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them forth 2s the bocsic science of hunin concerveoticn is the

purnose of this treatise. 7ith these generzl vrincivles
esteblicshed, the Enginecr m y, through th ir o-2lic:tinn to

specific industrice or plaats, inter ret thom in t=rms cf th-

e o suide to the c¢-rrrcticn of cxieting
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BroeTsss iInvolve

edvirse concitione or to th ir elimineticon in ths ~lenning

nf new . rocucs s or fouivatate Reco nizing this Sundam ntol
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imiortoince of introcducing this yhase of inducstrizl cetivity
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into Engincering elucction, it is hove
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mey rrove of value in thet regard,



defin~d the rroblew mey be exinined Lo Jetsrinine tie conlit-
ione vith viich ite colution wuact Jerls The Losic recuircannt
of incdustiricl effici ncy is ¢ =wroosr bolonce betivween tine
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verious eleso nte of “ryoduction. The wrint-nonce of humen

efficiency in inductry is,
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cnee uently, ¢ jroblein of concsrv-

ing such o “egres <f :roger bolince b:tveen man novw-r end the
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ot rr roucticn elei. nte, cuch cs e.virnent, notoricls cud
Lrocess 8, o is Jrovida d in the initiel selfclion ona
sutszcu-nt develowsrnt of tiv v-rking force. It is, thvr -
fore, ¢ provlie.. of weintoining, by .rojer «fjustiont of work-
ing ceonditions, -very ccventege to profuction gzin«<d in such

selection end < velornaente.
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the otnc-r el-..ente of . rodéucticn, hic yhyciccl end oonticl
fzculties .uct be conserved -t the highost roint of steb-
licshed cevel muente. In other words, th-ce two humen focultiss
muct be meinteindd et the cetcblicird belences Vhen either
‘of tinree £:cultics becons ino:irsd thire results o C-porers
of ince:ccitetion for vwerk cnd the groluctive coreclity of +the
disebl~d worker's oo ration is reduc:d. It will be reodily
recognized, vithout <nt ring into Lo dicel c¢iscuseion, th-t ~nv

of  tiree gonercl conditlons wey rroduce such incavecitition,






Normal working capacity

CHART # 1.
TEMPORARY PARTIAL DISABILITY CURVE.
Shacéed area indicates reduction in operating capze

ity.

Normal working capacity.
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CHART # 2.
TEMPORARY PARTIAL DISABILITY FROM MINOR INJURY.

Normal working capacity.

Return to work or
substitution.

CHART # 7.
TOTAL DISABILITY CHART.

Low=r right hand curve shows permanent partial recovery

or unsuccessful sutstitution.



fiz; ill health ranzing froa the woct minor touvoror
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from cickness or fatigue, vwith the greducl cdevelo nment

of the ince:ccitction with th ctt-~dont leverping of - rrc-

uction until the voint cof loviest canecity ise recched ¢ft-r

e greduel resumption of normcl verking conccity tolire ploce.

The worx-r's condiiion ¢ars not recvire his absence fron
vork. Th¢ shaded erea of Lno cuert chowve thes t-tel loss

in rrccéuction vhen, in pletting ths curve, checlicssce ren—

resent time ond crdinctecs ciow working canrcity.

Chert ;,2 illustirctes the cffret, u on the
vorker's outyput, of & Linor injury rocuiring firet ig
cgttention vwith subsicucnt redreccsinge, During roch visit
to the first cicd steation his cusrotion stends idl«.Uron
returning to hiis job inconvenience ond timicdity reterd iis
rroducticn to some extent, viaich condition recurs in a
decrecsing degree vwith scch recdrescing until normel cond-
itions ar- restcred. £xcent upon cereful enclysis the

extent of the lreses from minor injuries ies little arnrrecict-

ed.

éhart 43 illustrctcs totel disability of either

gracual cevelorment ¢ snown by the light shed - d eree or
instanteneous occurrenc:s ¢ indicatea by thr vertical

line. Idlencss of the cdissbled worker's onerztion encurs

until recovery rermite his return to work or a substitute

-



is pleced@ on the job. In either event normal cr-ration is
not immediately resumed bubl is graduclly epnrozsched until
the returned vworker ecgain develons his nornzl strength and
dexterity or the substitute ztteins thes caizcity of his
predccesscr, if pocssitbtle. If comnlete recovery of the dis-
abled worker is impossible or if a substitute cannot cdeveln»

the norinel cut:ut of the overator whom. nhe displaces & new

normel cacacity for the oreration will be estcblished,

"

permansnt loses in production being sustained.

Though no definite values are escigned to the
loss=2s indiccted in ¢ reletive manner by thrs- cherts
owing to the veried neture of the ceonditions thet deter-
mine them in indivicdual plants it rrquires tut little

reflcction to approciate to whet proportions thess los

™m

cs
may extend when an entire working force is consicered.It
ie not édifficult to ap recizte the effect of en epicdernic
or a calamity upon industry but it should be realized
that very much the seme effect mey e cistributed over e
period of time through the human weste that is develored
in ordinary plent operation and thet such distribution

makes the losses no less important.

The working cenacity of each individr-al bears
a distinct influence upon that of his fellow workers

through the interdependence of the various on~rations in






10.

