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THESIS



The purpose of this discussion is to formulate
definite and logical conclusions concerning the prewvention
of accidents to workmen in industrial activities. Ite
preparation has included study of the small amount of
literature available, relating to the subject, together
with the results of personal observation of industries,
mainly in the city of Lansing. In this conunection,
acknowledgement ie due and is hereby given, of the kindness
and assistance of the managers and others connected with
the plants studied. The writer ia particularly indeuted
to Mr. Robert K. Orr, Manager of the State Accident Fund,
for valuable assistance in the preparation of thrhis

discussion.

INTRODUCTION .

Social and industrial economies are rorcing upon
the engineering world a new field of endeavor. Since the
days when the engineers of the Pharaohs of Egypt and later,
the emperors of Rome, built their magnificent structures
through the labors of unpaid servants, with the most careless
regard ror life and limb, there has been a slowly progressing
change in emrloyment conditions. Recent years have seen a much
greater change in this repsect than has any other equal period
in tre industrial history of the world. The nineteznth
century witnessed the stamping out of the practice of

8lavery in our country and the few years of the twentieth
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century that have already elarsed have le.t behind
such an awgkening of public sentiment againest the existing
physical hazards cf industrial operatioh, that laws
relative to thie are belng enacted.

In the last five years the legislatures o:f twenty-
seven states have found it exrzdient to rrovide lews
looking directly or indirectly to the greater improvement
0f working conditions in the industries oif today. In
these laws the inestimable value of huran life is being
recognized, together with the enornOus economioc loss
occuring each year to emrloyers, emrloves, and the general
public through injuries sustained by workmen, resulting from
poor conditions of employment. These laws prcvide for
the partial remuneration to injured employes or their families,
when decath results, for injuries sustained while in employment.
These laws are not so entirely new in principle but they are
supplanting ©ld employers! liability acts with their many
imperfections and possibilities of evasion by employers, and
are providing more nearly positive compensation to the injured
employe through more stingent and definite rrovisions.,

The burien or this additional licbility to the
lahorer, must, of course, be borne by the employer either by
direct compensatien or through the agency of accident insur-
ance. It is then, exreciient for him to reduce the possi-
bilities 0f accident in his factory or other unit of

industry by such practical means as may be dévised. Thzrein
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lies the necessity for the new :ieid of engineering
endeavor, above mentioned, and from tuls it derives the
name of "Safety Enginez=ring".

Insurance companiss ogerating under these compen-
sation laws, are establishing departmente of sai:sty enginecr-
ing with a view to recomuending imprcvements in facteries
and other industries employing numbers of persons. These
improvements are such that when fully incorporated in the
indutries! oreration, they tend to lower the accident rate
in them so materially that a reduction in insurance vremiume
will be justified. Thiere is now, in the early stages of
development, a standardized method o: applying merit or
schedule rating to accident insurance risks, caseu upon
inspections by the insurance companies' safety engineering
derartments.

It is with the means or accident prevention,
rather than merit rating, that the writer wishes to dezl
in thise discussioh, the latter beinzs mentioned as indicating
the economic advantages ot satety precautions to the owners
of factories or other industries. However, a brief
synopsis ot those rortions of the Compensation Law of our
state efrecting this particular subject, in operation at
the -resent tiue, will not e inappropriczte here, and
imrediately follows:

The Michigan Compensation Lew is elcciive as

distinct from the class called corpulsory, i.e. employers and

employes must choose petween the old Employers' Liability Lew,

with certain moditications and the Workmen's Compensation Act,
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within a deiinite 7:2riox after employment begins. In
electing to be uncer the Liabllity Act, which choice

is assumed unless the employer :iles a written declaraticn
of his intention to come under the Comzensation Law,

as stated below, the em:loyecr iorieite his right to plead
the o0ld derenses of contributory nezligence, assum tion

of risk and fcllow servants fault, in the event, of court
proceedings ror the recovery for injurics sustained by a
workman in his employ. Such proce:siings are the only
means O: s=ttling cases of t:is class under the Liability
Act. The emrloye's rights under the old liability law

have not ceen curtailed by the Compensation Act. but remain
substantially the same.

To accept the Compensaticn pct, an employzar must
file a mritten declaration with the Industrial Accident
Board, indicating therewith, his sufficient responsibility
or the fact that he :as insured with some authorized
insurance company wihich cerries accident risks, or with the
State Accident Fund. He must post printed notices of
such acceptance within ten days from the date of its
approval by the Industrial Accident Board. The employee's
accertance is yvresumed whire lle em:loycr has elected to
come under the law, unless notice is given at the time
of hiring or wit-in thirty days from the date o: the employer's
election. As stated tefore, fallure to come under the
compensation Act by either :arty makes the Employer's
Liability Act operative.

All rublic empioyments except such as or.icials
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and all private employments except such as are casual
and are not in the usual course, tradz, :usiness, etc. of
the employzr are covered by this act. All personal
injuries arising out of, or 1in the coursc oi employment,
unless due t0 wilful misconduct, shall be subject to the
provisionse :or compensation in the act.

The Compensaticn Law p-ovides (erfinite rates of
remuneration for rartial and total disability and .or death
of emploves when the emplcyer has come under the act, as
follows:

1. Partial Disasility: 50% of the average loss in
earning power, not to excec:d ten dolliars weckly, uust be
paid for a reriod not excezding 300 wezks, which sum must
not exceed ¢4,000.00. .

2. Total Disability: % of the average weckly
wages, not more than $10.00 nor lsse than §4.00 , for a perica
not to excezd 500 wecks, must be raid, the total amount not
to exceed $4,000.00.

3. Death: If the employe leaves a wiie or children,
50% oi average ve:kly wages, nct to exceed $10.00 nor less than
$4.00 must be vaid ror +<he remalnder or the period betwecn dcata
and 300 we:zxs a:ter the iniury. Ii there are rartial dependents
such per-centage ¢o: the atove amcunt must be raid as the
amount contributed by the deccasei emrloye to such partial
dependents bore to the annual earnings c¢: the deccased. If
no dependents are lcit by the death 0: the employee, reasoncble
expenscs 0if the last sickness and o: the burial oI the deceased

must be raid, the amount nct to exceed (300.00,
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4. Specific indemnity for l:s: of member or members, .

as a -.nd or a foot.

