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PREFACE

It has been said "All the books ever written concern knowledge that
we have. These would mske but a small part of the true library of total
knowledge., The books yet to be written cover an infinite amount of
knowledge."

It is my belief that the present knowledge of safety is very small
compared to the amount yet to be uncovered. This dissertation attempts
to uncover a bit more of that hidden knowledge. By pushing the horizons
of knowledge in industrial safety, I feel that all areas of safety -- in
the home, on the road, at play -~ will be served.

The members of the committee for my work are acknowledged with
sincere thanks: Dr. Earl J. Ferguson, who gave detailed direction, en~-
couragement, and aid whenever needed; Doctofs James E. Shamblin and
Paui E. Torgersen, who provided the necessary critique of certain areas
to help improve the study; Dr. Rudolph W. Trenton, who gave constant en-
~ couragement and a progmatic view, and Dr. Luther G. Tweeten, who gave his
interest and encouragement at all times.

For her continuing assistancé breaking me in to the Staff énd typing
this work, my deep thanks go to Miss Velda Davis.

Finally I must recognize: my father, now deceased, for his ever-
present and cherished influence; my mother, whose continual encouragement
has ever been an aid over obstacles; and my wife, Jeanette, whose will-

igness to sacrifice her time, effort, and our financial well-being was
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and will continue to be inspirational. This dissertation is respectfully
dedicated to all these people who have had such an accumulating influence

on this work.
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CHAPTER I
INTRODUCTION

Safe practices in éll areas of daily living have received an in-
creasing amount of publicity since the middle-1940's (1, p. 2). Complex
appliances and equipment using power sources, which are potentially
lethal, become necessities both at home and on the job. Because a man's
livelihood depnds on his earning capacity, and thereby his health,
safety on the Jjob becomes of vital concern to the individual personally
and collectively as a member of the group. Because people from all walks
of life become closely associated in an industry, their interrelation-
ships can affect a large population. Industrial safety is in one sense a
cornerstone to a man's livelihood and safe behavior an important part of
the individual's relationship to others. This study encompasses these
worker interrelationships as manifested in the occurrence of safety haz-

ards on the job.
Purpose

The purpose of this study is to establish a research procedure
whereby industrial safety hazards may be analyzed and their significance
applied on the basis of photographic studies, The research is fundamen-
tally experimental as there are no statistical data concerning safety
hazard frequency in industry except in the most general terms (21,

pp. 21-30). Traditional research in the field of industrial safety has



been devoted to accidents with injury and has concentrated on analysis of
historical data, An apparent necessity is the development of research
procedures to determine safety hazards prior to accident occurrence and,
thereby, concentrate on the elimination of danger to the human beings in-
volved. The elimination of danger is a positive approach to accident
prevention. The problem was presented to the author during a research
for thesis subject material by the staff of the School of Industrial
Engineering and Management at Oklahoma State University in the Spring of
1965.

Safety is an intangible but, if practiced diligently, can result in
substantial cost savings in the areas of maintenance, absenteeism, in-
surability, lost production, and production unit cost (2, p. 110). These
factors, plus other considerations, will show ¢ost reductions when
equated with improved safety records. In addition, there are intangible
areas such as better personnel morale, higher personal efficiency, and re-
duced supervisory time -- savings which are immeasurable in terms of
actual dollar figures (12, p. Y,

The approach to improving a safety record must be oﬂian organized
basis as must any.program for cost reduction within industrial organiza-
tions. The goal of any safety program must have at its nucleus the
welfare of the human beings involved in the day-to-day operations; and a
safety analysis, therefore, must center upon human acts or their results.

Safety in the broad sense of the term is wholeness of 1life;

in the narrow sense, wholeness of physical life, implying the

avoidance of acc¢idents. .., the knowledge, skills, and

attitudes. that make for safety. Accidents do not just

happen. They are caused (3, p. 112).

Much of the research on safety has concentrated on the repetitive

work cycle where, the National Safety Council (4, p. 128) states, ""Habits



and carlessness causing unsafe acts are the major causes of accidents.”
In this study, the research has concentrated on the non-repetitive work
cycle in an attempt to uncover areas of potential safety hazards not im-
mediately apparent in a static evaluation or in an analysis of historical
accident data.

Most present day accident analyses depend on historical reports to
highlight the hazardous situation (5, p. 113). The irndividual accident
i1s simulated, reenacted, and disassembled into the component elements so
that an analysis can state why the accident occurred. This is an after-
the-fact study and is not a positive means to prevent accidents or high-~
light hazards of a similar nature unless the same general environment is
present each time. An accident does not occur each time a hazard occurs.
However, the number of situations where accident potential is present
must, logically, be some multiple of the accident figure.

The study attempts to document, by means of a film record, the poten-
tial accidents that occur in common materials handling situations and
relate them to the over-all safety program.as envisaged by the personnel

responsible for safety.
Specific Objectives

The specific objectives of this study are as follows:

1. To demonstrate the usefulness of the memo-activity camera
as an industrial safety tool to be used in implementing
and evaluating safety programs.

2. To establish a procedure in categorizing unsafe acts.

3. To calculate the frequency of unsafe acts in an area in a

particular time period.



L. To delineate actions which will reduce accident frequency

and/or severity.
Scope

The data were gathered in three industrial locations in Oklahoma
City, Oklahoma: the Federal Aeronautics Agency, Aefonautical Center,
Storage Management; the Tinker Air Force Base Engine Maintenance Branch;
and the Western Electric Company; Inc., Cklahoma City Works, These three
work areas wers selected on the basis of their alleged ‘heavy'’ use of
fork 1ift truck equipment and the similarity in use of the equipment at
the three areas in transporting materiel to the using agency within the
confines of a covered area. Data are not available as to how frequent
the fork 1lift wehicles are involved in accidents. Records of the re-
quired detail are not kept by industry; howsver, the accident frequency
over-all is high enough (see Table IX) to warrant study.

The study encompasses the evaluation of a means of research on
safety hazards using camera equipment in time lapse vhotography. The
areas of interest covered are: camera mounting to vehicular equipment,
data gathering, film analysis and evaluation, and a critique as to the
use of the research procedure in safety analysis for industrial applica-
tion. The limitations to the study are based on the inherent limitations
of the tools and equipment used plus the lack of concrete starting points
in the areas of safety due to the nebulousness of the subject matter.
Safety as a subject for finite study has not been explored industrially
with the quantitative analytical approach as used in the tangible profit-
making areasy thus, supporting and background data are difficult to

obtain and place in a workable format (6, p. 2).



Methodology

This study begins with a survey of the evolution of safety in
industry and the attempts to reduce accidents. Then by means of an em—
pirical experiment, a research method is proposed to focus attention on

safety hazards and, thereby, to aid in preventing accidents.
Procedure

A camera (see Chapter III) was mounted on fork lift trucks used in
non-repetitive work cycles. The tfucks then proceeded on normal duties
throughout the work day. The camera operated in two ways; i.e.; continu-
ously and in random hourly increments over two separate time periods.
Film was exposed on a time lapse basis of one frame every twelve seconds.
In addition, the camera was mounted stationary over a high density traf-
fic aisle and film was exposed at a slightly faster rate. This was done
to evaluate potential accident frequency along aisles with high density
pedestrian and vehicular traffic at one location. This then allows an
evaluation from two aspects -~ the potential accident situations encoun-
tered by a moving vehicle and the same type situations encountered at a
single location.

The writing approach begins with a survey of safety in industry and
the background that led to the present-day attitudes. The costs associ-
ated with safety, or the lack of it, and the benefits to be derived from
good safety are considered., The study continues with a detailed relating
of the experiment and the data collection on film. The films are dis-
cussed and analyzed by means of statistical techniques. A qualitative

discussion is presented based on the frequency of pedestrian or vehicular



hazard occurrence and how this knowledge can lead to more effective
safety programs. Finally, the usefulness of the research is discussed
in relation to present-day industrial needs. On the basis of the lack of
literature and/or research on safety in the particular area, this study
is independent (2, p. 112).

This first chapter covers the general plan of writing the thesis:
the purpose of the writing, the specific objectives, the scope of the
paper, the methods used in gathering data and approach to the writing,
and the significance of the study.

The second chapter contains background and supporting information on
safety and a discussion of the need for greater safety hazard awareness
in industry.

The third chapter describes in detail the equipment used during the
experiment.

The fourth chapter details the quantitative analysis, the concept of
a control chart, and the means of categorizing and quantifying the hazards
photographed.

The fifth chapter discusses the application of the results quanti-
fied in chapter four.

The final chapter gives the summary, conclusions, and the suggested

areas for further study.
Sources

A literature researchof the field of safety was made and correspond-
ence with the leading companies in the field was initiated to gather data
on the particular area of research and to determine what had already been

done or what background was available. The returns from the correspondence



with Mine Safety Appliance Company, Hyster Corporation, and the Maynard
Research Council, Inc., indicated that the research in this area was nil.
Information was obtained from periodicals on safety, a survey of the
available texts covering the subject, the U. S. Government periodicals
‘concerning accidents, several industrial and government employees inter-
viewed, and the actual research by the author. The Bibliography lists
the available literature used and, as can be noted, the literature is
lacking. Much data exists on accident frequencies and the associated
costs, but there is effectively no reference to the hazard -- its fre-
guency or an analysis of it.

Safety is é popular subject, but the particular means of analysis
used by the author seems not to have been used elsewhere (7, p. 20).
Time lapse photography has not been fully exploited by industry although
it is often used for 'effect' photography. There are’few indications
that this technique has been used in the field of Safety Engineering.
Isolated incidents of experimentation in public transportation using time

lapse photography are inconclusive.
Definition of Terms

There are various terms used by the author throughout this study
which require standardizing and c¢larification for the reader. The fol-
lowing are definitions of the terms used:

Safety - The condition of being secure from undergoing or

causing loss or injury.

Accident - Any unplanned, unexpected occurrence that inter-

feres with or intefrupts the orderly progress of



events. In industry, the word ‘events' becomes
‘work'. An accident may involve men, materials,
machinery and tools, equipment, and time or any
combination of these elements.

Incident <~ A subordinate category of ‘'Accident’® where no
injury or substantial monetary loss is involved.

Fork Lift - A truck chassis carrying s channel mast on which

or

Fork Truck is mounted an adjustable cantilevered fork which
can be hydraulically or mechanically actuated in
the 1ifting of maberiel. It is designed to 1ift,
support, and carry loads of materiel.