-a given departmnent or plant. Icdle overations znd ineffici--
ently performed tesks destroy the normzl bezlence of the
initial layout of i1rocesses znd jobs. This is an item
which is not reflected in the clicrts although it constitutes
a very apprecieble vortion of thc total lcsees in rroduct-

ion from the incareacitetion of industrial workers,

for purposes of more reacy analysis the problem
of preventing this human weste may be cevarated into three
major divicsions correcsvonding to the three general condit-
ions previously mentioned as causes of incapacitation for
work. They are es followst-
1. Prevention of the develovment snd svread of
disease due to improper working conditions;
2. Elimination of unnecessary fatigue in work;
3., Prevention of physical injury in the course
of the worker's occupation.
For brevity these are commonly called Sanitetion, Fatigue
Reduction and Acciédent Prevention. Though they are distinct
divisions of the subject they have ¢n effective relation
and bearing upon each other. Disease increases suscept-
ibility to fatigue while fatigue lowers the resistance to
disease and both make the worker an easier victim of
existing accident hazards. This relation will be further

emphasized by the duplucation, smong the separate

’
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b

that the reserve strsngth of th~ workers should be mzintain-

ed at its maximum,

2. Accomoadating Pnysical Xeeds.

éromptness in accomodoting the nhysical regrir--
ments ¢s they arise during working hours is fundamental to
maximum resistance to the¢ attacks of disease g=rans. The
satisfaction of thirst end the dischezrge of ercr-tz from
the body ar - normal cnd necescary functions of th~ human
life the regularity of which is not so well defined as thst
of eating and cannot be safely made to conform to a fixerd
schedule such as is accomplished in the letter case through
the medium of the regular lunch &nd rest period a2t the noon
hour. Neglect of thsse physical nerds #dds to the discom-
fort of labor and impedes the natural me:ns of discharg-
ing injurious wastes from the body. Proper means for the
accomodation of th=s- r<cuirements should, th=r=fore, be
so located within the plant or distributed through it and
so maintained that promptness in their satisfaction will

be encourag~d by maximum practical convenience.

?. Washing 2nd Cl~thing Adjustment.
In meny occupatinns the szme clothing cannot,
from a health standpoint, b2 wrrn both inside and outside

the plant, changes being zdvisable, if nnt absolutely

necessary, upon entering and leaving. Temperature and






ﬁumidity of cimospherz, snlashing of oils, comr>un‘s,
chemicals or water znd other occupatinnzl cheract pr-
istics govern-d by szecific productive nrocesss2s control
clotning recuirements, The devree to which th= reouire-
ments of n 2lth in clothing cijusteent cr= obs rv-d by
workers will depnond very lergzely uron the conveniences
which are provided for changing cng storing clothing as
w21l as for wesning the eccunulat=d gr-ase 2nd dirt fronm
the face, crms @ni h.nds &and, in some cas~s, from the
entire body. Through convenience, relative »rivacy and
security agzinst locs or theft, cijustment of clothing to
the ceparate rrouiraim nts inside znd cutside the prlent
and the removal of dirt znd gr-ase from the workers'
bodies should bs strongly encouraszs d by the fecilitics

provided.

4, Conteact.

C-rtzin cdiscasss are communicatsc by cenarate
contact of parsons with objects of common uce, such as
water clocet scats, wash bowls end drinking facilities,
the germs discherged from ones body finding thair wey
directly into aznoth-r through th~ same mrmbers.Because
of the extr-ue degre~ to which the elewsent of comnmon
contact is involved in th-m the roll<r towel and the

drinking cup heve become practically obsolete in modern

150






factori?s, the individuzl towsl discrneging devices cnd the
drinking fountein tsking th-ir plecess. In ths desizn or
selection of scanitiry ecuiowesnt :n? th+ insugurction of
sanitcry prectices, the rrduction of thie item of comnon

contact siiould b= el 2 governing faoctor.

5. Ord=r «nd Cl anlin-ss.

N

Geris of many disscs s rsodily find thelr woy into

accunulations of filth, dirt -r r<frse vh-r- th=y find
conditione very fcvorakble to repid multivlicstion., Uron
agitetion of th ¢~ uet-ricls, ¢s in cwoeping or shoveling,
thece goras ar=s scett-red into ths zir. Vhen this g=rn
¢den air is tr-c2th=d into the todli-s of ih= ¥work=rs gr-ct
nunb-rs of dis 2ce ger.s pgain a2laitt nces It is throush

thais eans that tl

.o

ccouien ;rectice of snitling into
niles 2f dirt énd refuse, into cornirs «nl uvon foccetory
floors, brcouss co mirksd & menace to ublic h alth.
he respect which vorknen hol® for their viorking

pleces is governcd very lergely by the @opeal vwhich the
working snvironusrnt ( conditions which ¢r- alunst vholly
up to th2 =u.loysr to govern) mek-s to thrir sense of
ora r =znd cleanliness. Dirty floors ond wells, with dis-
orderly arrengeument of equipment en’ met rials and with
accunulations of r-fuse, inviues unsanitary prectices hy

the vworkm,n, whurces clcen, orderly working <nvironn~nt

16.



encourages sanitary vorxing hobits. The resvonse vhiech the

-

work-rs give t2 tha «fforte of their rrivloyers to ~rovi‘e
clran working ~nvironment thus multirlics the bonefite vhi~h
accrue from th.m. Thic frect cugg sts thon, ¢s 2 e nitery
reouir-ment, o ninimum cccunul tion of dirt, filth on?

refuse mott.re, ccnoo iichi 7 by rosuler nl froou at reiov-

al with ths 1l cst ‘reocticcl cmovnt oFf Wwn?lineg ond cpoitition,

6. Atuns: hier-,

}urity, aunidity cnd tou sriturs o0 - usruing
atmasohe-rs s vitzl he.lth concsidarstinne cffectineg Jir-ct-
ly th~ reciztance of the holy to dis-cee cttoceks, Inurs cir
~ft=n containin,; injurious greerg, fu.s . nd cduct, “tebnorucl
Ceoroturs ond hunicity, inoed
the boly nl incr rs- its succe tibility to Ficccce, The
such fweours cir onl ths introiuctizon on” sroorr

distribution »f urs eir at cc noorly the teo -rour ond
humidity nor ¢lly r- uir-2 by tme huntn body ce the monu-
facturing orocess i1l = riit :hould be cccou lich-d in =

systemotic snd :ro-rly reculot-d nonner,

7. Illumination.

D-rkness, by rrousting nl shislling the cxist-

ence of 2irt ¢nl demnree, incrsce ¢ Uik ovocrtunity for
germ 1life :nd nulti-lic tipn enl doer o & Lan

recistznce <Ff t- work rs! Lodirs to thrir ctttockes Sunlight

17.