I. General Considerstions,
Little literzture is available, as yet, upon

incustrial accident irewventicn, cwing to the very few years
that have elapsed since its inception, as a distinct and
important field. In this ;articular section it is the
writer's desire to somewhat briefly outline the general rield
of the work, brinzinz tog .ther thos:c prases treated separately
and to greatsr length by writers oi ragazine articles,
pampnlets issued by insurance companies and such other
literature upon the subject as is accessitle.

It 18 & noteworthy teature that zanufacturing
plants lend themselves most readlly to the etrorts o: the
sairety engineer and that the large rield of construction
work has little ati.ention. Tnhis condition has arisen
through the fact that there has not, as yet, been devesloped
any practicable system or m2erit rating ror insurance prcomiums
in construction wofk any .cnce no apparent necessity has arisen
from the economic standpoint for attention. Further, the very
nature of. the industries is such as to preciuce zeady standard-
1 zation of accident prevention means and methods, owing to
the conatantiy changing conditions in any constructioﬁ work.
Hence, in this discussion, little if any, atte. tion will be
given to this prhase of saiety englneering and treztment will
be confined to manuracturing industries alone.
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Writers upon this subject accord completely in
dividing accident rrevention into three uisiinct parts,
representing as many derinite brancies of endeavor in per-
fecting sarety conditions. Thess are, orieily stated,
Oorganization, e.ucction and saie-guarding.

Organization - Though no detailed systenm orf
organization is universally applicable to all ranufacturing
plants there are certai: basic elements which migat we.l
serve as the toundaticn o: sarety organization in all. The
purpose cf a sarety organization should be the establishment
of cooperation between employef and employe 10r the improvement
0i conditions on waich depend the sarety of the latter while
at his work.

- One of tne iirst requirement& of an efricient organ-
1zation is a provision ror careful inspection ét frequent
intervals, for the detection of any conaitions contributing

to the occurence of accideunts. guch inspection should be

80 conducted as tO0 promote the greatest possi:le degree of
cooperation between management and workmen, cotnr tc inspire
confidence in each other and t0 cring out the most immediate
netessities as they present themselves t0 the workmen in their
dally experiences. This may ce done by special workmen's
inspection committees and a sarety isnpector who may or may
not have other cutiss but ﬁhose rri-ary duties consist in
the suvervisicn o:i safety work.

Another requirement is an ei:icient and active ad-
xninistration 0I the sa:ety campaign. iiere also, the workren

should ce represented, probab.y, by department iroreman. In
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order to e.:ect the uost criicient administr.ticn a com-
mittee or surerintendents ani r1oremen should constitute
the body which authcrize all sa:ety work.

A third requiremeut is strict supervisicn and
carrying out or all aushorizea z2taods in scievy work.
ihe success 01 a searety cam'aign d.pends upon tne degree
of care used in its operzation. Such supervisicn snould
be placed in tae hands ci the Ba.ety iuspector.

In an article contributed to tae Safety gngineering
magazine for January 1915, by C. W. Price, Assistant to the
Industrial Commission of Wisconsin, and member o: the Execu~
tive Oomﬁittee o1 the Nacidnal vafety Council, ne states that
in five years excerience in the varicus industries in Visconsin,
which nave made the largest reductions in accidents, two-
thirds of the reductions have been accOmplished largely
through organization and educaticn or employes. The con-
clusions of Mr. Price wnich secm also t0 be held by otaer
writers, show the importance or organization in sarety engin-
eering work. Mr. Robert W. Campbell, President of the
National 8Safety Council, in én ariicle in the Compensation
Journal tor April 1514, places orzanization as afrording 455
out of -a possicle 100.. efficiency in accident preventivon.
EDUCATION. This subdivision oir :afety engineering is given
second place to organization cy Mr. Campbell in the avove
mentioned article, as affording 30% er.iciency. M¥ethods
of education of'empxoyea, in safety work, are not nearly so
derinite nor so0 extensive as are those 0i drganizatlon. Such

methods consist in general, in educating the employe into
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hatits o1 carefullness in his work. Lectures, scretines
illustrated by lantern slices, posting o:x signs o:r warning

in dangerous places, cistributicn o: rrizes, such as badges,
etc. t0 men in departments in w:ilc: the least numoer of
accidents occur causing i1ost time, and personal instruction

¢f the men indivicuzlly are smong tie various devices zdopted.
Undoubtedly, roremocst among these is the last named, tersonal
instruction. In ti::8s line is the em>ioyment or interpreters
for foreign euployes, ana tne »ractige or interviews

with the employ.s at thelr maculnes, pointing out the elements
of danger in their rarticular line. Hereln, rorémen 1ully

in sympathy with accldent prewention reans and rmethods ray
render very e rfective service as instructors.

SAFEGUARDI NG . Mr. Price in his article :entiored above,
satates that the experience of the companies ~-~ich ta-e done
the most systematic work in accideut rrevention, snows tnat
practically every roint or canger on machines can Le covereu
with a simple, ef:rective and inexpensive safeguard wnich

does nd interrere witn tne operation or tie machiue. while
sareguards are the most positive and derencabie means :0r the
prevention or accidents ot the cdass to which such m-ans are
applicable, un.ortu.atley :ior tac work of the sarety engineer,
machine accide:tc constitute a minor rart or all the accidcnts
which occur in industrial pursuits. Wisconsin statistics

given by Mr. Price, show fhat in t2at state, betwe:n 30% and
35% oi tne total number of accidents causing uisablility of

seven days or more occur in the operation of mac:ines. Mr.
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Campbell places sarety devices at 17% er.ici-ncy in the
prevention of accidents, and zives 5% to lighting and 3%
to cleanliness, making a totzl or 35 <i:iici_ncy tor sare=
guarding. Edward T. Walsh, M. L. 18, at tie time of tais
writing, contribut;ng to the Sarety Engineering wagazine,
a series o: articlcs on "Accident Prevention Through Good
Ventilation®™ in -hich ne chows tze importance or good
ventilation as a wczans oI sa.ety. It secms tnat Mr.
Campiell c=rrea somewhat in not giving some place to tiis
important factor in his classiticuation.

cIDENRT CAUSH Foremost, among the causes con-
tributing to the occurence of accidents, is careieseness.
Constant expoauré to uanger nas the eriect of decadening
the sensibility oi tne workman to the vmrecarious conaitions
surrounding hipg, and :irompts him to t-ke many chances which
in the absence or ;amiliaiity he would readily recognize
as positivcly dangerous. It is mainly ror the elimination
of this class cr accidents that tnhe sarety organization :as
been conveived. Some ons zas aptly said that a thinking
workman ie a "safer workman. Tze workman who tas a
dezinité interest :n his work is the "thinking" workman. To
t-i8 end the 8plirit of cooperation develored oy the sa:iety
organization, .serves an important.surpose.

