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PREFACE

Hex ty B yfuss Asseciaces, an indusaial design wasuliaacy;
has ledthe way n applyiog human-factors data wo product
devcleprre it for more than €0 yrars Vew, in a
eomprehensive 1evsmplng of the cuompuny's eaclsee landinack
W0k, 2he Measies of Mars. published in 1260, this volume
replesests the culminatein af thair effaccs ¢iaice than w0
document 28d publish up-te-date infoimotion for 1ase by
desipners, acchjozcrs. and en@ineecs 7 %e Measre of Mar and
Wriran assembles the mesv vital daca cucre ady available co
assist desigaces in coeam og products and eovirGnamnts o
enee aecnmmadaec human needs. We hope chat the

spp [iemtien of this dasa will help people everywhere in theie
quest for safeny, momfust, and sutisficteen.

Resent endeavors have nc huded sempiling snd mtegeating:
seatistisel jofenniten pertsuring © the differcncly abkd, e
presey wnt wemen, and to chiklren. Prior to this valwoe, no
wich infocmatdioo cegarding these groups exisesd in 2
complece md usable format

Th: key figuse io this desclepment, and io the cceation of
The Measire of Maand Wermayr, has been Alvin R. Tilley,
one of the world’s feremese expe1ts 1o applbed
aorhre pormerry, By combining data from numenpus surveys,
Tilk v coated a set of cefecence took that ha ve beesawe
indispensible to design professicash. As cu-author of 1%e
Me asseve nf Mase; Hirmoaseale 1213, 1974; aad Hiernanscale
4/516 aad 7/8/9, 1981 . be prepased desailed end easy +o-1ee
diafcn s of hizman dimensigns presenped in 1he &visext of
g . He has doae se again io this velume. Whethir male or
female, young or vld, hege ar simail, peopk have beea
soudicd in €heil various ewvire onicms D 0UMEIOW: PUSTuTES
and metic ulo wly readered for the pages thae follow. [Edezor's
noter Alent R, Tiltey died in fxy 1993, befors publication of
bis beet,)

®uwc Dreyfoss seaff members whe conteibuced
sigrficacly ce the beok ace Brad Agey, Joha McFetlane, jim
Ryen, Rebwia $mmy, und Williant Wengne.
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INTRODUCTION

Designing for people B a0t mew: wis as old as hamankind. 3o
b ¢ Lue 60vears, hewever, dlie field of hunan facrery—ihe
siudy ol hitvun capabilitaes gnd liMsations—hat becomc a
science thaois ever-expanding thnregh ehe laboy of crany
13icrned and deveted people @ o1 ndthe 2lobe. A seience

ach8nocs in many Gelds, the rask of amwrunadsucg al
husman beings with comfert aud safety beo mes ihc-eaamgly
compkex. The desguee ask kecP indosnsed by reading
mueroue bosks, j@imaks, imagavines, and papets aad by
consmlpfE with spediaists,

Yo agreat cxvent, proph' s needs for ovafon and bty
ace nop beiny mes, and despuy all the availsble dat, Japswes in

desizn are Groquent. There ate sill mans Poosly
desi8ned ebisuts causing acekbentn Seims in busey, maina, and
homes aie ohitva uncemionu ble. Many ainpuler operators
auffer Boack and wrst snaind. Theee s mough wotk e be do e
to bumaoxt thes werld.

Pes@n contide s rtmme 0B eD0OIOPAss MOoTe prople,

sonditsy, and envirojnenes, Morvisee, they have broome a
alebsl mater, aatl designeve i0day Aeed 10 12ke infe account
phriicn| differe nots amang intematienal populations —ba. ¢
witheur cemp jompuig s siceds of the stitistically definec

~average” PYsoc. With increased sesstovity, desigds can
faod 03 aeatly upiversili seaecely a v user group will be
tachuded fiom baving its poocds axce,

Thu Meaate of Maw and Komints 2 eontritstgo 00 1bs
effatr, The beuk is baved on a large quantity of [Lbe
necomulaned over nure than 4@ ¥¢ais by acy Dvesfius
Assaciates,which fuund ducenllection invaluable in inaking
predoct deagne more soscessfol. The data io this vehyne
umbraces 98% of the adult papulans i, and new Idoninauen
s providad regarding products and covu eiymeuw for infonts,
wddkeey, yourhs, doe cideily, and che differendy abled. Work
tatjonn displays. and centrole used in electronic iquspaarac
and compuieTs bave abo beew carefully suded and Bcluded.

'\ ¢0EACHDF NEMAN AND WOMAN

Counninuing © int=grare izaratch bndings from
ambroponieieic; and £(EONOMACS, 3 firn inicased by Alvip
Talley and tieacy Dreyfuga. we 3ave broadenwd tbe bumau-
faceors vvew 10 Hiclade CogniBaN—the uore’ ihaugh
processes—inthe d esagn equation, Pvuducts bave becaine
opoatiosaly mone complex, and a product’s physicsl forin
often envelops nunwereus hidden possibikries th o awaar tive
user’s back naad call. As with cthe shicreproctgor and the
PV, A product’s behavior mar vary deyendiay vu dve
user's anpiit a0d che i-thew condiiuus prograsimed inw the
product. Theoagh the applicaben of sugnitive ergoneisucs 10
deslign . prodiscts ean become eadierso vae.

We ask 1hat our technologst € icnds fram o lve vacje us
speciibies wahm the fd of humen Ettoss wndsvmand du
our brush it wide in @cdsr b0 supposc thi wiclear audiceiee.
Beah the 1t and ¢he dra w65 in dhis book anemp teo i ake
dem fram a raakEe 1 52 feniific studies ecadily availabe 1o
detignecs who mish | oddwermise find snch souedcs esolturic o
inmecessible; They ace mvended as 3 dess and ¢HEOOVE Ricany
of diplying complex nfonnatiun on siees Ninations, and
e0ndiiions We ieag that ovr 1eades will find our
peescnuat v fonnat quick and enay 1o wse and, addrionally,
o hope du they wisl absurb much of the cureent thinking i
human facie 1010 1bar enn deigh conepnons,
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T he tcem hurman factors encompasscs both physiology and
pychology aod covers st faetocs affecting hiiman
pecfononn e of tasks using wools o in man-made
eavisonmeats. For example vistial scuity, heoring, tastile
sensc, Mpsratur . and humidity ace quite cleardy factorss
thataffect pcrformanee, bm the deMeee of 8 persim's trakiing,
hes or heediet, md ether faetorss ate censidered as well.
Human Fictoes is the sphere of accumulated data,

Abe Meas:ere of Man and Wewrair is an outgrewdl of cbe
humgn fature ficld , and ic should thus prove uscful o
vngincers. architecr, indusoiol designe s, inceciot designcrs,
ceafrspeople, artists, and scudeots.

Accominedation began wa h che acuinn of bk in
pecbistncic times When bones of hominids thacdaced bac k o
muce than | million Years 280 were unciaveced in Kenya,

A frics, bune and stone vook weos found, Thumb cools thac
were prohably used for scraping »kios aod band weols fez
heavict work weie, by them, alceady ¢ cteastons of che haind

Bows and arrows extend ed the handl even fucther The
bowwas dusk sed for tbe stmigtb of the humier ot wartrioc
The arcow: lengeh was vsvally d esigned for the maximum
ceach in ¢he drawing of the bt The age of ehese kwrls & ot
known for ceetain, bocause the mscetiaks of which they weee
made perished eistly.

Nincthousand-ycaro ld obsidian nicrors wete voeac thed
1t Carat Huyok, Tucke y. The shacd, chipped edges were
¢ verel tv aplagaeclice matecialto peoteer the vacr or o
ptovide corafort. Fom thousand Yezrs ago, war charints were
used in dMohenjoBato, in westcon Paldstan, Thy wene
designrd to aesommodate the deiver and an archer side by’
side. The space necessary deter mined the spacisg of che
whecli— a spacing almosc identical to the sta odacd wagon
& xk amd easly @ikoad gauge.

Measuting neany items by the cubit {ellow to the np o f
the middle fugec), rbe anciem Egypeians developed chaics,
veixilated beds. fasc chaciots, aod scawort hy boats. Similarly,
m the Middle Ages mersmements weie made by body pacis:
a <eac hcight would cqusl G<e fissts,oc a hak-leg length

HUMAN FACTORS: A BRIEF HISTORY

Themachine age actived less than 200 yeacs age, and 100
Fears a@o, (imo-and-quotion cng neccing cmerged. Mueing the
eacly andem pecinad, the nacleine assumed preociy in design
coasiderations, a nd Wie opecator came bast For instance,
acly airccah weee desigoe:l only for operators of 8 cectan
Sizw. Wheo operaloes of chis size became scatee, the coocepi
of hesrrgr cuginecriug began by analvzang the workspace e
actept 4 variable popuiation.

Human cagintee ng (a secni wsed by cthe UYS, Ay,
whereas hanen facors # usid by ath:e branches of the
milicacyl is the connection berween the himon and e
mechimical ooc the extenston of dwe feemer by che lacer.

Bef ore Waorld Wae Ti, cngincers and atchiceces had soaw
physic a| guidelines (space cequiric] to climb ladders and

sta irs. space fo ¢ maintenance access, spate for dining ) chese
wene vsaigd [y based un the average man, Measmeme afs weey
ceken by the U. . Deparrment of Agriculrioz, wich the WIPA,
and gacment patecn szes wene consulie d, but most of t hese
measurement s weee nai useflul for bumao ¢ngrivcering.

World War 0l e quircd new and @omplex wac mach ines,
and the encncept that nadbincs, aet personne |, winwars gave
wayto eff icient ma a-musc hioc clacionships. Befere long,
mony saentific disoplines weie be in§ Lonsulted —paychilogy,
caginceeing, a urhzopo logy,and physo kgy: The Department
of Dekense issuec] buman engineecig standacds (e the design
of milicaty cquipment for the Acmy-and human facsory
infor roation for che At borce and the Navys this included
data pertaiping to urtdeesea ceaf as well. This work was
based on 39% of the adult malws aecepible fur cectari
segmeoud of milipey servier. Milicary equipment designed for
his sepmena could be kept small with a bw sl houede anc
smaller profilefor greater voouibat sabety:

A comp ati;on of rocasaicemcencs of scanase caken dunng
the vackus Antericil wars reveals that men wetegrowing ac
dicraccof 047 (1 cmiferecy decade.

BY che 19605, 3 systematic gathenng of cdata wax ongoing,
and che U.S Popacement of Heald, Education, and Welfao:
pubHshbd "W eight, Height, and Sekctad Bedy P hnensians of
Adule. ™ This civilian dasa was not as compee bensive as the
soilicaty daca, howcver, Then, in de 75, che Secicty of
Autemotive Engislecrs made a very uscful survey ofchildren,
from ¢wo-mon t.old intants to eigbeeen -year-ukl youths

(n dw "80s,che clderly wens measuted wheait became
appaiat that the v wece bacoming a [ tc e gme o of che
population. Acocdingly, inthe "¥0s, the Amezicans with
Pisabil itics Act (ADA) became law and prohibined
disrion natcon va the Yasis of d kability. Tbe & tzets down
sules of aesessibi hty and protec eiun for whe ekhair octupd ats,
for theblind aad visually impaired, and for the deaf o
heating impsaiced.

‘l'odays deniwers must be awace of Ll wholc pepulation.
Tecenatonal air teavel and che design of industmaland
sgricultval equipment al owar the woeld have crcared a need
for anthoop ometrical study ofs he world pop ulsann.

Cogoitive scienee now also informs the feld of dsiy; =
stud ies the mind: a wa roness. de cision making, difficu by, and
related issies.

The Huiaan Facors Society was feunded in 1956 in the
United Seates, six vears followng the fewidiag. in Great
Briin, of the E: g mwmic Resean:b Seciety. 'The serm
&rgonomiic, which is used more and mere s the toml
apphcaticn of all human Bictoes, com ¢s romthe Grack
érgas, meanng wolk, and wertos, menning Natucal law..
Original [v svnonyvmwous wich fiimar facsars, which
erc ontpassce die simila cexpreasions opplied bemon fectors.
biermagn factor cogerwscrink, bunrar engiireerissg, and oppliad
EIBO#OMIfCS, rgox OIS is bcesming an almasc unaversal
%o

HUMAN FACTORS: A BRIEF HISTORY
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ANTHROPOMETRY,

OR THE MEASURE OF MAN, WOMAN, AND CHILD

MEASUREMENT SYSTEMS

In gathecing dats oo the sizc of the hedy and 315 eumpeucns,
movemnen limitatieos, nnd serength—sll of which ace
tequired o cstablish human-machine eelatianshire and othet
decign requiremente=—nwag oas measurentene devices ece
employed. These are vften similar 1o thuse used by enpaacers
to measure machiines or by sculpeers in dheir wock.

¢ T be aatheo pucre see & similac eo a beight g3uge, with direct-
reading scales up aod dewn and in anc! swt in scvenil sizes.
The lartasc is used to measuce saich things as stature and
woitt beaght. A naidd[e size veesioa is vsed ea measure
sitein® heighr, knee height, bietack to knec, and siidilar
incetvals. A tmaller size device is uscdd 00 mcasure Facial
fean res [com a beckbaoed end a headboacd

+ A direct-ceadirg shiding aliper is used s measure bedy
widrh and depth. A smal siae is used (@ measure pars of
the band and the wadth ul the €215 snd mouth, and to
detetmitye biecps md aem widthy.

+ Dizect-reading spresding alipets are ued to measuce heud
widths and dep: ha

¢ Spccial block rulexs mcasuce ankle heighs,
¢ Special font-cucasuring boxes include s:ales.

* J'lexible rape acale s ane wsed o measuce body
cizcumiercases 9nd ather duocosions used in clething
desim .

» Templates meas ure finger diameters-
» Weight scaks oveasuce bedy weighr,
+ Jerce sceie s measure suengrh.

+ Protvacrers owasure sngles.

With a many measurig (ecls invehed, ant hropometry
beromes L me<ensuouog and exgensise, The nwst complete
and 7 ¢lizble infesiuatien has beca prepared by die milicacy
ferces. while covilian data is net completc. Mere recenitly.
measuring techsidues lave imPreved with whe addition of
digirizcts, iocduding optical scannecs.

The Socieey of Autornodive Enginaces, Ine. publisled a
book encitled Antd rofiametry of tacfarcss, Childres and
Yourbs to Age 18 for Produet Sifety Design 019 77).In chis
s\ve y, Imcasucing téols were modihed (o rcad dire orly inta 3
woputer frem a pecinon sigaal acuvated hy a eable rtating

THE MEASURE OF MAN AND WOMAN

a potenuometer, M eclified ad ¢ 1< and ambropuok-tets were
aquipped withsem of pointers aid cxmensions vy cedace che
numbee of wols. Buxly citcumiec enecs were oeasured hy a
colbed eape duar cecorded the discance st the pushof a bueon.
Occasionally, an 6dd dimensi en was required with a
stardard messuring deviceyin chis case, it was emered ba the
aathro Pricewist, whe keyed the data intc: the compurec
hnpectant measur eanems were token on abl subpcts. Minar
measureman s were tandeot, 80 reduce tune and cesr.
Computcraided anthroponetry will eventwlly be

peefeaced to Five borh seatse and animared RKures on a screen.

SAMPLING THE POPUI ATION

Lacge counaiss—the United States, for example—necd large
samplings, i, 2000 10 4004 each fot inen and wosnca , A
lacger m anhce of subjects cesules in greater aacuracy.
Mecasure me aes ¢btaiaed throughowt die sovntiy can inc ude
the fullowing dota

+ Bitihplase
*Age

* Haadedness (cight. Left, or am bidexts otis)

2 Coloy vm-:m
= Agcestry
+ Age of women at saesazche (hicst neens cc uation )

* Bemegra phe and economic factors

THE MEASUREMENTIS

There are seveaal standawd racasuring scoups:

* The subjeut ecainds with his or hee back sgairst a backboacd
© inzuce an erect body poam re; the bady weight is
distsibuted cqually, and the acins, fingets, und le3s ae fally
saaightered. The body s strnight bur nor rigid A hevizoatal
hi:addeard is usehil fur seow faci al measuremcnms

¢ The subject sits eracc on 3 flat hwricoacal sucface, and the
b ght 3s adjusted with the shank vectical and close to- - but
withont pressuce on—thi' popliteal area. Body weighais
<xtxsbuted equally, and the tocso is held ere ce but net ngid.

+ Inboth se¢ups dbe head i held vedically and measuceinent
is de:eemined by makig the Prankf ort fine batizeacs!, This
is dene by lining up rthe eprhole and the lewer puct ofthe
€y¢ otbit (eye socket],

¢ The stitjoa is placed 31 rhe supine pesitien on a flat
hecizon (a] pline, This nee suring pesture s uced for ufanss
up o 24 wiewths whe mannu stand erect, In shis csse,
stacute (scanding height) measureme ot is superseded by a
ke g th ineagunemznr freisa crown to snle.

Mea sutemems between bon¥ protubecanss and eacl peine
{fec exnmple. feom elbow 1w the dacivlion) ac e preferred.
Plesh mess ure ments tvay net be as uccuzate. Staaqm ind
other hueiglis are vertimol dimensions s width ¢becadch) is
owasucad hocizoncally. Bepth nicasuremente 3sc made finm
feonc ro back honzenally, Mistance, 8 measiice hetween two
land muceks, ean be in uny dircccion. Gire unferenic of udy et
body compunents is nsually tiken horzomsilly on 4
standing subjoct. @th:r measuremenis are aken for the
<lothing industry.

PERCENTILES
Bedy dinsensions ean be ploaed en a graph withthe
measuicmems oa the horizenvel x axis inceeasing wowand the
righc from the 2¢ce peint. The frequency of oscucrences is
plutted on the vesticul ¥ axis, increusing roward the top freos
the 2¢ro pont. A smeoth cure averaging a pacaculae height
duoension will sppeac bell-shaped (Gausstan or maonal
diztibucion cucvel. fathis case, the inc:tm, oxdinn, and inode
coincide. The smean is the aeithmeuca) avecage of valnes, the
med far s the mddlc number of o sevics, and clwe medeicdic
mnst commoaly occucrng value and the laghes ¢ point on e
curre. If weight er flsh ineseurcovenss (boc example hip width,
buneck depdy, or a bdomin al depth) ace pletted. she tesubing
curve is not symenetuml—che Peak of the eut ve i off-ventes,
Thix curve i« 2ckrocd tes sa shen cwrve, In this cast, the mear
nediaf, and owxde de net eoncide. Dita fem ene dimensien
do oot neeessscily cereelaw with thac of ecber dinsensions, For
instanee, a sall wemaii nay have a5 mall er lasge hip width
ot buteock depth. awdso on, This mboccoation is wordh
keepiag inmind when desUng fer an “average” paesvar

le 3 not custemacy o design for everyone. The lew at
cither end of the nermsl cunve may be sv extreme that an
eacompassi ng design conld become oo large oc expentive o
produce.. The militacy chuse » cxclide 5% attle smalt end
and 5% at the farge cnd, thus w:casunodating S8% of the
measured pepulacion in the Milicary Scandards. The 5%
valuc is called the 5 peaentile, and the 95% value i alled
the #5 peccmntile. Aoy other percemile values 1nay be chosen
by using the fallewiag table forestirnacing he height of
varlous percennles.

e —
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Jrbic fer Estimated Pcrcvariles

Verccarile % Included

999 = Mean +(2 x SD)
99.5 = Mesn « (2.576 x SH)
99 = Mesn & (2.326 x S1D}
7.5 = Mexa +(3.95 x SD)
97 =Mean+(1 88 x SD)
9§ = Mern+it 65 x SB)
9 =Mcan+({1.28 xSD)
5 eMawi+ {1l .04 x SD)
80 = Mean + (.84 xSP}
7S = Mean + (.67 x SD}
50 =Mean
25 =Mena- (087 x SO
# =Mezn-[0.34 x SH)
1S =Mcan-1{2.04 x SD)
10 = Mcan-{1.2S xSD)
S =Mcan-(1.65xSH)
3 =Mean-(1.88x%xSD}
2.5 = Mean - (195 xSD|
I =Mesn.(2.326xSB}
9.5 = Mcao - 2.576 x SD)
0.1 =Mcan - (3xSD)

SD = Simidard Bevtation, wlrich wn be fewrd by the fimmify:

50 = /%"ﬁ
—selcce £ = simimgdtion,

4 = diffeoancs be b m Ciig Beredir s micesireriers ard the

omiberetic Ricar N thel picesnronram

N = anuber of peopls w2l igsnrrey,

993

99
93
95
294
b
89
70
&0
50

50
(] ]
70
30
0
34
95
9%
9
99.8

I'here is a partwniac Standacd Deviation for every

Ineasucement and cyery sanyph..

We have chosen te accemimnod:ste 98% of the ©).S.
populatien, which lies between the 92 percennile and che 1
pereentile, for prodwct desigos fev civilians, Any lower
peeent excludes s geod oumbec of tall operstess A ese in
point: Canadian and US. farmers whn operste sgricultural
equipowenc are taller pnd heavier chao the fxoeral population
(Casey, 1989} Their 95 percentile statuce ix 75.6% (1920 <),
which ee inc ites with oue 9% peecensile scinle dataand
therefore witl be i bided:

Tfone prefers a diffencor peretocile, che standacd deviabion
can be calculated fcoun data om the anthrePemerric disgrame
in this buok.

For examgie-

2.326 SD» = 9® perecntile stacure - mean stature

e A
SDi= o =28 (1 mmy)

4ar

2226 SD = mean sczwure - 1 pevccntibe scature

n e "
SD = 737§ =28" {71 mm)

HUMAN VARIATIONS

[No w0 people ace exactiy alike, includiog identical twins.
The great range of diversicy is @ preblem for the desiwner,
Theee ace coughly three aaecgorics of human variabl ity
{INASA, 1%78):

L. (ote-individual: sizes change docing adulr lif e Some
changes ace due te ag ing and/et nureitians othecs ase
caused by movement andlor the envirenme nt. The face
and body asc usually asyouvetcimal, This may be the
reasea seme people de nar [ike phecegraPhs of
themselves; ey ate accusomad e seeing thenselvesin a
mietor, which ceversest he image.

2. lorws=individual; rheee sce big difkere noes dye te sex and
cthaic and racial membeeshi p. Diffe renecs ioclude skin
cwlor, eye and haic color, bady proputtions, and othe r
fecaruetcs

3. Seaular variabil¥y: changes eccuc frum genecation ©

gracracien oe vacious ceasons, ) (oweves, since che Bace of
thase chan s is re hrively slow, they have a bmiced effect
on the desigsver.
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) &=
MOTOR DEVELOPMENT © EXPRESSION OF EMOTIONS SOCIAL DEVELOPMENT LANGUAGE MILESTONES COGNITIVE DEVELOPMENT
Q1 IME @F EMERGENCE)
l BIRTH I 1 MONTH 2 MONTHS I 3 MONTHS | 4 MONTHS l 5 MONTHS 6 MONTHS 7 MONIHS 3 MONTHS g MONTHS 10 MONYHS 11 MONTHS
ROLLS SVER : GRASP3 WITH T14_!MB AN® FINGERN
NE@®NATa L SMILE 1 |
STARTLE RESPOMNSE GRASPS RATT\E SIrsS WITHOUT SULIPPORT
B 81 RESS SIAN@SWHIE HOLDING @ N
®iSGUST COMMUNICATES EM@TIONS CLEAA LY,
: = | ANGER. SURPRISE SALNESS FELF MAY BE FEARFUN, @F S IR eMGERS.
: e ol = vk - = PRE®GCUPIE® WITH PRINCIPAL
SHME, SHYHESS, SEL- AWARENESS CAAEGIVER

RELATWELY LINFERSONSIVE

SMILES, 0083, /M8 LALIGHS.
TO QUTS|OE STRILL ATION ILES

S HOWS ANTVGIRAY 8N AND DISAPP@INTMENT BY SHOWS.I@Y, FEAR, ANGER AN® SURPRISE
BECOM NG AKGRY OR WARY ; NTERACTS YATH 9T HEM PE BPLE
@PENT® STWiULATION. i sl : #
MAY §149'W S EREST ArB CUAIGEN ¥,
MEABLY SMILES XT PEQPLE. SHOWS BNTEREET N SURMCUNCINGS |
SONE CONTACL | REPEATS ACTIONS THAT ARE PLEASURASLE 8R IN (ERESTWEG
:ﬁﬁl‘:«:::w WITH EXH|OITS ®EL [BERATE AN PURP@SEFUL BEHY @A,
ANTKIPATES EVENTA.
SENS@RY INFEEMATION. CoBiNG e ANGSS
REPEATS PLEARA/RAELE BEH MAGRS TO BABBLING
BEG|NS TO COBRCEBVATE SENSOAV INFOF2AATION
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I 12 MONTHS I 13 MONTHS 14 MONTIiS 18 MONTHS | 16 MONTHS I 17 MONTNS | 18 MONTHS { 19 AMMONTHS | 20 MONHTHS i 21 MONTHS I 42 MONTHS ’&MONTHS

B |
STarl s ALONE |
SPEAKS 3 e0WORDS

SOL/ND PAYTERNSAND INN@NAT IO

WALKS JUMES 1IN FIACE
. RESEIBUE CONVERSAT IR
CAN STACK ON® BLO®K UFON ANOFH ER

VOCABLL/AY
QVER 51 WORDS. |

SMTATION OF S8UNDS GALKSLE STEGS TWO WOROPHRASES

BEG N ARE COMMCN.

