On-the-job training
is primarily utilized with an experienced worker present to point out
hazards and offer advice. However, in other instances an employe is told
what to do and then 1s expected 'to do {t. 1In either case, little formal
instruction 1is provided. In some plants, unlike supervisors, laborers
recelve no safety training.

It was found that many accidents occur to new employes who have been on the
Job for only a day or in some cases only a few hours. Employes who have
been switched from their ncrmal operations to another conveyor were also
involved in a number of accidents (job transfer without training). This
suggests that some formal training may be valuable since inexperience seems
to be an accident factor when performing normal operations as well as

while performing irregular functions (i.e., unjamming, unscheduled mainte-.
nance). Conveyor operator training too often neglects the unusual or
irregular occurrences. -

Post-task and Overall Support

All of the hazards mentioned by workers that occurred either "post-task' or
as part of an overall support system, concerned maintenance. All of the
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comments relating to ''post-task’ hazards concerned cleaning up work areas or
machines and reporting maintenance problems. 'Overall support functions"”
comments referred to maintenance schedules, maintenance programs, problem
reporting systems, and safety programs. Specific comments concerned the
amount of red tape iInvolved in reporting hazards or the foreman's subjec-
tive judgment in assigning priorities to maintenance work.

Workers pointed out the following factors that should be consldered in con-
veyor systems; a preventive malntenance program where perlodic {e.g. daily)
inspections of oil, guards, wiring, points of wear .and prompt cleanup and
housekeeping staff; define responsibility for task; maintenance programs
which quickly respond to worker input concerning problems and feedback to
the worker concerning the conditions of their machine; communication system
regarding lock-out systems; warnings on broken or maladjusted machines,
mechanisms for worker input into the desipgn and safety features of the
workplace; maintenance personnel available and accessible; availability of
alternative lines; and only trained perscnnel should perform maintenance
operations.

SUMMARY

The data obtained from workers during the site visit phase of the study
correlate well with the first three data sources. Hazards that could result
in being caught in the conveyor were by far the most frequently cited by
workers. Of these, the most important (and frequent) factor appeared to be
guarding problems. Similarly, the poor location of start-stop controls
(possibly explaining why, in part, the worker fails to shut the conveyor off)
was -the second most important factor indicated by workers. Finally, hazards
concerning housekeeping and workplace design as well as apparel problems
were mentioned as other factors leading to caught-in.

Worker reported hazards that implicated being struck by the conveyor or

conveyed materials indicated problems with workplace layout {or a worker
tendency to take shortcuts and climb around the conveyor) in relation to
the conveyor itself. In addition, conveyor design which could result in
materizls falling off of the conveyor and striking someone was cited.

Hazards related to falls consisted primarily'bf work surface problems {e.g.
01l lesaks) and.workers standing on the conveyor (rollers) to maneuver loads
or unjam  them. : .

Hazards implying overexertion types of accidents were concerned primarily
with the height of the conveyor in relation to the work station and the
welght of the materials being pushed or lifted..

Hazards collected through worker interviews closely parallel the conveyor

accident statistics (i.e. most of the hazards related to caught-in, struck-
by and overexertion). :
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The conveyor should.be thought of as a socio-technical system that involves
the workers' behavior iInteracting with the machine. Traditionally the
worker has had no control over the technical aspect of conveyors; the
layout or design of the workplace and equipment. Similarly, they have had
little input into job design and training. Worker imput would seem to be a
useful source of information regarding conveyor system design and utiliza-
tion. 8ince personnel who work at or around conveyors often are not con-
sidered to be '‘skilled" operators, the only training they receive is brief,
on-the-job training. They usually receive no training for unusual or
irregular aspects of the jobs or variances such as unjamming, speedups,
unscheduled maintenance, unexpected starts, varying material, varying job
tasks, etc. Conveyor accidents often result from these unprogrammed events.
Many variances can be controlled by behavioral standards that address factors
such as disengaging or bypassing guards, untrained personnel aspects of
maintaining or repairing conveyors or lock-out procedures. Therefore, a
gsafe conveyor system should include physical factors such as guarding as
well as be complemented by behavioral-social factors.

