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Revi sion Note

Since the 00-25 Part 2 Issue 1 appeared in 1985 there have been severa

i nportant trends which increase the difficulty of the equipnent designer’s
task. The MANPRI NT Handbook provides a useful guide to current phil osophy
inthis area. Far greater use is now being made of female military
personnel in the front line. This neans that the designer has to
accommpdate a much greater range of sizes eg 50% greater range in sone

di mensi ons. Population dimensions are increasing at rates of up to 0.07%
per year, eg in ternms of standing height, the average soldier and sail or
popul ations are increasing by over a mllimetre each year. Since sone
equipnment is likely to remain in service for several decades, the engineer
needs to consider designing his equipnment to fit popul ati ons whi ch have not
yet been born, also, with the trend towards multi-national projects and
foreign custonmers, the designer needs to be aware of ethnic anthropometric
differences between potential user populations.

Hi storical Record

This Defence Standard supersedes Defence Standard 00-25 (Part 2)/1

publi shed on 30 August 1985 which had its origins in “Human Factors for
Designers of Naval Equipnent” (a naval handbook in two volumes) published
in 1971.
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Arrangenent of Defence Standard 00-25

The arrangement of the Parts conprising Def Stan 00-25 is shown bel ow

PART 1 - Introduction

PART 2 - Body Size

PART 3 - Body Strength and Stamina

PART 4 - Design of the Wrkplace

PART 5 - The Physical Environment: Stresses and Hazards
PART 6 - Vision and Lighting

PART 7 - Visual Displays

PART 8 - Auditory Information

PART 9 - Voice Comunication

PART 10 - Controls

PART 11 - Design for Mintainability

PART 12 - Systens

PART 13 - Human Conputer Interaction

PART 14 - Training and Instruction (In Preparation)

Two or nore Parts may apply to any one equipnment and it is therefore
essential that all Parts be read and used where appropriate
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HUMAN FACTORS FOR DESI GNERS OF EQUI PVENT
PART 2: BODY SIZE

PREFACE

This Defence Standard supersedes
Def Stan 00-25 (Part 2) Issue 1
dated 30 August 1985

i This Part of the Defence Standard presents descriptive detail, technical
data and diagranms relating to some of the inmportant factors concerned with
body size for design application.

ii This Part of the Defence Standard is published under the authority of
the Human Factors Subconmttee of the Defence Engineering and Equi prent
Standardi zati on Committee (DEESC).

iii This Standard has been agreed by the authorities concerned with its
use and is intended to be used whenever relevant in all future designs,
contracts, orders etc and whenever practicable by anmendnent to those
already in existence. If any difficulty arises which prevents application
of the Defence Standard, the Directorate of Standardization shall be
informed so that a renedy may be sought.

iv Any enquiries regarding this Standard in relation to an invitation to
tender or a contract in which it is incorporated are to be addressed to the
responsi bl e technical or supervising authority named in the invitation to
tender or contract.

v This Standard has been devised for the use of the Crown and its
contractors in the execution of contracts for the Crown. The Crown hereby
excludes all liability (other than liability for death or personal injury)
what soever and howsoever arising (including, but without limtation,
negligence on the Part of the Crown its servants or agents) for any loss or
damage however caused where the Standard is used for any other purpose.

vi Any enquiries regarding this Standard in relation to an invitation to
tender or a contract in which it is incorporated are to be addressed to the
responsi bl e technical or supervising authority named in the invitation to
tender or contract.



DEF STAN 00-25 (PART 2)/2

CONTENTS PAGE
Pref ace

Section One. Ceneral

0 [ ntroduction 4
1 Scope 4
2 Rel at ed Docunents 4

Section Two. Fundanentals of Anthroponetry for Consideration in
Wor kspace Design

3 Human vari ati on

Section Three. Structural Anthroponetry

4 Definition 9

Section Four. Functional Anthroponetry

5 Definition 29

Section Five. Anthroponetric Mvenent of Body Menbers

6 Definition 43

Section Six. Posture and Body Anthroponetrics

7 Definition 48
Section Seven. Design Procedure Checkli st 55
Table A Male Body Dinension in MIlinetres (Standing) 13
Table B Male Body Dinensions in MIllimetres (Sitting) 16
Table C Male Body Dinensions in MIlinetres (Sitting 19
Table D Ml e Hand, Foot and Head Dinensions in MIlinetres 22
Table E Female Body Dimension in MIlimetres (Standing) 23
Table F Female Body Dinmensions in MIlimetres (Sitting), Hands,

Feet and Head 25
Table G Male Body Weight in Kilograns and Fenal e Body Wight in

Ki | ogr ams 27
Table H Popul ation Age at Tine of Survey and Number in Survey 27
Table J Comparison of Aircrew Data from Different Nations

Dinensions in MIlinetres 28
Table K Gip Correction Factors 36
Table L Additions to Anthroponetric Dinmensions for dothing 40
Table M Dinensions of Body Linkages Expressed as a Percentage of

Stature from Figures 20 and 21 45
Table N Equations for Calculating Percentile Values fromthe Mean and

St andard Devi ation A-1

Tables A2 to D2 5th and 95th Percentile Body neasurenents in
mllinmetres for Male MIlitary personnel 24



CONTENTS

DEF STAN 00-25 (PART 2)/2

Tables E2 to F2 5th and 95th Percentile Body measurenents in
mllimetres for Fenale MIlitary personnel

Figure
Figure

Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Figure
Fi gure

N

PP OoO~NO Ul W

0
1

12a & 12b

Figure

Figure

Figure
Figure

Not e

Figure
Figure
Figure
Figure
Figure
Figure

Figure
Figure
Figure
Figure
Figure

13

14

15
16

Add

17
18
19
20
21
22

23
24
25
26
27

Gaussian (Normal) Distribution Curve

Near “Normal” Fenmale and Male Population Distribution of

Arm Span

Body Di mensions (Standing)

Body Dinmensions (Sitting)

Body Dinmensions (Sitting)

Breadth and Span Dinensions

Functional Reaches (Sitting)

Hand Di nensi ons

Foot Di mensions

Head Di mensions

Seat Reference Point

3rd and 97th Percentile Male and Female Mlitary
Personnel Forward Functional Reach Envel opes

Head and Eye Pointing Boundaries with a Slack Harness
(Fast Jet Aircrew in Eection Seat, with Helnmet, Oxygen
Mask, Life Saving Jacket and Flying C othing)

Head and Eye Pointing Boundaries with Tight Harness

(Fastjet Aircrew in Ejection Seat with Hel met, Oxygen Mask,

Life Saving Jacket and Flying C othing)
Functional Gip Dinensions
Functional Dinensions for Confined Wrk Spaces

corrections for clothing as given in table L

Aperture Dinmensions for Mnual Tasks

Exanpl e Showi ng I nmportance of Cothing Correction
Escape Hatch Dinmensions

Sagittal Plane Body Linkage

Coronal Pl ane Body Linkage

Path of Instantaneous Centre of Shoul der Rotation Show ng

a Very Large and Erratic pathway for Effective Centres
Line of Sight Paraneters

Functional arc of the Upperlinb

Seated Posture Support

Functional Wist Angle

Functional Seated Posture

Annex A Statistical Aspects of Anthroponetry
Annex B Sources of Anthroponmetric Data
Annex C List of Quoted References

PACGE

26

11
14
15
17
18
20
20
21
30

33

34

35
36
37

38
39
41
44
44

46



DEF STAN 00-25 (PART 2)/2

HUMAN FACTORS FOR DESI GNERS OF EQUI PVENT
PART 13: HUVAN COVPUTER | NTERACTI ON

0 Introduction

0.1 A know edge of the sizes and shapes of human beings, both nale and
female, is essential to the designer who wi shes to match equi pnent and
environments to the human user. Adequate cl earance nmust be provided for
the tallest, the broadest, and the fattest of individuals. At the sanme
time, the smallest person nmust be able to reach and operate all of the
controls and be able to see all the displays

0.2 The branch of science which deals with the measurement of the human
body is called anthroponetry, and ant hroponetrics is the termused for the
application of such data.

1 Scope

1.1 This Part of this Standard discusses both ‘structural’ and
“functional’ anthropometrics and their relationship to the design of the
wor kspace

1.2 This Part of this Standard deals with the inportant concept of body
i nkages and the use nade, by designers, of two-dinensional nanikins and
conmput er nman- nodel s.

1.3 This docunent also discusses postural stress and the provision of
satisfactory working postures. Miny mlitary personnel, such as aircrew,
wear restraining harnesses which restrict reach and vision still further.
This factor is particularly relevant to Hel met Munted Sights (HVS) whose
potential has not been realised due to anthroponetric and harness
constraints.

1.4 The anthropormetric data in this Part of this Standard refers to both
mal e and female service personnel

1.5 Wth much equi pment now being produced and procured on a multi-
national basis, the designer needs to be aware of national differences in
ant hroponetry. Recent US Arny anthropometric data has been included here
but up-to-date data from other areas such as Europe, was not available at
the time of the conpilation of data for this Defence Standard.

2 Related Docunents

2.1 The documents and publications referred to in this Part of the
Standard are listed at Annex C
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2.2 Rel ated docunents can be obtained from

DOCUMENT SOURCE

British Standards (BS) and (BS EN) BSI

Publ i cati ons Sal es Depart ment
Li nford Wod
M LTON KEYNES
MK14 6LE

Def ence Standards

Directorate of Standardization
(Stan 1)

Kentigern House

65 Brown Street

GLASGOW & 8EX

2.3 Reference in this Part of the Standard to any rel ated docunent neans
contract the edition and all
cont ract

in any invitation to tender or

current at the date of such tender

i ndi cat ed.

amendnent s

unless a specific edition is
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Section Two. Fundanentals of Anthroponetry for Consideration in Wrkspace
Desi gn

3 Human Vari ations

Because of the truismthat ‘people cone in assorted sizes', it is rarely
possible to tailor, or custonize, a piece of equipnent to an individua
operator. The designer is alnpbst always required to create a workspace
which is conpatible with a range of individuals. Therefore the first step
i n workspace design should be to define the ‘target’ population who will
use the equipnent.

