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ABSTRACT

- Powered industrial trucks, powered cranes and hoists, and powered conveyors
were the subjects of a study of safety in the design and use of material
handling equipment. Possible human factors· deficiencies in the design, oper­
ation and application of these equipment types were the specific issues ad­
dressed by the research.

Wisconsin. Worker's Compensation case histories, accident investigations, and
employee 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 in 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.

11ajor 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 indus.trial 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 vis-its within one day.

The details of the site-visits, including the comments of those workers, super­
visors and management personnel 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 analysis of the human fac­
tors involved in designing, operating, and managing materials 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
old 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 behavio.ral and physical, of which equipment design is but one
part.

ix



(2) Contributing factors to the development of hazards and accidents in this
area arise from a spectrum of people, industrial equipment, managemeht 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 informat:Lon, 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 uncontrolled hazardous conditions and behaviors com­
bining to 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, government 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 ~highs.

(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 operational 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.
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Powered cranes and hoists -
(1) The operator of the crane or hoist, whether overhead,
mobile. or pendant-operated. is the key person responsible
for .safe lifting operations. Ifrnanarement supplies the
proper resources and maintains the equipment, the operator
can control. more than the hitching or floor personnel, the
minute-to-minute hazards involved in heavy liftin~ and mov­
ing. The operator, dependinr on personal abilities,exper­
ience anG training, can compensate for a number of deficien­
cies, including inadequate attachments of the load, and
some mechanical inadeouacies, in the operation of the crane
or hoist itself.

(2) The main hazard in crane and hoist usc uncovered by this
study is the threat of a lOAd fallin~ due to insufficiently
attached loads .. hThile the attachMent of the load is.prirn­
arily the responsibility of tIle hitching crew in overhead
operations, factors affectinr, the attachment system involve
desi~ner~, manufacturers, dealers, traininr. personnel, main­
tenance. and the operator, amon?, others.

(3) Among crane or hoist factors directly influencing saf~ty,

malfunctions durin~ liftin~ were found to be significant.
These include any unr~liahle or inconsistent modes of oper~

ation, including jerking or slipping of the hoist means, and
inadequate or un-smooth braking. Such factors could often
be traced to insufficient attention to machine mai~tenance.

Powered conveyor systems -
(1) The predominant injury associated with conveyors involves
workers or maintenance personnel getting caught in the moving
parts of the system. Contribu~in~ to the problem~ in this
area were instances of inadequate or disabled machine guards,
and poor location of start-stop controls.

(2) Conveyors are involved indirectly in several categories
of accidents: e~ployees are struck by ~aterial 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 handlin~ conveyed ~oods. Con­
veyor heirht and accessibility, and the relationship of the
conveyor to workplace layout ana job desirn are key factors
here.

l\ECOMMElmATIONS

Summarized here are recommendations for action directed at ~10Sll,

the materials handlin~ industry, and employer~ responsible for
mahaging the haz.rds of the equipment studied.

Five gene~al recommendations are addressed to the issues common
to the three equipment types:

xi



(1) The integration .of industrial, govern!",ent, 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 exchan~e of such information between
manufacturers, dealerR, users, government' apencies and others.

(2) Performance stan~ards for preventive hazard management
are needed to complement OSHA reg~latory standards. The
behavior of humans in operatinp and managing materials
handlinr equipment needs to be incorporate~ into safety and
he a 1 t Ii p r act ice salon g wit h the p r i I!' a r i 1 y ph ysic a'l s p e c i f i ­
cation standards of ()~HA.

(3) A Federally-sponsorec' ilnd subsidized :faterials Handling
Safety & Health Research Institute is neeace toinvcstir,ate
and develop countermeasure,s for the operational hazards of
industrial truck, crane an~ conveyor usc.

( 4 ) 'J 10 SH res ear c h pro g ramsin the h u TTl <1 n fa c torsan d s y s t e r.l
manager.lent of materials handling hazards are reco~mended in
these areas:

(a) Hazards, accidents and injuries discussed in this
study need to be correlated with the work-process
va ria b 1. e s 0 f C ~l a n r' e, ° f un ex p e c t f' dan r! un p 1. ann e d
events and variances, an~ of joh ~esifn.

(b) Operators and workers using cranes, conveyors,
and trucks need improved ~eans of communicating and
of being informed of hazards for more effective,
continuous control over eqlliprent safety.

(c) Safety and health i"1anar,ers usio>: i"1aterials lland­
lin~ equiptlent need research to develop i,etter instru­
~ents for efficiently detecting, tracking and abating
hazards as they arise, and human factors systei"1s
princirles are needed for analyzing and <1ssessin~

the causes and factors of hazards and injllries~

(5) Hazard r;tanap,ement should be interratea into the T:lana[,e­
ment of all plant activities and functions. Top manarement
commitment has been shown to be a chnracteristic of safe
pIa n t s, but t 11 e s (' par at ion 0 f s a f (' t y and pro due t ion .,1 anag e ­
ments should he rpverr.cu for a total or!!anizational commit­
f'1en t.

For each equipment tyne, the najor reconrnendations are sumnarized
as fol1.0vs:

~ 0'", e r ~~ d In d us t r i <11 T r II c ks :
(1) ~I IO~rj researcll pro~rans are needed to better deternine
how various truck desirn and vorknlace factors affect sen­
sory information needed by workers, information overload,
and feedback conpliance of ~achine operations. Other research
topics include the eff~cts of worker participation and

xi i



involvement in cccisions affectinr truck safety, and research
desipns for evnluating th~ safety and health effects of
errono~ic improvements.

(2) OSHA standards for industri~l truck operations and for
operator training need revision. Specific guidelines are
needed for employers to ensure their compliance with stan-
dards pertaining to trainin~, and training should be extended i.t
to include pedestrians and others workin? near rucks. Com-
pliance officers need improved education in forklift truck
operations, in utilizinr available plant data on trucks
and truck hazards, and in relying 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 ~.:lLor Statistics, IJ.S. Department of
Labor, should develop a nation-wide information system,
based ,on the Supplementary Data System, geared toward iden­
tifying industrial truct hazards and cvaluati~g the effects
of countermeasures and inspections.

(5) Manufacturers need to increase their research and devel­
opment efforts in the human factors and ergonOMics design
areas of industrial truck operator visibility, the operator's
com par t t:l e nt, pin c h - poi n t s, .a n d M0 un t { n g ! dis r. 0 un tin g rn e a n s
for sit-down rider trucks.

(6) :filnuf"cturers, dealers, and users need to develop better
neans of obtaining and exchan~inp.: data on hazard~, accidents
and injuries invo1vin~ industrial trucks.

Powered Cranes and Bois ts:
(1) Crane operators, especially in overhead and mobile crane
operations, shoulci be recop,nized as the key people respon~i­

ble for liftinr. sa[e1y. They should be riven all necessary
resources, includinp adequate trainin~, experience, manage­
ment support, comfortah1e wor~inp conditions, anc a properly
functioning nachine.

(2) Personnel involved in Bttachin? lORes to the crane need
to have detailed ;';'no\.'1cd~(~ of proper attach~ent tecnniques,
trainin~ ani education, and all of the re~ources necessary ~.

to ensure safe attachments, including reaciily available lift-
in g ace E' s S 0 r i e s <l n Ll at t a c hl~, C 11" t sin P: 0 0 d con d i tli 0 n .

(3) ::anagement must ensure that the proner attacil!:1ent "cces- ,:;
S 0 r i e s a r (' a v ,d I a 1J 1 e, and t hat t 11 i s 11 a r <' \" are i sin l~ 0 0 d
repair, is inspected re~'ul<:lrly, anel is used in a safe t;anner.
A critical need is tlle proper availability of liftinr liard,...
'.'" a r ':, " 0 t 11 a t S e lee t ion 0 f cor r c eta t t a c 11 r'. cr. t sean ~ (' f,~ ad c
as requir('~ for liftin~ and tran~DortinR different loads.
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(4) Cranes and hoistFl need continuous preventive maintenance
to ensure smooth operating condition.

(5) Proper application - the matchinr. of the lifting device
to the load being lifted and the movement r~quired - needs
to be reco~nized as a key problc~ in the development of
operational huzards and accidents.

(6) ~:anagements can reduce hazards and accidents by adherinr
s t ric t 1 y tot h cOS II A s tan dar d s reI a tin g toe ran e uti 1 i Z' a t i 0-n
and ~ufficiency. Existing standards should be complied with
and expanded uvon to meet the demands of the specific tasks.

Powered Conveyors:
(1) Worker input regardin~ the following design features
should be considered by manufacturers and conveyor users:
location and layout should miniMize reaching, uncomfortable
standinr, positions, and improper hci~hts for lifting tasks;
noise should be reduced to allow worker communication in
emergencies; and adequate lighting anJ non-slip floor sur­
facessllould be rrovided.

(2) The r~arding of pinch points,placement and design of
emergency stop controls, and lock-out systems for conveyor
maintenance are critic~l needs for controllinr conveyor
haz::lrds.

(3) Joh desirn, 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
tile human factors of both the technoiory and the behavioral
components, or socia-technical considerations.

(4) l ruSH can initiate research pro1ects for conveyor safety
in these areas:

(a) Resear.ch and technical support for uchavioral
performance standards development.

(b) Work~r input in conveyor desi~n fOT safety anJ
health should be studied and evaluated.

(c) ChecklistFl for desi~n and operation should be
developed based on research.

(d) Trainin~ of people doinp conveyor-related jobs
should stress preparation for variances and coping
uith unusual events.
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CHAPTER 1. INTRODUCTION

Safety in the design and use of tools, equipment and machines has received
increasing emphasis 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 prevention
or correction of identified problems as well as the gathering of information
potentially useful in developing 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 traditional safety practices, interact with design and use'factorsto '
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 is 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 to $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
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approach has been said to characterize the gains in this area (Carliss. 1974).
and from a technological viewpoint. 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, ~arry,

push, pull. and otherwise move material. theFe has been an increase in the
number and severity of occupational injuries associated with these activ~ties.

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 to 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
piayed an important enough 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--thematerial handling
task, the industrial environment, and the supervisory, managerial. and
regulatory practice~ 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

2

•

'.



and hoists, and powered conveyors. 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 to 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
e'quipment 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. C. Results of observation and interviews of
labor and management on the majority of these formed tl)e 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. Each of these chapters is largely
autonomous arid provides the most detailed levels of analysis, both of the
data sources and results of the field studies. Specific recommendations are
made in the'se chapters. Summary. conclusions and general recommendations are
made in Chapter 7.
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--CHAPTER 2. BACKGROUND AND THEORY

lofuile cranes, hoists, 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 definitions, 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 accidents 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 policies and practices, and system re~ulation 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 is a hazard or what is not a hazard,
however, requires a discussion of which situations and conditions fit the
de fini tion .

In this study, hazards are perceived as dangerous situations by workers,
managements, inspectors, and researchers. So perception and individual dif­
ferences playa role in identifying hazards. Yet, because of their inter­
active 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
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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 hois t 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 aI, 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 environmental 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

Mom~ntary events such as falling crane loads, loads falling from industrial
trucks, or conveyors 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 on 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. Oil 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 occur. 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 ~ay 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.· Wi th­
respect to most recognized hazards arising during materials handling tasks,
behavior can further be categorized into planning and design fac tors, pre­
task preventive and anticipatory behaviors, and adaptive, protective 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 to a dangerous angle due to effec ts of
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humidity on the bottom cube. In planning to res tack 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 jobs, a decision is made to
use the large truck while exerting special care. The behavior of the operator
from this point on is more critical to the success of the task. If preventive
measures such as clearing the area of personnel and proceedin~ 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, ~~ligen~~ (conduct below some standard of care) plays
a role in some hazards, but probably far less often than is implied in the
cornman belief that 85% of all accidents are due to unsafe acts. When a
hazard is the consequence of a lack of reasonable ~are 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.

~ost 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 simultaneous 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
chanp,es 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 variance as used here is one introduced in the socio-technical
literature of job design (Engles tad , 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 th~ outcome. ~~ile 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
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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
accidents, to say nothin~ of the part of body injured, is at best an inde­
terminate 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 the 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
is 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 accident itself tends to
suggest that preventive efforts are futile; new terms are introduced,
such as "incident,;' "near 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. Horker'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.

In a recent conference sponsored by the National Safety Council (King, 1977).
participants from industry, labor and government 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
viewpoint 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. Horker's Compensation has very
definite and legitimate information needs, but these should not be confused
with the requirements of the preaccident stages.
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In viewinR the process by which a hazard develops into an accident, several
trends can be seen:

1. Factors contributing to the .accident begin with rer.1.otely determined
design factors, and end with specific, dynamic, physical and behavioral
events. Control of these factors passes from designers, managers and
supervisors, to workers.

2. Options for controlling hazards are initially wide open 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 this cycle, new and different options must be considered.
If the load is 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 too late for the worker to don a hardhat and steel toed
shoes. At each stage, choices made help to determine what will be the
options at the later stage.

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

TIlE INDIVIDUAL AND THE HaRK 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. But the nature of this control, where the operator's control fits in
with the mechanics of the machines, and where the control of the individual
breaks down when it can no longer compensate for design deficiencies, 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
veillance and recordkeepi.ng 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
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.
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Yet ·the most critical aspect of worker control of hazards is 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, time-consuming
defenses against perceived hazards which in many cases can be eliminated or
abated inexpensively by safety management. Third, assessment of causal fac­
tors in investig~ting accidents will be extremely difficult if not impossible.

The commonly understood "unsafe act" demonstrates one kind of re,sult of this
last type, when it is labeled as a causal factor in an injury. Worker 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 rnayin fact
represent 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 hook before risking a hand or an arm.

What "controls" does the individual have available in regulat1ng 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 maintaininp, 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 applications, on jobs
involving powered industrial trucks, cranes, and hoists, this kind of planning
is a.requirement of the task. The operator responsiblle for operating a
variable-path device of necessity' must plan the move to avoid obstacles. In
practice, this avoidance reduces to thenavigati6nal skills of traversing
tight aisles, turning tight corners 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 ~elf-regulated, feedback
controlled organis~s 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 impairin8 these mechanisms such
as drugs', alcohol, fatigue, stress, and physical disabilities related to past
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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 available. 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.

'~~at cannot be controlled 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
constraints defined by the exoskeletal properties of these machines (Smith.
1966). Formulated by this profec~enior human factors consultant during
his work with the Gerieral Electric Company in developing anthropomorphous
lifting 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
paid to the relationships between the operator and the machine. the operator
and the roadway or fixed support elements. Rnd the machine and the roadway or
supports. The aspects of this theory important to materials handline safety
are these:

1. The exoskeleton of the truck or crane cab, including the controls.
steering wheel. brakes. and lift 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 smoothness and ease of control. That is.
if the cab or' its moving parts. including hand and foot controls.
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 equ;ipment. Yet where the
compliance needs of the operator become critical is not easily found by

'controlled or laboratory methods. since ~mergency 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 (se~ Chapters 4 and ~).

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
threehitchers, a .supervisor, and a cab crane operator'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
veyor line, may be thought of as task systems. Hith 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 most 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 (Hiller 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 3D-ton cast steel machine
housing. Planning is frequently a main part of the task. In 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 cOIUl!lonly must take place· for the
group to carry out a joint effort (Smith, 1973). People worl~ing in such a
group expect one another to know what the others are doing. Warnings of fall­
ing loads or other impendinp, hazards can avoid injuries which mi~ht 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 action.

Injuries to pedestrians who appear suddenly in a tiuck's path, and injuries
to preoccupied workers such as welders in the vicinity of a swinging crane
load, are mentioned by industrial personnel and verified by the statistics ..

~1ANAGE~!ENT'S TASKS I~I MATERIAL HAJ.~DLING SAFETY

As the main planners of corporate and organizational goals, management makes
decisions that ultimately influence plant safety as no one else does". As
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builders and asse~blers 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 "natural" feature of everyday opera­
tions, or a function which will largely compensate for poor human factors
design of the workplace, the tasks, the jobs, and the equipment and tools used
to 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, includinr, the need to walk over o~ 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. Planning the workplace, including the selection and placement of fixed
elements of workplace layout.

2. Selecting the tools, equipQent, 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 settinr, experience and supervision requirements for certain jobs.

5. ~1anagingthe work and the hazards though effective identification and
reporting of operational data, primarily by evaluating performance in
relation to previously set standards, objectives, and goals.

The order of these tasks is relevant only in a logical way. In practice, all
five may proceed .si~ultaneious1y.

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
determine how people move around in the layout--is one of the main 'sources of
constraints that lead to hazards. Roughly 20% of the hazards mentioned involved
elements of workplace layout (see Chapters 4, 5. and 6).

Fixed physi~al characteristics of the workplace--aisle widths, vehicle routes,
machine placement, door size--are rarely in themselves "unsafe conditions, I'
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although OSHA and A..?l'SI standards specify some of these in great detail. They
are better viewed as constraints, within which more movable items, including
workers, ~ust continually adjust and regulate their positions. They become
contributors to hazards only in relation to the more mobile, adaptable ele­
ments. Narrow aisles are cited often by industrial truck operators as con­
tributing to a dangerous situation. Yet it's the width in relation to truck
size, 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. \~at is needed is 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 Equipment 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 decisions can result in a plant full of new
machines which is essentially obsolete (Rowan, 1977). And the impacts of>
poor selection on safety may result in hazards turning up for years afterward.

In systems terms, selection is. an aspect of design.
trucks and conveyors can select only those that are
manufacturers. But manufacturers are influenced by
by government regulation, and by competition. Over
selection influences desi8n greatly.

Users of cranes, hois,ta.,
designed and marketed by
what sells, by user needs,
a period of time, user

From a workplace viewpoint, the user does more design than selection by assem­
bling a unique set of components for particular purposes. Equipment 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
or conveyors.

Hazards can arise from mismatches between equipment and layout factors, between
operator and equipment, between equip~ent and load characteristics, and between
combinations 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 workinf, 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 s.ocio""'
technical design, namely, that at each stage of design, only the miniQum criti­
cal specifications should be made. Practically, this in"cludes 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 design 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 its narrow end meant the risk of tipping the truck.

Planning the \.,Jork 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, anu the characteristics of the labor force available to operate it. A
high priority for snfety and health in this process of allocnting work to
machines versus people is needed and the area is another where management has
responsibility and control.

The two areas requiring specific attention are operations design and job
design, as these both affect and are influenced by material handling
decisions and practices. By operations design we refer simply to the overall
pattern of w~rk 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 health
personnel and from those workers skilled in identifying hazards arising in
various operations.

Job desien, 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
dependin~ 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 desip,n is 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. ~.,Jage 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.

14



Problems anticipated and later verified in the project included questions of
what role material handling played in a particular job. This-varied along the
entire scale from conveyor related jobs re~uiring 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 piece 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 repi1ed 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 en?,ineering 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 compo\lndinr, other hazards.

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 f1e~ibi~.ity. People in this operation
interface with the conveyor and related machinery by monitoring and ensuring
that the proper supplies and materials are available 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 Selection and Training

Industrial organizations are systems open to the hirine 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
detri8enta1 impacts of work and working on these people's lives, safety and
health. The material handlin?, jobs handled by industrial trucks, conveyors.,
and cranes offer good examples of the need for careful selection and training.

The relevance of human factors desi~n of trucks, crane~, hoists and conveyors
to training is based on the fact that desir,n precedes traininp,. The latter
is useful only if it is specific to the equipnent to be used. But related
to this is the fact that traininp, cannot offset poor human factors design of
machines and equipment (Goldstein, 1975). The variation in human performance
resultin?, from varying tool, machine and operations design is much greater
than that produced when training is varied (Smith, 1975). In 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 stage.

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 associations.
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 hip,h noise levels mask warning sounds, can be inferred from the outline.
Stressed also are the importance of good hearing and freedom from the problems
associated 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 Occupational 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, authorizing 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 variances left unmanaged or uncommunicated, they are not incorpor­
ated into the standard training programs. 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 is 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 ~[aintenance

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 industrfal truck will accumulate maintenance costs that are 9O:~ or
more of the original acquisition cost. A cost consci9us 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 attention it deserves from the safety vie,vpoint. 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. ~lorkers cited 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. Sprinzs designed
to return the handle to the upright position were in disrepair.

Problems 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.
\~orkers 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 soci~l 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 repaired when emergency malfunctions 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
handlin3. 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 o,~ 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.
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The Separation of Safety and Production Managements

110st industrial organizations employing more than a dozen or so people have
a differentiated management function. For smaller groups, especially coop­
eratives, an informally designated leader who works on the same tasks as do
the other employes may constitute management .. 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-re8ulation, 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 ~r 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
Q.rJ.tani~_ti°tl·

What role does occupational 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 ata 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 is the top management commitment to safety and health
evidenced by the high level of the ranking safety official in the hierarchy.
Supportin3" 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 of 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.
Only 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 reasoning 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: t.he setting
of objectives and goals, including standards of performance; the careful evalua­
tion of progress relative to these standards; and the res~onsible 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 se,lecting truck and crime '
operators for hazardous tasks-need to be established, but on a plant by ,
plant basis. Human factors design, attention to job stress factors,' and
preventive maintenance are areas where conveyor operations need perfor~nce
safety standards. ' , '

GOVEi:L'HlEHT STAllDARDS A:1D HORKER SELF-REGULATIml

?,Iaterials handling equipment users must comply with a series of OSHA'rer,u1a­
tions, many of which are based on .~~SI 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 rer,u1ating
personal behavior through ler,al 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 physicai characteristics of th~ 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 operational problem
relevant to the "entire aiea 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 enforcin~ 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 aI,
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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enforcement. As partial job descriptions for OSI~ 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
is the assumptiontlJat they can substitute for effective hazard management
that is bein~ questioned here.

Standards r,overning l1aterial Handling Equipment

Those OSI~\ regulations that require specific training, skills and behavior
from equipment operators, and specific desiination, authorization, and pre­
paration of these operators hy management, are found in 29 CFR 1910.178
(Powered Industrial Trucks), and in 29 CFR 1910.179 and 1910.1RO (r.ranes,
Overhead and Gantry, and Crawlers, J~comotive and Truck, r~spectively).

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

A review of these rep,ulations shows that OSHA has promulr,ated a number of
operational and performance requirements on the part of mana~ement of users
of cranes, hoists,and industrial trucks that are not suhject to inspection
of equipment. They depend on positive cooperation of plant management and
considerable hreadth of interpretation by both management and OSHA com­
pliance officers in defining compliance with them. For cranes, these
include:

Designation of Personnel: Only desisnated 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 ~nspections: Frequent inspections (daily to
monthly intervals) of all functional operating mechanisms, deterioration
or leakage in lines, tanks, vaives, drain pumps, etc., hooks wit·h
deformation or cracks, hoist chains, etc. (1910.l79(.1)(2)(i) through
(j)(2)(vii); periodic inspe~tions(l to 12 month intervals) of deformed
cracked or corroded members, loose bolts or rivets, cracked or worn
sheaves and drums, etc.(19l0.179(j)(3)(i) through (j)(3)(x».
Testing: Tests of initial capacity and operations for new or altered
cranes are required and procedures specified (19l0.l79(k».
Haintenance: Preventive maintenance procedures are mandated by the
standard, as are safety procedures to be followed during maintenance
operations.tIaintenance repRirs are required to correct hazards
uncovered in the inspection process before ~he cranes are allowed back
in use (lQlO.179(1). .
Rope Inspection: Hequirel'lents for monthly testing procedures to check
Rnd determine the intep,rity 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 ~o their usage. All
of these reports must be signed and filed (1910.l79(m».
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Operator Performance Requirement~: Thes~ standards include procedur~~'for

handling and moving loads with overhead cranes;-hazardolls operations are
mentioned and requirements of personnel or employer responsibility are:
establi.hed for these situations.

For powered industrial trucks, these standardg include:

Operator Traininp,: ~nly trained and authorized operators shall be per­
mitted to operate a powered industrial truck. 'lethods shall be devised
to tr~in operators in the safe operation of powered industrial trucks
(1910.178(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.(19l0.l78(m».
Traveling: This includes requirements that plant speed limits he
observed, that the operator slow down and sound horn at an intersection,
that speed be reduced to negotiate turns, etc. (19l0.l73(n».
Loading: Only stable or safely arranged loads may be handled, load
engaging means shall be placed under the load as far as possible, etc.
(191fJ.178(O» .
Operation of the Truck: These require that trucks 1n need of repair be
taken out of service, no truck shall be operated with a leak in the fuel
systeT71, etc. (19l0.l78(r».
~aintenance 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, etc. (l9l0.l78(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 extensions
of the more basic physical standards. Performance standards currently govern
production, time characteristics of work, product quality, and other aspects
of modern work processes. But considerably more effort is required to
incorporate such standards into today's safety practices than that demanded
by compliance with the pri~arily physical standards of OSI~.

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
Dance codes imply specific solutions to the countless varieties of hazards
faced by today I s worker, Federal "standardization" of such rules nay be
impractical. But Federal efforts to define the key activities of safety and
p,eneral 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 ~ore are voluntary efforts by industry to develop
the hazard detection and hazard control instruments which are both tailored
to the particular workplace and yet comprehensive enough to reduce injury and
illness rates.
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CHAPTER 3. :1ETHODS

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. !ncluded
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
tha t equipment- type alone.

STUDY HETHODOLOGY OVERVIEH

There were essentially three phases of study in this project:

1. Initial gathering and analysis 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
mpst often involved in reported injuries, and combining data sources to
anaiyze 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 observe actual materials handling operations for a
better understanding of the human factors issues involved.

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

ASSESSMENT OF ACCIDENT DATA

Two specific tasks were carried out prior to the final determination of
equipment types to be studied. - Data from Wisconsin's Worker's Compensation
case history file were used to narrow down the choices from the original
twelve types specified by NIOS" in Table 3-1. Six of these accident sourc~s

each accounted for more than five percent of the total case counts for the .
thirteen types.

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

A second task, which justified the above choices further, consisted of pre­
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.
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ANSI CODE

1301
1350
2610
2620
2641
2642
2643
2644
2645
5631

5635

5638

· TABLE 3-1
TYPES of Material Handling Equipment

to be Considered for Further Study.
CODES are those used in the ANSI Z16.2

System for Source or Agent of Injury.

TYPE OF EQUIPMENT

Gravity conveyors
Powered conveyors
Cranes, derricks
Elevators
Air hoist
Chain hoist
Electric hoist
Gin pole
Jacks
Hand trucks, dollies, and
other nonpowered vehicles
Forklift, stackers and other
powered carriers
Mules, tractors and other powered
industrial towing vehicles

The above 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 period 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 3-2 presents 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 indemnity <

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 period 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 is 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 Wisconsin Law.

Figure 3-2 thus presents a combined ranking scheme which attempts to give due
consideration to both frequenc,y and severity of injuries involving the six
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equipment t~pes. Both total counts and mean (average) counts were felt to
be crucial, since the objective 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 column in Figure 3-2 shows a count
of how often a given source is ranked in the top three rankings over 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 hoists with
cranes and derricks, since Worker's Compensation accident descriptions do not
clearly distinguish between the two.

Analysis Of Data For Site Visit 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 descriptions of. the
accidents reported on promptness-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 facl:ors 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 des­
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 detail 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 t{orker's
Compensation data underestimated the numbers of cases involving the three
types. While,the latter co~nts 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, hoists, and
trucks based on employe descriptions were up to 100% higher than the original
counts. This,was true for conveyors also, but to a lesser extent.

Information from accident investigations for the period 1972 throu~h 1975
provided the second source of causal factors data. The accidents'inves­
ti~ated 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. However, the info·rmation they provided, particularly in
de.tailing what the employe was d"oing 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 w:tth 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
~umbers of cases from each source for each equipment type (1972-1975)

ku..!E.ment Type
Powered Powered

Industrial Cranes and Powered,
Data Source Trucks Hoists Conveyors

~"orker' 9 Compensation
Case History File 3,087. 1,646 .1,255

Employe Accident Descrip-
tions (Promptness Cards)* 662 413 279

Accident Investigation
_~ports 91 76 386
*1974 only

As Table 3-2 illustrates, large numbers of cases formed the basis for the,
analysis, but the data on causal factor~ 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 within the source (equipment). For each category, promptness
cards and accident investigations were analyzed and the factors sorted to
indicate possible human -factors deficiencies in the design or operation of
the equipments studied. Checklists were constructed from these and 'o1ere used
on the site visits as focal points for observing ac,tual 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.
t..Jisconsin business establishments with large numbers of reported H'orker' 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 con­
ferences pertinent to the project.
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Visits to l1anufacturers

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.
~\ile 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 accident 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. especially 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 chains.
slings,' wire ropes, hooks and o,ther crane and .hoist 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 their oWn responsibilities in the
areas of collecting data on accidents 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 &~SI Standards.

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 l~orker's Compensation case experience. Computer lists were
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generated showing all employers who had reported injuries or ilinesses
involving cranes, conveyors or industrial trucks, and those plants with large
numbers of such cases were contacted by telephone. In addition,'several visits
were made, at the suggestion of a manufacturer or dealer, 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, visited the plant for on­
site observation of the sele~ted equipment types in uie. Th~visits
typically began with a discussion with management and worker representatives
to clarify our objectives and to identify'oper~tions 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. lfuere feasible, researchers interviewed 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 each type of equipment, the main points that were addressed once a hazard
had been identified.

For powered industrial trucks:

.Truckoperator 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 6f training the individual had been given,
nature of tasks involving the trucks .

.Task and machine characteristics--peculiarities of the truck itself,
load characteristics, general ~ork site description .

. Comments on specific hazards noted earlier--Ioadsfalling off the truck,
pedestrian traffic problems, riding on the forks or the load, trucks
tipping or overturning, running into'thin~s, adjusting the forks or
working on the truck, loading and unloading semis 'or railroad cars, other
hazards.
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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: l~ads 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 operations on cranes or hoists, availability
of proper equipment and accessories.

For powered conveyors:

.Employe data--occupation, experience in present job, equipment used,
description of environment, nature of work situation, 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
avoid its causing an accident, and also what suggestions did he or she have
for improving the situation.

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

&~ALYSIS 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 equipment and leading to a specific task,
defines and creates a particular hazard. Grether (1975) touches on this,
and Cherns (1977) and others of the socia 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 corne 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 to arise during a specific
task, they were grouped under the general description of the task. FiBure
3-3 is an example of the hazards and related factors found to be associated
with the tasks shown.

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 deci~ed upon by
management, while the third column (AT SITE SUPERVISOR AND EMPLOYE PREOPERA­
TION PLANNING SYMHARY) served to record factors controllable 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
activities.

Hhile 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 4 (TASK SPECIFIC
FACTORS AND BEI~VIORS). Others, particularly purely physical hazards,
dangerous to anyone doing the task, are described t~tally 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, information on general safe practices obtained

from manufacturers, dealers· and accessory sales personnel, and ~he general
safety and health literature.

36



BEGINNING

CHAPTER 4 ~ POWERED INDUSTRIAL TRUCKS

This chapter is about .the human factClrs that contribute to accidents
and hazards involving powered industrial trucks. Design deficiencies
in these. material-handling devices aie dis~ussed, and shortco~ings

in ergonomic design in particular are pointed out. In ~dd~i{on,
several factors are discussed at length that aie conc~rried ~ith the
interface between the performance ot one human task and th~ perform-
ance,of a related human task. These matters and some others as.
well are included in the concept of human factors that guided this
study, along with ergonomics.

An inspection of the Workers' Compensation records of ~ndustrisl­

truck accidents in Wisconsin 1972-1975 showed what were the most
crucial kinds of accidenbs 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 Co~pensation

cases revealed Some i~portant patt~rns of ac~ident~occurrence for
the different kinds of trucks. The findings from the Workers' .
Compensation investigaiions yielded the list of topics to be ·studied
in the field. .

During the observations of equipment in use and during the many
conversations we had with powered~industrial-truckdrivers, ped~strian

co-workers, m~chanics, 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 thatw~rkersinvolved in industrial-truck oper­
ations are often highly experienced, but usu~lly have had rather
little training. We also found the vast majority of trucks in use
to be surprisingly old. Give~the jize and prominence of the firms
we visited. we suspect that our sample was above national means and
medians 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 a~ong workers in shared tasks and spaces, and
blocking whe;els 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 m~lfunctions and d~sign~weaknesses rel~ted to these, inadequate
~afety devices, visibility, and such ~uman-factors design ~eaknesses
as .ake-tb-make differences in the m~gns of actuating servic~-brakes

on standup ,rider trucks, cra~ped driver compartments, and hard seats
tha~ -may also lack thig~~s~?poit ~rid lower-back support.'

OSHA and, ANSI standards ~elated to the thirty-eight fa~tor~ were
examin~d,and it wotild appea~ that most of the factors are addressed
both by clauses of standards and by emphasis during OSHA inspections.
Some points not addressed by clauses of the standards are also
cl~imed to be inappropriate ~atters foi standards writing. Some
rather minor changes are suggested for existing stand~~ds; however.

Poss,ible s~bjects for furth~r fruitful study are intimated in all
phases and levels of interest in forklift operations. Th~re are'
iss~es of inte~est for the sakeof'scientific understanding of
forklift hazards; other issues are related to the goal of further
clarifying standards and establishing guidelines by which employers
and drivers can riomply with the standards;~ome other topics seem
helpful toward equipping 'inspectors to identify the
crucial hazard-making factors at their points of origin. Other
topics yet would ~e imp6rtant for direct ac~ident~pie~ention efforts
by ,plant managers and by truck-designers. And there are some items
of research-and-development inter~st directed towatd raising the
state of the trade in the ergonomics of trucks iri use.

This study yields some important conclusions: (1) ergonomics, or'
any other rather small set of factors~ 'cannot at this juncture
b~ shown t6 bea pri~ary element in'the etiology of forklift hazards
and accidents in gerieral. There are too many factors, too many
w~ys in whi~h they can combine to pioduce hazards and accidents,
and too many conditions that ~ary too widely from one plant to the
next. Nonetheless, ergonomics cannot be dismissed 'from attention.
(2) there are therefor no simple causes and hence no si~ple solutions
for the Industrial Truck Safety Problem.
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(3) the safe and effective performance of material-handling tasks
using ~owered industrial trucks depends upon the way in which vast
numbers of persons over whom drivers of industrial trucks usually
have little or no influence. perform tasks distinct from but related
to the material-handling tasks. These tasks include both the design
of trucks and decisions about bases of pay within the plan.t. 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' COMPo RECORDS

When it was determined that powered industrial trucks. were to be one
of the three kinds of materials-handling equipment to 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 powered 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,::hey 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 {s also the caie tha~

the Wisconsin Workers' Compo coding syst'em does not adequately
distinguish between .the small bobcat-type trucks ~sed 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 bor~e out by the subsequent analisis.

Data recorded on the Workers' Compo Case History File were analyze~

to compare the frequency and severity of powered-industrial-truck
accidents to the average of all Workers' Compo cases, and of each
kind of truck to the other kinds of trucks. Figure 4-1 shows the
results of this analysis. It was found, for instance, that
accidents involving powered industrial truck~ 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 involving standu~ rider trucks and
walkie trucks. .
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Figure 4-1

POWERED INDUSTRIAL TRUCKS VS- ALL ACCIDENTS
172 - 175

Tot a 1 ~Iea'n Total fl.vCJ· Total Avg.
Money Money Healing Hlng. Camp. ,Camp.

Source Count* Pa i d* Pa i d Days* Days Days ,', ~----
All \o!-C Cases 196,612 $127,734,23f, $650 3,7W~,191') 19 6,294,276 32

All Powered Industrial 3,087 2,118,032 636 6(, ,001 21 109,880' 36
Trucks ( I . 6~:, ) (1. n) ( I . 7'},) ( I . ]%)

Sitdown Rider Forklifts 2,523 1,720,119 632 53,815 21 87,512 35
(I. H) (1.3;~) ( I .4%) ( 1 . 4 ~)

Standup Rider Forklifts 224 131 ,h2 5 588 4,609 2 I 6,031 27
(0.1%) (0 . 1%) (0 . 1%) (0. 1%)

6 Walkie Trucks 96 46,151 481 I ,771 1 8 2,380 25
'(~o . I ?~ ) «0.1%) (<'0.1%) ("'0.1%)

Endloader or Payloader 236 217,70~) 923 5,685 24 13,845 59
(0. 1%) (O.2?',) (O.2~:) (0.2%)

;~ per c e n tag e sus i 'n l'J the fir s t f i CJ u r e ' i nth e col umn a s a bas e .
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Accidents involving endloaders were much less frequent, but notably
more severe.

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
other kinds of trucks. Figure 4-2 shows the results of this analysis.
It was found, for instance, that accidents in which someone wa~

struck by items falling from the truck were proportionately less
frequent for standup rider trucks and walkies than for sitdow~·rider

trucks~ By contrast, it was found that accidents in which someone
was 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 inveat­
igafed. Five deaths were associated 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 eschew~~. Fi~ures 4-3
shows the results of this analysis. .

Next the accident-data for each of the four kinds of truck were
analyzed according to accident-type, to learn the frequency and
severity of each major kind of accident for each kind of truck.
Within each kind of truck, accident-types were assigned a rank
according to the following method: The severity-measures of . .
meanW-C benefits paid ~er case, mean healing days per case f and
mean compo days were calculated, and each accident-type was assigned
a rankin descending order on each of these measures. The 'three
severity-measure-ranks for each accident-type were averaged. ~Then

the aceident-types were ranked in dE:scending order on case-counts.
The average 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: someone is struck by material from the truck, someone is
pinned between the truck and a stationary object, and third, someone
is struck by a moving part of the trunk. For walkie trucks, the top
three were: a pedestr~an is st~uck by the truck, overexertion-type
injuries, and someone falls onto or against the tru~k. For end­
loaders, the order was: pedest~ians 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:
TYPES AND SOURCES

All Sit - Dow n Standup Endloader
Powered Rirlf'r Rider ~/alkle or

Trucks Trucks', Trucks'" TrucK s,', Payloader-'<

ALL TYPES 3,079 2,523 224 96 236.--

Struck by material from 11ft-truck 218 201 5 3 9
(7%) (8%) (2% ) 0%) (4%)

Caught between moving & stationary 432 346 55 16 15
object ( 1,,%) ( I 4%) (25%) ( 17%) (6~:, )

St r uc k by mo v i n9 par t 0 f for k 11ft 493 422 18 I 52
( 16%) (17%) (8%) (1% ) (22%)

Struck pedestrian (in the plant) 711 617 46 20 28
(23%) (24% ) (21%) (21% ) (12% )

Truck overturns or tips 39 33 0 0 6
.f:'- ( 1%) . (1 %) (3% )
N

Collision with stationary object 215 166 24 2 23
(7% ) (7% ) ( " %) (2% ) (10% )

Fe 11 from lift-truck 84 63 7 I 13
( 3%) (2%) (3%) ( 1%) (6%)

Ove rexe rt Ion 148 108 10 23 7
(5%) (4%) (4 %) (24%) (3% )

Caught in or struck by mechanical 59 36 12 0 11
pa r ts (2% ) ( 1%) (5%) (5%)

Bumped into or fell against 312 243 16 7 46
( 10%) (10% ) (7% ) ( ]%) (19% )

Mechanical failure 18 17 1 0 ',0
( 1%) ( 1%) (0.4%)

Fell with lift-truck 11 10 0 0 1
(0.4%) (0.4%) (0.4%)



Table of Predominant Lift-Truck Accidents - P. 2

All Sit-Down Standup Walkie Endloader
Powered Rider Rider Fa rk or
Truc~ Trucks Trucks Trucks ~Ioader

Collision wIth movIng vehicle 26 20 5 0 1
(1% ) (1% ) (2% ) (0.4%)

Struck by object handled by injured 57 30 12 14 I
(2%) ( 1%) (5%) ( I 5%) (0.4%)

Load shifted 12 12 0 0 0
(0.4%) (0.5%)

Sudden stop 18 II 1 I 5
( 1%) (0.4%) (0.4%) ( I %) (2%)

Othe r types 226 188 12 8 18
.j:-

\ ]%) (7%) ( 5%) (8%) (8%)
(.,J

*Pe rcentages using the first figure in each column as a base.

'-,
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Figure 4-3

TABLE OF FATAL ACCIDENTS INVOLVING
POWERED INDUSTRIAL TRUCKS

Sitdown
Riding

Fork Trucks

Pedestrian struck by
industrial - truck

Cauqht in or struck by
me c han Ical par t 0 f
truck

Fall with truck

Struck by ariother vehicle

Struck by material from
lift truck

Electrocution 0

Endloaders
or

Payloaders

o

o

Caught between a moving
and a stationary object

TOTAL

o

5

44

2

6



Figure 4-4

S I TDO\.JN nI DER FORK TRUCKS - PREDOMINANT ACCIDENT TYPES
ACCORDING TO COMBINED FREQUENCY & SEVERITY

Total Mean Total Mean Total Mean
Case Money Money Healing Heallnq Camp. Camp.

Accident Type Coun t Paid Pa I d ~a'ls Days _ Days ~ Rank
- -

.A l L. TYPES _ 2,523 1,720,119 682 53,815 21 87,51i 12.
Struck by material 201 172,428 I ,626 5,678 28 17, I 20 85 l.

from forklift
Caught between forklift :;46 292,823 846 9,758 28 14,527 42 2

& stationary object
Struck by moving part 422 278,569 660 8,640 20 13,585 32 3

of forklift
Truck strikes pedestrian 617 372,325 603 11,796 19 16,907 27 4

( in the plant)
Forklift tips 33 32,671 990 913 28 I ,759 53 5
Collision with statlon- 166 90,646 855 3,332 20 4,069 25 6

ary object
"~I Fe II from forklift 63 59 ',756 949 I ,054 I 7 4, I 37 66 7

,Ove rexe rt Ion 108 80,218 743 I ,932 18 4,357 40 8
iCaught In mechanical 36 28,046 779 627 17 I ,968 55 9
J

par~s or struck by
mechanical pa r ts

Bumped I n to. or hI 1 243 99 ,6 97 410 ,3',645 I 5 4,423 I 8 1.0 ...
against

Mechanical failure I 7 II ,765 692 442 26 430 25 II
Fell with forkll ft 10 ' 7, I 19 712 21 3 21 608 61 12
Colli s ion wit h rna v I ng 20 12,697 635 38~ 19 602 30 13

vehicle
Struck by object handled 30 7,204 240 366 12 324 11 14 .....

by i nj u red
Load shifted 12 4, 198 3.50 175 15 170 1ft I 5
Sudden stop II 3 ~ 817 347 166 , 5 15ft 1ft I 6
Other types 188 166, '40 88ft !-I,~92 25 2,372 I 3

..