Another factor contricuzing largely to tne
occurence o: accluents is the ignorance c:r tie workman or
the dangers which coniront him in his daily work, or to waich ze
may be exposed occasionally. sucﬁ lgnorgnce may lecad him in-
nocently into daﬁgere riich he would careiully avoid did he
realize the real hazard to waich he was exyosing himself.
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A carsfully conducted educzticvnal campraign emong the
employes with a view to bringing to their attention the
points of dangsr, is the logical solution of such a
problem as atove outlined.

The third great class cf &ocident causcss consists
of those wh:icnh arise turough dangers inherent in ordinary
‘operation oz machines wit hout suieguards or occuring throuzh
defective machines and other factory appliances, all cr
which refer mainly to the manufacturing industrics. pdded
t0 these items, in ordsr to make this class include all
causes nct covered by the other classes enumergted, should
be those dangers 1nherentv1n the constructicn industries
and such others as izay logically fall under this head. The
generai remwedy wrescrived, vitally insufficient and indefi-
nite as concerns counstruction work, but well deiined in
its application to nanufacturiﬂg industries, is safe-
guardinge.

Vitn the above geueral treatient of the causes
and remedies of accidents as a tasis, a detailed treatuen
mainly from the writer's observation in the study of

various industries rmay now be attemrted.
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II. Detaill Treatzent.

It is intended in this section to treat in

comparative detail the con@itions encountered in the
inspecticn and study of eighteen factories, sixteen of
which were in Lansing, one in Jackson and one in Grand Lege.
These factories w:=re selected rather indiecriminately for
study, in order thut the average resuits wmight be obt:ined,
yét an attempt was wade to have a8 many industries as possible
represented. It is not the desire of the writer to treat
separately, in detail, e:ch factory rvisited, but ruther,by
8tudy and com: crison of the conditions p.evailing in the

various ones, to arrive at a kno~ledge of the genersl
tendencies, activities and symrathies toward accident
prevention and to study tis effects of these upon the industries.

A table showing thie nature of the industries

inspected and studied follows:

INDUSTRY. Table I.
No. Viesited.

—

Automobile jtanuracturing
Gas Engine Mfg.with and without foundries-
Machine Shops{generzl, screw nfg. etc.)
Foundries
Forge Works
Wood working Shops(auto bodies, wheels,
wheesl-barrows, etc. with and
without machine shops, etc)
Clay products manufacturing
Total ’ 18

LaVE ot VI

(gul 9]

An attempt has been made to show, in the following
table, 4n a brief and comrarative way, the conditions
encountered in the inspections made. It do:=s not show the
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actual conditicne existing in datail, but it does show
at a glance the extent to wiich the various phases of

accldent rrevention are being used, in the orinion of the

writer.
TABLE II.

Features. f%%%g%2?%%%%3%§%§fi%§%§%%%%é;.
1. Sympathies of wmanagement toward. ) ) ) ) )

accident rrevention .4 .7 o« 7 . 18 .
3, Safety organizaticns : ;F,: 1 : :4?;§ : 4;§_;
3. Educationsl facilities 1 .5 . ;13 . 18,
4. Cleanliness and order .6 .9 . 3 . . 18 .
5. Light .10 .5 . 3 . . 18.
6. Ventilation .1 .5 . 3 . . 18

Safeguarding
7. Transmission(belts, gears, ehaf%ql;:: 7. : _10 : : ;§_;
8.Mgchines (various dangerous pgrtsj 2 :j§ : 6 : 4 : 18 :
9. Elevators, hoistways, etc. ;ﬁ;; ;ﬁg : 2 : : 9 :
39.8tairs, elevateg_;unWQXQJ;gggg;; ? : <] : 3 : : 16 :

The first 1tem in the atove table, sympctiies of
managepent, is based upon the generai attitude of the
superintend.nts, :ractory managers and other officials inter-
viewed and the gencral impressions arrived at through inspection.
The figures show that in the opinion of the writer, only
about 30% of the factories visited were opsrated by men
fully in sympathy with safedy work. Another 40% were only
fairly intercsted and the remainder; (40%) were without apparent i
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interest in the subject.

Obut or the eighteen factories inepected, only two
~ave safety organizations. One of trhcece consists of a
comnittee o1 threg workmen, one arpointed ezch month, who
make weekly 1nepections of the factory and file written
reporte of hazardous conditions, with the suprerintendent
who then requests that.they subnit sugsestions ror improve=-
ment of such conditions t0 him, after which iie passes upon
such suggestions to aurhorize their adortion, if satisfactory.
Thie factory has doxne more toward safeguarding and .education
of employes than any ¢i the other seventeen. Another
factory has a sarety committee or seven workmen, mainly
foremen, but the conditiorns in this factory are not such
a8 t0 indicate that much hwes becn done by this committce,
since, in many resrec.s the Iactory is vcry deficient in
1ts safety devices and appliances. The attitude of most or
the éther factory eperaziors toward safzty work shows, the
writer believes, that their feilure to provide zor workmen's
organizations is not 80 much an indication oi the ineffective-
ness of such organizations as it is oI the failure or the
operators to realize their true value. Th: gist of a
statement frequently made by the factory rianagcrs and
superinténdente during this series of inepections, was that
guards had been provided for dzngerocus machines and otler
pointe of hazard and t:at all cther possible precautions must
rest with the workman himsel:, since the operators nhad done
all that they could do .Sy installing the guards. Such a
statement éntirely disregards an imypcrtant factor in the
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condition of labor.

