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PREFACE

Henry Dreyfuss Associates, an indusirial despn consulaancy,
has led the way i applyving human-facrors data ro product
development for more than 60 years, Now, ina
eomprehensive revamping of the company's eaclser landmark
hook, The Measiere of Maw, published in 1960, this volume
FEpIESENLS the culminatron of their efforts since then 1o
document and publish up-to-date infermation for use by
designers, architeers, and engineers. The Measre of Man and
Wonsan assembles the most vital data currently available to
assist designers in creating products and environments to
better accommsodate human needs, We hope thar the
apphication of this data will help people everywhere in their
quest for safery, comfort, and satisfcrion.

Recent endeavors have included compiling and integrating
seatistical information pertaining o the differentdy abled,
Pregmint WoImen, and to children. Prior to this volume, no
such informanon regarding these groups existed in a
complere and usable formar.

The key figure in this development, and in the creation of
The Measere of Marr ard Wossain, has been Alvin B, Ti”t:f'.
one of the world’s foremest experts in applied
anthropometry, By combining data from numerous surveys,
Tilley created a set of reference rools that have become
indispensible to design professionals. As co-author of The
Meazure of Man; Humanzeale 1/2/3, 1974; and Huwmanscale
41508 and 7/88, 1981, he prepared detailed and easy-to-nse
d:iagr;lms of human dimensaons ]'.-rl.':ﬂ.'ntcd 1 the coiresr l::lf
living. He has done so again in this volume, Whether male or
female, young or old, large or small, peogle have been
spudied in cheir various environments I0 NUMETTUs Postures
and meticulowsly rendered for the pages that follow. [Ediror's
rote: Alsin B, Tilley died dn July 1993, before publication of
this ook, |

Oeher Dreyfuss staff members who contributed
significantly vo the book are Brad Agry, John McFardane, Jim
Ryan, Bebecca Simme, and Willim Wenger,
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INTRODUCTION

Dresigning for people is NOT NEW; it i as obd as humankind, In
(e lase &0 years, howeveT, the field of beowarr factors—rthe
study of human capabilices and [imitations—has become a
gcience that is ever-cxpanding through the labsars of many
ralented and devoted peaple around the globe, As science
 dvances in many felds, the task of accommodating all
hurnan beings with comfort and safery becomes increasingly
complex. The designer must keep informed by reading
numercus books, journals, magazines, and papers and by
consulting with specialists.

To a great exteny, people’s needs for comfort and safery
are ot being meg, and despite all the available data, lapses in
gend design are frequent, There are still many poorly
designed ohjects causing accidents, Sears in boses, (rains, and
homes are often aneombortable. Many compater operators
suffer back and wnst srrains. There is much woark to be done
ror hurmanize this world.

Design considerations now encompass more people,
products, and environments. Mureover, they have become a
glabal mater, and designera today need o take info account
physical differcnces amoig international populations—but
withour compromising the needs of the statistically defined
~average” person. With increased sensitivicy, designs can
hecome neatly universals scarcely any uscr group will be
excluded from having its needs met.

The Measwre of Man and Wartah is a contribution to this
effort, The ook is based on a large quantity of data
aecumulated over more than 40 vears by Henry Direviuss
Associates, which found the collection invaluable in making
product designs more successful, The data in this volume
pmhraces 98% of the adult populanon, and new information
15 provided regarding products and environments for infants,
snddlers, youths, the elderly, and the differently abled. Werk
stations, displays, and controls used in electronic equipment
and computers have aleo been carefully studied and included.

o ame ar pA AN AND WORMARN

Continuing o integrate rescarch findings Erom
anthropometrics and ergonomics, as first inirared by Alvin
Tilley and Henry Dreyfuss, we have broadened the human-
factors view to inclede cogniton—the users' thought
processes—in the design equation, Products have become
operationally maore complex, and a product’s physical form
often envelops numerous hidden possibilities that await the
seer’s beck and call. As with the microprocessar and the
computer, a product’s behavior may vary depending on the
user's input and the if-then condinons programmed into the
product. Through the application of cognitive ETEONaMICs o
design, produsts can become EddIEr o LSE,

We ask that our technologist friends from the various
specialties within the Gield of human factors underseand that
our brush iz wide in arder o support the widest audience.
Both the text and the drawings in this book astempt to make
dara from a range of scientific studes readily available to
designers who mighs ocherwise find such sources esoteric or
inaccessible. They are intended as a chear and effective means
of displaying complex information on gizes, limitations, and
conditions, We truse that our readers will find our
presentation format quick and easy to uie and, additionally,
we hope that they will absosb much of the current thinking in
human factors inko their own design CoBCeptHIns,




HUMAN FACTORS: A BRIEF HISTORY

The term buman factors encompasses both physiclogy and
psychology and covers most factors aftecting human
performance of rasks using tools or in man-made
environments. For example, visual acuity, hearing, tactile
sense, temperature, and humidity are quite clearly factors
that affect performance, but the degres of a person’s training,
his or her diet, and other factors are considered as well,
Human tnctors is the sphere of accumulated data.

The Measswere of Maw grd Woran & an outgrowth of the
human factors field, and it should thus prove useful to
engineers, architects, industrial designers, incerior designers,
craftspeople, artists, and students.

Accommodation began with the creation of tools in
prehistoric tmes, When bones of hominids thar dated back o
mare than 1 million years ago were uncovered m Kenya,
Africa, bone and stone wools were found, Thumb rools thar
were probably used for scraping skins and hand tools for
heavier work were, by then, already extensions of the hand.

Bows and arrows extended the hand even further. The
bow was desizned for the strength of the huntes or warnor.
The arrow lengrh was nsually designed for the maximum
reach in the drawing of the bow. The age of these ools is not
known for certain, because the marerials of which they were
made perished easily.

Mine-thousand-year-old obsidian mirrors were unearthed
at Catal Huyuk, Turkey, The sharp, chipped edges were
covered by a plaster-like material 1o protect the wser or oo
provide comfort. Four thousand years ago, war chanots were
used in Mohenjo-Draro, in western Pakistan, They were
dn:-:igncd to accommesdate the driver and an archer swde h}'
sid:. The SPACE NECESEATY deterrmined the Jpa-a:in_g. of the
wheels—a spacing almost identical to the standard wagon
track and early radleoad gavge.

Measuring many items by the cubit {elbowr to the op of
the middle finger), the ancient Egyprians developed chairs,
ventilated beds, fast chariots, and scaworthy boars. Similarly,
in the Maddle Ages, measurements woere made by body partss
a seat height would equal five fists, or a half-leg length.

The machine age arowed less than 200 years ago, and 100
years ago, time-and-motion engineering emerged. Dunng the
EFI.FI]-' meiadern FEI’iI::IIJ.. the machine assurmed |.'l-:|'i.-|.1|.‘j[}' il d-:-sign
considerations, and the aperator came Lasr. For instance,
carly aircraft were designed only for operators of a certain
size, When operators of this size became scarce, the concepr
of hermean engineericg began by analyzing the workspace to
aecept a wariable popularion,

Human engineering (a term used by the LS. Armiy,
whereas beoman factors 15 used by other branches of the
military] is the connection betereen the human and the
mechanical or the extension of the former by the lacer.
Before World War I1, engineers and architects had some
physical guidelines {space required to climb ladders and
stairs, space for mainrenance access, space for dining); these
were usually hased on the average man, Measurements were
taken by the U.S. Deparmment of Agriculrure, with the WEA,
and garment parrern sizes wers consulted, but most of these
measurements were oot useful for human engineering,

World War Il required new and comiplex war machines,
and the concept that machines, not personnel, win wars gave
way to efficient man-machine relationships. Before long,
many scientific disciplines were being comsulted—paychalogy,
engineering, anthropology, and physiclogy, The Department
of Defense ssued human engineering standards for the design
of milicary equipment for the Army and human-factors
information for the Air Foree and the Mavy; this included
data pertaining to undersea craft as well. This work was
lms:d [0 5] 9{!% uf TIH: adu]t I'rLi]l:E :r_'-:-upt.lhlu for certain
segiments of military service, Military eguipment designed for
this segment could be kepr small with a low silhoustte and
smaller profle for greater combat safery.

A comparizon of measurements of stature taken duning
the various American wars reveals thar men were growing ar
the rare of 0.4™ (1 cm) every decade.

By the 19605, a systematic gathering of data was ongomgg,
and the U.5, Department of Health, Education, and Welfare
published “Weight, Height, and Selected Body Dimensions of
Adules.™ This civilian dara was not as comprehensive as the
military data, however, Then, in the "7k, the Society of
Automotive Engineers made a very useful survey of childeen,
from rero-month=old infants to cighteen-pear-old vouths,

In the "80s, the eldecly were measured when it became
apparent that they were becoming a laege sepment of the
population. Accordingly, in the "#0s, the Americans with
Disabilicies Act (AIMA] became law and prohibited
discrimination on the basis of disability. The acr sets down
rubes of accessihility and protection for wheskchair occopants,
for the blind and visually impaired, and for the deaf and
hearing impaired.

Toaday's desygners most be aware of the whole populacion,
Internarional air travel and the design of industrial and
agricultural equipment all over the world have created a need
for anthrepometrical study of the world populason.

Cug,nj[i_l,l: science now also informs the feld of dﬁq;n., it
studies the mind: awareness, decision making, difficuley, and
related issues.

The Human Factors Society was founded in 1956 in the
United States, six vears following the founding, in Grear
Britain, of the Ergomomic Research Society. The term
ergoramic, which is used more and maore as the toral
applcanon of all human factors, comes from the Grock
ergos, meaning work, and morros, meanimg natural laws,
Originally synonymaus with beeeran faciors, which
encompasses the similar expressions applied Feman factors,
Bwman factor engimeeriong, Funcan engineering, and applisd
ErgOOmics, ergoromics is becoming an almest universal
.

HUMAN FACTORS: A BRIEF HISTORY




ANTHROPOMETRY,

OR THE MEASURE OF MA

MEASUREMENT SYSTEMS

In gathering data on the size of the body and its componens,
movement limitations, and strength—all of which are
required to establish human-machine relarionships and other
design requirements—aumerous measurement devices are
employed. These are often similar to those used by engineers
to measure machines or by sculptors in their work.

+ The anthropomerer is similar go a |'||'.‘igl'l[ FAuURE, with direct-
reading scales up and down and in and out in several sizes,
The largest is used to measure such things as starure and
watst height. A middle size version is used ro measure
sitting height, knee height, burtock to knee, and simalar
ineervale. & smaller size device is used to measure facial
fearures from a backboard and a headboard.

s 4 direct-reading sliding caliper is used o measure body
width and depth. A small size is used to measure parts of
the hand and the width of the ears and mouth, and to
determine biceps and arm widths,

+ Dircet-reading spreading calipers are nsed to measure head
widths and depths.

+ Special Plock rulers measure ankle heighs,
» Special foot-measuring boxes include scales.

# Flexible tape scales are used to measure body
ciscumferences and other dimensions used in clothing
desLg.

+ Templares measure finger diameters.
» Weight scales measure body weight.
# Force scales measure strengrh.

% Protractors measure angles.

With so many measaring tools involved, anthropometry
becomes time-consuming and expensive, The most complete
and reliable information has been prepared by the military
forces, while civilian dara is not complete. More recently,
measuring techniques have improved with the addition of
digirizers, including oprical scanners.

The Society of Automotive Engineers, Inc., published a
book entitled Antbropometey of lefans, Children and
Youths to Age 18 for Product Safery Design (1977). In this
survey, measuring tools were modihed o pead directly iEo &
computer from a position signal, activated by a cable rotating

THE MEASURE DF MAN AND WOMARN

N, WOMAN, AND CHILD

a patentiometer. Modified calipers and anthropometers were
equipped with sets of pointers and extensions o reduce the
numbet of rools, Body crcumferences were measured by a
rolled tape that recarded the discance ar the push of a butson.
Orecasionally, an odd dimension was required with a
standard mensuring device; in this case, it was entered by the
anthropometrist, who keyed the dara into the compurer.
Important measurements were taken on all subjects. Minor
measurements were random, 1o reduce tme and cost,
Computer-aided anthropometry will eventually be
perfected to give both static and animated Agures on a screen.

SAMPLING THE POPULATION

Large countries—the Unired States, for example—need large
samplings, i.e., 20000 to 4000 each for men and women. A
larger number of subjects results in greater accuracy.
Measnrements obtained throughout the country can include
the following data:

* Birthplace

+ Ape

* [-_Ta_nd-:dn:gs (right, lefr, or amhbidextrous)

* Color vision

* Ancestry

s Ape of women at menarche (first menstruation)

# Demographic and economic factors

THE MEASUREMENTS
These are several standard measuring serups:

# The subject stands with his or her back against a backboard
to insure an erect body postare; the body weighe is
distributed equally, and the arms, fingers, and legs are fully
straightened. The body is straight but not rigad, A horizontal
headboard is useful for some facial measurements.

+ The subject sits erect on a flat horizontal surface, and the
height is adjusted with the shank vertical and close ro—but
without pressure on—the popliteal area. Body weight is
distribured equally, and the torso is held erccr but not rigid.

+ In both setups the head is held vertically and measurerment
is determined by making the Frankfort line horizontal. This
is done by lining up the carhole and the lower part of the
eye orbit (cye socket],

s The subject is placed in the supine position on a flat
horizontal plane. This measuring posture is wsed for infanes
ap ta 24 months who cannot stand erect. In this case,
gtatire (standing height) measurement is superseded by a
lengeh measurement from coown 6o snle,

Measurements between bony promuberances and end points
{for example, from elbow to the daceylion) are preferred.
Flesh measurements may not be as accurate, Stature and
other heighs are vertical dimensions; width {heeadth) is
measured horizontally. Depth measurements are made from
frone to back horizontally, Distance, a measure between rwo
landmarks, can be in any direction, Circumference of body or
body components is useally taken horizontally on the
standing sebject. Other measurements are taken for the
clothing industry.

PERCENTILES

Body dimensions can be ploted on a graph with the
measurements on the horizontal  axis increasing toward the
right from the zere poine. The frequency of occurrences is
plotted on the vertical ¥ axis, increasing toward the top Erem
the zere point. & smooth curve averaging a particular height
dimension will appear bell-shaped {Gaussian or normal
distribution curvel. In this case, the mean, median, and mode
coincide. The sreaer is the arithmetical average of values, the
stedian is the middle number of a series, and the mode is the
most commonly occurring value and the highest point on the
curve, 1f weight or flesh measurements [for example, hip width,
buttock depth, or abdominal depth) are plotted, the resulting
curve is not symmetrical—the peak of the curve is aff-centes.
This curve is referred to as a skt cwrve, In this case, the mean,
median, and mode do not coincide. Data from one dimension
do not necessarily correlate with that of other dimensions, For
instance, a small woman may have a small or large hip width
or buttock depth, and so on, This information is warth
keeping in mind when designing for an “average” persoi.

It is not customary to design for everyone. The few ar
cither end of the normal curve may be so extreme that an
encompassing design could become oo large or expensive (o
produce. The military chose to exclude 5% at the small end
and 5% at the large end, thus accommodating 0% of the
measured popularion in the Military Standards. The 5%
value is called the 5 percentile, and the 25% value is called
the 95 percentile. Any other percentile values may be chosen
by using the follewing table for estimating the height of
various percentiles.




Table for Estimated Percentiles

Percentile % Included

20,9 = Mean + (3 x 5D
80,5 = Mean « (2,576 x 5D}
99 = Mean + (2,326 x 5D}
97 5 = Mean + [1.95 x 5D)
97 = Mean + {1.88 x 5D)
95 = Mean + {1.65 x 5[0
90 = Mean + {1.28 x 51)
g% = hdean + {1.04 x 5D}
B0 = Mean + (B4 x 513}
75 = Mean + (067 x 5D
S0 = Mean
25 = Mean - (067 x 50
2 = Mean - (0,84 x 5DV
15 = Mean - {1.04 x 500
10 = Mean-¢1.28 x 5D
5 =Mean-({1.65 x 5D}
3 = Mean - (1.88 x 5Dy
2.5 = Mean - (1.9% x 5D
1 = Mean - (2.326 x 5D}
0.5 = Mean - [2.576 x 5D
i1 = Mean - [3 x 5D)

S0 = Smmdard E;n:'l.-farfn.rr, reliclh cas Be fourd By the formmla:

5D = .-'%

welvere Xo= guwssnaapioy,

d = difference betieen aid perior's moeasirensnent and the

arithmretic meam of that measerest e
M = mrenber of people in the serey,

99,3
99
98
95
o4
o0

50
&l
70
B0
b1
4
45
a8
99
HE.E

There is a partscnlar Standard Deviation for every

measurement and every sample.

We have chosen to accommodate 98% of the U5,
population, which lies between the 9% percenrile and the 1
percentile, for product designs for civilians. Any lower
percent excludes & good number of all opersrors. A case in
paoint: Canadian and U5, farmers who operate agriculrral
equiprnent are taller and heavier than the general population
(Casey, 1989}, Their 95 percentile stature 15 75.6° (1920 cm),
which coincides with our 9 percentile male data and
therefore will be included.

If one prefers a ditterent percentile, the standard devintion
can be calculared from data on the anthropometric diagrams
in this book,

Faor example:

2.326 5D = 99 percentile stature - mean stature

6.5 A
50 = =X 8" [T1 |
7376 bR,

or

2,326 5D = mean stature - 1 percentile scarure

- P
5D = 3338 = 28" {T1 mm)

HUMAN VARIATIONS

No two people are exactly alike, mcluding identical twimns.
The great range of diversity is a problem for the designer,
There are roughly three categories of human variabiliey
{MASA, 1978):

L. Intra-individual: sizes change during adulr life, Some
changes are duz to aging andfor nutrition; others are
caused by movement andfor the environment. The face
and body are usually asymmetrical. This may be the
reason some people do not like photographs of
themselves; they are accustomed o seeing themselves ina
mierar, which reverses the imagr-

2, Inter-individual: there are big differences due to sex and
ethnic and racial membership. Differences include skin
color, eve and hair color, body proportions, and other
frarures.

3. Secular variabilicy: changes occur from generation o
generation for variows reasons, However, since the pace of
these changes is relatively show, they have a limited effect
on the designer.
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SOCIAL DEVELOPMENT LANGUAGE MILESTONES

& EXPRESSION OF EMOTIONS
{TIME OF EMERGENCE]

MOTOR DEVELOPMENT

5 MONTHS

2 MONTHS i 4 MONTHS

i

BIRTH E 3 MONTHS

AOLLS CVER

'E 6 MONTHS

|1unM'rH
i

]

1

¥ NEDHATAL SMILE

GRASPS AATTLE SITS WITHOUT SUPPOAT

STARTLE RESPLNEE

DISTRESS STANDS WHILE HOLDIMG 0N
DISGUST
SOCIAL SMILE | AMGER, SURPAISE, SADMNESS FEAR
SHAME, SHYMESS, SELF AWAREMESS
RELATIVELY LINRESFOMNENE

EMILES, CO0S5, AND LALGHS.
SHOWS ANTIGIPATION AMD DISAPPQINTMENT BY
BECOMIMNG AHGRY QR WaRY.

TO QUTSIDE STRALLATION.
g INTERASTS WITH OTHER PECFLE
COPEM TO STRALLATION. :
Ry SHOM TEREST AND GURIGEIT

READILY SMILES AT FELIPLE. SHWS ITEREST 1N SURARCUINDINGES,

SOME CONTROL BEPEATS ACTIINS THAT ARE PLEASURABLE OR INTERESTIMNG

DWER INEOAM BEFLEXES
MO COORDIMNATION WITH
SENSORY IMFORMATION.

o COOING CHAMGES
T BABBLING

REFEATS PLEASURABLE BEHAVIORS
BEGINS TO COOADIMNATE SENSORY INFORMATION,

1.4 FOOT

ol 1

-+

—E

364
._E%?'Wﬁ MA&E
a

2 MONTHS
AVGEWT: 0.3 LB - 4.7 KG

6-8 MONTHS
AVEWT 1T.6LB - BKG

3-5 MONTHS
AYGEWT: 147 LB - 6.7 KG

THE MEASURE OF INFANTS

| 7 MONTHS i 8 MONTHS | 9 MONTHS

1 COGNITIVE DEVELOPMEMNT

i 10 MONTHS | M MONTHS
]

GAASPE WITH THUMB AND FIRNGER

COMMUNICATES EMOTIONS CLEARLY
MAY BE FEARFLUL OF STRAMGERE.
PRECCCURIED WITH PRIMGIFAL
CAREGIVER

SHOWE JOY, FEAR, BNGER AND SURPRISE

EXHIBITS DELIBERATE AND PUAPOSEFLUL BEEHAVIDA,
AMNTICIPATES EVENTE

15-9' :
B0 onsemvaMa
Tall
& -11 MONTHS
AVGWT 20 LE - 9.1 K&




12 MONTHS 13 MONTHS 5 14 MONTHS ! 15 MONTHS | 16 MONTHS | 17 MONTHS 18 MONTHS | 19 MONTHS ! 20 MONTHS § 21 MONTHS 22 MONTHS ! 23 MOKNTHS
| | l | |
| | i | I | |
ETANDES ALONE
SPEAKS 3-80 WORDS.
SOUND PATTERMNS AMD INTORATION
WALKS JURIPS 1IN FLAG
FAESEMELE COMNYERSATION, sl
GAN STACH DNE BLOGCE UFOH AMOTHER
: WoRCABLLARY
Tl i OVER 50 WORDS.
WHTATION OF SOUNDS ALK I S 1SS TWE WORD PHAASES
BEGIN. ARE ':':'r”""?'”
CHILD UNDERSTANDS BASELING CEASES
SOME WORDS
EXPREERSES CONTEMFT AMD GLALT
TICOLER M&Y BE ANXIOUS ABDUT SEPARATING FROM CARE GIVER.
ADAPTS TO SITUATIONS THROUGH FANTASY AND FLAY, AND BY IDENTIFYING WITH ADULTS,
EXPLORES ENVIROMMENT,
INCREASING SEPARATION FROM CAREGIVER IM FAMILIAR SURRCUMDINGE,
LANGUAGE USED TO REPRESENT EVENTS
EXHIBITE BEQINMNINGS OF INSIGHT AND IMAGIMATION.
EXHIBITS CURIOSITY. SOLVES PROBLEMS BY THIAL AMD ERROR
EXFLUSES. MAY NOT IMAGIMNE SOMETHING THAT HALS MOT BEEMN OBSERVED:
. Timaline data adapted Trom Papalia and Wereloos Ckds, 1983,

pge. 108, 136, 149, 153, 197, 308, 252, 266, and 272, Used with permission

i

Wz X :{ 1 1.3
." # 14,3 4 a0
L, = __;g?z'.w-z M&F o FE] S T 4 !.L&J'_-
FLIERS H0 R YR it b g i g RIS iy
12-15 MONTHS 16-19 MONTHS 20-23 MONTHS
ANG WT. 23,3 LB - 1006 KG ANGE WT: 265 LB - 118 K&
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MOTOR DEVELOPMENT SOCIAL DEVELOPMENT LAMGUAGE MILESTONES COGNITIVE DEVELOPMENT
2.5 -3 YEARS 4 YEARS
GIRLS TALLER THAN BOYS

CAMNOT TUBH OR 5TOP SUDDEMLY OF CLICKLY MAGEE EFFECTIVE CONTROL OF STOPPING, STARTIMNG, AND TUANING

CAN JUMP & DISTANGE OF 16 T 24 INCHES CAM JUKE A DISTAMCE OF 24 OR 33 INCHES

CAN ASCEND STAIFWEYS UMAIDED, ALTERMNATING THE FEET CaM DESCEND LOMG STATAWATS ALTERMATIN{G THE FEET, IF SUFFORTED

HEGINHINGS OF COMVERSATICN, BREARKTHRACLICH Ik ATTENTION TO COMBILINICATION,

CHILE THIMKS THAT HIS OR HER POINT OF YIEW 15 THE ORLY OME POSSIBLE
RIEW WIORDS ARE LEARNED ALMOET EVERY DAY
CORMFAEHENSION 15 EXCELLENT, ALTHOLIGH GHILD

5 AKES MANY MISTAKES IN GRAMMAR,
WL it A g YOCABLULARY REACHES 1,000 WORDS, ABOUT 80% ARE INTELLIGIBLE

GRAMBIAR 15 GLOSE TO ADULT SPEECH, AND SYMTACTIC MISTAKES AHE FEWER.