-\::
'-'\



Fi~ure 4-5

PEDESTRIAN-CONTROLLED PO~fRED IHDUSTRIAL TRUCKS (IIWALKIE" TRUCKS)

PREDOMINANT ACCIDENT TYPES ACCORDING TO COMBINED FREQUENCY ANn SEVERITY

Total Mean Total Mean Total Mean
Case Money Money Healing Healin~ Compo Compo

A(;..£.Ld~JU.....!Y~ Coun t Paid Paid Days ~s_ Days Days Rank--- ---
~ ~' "

All TYPES 96 46, 15..1_ 481 1,771 18 2.380_ 28-------
Pedestrian struck in plant 20 19 • I 76 959 7lt5 37 I .023 51

Overexertion 23 17.892 778 564 25 929 Ito 2

Fe 11 onto or-against truck 5 I ,133 227 - 74 15 77 I 5 3

Struck by object handled 14 2,458 176 118 8 98 7 4
by Injured

Collision with stationary 2 I , lit 9 575 48 21t 67 34 5
object-

Cau~ht between a moving 16 2,264 142 110 ] 89 6 6
and a stationary object

Sudden stop I 463 - 463 26 26 26 26 ]

Struck by movin~ part of 2 300 150 22- I 1 19 10 8
truck

Bumped Into truck 2 494 21t] 15 8 12 6 9

Struck by load falling 3 a 0 0 0 0 0 10
from vehicle

Other types 8 822 10J 49 _ 6 ~O 5

-t:
G""



Figure 4-6

TAB LEO F Aex IDE NT S INVOLVING ENDLOADERS

Total Hean Total Mean Total Mean
Case Money , Money Healing Healing Compo Compo

Accident Type Coun t Paid Paid Days Days Days Q.!ys

236
"

5.685 2lj 13 • 8lj 5ALL TYPES 217.709 922 S9-
Pedestrian struck by 28 56,982 2,035 c 699 25 ".olj3 14lj

end loader

Struck by moving part 52 32,732 629 I .204 23 1.670 32
of endloader

Struck by materi~1 9 16.72" 1 , 858 416 "6 :3, 19 I 396
from endloader

Fe It from endloader 13 17,098 1 .315 523 "0 991 76

Caught in ,or struck by 11 20,729 1,884 472 43 7lj 4 68
mechan I c;:a I pa rts
of endloader

Caught between a moving 15 12,413 828 502 33 634 42
'and a stationary

object

Bumped Into endloader 25 I I ,52lj 461 lj87 19 556 22

F~ 11 against endloader 21 10,696 509 402 19 455 22

Col I Is Ion wit h a 23 7,401 322 224 10 19 I 8
stationary ohJect

Overexertion 7 8.565 1 ,224 196 28 496 71

Sudde.nstop 5 7.095 .',J,419 197 39 449 90

Endloader tips 6 4,969 828 162
,

27 237 ItO

Various other types 21 10,781 513 201 10 188 9

-1= '. j '," \ ,<
-.I



Figure 4-7

STANDUP RIDER FORKLIFTS - TABLE nF PREDOMINANT ACCIDENT TYPES
ACCORDING TO COMBINED FREQUENCY AND SEVERITY

Accident'Type
Case
Co un t

Total
Money
Paid

Mean
Money
Paid

Total
Healino

Days

Mean
Heal i n9

Days

Total
Compo
Days

Mean
Compo
Days .. Ra nk

~edestrl~n struck in plant 46

Co11i.sion·with stationary 24
obj ect .'

All TYPES· 22!j 131 ,625

35,268

29,453

588 ' :

767

1 ,227

4,609

I ,226

733

21

27

31

6,031

I ,637

I ,582

U
36

66 2

Cau~ht.,b~t~een a moving 55
and a stationary object

Struck by moving part of 18
truck.

Stryck by obj~ct handled 12
by' injured

30,378

11 ,553

5,629

552

642

1t69

I ,256

421

265

23

23

22

1,277

558

256

23

31

21

3

It

5

Struck by·.load falling
from vehicle

Collision with movino
vehicle

Caught in parts of lift
truck

Fell from equipment

Mechanical failure

Overexertion

Bumped into truck

Fell against lift truck

Othe r types

~

5

5

12

7

10

"
5

13

2,899

2 ,69~

2,071

I ,732

I ,337

2,573

2,485

I ,324

2,224

580

540

173

247

1,337

257

226

265

171

9(1

116

91

78

16

81

91

41

104

1e

23

8

"
16

8

8

8

8

159

143

·85

69

16

66

71

35

77

32

29

7

10

16

7

6

7

6

6

7

8

9

10

11

12

13



shuffled again: pedestrians are struck by the truck. the truck
collides with a stationary object. and someone is pinned between
the truck and a stationary object.

Next. part-of-body-affected an~ nature-of-injury data were examined
and recorded for each major accident-type within the kind 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 ~ere encountered. however. (see above Chapter 3)
and for this reason further statistical analysis was abandoned.
Simple counts' were relied upon instead to indicate the significance
of import~nt patterns of accident-oricurrence. It is ,inte~esting to
note. however. that the causal reports indicate the true involvement
of powered industrial trucks in accidents 6n the job may b~ a~ much
as twice as great as what is recorded on the Wisconsin W-C Case
History File.

The causal information reveals that loads falloff sitdown rider
trucks and strike bysta~ders somewhat more often than t6ey strike
helpers and drivers. It is noteworthy also, th~t att~chments and
overhead canopies themselv~s falloff 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 extr~mities

rather often as well; The major pattern wit~ respect to pei~6ns

struck by a moving part of the truck turns out to involve co-~orkers

resting hands 6n part of the lift mechanism while riding on the~

forks or the load or an .empty pallet, or while standing and t~lking

with the driver. (for other interesting patterns related to the
remaining accident-types, see McPeek, 1976)

With respect to pedestrian injuries involving walkie trucks, the
causal information w~s rather unenlighiening. 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 infDrmation regarding endloader-accidents was quite
un~nlightening as regards pedestrian accidents, and those accidents
in which someone is truck by a moving part of the truck. The load­
falling~off ac~idents, 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' little causal information as could be strictly matched with
sta~dup rider trucks with regard to pedestrian accidents an~

collisons with stationary objects revealed no clear patterns;of
accident-occurrence. In the case of pinning someone against a
stationary object, however, it 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 drjver appeared to have been dangling a
lower extremity out the back of the truck.

' ..
METHODS AND PRELIMINARY FINDINGS IN THE FIELD~

It became clear early on in our attempts to contact plants to visit
fdrobs'ervation of powered industrial trucks in action that we would
b~ unable to choose plants according to type or make or model of
truck w~ might wish to observe. We also want~d to view as ~ide a
vari~ty of makes and m6dels and attachments as possible. (Cf. above,
Chapter 3).

Accordingly, it w~s decided to draw up a list of topics for dicussion
with workers and plant engineers and plant managers that would
apply ~o industrial trucks quite g~nerally; we decided also that the
l{~t of topicSWduld need to be as brief as possible. The actual
list is given above in Chapter 3.

W~ a~fed our discussants to talk about hazards and factors that
could contribute to acciderits. and we deliberately broached topics
i~ a vary broad, general manner. ,We did not ask them directly about
a~cidents. This was done to elicit as wide a ~ange of information
is ~ossible in as non-threatening a way as possible; This approach
is called for by the model of hazard management that guided this
study from its outset. (see a~ove, Chapter 2. and Coleman ~nd Smith,
1976). Some degree of content-validity of worker-mentioned hazards
was assured by conducting our conversations at or very near the site
of our discuisants' tasks, so that workers could demonstrate the
problems they talked of.

The W-C cgusal infor~ation and some previous experience had ind~cated

that. if there is any such thing as the Average Indust~ial Truck. it
is a ,sitdown rider truck powered by a gasoline or LP Gas engine, of
two Or two-~nd-a-half ton c~pacity. We suspected that standup rider
trucks (mostly.electric powered) and walkie trucks (almost all electric) •
would be found in numbers equal to each oth~r, but each less common
than the sitdown rider truck. Less frequently used yet. we surmised,
are side-loading fork trucks and order-picker trucks. We ,ware 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; 18% were standup rider trucks.
18% were walkies, 13% 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 aboutindustrial-·
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 a firm that manufactures aluminum wares, and the third
is a non-store retail d~stribu~ion center for a large mail-order
firm. The manufacturing plants include a maker of non-powered
hand tools, an alumimuri-rolling mill, a maker of brass fixtures,
a milling-and-assembly plant fo~ engines that power ele£tric
gen~rators, 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 ~nloading incoming raw mate~ials at various buildings in­
the firm. -

We talked with 146 workers: 22 drivers of industrial trucks in
loading-dock operations, 62 i~dustrial truck drivers engaged in
supplying and picking up from production work-stations, 40
i_ndu~trial-truck drivers engaged in warehousing operations (trans­
porting good from receiving to storage,_ placing goods in st~£ks

and racks, rotating warehouse steck, selecting items for shipping
orders, transporting goods from storage to shipping), 11 pedes-trians
working as production workers or clerks who have occasion to inter­
act with industrial trucks, and 11 mechanics who maint2in the trucks.

We observed lla individual trucks of at least 10 different ma~es

spanning the alphabe t 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 to be quite 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 in the tasks demanded by their present jobs, and 25%
of them had had 10 years' experience or more. Since a recent study
shows the critical experience-value to be 0-12 months (Hart 1976)
no analysis of hazards by experience of discussant was attemvted.
We also found no important connection between length of experience
and value of the information offer~d.

We found that only 23% of the drivers we talked with had received
formal training for their industrial-truck tasks, and the number
of hours in the classroom varied from I (taken up by a written test
and not by instruction) to 16; some programs were administered at
the plant, so~e by loc~l vocational schools, and some by truck­
manufacturers. Some training programs were spread over a4-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 retei~ed 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 "light" tasks under low-presssure cor.ditions.
The a rna unt 0 f 's up e r vis e d "p r act ice" did not a p pea r rei a t e.d t a
previous experience: only a tenth of those who received on-the-job
training said they had had previous 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 local 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 wtth
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
les s than 18 man ths from the dealer, and the vas t maj ori ty ,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 ~ame plant, at least one other truck was observed that had
over 70,000 hours on its meter. In .another plant, trucks were
observed in regular daily use hauling melt from furnaces to pouring
station~ in a foundry. It was not known precdsely how old these
were, but they were thought to be of World War IJvintage.
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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 not more.
The plant that appeared to have the lowest average age of iruck
owned none more than eight years old--but the plantitsel~~as.

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 Df truck
malfunctions, difficulties in maintaining the trucks in top operating
condition, and the state of the art of ~rgonomic design 6ftrucks
as drivers actually encounter it.

SOME COMMON FACTORS

Notes from the field observations and from the conversations w~th

drivers of industrial trucks, pedestrian workers, plant engineers
and safety personnel and managers, were analyzed with xespect 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 loses control of the truck; (6) discomfo~t,

aches and pains in driving an industrial truck; (7) driver falls
with the truck; (8) collisions between industrial trucks and other
moving vehicles; (9) industrial truck coll~des with a stationa~y

object; (10) co-worker falls from the truck, or pinches his hands
in a part of the mast; (11) co-worker or driver falls from" the
truck; (i2) items fall from stacks and racks; (13) indus~ri~l Xruck
stri~es or pins pedestrian, or else collides with another movin~

vehicle; (14) worker's hand pinched between fork and carri~ge, or
else a fork falls on the worker's hand or foot; (15) ~he truck tips,
and/or the load. falls off; (16) the truck strikes or pin~ a .
pedestrian, or else collides with a stationary object; (ll) a number
of different hazardous events infre~uently mentioned that had not
been initially sought after in the field work; (18) a numbe~ of
different factors that were mentioned. as contributing to more than
one-kind of hazardous event, but not anyone kind in particular.
Where a factor was mentioned as contributing to two or more specific
kinJs of hazardous events, 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 items that per
force appeared in the last category. It was felt that several of
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these {terns have a grea~ de~l of explanatory value that could be too
easily overlook~d in the context of this sort of analysis. Another
consid~ration w~s the technical interest afforded by items in the
seventeenth category, and the importance of factors mentioned under
those headings in" explairiing several sorts of i~dustrial-truck

safety problems from a systems point of view. A third and p~obably

wei~htiest consideration was the fact that. as the analysis proceded.
it became clear that a l~rge number of factors mentioned in connection
with bne 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 factorsi
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
plant~. including such matters as worker training. maintenance of
the trucks, availability of acce~sories and attachments. and the age
of the trutks 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
wheel~ ~f highway trucks and railroad cars; (e) observable charac­
teristics of the task-site. including such matters as crowded.
cluttere~ ai~les. heavy concentrations of traffic, and the cond~tion

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 tr~cks thcmselves~ including brakes.
leaks in hydraulic systems and transmissions. safety devices,
emissions from the trucks, anthropometric and ergon~mic design
features, visibility problems, and rider confusion about controls.
Figu~e 4-8 provides a full list of the thirty-eight factors dlsclosed
in this analysis. Within each of the 5 categories. factors are
presented roughly in descending order of combined frequency of
appearance in the Workers' Compo causal data and in the notes,of the
field conversations.

In the course of analyzing the notes of the field conversations.
care was taken to distinguish among factors that have their o~igin

during the course of workers performing their materials-handling
tasks. factors that have their origin somewhat before workers begin
th~ir material~handling tasks. and factors that have their origins
at rather greater spatiotemporal remove from the actual materials­
handling tasks~ ~his analytical step was prompted by consideration
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of the nodel 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 dire~tly engaged in the tasks at hand is 'to be examined in te~ms
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 aifect the safe and
effective accomplishment of their tasks, see, the sections above in
Chapter 2 devoted to these matters.

During-the-task factors would include matters like a':d~l.,;,er's backing
his truck up wi thout first looking behind him, warning ,others of one's
presence, and be~ween-task matters such as reaching into the ~ngine­

compartment of the truck to perform 'a service-adj-ustm'ent to the motor,
adjus1=ing the width of the forks, changin~the fuelt'ank ,o,r the
battery--in short, most oi those itemsincluded'under 'the he~ding

of behavioral/operational requirements of workers. i'n, t'heir materials­
handling tasks. It should be noted, however, that severai fa~tors

t hat in t era c t wit h theseduri n g - the - t ask fa c tor s h a v e, the ira i i gin s
either just before the workers initiate their material-'handling tasks,
or in some decision or action ,or ~mission that occurre~ even more
remote from the task.

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 close:y 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, load in particular.
Examples of just-before-the-task decisions that can contribute to
hazards would be the decision of a foreman or supervisor to handle
large rolls of paper with a standard carriage-and-forksattachment
while the clamp-truck is down for repairs, or the decision of an
industrial-truck driver to request a co-worker to rid'e on an out­
sized load 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 l6ad include its
size, its weight, its center of gravity, and the way it is palletized.
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Figure 4-8

Thirty-Eight Common Factors In Forklift Hazards

A. Systems - Features of industrial-truck operations in plants.
1. Training of workers for those portions of their tasks that

invblve interaction with indus~rjal trucks.
2. Production-speed stress.
3. Availability of tools & atachments & accessories.
4. Assignment of trucks and drivers to each other.
5. Maintenance of trucks.
6. Pay-scales and Job-Prestige Levels.
7. Age of trucks.

.,.

B· 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 th~ truck, load, 3are Forks

or Empty Pallet.
5. Walking and working in the General Area of Lift-Trfick

Operations.
6. Commun~cation during shared tasks, or in shared spaces.
7. Parking the truck.
8.Blocking wh~els on semi-trailers and railroad cars, checking

on blocking and bed-surfaces.
9. Non-required behaviors--Horseplay, showoff driving, jerky

driving.
10. Generally attentive operating.
11. Servicing the trucks.

C. Observable Characteristics of the Task-Site.
1. Narrow aisles.
2. Crowded, cluttered aisles.
3. Intersections and doors.
4. Concentrations of traffic .

. 5. Condition of the driving surface.
6. Environmental conditions -- noise, obnoxious odors,

toxic gases, dust, lighting.

D. Characteristics of the Load.
1. Poorpalletizing.
2. Pallets in poor repair.
3. Load is too heavy.
4. Load is inherently unstable or blocks vision.
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E., Features of the Trucks.
1. B-rakes.
2. Steering.
3. 'Malfunction of clutch,shiftlinkage, or transmission.
4. Malfunction of speed-and-direction switches.
5. Leaks in hydraulic systems and/or transmissions.
6. Driver vision.'
7. Ergonomic design features.
8. Safety devices lacking, inadequate, or malfunction.
9. Emissions from trucks.

10. Driver confusion about controls.
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The more remote factors include a wide range of matters that are
typically de~ided 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 trai~ing pro~ided 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
maladaptfve 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' Compo causal information and the field­
observation ~otes, 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 looking first, was
cited in the Workers' Compo records and in the field notes as bei~g
involved in actual and potential collisi~ns, whether with stationary
objects or pedestrians or other moving v~hicles, in the load falling
off the truck, in the truck tipping, in the truck and driver falling
off of the dock, and in discomfort of the driver i~ operating the
truck. The process of backing up, parti~ularly without looking, ~as

mentioned as combining 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 load, unpredictable
pedestrian behavior, traffic concentrations, malfunctions of the
truck particularly in the brakes, slippery or uneven driving surface,
driver confusion about controls particularly the means of actuati~g

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 nffered by lift-truck drivers. toward explaining
why a driver might back his truck' up without looking. For one rna·tter.
a worker noted that one tends to get a s~iff neck from turning around
to back up w~th a sitdown rider truck; even when one does turn around
On such a truck. he cannot turn a full 180 0 from the normal driving
position. One must turn toone side or the other. and thus can miss
important visual information from his blind spot. One might also fail
to turn around to look while backing because he is at~ending to
obstructions or other problematic conditions on one side of th~truck

or surrounding the load. Another worker explained that it is rather
Common for a driver to be involved in a task that requires several
maneuvers of backing and going forward. The driver IDay check for
traffic and obstructions Just prior to the first backing IDaneuver
but not before the second one because he has just checked a few
seconds ago.

This researcher also n.oted that forklift trucks care almost never
equipped with any sort of. rearview mirror.

Turnin·g--
Th~s operational requirement also appears problematic. and the chief
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 be 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 hazard"S"
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 ment~oned 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 trticks 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 unloaded 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 plant 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. If. for
instance, an up-line production process is markedly faster or is
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Rroducin:gcan item -o.t'her, than what is needed by dow.n-line work­
stationsr,the up-li'ne process can quickly swamp the interim in­
process sto.rage space allotted forcing the fo.rklift driver to
makeextrat'ri,ps ·to e.xtra length,,~t.() ;pick up ,from the one ;.w.or·k-.
station and. ·st·i·ll:.keep pace .wLth.... the, needs of. ~the down-line
stati'ons ....Acco.rding to the:.d.:i,s:cu.ssa':r!.t·s, ,the· for-klift-dr.ive·r' s
reaction .tothis kind .of str~ss is to hurry up. and to omit
safety-,st'eps like:. ~low.ing ~do.w:,n.. ,for turns, stopping at intersections.
lowering ~the loa.d, .be.f.ore tryin.g t;o·,tu.r-n··t.he tr;ucJ:(.", a,nd :.50] .on.

Establishing and ::aintaining Communication--
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' Compo records or in the field observations, it made its
appearance in both sources of information. and its importance
became quite clear in analyzing information from both sources •

. 'Workers' Compo reco~ds show a number of cases in wh~ch a pedestrian
worker was struck or pinned by an industrial truck while the.
pedestrian's back was toward the truck; injured pedestrians report
that f~rklift drivers have failed to warn them of the truck's pres­
ence; discus~ants report that pedestrians workers do not always hear
oi heed the warnings drivers .may give.

Workers' Compo 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 move~ the mast or the truck
unexpectedly. Discussants also mentionGd the hazards of a co-worker's
hand becoming caught in the clamp or .scissors of a push-pull a~tach­

ment. and the load falling off or else the truck tipping as a driver
attempts to evade a pedestrian.

Lack of effective communication among workers sharing the same general
area or the same task can 'combi~e with and be exacerbated by a list
of other factors that is nearly endless. Narrow, crowded aisles,
the presence of blind interse~tions and doors, visibility as a
feature of the truck or the truck-load combination, noise in the
plant. quiet-operating electric trucks, workers wearing ear protection,
warning devices on the t~u6k 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 give 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 to
pedestrian workers who are not part o'f the, traffic; warning ligh'ts
and horns are sometimes inoperative, due to poor maintenance of these
items; some trucks lack horns altogether, and rather few truck~ are
equipped with ,Yarning lights or backup bells or backup sirens.
Discussants mentioned that a driver might be ,unaware of these problems
if he has failed to check out his truck before beginn~ng his tasks
with it, or if he is inexperienced. '

As reasons why warnings given a~e not always heard or heeded by
pedest,ri,ans, discussants mentioned that pedestrian workers may be
absorbed in their ~wn 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 technic,al
aspects of industrial trucks like stopping distances and,limitat~ons

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,establishment
and mai~tenan~e of effective communi~ation among workers sharing ~he

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 operations
that involve complex sharing of tasks between a lift-truckdriver
and a pedestrian co-worker. When one mGmber 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 allan his own.

Another technically interesting ,impediment involves right-of-way
rules. A foundry we vis,ited transports molten metal from the furnaces
to the pouring stations in ladles hauled by industrial trucks. In
this foundry, the trucks ha~e the right of way when they are 10ade4
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 directly
by researchers during the observations and conversations, little
illumination 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 carB to:prevent
these vehicles from moving while they are loaded or un10adedby
industrial trucks is a task required to be performed by ~ections

(k) and (m) of th~ OSHA standard for industrial trucks (1910.178).
Section (m)(7) also requires ~hat the bed-surfaces of highway
trucks ,semi-trailers, and railroad cars be checked b,efore driving
industrial trucksohto them. ·Yet these things are not alwaYB done,
a~d even when they may have been done, the driver of the indus~rial

truck is not always 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 railr'oad ccar,
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 highway truck.

The failure to block wheels, to check on blocking, to check on the
condition of bed-surfaces, and to inform th~ industrial-truck driver
can oCcur in combination with conditions like too-light dockplates,
slippery do~k driving surface, and a slippery surface under the semi­
trailer to produce accidents in which an industrial-t'ruck driver
falls with his' truck. It also happens that the dolly-wheels of semi­
trailers collapse with an industrial truck inside.

Discussants told us that in their plants, no one checks on these
things. In some p~ants, drivers of highway trucks are assigned the
task of blocking the wheels, and in some plants, signs are posted
in the loading/unloading area to remind them of this responsibility;
but in these same plants, we were told that no one checks up on
these matters. We encount~red only one plant in which responsi­
bility for checking was clearly assigned. Discussants also mentioned,
in several plants, that Mheel blocks were simply not available in
the plant at all. Discussants mentioned further that: unless someone
el~e makes hi~self responsible for checking the blocking of wheels
and the bed-surfaces, the industrial-truck driver must get d~wn off
his' truck to check--but even this cannot be done when cushiQn, doors
are used on the loading dock.

Somewhat before the Task

As mentioned above, factors that arise a rather short time ,before the
task can include two ~ub-ty~es of factors: (a) decisions of dXivers,
co-wDrkers, foremen and supervisors about how and when the task is to
be done (b) certain conditions, primarily conditions of 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 to more or less
at a moment's n~tice.
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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
a 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 an 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. DiB­
cussants mentioned that co-workers are occasionally asked to. rid~

on the back of a truck to act as two-legged counterweight whentbe
load is somewhat above the truck's capacity. Co-workers are ask~d

to ride on the load itself sometimes to help stabilize it wheh~t is
much longer than the forks, very wide, or consisting 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 tru~k in
wh~ch the load is so messy that unloading in the conventional way by
industrial truck cannot begin immediately. Inventory is also 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, so 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 is 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.
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LO,ads are Overweight"Outsized, Inherently Unstable, or a Block to
Driver Vision--,
These conditions of the loads that industris1-truck drivers must
transport are matters that can change from one trip of the fo,rklift
to,the next, and must be adjusted ,to 'more or less, on the spur-,cf the
mome~t. These conditions can lead to the load falling ,off ~n a

- he'lper or: bystand~r, the truck tipping e'ither forward' or to its
side, to the helper 'falling off the ,truck (see just above)" to the .0

h~lper catching his hands in part of the .1ift-mechanism. (see above).
',' ".

The }actors that ·can combine with these conditions of the load are
.qui,te varied: the list incluAes such operat.ional mistakes as car.rying
the load too high, travelling too ,fa.st for conditi.ons. turning too
fast. not getting the ,forks far ·enough under the load, and swerving
·to avoid a pedestrian; conditions of the.· workplace ,are inc1ude,das

__ well, such as narrow, cluttered aisles" slippery, .or 1itt'ered or
uneven driVing surfaces; facets o~' the truck figure in as well"
such as its being equipped with forks th~t are too short for the
'load; or with an attachment inappropriate for the load such as
stand~rd forks 'tQ han41e large ro11~.of paper, or malfunction of the

L~ttuck-'s- b·rake.s or clutc,h or tr,ansmissioI"\ or hydraulic system 'or· mast
chains, or differen,cesof design between makes of t.ruck that, render
itp'0s.si-ble for a driver to become, confused about some asp-ect- of
the c:oD'trols, particularly how to actuate service brakes, or the
visual obstruction p,re~ented by the lifting attachment, parti,cularly

,a' push-pull attachment.

Implicit in our responde~ts' discussions of these problematic load
conditions was, the same. reason ,that they gave to explain why co-workers
are asked to ride on the truck or theload--viz. that equipment
appropriate and adequate for- handling these loads is sometimes (in
some plants, discussants seemed to think the equipment is always)
unavailable.
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Load~ are Poorly Palletized--
Poor palletizing of loads is itself 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 it~rns 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
ported. The wei~ht of the load may Oe concentrated
on one part of the pallet; items can be stacked ana pallet so
that part of the load overhangs the pallet. The load can consist
of slippery items, like cartons coated wi~h oil- 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 move~ent, or are not secured
to the pallet, and are ~ot handled in special palletizing contain­
ers, they can present pro,hlems. The hazards to which poorly pal­
letized'loads contribute include, obviously enou~h, the load fall­
in~ off the truck. But poor palletizing was also cited as contri­
buting t~ the truck's tipping either forward or to the side, and
to part of the load hangin~ up on nearby objects, as well as items
fal~ing from stacks and racks. .

. ~ "

As compounding factors, discussants mentioned operational rn,tt~rs

like cornering, carrying the load too hi~h, attempting to avoid a
pedestrian, physical features of the workplace like narrow aisles
and littered or slippery or uneven driving surface, Door 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 discor.:fort. in operating
the truck. Differences in design between makes of truck
can contribute to driver confusion about the controls. Discus­
sants mentioned ilso that a pallet t~at is itself in poor repair
with boards missing or broken is an important compoun~ing factor.

Discussants reveale4 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
~re often hidden underneath loads, and items overhanging t~e

pallet can be obscured by nearby pallet-loads and on a side of
the load away from the drive~'s direct line of vision. This fa~t

would explain in par~ why su~h unsafe loads are actually handled.

Discussants left researchers with the distinct feeling that
drivers of industrial trucks often find themselves without the
necessary time or authority or assistance to correct poor pallet­
izing when they aze able to rcco~nize it prior to engaging or
carrying. the load·. Drivers seer.'l to feel that most of the time.
they have no choice but to carry such unsafe loads in their
unsafe condition. If indeed true, this also would go a long way
in e}=rlaining why uns'afe 'loads are sometimes transported., There
i~ often nothtnr- left for the driver to do but "grin and bear it".
as the say i n,g go e s .
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Discussants offered some reasons why poorly palletized loads
are encountered. One important fact is that ~oods Jo shiLt and
set t lei n h i gh \J a y t r u c ks 'a n d r a i I r 0 ad carsin t ransit. Anot i\ e r
is that durin~ busy seasons, goods come in and go out of the'
plant inpreater quantities ~nd at a quicker pace than normal.
Under such conditions, palletizin~ procedureitend to deteriorate.

A chance discussion ,between this researcher and a highway-truck
driver (unfortunately 'not recorded} revealed several other inter­
esting matters: the manual materi~ls handlers typically assi~ned

to load and' unload highway trucks and' to place objects on pallets
are usually low-skill workers who are at the bottom of job-pr~~ti~e

and wage scales in the plant. ![anual materials-'nandler appears ~.

to be typically a low-pay, high turnover position for which workers
are typically not t'rained and poorly supervised. This driver
I" epa r ted t,il at in 11 is ex per i e n ceat s eve r alp 1 ant s, the WO I" k e r s
who form loads on pallets either do not know how to palletize pro­
perly or do lIot care. They are ty'picaliy not si10wn 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-doing work poorly
done. If this is ~enerally the case, as it seems to be, it can
explain why poor palletizillr occurs, and can also exnlain why
'io':i'ds can shift and sQttle in highway trucks c!urinf: 'transit.

Littered and/or Slippeiy nrivin~ Surfaces--
WorkQrs' Compensation records and field conversations show these
kinds of conditions to be involved in such unhlppy events as
drivers losing control of their trucks, trucks tippin~ over ori
their sid~s, pedestrian workets slip~in~ and falling, walkie-truck
operators slippin~ and fallin~ and hein~ struck by the handle of
their own trucks, the load'fallin~ 'off, and the steering wheQl
or handle breakin~: free of the driver's hands and striking him.

Compounding factors menti'oned incIucf' s'uch operatio'nal'require­
ments as backin~ up and turn{~g, suc~ oper~tional mfitakes as
travelling too fast and trlv~llin~ with forks or loaa~ar~ied too
lIigh, or travelling forward wit;l load blocking vision, .ind"'such
physical features of the workplace as narrow and cluttered, a'isles,
blind intersections and doors, and illumina·tion. Also ;nent'ioned
was a feature of plant operations-dpsirn, viz. concentratioris of
traffic. Litter on the floors was said to conhine with certain
design features of tile trucks 'to producp. driver discomfort: the
lack of sprin~s anc: s:,ock absorLf!rs i'n truck sus'pensions, hard
seats', and desi~ns in \~hic:l the ciriver is to stand and steer' by a
lever at>his side.

The sou r ce's a f 1 itt e r an d s lop 011 t he flo a I" we I" e s aid t 0 1J e t he
industrial processes themselves that perieiate debris. It was
also mentioned, however, that rain and snow sometimes blow onto
the loading dock from outdoors, and that objects stored outdoors
and then brou~ht in bring ,.. ater and J:lud \lith them,' and' on the
tires of ti\~ industrial trucks. It was also frequpntly noted th:3t
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industrial trucks themselves sometimes leak transmission 011 and/or
hydraulic fluid.

Industrial debris on the driving surfaces was said to be problem­
atic because housecleaninr, 0r>erations were not adequate .to r~move

it before an industrial-truck driver would encounter it. Excess
metal from castings, and paper from order lists are not picked up
frequently enough, and floor-dry 1s not always spread to soak up
water or oil soon enou~h.

Leaks from the trucks were saia to stem from problems in mainta1n~

ing the trucks, primarily from the difficulty 1n 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 foregoinR discussions of durlng-the-task
factors and factors that arise somewhat before the tasks begin,
that many of the compoundinp, factors and many of the reasons why
the factors discussed arise at all can be traced to further fact~rs

that tend to arise days and weeks and months ant! sometimes years
before'materials handlers begin their concrete ta~ks in which
the factors contribute to hazards. These further factors are
typically the results of decisions and actions and omissions of
persons themselves rather removed from the actual tasks of hindling
materials with industrial trucks: managers, purchasing agertts,
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, storaie
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 call~d syste~s-features of industrial-truck oper­
ations. This group of factors includes such matters as the sys­
tem of maintenance for the trucks, the way in which trucks are
selected for use in the plant and the way in which truck~ and
drivers are assigned to each other, the training provided for
industrial-truck drivers and manual materials-handlers and truck
mechanics, and the age of the trucks in use in the plant.

Crowded, Cluttered Aisles--
Aisles crowded and cl~ttered by interim and in-process storage
are shown to contribute to five different kinds of frequent and
severe accidents: collisions of industrial trucks with pedes­
trians, with other movin~ vehicles, and with stationary objects,
oft~n knocking them onto 'someone else; the load falling off the
truck on a helper or byst~nder; driver pins himself a~ain~t a
s tat ion a r yo b j e c't•. ,

Crowded, ~luttered aisles were found to.combine with quite a num-
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ber of other factors to produce these kinds of accidents: behav­
ioral miscues like unpredictable' pedestrian behaviors, drivers
travellin~ too fast, drivers travelling forward with the load
blocking 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, aisles that are too narrow to begin with, and'
noise in the plant that prompts workers to wear hearing-protettive'
devices; truck malfunctions of various sorts and limitations to
drivers' visibility were said 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 their own set
of blind intersections, and when a driver is inexperienced, or
under pressure to hurry to supply work stations or complete loadingl
unloading tasks, he may find the aisles difficult to cope with
adequately.

Cro\.,rding and 'cluttering of a.isles by goods 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 operatioris 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 storaRe practices, the aisles were
not wide enough for two 2-1/2 ton sitdown rider trucks to pass
going opposite directions. This in-process storage was made rtec­
essary in part by the fact that the general storage areas were
filled with raw rnaterialsand supplies and objects that would not
need to be moved again on~y a few hours later. Th~re w~~ 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 riot very distant from the work-stations from ~hich the
partly-finished goods came.

In one warehouse we visited, goods were unloaded into a st3~ing

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
truck~ and plac~d in the shelves when this was possible by a
third truck of a different kind. By admission of the warehouse's
managers, ~his facility was drastically overstocked lar~ely

because the managers' superiors did not allow aCQuisition of any
more storage space or rernodelin~ of present facilities for greater
efficiency, and did not instruct the company's buyers to slow
down in acquiring new goods when warehouse space was exhausted.
Workers in this plant reported that the overstocking lead to
"temporary" stora~e in the stap,ing areas at the receiving dock
becoming "permanent", to stackin!! 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 s tor a ~; e racks . To make t h in g sw 0 r s e , workers said that
rejected and damar.ed goods were not picked up often enough by t,he
firm's suppliers, creatin~ crowd,inr in the shippin~-dock area.

In a third plant, aisle stora~e was made necess~ry by the seasQnal
nature of tile business. Even though thl' building itself was only
ei~ht years old at the time of our visit, workers reported to us
that the amount of goods co~ing in to the plant in preparation for
the Christmas busy season outstri.pped the capacity of the storage
racks, and so goods would be stacked at _the ends of storage racks
(i.e. along side the cross-aisle), and in impromptu rows, of ~tacks

in~reas that would otherwise be empty. This latter practice w,as
mentioned as compounding the proble~ already presented by receiv­
ing clerks POppil~g out of no,."here: in the nusy season, drive,rs
noted that there is more ·'no,.:here" out of which pedestrian 'wo,rkers
can pop.

.-, -',:"

Maintenance and Age of the Trucks--
Trucks that are not properly maintained are ohvio~sly more prone
.to malfunction than trucks in good condition; truck malfunctions
can contribute to accidents of nearly every conceivable kind. Tbe
truck-elements that our discussants menti6ned most frequently as
being prone to malfunction as a result of inadequate maintenance
are discussed below in a section on truck malfunctions. Our field
conversations brought to light a p,reat I~any 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 asoect of truck operations with problems, and
for that reason the subject is broached here.

Hany of, the reasons for the occurrence of poorly maintained trucks
stem in tha first instance fro~ the drivers themselves. Drivers
do not always give their. trucks a thorou~h checkout before start­
ing their tasks with the ~rucks; drivers do not always bring in
trucks with defects they. recognize when the problem arises, but
often wait for the end of the shift or lon~er; drivers sometimes
defeat certain controls on the trucks, e.g. the deadman braking
feature of walkie trucks. This feature is defeated by attaching
a length of tape between the handle of the walkie and the main
body of the truck, so that when the operator lets go of the handle
it will not fall all the way to a horizontal position that w~uld

ordinarily stop the truck. Drivers were 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 thentselves be explained by
further facts also mentioned by our discussants. Drivers said,
and some m~chanics corroborated this, th~t thei could not always
be sure to ~et their maintenance requests attended to in timely
fashion. Drivers in three plants mentioned that the maintenance
departt:1ent seems to be always "booked up" with repair requests
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that had come in p.Arlier. Drivers also mentioned: that mai"ntenance
departments do not always have the parts needed to fix ~ truck pro­
perly. They noted that particularly with old trucks, the parts
a rel ike 1 y. to b e h a r d t 0 fin dan d Ion r i n 8 r r i vi n ~ a t the p1ant.
fu the meantime the drivers must continue to use defectLve trucks.
fu a fourth plant J drivers and mechanics reported that the truck
maintenance crew was.so understaffed and poorly.equipped ~hat

almost all maintenance effort had to·be devoteri to trucks that had
br9ke.n down to· the po:j.nt of not rUnIiin~ at all. In il fifth plant,
workers noted that under the previous maintenance supervisor, work­
prior~ties were set so that prohlems.he· (thou~h not nQcessarily the
worker confronted hy them) thought unimportant were not .ttended to
at all; in the same plant, maintenance requ~sts had.to receive
~pprovalfrom the driver's for~~an, who mi~ht well thro~ the request
in the trashbasket for no stilted rea~on at all. Under such circum­
stances. drivers felt they had little reason to be assiduous in
discovering and reportin? defects.

In par tic u1 a r, the d e f eat in g 0 f the d e a dMa p- h r akef eat u reo f wa 1 k i e
tTucks in the plant where the practice was noted, was said to be
promp~ed in part by the fact that this feature malfunctioned.fre-

.quently an~ wa~ ~ot adequately maintaine~•
..

O~her:failures.·and poor.prac::tices on the part of drivers are
explicable by the demands of the driver~ 1 own jobs. It takes·
much longer, and gives.ris~ to possible confusion and routing rnisr
takes, to break down a lar~c oruer into two parts and transport
the r~rts separ~tely, particula~ly when there are no empty pallets
handy and not enough order-tags for that purpose, and the load
would be only a little over the truck's capacity. A driver may
find it an annoyance to interrupt the flow of his tasks to ~et a
defect attendee to imMediately, particularly when he is being
pressured to hurry up by the production workers or highway-truck
drivers h~ services. We noted that in four plant& we visited,'

. th,!!se other workers were' on a piecework o·r incentive ray-system,
even though. the industrial-t.ruck .drivers: thenselv~5 ,,'ere not.

·This .pre.~sure on·d:rivers to hurry (pron4ction speed-stress)',~as

noted by our cli5cussants as.a cause of drivers' .omitting s~veral

different kinds of safpty steps.

- ~ -'
ih! not e d a 1sot hat a t m0 ret han hal f 0 f . the pI y. n t 5 v1 e vis i tee>,
drivers and trucks were not assigneu to Poach other on· a regular
basis. Certain trud·.s would he assifned to a given oreration,
and certain drivers ~ould be rc~ularly asstpned to that same
operation"on a rp.guiar basis, but i.n· tbe plants, the trucks and
dl:ivers were not assip,ned to each other on.a repular basi.s. Al­
though drivers did develofl preferences ·".bout trucks, .drivers in
these plants could not point to a f~ven truck and say" that's ~
~ruck'. In these r>lants. drivers ",ere to use whateye.r truck was
available and runnin~. Discussants noterl that the lack of iden­
tif~cation of any given tiuck as one's own can prompt drivers to
be iackadaisical in detectinp and reportin~ maintenance problems.
1'i11s comment seems to be borne out by. the fact that in all but
one plant where this arrangement was in effect, there seemed to
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be important problems with tIle maintenance of the trucks, accord­
inf to our discus~ants.

Other aspects of operations-design in the plant were noted by our
discussants as affecting truck maintenance adversely. Drivers,
who may feel tnemselves pressured to return quickly to their tasks,
also impose production-speed stress directly on mechanics. Some
discussants noted that mechanics are not always well trained (see
also below under Trainin~:;), and workers and mechanics for nearly
ilalf of the plants said that trucL naintenance crews I.erc c.rasti-'
cally ullcerstaffed and poorly equit:'ped with items like hoIsts and'
ser,vice lifts. ~[echanics at one plant reported that their hoist
could llot be r.Jade to function properly, and the service manuals
for two of the makes of trtlcks used there were roor1y writen,
poorly illustrated, ant! omitted certain crucial information. (The
two modcils of truck in fluestion nrc no lonr-er beinr, manufactured.)

In anot~er plant, truck naintenance is performed by a separ~te

con t rae tin J! firmat t h r e e - ,... e ekin t e r val s . This p1 ant 0 per at', e' s
its trucl~s 24 hours per day 5-1/2 days ;Jer week. Driversfe'lf" I,
maintenance was c.one too seldOM, particularly since jobs lik~·

bral:e adjustenent,c; could not he done in the plant bet,... een vis'its
of the maintenance firm.

:<. e 5 ear c her s not e d a 1sot It .:J. ton 1 yon C 0 f the t I~ e 1 v P P1 ant s we
visited showed any evidence of havin~ a system of re~ularly­

sc~edu1ed pr~ventive maintenance. In all other plants, drivers
were relied upon ·to detect r.lattcr~ needing, correction and report
them. The superiority of th~ fo,rner kind of systeT:'. is indicated
by ~he fact that, at the plant where the syste~ is in effect
worRers reported only one kind of iln:oortant truck-maintenance

/' ,

pr~b1em that they did not feel was <loS yet adeC]uate1y under control.
At 3'all the other plants, therE' were said to be several.

~iscussants also nentioned the age of the trucks at their plants
to be a matter that adversely affects hoth truck operations and
maintenance. Research~ts fo~nd that this concern is nbt at all
misplaced. Actual ages of the trucks we observed are given above
under Hethods and PreliMinary Findings in the Field.