The workman is expected by his em.lover to
produce the largest output recsonzvly rossi:le in his
work. Under the feur of diecherze, he often takes many
chances ani e xposes himsel! to uany dang:rs in order to
perform the greztest amount of work with the least actual
exertion. While in most cacea it is nct the intention
of the employer thcot the workman shall exypose himself to
unnecessary dangers in his labor, yet the latter undoubt-
edly often f:118 t0 realize the formers real intentions and
there exists “»etwe=n the emplov:zr and employe a misunderstand-
ing, the foruer interpreting the a tters attitude as that
of pure carclessness while the workman f£:231s that he is
laboring to the tetter satisfaction of his employer. There
exiets therefore, a lack of cooperation which :-ould be sup-
Plied to 2 large extent by crganizaticns established for
the purpose of creeting a more thorough understanding be-
tween these two elements of industry and in which employers
and employes join their efforts for the advancement of
physical satety. Despite the small percentage of factories
encountered in these inspections, which support any type
of safety orgénization, it is s8till the writers firm
belief that such organizations ehould exist in every plant
where conditions permit. Per-aps in some the euployes are
of such a transient nature that attempts at cooreration
would be futile, but t:e vast majority of rmanufacturing
Plants are well adppted to the suprort ot workzen's safety

committees and inspection departments.
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Though educ:=tion is closely allied with orgzanization
as regarde its objects, a larger number of the plants
inspected have taken steps toward the education of their
employes. Foremost among t-es2 was ithe one already
mentioned as the vest equipped factory insvected, from the
standpoint of safety yrzcautions. Their excellent
organizstion serves as an luportant 2ducational medium
for those employes who ave acted uron tue committes.

G.enera.; p:inted ir8 tructione are provided +the workmen when
hired and special instructions and warnings ror various points
0f danger are consvicuously posted. . Such instructions
are always brief and designed to attract the attentlon or ths
workmen. No instructions are allowed to remszain aiter they
have served their purpose, to cuiiuse workmen and distract
their attention from new and important notices. "Safety
Firet"™ notices in green and white are placed at frequent
intervals in conspicuous places. As an additional precautioh
all machine gzuards and other safety appliances are painted
red, which czrvss to call the workman's attention to them.
Some other factories have engaged in educational
work in varying degrecs but none so extensively as the one
mentioned above. The usual means adopted is the rosting
of danger signs. Individual instructions to machine
operators are important items since they bring to the
individual attention'of the workmen the dangers in connection
with théir particular work.
Undoubtedly, the reason for the fact that more
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plahte have adopted some :orm oy educcticnal work than
have adopted organization, is that the needs and results
are more directly apparent and the sympathies of the
manager lay with the nrevention of that class of acci ‘ents
(namely thoe= Jdue to iznorance), which it is intended to
prevent, more than witn those dus to agrarent carelessness
on the part of the employee. .evertheless, the iaw does not
discriminate against either class of accidents tut holds
the employer or insurance com any equally liatle for b:th,
unless the accldent is due to wilful misconduct. (Conse-
quently, neither education nor orzanization should be
belittled by the employ:r in his acciient rrevention campaign.
A factor which is of importance in plant oper-
ation and which effects, to some degrecz, the gccident
frequency is the cleanliness and general order. The
tendency among most rlants is to hold a rgther high standard
in theses respects, yet three of those inspected were
classified as poor, mainly through lack of care in piling
materials and ridding flocrs of unneccssary refuse. Greasy
and littered floors near working machines are dangerous,
especially where the operators are dxposed to subh
conditions. I found such -~onditions eliminated very
effectively in some cases by a slightly raised platform
made. ot 8lats through whictk small p- rticles could
pass out of the way of the orerators fe:t, and on which
the workman could stand w=2ile orcrating =is machine. In

some factories very effective use was ade of boxes or
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cans, mounted upon sufficiently large casters to insure
case of movement, as cont inors for pleces ci stock

uwsed by the workman. This elimin:.tes a grest deal of

the hazard o1 stock ecattered rromiscuously upon the floor
and enzbles an attendant to remove finished :arts znd %o
supply new stock to the machine operctors with greater
facility. Though these ure frequently used in the
wood=-working shops but n t so frecquently in the machine
shope, there 1s no reasc. g ::zrant why such a method is
not equally applicable to the 1latter. Poorly defined
aisles due to scat cred materizls, tend to expose men

to dangers both from machine rarts and from falling{
which could and would bc otherwise avoided bp them.
Cleanliness and good order nut only aid in the reductich
of acclidents but add to the eificiency of the workman

as well.

. As an indication of the dangers of slipping and
tripping,. the tact that out of 35,991 non-fatal accidents
classified in a recent report of the California Industrial
Accident Zommission, 1634 wzre Jdue to these causes, may
well be cited. In addition, 1,125 occured as the result
of handling objecte in si:ops. Out of 54 classes of
accident causes, slirring stands sixzth ir the number of
accidents resulting in this report. From this, the real
importance of precautions to prevent such accidents is very
apparent.v
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The lighting of a plant :lays an im.ortant part
in the accident freguency, while its real importance
carnnot te directly shown by actual figures tased on the
experience or operating rplznts, a little reflection will
convinoe one of the possibility of accident tarough
lack of sufficient light to enable workmen to see the
dangers at hand. This is particularly tr:e of machine
operation, sinece rarid revolution of rrojectirn: jarts,
such as set scres, gear te2th, etc. riurnders such rarts
invisible, except in good light. TVkiere treze are rro=-
tected the danger is considerably decrezezsd, but even in
such cases a workman's acticns cennct be so rapid as
where good light is provided him. Hence, it may ‘e
scen that not only from the standpoint of accident
prevention, but irom that cf efficiency, good lighting
is to be desired.

Of the eighteen factories visited, ten were
lighted in an excellent mauner, Zive had falr facilities
and thrce were nroorly yrroviZed. Onc or the first number
was equipped with gas lighte as an aid to excellent con-
ditions of nat:ral lighting,. others used electric lights
in this capacity. In some factories the only lights used
in placcs that w:re naturally dark wer. incandescent
lamps, rear the working points of the machines themselves.
These served the purpose of lighting trhose rarticular
parts, but aialee and spraces between the muchines were
very poorly lighted and rresented conditions of considerable

hazard in tte opinion of the writer. The general
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tendency is toward good lig:ting in most o:i the
factories.