Hazard - A situation encompassing a direct source of im-
ment danger if personnel or equipment do not
alter their apparent actions. The situation mé&
have accident or incident potential, the cause
for which can be traced to the actions of oune or
more human beings. These actions may be inten-
tional or unintentional, the commission or
omission of an act.,

Time Lapse - Motion picture photography with a time interval

or
Memo- between film frames such that when projected a
Motion
Photog- slow motion appears rapidly speeded up.
raphy

Significance of the Study

Mr. H. M. Somers (4, P. 5) stated in 1954 in his book, Workmen's

Compensation:




«+» in the course of an average workday (in the period
1942 through 1952) ... sixty-two workers will have

been killed, 350 will have suffered some permanent im-
pairment, and 7600 will have suffered injuries which will
keep them from work on an average of eighteen work days.
In other words, one American worker is killed or maimed
every three minutes and another is injured every eleven
seconds.

Based on the Bureau of Labor publication, Monthly Labor Review, in the

years 1962, 1963, and 1964, the statistics quoted above are reduced by a
mere two to three per cent (8). The potential reduction in human suffer-
ing by increased emphasis on safe conduct appears obvious. This poten-
tial, plus the associated costs of accidents in all areas, monetary and
humanitarian, certainly justify research in the area of safety and the
means to promote and evaluate the efforts expended.

The repetitive work cycle has received a great deal of attention
from the people responsible for safety, chiefly due to the number of
accidents in repetitive work and the feasibility in pinpointing responsi-
bility for the accidents. In non-repetitive work cycles, however, the
variety of safety hazards is much wider in scope and involves many more
people. The normal means of safety analysis in non-repetitive work
cycles is based on a subjective analysis of past accidents and, thereby,
the establishment of procedures to prevent similar type accidents in the
future.

No one, however, can mentally forsee all the potential accidents and
the safety hazards that are encountered in daily operations. The use of
time lapse moving pictures taken from an operational vehicle is a means
to analyzing the hazards encountered. There is still an element of sub-
jectivity in the analysis, but there is photographic evidence to justify

an interpretation. These films are direct, reusable evidence of safety
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hazards occurring locally and can be used by management to establish the
areas or personnel which are most susceptible to hazardous conditions.
The establishment of this susceptibility will then give positive guidance
for the emﬁhésis of safety programs and give specific purpose to the
efforts of personnel responsible for safety. This provides safety per-~
sonnel areas of positive actioni whereas, in the past, they normally
awaited the accident and then acted to prevent the same type of accident
recurring.

There may be a relationship between safety hazard frequency and
accident frequency as alluded to by Heinrich in his theories on the sub-
ject concerning one man (9, p. 26); however, this relationship has not
been established and any conclusions are not possible by means of this

study. The relationship possibilities are discussed in Chapter IV.



—CHAPTER-IT
Tudus Triol S "f{’; 4
— PROBLEM-FOUNDATION

Industrial safety is a nebulous thing in its history. It is vitally
concerned with people and the vagaries of the human being in the indus~
trial world; yet its evolution has been eclipsed until recent years by
the demands of pfoduction improvements. The procedures and conclusions
in the field of safety, as presently applied, are based on the evolved
practices of industry and have little basis in rational continuous

thought.
—Backerownd-—-

When the Industrial Revolution took place before the turn of the
Century, habits of the individual and the group in the area of safe prac-
tices were difficult to inculcate with the necessary now equipmentzfi@gm
pe 20). _ Leading-authorities.in.safety education-state:

Public consciousness of the need for accident control was.first

awaketied. Dy the terrible working conditions prevailing in the
industrial™ centers of Europe. ces. The~Fevolutionary changes

in ... manufactuflng Processes’ ... brought men and women flock-
ing from the farms.to- the cities. +o» Many who had formerly
plied their. 4rades and skills in- their homes or in small shops
now. worked in factories under condltlons so crowded and hazard-

-6us that accidents ... took a tremendous toll- (5, p..8).
As time passed, management, reluctantly it seemed at times, began to
realize that loss of experienced men and valuable equipment due to acci-

dents made the pragmatic approach to safe working conditions and attitudes

11
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1
not merely humanitarian but also profitable.(107—p+28)5+<(5;—p+16). The

advent of Workmen's Compensation laws did a great deal to promote safer
procedures, techniques, and working conditions. In-the-bookys-Accidents
and Their Prevention; by H: M Vernon (10y p+38); the-author states:
«+« the pressure of reduced profits due to the Injury awards
based on Workmen's Compensation laws and public opinion were

effective instruments in forcing industry to design-and proc-
ess. with safety in mind.

“Atiitudes

Safety has long been looked upon as the 'stepchild to common
3 /

sense' ::“wyatever 'common sense' is in a strict definition (9, p. 96).
The acceptaﬂée of accidents as acts-of-God to test the character of the
victim, as in fhe Biblical story of Job and his persecution by the Devil,
or as retribution for past sins, was long a superstition held even by the
intellectual elite. This superstition is still quite prevalent a miscon-
ception in these days of an advancing society in the recent years of the
Twentieth Century. Safety was thought to be an individual thing which
was almost personal in nature. Safety programs were instituted on this
idea of common sense and there was a1ﬁ§st no means of evaluating a pro-
gram's effectiveness except on thé basis of a subjective judgment and the
accident trend over long time periods. In 1941, Mr. Vernon Schaefer
(10, p. 156) stated that up to that time superstition has been a 'formid-
able opponent' in safety programs and that his only means to evaluate his
own efforts was his experience of some three decades in the industries as
a Safety Man.

As the machines became larger and more complex, the interrelationship

of workers was realigned so that one worker's unsafe activities due to
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carelessness or lack of common sense effected his co-workers. Management
and the Govermment of the United States became interested in safe prac-
tices and their encouraged or enforced use by the working force as minimum
acceptable standard behavior. Employer Liability Laws were the first
attempt in the latter part of the Nineteenth Century. Workmen's Compen~
sation. lawsy-initiated.by-the.individual-State hers in tHe United-States,
“began--effeetively-in-New-Jersey-in-12911 (117 p. 18) ¢ “The-Nationgl Safety
Council.was~formally-begun.in-1915 iith a groiip of Hanufacturers and in-
surance.companies..(124-pe-21). Since then, the American Society of
Safety Engineers and the President's Industrial Safety Conference have,
among others, sprung up to become active in promoting 'accident free
iﬁdustry’.

The promotion of safe practices by management or any authority,
however, was often construed as the restriction of individuals and their
behaviorgf%53~§w—192%a The preventing of the local clown from playing
practical jokes on fellow workers was considered by the employees as
management becoming overly restrictive and "bossy’. When an injury oc-
curred bkecause df the clown's actions, it was only an accident or an act
of God. The victim was oftentimes merely an object of pity while the

clown suffered 1ittle or no chastisement.
~The-Case. Study.and--Accident Thvestigation—

Case study examinations of safety and accident records changed the
attitude of that portion of management responsible for safety;%iﬁﬁ“jﬁfﬂﬁﬁiﬁ
The case studies indicated methods in materials handling, machine opera-
tion, use of hand tools, minimum standards of behavior on the job, and

all of the areas of production wherein safer activity would make
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production more efficient and reduce the accident rate. The case study
is, however, an expensive and time consuming method of analysis. The
causal factors for individual accidents are oftentimes individual in
themselves and difficult to categorize for general application. A sub-
Jective element is always present when individuals examine historical
data written by other human beings. The interpretation of secondhand
accounts leads to possible serious error. The case study method, theré—
fore, has serious disadvantages for use as a continuing method for im-
proving present day concepts of what safety is and how to encourage and
enforce it.

ﬂ The medical profession has developed a great store of data in the
epidemiological field which has assisted the Safety EngineerikiST

PRe 1962258} Unfortunately, the data do not lead to any definitive
'cause-effect' conclusions because of a lack of adequate and sufficient
data on the particular individuals involved in the accidents. The
psychiatric field has also done a great deal in discovering the defects
in human character traits which affect the individual's attitudes toward
safety. DBut, the data are again inconclusive and, therefore, do not lend
to general application.

The unsafe act is the first local step in any accident and is the
strategic factor upon which the entire scope of industry can operate.
The medical, psychiatric, and legal aspects of the accident must be left
to the professionals in their particular field where they can develop
background for the accident or compensation criteria. Industry is pro-
fessional in its own field and can, thus, operate most efficiently where
its efforts show the greatest return. The case study has been of value,

but a more quantitative generally applicable method of analysis must be
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developed which is relatively inexpensive and can be implemented without

the requirement for highly technical skills.

Accideritsy " Cost afid Severiky

Although safety programs in industry have significantly reduced ac-
cidents in comparison with highway and home environments, there is still

’09). -The dollar-eest-atone—amounts.

a large area for improvement
to—over—five-billion.dollars-for-each—of-the-years-19624-1963%--and-1964
including compensation;-lost-production time, and equipment. damage

losses—{(15,. pe-10) .

Medical--expenses-in. 196k amounted—tosix-hundred. million-dellars;

an-increase-over-1963 o TITty Miillton-dollars<15,.p,.10). This amount
does-not~include additional costs of uncompensated-wage..lgsses. Other
costs in terms of human suffering and lost future potential of the in-
jured worker's capability are immeasurable in terms of money.

The highway fatality rate is approximately one for every thirty-five
reported accidents%hi5y~pv~6)w The industrial accident fatality rate is
one for every on; hundred accidents with the home fatality rate falling

between these two extremes (Sy—pe-8)~ Eromprevious-studies-by-Hi W

Heingich%LQ@dpwmzélmipm@hiswbogkvmlndustﬁialmAccidentWPreveniion@minju&y

anéfnggzi?jury accident rates involving the same person occur according

= i

to an exponential\igpction of 1:29; 300, i.en?wmajor“iﬁjﬁry to minor

injury to non-~injury acciaénﬁﬁdﬁrTﬁéégTdata concern only fatalities or

S

i,

accidents involving“;hé{same pPersols Nomaaxg are available on the haz-

A e
. g 4 f# '} & ‘ML"“‘":‘ 9
ardous 51tuatiqné occurring in a time period where Wmany people are in-
o e
»f“/ N M M . ey
volved ang-cross relationships are a geometric progression of thHe-number
;'?"

s

of persons.



Aeeddents and--Compensation

A less idealistic reason for industry to be concerned about safety
is in the urging on the part of the courts through Workmen's Compensation
awards, The—financial. swards-by—bhe individuwal-state-Judieciary-to--the

injured parties. have..shown-a-marked rise.since-1945, The increasingly

Iiberal interpretation and legislative modifications of the State laws
take the view that industry and the state should take an asctive responsi-
bility in the interest of the accident victimifil% p. 210).