Ctl L@ UNDERSTLN®S _ GABaL HIGCEASES

SOME WORDS

EXPRESSES CONTEMPT AND @UR.T

YO®OLER May BE ANXIOWS A8CLT SEPARATING FROM CARE GIVER

ADANTS TO SITLIATIONS THROLIG HRANTASY &1 PLAY, A B Y I0E NIE VING VATH a0L LTS,
EXPLORESENVIROHYENT. : Y L

INCREASING SE AR QIICH FROM CARERVER IN FAMILMRA SURRSUMBI NGS.
IANGLIAGEUSE® TO REFREZENT EVENTS

EXHIRITS BEANNINGS QF INSIGITT ANO IMAGINATY V4

@HBMTS A RIOSITY. SOLYES PAOR.EVISBY TRIALAN DERROR i I
EXP\CKES. MAY NOT IMAGINE SOIMETHING THAT HA S $1@T BEEN OBSERVED
- Tenol'no data Adapipd Inem Papsle an  vwerd s O kg, 1%89;

020 108, 136.1v1si1 90,147, 209,232, 238, and 272. Lisod vih permes lan
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MOTOR DEVELOPMENT SOCIAL OEVELOPMENT LANGUAGE MILESTONES
25 -3 YEARS 4 YEARS
l ‘ GIRLS TALLER THAN 80YS

CANNOT TURN OR 6TOP SUIDENLY B8R QUJICKLY I14ORE CF=ECTIVE @O ROL OF STPPING, STAATING, AND TUANING

CAN JUMP A DISTANCE OF 18 TC 24 INCHES CAN JUNPA BISTANCE OF 20~ 3 INCHEG

CAN ASCEN® STAIAWAYS UNATDED, AT BRNATING THE FEET CAN OESTEND LONG STATRWAYS ALTEFNATING THE FEET IF LFVCHTED

BEGINNINGE OF CONVER SATION | BREAKTHROUGH N ATTEVTUN T® @CAR U NICATON

CHil © THINWE THAT HIS ORHEA PONT OF YIEYI IS T1 & CHLY ONE POSSELE
NEY/ YIORBS ARE LEARNE® ALMOST EVERY DAY,

COMFREHENSION 'S BXCELLENT, ALTHOUGH CHILO '

]
T A TAKES IN GRANYAAR K
ST HRESERAT i @row YOCABULARY REACHES 1800 YAQROS ABOLT gR» ARE INTELLIGIBLE

GRAMMAR 88 CLOSE TO ALY SPEECH AH® SYNTACTICM ISTAX ES ARE FEWER.

GROUNSWORK EOR LOGITAL THINKINQ: @HUBREN CAN TH INK ABCAIT @BIECT S, PEOPUE OR EVENTS IN T &EIR ABSENCE
BY USING. MENI0 . REFRESENTA] IONE 8F THEM. T THEY CANF THEL MANIPIAATE. THESE REPREGENTATIONS

14

COGNITIVE DEVELOPMENT
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5 YEARS 8 YEARS

GIRLS ARE JJPER IR IN ACCURACY OF MCVE!1BIT
B80Y8 ARE X PERIOA INEORGERIL,LESS COMPLEXACT®R,

CYd START TLIRIY, AND ST@P EFFECTT/&Y ®I GANMES
CAN MAKE A RLOINING JUMP OF 28 TO 36 INCAIES

W H WesG| HE
CAN CESCEND LONG S1AIRWAYE UNAJOE® ALY ERNATING THE EEET C a1 HROW WIN I FAROPEA T SHE T AND STCP

w 1HINHE THAT &9 8R HER OWN FOINT DF Vi2W g1 HE OMLYONMNE POSSISLE

CHILD LEARNS NOT ONY BY SBNSENG AD 0O IN @ BUT BY THINK{NG A3 WELL
84S!C UNPERSTAND G0 F GAUSE AMD ER:ECT
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B*HEEL ,

MOTOR DEVELOPMENT

|7YEARS

BALARC NG @ ONE AOOY WVITHOUY LOOK ING BECCAMES POSSIBLE
C.eN HOP ANO SIMP AQCL RATELY INY@® SHAALL SQUARSBS

CAN ACCAIRATELY PEF @AM JLIMPING JACK EXERCISES

SOCIAL DEVELOPMENT

8 YEARS

COGHNITIVE DEVELOPMENT ]

@RAIP STREN@TH PERMITS STEATY 12.A@LIWD PRESSUFE

GIALS CAN THROW A SMARL EALL 4) FEEY

CHILD REALIZES THAT OTHERS MAY INTERPRET A SITUATION [N A WAY CIFFERENT FROM HEE OF HER DWWN

CHIUDAEN CAN THINK LOGICALLY ABOUT HERE & NOW™, BUT MOT YET ABOUT ABSTRACTIONS
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| 8 YEARS 10 YEARS

GIALS Com JUMP VER) ICALLY 1 0A HETG) IT GF § ¢/2 N CHES, B@YS 10 |[NCHES CAN JUBGE AND WTERCEPT PAT {WAYS @6 SMALL BALLI THROYN FR®M A DISTANCE
80YS CAN RV 18 1/2 FEE T PEMSECOND OIMB CANRLW 1 7F EET PER S ECOND

DONS CANTHR®W A @Al L 70 FEET

Clth.D HAS AEC#™OCA LAWARENESS, REALIZES OTHERS HAVE A ROINT OF VIEW AND CHILD UMDERSTA2IOS IMO@ATANCE @€ LE [ 5INO QTHBRG KNOW THAT
THAT OTHER SARE AWARE THAT HE QR StHIE HAS A PAAT ICULAR POINT OF VIEW, THEIR REQUBETS KAVE NOT BEEN IGMORED QR FORO OTTEN

GAIN'NG PROF '8EBMCY AT O AT VING M ANIPLAATEIG NUMBERS DSALRE WITH @ONCEP TS OF TIME AND SPACE, AND MSTINGA!SH-VG REALITY FROM FAN AR
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MOTOR DEVELOPMENT SOCIAL DEVELOPMENT COGNIMVE DEYELOPMENT
11 YEARS 12 YEARS
GIRLS TALLER THAN BOYS GIRLS TALLER THAN BOYS

STAND NG BROAO JIRMP OF s FEET S POSS BLE FOR BOYS; i STANOING HeGH &IMP OFJ3 FEEY S POSSBIE

4 1R FBcl FOR GIRL S
CHILO C ¢N |[MA® NE ATH RDPERSON'S PERSPECTWR. TAKING | HTO ACCOLINT SEVERAL BIFFERENT POINTS OF VIEW

CAN BR ING TO BEAR WHAT HeS GEEN LEARNED INTHE PAST T® SOLVE
THE RO BLEMEOF 114 E PREG BT, AND FLAN FOR THE RNWURE

ABILITY TOTRIINKABSTAACTLY.
CARMPASLE OF HYPOTHES ICAL-BEDUCTIVE REASONING,
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13 YEARS ] 14 YEARS

GRLS TALLER THAN 8OYS ; E

ADOLESCENCE . PERS®N REA _|ZES THAF COMMUN ICAT IOty AND MUTLWAWL ROLE T’*‘JK ING DONOT ALWAYS RES®LVE DISPUTES OVER R VAL VALLES
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15 YEARS
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17 YEARS 18 - 18,6 YEARS
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Amecgs o have Been growing ealler by approximately 8.4°
{190 per decade sinee 1928, which is «imilar tu the grow'th
rate - Europe, (Earlies data woest be beought up ro dare:!
The data for the 41 decade 5 difRcult & usess beause of
the Unwo jgeation of tnany shoreer people. Tle anthtopeinetcic
dara ¥, shis book i3 designecl tu nclude 98% of the U S
poupulacion (the 99. 58, and 1 perientiles ace includrd for
moen and woawol- Ut has been sa1d chat che U-S- pepuodatian |
“has the mose diverse echnicand ractal ind» o 68 ny eountyy 1N
tbe woeld.” Howaver. it decs not tepresent the world
popujatiw; for exsmp e, JaPanese woaico smeller then the
Ppamese 15 prrcconik wau Id vo? even be included in s U-S
studyy Decaipe the 1 peccentile Japansse womao i 3:3° {58
vom) sh.cter then che 1 percinile Ainedican wolnane

American and Canad®a furmers ae taller thea the 92
sercencik: U S, male, This particulye group s 95 peccentile
ststutz of 75 .6° 11920 gun) concides wnth the 99 pescennle
U S, pepalatio p seanuiee, The sitiing leighas are the saure, so
that mcans the the group’s e lengehs ase about L7 {43
o) P nger (Cascy, 1989).

‘[bece are propocrianal differences in bexdy stcuctuce of
scacra] 1aciPdgroups in the U.S. male population. The
d jfferences in sele ot Liamens jens for white, Nack, and
Japancse maler ace shown below {Hananscrte /23, 1974).

Total Leg Lengths

Whie Mean

Bl k Mean + 1.5° (38 mm)
Japanese Mesn - 2.6' (91 mm)
TVnial Az Lengils

White Mean

Blark Mean + 0.6” (15 0ym)
Japaoese Mcan- 2* (51 rom)

Siching Hewghts (apwa (0 seat}

White Mean
Bladk Meen - 1.5"{38mm)
Yapanese Mean (almost as high)

Setial Hm'Ehns [average male)

Whige 17.5" 1444 mm }
Black 18" {457 mm)
Japanese 15.8" (460 mm)

THE MEASURE OF MAN ANO WOMAN

The: fallowing tsble indicates che: dnversie’ of the world
pepulas jon. 1his survey was put cefcther in 1962, before the
addgion4fw tbe growth eates per decad-

Mews Valo=
Populations _Saaturc Wweight
in mm b kg
Wilae
Froland 67.3 1710 154.4 709
V-5 Acmy 63.5 1759 154.8 70.2
Lsland 683 1736 150.2 68.)
Franee 679 171§ 147.7 670
England 6.5 1663 1422 645
Sicily 666 169 1433 650
Moracco 66.5 1689 1407 63.8
Scot laod 671 1704 1363 61.8
Tursia 68.3 1734 1374 623
tierherea 669 1693 12 59.5
Mahratea (bndait) 64.5 1638 1223 $57
Reng al {{ndua} 653 1654 116.2 23
1dack
Yambast: 66.5 16950 137 62U
Krdi 656 1668 126.4 575
BaYya 642 1630 1189 $3.9
Batatsi 69.3 1760 125.7 2.0
X kuyu 648 1645 1144 519
Pygmics s60 1422 88.0 399
Efe s66 1438 87.8 39.3
Busdunco 613 1553 89.1 404
4 san
Tuticestan 4.2 1631 1537 697
Eskimo 615 1612 1387 62.9
North @in3 66.1  1¢30 145 610
Kores 634 lé11 122.4 555
Central Chipa 642 1630 1206 $4.7
JaFan 634 1609 1169 $30
Sudancse 629 1598 11443 51.9
AnLany Kes 62.5 1587 113l 513
Heng Koog 654 1662 ns1  s2.2

(S urce: NASA, 1978)

#

[froso this mb|c we con wee how difficult it would be 30

accomunodate the cotire world populbcion. At this thac we
must ex<ude a perecntage o very sinall aaud vecs tall pegple.

A 98% inclusion of che U.S, populat Ivn 2p#eacs satisfactony
for design work.

-

—— 0 LU ARTIE BAELE MO W S PRAESE MALE -

e AN LLE BLACK WALE

& AU MK ML aw——e
o ——— AVO U B ANTE UL ——— o]

@ WY WREEE P ——

PROPORTIONAL DIFFERENCES BETWEEN ETHNIC GROUPS

o N JAPEMERE MALE s
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?.1°C HIN ESE MALE L
: Toe
£ _r [ NATION  LENGIH  WIDTH
- [ [ 1 USA 77 (98) 610 (155)
u [ {=hid] GERMANY 77 (it'6)  6.1*{155)
[ ) [ -u,! FALY 76 (193 6.1°{155)
o | - [ 3 FRANCE 75 (191) 59°{150)
i s 3 i JAPAN 730185 §.1'{189)
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M.asuement can vary depe nding on posture: Helgbe
vacies between a stroght oe cigid postusc as muidh as 0-2to
0.8 (5 e 20 mm). Thre @ a less i deight due to celaxig
intc. a sjumped postore.

Table of Possible Slumps

Pastire Mleiy ¥oimen

Standijng 1L2"¢30 mm) 1(25 mm}
Sirting 0326"° (7666 mm) 0.3-2" (7-6-51 atml

Thece ace haighe utd weght vaeiations with 9 ge. Statuce
ncecases to age 25, md it dcescases frovin age 30 tw 60

Body we bt incrcases throvgh age 69. Thegreaiest welght
ficccase eocors besween 30 and 40y=aesof age:

@hc st an J akdo mina ] ¢ircumie reoce a kat incecase cat ok
age 60. Nutricion can vary gizths and circumbctences-

Stre agth decreases afer 30 yeace of age.

THE LINK SYSTEM
For the isvelization of 1the man-machine eckationsh ip,
cogineed pg prioe P ks can be appliecl v place of the
compiic ated bepe atcuctose:, Comp lex bene systems hase
beensimp Jiied by substiouting single st ight-fine Jucks: For
exampk , thechigh bone is L-shaped, When changed to a
straght Juee from pn-nt poiic 0 pivot poin. 1% perfosnance
is the samx and il ig casjes to en npzchend.

Al boacs are simplifed in chis o rec. Thepelvic boac ke
a large toesk and iS®Quats d with a s g ulas hok chac ks alke
atimd vng pafuarmiog thesame fanctioe. The spinal eolamn,
sonsisting of 25 sepacree bones, s simplified co a few links,
onc for the thoracic (vhest) azea, ooe for the lumbse (hollow
of the bac ki a:ea. apndone for the pclvi aren . If moce links
and p jvcx pom = arc added, ehe sy stem can become mulh
mece cospkx end difficddc o use m mechanical malysis:
Pivotpoints ark assumed to be 2ampl inoperistion alrthough
some bedy joints, xuch asche shouldac pivot, hip pivor, and
spine, are combplex,

YHE PAEASURE OF MAN AND WORIAN

The link syséem @en be fut hei' enhawce d by showing the
maximum e of tcavel and the soinfort range: witb tbis.
Determination of link baxtths is difficult shice pivot poims
are not measwa be on the body. The use of x-tays and
skelceon analy sit has belped in thepast, bie impraved data
selkcing eechniqume are «till necded. @ae ching 's cectar€ a
ba k kengt h must be consesnt fer all anthcopunetzic data. ®ne
good chevk & the span messuremem, whih must equal §for
examp]el (wo acm lengalis plusshoulder pivor to shouldet
pivot.the arm Jinks must alie fic sto vlder-to-eltow and
elbew-to.fingectip nwcasutesoe nex.

®ats on the charss and venip liae detasls acc bor fall
peceentiles onthe ccitial dimensions. Fox example, the
teljowing dimensions of the 99 peicendile man aze 99
pevceqLilc measurervee nis:

Satoee

Sheulder height

Shouldes o elbew

Elbow te fingertip

Suueck (0 knee

Xnee co fleor (witheu shocs)
Abdomipal dePth

Sittiog betght

Aprodact desiyn s bould acesmmudare all ws ers betwecn the
99 percentile man and the 1 peecentile woran: The mean
feswes «an be wsed L illusteations fer nuraw] applisstions.
Data from the fulb wing anthospoincuic sovces weee wused to
peepaze the chats depicting aduk males (nd females:
Hitmmrescale /273, 1974: NASA. 1978: snd U S Bepacrment
of Health, Education, aad Weltace, 1966 snd 1979
Cemplete drta wre also jocduded foc infaow to youths 18

sears of ;gc, This icf nuation was adspted feom SAL, 1975
ard 1977,

The Dynamic Bady Ve isus the Static Body
The rove andzeachof stouldec pivors may be extended by
extending th: 5 byuldex, 2 ocating the te unk, and/or bawling
the cwimk (witbout safe @ bele). Thbe atcs these novemeots
describe v space are Mo csphecical and ace eompk x-
Cenuo s on a »uncel ac a didanise beyond the ceach ofthe
finge rtips can be ceached by excending the: shoulder until dhe
thumb couches the pancl

L N N

Reach Additions with Acm Hoi izontal

Bcjow are fiseed gans i teach by men and wonxen bending
fezward, to thc side, and 452 5 bcrween. Numbees arc:
approxinste, n incbes aml millmecees

Men

Extend Rorate Bend
Oicceti m  Sheaddec  Truok Teonk Teual
Foraad 4(100} 2(50) 19¢250) 16 (405)
45* 3(75 1(25) 8 (240 12 (303)
Side 2{501 1) 6 (150} 8 (200}
Waosoen

Extend Rotate Bend
lyicecdon  Shewder Tk unk Total
l'erward 41100) 18 (a5 8.2 (205) 14(355)
45° 3(751 0.9 420} 64 (160) 10.3 (260)
Side 2 (50} 0 36 (140} /-6 (190}

Angle: erdee than huakon:al ones must be computid dy
solved g phically,

Nesigns jncende d o confine che opezaor or atherwise
encomp pss the eotire body-—such as drivec compatonents,
cackpiss, cte—can be drawn in orttograp hic views (side,
fcevnt, andpionl on the boared e vemputer sereen a8
a gusde @ constnvicting a full size model or mock+lp: Thrae-
di oxcnsional mipikins er dummics con be usel 80 analyae
space toquiesnems, Some dumntics ho ve cozrect weights
for tach bedy eompencac and can be used in dy nomic tests
tor safecd:.

The use of ljve modc ks isrecomantndedto check ouc
meck-ups- People correspondiog w0 the lasgest and s mallest
operatoes o frbe equip meicshould be <hescn: Typia lly:
many new facters will berevealed asa resele o this
g fwitjon.

The fig wes inche Measure of Womsn d'agrams akso
pdicate Erontal clea canee requiced at vorious scaxs of
pregnajcy, the maxjmum being iadicaced on the lacge
woman and che minim uar en che s 013 [l wansan. However,
thit # noc ajwals ccalistic; thesmall woman may have larger
dioyensiaas or a highee hip pivot-toseat discnnce than the
1 peroendle show-n. These Jine nsicons de et necessarily
eoctedace with stacate,

Meta 1039
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CLOTHING CORRECTIDNS Clethinig Increascs for Mcn and Wodfeo |APProxiMate, m lades aad M:ilincicse)

Cleth ing must be caken ioco considecation when desie nong Men Women Milivaiy Mcs Arabe

coinpa tenemds and seating areangemencs. if a condision exsses Strect Witet Streer Winter AcmY Army Fiying Parika
chat ,nu.st acsemmadietce the 99 pcrcemile_ mam sn_d beid Northus Clethecs Clo the ; Clothes ILgh Heavy' Heavy & Beorts
pescentilc worwan, add the herviest clothing requeed o the =
Lasgx soan and add che ligheese clothing to the small womm. Statuice 1.2 (30) 32(80) 12 (20) 41100) 265 1671 2,45 (R7} 3 25] 4.31110)
Hats 02¢ impor tant, inclwle 2 2° clewcance becween the Sitioghst 0.1 &.5) 2.3 (6D 01 (25 22 [70) 139 (35 1.61 (43} 141(41) NA
highest hat aod the reiliog 2o allow for tisiog and falhng g e '

during walking, Shoe heights s.ce 1mportant to deeorine Headbge Kare 24501 Batc IS 1.4 (36) 1.443¢) 135 (351 NA
coling clen rance aad se stbehts. Spacing between armrests 7.4 Bare 2438 Bat 3(75) 2.8(71) 1371 28147) NA
will depend on the sitting Marock width, with che buikiat = -

clohiog antwipoxed. Head g Darg 24380 tore 3(78) 3.5(89 J.518N IS #N N

Gleves affect space cequirecment, A bace band opening ot gp o0 ey w 0.5(13) 21501 025 {6.4) 1(25) 024 (61t  152(39) 15209 47 (120)
1.5 x 3,87 (38 x 97 mm] hus te be incscased., for heavy
glo s, 02 x4.5" (51 x 114 mm|. Gleved hands ace 1ot as Should:r hgz 0.¢(lS) 2150 0.35 (N 1.25 132 0.24 (6 1.52 (39 092 29 NA
xnsiﬁt&ﬂpﬂsh-buﬂoﬂ u-a\'clofo.!‘ (3mm’| musc be pr&if 0.5 03) 250 025464) 1(251 056(1‘-2] 1.4(3¢ 1_44(37| $2 0132
mcreased to 03 (8 mm) foc be3vy gloses,

Toc sables of dors chot fllow show the sacress oquimd  AMemen 0.9 (2% 17 443) 0.3 (76) 1425 1.24300 2.5 168 14 |36} NA
on each side far various cypea ofclodiing. Tlre Brst eable is 2Elbew w 03 1203) 4 (1001 0.4410) 2(50) 1 (25) 11 (s3) 1.84 (47| S2(150)
for civilisgs increases fie nwn and wormen, and the second
eabk i Gor milicary men, Values are spproximate, fec styles Elbow Ig 0.4 (10) 2 (50) 02 (5 1425 0.% (14,24 1.34 (48) 0-94 (234 NA
of cloching change. Milivary and 53 fety belmees ace about Hmd w Bace 0.4 1101 Bare 0.4 (10) $are 0.27.6) 04 (10} 1.2430)
12 x 10.25" (305 x 260 min).

Hand Bace 02 (S) Bare 02 (5} Barse 0249 03 7.6 061{leé)
Hand 1hk Boce .5 (22 Barc 0.5112.7) Cnre 0.4 (10) 0.4 (10} 06116)
Thagh cleac 9.5 (12.7) 1 (25) 03 (26} 1% 120.3) 0.3{7.6) 0.4 (10) 2(50) NA
2 knee w 0.3 (7.6} 04 (19] 0.1{2.5} 0.1(2.9 0s (127 1.7 (43) 0.72118) NA
Koee ca 15138] 1.6 (40} 1.3 130 1313 1.32(35) 1.44 {37 144437 NA
F.ace 10 back 0.8 4200 3 (?9) 0611 18 (48 0.2 (5 07 (18 0.54 {14 L25
Fout w 0.5 (127 1(25) 0.317.6) nS2.7) 2 (8 02 |5 0210 NA
Footlg 1.3130 15038 05 (32 1.5 43%) 1.6 (48} 1.6 (40) 1.6 (40) NA
Hcel hor 1.2 (301 1S (38) 1.2 (30b 1.5432) 13 (33) 1.3 (33) 1.3(3)) 1.3 33
Welb (kg? 523 100 (4.5) 35116 743.2) 94 (4.3) 11.8154) 20. I NA
(Soxerce; Humanesale (U3, 1974)
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WDRK AND PIAY STATIONS POR CHILDREN

Wock and Play Seseions for Comabinud 50 Rereentide Mak and Female Children, in Indws aod MAboiceees.

Siuog Standing

Chair Ebew Desk Deskeogs Chbair Elbow Desk Beskrop

AR Haghe Hright Heglt Reach Hzight Huglu Heighe Reach
3 3 (209) 13.7 (350) 15(%80) 12 (308 37 {940 214535] 20510 14 {355)
4 9(230) 14.6 (379) 16 1405 14 (355 44 (1020) 23 (589) 2215601 151380)
510255 15.7 (489) 17 (430) 15 (380) a3 (1495)  24.5{622) 23 1585} 17 (430)
6 11 (280) 172 (440) 18 (460) 16 (405 4s (1145) 26 (660| 24(610) 18 (460)
7% 11.5 (299) 18.1(460) 19 (480 18 (460 48 (1220) 28.5 (725) 26 (660} 20 (510)
8 12 (305) 188 (180 20 (5101 19 (430} 50 (1270 a0 (760b 27 (685) 21 ($39)
9 13 (339) 19.7(508) 20 (535} 20 (5101 1.5 (13300 31 (790) 28 (710) 12 (560)
H 10 13.5 (345) 20.2(515) 224560 21 (535) 34 (1379 32.5 (825) 29 (74¢) 23 (585)
11 144355) 208 (530} 234585} 22 (560} $6.5 11433) 34 (365) 30 (760) 24(610)
12 154380) 214 (545} 24 4610) 23 (585) 5941495 35 (890) 31(7X) 25 (635)
13 1543801 22.1{560) 25 {635) 24(610) 6111550} 36.5 (925) 32(¥15) 26 (6601
14 161405) 2345851 26 (660) 24 (610) 6311600} 37.5 (950) 33 (840) 27 (685
135 16(405) 2364600) 26.54675) 24 (610) 65 11650} 33,5 (980) 34 (867) 28 (7100
16 16.51420] 24.41620) 27.5 1700) 24(610) 66.5 41 690} 40 (1015} 35 (830) 29 (735}
17 16.51424Q 249 (630) 28 (710 24(610) 66.5 (1690} 40 (1015) 35 (890} 29 (735)

18 165 (424 24.9(630) 28 (710) 24(610) 68 (1725) 41 (1840) 36 {%15) 30 (70

(Sanrce: SAL, 1977)

Sandjng heighc includes shecs and a slight slvmp m gctuce.
Maximum ¢|bew Ose at cable 1x 3" (76 inte)

Maximwao discaoce from chzir to dash:top is 12" {385 nun)

ic js diffic uk (0 accommodaee all chil Jeen in one age beacke ;
the S percentile mig it prcfer a cheir 17 (25.4 mm) lower and
the 95 p:cceatilesaig b peefer a chair 1" higher.
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THE ELDERLY

There are coerenth: more Aroericang over 0F than chere we
teenagerd. Data for a d tinct population of the eldesly axwst
for poople of the agcs 65 w 79. Draca en ages 8@ 10 90 arc
potuvailable

V'he large elde dy owo bas lost 3% of bis hesghe, corpaced
o wheo heway 20 years old, becavise of several factors, 11e
¢lderfy man no leriger has the g7owh advesinage of 0.4* (10
nun) per deesde, and his Cartilage has shrank. mesdy
theouighout the spinc- Alacy, postyre ainong she axed bas a
more sliunped characeen

The small clder ly wonsan has loas 6% of hee heighefor the
sane 1¢ a%ons as tac elderly nwn

Ochue factors eoneerning the clderly include che follewing:

¢ Hand steength is redueed abeur 16-40%.

¢ Arm steeagrh s redoced nbuut 50%,

* Leg strength is cedused aleur 5 0%.

+ Aic intake i 1exdbuced a%out 35%.

+ Most body brendch decrease ¢ with ince-asing age.
¢ Nose and eaes iocresse in widdh ond bength.

+ Weight can increaac 4,9 1612 kg) enry 1@ Yenrx

One-thied of the 1otal werl icg populeenin suffet; froin
poocly corcecced visicq, This can ¢ a'surued eo affece the
elderly. in whom visual acaacy will al'e have deccrioraveda s a
cesult of che aging proesss.

Acy Yo
20 100
40 50
60 74
30 47

Phonree: Wondsaw, FUET)

Theete focusss meee slowh: with ag)ng. Moreaver, the
ability vo peiccive volor diminishes wiith age because of Lthe
yellowing of tie lens in the eye. (t 18 consequently inece
difficob to disanguish grecas, blucs, and viokets. $Frein Color
New's, Ocombec 30, 1989.)

Norxe the follozwisy stso:
¢ The eye's reactinn mc doubles with aginy
* Bability ylace doubles with aging.

+ A 40-year-old 1equices 2 timas tic light 2 2 O-yesc-ald
requites A 60-yesc-old tequires S or 6 times the Light o 20-
Yesr- old ecquices

+ Olde r peaple need lacer visual deails.
* heecase il vinioatian by abour 70 %,

¢ In hearing, bigh-frequency sounds are lost wich agiog: of
ceusc, heaang-aid corneetion is possible.

* Tasic and snudt become bess secsitive with age, The eldarly
tend & usc mece sali, pepper. and stcong dlovors.