The rart of ventilation in accident prevention
i8 not so readily establisned and accepted as that
of lighting. How:ver, the effect of foul air upon
the efficiency o: the workman is generally understocd
t0 be detrirental. It 18 a fact <f z2neral knoiledge
that poor ventilation impairs the mental activity
and produceé a eluggish brain. It is, then, only logically
conocluded that the workman's saiety in the rresence
of any dang:cr, ie impalired considerably by his decreased
carefulness and alertness.

Good ventilation existed in cleven of the sighteen
factories, five had falr ccnditicne and two were very
deficient in this res-ect. The gen:zral tenlency
is then se=sn to be to provide good alr and freedom from
dust. Both conditions are produced in the
majority of cases by forced draft. Among the wood-
working shops the usz oi local rorced ventiiation to
remove any dust »nroluced by mechines is varticularly
prevalent.

The field of safety work which lends itself
most reziily to the saiety enginesr is guarding. Waile
the class of accidents ~-:ich can be =nrevented by this

means is held by sarety exparts to be a minor portion of
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all accidents occurring, the direct neeis and :-rczer
remedies arec me -t ewaily onszrved and consequently
receive first at-e.tion in a sarety campaign.

In un atterpt to gain some idea or the
proportion of rmachine to other aécidents, occurring in
an ordinary factory, the writer ha:z classified the
accldents ror deiinite reriods oc:urring in four Lansing
factories. The methods of keering records 'racticed Ly
the various plants being generally diff=rent, zny attempt
at uniform classification is undesirable. The unature of

the fagtories whose accidents wcre stu.led are as follows:

1 automobile factory.
1 gas engine factory.
1l wheel barrow factory.

1 ragon factory.

The first classification (table III.) is for the
automobile factory for the montne of November and December
1914, and January, Februar: and March, 1915, and includes
both the cases where doctors were employed and where
treatment was glven entirelyvin the pl=nts' emergsncy

hospital.
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It 18 made on the :tcsis of the occupation of the

injured workman and consequently does not truly s-ow

the nurber of zccidents on the various classes of

machines since some acclie..te occurred to machine

operatore while they wcre temporarily engeged in other

work and machines were uniouttelly responsivle for

accidents to others than their operatcrs.

Table III.

Occupation .Number. Machine . All
. .Accidents% %
Grinders . 296 . 39.8 .
Lgthe Operators . 271 . 26.3 .
Drill Operators . 166 . 16.1 .
Milling machine Operators . 87 . 9.4 .
Pungk Press Operators . 94 . 9.1 .
Sﬁ er Operators s 83 . 6.1 .
Miscellgnecus machine opcrators . 43 . 4.3 .
Total Machine Accidents 1030 . 100.0 . 43.7
% _oi others
Assemblers . 365 . B87.5
Truckers . 98 . 7.4
Tinners . 110 . 8.3
Trimmers . 47 . 5
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Machine All

Ogeuration Number.Accidents. %/ %
Toolmgkers . 47 . 3.5 &
Machinists . 37 . 2.8 .
Inspectors .50 . 3.8 .
Laborers ._80 . 6.0 .

Die MakcTs . &9 .« 2.8 .
Repairmen . 44 3.3 .
Carpenters . 37 .« 240 .
Electricians . 33 . 2.5 .
Mill-Wrights .18 . 1.4 .
Miscellaneous .34 . 5.8 .
Total of hand labor accidents 1327 . 100.0 . 5¢.3
Total Accidents Ciereeteaaaas 3357 .

Table IV. shows the nurber of accidents occurring
in the gas engine plant since the'beginning of thelr records
in 1513. Thie plant is the one referrsd to ac the best
equirped of those inspected. The classizication here is

based on tkhe natuie O0f the accidents.

Table IV.
Nature -f Accident « Bumber. Percent.
Accidente to Eyes . Bl . 57.0
" _due to revolving narts . 230 o 18,7
n P " falling o:jects . 11 . 10.3
Miscellaneous » . 15 . 14.0
- Totals . 107 . 100.0
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Table V., is mzde from the accident records of the

wheelbarrow plant ror the year April, 10, 1214 to April

10, 1915, and is based on tre accident causes with srecial

references t. some o: the rost dangerous machines.,

Table V.
% %
Cause Number. of Machine. Of All
Grinding + 5 . 23.8 &
¥ood & Iron Drills .« 5 & 33.8 .
Saws « 8 9.5 .
Planers e 1 . 4,8 .
'H;agellggeous Machines « 8 & 38.1 .
Total Machine o 81 .. 100.0 o« 35.6
Fglling objects o« 7T
Foundry work 3 .
Misczcllaneous . 28 .
Total Non-machine o938 c4.4
Total Accidents .58 .

Table VI. classifies the

accidents of

the wagon plant since the beginning of the records, according

to nature and causes combined.

Table VI.

Ngture or Cause

G o

g »
.Number . Of Machine.Of all

Sawing 3 . 33, .
Agcidents to Eyes 3 . _23.0 .
Sancing - . 15.5 .
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Nature or Cguse Number of Hg?h;nes QfﬁAll
¥he:=1 trueing « B8 .+ _15.5 .
Other machines . 3 . 23.0 .
Total Machirne 13 . 100.00 . 44i.8
Falling Objects .5 s
Fglls to_men . 3 .
Miscelleaneous .o 8 .
Total Non-machine . 16 . 55.2
Total Accidents . 29 .

From Tables III. V. and VI. it will be se=n that

between 35% and 4S5% oi the accidents occurring in these
plants consiiered serarctely, were me# sustai:ed by muchine
operators and that about 25% of this class are injuries

to eyes. Thece are malnly sustalned .in the oreration of
grinding machines or various kinds. Lathes, saws, and
drills are indicated =5 hazardous machines by these
classifications, partly due to their greater number, but
due mainly to their dsngerous nature. Though these
clas-ifications do not show acciients sustained through
belts and other trunsmission equiprment separately, the
real danger of trese is indiceted by the California
Accident Boardt's Report, mentioned above, by the fact that
belting linee and pulleye were responsible rfor 6.0% or the
accidentes due to mechanical caus:zs. while the classifica-

tions given cbove show the general conditions in the four
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factories frorxr which they werc made, tiey are not suf-
ficiently general to te truly indicative of the hazards

of different classes of machines and equivment. In order
to supply some causes 0: accide:nts not touched upon in
these tables the writer -as seclected fiftesn of the
fifty-four classes tzbulated in the Califcrnia Rzerort,
treating only accid:nts due to recharical cau:ses, but
quite thoroughly covering this fie:d, and tabulated thenm
with the percentage of the total number rerresented by
eath class. Tnese ac-idents were non-faitl but cccasioned
temporary diszbility. Tzis tadbulaticn is siven in table

VII.