Conversations with rlanufacturers revealed that truck-makers tend
to consider tIle useful life of the "average" industri<l.l truck
to he ei~ht to ten years. If they are right, and if the plants
tv," visited arc <I. representative sample, then most of the indus­
trial trucks actually in daily use in industrial plants are too
old to be useful.

0ur discussants said that old trucks are rno~e prone to malfunction
than ne1-ler trucks due to simple fatigue of parts, even if they
are maintaineci "according to the book". They also said that
important parts for these old trucks arc often quite difficult
to corne by, and tend to take a long time to arrive even after
they arc found. In the meantime, the defective truck must con­
tinue to be used, in a ~rcat nany cases. Problems in availability
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of parts seem worst in relation to oil sealfi for transmissions
and components for hydraulic systeI71s.

Training of Drivers, Pedestrians, !'echanics P alletizers--
It is obvious that the lack of training or inadequate traininf, of
workers involved with industrial truck operations can contribute
to nearly every"kind of accident and hazard imaginable. Our dis­
cussants mentioned several kinds of incidents in particular:
(a) a driver pins himself a~ainst 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
r.:.ist raised and knocks three rows of bricks out~ (c) a runa,,,,ay
truck nearly hits several pedestrians because no one in the
vicinity knew how to brake it; (d) an untrained or inexperienced
pedestrian ilelper in a slip-truck operation can easily have his
hand caught in the clamp of the push-pull attachment or be run
over by the slip-truck becaus~ he does not know how and where to
place"himself. or lao'W to work with- tile driver of the slip-truck.
nisc~~sants mentioned also that lack of trainin~ and/or experience
can contribute to a driver's beco~inr confused by the differertces
in how to apply service brake~ 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 pallctize goods and load highway trucks by hand are
rarely trained at all, which in part can explain some degree of
poor pallctizing, and some derree of the shifting and settling of
goods in highway trucks and railroad cars curing 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' vision. This lack of
knowledge, they seemed to think, would in'part explain why pedes­
trian workers do some of the unpredictable" things 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 said about ihe trainin~ 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 so~t of training for their job of driVing industrial
trucks, the amount and kind of training they had received varied
greatly. Forty-four percent of then said they had received an
introduction to the truck's controls from a ~upervisor 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 easy tasks in low-traffic areas at low-traffic
times under ratiler close supervision before they were fully cert­
ified as drivers.

The specific statistics we developed concernin~ training are given
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ahove in ~Iethod::; ,.and Preliminary Findinrs 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 pro~rams as are administered are not designed
around a~d do not include ~ large component devoted to hazards
arisinr, from the specific kInds of jobs the trainees will enco,un­
ter in the ~lant. Researc~cts did not make a point of. reviewing
th~ content of the training received by drivers in the plants we
visited, but'such revicwinr: as was po::;sible showed only a moder­
ate connection b~tween hazards mentioned by worker::; in the plant
and matters covereci in the traininr, materials; those matters
tended to he covered in a general, hut not plant-::;pecific manner.
Those drivers who proffered evaluative conT,lents about their form­
al traininR said the program::; were adequate in most respects, ~ut'

did not seem to feel that the prograrr.s were "right on" for, pur":"
poses of driving in that particular plant. It turned out,';also
that these sa'l1(, drivers were t\lcmsclves highly experienced men

.WiIO seemed to fee'l that they themselves ,1ere not seriously' til-reat-
eneci by the hazards they mentioned~ It would appear that t~~

formal training that tends to be offered to drivers is tldequ'at'e·
for tllOse ~olho nceu it least. It is not clear that the s'ame 'can
be said for the utter neon'lyte driver.

ProhleTnatic Features of the Trucfs The[;lselves

Discussants made a 2reat many COJ7lments regardin~ inadequacies of
t 11 e t r u c Lsopera ted i nth E' i r 111 ants. 1) l' 0 n e:x ~ 1'1 ina t ion b f t 11 es e
cOl!lments, iJO\.j'ever, it appeared that the vast najority of them
were concerned with rnalfunction~ of various elements of the tru~kR

that were traceable fi,rst· and forenost to inadequate maintena:h"ce'
of the trucks, and in some few instancl~S to ]1oor quality-co·htr'o}
a t the t r u c k - Tn a n u f act u r c r 's pIa n t • COIn n (" n t s i Cl r 1 i cat i n f' h a z a r u­
ous desi~n-features of th.e truck.s were' T~UC~l fe",:cr, and most of
these fall into the realrr', of driver comfort. 'l'lds' fact would
appear to say muclt about wh,~r(> efforts should be concentrated in
theattenpt to prevent industrial-truck accidents. Tbe matter
will be taken, up at some len~th below.

Truck Nalfunctions--
Horkers' Compr,nsation records ShOH malfunctions of trucks to be
involved in pedestrians hein;: ruu over or pinllPu hy inuustrial
trucks, loads [allin/. on !,ed.cstrians, tlle carria2,e fallin~. on a
'leIper, a .co-t.j'orker f"llinf~ from an elevateu platform, pedestrian
workers slippinG in oil leaked from the trucks, colliSions of
trucks with stationary objects, and collisions of trucks with
o t iJ e r, m0 vi n g v e h i c 1 e s . A not e H 0 r t It Y II a z a r d mp n t ion e d b Y <1 i s c U !> -

sants was walkie-trucks running down their own operators.

Tile specific mnlfunctioninr components r,leIltioned hy our discus­
sants included the followin~J in descendin~ order of frequency of
mention: brakes, hydraulic systems for lifting and tilting loads,
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clutches and t.r:lnsmissions and !'lhift !linkages, warnihgdevices
like lip,hts and horns, and speed-;Jnd-dirpction switches on elec­
tric trucks. As noted above, workers traced these malfunctions
to inadequate maintenance of these components, and only very
rarely to inadel'Ju<'lcy of deni?,n of tIl<: trucks.I'here drivers'- <lnd
mechanics did mention dcsi~n inadequacy in connection with these­
malfunctidns, the mention was either tentative, indicating the
wo.rkcr was not certl'lin in hin own rnind about' the involveT:lent of
poo.r dcsi~n, or else it was made in reference toa truck -that was
clearly old and felt by the worker to be obsolete. Most' freq­
uently, the vorker went on to note that he, had encountered neW03r
desi~n5 tllat ,.,rere, much better.

ncsir,n \:caknesses ;{elatp.d to iiRlfunctlons--
Although comparatively fev in, ,number,- mentions of weakness ,in d,e-'
si~n possibly responsilJle for truck malfunctio~s were sometimes
in t ere s tin g and in 5 i r. h t f u1. Amon g t he I e a s t con c Ius i ve we r e me n ­
t ion s 0 f 'i n ad e qua tede s i gn 0 f bra k,12 S. 0 n e uri ve r s aid that the
strictly mechanical brakLnf system on his truck was long since
mad~,obsol~te hy the incorporation of hydraulic braking systems
on ~ndustrial trucks (his own truck was clearly nncient). Another
driver, who worked in ~ plant in which near-capncity loads were
carried continuously 24 honTR a day 5-1/2 days per week, said he
felt the brakes of the trucks his firm used did not seem to he
designed with such use in mind - they needed adjustment every
week to two weeks, which he felt to hp. too frequent. He was the
only worker who bronpht this nattcr up.

o f ,- S o,m e w,hat g rea t er in t ere s tare the mn 1 fun c t ion s 0 f s pee d - and ;­
di~e~tion switches on electric trucks. Drivers and mechanics
noted that the mechanically-engaged contact 1"oints o.f the switches
on the t,rucks they used were subject to wear, anti could eve,n \Ield
thenselves shut under prolonged heavy usc, particularly when the
maintenance of these itemfi is not ade~uate. But they noted that
this rroblc~ 1s greatly ~eauccd b~ the 'fully-electronic switches
with' no or fC\-l moving- [,a-rts th'at are incorporated into s:ome of
the newe~t trucks. The~e kinds of switches wear better and need-
I e s s r:l ~ f n t e 11 an c e, the y s aid •

~lalfunctions in the hyclrilulic systel": and the trouh'le 11\:.~chanics

are said to hAve chronically in getting these systeMs -to work
properly and without leakin~ would seem intuitively to be trac~­

able to poor design 'of such systems. Drivers and mechanics men­
t ion edt11 e s e IT: a 1 fun c t i 011 sin con n e c t 'i 0 n wit 11. n ear 1 y eve r y ma k e u f
trueL we observed, and engineers we talked with freely said ti\3t
every make has trouhle \dth the hydraulic system. Roth workers
and engi'neers refrained from goi'ng so far as to ir:1pugn the tiesign
of these systems, however,- and seemed to feel that hydraulic-sys­
tem rroLlems were just one of thnse inevitable unpleasant facts
o f 1 i few i til i nd us t ria 1 t rue k s .
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Inadel1uatt" Safety-Devices--
A larr,e portion of the complaints about inadequate safety devices
were matters not clearly related to the drawing-board or man~fac-

turers'-engineer level of design of industrial trucks. Instead,
they seem to be natters concerninr the way trucks are equipped.
Only a very few of the trucks we observed were equipped with warn­
in~ lights; steady-beam warning li~hts were mentioned as less
effective than rotatin~, lighthouse-type benms of ligiltj horns
were nentioned as beinr, not loud enough; load backrest extensions
were mentioned as being too low: a canopy was said to be too short
to cover tile driver's lo\"er extremities when he was seated pro­
perly, and to have openings lar~e enoug.h to allow part of his
u sua 1 loa d s t a fall t h r aug han d s t r ike him. \~ 0 r k e r ~ a d mit ted
that most of these problems could probably be cured by bolting on
devices available from the manufacturer or from other supply
firms, or by fashioning a rather simple device in the plant's own
shops. nut it can be sensibly argued that a manager or purchas-
ing agent designs the trucks for his plant in a secondary way
\·111en he f,ives t"rle dealer the specifications for the trucks that
are needed, and selects the variable features that would be
needed in his plant, and calls for mo(lifications to tlle truck in
the respects just mentioned - or fails to do sOl'1.e or all of the
foregoing. These natters are discussed here for just these lat-
ter kinds of reasons (cf. also above, 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) 6n which the mast was clearly a
block to driver vision, ,,,ith very narrOH spaces left between the
main lift cylinder and piston and the outer upriRhts, and hydrau­
lic lines runni.n~ throu~h the length of one of these spaces (cf.
Plate 4-9a; a different truck, but the feature is roughly the
same). It is noteworthy tilat the drivers of these same trucks
did not IT,cntion this feature as a problen they felt important,
On one ne,",'er truck, the driver pointed.out the presence of the
spool for the hydraulic lines on the right front upright of the
overhead canopy, and the offse't of the driver's seat to the ·left
of the truck as making it difficult to see ~edestri~ns and other
r,10 v i n gob j e c t s co Tn i n p, fro r, the r i f!l t. 1\ t ;1 iT d d r i ve r r. e n t ion to d
the push-pull attachment, and tlllO fact tll<:lt, unlikl' pallets,
loa d s pIa c e don s 1 i n - s II e e t s c an 11 0 t be seen t h r 0 \l gh, a s no tab 1 e
blocks to driver vision. ~~eanlnrc1 visibility lUIS ob"curec on:l
:croup of different trucks hy mOUl1tin,' thl' Lrr; tank upright (see

. Plate 4-9b) in resronse to an en~ine-ovcr;leat pro;)leT'L.

human-Factors DesiRn Weaknesses--
Complaints in this area concerned filainly consi(~erlltions of driver
comfort, but some otller interestinr- natters were broached by our
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discussants as well. Let us turn to some of these first.

One driver mentioned tilDt havinr, the gearshift lever and separate
controls for lift and tilt all on the same side of the steering
wheel made too many itens to be controlled hy one hand, leading
to possible confusion and to grabbing the wrong lever. He said
he appreciatcc.l the design of another truck he sometimes used on
which forward and reverse are controlled by foot pedals. Two
drivers said they appreciated desipns 1n which lift and tilt are
integrated into a sinrle lever-control. They said this design
could allow simultaneous liftinR and tilting, thereby speeding up
operations.

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

Three drivers mentioned that confusion is possihle about 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 different makes af standup rider trucks, often,
in the same day. They pointed out th~t on some makes, service
brakes nre applied by pressing down on a sin~le pedal on the
right of the driver's platforQi other Qakes require a pedal on
the left to be pushed do .. n while standinr on a "deadman" type of
pedal on the right; on other I:1akes yet, bral:es are applied hy
raisinG one or the other foot from a deadman pedal or button.
The latter dcsip,n is typical in order-picker trucks (cf. Figure
4-10). Drivers mentioned that, these make-to-make. des!?-n differ­
ences can be very confusing for an inexperienced driver, and one
experienced driver felt this possible confusion to be the main
hazard of his particular job. In light of these matters, it
would seem to behoove managers to attend to the relationship
between truck design and job-design in their plants.

This researcher observes an inherent prohlem in all designs of
foot-actuated brakes for standup rider trucks: r~gardless of
whether brakes are applied by liftin~ the foot from a pedal or
by pushing dOl"n on one, the driver is necessarily somewhat off
balance I"hen lH! anplies tlw brakes. Unfortunately, it is not
immediately ohvious how this condition CQuid be alleviated with­
out adding to possible confusions concerninr hand controls.

Two drivers and a mechBnic noted a further interesting item re­
lated to the brakes of stanGup rider trucks. They noted that
occasionally, accidents occur \-lith standup rider trucks that have
brakes actuated by lifting the foot fran a pedal. In such cases,
the driver sometimes claims brake failure 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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fIGURE 4_10 THREE DIFFERENT MAKES, THREE DIffERENT BRAKING SYSTEMS, ONE PLANT
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having hath feet on the braking pedal or hutton.
one would of course accomplish not1dnr.

Lifting only

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. There is often so ,little foot roor.: that
drivers \-lith large feet said that their heels overhang the rear
oft h e i r pia t for m \." hen the y are 0 the rw is e co T:l for tab 1e . When
drivers of such trucks are called upon to operate them for long
periods without a break, they note that their feet and legs Legin
to become painful, rind that in order to shift positions, they
must danp,le a leg and/or foot, and/or upper extremity out the
back of the truck or over its side (cf., Plate 4-lla).

This problem of cramped driver compartments was also noted with
respect to some models of sitdown rider trucks (none of which is
produced any longer), and can explain why drivers sometimes dan­
Ric extremities outside the runnin~ lines of the truck, which
sometimes leads to their being pinned between the truck and some
inconvenient stationary object (cf. Plate 4-llh).

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

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

Two drivers pointed out that one is often called upon to drive an
, in d u s t ria1 t r uc k b a c kwar d when the loa d b lack s f 0 rw a r d vis ion.
On a s1tdown rider truck, one nust turn his body to do this, and
thereby assume an uncomfortable position. Looking where one is
goin~ while backin~ with a sitdown rider truck, they said, is
literally a pain in the neck. The stiff neck developed while
looking in the direction of travel' during backinr with a sitdown
truck can partially explain why drivers r.;ight back up without
looking first. It's just a pain in the neck.

Two drivers said that the lack of sprinp:s and shock absorbers in
the suspension systems of indoor-type industrii'll trucks. combined
\.lith dips and cracks and potholes and debris 1n the floor as well
as hir,hway trucks and railroac1 cars being lower or higher than
the loading dock (due in one case to the doc:< sinking into the
~round at its ellds), jolts tlle internal organs of a driver.
These drivers admitted that severe injury ,,,ould be difficult to
prove ill this connection. but they said "that the discomfort is
definitely worthy of attention.
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f"I GURE 4.11 CRAMPED QUARTERS FOR OPERATORS
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PLATE 4-11~ (BELO~)
A STANDUP RIDEP­
CONTROLLED TRUCK

PLATE 4.11B (~BOVE)
A SITOOWN PI CER­
CONTROLLED TRUCK

PLATE 4_11c (BELOW)
AN ORDE~-PICKER TRUCK
WITI-! 6'6" DRIVER
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Four drivers mer,tioned that they felt their trucks' engines were
noisy, and three mentioned that their seats,locat<ed near the
en,i~e compartments, did not ~isperse heat well<a~d so were un£om­
fortably warm. These complaints, too, involved DId trucks.

It bears repeating here that most ofrthe cOMplaints about design
inad e C'J u a c i e 5, inc 1 u din ~ hum an - f act 0 r s des i gn we a.k n e sse 5, we r e
made about truckR 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 top 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 A~SI and OSHA Standards related to Industrial Tr~cks, viz.
B.So.l 1969, B.56.1 1975, and 1910.178,1910.176,1910.22, were
not a subject of direct investigation for this study,Howeve~,

as the analysis of the ~~orke·rs' Cor:tpensation dat.:l and the fie1d~

info'rlJation disclosed factors that commonly contribute. t.o hazard,s
in lift-truck operations, these standards were searched for clauses
c los ely r e 1 ate d tot h e f act 0 r in C'J u est ion. -;:: h e A p !" end ix tot h is .
charter sho\o/s .the results of these searches, .and lists. the number
of times the clause was cited in 1975 hy OSHA inspect<ors. nation-,
wide.

8y way of Rerieral sUMrnar~, tt seems fair to say t~at there a~e

clauses of the ANSI and OSH~ Standards related, to most of the
38 common factors in such a way that full compliance with the
various clauses could conceivably prevent a sizable number .of
accidents. It seems fair to say; too, that clauses related to
important common factors arc bEin~ cited rather frequently by
OSHA inspectors. There are some clauses, l10wever. that relate to
impo~tant common factors but are not bein~ cited very frequently
by inspectors. These clauses are one~ 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 is low enough.
the stopping distances allowed are r,reat enough. and some other
similar matters. It is not ~~mediately 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 SlJbse/')uent section of this chapter on
topics for further study. It will be argueJ later in this scction
that other factors not addressed by the standarns. as .to/ell as
certain aspects of truck desi~n, are not matters about which
legislation would appear to be appropriate.

On the basis ~f the findin~s presented in the Appendix to this.
chapter, it would appear that there are few, if any, RlarinRmis­
takes or omissions in the OSHA and A~1S1 standards that could be
said to be responsible for significant numbers of severe forklift
accidents. Our investir,ations do indicate some areas in which
the standards could be improved, however. There are a few ~lauses
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tha t Ll ppear p 00 rl y wo rde ,1, a feH tha t L1 ppea r i ncompl e teas they
stand, and ~om~ clauses concerning truck design about ~hich dis-
agreement can be voiced. It will be note'd, however, that 'most of
the c:lanEcs sugRested in subsequent parafraphs would he accomp-'
lished without great technical-engine~ringdifficulty.

Poorly Uorded Clauses

The chief object for potential complaint on this score would be
clause (n)(15) of OSHA 1~lO.178. This clause provides thnt,
while ne~otiating tur~s, speed shall be reduced by means of turn­
ing the hand steering wheel in Ll smooth, sweeping motion at- it

moderate, even rate. As written, the clause would appear to
r e qui rethat a 11 t r u cl, s b est e ere d b yah an rl - \,' h eel; t his a r ran g e ­
ment is inappropriate for standup rider-controlled trucks, since
011 e - h i1 n d s tee r in g is nee t1 e d for a 1 rna s tall 0 f t h c set r u c k s, and
the arrangenent is nearly i!TIpossible for uilll--ie-trucks. As
~.,ritten, tne standard \!oulrl also appear to re_~ire thatsreed be
reci'ucec! durinf. the turn and by some means ot;ler than "easil1~ off"
on the speed control or applying the service brakes. It is ques-

'tionahle whether the procedure apparently required by this clause
s h 0 u 1 d eve n b ere r mit ted . I d 'c all y, 0 n e lA' 0 u 1 d red u c e s pee d, e i t iJ e r
by "-l~asinr off on" t:1P. speed control or hy applyin~ tile service
brakes, before initiatin$! the turn. A fe\i word cll<tnges coulrl
cO;-1MIJl1icate better Wll:Lt one ilO?€S is t:1(' intent of the clause,
viz. t:l::Jt turns he accomplis:lcG. smoothly and not too fast.

;, n 0 hie c t 0 f S 0 me ..... hat 1 e s s con c ern is c 1 do us C ( k) (4) 0 f \l S 11 A
1910.178. It appears to be rcdulluant. TlIis clause requires that
positive protection be provided to preve~t railroad cars fron
hein/: moved while dockboards or bride plates ;:ire in position.
Clause (k) (2) refluires tllat wheel st0rs or other recognized posi­
tive ~rotcction he provided to prevent railroad cars from noving
during- loadine or unloadinp, operations. If tlle t\,'O clauses are
intenu~d to rc~ulate different hazardous situations, some wording
chanhes ,,"'ould seem in order to make tllat point clear-.' HOI.Jever,
if the same situation is envisioned in both clauses, it would
see 1'1 t hat (;;.) (4) c IJ u 1 d bed c 1 e ted, sill C C ( k.) ( 2 ) s u g gestsaca n -
crete way to prevent movement of the cars.

Clause (Tn) (12) is ;'l m:ltter of rather r,reater concern, however.
This clause deais with trucks CClui()1")cd with controls clevatable
with the carrin~e or f6r~s. The dcscription as ~iven in the stan-
d arC: w0 u 1 d fit· 0 n 1 y 0 r de r - pic 1;. e r t r u c k s i1 n d c crt i1. i not her, eve n
more highly-srecializC'r, trucks. Our investigations shoH, [101-/­

l,;vcr, that order-picker trucks rtr.~ certainly not the only k.inds,
and perhaps not even t:le r.Jain kinds, of means us~d fo,r t~lev.:lting

personnel on industri.al truc1;.s. PlatforMS 'lttac;l.:1.hle to and de­
tilcllahle from tile forl;.s of an ordinary forklift truck arc in some
use ~ t;lese rlatforms rarely provide for any controls at all to

'he elevatablc Hit!\ tne carriaf,e. It is not clear from the clause
~s written whether it is intended to apply to this means of lifting
personnel or not. If i1J1plication to detachable platforms is .
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intended, some wording changes seem in 'order to make this point
clearer.

Omissions in the Clau~es

If clause (m)(12) is not in%ended to apply to removable platforms
for lifting personnel on industrial trucks, then it does not
explicitly include the~. Since such platforms arc in usc, and
it would appear that their use is increasing, it would beappro-.
priate to in~lude the provisions of ASSI B.56.l1975 para. 427
that addresses directly matters of elevatinr, personnel'with indus­
trial trucks. This segment of the A~SI standard could he intor~

porBted by transcription or by explicit reference. In view o~

the rather infaT:1ous practice of elevating personnel on bare forks
or iln empty pallet (se'c above, in tlle section on Sorr.ewhat-before­
the-Task factors, this cnGpter), it would seem in or'der to add a
sub-clause requirinr, the use of some approved'device for lifting.
personnel \dth an inclu!'ltrial truck anytime this is done. In
light of our obscrvatioH that rlants tend to Ot·Jn ratiler few such
appronriate safe devices, an~ tcnd to keep ther at some distance
fror. points at w;lic~l they arc nccded, it would seem appr·opriate
to require employers to demonstrate adequate nUTCbers of 'such
Jevices, in sood repair ncar where t'hey arc needed. '..lhat'is
adequate and appropriate will of course differ from nlant to
plant.

C1 il usc ( k ) 0 f 1 (ll () • 1 7 8 () n .the 11 lo ckin ~ 0 f tv 1l E.' e 1 s 0 f h i g 11 tv a y t I' U c k s
and railroad cars seens to' lac';'; 'an important nrovision. Our
investigations ilidicate that the primary reason why the ,.. heels of
highway trucks and railroad cars tend to go unhlockcd nore often
tilan Dlockcd is that the plant 'docs not 01.'1". enourh of tilese de­
vices, or that they are not alwr.ys availahle near t~here they i.lre
nceded. Accordingly, it would seen in order to require employers
to d em 0 n s t I' ate t 11 e pre 5 e nee 0 fad e qua t (' 11 U !~lher 5 (1 f wh eel ~ 10 c k s
in 600d repair near t~:lere they ilre neeced. itere 'ap,ain, whnt is
a d e qua t e '\~ i 11 v a r y fro Til 0 n e pIa n t to t II c n ext . A1 so. some a 11 ow -
an c e s h 0 u 1 d b C '111 'I d e for' t 11 e n C tH' r - cl c s i f'; n sen i - t ra i 1 (' rs 0 I". W hie h
the trailer's air-brakes are'· autoFlatically set ",hen the tractor
is detached.

As another part of the concern for forklift-safety in loadin~ an~

unloadinp. oDeration!'), IH' note that in r~any plants, there is no
reg u 1 a r s y s t e ~Il for c II (' c 1: in,:, Q nth e b 10 c): i n ~~ 0 f Iv 11 (' e 1 san <.l the
condition of bcd-,surfaces <lnd ·for reportinl'. on such Dlatters to
the i n d u s t ria1 - t rue 1: d r i ve r:,; con c ern e tI . 1 t IV 0 u 1 d seC' r,l a;J pro -
printe to require enp16yers to ,demonstrate cxist~nce of an effec­
t i ve s y s t emf 0 r c :1 e c kin?, \~ h f> e 1 .- h 1 0 cl: in r; and bed - 5 1I r f a c co con d i -
t ion 5 all Jill form i n g t 11 e in d us t r i ill - t ru c I: d r i VI:' r s con c ern e d he for co
t 11 c yin it i ate the i r loa din p / un loa dill f= t ask s . Con c re t e ,; eta i 1 S 0 f
how 5 U chas y s t e TTl I:d g h tHe r 1: can e a s i 1 y bel eft 0 Den, S 0 :1 S to
acconodate the individual needs· and "'ork-desir,ns of individual
plants.
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Clause (q)(l) provides that repair of industrial trucks shall be
performed only by authorized perHonnel. It does not provide that
tile personnel regularly assigned to repair and rn.qintain powered
industrial trucks must have had training specifically for repair­
in~ po~..ercd industrial trucks. Some T':1echanics told us that their
own lack of training was a factor c.ontributinr to hazards; we
have noted that nost mechanics are not ~rained specifically for
repai.ring industri,al trucks; it is ob,vious that, there are im'por­
tant differences between the enrineering principles ~n which'
industrinl trucks are designed and those of automobiles, which
SODe mechanics have been t~ained to repair. This is particularly
HO in. the case of electric-powered trucl;.s, 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 in repairinr, industrial trucks can
largely supplant specific training. Thus it would seem in order
tilat tile clause require mechanics to be trained or experienced in
repairing the trucks.

Clause (0), 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 pa11etized loads.
an~ 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
seem ;.>roper to require that loads be handled only with the appro­
?riate device. The appropriate device can be of course many
thinp,s: il bigger -truck. an attachment of suitahle size and
capacity such as fork extensions or a roll-clamp or l~arrel-
c1anp or carton clamp or push-pull attnChJ11ent. rt special stack­
able pallctizing container, or a device that secures the load
directly to the pallet or skid used.

Our investir,ations suggest that one of the major reasons why
appropriate devices are not always used is that they are not
readily available when and where needed. Hence it seems fitting
to require that employers demonstrate existence in the plant of
an effective system to ensure the followin~: adequate numb~rs

and kinds of devices in the plant near \"ilere they are needed; all
the devices includinr, pallets and skids are Maintained in good
rep.:J.ir; tne. use of the devices wil!~never needC'd.

All din 1 i gh t 0 f til e i J:l r 0 r tan ceo u r stu d Y f 0 un din pall e t i z in g
loa ds. i two u1 d not see In mi s <1 ire c ted tor e qui ret hat e mp 1,0 y e r s
demonstrate existence in the plant of an effective system to
c n f; uret [I a t loa J s t hat are not s a f ely a r ran g e dar ~ r e - a r ran ge d
and properly secured against internal mOVCl'H'nt prior to handling
\. i t h i n d,-! s t ria 1 t r u c k s .

\lc note also that neither 1910.178 nor 1910.17n requires that
tho s ere s po n s 'i b 1e for for 1'1 in ii the loa tl s t hat a r (' 11 an dIe d h yin du s ­
trial trucks be trainee for these tasks. ~~or' does either standard
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require that pedestrian workers who. interact w~th industrial
trucks be trained for these interactions. 'Interaciions' 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 mQre 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 "hO\o7 to behave
around forklifts" is a definite factor that contributes to severe
hazards. Thus it would not seem amiss to require that those
respGnsible 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 instruction they receive for
doing their jobs properly~

Standards of Truck Design

ANSI B.56.l 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 top of the driver's sea,t (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 cleara~ces

to be adjustable downward for low-clearance applications of the
truck. Unfortunately, our investigations show that. these clear­
ances are not always adequate. For a graphic instance of. ~his
claim, see Plate 4-llc; the 1975 standard does not expiicitly
allow upward adjustability to accomodate taller drlvers. It can
be argued that thes~ are minimum clearances, and manufacturers
are perfectly free to build in greater ones. But one feels
prompted to ask if manufacturers actually do build in signifi­
cantly greater clearanc~s a~ a general rule, or only on special
order; are upwardly-adjustable clearances an extra-cost item?
If so, it seems sa,fe to suppose that very few users who need them
will adopt th em.

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
quarters would probably not present a great safety problem in
themselves if drivers were regularly called on to, drive the
trucks for only a few minutes in succession 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 position 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 platfor~s are so small they cannot get their feet
all the way onto them when standing in normal dperating 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 enough 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
sma~ler 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 per~ods at
a time.

ANSI B.56.l 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 70tl) in order to be well within the capabilities of the
average female forklift driver. If Hansson is right on this
topic, it 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 paddi~g in driver compartments of standup trucks and on
driver seats of sitdown trucks. Our investigations turned up a
r~ther large number of complaints, most of them not explicitly
solicited, on just these matters. Poorly padded and poorly 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
app~ars they often are. It would not seem harmful, then, if the
standard. were to require that truck-designers devote some atten­
tion t6 these. matters in the design of ~ll rider-controlled
trucks. For even the smallest one~ are subject to being driven
for long periods without a break. While a great d~al of research
would b~ 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 makers of industri~l trucks, not just the most
progressive ones, devote some energy ~o these matters, thereby
spurring perhaps some rises in the current state of the art.
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ANSI standards do not address tlatters of visib.ility with a separ­
ate paragraph on the subjeci. Although this study does not indi­
cate that visibility is the gravest design-weakness, another r~­

cent study (Laumann 1977) indicates that perha~s it is. Conver­
sations with ~anufa~turers of industrial trucks indicat~ that
visibility i.s very high indeed on their lists of concerns. It
might be appropriate to include in the standard a se~arate cla~se

to the effect that trucks shall be designed to as to provide the
driver with the griatest possible visibility in all directions,
and modifications of the truck that affect visibility shall not
be made Mithout express written au.thorization by the mantifacturer.
It would probably be inappropriate :to set a mo're specific stan­
dard. This ,researcher's experiences ~ith an international stan­
dards-setting group indicate that there is doubt about the ade- ,:
quacy of curr~nt methods of testing for visibility, and until the
experts reach a consensus about better ones , it would seem unwise·
to establish specific standards.

ANSI B.56.l standards set out some guidelines for the layout of
both hand-operated and foot-operated controls on various ki~ds

of trucks. These guidelines are rather broad and general~ how-'
ever, and would naturally allow a good bit of variation fiom one
make and model o£ 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 diiver
could become confused about how to brake his truck and cause
real problems, especially if the driver is inexperienced. We
encountered some models on which ther~ is one foot-pedal; it is
sometimes to be depressed by the right f~ot, on other trucks by
the left foot. On other trucks yet, the pedal serves as a dead­
man brake, that is, ii must be depressed in order for the truck
to travel, and releasing it actuates the brakes. This pedal can
be operated on some tr~cks by the right foot, on some by the left
foot, oi others by either foot. This control is often not a
pedal but a button. On other ki.nds of trucks. yet, there are, two
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 th~ next; Drivers told us also th~t

when a truck has an upward-movement braki~g means,it is possible
for him to have both feet on it inadvertently, so t~at when one
foot is lifted, an apparent brake-failure occurs -but is undet­
ectabie on further investigation. Despite these findings. we
would argue against requiring greater uniformity in this connect-
ion. on gro~nds to be brought out below. .

Standards Addressing Themselves to Driver.s

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 employe~
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or the driver. The outstanding examples of such clauses are the
one th~t requires dri~ers to slow .down a~d sound the born at
intersections (i.e. clause (n)(4» and the one that requires
drivers and others to refrain from placing hands an~ aimsbetweeri
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. Th~ discussion in the section of this .
chapter entitled Some Common Factors indicates several con'ditions
that can prompt drivers and others io violate these clauses; the
clau~es as they are written do not evidence consideration qf
these .conditions. What is unfortunate about the clauses as they
are ~ritten is that they allow employers to gain the impress~on

that th~y can comply with the clauses by merely establishing a
workrule to the same ~ffect 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 (~)

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 fuither
study. It would seem to be helpful, though, if inspectors were
provided with the. techniques necessary to ferret out the ieasons
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 t6 the inadequacies of truck-design standards th~t we
noted above, it is probably not appropriate at this time for the
problem to be solved by spelling out specific values to the
req~·:i.site variables. In the ease of mE>st of the "weak" standards
discussed ju~t above, it would appear that not enough is es~ab­

lishedas ceitain 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 tas~ in con­
nection with th~ problem of visibility from the driver's normal
operating position. There.are some scientific problems to be
resolved in .connection wi~h pedal-pressure requirements, too:
one engineer noted that a healthy adult can exert as much as
1500 Newtons (or nearly three times the current maximum allowed
by ANSI B.56.l 1969) in a panic situation. It is not immediately
clear how this fact and the results of Hansson's study should
both be taken into proper consideration in setting a standard.
There are also engineering problems, viz. how to allow a low
maximum-pedal-presiure 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 ~onnections, manufacturers argue that the ways in which
theirde.signs for pedal-layouts deviate from the usual layout of
pedals in automob~les offer distinct operating advantages. And
in some degree drivers tend to agree ~ith the manufactureis.
Requ~ring 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 require 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 trucki and
drivers are assigned to operations and t~ 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 incumbent on the truck user,
however, to address the problems vosed by the non~unifoirnity of
service-brake layout and means of actuati6n in some effective
way, where the problem exists.

So~e factors disclosed by this study as contributing to forklift
hazards and.rtotaddressed by.standards include matters ndt 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-sp·eed
stress, pay-scales ~nd job~prestige levels, and the ways in which
trucks and drivers are assigned to operations and to each other.
These factors affect many .facets o·f .plant opera.tions in add:ttion
to industrial-truck operations, and do not obtain in all plants.
Where they are hazard-making factots, the ways in which they arise
and contribute to hazards can vary almost incredibly. In addi­
tion,many o·f these matters are commonly held to be withi.n the
sphere of labor-management. relations or m~nagement prerogative
rather than the safety sphere, and this ~tudy alone is certairily
not sufficient ground for overr~ding this tommon view. Since the
found.ations 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 ~ddressed at that level. It
would seem morally incumbent, however, on both workers and manag,e­
ment to identify such problems where they exist, trace them to
their roots, and deal with them in some effective w~y.
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SUBJECTS FOR FURTHER STUDY

The present study probably succeeds in suggesting topics that
deserve pain~taking 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 OSHA's and ANSI's standards-writing sections, by a spec­
ial task-force of some 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
managements.

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 relatiOnship 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 approach most likely to bear fruit in prevent­
ing the most 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 conditions difficult.
The pres~nt 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-ju~gments; (e) poor feedback-compliance of
the tools and equipment used; (f) neurophyiiological or mechani­
calor 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 iti.
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 can have their roots at various
levels of authority, and thus that accident-prevention efforts
exerted at vatious levels can help a great deal. But this study
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has not been able to reveal many useful generalizations about
which factors can be addressed mest effectively at whid, levels
and in which ways. Industrial-truck drivers and the p~destrian

workers with whom they interact bear th~ ultimat~ responsibility
for controlling conditions of tasks in forklift operations, and
it is they who in the end will be called upon to implem~~~ and
cope with whatever accident-prevention steps are tlken 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 manage~s 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 ~hanges 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 factors as co-workers riding on the truck or load or forks
or empty pallet. Results of such a study could conceivably be
invaluable in gUiding accident-prevention efforts at all levels
concerned with industrial-truck operations.

3. Some experiments would seem to be in order for the p·urpose of
assigning a precise 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 b.etter desi.gns in
these regards. Variables that would appear to require a~counting

for in the experimental design would seem to ~nc1ude the
effectiveness of the maintenance-system for the various 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
Soot- and hand-controls on t~ucks. It would be important to
establish not only mean and med~an values and ranges o~ 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
b~ 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
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 mayor may not have an impor­
tant effect on controllability of the truck, since many current
designs call for at least one of the driver's handa to be resting
on a control that is supposed to be stationary with respect to
fore-and-aft travel of the control 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
designs 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 vs. 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 a 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
warning 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 variations 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
specific 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
compulsory, 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-topics as content and
methods 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-
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gests that not only drivers need education for their tasks r but
also mechanics, those who form loads for industrial-truck trans­
port, pedestrians who act as helpers for drivers, workers whose
tasks are supplied by industrial trucks, workers whose tasks
involve working in close proximity to industrial-truck traffic,
and any employee who has e rather frequent occasion to move about
in aisles where there is forkl~ft traffic. In 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 ~ork b~st in which general kinds
of industrial settings. It is rather obvious that one kind of
warning device w~uld 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 10adB always in a safe way, and fon blocking
wheels of highway trucks and railroad cars.

Surveys of drivers, pedestrian workers, and plant engineers in
different kinds of industrial operations could be. extTemely
helpful in dev~loping 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 ~nd which
do no to

Guidelines should be written in non-technLcal, laymens' language
for use by managers, safety ofjicials, 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, artd in other
are as 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. If 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 must know hal" to obtain the information necessary to
make good judgments.

The present study has not souRht specifically to evaluate the
performance of OSHA inspectors in connection with industrial-truck
operations, but some tentative conclusions can be drawn: many
important areas. are being ~iven emphasis in inspections, but some
standards are not cited as often as they seen to deserve to be.
From the data available durin~ this study, it cannot be confirmed
or disconfirmed that the ~ost important factors are being iden- .
tified in the violations cited in inspections. fu order to ensure
that the genuinely important factors in the plant are indeed de­
tected in inspections, and that behavioral/operational require­
ments of drivers and co-workers are bein~ enforced in due extent,
it would seem helpful if OSHA inspectors were to be thoroughly
school.ed in the followinp, matters:

1. The basics of forklift operations, fron load-formation through
actual driving and load-hanclinp, to· repair of the trucks;

2. The use of the plant's safety-data to identify potential trouh­
Ie-areas for the safety of forklift operations in the plant, and
the use of general data to gain advance kno~.. ledr,e of the most
important kinds of forklift-safety problems;

3. !echniques for using expertise availahle in the plant from
engineers, workers, foremen, and others, to trace actual viola­
tions detected to their roots, cite the correct clauses, judge
the adequacy of maintenance, numbers and ki~ds of attachments and
accessories, adequacy of warninr, devices and of worker-education
in the plant for their industrial-truck tasks, and to judge pro­
perly the compliance of drivers and co-workprs with the behavior­
al/operational requirements of the standards.

It is clear that a great deal of develop~ent-work is needed to
provide OSHA inspectors with these skills. The expertise used in
this development work could also be tapped to provide e~ployers a
consultative service, in which they could sub~it their forklift­
safety systems and plans for expert review and comment without
fear of immediate citation and penalty.

For Standarcs-l!ritinf Activity by OSlIA and ANSI

As noted R.hove in the section on Factors and Standards, some
improvements in the standards to se~m possible. To a large
extent, the changes that seem to be called for consist of alter­
ations in the lanpuage of some clause? to make them clearer, and
a few additions in order to ad~ress better ~ome noteworthy hazard­
TIlill:inl". factors. Clauses (n) (15), (k) (4), anu (m) (12). would ap­
vear to be candicates for ~'/ording chan[!cs. ClAuses (m) (12). (k).
(~)(l) and (0) would Broear to startd in some need of completion.
Dl addition, ~t would seem prudent tb add clauses requirinr that

Harkers 1.'[10 interact \"ith industrial trucl:s as part of their
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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 bp. 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~

elude 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' compa~tments.'

and the padding and contouring of drivers' seats. m most of
these issues, a ~reat deal of er~onomlc research needs to be done
before specific values can be set in the standards, but it does
seem appropriate that interim clauses be drafted to require, that
manufacturers devote significant attention to these matters in
designing their trucks. Careful c~nsideration will need to be
given to the advisibility, feasibility, and specific content of
these interim clauses as well. '

The ANSI B.56 committe~ would s~em to be the most appropriate
body to consider changes in truck-desipn ~tandards, but some
provision, ,should be made for incorporating revisions in the fIJ."i. S I
truck-standards into the OSJ:{A standard as these revisions are
made.

For a Special Task-Force

The present study indicates that powered industrial trucks tend
to remain in service long beyond the eight-to-ten year usefu,l
life anticipated by many truck-manufacturers. This finding
implies that there is a great gap between the state of the art of
ergonomic design of trucks as displ.yed on the dealers' showroo~

floors and the state of that, art as it. is encountered by the
workers who drive and otherwise interact with powered industriai
trucks. Our investigations turned up several intere~ting com- '
plaints related to ergonomic design features of trucks, b'ut it
~"as noted that most of thesecornplaints pertained to rather older
trucks. As s umin gtha't t ru·c k-use rs' pat t e rnso f pra c t i cein re­
placing trucks are not l~kely to change si~nificantly, we can
readily draw.the con~lusion that drivers wil~ be called upon to
cope with these poorer designs for quite some time yet. n would
seem helpful toward alleviatinp this situa~ion if manufacturers
were to devise and provide update-kits for various aspects of
older ~rucks in which design has made significant progress.

Conversations with representatives of tzuck manufacturers reveal
~hat some such efforts have been attempted~ Some update-kits
were developed and provided to users at a cost somewhat belo~

the manufacturpr's cost of prOViding the~. The manufacturers'
representatives said the kits were a commercial flop. They also
said that manufacturers themselves c6uld not possibly absorb the

96



full costs of dcveiopin~, pro~{ding and installing ~uch kits.