Design Coasiderstions
ic is Imporse Mt ce sechember the following when designing or
the ddecly:

+ Avoid front ¢ungs on chabis forthe ¢ldedy, because their
leps move back e assist them in Asing. Armrests afse give
them hand suppect for 1ising: Leis very difficub for awst
clde cly peophe m 1ise fcoin a sofa .

+ The heighe of sests and werk¥aps muse be adjustable or
imade 10 ocder. The wockeop s best u clbow height for
key:hoards, bot it can be 3" (76 minl higher than the clbew
for ceadusg o1 writing.

* R enember thatdhe small clderly weinao is shown wich all
dimensisns bassd on the | percenisle Sinee gisths.
huctecks, and diighs do nut alwaYs ¢orcelar wich a fixed
staroTe, eonsideration aiuse be given o thase factots when
desiguing fuotiruse

¢ fower high-reach shelves 37 176 ram),
* Raise low-reachshelves 3" (76 mmi).

+ Lowar wuck mbles 1.5° (38 cum)

THE ELDERLY
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ANTHROPOMETRY OF THE 96 PERCENTILE ELDERLY US MEN AGE 65-79% ANTHROPOMETRY OF THE 1 PERCENTILE EL DERLY US WOMEN AGE 65-79
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DIFFERENTLY ABLED PEOPLE

The Amecizuns with Bisabiktcs Acg,which was enaceed in
1990 and became law in 1992, provides cvileishre
peotection for individuals wich disabilitics in places of
employment and in public aceammodatioos, includiag state
ao0d local ge wrnimeat secvices |sfermaation pesented here on
diffecently abled people bas been caken from the ADA.

Ferny<hree millien Amecicans have one oc more pbysisel
or incowal disabilies, and this nunibee is incecasing as the
populatios grews older. liefne the ADA, thai puople were
isohoed or sepcegaced and ofen discciminacd against and
piit ata disadvennyge suaally, vacstionully, ecoaemicalls,
and eduoiittiopally.

Now difcsently abled peoples inchiding those in
wheelchass, muse 2 pratided wich cqual go ods, stevices
faeilitics, privilefXs, advantages, and sctviomedatio ns.
Indiv khals wich a disabiiiy now must be accommodated in
ptvaw:ly operaced facilities such as the following:

¢ | nns. horels. e ccls, or echer lodging places

¢ Restairmes, bars, or other cstablishmencs scrving bod ot
dcink,

¢ Motior picture and uther theateos, @ beeea halle, scadivms,
or othar places of exhibition or comsteziniment.

* Audirociums, lcctuechals, conventon ecnees, oc ocher
pubbc gathereng plaecs.

* Shopping cenwers and salex or cena | establishments,
including bakeries, Rooxiecy stoves, clutliky stuces,
hardwa e scores, aod video rencal shaps.

¢+ Laviademats: dry ceaaer shops: binks: hacher thaps;
beaud salons;cravel servicess funcral paclo,s; gas stasiens;
ofRce s of acLount ants, snsucance ag ey, o7 kawYces;
pharmacies; profes siom | offiecs of hea lth-sare previders;
hospitals: and other service estsblshments.

¢ ‘lecminals depors, ot oth exscations used fer puiklic
tES RSPONALION.

* Musewar, libcanes, gailenes, &id cahec placs of public
disp lay es cotlectioc..

* Park ,xce, and zmsEment -Park taailitie, wed caber pluces
of cecreation,

* Nurscries and clemen tary, sceendary, undei gracluate, and
pixt geadw te privace schoels and echet places of
cducation.

¢ Daywareand sssimz-citizen aouces, honseless sheleets, food
banks. adoption ogenciess o other souial-acrvice
establighoyeats.

+ Gy mnasiums, healch sPas, bowling alkYs, golfeaurse
Ficalkes, imd othecp hees of exexcise or tecreation:

Publicly contralled agescies muse alu comply: thiginctudes
hebolbning:

¢ Anystate or foual govenmant tacility.

* An) dePa amen t, AECNGY, 5 peccl-purpose district, i othor
s toumenta ligy of a ¢tate ec srates oc beal goveenment,

+ Ay facility of the National Railrond 135 senger
Corposation oc of any ceminurcs ancbot ity.

Al any means of priblic transpoctation bY b, sail, or apy
ether conve¥awce (other than aweraft) chac Peovidey the
public with gencral ec speciol ser vikes (inchidmg charter
scrviees) en 2 regular and conciouing basis is included.

Exciw pted ocg? nizsto ns include peiviite clubs, e ligious
crgahizaco ne, and Places of wersh @, unles s some pars of
theae phessa v leased for public use.

Tbete ase (auc swpdard symbok of access bilicy:
+ The iceervistacnal stmibol of wheclchaie accessibility.
+ The sy mbol of nevess for hearing loss.

¢ Theinternacens] TD® symbol. TPD saands fec
Teksemmuniaation Deviee for the Beaf.

*+ I'he symbel of biands't volunte somicol,

Th: Law recusces thu o ohjects, including signs. shall
peotrude more chan 4° (162 som. from a wall or12* (305
10m) frony potrs or pylope, st a hotizonwad zeae berween 277
{686 mun) from the floor tir 80" (2032 mm| from the Aces.
Ake. $0° is the minimum beadroom in all wocridacs und
simul ac < Paces.

AOFT\ON S

FOR INTERNAONAL
SYMoeL oF
ABCCAGIBLITC

DIsPLAY
CONBITINS FOA
|INTERMATHOAL
SYNERL OF
ACCESSBILTY

NTERRATION 2
&ymBll . OF
TOBSCMMLNCANICHS
OBEVICE MUK YHE B2AF

{Ton

NIEMATIONAL
SYA{B8L OF
ASCE S5 FOR
HEAR NG LEES

SYMBOLS OF ACCESSIBILITY

OIFFERENTLY ABLED PEQPLE
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The fellowiog list presents exaniples of séeps to be 1aken «»
rescove architeesueal barriers:

+ Wid: n ducxways. or install offsct hinges to duacs, to
accommodnte whecle bears,

s Install aceessible door hardwaco

+ Elimjnace turostiks or poovide aheeace, asecssibke
pathways

+ Remove high-pile low-density carpering.
*Install mmps where thiTe arc only aakes.
+ Mabec cuch cats 10 ¢idewalks and entzanee s

* Reuccange focniture, vending oacbines. display cochs, and
o cher possible o bstacles.

¢ Repotsiton cek phunes.

¢ Repnsidon shelvey.

+ Add miecd mackingg o ek vatee conccol botross:
¢ Intta Wl flss mng aluo lighes.

o Instull vehide head wonieoks.

 Desigane accessible par king spaces for the diffescmly
abled.

¢ [nseallweab bars in te et stalls.

* Rearringe oilee partitions t; increase mancuserb @ pace
* (nsulute lavatocy pipus undes sink to prevent urns.

¢ [ngsall 1 raiscd coike gear

¢ Install full-length bathcoom mireors

¢+ Rep osicion paper-towed dispersers m bachcovays

¢ losnall a papcc-cyp disPeaser (o make ic pessible to drink st
aninaccessible waser fouream.

THE MEASLURE OF MAN AND WOMAN

High and Low Reaches fioma Wheelehair

+ Perwecd appeoach (voes toucdinng wil )

Wheelchairs

The fo|bewmg specifications serve a5 standazds foc
whevlchaic desyn: -

Higti ceach: 48° (1 219 mmb naximuom. Low rcach: 15°

Dimension n mm (39@ mm| minimum

Handle height 36 915 ® Side ccach, with 10° (235 mm) maximum distaike becween

Armrest height 38 760 chaic acid walk

Lap height 27 €35 High seach: 54" 11370 mm) maxiiwim Low reack: 9"
(230 mmt minimun: hewever, 15° (320 mmul minimum 1s

Seat he ight 19 4385 pecfersbie,

Toe beight : 265 * Maxjmoum sidc ceach ower a ¢nuatectop of 24" {610 mm)

Eye-lewel heght 4351 1090-1295 dep th and 34" (363 mm) maximum height:

Overal wHikh 2% 660 Highreach: 46" (1178 nm).

Owcall logel 42 10R5°¢

looteesc width 18 455

“Roet extoviniem b€ «ond itz & 6° (150wl fox treds miy aixtera
mre oz el prople,

The Aewae spuce pequired for whealduaie dear ance and
novement has beea estublisbed as follows:

s Minjnum clear Aeur space: 30 x 437 (760 x 1219 uml:

¢ Clkar floor space for forward appronch wito an alcove of
247 (610 mm) dqpthoc kess: 20 x 48" (76@ x 1212 nun).

® Clur floor space for Forwnrd appeoach inco an alkiuve more
diao 24" (616 miart decp: 36 x 48° (915 % 1219 mwm).

® Cleac Woor space for sides ppozach ineo an aleuvs of 13"
{380 mm) depth ue less: 30 x 48" (760 x 1229 nm ).

+ @lcor fleor spase fur side appeoach inte sn alceve more
than 15" (380 mm) deep:30 x 60" (760 x 1525 mml

 Preferecd doowv.ay clearinec: 36" {915 mm). Minimum:
32" (815 vbuni.

+ Mirumum hall width: 36° (VLS mm).

¢ Peefecsed ball widt hfer texs wheelkdiaics: 64" (1625 sm).
i nigvim: 60° (1325 mm),

¢ Turning spaec for a wheelchaix 68° (1525 oun! diamete

¢ T.ghaPed spaee coquired for 180* tuowa: 36" (915 mm)
width in cach ofthe theee coteidors; 60° (1525 1nml
midinu 0 dept in each dincctiva

Meta 1039
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AMBLU LANT RE ACH
SIDE REACH
FORWARD REACH
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||, s:MpcLesrwoomviay opEniGs Il . e TR
esm o TALL MEN ) g |+ 1S m L ".'
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Curh Cuts. Threwheld Laveds, 3 od Romes for VWhoaichairs
An accessshle tuute dees jwn inchecle stepe, Ucludbtin
ks Fos 1be cepnit aitrrnatives. cotsnl 1he diag s
for ramps fer the ditfeveved) 3 bhied

e Curb «va3 should bave 8 36" [9 | $ jam) mblinun! widdn
Tae S0Pt shuedd aor crzned 1:20 (| bigd 10 20 dexp), 204
the Aored sdes shoald dope 1:16. 161 br uncea balence of
the siluwalk 10 bces thas 48" 11219 mal, the faced sades
208l nat SR conee 1han 1:12

o A pqdre seep of 025° 6.5 man) maxveunt Is acxptable,
barif tle changs o levelin 0.25<0,50° 16:3-13 mem). o
sdope of 12 1 ropEed..

* Aspip canp Houdtuseaslopefl: 12 t0 1:16 fora 30
frves |9 M) and 3 maxamum slope of 1: 16 so 1:20 los 2 40

® The mynimenjcamp width., ischidmg che landwg: b 36°
715 aam).

® The I ke pgth should be a mmemiam of 60° (1525
o)

* The landing widd® thet must acasamaddie 3 chdagt tn
dipuglon stonid measme 60 x 60" (1525 x 1525 mw).

= Rangy of hamdraid beighex 34-38° (965-965 mm)

o 1f the hipdrajls onynot eostittuenin, extent ehem by 02°
1305 mao) 2t enc h end pasalle | co thie (lovr

e Handrail 12e= 1.25.1.50° §32-30 cam | doronree. To
prevent the buad from falling hehind the toiling andd Bztilng
23000, Feonde 3 1.5° 138 s} clearsnce cothe weall,

® Handta il must nos rotate:

Fer Sartucas or Whesichait U Usems
Wheelchs ir s 10l| ¢asict on hard, 1sabe. 1¥8uler sarfsca. Sof.
ose SUEEDps, JUch 24 2w id, B7avel, nd wee clag, and

e orixa s i chag orpas, gppods oevd.
Preder 2 et coctiic et of 0.6 foc sbready acccmible
r,oted and 9.8 for tamp anktallaclons,

THE MEASUARE OF MAN AND WO MAN

Wheeichair Emat¥oacy Biits
Alca-with-anexit path foc ambulaieey praons: promde o
48° (1219 mie) cheasasz: becwee nhasdeaih ou sy
CHRYPIKT sl SAICaa (O PN 8 PN (7 2 wheddois 0
e odrried

Loty ves for Whenichokr Usirs
Provede bor & b astalxe@he of 34° (865 v maxiEram whon
deripung lavat ynes fot wheckhai wes.

* Lav my peopccr® fiow walli 17 1430 acal oupszmum,
® Rut heighty 29° (735 nunl moaxusom
o 168 charmeie andes the basin) 377 685 o) pivemam,

* Pipe enclosuse 10 P:00ect wses fromn burnat 9" 120 sl
mitire am Soaszact 00 the Boor. EroRtqion of ¢e fr om
wall & boovcer: 6 ° 1130 B | @aacsvesn Kreeclemasex
b th? front edge of the lavaroiy: 8° (305 mm) decp
winlerwm

o Mertoc betghi; Floor m buttoan rdge: 40 {1015 mml

ma <lumy Hoor o tup odge 74" (1880 mm) A lllongib
@areoc 1 s drsirshie tn 2p sAKGONI| area o

oumusradic ol aduoln e cdchdSen
o Provide a foll 30 x 487 (760 »: 1219 mm) flovr 4pe= 0
ftro of e wab andey the batan

Orinklng Fouriins fas Wheolchair Usecs

Tbe spow beight, from outler 1o Boor should te 36 1715
md) nomum.

e Kare drarae: 27° 1685 mml miagvam
* P\pe exclosvre: Sce lovatory spexScatens, above.

* Hooe ascw for side and (orw srd-Tpprootins: fruvide 2 30 x
48" (760 x 1219 ovm) space

—___

lirinels and Teilews tor Wheaichair Usars )
Consider thy folow %8 measvreuents when dogning todeos
a3 unnale

o insoalmn haght 12+ max (430 mon) sbore floar. The non
should be chwand

¢ A 101lct aral begghh of 18° 1453 mon) can bewwd ty ol
(ETEED

e Duzxx ¢o side walk 18 1455 Dx) mmaDem

¢ CGrab ban 1.25.4. 50" (33 32 mm) diametor

* Srub-101 (amyeing et 3)-36° (340-915 sum).

o Grabber agth & bedk of wiber: 36° 1915 ).

bengih on side wall 42° 1065 Fro) mEERaT,
: mll‘ 130$ ras) Sam the back walli i the aswe of &
16* 1925 Mua! 521 ove che ppae medsusement , bt with
bars oo both sudes and pobar oo the be<k wall

b ol § cight 30 acnies luwc: 1¥* (485 mm! miskmuns
’ n;dwn;w sted 00t auie Uan I6° {9LS am) (ro® the back
will.
Talaphont Booths tor Whed'chair Users
+ Shell- 28° (710 resel aod 18™ (455 mm) dexp-
» Kooe drarence: 27° (685 mm) musvnum.

o Erery width besoven side walh: 36° (915 pwm). Side welb
auy be of o5 dep d.
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Teleeommunication Devices for the Deal

A IO is used by 5 pecson with a hemcing imp uirment ora
sommonicato n disorder. The TBD (semetimnes called a tenx
photte) has a te ad-our mon et and a keyboard vo wbich
messages 21¢ input. The THD avo akobe used as acredit-
card phone.

A Lext phese hae provisioo fou atleasta 10 x 10"

(255 x 25 S mm) <hclf wich a miniouro &° (150 mm) vectical
ckarine spPee 10 accommoudare a portable text pheow: o
chis cage, a 110-vok oudec musc be supplied, aod the handset
eord frvm the coim See muse dx of asaiple [¢ng th to cov ple with
the portable texc phone.

THOs may havefox in-and-out eapability.

The s phoves will carey dic inteenatienal TP symbol,
which repragents a horizvntal handet over 3 keyboacd.

The highest ceachable peint (coin slec or function ey
must not cxxeed 54 * (1370 mm | fuc the side approach ofa
wheelchair, oc 48° (1219 nun) fer the forward aPPeoach.

@0 sy -eaclosed boochs, all wing-style walls must be 27
(635 nym) frequ the {boce er Pavement, ot lower, in ordea e
aid ond protect 3 paison whe wslks with 3 ¢cam .

Bor wing walls undec 24° (618 :pm) deepP.tie sput
becureen the walls should be a min oo 30° 1760 ommt; for
wing walls deepur thae; 24" (610 mm). the space should 3¢ a
msumum 36" {915 ram). In citder case, tecess the shelf 4°
(100 ym ) (& shelf may be Aush with the will edges for 2
sid: appeosch only )

Semi-enclesed booths mav be wsill-menntcd oc moamted
on a post ot pylen,

Hearing-Aid Compatibility and Assistive Listening 8 stases

¢ Use the s vm bol of volomwe euntrol, which cep resents a
vercical bandsec with radiaciog curves comingout of che
ceaciver end (focing nght).

+ Aasistive Liscesung sysceras should be irscalled inassera bly
dimus

These systems ar e identifed by the ikemstional symbol of
aece ss for heating loss.

Considerations tor the Visvally Impaired

Although 1erviee degs ace rained o recognize and avoid
Jrazads. most peoPle with severe visimn ir@aicment are
1aied (o 1ise 0 cone in twe weys. The itk technique is used
jb v onrelled aecas while the second technique is used in
familiac aceas

1. ’he cane is swong. in aces te ¢ap the prosnd froin side te
side, eouching poines adout 6" 1150 1nm) outside each
shouwlder.l b this way, walls and dbstructions not highet
tkan 277 (685 wm) <an be depacted; the vsee’s hands oc
atms will bt obieas higher than 27 (685 mm), end
corfasion and i)Nucy can resuk.

2. Th:canc is he )d Gxed ac 8 diagonal in fronc of the user,
w ith the tip 2 lmost tewching the licr bevend ane
sboulder and the hand ke or grip outside the opposiee
shoulder .

Arcas dautextend 27 10 38° 1685 te 2830 mum) unde c
staircases st be clesed off forc safuty reasics

Fucther eciisderagtons for pretecaing the visua lly irpaiced
follow:

+ For safet s in walkiwg pacallel co awalt, projecions are
pernessaibk of they clear the floor Iy 27" (685 mm) e
lower and if 8 passa@e of at kast 36" (915 oim} rolnimum
width remaians,

+ Slgnboxes and che ke can projecta owximum of 4" (100
#m) at any heigd abeve 27° (685 mm) fer passage
pacaldd o a wall.

+ VWall-meunted obpects such as tele phenes may pronect if
the sbelf helght is no Weacccchan 27" (685 mmy.

+ Pyleosuoumcd wlepbones can projecc orly 12 (305 mro)
from the py kwn; they ace allowable above the 27° (6£.5
»m) kmit, bean e the cane will detect the pylion

* Overhead $gnx most never 1edude the bead cleacanee of
80''¢{2@30 mm), ncasuted o the flosr.

+ PFleo:grau: epcnings may be 3 maximum of 8.5° (13 mm)
in che direction of mascl, Any long ¢ dmwenson for such
an opemng nust be perpendic elac 0o the teavel dieection:.

+ People who have difficulty walking ©r who vse aaeches.
cancs, or walkers are susceptibile to slipping ot cripping
Provide safe walking sucfaces on all walkways and staics,

SiGnage

@vcrhe ad signs phced higher than 38° (2030 avmb muse haise
capital lettets 3 sninimom of 3° (75 mm) 1n heighe (*all aap™
lettaring ts not cequired) for a viewing Jdist anec of 73 feet (23
ml. The minimum kncc haight  0.625" {16 mm) fora closzc
viewirg distaee of 15 feet (4.6 m).

All beceering should Jegse 3 wid tb-o heightradio of
beeween 3:5 and 1:1 aad a sty okeasideh-te-heaght ratio
between. 1:5 and 1-10.

Use a mntte oc @thes nonglace fin ish. Acceprable lettes
typeface s would iaclude the folbwing:

Serifs

Bodoni

Century' Schec. lbsok
Gatamond, Gb caavwo x| Bold
Glypha. Glyphs &ld
Paanno

Tivses Roman

Saas-seril

Helvetica ,He h'esica Bold, Helverk 2 Coundeuscd,
and Hdveeia Conde nsed Bold

Futucs, l'utura Condensed Bold

Univess S35

Symbolsigns with caived and 8caille chsractets showd be
installcd 68° (1525 nunt feom che sign cenrcr co dve Aooe.
Lecec haights of #.625-2'" | 16~-50 mm) should be kxacl
delow the symbol andcaite d®031" {8.7% mm) aceomp anied
by prade-2 Brsille. Locare these sgns wellaway from
<daegen s us aceas nnd whese perinaneat idestihuation i
necded Joc rooms 8 nd spaces.

Elcvators for Wheelebair Users

For wheedchair pceessibility, the deer of en elevam®r must be
a minimown 36" (215 mvm) wide Thees ate cao acceprable
devatosy:

1. @ae has cthe door tooncside, and che minimem iatcrier
messaiecs 687 (1730 mm) wide and 51° (1291 ovmi deep.

2 Anorher sersion hss the door on the ecnter bne, and the
minxuim ntecioe is 80'' (2030 mm)) wide and 51”7 (1291
min)dacp. Witk cthe doet cenceted, the conteel Panel may:
B2 l<x:ated on either mde of che doos.
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Vake note uf the following items eoo:erning the elevator
contee] bunons m d cr:hee fean et

¢ The eoiueol buttong, ol 0,75° (19 mm) diameree minimum,
msy be caised or fukh,

¢ The [lear desipnrbinas md syrahols preferahly appear o
the lefe oif each bucton, The boto m rew ef bikte ns has the
emec1gency s aim on the kde vad 2 raised accagon symbol 0
the Iefv of the onei goncy s10P. The bunoa above the
cmerge A somp is the “Meor Closed" buttens Ahuve lek i
the "Daor Opcd™ botoon,

L)

ftoor desiZngtivas are w sl and illuminated. Esaille i also
peovadi| oo the voually inpaicced

® N0 bunonis tn S tngher dean 54* (1370 muv) foc che side
appruacl o7 48° {1212 mm) for th: front appcnach. The
centes hoe of any einecgency bunen must be no lower than
35" (890 mm) abnye tbe finiched floer.,

+ The ¢clerance hetween the car platfeem sill and the edgc of
any hoxrway landirg should not exceed 1.28" (32 mm).

+ Elevater pustian iadi ator; are lecared above dhe centrol
pan<| ot above che daor. As the car possm or stpx, the
flosr indication will lighe up and an sudible signal will
sound. Floor einweal keights ace 0.5" (13 mml wwbouse.
Tk audibk signalis no less than 20 deabels snd it
frequeacy no higher thao 1500 Hz,

* Allhoisiway enccances should bave ratsed and Braille flosc
designations of 27 (51 mm) in height ot both dacs jam be.
Tive ccnicr of thete desiBnations is €0° (1525 mmp above
e finished floor.

e Jlluminared Axouces indicatin € an clevacors up or dowp
drection should he mounted 72" (1830 1om) abavethe
foos. Theic salle st dimension should be 2.5 * (64 mm).

@ Cill byttens of at least0.75" (19 mm) diucesec should be
cenecred 42° [1065 nun|.abaye che floor,

Platiorm LiNslor Wheelchairs

Matform lifts for wheedchaics o ¢ aceptabl, but they muse
comply withtbe ASME Al7.1Safk ¢y Code for Ekevaars and
Escolatros, Secton %X (19908

Check iz 1or the 81lisid or Vesually knpaived
Consider the following when designing for the bliad ot
vesaeally ampaired:

* Usc 42* (1067 num} r ailings with A" (132 mm! atibs
aronnd dangeenus: 1 eas.

* Aveid prejections. tcip pins hazards, und low-haaging
obs covctinns,

* Aveid epen stnics snd stair asings.

+ Flaor opeuings of 0.6" (15 mm) or smillec exclude
caou tiP -

+ Righ tangle grid pattems s1¢ easier tv comp echueid thao
cuivamt ned sefpLINCS

® Use hraslle.

* Ruisad characters slhould be 0.4° (30mm) thidk, and plaeed
2t a hefghe of £0° (1.50W) som) abeve che flooe:

< Xunuc] the back surfaces @ f handles and kaobs oiy doncs
kudsog to ¢a nBer @cs arcas.

¢ Add suddle signals co visusl mgna k.

* Gss ranBes ate prekerable to elecic bxiausw they give
audihlecues,

* Haid surfaces aid sonnd dotectivo.
+ To avoid tcip ping. Liroir chaiges jo flaor kvels.
Checklist fosthe Desf or Ha cd-ofHeariag

Consider the feflowangwhen desipning for the deaf 4 hard-
of-beac mg:

+ Add \isual signals md disp kiys 10 audible < ignals.
+ Emphasize peinexl matter, symbols, aud piciuces,
¢ Peovide telegopy or fase

¢ Tnireaze th: voluare of audie signale,c.g.. sroplily
telephwaes and rinBers-

¢ Provide text phone for speach impaiciment.

FOR ARTHRITIS

SERRATED
ALL ARQUND

FOR PARKINSON'S DISEASE
OR MULTIPLE SCHLEROSIS

FOR PHYSICAL WEAKNESS
POLIOMYELITIS
OR MUSCULARDYSTROPHY

ON H AL CYLINDER

FOR ARTHRITIS
OR PHYSICAL WEAKNESS

FOR CLOGE
®ONTROI .8
QN STOVE

“+— DETA CHAGL E HANDLE

MANUAL CONTROLS FOR THE DIFFERENTEY ABLED
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SEATING

Seacing ix an ioceressiog sud v, besause people come in
assorced ¢izes and peopertions and theie tasks vacy. People
$itto (3t 57 © vommute W work, st af bamw 0 the ¢ venings
* converse. to rend, 1O woach television. or to work on 8
hebby.Some chairs appear @ be desiged with 0o theughe
glvec to the purstizi who ix 80 be aecom guuloced, tig thesyat
size or height, co che suppert of che lumbar wgion, ot coth:
eocrect design of the aanrest, People often have a favorite
chait, but many peep ke Buy furitituse nwsily for the s:ake oof
appenranae and later beconwe dissatisfied wnh cheir choice,

THE DINING CRAR
The dinb\g chair ¢ simple; tlee siting time s short; and the
chaie may be ased foc study, reading, aod wrid Rg,

Tie scapdaed dining 1abk of todaY 58 28* high (711 mm).

* The vectical distacioe between seat feon tedge and table vop
is beecar 912" 4220-205 cmaai).

* The seat top-frunt edxe iz 16.5" {420 mm) tothe floox snd
11.5° (290 cmm) bedow the cable cop.