RECOMMENDATIONS

In order to design the "ideal" conveyor system, one must consider socio-
technical factors. The technical factors are those involving equipment and . .
workplace design. Social and psychological factors include job design such
as proximity to other workers, potential for interaction, control over pace,
speed stress, need for attention. Traditionally, only management has had
control over these factors. Thus, they are fixed or "predetermined" before

the worker enters the workplace. At the predesign stage, worker Input regard-
ing the following factors should be considered.

Workplace—~-

-Location and layocut of conveyors
Shouldn't require long reach or repeated, uncomfortable
positions to place or remove materials
Place stairs or walkways (nonslip) where needed to get
around CONVEeyor
~Adequate lighting, important for maintenance work, unjamming
-Floors, nonslip, grid
-Noise reduction: to prevent stress, relieve monotony, allow
communication between workers, particularly in emergencies

Equipment--

-Guard pinch points
—Controls in proximity to workers-—-for jam-ups, caught-in accidents
-Trays under conveyor to catch water cor drippings
-Height of conveyor—-to prevent bending
-3ide railings--tc prevent falling objects
-Smooth edges on conveyor guides, rails, etc.
-Feasibility of shut-off switch or line along length of conveyor
-Feasibility of using rubber band powered roller conveyor
(prevents caught-in accidents)
-Perform stress test if conveyor hangs from ceiling
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~One continuous guard instead of separate sections
~-Avallability of alternative lines or in-line stcrage
areas to reduce speed stress when a jam occuts
-Warnings before conveyor starts up
~Warning lights——visual feedback
-Audio feedback--horns
-Design conveyors for in-line "storage" so sections of processing
may be easily shutdown and unjammed without affecting the pro-
duction on other part-of the line

Jobh-—-

-Proximity to other workers

-Potential for social interaction

-Control over pace, speed stress, preventing shortcuts

-Fixed work station, monotony, level of attentlon necessary

-Job tasks; reduce bending, twisting, reaching, etc.
Standing all day

—Buddy system--to avoid turning on conveyor when another is
working on it

General Support--

-Preventive maintenance program; daily, weekly, etc.

-Safety training and safe procedures; lock-out, cleaning, unjamming,
lifting, back exercise program, lifting standards, housekeeping,’
keeping guards in place, etc.

-Clothing; not loose, well fitted gloves, nonslip shoe soles

-Communication; management response to worker input, feedback
to workers

-Good housekeeping system; eliminate clutter that could cause
a worker to bump into conveyor

After the system is designed and installed, the worker element enters the
system and as tasks are Initiated, the human interaction with the machine
must be considered. Pre-task functions such as setting up or preparing

for actual conveyor operations required the interaction of behavior with
equipment. Therefore, both the worker and management have the potential

to control against hazards. The following factors are important to consider
in the pre-task phase of conveyor operations.

-Preventive maintenance program

-Training——-for regular and unusual situations, including
shutting off before unjamming, not wearing loose clothing, etc.

-Setting up work station--1ifting, height of platform adjusted
correctly

‘Similarly, during the task itself, the worker is interacting with the

machine and therefore has potential for control. At this phase the follow-
ing factors are important:
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-Worker skills, training, experience
-Alertness
-Communication and interaction

~Housekeeping

Overall support functions such as maintenance, communication network, safety
program, training, etc., are also worker-management controlled systems.

Since it can be seen that the worker is a major part of all task systems,
their input in workplace desigh would seem logical. The ideal system is
not only designed to eliminate mechanical hazards (pinch pointa, sharp
edges, etc.) but designed with the worker In wind in all phases of the
conveyor system. In this way, behavior or human factors that are involved
in accidents can be considered and controlled before an accident can occur.

In avery phase of design of'ménagement of work, the interaction of socio- '
technical factors should be considered.

Recommendations for Future Research

The following recommendations for research or program development NIOSH
may wish to consider or initiate in the future.