1€8.

is an eneny of germ life. Its introduction into a2n? uniforn
distribution throughout weriking »lsces chould bz nremoted to
the nmaxinum =wrzctic2l degree. Vhore sunlicht connot be a2d-
mitted in sufficient anmount to zroscrly illumincte 211 vorts
of a rlant cduring working hours, ortificizl lighting sust

be employed to cu ply thz deficisncy. Such lights -lould be
o0 located e to climinate dork corsni rs ¢nd scots where filth

ney accunulats unobserved.

In conjunction with cortein scnitecry or:ictices :nd
ecuipment gern doctroying agonte aty to =ffectiv-ly ~muloyed.

£l

Throucsh sorcyiny rocessog th=ce mey bt timee s used to

£,

¢ctroy the gorme in the cir in vworking »leces cnd by eorlicot-
ion to surf-ces in common uc ty e lerss worlking force the

possibility of injurious e¢ff:ct from conmon contact .ty bs

on

net-rislly rciuced. As & g nzrzl princiole it =mzy bho etat:d

that germicides should be enplcyel in every ~roctical

o>zortunity ={Tord«d for th ir us- in so-nitary ~rscticrs.
GS. Incentives,

The «ffzctiven ss ol ¢ nitery sroctices "0 cuin-

ment depsndas very léerzesly uzon ths d-gres Lo vaich they

m

znrloy the ordinzry nebite "nd testes of the workm-n -

inczntives to thrir use. Eichacizing 2n uasaonitery -roctice

[N

or condition by means of contrcet of itc racsult or

~

exist:nee with cleon curronndinze ic clmost iavaricdbly en
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hat ciriiculer ¢ rvice kn o c.orgoacy, rrhicog, it hzeoiose
regulerly uscd, little sttt oaiion boing given o 2 victe of
the ucer's stroncih Lot is invelved. "het it l-cus in
adartetion to its Jj.b, the » er-tor rus-lies in the fornm of

extre moticnz tn’ =171 4 ment-l1 ex rticn to ecaurs the corr ot
rerform nce ~I the cuwbercone cycele of motione involv Z.The
nurher of cyclies of cach o rotien vhich ¢on b= rforied
vith normcl foticue In Jcy macl he 1orce thinn vhen crooerly
cdacted enulsisat iy used.s Ceoncenuontly for ooximam hunon
efficiency the verier's £rcilitirs chould be 7o t-3 to the
job to vhich thoy wre o, "lied.
7. winiran crertion eor Unit of otion.

Tne erformonce- 20 1:bor nele un of nureroas
notione of cn unrcl:t 2 niture reovirces the exceniiturs -f
coneifarable ~hycie~l ctrongth in unnsccoerary or ineffective

mnotinns ‘nd noat-l cxortion
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Two e¢lewente ¢ invelv:d in the occurrsuce ¢f n
accident vhich infilcte injury uomm © voricore Tho

e cimult:nccus exicstsnce of tli- niccserry con itiono U~

more nm:ixbers of ths workers bofy within the elfective ocooe
of these c-onditicns ot tlie exoct tine of thair civultenccur

occurrance. .nen, in the course of o coriec of conc cutive
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occur, injury is inevitebly infliicteds The f:ndorm ntel
principle cof eccid-nt preventicn may, th-n, be ctoted as

follows:-

"Accient prevention is fundenentcolly the rovention ~fF






the simultcnious exis*cence of the se crcote elerents of
. 1]
accicdent occurr nce.

l. Jirimum Eurcen Fotisue.

o

ntel clrrtness and procicion of ccetirn cocereccen

1
e

(@)

c+

vith incrrcced feotigres Cons=cuently, in th+ rreccnce of

accicent hazardc the cafety of the wvworker deocrreocees with

the larse of time from the »receeding rest '.rrind. Fr-u the

stendioint of recuction of accident freouency end severity

fatigue should be r+~cduc~d to the mirimum roicticzl woint,
2e Heclth,

Invaired health effects the scfrty of the ~nolaoyen

in v-ry uuch ths sere manner cs fatipgue wnd, for the ¢

STLE

reczsons, chould be minimized through the centrol of worlking
conditions to r-duce the noceibilitics of diseass develo wirnt
and communicctions

2o Clothing.

Working arvarel hac o distinct becring u con the
safety of the worker. Clothing vwhich ncy easily becrone
entengled in neoving mechine perts chould not te worn ot worlk.
In certein occurctions the netter of protecting the vwork-r
from sharp cr rough met-riels, h-ot, cdust, licquids or flying
partieles rccuircs sreciclly acat.d 2urarel or ecuinment.
The facilities for storeage of cuch couipment while not being
actually used ceterrmine lergsly the degrec to which they will

be used by the vwprkers. Through convenience socurity ond

270'






relative privacy in the metters of storasze and chongss,

adjustment of clothing to the safety rs-uirem-nts of th=

various occuvctions of tha2 workmen should be encourza-de

]

s

1

4, Ori-r and Cleaonlin ss.
Dirt, r=zfuse cand ueterizls, stock, tools ini
machine ~arts scatter:d unon factory floors crecte sli-»-

ing, trin7cinc and falling hazards that are roductive of

nany accidents. Poorly definsd 2isl-¢ 2nd runweys subject

enployees to hazards adjoining such aisl-s, which, wers
the runwoys stroizsht ani cleoer, would be sufliciontly
inaccescsible, froo the standnoint of ths actucl ~rzcctices
of the workaen, to rzcticclly eliminzte then as
Similerly, slipgecry floor surfzc s incracse the Janger of
adjacent heazords tarough thi2 possibility of f£r11ls which
throw viork-rs Zirsctly into thon., Th= ideal, tih-refore, to

be aporouched in plant layout, mzintenance cnd on-rztion ic
orderly errcange.cnt witn w2ll 4 fined, stroig ht cielez =nd
runveys «al clran floors,

S Illuminction.