¢ Ihe seae depth shauld noc exceed 1€'* (405 mm), The
widch should nocbe kss than 16" (405 nun)

+ The scat sueface should be level, and lumbae support
slieuld miintain a hip myjle £ 50-9%" The knee angle is
90" o1 graater oc besi. Noe chac tbe hip anglcisoet
pckkrifed aod will mot incerkece with digestion,

*+ Paddin g is prefetred on the scac: 075" (19 mmt of thick
foam with an «sily ckanud uphoktery.

* The scorer of lumbar suppocxis 9.5° (240 nun) abowe: the
seatl. Lumbarc acea height 5 9" (230 mm), a 7d width i5 13"
1330 mm ) minamum,

* Small people will dapglec sheir et unbess a fearstenl is used.

Racr un rerdabiting @9 soaloif 11 Jwivprants weore adupted (reme she
fotfeusang souencas: Phciza nt, 22865 MIL-S1'D-1472C, 1 992 ;
Geandrsan, 2 947: ANSVUHES 100, 2948 and Hu masak 1/2/3 o.d
T8y,

THE MEASUAE OF MAN AND WDMAN

A UNIVERSAL WDRK CHAR

The univeesal wotk chaic is more complicated chan th: diaing
chair beas as e it must acuwnmexiate twis p¥cuncs, one cred
and the other el xed. T ae lateer simulates anautamgbile
seat, which many ad Wés favor,

+ The tep-fsom cdge of the scat requires an adjustenc of 5°
(125 mum), se. that tie seat em g fram 14.5" (370 mm) 10
195" (495 mm) 0 aceenucodate all adults.

+ T ha seal sice, feiet tu back, should st be more orc less
than 16" (406 mm) te sccomme dacc all aduls .

* 1'he seac width should be 16-22° (+06- -S68m|.

» T he ®at coshicm is 1o be 2° (51 mm) of medium feam wih
no bonsoiing,

® Scatangk adjustmens: 8-15° fre 1 hesicontal.
* Backaogk adiuscment: 0-15 from vectical.

* Backucic betghr: 25° (635 mm) fer tharacic sad shouldec
suppuct; 36" {915 mm) foc bead aipport; and 15, 7
(40¢ mm) for arm reaeh-ovec.

e The ceaper of lumbarc heig bt (scBuytable from seat refecence
point): 7=11.5" (174-292 mml tn-and. e ut adjusinent
sheuld be 2" (51 mm! minimum.

+ The backeoest cushion should be 1-2° (2 55 1nay) of sufe
foam with a cacved back te ptevent sids sway; teo much
concesJcy eemptesses the lungs, A cadius of 40° (1000
mm) sceins (o be acceptahk.

+ Uphoktery should provide camfor g vearilayoa, and
fric timy. Aveid coacsely textured fibeics.

* Back suppuact 35 nuc ceuited 37 above the s:at; this space
Teelps provide cJearancce for che butoocke

* Asuunded tif-frunc edge of sest cushion and berom edge
of backrest;0.5° {12.7 mm) tadis.

* Arweest spacing, for access: 19" (483 mm ). A meest
widths:2-3.5" {51-8¢ mm|. Acmiesc engcbs: 10"
(254 \nm) fneward oof seat refere nas p@int for Vise nt a table,
a 12" {305 mm) if not for asc ata table Pud armeeses
sofcly with text uced st ezial; 0.5% radins {12.7 mm) ol

iramnd thit tep edycs.
+ The chair ould swivel and have § or 6 feetfor scability.

SEATING YARIATIONS
Thedrawingdiat idhaerates seating vaciatinns shows four
postaic es.

e A wark chir forattantinon ovralee mess,
¢ A relaxing chaisr for thinkiog, everyday use, and teavel.

¢ An vasy chair wich backrest chatsbpcs 30 degees o more
fromt he wercica k clo's equires a besdrest, and a0 sccomen
wounl be denchcipi

* A eeclinbg vhak, whiduis best when desiygned foe m
individusl. “The fol ly reclioed peatuce is not goed fec
reading. watching television, or < onversation, for the
swer’s viion s cusocd upward. A pedesial suppuct is nie
sitisGictiory foz this ehair'yback |oad.

Seat height & the front edge is best f adluseablc 5°

(125 mml, %o chat the seac <an move from 14.5" {370 mm)

(019571495 mm), maa suxed veodcally to the finished Hinas.
Padding shonld he of mediom Faam about 2 thick

(51 rom). Ako pad armecses 9.5 (13 mm) with 0.5° radiws

(13 rmuo) all aceund the top cdges.

SEATING AT COMPUITER STATIONS

FOR MEN AND WOMEN

Refer to * A Universsl "Waork Chaie above, for mose of the
ditailed infonnation on wating.

Beginning wch tbe disgrany show ing womea of Hee 1 1@
he 99 pciomitiles werking at a ciomputer statisn, note fiest
thatthc keyboard is movablc and can be angled; alkso, the
monirer isrotatable. venwally adjustabk, and tltable to
minimize tellactions.

Opeiators like boch die etect postnce fer shotr peried s
and the rchyed po:tute s sembling the aute nobik seat fer
lucyger dumatioes. The chaic 15 adjustabke.

The height of the tlsle hax an adjustable mnge of 23=25"
(585=733 mm) for womet only. A c omptonusc fixed cable
height of 26" 1660 u0w) is aveeptable for wuymm, buc not if a
mnuse 15 used waththetable nbove the dbow height

The small woman can have larger pregnancy dimensiens.

Note that 20 cxza fe ot tuppote it showa.

Now refec o che dagram showving men of the 1 ta the 99
petceotiks wotking ata cemputer sacion, Note fiest chat che
ketisoaid is movable and € m be angkd: ako, the monitoc
cotaa ble, veo timslly adustohle, and tikabte ter minimize
reflections.,
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Meo ako prefes bech che crect sesmee for shore peeiods
:8d the sehxed posture reszmb g the w ummuobile weat e
longer perieds.

The height of the tabk bas an adjuswable rang of 25-31"
(&3 57935 mm) fer men only. A compresise bl bl
height «:f 28.25* (729 mm) is scceptable (or men.

Ao akezoate design isa fixed mble height of 28 25"

(7RO mm? foc wemen and men, & theee i beah an adjrismb e
shelf fer keylsnard only, with a tange of 23-28.25" (585-720
mm). The shell should belatge cneugh forusing a meusc.

Notcalso che fellewspg:

¢ The monitor's hejght adustincot would be 7'
(180 mm).

+ Tbe lumbaz height wuuld have a3 minimom sdjustability of
710 11° (180 1@ 230 mm) up and dow'nand 2" (SO mm) in
and ont,

* 10 prewent CatPal Tunncl Syndrome kcep the foreacn and
wrlktin a neady sicaight kne ancltake feequent rese
pe riods

*» To avoid clestenmagne tic felils, keep the cathodea sy tobe

(moniter screen | at an armm’s lengeh aw'ay, The opcaacor
should beac leasi 48" (1220 mm) away (oOm nny ether

mem e,

¢ The eathiode-vay tube should nik be above the hesizonts|
eyx level andd sheod net be below a 40-datere <ight Line,
mcasi ted from the hosocitul sikhe line.,

THE MEASURE OF BAAN AND WOMAN

CLASSIC CONSULES FOR MEN AND WOMEN

Feur clascic censoks. nedilied from staliary desgn,

a commodatc women as well as mem: thtie sutability eanges
from the 1 percentile woman te the 99 feccentile man, Nme
here that scseral cvpes of foot suppoct are sbown (o hele
sma| ke wime )1 acid men.

The fust consek is s imple, fo scc-over and noscc-over.
The «athode rey tube is fixed @a a 15° sbping panel. The
kevboald is movabie and 1ihable ona 15" (380 mm bshelf,
which pecmits 9n ensy reach ro contrels en che monicor
pancl. The shelf beighc is 28° (7010 mm).

Install enly displays on the top panclarea of the ne xe
over coaabe, Movable fisotstoals are shewn, buc 2 footrest
)30g on che chair basc is ako 2 possibilicy.

The sesond consele is a somp ound vecsion that preirents
manypsocks cunrang up fo 68° {1 725 mm). A movable
keyboscd en 3 13" (330 rom) shelf, ampk for an acrucse or
workbooks is pessible. The heighe is 28" {710 mm!. Feys
thiat are infrecuend ¥ used can be Jostalled @n the 50=35°
pand, Ne manuisl centrek sho uld go above the horizontal
sighe line ef che small woman: onl v displays Ko 2boce thx bine

The seae fer the dirst ac d sixond vonsoles is similnr e edie
deste iption vnder *A Universal Wosk Chair,” above. A feot
sing has beest added oo teap of e caster sapparts foc tic
empound consele,

The oot spacze shown on both consoles will acesmmodrte
vhe 99 petcentile raan.

The swstund eonsok iz vsmplicateds it canullow ua
operater co walk a long distancc, if necess 1Y, A chaie
28-32" (710-815 mm) high i< provickd if work ac one
locarion is feequent. Thi chuie catres a heelcatch 12"

(305 mm? above the fnished Hoor . Siece caseers vuatld be
dangcious, only glides ace shown. Altetnace foeescsts with
posxibk adiustments are shnwn moonred e the back wall oof
the ensole, @nly 210" (255 mm| shell. at u e ighe of 40°
(10)S mm), is provided feor nox taking, because the back
pancl is sloped away nwece o the standing man.

The optirnm width is 247 6 10 0m). and the maximsim
efficient wideh is 28" {710 mm) The sit/scand eons0le Con be
as longasa wall, if eequiecd.

The fourth consobe is 3wmp -nrennd dessgn that mao be
adapeed © the firstsec-over ot nesec-over consede. In this
desig, the ceazer pueel s ucily 24" (610 e} wide aund Jas
(we sugploaental psaek 12° (305 mm) wide— eae #rieich
side= 135" from the centcr panel,

In aootbet vie xion, che center panel Jas a 36° (915 aund
maximum width. Hece, the supplementnl pancls are 120°
from the cencer panel.

The wrap-amund consok doubkas tlx woek space

avaable,
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Guideliacs presenced by Neofeit, 1970: Pancre and Zelaik,
1979; and the A mersican heedc ac of Anchitevs, 1988, weie
traliaed tn formu late the residential ding.rams that fellew.

BEDROOMS
Four ddruo my are sliowa in t his idlkistearion.

1. The first esample lupper lefe) cepresents a combectably
minjmal proviaie of most of the amenities that ace
desated 0 abedioom. This rumn has the p s sibilry of
rheee hedy; the first i a full, or doubl. bed;the % cond is a
quecn:siae: and the third is a king-size. Note that the ed
couldnac be heter plascd tad chat keeping all the
funtituce below: 307 (762 mm | makes the toom lock
larger,

2. The sccend bedeVuen lowes Ich) is neach- minimal fera
5ingle oecupant.

3, The chird dedroon & nwev lax urious, There ace two bads
and two decks.

4, The last b>dreom is for rwo occupanss (siblings or
studears) apd prevides individual study and storage acens.

DINING SPACES

The Acse dining ceem measurcs 10'8" x 13'6° (3250 x4115
). Theee is 3 24" {914 mm) clearance vpace bediind cbe
chairs all aronnd the table. This petmis ac asy' fuc a pecsen
to serve all scated dincrs;

In the sevoad dinuig epace, wich the bk a8uinst che wall,
the Spece needed lor clearance and bec sceving diness must be
considered.

huwluded beee are chree caccgore s of restaueant scaring: an
eeonomical spacing, an interancdiate spacing, sad space for
luxutious scating, There ace side tables 1nd floaring tabkes

Picing boorhs for tve snd fouc cecokiants are shown. The
st 3t ing prohle i¢ imporwnc for combert, as is the ceqguircmont
fora 10-12" {254--303 om] veetucal sca t e tadle dimension-
Theseatshould be leve] when eccupid. The backrest sheold
he angled away at beast 5°.

THE MEASURE OF MAN AND WOMAN

e ————e————— e e e L S e e

RESIDENTIAL SPACE CONSIDERATIONS

KITCHEN AND BATHROOM IAYOUTS

At che lowec lefe- «n Lshaped kixhen is repressnted. The
prithaty woirk patb is debned a5 a triangle of 10 x 6 x 5 fr.
Thit kisch:n is preferable for sc oo enmada Ling vwe people.
The separute work cable & advaneageois fes food
prepaation,

Above left, ot tbe cwo cormvidor kirghens, the wake cae
allows two pcople so prepare pvenls simulon seuusly. The
narrew version is a aearly minimal; bue scill efficknt, kicchen
for one person.

The Uxhared kirchen is dusigned boc cfhcent use hy oow
person.

The bachrooen at ww e eenter 8 cacher minima L bue with
wredin advanseges. b is 6 fr wide) and the hathtub bas an
extea acat fuar the eldecly. The coilet has a lewer-capacity
watce ank and a lower silheicete. The lavatery is 367 wide,

witha foll-widch miizoe sad 2 medieble cabiise o0 each side

The hoattom offers a complecely closed-in stocape area.

The |ayeur on the lower ciglit represcace the most
esvaemical x chroom. Execpe bor the pedestal-style lavisceey
and the empssien uf the btibt ubsae ¢ i is sinular te the
pteceding bathreesr: design.

Meta 1039
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MAINTENANCE ACCESS

THE WHOLE BODY

Io che drawirg, the senwol panct i< sactionsd for dececmining
hesghts for work bAg in duee pesturcs: standang, knec liag, snd
siccing. Note the opumum week angles beoween che sboulder
gad the elbow; measirements can b vaned 4-6" {101-152
mm) above the sbeuldec s and below die ¢l bews. oy arca
abave ig foc displays.

The crawling posturc is wilized eommenly in maincenance
prosedures The prone peshire is vatuable alse it gives access
in che most confined spacc. A supinc pestuee would reqace
more heighe bicuuwe the addition of a wheeled carvigge
(dolly] would be necessary.

Adcl 5.5" (148 mmi to any of che postures The
minimum width 524" (618 aym).

Qa the righe s an ill sstracion representing vatious
hat<hes The small ceceangulas hasch and che naikimum
o9l hatches are for horizuntal [bot h ovechead and
undeefoer) aeccss. The Jarge side hatch and the 30*-
dinmetec {760 mm) b atch ace for verrical (eg., walk
mounscd) openings,

On chart ¥#43, the grids in 1 he cop rew define 15 bedy-
1c@ess openingx, with minimuny, preferted, end meximum
values given . Ie &5 preferable 1o hase bk benom cdge of e
opeaing coirciden’ witl tire Hiowoe. The mmimum w lues
aesvmmodace she lacge man with average cloches, the
prefeeced values are milisary daea, and the maximum will
accemmodac men n arctic clothing,

The dotc and draviings o1 ) issectiane fagug feen adupted (rem
Huwnaaicale 7/89, 1922 mid Woodien, 1981

THE ME SURE OF MAN ANO WOMAN

THE APPEMDALGES

Specificstons fer egenings fez che hands aze shownintie
middle soctiv n of grds. Fach gpeniag has cheee valves: one
for bare ladids, cove foor gkaves, and ook for acaic gl oves, There
are 5ix openings for a sngle hand and rwe fer a paiv of haods

The lower left secton has three 1 spening: withoue
visual acesss. TheY are for bace ar o5, noomall v clecbed arows,
and arcticproteceed arnse.

There a :¢ three finger openings. with minimum, tare, and
gloved spucificativns The Rust opening adenlts oll normo]
fin gers, The seceod—a rocess Jor push butrons—cxdudes che
thumbs. Tbe bast aex is uaique in dae the fingee size 3 gien,
bouc dw size of the ob pet muse be udded Foc example, i f the
oblect 46 a reasssed koveb of 1.25" (32 mm} diamcee g, This
space must be added to the 1" (25.9 mn) minicsum Haxs
clearante, whah will then require a 3,25 (82,6 mm)-
diameter racess to epecate the knob.

J'eet openin@s ace requiced For a bare feec, onc wearing a
shec, and onc rloched in arceic gcar. Hoe must be added
spame for ¢lea) anec aroiumd che foot—perhaps 1 (25.4 mm)
for che mgrh and 1" fouthe wid th.

®pciungs $eu bare, milicacr-belmeted, and werk-ielnweted
heads uce shown. The fest gpening, fer the hare head, 5 for
the ®Y percentite and sliows a 0.50'" (12.7 muw) clearanrcc on
each sidc. T he second gives a sculitacy diamwtec with €,50°
cle arance frent and back. Vhe chird admics a wark helmet
and zlso hrs 2 0_5¢"' cheocance frentand back.
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SAFETY AT WORK AND AT HOME

Safery 3¢ 3 basic huonian ne=d. Huinao [sctors does manc than
jocreace machioe edficicncy and peafes: it alx cooscicociously
cunsidetschy ety and comfoct of human Bsings. The

folk wing tezms define sulety catcpornies:

bibeently safs: Humaa e ror will not d€® cad ¢, damage, $e a
baearc) or elyge mvjuey.

Marzinalh werfe: Human ecr ¢ could resutt 10 mojunv-
Parxerons: Buman ccron s likely te @usc injucy o death-

Cotastropirc: Bumso ctror cun < use severe degradanon—
|oss of sySecma inlucies, deathy oc mulap'e deuths

Safey is the coneem of all desigaurx, whe should inves 1iga ce
wid eliminace. all h » acds aind attemps co make all & hditor.s
inhecendy sale. Some cngineees avntider che p oceatial for
human <1toi to be 3o f¥can that i i impssible © anticipase
cvery miscake that can Jead © harm. Neveitheless, the
desjg Oec ¢hould consider how cscoss cao devedop and tey 1@
cons i ¥1¢iacics in which dnmnge te penple and equipmen
€an OCCuUL

A pragmatic appcoach is Wt ovic w the folloving safcty
checklises joc the factacy, the effice. and the home-

FACTORY

T his Jet cameec include all the haxacds ms every Gield of
endenvue, buc the items listed will help ideocify heaarch.
IThese arc Ecom MNunrmscale 4/5/6. 1981.)

* Have al] retanng devices been eq uip pud wich prutective
Bn.ﬂdi?

* Arcthe inee s0¢cl eypes proceered by puards agahust esnissions
and $packs?

*Jlu preaectioo been previdel W keep perconncl (rom being
ramincd oc piachd by reciprocacing mns?

+ Ace the AnScre o r hands prare cted with cleacance beravee o
cuding and Fimming paces?

* Elave shasp cdges and huccs becn climingued?

¢ [ a0 voagensy “stop™ bucon is requined, o it sceategkaly
lowote d?

+ Arc critical smowroly guardud w picvent inadvestem
opermaoc?

¢ Arc haserd wamings previse and ®bspicisou's?

¢ Acr coutrols accessible?

® Are salory inteclocks aveih ble to pretea eperacers?
+ Cap nwepitoring deviat help?

+ ‘%hen ao unsafe threshold & 1eached, docs the operece
know how to respond?

* Is it safv to vprrace the product in cxtrerme tempCratures
and hgl huwadig?

+ [z it safe cL use u preduct thac has encotintacced slveck and
visracon?

* k it pcssible toceassejnble a predict insuch a way dhat ic
wil becoms unof ¢?

® Can o d'scasded unic be safely busied or recyced without
croK ting 10 xic fuities ot causig pellution?

¢ Ace lifting handk s cemfortable and 312 safc rempeamtuce
ter biand ling?

+ A1c sompeocoss |ighteneugh (o carry wichoatteisk of
physical joacy?

* Bhs procection M=o pruvided foc perse oocl who may
accelirate oo deceberare rapidly:

* is jllu minativn ad equate for dececting huzards in all arcas?

¢ Has preccction fegm boght liche Gmense fasbe s, weldiog
2086, ctc) heeai previded?

+ Hax pretectio n ugainst radiation (migowaves, lusers. cce )
bwein provided 2

¢ Bave oll presautieas becn taken 1@ astid elexteical shock?
(Evep a small shock ean tause a secondaty accidene)

+ Bave cuise Ievels been ceduced to arect standacds o
peevear hearing lose? Has che nofse level beco reéduced m
prevene fatigue and intecference wath heacing?

+ Arc1empecanice ond enimrel msiocabied within huaean
toksd ocee

+ Havc toxic suibssnnces bec n avoided?

¢ Has thowght been givest ro the prewention o€ Bires aod
explos ons?

¢ Have eripping hazards been elimiiared?
+ Haveslipping hazacds been ¢limioace d?
* Do lowovethcad clearimes exis(?

® Are gundrails 20d safay belts adequute ro reduce the
posaibilicy of faliing?

+ Bav 23t oppropriate safety che cklist been prepared for e
specibe plant and peeduce?

+ Havesafery placards aoln sufets program bean ¢ reand?

No jse. tempee apwec, and illuminativn ar ¢ majus copes aod
appeatinthe sectiott ecititled “E avicenowne-"

OFRICE

This broad copic is cvvfined here mo:thty the use of
wnepiccs workscarions. Fost. consider che scac for »
comprtes sperater. h should base stfhcient adjosiabilic - o
pertijt a comforrable pesture while warking.

¢ The seat height chould adjust vertically feem 14.5" {370
mm) © 19,5" {493 mm) to aecommodare 3ll workers.
Ad just deescat heighe se chac the from edge cacries oo losd.

* §f the chaic has a backrest, #s Ixighs should be:
25" (635 mm) fec shoulder suppocr.
36" 1915 o) fes head suppat
15.7° (40@ mm) fuy urm reach-over.

+ Up-and-do wn lum bar supgreat adjocincoc shoatld be 4"
{100 mm); i in<aod-ocut sdjustment f 2% (51 mm)
miognueo s needed.

+ Uphclstecy should provide o mferr. frction, and
venilacion, Avoid sarse fabeics.

¢ Arouecstsshould be 2-2.5" {51-89 mm) wide snd 10°* (254
mm) forwarct of ¢ he seac ceference point. These may be
padded softly.

® The vhrir sto uld swivel and have S os 6 [eet.
Scc ako che section entitled "Scacing »

SAFETY
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Compurter Comsoles
Rebex & the cbons enatled “*Computet Seations fur Mew and
YWemen " and cxamine the 1 o 99 percrntilé women working
at a cempusee. Noce thae the keyboord ismevable and =0 be
angled, and che numisar 5 cotcable, versically adiescable,
and ¢jles hlc co munimize celbections.

®pc cacers radiy prefer die eeece posture foe shan wek
peciods or aweorcclaxed pusture foc 1o e ducations 1 he
foll~wring jeems a7 smpoctant:

+ Toble keight is adiusiable 23 -29" {585-733 mm) for
women only

+ Examinc che eonsale tor die | ro 99 pescintile mm
workind ut 8 computer,

¢ Tabk height 8 adjisstable 2.531° (635-785 mm) for men
euly.

* An slternute design isa fxed cable height of 28.25 (72!
mm} for all adult men and wepwn.

+ Asepacate shelf ruquiced for the keyboard soust traval From
23 v0 28,257 {585-720 mm) and must be lovge entlugh for
US{Cg 8 W.eUSE,

¢ To prevent Catpal Tunrel Syndome ahva ys wy to keep
hund and fore3cm in a neatly steaighe Ine devisting less
than Se. @peratars should teke feequent test peniads:

® New: key-boacds, splic n die middle and angling e <h Lulf w0
10acch the hand positien. shavld impeuve comfert.

* To avoid elecsromagnceac heluds, keep the cachodesay wbe
{monitur saecen) at ap avm'’s leoght away. 1he operacor
shouid owinmin u diztace of 48" {1219 mml fcamehe
sldes wr back of another tecininal

* The o ffice enviconmentvhowld e p legsant.

NOME )
Sta S ace the jowacion of che highest nunber ofaecidents b
the heme, but barhitooms, windows, doors, kitchers, fieors,
clecctics | syaccas. exteriors. und addigonal conside cation s ace
upe discussed, Unlkess otherwise nuted, the reommetdatioos
summarcizod for safery- in the heme are tuken Sroro the desiygn
guwdc publivhed by the U, S Depaninens of Bouang and

Lk ban Developmeng 1972

8reairs

@®f covzac, sbippery stir 2 misca lwavy be aviuided, cither by
carpeting ec upply ing high-fric-iva suitacing to inoedinasely
swoothstajrsuifaces, Starx design should tske the follewing
it\mé jNCe Scee unc:

+ Extctior scajry s himld pisch ferwaid 1/8" 43.2 mm)-
Caonsidec broom-fnished oo ivewcae o1 b icks ta provide
foiceion,

* Optimum jatetiot 5@ irs have u maximum cise of 72-5° (190
ounly 4 mmimum cun of 10" {254 mm), and 9 minimum
tecad of 1125”7 (246 m). The maximoo nuscis 1.25"
(32 oun),

* )ixcec e $(aits foc a boilding should have 3 mu dimum rise
of 6" (152 mm), aminunumzrun of 11" 127Y mmk aud a
minjmur ceead of 12" (30F mm ), The mu ximum oose is 1°
125.4 mm),

+ Exteriot scajts unatiactied © a building shauld have q
maximum riser heighe of §° (127 nml, a ousimum een of
14" (355 om), a3l 3 mipimvmcead @€ 15" {381 mem).

* Te ted oce stusc accidents. keep cxers and creads within o
0.188" (4.8 mm) masginof stro

* Avoid singdc tisets invide o owrside che house. Exception: 1f
one rice ac the front daar is poasble this is acceptable.

¢ Use the following ruiley oo detcrmiie step variacions
[tisc e fruon=172-18" (431.8-457.2 mm)
2 rge - Leun = 24-25" (509, 6627 mm)
i cgex Loun = 70-725" (17,780-19,050 mm)

* Do ne: exxxed 16 7isers in My so aighe runia Janbdiog aftes
cvery $riscy, for a cesc pesiod, is prefetable.

¢ P|see Jighe awitches at the tep and boctorm of staircascs.
¢ Aveid shucp cdges.

+ Handraiks urc usvally on the vutdxoazd side. Prefec 2 42
height (1067 mun) en belmenis. Peefer 3040 (711-864
min) above the nose and fer po khes.

* If the staitivaywiddh 2 40" {101 6 mm), add arailing cn the
foecd walluko.

* Nevee alow any opeiin® in 3 £(8)ECE3e str UCtLLC— i
innlor thenese—e@ excecd 4.5" ¢ 114 lum); eotherwise, a
diilds beadcauld pass duonghthe epening and ger

caugly, In gerevel. uveid op< nstaiccs ses te protesit caildecu
and adule whe mught dide their feec oo far forward.

¢ v 1d locatiig duors near the s teps.

¢ A frent porch entiyshould be wide, w stlew (o1 eom
atound und in frenr of the deoc, puiticu lasky when ic
swings outwa nl.