-Provide research and technical support for developing conveyor
related standards emphasizing behavioral requirements for those
dealing with conveyors. ,

~Initlate experimentation utilizing worker input in design of
conveyer systems equipment, layout, job, pace.

-Develop checklists of design and safety features for equipment
designers and management. '

-Examine soclal Interaction effects of assembly line operations--
include factors such as geographical isolation, noise, machine
pacing.

~Initiate experimentation with job design and workplace;layout of
conveyor operations to eliminate bending, reaching, twisting, etc.

-Develop training pregrams for conveyor operators (including all
workers temporarily rotated into conveyor jobs) and maintenance
operations emphasizing preparation for variance events or coping
with unusual events,

-Experimentation with reduction of stress: examine factors such as
speed stress, degree of worker control over operation or pace.
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CHAPTER 7. GENEM CONCLUSI'ONS AND RECOMMENDATIONS

This chapter presents firdings in several areas common to the types of equipment
studied, which are appropriate for general discussion. The recommendations -
included here are also of a peneral nature and are appl1cable to materials
handling in industry as a whole. ) _ R

Tapics to be discussed include: (1) the systems status of conveyor, crane and
industrial truck hazards; (2) human factors deficiencies in management practices;
(3) current practices among the plants visited which demonstrate distinctive
features of hazard management for these equipment types; and (4) peneral recom
mendations regarding the improvement of behavioral hazard management of material
handling operations. - :

THE SYSTEMS STATUS OF MATERIAL HANDL ING EQUIPMENT HAZARDS.

As ocutlined in Chapter 2, hazards can be generalized to include any event, condi-
tion, or behavior which cccurs in the sequence starting with equipment design

and ending in the performance of a task, and which affects or influences the
safety of that task. The data of the last three chapters bears out this assump-
tien, showing that the hazards discussed typically distribute themselves into
these categories:

(1} physical hazards, related to design, malfunction or breakage of equipment,
accessories, and objects in the workplace;

{2) operational hazards, arising from the uses and applications of equipment
in particular situations, and from mis-applications and the combined use
of two or more items not necessarily designed to be used together;

(3) hazards arising from the . negligence of workers, supervisors, managers,
technical or engineering staffs, and executives, in failing to exercise
sufficient attention and responsibility in anticipating and preventing
either physical or operational hazards.

In the events preceding an injury, all of the above may be relevant. But atten-
tion to one type, as an over~reliance on the correction of physical hazards, may
leave the others unmanaged.

Examples of each kind of hazard are found in Chapters 4, 5, and 6. Physical
wear and tear on machine parts typically produces hazardous conditions, and
these often present threats to anyone in the vicinity. Operational hazards, on
the other hand, are more numerous but also more -specific to a worker or a

work situation. Individual tasks and different ways of performing the same
task dictate this variation. Yet these hazards have enough common features to
ensure that they are reliable and valid indicators of problem areas.
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Where the hazards of damaged hoist cables, unguarded nip points, or worn-out
truck brakes represent negligence in the areas of maintenance or hazard report-
ing, operational hazards arise more often from misapplication of equipment, or
combinations of unknown factors. Operational hazards can be expected in a
system from which most of the obvious unsafe conditions and design problems,

as well as negligence, have been removed. In a glass bottle factory, a worker
stacked cartons of bottles up to 8 feet high on a palletr after removing them
from a conveyor, and commented on the dangers of injuring his back while stack-
ing. Lack of communication was the central problem - 1t was the buyer's 3
decision, not plant management 's, to require 8-foot stacks on pallets. Simply
noting this doesn't condone the practiceé, but it recognizes a sharing of
responsibility in abating the hazard.

As with the unsafe act notrion, negligence is often blamed for accidents which
involve more factors than can be easily detected and studied. Yet negligence
itself, as conduct below some standard of care, is -a relative notion, depending
on intentions and past practices. One result of over-reliance on OSHA standards,
a widespread practice, is that total compliance with the regulations can be
achieved, and yet accidents and injuries continue to occur. Many employers
visited have centered their safety efforts around compliance with OSHA regula-
tions, but few of them demonstrated programs aimed at detecting unknown

hazards, or conditions, behaviors and practices leading to hazards. FEven 1if
negligence is more likely to be found, diligent searching for hazards and greater
attention to the large area of operational factors is called for. These hazards
will otherwise persist if reliance on specification and phy51cally—oriented
regulatlons alone continues.