Table VII.
chirs causing Accident o Number . Percent.
Motors and wngines . 583 . 20.8
Emery Vheels . 367 . 13.0
Saws . 278 . 9.9
Belting lines and rulleys « 170 . 6.0
Drills. punches and dies . 133 . 4,7
Gearing . 103 . 3.6
Lethes and shapers « 90 . 3.3
Feed rolls . 66 . 3.1
Presses .74 . 3.6
Shafting and conveyors . 70 « 2.5

Jointers, edgers, slicers and stayers . 44 « 1.5
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Machines ccusing Accident Number ., Percent .

Planers, veneerers, saonders « 37 . 1.3 .
Set screw_ . 81 . 0.7 .
Cogs o 16 s 0.8 .
Elevators and hoistways 324 . 11.6 .
Miscellansous . 420 . 14.9 .

Totals 2813 . 100.0 .

Treatment oif the subject of safe-zuarding with
reference to the inspecticns may best be coneidered under
four heads, 1. e. transmission, inclading belts, gears and
sprockets, separate from the ..achines, machine guarding
- including all mcane »rovided for protection of workmen
against dangers inherent in the operatl on of the machines
thzmeelves, clevators and hoistways, stalrs, elevated
runways and ladders. These lLieads represernt four distinct
divieions of activity in safety work.

The great tendency among the plants visited
is to disregard the hazards o: unprotected belts, but gears
and sprockets are as a usual thing fairly well guarded.
Only one ractory could be classed as really well guarded
in this rarticular. The main fe:-*tures of transmission
besides ge:re and sprockets are horizontal over head,
and vertical and inclined driving belts. In few plantse is
any attention given to the guarding of hori:cntal telts
excect where they are six fect or less from the floor, the
reason for guarding in which case being very evident. The
danger from large horizontal belts breaking and injuring
workmen is considerable, particularly when such belts are
running at high speed. This denger is eliminated 1in
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some factories ty supporting closcly beneath the lower
side of the belt a board, wire mesh, or sthect metal guard,
and turning such guard ur past the pulley to act a8 a con-
tainer for the belt in the event of its breaking. However,
the uee of such guards is not general.

Rezarding verticel and inclined bcite most plants
provide some means o:r guarding the larger ones where they
run on a pulley near the floor but such guards do not
usually extend to sufficient height to afford complete
protectioh. The usual materials for such guards are lumber,
wire meeh and angle irons, or gas pipe railing. The wire
mesh guards are the most desirable; owing to thelr ease
of removal for cccess to belts and pulleys, general appearances
and the small srace occupied by them. Where sufficient
space is avallable a substantial gaspipre railing 3 ft. © in.
in height placed not less than 15 inches from the belt
or pulley affords good rrotection. Any guard placed
closcr than 15 inches should ve of suck tchamacter as to
prevent clotaing or otier materials from coming in contact
with the moving telt or pulley and uence should be wire
mesh, wood slate or boards, the wire mesh being preferatble,
and should extend to a hcight of sbout six feet =bove the
floor or rlatform.

One factory which the writer inspected was using
individuzl motor drive for the wachines, most horizontal
belts being eliminated, a8 were also many of the vertiocal
ones, which would be necessary for group driven maéhinea.

pesides the high efficiency of suoh a plan which is
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generally oonceded, it has the advantage cf decreasing
the accident hazaris very materiallye.

Stairs and elevated runways arc to some extent
dangerous when not well raintained and provided with
sufficient rails. Reference to Table II. will show that
safer conditions exist in thie classification of safe-
gurading than in any other exce:t elevators and hoistways.
The dangersa from defective and unprotected stairs and
runways are 80 apparen% that careful attention is usually
given them to avoid accidents.

Elevators and holetwnays have in the rast, been
the source of many accidents and reference to Table VII.
will show that thie class stands well up in the list of
mecaanical accidents in Californis, from the standpoint of
number. However, the writer's inspections of the eighteen
factories, mentioned heretofore, revealed goocd conditions
in this res:ect. Most elevators were excertionally well
guarded by having thelr shafts enclosed on at least two
8ldes a:d automatically opreratec’ gates provided for the
other sides. A few, however, were not so guarded and were
unmistakably dangerous. An automatically operated gate
and closed sides do not in any way detra¢t from the
efficiercy of operation, nor lessen the advantage:c of
an elevator in any way, but they do provide practically
safe conditicns and a much betier z.pearance.

By - far the most important part of safe-guarding

has t0 do with machine parts. Th® large number of
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machines and the closz contact ¢ the operators with
them, arc the fe-tures resrconsitle for this condition.
The diflerent makes and kinds of rucchines are of such
large number thst any attempt to treat them e eparately
as to hazards and possicle guards, would be scarcely
within the li-its of this work but a gencsral treatment
of some of the most important am huzardous classes as
reveale d by inspection and s tudy will be attewuvted.

The largest clzss cf accidents to machine
operators revealed by the rccords studied, occurred in
the grinding of tools and castings, and this is not
surprising when one s ecs the number of grinding maciiines
being operated without suiiicient protection for the ren.
In but few cases were sog:les worn by the workman to
protect his eyes from flying particles of emery, yet t:his
is the nature of the vast :aj rity of grirdingaccidents.
Enclosing ccses for the wheels are not in general use
but iron band guards are used in the majority of cases.
These are however, neithBer eifectivc protection agairst
flying particles oI c..cry noragainst danger frox explosion
of the wheel.