GROUNDWORE FOR LOGICAL THIREING: CHILOAEN CAM THINK ABOUT OEUECTS, PEOPLE, OF EVENTS IN THEIR ABSENCE
B USIMG MENTAL REFAESENTATIONS OF THEM, BUT THEY CANNOTYET MANIPULATE THESE REFRESENTATICHNS:
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23.8"

5 YEARS

CAM START, TURM, AMD TSR EFFECTIVELY B GAMES

AN MAKE A RLUMNIMG JUMP OF 28 TO 38 INCHES

6 YEARS

GIRLS ARE SLIPERIOR IN ACCURACY OF MOVEMENT,

BOYS ARE SUPERICH IN FORCEFLL, LESS COMPLEX AGTS.

S THRCW WITH PRIOPER WENSHT SHIFT AND STORE

AN DESCEMD LOWG STAIRWEYS LINAIDED, ALTERSMATING THE FEET

CHILD THINKS THAT HIS OR HER OWH POINT OF VIEW 15 THE ORLY ONE POSSIBLE

CHILD LEARNS HOT ONLY BY SEMSIG AND DOING, BUT BY THIHNKING AS WELL
BASIC UNDERETANDING OF CALSE AND EFFECT,

107

il
i b 10.5" ST T ;
R B5% M
181 b ,,gﬂ:-' 2 1247
aE bl S5 M — 9 s 50% ILE M & F S5 M
(1] --'lrﬂ 1163 137 3 r——n s = —
50% ILE M & F i) b | 4z T : kL BO% E
T = = = - - * - i 1
&l ! 50, F ! s T = g EAF |
HES . b= ETaT T
=t |- SRFE | o i
- - &£ —_—
— 1065 | il | 4 p el
-""'; II 172\:&—_-- f— — 3" [ EL& _——___-_- £ 4=
lil'l "\II.-'F-E:'\- e g 4 L 5{:1}
¥ = r 3 2t . =
@ . Bid e 7 g g ki 7 CHEST
] - - ! - Eﬁ: B e 184 154 " 158 o 1
8o l-g7 | 4r n 87" CHEST 2 ikl
x| 173 145 ] s 17 . :
| oy i = ﬁ . 7.0° WAIST
L g L B = 57 t:"‘-I"" - :'l:l:l 1]
1197 i NWal E B~
f 284 o e R ] =
e = 29" * I |
- T St 1 =1 -
By ' . 04 =ilm = I
Bl b | e : S g -
3.8 i . b 4 m®
& “13 1" o b 8.1 W Iﬁ% l—E ;5. r 149" o 24" HIP W
-'?3 71 {13 = S ETTTING — 3 = e 213 SITTING
E ] ‘.. - - 11.6 [ T
- g e | . SHar
3 g 0 i . - |" T
= —_ = ™ 2.8
i i . o il 70 :
i ay 43 g 2.8
|8 . e + )
AMGWT: 8.4 L8 - 175 KG B [ HG WIT: 44 L - 20 KG




SOCIAL DEVELOPMENT COGMNITIVE DEVELOPMENT T

MOTOR DEVELOPMENT

7T YEARS B YEARS

BALAMCING 08 ONE FOOT WITHOILT LOOH MG BECOMES POSSIELE GRIE STREMGTH FEAMITS STEADY 12-POUND PRESSLIRE

CAR HEP AMD SUMP ACGURATELY INTO SMALL SQUARES | ESIALS CAM THROW & SMALL BALL 40 FEET
. CAN AGCURSTELY PERFUORM JUMPING JACKE EXERGISES

CHILD BEALIZES THAT OTHERS MAY BITEAPRET A& SITUATION [N A WAY CIFFERENT FRCM HES OF HER OiWH .

CHELDEEN CAM THINE LOGICALLY ABOUT “HERE & HOWS, BUT MOT ¥ET ABCHUT ABSTRACTIONS
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| 2 YEARS 10 YEARS

GIALE Cal JUMP VERTICALLY TO & HEIGHT OF B 1/2 ICHES; BOYS, 10 INCHES CAN JUDGE AMD BMTERCEPT PATHWAYS OF SMALL BALLE THROWT FROM A DISTANCE
BOYS CAM AL 16 1.2 FEET PER SECOND BIRLS GAN RUM 17 FEET FER SECOND
BOYS CAR THROW A BLL 70 FEET

CHILD HAS RECIFROCAL AWARENESS, REALIZES OTHERS HAVE A POINT OF VIEW AND
THAT OTHERS ARE AWARE THAT HE OR BHE HAS A PARTICULAR POINT OF VIEW.

CHILD UNDE RETARMDS IMPORTANGE OF LETTING OTHERS ENOW THAT
THEIR REQUESTS HAVE HOT BEEN IGHNORED OR FORGOTTEN

GAINING PROFICEMCY AT CLASSIFYING, MANIPULATING NUMBERS, DEALIG WITH GOMNCEFTS OF TIME AND SPACE, AND DISTINGUISHIMNG BEALITY FEOM FANTASY
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MOTOR DEVELOPMEMNT SOCIAL DEVELOPMENT COGHNITIVE DEVELOPMENT
11 YEARS 12 YEARS
GIALS TALLER THAN BOYS GIRLS TALLER THAN BOYS
STANDING BROAD JUMP OF 5 FEET IS POSSIELE FOR BOYS; STAMDIMNG HEGH JUMP OF 3 FEET IS5 POSSIBLE

4 172 FEET FOR GIRLS
CHILED CAN IMAGINE A THIRD FERSONS FERSPECTIVE, TAKIMNG INTO ACCOUNT SHEVERAL DIFFERENT POINTS OF WVIEW

ABILITY TO THINK ABETRACTLY. AN BRING TO BEAR WHAT HAS BEEN LEARNED IN THE PAST TO SOLVE

CAPARABL E OF HYPOTHETICAL-DEDOUCTIVE BREASOMING THE PAOBLEME OF THE PRESEMT, AND PLAN FOR THE FUTLRE
ADULTHCOD

BOYS SHOW SLIGHT MATHEMATECAL AND SPATIAL SLIFERIORITY.

GIRLE SHOW SLIGHT VERBAL SUPERDAITY.
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13 YEARS
GIRLS TALLER THAN BOYS

ADOLESCENCE: FERSON AEALIZES THAT COMMURICATION ARND MUTUAL ROLE THIMEING DO HOT ALWAYS RESOLVE DISFLUTES OVER RIVAL VALLIES
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Americans have been growing aller by approximately 0.4"
i1 em) per decade since 1920, which is similar to the growth
rate in Europe. (Eadier data must be brought up to dare.]
The data for the last decade is difficult to assess because of
the immigration of many shomer people. The anthropometric
data in this book is designed to include 8% of the LS.
pepulation [the 99, 50, and 1 percentiles are included for
men and women). It has been said that the 115, population
“has the most diverse ethnic and racial mix of any country in
the world.” However, it does not represent the world
population; for example, Japanese women smaller than the
Tapanese 15 percennle would nos even be included in a 1.5,
study, because the 1 percentile Japaness woman is 2.3 [58
mm) sharter than the 1 percentile American woman.

American and Canadian farmers are taller than the 9%
percentile UL.S. male, This particular group's 95 percentile
stature of 75,6 (1920 mm) coancides with the 99 percentile
U5, population stamre. The sitting heights are the same, 50
that means that the group’s leg lengths are about 1.7" {43
mm) longer {Casey, 1389).

There are proportional differences in body structure of
several racial groups in the 115, male population. The
differences in select dimensions for white, black, and
Japaness males are shown below {Humanscale 1023, 1974).

Total Leg Lengths

White Mean

Black Mean + 15" [38 mm)
Japanese bean - 36" (91 mm)]
Total Arm Lengths

Whita Mean

Black Wean « 06" (15§ mum)

Japaness Mean - 2" (51 mm]

Sirting Heights (crown o seat)

w‘l’llt& Mﬂﬂll.
Black Mean - 1.5" {38 mmj)
Japanese Mean (almose as high)

Seat H:thts [average male)

Whise 175" (444 mm}
Black 18" (457 mun)
Japanese 158" (40K} mm)
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The following tahle indicates the diversity of the werld
population. This survey was put together in 1962, before the
additions for the growth rates per decade.

Mean Yaloes
Popularions Stamure Weight

in mm [ kg
White
Finland &7.3 1710 154.4 FiA
U5, Army 685 1739 1548 7.2
[celand pE.3 1736 1502  6H.1
France E7.2 1715 147.7 &7.0
England 65.5 1663 142.2 645
Sicily aebs  16%] 143.3 65.0
Muorooco 66.5 1589 1407 638
Seotland 67.1 1704 136.3 &1.8
Tunsia 68,3 17H 1374 &1.3
Berbers 64,9 1698 1312 595
Mahratea [India) #4.5 1638 122.8 55.7
Bengal {Indial #5353  1a58 1162 527
Black
Yambasa A 1367 620
Eirdi G586 1&6S 126.4 7.3
Baya 4.2 1630 1189 539
Batutsi &5.3 1760 125.7 2.0
Kikuyu s B 1645 114.4 51.9
Pygmies Fon 1421 gD 399
Efe o6 1438 B7.& 393
Bushmen 1.3 1358 B9l 404
Asian
Turkestan 642 1631 153.7 88.7
Eskimo 635 1812 1387 2.9
Maorth China ga.d 1&RD 1345 &1.0
Korea 634 1611 122.4 355
Ceneral China 64,2 1630 12006 547
Japan 634 1603 116% 530
Sudanecss 619 1538 1144 519
Annanines 65 1587 113.1 J1.5
Hang, Kong ai4 1662 1151 52.1

@n:c: MasA, 1978}

From this table we can see how difficult it would be o
accommodate the entire world population. At this time we
must exclude a percentage of very small and very tall people.
A 98% inclusion of the 1.5, population appears sansfactory
for design work.
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Measurement can vary depending on posture. Height
varies between a straight or rigid posture as much as 0.2 to
0.87 (5 to 20 mm). There is a loss in height due to relaxing

into 4 slumped posture,

Table of Possible Slumps

Posture Bl Waomen

Sranding 1.2" {30 mm) 1" {25 mm}

Sirring 3-2.6° (7.6-66 mm) O.3-2" (7.6-51 mm]

There are height and weight variations with age. Stature
increases to age 2.5, and it decreases from age 30 to &0,

Body weight inceeases through age 60, The greatest weight
increase oceurs berween 30 and 40) years of age.

Chest and abdominal circumference also increase through
age 0. Nutrition can vary girths and circumfesences.

Serength decreases after 30 years of age.

THE LINK SYSTEM
For the visualization of the man-machine relationship,
engineering principles can be applied in place of the
complicated bone structure. Complex bone systems have
heen simplified by substituting single straight-line links. For
example, the thigh bone is L-shaped, When changed to a
straight line from pivot point to pivot point, its performance
is the same, and it is casier to comprehend.

All bones are simplified in this manner. The pelvic bone is
a large mass and is equared with a triangular link thar is also
a rigid unir performing the same Fanction. The spinal column,
comsisting of 25 separare bones, is smplified to a few links,
one for the thoracic [chest] area, one for the lumbar (hollow
of the back] area, and one for the pelvic arca. If more links
and pivot points are added, the system can become much
mare complex and difficult to use in mechanical analysss.
Pivet poines are assumed o be simple in operation, althoagh
some body joints, such as the shoulder pivot, hip pivot, and
apine, are complex,

THE MEASURE OF MAN AND WOMAN

The link system can be further enhanced by showing the
masimum range of teavel and the eomfort range with this.
Determination of link lengths is difficult since pivot points
are not measurable on the body, The use of x-rays and
skeleron analysis has helped i the past, but improved data
collecting rechniques are still needed. One thing is certain: 2
link length must be constant for all anthropometric data. Cne
pood check is the span measurement, which must equal (for
exarmple] two arm lengths plus shoulder pivot to shoulders
pivor; the arm links must also fic shoulder-to-elbow and
elhow-to-fingertip measurements.

Data on the charts and templare details are for full
percentiles on the critical dimensions. For example, the
following dimensions of the 39 percentile man are 33
percentile measurements:

Stature

Shoulder height

Shoulder o albow

Elhow to fingertip

Buttock o knee

Knee co floor [without shoes|
Abdominal depth

Sicting height

A product design should accommaodate all users berween the
99 percentile man and the 1 percentile woman. The mean
figures can be used in allusteations for normal applications.
Drara from the following anthropometric souces were used to
prepare the charts depicting adult males and females:
Hipmanseale 1723, 1974; MASA, 1978; and L5 Department
of Health, Education, and Welfare, 1266 and 1973,

Complete data are also incladed for infants to youths 18
years of age. This information was adapted from SAE, 1973
and 15977,

The Dynamic Body Versus the Static Body
The rove and reach of shoulder pivots may be extended by
extending the shoulder, rotating the trunk, andfor bending
the trunk [without safety belt). The arcs these movements
describe in space are ot spherical and are complex.
Controls on a panel ar a distance beyond the reach of the
fingertips can be reached by extending the shoulder until the
thumb touches the panel.

Reach Additions with Arm Horizontal

Below are listed gains in reach by men and wormen bending
forward, to the side, and 437 in berween. Mumibers are
approximate, in inches and millimeters.

Men

Extend Rotare Bend
Direction  Shoolder  Trunk Trank Total
Forward 4 L0y 20500 10 {250 16 (15
45= 3731 1425) 8 (20 12 1313
Lide 2 130] 0 & (150} B (200
Wiomen

Extend Rotate Biend
Dircction Shoulder  Trunk Trunk Total
Forward o {1003 1.4 (45] .2 (2035] 14 {355}
45" 3 175] 094200 &40160) 10.3 (260)
Side 250} o 5.6 {140} /.-5 {190}
Angles other than horizontal ones must be computed or
solved graphically.

Designs intended to confine the operator or otherwise
encompass the entire body—such as driver compartments,
cockpits, erc.—can be drawn in arthographic views [side,
front, and plan} on the board or computer screen as
a guide to constructing a full-size model or mock-up, Theee-
dimensional manikins or dummies can be used to analyze
space requirements, Some dummics have correct weights
for each body component and can be used in dynamie tests
for safeey.

The use of live models is recommended to check out
mock-ups. People corresponding to the lasgest and smallest
operators of the equipment should be chosen. Typically,
many mew factors will be revealed as a result of this
evaluation.

The figures in the Measure of Woman diagrams also
indicate frontal elearance required at various stages of
pregnancy, the maximum being indicated on the large
wisman and the minimum oa the small woman, However,
this is ot always cealistic; the small woman may have larger
dimensions or a higher hip pivot-to-seat distance than the
1 percentile shown. These dimensions do not necessanly
correlare with stamire,
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CLOTHING CORRECTIONS Cledhing Increases for Men and Womien | Approximate, m Inches and Millimctess)

Clothing must be taken inte consideration when designing Wamen Military Men Arctic
compartmenss and seating ATFANgements. If a condition exists 5 Winter r— Winter p— 3 Fiying Parka
that must accommexate the 93 F":mm“'l"_ L “"‘_d the 1 Clothes Clothes Clothes Clothes Light Heavy Heavy & Boots
percentile woman, add the heaviest clothing required to the 5 =
large man and add the lightest clothing to the small woman. Srarure 1.2 (30} 3.2(B0) 122 (30) 41100 2,65 (67 .65 (67) 3 [75) 4.5 (110}
Hats are important; i:'!-:.ludu a 1" elearance berween [|§'|i.‘ Sitting hgt 0.1 [2.5) 2.3 (6l 015 LT[0} 1.39 [35] 1.61 (41} 161 [41) B A
highest hat and the ceiling to allowr for rising and falling

during walking. Shoe heights are important to detecmine Head hgt Bare X |50) Bare 375 1.4 (36] 1.4 {34) 1.35 (15) B
ceiling clearance and sear heights. Sga-;:in;g. I:!cw.r-:tn arm rests Fleadw Bare 2 (50 Pl 3 (75 2.8(71) 2.8 {711 28171 MA
will depend on the sitting buttock width, with the bulkiest

clothing anticipated. Head Ig Rare X |50 Bare 3 (75 3.5 (89 1.5 (89 1.5 {89 M

Gloves affect space requirements, & bare hand apening of oy 0.5 (13) 2 50) 0.25 (6.4) 11(25) 0.24 (61}  152(3%)  1.52(39) 47 (120)
1.5 % 3.8" (38 x 97 mm) has to be increased, for heavy
EI'”"'H: o2 x4.5" (51 x 114 mm]. Gloved hands are mot as Shoulder hpt D&% 2|50 .35 (9) 1.25 {32) 0.24 (&1} 152 (359) 052 (23 A
sensitive. A push-bueton teavel of 0.17 {3 mm) must be Hip w sit 0.5 (13) 2 (50 0.25 [6.4) 1125) 0,56 (14,2] 1.4 [36] 144 (37) 5.2 (132
increasad to 0.3” (8§ mm) for heavy gloves,

The tables of data that follow show the increase pequined A hdomen 0.2 (23 1.7 {43) 0.3 (7.6 1125 1.2 {30 1.5 (65} 1.4 36} A
on each side for varicus types of clothing. The first table is 2 Elbow w 0.8 (20.3) 4 (100) 0.4 {10 2 {50) | (25} 2.1 (55) 1.84 (47)  59(150)
for civilian mcreases for men and women, and the second
table is for milivary men, Values are approsamate, for styles Elbow Ig 0.4 {10 2 (50} 0.2 (5 1125 0,56 (14.2) .54 (48] (L9q (25) A
e oot U Db R e R Hand w Bare 0.4 {101 Bare 0.4 (10} Bare D3(7.6 040100 1.2{30)
12 = 10.2E" (305 x 260 mm),

Hand Iy Bare 02 (5 Bare 0,2 [5] Bare 2 {5 0.3 [7.8] oG {le)
Hand thk Bare 51127 Bare 0.5 (12.7) Fiare 0.4 (10} 0.4 (14 0.6 {1e)
T]"-"-E-h clear 0.5 (1.7 1(25) L3 (7.6 L8 (203 0.3 {F.8) 0.4 (10 2050 MA

2 knee w 0.3 (7.8 0.4 18] 0.1 {2.5) 0.1 (1.5] 0.5 (12.7] 1.7 (43 0.7 {18} MNA
Knee m fl 1.5 |38 1.6 |44 1.3 (33] 1.3 {33) 1.32 (35) 1.44 {37 1.44 {37 MA
Knee to back 0.8 (201 3 (75) 0.6 [15] 1.8 {45) 0.2 (5) 0.7 (18) 0,54 {14} 1 (25]
Fosit w 0§ (12,71 1 (25 0.3 {76} 0.5 [12.7) 02 (5] 0.2 (5] 0.2 {5] MA
Fouot lg 1.3133) 1.5 (38} 0.5 (12,7 1.5 {38] 1.6 [0} 1.6 (40 1.6 (40} MNA
Heel hgx 1.2 (30} 1.5 (3R} 1.2 (30} 1.5 {38) 1.3 (33} 1.3 (33) 1.3 (53] 1.3 [33)
Wt b (leg) F A3 10.0 (4,5] 35 1.E) 7134 9.4 (4.3 11.8 |5.4) 20, [9%) HA

(Soarce: Humanscabe 15003, 1974,
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WORK AND PLAY STATIONS FOR CHILDREN

Work and Play Stations for Combined 50 Percentile Male and Female Children, in Inches and Millinverers.

Simting Standing

Chair Elbow Desk Deskiop Chair Elbow [hesk Deskeop

Age Heaght Hesght Hesglht Reach Height Heght Height Reach
3 8 (205) 13.7 [350) 15 (380) 12 (305) 37 (%40) 21{535) 20510 14 {355)
4 9 (230) 14.6 (370) 16 (405) 14 (355) 40 (1020 23 (585) 22 (560) 15 {380)
L 10 (255) 15.7 (400) 17 (430) 15 (380 43 (1095) 24.5 {622) 23 (585) 17 (4309
é 11 (280) 17.2 (440) 19 (460) 16 (405) 45 (1145 26 (Ba] 24 (610} 18 [480)
7 115 (290} 18.1 (460) 19 (480) 18 (460 48 (1220 23.5(725) 26 (66} 20 (510}
& 12 (305) 18,8 (480) 20 (510 1% (480 501270 30 (70} 27 (685} 21 (535)
G 13 (3300 19.7 (500) 21 (535} 20 (510}  52.5(1330) 31 (790} 18 (710} 11 (560)
H 10 13.5(345)  20.2(51%) 22 {560} 21 (535} 54 (1375) 32.5 (825} 29 (7400 13 (585)
11 14 {355) 20,8 (530} 23 |585) 22 (560} 56.5 (1435) 34 (865) 30 (7H0) 24 (610
12 15 {380) 21.4 {545} 24 {610} 23 (545} §9(1495) 35 (890) 31 (790 15 (635)
13 15 {380) 22.1 (560} 25 |633) 24 (610} &1 {1550) 36.5 (925) 32(815) 26 (660
14 16 {405) 23 {585) 26 [660) 24 (610} 6.3 {1600} 37.5 (950) 33 (840) 27 [6R5
13 16 [405) 23616000 265 (675) 24 (A10) 65 (1650} 38,5 (980) 34 (B63) 28 (710
16 16354200 2446200  27.5{700) 24 (610 66.5 (1690} 40 [1015) 35 (890) 29 (735}
17 165 (4200  24.9 (630) 28 (710 24 (610) 66.5 (1690} 40 [1015) 35 (890} 29 (735)

18 16.5 (420 24.9 1630 28 (710 14 (610] &8 (1725) 41 (1040} 36 (913) 30 47a0)

(Sanrcer SAE, 1977.)

Standing heighr includes shoes and a slight slump in posture.
Maximum elboar mse at able 15 3% (76 mm).

Maximum distance from chair to desktop is 12" {305 mm ).

It is difficulr oo accommodarte all children in one age beackey
the 5 percentile might prefer a chair 17 (25.4 mm) lower and
the 93 percentile might prefer a chair 1" higher.