In—1961,.  this. cost amounited-to-one-and—threewtentis biTTion dodlars

employees—eor-uwmsafe-conditiong-altoved-to—exist-by~both~employees-and..

e

management. . (15wpe-Lile Thfs\ii a direct effect on the profit and lass

accoutit and, as indicated by the above figures, can

Y e

3 . A . .
even when the-accident-frequency-ite a8 {t-has.been held to in the last
L

o

2 o .
sev8ral yearswe The spending of only relatively few dollars on safety can
eiffect substantial savings. As an example, the installation of inexpen-
sive 'dead-man' controls or two handed switches has saved countless limbs

/

in the use of machine tools in industry .(16spei8)s

When an employee is reassured by machine safety devicesy; clean and
well lighted work areas, and specific personnel who show an interest in
safety, the employee turns out better and faster work. When interest in
the individual is shown by the company, the individuval will return this
interest through his more efficlient attitude. This returned interest

will be indicated in a reduction of wnit costs and unit man-hours



required,(17, pp. 1=10). Other costs which can be reduced by safety em-
prhasis are in the areas of maintenance of equipment and capital assets,
medical expenses, administrative burdens in clerical costs to process the
paperwork initiated by accidents, and, of course, the compensation for
the victim.

Indirectly, there is also a large area of benefits from successful
safety programs. Personnel morale, the individual employee attitude to-
wards the company and his job, the reduction in required supervisory time
devoted to investigating the lack of safety and accidents, and a very
nebulous thing «- the benefits derived from good public relations and the
public's opinion of the company -~ are all indirect benefits which can be

derived from an effective safety program.
Aceident..Situstton-Sequence-Pependeney-— _

Accident frequency is reduced to a minimum if unsafe acts,
equipment, and situations are ferreted out and eliminated. The accident
sequence, as—defined-by-Heinrich(5)-begins. with-the-soctat ervironment.

of..the worker-and progresses through the worker!s.eharacien.flaws, unsafe

20t Nl

act, the accident, and the injury itself. As.Hejnrich-stresses, the re-
moval of any one of these steps prevents the accident and injury just as
the removal of one domino in a group of closely aligned standing dominces
will make overturning of preceding dominoes in the group ineffective on
the later ones. The interrelationship of the five steps is very impor-
tant to this study or any study of safety.

There is not a great deal that industry can manipulate as far as

the social environment of the worker's ancestry or family today is con-

cerned. Through motivation and education, industry can do some limited
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work in manipulating the worker to improve or modify his attitude and
e

character traits,Z,.ppwLb35=476). In this area, there is danger, how=
ever, where the psychology of man must be considered. The effect of
manipulation may very well show undesirable traits being manifested in
other areas than the one being concentrated upon. This area of manipu-
lation of man's character is, therefore, left in the main to the psyclhi-
atric field of medicines

Industry can concentrate its efforts on the unsafe sct as the
strategic factor to prevent accidents. This area is Fairily well defined
and industry is well within its jurisdiction in attempting to modify the
worker's attitude and behavior within the limits described.

Because industry is capable of disciplining individuals and enfors-

ing procedures through supervisory functions, it is in s unique

for safety effectiveness evaluation. Highway and home safety programs

depend to a large extent on the goodwill and willingness of the fndivid-
ual for proper implementation and recording of results in an attempt st
gvaluation. Indﬁstry is in a better position to require cooperation, and

impose penalties when the cooperation is not fortheoming.

The larger companies with large capital investments are

pal leaders in safety emphasis. The Government agencies ar

s

Q

lowing these large industries and the small companies are rather poor in

-

their safety records by comparison.(l5,-p+5). The reascns for this a:

provably many and varied with exceptions to both sxtremes and individ:
extenusating circumstances making the delineation rather blurred. Howesver,

o3

ir general, the larger companies have a sufficiently large number of
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employees that 'fringe' services become a necessity and the cost consid-
erations involved establish an emphasis on safe conduct. Larger compa-
nies are also much more susceptible to the individual's suit in a court
of law and substantial awards for allowing unsafe conditions are quite
common today. Economic considerations are probably the greatest impetus
to safety and its enforcement by management.

The small company is the struggling one, usually close to the local
people and employees in an emotional way. As such, the small company is
not as vulnerable to accident compensation awards as the larger company.
As a 'family' or team member, there is an intimate closeness and, in most
cases, the employees assemble to care for their own with the assistance
of their management. The safety programs are less formal as is the gen-
eral attitude of smaller organizations. This is unfortunate as the small
company suffers a disproportinately high rate of accidentéﬁiﬂﬁmpxmﬂ%eém
Whether or not the high accident rate is due to informality is cpen to
argument .

Examples of organizations with excellent safety records agemEfVIa

M/""'
o

duPont deNemo Compa:nyu> Goodrich Tire and Rubber Compapy$ and United

States Steel Corporatlon (2, p. 111). In 1ts lakeé% report to stock-
\ e
holders in July 1965, U. S*\Steel clalmswto have an accident record one-

e, g

«m,__

third that of the steel 1ndustr$fénd“the steel Industry has an accident
e \"\“‘
record one-seventh that oiyfﬁé national avé?age for all industry (19).
e “m

e

et
,,aw‘ o x\

of calculgﬁfﬂg the data, and other parameters, this sﬁqtement would tend
T .
fomake U. S. Steel a leader in the practice of good safety.
Thgﬁﬁmanewseveral”Eﬁﬁigﬂgggwfﬂggi§gaw{ngﬁgwggfé%ymﬁﬁgiﬁééfingmiieldm

but~the accepted leader.is in.Pittsburgh, Pennsylvania.- The Mine-Safety



AppIiéﬁagmggﬁﬁéﬂl,began its business in the area of ccal mine safety but

fddustry with emphasis on personal pro-

P

V/'//
tective devices.

Safetyand-Eqii pment Maintenance ™

There are few statistical references for the amount of money spent
on repair or replacement of equipment duve to accidents or incidents.
Nermally, accident statistics reflect only injury data’&gio Maintenance
and reéair accounting accumulate material repairs in a general mainte-
nance category which does not delineate the cause for the repair. There
is some justification for this approach in that the accepted definition
of “accideﬁt’ by the American Standards Association specifically limitis
accidents to areas of personal injuryz%ggﬁ_ﬁw/ﬁﬁfv

The attitude is understandable, however, as statements by management
concerning dollar costs in equipment in conjunction with safety emphasis
could lead to misunderstandings as to the company's standards on human
value. The noting of costs in the areas of eguipment repair and human
recovery or medical expenses must then be handled with tact. The amount
of this cost can be estimated and it would seem that, based on the cost
estimates which are high, its significance would receive greater emphasis

in safety program managing.

Aves of Research

The research in the area of industrial safety has, in general, taken
the more rigidly confined area of personal squipment. The establishment
of techniques and procedures for safety policy in the use of hand tools,

machines, and other equipment has received close scrutiny using the case
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study method on available data. The use of safety glasses, prctective
shoes and hats, ‘dead-man' switches, and many other points are examples
‘of the results of this type of safety research.

There is, however, a large area of potential industrial accidents
that has been largely overlooked. Because of the possible overlap with
data developed in the repetitive work cycle studies, or the large scope
of the non-repetitive work area, safety analysis for this type work has
been too often limited to gensralities. This paper is a step in the
direction of establishing research proceduras for the analysis of long
time non-repetitive work cycles. There is great difficulty in quantify-
ing the hazards encountered without reaching an unusable number of
itemized categories very quickly. However, the problem is not insur-

jff”fr,ﬂ ff” ey

mountable and, as discussed in this cheptsr, can be the basis of consider-

able savings.



CHAPTER III
DATA GATHERING

This chapter gives detailed information on the environment encoun-
tered in the data gathering. The equipment used, an analysis of the
industrial sites chosen for the research, the establishment of camera
lense and light relationships, and the problems encountered in the actual

5

gathering of data are covered in detail.
Camera Equipment

The major equipment used in the development of data for this paper
was a camera system developed by Professor H. G. Thuesen at Oklahoma State
University under a National Science Foundation Grant awarded in 1961 (24).
The camera is rather bulky being 8.5 inches by 7.0 inches by 12.0 inches
and weighs eighteen pounds (see Figure 1). The ’memo-activity camera' is
an electrically operated sequence camera taking pictures of standard size
on 16 mm motion picture film with absolute time recorded on each frame at
the lower left corner. The timer is enclosed in the camera with its own
power source. The timer dial shown on each frame indicates .0l minutes,
minutes, and hours.

The camera exposes film at preselected constant intervals of 005,
.04, 0.2, 1.0, and 2.0 minutes with the additional option of a random

interval mechanism. The 0.2 interval was used for the data gathering in

22
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this research. This gave one picture every twelve seconds and, using wze
hundred foot rolls,a time span of some thirteen hours per roll. Each
frame is exposed for one=thirtieth of a second and is standard for &ll
intervals in the timing mechanism.

A ten millimeter focal length lense was selected,after a pilot study
using several lenses, because of the wide variance of activities in the
area of the camera requiring coverage in the research. The lense opening
used was also varied in the pilot study and based on the light extremes
encountered, a 4.0 setting was used for all data gathering.

The electrical source for the camera is either 110 wolt AC, 60
cycle, power at a statiocnary location from the commercial source provided
in the building, or, in a mobile situation, a mctor generator system is
provided. A Carter Motor Company Rotary Converter, B=1060-CB, weighing
30 pounds and sized four inches by seven inches by ten inches long, is
used to convert a 12 volt DC input to 110 volt AC, 60 cycle, power for
the camera. A twelve volt DC, wet cell storage battery provides the nec-

essary DC power to the converter.
Vehicle Equipment

The camera equipment was mounted on several vehicles to record data.
A four wheeled tug was first counsidered due to the type of work involved.
A tug normally pulls equipment and the majority of its traveling is in
the forward direction relative to the driver's position. A problem arose,
however, in that the fenders, which were to serve as the base for the
camera equipment, sre too exposed to obstacles and personnel. Also,; the
field of view is highly restricted due to the camera position being too
low for effective area coverage. This type wvehicle was eliminated for the

above reasons.
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Fork 1ifts used in areas vhere there is overhead activity are usu-
ally equipped with what is termed the "headache rack" or a metal protscs
tion device to protect the driver from falling objects. As the rack is
above the driwver's head, the elevated position provides excelient forward
and peripheral views of the vehicle environment for camera equipment.

The mast for elevating loads offers some view restriction for the camers
but also affords some protection against possible contact with overhead
objects. A secondary advantage to the fork 1ift mast is that elevated

fork activity is viewed and can, therefore, be svaluated as to operator

safe practices in conjunction with environmental safety. The decision to

b

<

use fork 1ifts as the research vehicls was reached based on the inhsrent
advantages in this type of equipment (see Figure 2J.
The fork 1ift used at two of the $ndustrial locations had protective

devices mounted to the fork 1ift body; whereas, the third wvehicle used a

H

rack cantilevered off the mast of the truck. This latter camera mounting
platform gave no elevation problem as normal travel for the mast pltek is

limited to a four to six degree movement. However, the cantilever cone

struction did cause some vibration which was indicated by szsveral frames

v

of f1lm being blurred.