It would secuhelpful,' then, for a task-force to be formed to
devise ways in which positive incentivc~ could be provided to
ensure that drivers of powered industrial trucks have in their
hands equipment that-is as near the current state of the design-
art as humanly possible, and use i~ in the most effective ways.
:lanufacturers should have, incentives to develop and provide update­
kits that improve the ergonomic features of existing trucks as
well as th~ reliability and ~ffectiveness of other truck-compon­
ents ~uch 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
devic~s installed and to 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 fbrms such pos­
itive incentives could f~asibly take.

For the Bur~au of Labor Statistics

The BLS currently has, through its Sup~lementary Data System,
some capability for statistical tracking of industrial-truck
accidents; and some means are currently available for monitoring
the !,r'actic~s of inspe~tors 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 a~cidents could be
neasur.ed for various regions ,or tiMe-?eriods or sectors of th'e
economy, and trends could be detected. Such a nation-wide data­
base could ue extremely helpful in setting priorities for truck­
accident p~evention efforts and trackin~ the effectiveness of
such efforts. This researchQr's experiences with the current
data~s~urc~; indicate that much careful study will need' to be
devoted to the planning of such a nation-wide data base. There
have been a ~ood nany thorny problems to' be dealt with in current
efforts at improving the sns.

For:'1anufacturers of Industrial Trucks

As has been indt"cated previour,ly, there are several are,as of
truck d~s~gn in which manufacturers would seem well-advised t6
carryon continual research-and-develop~entworktoward improv­
iOf their product. Some of these areas would be as follows:

1. Visibility from the driver's position.

2. Foot-room and knee-room and hip-room and le~-room and elbow­
room, as well as head-room in drivers' compartments. Ever-better
means need to be found to ac~omodate drivers of widely varying
sizes and shanes in comfort.

3. Location, quality and quantity of paddin~ in drivers' compart-
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rnentsand padding and contourinr of drivers' seats. Design-con­
siucration should be giv~n to the, fact that driver,s are often
called upon to remain in their operatinr positions fo~ long
periods of time wit:lout relief.

4. Development of update-~it~ for any aspect ~f older trucks.in
whicil design has made si~nific<lnt strides, including ergonomic
matters as well as matters of re-liahility' .'lnd, serviceability.

5. 'leans .of reducing by engineering and truck-d'esip,n the likeli­
hood chat a driver or co-worker would he severely injured ~f he
were t.O p-lac'e hands or arr.lS in wha.t are no~~ pinch-p,oints around
the ~ast. The lirnitin~ consideration here is of course visibil­
ity. How to eliminate or guar~ pinch-points i'lround the [last with­
out detracting from visihility from the driver's position is a

1! problem t:lat calls for sizable amounts ,of in~-"enuity.

6. uetter means for mountin/, and disl:lountinp sitcown rider crucks.
,\ recent study (LaUMann lrt77) indicates, and the \,1or~ers' Compen­
sation data reviewed for the pre'sent study .sonewh.'lt .confirms, "
that llo'table numbers of injurious f<llis fron trucks can be
traced in part to poorly designed means pf rnountinr and dismount­
inR the trucks. L3urnann points out that current designs that
eoploy flat vertical sides for the truck do not len~ themselves
readily to huildin~ in ~ood. stens ur to the driver's platform.
He notes further ti1at, although sters couLd be cut, into such
truck-sides, these steps would not be visibl~ from the driver's
seat,' and would have to he felt around for with the foo.t ror
dismounting. ,Launann also sugp:ests that ilandp,rips at appro-
r I' i ate he i 8 h t s c 0 u I d. be' Ci t t a c h edt 0 t h I' I.e f t - fro n t up rig h t oft 11 e
support for t~u;:! overhead canopy,. so that the driver would not
feel called upon to reach for the steerin~ wheel - wh.ich provides
an unstable ~fip at the best.

For Truck ~1anufacturers and Their Dea.lers

Conversations with makers and dealers of industrLal trucks indi­
cate that these bodies enga~e in sipnifi.cant efforts to learn of
their u'sers' problems with their trucks and respond to' these
pieces of informatio,n. The scope of these efforts includes not
only technical information and help with maintenance problems,
but trai:ninp, materials for drivers and t:lechanics as ,well. Bu.t
con v e r sat ion s \. i t h use r san d d I' i veT s an d mec han i c s. as well a s a
brief review of some court cases, indicotcs that communications
between users and providers can snmetimes be inadequate in quan~

tity or quality ,or scope. ~lanufacturer,5 and dealers do not appear
to be active in helpin~ users with all of th'e prohlems involved:
in the 38 factors identif~e~ in the prc~ent study, and it may be

• that truck-providers have expertise anc contact \,rith expertise in
areas where they are not now offering these things to their users
( c f. t 11epa r a f! rap h s not e <l 1nth e C0 r.l mer c eel e a I' in g Ii 0 use Pro due t s
Liability Heporter) • ,
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Accordingly, it would 'appear helpful for truck-providers. to put
their alreadysipnificant effort-s at soliciting feedback from
users and drivers and mechanics ana re~ular and systematic basis,
and set the scope to include any and all fa~tors that contrihute
to ha~ards in the various aspects of truck operations. A rigorous
survey of users' safety problems and n~eds could be extremely
helpful in determining prioritle~ for aspect~ of truck design,
indicating ways i~ ~hich existing c~stomer services could be
improved, identifyirig matters in which technical information is
needed in greater quantity or di,ffp.r~nt form, and 'i'dentifying
problems in which truck providers could ~elp by facilitating con­
tact b~tween users and other ex~erts. Such a regular and rigorous
survey in broad ~cope could su~rly truck-providers a way of
el1surinr,that their good efforts are well-directed.'

For Plant and Firm ;,Ianagernents

Our conversati6ns ~itb plant manageri, safety officers, and
plant engineers show that salaried employees are indeed aware of
a great m~ny of the concerns voiced by drivers and mechanics and
pedestrian workers about the factors t:lat contribute to forklift
11azards. But it does seeJTl to occur sometimes that some matters
are not b I' 0 u gh t tot h eat ten t ion 0 f mRna l' e I' i a l' per son n e 1 , and i t
seems that more frequently, the knowledge of JTlana~erial p~rsons

is not cornmuni~ated completely or effectively to the drivers and
mechanics and ~edestrian workers. Since it is these latter work­
ers who Dustpe~forM their tasks under existing tonditions and
control existing hazards, and must in the end cope with whatever
control-measures are instituted, and since the~e workers are
extrcrnciy ~aluable sources of information on hazards and the
e f f e c t i ve n e s S 0 f' c u r'r e n t con t I' 0 1 - III e a S II r (' ::; ( c f. r, 0 ttl i e b I 9 7 6 and
Coleman and Smith 1976), it would seem arpropriat~ for plants·nnd
firms to institute a systen that makes effective use of workers'
knowledge.

Accordingly, it would be in order for plant mana~ements and firm
managements to survey woikers involved in industrial-truck opera­
tions ~n a regular basis in syste~atic fashion. Such a survey
can reveal much in the way -of hazards and factors that constitute
problems: in the safety of industrial-truck operations in the
plant .. Results of the su'rvey can be posted and updated with in­
formati6i abotit developments related to the hazards and factors
identified, so that the workers themselves 'can monitor the sub­
jects of their conoerns. Results of such surve~s can be extreme­
ly helpful i-n 'setting priorities for forklift-safety efforts, 1.n
identifyingpriints at which planning for chan~es could fruitfully
involve worker input, and in evaluatin~thc safety-performance
of a1'l sectors ,of the plant and firm in connection with forklift­
operations.

Since the specific cdnditions that ~ivp rise to factors which con­
tribute to hazards and accidents in forklift operations vary so
greatly from one plant to the next, and since ~any of th~rn 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 informatioll needed can be
gotten in largest measure from "the horses' mouths" - Le. 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 anal~d 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 conversations in the field
were dir,ected 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 possiQility 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
powered industrial trucks relative to other factors that contribute to
hazards and accidents. Both aims were accomplished.

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, so that a driver can easily run out of fuel with a load elevated
10 feet in the air. We learned that the br~ke-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 case 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 so~ewhat on sitdown rider trucks, are occupied by
drivers for long periods 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 order-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 also that the offset of the driver's seat to 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 obstructions and moving
object~ 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 can
explain somewhat why drivers oftert back up without looking.

We round 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 perio~s, ach~y 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, particul~rly

when one is required to operate the truck several hours in succession,
as seems rather common. Drivers noted that the lack of springs and
shock absorbers on the trucks exacetbates the lack of padding where
the driver's feet or sitter contact~ 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 light 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 platfor~, positionirig
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 trucks' suspensions to absorb some of the jolts.

(c) visibility ~ll around the truck, but most particulary through ~

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 contin~ally 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 years, manufacturers
have admitted to us that they realize that there is a long way yet
to go, and that fresh breakthought~ are always in order. For this
reason, it does not seem fruitful to attempt to set standards in these
areas.

There is yet another matter relate~ to truck design that was
occasionally noted as problematic: the layout of controls, parti~

cularly the means of· actuating the -brakes. Although the ANS-I- stand­
ard for powered industrial truckS (B.56.1) sets some general require­
ments for layout of cdntrols arid means of actuating them, significant
differences are encountered amorig makes of truck. When drivers,
particularly inexperienced one~, ate called upon to operate more
than 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 ~eans of
actuation more uniform, either by standard or by industry agreement.
Manufacturers-argue, and to s~me ext~nt drivers agree with them, that
the features petuliar ~o their trucks can· offer drivers some note­
worthy advantages. It should be noted also that making control
layouts and means of actuation uniform beyon~ what ANSI standards now
call for would make it- more difficult for users to select just those
trucks that suit their operations and drive~s 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 to the non-uniformity problem when selecting new trucks;
use~s 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 paragr~phs concern themselves with several
items of human-factors design of powered .industrial trucks that do
contribute to haza~ds 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 irtadequacle~ in the trucks, and the
contributinn 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 pur 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 maintain in proper operating 'condition than a relatively
newer one. Maintenance departments can perform 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 old. worn out trucks. and
thus do not replace the trucks often enough. As we noted ab~ve. it
would appear that most of the trucks in 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 limit
drastically the impact that design impiovements,can 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 th~ 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 p~ob1em mentioned most frequently was the
way in which the load is pal1etized. 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 ~an be unsecured
against internal movement. or not secured to the pallet adequately;
it can also be loaded 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 load 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 quite
~roblematic. 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 al,ong 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 or 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 comp1icaied by the state
of maintenarice of the trucks. production-speed stress. and non- '
defensive walking and working practices of p~destrian workers who ~

find themselves in areas where industrial trucks operate. Here again.
the driver is 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 th~ weather and
dripping from objects stored outdoors then brought inside; bumps and
cracks and dips and potholes in the floor, and leaks of transmission
oil and hydraulic fluid from the trucks themselves all po~e obviou~

problems. The iondition of the driving s~rface 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 contr6l over ~he perfo~m~nce

of these operations.

Our discussan,ts mentioned quite a number of operational/behavioral
miss~eps as contributing i~ important ways to hazards. Dri~ers so~.­
times back up without looking first, turn corners too fast, travel
forward with the load blocking their vision, and faii to warn others
of the truck's presence. Pedestrian workers sometimes appear in
front of trucks from doorways and side aisles with no advance not'ice
to th~ drivers, fail to hear or heed warnings given, an~ ~6~.~~ if '
they always had the right of way regardless of oth~r rele~ant
conditions.' "

Most important among these, operational/behavioral misstep~ would'
appear to be these three: (a) failure to est.ablish and maint~'in .
effective communication among workers who are sharin~ the sa~e 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
fail.ure to block wheels on"highway trucks and railroad cars, to
check for the blocking, and to check the bed-surfaces of highway
trucks and railroad cars.

Ineffective communication among workers sharing the sam~ tasks or th~

same aisle-space is involved ,in several different kinds of hazards,
but the need for such commu~ication is nowhere clearer thari in tasks
that involve complex interactions between an industrial-truck driver
and a pedestrian helper. A good exampl~ of suc~ 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 tra~eable

in large measure to lack of training~ We found that pedestrian
workers are rarely tr·ained at all for those portions of their tasks
that involve interactions with ~ndustrial trucks., Drivers aiso
told .us that pedestrians appear to lack important information about
trucks and their operational requirements, such as lateral space
needed, stopping distances, a~d 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 siBning, and doorways that
open directly into aisles; noisey truck engines and noise from
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produ~tion m~chines to which many workers respond by w~aring hearing­
protective devices that make it difficult to establish and maintain
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
th.e 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 sin~le

item down from a high storage rack, change a lightbulb, or take
inventory. These requirements of material-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 th~mselves,

decides also that the task cannot wait for appropriate equipment to
be brought to the scene. In many cases, the plant may not own the
appropriate kind of truck or attachment. or the. n~eded item may be
down for repairs, or currently in use in another part of the plant.
The involved 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
ment 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 this 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 en~ugh 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 ~at~ersis not always ~ssigned to industrial-truck drivers. and
it i~ not always clear to the workers around the dock who do have ~

this responsibility. Of 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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d~fficult to ch~ck 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, a'nd 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 in their 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 sta~e of maintenance
of the trucks, and the trqiningthat workers receive for those portions
of their tasks that invcrlva industrial t~ucks. It shobld be noted
that these factors interact with each other and with other factors
diacussed 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-~aying 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
positions tend not to fill them for very long, and their position at
or near the b~ttom 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 ones for which much training is appropriate.
This seems particularly true for manual materials-handlers who are
often the ones respon~ible for load-information in the first instance,
and the generalization seems 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. In 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 lower
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 p~rformance for them as regards.both quality of wtirkand safety,
even in materials-handling tasks.

Production-speed stress imposed on drivers of industrial trucks is
anothersystems~feature of in-plant operations. Although drivers of
industrial 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 t~ decreas~ 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 upon to ~~erate sev~ral makes and mod~ls of truck, and
even more 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 inexperienced or has not had
a chance to learn the ~eculiarities of this truck be~ore 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 in
identifying and reporting maintenance needs of the trucks he uses.
This kind of general condition can undermine the efforts of a sys­
tem where preventive maintenance depends solely on the reports of
defects from drivers. In addition, it is a truism in maintenance
departments that the number of maintenance needs and proble~s 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 importarit 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 tru6ks ..

We noted above that age of the truck affects its maintenance and
operation adversely, and that an old, poorly maintained truck can
figure 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 thorough checkout of the truck before st~rtini their tasks
with it. poss~bly because of what they p~rceive 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 belief by shorthandedness in the main­
tenance department. In light of these problems, we draw the conclusion
that systems of maintenan,ce that rely solely' on the' driv1rs 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 on'ly one of the twelve plants we visited '
during the course of this study had such a system.

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 hardJy jpst cause for great rejoi~ing,

however: 34% of them said they had received no training; the amount
of training offered drivers seems proportional to the capacity
of the truck they drive, with walkie operators generally receiving
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none at ~ll; formal training is often administered as late as two
years after the driver begins operating his forklift; formal training
d~es not 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 circumstances with ciose supervision. 'One driver,
when asked what training he had received for driving a forklift, said,
"Training? In this joint? Are you kidding?"

This researcher finds shortcomings of training in other areas r~lated

to forklift operations even more glaring. We find that very few
mechanics are trained specifically for repairing powered industrial
trucks. If all industrial tru6ks.were powered by gasoline or LPG,
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 automobiles that mechanics
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 rece~ves 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 thatdrivers often feel pedestrians are unaware
of certain crucial facts about forklift operations; (d) the fact that
pedestrian traffic in an industrial plant is almost never isolated
physically from industrial-truck traffic. On city streets., 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 OSHA and ANSI
safety standards that are related to most of the thirty-eight common
factors identified in the course of th~s study. Th~ appendix shows
also that several of ihe factors singled out for discussion in this
chapter have received a good deal of emphasis during inspections by
OSHA officials, particularly training and maintenance. Even some
of the operational/behavioral standards have received commendable
emphasis in inspections, particularly 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 inte~sections.

109



Other important items like the requirement that only safe loads be
handled, are not addressed so well by either'the standards or by
inspections. Some additions and alterations in the standards woul~

seem to be helpful in such areas, particularly the following:
(a) it should be required that loads mqst. be handled using the
appropriate attachments or containers, which must be adequately
maintained and present in adequate numbers and size near where they
are needed in the plant; Cb) 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.56.1 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 planq CO it seems in order for certain
sections stating operational/behavioral requirements aimed ultimately
at the driver to be re-worded, as discussed in the sectiori of this
chapter on standards. It will be noted that the changes re~ommended

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. In orde~ to 6e quite "
general, the standards are necessarily rather vague on some important
matters of adequacy of training, of numbers of wheel blocks and
attachments, of warning devi~es on the trucks, of devices ~ttachable
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 theae 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 to the next, even within the same industry
with roughly the same processes. It would seem to the point also to
provide OSHA (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 storage 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 guidelines and techniques.

There is also a great deal of study that seems in order in connection
-wit h thesen 0 n - des i gn f act 0 r s th a t con t rib ute to ind us t r i a1-:- t r u c k
hazards, that is not related to standards. Some of this study would
be of a 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
approaches to the cure of The Industrial Truck Problem.

Scientific investigation is called for to learn jUs~ 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
common factors, but it has not always been able to explain just
how th~ 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
an s we red for a g rea t n u mbe r 0 f differe n t fa c tor s: ( a) Doesth e fa c tor
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? Cd) Does
the factor constitute a block to the execution of an appropriate
control judgment? Is the block neurological, 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
safe~y. We have found over the years that workers are collective­
ly very good sources of information about what safety practices,
plant layouts, operations designs, job designs, and so on tend to
contribute to hazards and which do not. Si~ce it is individual
forklift drivers and pedestrian co-workers who must in the end
adapt to and work with whatever curative approach is takeni it
seems m~st 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
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constitute the most fruitful approach to pre~enting forklift safety
problems. Results of such investigations can help. to guide stan­
dards-setters. enforcement personnel. scientists. plant managers,
training experts, manufactur'ers of indus trial trucks. and truck­
dealers to areas in which their efforts can accomplish the greate~t
good. .

Other survey-type research can be carrie& 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-s~fety efforts,
and in guiding the efforts in the most fruitful directions.

Manufac.turers 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 distinct 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 sometime~

applied to problems that m~y 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 durabl~

markings to the more widely used models of older trucks; such a
surve.y could show that design-priorities for new tr~cks 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 survey might show that man­
ufacturers and dealers should allow desigri-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 eourse 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 wayi;
(b) the conditions in 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) th~ effec.tive and safe
performance of materials-handling tasks using powered industrial
trucks depends very much on the way that persons other than the
driver and hjs 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 out; (d) the
training that workers involved in industrial-truck operations receive
generally tends to leave somewhat to be desired; (e) the vast 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 trucks that
drivers. and pedestrian workers are called upon to cope with in their
everyday" t"asks.

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

1. No single factor or group of factors can be said to have over-
bearing importance in the causation of forklift 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 rises
to the status of statistical significance.

2. The ergonom{c design (or lack thereof) cannot justly be s~id

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 important and canriot be improved - what is said in this chap­
ter would surely vitiate that conclusion. But its importance
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. Hazard-making factors can arise or be eliminited 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
anyone of these elements can have drastic consequences, be
rendered ineffectual, or be controlled for in at least one other
element. A management decision to place production workers on a
piecework or incentive basis of pay can give rise to some very
ugly industrial-truck hazards, even when industrial-truck drivers
themselves are not paid on this basis. The incorporation of an
inch-pound load-moment device can be rendered ineffectual by poor
maintenance 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 corner at
near top speed with a heavy load held 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
design alone, is 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
worker, every mRnual 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 elemen~s.

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 wi·th some good techniques for identifying i.mportaut
safety problems in forklift operations in the plant at hand,
tracing them to their roots, 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, ~ut 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 for 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
authorized and trained persons
shall operate industrial trucks

a. 610
$8,502 fines

b. 178(Q)(1) all repairs shall b. N.A.
be made by authorized personnel

2. Production-Speed Stress

3. Assignment of Trucks &
Drivers to ,Each Other

a. 1
$0 fine

4. Availability of Tools & a.
Attachments &Accessories

l78(G)(4) a conveyor or over­
head hoist or equivalent mat­
erial handiing equipment shall
be provided for handling batteries

b. 86
$2,115 fines

b. l78(K)(2) requires wheel-stops
to be provided for railroad cars

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

d. l78(M)(12) sets design re­
quirements for trucks equipped
with controls elevatab1e with
the carriage or forks for
lifting personnel

e. ANSI B.56.l 1975 para. 427 on
elevating platforms
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c. 207
$2,640 fines

d. 142
$13,500 fines

e. --
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5. Maintenance of Trucks

6. Pay-Scales and Job­
Pres tige Levels

7. Age of Trucks

a. 178(P)(1) defective trucks
shall be. removed from service
until restored to safe oper­
at ing condit ion

b. 178(Q)(1) defective trucks
shall be removed, from service

c. 178(0)(7) trucks shall be
examined daily or at end of
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
A scheduled preventive main­
tenance, lubrication, and
inspection system shall be
followed

as under Maintenance, above

a. 930
$16,149 fines

b. 291
$3, 805 fines

c. 336
$4 ,321 fines

d. --

B. OPERATIONAL/BEHAVIORAL REQUIREMENTS OF TASKS

1. Backing Up

2. Turning

a. 178(N)(4) driver shall travel
with load trailing if load

. being carried obstructs forward
view

b. 178(N)(6) driver shall look
in direction of travel and
keep a clear view of.path of
travel

a. 178(N)(4) (See 'above)

b. 178(N)(15) while negotiating
turns, keep speed down to a
safe level by means of turning
the hand steering wheel in a
smooth sweeping motion. Except
when maneuvering at ~ very low
speed, the hand steering wheel
shall be turned at a moderate,
even rate
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a. 635
$5 , 635 fines

b. 9
$275 fine

a. See above

b. 1
$0 fines



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 0 f
Life-Truck Operations

a. ANSI 8.56.1 1969 para 427
requires- horn, or whistle, or
gong or other-warning device

b. l78(N)(4) driver shall slow
down and sound the horn at
cross aisles and other loca­
tions where vision is ob-

- structed

a. l78-(M)(3) unauthorized per­
sonnel shall not be permitted
to ride on powered industrial
trucks. A'safe ~lac~ to ride
shall be provided where riding
of tr'ucks is authorized-

b. l78(M) (4) employer shall pro­
hibi t arms or legs from being
placed between the uprights of
the mast or outside the running
lines of the truck

c. l78(M)(12) (See above)

d. 178(0)(1) only stable or
safely arranged loads shall
be handled

e. 178(0)(2) only loads'within
the rated capacity of the
truck shall be handled

f. ANSI B.56.l 1975 para 427
on elevating platforms

a. l76(A) and 22(B)(1) permanent
aisles and passage~ays shall
be kept clear and in good
repair, with no obstruction
across or in aisles that
could create a hazard

b. See above

a. 78
$6.450 fines

b. 38
$360 fines

c. See above

d. 24
$610 fines

e. 13
$220 fines

f. --

a. Fourth mos t
frequent viola­
tion 1973** .

b. 22(B)(2) permanent aisles and b. N.A.
-passageways shall be appro-
priately marked

6. Communication during
Shared Tasks, or in
Shared Spaces

a.178(N) (4) (See above)

b. l78(N)(6) (See above)

c. l78(N)(8) speed must allow
safe stopping
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a. See above

b. See above

c. 13
$265 fines



7. Parking the Truck

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

9. Non-Required Behaviors­
Horseplay, Showoff
Driving, Jerky Driving

10. Generally Attentive
Operating

11. Servicing the Trucks

a. l78(M)(5) specifies procedure
when driver leaves the truck

a. l78(K)(l) (See above)

b. l78(K)(2) (See above)

c. l78(K)(3) requires fixed jacks
under serni-trailer when trac­
tor is unhitched

d. l78(K)(4) requires positive
prevention to be provided
against railroad car moving
when dock~lates are in place

e. l78(M)(7) repeats the provi­
sions of (K), mandates check­
ing bed-surfaces on trucks,
trailers. railroad cars before
driving industriai trucks onto
them

a. l78(N)(9) stunt driving and
horseplay shall be prohibited

a. l78(G)(2) facilities shall be
provided for flushing and
neutralizing spilled electrolyte

a. 516
$4,105 fines

a. See above

b. See above

c. 3
$85 fines

d. 5
$30 fines

e. 101
$1,115 fines

a. 3
$65 fines

a. 297
$2,530 fines

b. 178(G)(4) (See above)

c. 178(Q)(7) .(See above)

d. 178 (Q) (1) (See above)

e. 178(P)(1) (See above)

f. 178(0)(4) trucks in need of
repairs .to the electrical
system shall have battery dis­
connected prior to such repairs

C. OBSERVABLE CHARACTERISTI@S OF THE TASK-SITE

b. See above

c. See above

d. See above

e. See above

f. 0
$0 fines

1. Narrow Aisles a. l76(A) and 22(B)(1) su£fi- a. See above
cient safe clea·rances shall be
allowed for aisles
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2. Crowded, Cluttered.
Aisles

3. Intersect~ons and
Doors

4. Concentrations of
Traffic

5. Condition of the
Driving Surface

6. Noise, Obnoxious Odors,
Toxic Gases, Dust,
Lighting

a. 176(A) and 22(B) (1) (See
above and below)

a. l78(N)(3) no passing at
intersections or blind spots

b. l78(N) (4) (See above)

c. l78(N) (6) (See above)

d. l78(N)(8) (See above)

e. l78(N)(10) slow down for wet
and slippery floors

f. 178(N)(14) avoid hitting
loose objects on the driving
surface

g. l76(A) and 22(B)(1) (See
above)

a. l76(A) and 22(8)(1) (See
above)

b. 22(A)(1) all places of em­
ployment - shall be kept
clean and orderly and in a
sanitary condition

c. 22(A)(2) the floor of every
workroom shall be maintained
in a clean and, so far as
possible. a dry condition

d. l78(N)(1) observe all traffic
regulations. maintain dis­
tance about two truck lengths
from truck ahead. Keep truck
under control at all times

e. l78(N)(10) (See above)

f. l78(N)(14) (See above)

a. 178(1)(1) sets TLV for CO,
refers to 1000

b. l78(H)(1) sets standards for
lighting intensity

121

a. See above

a. 0
$0 fines

b. See above

c. See above

d. See above

e. 0
$0 fines

f. 2
$60 fines

g. See above

a. See above

b. N.A.

c. N.A.

d; 10
$335 fines

e. See above

f. See above

a. 5
$60 fines

b. 11
$100 fines



6. Noise (Cont'd.)

D. LOAD CHARACTERISTICS

c. 178(H)(2) mandates auxiliary
lights for trucks operating
in dark areas.

d. 178(G)(2) (See above)

c. 8
$60 fines

d. See above

1. Poor Pa11etizing a. 178(0)(1) (See above)

2. Pallets in Poor Repair a. 178(0)(1) (See above)

3. Load is Too Heavy a.178(0)(1) (See above)

b. 178(0) (2) (See above)

c. 178(0)(3) long or high loads
that affect capacity 'shall
be adjusted

a. See above

a. See above

a. See above

b. See above

c. 0
$0 fines

4. Load is Inherently
Uns table or Blocks
Vision

E. TRUCK FEATURES

1. Brakes

2. Steering

a. 178(0)(1) (See above)

b. 178(0)(2) (See above)

c. 178(0)(3) (See above)

d. 178(0)(4) when using attach­
ments, secure and handle
loads carefully

e. 178(0)(5) driver shall get
forks as far under load
as possible

a. ANSI B.56.11969 para 410
thru 416 set minimum drawbar­
drag figures, maximum pedal
pressures

b. 178(P)(l) (See above)

c. 178(Q)(l) (See above)

d. 178(Q)(7) (See above)

a. 178(P)(l) (See' above)

b. 178(Q)(1) (See above)
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a. See above

b. See above

c. See above

d. 1
$0 fines

e. 2
$80 fines

a. N.A.

b. See above

c. See above

d. See above

a. See above

b. See above
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8. Safety Devices
(Cont'd. )

9. Emissions from Truck

10. Driver Confusion
about.Controls

e. B.56.1 1969 para 427
(See above)

f. 178(P) (1) (See above)

g. 178(Q) (1) (See above)

h. 178(Q)( 7) (See above) .

a. 178(1)(1) (See above)

a .. ANSI B.56 •.l 1969 para 411
thru 416 set general guide­

. lines for control layouts
and modes of operation

b. 178 (A)(l) nameplates must be
kept .:i.n goodlegib1e condi- .
tion

c. 178(Q)(lO) trucks must be
kept clean

e. N.A.

f. See above

g. See above

h. See above

a. See above

a. N.A.

b. 178
$6,695 fines

c. 35
$35 fine.s

* 1975. violation data courtesy of OSHA
** from AnonymOus, 1973 .
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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 handl:i.ng is
pervasive throughout industry. Crane and hoist systems allow industrial op­
erations great flexibility .inmoving and manipulating objects from a few
pOWlds to 300 or IWre tons." Besides this fle"xibility, cranes and hoists
occupy little usable floor area 'while providing a tremendously productive
tool to numerous manufacturing operations. In construction, cranes of var­
ious types 'are indispensable. tvarehousing,' shipping, maintenance and repair
operations find varioUS crane or hoise 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 hoists 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 effort,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 hoist 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, etc.); 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 integrate properly, variance develops in the system.
This variance in the system's operation must be compensated for or the pos­
sibility of system failure exists. This study report seeks to indicate what
obstacles to the proper integration of crane or hoist 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: lifting
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 involves 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 corne in a variety of sizes and designs, varia­
tions of the above steps are common to the operations of each machine I s use.
However, 'because of differences in their design, location, 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 operatioris 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 outdoor operations; hoists 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 hoisting 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 hoisting 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 categ6riza~

tion of equipment does generate issues 'unique to the use of cranes in each
of these divisions. These issues will be discussed at length in Section III
of this chapter. .

MAJOR HAZARDS INVOLVED IN CRANE USE

The principal hazards involved" in overhead lifting are similar 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 obj'ect, 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 load 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 indifferently, an.d .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 I 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.

126



Similar types of hazard management in the use of crane and hoist systems
are either nonexistent, or where these sorts of controls or restrictions
are imposed through standards or individual 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 investigations; 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 appropriate, examples from this data will be used to illustrate various
aspects of safety in crane and hoist use. These examples are not 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 itls 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 analysis 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 ~urther safety efforts related to crane and hoist use.
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II. CRA.TilE AND HOIST STUDY METHODOLOGY

As is indicated in Chapter 3. the methodology in th:1s project involved three
phases: (1) the gathering and analysis of ~ausal accident information;
(2) the observation of field use of materials handling equipment, integrating
the accident information into these field investigations; and (3) the analysis
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 accident data from the Hisconsin Worker's Compensation System.
This data consists of causal comments and causal data coding from employer's
reports of compensable accidents, employe causal remarks on an acciderit 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 observation 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 hoists 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 ihto small and medium sized crane and hoist systems, as well as
other heavy equipment and mobile hydraulic cranes. A second Wisconsin man­
ufacterer specialized 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 fabrication 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 large and
small establishments participating in our study.

Of 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 establishments with foundry
operations as part of their manufacturing plant were involved in the produc-
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tion of plumbing fixtures and small gasoline engines: papermakin~ 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 willingness 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
accompanying 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 these in­
stances, workers were asked questions designed to extract the workers' knowl­
edge of crane-or hoist-use hazards or hazard controls. In plants or work
sites where it was not feasible to interview some or all workers, supervisory
and management personnel were made available 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 hoist 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 IHFORNATION

In addition to the data analysis discussed above and the field observations
of equipment used, other avenues of information related to the safety of
crane and hoist operations were pursued. The lack of a vast body of lit­
erature. in ergonomic and engineering journals ~.as 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
manaeers 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 nptable source of information on mobile crane safety and proper op­
erations was obtained through discussions with Mr. Don Dickie of the
Provinc.e of Ontario I s Construction Safety Association. Hr. Dickie's or­
ganization, as part of the Province's \vorker'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
accidents in construction. This program and two training books on crane
operation and rigging.published by the Construction Safety Association of
Ontario are discussed in greater detail in Section IV of this chapter.
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An additional 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 amass,ed a large amount of accident. data, information sources, and.,
interview notes related to crane 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 hoist use and their hazards and hazard control systems. This
consisted of analyzing the results of field observations and interviews to
relat~ the hazards or hazard controls indicated i~ this data to five
cater,ories, indicating where in the industrial work process the hazards or
controls originated or where realized .. These categories (remote preoccupa­
tional conditions, at site preoperational c'onditions, 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 process
attention might best be directed to reduce a hazard's developing into an
accident. The results of this analysis are presented in Section III.

The second analysis involved the incorporation of comments gathered from
field observations and interviews on 'crane and· hoist hazards int.o the gen­
eral accident 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 section of this chapter.

The final effort of the study, whose results are presented in Sections IV
and V of the chapter, involved the application of the data and results of
this project to specific hazard management and control situations involving
cranes and hoists. In Section IV, areas of human factors problems deter­
mined to 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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JJ)_.__A_CC~DJ:1"!.~AND FIELD INTERVrE~-1 ~~_Y'§J~--HAZARD_S AND CONTROLS REL~J:D TO
THE. CAUSf.TIO~-.-Q..F CRANE AND liOrST 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 involving 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' ana1ysis.- First. a
category of crane and hoist accidents will be defined. The hazards related
to this type of accident. or to control systems sugge.ted or used to control
hazards indicated by workers. managers or researchers' observations will be
discussed.

This study incorporated a philosophy 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 eventau11y pro­
duce an accident. The realization of this philosphy of Hazard ~~nagement

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.g. maintenance
of a chenica1 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 control for that problem, pro­
tective measures are necessary if preventive measures fail to control or
avoid the development'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 Sill1HARY

The sources of accident data--the tJisconsin Horker' s Compensation Case His­
tory file, Employe comments from the 1974 Promptness of Payment Survey, and
investigation of accident reports are explained in detail in the methodology
overview of this report and in Chapter 3. It was found that the informa­
tion contained in the H.C. Case History file was not of sufficient detail to
generate concise catep,ories of crane and hoist accidents of any value in
defining causal factors in these accidents. The 413 employe responses on
the promptness survey and the 76 accident investigations which were found to
relate to crane and hoist use were of sufficient detail to generate causal
cater,ories.

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

131

...

.'



•

TABLE 5-1
CRANE AND HOIST ACCIDENT ANALYSIS CATEGORIES

1 Accident Investigations2Employe Reports
Type III Category Description !req. Percent Freq. Percent Fatals Cited

1. Loads 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 36 " 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 II 6% 9 II 11. 7% - 5
or hoist to injure due to breakage of hooks.
cables. chains. etc.

t-' 4. Workers injured by being caught between lifted 37 " 9% 2 " 2.7%
w

loads lifted and/or hook up elements of hoisttv

or crane.

5. Crane or hoist or integral part of crane or 30 II 7.3% 5 " 6.5% 1 3
hoist (boom, anchor hardware, etc.) falling
and causing injury.

6. Slippage in the lift mechanism of the crane or 20 II 4.7% 5 " 6.5% I 2
hoist which causes the load to fall or machine
to:jerk and cause injury.

7. Worker injured falling or stepping off crane 18 II 4.3% 2 " 2.7% - 1
or hoiSt.

8. Worker. injured falling from overhead crane rail. 2 " .~%

9. Overexertion 1n operation (moving loads) of 18 II 4.3%
crane or hoist.
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TABLE 5-1 continued

CRANE AND HOIST ACCIDENT ANALYSIS CATEGORIES

Employe Reports1 Accident Investigations2

~JL~ 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 " 1.3%
object.

12. Workers getting caught in mechanical part of 14 \I 3.5% 4 \I 5.3% - 4
hoist mechanism.

13. Loads falling from cranes or hoists, not 12 \I 3%
t-' specifiable.w
w

14. Operator of crane or hoist injured by object 10 \I 2.5% 1 \I 1.3%
not part of crane or hoist while operating
(tripping or falling over object).

15. Workers injured setting up or disassembling a 8 " 2% 3 \I 4% 1 2
crane or hoist.

16. Load or part of hoist lowered on injured. 8 \I 2%

17. Overhead and other cranes running into injured., 7 " 1.7% 5 \I 6.5% - 3

18. Injured while manuvering materials to load on 7 " 1. 7%
crane or hoist.

19. Injured while replacing cable on crane or hoist 6 \I 1.5%
(mainly falls) •
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TABLE 5-1 continued

CRANE AND HOIST ACCIDENT ANALYSIS CATEGORIES
, 1

Acc~dent Investigations
2

Employe Reports
Type H1 Category Description Freq. Percent Freq. Percent Fatals Cited

20. Bumping into stationary crane or hoist to injure 4 cases U
self •

2l. Worker injured climbing into crane 4, " 1% I case 1.3%

22. Worker pinned be~een piles of material while 4 " 1%
hooking them.

23. Contact with electricity through crane. 3 II .7% 17 cases 23.3% 11 9

24. Crane or hoist mishooking and tipping load 2 " .5%
... to cause injury •
~

25. Ergonomics,in crane design (of cab and controls). '2. " .5%

26. Crane operators injured by collision 2 " .5%

27. Cranes and hoists not determinable. 10 " 2.5%

TOTALS 413 cases 76 cases 17 34

1 Employe reports are taken from comments returned on a questionnaire sent 'out to nonfatal victims of
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

, analysis was: Describe below what caused your injury or illness. Name the object, machine. material.
condition or 'action which caused it to happen. All reports which indicated the involv~ent of cranes
or hoists were i~cluded in this analysis.

2 Accident investigations analyzed in this section were carried out by investigators 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 possible'
violations of industrial codes or which had resul~ed in fatalities were most likely to be selected for
investigation. ' .



further grouped into 8 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.

Hhlle 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· nature of crane and hoist accidents can be made from this data. The
Horker'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 \,1. C. cases reported. The costs of these accidents (indemnity pay­
ments plus medical costs) are $1,418,220 or 1.11% of the total ~~. 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 accident source on the
data file. This assessment is 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 crane·s or hoists on the Horker' s Com­
pensation file.

Tables 5-3 throu~h 5-5 show cross tabulations of data from the ILC . file.
Table 5-3 is a cross tabulation of accident_type code groups, with the ac­
cident type code 8roups, with the accident source classification of crane or
holst reported and coded on the \~. C. file; this provides a basic summary of
the nature of accidents involved in the use of various.types of cranes.
Tables 5-4 and 5-5 are based on data from 1971 through 1975 on the H. C.
Case History 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 hoists. Other than Tables 5-4 and 5-5, all H. C. data referred to in
this report will be based on 1972-:-l97? Horker's Compensation data.

r:~TERVIEH AND FIELD OBSERVATION DATA Sm1Ml\RY

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; ~he worker interviews centered around a
determination of what hazards or hazara co~trolsthey felt existed in their
job situation and experience in relation to various aspects of crane or
hoist operations hazards. These aspects of crane 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

I. Lifted items or other load elements falling when
hoisted to cause injury, from .•.•••••.••.••..••.•••••••.••...
A. Loads being lifted which slip from hooks,

chains, slings, etc. to injureworkers 97 cases 23.5%
B. Loads or parts of loads hook up falling

from crane or hoist to injure, due to
breakage of hooks, cables, chains, etc ••••••••. 25 cases 6%

c. Loads falling from cranes or hoists,
not spec1flable ..............................•. 12 cases 3%

D. Crane or hoist mishooking and tipping
to cause in ur '. . . . . . .. 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 .••.••.•.....•...••.••..••.•••
A. Workers struck by loads being moved or by

parts of crane or hoist while machine
is moving · ' 36 cases

B. Loads or parts of cranes or hoists hitting
other objects while moving and falling or
causing something else to strike inj"ured .•••••. l6 cases

C. Injured getting pinned between moved load
and other obj ect ••••••••••.••••••.•••••..•••.•• 15 cases

D. Load or part of hoist lowered or injured ••••••• 8 cases
E. Overhead and other cranes running into

inj ured ' '0' • • • • • • • • • •• 7 cases
F. Crane operators injured by collision ••••.•••••• 2 cases
TOTAL 85 cases

8.75%

3.75%

3.75%
2%

1. 75%
.5%

20.5%

III. Worker gets caught in or between loads lifted
or prepared for lifting, and/or crane or
hoist parts, from .
A. Workers injured by being caught betwe.en

lifted loads and/or hook up elements of
hoist or crane (hooks, slings, chains, etc.) .• 37 cases

B. Workers getting caught in mechanical
parts of hoisting mechanisms ••••••••••••.•..•• l4 cases

C. Worker pinned between piles of material
while hookln them. . . . . . . . . . . . . . . . . . . . . . . . . . .. 4 cases

TOTAL 55 cases

136

9%

3.5%

13.5%



TABLE 5-2 continued

IV. Injuries involving some failure, malfunction or
misoperation of crane or hoist mechanisms or
structures, from " , , , , , .. , .. , , , .
A. Crane or hoist of integral part of crane or

hoist (boom, anchor hardware, etc.) failing
and/or falling to cause injury .•••.•••••..••••• 30 cases

B. Slippage in the lift mechanism of the crane
or hoist which causes load to fall or
machine to jerk and result in injury ••••••••••• 20 cases

TOTAL 50 cases

7.3Z

4.7%
12Z

-..