THE MEASURE OF MAN AND WOMAN




THE ELDERLY

There are cuerently moge Americans over =5 than there are
teenagers. Data for a distinet population of the elderly exst
for people at the ages 65 to 79. Dara on ages 80 to 20 are
oL availakle

The large elderly man has bost 5% of his height, compared
1o when he was 20 years old, because of several factors, The
elderly man no longer has the growth advantage of 1.4 (10
mm) per decade, and his cartilage has shrun k, mostly
theonghout the spine. Also, posture amaong the aged has a
more slumped character,

The small elderly wornan has lost 6% of her heighr for the
same reasons as the elderly man.

Other factors concerning the elderly include che following:

# Hand strength is reduced about 16-40%.

+ Asm strengrh is reduced about 50%.

s Leg strength i reduced abour 30%.

# Air intake is reduced about 35%.

+ Most body hreadth decreases with increasing age.
+ Moge and ears increase in width and length.

+ Weight can increase 4.4 Ib (2 kg) every 10 vears.

One-third of the votal working populason suffers from
poorly corrected ision, This can be assumed o affect the
elderty, m whom visual acuity will also have deteciorated as a
result of the aging process.

AgE T
20 100
44 20
Rl 74
a0 47

Somrce: Wandsar, TUELY

The eve focuses more slowly with aging. Moreover, the
ahility to perceive color diminishes with age because of the
vellowing of the lens in the eye, It 1% consegquently more
difficult to distinguish greens, blues, and viokets. {From CGolor
Mews, Ocrober 30, 1989.)

Mote tha I|"|'_||'J'|'u|:--m.|.: R
s The eye’s reaction time doubles with agimg.
» Dizability glare doubles with aging.

« A 40-year-old requires 2 times the light 20-vear-old
requires. A G0-year-old requirss 5 or & times the light a 20-
fmT-n:Jd PEQUINES,

+ Older people need larger visual details.
» Increase illumination by abowt 0%,

s In hearing, high-frequency sounds are lost with aging; of
course, hearing-aid correction is possible.

+ Taste and smell become bess sensitive with age, The elderly
tend o use more salt, pepper, and strong flavers,

Design Considerations
It is important fo rernember the following when designing or
the elderly:

s Avoid front rungs on chairs for the elderly, because their
legs move back to assist them in rsing. Armress also give
them hand support for rising. Lt is very difficult for most
elderly people o rise from a sofa.

# The height of sears and worktops must be adjustable or
made to arder. The worktop is best at elbovw height for
kevboards, but it can be 3" (76 mm]| higher than the elbow
for reading or writing.

+ Remamber that the small elderly woman is shown with all
dimensions based on the 1 percentile, Since girths,
huttocks, and thighs do not always correlate with a fxed
crature, consideration must be given o these factors when
desipning furniture.

# Lower high-reach shelves 3" (76 mm).
+ Raise low-reach shebves 3" (76 mm].

» Lower work tables 1.5 (38 mm)

THE ELDERLY
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ANTHROPOMETRY OF THE 8 FERCENTILE ELDERLY US MEM AGE 6579 ANTHROPOMETRY OF THE 1 PERCENTILE ELDERLY US WOMEN AGE 65-79
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DIFFERENTLY ABLED PEOPLE

The Americans with Disabilities Act, which was enacted in * Murseries and 2lementa ¥, wmn.l-ljr!.l‘ 1|n|-_|f-rﬁr;||:|||_.-|1'\,e'lI and ﬁ PROFPORTIONS
1990 and became law in 1932, provides civil righes post-graduate private schools and other places of » FOR INTERMATIOMAL
protecrion for individuals with disabilities in places of education. | EYMBOL OF
employment and in public accommodarions, inchading state i 2 ' L ACCESSIBLITY
and local povernment secvices. Information presented here on * Day-care .1.n|.|- mn""r-u!"ﬁn centers, homeless shelters, food 1 AE_ [T
differently abled people has been taken from the ADA. |.'|:]I1k':'.. adoption agencies, or other social-service 1 i'"llf" 1 \.

Forry-three million Americans have one or mose physical establishments. E ] \
ar mental disabilities, and this number is increasing as the » Gymnasiums, health spas, bowling alleys, golf-course \ v
population grows older. Before the ADA, these people wiere Facilites, and other ploces of exercise o receeation,
isolated or sepregared and often discriminared against and ; i ;
part At a diiﬂ{]'ﬂ-"ln‘hlgﬁ' H“L'::ll]:f.. 1-'||Lu|.i.ﬁ||:|.”:|". L‘\':l’.“‘".‘l"lﬂﬂ:‘ll‘l}'.. Pll.l'lll-\'_'l'!c' \'_'l.ln‘rl.l]lﬂ'd RO Muse ul!’i” 'L'L“"PI:F': lhlb :II:IL|.|JIJ.-I.':|-
and educationally. the following:

Mow differently abled people, including those in & Any state or local government Facility. DiSPLAY

wheelchairs, must be provided with equal goods, services,
facilities, privileges, advantages, and accommaodations,

+ Any department, agency, special-purpase district, or other

COWDITIONS FOA
INTERFATE ™AL

B n - r =) & i 18l ; . .. S O :
Individuals with a disabilicy now must be accommodared in T s e Mg Bl il U i SYMEDL OF
privately operated faciliies, such as the following: + Any facility of the National Railroad Passenger ALCESSBILITY E
« Inns, hotels, morels, or other lodging places. Corporation or of any commurer authority,

i ; . " ; i ; ITERMATIONAL

¢ Pestaurants, bars, or other establishments serving fesod or Also, any means 1rI|' public tr‘-'"g_l:'”ﬂm'm' by bus, rail, or any : = ;

drink ather conveyance (other than aircraft} char provides the EYMBOL OF

_ public with general or special services (ingluding charter TELECOMMUMCATICNS

+ M otion-pcture and other theaters, concert halls, stadinme, SEFVICes) o a na_}-.._ﬂﬂr and ':ﬁl:l[jﬂl]il'lg hasis iz included., B USH OEVICE FOH THE D=AF

ot other ["lﬂ-'-":"-‘ of exhikition or entertainment, Exempted organizations include private clubs, religious . . . . . {TL)
+ Auditoriums, lecture halls, convention centers, or other ”I:H“ “"Iﬂ““'“' "‘Il'j E:ETE‘ of t[:'“h'P' unless some parts of (B NN

public gathering plices. L e et (T RN X
« Shopping cenrers and sales or rental establishments, There are four standard symbols of accessibilivy: AT ERRTEERR

including bakeries, grocery stores, clothing stores, # The international symbol of wheelchair accessibility.

hardware stores, and video renral shops. ;

! * The symbol of acces For hearing loss,
* Laundromats; dey cleaner shops; banks; barher shops;
H : 3 . MTERRATIONAL
: ., by :
beaury salons; travel services; funeral parlors; gas starions; 1“;: et m[:].j oy m}:":'] htmt?:tfmds' for EMBOL OF
offees of accountants, insurance agents, or lawyers; EL ORI LR Lom M TLCE ROCE AL LRSS FOR

pharmacies; professional offices of health-care providers;
hnsp'irnls;_ and nrh:r service estahlishments.

L J

Terminals, depors, or other stations used for publc
LA SO rALOn.

* Musewms, libranes, gallenes, and other places of public
display or collection.

Park, zoo, and amusement-park facilities, amd other places

¢ The symbol of handset volume contral,

The law requires that no objects, including signs, shall
protrude more than 4 (102 mm) from a wall or 127 (305
mim) from POSES O [.'l}'l-ul]5. in & horizontal zone between 27"
{&E6 mm) from the Aoor to BO" (2032 mm) from the floor.
I*.I,’..l::l, R'::Ii i!-i ﬂ'l.i'! Tl.'liﬂiITIIJ:ITI I'IEH.IJ.I'IIIIC:II:II in .HI.I |:n::-r:i.-|3|.||:5 il.I:IIJ
similar spaces,

ry

HEARING LOES

EYMBOLS OF ACCESSIBILITY

of recrearion,
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The following list presents examples of steps to be taken o
remowve architeetural barriers:

+ Widen doorways, or install offset hinges to doors, 1o
pecommodate wheelchairs,

# Install accessible door hardware,

+ Eliminate turnstiles or provide alternate, accessible
pathways,

+ Remove high-pile, low-density carpeting-
+ Install ramps where there are only stairs.
+ MMake curb cuts in sidewalks and entramces.

+ Rearrange furniture, vending machines, display racks, and
other posible obstacles.

*+ Reposition relephones.

# Reposition shelves,

+ Add raised markings on elevator control buttons.
+ Install flashing alarm lighes,

# Install vehicle hand controls.

+ Designate accessihle parking spaces for the differently
abled.

+ Install grab bars in fodet stalls.

+ Rearrange toilet partitions to increase mancuvering space.
# [nsulate lavatory pipes under sink 1o prevent burns,

# [nstall a raised roiles seat.

# [nstall full-length bathroom mirrors.

» Reposition paper-towel dispensers in bathrooms.

» Install a paper-cup dispenser to make it possible to drink at
an inaccessible warer fountain.

THE MEASURE OF MAN AND WOMAN

Wheelchairs

The following specifications serve as standards for
wheelchair desagn:

imension in mim

Handle height 36 915
Armirest hui_ght 30 TED

Lap height 37 B3

Sear height 19 485

Toe height | 205
Eve-level height  43-51  1090=-12%3
Overall width 26 Bl
Owerall length 42 1065
Footrest width 18 455

*Fant extension beyomd ihiz 05 67 ¢150 mom); footrears may extend
mre for fall peopmle.

The Asor space required for wheelchair clearance and
movement has been established as follows:

+ Minimum clear floor space: 30 x 48" (760 x 1X1% mm},

& Clear floor space for forward approach into an alcove of
24" (610 mm) depth or less: 30 x 48" (7a x 1219 mm),

# Clear floor space for forward approach into an alcove more
than 24 (610 mm} deep: 36 x 487 (913 x 121% mm).

# Clear floor apace for side approach inte an aleove of 15"
1380 mm) depth or less: 30 x 48" (760 x 1220 mm].

» Clear floor space for side approach into an alcove more

than 15" (380 mm) deepz 30 x 60" (760 = 1525 mm].

* Preferred doorevay clearance: 36" {215 mm). M imimmivim:
32 IR1S ).

# Minimum hall width: 367 (91§ mm].

# Prefersed hall widrh for twe wheelchairs: 64" (1625 mm).
plimimuome &#0° (13525 mm].

+ Turning space for a wheelchair: 607 (1525 mm} diamerer.

# T-chaped .;.pa-:c required for 180° turnd: 36" (#1.5F mm)
width in each of the theee corridors; §0°% (1525 mm)|
mirimum depeh in each direction.

High and Low Reaches from a Wheelchair
# Forward approach (toes touching wall):

High reach: 487 (1219 mm} maximum. Low reach: 15°
(324 mum ) i,

# Side reach, with 107 (255 mm) maximum distance berwesn
chair and wall:

High reach: 34" {1370 mm) maximum. Low reach: 3"
(230 mm} minimum; however, 15° (380 mm) minimom 1%
preferable.

# Maximum side reach over a countertop of 24" ':'E'rln I'I'I|I1'I]
depth and 34" {865 mm) maximum height:

High reach: 46" (1170 mm).
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Curb Cuts, Threshold Levels, and Ramps for Wheelchairs
An accessihle roure does it include steps, including
escalators. For the requisive alternatives, consult the diagram
for ramyps for the differently abled.

¢ Curb cuts should have a 387 (913 mm] minimom wadch.
The slope should not exeeed 1:20 (1 high to 20 deep), and
the flared sides should slope 1:10. If the uncut balance of
the sidewalk is less than 487 {1218 mm], the flared sides
should not slope mose than 1:12.

» A square step of 0.25° (6.5 mm) maximum is acceptable,
but if the change in level is 0.2 50,50 [6.5=13 mm}, a
slope of 1:2 is required.

+ A single ramp should have a slope of 1:12 to 1:16 for a 30-

fr run (9 m) and a maximum slope of 1:16 to 1:20 for a 40-
fr run {12 ml.

& The minimum ramp width, incloding the landing, is 3"
(915 mm},

» The landing length should be a minimum of 50" (1525
mm .

+ The landing width that must accormmodate a change in
direction should measure 60 x 60" (1515 x 1525 mm).

+ Range of handrail heighes: 34357 (865963 mm).

# 1f the handrails are not continuous, extend therm by 11°
(305 mm) at each end parallel to the floor.

« Handrail sizes 1,25-1.50° [32-38 mm) diameter. Tao
prevent the hand from falling behind the railing and EETting
trapped, provide a 1.5" {38 mm clearance o the wall.

+ Handrails must net forate.

Floor Surfaces for Wheelchair Users
Wheelchaits roll easier on hard, stable, regular surfaces. Soft,
lonse surfaces, such as sand, gravel, and wet clay, and
irregular surfaces, such as shag carpets, impede travel.

Prefer a static coefficient of 0.6 for already-accessible
reutes and 0.8 for ramp installations.

THE MEASURE OF MAN AND WOMAN

Wheelchair Emergency Exits

Along with an exit path for ambulatory persons, provide a
48" (1219 mm) clearance between handrasls on any
EIMErgency exit STAircase (o permil 4 person in a wheelchair o
b carried.

Lavatories for Wheelchair Users
Provide for a basin height of 34" (865 mm) ma ximum when
designing lavarories for wheelchair users,

+ Lavatory peojection from wall: 177 (430 mm| [T,
» Rim height: 29" (735 mm) maximum,
# Leg clearance under the basin: 27" (685 mm) minimum.

+ Pipe enclosure to profect user from burms: 8" {230 mm]
sinimun clearance to the floor, Projection of pipe from
wall at bottom: &7 [150 mm} maximum. Knee clearance
from the front edge of the lavatory: 8" (205 mm} deep
muinimuwm.

« Mirror height: Floor to boworm edge: 40" {1015 mm)
aseimum: floor to top edge: 74" {1880 mm). A fuall-lengrh
prireoer is alen desirable noan additional area o
accommodate all adules and children.

+ Provide a Fall 30 x 48" (760 x 1219 mm} flocr space in
frant of the wall under the basin.

Drinking Fountains for Wheelchair Users
The spout height, from outlet to foor should be 36" (915
I} IMAKITT.

+ Knee dearance: 277 (685 mm) minimum.
» Pipe enclosure: See lavatory specificarions, above.

+ Fleaos area for side and forward approaches: provide a 30 x
48" (760 x 1219 mm} spacc.

Urinals and Toilets for Wheelchair Users
Consider the fellowing measurements when designing toulers
and urinals:

+ Urinal rim height: 17" max {430 mm) above floos. The rum
ghioald ke elongated.

« A toilet sear height of 18" (435 mm) can be used by all
PersOns.

« Distance to side wall: 18° (455 mm) minimum.

« Grab bars: 1.25-1,50" [32-38% mm) diamerer.

& Grab-har mounting height: 33-36" (840315 ).
» Grab-bar length at back of toilet: 36" {315 ).

& Grab-bar length on side wall: 42" {1065 mm) minimur,
mounted 12* (305 mm) from the back wall; in the case of a
16" {915 mm} stall, use the same MeAsUTEmMEnt, hut with
bars on both sides and no bar on the back wall.

& Paper roll heighe ro center Ties 19 (485 mm] moinimures
and mounted not more than 38" (P15 mm) from the back
wall,

Telephone Booths for Wheelchair Users

& Shelf: 28" (710 mm) and 18" [455 mm} deep,

¢ Enee clearance: 27 (685 mim] minimm,

+ Entry width berween side walls: 367 {915 mm}. Side walls
may be of any depth.
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DESIGN CONSIDERATIONS FOR THE DIFFERENTLY AELED




Telecommunication Devices for the Deaf

A TDD i5 wsed 'b'g, A person with a hﬂring i.mpn.i:rmenl: or a
communication disorder. The TDD [sometimes called a text
phone) has a read-out monitor and a keyboard on which
messinges are mput. The TDD can also be vaed as a credit-
card phone.

A texe phonse has provision for ar least a 10 x 10"

1255 x 255 mm) shelf with a minimom 67 (130 mm) vertical
clearance space t0 accommadate a portable text phone, In
this case, a 110-volt ouder must be supplied, and the handset
cord from the coan set muost be of ample length o couple with
the portable rext phone,

TDDs may have fax in-and-out capability.

These phones will carry the international TDD symbol,
which represents a horizontal handsst over @ kufhnnrd.

The highest reachable point (coin slor or function key)
must oot exceed 54° (1370 mm)| for the sde approach of a
wheelchair, or 48" (1215 mm) for the forward approach.

On semi-enclosed booths, all wing-seyle walls must be 27"
(685 mum) from the floor or pavensent, or lower, in order oo
aicl and protect a person who walks wath o cane.

For wing walls under 24° {610 mm) deep, the space
berween the walls should be 3 minimum 307 (760 mmp; for
wing walls deeper than 24" (610 mm), the space should be a
minimum 36" {#15 mm). In either case, recess the shelf 4°
(100 mm}. (A shelf may be flush with the wall edges for a
gide approach only.)

Semi-enclosed hooths may b= wall-mounted or mounted
on a post or pylon.

Hearing-Aid Compatibility and Assistive Listening Systems

* Use the symbol of valume control, which represents a
vertical handsec with radiating curves coming our of the
ceceiver end (Facang right).

* Assistive liscening systems should be installed in assembly
areas.

These systems are iwdentified by the intermational symbol of
access for hearing loss.

THE MEASURE OF MAN AND WOMAMN

Considerations for the Visually Impaired

Although service dogs are trained o recognize and avoid
hazards, mose people with severe vision impairment are
trained fo wse a cane in two ways, The first technique is used
in uncontrolled areas while the second rechnique is used in
familiar areas.

1. The cane is swung in arcs to rap the ground from side to
side, touching poanes about @ (150 mm) outside each
shoulder. In this way, walls and obsiructions not higher
than 27" |85 mm) can be desected; the vser's hands or
arms will hit objecrs higher than 27" (685 mm}, and
confusion and imjury can resule,

[ ]

The cane is held fixed ar a diagonal in front of the user,
with the tip almaost rowching the Aoor beyond one
shoulder and the handle or grip ourside the opposine
shoulder,

Areas that extend 27 to 807 (685 to 2030 mm) under
staireases must be elosed off for sabety reasons

Further comsiderations for protecting the visually impaired
follovw:

+ For safety in walking parallel ro a wall, projections are
permisaable if they clear the floor by 27" (685 mm) or
lower and if a passage of at lease 36" (915 mm} minimam
width remains,

+ Sign boxes and the like can project a maximum of 4" (100
mirn) ae any height abave 27° (685 mm) for passage
parallel to a wall.

*  Wall-mounted uh'pul.'l:i such as tuleph:mei may prl:rjul:t if
the shelf heighe is no greater than 27" (685 mm},

# Pylon-mounted telephones can project only 127 (305 mm)
fram the pylon; they are allowable above the 27" (685
mam) limit, because the cane will detect the pylon.

# Urvverhead signs must never reduce the head clearance of
§0" {2030 mm), measured to the floor.

+ Floor-grate openings may be a maximum of 0.5° (13 mm)
in the direction of travel, Any longer dimension for such
an apening must be perpendicular to the travel direction,

* T’l:n:_:-'p|= whi ha'ﬂ: d.if'.ﬁ.-:uhy wa“unp; Or whl:l a5 i:ruh:.:h:s,
canes, of walkers are susceptible to slipping or mripping.
Provide safe walking surfaces on all walkways and stairs,

Signage
Orwverhead signs placed higher tham 80° (2030 mm} muse have

capital letters a minimum of 3" (75 mm) in heighs (*all cap”
||:1'h::ri115 5 no r:quirh:l:l foar ui:w-inE distance of 75 feet 123-
mi}. The minimum leteer height iz 625" {16 mm) for a closer
viewing chstance of 15 fest (4.6 m).

All kecrering should have o width-to-height rato of
berween 3:5 and 1:1 and a stroke-wadth-to-height ratio
between 1:5 and 1:10.

Use a matte or other monglare fnish. Acceprable letter
rypefaces would include the following:
Serifs
Bodoni
Cenrury Schoolboak
Garamond, Garamond Bold
Glypha, Glyphs Bald
Palatine
Timees Roman

Sans-serifs
Helvetica, Helverica Bold, Helvetica Condensed,
and Helvetica Condensed Bold

Furura, Futura Condensed Bold

Univers 55

Symbal signs with raised and Braille characters should be
installed 60° (1525 mm} from the sign center to the foor.
Lester heighes of (L625-2" {16=-50 mm) should be located
bealonw the s:.rmh;_:-l and raised 0.031"° {0.79 mm} acoompaned
by grade-2 Braille, Locate these signs well away from
dangerous areas and where permanent identifcation 15
nzeded for rooms and spaces.

Elevators for Wheelchair Users

For wheelchair accessibility, the door of an elevator must be
a minimuam 36" (215 mum} wide. There are targ acceptable
elevators:

1. Criie has the doos 1o one side, and the minimem meerios
measures 65" (1730 mm) wide and 51° (1291 mm} deep.

2. Anocher version has the door on the center line, and the
minimum intecior 5 30" (2030 mo) wide and 517 (1291
mm} deep. With the door centered, the contral panel may
be located on either side of che door,



Take note of the following items concerning the elevator
controd] burmons and other featuies:

& The eonteol buttome, of 0,75 (19 mm) diameter minimuom,
may be caised or Aush.

# The floor designanons and symbols preferably appear (o
the left of each button, The bottom row of buttans has the
prnergency alarm om the left and a raised ocragon symbol m
the left of the emergeney stop. The burton above the
pmergency stop is the “Door Closed” button, Above lefr is
the *Door Open™ burmoan,

# Floor designations are raised and illyminared. Braille is also
provided for the visually impaiced.

& Mo burton is to be higher than 54" (1370 mm) for the side
approach or 487 {121% mm) for the front approach. The
center lime of any emergency button must be no lower than
35" (890 mm) above the Anished floor,

# The clearance between the car platform sill and the edpe of
any hoistway landing should not exceed 1.25" (32 mm).

# Elevator position indicators are locared above the control
panel or abowve the door, As the car passes or stops, the
floor indication will light up and an audible signal will
sound. Floor numeral heights are 0L58" (13 mm | minimwm,
The avdible signal is no less than 20 decibels and its
frequency no higher than 1500 Hz,

# All hoistway enteances should have raised and Braille floor
designations aof 2% (51 mm) in haighe on both door jambs.
The cenrer of these designations is 607 (1525 mm} abowve
the finished floor,

# Tluminared fixoures indicating an clevarors up or down
direction should be mounted 72 (183 man) above the
fliaor. Their smallest dimension should be 2.5 (44 mm).

# Call buttons of at least (.75 (19 mm) diameter should be
centered 427 (1065 mm) above the floor,

Platform Lifts for Wheelchairs

Flatform lifts for wheelchairs are acceptable, but they muse
comply with the ASME A17.1 Safery Code for Elevators and
Escalators, Section 3K {1990},

Checklist for the Blind or Visually Impaired
Consider the following when designing for the blind or

vusually impaired:

# Usie 42 (1067 mum} railings wath 6" (152 mm} curkhs
around dangerous arsas,

+ Svod projections, tripping hazards, and low-hanging
RS L MICTicnS,

+ Avoid open stairs and stair nosings.