3.1 Human body variation dinensions

The variation which is found in nost human body di mensions conforms quite
closely to the Gaussian, or ‘normal’, distribution. For any given

di nension, values tend to cluster around an average, and extrene cases are
relatively rare. (See figure bel ow)

Likelihood of an individual
aving 8 given stature

Z
R T I

3rd PERCENTILE ~ s50th PERCENTILE  97th PERCENTILE

(3% of the population is (3% of WMMmm

to the left of this point) to the r|gh his poi nt
97% to the left)

Fig 1: Gaussian (Normal) Distribution Curve

3.2 Human variation presented as percentiles

3.2.1 Variation in anthroponetric data is often described in terms of
percentiles (%es). For any dinension in any population of individuals

‘n’ percent of people are snaller than the ‘nth’ percentile. Hence, 3% are
shorter in stature than the 3rd %e, 97% are shorter than the 97th %e, and
so on. For nost practical purposes, we nay consider the 50th percentile
and the ‘average’ or ‘mean’ to be one and the same

3.2.2 Two inportant points should be reinforced at this stage:

(a) a percentile value refers to one dinension only; hence, a man of
average (50th %e) height nay well have a larger waist depth (eg 80th %e);

(b) a percentile value refers to a specific population; hence, the 50th
%e stature for UK aircrew (1783 mm is the 63rd % e for UK non aircrew.



DEF STAN 00-25 (PART 2)/2

3.3 Designing for the 'target' population

3.3.1 Fromthe following extrene exanple it can be seen that *designing
for the average man’ will result in equipnment which is poorly matched to
the range of users.

Consi der the case of a doorway or passage designed, both in height and
width, to average (50th %e) dinensions. Such a door would greatly

i nconveni ence those of the population who were taller or wder than
average. The 50% of people taller than average woul d have to stoop
however, since there are sone people who are not only shorter than average
but also w der than average, a certain additional nunber of individuals
woul d have to squeeze through, or pass throughout sideways. Hence, the
door or passage ‘designed for the average person’ would be suitable for

l ess than half the people who used it.

3.3.2 The nost difficult problens arise in those workplaces where several
dimensions are all critical for various reasons: cockpits and driving seats
provi de good exanples of this. Although the designer should accommodate a
popul ation range of 5th to 97th percentile, (3rd to 97th where possible) it
must be renenbered that a person who is 3rd percentile in stature certainly
is not 3rd percentile in all other dinmensions.

For exanple, if all personnel who are 3rd percentile and less or 97th
percentile and nore are excluded, when 6 critical design dimensions are
used, it is not 94% of the population but only 78.6% who are acceptabl e.

Di mensi on Range % of Total Population
Limtation Accommodat ed
Sitting height 3to 97%ile 94
Buttock-knee Iength 3to 97%ile 89
Buttock-heel length | 3 to 97%ile 87
Functional reach 3to 97%ile 84
Sitting knee hei ght 3to 97%ile 83
Bi del toid breadth 3to 97%ile 78.6

3.4The linitations of anthroponetry in desian

3.4.1 The di mensional matching of machine to operator is a conplex matter
Constraints which are truly critical are not always easy to identify and
anthroponetric tables should be used only when the designer understands the
whol e situation.
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3.4.2 The use of anthroponetrics at the draw ng-board stage does not
necessarily ensure an ergonomically sound design. Designs should be
thoroughly tested firstly by the use of conputer based dynami ¢ design
tools, and then by conducting fitting trials on a full-scale nock-up of the
equi prent using a representative sanple of users.

3.4.3 The use of anthroponetrics is only one stage in the application of
ergonomcs in the design of equipment.

3.5 Increasing use of the female population. Until recently, the majority
of female mlitary personnel were enployed in office environments, rather
than in the front line. That situation has now changed, with wonen serving
as aircrew and on warships. The engineer nust now take account of both
mal e and femal e sizes when designing equipment.

The twin population distributions shown below, illustrates the increased
requirenent and consequent difficulty that an equipment designer now has,
to accommodate all potential users.

150}

Female Male

Frequency |

100

50 }

140 160 180 200 220
Span (cms)

Fig 2: Near 'Normal' Fenale and Male Population Distribution of Arm Span
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Section Three. Structural Anthroponetry

4 Definition

Structural (or static) anthroponetry concerns those dimensions taken wth
the body in rigid standardized positions

4.1 Statistics and Diagrams. It is not possible to include here every
dinension a designer may require. Therefore, a list of those di nmensions
considered to be nost representative in the field of equipment design and
wor kspace |ayout has been conpiled

The tabulated data for the Arned Services are taken from those sources

listed at annex B. To date, a mmjor survey of British civilians has not
been conduct ed.

Equi prent shoul d be designed around the operators who have to work there
both now and in the future. This has not always happened in the past. It
is further conplicated by the fact that equipnent may renmain in service for
40 years, or even longer eg The DC3, which is still flying in considerable
nunbers, first flew in 1935 and was, itself, based on the earlier DC2
design. Not only has the equipment in the cockpits changed radically, but
the size of the user population is constantly changing due to ethnic,
genetic, nutritional and gender reasons

For exanple, in the past a design for the RAF might have had to cope only
with a 5th to 95th percentile range of dinensions and strengths of nale
Britons. Now, a nulti-national design will have to accommopdate not only
personnel from 4 or nore nations, but also fromnmale and fenale
popul ati ons.

If the equipnent is likely to be in service for several decades, then the

i ncreasi ng dinensions of each population will have to be forecast for 30 to
40 years in the future. Surveys of Australians over a 50 year period
showed an increase in average stature of 1.3 mm a year for males and 0.9 mm
for females. This trend is accelerating and repeated el sewhere where
general living conditions have inproved and where there is a greater

genetic mxing in the population.

4.2 dothing corrections and other assunptions. Al data in section 3
diagrams and tables refer to UNCLOTHED AND UNSHCD PERSONS: Before such data
can be used, corrections for clothing and footwear must be added wherever
applicable - see clause 5.4 and table L.

4.2.1 Tables A - D show the body dimensions for 3rd, 50th and 97th
percentile unclothed mlitary males. The data are broken down into

di nensions taken from UK (1987) and US (1988) surveys. The designer should
where possible try to acconmodate the range from 3rd to 97th percentile for
all 32 dinensions and these data are given in the first part of each table.
However, some MO requirenents call for only 5th to 95th percentiles to be
accormodat ed by equipnent. Hence data for 5th and 95th percentile nale and
femal e popul ations are also given in tables A-2 to F-2.
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4.2.2 Beside each actual data point is an estimate of how that dinmension
wi || have changed by the year 2000, assuming that the popul ation di mensions
will continue to increase in size at the current rate. MOD wi |l specify
whet her the use of extrapolated data is to be denmanded.

4.2.3 For the precise operational definitions of each dinension the
desi gner should refer to the original sources fromwhich the data was
extracted - see annex B. It should be noted that measurement techniques
are not always precisely the same in different surveys.

4.3 Eenale population data. Until recently, data on mlitary fenale

popul ations has been limted. It is not, therefore, possible to predict
the increase in size of females for the year 2000 as has been attenpted for
mal es, here in Tables A to D. However, the data in tables E and F for
female mlitary personnel is relatively current and should be used until
further data becones available.

4.4 Age and sanple sizes. Table H lists the popul ation ages and sanple
sizes from which the data in tables A to G have been derived.

4.5 National aircrew conparison.

4.5.1 Table J lists equivalent data for dinensions 1-32, where avail able,
for German, US, Italian and Royal Air Force aircrew.

4.5.2 1t indicates that there were differences between the four separate
aircrew popul ations when the data was collected in the 1960/70 decade.
However, care is needed in interpreting the data since it is likely that,
for some dinensions at |east, different anthropometric measuring techniques
were enpl oyed to obtain the data as the RAF aircrew certainly cannot be 22%
greater than that for the other nationalities.

4.5.3 Furthernore, it can be assuned that nost if not all, of the
nmeasurenents will have increased, probably at the rate of at |east 0.03%
per year since the data was collected.

| ndex Mal e Femal e

Tabl e Tabl e
Body Di mensions (Standing A E
Body Dimensions (Sitting) B F
Breadth and span Di nensi ons C F
Functional Reaches (Sitting) C F
Hand and Foot Di nensions D F
Head Di mensions D F
Body Wi ght G G
Popul ati on ages and sanpl e sizes H

Nat i onal Aircrew Conparisons |

10



DEF_STAN 00-25 (PART 2)/2

11



DEF STAN 00-25 (PART 2)/2

DI MENS|I ONAL DESCRI PTI ONS AND APPLI CATI ONS

1 STATURE M ni num floor to roof clearance. Stature is also an
important dinension for making rapid conparisons between
popul ations and for selecting subjects for fitting trials.

2 EYE HEI GHT Hei ght of optical equiprment. Reference point for
calculating the line of sight in order to optimze the |ocations
of visual display. (See clause 7 and figure 23)

3 ACRI MONI AL HEI GHT (The Acromion is a body |andmark at the tip of
the shoulder. Some surveys include ‘shoulder heights', which are
defined differently).

This variable represents the distance fromthe ground to the
centre of rotation of the shoulder point. It is a useful datum
for optimzing control locations in standing workspaces.

4 ELBOW HElI GHT Reference level for optimzing the height of work
surfaces.

5 FI NGERTI P HEI GHT Defines the lowest limt of the preferred zone
for fingertip operated controls. Controls which nust be grasped
shoul d be at |east 140 mm hi gher.

6 VERTI CAL FUNCTI ONAL REACH Maxi mum hei ght of controls

12
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Fig 4: Body Dinensions (Sitting)

DI MENSI ONAL DESCRI PTI ONS AND APPLI CATI ONS

7 SI TTI NG HEI GHT M ni mum seat to roof clearance. Maxi mum
hei ght of the visual obstruction caused by a sitting person.

8 EYE HEI GHT Hei ght of optical equiprent above the seat
surface, reference level for calculating lines of sight in
order to optinmize the location of visual displays.
Variability in this dimension may determine the range of
seat adjustnent required.

9 ACROM AL HEI GHT Di stance between the seat surface and the
centre of rotation of the shoulder; a reference point in
optimzing the location of controls (See clause 7).