~

vany focetory conditions which, wihioan w1l d-fined

&)

by sufficisont illuminction, =r- not rrofuctive of injuries
becone, in the ebscnc2 of vroper 1lisht, rpoints of distinct
hazard. Illumin2tion, cons-qusntly, governs lorgely the
internretation which ths worlcr plicos unon tho hnozards

of the conliticns about hime. Evory point of existing

aceidint hazard chould b sronirly illunminnted to fscure

28. -



6. Concentration.
bivertod attention, making the work-r temporarily.

heedless of the hazards about him czuses him to unduly
subj=ct himself to Jangers which his sense of solf-oreservat-
ion would ordin:rily proupt him to carefully avoid. In this
connection th- przsence of nunmerous accident hzzards about
2 workman may czuse him to subject himself to one hazard
while exercising his cere to avnid anotner. Accident nrev nt-
ion rcouires thet working environment b= cs free as practically
possihle from influences thzt divert the atteantion of the
work-r from his regular job.

7. Adaptztion.

Failure of one or mora of the elenents of ~roduction
in any given opcration to function 2s required fraguently
caus#s the simultaneous existcnce of th~ conditions essential
to the ~ccurrsnce of cn accident with resulting phycical

injury to ths opcrztor. The lack of adantation vhich c2uses
such failure is usually but once demonstrct=d to the vwork-r,
who places confidence in the ability of the ecuipm~nt which
hag;giéén him to prorerly function, 2nd that only a2fter it

is too late to exercise the necessary precz2ution to rrovent
injury. The proper adaptation of all the elemrnts of product-

ion to the work to which they are directed is rsssntial to






“the safety of the operators. .
€. Control.

Clossly allied to the roouirew ab of odortction is
thet of control. If the control of varying conditions to
which the worker is subjected dors not rset lars-ly with
him ¢ great d=c1 of uanrt&inty of cction is introcduc«=d.
Such uncertcinty incrscees the omiortunities for the

coincidence of the elerents of zccident occurrence.Contrnl

rn

ub

C e

of varying conditions to which workors are ect~d
should, thereflors, to th- lorgrst “recticel drgree, roct
with the worlisrs thenselv-~s,

. Simnlicity.

v 3

en a Job i

[#2]

cde up of num~rous notions of
a conperatively unr=laet=2 nature the element of uncert-inty

is introduced in lzarse meccsurs with a correcwonding

~
o

introduct-

ion of zccidrnt hozerdse. Similcorly the rooid sucerecion

ry

of a couplex cycle of osroperly ralcted motions in which

L

)

tvo or more munbors of thr worlt' rs body mey be brougt

cimultcneous cction rrodily confus~s the mind of the work-r,

c+

frequently coucing combinstions 2of cetione which subje
Q Y 25
him to injury. As fatigue increas=s luring the cource of

a day's perforicnce of such jobs the unec-rilainty ond

[

confusion bhecomes grocter ocnd the hezards inv-olved in the
job incrcase, To ninimize such huzaris, the ideecl tabe

enoroached in det raining th: job of ecch vorusre is to

30.



mak~ it consist of a2 succecsc
of 2 mininum nuub=r of siw le motions,
10. Cl-crcnce.

The cleer, cccrcsible sroce butwéwn two or nore
objects is conctines governcd by the motion of adjocent
eauivnsent or by the vwroctices o0 workmen. If suflic
cl rrance for th @ rcscoss or  rocence of o worksr's boly

P~ [N PR RS - - - -
or one or .cre of 1ts neubhers or of o movobhls obj-ceb, to

¥ R N ~ : o *h3 A e - . v Y2
any of which the r.cce is ccceceibls under cortoin e n’it-
. A - ] [N -~ s -
ions, does not exist unlir oll circunctances sericus

A " . . e d sATes 1 s .
accident hozerds noy very unerx .cctodly davelorn ¢nd inflict

serious injurics u on the worikren cubjected to thom,., Con-
ceausntly, unicr =211 conditione cuflfici-nt cl-orance for
f¢ orog once or cocooce chould be ecsured to orocons or

meibere of thoir bolics or to wovekhls objects, to ony
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inecceosibls to the woriore by eras of borriore, s*fcgu:r;c.

or :ecurnicil dovices wiv!

tlie regilir crercting roccices,. inluun intorlersnce vith

noraol rrooluction i, Lovwever, o Dundosentzl rozocir ouoant of
a
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Ti; . ing, £21ling or cverturning of motsricrls or
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litionec. T, ordinary vibrotion of
floors wnd cthsr cuoorts dus to rusning mechonicol e ul:inont,
azitation fronm track wovoaontc ool L asr.al weor fronm
constcnt o =ration cerve to sufficiently dicturb such
conditinons of rolcotive instebility ce to couce frilurs. In

the honlling, niling, »locing cnd insteolletion of umoteriecle
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escsential to s2foty.






[ . B
ti . ] W . €2 +47
+ Y 42 e It o o 4+ ot
e [ o 42 . . : ‘ [ T U] -

: ) . (&) 3% b 4 o < - Lt : ~ L "

€4 [ G4 £0 +2 ot o O S I T ] B C ) ot

€4 C. v e 1 ( [ N b ot : e L o [ - o ~ I

5 o o i~ 4.2 1 [ 4 < Gy - Ll [ o (W]
G~ j - £ [ “+2 L +2 i ot [ "l Ca » ~ w o . =
Gy [ [ - o3 o < ool oy [ ) —l [ [ [

3 [ bS] . [ N s [ J 4 ol s [ Gy
@] D - £q C v G4 W ot B ‘s ;- S ord ]

~f o i [ [ . &) Ca ~ oed o [} :

- — fa 4~ 2 \ " o v L : o
Q3 o O o [ . e ( [¥] 3 L o b + 2 ‘
3 P +- [ oot G —~ C. W< O +2 - [ e ord L& [ ]
o ; 5 I ~ o = o 42 ol L 42 . — y] 42
2 e " 23 4 [ ot o [ o e e o P <l 03 - L1 <

P IV *) +2 [ {3 [ o o @] o o ¢l
[ — K — o . . [t = or{ o N ] A - L — v |
o . (9] ] [ 4 oyl » > (& L ' AN . (@) L) - '
Pe o] ] 3 o = €2 +-) +2 . .. ] [
- [ 42 - ' S 3 i o O P Ll [ ]
— = o Y ! [ o -t = 1 42 < o s il
— Bl £d [N — 4 o —~ O (& e = <. . ~N o> £ e} [
o o s ot ) 3 I - =2 o ved 2 ] o v (] .= () o
S 42 o - o ] ! o2 o 42 ) a [ A +- 42
o P P 3 o o o 42 42 ey - ¢ < S o K [