= Floor cl-p{:nings of (.6" (15 mm) or smaller exclude
cane Hps.

+ Right-angle grid parterns are easier to comprehend than
curves andd 3ur|.'l|.".|'|[i|:||.'5..

# gz hraille.

+ Raised characrers should be 0.4 (10mm) thick, and placed
at a haighs of 60° (1500 mm) above the floor,

+ Knurl the back sarfaces of handles and knobs on doors
leading to dangerous arsas.

+ Add audible signals to visual signals.

+ (Gas ranges are preferable to elecric because they give

.IIJd.i.IJIE s
+ Hard surfaces aid sound detection.
+ To avodd reipping, limit changes in floor levels.
Checklist for the Deaf or Hard-of-Hearing

Consider the following when designing for the deaf or hard-
of-hearing:

* Add visunl signals and dspliys te audible signals.
+ Emphasize printed matter, symbols, and pictures
+ Provide telecopy or fax.

# [ncrease the volume of audio =i,g:La]5. 2.0, amp]if:.'
telephones and ringers.

# Provide text p|'||:rn|.' Eor spl:'\u:.'h. i|!|l|.'l:|.i|'I!|I.-|:'I!|[-
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SEATING

Searing is an interesting soudy, because people come in
aseoried sizes and proporoons and their rasks vary. People
sit tor eat, sif fo commute to work, sit af home in the evenings
o comverss, ko ren.l:l, fond watch I::!-:-.risi-:_:-nn_ [’ gl s ] wc_:-rh: on a
hobby, Some chairs appear to be designed with mo thooghe
given to the persom whe 15 0 be accommadated, to the seat
size or height, to the support of the lombar region, or oo the
corract design of the armrests, People often have a favorite
chair, but many people buy fumiture mostly for the sake of
appearance and later become dissansfied with their choice,

THE DINING CHAIR
The dining chair is simple; the sitting time 15 short; and the
chair may be wsed for study, reading, and writing,

The standard dining rable of today 16 2E* high (711 mm),

#* The vertical distance betweesn zeat front -L"d.H,E and tahle top
is best ar 9-12" {230-305 mm).

+ The seat top-front edge 5 165" {420 mm) to the Aoor and
11.5° (290 mm] below the cable top.

# The seat depth should noc exceed 168" (4035 mm), The
width should nor be less than 16" (405 mm).

* The scar surface should be level, and lumbar support
should maintain a hip angle of #0-2%", The knee angle 15
90 or greater or kess. Note char the hip angle is not
jackknifed and will net intecfere with digestion.

*+ Padding is preferred on the sear: 75" {19 mm| of chick
foam with an E:si.h: cleaned up|1-::-|sl:ur:.r.

# The center of lumbar supporr is 9.5 (240 mm) above the
st Lumbar area height s 9" (234 mm), and widih is 13"
[330 mm) mininnom.

# Small people will dangle their feer unless a foosmaol is used.

Hesopmnerdahions oM soehing rogquireiessts aoere adapred from the
fatloaping soucreds; Pheasant, 1986; MIL-STD-14720C, 1981;
Girandjean, T907: ANSVHFS 100, T988; and Humansale 1793 aad
TR,

THE MEASURE OF MAN AND WOMAN

A UNIVERSAL WORE CHAIR

The universal work chair is more complicated than the dining
chair because it must accommedate two postures, one erect
and the other relaxed. The latter simulates an automohile
seat, which many adults favor,

* The top-front edpe of the sear requires an adjustment of 5°
(125 mm], so chat the seat can go from 145" (370 mm) o
195" (495 mumy) to acoommuodate all adoles.

+ The seal s1ze, frone to back, should nat be more or less
than 14" (406 mm) to accommodare all aduls.

+ The seat width should be 16-22" [406=560 mm),

* The seat cushian is to bhe 27 (51 mm) of medium foam wich
ne bottoming.

+ Sear angle adjusmment: 0-15" from horrzontal.

* Back angle adjustment: 0-15" from vertical.

* Backrese height: 257 (635 mm) for thoracic and shoulder
support; 36" {13 mm) for head SUPPOrT; and 15.7°
(400 mm) for arm reach-aver.

* The center of lumbar height (adjustable from sear reference
paimtl: 7=11,5" (178-2%2 mm}. [n-and-our adjustment
showld be 2" (51 mm ) mmirmam,

* The backrest cushion should be 1-27 [25-51 mm) of soft
foam with a curved back to prevent side sway; too much
concavity compresses the lungs, A radius of 407 (1000
mum) seema 1o be acceptable.

+ Lipholstery should provide comfory, ventilation, and
Fricticd. Awoid 1’.‘|.'|u.|:=u]:|r textured fabrics.

* Back support is not required 37 above the seat; this space
helps provide clearance for che bumocks.

* A rounded top-frone edge of seat cushion and botom edge
of backrest: IL5™ {12.7 mm) radius.

* Armrest spacing, for access: 19" (483 mm). Armrest
widths: 2-3.5" {§1-88 mm}. Armrest lengths: 10"
1254 mm) forward of seat reference point for wse at a table,
or 127 (305 mm) if not for use at a table. Pad armeests
softly with textured mareral; 0.5% mdivs (12,7 mm) all

pround the top edies.
* The chair should swivel and have 5 or & feet for smhilit:.r.

SEATING VARIATIONS

The drawing that illustrates seasing vanations shows four
postures,

L |ﬂl. Wl.lrk 'L'I'lu'l.i!' Fﬂr attentwan or .'I|Eﬂn:!:=.
* A relaxing chair for thinking, everyday use, and travel.

* An easy chair with backrest that slopes 30 degrees or mone
from the vertical; chis requires a headrest, and an ooman
would be beneficial,

# A reclining chair, which s best when designed for an
indradual, The fully reclined posture i not good for
reading, warching television, or conversation, for the
aitter’s vision is mirned upward. A pedestal support 15 nog
satisfactory for this chair's back load,

Seat herght at the front edge is best if adjustable 57

I:'Ilg mm}, s that the sesr can move from 14,5 1370 mm)

o 195" {495 mm), measured vertically o the finished floor.
P:H.:IIJII'IH should be of medinm foam .'IIJ-I,'.HI.T 28 Thick_

(51 mm). Aleo pad armeeses 0.5 (13 o) with 0,57 radius

(13 mm] all around the top edges.

SEATING AT COMPUTER STATIONS

FOR MEN AND WOMEN

Refer to “A Universal Waork Chair,” above, for mose of the
detaaled information on seating,

Beginning with the diagram showing women of the 1 to
the 9% percentiles working at a computer station, note first
that the keyboard is movakble and can be angled; also, the
monitor is rotatable, vertically adjustable, and nltable to
minimize reflections.

Operators like both the erect posture for short periods
and the relaxed posture resemibling the auromobile seat for
longer duraticns, The chair 15 adjustahle,

The height of the table has an adjustable range af 2 3=29"
(385=7335 mm) for women only. A compromise fixed rable
height of 26" (660 mm) is acceptable for women, bug not if a
mouses 15 used wich the table above the elbow height,

The small woman can have larger pregnancy dimensions.

Mote thar no extra foot support is shown.

Mow refer to the duagram showing men of the 1 to the 99
percentiles working at a computer station, Mote first thar the
keyboard 5 movable and can be angled; alse, the monitor s
rotatable, vertically adjustable, and tileable to minimize
reflections,
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Men also prefer both the erect posture for shore periods
and the relaxed pastane ruul!nﬁ]hqa__ the automohile seat for
longer periods.

The height of the table has an adjustable range of 25-31"
1635-785 mm) For men only. A compromise fixed mble
height of 28,257 (720 mm) is acceptable for men,

An aleernate design iz a fixed table heighe of 28.25"

(720 mm} for women and men, it there is both an adjustable
shelf for keyboard only, with a range of 23-28.25" (585=720
mim]. The shelf should be large encugh for using a mouse.

Mote also the following:

* The monitor's height adjostment would be 7"
{130 mm).

* The lumbar beight would have a minimum adjestabality of
Too 117 (180 o 280 mm) up and dewn and 2" (50 mm) in
and oart,

* To prevent Carpal Tunnel Syndrome keep the forearm and
wrist in a nearly straight lne and take frequent resc
periods.

* To avoid electromagnetic helds, keep the cathode-ray tube
(meniger screen| at an arm'’s length away, The operaror
should be ar least 48% (1220 mm) away from any other
MONIECT,

# The cathode-ray tube should not be nhove the homzontal
eve level and should not be below a 40-degree sighe line,
measured from the horizontal sight line.

THE MEASURE OF MAN AND WOMAN

CLASSIC CONSOLES FOR MEN AND WOMEN

Four classic consoles, modified from military design,
accommodate women as well as men; theie sustability ranges
from the 1 pern:nh|e woman o Tl'm '?E p:r_'u;:-nti]: man. Mote
here that several cypes of foor supporn are shown to help
smzller womsen and men.

The first console is simple, for see-over and no-see-over,
The cathode ray tube is fixed on a 15° sloping panel, The
kevboard is movable and tltable on a 15" (380 mum) shelf,
which permits an easy reach to controls on the monitor
panel. The shelf height is 287 (710 mm).

Install enly displays on the top panel area of the no-see-
over consobe. Movahle footstools are shown, hue a footrest
ring on the chair base is also a possibility.

The second consale is 2 compound version chat presents
many panels running up to 65" {1725 mm), A movable
keyboard on s 13" (330 mm) shelf, ample for an armrest or
workbooks, is possible. The heighe is 28" {710 min}. Keys
that are infrequently used can be installed on the 50-35°
panel. Mo manual controls should o above the horizontal
sight lime of the small woman; only displays po above thas line,

The sear for the first and second consoles s similar to the
description under A Universal Work Chair,™ above, A foor
ring has been added on top of the caster supparts for che
compound console,

The foot space shown on both consoles will accommodate
the 99 percentile man.

The sivfstand console 18 complicated; it can allow an
operator to walk a long distance, if necessary, A chair
28-31" (710815 mrn) high is provided if work at one
locarion is feequent. This chair carries a heel carch 12"

(305 mm} above the finished Aoor, Since casters could be
dangerous, only glides are shown, Alternate footrests with
pessthle adjostments are shown mounced to the back weall of
the console, Only a 10" (255 mm) shelf, ar a heighe of 40°
(1015 mm}, is provided for note-taking, becanse the back
panel is sloped away more for the standing man.

The optimum width is 247 (610 mm), and the maximam
efficient width is 28" {710 mm), The sitscand console can be
as long as a wall, if required.

The fourth consobe 15 @ wmrl-n.n;-llnd desipn that can be
adapted ro the first see-over or no-see-over console. In this
desipn, the center panel i only 24" (410 mum} wide and has
rwo supplemental panels 12° (308 mm) wide—oaone on each
side—135" from the center panel,

I another version, the center panel has a 36" (915 mm)
maximum width. Here, the supplemental panels are 1207
frovm the center panel.

The wrap-around console doubles the work space
availahle,
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RESIDENTIAL SPACE CONSIDERATIONS

Guidelines presenred by Neufert, 1970; Panero and Zelnik,
1979; and the American Insticute of Architects, 1988, were
utilized to formulate the residential dingrams that follow.,

BEDROOMS

Four bedrooms are shown in this illostration.

1. The first example {upper left) represents a comfortably
minimal provisicn of most of the amenines that are
desired in a bedroom. This room has the possibilicy of
three beds: the first is a full, or double, bed; the second is a
queen-size; and the third is a king-size. Note that the bed
could not be herter placed and that keeping all the
furniture below 30" (762 mm| makes the room look

larger.
2, The second bedroom (lower left) is nearly miniemal for a
single oocupant.

1. The third bedroom is more luxoeious. There are two bods
and vwo desks.

4, The Last bedroom is for two occupants (siblings or
students) and provides individual study and storage areas.

DINING SPACES

The first dining room measures 10'8" x 13°6" (3250 x 41135
mm]. There is a 24" {914 mm) clearance space behind che
chairs all around the table. This permits access for a pecson
tor serve all seated diners,

In the second dining space, with the table against the wall,
the space needed for clearance and for serving diness must be
considersd.

Included lere are three categornes of restanrant scanng: an
economical spacing, an intermediate spacing, and space for
luscurious seating, There are side tables and flearing tables.

Dining booths for rwo and four eecupants are shown. The
seating profile is impormant for comfort, as s the requirement
for a 10=12" {254=308 mm] vertical sear co table dimension.
The seat should be level when occupied. The backrest should
be angled away at beast 57,

THE MEASURE OF MAN AND WOMAN

— e e e e T P e e SR TR P P

KITCHEN AND BATHRODM LAYOUTS

Ar the lower lefe, an L-shaped kitchen is represented, The
primary work path is defined as a triangle of 10 x 6 x 5 fr.
This kirchen is preferable for accommaodating two people,
The separate work rable is advantageons for food
prcparaticn,

Above lefr, in the vare corridor kitchens, the wider one
allows two people to prepare menls simultaneously. The
parrow version is a nearly minimal, bur still efficient, kischen
for one person.,

The U-shaped kitchen is designed for efficient use by one
pErsO.

The bathroom at lower center i eather minimal, but with
certain advantages. It is & frwide, and the bathtub has an
extra seat for the alderly. The toilet has a lower-capacity
warer rank and a lower silhouette. The lavatary is 36" wide,
with a full-width mirror and a medicine cabiner on each side,
The bottom offers a completely closed-in storage area.

The layout on the lower right represents the most
economical bathroom. Except for the pedestal-style lavarory
and the omission of the bathrub sea, it is similar to the
preceding bathroom design.
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MAINTENANCE ACCESS

THE WHOLE BODY

Ini the drawing, the control panel is secrioned for determining
heighes for working in theee postures: standing, kneeling, and
sitcing. Mote the optimum work angles beoween the shoulder
and the elbow; measurements can be vaned 4=4" {101=152
mm) above the shoulders and below the elbows. Any area
above i for displays.

The crawling posture is utilized commonly in maintenance
procedures. The prone posture is valuable also; it gives access
in the most confined space. A supine posture would require
miore heighe becanse the addition of a wheeled -:.:ar[iaw:-
{dolly] would be necessary,

Add 5.5" (140 mm} re any of the posoures. The
mibnirmum widtl is 24" (810 pin).

On the righe is an illustration representing various
hatches, The small recrangalar harch and the minimum
oval harches are for horizontal [both overhead and
underboot) access. The large side hatch and the 30°-
diameter {760 mm) hatch are for verrical (e.g., wall-
mcunted] openings.

i chare #43, the grids in the top row define 15 body-
access openings, with minimum, preferred, and maximam
values given, It is preferable to have the botom edge of che
opening coincident with the floor. The minimuam valoes
accommaodate the large man with average clothes, the
preferred values are military data, and the maximum will
accommodare men in arctic clothing,

The dals ard draseirgs in thiz section Baee Teen adaprad from
Humarseale YRS 1981, mud Woadson, TUET,

THE MEASURE OF MAN AND WOMAN
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Specifications for openings fos the hands are shown in the
muiddle section of gnds, Each npz:ning hnz thres valuss: ons
for bare hands, ene for gloves, and one for arcae gloves. There
are six openings for a single hand and rwo for a pair of hands,

The lower lefr section has three arm opemnigs wathoos
visual access, They are for bare arms, normally clothed arms,
and arcric-protected arms.

There are three finger openings, with minimum, bare, and
gloved specifications. The first opening admits all normal
fingers, The second—a recess for push butrons—excludes the
thumbs. The last one 15 unigue in thae the Anger size 15 given,
bur the size of the object must be added. For example, if the
object s a recessed knob of 1.25" (32 mmp-diameser, this
space must be added to the 1" (25,4 mm) minimum Aoger
clearance, which will then require a 3,25 (8.6 mm)-
diameter recess to operate the knob,

Foot openings are required for a bare foor, one wearing a
shoe, and one clothed i arctic gear. Here muost be added
space for clearance around the fost—perhaps 17 (25.4 mm)
for the lengrh and 1" for the width.

Openings for bare, milicary-helmered, and work-helmeted
heads are shown. The fiest opening, for the bare head, is for
the ®9 percentile and shows a 50" (12,7 mm| clearance on
cach side. The second Ei.l.'us a ::|i|jt;|.rg.- diarmeeter with 0.50"
clearance front and back. The third admits a work helmet
and also has a 0.50" clearance front and back.
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SAFETY AT WORK AND AT HOME

Safery is a basic human need. Human factors does more than
increase machine efficiency and profies; it also conscicnriously
eonsiders the safery and comfort of human beings. The
following terms define safety canegories:

Isherendly safe: Human error will not degrade, damage, be a
hazard, or canse injury.

_.'r[_:rn_*-hl,u.,,-i'!}- "':'rt" Human error eould result in injury.
Dgrgerons: Human error is likely to canse injury or death.

[':rr_q_-::p._.p.l':r':_- Human error can cause severe degradanon—
loss of system, injuries, death, or mulnple deaths.

Gafety is the concerm of all destgners, who should investigate
amed eliminare all hazards and attemps to make all conditions
inherently safe. Some engineers consider the potential for
lyuman error to be so geeat that it is impossible to anticipace
pvery mistake that can lead o harm, Mevertheless, the
designer should consider how errors can develop and try o
Ervision scenacios in which damage to peaple and equipment
CAn 400wl

A pragmatic approach is to review the following safety
checklises for che factory, the office, and the home.

FACTORY

This list canmsor include all the hazards in every ficld of
endeavor, bur the items listed will help ilJl."II[iIZ'}' hazards,
[These are from Hurresaale $0506, 1981}

+ Have all rotating devices been cquipped with protective
guards?

* Are the face and eyes protected by guards agrinst emisaions
and sparks?

# Has protection been provided to keep personnel from being
rammed or pmched by reciprocating pares?

# Are the fingees or hands protected with clearance berween
cutting and trimming pacts?

* Have sharp edges and burrs been climinared?

* If an emergency “stop™ button is required, is it sceavegically
located?

* Are critical controls guarded to prevent inadvertens
operataon?

¢ Are hazard warnings precise and conspicuous?

* Are controls accessihle?

* Are safety interlocks available to protect operanors?
« Can monitoring devices help?

+ When an unsafe threshold is reached, does the operator
know hovwe to respond ?

# [5 it safe to operate the product In extreme tTEmMperarures
and high humidiry?

# [g it safe to use a product thar has encountered shock and
vibrarzon?

s Is it possible to reassemble a product in such a way that it
will becorme unsafe?

e Can a discarded unit be safely boried of r'n:»:}'-:l-:'d without
emitting toxic fumes ar cansing pollution #

» Are lifting handles comfortable and at a safe temperanare
for handling?

+ Are components light enough 1o carry without risk of
physical injury?

# Has prorection been provided for personnel who may
accelerate ar decelerare rapidly

o I illumination adequate for detecting hazards in all arcas?

+ Has provection from brght lighe (fnrense flashes, welding
arcs, erc.) been provided?

+ Has protection against radiation [microwaves, lagers, eoc.)
been provided ?

* Have all precautions been taken to avoid electrical shock?
[Even a small shock can cause a secondary accident.)

+ Have noise levels been reduced to meet standards to
prevent hearing loss? Has the noise level been reduced o
prevent fatigue and interference with hearing?

# Are temperarure and control maintained within human
tolerance?

* Have toxic substances been avoided?

+ Has thought been given to the prevention of fires and
explosions?

 Have tripping hazards been eliminared?
+ Have slipping hazards been el iminated?
* Do low overhead clearances exast?

# Are guardrails and safery belts adequare o reduce the
posibility of falling?

# Has an appropriate safety checklist been prepared for a
specific plant and produce?

* Have salery placards and a safety program been created?

Moise, temperature, and illumination are major topics and
appear in the section entitled *Environmene.™

OFFICE

This broad ropic s confined here mostly to the use of
computes work stations. First, consider the sear for a
computer operator. It should have suffcient adjustability to
permit a comfortable posture while working.

# The seat height should adjust vertically freen 14,5 {370
mm) o 12,5" {4235 mm) to accommodare all workers,
Adjust the seat height so thas the Front edge carries no load.

# If the chair has a backrest, its leight should be:
25" (635 mm) for shoulder support.
38" (915 mm) for |'H.'-:14.'.|-£I.I]'.-r.|l11't-
15.7" (400 mm) for arm reach-over,

+ Up-and-down lumbar support adjustment should be 4"
{100 mm); an in-and-out adjustment of 2% (51 mm)
minimum is needed.

 Lpholstery should provide comfort, friction, and
ventilation, Avoad coarse Fabrics,

# Armireats should be 2-3.5" {51-89 mm) wide and 10° (254
mm) forward of che sear reference point, These may be
padded saftly.

% The chair should swivel and have 5 or & feer.
See also the secrion entitled “Seating.”™

SAFETY
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Computer Consoles
Refer to the charts entitled “Computer Stations for Men and
Women” and examine the 1 to 99 percentile women working
at a computer. Note that the keyboard i enovable and can be
angled, and the monitor is rotacahble, vertically adjustable,
and rileable to minimize reflecrions,

Operators today prefer the evect posture for short work
periods or a more relaxed postune for lenger durarions, The
Following items are imporcant:

# Table height is adjustable 23=29" {585-733 mm| For
women cialy.

# Examine the console for the 1 tn 99 percentile man
working at a computer,

+ Table height is adjustable 25-31" [635-785 mm) for men
only.

# An alternate design is a fixed table height aof 28157 (720
mm} for all adult men and women.

# A geparare shelf required for the keyboard must travel from
23 o 28.25" 585720 mm] and must be large enough for
UEIME & maouse,

# To prevent Carpal Tunnel Syadrome always ry o keep
hand and forearm in a nearly straight line deviating less
than 5%, Operatores should take frequent rest persods.

+ Mew keyboards, split in the middle and angling each hall o
martch the hand position, should improve comfort.

# To avoid electromagnetic fields, keep the cathode-ray wbe
imoniter screen) at an arm's lenghr away. The operator
should maintain a distance of 48° {121% mm) from the
sides of hack of another terminal.

# The office environment should be pleasant.

HOME

Stairs are the location of the highest number of accidents in
the home, but bathrooms, windows, deors, kitchens, floors,
clectrical systems, exteriors, and addinonal considerations are
also discussed. Unless otherwise noted, the recommendations
summarized for safety in the home are taken from the design
guide published by the U.S. Depastment of Heusing and
Urban Development, 1972

THE MEASURE DF MAN AND WOMAN
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Stairs

O course, slippery stairs must always be avoided, either by

carpeting or applying high-friction surfacing o inardinarely
smooth stair surfaces, Stair design should take the following
1BEIE INDD ACCoUnE:

* Exterior stairs should pitch forward 1/8" {3.2 mm)-
Consider broom-finished concrete or bricks to provide
fricticon.

+ Optimum interior stairs have a maximum rise of 7.5" (190
(1L, @ MMINIMLET Cun of 10" {2154 mm), and a T
tread of 11,257 (286 mm). The maximum nose is 125"
(32 b,

# Fxrerior stairs for a building should have a maximum rise
of 6 (152 mm), a minimum run of 11" {279 mm}, and a
minimum tread of 12" (305 mm), The maximum nese is 1°
[25.4 mm).

+ Exterior stairs unattached to a building should have a
maximum riser height of 5% (127 mm], a minimum run of
14" (355 mm), and a minimum tread of 15" {381 mm).