Nezt in numbter, to the griider accidents are those
accurring on saws, these telng undocubtedly the most hazardous
machinee in a wood-working shop. Band savs can te very
effectively zuaried and in most cuses they were found to
be well protected, but the main difficulty encountered is
with the circular saw. Several different makes of guards

for trhese saws are upon the makket and a numter of
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these have becn installed in the shops inspected, .ut
they were not belrg gernerally used by the workmen. From
the standicint of et-iciznecy c¢f orerators and eiiectiveness
in accident rreventicn, most or ti:se guardis are undoubt-
edly beyond adverse criticisz, tut the fallure to use
them secns to te .ue to the idea of thhe workmen thuat they
are amply =bl: to rrotect themselves without mechanical
guards. However, ths lar:e nuxber o7 saw accide:ts that
occur 8.:ow plainly that such guardi: are highlg desirsable.

| Lathes when not pro erly guarded afford many
points of danser, the most important teing the many gears
and the chucks and dogs. Fortunately, the gears are
usually enclosed ~ten the machine is made but the chucks
and dogs must b:- taken care of by the plant using it.
ihese latter items are given little attention in most of
fhe factories inspected, some however, using shect metal
guards _around the chucks to prevent contact of the workman
with the moving —arts. A particularly dangerous class
of latxes are tnose in which the material leing worked
extends throuzh the head stock of tke lathe some ten or
twelve ect, as in the making of screws. In one or the
factories inspected a workman had becn caugnt by revolving
material and whirled about pefore the machine could be
8 topped. This accident resulted in the providing of
pleces cf iron pipe as containcrs in which the trojectirg

stock rumns.
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The wood slhrp.er as usually male, is very hazardous and

permits of little guarding. Some factories are

using the new type of cylindrical head for the knives,

which are s0 constructed that contact with the revolving
knives will only cause a slight paring o:r the fl:sh instead

of the removal ¢f one or mere fingers as was possible

with the old style of square head. In addition to this,
forme are frequently used L& in: the general outline of the
finished article, to which the stock is attached by clam;:s.

By the use of these :orms the protability of contact with

the knives by the workman i1s grecatly reduced. guch forms

can also be used for some otker wood making machines whaere only
certain finished shares are being produced. The cylinder head
is 2lso used on many buzz planers to lessen the possibility

of serious injuries.

In addition to thcse machines, epecifically
considered as the most hazardous, are -any others which
present varying degrees of danger to the workman. In
fact it might truly be said that any machine 1s, in some
degree, dangerous and needs the installation of guards
to insure absolute safety. Rererence to Table II.
indicates that safe-guarding of mechines has nat be:z=n
very completely carried out in the factot?finspected, it
being possible to class only two of the eighteen factories
as good in this respect and in four of the nunter, machine-
guards were practically or wholly lacking. The superin-

tendent of one of these factories secmed disposed to ridicule
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the whole program or accident crevention, os unneccssary
and wasterul. It is of interest to ncte tkat in the
construction of new plants the tendency is to give rartic-
ular attention to installation of sarety arpliances. One
of the plants inepected was in the final stagcs of con-
struction and installaticn, it teing planned to comzence
operation May l8t. Many saie-guarding devices zad been
installed &nd rlans were rade ror others, w-ic:h when com-
plcted would leave 1little to te done to insure the employe's
safety 8o far as such is rossible tirough the mecdium of
safe-guarding,

III. Conclusi.-ne and Suggestions.

Employers are becoming generally convinced that
accident prevention has its piace in the industrial world.
A few seriously doubt its real :eed but in the main, some
degree of safety work is being attempted in nearly every
plant. As might be expected in any new line or endea-ur,
the first sters are being taken in that branch of accident
prevention in w-ich needs and results are most readily sezn,
i. e. tn that branch in which rmechanical saie guardse
serve as the means oi protecticn. Plant inspection reveals
the fact that very little system is being practiced even
in this 1ield for it 18 very corzon tc¢ find some point
of danger gusarded, but several othesrs of exactly the saxe
kind in the same plant, entirely unguarded. The evident

nezsd of every picnt in its safety work ie a systematic
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plan o. attack. It is the writer's inte tion to out-
line in tris secticn what hc consid:rs to :: thre
essential elerments of a systexstic safety cempaign.

Tte rrirnary need is effective admrinistration
whicnh should te in the hands of wen thorouchly in touch
with shop conditions. Undouttedly the Zactory manager
or superintendent sheould Zcad a comrittcc Jor this purgose.
The body of workmen should ba reprisented through some
of théilr numser or thelr -oremen, both to e:fect co-
operation Tetre:n employer and employe and to give the
committee the advuntage of the workman'e more intisate
knowledge o: the hazards and cenger o: the plint, through
his own experience.

Care:zul inepection for the detection of the rore
evident dangers is highly important. Thié'&hould not rest
alone witﬁ the sa ety engineers of thre insuranbe companies
as 1s the case with many plants whose manazers rake their
safety improverents upon the recommendationp of factory
inspectors alone. While tre factory inspector can offer
valuable geheral suggestions, his knowledgze of any
particular plant, is , of necessity, not suffipiently
intimate to enable him to touch upon the many imrortant
details which are not always evident upon ordinary
inspection. Safety inspectors and workmen's commi ttees
for each plant are avaiiable soclutions for the inspection
problem. Whatever :eans is adorted should bz such as %0

result in careful periodic inspections o:r the entire plant.
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Care:ul supervisicn ¢f «ll irnstallations of
guards and other arrliances should t: practiced. Where
a sa:ety Lnspector is employed, which should te the case
in plants of suf’icient size to forbid these duties rest-
ing with the manazer or surerintendent, he should super-
vise the work. Careful judgrent shculd te exercised
in the selecticn of the prorer kind oI guards and apvliances
to be installed, to te sure that they are effective and not
detrirental tc the e ficle..cy ol the workmen.

The real value of accident records reoperly kert
and classified is rot gerzerally recognized among élant
operators. In prevaring Table III. the writer lcoked
over nearly 8400 scparate records, any classitication of
accidents in this plunt teing entirely lacking. Vauluable
use could bte rade of these rzcords by the comﬁany owaing
them , were they prorarly classified to indicate the im-
portance of cccident causes. Accldent records should bve
carefully kert and used tfor the determination of hazards
and the effectiveness of safe guards and other methods
of accident prevention. .