- <, 9 o 1 . $a L) i) 2 ) 7 - o o + < Ks)
3 W o E+ [ o . C ) . oo o ! o 2 v
» o ) N vl G+ [ - ) t + a4 52 = u o o a ™ o
42 fa . o . ) O i o i M ; ] ) bl o 2 +2 (@]
S el %] &1 [o) o 2 L [ 3 . ; <o G+ oy o
T4 -+ 42 o 42 < [ o o ¢ v NN o o ! o X D — — S

o Ka ta o O e g 4+ o nd o [ Kt +2 +2 < ot

o o [ o 7 — o w [ [ ' 42 P J [ o fa - &2
Ca (W] o] -~ +42 o by H S [ M- - - ) .- o j=SN
) €4 2 - + @] N Q [ (@] o ) - (9] 42
(@) ) 9] , i’ . i el +4° ) O ok < + o < DY oo
[ A ©) " — G : G — .2 + © . <. o . O oo
—~ + 9] o’ D 0D > ' ] o3 [ L 1 K o -t

( ~— — @] D (] . ot U] [ ‘ (@] < ' (@] C * v
Y [} 8] Ko o ] < S ) ) ! - L ¢ ) [®) ol Z o
-4 3 [ oA o ] — H ] v D fa + -+ ord o « L1
+ w3 . [} o e i s < : 42 [ 4+ )
] ) ) Ko " - + . 5 : - - £ G4 o o g [
) G4 ] e} [ L R z ke . — — o [ 4 [ +- - ot
[ ] [ ) M) s - O ) P ; ~ C . 4 =
“a [80] [%9] — [ Ca £ ord By o) ) C 48] ~ LY < Ca
o o3 A 0 . o w L ‘s o o @ Ty © e o
1) + [ . 42 o 42 , 3 ) o " O s 03 t A b
£a G~ ] D K [ L o C o} o -
> G+ (0] + - & o W) 9! + 42 [S) s Vs o o
) 42 ™ o — o - 03 [S&) > O . [} o I i K
0 [S) - — O e ) 3] o3 (&} i ) +2 N o ™
G~ o ) 42 £ — i o~ £2 [& 3 o Coy @
¢3 + c: ‘L i + C (=1 + i 3 pay £~ (o] i} I ol
u) 9} &1 o G4 et @) “ ) 42 — Ko o L @ 42
c (@] O o} » - O v : > 3 + (0] [} 42 (]
G~ — [2] I (e (15 @ Kot [ I e o (] -~ ot S o Lo O G~
o © 3 Zy [0} =3 £ + le) = o iz iz + 4+ B2 +2 + e}

injury.






| 34..

.
|
Pl

n
oo

<
[

0

L

Y

C1

rcllile, fﬂ

o

B a¥a i
e

Qo

b

shil I

retl.or i

<

Vi [

.o

—~

<
]

o
~t
3
o .
“n L
e
4
(:\.
~ G
ot [
4+
o L3
—l
o~ oo
Lo
ot -
[ o
[P N
(a8 —
Ty L 1
P
e
e o

to
ics

+?
[ C
o L.
S+
3 "

n

et

p

TREA

-G

[=)

-

ra

Los

L1

to

LN
<A

(O

4 v, -

cl

Il

lndau

4
BERY]

o
.




(o
.
te
(@]
~
=
n
o)
.
(@]
o
[¢2]
¥
'3
O
[
ol
.-
D
g
v
F
-
[
[t
I.:
@
]
]
—
'3
™
-
-
|
2
l,_A
5
g0
o
3
I
]
-y
o
-
.

}._J
.
(€]
(@]
(ad
(SN
(g6}
th
)
(@]
‘+
i
:*3
(@]
]
r3
&
"y
P
A}
—
D
V"‘
~
—
—
—
N
-
—
-
-~

W m s 72 d t o P 4 R . i
Tmeilitices for ceoonmlotinsg the hwetar]l noc

e

of th= woriing fores choull br o l-orte? within

RPN Py ~ 3 3 . ~ 4 -

Leection of tolirt rocus ico 1 roely ~ovaru
W - A - -~ 3 7 EE D - A N 2 e e
tihs double conciloroiion of nd o the b ad o ney

voriuacn to conorogibt Dor i

r:tio »f one cl et cornt 1o

(J
(¢
&)
¢
oy
b
[
5
C’-
]
':j.
'3
]
)
3
.4
3
0

urinal to each one-hundred v-rlirre mry be urcd -c ¢ conercl

st-ndeprs fop cvopoe gorditicone £ nurbor of coch vhieh

o
.

)

hould bz rrowrsd In orny toliet poon will 2o 24 vory o

bt Tfron o clries to Jilice Juring wnclir ovoaric, CL o Doun-
ing o0 re in ¢ cl~ilzad oenu cticns vovlad oo ol

.8 with . couiveent rorosa tion o vorl? s o7
srouing <7 worioroc o in cu Sticrer Viring o ocpootor

cnoe of mor nt, In d L ruainins th, “ictreitation -f -

.
(O]
’
|

‘root o rolucton

(ad
Q
e
H
t+
s
far
Q
[ N
[
-
o+
- e
o
5]
~
o
i
e
&
F—J
@]
0






.t L. X ~ © e @ . . "- ot R . o

in their uce ool (L tenlcacy to Mioo 2V ovhils cvoy Sron o tle
. I el . Sy .- R ~ - N~ t - b Ty : -

suservicion ¢l L o wrn, shoeld he conctontly horne in

N~ - : el A4t e N S vee - o2 —~ N :

for tho scticirceti-n o2 thiiret Jurinzg woriiin~ h-urs ic
s ~ 34+ 3 - - 3 - : - RS A

convenience, Co a2z2ity is slwave :0 for in exyecce of Jol7:

vren freiliti-e or r> -rly loc ted thct it 7o o onot ntor

. e e A e e . ..

into the robieas Sucly Tociliti- o ell 1 Loch T it
s o . 3 + - N : - n: -

roc Ct' ta i D 4 VI LT ‘t vi ¢ T Sy .x;lt-x cr

R - 2 o~ ~ T e R s I - P R . ) . .-

Gilsnlrcseing cdore oo not discourcse fro-Jom in thodir ure.