Industrial Sites

1 bed
L

The three industrial sites chosen ave zll located

Oklahioma. Bach of the three gave access to a particular truck usage in

that one used the fork 1ift strictly in a receiving and stersge situation
where truck travel is mainly restricted to the storage area. The second
site inwvolved the travel of the fork 1ift servicing a production line

srea with material from siorage. The third site used the fork 1ift for



Figure 2. Camera Equipment
Mounted on
Fork Truck
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interdepartmental transfer of materials within the production area. It
was felt that this gives an adequate coverage of basic uses for the fork
1ift within industry. Two of the sites are government installations and
the third produces a producer product for use in a further step in con-
sumer goods production.

In the Oklahoma City area, there is a sufficient use of the indus-
trial truck ranging from two or three large government and private indus-
try facilities to the wholesale grocery situation. The cooperation and
assistance by the management of all the concerns contacted were exceilent
and lends credence to earlier remarks by the author concerning growing
management concern in the field of safety.

The sites chosen for the research are among the elite in the ratings
by the National Safety Council as to best safety records (7). Industries
in the communications and aircraft fields are well known for their con-
tinued emphasis on safety and, thereby, their excellent safety records.
The National Safety Council rates both of these industries at the top of
their 1ist in lowest injury and lowest injury severity rates. This could
well be a disadvantage as the accident rate in other indusiries is higher
and film analysis might well show substantially more frequent hazard
occurrence. However, the locations were convenient and the personal con-
tacts available for obtaining the necessary approvals to perform the
research.

In obtaining approvals to enter the plants and take photographs, the
immediate attitude of the higher echelon personnel was enthusiasm. At
the next lower echelon, extreme conservatism was met; and, on the lowest
echelon, where the work was to be performed, there was an almost complets

acceptance of the idea. In general, at the first two levels, these
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attitudes were likely due to the interest in safety and the cognizance of
the cost data available concerning the individual company's safety record.
At the lower level, any program which tends to add novelty or new conver-
sation to the daily work is welcomed and this was probably the basis for
the enthusiasm.

The selection of the sites used was, therefore, somewhat arbitrary
as there was no data to use as background to prove the method. As it
turns out, because the firms used are among the better ones, by National
Safety Council ewvaluvation, the justification in favor of the research

procedure is increased when considering other industiries., A research

(-,
Ja

method of value where few accidents occur will, by intuition, be of
greater assistance where accident frequency is highsr.

Scme alternative sites for evaluating the procedure were a depart-
ment store or mail order store warehouse, z wholesale grocery outlet, and

a commercisal utility power company. These were eliminated for seversl

reasas - the basic one being lack of personal contacits at the time.

Fiim and Associated Eguipment

The film used in the research was Kodak, Tri-X, TX RE49, Reversal
Movie Film for 16 mm rcll cameras. Five rolls of film were used with
each rocll having one hundred feet of film.

One voll of film was exposed as a pilot study to determine the feas-
ibility of the mounting, the selection of lense and leunse opening, and
the extent of inconvenience to the vehicle driver. This first roll was
then developed, analyzed, and evaluated as to whether or not to continus
the research. Dus to the clarity and coverage of the film, plus the
clearly defined unsafe acis noted in this pilot film, the research was

continued.
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During the course of this pilot study, several lenses and lense
openings were used. Ten millimeter, fifteen millimeter, and twenty-~five
millimeter lenses were used and openings of 2,4, 4.0, 5.6 and 8.0 were
tried on the two smaller focal length lenses; i.es, ten millimeter and
fifteen millimeter lenses. It was determined that the twenty-five milli-
meter lense was not feasible as the peripheral view was restricted and

the advantages of clarity at a distance using the lense were cancelled by

lack of contrast at the lense depth limit.
Lighting and Vibration Problems

The ten millimeter lense was finally seclected using a 4.0 lense
opening. This gave a good photograph in over 90 per cent of the film.
The environmental view with this lesnse is gocd and no problems due to
lack of clarity were encountered. Because the vehicular equipment was
required to operate several times near exits where strong suniight was
admitted, some of the photographs are over exposed and lock washed out.
However, this did not materdially affect the safety hazard analysis. At
the other extreme, when the vehicle entered storage areas where lighting
is poor and storage is high., some photographs are dark and images are not
as clear as is perhaps desirable. Here, there is also no significant ef-
fect on the hazard analysis.

One aspect of the filming procedure which did show up oun the photo-
graphs was periodic blurring of the film. In one case, the rough surface,
over which the vehicle was traveling, caused blurring. In the second
case, vhere the overhead protection for the driver was cantilevered off
the mast, a definite increase in blurred photographs appesred. This

would appear to be normal based on the weights and momernts invelved and
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the small amounts of movement which are magnified at the end of the lever.
In the third case, there was no significant blurring of the photegraphs
except in cases where the vehicle was entering raised areas and encoun=
tered ramps of some sort. The blurring here was not sufficient tc de-

stroy the images in the immediate area photographed.

Miscellanecus Problems

Probably the most annoying of problems was the time element. The
author would plan and negotiate for a meeting of necessary personnel to
clear the project; or a time would be designated for the mounting of the
equipment. These two items took a seemingly excessive amount of time and
seldom was the plan met within the limits established. This was, of
course, to be expected but it can be annoying.

A second minor problem was the continuing efforts of local super-
visory personnel to expand the scope of the project. Based on the indi-
vidual’s background and experience, each had a personzl addition to make
to "round out® the project. Several of these ideas had merit and are
discussed in the final chapter to this paper as areas for further study.

There were other minor annoyances, but these could not be directly

attributed to the research project.

Sequenze of Filming Operations

As discussed above, the pilot film was obtained first during the
early portion of August, 1965. The equipment was installed and run con=-
tinuously from mid-morning to the end of the day shift at 4:00 o’clock in
the afternoon. Throughout this period, lenses and lense cpenings were

varied as was the frame exposure interval. As was further discussed, a
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ten millimeter lense with a 4.0 lense opening was decided upon with the
camera operating at one frame every twelve seconds.

Three weeks after the first, or pilot, study the camera was set up
for an eight hour operation at Site No. 2. Film was exposed all day.
Research was begun at 8:45 A, M. and continued until 12:00 noon at an in-
creased exposure rate —- O.4 minutes or one frame every 2.4 seconds.

This was a mistake by the author made during the mounting of the camersa.
The roll of film was then used up in three hours and a second roll'was
installed for the afternoon work period. The interval was reduced to the
desired 0.2 minutes for the afternoon work period.

Several days later, the third roll of film was used again at a third
industrial site. No further problems were encountered. The last thirty
feet of this third roll of film were used with the camera mounted on =z
bridge crane positioned over a high density trafiic aisle at the site of
the pilot film study.

The fourth roll of film was run at Site No. 2, accumulating.one
week's data. Due to the significance of the data gathered in August, the
staff ot the Industrial FEngineering School felt that z random sample of
work hours would give a better statistical foundation for conclusions
drawn. Random periods of one hour increments were selected and a desig-
nated man, detailed by the management, started and stopped the camera on
this schedule. This procedure was followed at twe of the sites o getb
some statistically based sampling of the work rather than one day's con-
tinwous film. The procedure was not followed at the third site as the
original film indicéted insufficient activity to warrant additional study.
The film based on a sampling of one week's activity gave excellent results

to further validate the preliminary dsta. The fifth and last roll of film



was also used in this sampling manner.

The film was developed by a local radio station, Station WKY, which
had the only commercial facilities for the development of 16 mm movie
film. Using a Kodak "Analyst"™ sixteen millimeter movie projector, Model
BP 16AR as modifed by L. W. Photo., Inc., Van Nuys, Celifornia, the film
was projected at a slow rate and the safety hazards itemized. A rate of
about five frames per second allows sufficient time to absordb the photo=-
graph and react to stop the projector on a single frame when further
study is desired.

Safety hazards were then categorized by defined class and an analy
sis made as to the success of the research and the value of the procadure.

The subsequent chapters to this study give the details of the analy-

sis and the conclusions drawn.



CHAPTER IV
QUANTITATIVE ANALYSIS

This portion of the study presents the metheds used in analyzing
the data gathered. The use of statistics to organize the data, the
categorizing and charting of data, and the analysis of the results are
included in this mathematical portion of the work. The conclusion to the

chapter discusses a possible relationship for accidents and hazards.
Control Chart Concept

Life exists within an environment of many variables. These vari-
ables may act randomly or conform to a pattern. Some are chance and
others are caused by controllable factors. The chance caﬁegories of
variables are subject to statistical isolation with a view to establishw
ing limits within which these chance variables may operate and not cause
undue alarm.the majority of the time. Chance causes are not predictable
with certainty, but 1limits may be established on the basis of probability.
Those areas of variation which are due to controllable factors are desig-
nated the 'assignable cause' variables. These are due to such elements
as careless or unskilled workmanship, substandard raw material, equipment
breakdown, or any of a number of other reasons. These are preventable or
‘correctable and are not due to chance.

Statistical quality control methods employ ‘control limits’ between

which the measured parameters of a sample must fall to consider the

33
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sample "in control’. This control area accounts for the chance variables
occurring randomly in any situation about which nothing can effectively
or economically be done. The over-all summation of chance variables
causes a dimension to vary, a defect to occur, or a safety hazard to be
caused on a random basis. Wheﬁ a sample measurement falls outside the
control 1limit area, it may well be due to randomness; however, there
could be a definable fault requiring the reaction of the responsible
authorities to get the situation back 'in control’.

A control chart is a chronological history of samples as measured
according to the desired parameters. The establishment of control
limits for the chart are based on the experiences of management, an
arbitrary selection, or the economic relationships involved. Close con-
trol limits are more costly because each sample outside the limits set
requires ianvestigation as to why it is different. The reason may be due
to the chance variables accumulating to give an ocut of control situation
rather than a definable cause. The closer the limits, the more often
this will happen. Wider limits, on the other hand, cause acceptance of
samples which are slightly defective due to definable faults. The eco-
nomics of the limits are, loglcally then, a factor in setting their

extent,.
Statistical Approach

The wide area and scope of activities photographed in the research
indicated that an attribute inspection or number of hazards noted was the
statistical measurement parameter required for this analysis. In a
quality control analogy, this analysis would correspond to the method of

sunming the defects noted as opposed to the fraction defective method
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where the total number of possible defects is known. No one could possi-
bly determine with accurady the total number of possible hazards that
occur in one time period where a working force of several thousand are
employed. Because of this, the analysis could not enumerate the hazards
noted by photographing and state that the number was a percentage of the
total number of hazards possible. The number of hazards increases with
the number of man-hours and employees and, therefore, a parameter of the
manmhours involved is the common denominator for the analysis.