+ To reduce stair accidents, keep risers and treads within a
(L188" (4.8 mm) margin of error,

# Avoid single risers inside or outside the house. Exceprion: if
ome rlaer ar the front doos is possible, this is acceptable.

# Use the following rubes to derermine step variations:
1 rise # 1 run = 17=18" (431.5457.2 mm])
2 rise = 1 mum = 24-25" (809, 6-A27 mm)
1 cise x 1 run = 70-75" {17, 780-19,050 mm)

+ Do not exceed 16 risers in any swraighe run; a landing after
every § risers, for a rest period, is preferable.

& Place light switches at the top and bottom of staircases.
* Avoid sharp edpes,

+ Handrails are usually on the outhoard side. Prefer a 427
height (1067 mm) on halconies. Prefer 30-40" [711-864
] above the nese and for porches.

# If the stairway width is 40" {1016 mm], add a railing to the
fAxed wall also.

+ Never allow any opening in a staircase structure—e.g.,
under the nose—io exceed 4.5" {114 mm); otherwise, a
child's head could pass through the opening and ger

caught, In general, avoid open staircases to protect children
and adules who might slide their feet too far forward.

# Avoid locating doors near the steps.

# A front porch entry should be wide, to allow for room
around and in front of the door, particularly when ic
awings ourward,

Bathrooms

T prevent injury £o the bather, it is best to provide the floor
of the mab or shower with a nonskid surface. Another
important considerarion is the exclusive use of satery glass on
all glass shower doors. The following specifications for bath
fixoures and lavout are provided with safety in mind:

+ Faucers in bachtubfshower combinations should be
mounted at a height of 30=34" [762-864 mm], measured
from the tub Hoor,

# Controls for showers alone shoold be ar $8-52"
11219-1321 mm), measured from the rub or shower floor.

# Provide a rowel bar aboue 6" (152 mm) from the exit from
the tub ar shower.

# Install rwo horizonsal grab bars 18% (457 mm| long on the
center of the leng wall, one at 32-3&" (813-914 mm) and
the second one at an additional 127 {305 mm) above that

# Logate an inset spap tray, centered, several inches below
the low bar.

# The shower head clearance to the tub bortom should be
HE—T2" [1753=182% mm).

# The shower-curtain rod should be 72-78" [182%=1981
mmy) from the eub floor. Keep the rod inside the b area.

# The faucers and one grab bar should be located 42—48°
[1067=1219 mm) above the floor. Locate the faucers inside
the shower, near the entrance.

+ On shower doors, avoid the use of latches, which can
pinch, gouge, cause scrapes, etc.

# The shower should have a vapor-proof light fixoure,
centered, with the swirch 72" (1829 mm} away from seall.

& Avoid sharp edges on all grab bars, The tube can have a
comfortable, unslippery texture.



# The toilet ::ql.l.i:rl:'.': i Spalce af 36" {214 mum) berween two
walls, or & space of 327 (813 mm| between one wall and a
athroom foctire,

# Provide one lavarory cabinet 36" (914 mm) long.

# The tub should be &0” (1524 mm) long, There should be a
127 (3005 mm) seat buile at the end that is opposioe the

water faucet.

# The minimum floor space 1s 30 x 42° (762 x 1067 mm).
The preferred floor space is 42 x 72" (1067 x 1829 mm)
for towel-drying movements,

+ For privacy and safety, the window sill should be 48"
{1220 mm) above the Hoor

# The hathroom door should be o mmimom 24 ° (610 mm|
wide and should swing against 2 wall or the tub.

& Aopommodations for the differently abled persons are
detailed on the illustration,

Windows

The use of safety glass, which minimizes accidenss, should
always be a consideration. For safery reasons the following
recommendations are given:

# The crank-operated sash is preferable go the double<hung
sash, in which loose-ftting wandows can slide down,
causing injury £ head and hands, Casement windows,
somnue of which can be cleaned from :il.'lsid.e, are
advantageons.

# Projecting windows are possible, if crank-operated.

#+ Picture windows are hazardous onless they are made from
high-impact-resistant safety glass. As an alvernative, use a
minirmum sill height of 30-36" {762-214 mm].

Doors

Safety glass minimizes accidents, especially around childeen.
Solid doors with rounded edges are preferable. Moreover,
plass and ceramic door knobs should be avoided; if fractured,
they can cause serious injuries. Consider lever knobs for more
hand clearance and better leverage, Other important
considerations follow:

* Avoid nwo-way swinging dooss in residential housing.

* Svoid two doors that swing in conflice with one anather.

+ Bor a full opening, doors should swing mto a room againse
a wall or open at leasc 907,

# The head of stmirway should nit ]:-e located next o aor
opposite a frequently used door.

+ Door widths of 30327 [762-813 mm) should be used for
interior doors, 36° (915 mm) for outside doors, Widdhs of
24° {610 mm) should be used only in bathrooms,

* Crarage doors made of sections can cause severe Anger
crushing. Place grab bar handles on the lower sections near
the center.

+ Make garage door width a minimum of 2 fr (2745 mm],
evers though B fr (2439 mm)] is the standard. This gives

more room for entry and exit.

+ Make the garage larger to include a warkshop, if desired;
allow 307 (762 mm} for any passageway..

# Two 9-ft (2646 mm) doors are bemer than one large door,

# Provide garage illumination of 30 foorcandles (325 lux] in
pencral areas and at least 70 fe (753.5 [x) over a
workbench area.

+ Provide ample electrical outlets, to lessen the need for
exrension cords,

* Provide ventilation and heat if the garage is used as a
wire kshop,

Kitchens

Large kirchens are not necessarily more efficient or safe,
Consule the chart “Besidential Space Considerations” for
recommended locarion of range and sink. The following is a
guide o planning safe kitchens:

* All edges in a kitchen should be rounded,

* A zafe kitchen has a small triangle from refrigeracor to sink
o spove 0o refrigerator. The sum of the three sides of this
waork triangle is under 23 ft (7010 mm}, The tmangle
should not be interrupted by traffic flow,

* An qisle 48" (121% mm) wide 5 the minimum in a U-
shaped kitchen.

# Eitchen cabinets are 36 |'§"|.5 mim) standard h:igh; and
24" (610 mm} deep. Wall cabiners are a minimum of 15"
(381 mm] above the kitchen cabmets, They are 127 (305
i) deep, and the highest shelf s 72" (1829 mm) above
the floor,

# Provide illominarion of 70 fic {753.5 [x) over the sink and
50 fc (538 Ix) over connters.

Floors

Carpers on floors are a safery improvement. Area rugs showld
be placed on a nonskid material underlay, Floors can be
covered with stones, brushed concrete, tiles that are noc
slippery, and so on, to minimize slipping accidents.

Electrical Safety Considerations

Everything in the planning of a home must follow the
building code of thar area, and thar, of course, includes the
electrical wiring. Some other comcemns include the following:

* Lightimg fixtures should be at leass 30" {2032 mm) above
rhe floor, unless locared over a table,

* Keep swirches as far from water fixtures as possihle,

* Provide a duplex receptacle for each 4 feer (1219 mm} of
waork surface.

There should be one of these for cach refrigerator and drver,
one for ironing, and one for a work surface in the kitchen.
Self-tripping outlecs for kitchen and bath are recommended,

Yards and Walkways

Avead slopes that are graded steeper than 1075 1t 15 dangerous
to mow steeper grades, Plantng ground-covering plants on
apeep slopes 5 advised, Other sakery comsideranons follow:

* Avoid use of walls from which children can fall, or install
fencing o shrubbery along a wall's top edge as a
safeguard.

+ A& walkway 24" (610 mm} wide is good for men or women;
a 30" (762 mm) walk is good for a child on a tricyele; and
a 36" (915 mem) walk is good for a person pushing a
strl:_rﬂur ara rJ.-q_:-|]:|-.

* Avoid single ourside steps; prefer two or three a5 optimum,

+ Walking sucfaces should have texture. Brush concrete
surfaces, or cement bricks to the concrere slab and
grout well

SAFETY




# Do not make curves too sharp.

 Ladder access to all windows should be possible in the
¥a n.'l, for ﬂlcaning Purposss,

& The minimum driveway width is 10 feer (3048 mm]. Exit
o0° o road, cutting chrough curb,

s Locate drainage inlets away from traffic. Openings in
sidewalk vents (grids), drains, etc., should be oo small eo
admit high-heeled shoes, bicyele tres, or rosdents.

» The following plants have poisonous properties and thus
may not be appropriate around childeen: Autumn Crocus,
Star of Bethlehem, Azaleas, Black Locus, Bleeding Heart,
Buttercups, Castor Bean, [affodil, Daphne, Dieffenbachia,
Elderberey, Elephant Ear, Foxglove, Golden Chain,
Hyacinth, Iris, Jack-m-the-Pulpir, Jessamine, Jimson Weed,
Lantana Camatra, Larkspur, Laurel, Mayapple, Mistheroe,
Modkshood, Moonseed Daffodil, Nightshade, Oleander,
Poinsettia, Poison Hemlock, Poison Ivy, Poison Chak,
Rhododendron, Rosary Pea, Warer Hemlock, Wild and
Culrivared Cherry, Wisteria, and Yew,

Swimming Pools

Insealling a 72 (1829 mm] fence all around the poel is
advised for maximum safery, A chain-link, or dinmand, fence
may he prefered, but remove any sharp points and lash the
netring to the horizontal pole. The gate height should be the
same, with the latch 48" {1219} above ground level. IF the
72" {1829 mm) pool fence connects to a building, install a
48" (1219 mm) fence between the pool and the building. If
the local building code excesds these recommendations,
follow the code, Also take the following ttems inre accoant:

s Provide good illumination and equipment. Leave a 25-f
{7620 mm) disrance herween the pool and switches
{indoors).

+ A diving board should face north, northwest, or northease
to prevent eyestrain, For maximum safery, keep the board
height at deck level.

- ]"'T:Fl:r & rL‘E‘I:aTI.;I_!;I.:IhT F||:r|:|.]_ Texrure it all over o FIDE'-I'EHI
alipping,

# Provide a “shepherd’s crook,” floats, and lines. Abo
peovide for keeping a first-aid kit accessible near the pool.

THE MEASURE OF MAN AND WOMAN

Children's Safaty

The dimensional information outlned below was obeained
from the Code of Federal Regulations published by the U.5.
Consumer Product Safety Commission, 1382,

Mo toy or article (or part of an article) should be small
enough te fit entirely within a cylinder of the dimensions
illussrated. Mo portion of a rattle should be capable of
entering and penerrating to the full depth of a cavity in a tet
fixture with these dimensions. And no pacifier should be
capable of being pulled through the opening of a Axture with
these dimensions while applying a 2-pound force. Other
safety recommendations include the following:

+ Towys should have integral colors, rather than a paint or
other coating that can peel or flake off.

+ Serings or flexible cords lomger than 12" {3048 mm) on
pull toys for children younger than age 3 ghould not be
pravided with beads or other artachments that could tangle
and form a loop,

& Flexihle cords atrached ar one end to a oy intended for use
in cribs and playpens should be less than 127 (3048 mm)
long. If a cord forms a loop, then the perimeter of the loop
must be less than 14" (3556 mmy.

+ This drawing shows recommended dimensions foar a full-
sime crib

Alse consider the following when designing products of
environments for children:

+ Children often have safety problems with windows.

+ Children get hurt if a door is swung againse them, and they
can get fingers pinched berween the sill and the deor, on
borh the hinged and the lacching edge of the door.

» Nonskid [textured) fleor materials are best.
 Avoud the use of lead-content paints.

# Provide for keeping medicines, chemicals, poisons, and
Aammable materials our of childrea’s reach,

+ Do not put objects that can be swallowed within the reach
of children.

* Anfticipate situations in which children can be bust on
bicycles or trieycles (steep slopes, hard surfaces, ete.).
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VEHICULAR ACCOMMODATION

CONSTANT FACTORS IN VEHICULAR SEATING

The information under *Constant Factors in Vehicular
earing” should alse be consulred for the needs of peaple in
yehicles, Mote that the given seating posoure is only for the
driver; passenpers may prefer a greater seat’hackrest angle.
The 1 percentile small fernale driver and the 23 percentile
Jarge meale deiver are showm in the alert posture,

This diagram shows the human Aguees with optimum
anlkle angle, optimum knee angle, and oprimum spine and
upper leg angles for operating a vehicle, They are pracrically
the same for all vehicles; only the floor angle changes for race
cars, sports cars, sedans, trucks, vans, buses, indussrial
equipment, and stationary uses by rotating the foor lines
about the same common heel point.

The seats and backrese could be constant for all vehicles,
The headrest will change, since the head center line must be
|_-.¢|-_|1-u|:|d_i|:u]3|: i the chosen raad line.

The vehicke contours will change dramatically: the race car
peeds low frontal resistance, and agriculoural and industrial
vehicles need a small front=ro-rear direction, since dowmraard
yisibility is very important, while aerodynamics is not critical.

sreering-wheel diameters vary for different wehicles, and
angling the wheel may be an improvement in some Cases, to
maintain the correct thigh dearance,

# A relaxing ankle angle is 1007, assuming 6-6.5% for the
shoe angle. This is a good angle for the resting left fooe or
for the right foot on the accelerator pedal ar the normal
cruise speed,

# The knee angle is good at 110-120F for maximum pressure
on the pedals. The 1207 was chosen because the knee angle
hecomes less when the leg is raised o brake, Also, the foot
can form an angle of 85%, if required. The seat-to-back
angle s shown at 95°, The upper leg bone is shown at 3%, so
the leg bone and backbone are 98° (95=100% is optimam).

+ The headrest must keep the head center Line vertical in a
rACE CAT, @ SpOris oar, and an awtomobale. The keadress
should be specially made for the race car driver and have
side supports,

# Morte the six categories of vehicles with 57 variations
allogted to e:.-;.'h', t]'l::sl: £ vamatwons can be overridden i.f
required.

Infarmation |I"'.'\:|m Humanscale 18243, 1974; Humanscale 40376 ard
THS, 1981 and Parcml, 1980, soars used to develop the fext and
GRIRFEHES dr TR Sechem.

+ Vertical and forward sear dimensions are given for full seat
adjustment at cach 5° line,

# The brake-pedal pressure poine is shown. Travel may vary
depending on the brake system and pressure. Preferable are
power-operated brakes ro accommodare #8% of the
possible work force,

AGRICULTURAL AND INDUSTRIAL EQUIPFMENT

These drawings show the side view of the 93 percentile man
and the 1 percentile woman, ssated. The second drawing
shows the top view of each. The purpose of these layours was
o establish the bocation of conteol areas bor a tractor-cype
enclosed vehicle.

The starting point for this type of seating is the heel point:
assume a shoe with an approximate heel heighe of 1.2° (30
mm), which gives a foot angle of 6.5%. In this case, assume
the ankle angle oo be 96.5° The knee angle of 110" was
chosen to keep the large man small feom front to back,
becawse this is the critical dimension. BMow the spine was
drawn at 100" fram the upper leg bone (thigh bone), which is
a comfort angle. The human fgure was drawn on top of this
overlay and rotated until the s=ae became as high as
possible—the front edge is at a height of 195" (495 mm) and
the seat reference plane 15 at 17.8" (452 mm). The seat Jn:ng'rh
of 16.5" (419 mm) makes a 5° seat angle. The backrest
center line, set at 107 from the vertical, made a seat-to-
hackrest angle of 25°, which is also a comfort angle, The
center of lumbar support is shown as 11° (279 mm| ro the
seat reference plane, which is 0L5" {12 mm) less for
compactness. This leaves a 3" (76 mm) clear opening for the
butroclk, and 5" {127 mm) for sacruen support 3° (76mmi)
above and below the center of lumbar support. The
remaining distance at the top i for thoracic support, making
the hackresr 20" (500 mm} high.

Mow this same analysis is shown for the small 1 percentile
wonnin. The chosen eight of the cenrer of the lumbar
pressure became &% {203 mm), with 2" {51 mm} above and
bebow the center of lumbar pressure,

Analyzing the sear variations, we find the seat requires a
vertical adjustment of 4.4" {112 mm) and a horizonral
adjustment of 77 (178 mm), which seemed reasonable,

The steering wheel is plotted in the optimum position for
both drivers. It should telescope 5° {127 mm) and angle from
30 to 607,

The most useful hand positions are drawn in for both
operators. Their § percentile forces are listed; from this we
learn to nse only the § percenale values of the 1 percentile
WAL

Yision lines and color-perceprion limitations are indicared
for the vertical head positions. The head can lt forward 15
with coamfort. In facr, the head can rilc easily 307 foreard and
backward. The maximum rotation is about 50° forward and
backward,

Top views were drawn to help locate control areas for
both the 99 percentile man and the 1 peecentile woman,
Srarring with the legs and fxing both within the comfort
pange vielded a commaon aceelerator pesttion. The beake and
clutch were easy to locare, leaving a 2" (51 mm)} mindmum
berween each foot control to prevent an inadvertent
aperation of the wrong conerol,

A major concern was the analysis of the hand console
arens. The best location appeared o be 4" (102 mm]) in back
of the heel line and running back 12" (305 men}. Thas
important console is locared 11" (280 mm) from the
operator’s center line, and it extends outward 5" {127 mm}.
It is easy to reach. Beyond it s a dotted lise showing a laeger
console area; any arca ourside the primary console should
have only secondary controls. This entire console must be at
least 27 (51 mm) below the armrests.

The armrest spacing of 205" (520 mm) is a fair
compromese distance; 22" (559 mm} is optimum for dovers
wearing very heavy clothing. The armrest width size of 3"
[76 mm) is corfortable; avoid the 27 (51 mm) minimum, An
armrest length of 8* (203 mm) 15 short, to avoid overlapping
the primary consale to such an extent thar the small woman
wiould encounter trouble making some adjustments.

If we were to design for the § percentile woman, who is
598" (1520 mm} rall, the up-and-down seat adjustment
wiuld be 4% {102 mm), and the forward-and-afe adjusement
would be 57 {127 mm). This condition might be more
acceprable, and the armrests could be 10° (254 mm) long.
Smaller women may use the 5 percentile seat by using a 120°
knee angle and tilting the pelvic bone forward.

Vision angles and head-tile angles are shown in the side
views, Color-detection angles are shown adjacent to the
horizomntal sightline. Reaches and ranges are given; note that
the benr trunk dimension may be limited by shoulder safery
belts,

VEHICULAR ACCOMMODATION
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Vision angles are given for the left eve only; the same
angles apply for the right eye. All eolors can be seen 307 on
either side of the head, looking seraight ahead, but not all
colors by the same eye, Binocular and monocular Gelds of
view are indicated; these, of course, rotate with the head,
Fasy and maximum head movements are illuscrared.

special controls and revisions were examined. These
drawings were made for a meck-up analysis using wood,
plywood, cardboard, plastic, or metal. Scale models do not
give the same impeession as a full-sized cab, where operators
may try out controls and the seating for themselves. On the
side view of the 99 percentile man, note the indicated
Clearances above the head and behind the head for variows
rercains.

Also noee the ball and cylinder grips. Ball grips of 1.3*
138 mm|} diameter and eylinder grips of 1.25" (32 mm)
diameter are preferable, to satisfy the smallese users,

FORCES FOR HAND AND FOOT CONTROLS

O the chart entitled “Strength of Men and Women,™ start
with the seated 50 percentile 1.5, man. With an optimum
knee angle of 110-1207, the ball of his foor reaches the brake
pedal with rhe force of 114 [hf (507 N] for § percentile men,
76 |bf (338 N for 5 percentile women; take 2/3 x 76 = 50 Lbf
(222 N} for a no-serain reach, The brake pedal is nearly
straight forward and is goosd for all users.

Regarding the acceleraror, see the chart ™ Foot
Measurements and Pedal Design.™ The resting foot is shown
in a posture that 15 good for a cruise speed; an angle of 107
helow this would be for a high speed, and 10" above would
be for 0°. An additional 5% above this is the maximum
pesition where the foor rests against the pedal withour
causing any pedal displacement,

The following summarizes foor control specifications:

Brake

Eor moving to the right (still using 84% of the valves): 5.4
Ibf (37 M5 and for moving oo the left: 12,6 Lbf (571 M. In
the hack position, for moving o the right: 3.2 hf {41.2 N5
and for moving o the left: 10.9 [bf (48.7 M)

Other values may be taken to suit a particular condition,
Laking at the man on the right, we find that his body
pesture is not stable. Any forces may be chosen, bur take 173
of the values shown for the small woman in order to include

#9%, of the adulr populaticn,

Resistance: 10=50F Ibf (44, 52224 M)

Free play: 1.2° (30 mm)]

Pedal cravel (double for booes): 0.5-2.5" {13-64 mm)
Height above accelerator: 1.27 (30 mm] for power-assisrecd
heakes; 3.6" (91 mm| for unassisted foot operation

Acceleranor

Resistances =10 1bf [17.8=44.5 IN)
Free play: 5*
KMavimuom travel: 20°

Resurning to the chart *Strength of Men and Women,” one
may determine a few hand forces available, To work at a
console on the right-hand side, use the thin line hand and thie
§ percentile forces for women.

Lince the controls age 1o the right, take B4 % of the values;
for example, for pushing 307 forward: 20.2 Ibf (30 N), and
for palling: 23.5 Ibf (105 N). Por pushing very close borward:
19.3 Ibf {§5.7 N, and for pulling very close forward: 13.4 |bi
[59.6 M. These forces are best worked radially to the
shoulder pivet.

Girip Strengrh

Maximum kg Dweration if sec
Men 59.3 £3.1
Women 35.5 739

In general, muscle strength is geeater in men than n women,
while physical endurance rends to be greater in women than
in mem.

VEHICULAR ACCOMMODATION
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DISPLAYS

The preferable sesch s thar of the small woman siting, with a
radius about the shoulder pivor of 26.5° {672 aumn) and
dropping until it touches the deck of the console, This indludes
a 3" (76 mm} shoulder movement, With an addmional £ {152
mm} bend o the trunk, she can reach the 24 -wide (610 mm)
panel. The best locanon for a display is inoa JF cone 15% up
and down from the relaxed sight line, This allows a perfect
visual circle with a diameter of 11° (280 mm) on any of the
finar comsales, This is the area For the most pnporeaat deplays,
with or without manual corrections, and for a monitor,

CIRCULAR ANALDG AND DIGITAL DISPLAYS
Prefer circular dials, semi-circular dials, check dials, and
zone-coded dials, Counter, mechanical, and digital dials are
wseful, as are dot-matrix and segment-mateix readouts and
graphic displays. Use simplifying scales and indices as shown,
Avord ormate pointers. Make the pointer widch as required
and taper the end of it to march the minor indesx wideh. The
colors of the poanter ancd the indices should match, especially
if the pointer is to be flush wich the indices.

CIRCULAR ANALDG AND GRAPHIC DISPLAYS
Prefer a dial diameger of 2.7 5=4" {57<10} mm), or for hig_l'l
accuracy, preber 4—6" (102-152 mm). Srare 0 o the lef of
the hottom of che dial eg. At ¥ o'clock) and always count
clockwise; purting O ar 12 o'clack is also acceprable.
Numbees are usually ourside the indices; very small dials,
check dials, and wone—coded dials require the numbers inside.
Craphic displays using LEDs and LCDs are casy to read

and can convey much mformation in a small space.