Bathsooms

To prevens (njuy te tlte Bacher, it is best o provide che fioor
of the oub or chower wich a naaskid surfsec. Anether
impoctant cunsides ation is th: exclusive use of safery glass on
al| Cless slwcer doots. T he following s pecificatians fer bath
fixourcs and la vouut are provided wich safety in mind:

* Paucess in bachtus howee combinatione sheuld e
toounesd 2 a height of 30-34" (762-864 inml, mess uted
from dwe cub foort.

® Contods foc shewets alone should be ut 4 852"
{12191321 mm). measused f@mm che rub or showee Moor.

+ Peovid: asowel bac abour 6" (152 mm) from ehe cxie fromn
tbe tub or shower .

+ Tnseal| ewo hocizon¢slgrab bats 18° (457 mmb bn g<m the
center Of the leog wall, onc at 32-36° (813-914 mm) end
lhe secand one at an addilienal 12°130S mm) above 1b3¢c

* Locate sn insct 0ap tray, cchtered, severalinches below
the lew bac.

* Thesbower head clearance to the teb butom should be
69-72"{1753182% mm)

* Theshewee<ursin codshenld be 7278 (1828 1981
mm) frem the tub fleor. Keep theced inside che tub arca.

o The Saucets ard @ne grab bar she uld be luicated 42487
(1067-121 9 nm) abovc she fbor. Losoee the tancers inside
the shower, neactheent cacice.

+ @n shewct doets, avoi| the vse of latcbes, which can
Finch, gouges causge SCrapes, £t

* Theshawce hould bave 7 vapoe-proof light fxcice,
ceneeced, with the swich 72" (1829 mm) awas' from sea Uk

* Awid sh:up edges an allg eab batc, The: tabe cun huve a
comfor eabk. un:lippecy texaure.
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+ The tesler 1quires aspace of 36" (914 mn) between two
walls, nca spaec of 32 7 (813 num | berwien onv'wiall and &
bashroom fuxtore,

+ Drovideenc inacory cabirct3 6" {914 mm) long.

+ The tub should be 607 11524 nun) leng Tbercshould be 3
12 (305 mm)scit Imilt at tle cnd that 8 eprasiee the

watcr fsuee:

+ ‘[l minimom fio.r spase is 30 x 42 (762 x LNET mm).
The pecterred fleor spascis 92 x 72° (1067 x 1829 mm)
for towel deving ineveincins

« Yor privacyand safety, the wiodow sill should be 4%
i122¢ mm) abeve the Hoer

e The bathroom daoe sJwold be a minthenaci 24° (61€ men)
sade wnd should swmg againsc a wall ot the rub,

+ Accommcdatiuas foe the diffecently ahled persmy are
detaded on the illusteation.

Windows

Tbe use of safery #lask, whach mmimize s accidenss, shonld
always bea sonsideration, For safcry reasens che following
fcgormmend ations are £ ea:

+ ‘The crank operated sash is predierable &0 che doub k- hynyg
sash, n which loeee kttag wanduwx can slide dnwn,
causing inl\ 1y ¢e bead and haods. Cascment windows,
soane of which rap be cleansd trom msidc, aze
ad\'umaa!uus.

* Piejecring windo wa arc pe:sible, i ctunk-opevated.

* Pitiwc windows ice hatisednus unless diey are madebrom
higchimpactiesisyant saf 1y g.a%. As an alccenative, use 8
miniowm sill heigle of 30-36" {762914 maru.

Does

Sufey glass minimiacs accidencs, espocislly around chideen.,
Sobd doo 12 with counded edges are xefecadle. Moreyver,
glassand « ramic dooc knob ¢ thould 1 ar oided: if £ rututed,
they can cause serious ioduries. Ce osider lever Jarabe for morse
hand ddea rance and deoer levecage. @che) ipoctant

coos idera tioans Enllow!

* Avoid two-wayswingogdoers incetidential bercsing.

* Avoid 1 wo deors thac sv:ing in confict with one ancthec.

+ Fur a foll opening. does shoald swing tnto 8 reem apeinsc
a wail oy epen at lease 90°.

* The head of a stnicway should not be locs ted ext to oc
epperir afrcquently used doer.

+ Peor widchs of 30 -32° (762-813 um) ¢thould be used for
intccior duges, 36° (915 mm) fur outside d.nars, Widths of
24° (610 :0m) should he used onby in Lath co ms.

* Garage dours made of sections can cnuse severe Anger
crushing. Placc grab bar handles on che lowier sections neat
the ceciser.

+ Mskec garag door width s minimum of 9 ke (2745 am),
evets thuugh 8 ft (2439 mm) i« the stonchccl- This ghey
more reom | or cacry and exit.

+ Make che gacage larger w ioclude a workshop, if desired:
allom'30° (762 mm | for any passeBcway..

+ Two 9 (2646 mm) deors ar¢ bewwer than enc Jarg e dool.

+ Provide pacage illuminacion of 30 featcand ks (325 lux) in
goncesl arcas and acleant 70 I (753.5 &) ever a
warkhbench aeea.

+ Pcovide ample ¢lectncal outlets, to lessen the necd for
exee s b o cords.

+ Previde veniilotion and beat if the garage is used 85 0
werlshop.

Kilchens

Jasge kxcheos ace not osecssarily more efficicor er safe
Coaault the clatr “Residential Spac? Cansidexatinns” foc
recoonmended location of ange andsink. The follewing is 8
guide w0 planoing safc kitchens:

¢+ All adges In 3 kitchen sheuld bereunded

* Asafekiheo bas a smatltrangle fro m redrigeracor 1@ sk
© stove ® refzgetatar. The sum of th: theee sides of this
wock tekmgle is under 23 f (7000 mmt T be triagle
should nut be inter rnpted »v tiathc Now-

* An axle 48" (121¥ mm) wide i.sthe mizisoum io 8 b+
shaped kiwhen.

¢ Kicchea cabmets ace 36° {915 mm) standard heighe and
14" (6010 mm} decp. Wall cabinces a0c 2 mioimumof 15°
(381 num) abos¢ theknche o cabiocrs. They arc 12° (385
nun ) deep. and the highest shelf s 72" (1829 mm) abxwe
the fleor,

¢ Pro~d c illuminasion of 70 fc 1753.5 Ix) over the snk and
50 (c (533 k) over counters.

Fleors

Catpcrson Reore atea safay imptosemene Aves regs should
be placed on a nnnsl id material under|ay. Fleocs xon be
anered with stemes. benshecl conaete, tiles that are nnc
slippery,and so 00, (0 mirimize shppiog accidcacs.,

Electrical Safely Considerations

Eventhing in the plasning af o home must follow' the
building codc of thac ares, and cbac. of course, includes the
elucteiial wicin g Some other ®oneerns inchude the fo |Euw:'n8:

¢ Lightmg hirtuces should be st lenst S0 {2032 mm) abeve
Jde floor, wn lss Jocated ovar 3 tabls.

* Keep s wirches ns |1ar frem warer Axtuces as possiblc.

¢ Yrovide aduplex receptace for cach 4fece (1209 mm|of
wolk sutfacc.

T here shovld be one of tbese for cach refager ster and dr¥er,
one foc irening, and ooe for 2 work sucface in the kitchen.
Sell-tcippingeuclers for kitchen and bath are cosemmended.

Yards and Wakways

A voad sloPes dlat a ee gradid steepec s 107; it is drnKeccnts
1o mo w ste eper g d:s. Plandng grouod-eevering plancs on
soacp slopes is advised. @ch o safaty censydeeations felJow:

¢ Avoid use o walls from wbich childreo can falk, or install
fcncig er shrubLeyy aleng a wail's 1op adge s a
safeg un d.

* A wakway 24" (610 mm? widc is goed |oim en or women;
2 39° (762 um) walk is good for a <hid oo a ricYcle; and
2 36° (915 mm) walk is goed for a person pushing a
stroller or 2 dolly.

* Avoid single ewside steps: prer swo ot three s optimum,

* Walking sucfases stoold have texwice. Brush coriczere
svcfaecs, er cemnenc beic s to the coocece siab and
e well.

SAFETY
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+ [n aat nake curvie 100 <lwip-

+ 1adder seccis tar al] wiodows should bepassible in the
ynrd, for cleaning purposes,

+ The minphum draveway width 5 10 foce (3048 muil. Exit
90* to read, Lurting chrongh cucb.

+ Lecace drupnage infets away frem teaffic. Opeoing il
sidcorabk vents (gtids), dains, «c., should Le coo small
admit bigh-hrek d shoas, bicvcle tices; oc rodent«:

+ 1'be fejlowiog planss hase puisonovs Propectics and thus
may ot be appropejuc arovd childeen: Avtomiy Crocus:
Star of Sethichem, Azal=s, Black Locus, Ble :ding Heart,
Rurercups, Castoe Bean, Dafludil, Daphne, Dicftenbachis,
Llderberey. E ke hant Ear, Faxglove, Golden @hmn,
Wyaciath, Ids, Jack sn-the-Pa i, Justamine, Jimaoo Weed,
Lanwnn C naara, Lakspur, Lautcl, Msrapple, Mistk'tee,
Muokshood, Mauaseed Daffo:hil, tNigheshade. Oleandcr,
Poinsettiz, Pejson IHemluck, Peison by, Poison Osk,
Rbedudendroo, Rossry Pea, Water Hemleck, Wild and
Culcivared @by, Wisceria, aond Yew.

Swimming Poels _
lretabbing a 727 11429 mml fence ull acound che pacl is
advised for maximum safety, A chaiodink. ec dizhueird, fenes
may- be pecfered, but movc any shacp points and Lish the
ocuing to the honisona | pok. The gate height should bethe
same, with the lan-h 48" (1219) akove ground Jevel. 1€ che
721 {1329 mvua) pen| fence coances © a buildiog. install »
43" 11219 jun) fence betw'eeo th: pool s0d the building. (€
¢he joca| butlding eedc cxos 2ds these tccomipe nclaeions,
fellow thecod: , Alse ¢sike the followng iteins ind a'tounc

* Previde good illimination and cquiPmentt- Loaie a 25-k
({7620 1c0) dissance beeween che po ol aad swindhes
{(ndoors).

+ Adjing beard should face nux th, necdwese, or aerthease
10 Preveot cyestoam, Fer ynaximum safecy, keep the buard
height a ¢ deck lev-el,

* Pyelec aroztangularpael. Tesauce @ all over o prevene
zljpping,

+ Provkbe a “shep hei d% 10-00%, ” flosts, and hncs. Also
provide for keeping a Arsc.nid kit accessible near tbe peul

Chlidren's Salety

The dimensiooalinkroaution outline d below wis olcaine d
from che Code of Fedeca] Rezukatinaz puiblished by ehe U-S.
Conswmer Pecduct Safety Coinmission, 1989,

No ey er sctide {cr paic of aa ardcls) should be gmall
cnovg h &0 dig cactireprwithin a oy hinder of the dimen~ioos
usex tac, Do poction of a rattle shou'd de vapable of
enteving and Puneeracing to the full depth of a cavity in o tezc
fixrure witbtb:ac dimentions. And 0o pacifes should de
vapabie of being pu lled theougb the openatg of a hxthie wich
chese dincnsions whilc applvng a 29 3und ferec: @ther
safety eecommenda dane include che follownny:

* Tovs ebauld hve inxgralcokocs, cathee chan 3 paim ec
ouwr cuatiag cher een pecloc flake ofE

* Stringz @ flexile cords longec dean 12" (3049 mm) ou
pyll teys for childean Ycsowee tha n age 3 should not be
provided wyth biads or ethec attachments that could tankle
and fony a loop,

* ¥ exible eords ata chexl atone cndto 4 tey imended fot use
0 cnbs aod phypens diould be lmx thas 127 (3048 ;nm)
jeng, If 7 aanl barms a lonp. then de pencciene of the lacls
must be fess than 14" (3556 mmi

¢ This drawing shows cevommended dimensioos for a full-
s e h

Ao eonsidee the followiag whro dexigning prodhicts ex
¢pvire now nty [er cbildren:

¢ Childceo olien kave sakty problms w'ith windows

+ Cl.jldien g hure if a do o is s wung sgdinse them, sod cbey
=20 §CC Angers piached between che sill 6:9d the deor on
both the hingced end the lacching ¢dRe of the de o::

¢ Nonakid (cextured] flosr mateeia ls ace best:
+ dw03d tbe use @f lead. 2 orwenc pahite:

® Previde far keeping medicines. <he micale, peis ons, und
flamwable matecjols oux of childrecs ecach:

+ Do not put o bpesk that can be swallowed w'ithin the seach
of childien.

* AjtrjcPete situations io whesll ehildeen cao be bsc on
bicvejes oc tricycles (steep slogez, hard sucfaces; ecc.).
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CDMSTANT FACTORS IM VEHICUIAR SEATING

11,¢ infoemat 0 n vinder *Censtarn: Facors m Vehiculac
Seatjng * shoyld also be censuleed for the sieeds of peaple in
schicles, Note that the gven seating posruce is only for che
clriver; passengers may prefer-g greater seatbackrest aogle
The t pevecntile sinull female deiver arid the 99 percentiie
jatpe msle deiver ace shown in the aleit pastuse.

Tbis diatram shows the huna n hguns with opdmwin
aukle angle, optioum koce angle, and opdmum spine and
uppec b anghes for c,pecatng a vehicle. They ace pracacally
the sanw Jor all vchicles only the floor angle changes for race
eacs, spocts cars, sedns, toucks, ¢ans; busges, induania)
aquip inent, snd st itsonacy uses by corzring the floor Jiocs
sboyt che same common hecl pomt,

The seats and backrese could be eonstant for all vehicle:,
The headcese will ch mye, sinee éhe hewud ceaet line muse be
pecpendiculac o the chosen coad line.

The vehide conours will chale dramatinlly: dw ruz cac
needs low frontal cesistmce, and agti ulcural and iodwserial
velodes aecd asmal) frontro-nxar direction, since dewnward
visiba lity is ver}* woportam, while asrodynamics is not corical.

Stceving-whee) diametces vary for different vehicles, snd
angfing the wheel m 3 beim tmipeove meait in some cascs, to
mainta in Ow oe crece thigh cearance.

+ A relaxing ankle angle is 100°, asuming 6-6.5° for the
shie angle. This is a goed angle for the resoing laft faut ur
for the cigh tfoce on the ascelecatot pedel ac th: normal
ceude speed,

* Theknee angleisgond at 110-120" fec maximuum pressure
00 the pedals. The 120° wias chosen because the knee angle
beeonees l=ix wlwii the l6g 5 faised o btale, Also, che fees
can form an angle of 45°, i€ requiied, The scut-to-back
mgle is shown at 95 The yppec leg booc is shown 2t 3% 5o
the leg bene and luck benc ace 98°195-100° is eptimum].

+ The headeess must keop the he ad ecnace Line vercical ina
€8¢ GOT. | sPO?s @ac. Aand M automabile. The headecst
should be specially made for the tace caidriver and have
sdec sipports

® Norc dw six catcgoties of vehicles with 5° variacions
allcured © each: chese $* varatiocis can be eversidden if
ecquiized.

Tafarm vatiovs froms Humianscale t23, 1974; Huaransesle 376 and
WY, 1988, and Pureevl 1980, wwos used e develop tbe toxt and
diogreamts v 1br's socrient.

VEHICULAR ACCOMMODATION

® Vectical and Jacwiesd scac dimensions ace gveo for ful] seat
adj vstmenk at each 5° loc.

® ‘the brakepedst peessure posat is shewn. Teavcl mmay wars
depending en the brake s yscen snd pressuie. Preferable sre
pow er-opecated bakes te accommodate 983% o fehe
possible wiark force

AGRICULTURAL AND INDUSTRIAL EQUIPMENT

Thesc drawyogs show the side view of the 99 pereemile mav
and the 1 gececemile woowan, seaced. Vhe smeund diawang
shows the ¢priew ofeact. The puepose of these layouts was
© esta bish the tavariec of cencrel arcas for a actorype
enclose d ve-hick.

The startirig pocnt §es chis cype of scating is ¢he heel point:
assumc a shoe with ao sppnecimate heel heyght of 1.2° (30
om). which give: a foot angle of £.5% lothis case, assomc
vie ankcle angle 5o be 96.5° The koee angle of 110* was
chesco to keep che lerae ma s srwall feom front o back,
bacausc this is the aritjeel dimension. Wow the spice was
dr2wo at 180° feom the upper leg bone (chagh boave ) which is
acomfoie anBle. Thehuman figure was drawn en top of this
overiay aod cotated until the =at hesiaunce as high as
>e%ible—c front edgr is at a heighc of 193" (495 mm) and
th: scat cefesenee plime iz at 1 7.3 " (452 mm). The sear kngth
of 165" (419 om) makes a 5° seac angle. The backrest
cepeee line, set ac 10° from the vertiee L made a sen -to-
bckrest angle of 959, which s also a comforc angk. Tbe
centes of lomber suppect is shownas 11% (279 mul e the
seat ceferenee pl anc, which is 05" (13 rom) less for
compaemtess. This lcaves a 3" (76 mumnd clenc openmg Jor thwe
butvock, and 5" (12 7 mm) [oc a1 cevm support 3° (?6rmm)
above and blow the centec of lumbar support- The
temsmning distanee st the Lop is fec thoracic supp ort, ma king
thebaadre::120° (SOU mm) hagh.

Now: this same analysis is sho wa Jor the sina)i ] peseencle
womaiL The chescut height of che contec of the lumber
pressure became 8% 1203 mm), wirh 2" (51 Tam) above and
befo wehe occm or of lumbar pressare.

Ana)yzing the seac variacions, we Aind the seat céquues a
wei e al adivstmene f4.4' (1 12 mm) and a horizon ¢at
adjusonc o of 7° (17 $num), whech seemed ce23e nable.

The steecitg whed is plotied io the oprimum position fec
bowh dcivirs, 1t should teleseupe 5" (127 jam) and angle from
30w 60"

The most wscful hand pesicions ace dinwn in foc both
operstors- Their § pesventile loecet age listed; from chis we
le;im 0 ajse onlly éhe 5 percindle valoes of dwe 3 perceatile
weman,

Vision lines aad colo tPercepe oo limiations are indwe ce«l
for thevertise | Jicad positions T he head catr il forwatd 15°
with vondloct, fo face, the head can ik casily 30° forwacd and
backwa cd, The maxiowm toration is aboiit 5O0° forward and
backwiacd,

Top views were drawn te help locate eont col aceas foe
beth the 99 jwrcentil- man andthe 1 pet centite woman,
Sratving wih che legs and bxingboth within the eonifece
vange yicdded 2 eem mon aeecleratocf osation. The beake aad
clutch were easy 1o Jocate. lkavioga 2'' (51 mm| mbvroum
bera.cso cach fe ot contcal o prevatt aa madvectcin
opecation of the weong conad,

A nujot concero was tic analy'sis of the liand consale
arcos. The bast lkxateen appeaced tobe 47 (102 nun) i back
of che heel incand cunning back 12" (305 mm:. That
I yeitmet s s le 8 focuced 11" (280 mm) from che
opansar's cences line, and it extensls cutwizd 3'' 1127 om),
1t & eas) @ reach. Beyond itisa doeved line showiog a larger
evaosole arew; any aces outside the primat yconsole shovld
hive onh-seemdacy ontcols. This encir ¢ console must be at
kast 2” (51 mm) below cthe aonrescs.

The arrorese spacing @f 20.5" (520 mm) & a fair
comperenmite distonee 22" (559 mmb s optimum fot deavers
weacing sery beavy clothing. The aonrest width size of 3"
(76 me) is comlorablc; avoid cthe 2 ° (51 mm) mici mum;, An
armesst Jmgsh of 8" [203 mm} is shoet, (e avoid ovcetlapping
the primar y emwaoleta such aa extent that tbe sausil woman
would enc ounter rouble making seme adjustments.

Jf we wece to des ign (ar the 5 peceencile womsn, who &
59.87 (1520 mmt call, €1¢ up® nd-de wn weat adivstmcae
weuld be 4* {102 mm), aod the fecward-and-uft adjustdre tie
would be 5° {127 inm). This condition might be mere
seceprable, and the anneests ineld he 10° (254 mum) long.
Sira ller women may vse dwe 5 percemibe sext by using a 120¢
knee atgle and tikiog the pelvic bone lotward,

Vagon » nghex and head-tlt aogles are showo m de side
vicws, Color.dect.00 angles are: shown adjacencte the
horronta | sghtline. Resche i and cange:i are givest; noce that
the benr irunk dimenson msy be limiged by shouldec safecs
beks.
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Viion ingles are given for the lefr eve only; dve same
ang s #pplyr for the cighte ve. All e0l#1s can be seen 30° on
citheg side of the head, looking secaiphe ahead, butnocall
osors by che sane eye, Binaxcular and memocular Belds of
view asc endicared: thesc, of eoucse, rorate with the head.
Esey md maxioum hend movements nee illuscratud.

Special eonteols and revizsions weee exanined, These
dra wings werv made fer 8 mex.kewp analysic usiog wood.,
plyweod. ceedboard, plastic, or metal. Scale audeds do not
give the same impresson s a full-sized cab, where opzratacs
may cryrouc contrels aid the scaciny far themselves. On che
«de view of the 99 p:ecendile inan, note tbe indicated
vearaiees above tbe head and behiwd the head for vacious
fercaing.

Aleo note che.dal) anck cybinde s §ips. Ballgrips of 1.5°
138 mm! diamcter and cylinder gaps of 1.25" (32 min)
diameter are prefcrable, te sutisiy the smallesc wsers,

PORCES FOR HAND AND FOOT CONIROLS
On the chuarc encitled “Steengeb of Men and Women,™ stax
with the scatcd 50 pecccudile LS. man. With nn olimum
knce angle of 110-1207, the ball of his foot veaches the brake
pedil wich che fornxe of 114 Ibf (507 NI for 5 pexcentide men,
76 Ibf (338 V) fer S peceensle wemeas take 2,'3 % 26 = 50 Ibf
(222 N} for 3 ne<frain ceach The brake pediil is ncacly
straight forwird and is goo< for bl ustrs

Agarding the acvederanor, see the cbart “1oxt
Me asureme uts and Pedal Besign, ™ The cestiog foor is showo
in n pestarc that  geed fer 8 cruisc speed; an angle of §0°
below chis would be for a hah speed, and 10® above would
be fos 0*. Air addizienul 5 abeve thiz is the maximui
pesition wheic the feec rests agoinse be pedal withour
eauising 2y’ pedal displacemers.

The lollowing summarezes forst eontro| specifisazions:

Beake
Resixtince: 10.50 IbF(44.5-222.4 N)

Free play: 1.2° (30 mm)

Pedul cravel (dovble for beors): 8. 52,5 {13 14 mm)
Heighe above avederutor: 1.27 (30 1vwn) for poner-assisced
brakesi 36" (91 mml for vasmisted foot oper atieo
Aceclcraior

Aeisragice: 4=191hF 117, §14.5 N)

Fece play: 5°
Maxitum reavel: 20°

R etucni ng to the chait “Strength o Men and Women,™ ore
may deterovine a few hand foraes available, To werk at a
consnle oa che right-hand side, wse the thin Line hand and che
$ petcentie fneces tar womeu.

$inee the conanls are @ the right, take 54 % oo f aie va lucs:
for cxample, for pushing 38° forward: 20.2 Ibf (99 NI, and
for pulling: 23.5 1b (105 N). Fer pushing veey close forward:
193 Ibf185.7 N, and fer pullmg very close fiirward: 13,4 |bf
(59.6 N ). Thece fosces are best worked radially o the
shoulder piverr.

For meving 10 the righe (stil using $3% of the values): S.4
LbE (37 N); and for maving co the Ieft: 12,6 1bF (57-1 Nk In
the tack position, for moving (e dhe right: 9.2 1bf {41.2 N,
and for moving o dae left: 10.9 11§ ¢48.7 N,

QOther values may ke caken t suit a pactic slar condicion,
Lookink ac the man on che cight, we find chat his body
pestiic i not stable. Any focces avay be cbosen, buc take /3
of the valuey s howii for the zmall wontan in <eder 80 indude

99% of tle adulc prpulation

Geip Swongth

Maximom kg Puration in scc
hen 59.3 63.1
Womcen 35.5 73.9

[0 general, muscle ctrenith is grcacer in men than jo women,
while physical cndur sute tendsto be grcarerin wonen than
inmen.
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DISPLAYS

The peck rable reach is thac of txe smuall worma o sivaog , with a
radlusabent the shovlder pivue uf 26.5° 67 2 ol and
drepp¥ig until i ruches the d=ck of the coosok. (his ingudee
a 3~ (76 mm! shoulder mavemeor. Wich an additionel 6" 152
mmt bend % the taok. she can vesch the 24 -wvide (610 mml
pancl, The bess lesarion fuc 3 disply s m a 30® cone 1% up
acid dewss fewun Lhe celaxed sight Line. T bis alows a perfect
visual ciiele wth a caametec of 11° 1280 mm) en any of the
font wuasulus, Tha & the acea foc the most bnsodam dephys,
with o) withe ut manuial eorcections, and for a mooitec.

CRCUEAR ANALOG AND DIG [TAL DISPEAYS
Prefar drcidae divls, semicircular daks, chack dials, and
30nc-ceded dialii. Counter, mozhaoical, and dgital diak are
useful avace dot mutcix 1rd sefmem-outeix readouss aod
graphic disphys. Use simplifying ssalcs and indiecs as shown,
Avoid entiw pointecs, Make die pobleer width as required
and Lapee the endof ic co myatch the erinoc indexwidch. The
ovlors of the pointer ancl the indless shoold march, espeiiilly
£ the poinice ts to be fhesh with the ind ices |

CIRCULAR ANALOG AND GRAPHIC DISPLAYS
Prefer a dial diamese r of 2,754 (5 71 02 mm). or lor bigh
accueacy, e 46 (10 2-152 mm). Staec 0 o the lefe of
¢the hattom of che disl (eg, At 9 @'clock) and shveys connt
clockwisc:pming 0 ac 12 o'cleck is also acceprable.
Numbers acc usually o wside the indices; very smail dials,
chewk diuk, und zone~ucled diaks recuice the numbers: inside.
Graphic disph ys using LEDs and LCDs arc casy to read
and cyn ceatvey 1uch infuranateen ita sm Al span..

Markings

Al numbers should ccad sercleally, Use simple sass-scsi€
numbers and ls:te-s, Avld fancy paansers, trade names, and
loBos. X.ccp ponters simpke ke drawing). Noce the optimuin
prepections (er A cleach recogaizilhk dicectiowal arcow.,

Poimars
Peinter widths a it specified Eor differenc diak as follow s:

0031° (3mm)fter2° (26 mm)dEils
0.062° (1.6 mm) for 37 (76 mm) diak,
0.054° (24:0m) for4° (101.6 scbnl dials.