10 ELBOW REST HElI GHT Hei ght above the seat surface of arm
rest, desk-tops, keyboards and other inportant controls.
Variability in this dinmension may determ ne the range of
vertical adjustment required of the seat.
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Fig 5: Body Dinensions (Sitting)

DI MENSI ONAL DESCRI PTI ONS AND APPLI CATI ONS

11

12

13

14

15

TH GH CLEARANCE M ni mum vertical clearance between seat
surface and underside of the table or other obstruction.

STOOL HEIGHT (Represented with the subject’s thighs
hori zontal, his shanks vertical, and the soles of his feet
flat on the ground).

KNEE HElI GHT M ni mum vertical clearance between floor (or
footrest) and underside of table or other obstruction.

ABDOM NAL (STOVACH) DEPTH M ninum forward clearance between
seat back and obstructions above thigh level - eg table
edges, steering wheels

BUTTOCK TO KNEE LENGIH M ni mum forward cl earance between
seat back and obstructions at |evel of the seat surface.

15



itti

imetres

n

ensions

:

d

®T¥3UedI0d Y3IL6

@T¥3uedIed 430§

@TT3uedaed pag

891 9] oo e99]| 99| 99 09| <19 £19 809 ] €19 119 89s | €95 6ss| vss] zos| 19 13ua] sauy o) yooung| 1
oe| esz) o91e] €| sez| Let gez | 9eT L¥e 357 8eC | LT 91| w6l zr| ooz] wer| ver yda(q jeuiwopqy | v1
s19f zio| 19| so9| s19] w19 £9s | 8¢S 298 LSS €9¢| 19¢ us| sos ns| ws}] us| us WAl sauy | £1

- | oww] s ivb] o - - 91t uy| oor| set - - o9 | tse] vse| ose 31y joois|z1
s61| 61| 661 L61 goz | 2oz 691 | 891 691 891 91| si1 1| ovt Wi ol wi] soueses)) ysyL| 11
esz] osz| oe| sez| iLez| 96z ver | ez zst| osz|  wst| st ost| si1 sot} g0t 70z | 20z | 1eas 2a0qe yBieY 159y moqig ol
099 eso| 189| 9| 689 989 €09 | 86 £29 819 | sz9| 929 ows | ws| o $9¢ 895 | 195 | 1ess anoqe wyBiay ewory| 6
s98| os8| e68| 88| es8| vss 66L | 6L SES 878 18| 88 eeL | Lo 8L SLL oL | s 183s 3a0qe JqB19Y 24H| 8
686 | 66| s866| s886| oto1] zoot | rie €6 9z6 | 6¢6| se6 esg | ovs e8| 98| oLs| 698 1835 3a0qe 1481y Bumis| L

[Tococ| sser| oooe| cser| ooor| caet] | oooz] mset] oooc| cser] oooz] zeet| | oooe| sser]  oooz| caet| oooe| coer] g oTqes
‘ugsgf enpy| cwisgl enpy| Cwnsg| [enpy winsg[ jenpy|  wmsg| |enpy] -wusg| enpy "wnsg| ey | cwnsg| emoy| wnsg| fenoy
fauy gn)|saapy-uoN M| ATV NN fuay g |manaary-uwoN |  mapav NN fwry g0 [masoary-noN N | maadary 0 .

16



DEF STAN 00-25 (PART 2)/2

Fig 6: Breadth and Span Di nensions

DI MENSI ONAL DESCRI PTI ONS AND APPLI CATI ONS ||

16 SPAN Overall lateral linmts of reach. Appropriate
reduction must be nade if controls are to be operated other
than with the fingertips. (See clause 5)

17 | NTER- ELBOW SPAN Lat eral clearance for good el bow room
during manual activities.

18 SHOULDER BREADTH (BI-DELTO D BREADTH) Mninmum lateral
clearance required in workspace. Note. This dinension is
not the same as bi-acronial breadth.

19 H P BREADTH Wdth of seat. (Mnimum lateral clearance for
the thighs will be up to 70 mm greater than this dinmension.)

17
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Fig 7. Functional Reaches (Sitting)

DI MENSI ONAL DESCRI PTI ONS AND APPLI CATI ONS

20 VERTI CAL FUNCTI ONAL REACH Maxi mum hei ght of controls
above the seat surface

21 ELBOW FUNCTI ONAL REACH Maxi mum forward | ocation of the
controls for operation with the upper armvertical and the
forearm horizontal.

22 FORWARD FUNCTION REACH (This represents the distance from
t he back of the shoulders to the thunb-tip of a pinch
grip.) Maximmforward | ocation of controls for easy
operation.

Note: These reach measurenments are made to the tip of the thunb as it
makes a pinch grip with the forefinger. Corrections nust be nade for other
types of grip. The subject of reach is discussed at clause 5.

18
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Fig 8. Hand D nensions Fig 9: Foot Dinensions

DI MENSI ONAL DESCRI PTI ONS AND APPLI CATIONS FOR FIG 8
]
23 HAND LENGTH Direct application of this dinmension are
limted, but it is useful for making conparisons between
popul ations and in selecting subjects for fitting trials.

24 HAND BREADTH ( METACARPAL BREADTH) Access, of hand, to
narrow apertures. Design of handgrips, lifting handles,
etc.

DI MENS|I ONAL DESCRI PTI ONS AND APPLI CATIONS FOR FIG 9

FOOT LENGTH Design of foot-operated controls.

FOOT BREADTH Design of foot-operated controls.

20
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31

Fig 10: Head D nensions

DI MENSI ONAL DESCRI PTI ONS AND APPLI CATI ONS H

27

28

29

30

31

32

HEAD BREADTH M nimum | ateral cl earance for head and the
maxi mum hori zontal head breadth above the ears (the location
of this dimension is highly variable). Useful for head phone

desi gn.

| NTERPUPI | LARY DI STANCE The horizontal distance between the
centres of the pupils when the subject |ooks straight ahead.
Used in the design of binocular devices for exanple.

PUPI L TO VERTEX The vertical distance fromthe centre of the
eye to the vertex (crown)

TRAG ON TO VERTEX The vertical distance between the centre
of the ear and the crowm. Used in the design of the head
phone set for exanple.

HEAD HEI GHT Thi s di stance between the nost inferior point of
the menton (chin) and the vertex (crown)

HEAD LENGTH The di nensi on between the | owest point on the
head (between the crown ridge) and the rear nmost point,
wherever found (usually in the md-sagittal planes).

21
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3rd Percentile 50th Percentile 97th Percentile

UK RN |UK Mil [US Army| UK Mil |US Army T US Army
Table E 1986-90{1994  |1988 1986-90{1994  |1988 - 1986-90 [1994  |1988

— 3
Stature 1540 J1s29 Jis13 | fiess o3 ezr | fre2  17es  |u7ss
Eye Height 1454|1414 1401 q1sa3 1531 Jisis _ L1645 1652 1637
Acromial Height (Shoulder Height)[1237 (1244 {1227 1340|1347  [1332  L1ass 1454 1446
Elbow Height 925 - 909 1004 - 994 1093 - 1087
Fintertip Height 572|583 | s44 1635 644 | 609 692 709 678
Vertical Functional Reach 1920 1852 }1788 2075|2010 |1945 2246 2179 2115
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a eas ment
ita e
TABLE A-2Z HMale Body Dimensions (Stamnding)
_5th Percentile 95th Percentile ‘
UK Aircrew UK Non-Aircrew]US Army - {UK Aircrew UK Non-Aircrew |US Army
Actusl |Estim. {Actusl [Estim. _JActual[Estim. |  [ActusiEstim. |Actual [Estim. |Actual[Estim. |
1987 2000 1987 2000 1088 12000 1087 12000 11087 2000 1988 2000
1_|Stature 1674 1675 1660 1676 1647 11663 1889 11897 |1870 1892 1867 |1888
2_JEye Height 1577 1578 1567 1582 1528 11543 1772 1779 1752 1772 1743 ]1763
3 jAcromial Height 1365 311370 11358 31371 1342 11355 1545 11551 11529 1547 11546 11364
4 | Elbow Height 1027 1028 1018 1028 1010 11020 1182 11187 1170 1183 1168 11181
5 _JFingertip Height 621 622 613 619 591 597 726 1729 | 727 735 716 | 724
6 _1Yent, Fn Reach 2109 2111 2111 2111 2074 12094 2380 12390 12356 2382 2352 12379
TABLE B-2 Male Body Dimensions (Sitting)
5th Percentile 95th Percentile
UK Aircrew UK Non-Aircrew |US Army UK Aircrew UK Non-Aircrew |US Army
Actual jEstim. jActual [Estim. jActua} jEstim. Actual jEstim. jActuai __yEstim. jAciual jEstim.
1987 12000 11987 2000 1988 12000 1987 12000 11987 2000 1988 12000
7 1Sitting Height above seat 881 882 871 879 855 863 995 999 981 992 972 983
8 |Eye Height above seat 784 785 778 785 735 742 878 882 863 873 848 858
9 | Acromial Height above seat 571 571 572 578 549 554 674 677 668 676 646 653
101 Elbow Rest Height above seat 206 1206 200 211 184 1186 200 1201 [292 295 274 12717
11 | Thigh clearance 155 155 143 144 149 150 198 199 192 194 190 192
12 IStool Height 359 350 365 369 - - 441 443 459 454 - -
13 | Knee Height 521 521 515 520 514 519 602 605 600 607 606 613
14 ] Abdominal Depth 196 196 203 205 199 201 290 291 301 304 291 294
15 IButtock Knee Length 568 1568 |3561 566 569|574 657 1660 1656 663 667 1675
TABLE C-2 Male Body Dimensions (Sitting)
5th Percentile 95th Percentile
UK Aircrew UK Non-Aircrew |US Army UK Aircrew |UK Non-Aircrew |US Army
Actual IEstim. |Actual Estim. lActual 1Estim. Acutal {Estim. lActual 1Estim. 1Actual |Estim.
1987 12000 11987 2000 11088 12000 1987 12000 11087 12000 11088 12000 |
16 |Span between Fingertips 1696 11608 11675 1691 li6o3 11700 1 J1958 }1966 ]1918 [1940 [1960 |1983
17 jinier Eibow Span 892 893 885 894 895 904 1040 11044 11020 1032 1042 11054
18 |Shoulder Breadth 453 453 438 442 450 454 539 541 530 536 535 541
19 |Hip Breadth 346 346 337 340 329 332 418 420 423 428 412 417
20 | Vertical Functional Reach above seat {1283 11284 1277 1289 1272 11284 1475 ]1481 1450 1467 1459 |1476
21 lHorizontal Functional Reach 394 394 388 392 386 390 456 458 449 454 452 457
22 iForward Functional Reach 729 730 1722 729 739 1746 850 1854 | 840 850 867 | 877
TABLE D-2 Male Hand, Foot and Head Dimensions
5th Percentile 95th Percentile )
UK Aircrew  |UK Non-Aircrew |US Army JUK Aircrew UK Non-Aircrew JUS Army
Actua] IEstim. {Actual IEstim. [Actual JEstim. Actua! JEstim jActus! 1Estim _jActua! Estim.
1987 12000 11987 2000 1988 12000 1987 12000 11987 2000 1988 12000
23 |Hand Length 181 181 178 180 178 180 211 212 208 210 211 213
24 | Hand Breadth 80 80 79 80 84 85 95 95 93 94 98 99
25 |Foot Length 248 248 245 247 249 251 287 288 285 288 292 295
26 |Foot Breadth 9 |9 |88 89 92 | o2 105 J105 [104 [105 110 ] 111
27 |Head Breadth 147 147 146 147 143 144 164 165 163 165 161 163
28 lInter Pupillary distance 58 58 57 58 59 60 69 69 69 70 71 72
29 | Pupil to top of head 97 97 93 94 101 102 117 117 118 119 123 124
30 | Tragion to vertex (ear centre to top of head)| 119 119 118 119 122 123 40 141 139 141 140 142
31 [Head Height 216 216 208 210 218 220 246 297 | 244 247 247 250
2 1Head Length 189 189 188 190 185 187 211 212 200 211 200 211