A second systems assumption supported by the data was that many hazards depend
on interactions between lifting devices and accessories, between cranes and
fork-11ift trucks, and between the lifting device and the particular products and
materials being lifted. Since these interactions often involve different plant
functions, theéey are often controllable only through management and technical
efforts. ‘ : |

No unifotm or consistent patteins can be used to predict such hazards, since
diversity of occurrences and conditions make every operation somewhat different.
In the usual lifting tasks of cranes and industrial trucks, such variations are
the major source of hazards. Diversity exists also in the operators of many

of these machines who often have other primary jobs and do lifting tasks only
incidentally. - In such applications, it is not surprising that’ tralning and
certification standards would have little meaning.

HUMAN FACTORS DEFICIENCIES IN MANAGEMENT PRACTICES:

The desigu-to-operation process undergone by a typical lifting device has been
understood by system safety specialists using fault-tree analysis,  the
Management Oversight and Risk Tree (MORT) system (Johmson, 1975), and other
sophisticated analytical techniques. Of the plants visited on this project,
none used such techniques for routine material handling safety, and many reveal- £
ed practices that took no'account of the impact on safety of economic and

purcha31ng dec131ons.

Competition, sales practices, ecomomic pressures and traditional engineering -
crientations were found to be major limitations to human factors approaches to
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safety and health. What innovations have occurred seem chiefly to lie in the
areas of improved electreonic control of cranes, hoists, and conveyor on-off
systems. Yet some, such as crane load moment indicators, are treated skepti-
cally by major manufacturers and operating engineers who prefer to rely on
their own skilled judgements, especially in emergencies.

Economic considerations are paramount in decisions to stay with old equipment,
as was evident in almost every plant visited. Except for manufacturers, most
users had some industrial trucks of World War II vintage, and they appear to
struggle in an uphill battle to balance maintenance and cost-effectiveness

against safety.

Other economic, factors are barriers to industry-wide acceptance of hazard
management. -Manufacturers and dealers hesitate to publicize crane and truck
hazards in order to limit product liability, and out of the belief that compe-
tition will outsell them if they request or imsist that the user adopt hazard
management techniques. :

A serious shortcoming, alsc noticed in the majority of plants visited, was
found in concepts of training material handling equipment operators. While
practices varied widely, mobile and overhead crane operators recelved the most
preparation and training, with industrial truck operators next, and conveyor-
workers received little if any training. A common limitation observed was that
safe equipment use training was not integrated with other plant and operations
training. But a more serious one reflects the management belief that when
training is done, responsibility for safety rests with the employee.

The complexity of these issues is indicated by accident records, expansion of
crane and hoist use, and the apparent improvement of the control characteris-
tics of cranes and hoists. A practical systems analysis of some of these
interacting factors suggest that training operators in the obvious maneuvers

of lifting set loads, adjusting boom cranes for various load movements does not
incarporate the c¢ritical aspects of unexpected hazards im lifting. Similarly,
teaching a fork-1lift operator the necessary maneuvers for turning, backing,
inching, and so on may not prepare him or her for the novel, hidden, or unknown
sources c¢f variance in the truck, roadway, load characteristics, or accessories
that need to be handled.

The traditional handling tasks must be a part of training. But equally impor-
tant is the necessity to give operators some experience in the potentially
hazardous nature of poor hitches, poor maintenance of hoists and accessories,
failure of communication between operators and hitchers, excessive loads, and
speed stresses. Industrial truck operators need practice in quick but safe
stopping for the unexpected pedestrian, or in leaping safely from a tipping
truck or avoiding falling loads. In short, a large section of the training
should not be in simply knowing about the sources of hazards with the equipment,
but-in actually experiencing under controlled training conditions the effects
of these operational hazards upon the ability to carry out effective operations.