Duncan (25, p. 350) states that experience with numbers of defects
in a sample unit of a universe will closely follow the Poisson distribu-
tion form. The basis for assigning this mathematical form to hazard
occurrence is strictly on intuitive grounds because it is impossible to

collect data to establish the form on an empir?cal basis. The formula

. rC =C
for the Poisson distribution is P(c) = E—z%i——— where ¢ is the number of

defects in a sample consisting of a single unit and ¢’ is the average
nunber of defects per unit for the universe. When the total universe
cannot be defined from the view of possible defects, the Poisson form may
still be used on the empirical basis that it apparently describes situa-
tions adequately to justify its use. Each of_the research sites is con-
sidered to be a population as of itself. This is based on the fact that
no two indusfrial sites have the same environment and though human nature
may act in an over=-gll similar manner, the varying environment of the in-
dustry sites will effect a Significant difference in the resulting human
actions. Differences such as climatic conditions, lighting conditions,
aisle dimensions, equipment use, and location will affect a delineation
into separate populations. As a statistical proof of this, see the chi-

square tests below.



36

The inspection universe then is the individuai research site where
data was gathered. Within each organization, however, this unit must be
defined further on the basis of a common denominator or unit of measure.
The truck may travel a certain number of miles within the plant, or
remain within specific area boundaries, or encounter specific similar
situations. As the primary interest in this study is the.éctions of
people, the natural common denominator is the person and the number of
hours he or she works during the research. Each site is, therefore,
defined on the basis of the number of thousands of man-hours worked in .
the departments through which the truck traveled; and where»the camera
might, therefore, photograph an unsafe act. The site breakdown by labor

force and man-hours is llsted in Table I.

TABLE 1

OPERATIONAL MAN~HOURS DURING THE RESEARCH

N ’ W'T“MéhQHbﬁis i
Continuous  * Raidom™ ' = Stationary
Photography Photography Photography

Site No. 1 - - -13500 employees" ‘9,000 15,000 L, 500
Site No. 2 = - ~1]100 ‘employees 7,700 11,000

Site No,» 3 = - 100 employees 700

As noted in Table I, the three industrial sites used for the re-

search, and photographic sampling methods did not involve the same size
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sample of personnel and did nof involve the same period of time (see
Table V). Therefore, since samples are not equal, a U chart is indicated
as the required recording technique to establish guidelines for each uni-
verse or population (25, p. 356). The U chart has the advantage of com-
paring unequal samples through the use of a common mean, Es and individual
control limits for each sample size.

Upper and lower control limits (UCL and LCL) are established by

formula (25, p. 355):

53@§§;§%
UL = u +V 3urk
ICL = u -V 3u/k.

By definition, the Poisson distribution variance is equal to the mean of
the population being analyzed. If control limits are established on the
basls of three times the square root of this variance added to or sub-
tracted from the population mean, less than one per cent error will be
made in detection of defective out-of-control samples. There will be a
corresponding large probaEility of accepting a sample which is slightly
defective due to cause, but not accepting a good sample will be at a
probable minimum. The selection of the limits can be based on any de-
sired multiple of the variance, but it is common practice to use the
third multiple. In this way, 50 per cent of the chance variations will
fall above or below the mean based on randomness., Limits may be estab-
lished in the above manner or on the basis ofvprobability of error such
as one per cent error chance, five per cent error, or any figure chosen
by the using authority. For this study, however, the common practice of
three times the square root of the variance will be used to determine the

control limits.
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The term 'k' is used to place the samples at any one site on a com-
mon basis. In this study, the 'k' is based on the number of man-hours
worked at the site for which the control limits are being established.
Thus, the 'k' varies for each site and research veriod, and is the factor
used to weigh unequal samples in order to establish a common reference
for purposes of comparison.

The u is common to all samples at one site and based upon the sum of
hazards noted divided by the number of hazards for some unit of measure -
in this study, the number of hazards for each one thousand man-hours
worked during the time period. The control 1limits are then established
as listed in Table VI using the above formulas. Because the data was
gathered in three separate methods; i.e., individual eight hour periods
of photographing at each site, ten randomly chosen one hour periods of
photographing at each site, and a stationary camera location, tables are
listed for each method. Charts are drawn for the individual site, how-

ever, and not drawn for the individual method of photography.
Category Definition

The defects noted in a quality control situation are analogous to
the safety hazards in this study. A defect is anything causing a deteri~
oration in the operation of a product. The safety hazard is a personal
act or existing situation encompassing a source of danger. (See Chapter
I, Definition of Terms.) The definition is necessarily broad and the
establishment of specific subordinate categories is necessary in order to
facilitate the enumeration. |

The establishing of categories requires a gqualitative analysis as to

the lack of séfety involved in a personal act or situation. In many
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instances, such as traffic rule violations, the categorizing of unsafe
situations is facilitated by already established criteria. These crite-
ria could be State and/or Federal laws or regulations imposed on the
basis of analyses of past performance in similar situations. The diffi-
culties in defining the safety hazard are manifested in the cases of
marginal situations where perhaps the degree of jeopardy is minimal. An
example of this would be an object projecting into the aisle right-of-way
a small amount versﬁs a large object protruding into the aisle a suffi-
cient amount to alter the flow of traffic. This particular hazard is
discussed below., The point here is that often the qualitative evaluation
causes the major impediments in defining category guidelines.
The unsafe practices causing safety hazards were divided into three
categories:
1. Static conditions - An existing situation where safe prac-
tices are being violated and personnel or vehicles in
motion are not directly involved.
2. Vehicular motion.- Vehicles violating traffic rules estab-
lished by vehicle manufacturers, local company policy., or
other accepted authority.
3. Personnel actions = Actions by individual personnel
violating safe practices not involving operation of
vehicles.
These categories are then further sub-divided into afeas directly assow-
ciated with this research study (see Table II, page 42).
In the first category, the static condition would exist for some .
time and personnel are not in evidence as attempting to modify or pre-

vent the hazard from causing an accident. An example of this would be an
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object projecting into the aisle. The object could be anything from the
lip or a portion of a trash receptacle to a loaded skid or pallet stand=~
ing in the aisle right-of-way. There is very likely a distinction to be
made here for minor and major hazard potential. However, a trash recep=-
tacle could be struck, fall over, and roll across or strike an employee's
limb and cause a major injury; whereas, a loaded pallet could be struck a
glancing blow and little or no injury result. On this basis, then, all
protrusions into the aisle were considered hazardous without attempting
to establish a distinction as to the degree of hazard.

A distinction as to hazard degree could possibly be made on a meas-~
uring scale., The object’s protrusion into the aisle could be defined on
the basis of guantity on a line normal to the aisle 1imit line. The
establishing of degree of Jjeopardy would'again be an arbitrary decision
and an endeavor towards this end is outside the scope of the work.

In the second category, above, the violations of traffic rules in-
volving moving traffic are based on accepted standard traffic ruleg-of-
the~rcad as specified by the Natiomal Safety Council, safety rules as
published by the ""American Standard Safety Code for Powered Industrial
Trucks®, ASA B56.1 dated 1959, and any special rules published by the
individual research site governing the movement of traffic. An example
of thils latter rule occurred at Site No. 2: Vehicle drivers are ine
structed not to travel through areas where other eﬁployees are on
"coffee-break’. The photographs indicated that violations of this rule
are not uncommon.

The unsafe acts of employees whose work is not associated with
vehicular operation are listed in the third category. Even ﬁhough Sev=

eral of these hazards would probably involve vehicles if an accident
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occurred, the hazard was attributed to the person performing the unsafe
act. A specific example of this is the case at Site No. 2 where a jani-
tor had his cleaning equipment and a trash receptacle cover sufficiently
arrayed in a traffic aisle to cause a traffic hazard. The subordinate or
detailed groups under each of the three categories are as in Table II.
The groupings (on the following page) are based on the research

performed and apply to the industries photographed only. In other indus-
tries, the specific groups may require additional delineation or modified

w

definition for inclusicn of specific data.
Calculations and Charts

The frequency of the individual hazard as defined above is noted in
Tables III and IV. Table III lists the Safety Hazard Frequency based cn
the individual one shift photography at each site with the final column
of the table listing the Hazard Frequency when the camera was mounted in
a stationary position over the high density traffic aisle. Table IV
lists the Safety Hazard Frequency for the random interval photography at
each site.

Table V lists the accumulated frequencies from the above mentioned
tables plus the number of employees at each site, the number of hours re-
search done at each site, the number of man~hours under research, and the
hazards per one thousand man<hours. The table is in thfee parts to dise
tinguish the three photographic methods used. Table VI, then, breaks the
Table V into the research site categories and establishes mean values of

The Control Limit Mean, w, is calculated by dividing the total of
the hazards noted by the total anumber of hazards per each one thousand

man-hours at each site.
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TABLE II

CATEGORY SUBDIVISION

Category I = =- Static conditions.

Category II ==

Category III --

A,
BD

Object projecting into the aisle.

Items stored in racks/bins piled too high or
in such a manner to be in danger of falling
into the aisle.

Violation of traffic rules.

A.

Motor wehicles.

l. Improper passing of moving wehicle.

2. Traveling on wrong side of two-way aisle.

3. Failure to yield right-of-way at an
intersection or 'Break Area'.

L. Traveling the wrong way on a one-way
aisle.

5: Fork truck traveling an unreasonable
distance with elevated load.

6. Personnel working on elevated and un-
protected forks.

7. Improper loading of vehicle.

Non-powered vehicles.

1. Improper passing of moving wehicles.

2. Load obstructs view in direciion of
motion.

3. Traveling wrong way on one=way aisles.

L, Traveling on wrong side of two-way aisle.

Personnel actions.

AG

B.

C.
D,

E.

Employee obstructing aisle with the major
portion of his body.

Employee walking with armload obstructing

view in direction of motion.

Violation of smecking safe practices.

Employee obstructing right-of-way unnecessarily
with tools and/or equipment.

Improper riding on truck.
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TABLE III

SAFETY HAZARD FREQUENCY
(FILM ANALYSIS - SINGLE SHIFT CONTINUOUS PHOTOGRAPHY)

Site Noo 1
Site Stationary
NO e - 1 N NO P 2 . NO ° - 3 Photograph_y

Category I -~ Static conditions
causing safety
hazard.

A, Objects projecting

into the aisle 10 57 5 15
B. Improper storing of
items in racks/bins. .2 12
Sub-Total 10 59 17 15

Category I1 «- Traffic rule violation.
A, Motor vehicles.

1. Improper passing

of wvehicle 1
2. Traveling on

wrong side of

fwo=way aisle 1
3, TFailure to yield

right-of=way at

an intersection

or 'break area'. 2 7 2
L, Traveling wrong

way on 'one=way'

aisle. i 6
5. Tork truck travel-

ing wnreasonable

distance with

elevated load. L
6. Personnel working

on elevated and

}.4

unprotected forks. 1
7. Improper loading
of truck. 3 3

B. Non-pcowered vehicles.

1. Iwmproper passing
of moving
vehicles. 2 i



TABLE III (Continued)

Site No, 1
Site Stationary
No. 1 No. 2 No. 3 Photography

B. (Continued)

2. Load obstructs

view in direc-

tion of motion. 1 %
3. Traveling

wrong way on

one-way ailsle. i

et
[6)}
(@]
[
T

Sub=Total 16

Category III - Personnel unsafe acts
not directly involving
vehicles.