24



EF ST 0- 2
Iable F
male Bo io i ti ds eet a
_ .
3rd Percentile 50th Percentile 97th Percentile
UK RN {UK Mil |US Army UK RN |UK Mil |US Army UK RN UK Mil iJSArmy
Table F 1986-90 1988 1986-90 1994 1988 1986-90 [1994 1988
7 ]Sitting Height above seat 870 860 851 934 919 918
8 |Eye Height above seat 735 692 677 769 751 738 817 806 802
9 jAcromial Height above seat 538 515 503 581 567 555 628 618 611
10 |Elbow Rest Height above seat | 212 202 169 249 251 221 297 299 271
11 | Thigh Clearance 132 132 138 155 155 158 182 182 184
12 | Stool Height 330 343 - 384 386 - 433 434 -

143 |Knee Height 468 474 468 515 515 514 565 562 567
14 { Abdominal Depth 172 192 181 219 232 219 285 300 279
15 | Buttock Knee Length 527 542 535 578 592 588 622 648 647
16 | Spar between fingertips 1506 1496 1524 1639 1637 1670 1755 1785 1828
17 | Inter Elbow Span 805 806 815 875 882 892 953 968 993
18 |Shoulder Breadth 396 385 392 436 426 431 480 478 479
19 |Hip Breadth 342 331 337 376 379 383 448 441 440
20|Vert Fn. Reach 1161 1137 1162 1256 1231 1264 1360 1336 1364
21 JHoriz. Elbow Reach 348 - 347 379 - 383 411 - 419
22 |Forward Fn. Reach 652 672 670 711 737 734 779 812 806
3 |Hand Length 161 167 163 177 185 180 193 205 200
24 | Hand Breadth 68 68 73 75 74 79 82 81 87
25 |Foot Length 219 220 222 241 241 244 260 262 267
26 |Foot Breadth 79 80 81 88 87 90 95 95 99
27 {Head Breadth 139 141 136 148 150 144 159 160 154
28 |Inter Pupillary Dist 57 53 56 64 58 62 71 63 69
29 [Pupil to Top of Head 86 96 93 101 112 105 117 127 118
30 [ Tragion to Vertex 112 114 113 124 125 124 134 137 134
31 |Head Height 194 197 202 212 215 218 230 233 234
32 |Head Length 177 177 175 189 190 187 199 203 199
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Tables E2 to F2

5th and 95th Percentile Body Measurenents in MIlinetres for

Female Mlitary Personnel

TABLE E2 Femal e Body Dinmensions (Standing)

5th Percentile : 95th Percentile
UK RN UK Mil US Army UK RN UK Mil US Army
1986-90 1994 1988 1986-90 1994 1988

1 Stature 1556 1543 1528 1742 1744 1737

2 Eye Height 1466 1543 1415 1627 1637 1621

3 Acromial Height (Shoulder Height) 1250 1257 1241 1438 1444 1432

4 Elbow Height 934 - 917 1080 - 1077

5 Fingertip Height 587 591 551 689 699 670

[ Vertical Functional Reach 1939 1873 ) - 2220 2158 2115

TABLE F-2 Fenale Body Dinensions (Sitting)

7 Sitting Height above seat 826 807 795 924 913 911
Eye Height above seat 736 699 685 809 799 794
Acromial Height above seat 539 520 509 625 612 604

10 | Elbow Rest Height above seat 215 210 176 284 293 264
11 | Thigh Clearance 136 134 140 178 178 180
12 | Stool Height 340 344 - 426 430 -

13 Knee Height 471 480 474 558 556 560
14 | Abdominal Depth 179 198 185 278 288 271

15 Buttock-Knee Length 531 546 542 L619 641 640
16 | Span between fingertips 1522 1520 1542 1750 1755 1809
17 Inter Elbow Span 810 814 795 9 95 943
18 | Shoulder Breadih 359 389 397 475 472 472
19 | Hip Breadth 345 338 343 441 432 432
20 }Vert Fn. Reach 17 1147 1174 1347 1324 1352
21 Horiz. Elbow Reach 349 - 350 409 - 411

22 Forward Fn. Reach 656 680 677 775 804 797
23 | Hand Length 163 170 165 191 202 ] 197
24 | Hand Breadth 69 68 73 82 80 85

25 Foot Length 220 222 224 259 259 265
26 Foot Breadth 80 81 82 94 94 98

27 Head Breadth 140 142 137 157 158 153
28 Inter Pupillary Dist 57 54 57 70 63 69

29 | Pupil to Top of Head 90 98 94 115 i25 ii6
30 | Tragion to Vertex 113 115 114 132 135 133
31 | Head Height 196 199 204 228 230 230
32 Head Length 178 179 176 198 201 198
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— " Table G

Male Bodv Weiaght in Kiloarams

3rd Percentile 50th Percentile 97th Percentile
UK Aircrew (UK Non-Aircrew [US Army UK Aircrew [UK Non-Aircrew|US Army UK Aircrew  |UK Nob-Aircrew [US Army
Actual {Estim. jActual [Estim. jActual {Estim. Aciual {Estim. jAciual |Estim. [Actual |Estim. Actuai [Estim. JActuai |Estim. JActuai {Estim.
1987 12000 1987 2000 1988 [2000 1987 2000 1987 2000 1988 2000 1987 {2000 1987 2000 1988 |2000

[ 62 6 5 |65 S 63 (|78 |8 |78 (8 |78 18 {9 103 {101 103 [iBi 105
e Bod eight o s
3rd Percentile ‘l 50th Percentile 97th Percentile
UK RN UK Mil US Army |[UK RN UK Mil US Army ~|UK RN UK Mil US Army
1986-90 1994 1988 1986-90 1994 1988 1986-90 1994 1988
i 49 i 49 i 49 I 163 61 61 82 82 80
Applications for fitting trials and seat design. Strength of supporting structures. Body

weight is also useful in cross referencing between populations and selecting subjects for
fitting trials.

4.6 Survey Age Data. To provide the user with some background of the data in tables A to
G, and 3rd, 50th and 97th percentile ages and the overall numbers involved in the surveys
are given in table H.

Table H
(o] ation e ime of Survey and mber in Surve
3rd % 50th % 97th % Number
UK Aircrew Male 22 30 46 367
UK Nen-Aircrew Male s 28 45 1333
L _ .rmy Male 19 25 41 1774
UK RN Female 19 25 37 136
UK Military Female 19 24 39 1002
US Army Female 19 25 38 2208
Applications for fitting trijals and seat design. Strength of supporting structures. Body
weight is alsoc useful in cross referencing between populations and selecting subjects.
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Percentile 3rd 50th 97th

Nationality GAF {USAF [RAF|IAF GAF JUSAF [RAF |IAF GAF [USAF {RAF|IAF
Survey Date 1967 [1967 [1970 1967 [1967 1970 [1962 1967 |1967 |1970
Stature 1 1657 |1659  ]1655] 1767 11773 |1770 [1717 1886 ]1892 {1890
Eye Height 2 - - 1549 - - 1661 | - - - 1783
Shoulder Height 3 1403  [1411 1396 1508 {1520 [1502 [1399 1621 |1633 1616
Elbow Height 4 331 - - 341 |- - - 372 | - -
Fingertip Height 5 607 607 606 673 | 671 |} 670 | 639 745 | 741 | 734
Vertical Functional 6 - - - - - - - - - -
Reach

Sitting Height 7 846 875 868 909 |931 [929 |903 971 |1 993 | 988
Eye Height 8 733 755 765 798 | 808 |824 | 786 857 | 869 | 881
Shoulder Height above |9 557 - 614 620 |- 666 | 618 675 | - 715
Seat

Elbow Rest Height 10 178 203 200 237 §251 |248 | 227 294 | 302 | 294
 Thigh Clearance 11 106 140 137 151 165 ]158 | 165 161 | 192 |'180
Stool Height 12 389 395 376 434 |437 |424 | 402 477 | 480 | 469
Knee Height 13 487 512 513 540 | 557 |559 | 538 591 { 606 | 610
Abdominal Depth 14 181 - 203 220 | - 240 | - 273 | - 287
Buttock-Knee 15 553 554 559 601 | 603 | 606 | 587 650 | 657 | 657
Span 16 - - 1692 - - 1826 | - - - 1965
Inter-Elbow Span 17 - - 909 - - 990 | - - - 1070
Shoulder Breadth 18 409 435 430 457 1482 |469 |- 505 | 533 | 508
Hip Breadth 19 315 319 332 352 ]| 352 ]368 | 362 390 | 390 | 406
Vertical Reach above 20 - - 1281 - - 1385 | - - - 1478
Seat