At tlie

o]

o tine they chiould b rooily cccececeible te o111
worx-rc vhom they -~re int-ni-7 4o recommudnt=.,Distribution,
dencity cnl mobility of the force ot vork onl the erran~-ion
of ecuipm:nt ars 11~ foctore that goveorn the doporee of

accesciblity of oy inlividucl 1rce tion cnt the nunber of

m

of Jriciing onuipnent rooired Lo roverly

()

ceyerats picc
accouio ot tny iven {1l

2. Tieuing Freilitizs on? Clotaing. (III 75 V 3)

M7 werring of clothing, during woriiing hours,

vhich conforne to the hoilth on’ cofety recviiriinte of th

workaore sunould be sncovrz- 4 Ty convonisent loottion ¢of e

focilities for voching the honle, trie ~nd face -ngd, if

necesrcry, thoe sntire body :nd for chinging ¢n’ viorrre of
clothing end ~th-r oreoncl «flecte with v o conchle riv cy

. - ~ 4+, 0 1"
coinct loees or thefi,

cnd cocurity o



37

PEVEV)

]
3
R
=
3
o+
¢
9]
()
2
1
<3
.
]
"3
)
.
(S
]

will ur raehing focilitins uron 1 ~vin: 1 - 10at dc ende

)

to sont drgroe uion th ov rog Alctone botr- n the 1ot

3 A3 o~ Doan A -2 vor 2V -~ N PEIRON PN S
cny appreciable dict-n - from th-ir vorls chovid be "ncoours

1 -~ 1 PN e P S N T - - -
to woesh o bo olhoare thlr elothinz to a-nforn to 4he

thos2 who -2t th.ir luncher 2t * Ly 1lont ¢
to voch befors J2ing €0, Toth to »ronotle wrrooncl conitory
srocticrs cn to offord oo o ldition-l cowfort Juring Yo

noonliy roeit  cricse To Ccecouilich thooe pur o ncse voohin

V- - hldd . ~ s - ~1. - 1 s . . 2~ . b} -4
weorking loois. Voch ocoine chiould Yo osuy 1icd o in o the rotd
- 3 . - - - ar 2. , S B R . 1
of ~tout one Lo evory Tivo o ouscro vhil colirre mast bo

Storc_e fociliti-e ehould, if noscitls, cceomnnlnt

clothing without folding, thus afferiing -rct-r convonione
cnd l-ro'r ctorc. = eroce, both of

2t tivec vlen 2 locrz nuwsb r of vorl re ro o clirnoine their

-~ - -~ = . o N v 3 - my. * ~ - T A

clothiing ond ucing cdjo2-n’ 1onilr t nne tivo, Thic vl
-~ . 3 3 - - 1. Tt o~ - - A _—

covires cufficiq-nt Lioisiit to eccecon. o420t th riintry 2V -



38.

sy

~
\’L

-~
seniabL s

asboleta

BRI

L

co

> IS
£ . £ o .
$3 [ +2 L 1]
( -+ - : G4 4 - J .
.l o . [ o, s - o + = w
4 o 42 ) 0O — c3 . [ et [0} . LN
o o . o < Ui G . O U c _ i 5! v Q
O = ¢ b T - ol Q Gy . ot i L e e +
= f4 « ' ¢ £y o o o . i S €1
[} *4 (o -t K . i + v (] + R ; V) $4
+2 L + o P W i P K [ v ' A ¢ ] O
) ) o 0 . 4+ : .- R o -
o € o ' L o e = 3 C = 4 [} 4 e
o &~ v — L 4 G4 + G ot -~ =
- [ [ = foa Q (D] 4 £2 S
e O . (¥ 4+ K K . oo . O ot s
& G G4 %) “ Y 42 3] + A O [ — =
(S s ] O Gy o . v . 4+ .-t + [ L LY G4
[ [ L 4 ! V3 H I i v Lo €2 e >
o o} +2 i o N L G+ [ £4 —
o o > [} ” B + ( () & N !
[ ol o 42 o [ <y (@] o (] ] (@]
42 - ot 42 i [ K e — vy o B - 01
. o : R . R o 42 +- B + o O i il
. [ o— L +! +2 S - o ¢ <42 42 O
— ) ‘ L (&} o P « Lo s 8] 9] G4 o <
|49} ) od - i 40 S0 o ) ST
G4 (] o ot 9 2 [ o C + : 42 ] N -3 ]
‘s c. -3 < o 3 Q & R +2 ™~ ot
- ¢ ¢ = £ o o - +) G + o J G
) [ o o 4 i (9] o . — 4) 83 i o ¢l +
+ tJ o L . O £ [ (@] (%) . &
C o e S oy [ | 30 (@] c + [ o (] [} q
Qs [ K L& S 4+ A o 2D 3 wl < vl 13
D + o 42 ) . Sl ot PO ol — : S = f.
L ' ( 5 [ ) C+ i L v e SO ot
I ' " L ot ) O Q) I g < [ fe o 4D < [io]
[ ~+- 42 [ — & [ — : O > O [&
S ¢ ! va [ o [ ) G4 Lo L. ¥ O ot ol 2 ©
+ . + . [ Gy s — tl , o 3
ot ¢ + o3 wrt " 4 t) Kel 42 O t) ) (@] tn
i- - £ : Ca {30] D . i) +2 < & o~ 42 Ke . <
H G Cs - ) : ) i O 3 o 42 (9] o
) I 4 o 2 [} 4 53} S ) jo ] Ci
() K m fa b N ] —~ . Ke ¢ £ 3 &)
o [ o ] 2 . o ‘4 - ~ "3 a2 =
o bt jad ) C: . od L ‘ " O §
o o ™ . » = L K 4 £ O 0 + t) ©)
n . [} -~ ‘1 A s 40 ( O J [} -
L o) VB Ul - e o P — < S o "
»© L - . 4D 9] o - O ) G . < ‘4 +2
(& [ . () . + 4 e 0] o 3 = Q
[&F] Tl (&) (%] 4+ ™ 4+ . ) ( N Ko (%) N o~
0O [ + < o € ) (] G+ (o ] L Sl j E L) > +2
2 ti o Q %) [ w1 (@) (@] o4 I [ . s W
+ o [t o HE < oA & 9] . G+ ¢ - P L3
Ll C, + (. e - + Ksl S B v) w Y O
=] - 7] (9] o = o ) @ o [S) — e — Ie] )
O I [ 3 [ o Ul D 2 o ' — [ + = > -
£ o G4 [ o i S < o L ¥ O G O + S W\
G+ £3 o} ‘ © - 3 o ¢} o i L G e Ko O o &