V. Injuries incurred as a result of manipulation
of the load in order to attach and hoist it,
or from manually participating in the moving
of loads, from " ".. " ".
A. Overexertion in operation (moving loads)

of crane or hoist .•••••••.•.•.•••••••••••.•••••18 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

obj ec t" , ' " •• ... 10 cases 2.5%
C. Manuvering materials to load on or hook

to crane or hoist ••• ~ . . . • • • • • • • . . • • . • • • • • • • . • .. 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 I from ' """ " " " " .
~Worker falling or stepping off crane or hoist •. 18 cases 4.2%
~. Worker injured climbing into crane •.••••••.••• ; 4 cases 1%
C. Worker falling from overhead crane rail •••..••. 2 cases .5%
TOTAL 24 cases 5.7%

VII. Injuries from crane or hoist maintenance operations
not otherwise covered, from .....•...•.•...•.•.•.....•..••..•..
A. Workers injured setting up or disassembling

a crane or hoist .•..••.•...••........••••••.•.. 8 cases·
B. Worker injured replacing a cable on a crane

or hoist (mainly falls)........................ 6 cases
TOTAL 14 cases

2%

1.5%
3.5%

VIII. Remaining categories " .
A. Bumping into a stationary crane or hoist

to injure self ................................. 4 cases 1%
B. Contact with electricity through cranes ••..••.• 3 cases .7%
C. Ergonomics in crane design (of cab. controls •••• 2 ·cases .. 5%
D. Cranes and hoists not determinable .•....•..•••• lO cases 2.5%

~'

TOTAL 19 cases 4.7%

GRAND TOTAL

137

413 cases



TABLE 5- 3
CRANE AND HOIST ECUIPMENT TYPr.~ BV ACCID~NT TYPE GROUP fROM IQ 2 TO 1 17" \,nR~ rR I S COMPENSATION I)A TA

Aee'O[NT Typ[ -.1 TOTAL H PCRCENT FALL OR STRUCK BY S,TRUCK BY S T",Uel< BY CAUGHT (AUG)otT "UC...T P£C[STR I AN CONTACT CONT" CT PV£R[.[RT_IOTH[R
CAStS CASeS ~UMP rALLI NG MOVING UN$P('C. B£TW(EN IN IN ~TRUCK BY w,TIol [LECT. IN HANOl~ T~P[5

EOUI~[NT Typ[ +1 A.G",'NST LOAO OR PART OF" ""ov, NC & [QUIP. UNSP[C. PO'tl'CA THRU 10.. QP[".n

P","'T [CUI P",,'ENT STAT a OAJ. LIN[S EOUIP.

IOVEDhf"AC (RA".E 121 7.3,'1; 5 71 22 2 1 7 3 -- -- , 4 I '\

i3RID(~:::: CJ:l,Q,N( 3 .2~

T~A'/E~.I ~d. (FtA',[ 1 .1~

'.I()·.ORA I L (P:;>A ".£ 4 .2:d -- I -- I 2

tERRier( 3 .2~ I 2

OREc'GC I .1~

A_f"~Atv:[ (RAM: I .1:t
LUMBER LIf"T AND II .2t -- ,
J~"":'£'"'

JI~ PILlAP (RA~E 33 2.(~ 1 20 4 -- -- 3 -- -- -- I -- I I;

.... 11.-< P', 2 .1% -- -- -- -- -- I I -- I -- I --w
CXl r)~A'''IL I",,· .cFA-'C 12 .7% 6 -- I -- -- 2

O .... l~--:UO.',

TQA,CTCR fJu. 'Jr 1 .1'1; -- I -- -- -- -- -- -- -- ..
IMAGt,E:T r~ .. r.[ I'J 1·.2~ -- IS -- -- -- 1 1 -- -- -- I ;;:

ITJ1lLJC"( eRA/If"
44 2.7~ 1 4 J~ -- , 1 -- 2 1~ -- I -- I J

h't'C,PAULIC (RA"\:[ Id 1.1 % -- 5 4 1 -- 4 2

C"'RECTING (RA·.[ 3 .2,~

r'L(C7 Q IC )-.OIS-:" 20 1.~~ -- 9 1 -- -) -- -- -- I -- I 2

~IR HOIS .... ') .y~ -- 3 -- -- I 1 1 1 -- -- .'

(~.dl"'J )-.-:-;IST 16:, 1'~.;' .<; 6 'j) '> I " 2() 17 -- -- -- 21

P,LCCK &' TAcMt..r 12 .;,~ I -- 1 1 -- I. -- -- -- -- 2
IL<"':NsT~U(..TI'Jtl a .51;'.AA,TLPIA,L::> ~OIST

It,. "~ HQ' '" ')3 3·d -- 25 J -- -- I '5 -- -- I 17

I'" 01 4.'1'; 3 10 27 I -- 12 oj , -- -- IS
p-o I ':l T ApPARA rU5

47; ,I ......J'; I.; Ie,) 64 24 ,1, 42 ,,4 2 l,G .-~t;()T Spf.CtrIEO -- --
I Lt. A :.r. ~~UT

')46 "1 -:.1-( ~~ 22') 7'; ~o "3 IIO::;prclr,rlJ '. <; " 1'i ~(J "1
- - - --

TOTAL 161,,~ 12() b:~ . 'u 1 );, -~u 15:' 1 .,') 33 . r:. ,"6( ~("C(',T) ( IOC~) q/t) (1~ .~~!)
9 -I

I )~~0,~) (j" q n,;";, ( 'J." ~) I' . !:') (~. r~ ~) ( 2 , ; ( IO.Sot! 14,5.1:) (c f ..,)
). Ib
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TABLE 5-4
INUUSIRIAL GROUPS BY ACCIO£NT T"tF GROUPS FROM 1971 TO 197'; IoKJRKER'S COMP£I'lSATlON DATA

Ace ,oeNT TV"...... TOTAL Ii P[flCEIH fALL OR STHIJCr( U'I' ~TnUCr( ttY .~ rr:o.UCK cy ('",IIGHT CAUGHT A.uGUT IJrO{~~TI)I"'N (GrjfACT ((j~H"(T J'Wlr, [)( £R T • C-rti[J(

c. ... 5 [5 CA5(S ('UJ-4P r"ALLING HOVING UNSPl:C. '.\C T'.[ CN ;N I~ -HH.i(K u"r 'oJ 1 TH c. [C.T. I rj tIA,.,Jt( ,Yio':;;:S

!NOl5TnV CUSS Ir. '"
"'GAINSl L"''''O OP PAJ.iT or o.AOVINC « r.C.UIP. 'JNSJlI:C. ,.JC\ii[A T ~.r.J lJ OR CPj"r.: .... 7[

rART [CUIP,...£UT SlAT. ODJe LIN[~ [CUIP.

"'ACtlI N"::AY M"C.
11';1 23.2:' ~II 24~ 51 36 ,14 ~5~gU-,M..HrRIC'" 11 11 3 y- 3 9

F'>oJ!'''R'L~~~~__ 275 __ 14.4% ---'L..... 143 37 11 5 30 12 1 _. 2 21 4
r----',-

rAlS:UCAT[[\ M;:TAL.
224 11.~ 9 114 ~2 11 3' 18 10 ·20 7P.L~\la.:L.. -- -- '-

5rECIAi. "iJ::ACC
106 5.3% 31 16 4 6 16 2 2 OJ 10 4

CnN·i~"CTn:""s 1O .' y-

nur:l.uLrc'oor,5 --
WtIUl[~AL[ T~A~ES 97 4,5% 18 32 11 .1 2 11 1 -- 4 2 6 9

Ht,.v'V (O"~TJU'CTION 96 4.6;C 14 28 20 1 -- 13 2 I 9 -- 6 2
TR~~ii""IA11Q{.

82 4.3% 40 12 6 4 5 2 9 I
["'ll"~·. ~.~;r•• 3 -- -- --

Gr.:-I~LPAi'_~' : &..D I :'\It:;

7'1 18 27 15 1 2 4
~

3 li '3CCl·Jl~"'(Tntl'i ~.o't -- -.
TnvC"~iH:"A1'- 0 16 8

--
\-.'hn[.·cu..:.I .... G 65 303;C ') 12 I 2 2 I '3 -- I] 2

AU-T0t::-4""LC n.5" -A:-:O-
2.6;C It; 1~ 6 8~[nVIC[ STATtON~ ~tl 3 2 2 5 ... -- -- 2

STn:::F."CLA Y AND GLASS
2.4'1: 8 ., 10 , II

Pn()~'.:CT"j 5' , I 2 _0 7 I ') '5
fo""CC,,;::-o K' NOP(C' 40 2.6;C 2 13 9 3 2 7 4 6PPO,)L'r.T5 L -- I -- 2
PAf'I(P ... ,:0 ALL.I LO

H 2.?'l: < '5 'I 2 I 9 li 4p!!-C'_;:;'-' (;:} -- -- -- 3

Pu~LtC ~D~IHI3TRATN. .. ' 2,'« 2 10 (j I -- -; 3 .. 2 -- 6 4

Sr:n .. , Cl'::J
L2 2.2% ? 1~ 12 3 -- 6 3 _. -- -- i I 2

UJ~- ,.,r~O '*·000
~4 2.0% 4 " 8 I 4 4 2 3 2Pr-.or '.'( TS -- -- --

[LlCTt.IC.\L ANIl -- --
E,_['~I~O~IC t~~ll~.

<1 1.6'1: 1 I') 2 -- I 6 1 I -- -- j -- 4 I

rE ...-.:~:-rL"Tr. r~ 29 1.')'1: -- 4 9 '1 I 4 .- I .- ~ -- 2 2
!L(";,: ~J' "ill -l"r l'T I L' T I £5

Rr"IAIL (·J:'\.~.r G~-hr:... --I---'r---
TUVI foUT .......... ':'T'\·[ 23 1,2': I '5 4 1 2 II 2, I 2 -- _. I

tJorl;:'HI" .... PLC (,-)('\£:'9 P .6% 1 3 I 1 -- 5 2
~'W1 < .F .,..,,< -- -- -- -- --

A~n;Ct'LTu~r, rCRrST, 11 .6% -- 3 2 2 -- I I -- 1 -- -- I
J, ....... I:'" '~ ... I rJ rc --

~ I .5:$ J, I 2 -- .. -- ;: I I -- -- I
MI~ NG
F'RIUTIt.lCi AND 10 ·5% ;- 3 2 -- -- I -- -- -- .. 2 --Pl·Il. ~~ t-I He.

I N9TRU~rp.,;TS ANO 7 ,4< -- 3 .- -- -- I -- .. -- -- 2 1
REL TEO FROOUCT5

OTHER INOUSTAIE~
35 I ,9~ -- 10 5 3 I 5 4 -- -- -- 4 ~

TOTAL l'Jil 1 <, 795 2~7 7CJ ~7 202 b2 1O 4_ 8 186 73
('ERC[~TI ( l00~) ~5.o~ '4C..1'1:' ' '5. 1%1 / ,."<t\ (2. 4

"" ( 10.? t. II. '(1 ' .C:::~J 1".211 , .4:;1 /9. 4%) r"..HI

~
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handling or machine operations, and acc~ssory availability--slings and
attachnents) corresponded to the general nature of hazard indicated by the
eight classifications of crane and hoist accidents generated in the data
analysis (Table 5-2). Workers were also asked to indicate what. they felt
was the major hazard involved in crane and hoist use before being asked to
comment 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 slinp,s.

In addition, notes were taken during seven discussions of various issues
involved in the use of cranes and hoists tJith management and engineering
staff of the establishments visited. \~tile this information is not included
in the hazard analysis data, it will be mentioned tJhen pertinent to the dis­
cussions in this chapter.

The comments nade by workers 'Jere analyzed in a manner outlined in Section II
of this chapter. The results of this analysis of workers' comme~ts 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 hoist accidents paralleling those given in Table 5-2.

ACCIDENT FACTORS ANALYSIS AND WORKER T~ITERVIEW RESULTS

The following seven segments of this section will present the most salient
points of the accident data analysis and field 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 follow.

~ext, the results of comments regarding hazards gathered during the field
observation interviews will be summarized. The major groups of hazards
pointed out 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 ELE~IT.NTS FALLING FRO}! HITClIIHG SYSTEH tlALFUNCTION OR FAIL­
URE

This classification, Classification A, corresponds to hazards and accidents
which indicate the syst~rn connecting a load item to a crane 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, roughness,
etc.) which are related to loads fallinr., which are described inClassifica­
tion D.

Acciclent Analysis Results

Accidents assigned to this classification accounted for 33% of the accidents
related to crane usage from the promptness survey, and 27...,1/2~~ of the ac­
cident investip,ations related to crane operations. The Worker's Compensation
file indicated 39~~ of the cases, implicating cranes or hoists as the main
accident source, involved falling objects or materials from equipment
strikinr, and causinr, injury. The total \vorker's Compensation costs attrib­
uted to these types of accidents was $559,218 (cost from the H. C. file for
accidents, source coded as cranes or hoists).* These accidents most often
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 falling when hoisted) fit.: 1) ac­
cidents due to load or-hitchinr, hardware slippage; 2) accidents due to
breaka~e of hitchin~ hardware or part of load; and 3) a few cases implicating­
rnishooked 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
category. * Tables 5-3 and 5-4 show this type of cater,ory to be the mos-t
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 corning -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; various iron and steel items (plates, pipes, beams, 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 motorsrnanufacturing); and metal fabrication and forging. A
lesser involvement is shown for the construction industry, utilities and
sanitation services, and paper mills.

There were-two main catep,ories of causal factors in this accident clas­
sification: loads falling from load or hitching hardware slippage; and
loads fallinB due to breakage of hitching hardware or breakage of part of
the load. Factors associated with these cater,ories were.

*Some of these cases may belong in Classification n, as Worker's Compensa­
tion Coding was not fine enough to discriminate between these two catego­
ries.
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For loads, etc. slipping:

1) Loads or load attachments unhookinr, from sling or crane and hoist hooks.
-failure or lack of safety latches
-allowin~ cables to slack
-iMproper hookin~ or using wt"onp, or damar,ed hooks

2) Chains slippinp, or loads slipping from chains.
-loads being manipulated when lifted and slippinr,
-choker chains slippinp, on grab hooks
-choker chains using improper hooks (swivel hooks)
-loads not in balance
-irrer,ular shaped loads not securely hitched

3) ClaMps slipping off loads (nainly steel plates) and hooks
~improperly sized hooks
-failure to attach clamps to hoist hooks with flexible slings and safety
latch hooks

4) Items fallinr, from magnets--exceeding magnet lift capacity.
5) Loads falling from various slings other than chains.
6) Loads falling when raised for maintenance or cleaning operations-­

unhooking, slippin~.

For hitch hardware and load breakage:

1) Breakage of hoist or crane cables, cable slings
-cable clamp end fasteners (dogs) not sufficient
-liftin~ in excess of capacity and jerkinr, 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) Eyebolts or hitch points on loads breaking--pullinp. in sidew~ys direc­

tions.

Interview Results

The comments, related to this classification of accidents, made by workers
interviewed during the field study seCIDent of this project are summarized
in Table 5-6. This classification of accidents, loads falling from
hitchinf, system malfunctions, r,enerated nearly twice as many comments as
did any other accident classification: in excess of 130 comments.

These comments basically fit into three categories: those dealinp, with the
control that operators of cranes have in the process of handling loads safely;
C08ments 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 is the key to avoiding 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 hoist use accidents.
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TABLE 5-6 A. SUMHARY Of HAZARDS AND CONTROLS RELATED TO lOADS fAlliNG fROII
HITCHI~IG SYSTEH IIALFUfltTlOflS -- FROII \lORKER INTERVIEIIS.

I. lIHITATlO~S TO THE CRANE OP~R~TORS CONTROL OF THE lOAD
(~O Comments);

.....
~

~

~~i!!:.~e_2!. Jli:.za rd

-Operator visibility limi­
tations from equtpmC'nt.
works1[e and operaLions
dC6igns or-environocn[al
conditions (e.g. in
foundries from dus t or
molten metal i~cande­

acencc; pendant controls
operator's limitations
on movement and position;
and crane operator's
visual rcstrictions when
setting high steel, etc.
in construction jobs).

-Hazards to smoothly
handling an attached load
when it is lifted. moved
or turned~-loads shift­
ing on their hitch.

-Pedestriulls in the path
of a load who could be
.truck by a falling loed
or part.

-OpeTator'~ limitations
and the re5ponsibility
for checking hitches and
slings.

Measures Illdicated [0
Measures Indlc'~ted to Prevent Hazards from Developing !-r-9.i.~£~_Ai~i.':l.s~~_ Inl.!!.ry..!!.

Into Ace I dents ~~d~t')£ll_~' _

"Close coordination Is needed between th~ operator -Loads should be moved at
end the hltcher regarding the settin~ of hitchcs and aGlowa level as surro'Jnd-
signalling load lifts (pre-11ft procedures commun- ing obstruction. permit
Icatlons). so 1£ loads .lip they can

-Prior to usIng the crane the operator should check be lowered quickly or will
out Its contro I funet Ions. only fall a short

-Prior to load lifting, operator should check load distance.
pa.th for obstructions or floor traffle: (pedestrians, -Don't mov(I loads over
11 ft trucks, etc.). and make judi claus use of horn people~
Dr bell to alert floor traffic. -Make sure lIitchnrR are

-Check the hltchers selection of sling and hitch for clear of load when 1r is
adequate capacity and hitch balance before lifting. lifted.
Center holst overl~ad.

-lift the load only a few Inches at fIrst to cheek
hItch before raising to travel height.

-Operate th~ ~rane In only one dimension of movement
a tat I me.

-When tne operators vision Is obscured. the op~rator

should try to position hImself to batter see the
load. If this Isn't reasonable (op~r~lor 9atS
.trelned, could fall from cab or ladder), vision
holes or ~"ndo\'ts can be cut In the floors and sides
of cabs; eKtra signal":relay personnel or COf'1nunlca­
tlon equipment (radio or telephone systam) should be
used to transmit signals from hitchcr to opera[or~

operators who have to handle bright objects (molten
metal) can use polarized glasses and usc perlpharal
vision, -lights could be used for sIgnal communication;
and where operators have to handle loads near ~eld-

Ing operations. welders should stop welding whl Ie
, the operator has to look In their direction. t I

II. HAZARDS RELATING TO SLINGS AND LOAD ATTACHHENT DEVICES
09 comments):

-Whe-n chains are used for
lifting and any chance of
chatn failure eXists.
workers on the floor
Bhoul d give the' load and
sling a wide berth when
lo.ds are firat lifted.

Heap;:;ul-es Indical<."d to Pro-
!~t !,_,~~i~st I~~ry if
HBZa..r~]- _~~~,!~~

-Slings should be stored In racks or lockers close
to the work statIon at wh Ich they will be used ­
borro\-,ed slIngs "dlsappear l

' too of len.
-Provide slings of adequate design or type (chaIn,

wi re rope or nylon) to safely handle loads a'l •
given work station.

CONTINUED NEXT PAGE

Heasures IndIcated to Prevent Hazards frc~ Developing
Into AccidentsNature of Hazard

==~-- I
-Slings gettinH damaged

and subsequently failing
wbile lifting load.

-Selecting slings inslJffi­
~ient in capa~lty or in
configuration La ~afely

lift an~ move a load.



III. LOADS FALLING FROM AN INSUffiCIENT HITCH WHICH CAN INJURE
HITCHERS OR OPERATORS AROUND THE LOAD.

.....
~

lJl

TABLE 5-6 Continued

-Special attachment sys­
tems (magn('t!':, clamps,
vacuum d(,v h:.e.... elc.)
failing lo ~ufficicntly

grip loads.

I-----N8tUTf.: of Haz:ard

-Load~ that can fall from
impn,!)er hitching (off­
center hitch; twisted or
crossed chains. strApS or
rope!;; improperly se t
hook.:;, etc.).

-Load~; falling when attach­
ment points on loads
hrpo:l1: or fail (trunions.
welded hitch points,
woodf'n pallets).

-Loads falling ",hen the
ieem lifted Blips on the
hitch (odd shapes. oily
loads, cold weather loads).

-Avoid dar:18glng chains from:- overload s.tretchlng,
shock loading, ~ru!h'ng", welding arc~ and excessIve
heat erystaJlllatlon, sharp edges C'n loads (padding).
and "twisting or kinking chains in I I ftlng.

-AvoId da~aglng nylon strap slings rr~m: cuts from
sharp edges on loads (padding). st.ctchlng from
overload o_r tight chockers, damage from heat eKpo­
5 ure.

-AvoId damage to wi re rope s'lngs from: kInking.
repeated bendln9, lo!;!' of lUbricatIon (rust), e)(ces­
slve Internal or external wi re break.age, t\o:isttng ,
and tIght chockers.

-IMpect slings for damage regularly before and after
use. Damaged slings should be take""n out of service
for repair or evalucltlon and r,cplac"cment (do",nratlng
may be feasible, but only aftcr a ,peelalist In­
spects the damage). Adequatc sul.stl tutcs for
renov('d slings should be provi dcd to nec( the
requirements for safc lIfting.

-Periodic Inspection for met.:J1 fati~luc should be made.
-Attachment devices wldch hold load-, from "the tOp

(magnets, plate clall'1ps, hydraulic. claMps. vacuum
devlcps ,. etc.) should be regularlv Inspe.cted and
maintaIned for secure ope-rations. ClaMp teeth and
grab edges shou I d keep a sll. rp bit' IIg edge" Hyd rau-
lIe. systems should mal ntai n flressul'c~ ilnd nnt leak.
Vacuum devices don't work weI I on '"OUgtl surfaced
loal1'i or col d loads.

-Hltchers should sclect slings they feel arc suffi-
cIent to handle load size a~d weight. Operators
of cranes should check thc sling and hitch visually
before Ilftlng"and not 11ft loads until they feel
the hitch and .l1ng are rIght.

I"\easures Indicated to Prevent Hazards from De\l'eloping
Into Ac.cldents

-Hl tchers and crane operators have to cooperate to
5af~ly handle load5. (rane operarors wi 11 under­
stand the hltehers problems better If thcy have
some experience hitChing (progression and tralnln9
for crane operators should Include hitchIng)" Sig-
nals and procedures between hltchers and operators
should be clear before they .tart I I ftlng loads.

-On lar!)e. Irregular or unusutll lOilds, Information
related to the load weight and center of gravity,
as well 8s safe hItch points. should be supplied to
the hltchers. Where possible, well~ht and eenter of
gravl ty should be marked on odd-sh .. ped pieces.

CONTINUED NEXT PAGE

-Wear ~loves when using
wire rope. slings to pro­
tect hi'lnds Crom broken
wlre~ .

-When loads are Inltially
lifted they could shift
and l"Kcrt a m~xlrnurn strain
on tl,e:. :::11H~--workt"rs

should !:tay clear.
-Worlt··rs should not W'alk

undC'r lO:lds hpld by
atta-:-hf'Jcnt device'S \Jhich
hold lCJads by pressure
(clanps and VRcuum devic.es)
or uh.Jgnc ts.

Hcn~ure:··; JntUCill··d tC' Pro-

t-I~C!~~~(J~l!0~t~~(~li~ri )_'
lIa_7:a~(1 Deyel0J'..~ I
-llitchcrs :shuuld make sure
th~y have a clcac e,,(:u p..:
path in cas~ :t load fnilg
when lif ted or moved.

-Oppra ~ors should try to
lower load~ quickly and
safely if some! probl~Vl.

develops in lhe hitch of
a load after it 15 lifted.
Horn::; and bells can be
used to varn workers of
load"s prOXimity.

.. ,4
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TA8lE 5-6 Continued

-Hi tellers or pendant crane
opcrnlors ~re injured by
loads which cwist or swing
on their hitcheT lolhen
moved or lifted and sub­
sequently fall.

-Crane"oper.:ltofS are In a generally better position
than hltchers to m-akc sure that slings aren't h~lst­
ed or crossed and that the hitch ano holst are pro-
perly centered for the load. The hi tcher has better
vl~'on of the lower parts of the hitch or the side
of the load opposite the operator than the crane
operator and can keep track of thc~r. parts of th~

hltc" and load and signal problems to the operatnr.
-Hltchcrs should be trained to kncn .. the capacity of
slings In different confl~urations; also they should
know the prnper method for making the hltchcs they
are required to nake. SOr.lC hltchC"'s felt sling capa-
city pocket c;,rds helped. especlal.y for Irregularly
shaped or sized load •.

-Ithere the loads I I hed hy a floor c~erated pendant
controlled crane· LIre large or lon9, and the operator
of the crl:lne can l

[ maneuver his COI~tro15 enough to
see or b~ clf".ar~of his load, t"e pf'nrlant operator
should be moved up Into a cab or SLorle other elevated
p051tlon wtlcre he has a good vl~w nf the load, _hltch­
ers and load path.

-Where pieces have lliteh points att,ehed to them •
these points should be welded or r'toched-securely
10 they wIll support the >!elght of the load. Per­
manent hitch points like' rrunlons "n foundry flasks
should be regul~rly I nspecteu and rcpal red or '
removed If dama~ed.

-When working w~th small
or medium 51~cd loads,
hitcl,cr~ and other
workers who work with
hoists and cranes could
be protect.cd from injury

. by prot.ective foot ",ear.

!
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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. In general, these preventive measures involved
actions workers felt had to be performed by themselves or their co-worker~

prior to liftinr, loads (setting hitch: checkin~ hitch, slings and hoist:
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, training and enforcement of safe lifting practices, sling
inspection programs, etc.). The protective measures indicated to lessen the
chance of worker injury should loads fall centered primarily around workers
keepinr, clear of loads being lifted or moved.

n. LOtillS OR PART OF CRA."JE S~HrGING OR ~'fOVrIG ImO SOHEm:r. (OR SOMETHING) TO
CAUSF. AN ACCIDE~IT

The accidents and hazards involved in this classification (B) enCOMpass
those accinents and hazards which relate to a load being handled or a moving
part of a crane colliding ~oI1th some unintended object or person. These ac­
cidents seem to arise from loads or cranes in transit striking something; or
frOM loads beinp, lifted, swinginr, and striking or pinninp, 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 hoist usage from the promptness survey, and
19-1/2% of the accident investirations related to crane or hoist operations.
The l.;rorker' s Compensation File shows 17. 8~~ of its cases, implicating cranes
or hoists as the main accident source, involved workers injured when struck
by a movinr, 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 accinent types is
$204,893 or 14-1/2% of the ~Jorker'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 accident classification: 1) \Jorkers injured by loads being moved,
or by part of crane or hoist mechanisms which they are movinr: 2) loads or
parts of cranes or hoists hitting some object while movin~ and causing some­
thin8 to fall or strike and cause injury: 3) part of a crane or hoist or a
movin?, crane or hoist 10a(1 pinnin:; a worker against a fixed obj E'ct: 4) load
or part of a hoist lowered on a worker: 5) overhead or other types of cranes
running into workers (pedestrians); and 6) 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

I
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or plate): foundry items (flasks, molds and castinp,s); and machinery.or
machinery parts bein8 moved. This data was reported from workers in the
following industries (in order of greatest to least frequency): ~~chine~y

~[anufacture;exceptelectrical (especially construction machinery manufact­
uring and speed changes, drives and gears manufacturing: Primary Hetal Indus­
tries: Transportation Equipment H;mufacture: Fabricated Hetal Procuc.ts·,
(structural products and forginp, and stamping): Durable Goods\oTholesale
(industrial machines and scrap metal): and Paper and Pulp ~lills. The types
of cranes and hoists in these cases were overhead c.ranes: various boom type
cranes (shovel crane, magnet crane, hydraulic crane, swing crane, etc.);
chain hoists: electric hoists' and jib cranes.

The causal factors which were found to be associated with the accident cat­
ep,ories within this classification were:

1. Crane loads which are too low being moved or set swinging, and striking
some object.

2. Hoists not positioned above loads causinr, the load to swin2 when.lifted.

3. Loads shifting when lifted o.r moved causing the load to swing.

4. Crane boom or load swinging into an object causing load or object to
fall.

5. Crane operated or load lifted too fast.

6. Crane or part of load and. hitch catchinp, on some object, breaking loose
under tension.and striking worker.

7. Operator not paying attention to signal man.

8. ~~alfunction in crane operation causin~load to swing into objects.

9. }laintenance being performed on crane bridge without locking out crane
or alerting the cab or pendant operator of the crane.

10. l~ork or maintenance being done on raised loads causing load to swing.

Interview Results

~lorker comments related to this classification of crane and hoist accidents
gave the. second most numerous response: slip,htly more than 90 comments.
These comments are summarized in Table 5-7.

Horker's comments related to loads swinr,ing or moving into somethinr,
unintended fit into three categories: those involving the operators of
cranes and hoists and floor personnel's involvement and exposure in movin~
loads' hitching and load lifting problems possibly leading to loads swing­
in?,; and mechanical function or desiRn aspects of cranes or hoists which can
set loads swinf,in8, or otherwise make loads more susceptible to strikins;
sonethinr:.
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TABLE 5-7 8. SUMHflP,Y (IF HAlf.RDS AND CONTqllLS P.ELAHO T(I 101l0S SIJIHGING nR tlOVltlG
-'-NTO SO/iF ON E (0 R SOME Tli I NG)--T-ocAliSri>lAccfo{r,r-- r-r:-OMliORKTiITii"f(R\'1 E\/<, .