Horizontal Elbow Reach {21 - - 384 - - 419 | - - - 458
Forward Reach 22 721 726 736 800 {802 |[802 | 745 882 | 881 ] 871
Hand Length 23 173 176 173 189 [191 {191 | 190 206 | 207 | 209
Hand Breadth 24 78 81 - 86 89 - - 94 | 97 -
Foot Length 25 241 249 244 263 1270 266 | 265 287 | 293 | 289
Foot Breadth 26 86 89 87 100 98 95 101 111 j 108 | 104
Head Breadth 27 131 132 147 141 143 157 | 156 152 | 153 | 168
Inter Pupillary Distance {28 55 56 - 63 63 - - 69 | 69 -
Pupil to Vertex 29 93 105 97 113 ] 119 j112 |- 132 § 134 | 128
Tragion to vertex 30 110 123 118 130 135 | 130 ] 130 147 ] 146 | 141
Head Height 31 196 208 210 221 ]228 230 224 245 | 247 | 248
Head Length 32 173 186 186 190 1199 1190 | 194 206 | 212 ] 210
Weight (Kg) - 60.7 61.6 59.5 74.5 |78.2 |74.5 ]73.6 90.8 198.3 |92.4

NOTE: Shoulder height above seat (9). Shoulder height - GAF and RAF
techniques are different so measurements are not comparable. GAF is taken
at mid shoulder and RAF is 90 mm from midline of body.
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Section Four. Dynam c Anthroponetry

5 Definition

Dynam c anthropometry deals with the dinension of the workspace envel ope
needed by persons as they performtheir work. Unlike static body

di mensi ons, which are measured with the subject in a rigid, standardized
position, dynam c measurenents are made in working positions and vary
accordingly.

5.1 Reach data. In nmany workspace design problems it is inportant to know
how far an operator is able to reach in a given direction from a specified
reference point.

5.2 Formal reach dinensions. Al data in section 3 tables and diagramns
refer to straightforward anatom cal distances (or static body dinensions)
al though it should be appreciated that an individual is able to reach a
good deal further forward than this distance, by thrusting forward or
protracting their shoulders, and by flexing and inclining the trunk.
However, even this increased reach nay be severely limted if the person is
constrained by a tight harness, protective clothing or seat geonetry. (See
Figs 12a and 12b and clause 5.2.5).

5.2.1 Dynamic reach dinensions. The total volunme of space which an
i ndi vidual can reach by adopting whatever postural combination is nost
advant ageous, is defined by a three dinensional system of co-ordinates,
centred on, for exanple the seat reference point, known as a workspace
envel ope (or Kkinosphere) (see Figures 12a and 12b). Typical exanples of
wor kspace envel opes will be found in Van Cott and Kincade.

5.2.2 Figures 12a and 12b show the 3rd and 97th percentile Dynamc right
arm reach envelopes for both nale and female current UK mlitary personnel.
(I't is assuned that the left armreach envelopes will mrror the right
armis). The reach envel opes shown are intended as a guide and assune that
lightly clothed personnel are restrained in a seat with a lap strap.

5.2.3 Distances fromthe Seat Reference Point (SRP) (See Figure 11) are
shown in milinetres. The SRP is at the centre line of the seat pan (which
is tilted up at 6°) where it neets the seat back, which is inclined
backwards at 13°. Distance from seat reference point, dinmensions are
measured from SRP vertical axis and not reclined back.

5.2.4 Different seat geonetry, use of a tight restraining harness and

bul ky protective clothing such as helnets, NBC clothing, life saving
jackets etc, will change and generally reduce the reach envel ope.
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SEAT
REFERENCE
POINT

(SRP) !

Fig 11: Seat Refence Point (SRP)
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5.2.2 The workspace envelope. The seat reference point (SRP) illustrated
in figure 11, is comonly used as a standard starting point for reach

di nensions of seated operators and is defined as the mdpoint of the
intersection of the place of the seat surface, with the plane of the
backrest surface of the seat and tangents of the md-line contours of the
seated person.

The seat reference line (SRL) and the seat reference vertical (SRV)
illustrated in figures 12a and 12b are reference lines plotted from the
seat reference point to vertical axsis to highlight reach boundaries when
converted to horizontal contours.

The exanples are presented as a guide to the designer to introduce the

wor kspace envel ope pictorially, and should not be considered as a basis of
practicality towards design aspects of functional ergonomcs. At present
di mensi onal representations of the horizontal boundaries for British
civilian and mlitary personnel are not readily available. However, a
fuller description can be found in Van Cott and Kinkade but it should be
enphasi sed that the dinensions tabulated in this work should be treated
with caution, they apply only to the populations that are simlar in size
and proportions to the US Air Force and cannot be used indiscrimnately for
all popul ati ons.

5.2.3 Anthropormetry of reach. The anthroponetry of reach can be viewed in
terns of a relatively large volune which is ‘possible’, within which are
successively smaller volunmes which are ‘acceptable’, ‘preferred or
‘optimal’ for a particular activity (see clause 7.1 Wrking Posture) and

al so Defence Standard 00-25 PART 4: Workplace Design and PART 10: Controls.

5.2.4 Reach for workspace |ayout

(a) Armreach data is essential for equipnent design and workspace |ayout
simply because different controls demand varying degrees of precision
of novenment and force. Arm length neasurements, originally taken from
standi ng subjects as a maxinum length to qualify anatom cal
difference, have now proliferated into numerous dinensions, both
standing and sitting, involving various conbinations of position of
the hand, arm and shoul der.

(b) It is inmpossible to consider the zone which is defined by the rotation
of the upper linb about the shoulder joint anatomically resembling a
ball and socket (See section 5 regarding the range of novenment of body
menbers, and the guidelines in Defence Standard 00-25, PART 3
concerning the safe limts for force applications).

5.2.5 Head and eye pointing boundaries. Wien considering Helmet Munted
Sighting Systens for weapon aimng, the designer needs to be aware of

possi bl e head and eye noverment |initations caused by equipment or
protective clothing interference.

Figures 13 and 14 show typical head and eye novenent boundaries for fighter
pilots, for both the slack and tight restraining harness cases.
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5.2.5 (Contd)

Both figures show a side elevation view of a sphere with the pilot |ooking
forwards (to the left). The pilot’'s eye datumis at the 90°, 0° co-
ordinate at the centre of the sphere. Fromthis position, the 3rd
percentile nmale pilot (in terns of head novenent - not stature) can only
poi nt his head 40° upwards, with a slack harness when | ooking straight
ahead. Wen |ooking sideways (90°) he can look only 26° upwards and 10°
downwar ds.

The side of the cockpit prevents the eye from | ooking downwards nore than
40° to the side, even for the 90%e pilot with a slack harness

This is a general guide to pilots head and eye pointing ability and the
following points should be noted

(a) There is considerable variability in head nobility between subjects
This mobility has little correlation with subject dinensions such as
Sitting Eye Height, but appears to be dependent upon the pilot’s
postural strategy.

(b When wearing a tight harness, head novenent upwards and rearwards is
severely restricted by interference between the ejection seat head box
and the pilot’s protective hel net.

(c) Head novenent is linmted also by interference between the |ife-saving
jacket and the oxygen nask/hel net assenbly. Eye pointing is sonetimes
limted by the bulk of the oxygen nask.

(d) If the harness is worn in the unlocked or slack state, an additiona
10° to 20° of head novenment can be achieved.

(e) If the eye, rather than the head, can be used for aimng, then an
addi tional 50° becones available to use

Little further anthropometric information on head and eye pointing for
weapon control has become available since Lovesey' s paper in 1987
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33
M FM M FM M FM
33 |HAND LENGTH 100 178 161 195 177 212 193
34 |WRIST TO THUMB TIP IN A 60 |107 97 117 106 127 116
PINCH GRIP
35 |WRIST TO THE CENTRE OF 2 35 62 56 68 62 74 68
FULL GRIP

add correction for gloves if necessary. (See 5.4.2)
Note l: Reach corrections may be calculated using the hand length data
tabulated in section 3; figure 8.

Note 2: 1In typical cases:

For Men - Fingertip reach is 78 millimetres further than thumbtip, and 70
for women.

For Men - Thumbtip reach is 50 millimetres further than full grip and 44
for women.
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5.3 Accessibility of confined workspaces

5.3.1 When space is at a premum it nay be necessary to specify mnimm

di mensions for access by naintenance personnel (plunbers, fitters etc).
Figure 16 gives dinmensions which will acconmodate virtually all civilian,
or female Service personnel, however, allowances nust be nmade for footwear,
hel mets, equipnment etc. (Refer to clause 5.4 for clothing corrections.)

5.3.2 Wen such dinensions are critical, the designers are urged to check
using a full scale nock up using subjects representing the |argest and
bul ki est nembers of the working population wearing maximm clothing
assenblies applicable to climatic/operational conditions

420

1675

CRAWLING LENGTH AND HEIGHT KNEELING LENGTH AND HEIGHT

500

1930

PRONE LENGTH AND HEIGHT

b"“. dmdiov m W;Qni.ﬂ\lh’é.‘)

1420 850

MINIMUM SQUATTING HEIGHT

— ‘
UPRIGHT KNEELING HEIGHT
AND ZLENGTH

Fig 16: Functional Dinensions for Confined Wrk Spaces

Note: Add corrections for clothing as given in Table L.
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5.3.3 Accessibility for manual tasks

(a) Access openings provided for adjusting and handling interior itens
should be sized to permt the required operations and where possible
provide an adequate view of the item being manipul ated. Access covers
should be equipped with grasp areas or other means for opening them
Al l owance should be nade for the clearance of the operators gloved or
mttened hand if the access is located externally and nay require
servicing under cold weather conditions. Sone exanples of access
al | owances which may be encountered are shown in figure 17. For

access and correct spacing of controls, refer to Defence

Standard 00-25. Part 10: Controls, and Part 11: Design for

Mai ntai nability.
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Fig 17: Aperture Dinensions for Mnual Tasks
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5.3.3 (Contd)

(b) Certain functional dimensions of the workspace can not be adequately
derived from sinple anthroponetric dinensions of the type considered
in Section 4. Sone dinensions relevant to the design of maintenance
access spaces and to the layout of multiple controls on equipnent are
summarized in figure 17. It should be enphasized that the dinensions
indicated in this figure are approxinmate and that additional allowance
may have to be made for special clothing, gloves and footwear.