Pictorial Indicators

Plctuscs can g :catly assist in the inteep ctat on of sp ccisl
rehtinnships (e.g., axcrale aleitude, pech And rll), and alsce
for componeors (c.g . Asp iodicsto1s), Symbols must eenform
dicectiunally wieh the object ur csanpenents they ceprsent

THE MEASURE DF MAN AND WOMAN

Sigoaland Warning Lights

[achaed displavs can be omniduiectivnal. They ¢an be simple
ind icatocs on a panel, with flashin g indicszors co signal an
abn o) eond in.0o. Meeers ean have ségna | ights te e phasize
that safe limies ace being exeeadad, and se 011, Mulci-gerojection
indjeators ean slow picturss, flo weharss, n umitical cead ars,
oc vechaldas. Maser wacning kghni sho uld be used i sienmais
are extenshve or bclond normal viewing,

Asnunk iacwr panel<kive vispal comm ands. An annunsiatuc
pancldisplaying a mawnof s imple indicaroes in the opcimum
viewing n1es can replame signak an mm ny scotserod daviees.

Back-kghted pancls wich coler coding arc che best way of
presenc oty piceerial displays .

Dae w0t ~vernse ligated disphays, and. il passable, kecp dwen
within the 30° eone, preferobly io the 15° downwacd view:
Kecp colors e a plinimum . The fedlowing £ yide wo signal bighc
e lors has been developet for oo lor-deficic nt obsenve s

White s u general status nd eatac

Red duootes sinatioo cratics k malfonc -ionink,

Creen denotes safe, nominal ec Eo-alcad conditions,
Amber or Yellow denoces a no*d Eor eaucion.

Censider prosidinE (wo hrighawsses, one { or d aylghe and
ene foraupchome use A marte by lack pasiel c=ri impeove 1he
cffecrivences of signals.laclate the orestcricioal signab Eom
che ochers. Indisater Lights need not be ls1g e to be cfteca ve:
propeechoice of enlot and intensity are the mportant facrars

Flashing lights are mece clfe ctive in ortrasting nttention
put asc seaec d iscurh ing o the obecrser. The recominended
flash case is 4 flashes per sevund, with ap proxi mandy equsii
time fos hg]lt and daik duratians.

ELECTRONIC DISPIAYS
Ing eneral, the viewmg ditanee shunld be 12-t8° (305.46¢
mml. For meze individiial vse. 7-14" {130-360 mml is a
suimble discance. For two or mare obscr vers, prefer 24 -30°
(610 - 760 mm |. The chsphy scceenshorekl be perpendicular to
the nonnal sight Line, of no greares chan 30° off axis

The minbousm sipad seze i8 1 aduute of visvalungle Tle
miniaium $i80al dueaticos is 0.2 ¢ ccend s,

Signa beightness and coneeast wih the backg-ound shoiild
be as great as possible. Conteast usualby exceeds 1 ml.

A hient illutna cion should not rellet (com tlw ke of
the pone| o d'is|rlay screcn. Use howds av fikets, il necessary.

Dat 1ir this seeting are afopte 1 from Humansonke 41506, 1981 ;

Py fuse, 1950 awd Woelsew, 1931,
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MANUAL CONTROLS

Thu prefaiable asuch & that of the ssnul) wew aa sitving with a
horizoneal sight liney her seach amounis 1o avedive of 26.5"
672 mm) swinging about the shouldee pivot and deapping
until & Louches the deck of the Eour censeks, Thisinclides a
3° (75 mm) shruldes movaonent Foc mluse-in wask, takea
12* sadius. (305 m ml a boue the clbew pivot oftbe small
weman htting at eae ef the canaoles, Addag 3" (75 mm) of
clbxsw mosement will all ow her so souch any area on the
deck.

T he best height i obrained by scarting atche upefher
sheulder and cunciing down cntil her hand wuthes the dexck
The natrew width 2f he 24" (610 mm) eensole will permic
be c po touch any arca ef dee deck,

Ecooomy of Humian Motinn
Fisc kinds ofmotion follow, in ord i of jocrcasing effor,
cxeceiuns and teme o foperation:

L.Einger.

2 Fingerand wrb (.

3. Finger, weptoaid fOrear m.

4. Finger, weists forcarvo, and upper ar m.
S.Eingeu weist, forcarm, uppes arm, and body.

Ther¢ is Odc exe&Prion: wiise metion ¢t be mosc fat@uing
thao figer mecion. Tey to keep tbe weistand foveanciin a¢
near a strasght linc a5 possidle when working withthe
standard kcy beard for monitors.

Accurale Aeach Decterminanis

Graphical anely sis of dyma nuc motiona should b e made,
taking iomo account the yarcous nvovaments of the slwwbier
pivot md thw different baocl postures usced wich ¢ ae various
comtols. Reach can be cressed by extending the sloulder,
rotating the cunk. aod bending dwe trun k, or brea
cembicateen of these muatinns. T he distsnee veciss ascording
to whether ¢y motion takes place direcdy in fron: of the
opctater oc re the side (o¢ Some g int in be twe en ) ancl
wbetber the epecacer # a womacior 2 avan

Cootrol Organizetion

Erequactly peratad eontrels sh1001ld be the most secessib e
awes, visuslh s well as physically. Emeegency contsols may
fit chis cate gory, but if they involw a cisk tbey must be
preccceed from inadvectent operation Rehted eontenls
shovild be grouped togeche 1 m a logieal pacecn,

THE MEASURE OF MAN AND WOMAN

To achicve capid. ézens-fiee petfocmance, provide am ple
clearsnes of 6-8" (152-283 mm| above and around contce ks
in casily rcached arces and cwice this in harde r-eo-reach ascas
te accerumodatc blind cesching, T he scquicnee of mosements
ducmpoperating of sintcals shenikl b e x hiaet, effe xive,

Jre rmonious ;and smowech: beck, rack bng; rep eaced mevements,
aod indirect motions 1:e to be avoided.

Smmcuy of motion for smuhencowsoperaionsinvolving
botb hards saves time 2nd cedises errers. Ceotsol soofions
should be natueai, taking muscula ¢ cfficiency and dicection
ineo <onsiskreGun. Stand anliretjon of eontrod lueerion on
machines or vehicles ceduces cceors a nd accide ors wh an che
opcrator uanskees from one piesc ofequipmenu to anothe r,

Grip Designs

Haod gcips should conterm to usc and hand motioo, and all
handlesshould feel comforcable. use rounded sha pes and
cylindrical grips. Thin handles ¢uc vader beavy loadmys
Gripping handbes cbat are too large fecls insac ure. A dismerce
of 2.875-125% (2232 mm) 5 the eptimalrange.

The ball or simibe geipi arc uscd for heavyand lighe
loediog, Their shapes necd not be an exac s phereif the
handle is focked onto the shafi. Fer dooc levers use the L-
sbaped, not the T-shaped handle.

High-Terque and Retaiy Knobs

A b igh-tcgue keiob s a cugged valve knob with a) .§-3"

(3% <76 mm) diamerer. The periphery is norched for fieger grips.
Uscl® (254 v} diaaseter knobs fer nocisiticul
adustaecots, such as fer velvme. fecus, end dimnung, which
require linie fecoc. Uz 2° ($1 mm) dismecer knwbs for
cricieal adiustments, such as tuning or lrequeacy sclection.
Knue lins 5 advantageous for lsght bager grips.

Detenied Kaobs

Good for mulliple poiitioning, deented kcobe ace least
susecpcible te nadveicent epecation and pro vide g ood spaes
scometny. Buc dicy a:c slewer than allche ubove tyyses, e eqiiciig
preciae tactle and visual disoimitation. I'he bes diemeter is
2% (81 o) or Less with a pointes 0.75° (12 mo00) deep,

Cranks

Cracdesare geed for rotations ef soore than 1 39°. They are used
mostlv [ pachine coeds and ine prewton work. Ve smallest
of these has a 0.5" (13 mn} cadius for medcl werk, 3ad the
laigesc has a 20° (308 mun) radius thatcen be operated by
che average man and the large woman. For all adults, peefer a
radus of 8" {202 ;nm) neunted 2t the proper h4ight,
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Hand Wheels

Hand wheels arc good Fe¢ automobiles, aisplancs. tolk, and
valves FinC; grips shiwuld be pronde d where heavy loads nv
im-olved. For vehickes, pocfur wheelsof 7-21 ° (1732533 inn),
with chree spekes providing an opas view f displays or tre:fic

Push Buftons
Puish fen60s 8re availsble in a gecac variedy ©of types, Sines
un 0,5-1" (13-25 mm) i height and 0. 32" 11351 roml in
laath: loag tsbels asn be put o the fames of the longec
bunons, Ml sizes acc alse giwen

Buttnas should give the operstar positive fevdback to
show acrivation of the eotrol. This asa be provided by
nespecatng asunsocy or anchble click when the mot 10a i
carticd @ ut Push-on-push-offtypes nre ot as god <, because
they cencel out the expected movemeats for “on,™

Rocker. Toggle, and Slide Switches

Aeakes swntel e ¢ catey impor Bat messages on the front face, in
additien @ the citles that must sppeac onthe panel 1‘asc Rocker
switches D1ust be onentd the 51me way as the wgge awitch:
“off ~ is always down or ta the lefe. The sinplest resle switzbes
ace accucatc if they follow this cule, (f aiple-pesition switches
atc used, their posirion may not be iminadiately: appareny.
Togglex tda v take many foraws; some hnve a flip sover, and
#0 on. Shide switches mvst have the *off" downor tn the It
Their pasitioo is difhcule @ determine it che skt is lony

Thombwheels

‘[hunbwhecls. Wdclh are difficule © read. muost also be “off'"
when down or (o the left. They are oeirvenient 9ad widely
used on small 3 udio reecivers and players

Triggers and Tool Grips

Peovide 9 full ingar grip foe dhe riggec of ac least 1.1° (27
mith in diameter Fer usewiith gluves. Ocher dintcusioos of the
hand goip can vary dependng on the focce to be exe'ted as
Joas a3 t he minjmums are preserved.

Joysticks and Ligit Pens

Joysiicks take lenger te use than a light pen, while die lighe
pex as mor ¢ fatiguing (o usc, because it nesds Lo be precisely
fxed upon its 'biOCt-

Piaox®r cange; are as follows:

Maximum dinteter: 6° (152 mm). @ffsetis 1" (25.4 am),
Gptunuin dissvetert 34 {76-102 mm), Ot 15 0.9" (203 :61m1

Minimum dimonescrs 1.25" (32 mml, Offact s 8.4" {110 mm).

Compuler Mice
The mouwse ciivge is smple as (aken feom wilitary seu cces.

Lengehi: 2.8-4.77 (7 +119 mm!.
Widch: 1,6-2.3" 141-7 mm
DePch: 1.0 t.6" {25- 44 mm:.

‘Thestoa llest uait 1 be st As ao o ltesnarive, tiece is a scanning
device. In this cave, the cord 10a0v/cs to the back end or tu
the operatur’sside,

Foot Movement and Pedal Desian

Consult “Vchicyilar Acconumedatien™ and refuc 1o the Ich
sidcofthe crauwing for pecal design. The brake pexfal width
i53* (76 1nmx 4.75" {121 mm)); F.is is opnmal for
industrial pucposcs,

The aecclerator tust not be eutside the eainfivrt angle of
any operatos. In this case, 20* s che maximom anyle for v
small wornan, Tlw comfert rang: isbased on the
accommexlstivn of boch the feec of di lurge ma and of the
small wonuem, so thac cach can plaec cthe ball of the fowt on
the pwdal. T he mas.icoum sagleis 20™ fromt he verticah line.
A speed of weio is ac 35, the resting fedt posicion is at 43°,
and i1l speed {s at 55<, The lawwer is de flnuc planc; hewever,
the flour plao: can the left side is 45 et che caseickg Foort,

In die same drawing, the feer posicions are histed at the
botlom 1ight, showing the 99 pcroe mmle irann and the 1
peimcatilc woman. T he drawink shows the seaading ol sitting
peitioos and g3t ballof -dic-foot Torations for buth.

Just above thix is & ¢ bicycle godal fer aduls and youths
and tricyck for eeddlc 5 giving the pedsh sizes, the tadiug of
the pedal, and tee e=nuer line for speoeket wheels.,

The portable foor pedul, foo: bar. snd pedal bar can be
uscd by either foot These are usually for ms chioe tools

Direction of Operstions

Thix d:awing desrly B Y5 out the directions in which
operations arc peIformad whilc sitciag ac eentrol pancls,
Ne dhee the direction of 9 movement varies withthe
Jomtion ef e pancl on which itis mounted.

Bary i has sectier Baew te cr adapssd Fro%1 Huaianscale 4/5¢6,
7981 Breyfusy, 1960; anl MU-STO 2472C. 1981

MANUAL CONTRO LS
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THE ENVIRONMENT

HOISE - |
Neise i« \imwaoced sound. T the e 1= veey loud, it may
dpnag~ the eac. Heariag losy dwi: tethe noise of 10an-made
equiptoent is an “industrial diseaye." '
Noist is measured ia decibels dB?. The focrauls is:
number of dB = 20 bg[_%|

whece P, = 5 ouad pressucc undec sensideration .and vy =
sefcrence sound presrc, based on the lowest audibl: sound
press Ure 10 YOuXE L¥O. Tnacaeing the sound pressurc 10
dmes incecases the levdoess by 20 dR.

Purc fones are swunda widi 2 single frcquentys howaveq
o6t seunds LentaIn uvetecnes. .

Sounds atc chiraccerized and different iated accocdung (0
the foYlowing vacigbles:

s Pixch, which varies aeeecding to frequency: (Picch also
affeces jo udness,)

+ Loudness, a¢ nrcnsity (also affcces pltchl

o Tinbee, st qualin lcg . m sicalinstrnments acc identibed
bv their timbxc).

* Tone, chara, tecjacd by a cegyilar tepeatidg wave paeny
* Pwrc tone, Produced by = single frequency:

s Camplex tove produccd by several diffetcor frequzomies:
* Nnse, cheracterized by irregulac wave panerns

¢ YWhite neose, characreriaed by a conthuoik spectzun ofa
wide tange of frequendies

+ nk noise, stmila:r to whiee note, but the  ccc um declines
ae a function ef E@quency ata cate of 3 d§ pex octae:

Tbe most stuwyig soundsinchide loud sounds above 6 0 d§,
which can soowtimes cause involuntary steniach
eontcacdon s, Otbers are ¢ ba cacberized by:

¢ Incceasng lmudness of pricc h

* High pixcb-

» Long docation of laudocss or higly pisch:

* Medub tieos—dhat is. isrcgular varisbk souods

* Pure ¢ones (8192 He the mesc,and 256, 512, 1024 ke the
jeast).

Nouwse hae the followin ctlects on humadis, whidy cant in
v, affece the higher mental processes:

» Necvoussie ss.
* |(riabliicy,
o Fatigog,

Nowse can sonsctimes be uscful. It helps us decect when ohleg s
ace vt operatinp correvehs Sorexa mple, we can heuc a
automre bije's cngine wouble: Because of noise, we may detecc
cenditions that ®quice vinergenty accions

Nnise can be mgimized bxthe fellowing mesnk

* Relocating dw source.

+ Besigning asoustically (cenade- the pmp-ﬁuioning of
rosms).

* \pply g acouttical oiedinns, fur sound absorpeiooe

® App ving dampicg matecials ro reduce vibrating me a0
¢ Shouk.mount [ mechianical dsives, erc

¢ Creating sound barck c3-

* Prov ding perssa| pretectioo deviecs (ear plugs, muffs,
e )

* Masking (g, music can conesal kitchen no'scsl.

* Kceping wintijptin bns feom cxee eding 55 liper sesohid
{1F 8 m/s) tip speed and aic velocity Yelow 1500 frper
nunuse (27 432 amvsl.

Heating Activity and Randes .

I'n 1882 when the vobeauo Krakatoar nese Surmatrd, bicwup,
peaplc beard ic 1060 miles away, @f ceurse, ﬂ\upﬂtt can also
be beacd rany miles swaY.Noe ako the folowing:

+ The highest frequency reporced audible was 100:060 He.
* The lowest §reQuency teported audible was § He:

* Soausdar 160 8 kills small aoim ak-

® The threshot (upper Limit) of pein so the eac 's 140 dB:

* Sounds thatrcach the thrahold of feeling are abon't $
bilpn thaes the encegy o fa whispet.

¢ Siens and mechinical devies can be beard for 5 coiles.

+ Musgajrange 5 sbeut 15-20,000 Hr: the earsgreatest
sansitviy cange ia 590—4004 Hy.

¢ Sound that is feb but not heard is 1-30 Hz:

o Humans can hear air pokcules hining ene anvaber 'n a
prrfect)y anechoje coorn

+ The hurnan voiec ean be heard 5 mils away vnder ideal
cendibuns,

o The theeshold of detec :ability is S-10 d® (souncls acc heotd,
but words are nat distinguishabhe)

o The threshold of gerecpabiby is 1318 db {sounds of
words do becornc distinguishabk as wards)

¢+ The chresho(d of incelligiblicy is 1 7-21 9B (words 1n
comPioanion cemwey mea ving )

* Visual scimulus ca n affect andiency’ aci Wty

leatnig less progresses wich apge-

* /A child con heat 20.000 Hz

¢ At the age of 20, @0 can heac culy up 0 15:000 Ha:

* AL the sge of V. on Ty up to 13,000 He can be heard.

¢+ Heating ks jocxeases ata consuntrate Wich advanclng

age, frorn @ minimum of 2% ce 3.59 pecyear (based on
pixch),

* With inctcasing ag: and a 45-dM Lese of heating abilly), it
will be d fHcuk to un derscand digect eouscrsation

* W th a 65-d8 loss of hearing abilicy, ® becomes difficule 0
hear over che phone:.

Vaice Measurements

The veice range is about 125.5¢00 Hz-In spcgch, the mest
powerful soun & waves are wactie d by SreQuencies kel ow
1009 H:.

+ The average fre9uency- of the 17an's volce is 128 632

¢ The av&7are freQuency of the womman's volice ia 256 Hy.

* S0, ISgcech Intevkrense Le «wll vace = hem 660t 0 4800 Hx.

Meta 1039
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Noisg Levals aad Thousholds

Ineer miuem woEen ac 105 dB voa cavee heurng less, and
Nt o Aoezs 91 2 3 :dB level Can 256 cawse bearlng

los s: Tumparacy deatuess can eesult from noises of 100d B.

Proloaged exposure tonoee of 88 dB can cause Eatigue-
The intaicrense level for convessanasiisi $5 ¢B. Cauecs ol
NoeE, cUrranaeEs o which neos: has been megsvrcd.
aud specifie | poest hovirs aze hae d in ch: table below,

avaardirg 10 decbse] level

N oize Sowrces and Seui ags d3
lKam iet, cvubojer 17000 o cheusrl 120= 170
75-pieoe orthesma, Pipe 0igan, shogus,

hege pisrol 145
Siten (100 frp, svall airvrubr 136
Orop hanawz, subexirine cagine rooo

{as toll speed 100-130
Hydraulic press {3 f) 128
Rover grm (4 i) 102-121
Piaoo, bodder ro om (raaxbinun) )26
Mcumatic ¢h pping h ammer 107- (23
Ybundcr overbead, pamfully blaniag radio i10-120
Pin oumes 104116
Circolur saw 100-116
Mulkple sandb st uaus s
Snoetioba ke 106--113
Jet ovane test-cuanol reom 112
Autoowae punch press (3 () 110
1and locaung sheee mesl,

€ )p and speed haow ver (oe-10
Twin-engaee airplae, +.& loom,

auioowobde gw bighway 1o
IPundi piess 96-108
Chippa g hamumer (3 fr), woodwork ing shop 107
Bandsa woo sboes avew! 106
Airlioer iwerior 105
Curetf saw 12 frh wood plate e 104

Se -0 criny IR N

Sl s L TR T

_!:’ﬂsesowocl and Scuings dB
Weaving eoois i 102
Avmealoe furvace (4 f1), sheun g vose 100
R rikcoad cae, suhway train 95100
A drill 92-100
Cacimanufaceating phymn - F
Awemunc lathe i3 &) 97
Publie~>ddress systom 950-9¢
Ax complessore 92
Spot welagyg 84-92
3esvy wruck {20 k) 92
Cyy bap, speats car, locge, ticam adustle (500 {) o
Outboard swotov (10 basxypoeer, a¢ 30 fr} 883
Smallirosk agesheraning {3V E2) 85
N sy Antomobile, lowd eadio at huepe 80
A <eraBe facauty, hghe wuck in city (20 R 78
Neaxy tafhic (25-50 fe) 76
A uroronbiles {20 N1} 73
A ver i aveomob iic {20 k),

OOva R Goo ik a crowd 70
To kraisce hmit foe restoncanes;,

coaftsence ac 4 -5 £ 1able 68
Avecage waffic (100 ) 67
TorBe tilephence exchangy, acenunung offce 65
Ccoaversacenal speech 13 h) 62
Normnual cooveisanoo , depa romesnt s1orc 60
Tolerance hmit Eor cueeting toum

(wth 30und apdicriang 33
Quier s4r22L vacuum clesaee, banke,

5O rey 7¢31aUEants 30
Ly trafic (100 fr) 47
Busutss ftice, usern linec 4
Avciage ccsidenee 43

Nose Sgoroes and Sauogy de

Qawer ofhios andhiof am, classroom,
low strect noige 40 k

Hospa), siloat, quet dm 35

Quiet ecsidenye, turniog iMCwxpaper isoges,
recital hall 30 |

Qecnrdag Fudio, broedaast studie 25
Whisper ¢S fr}. gt garden 20 [
Usual beae ing: exo in schools 15
Mov = soupel steds0 10
Thawshold of be seing (yo ung ezts) 0

MECHANICAL YIBRATION
Bady damage has Yxxn cauged by 30-30 Hz (e 2., peugnso
o1 lsamme c-type 10als) and by 800 Hy. (o, viboating catery
tavls).

Damage cffecia ioclude preciphoral vasculur dis:iise, Dvpury €0
otsves and other soft tiomes, and damige oe danss and foints.

Symp:oou of Raysaud's Bistase ate owmbneis , cobdness,
sflness, paranibeuc (iaghog setsation of he skin) scnancy
peroeption at the fogertips, amvi on mubiny to hald ob ecoss
and i adreaced s, cyamms | “d=ad™ or "whiie ” Yiand or
fagce cwoditian), which 8 aggravared by cald envirenmenis.

Aocreastg inteitiec of vibeation can produic distrakiion,
Uratackyn, navsca, urcrduwsble dseombery, md, undes
connnncd ©POsue, rauma or QJury.

Virations of 10~200 Ha, tar below beveh 1har aBece
eactine periarmance, are aniwyng or hsnastul 10 hurouns.

Safe Yeveds nce dMade cadefne, dnce seraravixy i 2
tendoyg of phyziclugica) andpsycbolagion] roepa igcs: Vi ioes
omnts O the Bofy T ve BOTE o ke OBIDVEY m VNS \ca5s.
The senndeiy of che Angees and dhe hatd is adus “The s as
wéll 36 CevDin OBAVY, e Very wveti Ve i.0Ng expomae o0 30
He of vibeainn carivause slansey becorac of the eflent wpun the
cats. Bnocokae viermd acenty Keprh perayEEm)is SPe3dy
affcceed by vibeatiom of 28-40 & and 60-90 Ha

Low~ ficgpatvcy Vevaod] sitmanors can ioduae ceading
spesd and requis ¢ neeeaaed dhiminaton;

Reflex achrons can be dicumshad of coroplasly suppeessed
by ceraa in vibertions. A stinding petsum i Mokt sesitive (0
wvertial vibiacios: a sesred poTu80 10 vertical and wan sveese
vibratioi. A preme or @ pine Petson i very seasinve (o
bwrpiradiasl vibraiigo, while irasverse vibrstions can be
WSk, Meta 1039
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Nagar 3l feoQueancies fooe various pans of ebe body are g»

follows:

par of 8ody Hz
Eardrvois 16-20,000
Skull 300400
Lower jaw (wnh respece ra skull} 100=200
Heud lwich respece to buoiy) 20.30
Egedali #0-50
Hand 3040
Waok body @andiag) 5-12
Pelvi 58
Woolk body (Proocor yupiuc =4
Read and shouldces (transverse) 2-3

Body salad 0 qushian 2.3

Age

Seaphivity 10 vibeaoon diminisbes wiii) age, panscalarty
aftec afe 5 Q.

Sax

Woinen are mute suseepeible to pain and swellovg of
the hands when u:ang elecrical rools for long perio s,

Exwrpiion :some poaple appese 10 be “allogic” of mose
seasative ¢o vebragos ehon otbers,

Vibracion can be mminaniised iti severn) ways:

+ Shoeh -meunong ol equ parmic

* Uscofa scat cushion: dwe suspunsion showd have a natural
froquency of wallling | {-1,S He).

* lasto hiog floor paddang.

¢ Ahtveg vibraooo Pacens of neshanical oqupment.

Trpual Vibration Frequencies in Ihrd—h;.-hl Tooks are:

Tool Rz
Deneal dreld (air) 1500-2000
Tool pon1 raoaor 300
Produ-ion hand g inder 359400
Portable electric ww 350
Potseble band grindcr 280330
Haid Polisher, recsprotanng 250
Prodvction hand ¢1ill 230-22%
Blocoric shaves 200
Shapec, Aand-ted 100-175
Posiatle Gixmlar saw 100-120
Oudeard motoe propeles 50-7$
Haod saber aw 5660
Household appliances 3060
Pocomacx tools 30-50
Poceable hand drill 3040
Aonmry mpact dnll 30-35
Xormry band saivder, poolisher 16=33
Bl hedge crimaner 1245

HUMAN vS. MACHINE
A considetapoe of human vetna 0, hane ¢opabdiuics 7k
a number Of obsrey ations:

Advasmgen of Humans

Ottecbon Coa detect a wide range ofsignals

Proccpdon (;an soc through eomgle sk sitnatioss

Hlex:bilicy Caa sheh amaation rapidly.

Judgrient Cin use indmrive remsonng, bave hanchen

Relisb dite Cao pes oo under adseese conditiuos,

Eye Can 30¢ w ah exteeroe e s xy {vamnal
weankyl.

Eye/Bram Can b bogial Guorioms

lsmaitadi oow of Hurgans

Acvucacy

Spexd

Focce
Comput» oo
Pecision-making

futonoanion

Suscepecble 80 eonstam aued varuble
cirory,

Tune it nooded fox gD 20d
move it

Ocpends 00 body pan 1a use and
level of fstige.

Show, inaccuract.