A. Tmployee obstruct-

ing aisle with

major portion of

his body. 4
B. Employee with arm-

load cbstructing

view in direction

of motion. 1
C. Smoking near fuel

tank opening 3
D. Employee obstruct-

ing aisle unneces=

sarily with tools

and/or equipment. 1
E. Iwmproper riding on
truck. : 1 2
Sub=Total 0 8 0 .3

Grand Total 26 83 25

o




(FILM ANALYSIS - 10 RANDOM HOURLY INTERVALS)

TABLE IV

SAFETY HAZARD FREQUENCY

Site
No. 1 No. 3 No. 3
Category 1 -~ Static conditions causing
safety hazard.
A, Objects projecting into
the aisle. 154 76
B. Improper storing of iteums
in racks/bins. 3
Sub-Total 157 76
Category II -~ Traffic rule violation.
A, Motor wvehicles.
1. Improper passing of
moving vehicle. b
2. Traveling on wrong side
of two-way aisle. 2 2
3. Failure to yield right-
of-way at an intersec-
tion or "break area'. 1
L, Traveling wrong way on
‘one-way' aisle. i3
5. Fork truck traveling
unreasonable distance
with elevated load.
6. Personnel working on
elevated and unprotected
forks.
7. Improper loading of truck. 1
B. Non-powered vehicles.
1. Improper passing of
moving vehicle.,
2. Load obstructs view in
direction of motion. 1
3. Traveling wrong way on
one-way aisle. 15
Sub-Total 37 2



TABLE IV (Continued)

i

Ch

. Site
No. 1 No. No. 3
Category III - Personnel unsafe acts not
directly involving vehicles.
A, Employee obstructing aisle
with major portion of his
body. L 2
B. Employee with armload ¢b-
structing view in direction
of motion.
C. Smoking near fuel tank
opening.
D. Employee obstructing aisle
unnecessarily with tools
and/or equipment.
E. Improper riding on truck.
Sub-Total L 2
Grand Total 198 80




TABLE V

SAFETY HAZARDS PER 1000 MAN-HOURS

"-5-1('

Site Research Man-Hours Total Hazards/
No. Fuployees Hours Researched Hazards 1000 Man-Hours
Continuous One Shift Photogravhy
1. 1500 6 9000 26 2.88
2. 1100 7 7700 83 10.78
3 100 7 700 25 35.71
Random Interval Photography
1. 1500 10 15000 198 13.20
2. 1100 10 11000 80 727
3 No .Random Interval Photography done here.
Stationary Phoﬁbgraphy
1. 1500 3 k500 33 733
TABLE VI
MEAN VALUES
(HAZARDS PER 1000 MAN-HOURS)
Site Continuous Random Stationary _
No. Photography Photographs Photographs Total u
1. 2,88 - 13.20 733 23,42 7.80
2. 10.78 7.27 - 18.05 9.02
5 35.71 35.71

35.71 - -
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Table VII, then, establishes the 'k' value and the control limits
for each site or research area. The 'k' is dependent upon the number of
employee man=-hours worked by the personnel at the individual plant during
the research time. Each one thousand man-hours is considered to be one
unit of 'k'. The ‘k' values are then calculated as follows for each site
depending on the amount of time the research was being done:

CONTINUOUS PHOTOGRAPHY VALUES OF 'k!

Site No. 1. ky = 9000/1000 = 9.0
Site No. 2. k, = 7700/1000 = 7.7
Site No. 3. ks = 700/1000 = .7

RANDOM PHOTOGRAPHY VALUES FOR 'k'

Site No. 1. kg = 15,000/1000 = 15.0
Site No. 2. ks = 11,000/1000 = 11.0
Site No. 3. Not Applicable.

STATIONARY PHOTOGRAPHY VALUES FOR 'k!
Site No. 1. ks = 4500/1000 = L.5

The Hazard Pattern Charts, kij charts (Figure 3a through c), are then
drawn using the control limits from Table VII (following page) and the
mean, u, for each site found in Table VI (preceding page). The abscissa
and the ordinate for the charts are the sample numbers and the numbsr of
hazards found for each one thousand man-hours under research. These
Hazard Pattern Charts present,in a usable format, the relative safety of
an organization. The application of this information is discussed in

Chapter V.
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TABLE VII

CONTROL LIMIT VALUES

Research Method k EVﬁyk UCL = U + IVu/k ICL = u - 3V T/k
SITE NO. 1

Continuous 9 2.7975 10.60 5,01

Random 15 2.1645 9.97 5.64

Stationary 4,5 %.9495 11.76 3,86
SITE NO. 2

Continuous 7.7 2,250k 12.28 577

Random 11.0 2,.7195 11.75 6=31
SITE NO. 3

Continuocus o7 21.4299 57,154 14.28

Results

The U charts each have a central iine, U, which is the expected nwm-
ber of safety hazards during any period of one thousand man-hours of work.
The expected hazard frequencies found in this research average cut to:

7.9 for Site No. 1, 9.03 for Site No. 2, and 35.71 for Site No. 3.

The above are the quantitative results of the research and the first
step in the research method being proposed. In order to establish a sta-
tistical delineation for these results, the chi-square teéting technique
has been applied to make decisions on the following hypotheses:

Ho. No. 1: The samples from all the sites and using =1l

methods of photography are taken from the same

population.



He. No. 2: The samples téken at Site No. 1 are from the
same populati@ﬁ,
Ho. No. 3: The samples tgggn at Site No. 3 are from the
same populatida;
Table VIII lists the hypotheses by number and the decision for each based

on the chi-square test.

TABLE VIII

CHI-SQUARE TEST: SIMILARITY OF POPULATION

Ho: No. of Samples - Calculated X2 Tabular X2 Ho; Decision
1. 6 173,124 12.8 Reject

2. 3 6.851 549 . Reject

3. 2 6811 3.84 Accept

Source: (45, p. 451)

The rejection of Hypothesis No. 2 1s the only one in dispute based
on intuitive grounds, The first sample at Site No. 1 was taken just
prior te a long hollday weekend and the safety program was emphasizing
'Be Safei. In the author's opinion, this program materially affected
the hazard frequency and furtﬁer sampling during normal work times would
establish a single universe at Site No. 1. No chl-square test was run on
the third site as the degree of freedom becomes '0' with only one sample.

The test, therefore, becomes of no value.
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Analysis

There are some variations in the data for which explanations are re-
quired in the opinion of the author. This section will explain these
variations and discuss the results.

In the first place, the relatively high rate of safety hazards at
Site No. 3 of 35.71 hazards per one thousand man-hours is due to two
things in this study. One, the establishing of hazard categories is a
subjective analysis of safety and if the site authorities do not consider
a practice unsafe while an evaluator does consider it unsafe, a contra-
diction in judgment results. In the author's‘opinion9 this situation was
most apparent at this site and the high rate-of hazard occurrence is the
result. A subjective analysis such as this must be submitted to proper
authority for decision. Second, the environment at Site No. % iz signif-
icantly different from the other two being limited to storage of materiel
only. No production facilities are present and the labor force is much
lower in number. Thus, there appear to be logical reasons for the dif-
ferences in frequency.

A second area of data variation is in the number of samples. The
research method requires additional data in repeated samples to establish
with certainty the limits on the U charts snd the hazard frequency for
the individual site. However, this study was initiated to prove the fem-

&

sibility of such a procedure and not to set up definite guantit

{7y

Vel

eg Tor
the charts. Confirmation of control limits and hazard frequencies will
require many samples if the method is acceptable as being of use to the

company. The varying hazard frequency among the wvarious sites may well

be based on the relative emphasis on safety at the sites or on the



attitude of the employees toward safety. This is an argumentative point
and stated here as a possible explanation for this variation.

There was an expected difference in the occurrence of hazards among
the several methods of photography sampling used. At Site No. 2, however,
the enumeration results were almost equal for unequal time periods of
seven hours for the continuous sample versus ten hours of random sampling.
There is no obvious significance to this fact except that there was a
decrease in safety hazards perpetrated when employees realized the possi=
bility of being photographed in the act. This realization could make a
person more conscious of his actions and modify them accordingly. Based
on conversations with supervisory and Industrial Relations personnel,

this reaction very likely took place.

An 'Expected Accident Criterion' Theory

In industry, there isy; effectively, no recognition of the "incident’
in present-day statistics. In Heinrich's ratio of 1:29:300, as discussed
in Chapter II, the incident was apparently of some concern. It follows
then that if the incident is of some importance where one person is con=-
cerned, it becomes of far greater importance where personal relationships
are a geometric function of the number of employees and the number of
hazards are much more frequent. There is evident a void in the statis-
tical concepts of Safety. This study has concentrated on the safety
hazard which is a further step beyond the occurrence of the incident,
assuming that there is a functional relationship among the accidents,
incidents, and hazards. If the assumption of relationship is made and
accepted as a premise, then a quantitative relationship may be proposed

whereby incident statistics are circumvented and a ratio of accidents to



hazards may be of value in the prediction of accident frequencies from
samples of hazard frequency.

Through the use of available data at each industrial site used in
the research, the accidents occurring at each site during the period
July, August, and September are listed. From these data and the hazard
frequency data obtained by the research, an 'Expected Accident Criterion’
can be established. See Table IX (on the following page). This parame-
ter is a ratic of the accidents per one thousand man-hours to the safety
hazards enumerated per éne thousand man~hours for a stated period of
analysis time. A quarterly time period was selected based on the fact
that the climatic environment is rather constant for the research sites
and, more significantly, accident occurrence is rather infrequent. This
necessitates a time periocd longer than a month in order to approach a
'leveling' of the data.

Accept;nce of this reasoning leads to the theory that a prognostica-
tion of accident frequency is plausible. By establishing hazard frequen-
cy in a time period through the use of this research, the accident
expectation can be calculated as a function of the egtablished
"Criterion',

A great deal of further study is required on this theory and many
samples of hazard frequency are needed to correlate with accident data tw
prove the functional relationship and establish conclusions. Howsver,

the rationale is not incongruous with the present data.