nd e2C . The us <0 inTivliu 1 1lcc
clotiiing :nl 2t r | v 1 22lcctc
for conion cont.oct oL slete oo
chout the Clood.
Zice b vwata v v ooy i
cect ig v effcctive wedlivn o2 0
Voricre ccull v olioreie 2w oon
rlocing b tre ' n ticir Y2110 - nl th
arri-r to Jlr-ct ceatvoet, fuch ¢

will not -r.it 0 tlLi. rcetice -

-+
1=
(@}
]
ok
N
i

mwoched with cous clolnoing oo

Y]
o]
ct

oroerly erron i

streicht ciclre rnd runweys

cn. 't

r
o]
je
n

C
[E5
(e
C
c*
e

wost fuctory evuipment 1o

to ordi rly criingoc.aent in ctroigiit

the procrecs of v

.

Genorel »liont loyout, mod

il
c+
NV
vy

-+
o
1

ricl tirough |r

4 1 -~ - o~
iere Tor the rtorcoe of
roiuces bl o vtusity
- - N . i iad l [t <
SN I GULT S50 N~
- I - " N 4
grxeprcicsl thh ol

0}

ould n~t be surrlizd.In

Cieonlinese (III 53 IV 2; V4)

mininunm occcumulcot-

the niniounm of hen'ling
nce 1tscelf very oo Tily

linves in tie créder of

B} P .
o~ 1. L e ) Ao e [al
Soustin roz2ellf o

39



. ApPi P el aa m T gy e T et A .
well defilaed, ctr. i bt ciclos nl DUl e LIKCWIZEG, 1N

m

Keering Tlocors ¢ necrly fres Jron ot ricls, of

Xinde, e poccible ¢ 10 medrricl'y to the voccitilitins cf

IS - . Y - g T I P T T e -

o Pl'_‘; [0 45 GR U0 S SRS Vs VIR Y Oi NEB W S z, i \,l\, Soiig rcess o
PR I T A Y A PR s .07 N AR . 2 :
Tiic su_ oeuis Lieb roduetion ot il oh conaintois

-~
throuzhzut thz roc ro of minufocturing, ¢ noorly coc
foseible ot Lhe Ll it ot owiiich tloy ore ouced,

conveyors, trucic cr contiinores, Jeoronding u-on tie n-tore

of th+ nrtericls 1’ Ui monner in wiiilch they ocre omrlayed
in ths yrocccese involveds It ¢leso cuog ote tle reiov 1l 7

.

r- fuse .. atsricls by metinis thcot ke 0 t

. NN E SR PN Fal p
wem ol Lue flonrs

tharouch the ure of ruch e uvicient o “bove enum-rrt-d inte
vhich thry or- CJeroczit @ cc roduc &, thus nmotericlly

reducing en’ sinplifying the wmenuel labor thrt is recuir o
to mointein o clecn slente Duct, fules, wood chovinse con

cinilor refure substinees th-ot cre ~20ily carricel in

r curr-nts mcy bs vory fTcctiv 1y romaved,

o
n
-
(@)
&

'
4
“

[N

as they cre rroduced, by exhaust systa.z roerly ¢ lied

ac nearly o< _ocoible to thoir cource.

s






2 . I y- PR S 3 . [UORIORE . ~- 1
equinnent, by hon® lobor, roondiros ths conrloyuent of such
processo o foocwoering, cors oing, Vicuun eliaoning onf

cerubbing or no_ping with ¢ ccially a’cn

dicinf=ctin: comroun’s. Tus n:turs of th Jooceit “oteoral
th wcthols e 1 cuving c_oxte veuired £or it ronsvel
tut in acny ev .ot L oloonpsins oor ce o thet 1 npl-rel
chiould be orforn in sueh 2w o to idinindize the
raicing of eril hoooring Juct,
5. Atuos tere ((III 6; IV 5.)
M"The rooovel of ifvoure ir, fumes cnld Juct fren

1

working plvc ¢ ¢nl th~ rocer dictribution of cir ot

ure

o

n=zarly the tooo riture ond hunmidity noraclly recuincd thy

the huncn % ¢y ze tle minufocturiag rocecc e will »oridt

- - I <y
Lot rLly

.o

D N .- $ el A : - 3 .
chould be eccconglisnhivd 1In ¢ gystenctic «n

mann<p,.Y

In the Jiccursion of Lh wrocoelins “riacisle

s +
SIS no

an importent factor ia the cucceossful ronovel ol

fures roduced in renafecturing rocrccoe wor bhriefly

nentioned, viz; th~ colic tion of exhauct systers ce nee

ae pocseirle ot the source ol thcir ~roluction. The necorz
suction piies or noods cun be 2701lizd to such sources the
less will e tu~ r-auvired volum:s of cir Jispl c=d to «7f-

renove the injuriocus duct or funez from the

eitd uton wells, f2--rs o

reuls

K-



JRp———



5

ae eccrtunity for theum to bocone .