The opamuon 3ecat?gy & nocalwars
cheecn,

Oz crtoa ding, sizess, and boredon affecy
pecfocmanss

Advantages of Machme

Speed
Acvuracy
Sinrulmne iy

Reperidon

Cao b: rapid.
Cao bean a high level

Can acearsplish several eastes, includ g
campde; 00cs, 21 the warme ume.

Fxpccially usctul &ic vepetitive @sks

THEENVIRONMENT
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MOTION
A metey-gor ound cotatey ot abcut 2 cevedutiung pec minues
{epn ). e more ehan 2 rpm, the semicircular canals of be
innce e3rs, which eencrs | balance, ®en developcanal sickness
keadiog tu pallor, swestiok, nadeis, d :owsbiess, aputley, and
difBeuky io wakicg, Irom 210 5 1pin, the everage perasn
caa dev:lhp oac @ morsc symproms At more dusn S cpoyy, all
sympoms coeld affecr semcene scriously enough to affect bis
oc her safety. Asvmbinaeioa Of G forees | messumiments
bascd onaccelc racion due co gravicy)and body moco o will
ancrease the d cumfon t. Unexpected directiuns ace
cxpericnced,

The cffects of acxelerating forvward in a sirtng pesition
(ceangverse G) are liseed accevdiug (0 G focces in the fellowing:

2G Yisual x'uty 18 reduced.

4G Major morvement of dhe body s diffuult.

3C Respiracion i diffculc.

10C The head cannot be hebd up or the limbs moved
12G Beeathing nequices mechamc sl help.

14G Vision faili

The effees of acccletating upwaed in 4 sinuyg pesicon
(povitie G) aze s follows:

2G Vigsual ac ey is reduced.

4G Pecipiecai blindness sets in uod lsob ownvazoeat is
diffcult.

SG Tempuruiy blindaess sets 0, with |l oss ofb ody
eonstol,

6C Uocoosciousness cesales

Th: ctfcors of aocedcraring dowaward in sitting pesition
(ncgacive G) are as follows:

2C Visien g ceduesd and head paing resuh:

3C Conjusition heawichuge zod inenta] cuafusion
cesule.

4C Hein archuge und retina | bleeding are lidely.

THE MEASURE OF MAN AND WOMAN

Sume wlsrsoce litaits fue prsitive 2ad negathve fucces we as
follows:

Positive Megative
G 20 sec 5G 0.5 see
160G 2 sec 16G 0.01 asc
200 015 sce
TEMPERATURES

I{umans cao sutvive ina namo w range of femperatuce:s. High
Telperacu ces <an dehydiate 3nd desreoy living rissue ., and low
temperaroecs can stop essencial circuk rion and scop funcrion.
Sofe temperatuce Jim s depend 0o vae'scvatait with air,
water, aod selids. First, consider the foll oving nocmal
eempcratures, ineasuced at vunious p oinig or the body:

Skin of calfand foot 80-837) (26 728.31

Skin of chest 94-93°F (34.4-35°C}
Sk of wase 95-97YF (R 53 611
Mouth 28.6°F (37°C)
Rectuim 99.6°F (37.6°C}

ReadinSs uear represent ab secemal raipcs toe the human body
arc as follows:

Ustusually lew 26-98"F (35. 636.7°C)

108 -104*F (37.840°C)
Fever kevel 1003 06.5°F (37.8 41.4°C|
Fatally high Above 10 7.5°F {(41.9°C)

Buman skin it extredwly s2osinine. The lighest skin sereatios
has been recorded as the toch of a bee’s wing falbngon a
cheek from a distence 0f 0.39" (10 mm). Theprimsac ¥y skio
revigations are pa n ,celd, warmtiy and pressuzc; ochcet
sensatioos include moirtness, ticklishness, i%:hiviess, iz0d

roughnes

Duch'\8 exerase

Skic teowper utuces, anessuced at bunds, feet, oc neate2i skin
zones, ean be characosited according to dhe folbw ing dara:

Haads

Numb 50°F ¢19°C)

Painfolly culd 50-59*F {18-15°C)
Tolesubly cool $5-68°F (1320°C)
Feer

Numb 55°F (12.8°C)
Paintullycold 55-64°F(12.817.8C)

Tokrably»cool

64=73" (17 ¥ -22.8°)

Skin

Ceot 88°L (3L 1°C)
Comtuctably ool 91¢F (32.8°C)
Comforsbk $3°F (33 3°Q)
Waem 94°F (34.4°C)

Unplcasaody wano
Hix

96°F (35,6°C")
98*F (36.7°C)

So hds or water >f differenc demperanres coming 1nce coneacy
with the skimn ean be claraesenized a:i follows.

Severely e ld {tisxue duma ge}
Cool solids

Celd ater

Cool to tepid watac

Warn watce

Warm s hds

Hot waser

Veey lvee water

Scalding wacce

Bumning | tissue damage)

Causcs 2nd-degree bum 10 6 0 scc
Couscs 2nd-degree dburn io 30 see
Causes 21d-deg@e buont io 15 sec

< low 32*F (10°C)
IZMF{2 812.2°C)
Below 65°F (13.%C)
65-90°F {13.3-32.2¢C)
99-93°F (32 2-36.7"C)
91-95°F {32.8-35°C)
98-105*F (36.7-40.6°C)
105-115°F (40.6 46.1°C)
Aberc 115°F (46.1°C)
120-140°F (46.1-60°C|
160°F (71.1°C)
180°F 482.2°C)
232°F {100°C)
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An ¢mrvgenmenmab tea Perature of 12071 (48:9°C) o che
aume thit de hady cao tberax lor 0ac hour

Tem petaturce of the 1 |medaste msvir onwent will affocy
ropk as fO'M’WS;

T uberability /Response Category tnvrene sl
‘TempPralare =

——— . @ S ———— ——— S (—— — - - g— —

16-n NITEWD oode cEposisc 32:F 0°Q)

| br ttaxicoum nuds expusure 409F (4.:4°C)

St [inees of pxtreaey ST 10

3 he 3 ximuLy nude Exponure 60F(15.6°C)

Wmeo comictt zoue
Most comfmitable

63-71°F {173-21.7°C)
63-75°1 (172-33.9°C)
65 -75°F [18. 333.9°C|
6580 'F (19,3-:26.7°C)

Svmmaer comioct o

Ronge for ight work

Fhyuaslly besigoss TSE(2).TT)
Maximum (o¢ good Pecformaace 30°F (26.7°C}
Mcreoly slowmg BS°F {29.4C)
Maaimiun far boog exposute 90-94%' [32.2=)4.4°C)
Tolerabe lor 1 ke 120°€ 143.9°C)
Toletabic far 30 alo 160°F (71.1°C)
Toletedic usndes 8 aup 240°F 11 135.6<C|
Tolerable undey 10 sc< S00°F {260°C)

TemPxratures higher than the foliowng mem maoalowebic
read inge are desteueive we bunan tigaVe:

ok tabr 11 0°F 143.3°0)
Wareee 11611 (46°C)
Secambed® 120°F (40.9°0)
Miees | ( b id) 122°F (30°C)
Metdl [contac wath) 1407F |60°C|
Fotaie e . deyeel 140:F (80°C)
Newery 51 (e 144°F i62°Q)
Nosn e tal lontact wich) 185°F ¢(85°C)

CHEMACAL HAZARDS
Toox mmzruab affika lissog celh i o sazwes MBTecs,
drpend'sg upon s (WRES 3 (opcT@ure, thevi capslsive
cffc e and dela Yed ceactions. the i conceneranions and whin
snd Ww exPue oo, Of covne. arnaza) healh and
indivedas) ey swce e also bactovs

Che m xal p§%nts @an hazm hemas bem kS im threr wuiyi:

1. lchalsore &Y cmmac| ar abweytios
2. Comawt by shioipticor chroug) the shany
3. loEkon by coms<r or abworpoon tivoged dic sousd

ahuj mtescemes, etx;

The 6, cwo aocs mow oftrn i mdass?. The thud 3 polics
co 2 Poxsoo oad ocags el sthe hooe $invahid
mancthals ate UsuzllyexPeicd froat the budy by exhalutson
crocs oo, 300 vandTEFEUwens PRCIB 5 150n doos tis.
Some chemicls aan couse s Seatd; woae, ke lesad, cn be
woted und axcumulaind in bod? tissoes.

Thete are thiee GPC® of 1x danig:

| Auge: cesulting Eeom apd adaecpuon with severe
damage, whaibes delayed 1§ caneed) oo oot

2 i-b-cuer. reralints Sown 1cpeated exposIed ol Bouw or
(17

3, Ohvoun: reakisg from comunoss abeovyven gpd

2:¢umulation,

A rough, relatrer Bsting of protuable lrthal o follows:
Ecciemedy woxlc | graom (063 B 30

Righly voux 1 1626000 (4 cc]
Moderately taxn | ounce (OB

Sy ecnac Y pms LOTIL)

Practiva lly nontoxac b Quass (.46 1)

Rekaive); bonmies More thas | quan

G Coanmatis 9l chenticals can Aamg vacous Pt of
e bod?. Soow e3amPie) are=

Hesinor Cautrad Nevvo a Sysmn lyamage
Acetalabdedyde: Benzeuc, GuyaSmr, Carboa Jsulbde,

C Catmradiinide, Dimeb¥Hmihine. H1J =G0 wilphide,
| cad, Mangorse, Mer Gy, Noubonoens Temac byl jead,
ond The ium.

Eye Dasvage:
Acetic anhydrit, Acoleis, Bosarl chkwish, BulPl abobul,
Craol, ydvOleinoue., snd Qeiaone

Uppz Rewpnaom] Mueous- Mambie e 1amags:
Actsaldehyde, Acork auhydride, Accolers, Sctr! akcobol,
Qromium, Diswtdstsullae. H)8raged oTiphide, sud Onvaed

| otig OuEnage-

Al chlovide. Asd=t0s, BersBum, Crysttilure s,
Chroe jars, OxNorocwy | ether, ) ydrokeh soiphide. Mks,
Nickel, Niyog diovide. aod T als.

| 4eant Dazrexge=
Anibas .

liver Damegt

Cacbuo sxtrachionde, Chloiofomms Craol. Dimethy sulisaare.
Peschiocoedshtne, Tol arne, Trichl eoethHeom, ad VI
chionde.

ity Damrgs:

(Hodurm, Duncth ybu pho, sod Merono §

Blood Damags:

AniEne. Ananic | as Arsine|. Eceacar. Cardoo 100nomds,
Nae obe npxae, snd Tohcne

Skia Damoge
Butyl alcohol Nichel, PBcnod, and TricBlomedbybme,

THE ENVINONMENT

Meta 1039




RADIATION HAZARDS AND THE SPECTRUM
Today peoplc atc intcrasted in Jasowing niace aho ut radatinn
hezacds There gee three basic sinds of hznrdous radiation

1. Ioaiziag cadiatioa (alpha, 1xta, gacriona amd x-1ayx].

2 .Nonr-ionvinf radisteon (cudio waves, micowares,
infrared).

1. Va:dble bt (ced, ornge, vellow, green. bloe, vislecl.

Alplea 10d bets waves c2n helvil) dsmage human rissue,
Gamma and x-7ays can cause physical damage in kviny
things Radio wanes, mignwaves, infrnred rays, and electtic
power lioe; cacrying alteniating curcunt @an vaiuse physical
clomage. The unit of mesisure of a radiacion dose 13 a #ém
(roencgenceqrivalent man). Maay n: tural cacliatksns sre 3o
lisw that a millirern, nbbreviated swirers, is uscd,

Aveceage radiatioo dozes jxer veac per person are g5 fol lows:

Source mcerns/Ye % of Tixal
Tovescalrucks sol, water, ew. 5700 28.10
From spaec, selat, and ¢ osmic 42,00 2120
Phesphates,a tificial evilfizecs 500 2.5¢
Nocleac tallev ¢ [testing) 5200 3+
Nuclear eoergy, generared elecuicity 0238 0.0¢
Medical (e aments, x-tays, cre. 90.00 4430
Consumet pecoduce , waich dials, etc. .03 01
Tetdl 203.00 100.00

Nute: Abrwt murealf Nie awera e Amuricaw desd
somgs 1o mum-Puidy s e oe

Raudiaciun worhers s1e sllowed SE® mrems per Year fou
normal operations. A 200,0007bem dose received o a

te w minutes will cause naiisen, vem itiog, and diatshes, A
500,000-cocem dost in a few minuces wiB peoduce the same
symigoms ind Wil kiEhalf of thoee exposud to that dose n
les s tban two inoaths. Laegee dosss will Kill ewsiyooe quic'dy,

THE MEASURE OF MAN AND WOMAN

COLORS !

Newton passed light through a prisio nnd scpae sied it intw
colots by refeactaon. Speetreen 1 the Latin werd fos the
rainbowiniage=tod, orange, yellow, given, blue. snd viola
with ao diainot bewadaries beeween the olers, Lacee, it was
found chat infraced ean below the ced iva the spectrum (rfre
is Latin for &afoew). Still Inter, ultravioler eays were found
abovt the violkt dkitre i | .aun for beyand)

Color Coding lor Road Salety

Coulors are uxd as signals te mocorisk in the fellowing wavs:
* Red s for stop (if clear: ga right, i soe seaces).

* @carge s for caunwn and for coostruction adsisosy.

* Gremn 5 for go.

* Yelow is for sa ety 2zones.

+ Blucis for scheo| zones,

Celot Cadind Used by Rairoads

Standards in the milroad industry include rhese vses efcolor:
+ Rad ineans “dimger* imd “stop.”

¢ Pucple means “stop.”

* Yelbw means " Preceed with caution.”

® Green 10eans “allclear, procewd,”

+ Blue mem= “cmition, prople are working.”

Color Coding of Dangercus Products

Colars acc assigpied tor Inhels oo poisons and other hazardoss
oarerinls es fobtlo we:

¢ Red kaiers on white ace for p os eas, ex pleeives, and poison
Pasts,
¢ Bhck kners on geeen are for coot ressed wases.

¢ Black leceees on red ace fur flaonablh: 1i9yids gogl
fuicework s

s Black Jemecs e yellow ace fiw Aammaeble solids and
o<dizing materials.

* Black letsers on wiute ace tesceved for acid s.

Coloc Coding for Industcia | Salaty
The foll owrog vobors serve 0 encode hazatds in work senspme:

¢ Red is wsed fac fiee proceccion eguipment and eentaioess of
Aammable bquids, en ligh, s ar barricadcs, and fer stop
conuok onmachines).

+ Red and whate appear oo milroad crosseng gotes,

¢ Onoge i used a5 an akut, uind is vsed uci daogeonus parts
of inachicwry that can act, crnish, sheck, ets.

¢ High-visibility vellow isfor coution, 8nd is uscd in traffic
hnes black steipes over yellow is used foc spec il wamings:

¢ Green is for sefccy and is waed on first-aid cquipment

+ Blu: sands frccavdon and s used on cquiPment voder
vepaie (vsoally apphbed usx a tug meming “do not use.™

*+ Purple 5 resceved fer radiation barard s
¢ Back andw hice is for teaffic Boes and housekeeping

omarkogs,

Color Cadingfor Preumalic Systems
Prcumatic cquipmeat should eaciythe foolowing coloe
s@nals:

¢ Blxck & for inxensifiod Pressuic (nduced by beoster).
¢ Raxl 13 four sepply pressuce (pressuce of & & uaring air).

¢ Tntecrmiteent ced 15 used fee darging preisure and eedocing
preicoes

* Yellow 5 fer merred flow {oonnolflo w eanc),

*+ Lhae is foc ~xbaust {teturn of power-aetuating medivac tu
atemosphe ze).

* Green i< for i ntak e (sub atosspherc pressure, ¢. g, ingike
Ot COmMPres i)

* tke no celor on inactive Piping (sdr Prossur ¢ in citet i, noc
funccionsl st pbase repvcscmted)

Color Coding for Hydraulic Systems

Hy‘draulic e uipmen sho uld carey che following coloe
signats:

* Black is foc ineen sifed piessute (nduced by beester).

¢ Redix fot supply Pressuce (pressaue uf power actuating
fluid.
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e ioreemistene red o Lor char@og. k is abo used for redacod
presatL:

¢ Yellow & (or Rieczred llow (Biods at controbead Gow caie)

* Bluc is for exhaust (cesumed puwec-acturting fluid ©
eI )

* Groen is for intabe (subzruoiphernc presaee, eg., on
mrake side of pump,) Greco i also reerrved for drains
(scum of kakage conttod acniatirg fluid 0 =tecvoir)

¢ [f5c nu @ofor for inacrive pipes (Hluid within systeen but not
funccioning ai phase sepresenied),

Color Cading Pipes for lentification
Thece aec colore assignud, as follows. for phumbing uyscems
and the ke

e Ralis ecserved for sprinkicc pipig owasne and rsces.

e Ovange of yeliow is serencd for papes carrying dunpcrous
toater hls (e,g axids, afalis, chlorme Bas, ammenna, sallur
diox ide) ot 1o indicare high-tcniperacare und bigh-pressuce
fe-8~ stcam, high-Jwessure waixt and a ir).

+ Bhak. whiv s gray, or alundoum colors are for safe mascnsls,

* Rright bloe is osed for mater/s's that lesson bazasd of
dangerons matesials fe.g., Mixeed wawe, anadoses 10
peisunnus fumes|. Use for all pestective: giater inls nthex
dun fire protectioo-

Color Coding Coniros [U.S. Navy Radar)
b e fol Wwaang seand sk pie applicd to mval equipincat suvh
2s radar eoamol pancly

* Red (or gmin lrotary cuntcol knob).

¢ Oraagr Ioe ni'isg (rotay canol knobd.
¢ Yeluw fer range (pointer knoblk

¢ Groen for mader (foger aanki,

e Bluvfor inteasity (rotacy eentro] koobl,
¢ Violet foa kocut (rotasy control kcob),

¢ White e dimiter (rotac y conerol knoh).
¢ Gray fog beanng (fager crank)

Neee: Tey to limit eodtws w sic and 00 inaxpersx shape
ecding py well

Colas Psyebology
Colore have ulways been associated with eveouo s or
assncd memings, Herc are s.0ic imJuvtant exanples

* Red: fire, danges, 50D, exiscroent, aggreman, love.

+ @crangc: heat, oranp juice, punpkins, Hallowsen.

* Yelow: 5o, dhecvfudoness: warmih, cautios.

¢ Gruen: natupry, vegeration, go, St. Parrwk’s Day.

* Blue sky, wartr, cool acss newsy in competinon,

® Puirphe: moumn g, royaley, sacred ness, Eascer,

* Guay: oavaraliy, dwe Novs, dulloese, ovoresstd ay, geons.

* Whitce. viegonry, maerfage, annw (Chinese symbx: | of
death).

o Block: rooum g, Sormaity devaeiag cloches).,
Co'orSysabolismin U slvecsition and Colleges

I n she a:ademic 2TTOR , these coloc ichionshipd haxe bexn
cscabbished;

* Scatfet aands for theviogy.

e Furple staands for law;

* Blueaands fos ghilosopby.

o Yellow stands for sQaenos

* Whitx stasids fetant sand leucrs,
® Orange srands for engineer ng.

® Creen stands far med icne

® Pink stznds for rousk,

Colors for Foods

Cervunv colnrs 4 ppensl 1o che eppreire: pzach, orenge, ckear
ycllow, lighe gecen, vennilive, ¢ ¢ 4 taa, and brown,

Tunredcoloss nich as pink, pake blar, or viokes as¢ bestusanl
on tapg ydesscres.

Siace most fond eakurt a1€ on the wAtm side, warz lighting
{iecandescent lanipst n preferable; avosd ¢odd illuninstion
(cnld Nuores centsh.

/ Visibikly of Csloss

Faviors soct as d ipaoer aan aflear dic ebdiy 10 read oolors
eceeoctly,

¢ Qpage yallow is cbe most lutninoua foe 2 great distance

Over suew,
¢ Or ange and red-arangehisld the athation bese.
+ Bhue s likely ro bx hazy 38d evdac ine,
Sinail; hright<obaced lights icer the theeshold of viskility are
easics po reegnae duao od s
e Red, green, and some blue lights: are casiest Po reeonize,
* Whine light is the ncxt e 1t %0 rguz,
* Yellow and oranke lighus aze che last eo be revogniaed.
Saroe «0|0dcd |ighis are ddficult & se¢ far away:

¢ Bloc 2nd green Lights ac: vvipossible to dcf¥esentiate at great
distances.

* YeBow and ovange |2his are mp 0ssible o differentiaw a1

yreac djsrances,

The Color Ervirommenl
The actual ewlots we percesve are nee constane \index al
condibons. but depeid wsithe b sllowing [aceorst

¢ Tone of ¢xposare,
*Saoucidinpgebors,

o Preveows ficated colors.
e Likht seufe ox

R &d and erange agncas to advance, becaose ra e reflested A
thestt jneo dig eye attst che forus of the I and produse
farsighecd huws. Green aud b luc make the cye neassigbeed, hunee
e calars tmul 10 roaede. Yefom ' und porgic aeeaenmal in
this cffect, and n:ithw r & wand: noe cecede.

(hgeneeils warm elees (red, piok , yellew, usd otange)
are rsost OPEIES in eaclyyeass of bile in mactustty blue,
ted, end green at= domntant,

Wedo mi il see volots the same wu y, Ecoplv who huve
Aone oiise (mearch 5y be awsrz of nxs e celats, =pocally
having ssndied the lamons <olor- v an work of Mupscl,

THE ENVIRONMENT
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Tothe eye ¢there azc theee peimacy formis: Puce ceb ¢ (any
huel. whitg, and black. Thece a1 ¢ also 2 few second uy facms-

Color + white frems it tine
Color « black forms a shade.
White +bkick forms a grey.
Color 4+ gray focins 2 Leac.

The primary eolocs invisivn are red, yellow, geexn, and blue:
Ruut the peimatics of lighe are red, g cein and blue The
Primarics of pg.mems accrcd (magentad, yietlow, and blue
(cy-2nl

®sight cnvironments ace hest foc darge, dynamic seteings,
nnd steo nis a0 koes ar e mocee Prevalent an suick bright
cnvieonments . Soft, deep colers sic best for plane wehcee
menta] and physmal ragks ace done. Toaes ajypeac more in
tampec aze 20108, and would wash cul in teopica | regio ns-

Colored wall sucfaoss inay cnlumnce the humus
oewnplexion by bcing somplementacy; howewer, if light i
Teflecced frinn these cokns the comple vian will suffer. Whige
gloees and siils easily, use an offswhite. Geay will harmoniae
with any color,

Prefec toied down colar for ac-ive uccas,and use stionger
olors for peccnts m as stamulis

It has been szjid €k there aceten millinn distinguishable
cuboss, Mapy people see anly $ 0 12 colors. At kase 23%
#ee colncs cfifferently [om dic mai ocity. Bistinguishability of
colors jmProves with p motice und training . Amonk men,
3.5% ace obe-blind and cannoc be celixl vpan w0 receive
im por tant coloe signals, Only 0.2% of wo nen are cobx-bltad
to this degree, Coloss 10¢ gecccived most secucataly by
persons 16 te 35 years of pge. Childeet atd oldet people are
bees skilld a¢ vole discramioaton, and akava age SS
clissybmnacio 0 detecjor ates viery quickly. Bluc conrent in tlee
eyc inctcares with ag. Many paople over 66 hawe tenuble

UGHTING
Thute are six bawe types of lighting or light quality:

1. Djtcct lights should be locared to prevent direct glane:
Clarce can be minimiTed by vsiog ecocsacd cggcrate
diffusers ue supple nveprary sbades.

2 Indicect seurces give a pleasane lighding effect, Hewevels
fot up Ighting, u white cdliog and more electrical power
ace eequ jeed.

3. Walfused lighting is Bood for high wilings, However, there
cxists some Pssibdicy of ghre.

4. Semi-indir e I3stuses offer 8 Lomprennise. Use soft lighting
wich dfece a nd spme diffused Lighe com bined for ecano my
of opecation.

5. Teaovilluminatien catries light ba-clesr fibee op ties co
Jlumicace displa)s.

6. BacHlighting, can be uscd fer senee displays oc fo
peojection of displays esiscrccas fom behind.

Lighting Sources
There atc auiny svpet of lighe soutces. ilere ate Bve:

{. Tncande scvne Jight suurces hawe reddisl ciois and acd very
pleasing. They cohanee flesh tenes and knproic tbe
appcara pee of food.

e

. Fhoiessemlights ate ssraightline tubes oc a1¢ bentinto
circles aod pre usually blursh. itis best o (52 waim
whites, Finorescent lamps oudast incnides ceac lamps 3
tu 4 times less of dheir cneigy s lost it heas

., Wack ljght Gavisibk: wraso lee lightl con make

fliorescent andphusphesesscntpaines glow- Dark
covitdpwnes are hest

w

¢ Red bghting is vasd w-hece dack adapeation is recuirud.

[

BHigh-intensi oy dischac ke {HIB lights have a long lamp
[ite . The fullow ing are three basic hpes:

a. Mcrcury lighs arc bloish white Beiag dcficicnt in red
{llumin:viwy, tbey distort colar renditwon (e g, eeds and
facia| complexion renditions arc unpleasant) Yoergy
output cfficicacy is 14.6% for 460 wans.

b. Mecal halide lighis ace similac o mee ury lights bue
have udded halides (challiorm, iodivm, s adium, or
dy=prosium|, which ceeate a whire light, Eoerry outPut
efficiency 1 206% for 40@ watts.

¢. High-pressure sodivm lghtsadiates acress the sible
spectcom with cmphasis in che redy smd yelluws, giving
HY goldcn -\l-hllt |||umlnztiuf) btl]cﬁci:ll fOI faﬁnl ond
Food reciditions. Lnergy ontput efficieccy is 25.5% for
400 wates, Besa e of theie cfficicncy a0 d plegsant ness;
higb-pressure sodiom lighs are ceplaceng. mercury
ig! o€ on roadways and in sparts aecnas. This bgating
en ccduee the cffactivienes: vfred dangec lights and can
causc planes o start growing out of scason.

Rec ommended Lavels ol Artificial liumination

The following 35 1 guide foc maninum keycls of illominatin o
foc eertoin tusks, The valacs accommeidate yowsg adults with
netmaland Wieec thac 20930 cotrected visio n. Vahus i one
cate gory €a0 be used under other cawgecier- The fiest value is
fac fuot c1ndls (o) For the task, the secund valuc’s for hax
(Ix) for the rask.