TABLE IX

ACCIDLENT-HAZARD RELATIONSHIP

Site Man-Hours Worked Accidents %ii}%ﬁﬁﬁf

No. July August September Total July August September Total man-hours a Criterion
1. 241,920 253,440 220,400 725,760 47 57 Lo 153 22108 7.807% " 1:37.04
2. 670,760 703,560 737,880 2,112,200 L2k 350 Lol 1268 .6003 9.0260 1:15.04
3. 25,200 26,400 24,000 75,600 ——— 17 — 17 2249 25,71 1:158.71
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CHAPTER V
QUALITATIVE ANALYSIS

The collection and organization of data is the facilitated portion
of thls research method in that the required judgment and qualitative
analysis using the results of the quantitative analysis cause the greater
difficulties. The value of the data collected depends on its use. The
data itself is not an end, but a more quantified means of guiding safety
program implementation and emphasis than has heretofore been used. Thus,
the end is a better means to safety program guidance. This chapter dis-
cusses the uses of this quantitative data in consideration of specific

objectives.
The Safety Program

The preceding chapter proves the feasibility of enumerating the
safety hazards in any industry. Through the use of established analysis
techniques, a chart may be devised which graphically demonstrates the
historical relationship of the hazard frequencies. In this manner, safe-
ty program frequency and emphasis may be adjusted more readlily :ithan’'by
awaiting accident statistics to show trends.

For example, a plant safety group in using this procedure may note
that the Hazard Pattern Chart records the latest samples as consistently
above the mean, u. An analysis of this time period may reveal an exces-

sive number of objects in aisle right-of-ways, or vehicle operators

56
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continually operating inbviolation of some traffic rule. The safety
personnel then place particular emphasis on these two hazards in the pro-
gram of safety until the hazards reduce in frequency.

The specificness of the safety program in its emphasis on particular
hazards, as compared to a general "Be Safe" program is the importance of
this method.

The safety program has had, in the repetitive work cycle, a statis-
tical record of specific injuries due to rather easily defined hazards.
Many of these resulting "Safe Practices', such as hard hats and safety
glasses, are applicable to the long work cycle, but there is a large area
of hazard where the Safety Engineer has depended upon generaiities in the
program of safety emphasis. The safety program can be specific in the

long time nonrepetitive activity cycle by means of this research method.
The Individual

The personnel photographed are normally recognizable as to name and
department. Therefore, individuals responsible for unsafe acts or respon-
sible for the area where an unsafe condition exists may be identified.
This photographic evidence can be used by supervision to realign the
individual's attitude as necessary or apply penalties where required.
Photographic evidence is, by its very nature, difficult for an offender
to contradict or evade.

An individual who consistently is responsible for unsafe behavior is
very likely to have a record of accidents. Photographic evidence may
lead to causes and the assistance necessary to help the individuzal.

The individual, on seeing himself in photography, is his own best

critic. It is known that the individual feels a detachment and sees



58

himself as a part of the whole when he views himself in pictures (20).
If the film from this method is shown to groups of employees, they can
better critique the hazards and much can be gained from the employees

themselves.

Evaluation of Safety

In industry, the majority of innovations to the organization, the
production process, or any of the various facets of industry are evalu-
ated on the basis of efficiency increase or reduction in actual cost to
the company. The evaluation is on the basis of operations prior to and
after the innovation., Thus, efficiency or the dollar saved is the cri-
teria“.for judgment.

Safety program evaluation differs from this in that the criterié is
a decrease in accidents, though accident frequency reduction can be
equated to dollar value. Normally, a safety program takes effect over a
long period of time and the trend in accidents cannot be directly attrib-
uted to ﬁhe safety program alone. Over time, there are other parameters
which could affect a change in the accident frequency. As examples of
other parameters, people seem to be more safety conscious in winter time
or just prior to a holiday period. To get the value of a safety program
under present criteria, then, takes a long period of time. In automotive
traffic safety, for example, the safety program evaluation takes several
years.

Because of the intuitive relationship of unsafe act and accident, a
reduction in the hazard frequency would appear to effect a reduction in
accidents also. The use of the research method, herein evolved, could

establish a hazard frequency prior to a safety program initiation.
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Immediately subsequent to the program or after a period of program cpera=
tion, a second survey to re-establish the hazard frequency would, with
all other things being equal, tend to the conclusion that the program had
a deleterious or beneficial effect on the attitude of the employees. The
need to initiate such a program during ‘normal' times to, as far as pos-
sible, prevent biasing of the results is apparent. In this manner, other
parameters, which could bias the outcome based on time, are reduced to a
minimum since they have little time to take effect.

The frequency of safety programs and their emphasis can be estab-
lished by their effect on the employees. Since the time element is re-
duced to a minimum by taking immediate measurements, an effective

evaluation can be made.
Accident Agencies and Causes

Nowhere in industry or other phase of society has there been a
direct relationship proven between accident frequency and hazard fre-
quency. There may well be a completely different mathematical distribue
tion of accidents superimposed on the assumed Poisson distribution of
hazards. Intuitively, it is felt that accidents are a difectmfunction of
hazards, but it is unproven.

No accidents were photographed during the course of this research
work and, thus, no cause or agency of accidents can be alluded to with
certainty. Though on the basis of the “Law of Averages', a person will
suffer injury if endangered in the same manner; frequently, there is in-
sufficient data in this work to establish this and analyze accident
agency or cause. The 'Expected Accident Criterion' developed in Chapter

IV is a theory which, though intuitively rational; requires a large
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amount of data to prove conclusively.
Therefore, no firm application of this criterion can be alluded to

in this research except on the theoretical basis of potentiality.
Multiple Hazard Pattern Charts

As an extension of the present concept, control charts could be
established for individual hazards such as objects projecting into the
aisle or a particular unsafe act noted often enough to warrant individual
treatment. The individual treatment would be initiated when accident
trend analyses indicated a high accident rate apparently due to one or
more hazards. The establishing of these charts would require justifica-
tion on the basis of accident trends because of the multiplicity of pos-
sible hazards and the potential paperwork resulting from a chart for

every hazard.
Inherent Conditions of Hazard

The photographic study indicated an important corollary to the dis~-
cussion. This corollary concerns the situations created by the architect,
engineer, or planner for a site which are inherently unsafe. Layout of
machinery, location of equipment, or service equipment which force the
operator to perform his work in an unsafe manner are examples of possible
'built-in' hazards. At one of the research sites, pay telephones are
provided for the employees. They are not enclosed, but are in a sheli
arrangement which forces the user to stand in the transportation aisle.
This is an inherent hazard though, as yet, there are no accidents re-
corded due to the hazard. This last statement is not qonfirmed by a

research of the accident reports, but stated on the basis of conversation
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with the safety personnel.

The film records establish the hazard and how it occurs without
members of management having to be present at the moment a hazard is
evident. This type of hazard is manifested clearly and management can

then concentrgte on how to eliminate it.
Information Models

Symbolic or schematic models have been used extensively by many
fields of study to represent reality. Their value lies in representa-
tion of reality in cooperation with the abstract for illustrating rela-
tionships. Information models illustrate the relationship and use of
information as it first is recognized in raw data form and proceeds to
be digested for the decision making process and finally put to use in
modifying reality over time.

Comparative models of the flow of safety information, considering
input and output of data, indicates the value of quantifying as perma-
nent evidence the safety hazard reports as proposed in this study. In
~the first model, input information is recognized through subjective
judgment of personnel evaluating the occurrence of safety hazards or
accident report analysis. The observance of a safety hazard is nct re-
corded except by individual observation and no record is kept as to any
frequency of occurrence. Under present normal industrial operatiouns,
this safety hazard data may or may not be used to gulde safety program
implementation. Much of the safety program direction is a resuit of
accident trend analysis; thus, the programs may well lag accident trends
over time. Thus, the data output in the present situation model may be

of 1little value depending on the time and subjective judgment parameter
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throughout the time constant of a safety program.

SAFETY MOTIVATION SEQUENCE

MCDEL I
Step No. Model Description
1. Input Hazards or accident reports.
Input Signal
24 Sensor Individual sees hazard or reads
(M%El-__ accident report.
Data Sfignal

3. ’ ’_ Decision Deduces potential accident or
(Men) | causes of reported accident.
Decisiop Signal
N
b, Actuation Knowledge of hazard frequency
(Man) unavailable and other parameters
then effect choice of Safety
Control| Action emphasis.
5. Output No positive method for evaluating
' - efforts.

v

The above model indicates that the second, third, and fourth steps
are activated by mental processes of safety personnel and are, thus,
subject not only to the individual's experience and performance, but also
to the individual's highly variable mental response to external stimuli.
There is no 'feedback' signal to the input which would serve as an evalu~
ation of any effort expended in areas of particular unsafe conditions.

A model of information flow for the procedure proposed in this

study illustrates the contrast from the existing situation.
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SAFETY MOTIVATION SEQUENCE

MODEL ITI
Step. No. Model Description
1. = Input \ Hazards or accidents.
Input $Hignal
2. Sensor Photographic data and enumeration,
(Camera) categorization of hazards
/ Data $ignal
3s . Decision Decision on emphasis of safety
(Man) program.
Decisign Signal
L, Actuation Modified safety program as
(Man) required.
Control Action
5. Output Changes in hazard frequency.
Feedbgck Signal

The substitution of an objective quantitative step in the model for
the subjective sensing of hazards reduces the probability of human fail-
ure to overlook problem areas by a significant amount. The addition of a
'feedback' signal to the model as proposed in completion of the communi-
cation cycle gives a positive evaluation of the man-man linkage found in

the promotion of safety at the industrial operation.



CHAPTER VI
SUMMARY AND CONCLUSIONS

- In this last chapter, a summary of the research and results is pre-
sented along with the conclusions reached and areas of possible further

research which appear to need study.
Summary

The study, herein, performed under the direct%on of Dr. Earl J.
Ferguson, at Oklahoma State University, establishes a basis for analyging
safety hazards and their frequency. An industrial fork truck was used as
the vehicle frqm which time lapse motion, or memo-motion, pictures were
taken during several time periods of industrial operations. The unsafe
practices photographed Qere categorized Into three general areas and,
thence, into subordinate detailed groups in order to standardize and
define the specific unsafe practices. )

The totals of these hazards were translated into a frequency per one
thousand‘man-hours based on the number of hours of research and the num-
ber of employees at the research site. These frequencies were then used
to establish a mean and control limits for a charting technique used to-
graphically display safety relativity. Each research site has an indi-: -

vidual chart. The charts, then, indicate a hazard frequency per one

thousand man-hours of labor for each research site. These are expected

6l
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hazard frequencies of 7.90, 9.03, and 35.71 for Sites No. 1, No. 2, and
No. 3, respectively.

This data can then be applied by safety personnel to modify the
periodic safety program emphasis or frequency and in the extreme to
modify the philosophy of safety personnel as to concentration of their
efforts. The data can also be of importance in evaluating the effectivew
ness of the safety program as it is used periodiqally throughout a time

period.
Conclusions

The research work establishes a method by which the periodic safety
program and a safety philosophy can be evaluated and indicate necessary
modifications. In the first chapter for this study, the hypothesis is
stated that the non-repretitive, extended time, activity cycle is subject
to feasible safety analysis whereby unsafe acts can be determined quali-
tatively according to established categories and serve as the basis for
safety program implementation and evaluation. By means of basic statis-
tical techniques and a modification of established useful work sampiing
techniques, a method of combining the statistics reduced from the photce
graphic raw data with qualitative analysis was developed. This method is
feasible and economical enough for any moderately sized industrial com-
cern to use in evaluating the degree of safety among its employees and
the effectiveness of the local safety program frequency and emphasis.