I. HAZARDS RELATING TO CRANE OPERATORS' ANO FLoon PERSONNELS'
INVOLVEMENT IN HOVING LOADS (52 comments):

Mcasun':; Illtlil ,ltld III I"ro-
~~~l--~"l,~i~\'-! 1.I~j:'I~I~i-"i_I--

H'H••1T11 II\. vl,l·- --.
-Iii tch"rs Lind Id:nd:mt hoi st

mll.l Cnlnl' llpl'rutor:, ',1I'.)uld
be ~.:.tutjOll': ,'lild :wpjd (if
possibl£') pod ljO:lJllf~ t!lC'm­
g('lvcs !>(·L\.l·('n :.:latlon,nry
objpct!> allu loads 1'0 be
I1ft.ed ....,Idell 1:I.lY 't\,Jj~.l

or MJing.
-Hitchers ilnd pendant amJ

rope COlllcz.,' 11 II huj ~it oper­
ators shouUi 11;IVC a c]l'ar
path in m11H.I to (OSl.,lPC' <l

load' ~;liuuld iL ~,",JjJll: fir

twist.
-Op~Tator5 of LJJnf~ ~'110u!(1

hove Jowl Hilr-nillg tlc."L'·l
Lu f-d} n'l) f1u(l!- t ra f r .I ,. If

8 10:1(1 Gct~; oue of ("(l(:~ rn].

-Crane operators should preselect the path for the load
to travel, check It for possible obstructions and for
clearance of floor traffic before the load Is II fred
and moved.

-Crane operators should try to keep track of pedestrian
and floor traffic below them so they ~O"'t forget
about SOMeone I f they walk out from b~hlnd a blind
spot. Mirrors can help operators blind spot vl5ion
wher~ op~rator l!i at a f(xed §t~tlon.

-Hltchers and crane operators should stay In visual
com~unlcatlon while moving loads so the operator
knows the hltcher Is safe and the hltcher can signal
operator regarding path clearance from hltchcrs
perspect' ve.

-Storage around crane and holst 11 ftlng statIons should
be stable and orderly to allo'l safc hltch"r, pendant
operator clearance. lJhcn productIon 1ncrcilses, I
floor areas get more crowded, dccrca§I~; ~he safe .
work area.

-Where pendant cr<lne'S or hoi st'S are used, c!ipecially
to handle long or large loads, pendi'lnt controls
should a Ilo\<J operators to 5 tay outs i de of 'a lO.1d!i·
.wlng'radlus. Hitching equipment to 11ft loads with
controlled spin should be used.

-When we2ther gets windy In outdoor crane work. esp­
ecially high construction work shuul" stop (booms
lo"Jcred If \OJlnds bl'col"le sufflclf'ntly' strong).

-Operators of cran~'5 should U5~ the) r warning devlc.es
(horns and buzzers) to alert Inattentive floor per­
sonnel of a load In their working prc,xlmity.

-Warning devices shouldn't be overused to alert
people routl nely or they will stop payl ng at tentlon
to It.

-Pendant controlled crane. need operator controlled
warning devlc~s, not Just automatic cran~ ~tart-up

bells or horns.

IHe85ures' IndIcated to Prevent Hazards from Oe,!~...!.£P~..!.£.
,AccidentsJ~:.rlJr(' (,f H~I;~:lr-:!

--..::-'-'------il-~==-==--------
-!"loor tr.:lr;- i.e..: (hj tcl~Cl~.•

other peJestr:~lls, li~t

truc.k!-;. ('te.) "uh:('r­
ability to i-lo,'ing lr.d.':
carrii'o h('.l n·....' hl'ad 1cv~__,
ThiE jf; (~r:~Piq('T ;:Jrr!,1_1':
the gren~eI" the tJ':';,,)< L:,
of fIcor tr:Jf.rlc bLiU\l i....

cn:lll~. c.~rjng £ld.ft

changcn I t:nd vhr..:n..: J'C'(:'':;­

trlans .:.Ire jn~j 11 ci.ti..·\,
or dj~~q;uy<lin[. of thcif
sUrrOllfl(; ..Lll p,:~.

-Special vl·l.I,eTilhility [-[
hitch..;:)"!"; .::n(: w(Jr!~f'r" L1e';lr
loads f rrllli ~_o.-::c::; f.wil~J',~ :lg

when f~r!,t lif:-\:",.1 (l":l-';-:::

shlftir,;_'" ;1.1 ;.~.il~:_:"!.~~

centc:l(:d h;:-,]il:ll'l ).

-Pendanl cr.:i1C op,~rCitil:':'

and hit('hC1... ~, \.:110 ::r.::'
expo~t.'c1 La pU~_:...jhly iKi ;1;;
caught hC1.\.;'{->C'il [hr, le; I~·J

they lif t ...nu r.u... rbj
machinery (11" tJ:",Jc:~f> oC
mater:t81s.

-Other obf:lTuct":'Oll:1 :in Lhe
possibJ c 1':1 L:1I v[ Ci (' rail£'
load (mdc!lllwry J ] ..~rr.e

pieces. sto!:<l~~e racke;, l·_lc.)
uhich load co~~ J ,':'.tl·.iL(~-­

caus1n~ 'sor.leth:ln~ [.,})..
-In outrloo)" Ol}eration~, ~jnd

and wllld gu!->ts can swing
loads.

I-'
~
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TJ\tsU. ~-7 Continued

Mea~lITCS Tndt(:~'('d tu TI('--

~~I~~~~~:~:~~'!,~~,r-~_t"2'-'~ Ji:- --

----------1Ir---_I-I-~-;~~cr~-i-",d ocher fl< -.,'

trnfl it; .:-'1 ( '-.1 Jo •. b l'\.:~I,;',

Ii frc d f>il"lJJ t: :;\'.ay out of
thO' i,(,,;~;j!.J_~ ~.1·'!·:~ r, J ;l:~;

of a I n;l,j ." 1.(; to.., II .1.' (, )'C'

on the (',',I,'l;"J" \·1:1]., I,~'

JifiS ,.1Hl J".\',.!.,; tic l~,_'l ..,.

-Avo1,j r.u t illl: .ill ;1 JlO·:JtiOil
to r~~-'r tl.J;']l,'d !Jel\-,'('(,n n
swill'·.~ n;: J oad alII..! .:l f:1 x('d
ubstiJcle.

LOAD LIFTING PROBLEMS POSSIBLY LEADING TO LDAOS
comments I :

I

!Hea.ures ,Indicated to Prevent Hazard. from DevelopIng Into
!Accldents .

-Hltchers should make .ure the load Is hitched to avoid
turning or .ettllng or, I f load Is designed to be
turned a. lIfted, anticipate the dIrectIon and posi­
tIon themselves appropriately when load Is lifted.

-Operators of cranes and hoIsts should Insure that
thel r hoists are centerpd above thel r loads, and that
~~tchers appear proper for II ft.

-Loads being handled or guided when ~oved or moved
around floor traffic should be hitched so their
twist and swing will be controlled (Ie., not using
single basket hI tches On lon~ loads; proper use of
nonrotatlng ropeon single I ine holst cables, or using
hook spinners to minimize the tendency of loads spln­
n I n g a r tw 1st I ng, etc. I .---0-,--'--

II. HITCHING AND
SWINGING (15

Nil t~'rl.~ of JI:J;,'-'rr!----------
-LOri.UH b""jnl,iJ:~ bC·U.IlI ... ,- of

load!'> swinr,ill;;'. or tw: ~ tir.;~

when lifted--i',cne:r"lly
frow lo~~s sr~bl1iz111~ in
theil' hitch (ba~.;.:-IL ~ ,11-;
with 110i~t ~hil-ti.l:,.,) ,-,hen
lifted. ExpG'"iil'f', ·h":'Lchenj
lind otherfi j n thl: lo.lIl' 5

iDUDE'dioi:l:tc vicIni ty t"i

possible injP.-'/.
-LOiJJs \-lhich l ...d:,l ()"[" :-:\-1in:,
eat;ily when h....:.ll·.rll'tl d ..,,:

to hitt..h t':;!:Lcm.'

~

\.J'I
o

Nature of Haz3Td

-Loads set swinging from
jerky or uneven operation
of cranes or hoists.

-Loads set swinging from the
braking action of a crane
or hoist. Brakes that
grab will jerk and .wing
loads, loose brakes will
allow loads to slide.

-Cranes and hoists ...,ith no
hoist brake using direc­
tional controls to stop
loads (lift oontro1 to
stop s right moving load
and vice-versa) or reqUir­
ing hoist or crane operators
to grab the load or crane
cable to stop the load,
Can set loads swinging.

-Crane bridges can slide on
worn spots in support rails.

-Operator. should check machine controls before II ft­
Ing loads with cranes to Insure the sofe and smooth
function of the crane. Improperly operating machines
shouldn't be used untIl properly oper~tlnq. Controls
lUbrication on a regular basis can kc~p cranes run­
nIng s~oothly longer.

-Wher" brakes on cranes and holst trolleys ,",ust be
appll"d precisely to mOve or hold loarls properly,
the~~ cranes should be run by an operator In an oper­
ating station attach"d to the crane so he can utilize
the feel h~ gets from the c.ranels b,..a!~e:5 (operators
control fe"dback).

-Where loads are large or h~ve to be ~oved to locations
by pendant controllcd cranes which t!Oil't allo\,ol the
pendent operator to hold the pendant ond safely se"
trBfflc around the 10Bd, th" operator should be placed
at an operating station where he (sh~) Is eble to see
around the load adequately (or at lo;'n be given sig­
nal personnel to help move the loadl.

-Broke functions should be regularly c~ecked and their
sensitivIty and efficiency properly ~.Int~ined (Includ­
Ing some self-adjusting brak~. that don't properly
adJustl. Crane operators 'should be ~ .. ppy wi th the
sensltl_vlty of theIr cranes' brakes.

Measures Indicated to Pro­
tee t Aga In" t 1'!.l.~.!!
~~'!..~evelop~-------
-Penc;lanr and hoist oper-
ators. as well as hltchers
who work Rround cranes
with poor brakes. ~hould

stay cautious of their
position relative to
moved loads.
-Ot~er ~easurcs indicated

in this table.

CONTINUED NEXT PAGE
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T"aL[ 5-7 Continued

-Crane operators whose
v1.sion around the lOAd 18
partially obscured by their
equipment's design or
I1mit.&t.lons and c.an' t Bee
floor traffic around the
load (cab operator's
violon blocked by cab
floors or walls , pendan[
opeT8toTs whose pendant
cables won I t stretch t.o
a1101.' them to reac.h. see
or move around the load,
mobile cranes with rotat­
ing booms and [lxed cabs
have limited operator
vision angles)-

r
;cr8ne cabs whose sides or floors limit the operatorls
vision around loads near the cab sho~ld ~~ve ~'s'on

holes or windows put Into the cabs" possible (struc­
t u r a 1 I y) and lor have hit c her S (J rot h (' r So S I 9 n a I the m
regarding traffic In their blind ,~ol<.

-Mobil e cranes wi th 360 0 boom swl ng5 i:l1d fl y.ed cabs
should trv to limIt the angle of the ~oom to In

~ -~
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The preventive measures related to work site activities primarily indicated
the crane operator's control of the lifting and movement.of loads and lim­
itations on the ability of the operator to carry out his operations safely.
Other preventive measures involved the load's hitcher properly attaching
loads so they don't shift, twist or swinr, when lifted and moved. Other com­
~ents rep,ardinr, 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· selection, work path and workstation layout, and maintenance and
inspection of equipment were also mentioned ~r 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. HORKER I S Fn;GERS OR BODIES GETTIl,G CAUGHT IN LOADS BEING LIFTED, BEING
HITCHED FOR LIFTING, AND I~ CRANES OR HOIST PARTS.

These hazards and accidents are those which involve workers hancllinp, loads
or workin?, 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.

~ccident Analysis Results--

As indicated in Table 5-2, this classification of crane and hoist accidents
accounted for 13-1/2% of the cases found to relate to cranes and hoists In
the employe promptness data, and 8% of the crane or hoist related accident
investip,ations. These accidents correspond to crane and hoist source coded
accidents with type coding of caught in or between equipment or moving
objects. The data from the Worker's Compensation file indicates that
approximately 14% of the crane or hoist coded accidents were due to the
types of accidents indicated above. These accidents had a total \-Torker' s
Compensation cost of $177,480 or 12-1/2% of the costs for accidents whose
sources 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 parts of
hoisting mechanisms: and 3) workers pinned between piles of material while
hooking them. Of these categories, the first type of accident--workers
gettinp, 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 slinr,s
anJ lifted machines. The mechanical parts of hoisting mechanisms which
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workers most often got caught in were: cables and pulleys; chains and
hoists; hook blocks and cables or chains; hoist levers: hoist trolley and
tracks; and crane drive shafts. \'ilien 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 ltetal 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 (especially construction machinery manufacture, only cases involv­
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 accidents 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 lift and lower controls.

3. Loads or cables being guided or held, moving and catching fingers.

4. Hitcher holding OD to hook or sling when load is 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 smoothly 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 5-8. 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 accident represents. '~orkers made
38 comments found to relate to this category; this small number may indicate
that workers don't give these types of hazards the respect they deserve.

These comments fit into three general 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 involved in maintenance operations and
pendant hoist and crane operators holding loads to get guidance feedback.
Table 5-8 gives a summary of comments made regarding these categories.

153

. '



TABLE 5-8 c: SUMMARY or HAZARDS '"0 CONT~OL~ RELATED TO WOR~ERS CfTTI~G CAUGMT-I~

LOADS DEIIIG L1FTro;--ii1:TiiG-fi \'CHED, AND III CRA~E li-R HOIST PARTS - FROH
WORKER INTERVIEUS.

I, CAUG~T-In HAZARDS ARISI~G OUT Of THE HITCHINC or A LOAD ANa THE
OPERATION Of THE CRANE IN LIFTinG IT (29 comments):

Heasure. Indicated to rrevent Hazard. frOM DeYeloplng toI Nature of HaZOlrd I Ace I den ts ....

~;Ctl5U:-t'S lll(!ic~lr·d to I'ro­
·l-(~·[--I:"_'l~i~· ._ ~i~. j 1 . i -r ---
1~:~~.l~f.~](J'~:~_ I

I-'
\.J1
.J:-

-Hitc.hers and operiltClnl
screwing up 5 j r.r.als
resulting In carly 1J fts-­
often Involviur. 1".;)"-,,-, lhan
one hitchc'r sir.n:l11 -I1~

operator at a lim~ or
limited operator yj~ion of
hitcher.

-operc;:t9r~ lifting loads
before hltc.hcr is fini!>hed
or ready.

-Hitchl:':r.c:.appro3ch1nr; load •
touc.hinr; hitch or lCl~d

and cett1nc hurt--(p.g.
grabbing a moving Joad to
stop or stpady).

-Hilcbl':""f. IUl.\·lnr; tn hold
hooks or- &lillh::> lo pr-opl:rly
6et hitch.

-Klrchers and operators should have a I.ft .Ignailing
system worked out that allow. the hltcher to Indi­
cate to the operator when he I. re~dy for a I I It.
for this to work, operator••hould have a clear Ylew
of the hltcher or sOMeone relaying 51~nal. from the
hltcher. Oper~tors may Instruct hltcher. where to
stand during 11ft.

-When more than one hltcher Is InYoIYe", It should
be determined ahead of time who wi II !:Iye the oper­
ator .Ignals.

-Hltchers, where possible,' should stay clear Df a
load when lifted unless they signal the crane oper­
ator and get a clear .Ign.l back.

-Lift slgn.ls shDuldn't be given until lo~ds are
ready.

-Hltchers who have to hold hooks or chain slings to
set hitches properly .hould hold the back side
(away from load) of hDDks and slings, ayold pinch
point. and don't stand Hlth their back to the oper­
ator. Vhen-sTTngs .re being .et they should be
tightened enough to set the hi tch but not II ft the
load untIl hitcher Is clear, hitch Is checked "and
81' Is clear.

-1I1lcIu..:r:; tohoulu try to
k~ep the 1.[ IJ;J..:H.I~ v.l:,jble
to tlw crane orcr;";~(.r aild
the oper.::.tqr ~hOllld kcc'p
011 eyr Oil til" Id t c: ,'\" ~:o

1 r lw l'.( l:. c'llI;ltt I tIJ":::
load can I)c' ]OV";IC(~ (c.~.

hi tcll~r Slillilldn' t tT;;-~l

Lar:>. {In ?llfl';':0r \ :.:....1': tlH~

It.J3d i!:: Ii [lcll;.

nC_"-SUT!'r: lnl~ icatl'(l t~ ~~-

_~~~I__.' " ~ J _~_'~C~

!!~~~~~I~_IJl ~. I O[l.~_

-St.1}' l:J\ilr uL wire ropt"
slinL:;J (esFcclaiJ)" chllker5)
",hen l(l.~ch iire ~l: L uo',:n I

until i~) t~ll~ion i~ oJf
the ,;)j,.p..

-Don't weer rings If you hitch loads; protectlye
gloYes should fit tightly but be able to slip out
~f; <Inl'ess Recessaor", .tlu!"Se g.loyes should not be
bulky.

-Vhen grabbing loeds or hook blocks, avoid pinch
pol nts. .

-Select properly .Ized sling. to safely Make lIfts.
-Often slnvle or double-wrapped basket .IIngs (wire

rope) can more sa'ely replace wire rope choker
.11 ngs.

II. PHYSICAL fACTORS HAZARDS TO GETTINC CAUGHT-I~, USING CRA~ES AND
HOISTS (5 CDmment.):

"easure. Indicated to Prevent Haz8rds from Developing to
AccIdents

-Worker~ getting rings or
protective gloves cau~ht

~n hooks. ~lilll-~~ r~ud J Uit(i~.

-Hoists and jib and Iail
type siilal1 t;:ram~s ....,hose
lack of.hoist travel
brakes require .....orkers to
gr.b loads on hitch block.
to stor loads--e.ould get
pinched.

I Nature of H~.=z~ar=d=. _
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Tt.~L[ 5-8 Con t i nucd

-Aspects of certain slings
which can increase caught­
in chances (e,g. 61Jngs
with hook rings [00 r:::mall
for cranes or hoist hooks;
ll/1re rope chockers may
twist when the Lension of
the load 1!=: Tel lcved I

catching a finger).

III. CAUGHT-IN HAZARDS IN REQUIREMENTS FOR PROPERLY HANDLING LOADS
AND CRANE AND HOISTING EQUIPMENT (4 comments):

....
VI
VI

.E~!~~}_~} I"~_:·-'~l.·d

-Gaught-in hu.zards plder,
can rC5uJ t fro.n 111,-'i.nt'-'ll.lllCt:

opcr.:ll.:;'o;LS jnv,,)·.·::"I:,~ c. .,:11.:.';'
Rnd J1()i~: t 6.

-Pe.nduTlt en,TIe opc:u~r.o~~!:·

and op~r.<:.i..C'·,~!: of Iloif>l:~ t:ho
have to hoJ d loath: in
C'rdel" to r.C"-: fe:edb •.r:!. (If

the h'Llel' ~ rlQVCrlen t (i. c.
('ould l;rt C'':::'U.~~lt jn h-,(';, 0T

Sling, !.u-; ::t ::"li.:I"'_I~lt, .~ ";j'~••

Clc.--tl'·; 5.-;..;. ::J~.i~ L;LL~.:

if t.l&c 110_: ~-!' CUil~ UJ
opC!r:: l c ju I~:tl») .

Heasures IndIcated to Prevent Hazards from DevelopIng to
AccIdents

~r =When maintenance Is being done on holst a~semblle5.
hook blocks, runnln~ ropes, etc. the holst's drums
should be blocked to avoid turnIng, running ropes
clanped and holst blocks clamped.

-Halntenance personnel shouldn't wear glasses or hats
unless they are attached to the-I r person. I f these
were to fal', a person may make a reflex move to
grab them and possibly get caught In the equipment
being worked on (or fall).

-Pendant operators who have to hold-loads to get guId­
ance feedback should hold loads, not slings, and keep
hands clear of pinch points.

+
HeaSL',.-e~~ 1 11(' irii.l. r1 Lo Pl-O-

i~~'- £~iil!~"~~~.hn' ~7.--
!!'']_~E.r~1)_'-,~f :_1 !!.P~

-Nu prot'·c:ljvc CO.n.lin~nt:;

made.

~
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The principal protective and preventive measures indicated activities the'
hitcher and operator should encage in to reduce caught injury likelihood ~r .
extent. Those comments relevant to management or supervisory activity, '
principally involve providing a sufficient work place or encouraging effec­
tive work practices (signal use l1nd signal personnel) to get the job done
safely.

D. CRANE OR HOIST ~·lECHl\NISHS OR STRUCTURES: HALFUNCTIONING, l'HSOPERATING OR
FAILI,:G--RESULTING IN HAZARDS (ACClDE:ITS FROH FALLI;W ITEf'[S)

The hnzards and accidents described in this ~lassificatlon involve those
hazards or accident reports indicatin~ the involvement of some operational
shortcoming 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
object (loads or parts of hoist or crane system). These incidents and com­
ments differ from those in Classification A (falling items from hitching
system malfunction or failure) by the 'emphasis of the crane or hoist
system's operation as a causal element in the accident report or hazard
statement.

Accident Analysis Results--

This accident classification accounted for 12% of the accidents selected
from the promptness survey which showed the involvement of cranes or hoists.
Inspected accidents in this classification accounted for 13% pf the inves­
ti~ations of ca~es showinp, cranes or hoists as principal factors in the ac­
cident.

It is difficult to correlate the accidents described in this classification
with the type groups of t~rker's Compensation coding system. Some of the
accidents described in this section might be described by the code tor
workers injured when struck-by a fallinG object when cranes or hoists 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 categories of accidents which ~ke up this accident classification (see
Table 5-2) are: 1) those involvinr, cranes or hoists or intep,ral parts of
cranes or hoists (hoom, anchor hardware, etc.) falling and/or falling and
causing injury: and 2) slippap,e in the lift nechanisQ 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 in structurally fallinr, or failing hoists or cranes are
(listed most to least frequent): overhead and monorail cranes; stacker
cranes: boo:n and hydraulic boom truck cranes:, trucks with boom winches:
stationary cranes: electric hoists: chain hoists~ and hand hoists. The
objects which fall when cranes and hoists fail or fall are: booms and
braces' hoists; cranes: crane handles; and hoist motors. For cranes whose
hoist mechanism slip or jerk, the types of equipment involved are: chain
hoists, overhead cranes, winches and roofinp, power hoists. The objects which

156



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
cially construction machinery manufacture); primary metal industry (espe­
cially 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 investip,ations indicated for
the accidents in this classification were:

1) Poorly maintained hoist brakes.

2) Hoist anchor hooks and safety latches fail (hoist falls).

3) Gears slipping on chain hoists.

4) nrakes~failing to hold loads, below hoist or cranes rated/capacity.

5) Hoist (crane) running ropes slipping off sheves, pulleys (jerk loads).

6) Lack of drive train guarding near emergency brake 1evers--result in
operators making emergency moves getting caught in mechanical parts.

7) ~~aintenance or· modifications being performed on crane booms, without
blocking booms or relieving tension on support ropes.

8) Haintenance pers~nnel omittinr, to replace or reset crane tracks or end
stops and limit 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)' Electrical system failures cause hoist brakes to fail.

Interview Resu1ts--

The 58 comments made by workers which related to this classification of
potential accidents are presented in Table 5-9. ;'fany of· these types of haz­
ards (related to physic~l functioning,of machines) may closely relate to
causal factors in accidents and hazards discussed in parts A and n 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 CO~TROLS RELATED TO THE POSSIBLE MALFUNCTION, MISOPERATION
OR FAILURE OF CRANES AND HOISTS.

I. HAZARDS PERTINENT TO HAIHTAINING THE SHOOTH AND SECURE PHYSICAL
FUNCTIONING OF CRANES AND HOISTS (27 comments).

l
IMeasures Indicated to Pro-

to Prevent Hazards fr .. m Developing Intol teet Against Injury if
_ _. Hazard Develops. __ . _

~. above c.OIIIDIents.-Before using eny crane or holst for the fir.t tIme
durIng a shift. the operator should check out all
the control functions of the machIne so that he or
she Is aware of how the mechlnc wIll r~act (el well
as detecting any physical problems In II machIne's
~~nctlonl.

-Hachlne brakes should be edJusted. serviced and
frequently checked to make lure they are able to
hendle the weIght of the loads the crane or holst
carries. .

II.

Neture of Hazard

I Measures Indicated to Pro-
Measures Indicated to Prevent Hazard. from Developing Into tect Against Injury if

d "sc I aen ts Haurd Develops INature of Hnz~T_

-Cran..s and hohts vit-h--- ,- -A .ystem for operators to check out all be.1 c func- -110 specific protective
llJlysical (ault£ can Oreratf: t Ions on c r.nes ... d ho I s ts. repo rt eny p rob Iem,. and' _asures were indicated
jerkily. fall from their rapIdly have these problems .olved should be developed that deel vith the above
support syotem, f"il to to cover al I cranes and hoists. This I. especially described hezards; other
re6pond to operot"r's a problem for 2nd and 3rd shifts where support per- protective cOllllllents from
controb "' anticil'ntcd sonnel are minImal. Tal>les 6 and 7 prol>ably
(incrp""c 100d rnlling -Vhere possible functIon proble ..s can't be rapidly apply.
likelihood). repaIred, alternlltlve equIpment should be available

-Repairs made to "cet it to make I t unnecessary to use a defectl ve crane or
workJ,ngll ('r Dodificiltions hoi 5 t •
to machinery "ade during -Crane operetors should regulerly (dallYI lubricate
repair lJ\?.y n'.::ke future control levers and electrical contacts on crane
_17k on a m<chi~~ d;>ficu1t control. to maIntain their smooth operation.
or ilo-l'0soib1 e :'01' dh',l' th"n -Documsntatlon should be kept on all repalrl, modlfl-
peTF:O:.lr,C'] T.1.) r1 1i)·illf. cr ...~n(; c.~ Ions, uS8ge prob I"ms reported. etc. for each
or hoh,t. piece of equipment', to facilItate rapId repaIr (or

-Exp()n'r~ t" tnt or vlbr3- ulage prob lem. deve lopment).
tiona ern "'c Lob' .nd -Preventive maintenance schedules with adequat.,ly
crane caule:. ,.~ci loosen frequent InspectIon and replacement procedures should
bolts scc~<1nr. CTenes ~~d be developed to cover crenes end hoists In use In a
hoists to SuppOrls orrai1<. plent. The amount of tlree between Inspections and
r"auIUn;; in an unexpected .r-e-placement should be determIned by the amount of
equipllienl failure. use end exposur. to destructl ve elements to whl ch

I the mechlne Is subjected. _

HAZA~DS ARISING FROM THE DESIGN AND FUNCTION OF CRANE AND HOIST
CONTROLS. AND THE ABILITY OF THE OPERATOR OF THE MACHINE'TO SAFELY
OPERATE IT (17 comments),

Measures Indicated
Accidents

-when operators of cranes or
hoiata svitch from one
machine to another. their
ability to smoothly and
precisely operate the
machine caD be adversely
effected by differences in'
the eeD8itlvlty of controls
in different machines.

...
VI
ClCl

CONTINUED NEXT PACE



TAbLE 5-9 Continued

-Operators of cranes should
le.arn 'Where 'Worn spots are
on crane rails '0 they can
compensate for any slippage
due to the rail vear by
operation of the bridge
controls.

-(On small capacity mobile
crane5) OpEral:OrS can sense
the effect of an ov~rload on
the crane's balance and
quickly. but with contr~l~
lower a too-heavy load.
(Larger capacity cranes give
less of thiEl balance feed­
back.. to the operator.)

Measures Indicated to Pro­
tee. t Agalns t Inj ury if-­
Hazard Developsr

~Where operators of cranes or hoists detect Irregu­
larities In the smooth operation of their machine's
c.ontrols, they should be reported and repal red
quickly.

"Pendant controls· (buttons) rcqul re more time to
s.moothly handle load'S than level controls since It
Is harder to smoothly start and stop loads wIth
the buttons thiln the levers. Operators Can lubricate
levers ~nd 'ever contacts to l,ccp them ,~orking smooth­
ly, no operntor servIcing can be done to prevent
sporadic operation problems from dcvel~pln9 in
pendant-buttons.

-Unless physically connectc~ to a cr~nt, the operator
cannot ~et good feeling (tactual feedbock) of the
action of brakll.s on the c.rane. holst and load. This
makes manipulation of loads from floor opcr~tcd

cranes more difficult.
-Limit control Sowl tches should be reDoli.lr'y checked.

They shouldn't be used as bral-:~s in norm31 operations.

He,asures Indicated to Preve'nt Hazards from Developing Into

~-1 Ace I den t.!._

-Operators of cranes and hoists should smoothly.. .
operate their machines, avoiding overloads or skid­
ding whl ch will atce lerate wear on the parts of tne
machine.

-By keeping loads 10\,'1 when movinG ther'l .::.nd -maIntaIning
8 length of cable between- the I~ad iinll holst or boom,
tip, some of the shocks and jerks in r.;~vlng loads
will be absorbed.

-Hoists and boom tips should be cente.ed above loads
before 1 i ftlng to avold side load~ on b~oms or
running rO_pes.

-\lf1en mobile cranE:S are 'et up for use, their out­
riggers should be placed on firm suppurts (not soft
ground) and be fully e.tended. When long booms 0'
other potentially unstable configurations arc being
used, expert'S In the: set-up and suppc..rt of ~obi Ie
cranes should chec~ the cranes set-up. Applicable
load charts should be available to crl'ne operLltors
to avol d o\le.rtoads.

Nature. of Haz;lrd
~

-Loc.king trolley. bTidge OT

holst brakes can ca.use .
maehines to skid, yearing
the drum, rails. @tc. of
the machines. This can
develop smooch and 'Worn spots,
flat spots. and gauge.s ....hich
viII cause hoists and cranes
to slip or jerk in their
operat.lon. This can also
develop wl,en orle crClnP bumps
another crane \lith its
brakes on or not in a neu­
tral control mode.

-Overloading crane.s can
increase the wear on moving
parts and metal fatigue in
cranes and hoists.

-Pendant controlled hoists
and cranes occasionally
don1t function consistent.ly,
buttons ,""ill stick, brakes
are irregular, buttons won't
work, and the cach1ne will
stick in one mode of opera­
tion (1.e. li.fting or lower­
ing). Operators of pendants
a1E10 do not get a good
sen&e of feel froUl the brak­
1ng operation or. crane
trolleys or bridges.

-Cab operated· lever controls
can operate~roughly and
cause loads to jerk. Some
automatic elect.r1c brakes
give Htele flexibility to
the operator as far as
amount of application
(brakes can gra~).

-Limit switches on ~oists or
rail crane systems C3:t fail
to fU(1ction on occasion. i
cauR1ng a possible equip- I

I ment fatlu,e. --+.:--=-::::--:-::':"=-----:--::-::"':"--=-__-:::-=-,~-- __-----------~I---------------~
III. HAZARDS RElATED TO THE SHOOTH AND SECURE fUNCTIONING OF CRANES

A~D HOiSTS WHICH ARISE OUT OF THE OPERAT10N~ OF THl MACHINE
(I~ commenu).

l-'
VI
-a
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TABLE ";i-.:.J Con t i nuc.d

-Failure to center hoists
above loeds, jerking ho~stSt

or side loading boom cranes
can pull running ropes_off
of multiple rope hoist and

. pu.lley systems. or damage
booms from 51de pull
8tresBe~.

-Mobile cranes can tip below
load racing capacity if they
are not set up securely on
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 r~lated 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 re~arding procedures involved
in the operation of cranes and hoists which can or do affect the secure and
smooth operations of the machine. ~~ere 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 indicated 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 hois~ 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 their 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 chronic operation problems workers noted 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 COl-lING FROil p.EQUIRmmNTS FOR HANUAL EXERTION IN
THE HMnJLING OF LOADS WITH CR&~ES AND HOISTS

The hazards and accidents in this classification are those which arise from
workers becoming manually involved in the operation of materials handlinp,
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 accident reported. Only

161



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 codingsof overexertion in handling or operating
a crane or hoist. or a fallon 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 Horker "s Compensa­
tion file from 1972 to 1975: and 2-1/4 of the Horker'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 paper;
and small machines or parts of machinery. The industrial classifications
which show up most repeatedly for these cases are: fabricated metal prod­
cuts. especially 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 accidents was:

1. Horkers falling over some obstructin?, object while trying to move.
attach or remove objects from cranes or hoists. The objects tripped
over (an~le iron, 2 x 4's. forgings, roller stand. oil spots) tend to
indicate that these cases involved a lack of maintenance of clear pas­
sar,eways 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 toa hoist or crane which operates roughly or hanr,s 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 lift loads to aid in their attachMent to hoists
or cranes.
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5. \~orkers 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

Horkers made 29 comments which indicated hazards or controls related to this
classification of accident type. This is somewhat short of the number of
comments which would have been eA~ected. were workers' comments for this
classification in the same proportion to accident frequency.

When askeu 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 (sprains, 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 categories 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, etc.); 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 cranes and hoists.

The preventive measures workers indicated they should carry out to cope with
these hazards involved: using mechanized methods (hoists and cranes) to
substitute for manual lifting where possible or obtain help handling heavy
objects; and the exercise of caution while climbins 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 design of crane cabs
and pendant control attachments; having the facilities at hand to obtain help
from other workers when they needed it: and maintaininb sufficient stor-
age and room around work sites to be able to work without obstruction.

163



TABLE 5-10 'E. HAZARDS AND CONTROLS COMING OUT OF MANUAL EXERTIO~S I~VOLVED IN MANDLING
LOADS WITH CRANES AND HOISTS

I. HAZARDS OF MANUAL INVOLVEMENT DEVELOPING FRO" THE PHYSICAL REqUIRE­
HENTS OF USING CRANES AND HOISTS TO HANDLE MATERIALS (I~ comments).

.....
0­
~

Nature of ~aza~d

-Manually havi~g to push and
turn or posicion loads
yhile lifted ?o~es the ~os­

sibility of s?rain. o~

atrains. The ?osslbili:~

of an overexer:lon inju~

1s also prese~~ when a
hitcher or pe~dant crane
operator must ~old or lift
a load 1n order to keep it
balanced.

-Workers who have or choose
to lift load. or. other sig­
nificantly hea-ry items t~

be userl 1n cra~e and hoist
materials har.~11ng. Th~5

include. 11fti~6 heavy
slings, manua:ly p051tic~­

ing loads for lifting a~~

having to do =a~ual wor~

alone--uBually done with
assistance.

-Workers having to clim~ C~

and off loads in order t=

properly hitc~ them (cl~,­

1ng onto railroad cars,
getting in and out of cr~e

cabs. etc.).

Measures IndIcated to Prevent Hazards from Developing Into
Accidents

-Where possible, hoists or cranes should be used
to do manua I II ft I ng tasks. In rega rds to th Is, how·
ever. workers IndIcated It Is often much e.sler to
manually maneuver'heavy Items than to get a holst
system (gantry crane, jib crane or bridge crane) and
proper attachments to handle Items.

-When anything heavy needs to be manually II fted, get
help from another worker to 11ft It - forget about
trying to show off your strength.

-When climbing on loads. etc .• watch'out for 011 on
shoes or a piece of the load.

Measures Ind1ca:ed to Pro
teet Against Inj~ry 1f
Hazard Develo;Js

-No protective ~ea8ures

mentioned.

r- .. I 1--
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TABLE 5-10 Continued

II. EQUIPHENT DESIGN AND FUNCTION LIHITATIONS CONTRIBUTING TO THE
LIKELIHOOD OF MANUAL EXERTION - INVOLVEMENT INJURIES (8 commentsl

Ill. HAZARDS INVOLVING WORKPATH OBSTRUCTIONS IIHICH HAY OBSTRUCT OR TRIP
WORKERS. INVOLVEO IN CRANE OR HOIST OPERATIONS ON THE WORK FLOOR
<7 comments).

-Pendant control! should have control cables long
enough to allow operators to move around loads as
necessary, \.o.'lthout stretching themSl!lves or cord.

-I/here vl.lbllity around load or the load's destination
Is pro~lbltlve for an operator on the floor, ~e or she
should be elevated to a cab or .ome stable platform.

-Crane cabs whl ch have to II ft I tems below the cabs
should have windows or vision holes In the cab's
f! oor.

-Seats f?r crane operators should provide padding from
small bur.1r"'!: and jerks. i1nd provide lower back s;,.::pport.

t-'
0­
V1

~

Nature of Hazar:'

-Peodant contro':'led hoists
and cranes ~ho~~ pendant
cables are too short re~..:ir­

ing operators :0 stretch
themselves out to see
around or mane~ver bulky
loads. -

-Pendant crane ~perators .~o

have to climb :':lstablc
ladders or stools 1n orG~r

to see where :ney are co~­

fng their load·s.
-Cab operators of cranes ":-.av­

1ng to lean or stretch c·.... t

o¥er cab of t~e crane to
Bee loads belov the c~a~~

cab's floor.
-V1rbrations·or bumps irc~

travelling in mobile r.ra=es
or from the j-=:-ks of nor-..al
crane operat~c=s can cr~a:e

a Bore bBck--,,=s?eCial~"."
where the ope:-aror I S ::1ea:
iBn I~~~ pac_::~~._

Heasures I ndl cated
Accl dents

I

I
I
I

to Prevent Htlzards from Developing Into

Measures Indicated to Pro­
tect Against In1urv if
Hazard Develops

-No protective measures
mentioned.

Nature of Hazard

-Excessive floOT'Spac.e taken
up by increased production.
debris around a. hoist sta­
tion, 51ings lef~ on floo~.

unorganized storage. etc.
CBn blo~k or partially
prohibit the free movement
of a worker concentrating
on a raised load. or trying
to escape a falling load.

~

~He8sures Indicated to Prevent Hazards from Developing Into

~ACC i den ts ._

i -Housekeeping should be maintained In Breas where
holst or crane operations are staged.

-S;lngs and other materials used In crane and holst
operBtlons s~ould be stored out of traffic areas
when not being used.

-\;ork areas should be kept large enough to allow
workers to perfor", their tasks .. ithout ~umplng

Into the Items around them when working with cranes
and hoists.

Measures Indicated to Pro­
tect Against Injury if
Hazard De"elop~

-Workers_ should be sure they
have B clear pach of egress
to get away from a load 1f
a problem develops.

,~



F. HAZARDS AND ACCIDENTS ARISING FROM: l.mRKI;~G ON OR AROUND CRANE HARDHARE,
ENTERING OR LEAVING CRANE CABS k~ ~~INTENANCE 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 associated with normal crane operations or maintenance
operations. These are summarized below.

Accident Analysis Results

This classification is made up of two accident classifications from Table
5-2. These are Numbers VI and VII.· These two classifications 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 5-3/4% of the crane and hoist
cases selected from the promptness survey. Four percent of the accident
investigations pertained to this classification of accidents. The second
classification, accidents resulting from maintenance operations not covered
in other classifications, represents only 3-1/2% of the promptness survey
sample; and 4% of the accident investigations. The codes corresponding to
falls from elevation with crane or hoist source codes account for less than
1% of the frequency and cost of crane and hoist 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 hoists on the ~Torker's

Compensation file.

The categories of accidents that went intG these classifications are:

1) Horkers falling or stepping off a crane or hoist.
2) Horkers injured climbing into a crane., and workers injured falling from

overhead crane rails.
3) Horkers injured setting up or disassemblinp, a crane or hoist.
4) Horkers 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 cra~es); overhead c~anes: and
to a lesser degree, chain hoists, and other small materials hoists •. The
industries reporting accidents of these types .primarily are: construction;
wholesale trade--durable goods; pr~mary metal industries: and tire and
inner tube manufacture.

The causal factors involved in the accidents reported in the promptness sur­
vey are:

1) Lifting hoists and other parts of equipment 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 while working.
6) Fingers getting caught between trolley wheels and rails.
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7) Coming into contact with power·l1neswhile working on top of a crane
boom.

Interview Results--

Workers interviewed indicated hazards related to this classification which
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.

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, to heights, or to
collisions from other cranes operating in the same bay as an out~of-service

crane being maintenanced. Workers indicated that given the proper warning or
Ilockout 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 boom 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 be~ow.

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 is 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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TABl[ )- 11 T. INDICATED BY WQRKERS PRODUCED BY THE PHYSICAL ACTIVITIES REQUIRED IN
WOR~I~G AROU~D CRANES

I. HAZAR OS TO PHYSICAL SAFETY IN CRANE MAINTENANCE OPERATIONS
(20 comments)

~

0­
0)

,--
er;o
III III
~'O.
... 0
<a...
.. c:_.n
~Ill

era...
m~
nO
03

'/'0I: :<

Nature of Hazard

-Workers on out of service
cranes performing repairs
are vulnerable to being
struck by cranes scill in
operation in the same crane
bay.

~F811 hazards exist for work­
ers working on or around
crane bridges to perform
repairs, or to listen to and
observe crane machinery to
diagnose operations
problems.

-Either beeause of the in­
ability to shut off all
power to a crane bay (shut­
[lng down all the cranes in
that bay (nail)). or poor
plant lock-out procedurps;
maintenance personnel are
sometimes exposed to live
power sources (cainly
bridge travel power con­
tacts not usually de~ign~d

to disconnect to single
cranes in multiple crane
bays).

-Maintenance yorkers could be
involved 1n caught-in moving
parts injuries ~hile involvea
in crane maintenance
operations.

-Mobile crane operators per-
forming ro~tine ma1n~enance

I on cranes have to cl~bI around crane.

l.-

I

Measures Indicated to Pro-
Measures Indicated to Prevent Hazards from Developing Into te~t Against Injury if
Ace I den t 5 HaZArd Develops

-liarning devices (1Ignts) sn~:ld--be used to alert ~NO protective measures
ope rat 1n9 cranes of out of ser\J1 c.e cranes; and a . indic.ated.
strict rule for operating c.ranes to stay clear of out
of service cranes flasnlng tnese devices snould
be enforced.

-Use support boards or otner devices to provide a plat­
form for working on the brldQes of overhead cr~ne5.

-Usc avai lable lock-out sy5teres when doing work on
cranes outside of the crane cab. When extensive
work needs to be done on notors or bridge drive
systems. snutting do ...,n pO~/er to the entire crane
bay snauld be considered.

~Hoist drums. running ropes, and other parts wnlch
may move during maintenance sho~ld be locked or
blo~ked In pla,e.

-Maintenance workers shouldn't wear glasses or loo5e
I tems not secured to tnel r person as tney May
Instinctively grab for tnese Items snould tney fal I.
possibly resultln~ In a fall or caugnt-in accident.

-MobIle cranes should have non-slip grates or walJ.:'r!ays
to allow safe footing for maintenance on Machinery.

-The best preventive to ,.,alntenance hazards Is to
minimize the time macnlnes mu.t be worked on. Regu­
lar lubrication of controls and rai Is wi 11 extend
the time maChines remain trouble-free. Good records
on equlpnent wll r speed repairs.
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" crane coming into contact with overhead or other power lines. Seventeen
',:~ ~cases",ior 22-1/4%, of the accident investigations involved this type of

~c~ident. The Worker's Compensation file indicates 37 cases of cranes and
hoists (one electric hoist) contacting electrical power; this is 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 accidents. Of 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 of 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. Ritchers 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. Not disconnecting and grounding power lines when working in close
proximity to them.

These cases are discussed in more detail in the discussion of crane 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 hoists 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 C. OTHER \I(lRK~CO'\M.!..!'.!~T-.-!'-',-~~U~~_Y~s_U~~

....
......
o

I. SAFETY [LEME~T5 IN CRA~E OPErATIONS AS5~CIATEO WITH ~EHAVIORAL

1>.110 HI\SONALITI" IITTRI!lUHS Of CRAIIE OPEI,ATOP,S AUO HITCHERS
(13 comment')

!!.c_o5ure..s-'~JEE...d~r-,,-v~..!)...LJl_a_z...a-'~ __ff~m Deve lo~..!l...~
NatiJre of Hazard Ace i t.I~n tsI .. ---- ~-.

-Operators. hitchera an~ I -Operators and the hltchers th~y work ,-dth should
signal.personnel have to J be sure they f"lave thel r 51~na15 stral~1ht. This Is

. communicate effectively for especially necessary to get straight "hen unfamiliar
operations to run smoothly. people arc working toscthcr, or for hi tehefs al"'d
A number of fac.tors may operato-rs \... ho don1t get alon~ \Iell off the job.
lnterf£'.re with the effec- -Crane operators just startin~ thel'r Jobj· or'worklng
tlve.ness of this commun1~a- a nc\'II' 'c.riJ,ne: \·J!th new loads, slHTOUndill!jS. etc. shou'ld
tlon: (1) inexperienced be tral ned anti checked' ,t'o make. !. ure they have adc-
hitchers ju~a starting. on "quate tralninCJ. skills. an~ s"ensory, carJaclty «('.9.
the job; (2) lack of stan- depth pcrc"pt ion) to handle the job.
dardized hand signab; (3) I -Only people with sta~le personal i tics .hou.ld operate
new pairings of operators cranes .
and hitchers. from 'shifts .
or work changes; and (4)
mote than one hitcher of a
group giving signals to a
c.rane operator.
-Operator~"of cranes need to

have skills and qualities .in
their personality to safely
operate crane~: (1) new
operators need thorough
training; (2) iatger, more
complex cranes require more
finesse to run safely; and
(3) crane operators can 't
work safely if they get
nerVous, or who canlt or
donlt pay attention to
their task.

i --- -.-

CONTINUED ~EXT PAGE

Measures Indicated to Pro­
tect Against Injury if
Ha z;ard Jl~_yelo'p--'!

-No pll t("Llj\ .... I ':.'1';':dr:~

1nf~j c.·Le," .

---..- ---- ---------1



TABLE 5-12 Continued

II. PIIYSICAL AND rSYCHOLOCICAL STRfSSES IIIDICATEIl FROM JOB REQUIRE-
MENTS MID TOXIC EXPOSURES (10 cOnilllents)

- -- . -- ---- ----- .-- I ------ ---

....

..........
,"".

.!!.~tur,:_~f Hazard

-Operatorg of cranes arc
sometimes pressured to work
faster than they feel is
safe from: (1) increased
production 5chedulinJ;i and
(2) incentive paid workers
being se~viced by crane
operators, clamoring for
the use of the crane.

-Crane operators. especially
those 1n open cabs working
1n foundry type operations.
are ofte~ exposed to toxic
fumes (lead) and dust. often
im~airine immediate alert­
ness and deteriora[jng long­
term health.

II I. OTHER cOHHEHTS

Mea~~•.!_~..!L£:t..!.-C..!..~!!event Hazar-ds from Devploplng Into
Accidents

-Crane ope~ators shouldn't get frazzled or allow
themselves t~ be rus~ed or to hurry operations to
do them faster than wh~t they feel I ••afe.

-llhen production periodically get. heavy, the number
of hours of production should be Increased. Instead
of trying to rush work.

-~/here cab operato~s are exposed to al rborn contamin­
ants, the cabs on their cranes should be enclosed
and supplIed ""th filtered air. A less attractive
preventl ve measure Is the u'Se of respl rators or dust
mask~. These may not be as effectl ve I f workers are
requl red to remove respl rators or masks to talk to
floor workers. or open windows for _the same purpose.

(2 cO mrne n t s )

Helt:,ur-2S Indicated to Pro­
t£"ct- fsains--!.. -J-;;J1Jry ~ --­
Ha z.'f_r_d_ .neve l.-?~

-No prutective measures
InL.llc:::J.tcd

Natu,":c of H"!.~rd
~-

i
-On 50me older bridge cranes,

some of the electrical con­
tacts along the inside of
the bridge rail are exposed.
Raised and s~inging crane
hookr. could contact these,
possibly exposing someone
to on electrocution hazard.

-The metal capacity tags on
chain slings can get tangled
in tr.e chains and snap off.
fly and possibly strike
work~rs. and no longer
provide load capacity
information.

Measures Indicated to Prevent Hazards frc·m Devc~ Into
ACeJ~~n_t2. ---

-01 dcr c.ranes 'Shaul d have thel r cont,"]cls covered
and sh lelded like the newer cranes do.

-The- company with the taS problem was granted a
varIance to add an oversized 1 Ink to one chain arm
of a sling and their lInk was staMped with the cap­
acl ty Information.

Hea&u,'es Indjeated to Pro­
tecl-!~!.'!.s~n~
Hazs,,:.!'_Develop..,!j_

-No pl"otective Dleasures
ifldi cated.

,- ,~ ..'



accident investigations, cranes or crane operations were critical factors in
these incidents. The principal categories 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
hoist).

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 crane 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 common 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
maintenance 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 all
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 signs 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 accidents; 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 into 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 overhead power lines. The remaining
crane electrocution inspections do not provide clear enough information to
draw any' inferences.

Overall the crane fatalities seem to reflect similar accident patterns as the
rest of the crane accidents. The most outstanding source of crane fatalities
come from contacting overhead wires while the crane is operating. This pat­
tern of accident causality is similar to those accidents involving moving
loads or cranes striking objects in their 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 someone was in the wrong place at the wrong time.
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IV. THE HUMAN FACTORS 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 Heinrich (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"th~re­

fore, expenditures for improving safety are of little value.

For the purpose of preventin~ accidents and protecting against
serious injury. that notidn of the unsafe act or unsafe co~dition

is of little value. As Hagglund concludes at th. end of his
study. "It is more likely that accidents are caused by interact­
ions of a variety of complex events and factors" (1976). The
point is not that unsafe acts or unsafe conditions don't playa
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 where the potential
for an accident exists.

How Do You Avoid Accidents

Once an accident occurs, the system to insure worker safety has
failed. Any post-mortem analysis, at best, serves to point out
areas where attention is needed; and seldom does more than place
blame 'and assess punishment~ Unfortunately. the legal system
attached t~ 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 safeti 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.

'leA current seri.es of NIOSH studies. (Cohen, Smith and Cohen. 1975;
Smith, C~hen. Cohen and Cleveland, 1978; and Cleveland, Cohen,
Cohen and Smitb (in pre~s» have shown that it is the qualita­
tive nature, rather than just the quantity, of industrial safety
pro~rams 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
cranes or hoists, 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
uations 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 to secure loads to cranes
and hoists fail to hold the load when lifted, result­
ing in the load falling.

2. The movement o~ the crane or hoist and/or the lifted
load leads to a collision with some other object or
person.

3. Load hitchers, signal personnel or floor located o~er­

ators of crane~ or hoists (and other floor traffic)
getting injured while attachin~ a load or while parti­
cipAtin~ 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 situations 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
indica~ed by the field study often act across these situational
cate~ories. It was found that the comments of workers and man­
agers involved in the use, man~facture and distribution of cranes
and hois~s iridicated four systems of physical and hehavioral ~le­

ments where attention to hazard control 'was essential to safe
overhead lifting op~rations. These four controi syst~ms are
those encompasRing:

A. The factors which are principally behavioral that are
involv~d in the operation of crane or hoist systems;

B. The principally behavioral factors involved in load
attachment and human involvement in' load hand1in~ sup­
port of loads handled by craneR or hoists;

c. The principally physical and behavioral aspects of the
loads to be handled by cranes and hoists and the
attachment systems for these loads; and

n. The principally physical aspects of the performance and
mechanical limitations in the design and function of
crane or hoist systems.

These four control systems and the~r critical interactions encom-
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pass the dynamic elements involved in handlin~ materials with
cranes or hoists. The balance of this chapter will focus on the
human factors components of these systems which were indicated by
our study of crane and hoist use, and were found to be essential
to safe overhead materials handling. For the sake of brevity,
theBe discussions will avoid much of the operations-related
detail which our research found important in crane and hoist use
safety. An emphasis will be plRced on defining those factors
which emerged as the most crucial to safe crane and hoist use.
Readers who are interested in a more detailed discussion of
of these various factors are directed to a supplementary report
on crane and hoist use (Gottlieb, et aI, 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
handlin~. 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 _1ob" were consid­
ered an essential asset in insuring crane or hoist use safety.
Likewise, where some prohlem waR perceived regarding the way in
which a crane was operated, significant cafety hazards were indi­
cated as bein~ associated with the crane or hoist operations. If
the summary of worker's comments presented in Tables 6 - 12 are
studied, the role crane (and-hoist) operations play in relation
to all of the possible sources of overhead lifting accidents is
pervasive. At least one aspect of each hazard indicated is
either defined by some component of crane operations, or sees
crane o~eration as an inportant preventive factor in the control
of overhead lifting hazards.

Other factors involved in overhead lifting such as the function
of crane or hoistirig 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
in~ safety, different elements of crane operations are able to
have both positive or ne~ative effects on the safety aspects of
these other factors. On the other hand, functions of lifting
machines or load attachment systems are often seen as factors
which, 1f inadequate, adverselv affect crane or hoist operations,
but which cannot compensate 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 ceiling I-beam, and used a ratchet type chain tightener to
affect its holstin~ 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. Fortunately no injury, to anyone's know­
ledge" has ever resulted from the use of this hoist. Here 8 pot­
entially hazardous piece 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 probably is in
general compliance with the standards. This will be discussed
at greater length at the end of Part D of this section.