c*

for the less vwill b=
distributcd through the sonircl ctine here, Zxceccive oot
ney ¢leo be removed Ty sxhouction of thy heoted ctiocsthope
from the vicinity of ite sovrens,

in onz lir e fretory the excescsive oot which
result~ad fren the onerction of ¢ larce bottery of cyrnide
furnzces en’ vitich Tt hoon the cause of numecrous ezt

prostreotions along the oo rrtore, woo ~ffretivealy roluccd

by the inctoll=ation of on exhcoust cysten with lecds to the

s~ oercte units to ronove the coverlhicotod cir ond ¢ ventillot-

ing sy-t-m for the introduction of frech eir nrorerly te=iip -2
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their rcolacemont zfter removel is cecily neclected zné they

socon become dicscerded.

in certcin tyu-s of <cguipment, =ither sznitory cor
productive, it is de:circtls thzt the user shell, u-cn
completing his use of it, perforn com- definite act which
will dispose of refuse inctters or chut off rowsr to prevent
the cevelonrn-nt of serizus health or cccident hazerds.This
may in meny ceses be sccomplished by so constructing the
ecuipment that to use it reguires precsure of t-e hend, foot
or other tart of the body, the rrmovel of vhich is foll~wed
by eutometic action of ecuirment parts to zcromnlish the
decsircd purpose. Lxemples of this zre waste cans with foot-
lift covers, closet s-ats which discharge iho cont~nts of
the bowl as the weirht of the users body ic removed and belt
shift rs or clutches on tool grinders, actuat-d by foot
treadle while being used and returning to the "off" position

upon renoval of the foot pressure.



TAZLZ # 1.

Sumnary of general princionl=s with their sources

in the three lajor Divisions.

No. ' Principle.

1l.Satisfaction of 2Physicacl Ks:2ds

2.Weshing Facilities znd Clothing

3.vinimum Comnon Contact
4.0rd=sr znd Cleanlini ss
S.Atnmosphere
6.Illuminztion
7.Concentration
8.Adantation

9.Control

10.Min.2xertion p:r Unit »f iotion

1l1l.Comfortable Posture
l2.Clearanc=
13.Inaccessibility
14.Stebility
15.Repzir

16.Incentives .

Industrial
Sanitation

IV.
Fatigue

No.

1

V.

Accid=nt
Reduction Prevention.

No.

O o NN O W\

13

14

€1.
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VII. CONCLUSION.

In concluding, two imrortant consicderations may
properly receive brief sttention. They deal with the
azencies for 2pplying the princicles thzt have been develo ed
in the preceeding discussion rether than with the principles
themselves. Th> first is the mrcens of relating this feature
of plant orgcnization to the older established divisions.
The second is the future importznce of engineerinrg in this
phase of industrial operation. These we chall treat separately
in the order named.

Organization.

After noting the readiness with wnich our three
initial divisions of the subject focus into a single code
of principles for conservation of human efficiency in industry,
little argument need be advanced to demonstrate the practicability
of uniting the applicaticn of thnse principles under the
activities of 2 single devertment of plent organization. The
duplication of responsibilities and activities that arises
from separation is little less than an effective neutraliz-
ing force that impedes the progress of either.They are
activities that are alike in purpose and eprlication and are,
consequently, not subject to effective and efficient division

into separate devartments.

The relation of such a department to the other
departments of the organization is equally well defined.



Though it is & division of plant activiti~s often coveted
by oth=r departments to be interoreted in terms of their
relation to thes g neral organizetion, ther=2 is no excess of
relationsiip in favor of cay other plent activity whicﬂ
Justifi=s its attachment to any other individual cenzrtm nt.
It must, in & Jdistiactly coop-~rative mzsaner, work in and
tarough crcctically all deszrtments of factory org:nization.
It relat=s to design, layout, selection, construction,
maintenance, opsration and personnel. Interpreted in terzs
of zny one of t:2se its fundamental purrose cnd its r=lztinn
to the organization become distorted from their true form

by ths limitations imposed upon tham,

Thz oroer position of this dezartment in inducstri=zl
~rgznizetion is that of direct recponsibility to the executive
head of the factory activities, usually the Works Yenzger.
In such & pnsition the de-art.ent has the advanteze of direct
relation to every othcr Cepartm-nt with the zdded opoortunity
of laying directly before the executive hezd of th2 Tectory
its plens and the r=cords of its accomplishménts. “uch a
position accords dirsctly with all the reauiremonts of effectiv=
srganizction.

The Part of :ngineering.
The variety of items cover=d ty the principles

herein nreviously develored indicete to a large degree the



€4

Puture importance which Engineering must assume in this

shese of industry. As the application of these principles
becones brozder with incre:csing recognition of the import-
ance of human conscervation in industry th» responsibility
for th=ir corrsct applicetion will shift more =zné mor-

from the operztor to the designer ani the layout znd maint-n-
ance kngin==rs.The pressnt necessity for saf- &nd senitary
nracticss in th= presence of unsafe and unsanitery conditions
as they ar2 now found in az2ny industries, must in the
int=rests of efficient production be saf-gu=rd-d by a
differ~nt combination in wnhich Safety snié Sanitetinn will

be larz=1ly »romoted by the working conditions thrmeelves,
ellowing the work=rs greater frzedom of zcti~sntion to the tesks

beforec th=m.

The adjuctment of worxking conditions upon ths=
basic principl+-cs her=in develooned is distinctly an =Zngine~pr-
ing oroblea. While in insugurating thic gr-zt industrial
~ovement many who are not -ngineers did and ar= now doing
most valuable seprvice in pgrecenting its humcniterian znd
economic features to industrial executives &nd in zdmonicsh-
ing workmsn to be mindful of the »nhysical welfars of themselves
and their fellow w-rkers, the task of enrlyzing the rcroblen,
‘determining its fundamentals in terms of industrial develnp-

ment and colving it in 2 menner that gives each forwerd cstep



ﬂhe prousr cd-gree of ~srueznence, is baing conctantly more
gznerally rzcognized ae thie teck of the Engin=er. In
acxnowledg=ument of this duty 2ad resuoneibility the Enginesr-
ing -rofecsion is atiing fortn eff-ctive «fforts throuch

its naticn:l societies znd its institutions »2f t-cirnical
lecrning to meet the y¢roblem saurrely in a2 truly rrofeccioncl

Nenn e
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