5.4 Cdothing corrections for anthroponetric data

5.4.1 Because surveys are generally conducted on sem -nude subjects,
clothing corrections must be considered by designers when planning
wor kspace |ayout and control positioning etc. Substantial differences can
occur in anthropometric data with the addition of clothes, tools and

equi prent see table L for clothing corrections. For overhead reach there
is a decrement due to clothing restrictions.

5.4.2 An inmportant factor which determi nes the clothing correction to be
applied, is the NBC operational and/or environmental conditions in which
the equipnment is to be used, ranging from perhaps, arctic to a tropica
environment.  For exanple, in figure 18, a 60 x 110 nm aperture handgrip
which will confortably admit the |argest ungloved hands needs to be
increased to 100 x 200 nm for a man wearing arctic mttens

Handgri p di mensions
adequate for nornal
climate conditions

Severe arctic conditions
woul d render sane hand-
grip inadequate for
efficient operation

Fig 18: Exanple Show ng Inportance of dothing Correction
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Table L

Additions to Anthroponetric Dinensions for d othing

Dinmensions in mllinmetres

Description COVBAT CaLD
WEATHER
Stature 64 76
Eye hei ght standing 27 36
Sitting height 38 51
Eye height sitting 1 10
Thi gh cl earance 4 23
Knee hei ght 33 56
Buttock to knee |l ength 5 51
Shoul der breadth 6 152
H p breadth 13 152
Abdom nal depth 13 51
Foot Length 41 68
Foot breadth 5 46
Hand breadth N A 43
Hand t hi ckness N A 84

N A data not avail able

Note: Table L (above) is intended as a guide only. Wth the issue of the
conbat soldier 95 (CS95) clothing systemwhich includes the MK6 combat

hel net and boots it is no |onger possible to define a single conbat
ensenble. Crews for armoured vehicles wear hel mets designed for use in

t hose vehicles.

5.4.3 Civilian footwear, the extrenes of personal taste, can add
substantially to the variability of stature as well as the mean. Clearance
di nensi ons in workspace and passageways may require to take account of a
vari ety of personal equipnent and |uggage (headset, rescue gear, tool bags
etc).

Note: This is absolutely vital for damage control, fire fighting and
emergency escape. In these circunstances dimensions nust be chosen which
will allow 100% of the population to pass without inpedinent. Mlitary
headgear may add over 50 nm stature and boots up to 30 nm

An exanpl e of a subject wearing bul ky equi pment, such as a parachute is
given on page 41, showi ng dinensions of an escape hatch.
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5.4.4 Designers of mlitary equi pment cannot consider these factors
without data. It is nore likely that the operator will need to conformto
agreed standards, ie, mlitary environment ie short hair, beard possible
states

Fi 19: Escape Hatch D nension

Note: The dinmensions in escape hatch design should be chosen which wll
all ow 100% of the population to pass through wthout inpedinent.

5.5 Mximal static forces and space requirenments

5.5.1 Static (isometric) force as applied to a control means the exertion
of nuscle force such that the nuscles tighten but do not change their
length during this tension. The control does not nove, or noves
negligibly, in relation to the operator’s body.

5.5.2 In workspace where manual forces nust be exerted it is inportant to
provide sufficient clearance for the operator to use his body to the
greatest nechanical advantage. Cranped conditions or obstacles in the

wor kspace lead to a reduction in the person’s capacity to exert force and
an increased level of strain (see Section 6: Posture and al so Defence
Standard 00-25 Part 3: Body Strength and Stam na).

5.5.3 The necessity for an operator to exert a force, or support a |oad,
while leaning forward over an obstacle should be avoided. Some approxinate
guidelines to space requirements are as follows:

Lateral clearance. Inter-elbow span (see figure 6, section 3) provides a
reasonabl e indication of the space required for unrestricted activity. A
cl earance of 550 mm either side of the md-line is satisfactory for nost
pur poses. (This figure should be increased if the required force has a
si deways comnponent).
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5.5.3 (Contd)

O earance behind the operator. Measuring backwards from the operators
hands the follow ng distances should prove adequate for static exertions.

LI FTI NG FORCES 550 mMm
PULLI NG OR PUSHI NG FORCES 1250 mm

Not e: Pushing forces are increased by the presence of an obstacle behind
the operator if he is able to use it for bracing hinmself. The nore conpl ex

case of dynami ¢ exertion should be solved by trial and error.
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Section Five. Anthroponetric Mvenent of Body Menbers

6 Definition

The human body nay be generally described as a small nunber of rigid |inks
connected at specific points about which they are free to rotate.

6.1 Body |inkages

6.1.1 To plan positioning and operability of controls, a designer requires
data concerning the range of novenent of the torso, arns and legs in order
to establish the confortable linmts for maximum efficiency.

6.1.2 The noveable joints of the body, articulated by neans of |iganments
(tough fibrous bands), are of several types, the three nost inportant are
hinge joints (finger), pivot joints (elbow), and ball and socket joints
(shoulder and hip). Thus, the human body is basically an open chain system
of ‘links’ rotating around joints. The end menbers of these open-chain
links, the hands and feet, can occupy a limtless nunber of positions in
space as a result of the cunulative ranges of these joints (DEMPSTER).

6.2 Dynami c range of novenent

6.2.1 The functional (or dynamc) data presented so far has been
empirically determined in ad hoc studies to solve specific practica
problenms.  The application of such data is of necessity limted to a narrow
range of situations, simlar to those in which the data was originally
gathered. There are tines when a designer needs to reach an approxi mate
solution to a novel problem in functional anthroponetrics

6.2.2 The thigh link extends fromthe centre of rotation of the hip joint
to that of the knee. The shank or lower leg link extends fromthe knee to
the ankle, etc. In table Mthe average lengths of these links are
expressed as a percentage of the stature. Designations 1 to 17 in table M
refer to dinensions of the body as seen in side elevation, (known to
anatonmists as the SAG TTAL PLANE, see figure 20), whereas designation 18
and 19 refer to dinensions of the body as seen in front elevation (known to
anatom sts as the CORONAL PLANE - see figure 21)
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16
15
14

13

1 A A

SEAT REFERENCE
POINT

: Coronal Plane Bod inkage
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Table M
D nensions of Body Linkages Expressed as a Percentage of Stature
fromFigs 20 and 21

..

DESCRIPTIIGN PERCENTAGE OF STATURE
l 1 |THGH 28. 4
2 | SHANK (LOWER LEG 23.4
3 | ANKLE HEI GHT 4.7
4 |HEEL TO ANKLE (HORI ZONTAL PRQJECTION) |3.3
5 |HEEL TO BALL OF FOOT 11.2
6 |FOOT LENGTH 15.3
7 |ARM (ie SHOULDER TO ELBOW 17.3
8 | FOREARM 15.5
9 |WRIST TO CENTRE OF GRIP 3.8
10 {HAND LENGTH 10. 9
11 |H P TO SRP (HORI ZONTAL 6. 9*
12 |HP TO SRP (VERTI CAL) 5. 2%
13 | SHOULDER TO SEAT 32.0
14 |LOAER NECK (C7 VERTEBRA) TO SEAT 37.8
15 | EYE LEVEL TO SEAT 45.9
16 | SITTING HEl GHT 52.3
17 | EYE TO AXIS OF HEAD (HORI ZONTAL) 5.7
18 | TRANSVERSE SHOULDERS 22.5
19 | TRANSVERSE HI PS 9.8

* The seat reference point (SRP) is the centre point of a line formed by
the intersection of the planes of the back and base of a fully conpressed
seat and tangents of the nid-line contours of the seated man (see

figure 11).

6.2.3 It should be enphasised that figure 20 is only an approximation to
the truth, the trunk, for example, is by no neans a rigid link and the
spine is flexible in all three anatomical planes. The centre of rotation
of the shoulder joint is by no neans static; (see figure 22) the shoul der
girdle clavicle and scapula, (or ‘collar bone’ and ‘shoul der blade') are
mobile with respect to the rib cage
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CENTRELINE OF THE BODY

J

MOVEMENT OF -
THE UPPER
LIMB

Fig 22: Path of |nstantaneous Centre of Shoulder Rotation Show n
a very large and Erratic Pathway for Effective Centres

6.2.4 In using the link systemto visualize the reaches possible with the
limbs for a given posture, it nust be renenbered that the actual body
joints are not sinple centres of rotation, and that some of the body |inks
are by no means rigid (for exanple, the shoulder joint is not positively

| ocated at the upper end of a rigid upper trunk link - see figure 22).

Al so the possible range of joint nmovenents are dependant on the joint, and
that nuscul ar movenents of one |ink about another may vary considerably,
not only with the angular disposition of the links, but also with the
postural relationships of adjacent links. Thus postures and reach possible
with a manikin (see clause 6.3) nay be of little or no practica
significance for the man. Conputer man nodels may provide better
approxi mati ons than mani kins (see clause 6.3).

6.2.5 The designer should bear these limtations in mnd. The node

woul d, for exanple, make a highly conservative estimate of a reach envel ope
and is of great value when considering the interaction between working
posture and workspace (refer to para 7.1 Wrking Posture and al so Defence
Standard 00-25 Part 4: Wrkplace Design.
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6.3 Manikins

6.3.1 Two dinensional cut-outs or “mani kins”, representing the human form
and realistically articulated, are used by nmany designers as an aid to
thinking at the drawing board. Detailed drawi ngs from which such manikins
may be constructed have been published by Denpster and el sewhere. They may
be constructed to represent individuals of average bodily proportions and
various statures. (They should not be thought of as representing an ‘nth
percentile person”, since nobody can be nth percentile in all dinensions).
Certain manufacturers of drawing instruments narket design manikins both
flat and three dinensional some of which are very strangely proportioned;

it is advisable to check their dinensions against table M A well made set
of drawing board manikins will quickly repay the effort of their
construction. They can be usefully supplenmented by cut-outs for hel mets,
boots, gloves, parachutes, etc.