Factors in Crane and Hoist Operations Controlled by Operators

The crane or hoist operator is responsible for a variety of fac­
tors in the process of safely handling loads in overhead lifting.
Many of these artse from the integral involvement of the crane
operator 'in the processes of attachinR, 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.

-Selectinp and avoiding traffic and fixed obstacles in a
lifted load's travel path.

-Checking the security and capacity of a load's attach­
ment before lifting and travelling with the load.
-Makin~ sure hitching or signal personnel are aware of a

load being lifted or moved, and are clear of the load
when it is lifted.
-Makin~ sure the hoist mechanism of a crane is centered

above a load and the load hitch is balanced to avoid
the load swinging when it 1s lifted.

-Makin~ smooth movements from one dimension of load
movement to another to insure loads don't jerk and
possibly fall.

-Determining that the weight of a load item to be lifted
is within the structural and stability limitations of
the crane or hoist being used (especially in mobile
crane operation).

-Inspecting and testin~ crane and hoist operating sys­
temsincluding transport, limit switch, controls, hoist
ropes and chains, and brake functions.

-Reportinr, prohlems in equipment structure or function
for repair.

-Performing routine and minor lubrication, maintenance,
. or repair on cranes and hoists.

The de~ree of skill required of each crane or hoist operator to
perform the above tasks varies in relation to the complexity of
the crane or hoist used, the type of load handled, the nature of
the load movements to be made (does the load need to be rotated
or turn'ed, or .1ust transported), and the location of the crane or
hoist's operating station relative to the load and its path.
While some of these factors are beyond the control of the crane
operator, a significant amount of safety in overhead lifting is
determined by the skills and attentions which crane and hoist
operators exert in their job tasks.
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Crane and hoist operators ,because of their close andco'n'stant
relationship .to the operati,on o.f ,theirmachine's, are .in anexc'eT­
lent posi-ti·on .to routinely" 'monitor and 'd'etect .'problems in the
machine'.s functioning. and to perform minor 'maintenanc'e on the
mechanisms of the machine. :The OSHA standa.rds 'for Overhead and
Gantry Cranes (19l0.l79)andfo:r C,rawle.r. L'ocomo'ttve ~and 'T,ru:ck
Cr ane;s (1910 •.180) .sp·ec i fy vart.ousope r.a:t ional .compone ntso,f .thes e
machines which ~houldbefre~uently~ns~ected. M09~ of the
indus.trial users of crane's w.e vJ:site'd made t'hese ,'frequent ins'p'ec­
tions a part of the c.ran,e o:p'erat,or"s :res:p.ons:ib.i'li.:ty. Perio:d:l"e .in­
spections of ~he major mech~nisms ofth~crane usually inv~lve

the crane operator and 'a cranemain'tenance s'pectalist. Crane
operatorsusual'ly a.re expec't'ed -top'er':form r'outi-ne lubricat,ion :o:f
crane con'trols. and to che,ck andserv.tc'eoth.e·r C'rane lubr1.c'sn,t
levels.

Prior to ·the t'ask of lifting ..snd movtn~,a 'load .with .a cr·an'eo,r
hoist. it was n.otedbya numhe',r of c-rane ope'rators that t.hey
should select the pathway for movin'g ,the load. As ps.rt of this
path selec.ti·on. they try to n.ote 'anypos:sib.le ob.s:tac1'e:s whi'ch .th:e
load could hit or ·which ,might blo:cktheo'perator's view 'of th'e
load or possible traffi'c :h-elowtheloa·d. Where 'some vision 'obs'­
tacle exists which a c'rane operato'rc"a'onotavoid, cr'ane 'o,perat'ors,
indicated that they try t'o s'rra'nge 'to haveth'eir "hl.tch-eriso·reig­
nal personss'1gnal them a's to wheth-e.r 'the obscured a,reai's :cl'e:a'r
of traffic and s,afe .to mo've ·t'h.e load .thr.ough.

Another pre-lift task pointed out by c'rane opera"to'rst"sto 'm'aln­
tain clear communic'ationa w'1:th t'he.ir h.i'tching and signal 'pe:r,son­
nel. This communication is necessary both to make sure that the
operator and load hitcher a'resatisfied with the 'security of <the
load's attachment, and to .insure ·th·at the hi'tcher ,is prepa:redf:or
the load's being lifted. This l'atter p"oin.t, ·tb'ecraneope'r'a't:or
making certaintha.t hitche'rs s're .cle'a.r ofa 'loadwhich 'i:s a:bout
to be li.fte·d and aw:are of it,s impen'din:gmove:men~t,is nec.e.ss.aryt'o
avoid the hitcher 'getting :in'Juredby~et·.tin-g :c'a.ugh.t'-in load,s and
slings :beinr,l,ifted, ,or 'pinn:ed :o'r ,s't.ruckb'y ,8 $wingin'g load
( Tab 1e 5- 7 and 5·- 8) •

While all crane a'nd hoist opera·t'ors h,avetobe 'co'nc:ernedwith
lifting loads of wei'gh.ts within thecap'a'city ofthei.r hoisti"n'g
machines and the load attachment ,syste'm u'sed, mobile ·c·rane op.er­
a tor 8 need to be more cau'ti 0 uslnth i,s regard. 'B e c a u se the .8 tab ­
ility or structural lift'lng "capacity of ,thesemach.i'nes va"ries
with the len~th of the crane boom, boom angle, the $uppart bas~

of the machine (on outrigge'rs o'r on rubbe.r), and which part of
the crane b'ase a load is swunp: over (di'fferent stability and cap­
acity when .the load Is lifted over the side of th~ ~~ane or the
back of the crane). As a result ofthelrmohi.lity and chan.gi,ng
stability (related to 1ifttn.g :cap'act.t,ies). mobile cr-anes require
attention to a 'number o£fact"orsrelat:edto ,load 'h'andling' safety
which o?~rato~s of fixedsi.te CTanes and hoists don't have to
contend with. A more detailed discussion of some o:f these
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factors which are the concern of mobile crane users and operators
are presented in 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 tranRportp.d demands that the crane or hoist operator must con­
tinue to pay attention to a number of factors related to overhead
materials handling safety, according to comments made by workers
involved 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 si~nal personnel is important to
the safe attachment and lifting of loads. It is also important
for crane or hoist operators to keep track of these workers to
avoid injurin~ 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 involved,in moving the load
who move, unknowin~ly, 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 whe~ needed to
alert workers who seem unaware of a load's presence.

The OSHA Standards related to crane and hoist use include some
general listings of procedures to be observed in handling loads
with cranes (19l0.l79(n), 19l0.180(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 worker~ desi~nated to operate cranes or hoists.
The development of these load handling standards and the crane
and hoist inspection standards discussed previously, into a
checklift or training presentation for crane or hoist operators
might improve the effectiveness of these standards and overall
safety in crane or hoist u~e.

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 accident prevention 1s OSHA Standard 19l0.l80(j)· This stan­
dard addresses certain operational 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 s~rious 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 hoist operator, while controlling the functions of
his machine in load handling, is in turn affected by the extent
of control he is able to exercise by conditions beyond his immed­
iate control. The factors of this sort which were uncovered by
this study included:

-The ~ature of the crane or hoist machine, it's controls
desi~n and operation, ~nd the location of the operator;

-The types of loads, load handlin~ and attachment sys­
tems for these loads, and the personnel who work with
the operator to hitch and move loads;

-The layout of the workplace within which the crane 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 operat.or serves; and

-Environmental stressors which can have an adverse ef­
fect on the crane or hoist operator's senses, alert­
ness or health.

These above factors, which are created or alleviated somewhat by
the way in which management o~ 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 ~elated to these ahove factors, will be
summarized in the following discussions.

The design of the operating systems of cranes or hoists was indi­
cated as having an effect on the machine operator'g abilities to
perform various tasks for which they are responsible in overhead
materials handling. The location of the crane ooerator's control
station, and the view and co~trol of the load his location
affords him, is one significant factor related to the design of
liftin~ equipment.

A number"of floor crane operators (pendant operated cranes) com­
plained of problems rel~ted 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
euverin~ large or bulky loads while Atill 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 havin~ to climb ladders or
get dangerously close to their movin~ loads; are all procedures
floor crane or hoist operators indicated or complained"of in
relation to safely moving lar~e and bulky loads.

Mobile crane operators often suffer from a lack of clear visual
communication with their loads or load handlers. In situations
where loads are lifted to great hei~hts or ovp-r 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.

Cah located overhead crane operators indicated that their view
of some loads, primarily those located directly below the crane
cab, was often obstructed by metal plate5 in the cab's walls and
floor. Some crane operators found it necessary to lean over cab
rails in order to see loads or workers below them. Other crane
cabs had been modified by cutting windows in the floor or walls
ofthe cab ( co ve red by gI ass o'r 0 pen ~ rat e s ) top r 0 vi de the i r
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 crane with a fixed operating station was ohserved 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 ~enerally clear view of
his crane's range of movement. The crane's large magn~tic 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 control station can have an
effect on the operator's ahility to control the crane's load.
Operators of cab operated bridge cranes indicated that much of
their 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 often
indicated that smooth movement and hraking, 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 their difficulties in precisely regulat­
ing their load'~ moveDent, and in maintaining proper amounts of
preRsure on their pressure-regulated control buttons to achieve
the desired crane movement. Another problem noted by floor crane
operators is a lack of feel f.or 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 tnat these
floor operators stand closer 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 treckinR tasks has also been exper­
imentally demonstrated (Rothe 1975, Smith and Henry 1968). The
cab crane operator receives his feedback of the crane and load
movement through the tactual sensations he receives via the
crane's structural components, to some degree from the crane'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 movement, 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 control.
the research cited above and the comments of the majority of
crane operators on this issue are valid, crane operators located
in cahs with lever controls ap.pear to be in a better position to
perform precise load movements than their counterparts operating
cranes from floor controls.

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 these determinations are often dict~ted

more by economics than operaeions safety concerns.

No OSHA Standards currently exist which in any way specify the
type or operational design of a crane or hoist to be used in
specific industrial applications, save the requiremen~s regarding
the lifting capacity of cranes. Our studies indicate that the
operators of various types of crane or hoist machines feel that
the location of their. control station, and the design and nature
of their crane or hoist controls can have a significant effect on
their ahility to perform their materials handling tasks and the
safe completion of these tasks. What is alarming is that the
industrial engineerinR personnel, with whom we talked, who are
responsible for decisions on crane applications, appear~d to be
oblivious to many of the operations design factors discussed in
the preceding pa~es. Where they were aware of these factors,
they were constrained in their decisions regardin~ equipment
selection or conversion (ie. t modification of a cab operated
crane to a floor operated crane) by short-term economic or per­
sonnel utilization considerations, and not by considerations for
operations or worker safety (a long-term economic Bnd personnel
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utilization consideration:).

Considerable differences of opinion re~a.rding the· inherent safety
of various operational designs of crane and hoist systems exist
between crane operators and industrial en~ineering management.
This topic appears to be a necessary area for further investiga­
tion and research. This is especially timely as not only was the
operational design of the operator-control system found to be .
crucial to continuous safe overhead lifting, 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 compromjse operating safety, it was the
opinion of interviewed workers that serious safety compromises
were involved in 'many of these changes. Perhaps some stand~rds

guidance regarding the design of the operational and control sys­
tems of cranes for various industrial application ta~ks should be
developed. While such an OSHA 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 relati~nship between crane ~r hoist operation and the attach­
ment and hitching of loads is a key element in the control of
overhead liftin~ hazards. The failure of some aspect of this
relationship frequently appeared a~ a causal element in the crane
and hoist accidents analyzed. It was also, indicated as being
crucial to hazard Tealization and control by numerous workers. A
number of facets of this ralations~ip (the need for communica­
tions between hitchers and crane operators and the operator's
responsibilities in regard to this communication) have been dis­
cussed previously in terms of safety factors which the crane or
hoist operator has control of in overhead lifting. A number of
elements related to the relationship of load hitching and crane
operation are primarily regulated by the hitcher or some com­
ponent of his work situation and viII be'diacussed 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 folloving dis­
cussion will outline some of these situations.

" -
During the preparation of a load for overhead lifting, the crane
operators and hitchin~ personnel we talked with indicated that
the operator had a ntimber of responsibilities to carry out.
These include checking the load path for oh.structions. keeping in
visual o~voice communication with his hitchers or signal per­
sons, making a final determination of the capacity and sufficien­
cy of a load's attachment system prior to lifting the load, and
checking the positioning of the hoist above the load to insure
the load does not swing when lifted. Whether or not the opera­
tor attempts to perform the~e tasks depends on the competence and
concentration of the operator. Since all ,of these tasks require
that the o~erator be able to see the load and his hitchers and/or
hear some signal, factors beyond the operato~'s control may
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restrict his ability to perform those tasks for which he is res­
ponsible. Crane operators and hitchers noted a number of condi­
tions where operator vision 1s adversely affected hy excessive
dust, bright light resulting from the incandescence of molten
metal, and physical obstructions (pillars, lar~e objects on the
work floor, parts of the cr~ne cab, 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
hitchin~ 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, 1s so refined
that little more than a slight nod of the head is necessary for
communicating lift and hitch signals. Workers indicated that
their work patterns become so familiar to each other that overt
communications become unnecessary. These same. workers indicated
that when a new worker came into a load lifting 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 transferrin~ into a new job 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 o~eration where a numher 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
neighbors away from work. The replacements for these older
crane operators are much younger men.

~

The above situation has gena~ated considerable animosity among
the experienced hitcher~ 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 ne~ operator's mistakes, doing little to try to improve their
workinR 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 acknowledRed this problem and indicated that a solution
is difficult. He is 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 is crucial to the safety of
much crane and hoist use. One of the su~gestions of the human
factors consultants on this research project is that this crucial
relationship between crane or hoist operator. hitcher and/or sig­
nal persons should be reinforced by joint training sessions and
management-encoura~edJob-relatedbull sessions. rhe point of
this extra training and supplemental communication is to enhance
the understanding and appreciation workers in overhead lifting
tasks have for each other's responsibilities and limitations in
performin~ their jobs. No plant visited had formalized any such
program of joint operator-hitcher training or communications.
Most of the plants visited who mad~ extensive use of overhead
cranes usually employed their crane operators as hitchers prior
to their becoming crane operators. None of the OSHA Standards
provisions covering overhead or mohile cranes address any aspect
of the communication or cooner~tion which must exist between
crane or hoist o?erators 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 crane or hoist operator
performs his 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 loads
can cause crane or hoist operators - especially floor-located
operators. Crane and hoist operatorA are also responsible for
checking the sufficiency and proner. ~liRnment of the load's
attachment system (capacity of hardware for load weight; lack of
twists or kinks in chains, ropes or straps; pro?~rly set hooks;
etc.) before they lift the load. The nature of the load and its
attachment system will defin~ the number and type of pre-lift
checks and lifting ~rocedures which the operator is expected to
perform. Floor crane and hoist operators who perform their own
load hitchinR 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 loads and their Rttachment to cranes and
hoists will be discussed in subsequent s~ctions of this chapter.

~'~

The physical la~~~__o~__;he workplace and the pace of work output
~ected from crane or hoist ooerators. are two other factors
determined by manap,ement and supervisory decisions. Crane and
hoist operators indicated this has an impact on crane and hoist
operation's safety. As we've noted. such factors as the location
of large pieces of equipment or piles of material, traffic aisles
and the Location of cranes or hoists 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

185



crane operator to communicate with his hitcher and to clearly see
his load and load path are .a190 affected by the layout of the
workplace and different machines and processes relative to the
location of cranes or hoists. The design of a construction pro­
ject and th~ accessibility to the site or lack of it from various
an~les will, in large part, determine the types of mobile or
tower cranes which will be needed for a project, and how these
cranes will be used.

As a result of 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
creatinr, safety compromises which can possibly lead to injUry.
In spite of this, a number of pressureR on crane operators to
work at a rate faster than what they felt was safe, were pointed
out to us durin~ 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 ignore 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 eafe workrate by their supervisors. Pres­
sures for them to work faster occaeionally developed during
production rush periods t when extra personnel were put on to
help them out.

Many of the hoist operators we interviewed were on some sort of a
piece work incentive system (machinists and foundry moldinR and
pouring operations). Some of these workere indicated that this
encouraged them to cut corners in order to increase production,
often creatin~ some safety hazard. Often a rushed work pace on
a foundry molding assembly line resulted in pile ups of materials
around hoistin~ stations limiting hoist operators range of move­
ment to avoid injury should a load slip. On one molding line,
workers disconnected a pouring ladle hoist from its' motorized
trolley. This allows them to more quickly pour molds by manually
pushing the 1ad1p-. This introduces a source of overexertion
injury and possible burns if the ladle i~ moved in .8 jerky
fashion.

It was indicated by a number of field consultants for the mobile
crane ~anufacturer we visited that construction site foremen will
often pressure crane operators to hurry a job in order to mini­
mize the cost of having 8 crane at a construction site. They
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felt this was especially the case where cranes were rented.
These men and 'other construction workers ,have indicated that
cranes are often used when wind conditions are too severe for
safe load handling in orde~ to meet deadlines. Other misuses of
mobile cranes such as not relocatin~ a crane when lifting a dis­
tant radius load weighing near the safe liftin~ capacity of the
crane is called for, or where- some avoidable visual barrier
exists, are found to be related to some crane use accidents.

The OSHA Standards for Ovenhead and Mobile Crane Use include
operationalrequirementB fO~.the handling of loads (19l0.l79(n),
1 9 1 0 . 1 80 ( h ) ). The pro c e d u r.e sand res po n sib i 1 i tie S 0 fop e I' a tors
in load han~ling noted in the previous discussions provide the
mechanisms to achieve these basic safe operat{nr requirements.
When SOIDe element of workplace design o~·work pace acts to inhi­
bit the crane PI' hoist operator'B ability to ~omply wi~h these
basic overhead lifti.ng s-a.fety requ:irements, the .safety of the
operation is :compromised· and the: s_pir..it -of t,hese standards is
violated.' -.

The de~rimental effects which environmen~al conditions can impose
on the health and safety ~f. all work~rs and specif~cally ~n the
ability.of crane.or hoist o·perators toope·rate their machines and
safely' hand~e loads, is ~he. final area of operations related haz­
ards to be- discussed., In ·the Encyclopedia of Occ~ati.onal Health
and Safety under the topic ·of cranes, l-iftin,g 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 heir-ht of the cra.necab and con­
stitute a heal.-th hazard for the operator" (Quinn, 1971, p. 347).
The health problem represented by "ch.ronic" exposures to chemicals,
dus ts and fumes rise and, c.oncentrateabove the workplace
floor,_ is a serious concern· -f:or ,the well-b.eing of overhead cab
crane operators. T~e detrimental effect~ which low levels of
chemical, physical and psychologicalstresso:rs may have on the
alertness or- psycho-motor capabilities of crane and. holst oper­
ators pose a hazard to the~afe operation ~f cranes an~ hoists.

The melt roqm .of one of -the foundry operat.ionswe visi-ted was
attempting,-under OSHAcompllance- orders, to bring lead fume
leve·ls intope·rmissible limi.ts •. - While ventilation on the iron
melt furnaces had reduced the airborne lead levels, workers on
the melt plat.formwere.. req;uir-ed t·o _\"ear respirators. However,
because voice communications.between workers necessitated the
frequent ::~e'moval of respirators-an-dother failin-gs of these per­
sonal protective devices~ the blood lead levels of many of the
melt plat-form .workersincr-eased to levels which reqUired their
rotation out pf the melt r-oomarea. Ac:cordinJ to union offi­
cials we talked with, the transfer crane operators, whose cab
is locat_ed above the melt fur_naces, were "dropp.i~g like flies"
frqm le~d ~ntgxic:ation.

A discussion with one of the transfer crane operators indicated
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that he knew of a number of other transfer crane operator~ whose
blood lead had ris~n to levels which required their rotation out
of the melt room. He also 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 coordination, sensory and
psychological functions, and task performance were all adversely
affected by increasing blood lead levels. Since these impaired
functions include those which crane 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 monitoring 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 combustion is part of an 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 crane uses. Other negative behavioral effects of various
industrial substances are documented in the published proceedings
of a NIOSH seminar on behavioral toxicology (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 psycholo~ical 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% 6f the mobile cranes studied had crane cab
noise levels which averaged in 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 throu~h October 1977) for workers whose occupation is listed
as crane or hoist operator. The industries from which these
workers come (foundry; metal stamping, for~ing and fabrication)
indicates that they were probably in-plant crane operators.
Whether prolonged exposure to high noise levels has a detrimental
effect on a crane operator's abilities to perform his job tasks
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(beyond complicating communi~ations) is not immediately clear.

Psychologi~al stresses have been shown to reiate to a number of
illnesses, notably hypertension and cardia~ problems. The gen­
eral finding is that increased stress is 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, complexity, routine and
production time demands may comhine i~ a destructive as well as a
beneficial manner. ,The demands (stresses) of safely operating a
crane, attAchin~ loads properly for lifting, maintaining effect­
ive communications, etc., can:adversely affect the workers'
health or behavioral ~bilities.For example: the authors of the
study of construction equipment operator's mortality data (Decou­
fIe, et a1 1977) nypothesized 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
attentiona1 demands on these operators from their job tasks.

Overexertion injuries (mainly back and trunk sprains, strains,
dislocations and hernias) account for 32% of the Wisconsin
Workers' Compensation cases reported for workers whose occupa­
tion is indicated, as a crane or hoist operator (1972 through
October 1977). Many of these overexertions are probably the
result of accumulated physical stress~s. It is also possible
that the bouncing around some crane operators receive from their
machine's movements; or strains introduced by poor se~t cushion­
ing and lower back support, and lack of adjustment for comfort or
accessibility to contr61s, are chronic exposure factors contri­
buting to the development 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 design. Our study uricovered a few complaints of pain~

attributed to the jerking'bf Soth mobile ~nd "overhe.d "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 r~4uiring further study to evaluate.

Construction equipment operators (including mobile crane opera­
tors) experience significantly hi~her than expected death rates
from cancer (especially respiratory system cancers), respiratory
system disease. digestive system disease, and vi~lant 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 is 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 mana~ement and governmental activity. The current OSHA
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 limit values 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 toxic exposures and their attendant occupation­
al diseases seems necessary.

The behavioral effects of chemical, physical and psychological
stresses is 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 migh~

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 playa significant role in industrial acci­
dents. For this reason further study of these areas is called
for.

B. BEHAVIORAL FACTORS IN LOAD ATTACHMENT AND LOAD llANDLING SUP­
PORT IN OVERHEAD MATERIALS HA~DLING

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 hoist 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 si~nificant role in the con­
trol of load attachment hazards. The results of our study indi­
cate that this is indeed the case.

Personnel involved in the attachment and handling of loads to be
moved by cranes and hoist~ have five basic tasks and/or respon­
sibilities which our study uncovered.

1. The at-site selection 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 hoist.
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3. Assisting the crane ope:rator in checking the lOad hitch
and' attachment h'ardvare for s"tifficient condition, ade­
quate capacity,andsecure attachment before the load
is raised to tr~vel height.

4. Maintaining voice or signal communication with the
crane operator to al~rt him to any problems with the
load's attachment system, provide information on visual
blind spots, help guide the load to -its destination,
give lift signals,etc.

5. Insure that 'thei (the hi~~hers-dr signal people) do not
get injtired iri the process 6f liftin~ and movi~g loads.

The degree of responsibility an individual hitcher or signal per­
son: "has in a lift is determined by 'the nature of, the load item
and its purpose in being iiftedand moved, the hitcher's other
responsibilit{~s in regardio the load item, and the "layout of
the workplace relitive to th~ l6cation of the crane operator.
When a floor operated crane or hoist operator also handles ~is

own hitching he mu~tperformboth the6peratbr's,artd hitcherLs
tasks, as well as being ex~osed to 'the same hazards as the hitcher.

Hitchers and signal personrie1 perform important tasks in the pro­
cess of overhead lifting 6f loads. The first fout points in the
preceding list sp~ak to these tasks.' While crane operators usu­
ally have the finai veto ~verthe use of one attachment device or
another, we found thaiiri practic~ the hitcher usually selected
the attachment sling or 'clamp' device from those available to
attach aspectfic load. Th~ ~rarie op~rator's role in this task
is usually only corrective; rejecting a hitch system when he
feels it is insufficient for-some reason.

Hitchers are also responsible for checking over attachment hard­
ware for damage prior to its use", and tagging defective pieces
of lift hardware for repai~ or re~lacement. The plants we visit­
ed all had some periodic (weekly or m"onthly) check of their
attachment hardware by specially trained personnel. These reg­
ular inspection programs a~e all su~plemented by training pro­
grams for hitchirig personriel ~o instruct them in how to det~c~

and avoid damag~ ~o liftingha~dware, as well as how to properly
attach l~ads with thehardwarc~they use.

The prior section on crjn~oper.tions'~~~lained many of the func­
tio~s th~t hitching .nd ~ignal ~~rsorin~lprov1deto crane or
hoist operator~' by supplying the~with infotmation on the load's
behavior or the load path.' As a function of the i:lifference in
'the position of the hitcher or signal person ~nd the crane oper­
ator each ~orker cari s~e ~ertainas"pe~ts' of the load better than
the othe~. By co~municatingproblems to the crane or hoist oper­
ator't"hat the op"erator c'an't see as well" asthehitcher's per­
spect{ve allows .lo'ad handling-s"afe-ty is improved. A number of
the hitche~s inte~viewedindi~at~d that they first hit~h~d large
loads on the load's side" visible: to: th,e crane operator and then
hitched the load on theop~rato~s blind8ide~ 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. In this way they are able to alert
the crane operator should any problem with the hitch develop on
the operator's blind side when the load is lifted.

Since the hitcher, in many~ircumstances, 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, etc.). and know· how to properly apply and
inspect these devices when. used for attaching loads.

Durin~ 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
indicated 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 suitabl~ substitute, to eliminate thee
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 a.vailability. In
plants with multiple shifts or where a variety of hitchers use
the same attachment hardware, load attachment device managers
indicated this type of hoardirig led to expensive duplication of
attachment materials.

OSHA St~ndard 1910.184 - Slin~s, pr~vides 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
thetic mesh). The provisions of this standard do not require
workers who select and apply slings in industrial overhead lift­
ing be familiar and kno~ledgeable with the provisions of the
standard. However, the prcivisions of this standard pertainln~

to safe operating ~ractices (Part (c» and inspections (part (d)
imply that those workers selecting and applyinp. 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 operators) have been
supplied with pocket charts showing lifting capacity for various
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sizes and configurations of slings of various materials •. One of
the bestot these guides is a four-pagecpocket folder published by
the Harnischfeger Corporatio~, 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 sophisticated hitcher training programs. include annual
hitcher training sessions with trained plant personnel or sales
and training representatives from hitching hardware suppliers or
manufa2turers." While the extent~to which 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 the~ t~ 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
val u e t h an did hit c her s . per f (, rmin g mo r e: r 0 utinet ask s ..

As mentioned at the beginning of this. discussion, .hitchers, sig­
nal personnel, and floor located operators of cranes and hoists
are exposed to injury hazard~ 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 bya falling load or load part when the
load is lifted or moved; 2) 'being struck or pinned by a load
which swings when lifted or.moved; and:3) getting fingers or
hands caught in hitching hardware between loads and hitch hard­
ware when the hitch is being ti~htened or the load lifted. Both
hitchers and crane operators had opinions on these hazards and
how injuries can be avoided. TheRe are presented in Tables 5-6
and 5-10 a~d are summarized below.

The principal protection against injury from lifted loads unex­
pectedly swinging or falling was indicated to be avoidanceOI
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- or swinging loads. These in­
clude the need for hitchers to hold hooks while a hitch is being
tightened,andcobjects or materials around a load to'belifted
blocking a hitcher's esc·ape routes should the·load' swing o,r 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 lifting of Ibads. These consist of: sufficient
co mm u n i cat :i 0 n s be tw e en'" the hit c her and 0 per a tor when at t a chi n g
and li-iting the load;. the oflerator making surp. the hoist is cen­
tered ab6ve the center of gravity of the load and hitch; and
initially l~lting. a load only a few inches to make sure it is
securely hitched· .b e for e ' the loadi 5 lifted to its travel height.
To prevent catight-in acci~ents involving hitching apparatus,
·crane operators indicated that they tried to avoid lifting or
tightening loads_ when their hitchers' hands were vuln~rable to
getting caught, they generally indicated that hitchers have to
be careful' to avoid possible caught~in situations. Ritchers
in d i cat edt hen e ed to b e car e f u 1 h ow· the y . hoi d ch a ins and h 0 0 k s
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while setting slings. to make sure they have their lift si~nals

with op~ratorB straight. and to avoid turning their backs on
crane operators b 10 c kin gth e i r view of the h 1 t c her's hands. The
chance of a wire rope sling twistinR when the load tension is
relieved was pointed out as another possible source of a caught­
in injury.

C. PHYSICAL CONSIDERATIONS FOR SAFETY IN LOAD ATTACHMENT SYSTEMS

The previous section indicates that the proper attachment of load
items to cranes and hoists is a significant component of safety
i~ 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 include 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 the i r use. c, ) c! '"

Any load attachment device basically has to be of sufficient ca~~

acity to lift the weight of the loads they are required to
attach. Their reserve capacity has to be sufficient to handle
the weight of the load and the inertial effects of the load
creat~d by the (possibly jerky) movement of the crane or hoist.
To prevent an accident occurring from a failure of some compon­
ent of an attachment device. it not only has to be of s~fficient

load handling capacity when it is new, but also after'it has
suffered the routine use and abuse to which this industrial
apparatus is 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 occurs.

In addition. a load attachment device has to be designed to be
able to hold onto its fntended load, to keep it from falling des­
pite a certain amount of jerky movement which may occur when loads
are moved by crane or ho~st. This is n~t always ac~ievable with
all combinations of load and attachment device. A number of
foundry operations we observed used magnet attachments to lift
scrap iron 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 1s raised
can fall with the slightest jerk of the crane's drive mechanisms.
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For this reason all traffic belo~ the charge crane's ma~net is
tightly controlled and no lifting is done when personnel ar. in
these ~reas. Because grab type clamp devices, vacuum att,achment
systems and other systems which attach their loads by attraction
(rather than cradling load~ as a sling or hook does) could lose
their attraction because of power system failure or reduced grab
capacity from wear, traffi6 below loads handled by these attach­
me~t systems is usually avoi~ed. according to our observations.

, ,

The majority of attachme~tsystems in th~ factories visited are
slings, primarily of alloy ~hain, but also ~onstructed of nylon
web, metal mesh and wire rope. A variety of specialized attach­
ment devices we~ealsoobserved. These ranged from simple gra~­
ity plate clamps to specialiied and customized hydraulic and
vacuum devices. The~e are designed to handle load items which
would be difficult if not impossible to attach by slings. While
these special attachm.nt systems improve th~ ease and security
with ~hich many load items can be attached to hoists or cranes.
their special desi'gn an'd mechanical systems may requi're special
inspection and adjustment. Rigid special attachment deVices,
such as clamps, should be attached to crane or hoist hooks by a
flexible chain or by safety latch hooks. A fatal accident occur­
red when a rigid ~late clamp slipp~d out of a hoist hook when the
plate was placed up on a work table. allowiig the metal plate to
fallon the hoist operator •• '

Slings constructed from al10'y steel chainsp'rovide their' users,
with a tremendous amount of flexibility in tailoring their sling
design and thei~ ability to rapidly make repairs to damaged
slings or build customlzedattachment apparatus. By malntain~

ing a supply of chain, hook~. attaching rings and coupling links,
even small industrial esta~lishments can build their own custom
designed slings by cutting chain to desired lengths arid"attach­
i~g appropriate hooks, clamps, etc. Thisin~house sling avail­
ability allows for much faster turnaround time in the replacem~nt

of damaged sling components, making it more likely that workers
will report sling damage and r~move potentially dangerous slings
from use.

Chains of alloy steel. although extremely strong, are susceptible
to link damage from'a variety of sources (crushing, welding are,
cutting •.hi~h temperat'ure exposure. metal fatigue stresses,
twisting. etc.). Since a chain is only as strorrg as its weakest
lihk. employees using chai~ slings should kno~ how to avoid and
detect damage to chain links. The susceptibility ,of chains to
sudden failure and a number of other problems enumerated by
Dickie (1976) make chains undesirable for use in construction.
Slings constructed from wire rope components, which fail strand
by strand rather than suddenly, and a.re less prone to damage by
crushing than chains,are commonly used in construction appli­
cations. WiYe ropes can experience internal damage. This is not
always readily detected by an untraine~ 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 m.terial,nylon mesh, while
being extremely strong and slip resistant, requires special mach~

ines to construct them and usually must be custom made. Nylon
straps will stretch before they break, unless they get cut.
These synthetic mesh slings can be easily cut by sharp edges on
the loadR they handle; for this reason they should be padded at
sharp edges to avoid damage.

Both slings and special attachment systems need to be applied
properly and inspected regularly to insure their continued safe
use. The provisions of the OSHA Standards on Slings (1910.184)
provide detailed requirements on the use and inspection require­
ments for slings and hooks of various materials. There are no
such standards covering the use and inspection of specialized
attachment systems used in overhead lifting. Our study ind~cat~d

that certain specific operational systems of specialized attach­
ment 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 de.vices (which
often wear in visually obscured areas); and power systems and
lines for magnets. vacuum units and hydraulic devices.

Most of the prec~dlng discussion has focused on considerations ~f

the attachment systems being of a proper design to meet the
demands for attaching an~ lifting the loads they attach. The
other facet of load attachment is the suitability of the load item
itself to be attached and handled. One of the most organized
programs of materials lifting planning was found in a large cus­
tom-designed equipment manufacturing plant where large sub-assem­
blies had to be manipulated by cranes for construction and assem­
bly. In this oper~tion a major part 'of the engineering effort
to design the machines produced and to to plan their cdnstruction
is the anticipation and preparation for the attachment of various
unusual shaped and sized loads. This load lift planning, trans­
1 atesintop r 0 v i din g marked c e n t e.r s 0 f g r a v i t Y and·1 0 ad wei gh ton
the plans which accompany odd shaped or weighted pieces. Where
design. lifting. and industrial engineers; and consulted crane
operators and hitchers feel they are necessary and structurally
feasible, lifting shackles, holes to set hooks and other welded
attachments are added to large sub-assemblies to facilitate their
attachment to cranes for handling and manipulation.

0" PHYSICAL CONSIDERATIONS FOR SAFETY IN THE MACHINES USED TO
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. Our 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 safet~ from the physical character ~f
the lifting machinery was the failure of the machinery to operate
in an anticipated or desired manner. This type of failure is
most likely to develop when the. functional mechanisms of the
crane or hoist' aren't maintained in proper working order, or when
a crane or hoist is used to perform a load handling task which
approaches the limits of its control systems sensitivity or load
handling capacity.

As an exampl~ of this latter point, the manutacturer of wire rope
industrial hoists we interviewed produces two types of hoist lift
and lower push-button controls - a single speed control and a
five-speed stepped control system modulated by pressure on the
control button. The single speed control tends toatart and stop
abruptly because it has to achieve .8 compromis~ 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 ali~nment of l~ads with machinery or for
assembly is required, single speed controls were found lacking
by a few of the hoist operators we ~nterviewed. Since the move­
ments of a single speed regulated hoist are abrupt and jerky,
hoist operators often must repeate.dly punch,. lift 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
just a minor annoyance in using hois.t equipment. The more fre­
quent button pushing (often required o~ sirigle step control
hoists) seemed to generate more hois~ operato~ maintenance com­
plaints of sticking or worn control .cellen6ids. Constant and .
repeated charges in direc~ional torque that single speed controls
impart on the me~hanical compoents of hoists,~ccording to their
manufac%urer, lead to more rapid deterioration and failure of
hois.t drive components. These physical problems ca~ cause a
hoist to wear out early or fail to function unexpectedly, leading
to the sort. of hoist accidents whose hazards are s~mmarized in
Tab.le 5-9. The hoist manufact"urer .1-ndicate·d, howeve.r', that be­
cause of the extra cost of the muiti-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 aspec%s of the ~ulti-speed hoists. In the long
run, many 0 f these cus.tomers ended up havin~ to overhaul or re­
place their hoists much sooner than anticipated because of this
mis-match of equipment wi%h job task.

The same sort of machine capabili~y mis-match with the equip­
men~'s use was found to relate to the lifting capacilY of cranes
and hoists relative to th,e weight of loads they are .consistently
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called upon to handle. This proble~ breaks down to the simple
fact that a 60-ton crane which seldom lifts loads in excess 6f
50 tons will develop maintenance problems with less frequency
than a 50-tott 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
lon~er than the latter application, given equivalent preventive
maintenance and equipment inspection efforts. In the long run,
the equipment reliability and safe operations assets of the
heavier capacity crane and the flexibility its 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 attention to inspecting, detecting and qUickly repair­
ing the accelerated wear it will experience if constantly used at
or near its limits. This 1s no min~r commitment, however, as w~

found one plant with 5S bridge cranes, most of which are fre­
quently called on to perform near capacity lifts~ employ the
equivalent of seven full-time crane 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
is 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 syste~ may be a sub­
stantial increase over a slower crane. However, if the demand
for the crane's services i~ substantial, a quicker crane may make
the addition of a second crane unnecessary.and may pr~vlde the
crane operator with some break tiMe between lifts. One less
expensive measure bridge crane owners may take to speed the
functions of their machines is to select a secondary or auxiliary
hoist of appropriate capacity to supplement the main hoist of the
crane. Since smaller supplementary hoists operate at up to two .
to three times the rate of main hoists, they are more efficient
for lifting lighter loads. If a 40-ton main hoist is supple­
mented by a 5-ton auxiliary hoist, only large enough to perf~rm

30% of the cran~'s lifts, ~onverttng to a 10-ton auxiliary hoist
able to handle 80% of the crane's lifts may result in asigni­
ficant increase in machine efficiency.

The lack of a motorized trolley system on some hoist 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 pushin~ 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
ingor pulling on hoist or load are factors wllich were indicated
in a number of accidents. These push and pull related injuries
were overexertions from pushing hoists on rough running trolley

198



rollers or from troll~ys hanging up on rough spots on hoist rails
(welds), load items falling when pushed out of their hitch, and
injuries occurring when handles used to pull or crank hoists
loosen or fall. These are problems most likely related to poor
maintenance in relation to hoist design.

Another functio~al component of hoi~ts·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 problems,
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 operators complained of
difficulty in being able to modulate their crane's brakes from
the push button controls which activate various crane brakes.
Hoist operators who have brakes. on occasion had the same com­
plaints as floor crane operators. Some operators inlicated they
have difficulty controlling trolley movement on hoists which use
opposite directional controls to perform braking functions. Many
~oist 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 inspection 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 hoist
inspection and maintenance from the equipment's manufacturer.
The crane and hoist 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 pieces of overhead lifting equipment, hydrau­
lic boom cranes, monorail cranes, overhead hoists, chain hoists,
etc., covered in their 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 OSHA are covered by the subsequent portions of
the two OSHA Crane Standards is unclear to most field users of
these pieces ,of equipment. The. answer is regrettably, that they
are not covered; since hois~s and hydraulic boom 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 Standarqs" is of no real
value.
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v. CONCLUSIONS AND RECoHMENnATIONS

The use of cranes and hoists in overhead liftin~ defines a system
of fact~ts which interrelate and integrate to accomplish load
lifting tasks. As defined in the preceding section the ergondmic
factors involved in this system encompass the nature of the
design and operational use of cran~s and hoists, and the appli­
cation of the attachment systems to handle these loads. The
lynchpin holding down the maior responsibility for safetj in
these systems is the crane or hoist operator. These operators
cannot be expected to achieve 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 operations. These manage~ent-dete~mined factors run
the gamut from equipment selection to the allocation of manpower
resources for maintenance and inspection; to the selection of
operating, hitchin~ 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
or hoist use which exist for specific uses of lifting equipment.
This, coupled with the development of mechanisms to inform oper­
ators and associated workers of the nature of these hazards, and
encouragin~ work practices which will prOVide controls for these
hazards, can have a profound effect on improving overhead lift­
ing safety. This sug~estion embodies the concepts 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, managers, eqUipment manufactur­
ers and suppliers, regulatory and enforcement agencies, and
research into various critical aspects of safety in the work
process. The purpose of each of these ~roups' contributions
should be to enhance the knowledge and ability of those workers
and superVisors involved in overhead liftin~ 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 tried 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
fo1lowin~ discussion will try to illuminate some of the direct­
tons which might be taken to achieve preventive management of
crane and hoist use hazards.

Since the performance of the personnel involved in the operation
of cranes and hoists and those involved in attachin~ loads to
lifting machines, and the nature of communications between these
two groups of workers. were found so critical to safe overhead
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materials handling, efforts to optimize .the safe performanee of
the tasks of these workers in load handling ~hould be beneficial.
As previously mentioned, these, efforts should ..be. directed at in­
creasin~ thekndwledge and skills of these workers to p~event .
accidents by detecting hazardous conditions in their jobs and
controll1.ng these hazardous cond1tions_, There are a number -of' ~'.

directions which might be pursued in r~spect to the above.. M~ch­

anlsms to assess the opinions of involved workers as to the ~az~
ards they find in their job tasks. and how they contr~l these h~z-

ards, such as the hazard survey technique used in this study ,
(Coleman and Smith, 1976). can provide valuable information from
which to develop materials to further develop safe work perform­
ance standards and to educate workers in safe operations. The
ultimate training of overhead lifting safety to workers should be
an on-going process, utilizing the knowledge resources otthe'
workers themselves as well as the accumulated knowledge and
experience of the manufacturers and suppliers of lifting hardware.

NI0SH, 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 lifting 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, operation
and maintenance, in at least a satisfactory manner. Other of