A third deficiency concerned the maintenance of conveyors, cranes, hoists, and
Industrial trucks. A wide range of practices were again seen in this area,
with workers in some plants praising the mechanics and in others, unskilled
workers attemtping to fix defects themselves rather than delay work for a trip
to the repair shop.
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One factor explaining the differenmces is the business itself - the nature of

the product. 1In those firms where metal fabricating, foundry work, machine

tooling, assembly, engine construction, or manufacturing of the material hand-

ling equipment itself, was done, maintenance was not a major safety problem. In

these plants, the work of maintenance is similar to the work of production, and

the skills are the same. It was in the bakeries and warchouses where few

workers could substitute for skilled engine or equipment mantenance, that the

division of labor results in hazards from poor maintenance. ¢

DISTINCTIVE HAZARD MANAGEMENT EFFORTS IN PARTICULAR SETTINGS.

As anticipated, manufacturers of the equipment studied had evolved a number of

innovative techniques for materials handling safety. In two of the country's /ﬁ‘
largest c¢rane and hoist manufacturing plants, specific positive programs had )
been established in controlling hitching and lifting hazards by developing

technical specialists in sling, chain and attachment use, and hitchers and

hitching teams specializing in difficult lifts with all types of cranes and

hoists. The sling and chain specialist in one plant, a man of some 20 years

experience, maintains all crane-related inspection records, and conducts train-

ing courses for crane operators and floor men. From his small shop where slings

and chains are stored, he acts as a chain-maker, a maintenance man for worm or

damaged accessories, a consultant for the proper selection of attachments in

unusual lifts, and a creator of novel riggings and lifting aids for unique or

special jobs. 1In keeping with several assumptions made earlier, this person

demonstrated that skill and experience in the particulars of lifting with cranes

can have a greater impact on safety than the safety department personnel trained

in more traditional, but more general, approaches.

This same plant, however, had innovated in precisely this area of traditional
safety as well. Although safety as a plant function was locdged within the
secutity division, hazard management aides in this division had been trained to
supervise, monitor, research, and analyze specific sources of hazards. One had
been trained in noise measurement and control and another in behavioral manage=: -
ment of the handling of carcinogenic materials. These specialists spent more
time on the working floors of the company than was common among other safety
departments observed, which helped in making safety more a part of hour-to-hour
and day-to-day control of hazards.

A second manufacturer demonstrated even further a commitment to safety in both
crane design and operation. Management here estimated that they were 907 of
the way toward full compliance with OSHA standards prior to OSHA's existence.
Since 1968 they have proof-tested all manufactured cranes. They employ eight
full-time specialists who maintain cranes, hoists, and industrial trucks in
their own plant; twenty additional field-service maintenance people service
their cranes for users in the field, and specialize in both operation and main-
tenance. -Field-service personnel attend sessions at the home plant every three
to four months to review problems and ideas with top engineering and safety
specialists with long experience in construction and use of cranés and hoists.
Proof-test and field-test experience of workers with cranes serve as the basis
for job-training of crane operators.

%

™

In this company's plant, novel, special, or very heavy lifts are supervised by
technical people after extensive planning and operational designing is done.
Everyone involved in the task proceeds with superlative caution in monitoring
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and carrying cut the lift, and a rigging foreman is required ¢n every-such
project to oversee the use and care of slings, chains, and wire ropes.

It is cleéar that this corporation has effectively integrated moment-to-moment.
safety management with crames and hoists, on the one hand, with regular manufac- ‘
turing and production operations on the other. In moving extensively into the
human factors design of controls and cab enviromments for crane operators, as
well as design of crane hooks and slings, they have engineered out of their
machines the crude and difficult operational controls characteristic of earlier-
designs. Improvements in the last decade have made their cranes and ‘hoists far
more responsive to human control. Formal procedures serve to 1ntegrate the
operator and hitcher functions, giving the crane operator primary respon91b111ty

-in all lifts. Heavy emphasis on preventive maintenance and technical Superv131on

/. <

of set-up men completes the’ plcture

Yet this situation is not without its problems. The management of this firm
and others claim little influence over purchasers of their equipment in control—
ling and managing hazards. What is needed is the formalization of these
effective practices into specific guidelines s¢ that users too can reduce
material handling accidents.