Markings

All numbers should read vertically, Use simple sans-serif
numbers and letters, Avoid fancy poangers, trade names, and
logos. Keep pointers simple (see drawing). MNote the optimum
proportions for a clearly recognizable directional arcow,

Pointers
Paointer widths are specified for different dials as follows:

003" [.E men) For 2° (26 mm) dials.
0.062" (1.6 mm) for 3" (76 mm) dials,
0.094° (2.4 mm] for 4" (1016 mm] deals,

Pictorial Indicators

Pictures can greatly assist in the inteepretation of spectal
relationships (e, aircraft alatude, picch and mll), and also
for components (g, flap indicarors), Symbols must conform
|Ji.n:'v|.'|::iun:||.|]: with the uh-iul.'l! Or CoEmpoaenbg I:hu'g.' represent.

THE MEASURE OF MAN AND WOMAN

Sigmal and Warning Lights

Lighted displays can be omnidirectional. They can be sumple
indicators on a panel, with flashing indicarors to signal an
abnormal condition. Merters can have signal lights to emphasize
that safe limits are being exceeded, and o om. Multi-projection
indicarors can show pictures, flow charts, numerical readours,
ar verbal data, Masver warning lights should be used if signals
are extensive or beyond normal viewing,

ANNuEncIALoT WI‘IEI.‘E |.|;iw'. viseal commands. An anmunciator
panel displaving a matrix of simple indicators in the oprimum
\'lﬂﬁ'i]’lﬁ_ ATEA CATH ne‘|'||..'.|i.'|:' Hiﬁl’lﬂ]ﬁ L Many KLﬂH"_I'L'd. d.'ﬂ'-"il'_'i.'l-.

Back-lighted panels with color coding are the best way of
presenting picrorial displays,

Cha mast eoveruse lighted displays, and, if possible, keep them
within the 30° cone, preferably in the 15° downward view,
Keep colars o a minimum. The following guide ro signal light

colars has been developed for color-deficient observers:

White 15 a |:,En|::::|] status indicator.

Red denotes sivuation eritical; malfunctioning,

Green denotes safe, nominal, or po-ahead conditions.
Amber or Yellow denores a need for cantion.

Consider providing rwo brighmesses, one for daylight and
ome for I1'i|.'||'.||:|:il'l1|_' wie. A matte black p.a:ln'.'| can i:l'lprl.l'--: the
effectivencss of signals, Isolate the most cricical signals from
the others. Indicator lights need not be large to be sttective;
proper chodce of color and intensity are the imporant Bacooss.

Flashing lights are more effective in attracting attention
bur are more discurbing o the observer. The recommended
flash rate 15 4 flashes per second, with approximately equal
tme for light and dark duratians.

ELECTROMIC DISPLAYS
In general, the viewing distance should be 12=18" [305=4a0
i ]. For mose individual use, 7=14" {1 §0=360 mm) is a
suitable distance. For two or maore observers, prefer 24-30"
(6 10=760 mm). The desplay screen should be perpendicular to
the normal sight line, or no greater than 307 off axis,

The minimum segnal size is 1 minute of visual angle. The
minimum signal duration 1s 0.2 seconds.

Signal brightness and contrast with the background should
be as prear as possible. Conreast usually exceeds 1 mlL.

Ambient 'i||l||1'ni113rir||1 5|'||1u|d. nat reflect From the face of
the panel or display screen. Use hoods or filters, if necessary.

Dt in this section are adapied from Humanscale 405056, 1951
ﬁrr}'ll-us:., P o0& gaid Woanlsos, 1981,
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MANUAL CONTROLS

The fre ferable reach 14 that of the small woman si!ijup; with a
horizontal sight ling; her reach amounts to a radius of 26,5
[672 mm) swinging abour the shoulder pivor and dropping
wntil it touches the deck of the four consoles, This includes a
3* |75 mm) shoulder movement. For dose-in work, take a
12" radius (305 mm) abour the elbow pivot of the small
waman setang at ooe of the consoles. Adding 3% (75 mm) of
clbow movement will allow her mo touch any area on the
deck,

The best height is ebrained by starting ar the op of ber
Hl'll::lLl.IlJL'l' .ﬂ:ld. l'url['lill_u\. IJ':!"“-'“ |.I|'|1'ii. I'l.ﬂr I'lrl.l'll'] n:lul.'hl:"ﬁ rl'll.' dﬂ:k-
The narrow width of the 24" {610 mm) console will permir
her to touch any area of the deck,

Ecomomy of Human Motion
Five kinds of motion follow, in oeder of increasing effort,
exertian, and tme of operation:

1. Fingee.

2. Finger and wrist.

3. Finger, wrist, amd forearmm,

4, Finger, wrist, forearm, and upper arm.

5. Finger, wrist, forearm, upper arm, and body.

There is ome exception: wrist motion can be more fatiguing
thin ﬁll.,g,l."l (FITTITLTEM Tr:.- Lo kl.'l.'].'l the wrist and forearm in as
near a stratght lime as pm:ihlr whien '.l.'n-rl-r.:lng_ with the
standard keyboard for monitoss.

Accurate Reach Determinants

Graphical analysis of dynamic motions should be made,
taking ingo accownt the varous movements of the shoulder
pivot and the different hand postures used with the various
controls. Reach can be increased by exvending the shoulder,
rotaring the runk, and bending the trank, or by a
\'_"'l.lll:ll.:lil:lﬂtl.llrl IJE tl'lﬁ'ﬂ'." motsIns. TI'IE L‘IIE!’JI.'II:E 'Ir.ﬂl.'iﬂ'.ﬁ Fll'_'Cl_'lr-IJ“'IH
to whether the motion takes place dirsctly in frone of the
Gperalor or [ the aade [or 4some ]1-::-i:|1f i between ) and
whether the Gperalor 18 & WORlAN Of 3 man.

Control Organization

Freguently operated controls should be the most accessible
ones, visually as well as physically, Emergency contrals may
fit chis category, but if they involve a risk they must be
protected from inadvectent operainon. Related contrals
should be grouped together in a logical pamern,

THE MEASURE OF MAN AND WOMAMN

To achieve ril].'li.d, érror-Irse perlormance, |.1|u-l.'||.‘||.' =i |.'l|1.'
clearance of 6=8" [152=203 mm| ahove and around controls
i casily reached areas and rwice this in haeder-to-reach areas
o accomimodare blind reaching., The sequence of movements
during aperation of eontrols should be shore, effectve,
harmonious, and smooth; backrracking, repeared movements,
and indirect mobons are o be avouded.

Symmetry of motion for simultaneows operatons imvolving
both hands saves time and reduces errors. Control motons
should be narureal, taking muscular efficiency and direction
ANECE r_'|1nx|d.-ur.a|:1||n. Flti-ll'llJi-lI'\'J.i:l'.ﬂTil:!ﬂl l::ll: |:\-::-|:rrrﬂ II’II’.'.IHIII'I om
machines or vehicles reduces ervors and accidents when che
operator transfers from one picce of equipment to another,

Grip Designs

Hand grips should confoem oo use and hand moeon, and all
handles should feel comfortable; use rounded shapes and
cyhindrical grips. Thin handles cot under heavy loading.
Gripping handles that are too large feels insecore. A diameter
of LATE-1.25" (22-32 mm] is the optimal range.

The ball or similar grips are used for heavy and lighe
loading, Their shapes need not be an exact sphere if the
handle is locked onto the shafr. For door levers, use the L-
Hh-'l p'E':I'I nos I:l'lﬂ' T"HI‘IH rllll:l I'lFl I'II,”I:'.

High-Terque and Rotary Knobs

A high-torgue knob is a rogged valve knob wath a 1.5-3"
(38-78 mm) diameter. The periphery is notched for finger grips
e 1% (254 mm) diarerer knobs for noncriscal
adjustments, such as for volume, focus, and dimming, which
require litthe torce. Tse 2° (51 mm) diamecer knobs for
critical adjustments, such as tuning or frequency selection.
Enurling is advantageous for hight Anger grips.

Detented Knobs

Good for multiple positioning, desented knobs are least
susceptible to inadvertent operation and provide good space
ecomory. Bur they are sloswes than all che above oy pes, requiring
'pn-_-:ise tactile and wvisual discrmimanon. The best diameter 15
A" (51 rnm:l or bess with a '|1-|,:|i11 ter 0.75° (19 11'II1'I:| -I]I:!I:]}.

Cranks

Cranks are good for rotations of more than 1807, They are used
mostly for machine wools and fing precision work, The smallest
of these has a 0L5" [13 mm] eadivs for model work, and the
largest has a 20 (508 mm] radius that can be operated by
the average man and the large woman. For all adules, prefer a
radiug of 8% {203 mm) mounted at the proper haighe,
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Hand Wheels

Hand wheels are good for auromobiles, airplanes, tools, and
valves. Finger grips should be provided where heavy loads are
involved. For vehicles, prefer wheels of 7-217 {178=3 33 mm),
with three spokes providing an open view of displays or trafhc.

Push Buttons

Push buttons are available in a grear variery of types, bizes
un .5=1" [13-25 mm) in height and 0.3-2* [13-51 mm) in
length: long labels can be put on the faces of the longer
burtons. Palm sizes are also given.

Buttons should give the operator positive feedback (o
show activation of the control. This can be provided by
incorporacing a sensory or audible click when the monon 4
carried out, Push-on-push-off types are nor as good, because
they cancel our the expected movements for “on.™

Rocker. Toggle, and Slide Switches

Ruocker switches carry important messages on the Front face, in
addition te the ttles thar must appear on the panel face. Rocker
switches must be oriented the same way as the togple switch:
“off” is always down or to the lefr. The simplest roggle switches
are accurate if they follow this rule. If mriple-position swatches
are used, their position meay not be immediarely apparent.
Toggles today take many forms; some have a flip cover, and
< o, Slide switches must have the “off* down or to the lefr,
Their position is difficult to determine if the slat is long,

Thumbwheels

Thumbwheels, which are difficult to read, must also be “off"
when down or to the left. They are convenient and widely
used on small audio receivers and players.

Triggers and Tool Grips

Provide a full finger grip for the trigger of ar leasc 1.1° 27
mm} inn diameter for use with gloves. Orher dimensions af the
hand grip can vary depending on the force to be exerted as
long as the minimums are preserved.

Joysticks and Light Pens

Joyaricks take longer to use than a light pen, while the light
pen is more fatigaing to use, because it needs to be precisely
fixed upon its abject.

Driameter rangcs are as forllows:

Maximum diameter: 6° (152 mm), Offset is 1" (254 cm),
Opemum diameter: 33" {76=-102 mm), Offset is 0.8 {203 mm),

Minimum diameter: 1.25" (32 mm). Offset is 0.4" {10 mm).

Computer Mice

The mouse range is ample as taken from military sources.
|_|_-|1rJ.-'I-|_: 2.8-4.7" (71-119 mml}.

Widch: 1.6=2.8" {41=7 rumj.

Depth: 1.0=1.6" {2341 mm}.

The smallest unit is best. As an aleernarive, there is a scanning
device. In this case, the cord removes to the back end or to
the operator’s side,

Foot Movement and Pedal Design

Consult “Vehicular Accommodation™ and refer to the lefe
side of the drawing for pedal design. The brake pedal width
is 3* [76 mm x 4.75" {121 mm}); this is optamal firr
industrial purposes,

The accelerator muse not be outside the comfore angle of
any operator. In this case, 207 is the maximum angle for the
small worman. The comfort range is based on the
accommaodation of both the foot of the large man and of the
emall woman, se that each can place the ball of the foot on
the pedal. The maximum angle is 30° from the vertical line.
A speed of zero is ar 35°, the resting foot posinon is ar 437,
and full speed is ar 557, The Latter is the floor plans; however,
the Aoor plane on the left side is 45 for the resting finot,

Tn the same drawing, the foot posicions are listed at the
bettom right, showing the 3% percentile man a nd the 1
percentile woman. The drawing shows the standing or sitting
positions and gives ball-of-the-foos locations for hoth.

Just above this is the bicyele pedal for adults and youths
and tricycle For toddlers giving the pedal sizes, the radius of
the pedal, and the center line for sprocket wheels.

The portakle foot pedal, foor bar, and pedal bar can be
used by either fooe. These are usually for machine tools.

Direction of Dperations

This drawing clearly lays out the direcrions in which
operations are performed while sitting at control panels.
Mote that the direction of a movement vares with the
location of the panel on which it is mounted.

Diata i this sectioor haee been adaprad from Humanscale 40504,
1981 Dreyfugs, 1960; and MIL-STD 14720, 1981,
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THE ENVIRONMENT

NOISE
wnise is unwanred sound. If the noise is very loud, it may
dnmage the ear. Hearing loss due to the noise of man-made
equipment is an “industrial disease.”

Moise is measured in decibels {dB}. The formula is:

number of dB = 20 |ugl-g1|
1

where 7, = sound pressune under consideration and ¢y =
cference sound pressure, based on the kowest audible sound
[IrESSUre 10 YOUE - Increasing the sound pressure 10
times increases the loudness by 20 4B,

Pure tones are sounds with a single frequency; hoeever,
mast sounds CONtain OverTones.

Sounds are characrerized and differentiated according o
the Following variables:

+ Pitch, which varies according to frequency. (Pitch also
affecrs loudness. )

+ Loudness, of intensity (also affects pitch}.

# Timbre, or quality (€6 musical insteuments are identified
by their imbere).

+ Tone, characterized by a regular repeating wave pariern,
» Pure tone, prodheced by a single Erequency.

+ Complex tone, produced by seweral different frequencies.
+ Moiae, characterized by irregular wave patterns-

+ White noise, characterized by a continuons spectrum of a
wide range of frequencics,

« Pink noise, similar to white neise, bur the specerum declines
25 a funetion of frequency art a rage of 3 dB per octave.

The mast annoying sounds inchede loud sounds ahove a0 dBi,
which can sometimes cause inveluntary stomach
contractions. Others are characterized by:

+ Increasing loudness of pitch.

+ High pitch.

+ Long duration of loudness or high pirch.

* Modulations—that is, irregular variable souncs.

& Pure tones (8192 Hz the most, and 156, 512, 1024 He the
least).

Maoise has the following effects on humans, which can, in
turn, affect the higher mental processes:

# [N visT RS
# [rritabiliny,
+ Fanigue,

slnise can sametimes be useful. It helps us detect when things
are not aperating correctly; for exarnple, we can hear a
automohile's engine trouble. Because of noise, we may detect
condirions that require emergency actions.

Waoise can be minimized by the following means:

+ Relocating the source.

* Designing acoustically {consider the proporticning of
oo .

+ Applying acoustical mediums, for sound absorphon.

« Applying damping materials, 1o reduce vibrating metal.
+ Shock-mounting mechanical drives, etc.

# Creating sound barriers.

+ Providing personal protection devices [ear plugs, mutfs,
e, |-

+ Masking (.., music can conce=al kirchen noises|,

+ Keeping ventilation fans from exceeding 55 bt per second
116.8 my/s) tip speed and air velocity below 1500 fr per
mines (17,432 mis).

Hearing Activity and Ranges

In 1882, when the voleano Krakatoa, near Sumatra, blew up,
people heard it 1000 muiles away, OFf course, thunder can also
he heard many miles away. Moge also the following:

# The highest frequency reported audible was 100,008 He
» The lowest frequency reported audible was 5 He.
 Sound at 160 dB kills small animals.

+ The threshold (upper limit) of pain to the ear is 140 4B,

» Sounds thar reach the threshold of feeling are about 5
billion times the energy of a whisper.

+ Sisens and mechanical devices can be hicard for 5 miles.

« Musical range is about 15-20,000 Hzs the =ar's greatest
sensitivity range is SO0—4000 He.,

+ Sound that is felt but not heaed is 1-30 Hz.

+ Humans can hear air mobecules hirting one another in o
perfectly anechoic room.

# The human voics can be heard 5 miles away under ideal
conditons,

# The threshold of detectability is 510 dB (sounds are heard,
Put words are noe distinguishable).

+ The threshold of percepeibility is 13-18 dB {sounds of
waords do become distinguishable as words),

+ The threshold of intelligibility is 17-21 dB {words in
combination convey mMEAning).

& Visual srimulus can affect auditory acuity.

Hearing loss progresses with age.

# A child can hear 20,000 Hz.

» At the age of 30, one can hear caly up to 15,000 Haz.
« Ar the age of 50, only up to 13,000 Hz can be heard.

# Hearing loss increases ar a constant rate with advancing
age, from a minimum of 2% to 3.5% per year (hased on
pirchy,

+ With increasing age and a 45-dB loss of hearing abiliry, it
will be difficult to understand direct conversatiod,

« With a £5-dB loss of hearing abilicy, it becomes difficult to
hear over the phone.

Vpice Measurements

The voice range is abour 125-5000 Hz. In speech, the most
powerful sound waves are carried by frequencies below
100 He

» The average frequency of the man's voice is 128 Hz.
» The average frequency of the woman's voice is 256 He.
» SIL {Specch Interference Level] vanes from GO0 o 4800 Hz.

THE ENVIRONMENT
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Noise Levels and Thresholds
Inrermittent noises at 105 dB can cause hearing loss, and
comtLions noises ar 4 4B Jevel can also cause hearing

lass, Temporary deafness can cesult from noises of 100 dB.

Prolonped exposure L0 noEE of 80 dB can canse fatigoe.
The interference level for conversation is 4§ dB. Causes of
foise, CNViTonmEnts in which noise has been measured,
and specified noise lamirs are liseed in the table below,
according to decibel level.

Notse Sources and Settitygs dB
Ram jet, turbojes {7000l thrusr] 120-170
75-piece orchestra, pipe oTgan, shotgun,

large pistol 145
Siren (104 fe}, small aircraft 136
Drop hammer, submarine I TOOH

|t full speed] 100-130
Hydraulic press {3 ft} 128
Rivet gun (4 ft) 102-128
Pianin, boiler room Emaximurm] 114
Preumatic chipping hammer 107-123
Thunder overhead, painfully blasing radio 110-120
Pin router 1H=114
Circular saw 100116
Multiple sandblast uni 115
Snowmobile 16—113
Jet engine test-control room 11
Autamatic panch press (3 fc) 110
Hand forming shees metal,

trip and speed hammer 1n0-110
Twin-engine airplane, 4-f1 lowam,

automobile on highway 110
Punch press D-108
Chipping hammer [3 fr}, woodworking shop 107
Band saw on sheet metal 106
Ajrlines ingerior 10%
Cutoff saw [2 fr}, wood planer 104

e skl i VMMOGEAAM

Motse Sources and Settings

Weaving fo0m

Annealing furnace (4 ftl, shouring voice
Failcoad car, subway train

Air drill

Can manufacturing plant

Automatic kathe {3 ft)

Public-address system

Alr COMprEESOT

Spot welding

Heawy rruck (20 £t

City bus, sports car, forge, train whastle (500 ft]
Outhoard motor (10 horsepower, at S0 fih
small truck acceleraring (30 ]

Moisy automobile, lowd radic ar home
Average factory, laght truck i city (20 fr}
Heavy affic (25-50 f)

Auromobiles {20 ]

Average automobale {20 ft),
comwersation in crowel

Tolerance limit for restaurants,
conference ar 4-5 ft tahle

Average traffic (100 f

Large telephone exchange, accounting office
Conversational speech {3 f)

slormal conversation, department store

Tolerance limit for meeting room
{with sound amplification)

(Juiet street, vacuum cleaner, banks,
RS, TESLAUrAnE

Light rraffic (100 fr)
Business office, ocean liner

Average residence

&5
a7
a5
B2

58

0
47
45
43

Moise Sources and Setings dB
Quiet office, auditorium, classroom,

low steeet noise 44
Hospital, sailboat, quiet radio 35
Quiet rosidence, turning newspaper Pages,

recital hall 30
Recording studio, broadcast studio &=
Whisper {5 ftl, quiet ga rden an
Usual hearing test in schools 15
Movie sound studio 10
Threshold of hearing [young Ears| il
MECHANICAL VIBRATION

Body damage has been caused by 30-50 Hz {e.8., EFCLSSION
or hammer-type tools) and by 300 Hz (eg- yibrating roLary
rocels].

Damage cffects inclusde peripheral wascular disease, njury 1w
serves and ather soft tissues, and damage Lo bones and joints.

Symptoms of Raynaud's Disease are purtbness, coldsess,
sriffress, parenthesic [tingling sensation of the skin) sensory
perception at the fngertips, and an imahility to hold objects;
and in advanced Cases, CFAnosa [*dead” or “white" hand or
finger condition], which is apgravated by cold ETVIFONIMENLE,

Increasing intensities of vibration can produce distraction,
{rritation, NAUSEd, unendurable discombort, and, under
continued exposure, [Fauma o inguary.

\ibrations of 10=200 Hz, far below lewels that affect
machine performancs, an: annaying of harmbul to hurmans.

Gafe Jevels are difficult m define, since gensitvicy is a
Hending, of physiclogical and psychological responses. Various
points of the bosdy have more of |ess SENSiEivITy in VAFous wWiys.
The sensitiviry of the fingers and the hand is acume. The eyes, a5
well 45 certain GrEans, AFE very sensLive. Long exposure 1o 30
Hz of vibramon can cause nausea because ok the effect upon the
ears, Binocular visual acuiry |depth perceprion) is greatly
affected by vibrations of 25-40 Hz and 60-90 Hze.

Low-frequency vertical vibrations can reduce reading
speed and require increased illumination.

Reflex actions can be diminished or completely suppressed
vy cestain vibrations. A gtanding person is most senditive to
wertical vibration; a seated person to vertical and ransverse
vibration. & profe or supine persan i5 very sensitive to
lengitudinal vibration, while transverse vibrations can be
pleasant,




Marural frequencies for various paris of the body are as

follows:

Part of Body Hzx
Eardrums 16-20, 00
Skull 300400
Lower jaw (with respect oo skull} 100=200
Head [with respect 1o body) 20=30
Evehall &0-20
Hand J0-40
Whole body (standing) 5=12
Pelwis 5-9
Whole body (prone or supine| -4
Head and shoulders (transverse] -3
Body seated on cushion 2-3
Age

Sensitivity to vibration diminishes with age, particularky
after age 50.

Sex
Women are more susceptible o pain and gwelling of
the hands when using electrical tools for long periods.
Exception: some people appear to be “allergic™ or more
sensitive to vibrarion than others,

Vihration can be minimized in several ways:

# Shock-mounting of equipment.

& Use of a seat cushion; the suspension should have a natural

frequency of walking {1-1.5 Hz).
+ Installing floor padding.

+ Altering vibration patterns of mechanical equipment.

Typical Vibration Frequencies in Hand-held Tools are:

Tool Hz
Denral drill (air) 150020000
Toal-post mator B00
Production hand grinder 350400
Portahle electric saw 350
Portable hand grinder 280350
Hand polisher, reciprocating 250
Production hand drill 230-225
Electric shaver 200
Shaper, hand-fed 1175
Portahle circular saw 100=120
Ourboard motor propelles 50=75%
Hand saber saw F0-ai
Househald appliances S0
Prienmatic tools =50
Portable hand drill J0—40
Rotary impact drill 30-35
Raotary hand sander, polisher 16=-33
Electrical hedge trimmer 12=15

HUMAN V5. MACHINE
A consideration of human versus machine capabilitics yields
a number of observations:

Advantages of Humans

Dietection Can deteer & wide range of signals.