A fault which is art to creep into the keeping

of accident records and one which ;enders ~any tables and
records prepared with much cffort, of little value to
those who attempt to study them to cdetermine facts concern-
ingz the prevention oi acciden%a, is the iallure to supply
data showing the actual nuzter cr men or the value of the
payroll exposed to the dangers o:i trhe rarticular nachine,

derartment or tyre of plant in question. T-is expcsure
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may be expressed for any sive. veriod, as one month or
one year, by reducing the total number of hours put in
by the workmen to the number of ren working, say, eight
or ten hours per day, durinz the time or by direct
statemcat of the payroll duing the reriod, depending
upon the nature of the record desired. I.. the one
case the actual fraguency for the period can te determined
on ti®s basis of the men represented by tihe number
of hours put in by all men that wcre employed during
the period. On the rayroll basis the economic features
of a safety campaign can be cﬁmpared on2 month or one
year with another. These are some of the possibilities
0f such rocords and various fac.ory or plant conditions
would, ho doubt, suggest others.

Another essential c® a systeﬁatic safety campezign
is a definite and e:fective educational wmove. In the
writer's opinion this should be established simultan-
eously with the organizaticn in order that the workmen may
be informed of the exzct purpose of the move, from its
begl nning. False impressions of the motive of the employer‘
are so easlly gained by the'employas and the real purpose
and success of such a prcject eo greatly impaired thereby, that no
time should be lost in acquainting the employes with the plan.

A variety of different educational plans are
possible, depending mainly upon the nature and size of
the plant and the kind of men ex;loyed. Foreign employes

would need entirely different atiention from Americans
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and in large rlants en essentially different system
is possible than in a small cne. Nevertheless, printed
instructions, danger signs, warnings, and "Safety First"
notic:s, and personal instructions are universally
applicalble. In additi~n, lectures, prizes for best
accident records -ni various other incentivsas to the
employees to keep their serfety in mind, are effective
means for education in the prevention of accidents.
Conditions of light, ventilation and general

order should receive e rly attention. in any plent
the lighting should be gznecral, imstead of local or uro=-
vided for individual rachines scparately, and should
be bright, but not glaring. Ventilation should be
provided in such mannsr and to such degre: that clear
thinking of the workmen will be induced. Duet collect-
ing systems should be trovided inZall localities of a
Plant where dust is crezted. Careful riling of
materials, clean floors free from gr:ase and shavings
and other refuse, and safe and efficient zcans of trans-
portatién of materialé about the plant ars features that
should be cdrefully mzintained. |

| It is very important in the estavlishment of
a highly effective safety campalgn that the safe-guarding
be done in a systematic manner. Promiscous saf2-guarding
is not efficient and is not donducive to good results. It
is not possible to rrovice guards for all points of danger

at once, but rather the work of sarfe-guarding must rrogress
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only as rapidly as conditicvne in the plant will rermit.
Such progress should te made along definite lines, attention
being paid first to t he points of most hazard. For
example, the grcatest accide£t hazards in a c2rtain vlant
may be in its transmission facilities. In such a case,
the safe-guarding of the wvelts, gears, sha:ts, etc. should
recelve tihe first attention. In a new plant where the
experience of the zan:.gers has not bezsn sufficient to
enable them to determine the pointes cf :reatest hazard in
this particular plant, the judg-ent of the safety committec
must be the deciding factor in the laying out of the safety
program. In no case, however, should the work te carried
on in any other than a systematic way, 1. e. by completing
the saferuarding cf one type of hnhazards tefore another is
attempted.

In the construction of a new plant the salcty
of the men t0 be employed should b: an important factor in
the laying of the plans. It ie during construction that
some means of s-fe-guarding can best ce carried out, among
these being tne oroper location of machines, scfe construction
of elevators, installation of ihe best rmeans of trademiasion
of power, provisions for pro-:r lighting and ventilation and
the use of high class floors and stairs.

Care should te ussd in the employment of workmen,

to s:=lect those whose symprathies and rabits are such as to
make them careful and thougatfﬁl regarding their own sarety

and that of their fellow workmen. Trose iabits wnhich render
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a workman incapable of clear and active thirnking add to
the hazard of his work and decreases his efficiency and
consequently make him an unprofitable employe.

In concluelen, the writer's opinion is that
"Safety" means "Efficiency" and "Economy" within reasonable
limits, in plant orsration. Consequently the humani-
tarian pcint, apt as it is to te unpopular with employers,
need not be over worked in the justification of the
prevention of industrial accidents in the manufacturing
industries. Lack cf activity in this line in the past
was probebly due to a large degrsec to the fallure of tre
Employers' Biability r,awea tc hold the employer rcsponsible
for accidents to nis workmen while in his emrloy, but with
the adortion of more stringent laws the matter of economy ias taken
a definite and unxistakable form.

In nearly every point fhat has vezn t aken up the
essentiadl e of accident rrevention are identical with those of
effictencty. Stiff competiticn is bringiﬁg efficiency to the
front as an essential to good plant management. In connection
with this develobmant and ite relation to accident preventicn,
we may bespeak for the latter an easi:r way than -—as confronted
it in the past, especially in so: far as the more up to date

and progressive plants are concerned with it.
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Originzcl Outline

Introduction.

(a) G neral social and economic conditicns on which
legislation providing for Industrial Accident
Preventicn and Compensaticn is vased.
(b) Michigan Compensation Law.
1. General study of m-ans being used [or the rnreventicn

of acclidents.

(2) Organization cf emrloycs
(b) Education of employcs
(c) Safeguarding
2. Detail=d study of means regarding
(a) Effectiveness
(b) Employes' efficiency
(¢) Economy to Employer
(d) Ovstacles
3e Sumrary, gencral conclusions and suggesticns for

improvements.

40.



A List of Accident Prevertion Literature.

"Machine S8hop and Foundry"- Carl M. H=nscn, M. E.
Universl Safsty Standars Pub. Co. New York.

"Safety" - Wa. H. Tolwman Ph.D.
Salf:ty Engine=ring, 80 Malden Lane, New York.

"Safety Enginezring M- gazine™ - Published by above firm.

"The Travellers Standard" - Publisted monthly by the
Travellers' Insurance Comrany, Hartford, Conn.

"Safe guards" David VanSchazkx Published by
nwoodworking Safe guards™ Van Schack Aetna Life
"Elevators"® Insurance Co.

Hartford, Conn.

"Circular of Bureau of Standards" -
Department of Comrerce - Washington.

"Steelcrete Guards™ - catalogue by the
The Consolilated Expanded Metal Co. 101 E.40tkh St.
New York.

"Safety Guards™ - catalogue
Lockharg-Hoige Co. Inc. Buffalo, N. Y,
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