6.3.2 There is now an increasing use of conputer based anthroponetrics
model s, by neans of which, hypothetical workspace geonetries may be

eval uated against stored sets of anthropometric data. Reductions in the
price of conputer hardware (particularly graphics termnals) allows the

wi despread distribution of standard software packages for such purposes.
The use of conputer nodels take much of the drudgery out of anthroponetrics
and free the ergononist and designer for the nore creative pursuits of
their respective crafts. Conputerised man-nodels which are available are:

SAM E (UK) System for Aiding Mn-Mchine Interaction
Eval uation
JACK (USA) Conputer Graphics System for Man- Machine

Interaction Evaluation
COVBI MAN ( USA) Conput eri sed Bi onechani cal Man Mdel

Many other conputerised man-nodels are available which are already
incorporated in CAD systenms and others are under devel opnent. The designer
will have to decide which model offers the best overall solution to his
requi renents. However, the conputer nodel should be used in conjunction
with trials using full-scale nock-ups and subject representing the critical
anthroponetric dimensions of the target population. (See clause 3.4.2).
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Section Six. Posture and Body Anthroponetics
7 Definiton

For the purpose of this Part of this Standard, posture is defined as the
orientation of the parts of the body with respect to each other and to the
i medi ate physical environment.

7.1 Wrking posture. Relationships between the dinmensions of the
operators and those of their workspace determ ne the posture in which they
ultimately have to perform their task. Thus by applying anthroponetric
data at an early design stage a satisfactory working posture for operators,
of non-standardi zed dinensions will be achieved

Note: Poor or inappropriate posture |leads to disconfort, fatigue and
inefficiency, if prolonged, it may be sufficiently damaging to render the
operator unfit for duty. (A though it cannot be proved that poor posture
is solely responsible for any specific disease, it is certain that an

exi sting disorder will be severely accelerated by a working posture which
stresses the affected part of the body.) (eg, RSl).

Further information on posture and the recommended forces that can be
applied are given in Defence Standard 00-25 Part 3: Body Strength and
St ami na.

7.2 Body position

7.2.1 Many human di nensions vary with posture or body position. To
standardi ze and conpare, the anthropometrist usually requires specific,
erect positions rarely assumed by people at work or at rest. Because few
people normally stand or sit conpletely erect, “nornal” standing height,
sitting height, and eye height involve ‘slunp’ and are thus significantly

| ess, than when neasured with the body erect. Standing height is shorter
than prone or supine length. Hp breadth and waist depth are larger in the
seated than in the standing position. Mst dynamic dinmensions are altered
by body nmovenment, thus maxi mum armreach with free movenment of the shoul der
or trunk is much greater than with the shoulder and trunk restrained

7.2.2 The conplexity of the anatomy and nechanics of the human body is
such that the prediction of a conplete workspace envel ope is scarcely
possi ble froma know edge of the structure and function of the conponent
parts. The enpirically determ ned envel ope represents the ultimate limts
of a persons’ reaching capacity and requires the adoption of extremne
postures. These postures cannot be naintained for any |ength of tine, and
therefore are not suitable for the performance of any but the |ightest
mani pul ative tasks.

7.3 Ceneral recommendations concerning working posture

7.3.1 Wherever possible mobility in the workspace should be encouraged, by
giving the operator roomto stretch and fidget. Placing continuous
nmechani cal | oading on any part of the body shoul d be avoided (see Defence
Standard 00-25 Part 4: Wrkplace Design and Part 5: Stresses and Hazards).
These goal s, however, may be inpossible to achieve due to overriding
necessity for restraining harnesses, linmted headroometc, but an

i ndi vidual*s working posture is one of the factors which determ ne the
forces which he maybe expected to exert in the execution of his task (see
Defence Standard 00-25 Part 3: Body Strength and Stanina)
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7.3.2 The relative advantages of standing and sitting working postures

al though elementary, are often ignored. They should be considered at the
outset, as should the possibility that a work-station could be devised
whi ch would allow the operator to stand or sit as he pleased during his
period of duty.

SITTING on a purpose built seat provides a stable base of finely controlled
mani pul ative activities, especially in situations where the working area is
itself subject to vibration or acceleration; is restful to the operator and
allows the use of a greater nunber of control devices, eg pedals.

STANDING allows nobility, and the application of large forces by the
operator (provided he has adequate working clearance and “footing”.

A variety of nobile seats in a static workplace can be devised which give
the seated operator nmany of the advantages of a standing position.

7.4 Causes of postural stress

7.4.1 Individuals differ greatly in their response to a given postura
stress. A stooped position or badly designed seat (eg a seat causing too
high a pressure in the invertebral discs) which are scarcely noticed by one
person may be cripplingly painful for another. Bad working posture nay
interact with other stresses, eg sub-optimal environnental conditions

mental workl oad, operational hazard or poor general health. The nature of
these interactions can be very conpl ex.

7.4.2 The follow ng causes of postural stress may be identified.

(a) The need to maintain one or nore unsupported parts of the body against
the force of gravity. This occurs, for exanple, when the arnms and
hands must be held away from the body, either forwards or to be the
sides and above the head. Stooped working postures in which either
the trunk or the head must be inclined forward are bad for this
reason.

(b) Twisted or asynmetric postures. The operation of pedals froma
standing position provides a particularly acute exanple of this
problem as do workspaces which require their users to have “eyes in
the backs of their heads”.

(c) Postures in which joints nust be maintained near to the lints of
their ranges. "Cranped" or “stretched” positions place muscles and
|i ganents under tension and may restrict blood flow. In general, a
posture which uses the mddle third of a joint’s range is to be
preferred. The ranges of joints, notion are discussed in Defence
St andard
00-25 Part 3: Body Strength and Stam na.

(d) Excessive pressure on the surface of soft and fleshy parts of the body
or _overlying bony prom nencies. This occurs frequently to the
schialtuberosities of the buttock when sitting in poorly designed
seats.

49



DEF STAN 00-25 (PART 2)/2

7.5

Areas of posture stress

7.5.1 Eyes, head and neck (standing or sitting work)

(a)

(b)

Posture. Posture of the head and neck is generally determ ned by the
visual requirements of the task. Forward tilting of the head leads to
tension in the neck nuscles which is painful (and potentially harnful
if prolonged). The head should be as near vertical as possible.
Focusing the eyes on close objects for extended periods causes eye
strain.

Equi pnent design features. Frequently used visual displays should be
placed within an angle of 30 deg downwards from a horizontal I|ine

drawn at eye level, as shown in figure 23 and within 30° either side
of the centre line. Mninmum confortable viewi ng distance is 500 nm
700 nmis to be preferred. Displays should be bold enough and
sufficiently well illunminated to be legible at this latter distance

It is desirable that inportant sources of visual information should be
at simlar distances from the eyes, since ol der operators experience
difficulty in making frequent changes in visual focal length. Tilted
work surfaces and raised reading stands are often hel pful. (See
Defence Standard 00-25 Part 6: Vision and Lighting, Part 7: Visua

Di splays and Part 10: Controls).

- (700 MILLIMETRES PREFERRED)

—:'-Ssk < MININUM COMFORTABLE VIEWING DISTANCE 500 MILLIMETRES
R

Herizentel Line of Sight

) 15°
PREFERRED ZONE FOR
FREQUENTLY USED DISPLAYS

N ~ ao*
ACCEPTABLE ZONE FOR
RARELY USED DISPLAYS
45°
e o Lo B BN L B Py ~ 2 oL a -
s O ol T Te

7.5.2 Back (standing work)

(a) Posture. The operator should not be required to stoop for prol onged

(b)

periods during standing work

Equi pment design features. Controls and work surface placed too | ow
or too far away cause stooping. The preferred work surface height for

medi um or light nanipulative tasks is 50 - 150 mm bel ow el bow | evel .
For heavy work, a slightly lower surface is preferred (eg 150 - 250 mm
bel ow el bow level). Controls should preferably be at a hei ght between
the shoul der and the elbow, and should never be outside the arc
described by the upper linmb as it rotates about the shoul der. (The
radius of the circle is the shoulder to grip distance and is shown in
figure 24.
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ARC OF ROTATION
OF UPPER LIMB
OUTER LIMIT FOR
FREQUENTLY USED CONTROLS

e — SHOULDER HEIGHT
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7L ELBOW HEIGHT

PREFERRED
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rad FOR WORKING
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FOR CONTROLS FINGERTIP HEIGHT

Fig 24 Functional Arc of the Upper Linb

7.5.3 Back (Sitting work)

(a)

Posture. A variety of research evidence indicates that it is

desirable to maintain a nobdest spinal curvature such that there is a
slight concavity in the lunbar region (ie the “small of the back”
approximately at waist level). Slunped sitting postures, in which the
spine becones convex to the rear lead to back strain; especially if
the seat itself is subject to vibration (eg in a noving vehicle).

Equi pment design features. Working chairs and vehicle seats should
provi de positive support in the snmall of the back, or l|unbar region
(ie between the third and fifth [unbar vertebrae). For office or
control working chairs at 8° - 10° backward tilt of the seat squab
aids contact with the backrest (see exanple in figure 25).

| nappropriately located vehicle pedals cause the operator’'s pelvis to
tilt backwards and slide forwards in the seat; this |eads to slunped
spinal posture (for correct positioning of pedals refer to Defence
Standard 00-25 Part 10: Controls). A seat profile which produces only
a low pressure in the invertebral discs and requires very little
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static nuscular effort is also the one that causes the fewest aches
and pains. \Wen nore and |less disconfort is experienced it is
evident|ly associated with greater stresses falling upon the discs and
fatigue synptoms in the nuscles. Opening out the angle between the
seat and the backrest to 110° results in less electrical activity in
the nuscles and greater confort (G andjean).

SUPPORT IN LUMBARREGION ’

\

Slight backward tilt
with seat, aids contact
with bacxkrest

Fig 25: Seated Posture Support
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7.5.4 Upper Linb (standing or sitting work)

(a)

Posture. Shoul ders should be rel axed and the upper arm should be as
near vertical as possible. (If the forearm or hand are supported; the
above considerations cease to be relevant.) The forearm should be
approximately at right angles to the upper arm Wist joints should
be close to the md-points of their range of novenent.