Because of the photographic evidence of unsafe practices in the real
situation, the interpretation and subjectivity inherent in most safety
evaluations can be eliminated or reduced to a minimum. When a question

arises as to the practice photographed being safe or unsafe, the
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photographs are the actual evidence which, after study, are the proof in
the decision.

The establishment of a Hazard Pattern Chart will give personnel
responsible for safety a means of quantifying the evidence and indicating
to management the relative safety of the local work force. In this day
of quantitative techniques, the author feels that this is one of the
primary features indicating the value of the method presented.

A great many more samples of unsafe practices at the sites used in
this research and at other sites is necessary to verify the usefulness of
this research method. However, this study was intended to establish the
feasibility of the method and show a direction of philosophical concepts.
It is felt that this goal has been achieved.

The additional samples of unsafe practices at the research sites
used may well modify both the U means and the control limits established
by this study. However, the method of arriving at these concepts as pre-
sented in this study has been proved to be feasibles.

The accuracy of the accident to hazard ratio will take many samples
and several years of historical data on accident statistics. Accidents
occur infrequently when compared to the frequency of unsafe practices
and, therefore, much work is required to establish-statistics and empiri-
cal conclusions as to the relationship of ideas. Based on the cost data
as detailed in Chapter II, however, the required work seems well worth
the effort.

With the safety improvement methods used in today's complex industry
being so nebulous and subject to interpretation based on widely separated
criteria, this research should help indicateba more quantitative means to

the goal of accident prevention.
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Recommendations for Further Study

There are several areas of study which occurred to the author during
the research work which appear to be tangent to but not directly related
to this work. These areas when developed would hopefully add to the
structure presented. BSeveral of these areas are as follows:

1. From a quantitative standpoint, a study on whether or not

the Poisson distribution actually fits the situation could
be helpful.

2. An increased scope of industries must be investigated to
get sufficient data for general application of the method
in various types of industries from general contracting
one-time~only work to production line repetitive work
using all types of large and small equipment.

3. The research method presented here could be used in a study
of safety involving pedestrians at crosswalks such as at a
University or any school level where large numbers of people
crowd crosswalks at repeated time intervals.

4. In the same type of study as in 3 above, this research

could be applied to the study of motbr vehicle traffic
intersections or circles where accident frequencies are of
interest to traffic authorities.

The above areas of further study indicate the wide area of possible
use for time lapse photography. This method of data collection has

almost unlimited potentialities.



10.

11,

12.

130

1k,

BIBLIOGRAPHY

"Accidents: World's Worst Killer,' UNESCO Courier, 1li:4-25,
April 1961.

"How 12 Companies Built Outstanding Safety Records," Factory,
October 1965.

"A Philosophy of Safety and of Safety Education,' Safety Education
Digest. New York University: New York Center for Safety
Education, June 1940, "

Somers, H. M. Workmen's Compensation. New York: dJohn Wiley and
Sons, Inc., 1954.

Stack, Ho J., and J. Duke Elkow. Education for Safe Living.
Englewood Cliffs, New Jersey: Prentice Hall, Inc., 1957.

Rockwell, Thomas H. "Safety Performance Measurement, ' Journal of
Industrial Engineering, Vol. X, No. 1, 1959.

"A Work Sampling Techniqﬁe,"Plant Management and Engineering, 23:
19-21, December 1961.

Monthly Labor Review.: Wé;hington, D. C.: U, S. Government Printing
Office, April 1962, '63, and May 1964.

Heinrich, H. W. Industrial Accident Prevention. k4th ed. New York:
McGraw-Hill Book Co., 1959.

Vernon, H. M. Accidents and Their Prevention. New York: Macmillan
Company, 1936.

Lang, Frank. Workmen's Compensation Ihsurance.. Chicago, Illinois:
Richard D. Irwin, Inc., 1947,

Simonds, R. H. and J. V. Grimaldi. Safety Management. Chicago,
Illinois: Richard D. Irwin, Inc,, 1956.

Blake, R. P. Industrial Safety. 3rd ed. ZEnglewood Cliffs,
New Jersey: 'Préntice-~Hall, Inc., 1963.

Schaefer, Vermon G. Safety Supervision (Industrial Series).
New York: McGraw-Hill Book Co., Inc., 1941.

68



15-

l6l

17.

18,

190

20.

21.

22,

230

2k,

25,

260

27«

28.

29n

300

69

Accident Facts. National Safety Council Annual Publication,
1960-‘64 °

Faist, K. L., and S. M. Newkirk. Job Safety Training Manual.
Deep River, Conn.: National Foremans Institute, 1955.

Accident Prevention Manual for Industrial Operations. U4th ed.
Chicago, Illinois: National Safety Council, 1962.

Haddon, W., E. Suchman, and D. Klein. Accident Research Methods
and Approaches. New York: Harper~-Row, 1964.

Report to Stockholders, U. S. Steel Corp., Vol. XXXVI, No. 4,
Spring 1965.

Recording Basic Facts Relating to the Nature and Occurrence of
Work Injuries, American Standards Association, 216.2, 1962,

Stop Carelessnes: Prevent Accidents. Chicago, Illinois: Inter=-
national Harvester Co., 1940.

Woodbury, Robert M. Workers Health and Safety. New Yorks:
Macmillan Company, 1927.

Rogers, B. A. "Legal Aspects of Safety Rules,” National Safety News,
75:25-27, April 1957.

Thuesen, Ho G. The Development of a Memo-Activity Camera. National
Science Foundation Grant No. 1767k, October 1962.

Duncan, Acheson J. Quality Control and Industrial Statistics. Rev.
ed. Chicago, Illinois: Richard D. Irwin, 1959.

Haddon, W. J. '"The Prevention of Accidents,™ The Textbock of Preven-
tive Medicine, Eds. Clark and MacMahon. Boston, Massachusetts:
Little, Brown, and Company, 1963.

Jacobs, H. H. Analytical and Mathematical Studies of Accident
Causations; Problems in the Selection of Individuals on the
Basis of Accident Behavior. Stamford, Connecticut: Dunlap
and Associates, 1961.

Vasilas, J. M.y, R. Fitzpatrick, P. H. Dubois, and R. P. Yorty.
"Human Factors in Near Accidents,”"” Project 21-1207-0001
No. 1, USAF School of Aviation Medicine, Randolph AFB, Texas,
1953.

"Motion Pictures in Industry, " Harvard Business Review, 41:162-3
July 1963.

"Amerdican Standard Safety Code for Powered Industrial Trucks,™
American Standards Association, B56.1, 1959.




33

34,

35.

26,

37

28,

39,

bo.

Ly,
Lo,

Lz,

L,

L5,

4e.

~]
(&)

"Memo-Motion Film Changes Jobs by Changing Attitudes," PMI - Photo
Methods for Industry, Jume 1964, pp. 23-26.

"Safety Program Reduces Lost Time by 62%.° The American City, 703
132-3, June 1955.

Blum, Milton J. Industrial Psychology and Its Social Foundations.
New York: Harper and Bros., 1949.

Neuschutz, Louise. 5,000,000 Casualties on the Homefront.. New York:
The Beechhurst Press, 1947.

Holbrook, S. H. Let Them Live. New York: The Macmillan Company,
1938.

Make Safety a Habit. Continental 0il Company, 1937.

Williams, S. F., and D. Oberteuffer. Health in the Worid of Work.
New York: McGraw-Hill Book Company, 1942.

Eastman, Crystal. '""Work Accidents and the Law,” The Pittsburgh
Survey. New York: Russell Sage Foundation, 1916.

De Reamer, Russell. Modern Safety Practices. New York: John Wiley
and Sons, 1958,

MacMillan, C. M. Foremanship and Safety. New York: John Wiley and
Sons, Inc., 1943,

Chester, H. People are Accidents. New York: Pageant Press, 196k,

Florio, A. E.,; and G. T. Stafford. Safety Education. New York:
McGraw=-Hill Book Cc., Inc., 1956.

Whitney, A. W. Safety for Greater Adventurs. Ed. H. J. Stack.
New York: New York University Center for Safety Education,

1953

Berkowitz, Monroe. Workmen's Compensation, The New Jersey
Experience. New Brunswick, New Jersey: Ruigers University
Press, 1960.

Ostle, Bernard. Statistics in Research. 2nd ed. Ames, Iowa:s Iowa
State University Press, 1963, p. 39.

Handbook of Labor Statistics, 1960. U. S. Government Printing
Office Bulletin No. 1606,

A Brief Outline of the Industrial Safeiy Movement. Chicage, Ill.:
National Sgfety Council, 1950.

“Reports of the Committee on Engineering, 1949-1950," President's
Conference on Industrial Safety. U. S. Bureau of Labor
Standards, Bulletin No. 133, 1951.




VITA
James McCloskey Daschbach, Jr.
Candidate for the Degree of

Dector of Philosophy

Thesis: THE DEVELOPMENT OF A PROCEDURAL ANALYSIS FOR QUANTIFYING SAFETY
HAZARDS ENCOUNTERED IN NON-REPETITIVE, EXTENDED TIME WORK CYCLES

Major Field: Engineering -
Biographical:

Personal Data: Bora July 29, 1932 in Boston, Massachusetts, the son
of James M. (deceased) and Martha Hanlen Daschbach.

Education: Attended Public High School in Winchester, Massachusetts,
graduating in 1950. Entered the University of Notre Dame in
19505 received the Bachelor of Science degree in Aercnautical
Engineering in 1954, Entered Southern Methodist University in
1958 (part-time); received the Master of Business Administra-
tion degree in Industrial Management in 1961. Completed the

requirements for the Degree of Dostor of Philosophy in May,
1966.

Professional Experience: Served as an officer in the USAF from
July 1954 to July 1957. Employed as a Flight Test Engineer and
as a Customer Service Engineer by Convair, Division of General
Dynamics, Fort Worth, Texas, from September 1957 to June 1960,
Employed as Customer Service Engineer by Aerc Commander,
Division of Rockwell-Standard Corp., Oklahoma City, Oklahoma,
from June 1960 to January 1964. Employed as part-time Insiruce
tor in the School of Industrial Engineering snd Management,
Oklahoma State University, Stillwater, Oklahoma, from January
1964 to the present time.

Professional Membership: American Society of Tool and Metallurgical
Engineers, American Institute of Industrial Engineers, Alpha Pi
Mu, and Reserve Officers Association.