these factors: the skills 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 achievin~ workplace compliance with
current health and safety standards should be undertaken.

In addition to the above areas of standards insufficiency, an
additional area of research into overhead lifting operation
safety seems appropriate. This area revolves around the ques­
tion of the effect of incipient 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 considerable
efforts are being expended in efforts to evaluate the long-term
effects of exposure to these stressors, little attention has been
given to determining the possible effects that day-in and day-out
exposure to combinations o.f these stressors have on safe and
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attentive job performance.

In general our study found that safety in crane and hoist use in
materials handling is synonymous with proper and efficient oper­
atin~ procedures. For this reason, em~hasis on operations safety
should be treated as part and parcel of consistently efficient
production. While manufacturin~ processes which compromise safe
operations may ~enerate faster production. the costs of possible
damage or injury, should these short-cuts produce accidents, if
not prohibitive in regards to business economics is intolerable
in regards to the societal damage occupational injury' and illness
represents. In the lon~ run, safe overhead liftin~ operations
are productive operations. A number of the long-term benefits
which short-term sacrifices for safety ~enerate. pointed out 1n
Part IV of this chapter, speak to this point.
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VI. Sl;MMARY

The purpose of this study of crane and hoist use in overhead
lifting was to utilize accident data to derive causal patterns
for accidents involv~ng this.cquipments' use, and to assess the
validity of these patter~s through observation of the use of this·
equipment in industrial practice. As an adjunct to the above
effort an attempt was made to evaluate the humin 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 lo~ds to cranes or
hoists, and the subsequent lifting and transportation of these
loads. The most significant source of injury associated with
crane and hoist use ~as found to be lifted loads falling bec~use

of some insufficiency in the attachment of the load to the crane
or hoist; or loads falling as a result of improper oper.tionof
the crane or hoist machine (excessively rough or jerky movement
loosening the load from its attachment or some failure of the
support mechanisms of the crane or hoist systen). Other signi­
ficant sources of injury arising from the handlin~ of loads by
cranes Bnd hoists involved: loads being lifted or moved, or
moving crane structures strikinp, workers or objects in. their
environment to cause some injury; workers becoming entangled in
loads and their attachment hardware when loads are lifted or pos­
itioned; manual exertions involved in preparing a load for
attachment or manipulating a lifted load causing an overexertidn.
injury; and workers involved in moving loads, fallinp. over debris
in their workpath. The other significant source of injuries
associated with cranes and hoists result from working on or
around these machines (maintenance, enterin~ and leaving, etc.).

The evaluation of the human factors considerations in crane 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 into four main areas: the operation of cranes and
hoists i~ overhead lifting processes; the process of attaching
load items to cranes and hoists; the design and sufficiency of
the devices used to attach loads to cranes and hoists; and the
design and functional consistency and sufficiency of the crane
and hoist machines themselves.

Of the above fact~rs the role of the crane or hoist operator in
the process of overhead materials handlin~ 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 lifting safety. The operator, however, must rely on the
performance, signals and judgments of the load hitchinr, and sig­
nal personnel with whom he works. These hitch and signal person­
nel were found to playa significant role in a variety of aspects
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of safe overhead lifting, especially in load attachment. The
bond of communication hetween the operator and load hitcher or
signal person was found to 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 cranes 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, inspection and match with the load were major factors
concerned with the sufficiency of the attachment of the load to
the crane or hoist. The crane or hoist machine must function in
a consistently preuictable 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 its' operator to safely move materials with the crane or
hoist.

In order to govern the interaction of these physical and behav­
ioral components which determine the safety of overhead lifting,
hoth workers, ~anagers, supervisors, and equipment ~anufacturers

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 knowled~e and c6ntrol of safety hazards
they pos8ess, can provide.unique support to a positive program
to prevent crane and hoist use hazards from becoming accidents.
\~orkers, due to their immediate relationship to the equipment 'and
job tasks involved in overhead liftinr, can perform crucial func­
tions in de~ecting and communicating hazards to safety from their
job tasks and equipment, and can through their joh performanc~

control 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 liftinp, are suffi­
cient to assure safe operations. Their task in this respect can
be made more realiatic if they can optimize the use of the inform­
ation and skills of their workers and equipment suppliers and
manufacturers. ,This latter &roup must develop and provide equip­
ment of appropriate function and ~esign to meet the overhead
lifting needs of their customers. To meet these needs these
businesses not only have to build or sell safe devices nnd 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 throu~h 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 operations usage. The OSHA standards
appear to need some strengthening in areas,involving the utiliza-
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tion and assurance of skills aud knowled~e sufficiency of the
personnel directly 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 overhead lifting equipment
not covered by the current OSHA st~ndards ~overnin~ cranes and
slings. These standards shortcomings and the other human factors
areas mentioned above are discussed at ~reater length in Sections
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 ~~TERIALS HANDLING

The following four pages present a brief summary of some of the
critical aspects of human factors involved in the safe usa~e of
cranes and hoists. The organization of these photographs roughly
parallel~ the discussion of topics in 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 crane 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 load hitching personnel perform in crane or hoist
operation. Plates 11 thru 17 illustrate 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 thr~ 22) point ou~ some of the design and match of machine
to task usage factors our study found important to safe crane
and hoist operations.

209



#1. THE LOCATION OF A CRANE OR
HOIST OPERATOR'S CONTROL STATION
A~r[CTS A VARIETY OF FACTORS IN SAFE
OVERHEAO LIFTING _ WHICH RELATE TO
THE WAY THE CRANE OR ~lOIST IS OPER­
ATED.

#2A THE OPERATORIS LOCATION SHOULD
ALLOW. AS MUCH AS POSSIBLE, A CLEAR
V I EW OF TI1E LOAD. AS WE'LL AS A CL.F:AR
VIEW OF WORKERS AND OBJECTS AROUND
THE LOAD.

....
#4 A FL.eOR CRANE OPERATORS OFTEN
HAVE THEIR VISION OF LOADS. OR
WORKERS AROUND LOADS OBSCURED BY
LARGE OBJECTS IN THEIR WORK AREA
OR BY THE RAISED LOADS. SOME
OPERATORS OF PENDANT CRANES COM­
PL.AINED OF DIFFICULTY IN PRECISELY
CONTROLL.ING CRANE DRIVE AND BRAKE
CONTROLS.

#5 .... ~OBI LE CRANE OPEPATORS MUST
BE SURE THAT THE LOADS THEIR
CRA~ES LIFT APE WITHIN T4E CAPA.
CiTY OF T,HE CRANE rOR THE BOOM
LENGTH AND 800M ANqLE USED.
CRANE SUPPORTS. LIKE TH IS OUT­
RIGGER, MUST BE FUL.L.Y EXTENDED
AND REST ON A FIRM SURFACE TO
ASSURE PROPER SUPPORT.

#3. CRANE AND HOIST INJUIHCS OFTE'~

HAPPEN WHEN LOADS SLIP AND FALL ON
WORKERS. AND WHEN MOVING LOADS COLLIDE:
wiTH WORKE~S OR OTHFR OBJECTS -
CAUSING AN INJU~Y. By NOT MOVING LOADS
OVER WORKERIS HEADS. AND CAREFULLY
CHOOSING LOAO PATHS OPERATORS CAN AVOIC
IN.JURIES.

LJ
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,6£ THE AREAS ~H~RE CRANES AN~ HOISTS
MOVE LOADS SHOULD BE AS ~REE O~ DEBRIS
AND TRIPPING HAZARDS AS POSSIBLE. A
NUMBER O~ INJURI~S ~ROM MOVING LOAD~

WITH CRANES AND HOISTS INVOLVED WORKERS
TRIPPING OVER DEBRIS WHILE CONCEN.
TRA.T I NG ON FlA t SED LOADS.

#8" LOAD IHTCHERS OfTEN H/lVC TO HOI.D SLINGS WHILE
THEY ARE BEINC, TIGHTENED TO MAKC SURE THllR HOOKS
SET PROPERLY. THESE WORKERS AND CRANE OPERATORS
WORKING WITH THEM SHOULD BE CAR~~ULL TO AVOID
GETTING THEIR fiNGERS C~UGHT IN THE SLINGS OR THE
SLINGS AND THE LOAD.

,~9~.LOADS ARE MOST LIKELY TO SWING OR fALL fROM
THEIR ATTACHMENTS WHEN fiRST LifTED, fOR THIS
REASON WORKERS SHOULD TRY TO STAY CLEAR Of LOADS
WHEN THEY ARE LifTED.

#'O"THE COMMUNICATIONS BETWF:EN THE LOAD HITCHER
AND THE CRANE OPERATOR ARE VERY IMPORTANT TO LOAD
HANDLING SA~ETY. THEY SHOULD HAVE A CLEAR VIEW Of
EACH OTHER, AND/OR AN EffECTIVE SIGNAL SYSTEM TO
TRANSMIT LOAD LifTING INfORMATION.

211

#7.6 CRANE AND HOIST OPERATORS AND
THEIR ASSISTANTS OfTEN WORK IN
AREAS WHERE THEY ARE EXPOSED TO
TO_IC ~UMES. THES~ ~UMES ARE NOT
ONLY A HEALTH HAlARD ~OR TH~

WORKER, THEY CAN ALSO CAUSE STRESS
ANO fATIGUE.





#16~ To MORE EASLY ATTACH
ODD SHAPED LOADS, THESE LOADS
CAN BE DESIGNED WITH SPECIAL
HOLES OR GRAB POINTS FOR THE
ATTACHMENT or SLINGS.

il/144A NUMBER or SPECIAL DEVIC~S
ARE USED TO ATTACH OR ATTRACT
LOADS TO BE LIFTED. THI'S CLAMP
AND OTHER GRAB TYPE DEVICES ARE
FREQUENTLY USED TO GRASP LOADS.
THESE NEED SPECIAL MAINTENANCE TO
KEEP WORKING PROPERLY. THE CLAMP
SHOWN ABOVE IS HAZARDOUSLY ATTACH£D
TO THE HOIST HOOK, IT CAN EASLY
SLIP OFF THE HOOK IF THE HOIST
LINES GO SLACK.

#114 A VARIETY or
SLINGS ANQ SLING
MATERIALS ARE USED
r OR LOAD ATTA CH_
MENT IN OVERHEAD
LIFTING. HITCHERS
CAN SELECT THE
PROPER SLING MOST
EASLY WHEN THEY
ARE NEATLY STORED
ON A RACK, AS
ABOVE •

#17~ ONE FREQUENT CAUSE or
CHAIN DAMAGE IS WELD BURNS
rROM ARC WELDING DONE WHILE
SLINGS ARE STILL ON LOADS.
THIS KIND er PITTING CAN
CAUSE THE METAL TO CRYSTALIZE
AND LEAD TO A LINK FAILING.

. #12" By KEE:,"ING A
SUPPLY or SLING
COMPONENTS ON HAND
A COMPANY CA N
OESIGN AND BUILD
SLINGS TO r I T
THEIR NEEDs. THIS
TYPE OF SLING
FABRICATION
SYSTEM CAN ALSO
HELP A SLING
INSPECTION AND
REPLACEMENT PRO-

j GRAM.

~
-".,.

J#~

',~,

r '" ~ J"" '

~- - ~ ~

#13" ALL SLINGS CAN GET
IMPROPER USE OR STORAGE.

WHO USE SLINGS SHOULD BE TRAINED TO
STORE SLINGS PROPERLY, USE SLINGS
TO AVOID' CA"USING DAMAGE, ANt> INSPECT
SLINGS rOR DAMAGE BErORE USING THEM.
WORKERS NEED TO BE SUPPLIED WITH THE
RESOURCES TO PERrORM THESE TASKS.
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#19" ONE ~ROBLEM
OPERATORS OF FLOOR­
~E NDA NT OPERA TEO
CRANES INDICATED IS
HAVING TO STANO TOO
CLOSE TO THEIR LOADS.
AND HAVING TO HANDLE
BULKY PENDANT CONTROL
BOXES.

Reproduced from
best available copy.
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#2Z'IIIII REGARDLESS OF WHAT TY~E
OF CRANE OR HOIST IS USED ALL
OF THESE MACHINES NEED TO BE
REGULARLY INSPECTED FOR WEAR
AND MALFUNCTION. THEY HAVE TO
BE MAINTAINED IN TOP OPERATING
CONDITION TO INSURE THEIR
CONTINUED SAFE USE. EACH TYPE
OF CRANE OR HOIST HAS SPECIFIC
INSPECTION AND MAINTENANCE
NEEDS DETERMINED BY ITS DESIGN
AND THE WAY IN WHICH IT IS
USED.

#18 ~ OUR STUDY
FOUND TH~T NO MAJOR
DESIGN FLAWS EXISTED
IN ANY OF THE CRANES
OR HOISTS WE STUDIED.
WHAT WE FOUND IS
THAT LIFTING MACHINES
AND THEIR CONTROL
SYSTEMS MUST BE
MATCHED TO THE TASKS
THEY H4VE TO ~ERrDRM.

#20~ MAo NY PE NDA NT
CONTROLLED CRANE~ AND
HOISTS HAVE PENDANT CORDS
ATTACHED DIRECTLY TO THE
HOIST MECHANISM. THIS
LIMITS THE RANGE OF
MOVEMENT AVAILABLE TO THE
CRANE'S OPERAT~R. THIS
MAKES IT NECESSARY FOR
THE OPERATOR TO REMAIN
CLOSER TO THE RAISED LOAD
THAN THEY OFTEN WANT TO
BE.

#21 .. PENDANT CONTROLS
FOR CRANES CAN BE ATTACHED
TO CRANES BY LONGER CABLES
WHICH RUN ALONG THE
CRANE'S BRIDGE RAIL. THIS
TYPE OF PENDANT ATTACHMENT
ALLOWS THE~OPERATOR MORE
FREEDOM OF MOVEMENT
AROUND RAISED LOADS.
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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 complicated network of physical andoper­
ational design considerations.

Our 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, etc. A general summary and recommendations for controlling
and preventing conveyor accidents is outlined.

Conveyor

"A horizontal, 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 points of loading or discharge,
fixed or selective (American Natl. Std. B20-l972)."

"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." (Nat!. 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, coal (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 pieces 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 one of two major functions. The first is Assembling 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 another group that periodically work on conveyors
performing regular or emergency operatio~s.

People 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 "s traight­
ening out bhe mess II 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 Employer'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 His tory File, Wisconsin Safety Inspectors' accident inves tigations 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 for31% 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 another 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 12% 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 worker 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 {!lorn 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 conveyor 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 employee turned conveyor
on causing plates to move together and pinch hand.

2. Installing chain on chip conveyor, finger caught between chain and
sprocket.

Unjamrning conveyor;

1. Employee was removing a piece of wood wedged between steel rollers and
conveyor belt. After wedge 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 loading, 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 track 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 too many came at once; employee jumped back out of the way
so feet wouldn't get caught, instead he fell over the edge of platform
and was injured.

Struck by Moving Object on Conveyor

1. Ribs were against 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.
Object was four feet long and about 50 pounds.

Struck by Object Being Handled Onto/From Conveyor

1. Lifted 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 coming down belt too fast.

Overexertion in Handling Objects from Conveyor

1. Repeated motion of lifting heavy boxes and carrying to conveyor belt.

2. Job required a lot of twisting and bending to pick cylinders off
conveyor.

Overexertion Handling Conveyor Itself

1. Lifting conveyor, strained back.
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Table 6-2. Total promptness cards with conveyor implicated as cause: 279 cases.

Major Groups of Promptness Cards

Caught in Conveyor
while maintaining, unjamming
while working on line
undetermined

Fell On or Against Conveyor
slipped and fell against
fell when stepped on or against

Bumped Into or Struck.Again~t

Struck by Conveyor Part

Struck by Moving Object on Conveyor

Struck by Object Falling from Conveyor

Struck by Object Being Handled from
Conveyor

Caught in Materials on Conveyor

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 cases
37 cases
35 cases
15 cases

34 cases
16 cases
18 cases

21 cases

12 cases

4 cases

22 cases

9 cases

9 cases

57 cases

13 cases

11 cases
279 cases

31%

12%

8%

4%

1%

8%

3%

3%

20%

5%



Summary Of Accident Investigations By Wisconsin Sa~ety And Buildings Inspectors

A total of 386 accident investigation cases involving conveyor accidents
during the period from 1972-1976 were analyzed. These accidents were
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 accidents 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 (18 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 16%).

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.

Violations of safety standards. (primarily improper guarding) were involved
in 142 (37%) out of 386 accidents investigated. .

Conveyor Fatalities

There were six (6) fatal conveyor accidents in Wisconsin from January 1972
to August 1976. There was one accident 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 investigations 386

Most frequent ~of accident:

Caught in while performing normal job 221
Unjamming 43
Cleaning 38
Other maintenance 38
Working at line (loading, unloading. etc.) 97

Most frequent source of accident:

57%
11%
10%
10%
25%

Sprocket and chain
Belt and pulley
Belt and roller
Rollers
Auger·
Conveyor nee.

Causal factors:

28
25
18
18
13
21

7%
6%
5%
5%
3%
5%

No guard 110
Employe didn't shut· conveyor off 61
Employe tripped. or slipped around 28

conveyor
G1oves(too large. got caught in conveyor) 23
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28%
16%

7%

6%



Table 6-4. Top 20 industries vith conveyor injuries by type of injury 1971-1975.

S. I.C. Acc1- . Caught Caught In Fall,'; Fall!=> Over- Over Over Over Struek S[rllck StTuC'k Struek Struck

Rank II dents % In Mech. Parts Other Same exertion Handling Push. Lift St. Obj. Mater. Mov. Tip

Food Etc. 1 332 2l 20 129 3 34 1 5 4 8 71 32 8 5 12

Yab. Metal 2 119 7.4 3 35 1 11 1 ) 4 29 23

Prim Metal ) 116 7.2 12 37 2 9 2 2 2 16 18 4 1 11

Mach. Ex. Elee 4 114 7.1 7 27 4 13 5 3 4 18 14 1 8 10

Paper 5 101 6.2 12 52 9 2 3 10

Lumber 6 92 5.7 8 45 .7 1 1 11 15

OTR Retail 7 79 4.9. 6 25 8 4 4 14 8

Whole Non 8 68 4.2 7 25 2 3 2 7 5 5 4 8

~ Agris. 9 63 3.9 5 30 4 4 4 6
~

~ Trans. Equip 10 56 3.4 5 15 1 3 2 7 15

Elec. Equip 11 45 2.7 2 14 2 2 3 15

Whole Our 12 39 2.4 4 13 1

Trucking 13 38 2.3 5 20 2 1 2 I 3 2 1 1

Furniture 14 34 2.1 1 10 3 1 11

Other Servo 15 32 2 1 14 1 ) 1 1 3 4 3 1

Stone. Glas s 16 29 1.8 2 15 3 5

Pub. Adm. 17 27 1.6 1 8 2 ) 1 5 4 1 1 3----

Auto Rep.a1r 18 25 1.~ 4 21

Rubber 19 21 1.3' 12 2 1

Mining 20 20 1.2 3

Other 159 9.8 15 62 4 9 3 8 24 18 2 2 9

Total 1,609 123 618 19 133 1 24 32 57 258 182 31 36 91

Percent 7.6 38.4 1 8.2 1.4 1.9 3.5 .16 11.3 1.2 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. In the Food Industry, caught in mechanical parts
and struck by stationary 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 available, it is not known at this time whether the high
number of conveyor accidents 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 is 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 is 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
conveyor.
sented by
conveyor,

represents a cross tabulation of type of accident by source of
The four major combinations of conveyor accident types as repre­

this table are: (1) caught in conveyor n.e.c., (2) caught in belt
(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 1,609 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 itself constituted the second major category
(37%). Falls involving conveyors (9.2%) and overexertion (7%) were the
least !requent types of conveyor accidents.
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Table 6-5. Top 20 industries with l:;onveyor injuries by source 1971-1975.

S. I.C. Gravity Overhead Mobile Conveyor
AccidentB % Belt Chain Roller Monorail Trolley Pallet Screw Elevator NEC Other

Food Etc. 336 21 67 15 12 1 2 2 7 1 204 6

Feb. Metal 120 7.3 11 7 B 3 89

Prim. Metal 117 7.2 13 2 13 2 B 1 1 76

Mach. Ex. E1ee. 115 .7 10 4 9 3 2 2 81 4

Paper 101 6.2 26 3 9 2 61

Lumber 93 5.7 22 4 9 1 57

'"
OTR Retail 80 4.9 22 3 5 6 42

'".p. Whole Non 71 4.3 13 3 2 1 19 32 1

Agri•. 63 3.9 13 4 1 19 26

Trans. Equip 56 3.4 4 3 1 46

Elee. Equ:1p 45 2.8 10 3 1 30 1

Whole Dur. 39 2.4 B 1 1 7 22

Trucking 38 2.3 17 3 4 14

Furniture 34 2 4 4 1 25

Other Servo )) 2 13 2 16

Stone, Glass 29 1.8 10 3 1 15

Pub. Adm. 27 1.6 6 2 2 2 12

Auto Repair 25 1.5 3 2 8 12

Rubber 22 1.3 6 1 3 1 11

M:1n:1ng 20 1.2 8 12

Other 160 9.8 45 3 7 1 3 1 1 95 4

Total 1624 ))1 54 102 6 42 7 12 64 978 28

Percent 20.3 3.3 6.2 .03 2.5 .04 .07 3.9 60 1.7



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

Tofal 1255 293 38 4 36 7 10 2 49 806 10

Falls 127 12 1 0 1 1 0 0 3 108 1
a. Falls on same

level onto 105 10 95 1
or against

Struck Against 228 20 1 1 3 1 1 0 4 196 1
a. Stationary

I'.) object bumped 205 16 1 0 3 1 1 0 4 179 1
I'.) into\J1

Struck By 242 23 1 1 20 2 0 0 15 178 2
a. Tipping, slid-

ing, rolling 27 4 0 0 0 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. LiftiJ'g,

"lowering 50 1 1 5 43
b. Pushing,

pulling 30 2 1 1 3 23
c. 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 accidents. An analysis of these nondetailed
sources of information revealed trends in causal factors implicated in the
etiology of these accidents~ Specifically. caught in conveyor accidents
either occurred 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 into 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 (0); Pulp, Paper and Paperboard Mills 26l(c)(15)(16); and Forging
Machines 2l8(j)(3); Bakery Equipment 263(d)(7), (i)(7); and Sawmills
265(c)(18»(OSHA Standards 1976), these are related to very specific machines
and conveyor components~ generally geared tO~lard guarding considerations ..
Presently. there is no standard that has been promulgated by the Occupational
Safety and Health Administration to cover all conveyors and their operations,
(although one is being proposed as of the date of this writing). The
standards mentioned 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, etc. 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 conveyors. Out of 80 citations, 1910.219 and its
various subsections were cited a total of 23 times; 1910.212 and its sub­
parts were cited 42 times. Various other standards were cited once or twice.

Regarding 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 citation,
Table 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. Standards Cited in the Chicago Region October 1976-March 1977.

Conveyor Serious
Standards Violation

1910.107 (b) (7)
Spray Finishing

1910.107 (h) (7)
Spray Finishing

1910.108(c)(6)
Dip Tanks

1910.214(0)
Cooperage Machinery

1910.218(j) (3)

tv
Forging Machines

N
--..J 1910.261(c) (15)

Pulp, Paper
Paperboard Mills

1910.261(c) (16)
Pulp, Paper
Paperboard Mills

1910.263(d) (7)
Bakery Equipment

1910.263(i) (7)
Bakery Equipment

1910.265(c) (18)
Sawmills

Nonserious
Violation

1

2.

1

1

Total
Violations

1

2

1

1

Total
Penalties ($)

30

• ~ ~ -,



The American National Standards Institute (AllSI) 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 s.ystems 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.l--'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 working on them, etc.
(5.02.1,5.02.2,5.02.3,5.02.4,5 ..02.5,5.02.6, 5.03.1, 5.04, 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)

SOCIa-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 achievement of a goal. Therefore those workers who work
on or around conveyors as well as the conveyor hardware are components in
the socia-technical system.

The system is viewed as operating within and interacting with its environ­
ment. It receives inputs, alters them and exports outputs 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 limits 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 shutdown time (and hence
maintenance), speed or maximization of production flow, and minimizing the
processing cost per unit of production.

The joint optimization of these two sets of factors thus constitute the
efficient production achievement goal of the conveyor based socio-technica1
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. In production systems, stochastic.
events have two characteristics; 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
occur 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--

Variance effects are unprogrammed events that critically effect outcomes.
Like stochastic conditions, variance 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 is often unexpected. Furthermore, employes may
not be trained in safe unjamming procedures.

Another va~iance effect related to conveyor accidents occurs when a worker
has shut off the conveyor to maintenance 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 falloff or
strike workers. Workers might utilize a new set of movements to compensate.
Other variance effects may result from workers whose job is 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 workers to assume unplanned or unprogram­
med actions. For example, the' location of ,a conveyor work station may not
create easy access to other work areas. Therefore, workers a~e injured
w~en climbing over or under conveyors. T~is 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.

VarianceControl-~

Variance contr~l is an importantto~l.in current socio-te'chnical analyses
(see Engelstadt in Davis and Taylor,1972.for an example). It takes the
stand that the important roles for people in productive systems .are in,
reducing '(co"ntrol~~ng) ,deviations '(variances) from regular, expected ()pera­
tions. (Looked at' the other 'way, it,suggests. ,that if var.iances do not ,occur
the process 'is ripe for ~achine handJing.) Reducing variances seems a use­
fut way of viewing:much conveyor work, particularly if an extension to
include loading and unloading varying 5 ize and shape items is ,allowed. The
fundamental concept in current socio-technical theory (Cherns, 1977) is to
place the cont"rolof variance as near as possible to its source or generat­
ing point--ideally with the same person or at least group responsible for
the" source. Thus, for example, the"personresporisible for straightening 'out
items or sorting out defects on ~ conveyor should have, or bea member of a
group that has~, respo~sibility for the machip.e whose process produces the '
nonuniform array of defects. Passing variance acrossdepartmentai lines or
architectural b~rriers (e. g. through wallsr is obviously poor" design. ' The
configurations which. might follow fr,om this design principle are" of couI-se,
totally dependent on the specifi-Cs 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, Constraints, Var!ance--

A system is made up of interacting components. Each component posses~es

control over: certain factors while being constrained by other. factors.

As Table 6':"'8: illustra~es.'Ina~agement 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 .. Wor~ers' control is constrained
by the factors 'that management controls sin~e workers seldom have input in
these matters.

Certain "unprogrammed events" .or variances'occui which can create hazardous
conditions. These events include machine malfuri~tions,humanbehavior,
speedups, irregular-varying materials, 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--

Unlike materials handling tasks such as driving forklifts or operating 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
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 social 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 c6nditions
produce potentially hazardous situations. While the social interaction
allowed in crowded workplaces are desirable for most workers, the. physically
crowded conditions produce hazards. However, inability 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. '1977) In cases of an imminent danger or accident.
communication to'prevent an accident or reach or assist an injured worker
is restricted. '

Another social-psychological phenomenon related to 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 to alienation and apathy towards the job and
possibly lower attention to tasks. producing a preaccident scenario.

METHODS

The following section describes the method utilized in collecting input
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, Constraints, Variance~-ConveyorOperations Safety.*

CONTROL OF
MGT. CONTROL MGT. CONSTRAINTS WORKER CONTROL WORKER CONSTRAINTS VARIANCES VARIANCES

WORKPLACE: OLD, INADEQUATE HAZARD AVOIDANCE WORKPLACE LAYOUT MANAGEMENT
layout DESIGN BEHAVIOR
temp. CURRENT
noise TECHNOLOGY $$

DESIGN OF OLD, INADEQUATE REPORTING DESIGN OF MACHINE MANAGEMENT
EQUIPMENT: DESIGN HAZARDS EQUIPMENT MALFUNCTION preventive
guards CURRENT maintenance
height TECHNOLOGY programs
location of $$
controls DESIGN OF TOOLS

PERSONNEL: LACK OF AVAIL- EXPERIENCE: ADEQUACY OF HUMAN SELECTION
training ABILITY training SUPERVISION, BEHAVIOR TRAINING

N
u..> experience $$ skill MAINTENANCE SUPERVIS ION
N

selection PERSONNEL JOB
TRAINING TRANSFERS

MANGEMENT TOP MANAGEMENT MGT. DECISIONS SPEEDUPS MANAGEMENT
DECISIONS: SIZE OF WORKFORCE maintenance IRREGULAR/
maintenance $$ priority VARYING

priority safety MATERIALS.
safety priority

priority pace
pace job design
job design
materials

handled

*This table is meant only to give examples of components involved in conveyor 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 conveyers were interviewed concerning factors related to conveyor
operations. These included a corrugated paper company, a carbonated soda
canning company,' a brewery, a glass bot tIe 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 inspectors on three
investigations of conveyor accidents. The three investigations occurred at
a packaged food plant, a canning company and a wood furnishing company.

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
these 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 01 the questions
which were asked of workers/management involved in conveyor operations are
shown in Appendix A.)

The occupational titles of 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 operations 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 involved in
conveyor accidents. These include hazard tables and explanation of various
conveyor "accident types II (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 interviewsi 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 is being utilized' in 1ndustry.

Based. on information received from conveyor manufacturers and subsequent
information obtained in conveyor site visits, it became obvious that,
unlike forklifts and c,ranes, conveyors are often custom-designed for a
company';s needs. Components of the conveyor system such as chain, bel.t,
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 is left up to the purchaser.

According to one conveyor manufacturer, there are basically three maj'or
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 cos·t. Some'
companies employ maintenance companies to maintain their conveyors.

Guarding and' lock:-out systems· are recommended by the manufac·turer along with
emergency stops located every 50 feet or in sight of 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 us~ally 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 liability 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 two conveyors which are exactly alike. This makes generaliza­
tion on conveyor problems somewhat difficult.
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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 serious problem (e.g. (1) hazards
present in the workplace which the worker has minimal control over. (2)
hazards related topreoperation 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 mainte­
nance, workplace design, etc. In certain instances the hazards reported
were applicable in several of the hazard categories. When this was the case,
the hazards were listed under appropriate categories. 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 Conveyor Problems

Caught in conveyor type accidents are one of the primary problem areas
associated 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 switch is located on
the opposite side of the conveyor from where the worker is standing. In
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 situations. For instance, a situation could
develop where the item being conveyed jammed or a worker got caught in the
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
or where they aren't properly fitted.
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Scrap or clutter that accumulates on the floors, slippery floors, 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 debris, 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 conveyor prior to doing any work on the conveyor.
This is particularly relevant to unjamming or emergency situations. Under
these conditions, caught-in accidents can result in various ways. One of
the most 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 isn't designed to adapt to various sizes or shapes that are
to be conveyed. Speed stress or production pressure can also lead to
jam-ups if a worker must perform at a pace that is 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 a problem in industries that are highly
automated, requiring fewer workers to attend to the conveyor line.

Other caught-in accidents can result when workers are performing their
normal duties on the conveyor (e.g. feeding something onto the conveyor,
removing 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 attention to the task being performed
may decrease. As an example, workers may put their 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 into or from conveyors may be lacking.
Inadequate maintenance also may contribute to overexertion. e.g. missing
rollers. guide that feeds into 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 hazardous. 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 oil 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 oil 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 certain companies, interviews revealed that workers didn't
use the available walkplates often because of inconvenience. If walkplates
weren't available in 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 if 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 aisles and work surfaces are another factor
that may result in a hazard to the worker who must contend with extraneous
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.

Hazards Present in the Workplace which the Worker has Minimal Control Over

Hazard
Category

Guarding
Problems
Total 18

Inadequate
Maintenance
Total 2

Inadequate
Location
of Controls
Total 6'

Workplace
Design
Total 2

-unguarded slack in chain--catch belt buckle
-pinch points difficult to guard
-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 in area of packer (where cans go into the

cardboard trays) where operator stands
-pinch points between main chain driven pusher bar in,
machine and shrink wrap feed the rollers .

-palletizer machine--pinch point between pusher bar and
apron that holqs cases until full layer is formed

-nip points not guarded
-could get hand caught in moving conveyor belt while

removing trays
-squirrel 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

~loaf molder-~end guard is broken
-getting hand caught in conveyor--removing sweet roll

from between bent slats

-can't easily reach shut-off
-lock-out switch located in front of workers @head
height, not easily accessible

-"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

-in order to unload boxes from conveyor, must walk across
scrap pile that has accumulated on floor--could slip on
scrap pile--get caught in moving conveyor

-sometimes 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
onto
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,
fall into line

-slippery floors and platform

-wearing loose clothing--can be dragged into conveyor
-could catch glove on canvas belt
-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 to
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 of
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 to seamer

-removing trays from conveyor belt (catch hand in belt)
-removing sheet of cardboard
-unloading boxes from conveyor, walk across scrap

-unjamming convey~r 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--cQuld 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

Oil leaks
Total 1

Work
Surface
Total 2

Oil Leaks
Total 1

Work
Surface
Total 2

Handling
Materials
Total 1

Walking/
Standing
on Conveyor
Total 3

-heavy stationary loads--(pushing)

-leaks from hydraulic system on conveyor

-station set near dough mixing area
-aren't enough walk places

Hazards Related to Pre-Task Operations

-oil around conveyor--slip

-not using walkplaces
-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 laziness
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Table 6-11. Data ~ol1ectedfrom/worker interviews--Bumped into conveyor accidents.

Hazards Present In the Workplace. Which the Worker 'has Minimal Control Over

Climbing
Around
Conveyors
Total 3

Objects
Falling from
Conveyor
Total 2

Hitting Part
of Conveyor
Total 3

Hitting Part
of Conveyor
Total 2

Objects
Falling from
Conveyor
Total 2

Climbing
Around
Conveyor
Total 3

Hitting
Part of
Conveyor
Total 3

-worker sometimes crawls under waist-high conveyor
-climbs under conveyor to get to other area of work
station

-climbing under conveyor periodically-~hit head and neck

-pans may falloff of conveyor onto worker
-electric eyes eliminate problem of objects falling off
conveyors

-sharp corners on edge of equipment--bruise legs when
walking around

-pole sticks out at end of machine--can bump head
-hit "fingers" that stick up on machine

Hazards Related to Pre-Operation Tasks

-slippery floors and platform
-runs into corners of machines in workplace if in hurry--

boxes on floor

-when machine that glues end flaps (packer) on cases of
loose pack doesn't work, full cans drop off line, gets
knee deep in cans

-bumping into each other--co-workers run through station
to clear jam

-pans may falloff of conveyor onto worker

Hazards Related to Task-Specific Functions

-worker sometimes crawls under waist-high conveyor
-climbs under conveyor to get to the other area of work
station

-climbing under conveyor periodically--hit head and back

-unjamming, can hit forehead
-working around conveyors. can bump shins, bruise leg,on

sharp edges
-runs into corners of machines in workplace if in hurry-­

boxes on floor

242



,Table 6-12. Data collected from worker interviews--Overexertion hazards.

Hazards Present in the Workplace which Worker has Minimal Control Over

Height of
Conveyor or
Workplace
Total 7

Maintenance
Total 3

Lifting
Heavy
Materials
Total 2

Height of
Workplace
Total I

Material
Stacked
Too High
Total 3

Lifting
Total 5

Pushing
Load on
Conveyor
Total 5

Height of
Workplace
Total 3

-platform worker stands on is not correctly chosen
-height of conveyor a problem
-workplace is low
-height of worktable is low
-low rollers on conveyor
-conveyors aren't lined up
-low conveyor

-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 lift for feeding the stacks of board into
the press

-stacks of boxes coming off the machines are heavy to lift
and stack

Hazards Related to Pre-Operation Tasks

-height of platform worker stands on not correctly chosen

-boards sometimes get stacked on 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

-hard to push load
-pushing load
-feeding boards through paper press
-pushing materials over yellow walkplates
-pushing load against grain of conveyor
-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
Total 2

-feeding stacks of board into press-'-1I!uch bending, twisting,
turning

-feed board through press--bending constantly lo~i5 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 Over

-machine not wired or grounded properly--worker receiv~s 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 fallon worker

-machines and forklifts leak oil 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 lift 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

Total 10 -burn by hot glue
-noise affects concentration

Hazards Related to Pre-Task Operations

f)

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 cuts, 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 lift mechanism holds it up--without a backup
system a hydraulic pressure failure could cause table to fall

-sometimes walks across conveyors just out of laziness--first
makes sure it's clear

-oil 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 machine
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-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 woodenpeg--product and/or
conveyor could fallon worker

-when piles of boxes get high, operator can't see and boxes hit
helper's face

-machines and torklifts 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 failure could cause the table to fall

-paper cuts
-sometimes walks across conveyors just out of laziness-~akes sure
it's clear first

~can bump head on heater bar when replacing plastic wrap roll
Total 15 -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

"':'when 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 Conveyors

SLI~~ERY ~LOORS ARE A CONTRIBUTING FACTOR

A HAZARDOUS BELT:

fRAYED AND MISALIGNED
....

..- ....-;;
~

-.. :,..."",.
e ...:j ..... .,. .. _ti£!ki6i{iPQliJ* _; .J ~

REMOVING ITEMS ~ROM CONVEYOR _

CAN BE CAUGHT IN BELT AND ROLLER

BROKEN GUARD ON CONVEYOR _

,,
1;.( , .

t lr \ ,
U'{l\~ ."'

I'.J

"'"-..J

MAY CONTRIBUTE TO CAUGHT IN ACCIDENTS IN STAINING OR BEING CAUGHT-IN CONVEYORS
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WARNING LIGHT ON

CONVEYOI' SYSTEM INDICATES

WHEN A P"OBLEM OR JAM-UP

OCCURS ALONG THE CONVEYOR LINE

TWO-WAY ROLLERS ~ACILITATE

THE MOVING OF MATERIALS ON THE CONVEYOR

N
~

CJ:)

POOR WORMPLACE AND JOB DESIGN RESULTS IN BENDING

AND REACHING TO PERFORM JOB TASKS ~ AWKWARD

BODY POSITION CAN RESULT IN OVEREX[RTION

AND ExCESSiVE .'R[SS ON THE WORKER

INADEQUATE HEIGHT OF CONVEYOR RESULTS IN USE OF MAKESHIFT PLATFORM_

STANDING ON A POORLY DESIGNED PLATFORH CAN RESULT IN

UNNECESSARY FATIGUE OR FALLS



I)

t)



Design

J

C,,'

The design of conveyor 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 considerations 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
conveyed, and the design of the job being performed at the conveyor. e.g.
loading, unloading items, assembly 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 training for conveyor opera­
tions was virtually nonexistent. Since conveyor systems are highly auto­
mated, conveyor operations 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 is expected 'to do it. In either case, little formal
instruction is provided. In some plants, unlike supervisors, laborers
receive no safety training.

It was found that many accidents occur to new employes who have been on the
job for only a aay or in some cases only a few hours. Employes who have
been switched from their normal 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

249



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 involved 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 considered in con­
veyor systems; a preventive maintenance program where periodic (e.g. daily)
inspections of oil, guards, wiring, points of wear and prompt cleanup and
housekeeping st,aff; 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 design and safety features of the
workplace; maintenance personnel available and accessible; availability of
alternative lines; and only trained personnel 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
materials falling off of the conveyor and striking someone was cited.

Hazards 'related to falls consisted primarily'of work surface problems (e.g.
oil leaks) 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
weight 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 interacting 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 input .would seem to be a
useful source of information regarding conveyor system design and utiliza­
tion. Since 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
safe 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 layout 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 conveyor .

-Adequate lighting, important for maintenance work, unjamming
-Floors, nonslip, gri~

-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 or drippings
-Height of conveyor--to prevent bending
-Side railings--to 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
-Availability of alternative lines or in-line storage

areas to reduce speed stress when a jam occurs
-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

Job--

-Proximity to other workers
-Potential for social interaction
-Control over pace, speed stress, preventing shortcuts
-Fixed work station, monotony, level of attention 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--lifting, 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 design would seem logical. The ideal system is
not only designed to eliminate mechanical hazards (pinch points, sharp
edges, etc.) but designed with the worker in mind 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 every phase of design of management of work, the interaction of socio­
technical factors should be considered.

Recommendations for Rlture 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.

-Initiate experimentation utilizing worker input in design of
conveyor systems: equipment, layout, job, pace.

-Develop checklists of design and safety features for equipment
designers and management.

-Ex~mine social 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 programs 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. GENERAL CONCLUSIONS AND RECOMMENDATIONS

This chapter presents fipjings in several areas common to the types of equipment
studied, which are appropriate for general discussion. The recommendations
included here are also of a general nature and are applicable to materials
handling in industry as a whole.

Topics to be discussed include: (1) the systems status of conveyor, cran.e and
industrial truck hazards; (2) human factors deficiencies in management prac:tices;
(3) current practices among the plants visited which demonstrate distinctive
features of hazard management for these equipment types; and (4) general recom­
mendations regarding the improvement of behavioral hazard management of material
handling operations.

THE SYSTEMS STATUS OF HATERIAL HANDLING EQUIPMENT HAZARDS.

As outlined in Chapter 2, hazards can be generalized to include any event, condi,­
tion, or behavior which occurs 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
tion, 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 comqined 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 hana, 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.

255



Where the hazards, of damaged hois t cables, unguarded nip points, or worn-oilt
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 pallet 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 - it was the buyer's
decision, not plant management's, to require 8-foot stacks'on pallets. Simply
noting this doesn't condone the practice, but it recognizes a sharing of
responsibility in abating the hazard.

As with the unsafe act notion, negligence is often blamed for accidents which
involve more factors than can be easily detected and studied. Yet negligence
itself, as conduct b~low some standard of care, isa ielative notion, depending
on intentions and past practices. One result of over-r-eliance 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. Even if
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 physically-oriented
regulations 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-lift trucks, and between the lifting device and the particular products and
materials being lifted. Since these interactions often involve different plant
functions, th~y are often controllable only through management and technical
efforts.

No unifotm or consiitent pattetns 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 training ~nd

certification standards would have little meaning.

HUMAN FACTORS DEFICIENCIES IN MANAGEMENT PRACTICES

The design-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 (Johnson, 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
purchasing decisions.

Competition, sales practices, economic pressures and traditional engineering'
orientations 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 electronic 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 insist that the user adopt hazard
management techniques.

A serious shortcoming, also 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 rec~ived 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 mov.ements does not
incorporate the critical aspects of unexpected hazards in lifting. Similarly,
teaching a fork-lift operator the necessary maneuvers for turning, backing,
inching, and so on may not prepare him or her for the novel, hidden, or unknown
sources of 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 ~ith 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 differences is the business itself - the nature of
the product. In 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 warehouses where few
workers could substitute for skilled engine or equipmentmantenance, 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
largest crane 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 worn 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. In 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 lodged 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 manag'e';..·,
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 90% 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 cranes 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 out the lift, and' a rigging foreman is required on ever;, .such
project to oversee the use and care of slings, chains, and wire ropes.

It is clear that this corporation has effectively integrated moment-to-moment.
safety management with cranes 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 environments for crane operators, as
well as design of crane hooks and slings, they have engineered out'of their
machines the crude and difficult operational contrbls 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 integrate the
operator .and hitcher functions, giving the crane operator primary responsibility
in all lifts ~ Heavy emphasis on preventive maintenance and technicaf supervision
of set-up men completes the'pic·ture./'

Yet .this situation is not without its prohlems. 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 so that users too can reduce
material, handling accidents.

., :~

Hazard Control 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 themselve,s worked on jobs in the plant
as beginners, .

Machine parts produced in this plant may exceed several stories in height when
partially assembled. So many one~of-a-kind lifts 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 "lifting ~traps and slings often supervise a
team of floor-men who do the hi tching '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 between operational, physical,
and worker negligence hazards. they recognized and ac tualized the, need for
continuous positive efforts to reduce'and control operational hazards. The
plant manager is an engineer with considerable technical ~nowledge 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-controlled 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.

Automation in warehousing, including automated 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.

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.
Periodic reviews by plant management determine whether a supervisor 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 controlling 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 th~s 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 tqeir 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 oore effective sharing. "and wider adoption of specific,
proven measures and practices of hazard controt and management. Such pro­
grams as joint industry-government conferences and ~orkshops which bring
together manufac turers, dealers, users and regula tory personnel can contri.b­
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 maximum 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 preventive safety behavior and per­
formance, which are largely not subject to inspection, and precisely defined
regulatory requirements which will stand up in court ..

3. Federal 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 workers for the effective, continuous control
of operational hazards in materials handling work.
C. The development of workplace instruments for efficiently detecting,
tracking, and abating the hazards of these equipment types, as well as
scientific 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.

s. Training and the Management of Worker Skills Needs a Human Factors Emphasis
~fuich Incorporates Systems Control Concepts and the Control of Variance.
Training of operators of cranes, industrial trucks, and conveyors, as well as
occasional users of these equipment types, needs to be improved to incorporate
actual experience in controlling 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.
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