Hazard Contrel In User Plants.

A large manufacturer of paper machines demonstrated a' wide range of practices
incorporating hazard management principles. While worker safety and health are-
looked after by an energetic and experienced safety director, department and
division safety are the responsibility of the heads of these units. Top manage-
ment's commitment to safety is evident in this plant; the safety department
suggests, but only top management gives safety directives. Top executives in
this company, which is largely family-owned, frequently tour the plant talking
with workers, Several of the executives themselves worked on jobs in the plant
as beginners. ‘ ' - K i e

Machine parts produced in this plant may exceed several stories in height when
partially assembled. So many one-0f-a-kind 1lifts are made in the crane bays of
this plant that plant engineers have become accustomed to taking pictures of
parts to determine the probable center of gravity. Holes or pegs are then pro-
vided for lifting and turning the piece by overhead crane. A rigging supervisor
and a specialist responsible for llftlng straps and sllngs often supervise a
team of floor—men who do the hitching: work .

Hazards are detected and recorded in this plant. They are primarily spotted
during inspection tours made by safety department personnel and safety and
health interns. ' They recommend corrections and require action and subsequent
notification in writing signed by the person responsible. The only drawback is
one continually repeated in this report: hazards are described in terms of
unsafe conditions and unsafe acts. ' '

In a metal rolling mill we observed again effective integration of production
operations with close supervision and management of crane hazards. Although
the plant managers made no sharp distinctions bétween operational, physical,
and worker negligence hazards, they recognized and actualized the need for
continuous pesitive efforts to reduce-and control operational hazards. The
plant manager is an engineer with considerable technical knowledge of crane and
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hoist design and operations. He himself had designed improvements in the hyd-
raulic motor controls of vacuum lifting with pendant-contrelled cranes to
provide a back-up system in case one hydraulic unit failed. He exercised
direct technical authority throughout the mill and participated in work design
and operations involving all types of crane and hoist hazards, often serving
as a consultant to department supervisors.

In a large brewery, automation and the use of computer-controlled conveyors

has eliminated some of the hazards to conveyor-related workers, primarily ¥
through eliminating the jobs and workers themselves. The tasks remaining in
conveyor-using parts of the bottling and packaging process which still require

workers involve minimum exposure to in-running nip points or unguarded drive

.gears. People working at key locations in the conveyor-machine configuration

serve to initiate change, as when the package needs of the product change. ‘ a

Automation in warehousing, including auytomated storage and retrieval systems,
enjoy the same benefits. Some are operated by one person, some only by computer
cards. Most eliminate the hazards of individually-operated high-reach order-
picker trucks. '

f“:

By and large, however, this direction toward automation can be taken only by
businesses running highly routine, mass-production operations; in these process-
es, the variances have been removed and the situation is ripe for introducing
machine control. But where variance still rules, as in many industrial truck
and crane applications, human adaptability, flexibility and skill are the only
feasible answers.

One final example of the impact of personnel and compensation practices on
safety was observed in a plant engaged in glass bottle manufacturing. ' Standards
of performance are defined for management personnel which include areas such as
safety, housekeeping, below-average accident rates and accident prevention.
Pericdic reviews by plant management determine whether a superviscr or manager
fails to meet, meets, or exceeds these standard levels of performance. Merit
raises, or portions of them, are then based on these ratings.

GENERAL RECOMMENDATIONS

In this chapter has been presented an overview of some of the practices encoun-
tered during the site visits. Some problems are the immediate symptoms of poor
practices in controclling safety hazards in materials handling. Others are exam-
ples of exceptional practices and measures adopted by individual firms which
supported the notions and assumptions of hazard management presented in Chapter 2.