Perceprion Can sce through complex siuations.

Hlexibility Can shift attention rapidly.

Judgment Can use inductive reasoning, have hunches.

Reliahiliry Can perform under adverse condirions,

Eye Can see with extreme cthciency (visual
acuey |

Eye/Brain Can make logical distinctions.

Limitations of Homans

Accuracy Susceptible to constant and variable
ETTrS.

Speed Time is needed for decision and
mevenent.

Fofce Depends on body part in use and

level of fatigue.

Computa tion Slow, imaccurate.

Decision-making  The optamum straltgy is not always
chosen,

Information Orverloading, stress, and boredom affect
performance.

Advantages of Machmes

Speed Can be rapid.

Accuracy Can be at a high level.

Can accomplish several tasks, including
complex ones, at the same time.

Simultameity

Repetition Especially useful for repetitive tasks.

THE ENVIRONMENT




MOTION
FL mr]'r!,'agl:_r-'rl:_:und riatates at ahout 2 revelutiong er e
{epi). At more than 2 rpm, the semicircular canals of the
innee ears, which control balance, can develop canal sickness,
leading to pallor, sweating, nausea, drowsiness, apathy, and
difficaley in walking, From 2 to § rpm, the average person
can develop one of more symproms. At mope than 5 1pm, all
svmpoms could atfect someone seriously enough to affect his
ar her safety. A combination of G forces [measurements
based on acceleration due to graviey) and body motion will
mncrease the discomfort. Unexpected directions are
cxpericnced,

The effects of accelerating forward in a sitting position
{transverse G are listed according to G forces in the following:

20 Wisual acuity 15 reduced.

45 Major movemnent of the body is difficult.

3G Respiration is difficult.

106G The head cannot be held wp o the limbs moved.
13 Breathing requires mechamcal help,

146G Vision fails.

The effects of accelerating upward in a sitting position
(positive () are as follows:

20 Visual acuity is reduced.

4i; Peri]:!hl:r.al blindness sets in and limb movement
difficult,

506 Temporary blindness sets in, wath loss of hody
conrod,

Bl Unconsciousness resulis,

The effects of acceleraring downward in sitting position
[negative G) are as follows:

206 Visgion s reduced and head paine resuly.

3G Conjunction bemorrhage and mental confusion
result.

40 Hemeorrhage and retinal bleeding are likely.

THE MEASURE OF MAN AND WOMAN

.';4_1rr.|e t-|_1|er.lnr_'u |1r'r||it'.5 far ]".ll:miti'l.'u anad :r|.u|q=.ti1.-u focces are as
Fioellevars:

Positive Megative
50 20 sec 50 0.5 sec
105 2 sec 105 0,01 sec
il .15 see
TEMPERATURES

Humans can survive in a narrow range of femperatures. High
remperatures can dehydrare and destroy living rissue, and low
remperatures can stop essential cireulation and stop funcrion.
Safe femperatune limats rl-upem] o one's contact with u.i:r,
water, and solids. First, consider the following normal
termnperatures, measured at vanouws points on the body:

5kin of calf and foor  B0-83°F (26.7-28.37C)

Skin of chest F4-93°F (34.4-35°C]
Skin of waist F3-97F (35-38.1°C)
Mouth 28.6°F [37°C)
Recrum ¥0.6°F {37.6C)

Readings that represent abmwormal ranges bor the human body
are as follows:

Uniusuwally Low F6—08°F (35.6-36.7°C)

100=T04%F (37 8-40°C)
Fever level 100-106.5°F (37.5—41.47C)
Fatally high Above 107.5°F {41.9°C)

Human skin 15 extremely sensitive. The lighest skin sensation
has been recorded as the touch of a bee’s wing falling on a
cheek from a distance of 0,38" {10 mm}. The primary skin
sensations are pain, cold, warmeh, and pressure; other
sensations include moistness, ocklishness, itchiness, and

roughness.

Dhuring exercise

Skin terpeTiaiuces, measured at hu.lh]s, feet, or newtreal skin
zones, can be charactenized according to the following dara:

Hands
Mumb FOPF (10°C)
Painfully cald FO-59"F |10-15"C)

Tq:-]l:rn'hh_.- ool

Feet
Mumb
Painfully cold

Tolerably conl

59-R°F {15-20°C)

F5°F {12.8°C)
Fi-ad°F {12 8-17.8°C)
Ad=73°F {17.8=22.87)

Skin

Cool B8°F (31.17C)
Comfortably coonl Q1°F (32.8%C)
Comforrable 23°F (33.9°C)
Warm L4°F (34.4°C)
Unpleasandy warm B6°F (35,6°C)
Het 98°F (36.7°C)

Solids or water of different temperatures coming into contace
with the skin can be characterized as followa:

Severely cold {tissue damage}
Cool solids

Cald warer

Cinial eop bepdd water

Warm warter

Warm solids

Hat water

Very hot water

Scalding warer

Baurning [tissue damage)

Causcs Znd-degres burn in 60 sec
Canses 2nd-degree burn in 30 sec
Causes 2nd-degree burn in 15 sec

Below 32°F (107 C)h
37-547F {2.8-12.2°C)
Below 65°F (13.3%C)

B 5—20"F {13.3-32.2°C)
J0-28°F {31.2-34.7°C)
21-95°F {31.8-35°C)
E-105°F (36.7—40.6%C)
105-115°F (40h6—46.15C)
Above 115°F (d6.1°C)
120-140°F [46.1-60%C)
160°F {71.17C)

1B0°F {B2.27C)

212°F {100°C)




An environmental eemperature of 120°F (48.9°C) 1 the

axamum that the body can todera

re For one hour.

Temperaturss of the immediare environment will affect

people a5 follonws:

Tolerability/Response Category

Environméatal
Temperamre

16-min maximum nude exposure
[ -lar maximuom nude exposure
%tiffness of extremites

1-hr maximum nude exposure
Whingers -\;I'!-Illl:ﬂl'l' 1451

st comfortable

Guemmer comfort @one

Range for light work

Physically fatiguing

Maximum for good performance
Wientally slowang

Maximum for long exposure
Tolerable for 1 hr

Moterakle for 30 min

Tolerable under 8 min

[olerable under 10 scc

32°F (0°C)

40°F [4.4%C)

SO°F (10°C)

60°F [15.6°C)

§3-71°F {17.2-21.7°C)
63-T5°F (17.2-23.9°C)
§5-T5°F {18.3-23.9°C)
65-80°F (18.3-26.7°C)
7590 {23,9°C)

ROFF (26.7°C)

B5°F (29.4°C)

a0—94°F [32.2-34.4°C)
| 20°F [48.9°C)

160°F {71.1°C)

140°F (115.6°C)

SOOFE (260°C)

Temperatures higher than the following maximim allowable
readings are destrucrive to hurman tissue:

Hoe tuk

Water

Sreambath

Belenal (held)

Metal [contact with)
‘Hort air {e.g., dryer]
Monmetal (held)

Mlommsetal {onnrace with)

L10°F [43.3°C)
115°F (46°C)
120°F [48.9°C)
122°F {50°C)
140°F [60°C)
140°F (60°C)
| 44°F [62°C)
185°F { 85°C)

CHEMICAL HAZARDS
Toxic marerials affect living cells to varigus degrees,
depending upen such things as temperature, their cumulative
effects and delayed reactions, their concentration, and when
and how exposure eceurs. OF cougse, personal health and
individual resistance are also Facrors.

Chemical agents can hasn human heings in three ways:

1. Inhalation by contact or absorption,

3. Congact by absorption through the skin.

3. Ingestion by contact o absorption through the stomach
and intesties, 2t

The first twe occur most often in indwstry. The chird applies
to a poison and Gocurs frequently in the home. Harmful
arerials are usually expelled from the body by exhalation,
evacuition, and urination; somenmes perspiration docs this.
Some chermicals can cause rapad dearh; some, like lead, can be
sored and accumulated in body tssues.

There are three types of roxic damage:

1, Acure: resulting from rapid absacption with severc
damage, whether delayed [e.g. cancer] or nok

2. Subacute: resulting from repeated exposurcs of heurs or
days.

4 Chronic: resulting from continuous absorpnon and
acenmulation.

A rough, relarive listing of probable lethal doses follows:

Exctremely toxic 1 grain (065 ) taste

Highly toic 1 reaspoon (4 ol

bloderately toxc | oumce (30 )

1 pint (473 L)

1 quart {746 L)

Slightly toxic
Practically nontoxc

Relatively harmless More than 1 quart

Common industrial chericals can damage vartons parts of
the hody. Some examples are:

Brain or Central Nervous System Damage

Acetalaldehyde, Benzene, Buryamine, Carbon disulfide,
arhon tetrachloride, Dimethy laniline, Hydrogen sulphide,
Lead, Manganese, Mercury, Wirrobenzene, Tetraethyl lead,
and Thallium.

Eye Damage:
Acetic anhydride, Acrolein, Benzyl chlaride, Butyl aleoshaol,
Crescl, Hydrogquinane, and Cuinone.

Upper Respiratory mucous-Membrane Damage
Aceraldehyde, Acetic anhydride, Acgolein, Buryl alcohol,
Chromium, DHmethylsulfate, Hydrogen sulphide, and Ozone.

Lung Dramage:

Allyl chlaride, Ashestos, Beryllium, Crysralline silica,
Chromium, Dichloroethyl ether, Hydrogen sulphide, Mica,
Nickel, Mitrogen dioxide, and Tals.

Heart Dhamages
Anilime.

Liver Damage:

Carbon cetrachloride, Chloredorm, Cresal, Dimethylsulphare,
Perchloroethylene, Toluene, Trichloroethylene, and Vinyl
chlomde.

Kidney Damage:
Chlaroform, Dimethylsulphate, and Mercury.

Blond Damage:
Aniline, Arsenic [as Arsine|, Benzene, Carbon monoxide,
Mitrobenzene, and Toluene,

Skin Damage:
Buryl alcohal, Nickel, Phenol, and Trichloroethylene.
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RADIATION HAZARDS AND THE SPECTRUM
Today people are interested in knowing more about radiation
hazards. There are thres basic kinds of hazardous radiation.

1. Tonkzing cadiarion falpha, beta, gamma and x-rays].

2. Mom-ionizing radiation (radu waves, microwaves,

infrared),
3. Visible light (red, orange, vellow, green, blue, violet),

Alpha and beta waves can heavily damage human tissue,
Giamma and x-rays can cause physical damage in living
!]:iug,n- Radio waves, microwaves, infrared TAyE, and eleciric
Pl Lirues -:.'u:r}'i.l:lg u|ter.|L:|.|:i1|_|g_ Current can cause physiml
damage. The unit of measure of a radiation dose is a rem
(roentgen equivalent man). Many natural radhations are so
liywe that a millirem, abbreviared mrem, is used,

Average radiation doses per vear per person are as fol lows:

Sonrce mrems’yr % of Total
Terrestrial rocks, sodl, water, etc. 5700 248,10
From space, solar, and cosmic 43.00 21.20
Phosphates, artificial ferilizers £.00 250
Muclear fallour [testing) S—R.00 44
Muclear energy, penerated electriciy 0.28 0.14
Medical treatments, x-rays, erc. 0. (W 44.30
Consumer produces, warch dials, ete. A3 L] |
Taotal 203,00 100,00

Mate: About orehalf the aeerage Amerdcm dose
cewmigd oo man-made sources,

Radiation workers are allowed 5000 mrems per vear for
normal operations. A 200,000-rmem dose received ina

few minuees will cavuse nausea, vomitng, and diarrhea, &
SO0, 00-mrem dose in a few minutes will produce the same
symproms and will kill half of those exposed to that dose in
less than rwo months. Larger doses will kill everyone quickly.
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+, COLORS :

Mewton passed light through a prism and separared i nto
colors by eefeaction. Spectram is the Latin word for the
rainbow image: red, ocange, yellow, green, blue, and violes
with no distinet boundaries between the colors, Latee, it was
found that infrared ean below the red an the spectrum {imfre
is Latin for befoee), 56l later, ulicaviolet ravs were found
above the violer {wlra is Latin for Seyord),

Color Coding for Road Safety

Colors are used as signals to motorists in the following ways:
¢ Red is for stop (if clear: go right, in some states),

* Orange s for cavtion and for construction advisory.

* Green s for go.

* Yellow is for safety zones.

* Blue s for school zones.

Color Coding Used by Railroads

Standards in the railroad industry include these vses of color:
* Red means “danger™ and “stop.”

* Purple means “stop.”

* Yellow means *proceed with caufion.™

+ Creen means “all elear, proceed.”

* Blue means “caution, people are working.™

Color Coding of Dangerous Products

Colors are assigned to labels on poisons and other hazardous
materials as follows:

* Fed letters on white are for poisons, explosives, and poison
RASES,
+ Black letrers on green are for compressed gases.

* En]ﬂ-..'l{ letrers od red are for lammakle ||1,:||,:||-d5 3.|'||;|
firewarks,

+ Bilack lemers on }'l:|.|l:rw are for flammakble solids and
axidizing marerials,

* Elack letrers on whice are reseeved for acids.

Color Coding for Industrial Safety

The fallowing colors serve eo encode hazards in work serrings:

* Red is used for fire protecrion equipment and containers of
flammable liquids, on lighrs ar barricades, and for stop
contrels on imachinery.

+ Red and white appear on railrond crossing gates,

* Chrange is used as an alert, and is used on dangerous parts
of machinery that can cut, crush, shock, eic.

* High-visibility vellow is for caution, and is used in traffic
lanes; black stripes over yellow is used for special wamings,

* Lireen 15 for safety and is wsed on first-aid equipment.

* Blue stands for caution and is used on equipment under
repair (usually applied as a tag meaning “do noe use.™)

*# Purple is reserved for radiarion hazards,

# Black and white is for teaffic lanes and housekesping
rarkings.

Color Coding for Pneumatic Systems

Pricumitic equipment should carry the folloeang color
signals:

+ Rlack is for intensified pressure (induced by booster).
*# Red is for supply pressure (pressure of actuating air).

* Intermittent red is used for charging pressure and reducing
pressure.,

* Yellow is for metered flow (conteol flowr eane),

* [ilue is for exhaust {return of power-sctuating medium to
atmosphere].

# Green s for intake (subatmospheric pressure, ¢.g., incake
O COMMPTESSOT ).

# ke no color on inactive piping (air pressure in ciecwir, mot
functional ar phase represented).

Color Coding for Hydraulic Systems
Hydraulic equipment should carry the following color
sipnals

* Black is for intensified presure (induced by booster).

* Red i for supply pressure (pressure of power actuating
fluid),




« [ntermictent red is for charging, It is also used for reduced
presEure.

# Yellow is for metered flow Hluids at controlled flow ratel.

» Blue is for exhanst (rerurmed power-actuating Auid ro
FRCECVINE ).

+ Green is for intake (subatmospheric pressure, e.g-, 00
nrake side of pump.] Green is also reserved for drains
ireturn of keakage conrrol acruaring Buid oo reservor).

+ Use no color for inactive pipes (fluid within system bt ot
functioning at phase represented).

Colar Coding Pipes for ldentification
There are colors assigned, as follows, for plumbing systems
and the like:

+ Red is reserved for sprinkler piping mams and risers.

s Orrange of yellow is reserved for papes careying dangerons
materials (e.g. acids, alkalis, chlorine gas, ammeia, sulfur
dioxide) or to indscare high-remperature and high-pressure
[£.2., sTeam, high-pressure water and air].

« Black, white, geay, or aluminum colors are for safe marerials.

# Bright blue is nsed for materials that lessen hazards of
dangerous materials [e.g., flrered water, antidotes to
poisonous fumes). Use for all protective materials other
than fire protecrion.

Color Coding Controls (U5, Navy Radar)
The following standards are applied to naval equipment such
as radar control panels:

+ Red for gain {rotary contral knch).

« Orange for tuning (regary control knok.
+ Yellow for range (pointer knob}.

« Green for marker (finger crank].

+ Blue for intensity (rotary control knok).
* Visler for focus (rotary contral knob),
 White for dimmer (rotary control knab).
+ Gray for bearing (Fnger crank).

Mote: Try to limit colors 1o six and ro incosporane shape
coding as well.

Color Psychology
Colors have always been associated with emotions o
assigned meanings, Here are some important examples:

# Bed: fire, danger, stop, excitement, aggression, love.

+ Orange: heat, orange juice, pumpkins, Halloween.
 Yellow: sun, cheerfulness, warmth, caution,

s Green: nature, vegetation, go, 5t. Parrick’s Day.

# Blue: sky, water, coolness, victory in CompeTinom.

+ Purple: mourning, royalty, sacredness, Easter,

+ Gray: neutrality, the Navy, dullness, evercast day, gloom.

+ White: virginity, marrage, snow (Chinese symbal of

death].
« Black: mourning, formality (evening clothes).
Color Symbolism in Universities and Colleges

In the academic sesting, these color relationships have been
carahlished:

» Scarbet stands for theology.

# Purple stands for law.

# Blue stands for philosophy.

+ Yellow stands for science.

+ White stands for arts and letrers,
+ (Jrange stands for engineering.
# Green stands for medicine.

+ Pink stands for music,

Colors for Foods

Certain colors appeal to the appetite: peach, orange, clear
rellow, light green, vermilion, red, tan, and brown.

Tinted colors such as pink, pale blue, or violet are besr used
on fancy desserts.

Since most food colors are on the warm gide, warm lighting
lincandescent lamps) is preferable; avoid cold illumination
[eold fuorescets).

/ Visibility of Colors

Factors such as distance can affect the ability to read colors
correctly:

+ Opaque yellow is the most luminous for a great distance
GVEE SOOW.

* Orange and red-orange hold the attention best.
& Blue i likely to be hazy and indistinet.

Small, bright-colored lights near the threshald of visbilicy are
easier to recognize than others:

+ Red, green, and some blue lights are easiest to recOpnize,
» White light is the next easiest to recognize.

s Yellow and orange lights are the lass to be recopnized.
Some calored lights are difficulr to see far away:

s Blue and green lights are impossible o diffecentiate at greas
distances.

« Yellow and orange lights are impossible to differentiate at
grear distances,

The Color Environment
The actual colors we perceive are not constant under all
conditions, but depend on the following factors:

+ Time of exposure.

+ Surrpunding enlors.

& Previous fixated colors.
# Light sources.

Red and orange appear o advance, because rays reflected from
ther into the eye affect the focus of the lens and produce
farsightedness. Green and blue imakee the eye nearsighred, hence
these colors tend to recede, Yellow and purple are neutral in
this ¢ffect, and neither advance nor recede.

In general, warm colors {red, pink, vellow, and orange]
are most important in early years of lifey in mamurity blue,
red, and green are dominant.

We do not all see colors the same way. People who have
done color research may be aware of more colors, especially
having studied the famous color-chart work of Munsel.
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Ta the eye there are theee primary forms: Pure color (any
huel, white, and black. There are also a few secondary forms:

Color + white forms a 6o
Color + black forms a shade.
White + black forms a gray.
Color + gray forms a tone,

The primary colors in viston are red, yellow, green, and blue,
Bat the primarics of light are red, green, and bloe, The
primaries of pigments are red [magental, yellow, and blue
[eyan].

Eright environments are best for large, dynamic settings,
and strong colors are more prevalent in such bright
environments. Soft, desp colors are best for places where
mental and physical tasks are done, Tones appear more in
temperate zones, and would wash out in cropical regioms.

Colored wall surfaces may enhance the human
commplexion by being complementary; however, if light is
reflecred from these colors the complexion will suffer. Whire
glares and soils easily; use an off-white. Gray will karmonize
with any color,

Prefer toned-down color For active areas, and use stronger
colors for accents or as stmuli,

It has been said char there are ten million distinguishable
colors. Many people see only 8 to 12 colors, At least 25%
ser collors differently from the majority. Distinguishabiliny of
colors improves with practsce and craining, Among men,
3.5% are color-blind and cannot be relied upon 1o receive
im portant coloe signals, Only 0,2% of women are color-blind
to this degree. Colors are perceived most accurately by
persons 16 to 35 vears of age. Children and older people are
lees skillful at color discrimination, and above age 55
diserimination deteriorates very quickly. Blue content in the
eve increases with age. Many people over 66 have mouhle
distinguishing yellow from blue,
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LIGHTING
There are six basic types of lighting or light qualiry:

1. Direct lights should be located to prevent direct glare.
Glare can be minimized hy using recessed cgg-crate
diffusers or supplementary shades.

2. Indirect sources give a pleasane lighting effect. However,
for up lighting, a white ceiling and more electnical power
are required.

3. Diffused lighting is good for high ceilings. However, there
cxists some possibility of glare.

4, Semi-indirect fixmures offer a compromise. Use soft lighting
wirth direct and some diffused |igh: combined for economy
af -::-pl:l.‘ﬂ'[il:ndl.

5. Transillumination carries light by clear fiber-oprics oo
illeminare displays,

6. Backlighting can be used for some displays or for
projection of displays on screens from behind.

Lighting Sources
There are many types of light sources, Here are Ave:

1. Incandescent light sources have reddish anrs and are very
pleasing. They enhance flesh tones and improve the
appearance of food.

2. Fluorescent lights are srraight-line tubes or are bent into
cirches and are wsually bluish, Icis best to use warm
whites, Flunrescent lamps outlast incandescent lamps 3
to 4 times; less of their energy i lost in hear.

1. Black light (invisible ulrravieles light] can make
fluerescent and phosphorescent paints glow. Dark
environments are hest.

4. Red lighting is used where dark adaprartion is required.
Dark adaptation is the cye’s increase of sensitivity in
prolonged periods of darkness, At low levels of light, the
eve finds the red symbols very visible. The narrow range
of red is near the center of viston, and this is another
reason For its use in military equipment, White characters
on a black background should appear on the instruments
in normal lighting.

§. High-intensity discharge {HID) Lights have a long lamp
life. The following are three basic types:

a. Mercury lights are bluish white. Being deficient in red
illumination, they distort celor renditbon [eg., reds and
facial complexion renditions are unpleasant), Energy
output efficiency is 14.6% for 400 watts.

b. Metal halide lights are similar to mercury lights bue
have added halides [thallium, indium, scandium, or
dysprosium), which create a whire light, Energy outpat
efficiency is 2006% for $00 watts,

¢. High-pressure sodium light radiates across the visible
spectrum with emphasis in the reds and yellows, giving
a gobden-white illumination beneficial for facial and
foond renditions. Energy output efficiency is 25.5% for
400 warts, Because of their cfficiency and pleasantness,
high-pressure sodium lights are replacing mercury
lighting on readways and m sports arenas. This lighting
can reduce the effectiveness of red danger lights and can
cause plants to start growing out of season,

Recommended Levels of Artificial lllumination

The following is a guide for minimum levels of illomination
for certain tasks, The values accommodate young adulrs with
normal and better than 2030 cocrected vision. Values in one
category can be used under other categories. The firse value is
for Fooe candles (fo) for the task, the second value is for lux
(Ix) for the task.