Home fc Ix
Reading, +tud ving 20-70 320-75U
Wriong {with peucill 70 570

Sewng, hander machine (l.on'
value & foc white cloch 2ed high

chspnguhixg y etbw from blue, Dack adapation is the eyc's merease ol scagitivity in vialue i for black clok) 50 200 $40-2150
prolonged pecicds uf datkncess Ac low kevels of light, the o0 0 g 0 g 100 70 250
e ¢ binds tbe red syinbels ety visiblc The narrow’ ennge ' S
ofred s ncar the cenuer of visiuc, aod this is anothee Kixbem coumters 2 59=150 5401600
Teaso 0 for s use i militay cquipment. Whiee dwraceets L avndry work 50 549
on 3 black backgre und shewuld apprac on the instasments ¥
in normal lighting. Wock bench hobbies 70-200* 750-2150
Washet, dryer, g inves 30 120
* Llse if sealing feurelry.
Meta 1039
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© fc Ix Con'rast Ratios :
cLL ‘ = For lostamnen The folfewiug i06or mp an:1is cooservative and safe to use.

= 150 1610 Rursiwess machines. cukudb rors, i vdeyiace with grave dependowg usiaechiceccure,
oekheeping digital inPur, ete 50-100  $40-1080 Ezltsg;fi? )
T”Ins 7' 750 e ‘20—‘ I . . :
. 750 Conteol pancly. e nsoles 3030 520-540 * Peefr matee white on a ceibng foe high light retlection:
Fii E i
- ":3 10 320 Dials 20 20 + Flones aee best with abour 20 to 25% 1dflection.
onfuence rosms :
_ o Metcts 350 320540 * Recoranended wall reflectonee = abecrt 50 to 60%, though
Recxpton ereas 2¢ Gauges 50 540 one wall may haw a refleciance of 20 v 40 kar ifiteccss
: 210 wcality.
Corcidors 20 &k 30-50 320 540 e1 practica lity. .
Drafting (Low value is foe rough _ = . o * Machines, wquip nent, fixtares, desks, €te- nczbeet with s
work hgh aloe & for fowe worky 150200 1618-215¢  Kales with 1/64* divisions 13 reflectanme of 20 w0 40%.
3 f x A coatrast rat¥o is the relacion between the luminaace o frww
Schauel fc b Medico) B : djfferent sucfaces, 13h coonceast ranos and |c_gi_bi|in': low
{halk Wards 150 1610 Op<ratiog cable 2500 26,856 contrast ratiosgive eclaxing and cescful senditions.
®es ke (foc studvl 0 750 Emxr gency epcratiog 2000 21,560 * For r¢|axuig, prefer 8 maxinum eentcast estio of 3:1. n
D:-awisg {act woek) 70 S0 Dcemalwork 1660 10,750 ® The maximum conteest caso beoween s wurk acea and_
_ Exaikinc S0-190  S40-1080 the imnwdiate succoundings shouid be 3l {eg ., the rac'o of
Cy'mnasium 30 320 KARAREIIN VeI the ccflectance of apage in » book and the tableropl. |
Audiorium 15 16¢ Train e I * Tl comuastratio berwecoa work arca sod the ranerc
A " Ix Dining [{) 54N sureundiag; is bose at S:1
er 4 .
— - ; = Read! 20 320 * Prefer 8 maxpuum contrast ratio of 18:1 far ineerlors: The |
Lebby' el = e <ontrast catio batween 2 ckac window :nd an adioining
Pruring 10crmIsson s 34 Ak, scepig lo 110 wal|can rcach 20:1, buc this 5 2 hareh cooditiea.
Py ol 0.1 1 - : ¢ Tle 1#1ma|<o0wmist raie eurdeors is abour 40-1. (This
yrgm Levels o f Musvinalion inDay light va jue witll be excceded by direce or re flecw:d svolighe:)
ldusmisl te Ix Ligbt Condition (3 Ix * §lo.:k inkon white deawing papee can give a neast catio
Pricision manuat ace weldio 1000 10,750 $i dieiis Bodlile of 1:13, which i3 f:.ucl]mt forvisibi_lir_,'. Reading a book
B " 15 reban) G000-8000  64,500-47.000 with thia high ratio would Wec ome ticing, 5o either tray die
a-hne machine we g ‘ :
aad inspection 1000 10.75¢ . ink, tintthe }:a p:r,or bodl-;\g ke
1080-10,75 e'f) ‘sitcen Lettees <30 typin2 pelser . ra
Fine machine werk sao 5380 (:utd:.ocs:t nm:) 1681000 080-10.750 o:m 7
Med imei macbior wozk v00 1080 (i:r:h:;:aatcnr.cjn;nl‘ 2600 2150 minimum  ® Weiting with a sofc pcoal on white deawing papcr bas en
Rough machine work 5o 540 approximnte <o miTast ratid of 1:3, |,
Sheetmctal (scribing) 100 1080 * Mijninum conteaec racio foc kgibilicy is 1:2
Seex:| and sbeec metnl fabricatdon 50 540
Paint mixing snd macchihg 200 2150
Receiving aod shipping 10 110
Meta 103
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Reflectance Faclors

Ourside and Buildiog Marcrials %
Whice plascer 90-92%
Whice suuccural glass 75-80
White creg coita 6 5-80
Snow (new) 74
Snowr (old) 64
Luncscone 3565
Concrete 40-55
Laghc bufl beick 48
Wekare merble 4
Dark buff hnok 40
Dack reclbrick 30
Cemenc 2iv:
Vegetation (averuge) 25
Sandseone 12
Blue st one (pavement) 18
Granalith Ipaveaswent) 1?
Asplult and macadam pavement 15
Gravel 13
Slaee 6730
Maost eazth 7
Dark greeng iy 4

THE MEASURE OF MAN AND WOMAN

Cloth ' %
W hite Linen {dull Anish) 8%
White cotroo (3]
Red coreon ddiamine Fase red) 49
Bleck ceaton (diamine) 33
Blueweels-o 25
Blue flassw| 17.5
Blue dbwen (navy Nhich 17
Black woslen 2
Bllack velver 1.8
Paper %
Qua by white S5,
Whice blotang 82
Whicc draning 70-8¢
Mediam quslity white 75
Lighcgrsi§ 23
@h ca p white 7
Pnk (]
Buff €0
Nc wsprint 85
Me $iam giay 45
Dack gcav 2%
@hexchte brown 2%
®lav~-green 15
Matte black b
LUlaamarine blue ES
Hard pencid kne 45
Soft pencat love 25
Printec’s )ok (goed qua bty i
Black ink 4
Black velouc 0.4

Wouds %
Birch a od hiech 315-50%
Whirwuoud (plain) 45
Ma ple 42
Satinwood 34
Ligho 1 vake 2 535
En glish ook 17
Walove 16
Clack Walsut >-1s
®ack oak and cheary 10-15
Mahegany 12
Glass and M astic %
Miccorc K less 80-907%
Mctabislized phstce 75-85
W vine stew: cur b @hags 73-50
Reflective glass 20-30
Wear ylast 7
Tineed glass 7
Black atceuctural glass N
Meta 1039
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Mctallic Sy faces % Incceior Suefacec Colo s % Asecnt Cobucs %
Silvee (h ighly Tolishid) 90-92% Dul oc llat whire 7590 Wbite |diffusc) X0
Metalized 7535 @& cam or cgrshe )l 79 Deep red 14-22
Brass (brighe] 75 Pale piak, palc yellow 25-30 Red 21-
Alupvinum p olished) ¢ 27 Jvawy 78 Orange 38.48
Sceel (golianined) 6 Lightgreen, blue. ar orchid 7¢-75 Yellow 60-65
Alvmioum pame 60 -70 Ligh beige and pale gray 70 Ycllew green 42-46
Copper {bright) €S Soft pacik and Eighe pcach (3] Sawraxd green 2432
Nrkel {parlshed) 6065 Pink 64 Bloe 17223
Chromium (polished) 61-62 Apricoc 56-62 Violer prrpk 1214
Stairless 1 el (Bright) S5S-65 Tusier yvelow gold S5 Red purple 16-23
Alumioum Lrawe) §§- 60 Li gh geay 3550
3co3s (pcdished anatee) S 255 Medium crquoise 44
Chrome (satin} SO-58 Yetkhw geeen 45
Beass (dull) 3S Medium Ighe blue 42
Copper {dull) 35 Ol ge'ld and pumpkin 34
Sen inle 55 sasel 2530 Raeee 29
Tin plase 2 530 Coeos brown and mawe 24
Steel {heighs) 25 Mzdium green and blue 21
Cast oc golvan ned icon 258 Mcdiuos gray 20

Dark brown and dack geay 1615

Olisc g ‘@n 12

Dazk bluc and bhse green 5-10

Foresc green 7

Aluminure painc 60-7¢

THEENVIRONMENT




Color Tempecature of Yarious Ligtts n Kelvin

Te Xelvio (Kb is a smadacd black body beacxdto accrrain
color, raschinga perccubr heht source Take 27315 from
the following values tw gut the Celus scale ('CL

i_.@t Sovces Kehan
Light from chear blue sky 10,000-30.,0010
Light from hegy sky 7500-2400
Speaial dg¥lighc Ouoccaeent 7500
Special fikered aungskn lamp 7450
High +peed decoonic flashtubes 7000
Sunlight from overvsst sky 6800-7000
Sunlight from cleac sky*at ooon 650(!
Naylight fusrexoe t bmp 6500
Bhie flash lamp 6000
@icecr suolighe ac 1€ 8 50.~3 p 0. 6uve
Direc2 sunkight in summer c8ne
D wchocge meccucy Inmp 400W 5690
tMeral hahde lamp 400W 5200
Baylight blue (Aucd lamp 4800
Cool whate fluore sment |amp 4000
Whice fluocesecnt lem p 3600
Wh e redlectuc howts 3400
Soft wihite thioreseenc lamp 3350
Amber flach larmp 3200
Phoao Aood fumipx 32083400
P rojperion benp SO0W 3178
Wann white fluorescent 3100
Incandesce it tungseen 1000 3000
Incandesoent tungseen SO0W 2950
Inca ndeseent tungsren 60W 2309
foLundeseen : hous e b i 2500-3000
Candle lame tSO0-1809
Red -hot metsl 400500

THE MEASURE OF MAN ANO WOMAN

Celored photegtaphic Jilms ace designed Sor cerain color
cemperatuces, @ne Alm ts close to 6.000K firda ylight use
and somc acc 3 400K ferindoor usc.

Reaction Times
Reaccion eitacs vary according co ditfeccoc faccors, 35 shown
in the fellowing.

By Sense Precepioc sec
Touching A11=15
Tanperalore A15-22
Pain .70-1 .00
Hearing A2-22
Smelling 29
Tasting el 8 g
Sceing A15-.20
£ s 10 foms 165
Eyes 100ve to 4@ withott fecusing e
By AR sEC

S yeacs 40
10 yeus .30
20 years 20
30 years 22
40 yaars 2s
5@ years 38
£S5 years AS
60 years A1 |

Reaccion ritae varies with s2x: me otalee @,1 sceond less fos
suund and |:|K|')t than wamua.

Reaccon einc vacies with limbs: Sece take 20% more thwe
t]tan hunds,

The lek bend. & the tight-handed. cakes 3% more tune chan
the right hand

Reaction tiroe vacics widh training: with practies, it cao be
reduced] 0%.

Reut e a time vaciey with signal charudteyiseies. The
ninmum signsl pesiod is 0.2 seeends, Short signaks #€ 0,1
sccond arc not good Ak riing signals <an recluee cesetioo
tiate up Lo @ K.

An ilusteation of total oeaction time dollows. A pilot sccs m
appi-oaching planc througb the haze;

1. The pilotder cis 5 plone (e /e mavies) 0.3 sec
2. loterecpts image (Perecptioo) [ X3
3.5cects soursc of acrion (decision | 05
4. Pilet mot s esntcel (cesPvnse) 03
Toral teacto n ricoe 1.7 3

04 bech plancs are he aded toward one anorhe ¢ ac 400 roph,
cch plocbasonly 1,000 feec before a colbision. ‘Thee
distasae will be covervd intiae 1.7 seeends of reaction vinse.
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APPENDIX

CONVERSIUN SCALES

Lengch Coaversions

1 inch tqusls 25.4 millimeecs {(mm)
1 inch vqualks 2.54 ecntimeters {emj}
1 feot cquals 304.¥ millimcters

| feot equals 30.48 centimetacs

1 feot cquals 0,3848 meter s [m)

1 mle equals 1.60Y kilomegers (km)

Area Conversions

Tsquaczindh (in?) cquals €45 quarc eciwamescts (¢ar)
I square oot Ift?) ¢cualy 0.093 squaze nnicrers (i)
1ace cquals 0 405 hoceares (ha)

Volume Conyersions

I cubic foot (| equals 0.0283 cuhic inwturs (")
1cubi yard cqua ls 0.764 cubic meters

1 US pallon 2quals 3.785 Lilees { 1)

} US ¢juszt equals (L9462 ltees

I lier equisls 1,000 millsliters ¢ ml|

3 ler of watechas a raas of 3 kilegram of frcsh wiater,

W cight Conv cesions
I ot for) cqeals 2833 graivs (g)
| kilogram vquals 104 Reaink

3 shocc (US ton equals 0,%072 metric toa (rh
Force Convession

¥ oun<eforec {02f) equak (.72 Newwons (T)
1 peund fecce fIb() cquals 4.4482 Newtons
Torquc of Bending Moment Conversions

1 gunec faece aceing at a nadios in inches (oz £- in|
equak 000706 TV ' m

| pound ferce acting a3 radias in fece (bE .+ f)
equals 1.3558 N - m

Pressuc or Srress Ceowrsion

7 pound per square inch (Psi) cqualk 6.895 kilogascals {k)*a)
1 pou n¢ pes squane inch (psi) ¢qusils 0.0068%3 megapascals
(\Pa)

Work ar Eacegy Conversions

Work equals foroe ames distance.In the metric sysecm the
vnit of wodk o the prule () whicl is delined ae a foroe of
1 Neweon dikPb ced through a distanee of 1 meter m the
dicection af Lhe boree {1 J eqrialks L N m)

1 mexn Bacish Thesmal Unic (1°TU} equals 1.055 kibe joudss (k]|
7 small caloric (call cquals 4.137 Youks [))

1 beBe calerie (keab)equalks 4,187 kile foulces (kf)

Powes Conversions

Powcy is the rate of do ing work orc xpendiig encegy.

The unit of powur i the wate (W) aad 3 vqualte 1 joule pee
socond (]/s)

| Vs equals TN - mfs

1 B1U per houc equials 0:1Y31 watts

7 feot peund force per sccond (ft Ib €/5) equals 1.356 warts
1 ha. sep@wer (hp | epuals 0.7457 kilivwares (kwl

The abeye horsepower is defined ns 550 fooe b §/5.

firoe aoxl Angle Comveswn

Angles nre men suncl in degrem: excoept vse the dezimal syisen
in place of minuccs and seconds (e, usc 6.55° nor 6°30'38°)

Tune and degrees aec the only uniw in the meic sestemo not
bascd onten .

Tcomperatarc Conversaans
Thescientifc unt of tlecw:odytianiic tongeearure ib the
ascteic 5 yerem is the Kebin (K.

1 degree Kelvin (VK) equals deW?ees Codsict plus 27.30 5°
3 degoee Fahrenheix ¢ °F) equals 975 degree Ceekiug *C) plus 32°
1 dcB¥ce Celsius cquals 59 lEahrenhck ovinves 32°)

Light Cenversions
1 Footemddas (od 4 wopeals 10.764 Lox (Ix 6

1Foer lambert (I cquak 3426 canddas pee square mewer
(ed/m J.

7 Lambert equals 3183.1 candelas per squan: meter jcd/m )
Siules

Cemmonly: Used 12rewmi Sczles in the USA and therc
Approximare Equivaleuw in M cteic:

18 Rilf size in thc USA bacones 1/10 in terric
&4 full size inche USA bocames 343 in oeric
172 fuld size inthe USA b cames 2'5 in meeek

FodE size i 1lve USA rematis the S01¢ i mie cric

APPEND IX
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AHBREVIATIONS

a«fj or adpse adjuse, adjustenent
ah:aftesciste

appovx: approxucidle , appeoxe mately
AVE 9Verage

G Cekius

al calene

Snpt REICILY

t.: ecncee line

C.G:z »eneer of g na vity
¢ s arcum feiexe
clear:clecaram:e

i centuneter
CRVicathide cay tobe, TV
crercenter

d or datdiameree

d8: decihelx

disw dismance

°. degrae

effzfhcece, efficeccy
cg« foe example

dect elecuse, clecaticery
eng engineten g
equep:cqLipmene
F.female, force

F: Fahcenheit

fc: feot candlc

frifeen

{widfoewand

g: geam

Gigavuy

hgs- bright, logh

THE MEASURE OF MAN AND WOMAN

hoeiz hOrgmtal

E11? or Hpt:ihip pno¢ pemt
he:buue

Bzt Electy. (Fequen:y]
AES: Wumuosting Fogincesing Sockty
mae " inch

inck Including

K1 Kelvin

kuak kilexsalesie

kg: kilogram

km; kilonsercr

kawli kfometers p:¢ lwuc
I: lefe

L litec

lavi laviatery (\wash bagin)
165 1bs: poscnd, pxsuacls
16{: poeundl fosc e

LCD: liquid oysal desy by
TED. .| ghtemitting deude
Ik: engeh

kn: large man

lw: hege woman

Tazlux

ms Wacdi, 01 le, ivctee
ma:mu bampeces

M3 X7 0 AX oL

meh mikacy!

M N: N mum, Mminute
mLe millilambe ¢

mm: milbmetey

m o munth

mph: miles pes hour

av's: matels pee £cond

N3 Newtsin

no:number

opp: Oppos e

opl= ptimum

o0zf: ounece force

peav: $Klew pee millieat

%z percesit

%ile: percemile

pect: prefee

c o¢ rad: radius

rect; rocngde

reb: beferonoe

teq'd: cequiced

ricghe

rpms revo lu tioas per mumore

SB: aindacd deviation

Sk locernacional Systom (meecicl
SIP:scac index potixt

sm: emall nan

sqi square

SRI: scat eeferencc pemcorphac
sidi styadaed

swi small weman, swilch

SYys<i ysecm

It teiaque

ver: vesleal

w: wide, widdh ¢ breadeh), woman
Wi wat

we wheelcleaic, wacercleset {toilet)
we: weight

y¢ OC yesiyears, age




ANTHROPOMERIC TERMS

Abdrniied deplhrithe it ausenor pant of the abc®Wmins|
cinve on Lbe midplacie.

Abdect: 6 mmt awayFrom the body axis or one of s pacts,

Asromion: the highest poinc on the lateral cdge > the
sho uld cr bone {iscd for shoulder beight.

Adduce: e 100ve towords the body .
Awterior: pataimng to che from ol th: bedy.
Awrsewlar: peeceining to the exwernal cae.
Axitla; the aempit,

Misepss the lo) ge muscle atche frone of che upper ami alsg
the latge mrsche attbe bick of the thigh.

Mow ridge; the booy tidges coered by dhe eypshrows.
Bustpetire: The most antceiot projection of the sight beeas.

Butdeck protrusien. the maximum peste nor paotcusion of the
cight buttock.

Calflevels (be beighe of maximuin alf eircumiecence.

Cerwicle: the lazBest bony bum p on the spins| cofumn in the
% na nf the tase of the neck

Chedlion: tbe Loraer: of muuth where the |1Ps join,
Clutnete: the o-ltarhane, linkinghe scapular and che soe mum

Corontt 1 tac: quy vectisal plane at cighc aigles o the
mudpline

Criniomith: paint n ud phoc where dic heitline mecw the

lerche ad.
Cutanegus lip: the area betwieen che upger bp and die e,
Pac tytiowsthe tip ol the middle finer.

Delroid muscic:the latge musdeoc the euter side of the
uppee urm in the shnulder rogion.

W's2al: ac the cnd of a bedy sepater ¢ fucthest fram the erunk,
Dovsal: en the back of the handarc the fuot,

Ectocuasetlimz: the untside ®orseec o7 angle fornaed by tbe
meceting of the eyalids.

Epieos dyle the buny eminenes at the disto] cod of the
oninecus and lemur

Exgmnd: increase a limb ang)e.
Extenuil- away lrom the ceaical, ooy acis of the bexdy.

Lemoral epcondyles:bony prejrecions on cither side of the
distal end of the Juriue,

Fermirzehe ﬂ\ixh bone.
Flex: xduoce a iab angle.

Fraukfint plame: the stindand orientation of the hend,
decermined k¥ a bne passing tarougb the esr bole and the
lowee cdg of the eyc orbit und aride hasznnral.

Lrontal plape: saye as cerenal planc,

Glabeila: the most lerw'ard point in the midlne oftle
bicehe ud Betwen the bmow ndpes,

Cluteual furrosw: the Ratrow wiere the busteck joins he thigh.
Goreal asrgle: the obruse acigle at ehe Lack of the lowecr 1w
Me'ix: the molled oukec pact of the ear,

Lwwveral epicondites: the beny projections o:ibith sides vf
clie dittal 1ed o>ftlwe he poerus,

Mserrges:the upper aco bone,

MyPerexteudi:t o overexcend a imb or paltof the bod .
liac ¢resti- the e0p rém of the pednc bene.

Infersor: bdnw or lower them anoth ¢r body part,

Jesean:a cdothing tecm vsed te indicare che incide lengsh ol o
sleeve o teouser by,

hdon : the small ben)- bump ac the rearrost pace of ehe head:

fsc g :owro bo ny cuberosics ac the benom of the gelvie thix
sipport 60% ol a pecsen’s sitting weighr.

Kwmseckie: th: Einger peinaberwecn che pbalnx acud ehe
mewcacpal (finger hone and palm bone).

Larynx: the upper pars of the wind pipc, eencaining
e ol % swwhach peod uce vecol sounds,

Lateral: )ying neac or toward che sides of 1 be body,
Laferal ntalleolus. hieral bony proceusion of the ankle.

Lateral vashics muscic: the lae souscle cunning frem che
knoescop 0 thebipon the outside of the uPpes lew.

Malselus: a bamy projection 0a cadi side of ankke:.

Man debie-the lower jaw.
Mastoed; e bony protrvsion d icccdy bebind ebe car.
Medral: lyng neus ec towacds the midiowe of thebody-

Medral eestus :nuscle: the krBe muscle ruor ing from the
kneecop to tbebipon che inside of the uppee k.

Melgea)p of- the long hend boocs benween the wrist and
the fing crs.

Metatarsat: the long foat bomes letweenthe tarsis and
the toes.

Mentoor: the Twbit 2t the eip ol the chin on the miklp [sne.

Mrdsag:tal plai : the vey oo | plane dividing sbe body imo
righcand ke habves.

Nasz1i rerat depression- the budeeation ac the biidge of dw
nox:

Nuaal seplunt: \be asermbranc between the nosir ils,

Navicntay bone: tlve Small bone in the hend distal se che bend
ol the weist ¢nibethumb sde.

@ccipial regiau: the Bock of the head.

Qcexlar: pertvining te e eves,

Qcciprt: 3 bene bna g the posterior hase of the skl
@lecranen:the bony tip «fthe elbow,

Omtibution; die catter Potnt of the navel,

Orbit: the eye soche .

Painar: pecining & the palm (inside) of che hand.
Pateilu rthe knescap

Peleva: the bonee ol the pelvic vumnplex.

Phalanges: the houies oof the fingars and toes.

Phatruan: the groove ltweenthe lip and be nasel acpum,
Plastar. peetainiog fo the sales of ehe feet.

Pupliteal aren: the aceu in badk of the kg behind the knee.
Pesterserzthe backaf the dody.

Presazsale: che moztanterior puiot of the nuse

Proxsasal; tbe ead ol o limb neacest the trunk.
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Rurdiusi thu buse in the forracm e the chwnb side. Wiress: Lhe acew, geoceally-athe belt hnes 0c the Ynacusal

. woast. ™
Karsus:the vectica] portinn nf the lowee jaw bine !

(mandilyl.). Zygennaticared: the buiy 3rch cuiming a lwolg the side of the

Sugithel- pertaming co the midsagittal plane oof the b<xly cs 3 Cheek almosr te che ear.

paratlcl plane.

Scoprdtar: theshevider Wode |

Scper aclodun gter m dosagnating dw asmbole of a gsonent i Tqu'H-%gt. 4
Setlon: the point of greswsc indentacion o f che nesal moc Ay MIEQAL
depressium. LET |
Spiry tiore: Lhe mestd isced exteasion of the tibia on che medial
sid e Of the Kot
SPinzizhe backvone, composcd of verebrac - ,F,‘-_F.TEP:"CF' _
Stertnnt: ihe bee s Apet
Steraien: the puint of cvntac: hetween the uppee md lower
s on 1he auidplanc. ﬂf“; s
Supevior:ahmre or highec ,FGP;'I*-PE'SJ

L

IR

Supra: preflx dessgaoting above or an,

Tarsws: the collection ef bones inrhe ankle joias. gt
Thyroid carzifage:che *Ndam's spple™ on men.

Tibia: the sh.n hone.

\/smau

Tragien:the point located at the notely just above the tragus
of the car.

Tragusthe sme l flap of flesh o froem of the <81 hole.

THAMNSVERSE
FLAME

Transt erse plawne: the torizomal ptanc tho vgh the body
pecpendicular to the mid and fenot.al plmes.

T rice®: the muscles at che baek of rbe upper arms,

IMFERICH
DA

Trockanterton:dw tip of the hiny latecal proceusion o € e
proxims| end of the thigh hone,

Ulria: ene of the beoes in che foreacm on the littte Ainger side SagGirraL ,
of che arm. PLANE O@8RONAL .
MI®-PLANE PLANE

FRONTAL |
Pt ANT |I

Untbilicws: cthe depression in the abderoen ¢belly bucbn)
wigee dwe umbilicid cocd was attached te the ioeher

Ventral: perraining co the from side of the crunk,
VYertebra: a b one of the spine.

ANATOMICAL PVANES AND NIATIONS H
Vegex; Lhe 0p of the head. om 8 GRIE
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One Fifth Size Templates for 99 Percentile Man and Woman (in Millimeters)

fAecoamended lemplate maerial: 031-262° (1-1 mant clear plastic. @ 1993 Hemy Dreyfuss Asseciates

@ Eye Mole Recommeaded size:.140" {3mml diameter,

Two holes for affxing templata to werk suiface. Ingert pins #hiough hales to hadd termplata in Mace and allow for 8asymanipulation. Recommandad diameter: 52° (1.5mm1

& Pivetingisint Use Jremmets such'as shoe eyelets to enchor piet locstiens:

| Cenwernis.Scitbe on bedy and arm and use as vartical ralarence te align the various bedy park.
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