In this section, a number of general recommendations are made which are not
specific to a particular equipment type, but which are supported by the total
evidence presented in Chapters 4, 5, and 6. Rather than impractical or untest-
ed suggestions, these recommendations urge a wider dissemination and adoption -
of existing practices which have already reduced material handling injuries
among their proponents. . _ . ‘

1. Integration of Industrial, Governmental, and Worker Resources for Improved
Safety and Health in Material Handling. Efforts to improve crane, industrial
truck, and conveyor safety and health, on the part of manufacturers, dealers,
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equipment users, labor unions, and State and Federal governments, 'need to be
integrated for the more effective sharing. and 'wider adoption »f specific,
proven measures and practices of hazard control and management. Such pro-
grams as joint industry-government conferences and workshops which bring
together manufacturers, dealers, users and regulatory personqel can contrib-
ute greatly to this need. Promoting communication between such groups can
begin to manage the relationships between them, including more efficient use

of resources.

2, Performance Standards for Preventive Hazard Management Are Needed to Com-
plement OSHA Regulatory Standards. The roles of government regulatory stand-
ards and of industry-promulgated voluntary standards need to be thought
through. While giving maxinum protection to the worker threatened with in-
jury or illness, Federal regulatory policy makers can promote and strengthen
the entire area of positive, preventive measures and practices in the design
and operation of materials handling equipment. Distinctions need to be made
between positive, specific standards of preventlve safety behavior and per-
formance, which are largely not subject to 1nspect10n, and preclsely defined
regulatory requirements which will stand up in court.

3. PFederal Support and Initial Funding for a Materials Handling Safety and
Health Research Institute. Such an institute is needed to promote and sub-
sidize research in the human factors of designing, operating, and controlling
the hazards of industrial trucks, cranes, hoists, and conveyors. Research
issues include the improvement of control characteristics for these machines,
development of improved methods of communication among members of work teams,
and development of research designs for evaluating safety factors between
different configurations of equipment and material.

4, NIOSH Research in the Human Factors and Systems Management of Hazards in
Materials Handling. The results of this report present a wide range of re-
search questions appropriate for NIOSH, the most important of which include:
A. The relationship between hazards, accidents and injuries and the degree
to which unexpected, unplanned, and unprogrammed events determine job
design.
B. The information, data, and communications needs of conveyor, crane and
industrial truck users and weorkers for the effective, continucus control
of operational hazards in materials handling work.
C. The development of workplace 1lnstruments for Efflclently detectlng,
tracking, and abating the hazards of these equipment types, as well as
sclentific techniques for analyzing and assessing the causes and factors
of operational, physical and negligence-based hazards and accidents.

5. Hazard Management as the Integration of Safety and Health into the Man-
agement of Production and Other Plant Activities., The many key activities

and functions of the modern industrial workplace that have impacts on worker
safety and health, especially in materials handling, are governed by standards
of performance which can be extended to the injury and illness prevention area.
As indicated by the comments of workers and managers, material handling safety
is influenced by purchasing people in specifying equipment and accessories,

by plant engineers in deciding workplace layout, by industrial engineers in
deciding features of task and job design, by personnel and safety people in
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selecting, training and assigning workers to different tasks and machines, by
maintenance people in preventing serious machine failures, and by top manage-
ment determining an overall organizational climate conducive to effective de-
tecting, reporting and recording of facts related to accidents. Responsibility
for safety must permeate each of these functions if their impacts on safety

are to be managed.

5. Training and the Management of Worker Skills Needs a Human Factors Emphasis

Which Incorporates Systems Control Concepts and the Control of Variance.
Training of operators of crames, industrial trucks, and conveyors, as well as
occasional users of these equipment types, needs to be improved to incorporate
actual experience in contrelling the variances and unexpected hazards arising
in materials handling jobs. Management of worker and operator information and
communication needs must supplement training. Where traditional training is
needed to insure basic operating skills in routine work processes, it cannot
and does not incorporate often enough the variable, changing, and unexpected
conditions and behaviors which define the hazards of handling heavy materials.

262

N\