Home fi Ix
Feading, studving 30=70 320750
Wrining {with pencil) Ell 570
Sewing, hand or machine (Low

value is for white cloth and high

value is for black cloth) S0=2 0 F40-2150
Kitchen sink and range T 75l
Kitchen counters F0=150 540-1a00
Laundry work 11| 540
Waorkbench hobbies 70-200*  Fi(=2150
Brasher, dryer, games A 30

* Llge if sealing feurelry.

i e i M g —————



Office fi Ix For Instruments fic Ix
Bookkeeping 150 1610 Business machmes, caleulators,
Typing 70 250 digital inpus, ete. §0-100  §40-1080
Filing -0 750 Conteol panels, consoles 3n-30 320540
Conference rooms 30 120 i 3 A
Bttt ek 20 270 Meters Ji-50 320-540
Corridors 20 220 Guuges s s
Drrafting (Low value is for rough i TS it
work, high value is for fine work. | 150-200 1610-2150  Scales with 1/#4" divisions 180 14930
Schaol fc Ix Medical fc Ix
Chalk boards 130 1610 Operaring ta hile 2300 26,850
Desks (for study] 70 Tal Emergency of<rating 200D 21,500
[rawing {art work) 7il 750 Dental weork 10D 10,730
Civmnasitm 30 320 Examinarion room S0=100  340-1080
Audirorinm 15 Lail Train e -
Theater fe Ix Dining 50 5440
Lohby 20 220 Reading 30 30
[Cruring inteemission 54 Ausle, steps 10 110
[ruaring movie 1 1

Levels of Nlumination in Daylight
[ndustrial fc L= Light Condition fc i
Precision manual arc welding 10K 10,750 e i aalibaa
Fxtra-fine machine work {at noon) GOO-g000 &4, 500-H7 000
and inspection 1EM00 10,750 tasheds
Fine machine work 00 5380 [ousdoors ar noomn) 1 (=1 0D 10R0-10,750
Medium machine work 100 1080 Comfortable reading
Rsuigh mischine sweelk 50 540 tin shade at noon) 200 2150 minimurm
Sheet metal (senbing) 100 1080
Greel and sheer metnl fabrication A0 5400
Paint mixing and marching 200 2150
Receiving and shipping 10 110

Contrast Ratios

The follewing information is conservative and safe to use.
Dresigners may deviate with grace depending on archirecrure,
lescarion, e,

# Prefer matte white on a ceiling for high light reflection,
# Floors are best with about 20 to 25% reflection.

+ Recommended wall reflectance is about 50 to 60%, though
one wall may have a reflectance of 20 to 40% for interest
of practicality.

# Machines, equipment, fixmres, desks, etc., are best with &
reflectance of 20 vo 40%,

A contrast ratio is the relation between the luminance of rwo
different surfaces. High contrast rarios aid legibility; low
contrast racios give relaxing and restful conditions.

« For relaxing, prefer a maximum contrast ratio of 5:1.

* The maximum contrast ratic between 2 work area and
the immediare surroundings should be 3:1 {e.g., the ratio of
the reflectance of a page in a ook and the 1abletop).

& The contrast ratio Berween a work area and the remote
surroundings is best at 521,

» Prefer @ maximum contrast ratio of 1041 for interiors, The
contrast ratio beoween a clear window and an adjoining
wall can reach 20:1, but this is a harsh condition.

+ The normal consrast ratio outdoors is abour #0:1. (This
value will be exceeded by direct or reflected sunlighr.)

+ Black ink on white drawing paper can give a contrase ratio
of 1:18, which is excellent for visibility. Reading a binok
with this high ratio would become tiring, so either gray the
ink, rint the paper, or hoth.

» Typewritten letters on typing paper have a contrast Lo
of 1:8,

* Writing with a soft pencil on white drawing paper has an
approximate conrrast ratio of 1:3,

« Minimum contrast catio for legibilicy is 1:2.
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Reflectance Factors

Outside and Building Materials e
White plaster on-92%
White structural glass 75-80
Whire rerea corta A5-k0
Bnow [new) 74
Snow (old) B4
Limestone 35-%
Concrete 40-55
Light buff brick 43
White marble 45
[rark buff brick 40
rark red brick an
Cement 17
Vegetation (average) 25
Sandstone 18
Blue stone (pavement) 18
Granalith {pavement] 17
Asphalt and macadam pavement 15
Gravel 13
Slare 6. 7-8.0
Monst earth 7
Drark green grass B
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Cloth e %
Whire linen {dull finish) 1%
Whire cotton 6.5
Red cotron {diamine fast red) 44
Black coton [diamine) 33
Blue woolen 15
Blue flannel 17.5
Blue linen [pavy bluc) 17
Black woolen 12
Black welver 1.8
Paper %o
gl 25%,
Whire blotring a2
Whire drawing TO=50
Medium quality white 75
Lighr gray 73
Cheap white 71
Pink Bl
Buff i
Mewsprint 55
Medium gray 45
Drark gray 0
Chocolate brown I
Clave green 15
Matre black L1
Ultramarine blue 3.5
Hard pencil line 45
Soft pencil line L
Printer's ink (good quality) 15
Black ink 4
Black welour 0.4

Wirnds %
Birch and beech 35-50%
Whitewaad (plai) 45
Maple 43
Sarinwond 34
Light cak 25-35
Englhsh aak 17
Walnue 14
Black Waliue F-14
Dark aak and cherry 10-15
Mahogany 12
Glass and Plastic o
blarror plass 0-20%
Metabolized plastic T5-85
Whire strucoural glass TH=H0
Reflective glisa 2030
Clear glass 7
Tinred glass 7
Black strwcrural glass k]




Metallic Surfaces T Interior Surface Colors o Accent Colors Ya
aw:r thighly polished) P0-51% Drall or Hat whine T5-90 White {diffuse) &0
Metalized T5-85 Cream or eggshell T4 Deep red 14-22
Erass (bright] 75 Pale pink, pale yellow 7540 Red 21-31
Aluminum [polished} H7-T0 Ivary 75 Orange 3848
Sreed [galvanized) &9 Light green, blue, or orchid Fi=75 Yellow al-a4
Aluminum paing B0-70 Light beige and pale gray 70 Yellow green 42446
Copper {bright) K] Soft pank and lighe peach a9 Saturated green 2A=32
Mickel {palished) ail-a5 Pink L Blue 17-23
Chromium [polished) 61-62 Apricor Sh=-61 Violet purple 12-14
Stainless steel (brisght) L5-a5 Tan or vellow gold 55 Red purpls 16=21
Aluminum [maree) 55-60 Light gray 35=50
firass (polished marte) 52-55 Medivm urgquoise 44
Chrome (satin} E(-55 Yellow green 45
Brass (dull) 35 Medium light blus 42
Copper (dull] as Old gold and pumpkin 34
Stpinless se=al 2530 Fose il
Tin plare 25-30 Cocoa brown and mauve 24
Steel {bright) 25 Medium green and blos 21
Cast or galvanized iron 25 Medivim gray 20

Drark brown and dark gray 10=135

Olive green 12

Drark blue and blue groen 5-10

Forest preen L

Aluminum paing all=71}

THE ENVIRDNMENT




Color Temperature of Various Lights in Kelvin

The Kelvia (K} 15 a standard black body beated to a certain
color, marching a partcular hight source. Take 273,13 from
the following values to get the Celsaus scale {5C].

Light Source “Kelvin

Light from clear blue sky Lk, OR300, 0k
Light from hazy sky 7500-8400
special davlighe Aworescent 7500
Special fileered mongsten lamp TA S50
High-speed electronic flashinbes Fo00
sunlight from overcast sky HEO0=7THI0
sunlight from clear sky ar noon A 500
Daylight fluoresome lamp GA00
Bluz flash lamp G
Direct sunlight at 10 a.m,=3 p.m. AEHIN
Direct sunlight n summer 5800
l.'lm:h::r:g,,e MErCUry |r|.rrtr.| 0% 690
petal halide lamp 400 F200
Daylyght blue [Aocod)] lamp 4300
Conl white flugrescent lamp 4110
Whire fluorescent lamp a0
White reflector foods 3400
Soft white fluorescent lamp 3330
Amber flash lamp 3200
Photo lood lamps A200-3400
Projection lamp SO0 1175
Warm white fluorescent 3100
[ncandescent tungseen 1000 3000
Incandescent tungseen SO0 2950
Incandescent tangseen S0W 1800
Incandescent house lamps 2500-3000
Candle flame 1500=1 80
Red-hot metal BOD=500
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Colored photographic films are designed for certain color
remperatures, One flm s close to 6,000K for daylight use
and some are 3,400K for indoor use.

Reaction Times
Reacrion times vary according co different facrors, as shown
i the :f-:'&-||uw:ing.

By Scnse Preceptor BEC
Touching d1=15
Temperature A5-22
Pain SF0=1, [}
Hearing 222
Smelling 28
Tasting, w2=1, 10k
Secing 15-.20
Eyes o focus 65
Eves move to 40 without focusing A0
By Age BEC
5 years Al
10 years 1]
20 years el 1]
30 years 22
A0 yenis 28
5 years A8
55 years 35
Gl years 1]

Reacrion time varies wirth sex: men take 0,1 second less for
sound and hight than women,

PFeacrion time varies with limbs: feer take 20% more fime
I'I'L.'II'I hu'l'l'ldﬁ.

The left hand, for the night-handed, takes 3% more time chan
the righe hand.

Reacrion time varies with rraining; with practice, it can be
reduced 10%.

Reaction ame varies with signal characteriseics. The
mininum signal period is 0.2 seconds, Short signals of 0.1
second are not good. Alerting signals can reduce reaction
e upe boe 400G,

An illustration of cotal reaction time follows: A pilor sees an
approaching plans through the haze:

1. The pilot detects a plane (eve moves) 0.3 sec
L. Intercepts image | percepiion (i
3. Selects course of acrion (decision) 0.5
4. Pilot moves contral [response] 0.3
Tuotal reaction time 1.7 sec

If boch planes are headed coward one anocher ar #00 mph,
cach pilor has only 1,000 feer before a collision. That
destance will be covered n the 1.7 seconds of reaction tme.



APPENDIX

CONVERSION SCALES
Length Conversions

1 inch equals 25.4 millimeters {mm]
1 inch equals 2.54 centimeters {cm)
1 foot equals 304,48 millimerers
I Foot equals 3048 centimeters
1 foot equals 0,348 meters [m)
I mile equals 1.609 kilomegers (km)

Area Conversions

1 square mch (i0?] equals 645 square centimeters [am']
I square foot (FE) equals 0,093 square meters {m’)

1 acre equals 0,405 hecrares [ha)

Volume Conversions

I cubic foot (ft] equals 00283 cubic meters (m?)
I cubic yard equals 0,764 cubic meters

1 U3 gallon equals 3,785 liters {1)

1 US quart equals 0.94832 lirers

1 liter cquali 1,000 millslicers ¢ml]

I liter of water has a mass of 1 kilogram of fresh water,

Weaght Conversions
1 ounce [ox) equals 2835 prams (g)

1 kilogram equals 1000 grams

I short {US) ton equals 0,%072 metric ton [t}
Farce Conversion

I ounce foree (ozf) equals 0.728 Mewrons ()
I pound force [Ibf) equals 4.4452 Newrons
Torque of Bending Moment Conversions

1 ounce force acring ar a radius in inches (oz f - in}
cguals ROXF06 Y - m

1 pound force acting ar a radius in feer (Ibf « fr)
equals 1L355EMN - m

Pressure or Stress Conversion

1 pound per square inch (psi) equals 5.895 kilopascals {kFPa)
1 pound per square inch (pst) equals 0L006ESS megapascals
(MPa)

Work or Energy Conversions

Wark equals force times distance. In the metric system the
unit of waork s the joule () which s dehmved as a foroe of

1 Newton displaced through a distance of 1 meter in the
direction of the force |1. ]1.'|.'|I.I;.'||5. 1 M I'|1.:l

1 mean British Thermal Unit (BTU) equals 1055 kilo joules (k])
1 small calorie (cal) equals 4.157 joules (])

1 large calorie {keal) equals 4187 kilo jonles (k]

Power Conversions

Power is the rate of doing work or expending energy.

The unit of power s the wate (W) and 15 equal to 1 joule per
second []is)

1 JFs equals 1M - ms

1 BTU per hour equals 0.2931 watts

1 foot pound force per second (ft Lb £5) equals 1.356 watts
1 horsepower (hpl equals .74 57 kilowatts [kw]

The above horsepower is defined as 550 foot [b £,

Time and Angle Comversion

Angles are measured in degrees except use the decimal system
in place of minures and seconds {e.g. vse 6,557 noc A30° 307

Time and degrees are the only units in the metric system not

bas=d on ten.

Temperatare Conversions
The scientific unit of thermodynamic temperatune in the
meetric system is the Kelvin (K]

1 degree Kelvin [°K) equals degrees Celsiug plus 273.15°
1 degree Fahrenhert (°F) equals %5 degree Celsius (*C) plus 32°
1 degree Celsius equals 59 [Fahrenheic minus 32°)

Light Conversioas
1 Forot candelas (cd £l equals 10764 lux (1x F)

1 Foor lambert (] equals 3.426 candelas per square merer
(edfm |

1 Lambert equals 3183,1 candelas per square meter {cdim }
Geales

l{_:nmmnnh.' Uzed I}mwml.l; Scales in the USA and ther
Approximate Eguivalent in Metric:

18 Full size in the USA becomes 1710 in metric
154 full size in the USA becomes 1§ in metric
172 full size in the USA becomes 25 in metric

Full size in the USA remains the same in metric
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ABBREVIATIONS

adj or adjustz adjust, adjustment
ale: alternaee

approx: approcimate, approxomnately
AVE: AVErAgE

'C: F.E'Iﬂi.uﬂ

-L'ﬂ..l: \'.'ﬂ]l:ll'll.'

CRpP: capAcity

£ : center line

CoG: center of gravity
cirz circumference
clear: clearance

o Centumneter

CRT: cathode ray tube, TV
Cle: Lenter

dl or dia: diamerer

dB: decibels

disez disrance

% depres

eff: effcaent, efficaency
s for exampls

elec: electrse, electricicy
M NN,
equip: equipment

f: femnale, force

F: Fahrenheit

fe: foot candle

fr: foot

Fwed: forward

i Eram

G graviry

hgt: heighe, high
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horie horzontal

HF aor Hpt: hip pivot point
hie: howr

Hz: Hertz (frequency|

IES: Hluminating Engineering Society
in ar "t inch

ingl: including

K: Kelvin

keal: kilocalorie

ki kilogram

km: kilomerer

kmv'he kilometers per hour
Iz lefs

L: liter

law |a'|-':||:l.h:r:|-' {wash Bagin)
Ik, lbs: pound, pounds

Ibf: pound force

LCDk licquid erystal dusplay
LEIx laght-emitting deode
Ig: length

Ima: large man

Iz large woman

Tacz o

mz man, rmale, meter

ma: milliamperes

max: maximum

mil: milatary

mER: AL, i
mL: millilambert

mm: millimeter

mae month

:r|1|1-]1: miles per hour

ou'ss meters per second

M1 Mewton

mos numbber

Opp: Opposine

opz 1:l|:||.'i|nu:n

ozf: ounce force

ppm: parts per million

% percent

File: percentile

pref: prefer

r or rad: radius

rect: rectangle

ref: peference

neq’d: n:|.|1.|irE|.‘|

rts right

N revoluricns per minure
5D standard deviarion

5B Inrernational System (metric)
SIP: sear index point

sz srmall man

S SQUADE

SRP: sear reference poing or plane
sl standacd

swi emall woman, switch

SVE: EVELCT

Lr Lo ue

vers vergical

wi wide, width (breadch), woman
W't want

wiz wheslchair, warter closst {toiler)
wiz weight

¥ Or Prie years, ape



ANTHROPOMETRIC TERMS

Abdomitaal deptl: the most anterior poant of the abdominal
curve on the midplane.

Abduct: o move Away from the h::uﬂ:,r axis or one of its parts,

Acromios: the highest point on the lateral edge of the
shoulder bone {used for shoulder heighr).

Adduct: o move towards the body,
Awmterior pertaining to the front of the body,
Awricafar: pertaining oo the external ear.
Axalla: the armpir,

Biceps: the large muscle ar the front of the upper arm; also,
the large muscle ar the back of the thigh.

Hyow ridge: the bony ridges covered by the eyebrows.
Bustpoint: The most anterior projection of the right brease.

Buttock protrusion: the maximum posterior protrusion of the
right buttock,

Calf lewel: the height of maximum calf circumference.

Cervieale: the largest bony bump on the spinal column in the
region of the hase of che neck.

Chedlion: the corners of mouth where the lips join,
Clawricler the collarbone, linking the scapular and the sternum,

Coraeeal plene: any vertical plane ar righe angles o the
midplane.

Crimion: the point in midplane where the hairline meets the
forchead.

Cutanepus [ip: the area between the upper lip and dhe nose.
Dactylion: the tip of che middle finger.

Deltoid muscle: the large muscle on the outer side of the
upper armm in the shoalder region,

Ihistal: ar the end of a body segment farthest from che funk,
Dowsal: on the back of the hand or the foot.

Ectocanthus: the outside corner or angle formed by the
meeting of the eyelids.

Epicawmdyle: the bony eminence at the distal end of the
humerus and femur.

Extend: increase a limb angle.
Extersal: away from the central, long axis of the body,

Femoral epicondyles: bony projections on either side of the
distal end of the femur,

Ferrers the thigh hone.
Flex: reduce a limb angle.

Fraumkfust plage: the standard onentation of the head,
determined by a line passing through the car hole and the
lower edpe of the eve orbit and made horzontal.

Fromtal plane: same as coronal plane.

Celabellia: the most forward point in the midling of the
forehead between the brow mdges,

Gleteal farraie: the furrow where the buttock joins the dhigh.
Ceowrial ample: 1he obruse angle ar the back of the lower jaw,
Helix: the rolled outer part of the ear,

Humeral epicondyles: the bony projections on both sides of
the distal end of the humerus,

Humerns: the wpper arm bone,

Hyperextend: to overexrend a limb or parc of the body,
Hiae cresi: the top nm of the pelvic bone.

Inferiar: below or lower than another body part,

Inseam: a clothing term used ro indicare the inside lengrh of a
sleeve or trouser ke,

Tion: the small bony bump at the rearmost part of the head.

Izchia: owo bony tiberosities ac the botwom of the pelvis that
support 80% of a person’s sitting weight.

Kwmueckle: the finper joint berween the phalans and the
metacarpal (finger bone and palm bone),

Larymx: the upper part of the windpipe, containing
membranes which produce vocal sounds,

Lateral: lying near or toward the sides of the body.
Lateral malleolis: lateral bony protrusion of the ankle.

Lateral vesfus meuscle: the large muscle running from the
knescap to the hip on the outside of the upper leg.

Malleolws: a bony projection on each side of ankle.

Muardibde: the lower jaw.
Muastoid: the bony protrusion directdy behind che car.
Medial: lying near or towacds the midline of the body.

Mecdial enastus muscle; the large muscle running from the
kneecap o the hip on the inside of the upper leg,

Metacarpal: the long hand bones between the wrist and

the fingers.

Metataraal: the long foot bones betwesn the tarsus and
the toes,

Meritaa: the point at the tip of the chin on the midplanr.

Midsagittal plame: the vertical plane dividing the body into
right and lefr halves.

Nasal root depression: the indentation at the bridge of the
nose,

Mipsal sepasne: the membrave between the nostrils,
Navicslar bone: the small bone in the hand distal to the bend

ol the wrist on the thumb ssde.

Oveipital ragions: the back of the head.

Occnlr: pertaining to the eves,

Oreedprits a bone forming the posterior base of the skull,
Olecranen: the bony tip of the elbow,

Omprfralion: the center point of the navel,

Orbit; the eye socket.

Palmar: pertaining o the palm [inside) of the hand.
Patella: the knescap,

Peferiz: the bones of the pelvic complex.

Phalasges: the bones of the fngers and toes.

Piriltrumn: the groove between the lip and the nasal seprum.
Plantar: pertaining to the soles of the feet.

Papliteal area: the avea in back of the leg behimd che knee,
Pasterior: the back of the bodr.

Pronasale: the most anterior point of the nose.

Proxinral: the end of a imb neacest the trunk.

APPENDIX




Radinz: the bone m the forearm on the thumb side. Witist: the avea, geneeally, at the belr line, or the “natural

; waist,”
Ranns: the vertical portion of the lower jaw bone .

imandible]. Fygomatic arch: the bony arch running along the side of the

Sagittal: pertaining oo the midsagaictal plane of the body or a cheek almost to the ear.

parallel plane.
Seadar: the shoulder blade, M |
Scyer a clothing term designating the armhbole of a garment, .

ATy
Sellion: the point of grearest indenration of the nasal root Aiey CATER A I
depression. ! |

B
Sptytion: the most distal exrension of the tibia on the medial
side aof the foat.
Spine: the backbone, composed of verrebrae. i o y ?CSTCP:VQF‘
S F‘Eﬁ
Stermnn: the breastbone, B
H Stermoe: the pomt of contact betaeen the upper and lower

lips on the midplane

PR, oy

Superior: above or higher.

iR
LF

Supra: prefix designating above or on,

Tarsus: the collection of bones in the ankle joins, o
E'-'S‘T'ql:- o)

Thryroid cartilage: the *Adam's apple™ on men.

\/ SUPER

Tebar the shim bone.

Tragion: the point located at the notch just abowve the tragus
of the ear.

Tragus: the small flap of flesh in front of the earhole,

Transverse plame: the horizontal plane through che body
perpendicular to the mid and fronml planes.

THAMENVERSE

PLAME

Triceps: the muscles ac the back of the upper armes.

IMFERICH
DA

Trochanutarion: the tip of the bony lateral protrusion of the
proximal end of the thigh bone,

Lina: one of the bones in the forearm on che little Anger side E"‘fp‘}éml- 1
: CORDNAL ;

of the arm MID-PLANE e |

Umebilicus: the depression in the abdomen (belly burtomn) FROMTAL

where the umbilical cord was attached to the mother. FLAME ,

Ventral: pertaining to the front side of the runk.
Verfebra: a bone of the spine.

TIDNS
Verfex: the top of the head. ANATOMICAL PLANES AND ORIENTATIO

THE MEASURE OF MAN AND WOMAN ‘
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Analog displays, 72
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chathing corfecnons, L}
hisoary of, @
hurman variables, 11, 25, I8
link mystemm, 1
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standird measuring sehaps, 10
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Bathpabs, &0
Pandruninis, 52
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Boady measurement. S
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Firaille, 42
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Cabipers, 10
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safery considerations, 6.1
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One Fifth Size Templates for 99 Percentile Man and Woman (in Millimeters)

Recommended template material; .031-.0627 {1-3 mm| clear plastic. © 1993 Henry Drevfuss Associates
[ Eye hole. Recommended size: .140° (3mm| diameter.
1 Twa holes for affixing template to work surface. Ingert pins through holas to hold template in place and allow far easy menipuletion. Recommended diametar: B2 {1 5mm).
Mg Fivoting joint. Use grommets such as shoe eyelets to enchor pivat locations.
| Cantar rule. Scribe an body and arm and uge as vartical refarenca ta align the variaus body parts.
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