Equi pnent design features. The range of adjustability of the heights

of seats should allow operators of all sizes to position thenselves
correctly with respect to hand operated controls. Keyboards should be
| ocated close to the el bow height of the operator. Handles of tools
etc, should conformto the natural angle of the wist so that nmanua
tasks are less demanding - see figure 26. In the design of many fine
mani pul ative tasks, desirable posture of the upper linmb may conflict
with the visual requirenents described above. Specially designed
supports for the forearnms may be required. Tilted work surfaces may
also help to resolve this problem
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7.5.5 Lower Linb (sitting work)

(a)

(b)

Posture. The thigh should be horizontal or inclined slightly upwards
(a maxi mum of 5° for a static position, and up to 15° for a
vehicle/mtion situation), with the thighs parallel to each other or
slightly spread. The shank should make an angle of between 30° and
90° with the thigh. The trunk should be inclined at an angle of 105°

- 110° with the thigh (110° - 130° with the horizontal), The sole of
the foot would be at right angles to the shank (see figure 27). Also
the buttock height should be higher than heel height.

Equi pnent design features. Sufficient seat adjustability nust be
provided to allow all operators to achieve the above posture. A seat

which is too high causes pressure on the underside of the thigh which
may seriously inpair circulation to the lower linb. Short operators
may require footrests and a heel stop.) Pedal |ocations nust be
chosen with care. For further details of pedal design see Defence
Standard Part 10: Controls.

7: ctional Seated Postu
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Section Seven. Design Procedure Check Li st

8 Definition

This Part of this Standard is a guide for the designer to use the
anthroponetric data systematically and effectively, in order to accommdate
a target population for design application. A suitable procedure check
list is as follows:

(a) Define the target popul ation.

(b) Locate sources of data for your target population or for the nearest
reasonabl e equivalent (refer to Annex B)

(c) Establish the critical dinmensional constraints, ranking them in order
of inmportance. Consider: Cearance, Reach, Wrking Posture etc and
consult ergononmists at the early stages of the design process to
establish what effect the constraints night be on operator
per f or mance.

(d) Decide on the percentile range of the target population to be
accommodat ed. If however the User is forced to exclude nore, the
ergonom st should be consulted to recomend a reduced percentile range
to be accommodated in the User’s requirement, and the designer should
desi gn accordingly.

(e) Select necessary anthropometric data, adding increnents for clothing
and equi prent .

(f) By interaction of design alternatives determ ne desirable workspace
dinmensions with reference to the above.

(g) Check that adjustnment in one region does not cause problens in
anot her.

(h)  The ergonomni st should where possible build a full-sized nock-up or

utilise technology such as virtual reality to achieve the sanme end in
operational clothing and simulating their workplace tasks
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ANNEX A

Statistical Aspects of Anthroponentry

Al The patterns of variations of the nmajority of bodily dinensions
conform quite closely to a statistical nodel known as the Gaussian, or
‘normal’ distribution. (Refer to Section 2 for a qualitative introduction
to this concept). The Gaussian distribution describing any variable is
characterised by two parameters:

The arithmetic mean (m 2;“'
—m) 2
The standard deviation (s) = l):(:;j
VWhere:
X, = an individual person’s value of the variable
n = nunber of people upon whom neasurenments were nade

A.2 The nean locates the ‘centre’ of the distribution and the standard
devi ation describes the extent to which values mght be expected to deviate
fromthe mean. Strictly speaking a distinction should be drawn between the
paranmeters of a sanple and those of the population from which the sanple
was drawn eg between the sanple of aircrew neasured, and the total nunber
of aircrew in the Air Force. The larger the number of persons in the
sample ‘n’, the nmore accurate will be the sanple paraneters as indicators
of the popul ation paraneters.

A.3 If the mean and standard deviation of any variable is known then any
percentile of interest may be calculated. Equations for calculating a
selection of percentiles are given in table N. The accuracy of such

cal cul ati ons depends on the accuracy with which the paranmeters are known
and on the extent to which the distribution is truly normal.

Table N
Equations for Calculating Percentile Values fromthe
Mean and Standard Deviation

0.5 %e = m- 2.58s5|75th %e = m+ 0.67s
1st %e = m- 2.335|80th %e = m+ 0.84s
2.5 %e = m- 1.96s |85th %Ye = m+ 1.04s
3rd %e = m- 1.88s |90th %e = m+ 1.28s
5th e = m- 1.65s |95th %e = m+ 1.65s
1h %e = m- 1.28s |97th %e = m+ 1.88s
15th %e = m- 1.04s [97.5 %e = m+ 1.96s
20h %e = m- 0.84s |99th %Ye = m+ 2.33s
25th %9e = m- 0.675(99.5 %e = m+ 2.58s
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ANNEX A (Concl uded)

A4 Calculations of this kind enable the determ nation of the percentage
of a population who would be accommpdated by a particular workspace
dimension or range of adjustability. The form of the normal distribution
shows that the percentile values are increasingly wdely spaced when noved
away from the mean in either direction. Expanding design linmts to include
further percentiles is an increasingly costly endeavour. The percentile at
which to stop, poses a question which has no hard and fast answer.

Practice and precedent is in favour of designing fromthe 3rd to the 97th
percentile and trusting to human adaptability to cope with residual ms-
mat ches which might arise. (Cearly there are cases where such a procedure
woul d be unacceptable, in the case, for exanple, of an escape hatch (see
5.3.3).

A 5 Consider now the problem of choosing design limts for several related
wor kspace dinmensions. In designing for the 3rd and 97th percentile val ues
for the first dimension the 6% of individuals outside these limts are
excluded. For each subsequent dimension pmore individuals are excluded.
Operational constraints have forced the User to accept the smaller 5th to
95th percentile range for Main Battle Tanks (MBTs). However, an infantry
vehicle was developed for the 3rd to 97th percentile range, otherw se too
many nen at the extrenes of the user popul ation are excluded particularly
at the larger end.

A. 6 The statistical calculations which would highlight just how many nore
individuals are excluded is conplicated. It depends on the degree to which
the bodily dimensions concerned are correlated with each other. a fuller
treatment of these and other statistical matters will be found in Roebuck
et al.

A-2
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ANNEX B

Sources of Anthroponetric Data
B.1 RAF Aircrew

RAE Technical Report 730803 and 73137
DRA, Farnborough, Hants
An Ant hroponetric Survey of 2000 Royal Air Force Aircrew 1970/1971

B.2 Arny

This data was supplied by the Arny Personnel Research Establishnment, (now
DRA, Centre Human Sciences), Farnborough, Hants. |t was generated by
conbining the results of three surveys of 500 RAC Servicemen 500
Infantrymen and 100 Guardsmen. These surveys have been published
separately as:

(a) 1972 APRE Report 36/73
Ant hronponetry of 500 RAC Servicenen

(b) 1973-74 APRE Report 17/76
Ant hroporretry of 500 Infantrynen

(c) 1977 APRE Report 37/76
A conparison of the Anthroponetry of 100 Guardsmen with 500
I nfantrymen,
500 RAC Servicenen and 200 RAF Aircrew

B.3 Roval Navy

(a) 1990 INM Report 18/90
An Ant hroponetric Survey of 1353 RN Personnel 1986-90

(b) 1990 INM Report 7/90
An Ant hroponetric Survey of 367 RN Airmen 1987-88

(c) 1990 INM Report 15/90
An Ant hroponetric survey of 136 Personnel of the WRNS 1986-90

(d 1990 INM Report 17/90
An Ant hroponetric Survey of 431 RN Submariners 1986-1990

(e) 1990 INM Report 14/90
An Ant hroponetric Survey of 361 Royal Marines 1989

B.4 US Arny

1989 Natick Report TR89/044
1988 Anthroponetric Survey of US Army Personnel

B.5 Anthroponetric Survey of UK Mlitary Females (J E Aplin) 1995

B.6 divilians

No extensive anthropometric surveys of British civilians have been
conducted. Hence no data is listed in this Standard.

B-1
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ANNEX C

List of Quoted References

C.1 HMSO

The MANPRI NT Handbook

M nistry of Defence, London
MANPRI NT draws together the six domains of Manpower, Personnel, Training,
Human Factors, Engineering, System Safety and Health Hazard Assessnent.

C. 2 DEMPSTER W T

Space Requirenents of the Human Operator

WADC Techni cal Report 55/159

Wight-Patteson Airforce Base, Chio

Al though old and difficult to obtain, it remains the definitive discussion
of the concepts of body linkages. Contains detailed instruction for the
production of drawing board manikins.

C.3 GARRETT J W AND KENNEDY K W

A Collation of Anthroponetry (2 Vol)

AMRL- TR- 68- 1

Wight-Patterson Air Force Base, Chio

An extensive collection of anthroponetric data, both nilitary and civilian,
drawn from worldw de sources.

C. 4 GRANDJEAN

Fitting the task to the Man
An ergonomi ¢ approach

C5 LOVESEY EJ

The Need for lnproved Vision in Air Conbat
Proceedings: Vision in Vehicles |1, Nottingham

C.6 ROEBUCK J A- KROEMER K H AND THOVSON W G

Engi neering Anthroponetry Methods
John Wley & Sons: New York
(The nearest thing to a textbook of anthroponetrics existing at present.)

C.7 VAN COTIT H P; KINKADE R G

Human Engi neering Guide to Equi pnent Design
Joint Army - Navy - Air Force Steering Committee (USA)

C. 8 HUMAN FACTORS FOR DESI GNERS OF NAVAL EQUI PVENT

Medi cal Research Council: Royal Naval Personnel Research Committee:
Qperational Efficiency Subcommittee.
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3rd Percentile 50th Percentile 97th Percentile
UK Aircrew [UK Non- US Army UK Aircrew [UK Non- US Army 'UK Aircrew [UK Non- US Army
Aircrew | Aircrew Aircrew
‘ Actua |[EstimjActual|Estim. |ActualEstim . Actua|Estim|actuallEstim. |ActualEstim| . :Actua Estim|Actual [Estim|ActualEstim
1 1 . I ‘ 1 1 1 .
Table D 1987 [2000 1987 (2000 (1988 |2000 (11987 2000 |1987 [2000 [1988 |2000 1987 {2000 {1987 2000 [1988 [2000
23|Hand Length 181 181 176 178 177 179 196 197 193 195 193 195 213 214 210 212 213 215
24|Hand Breadth 79 79 78 79 83 84 88 88 86 87 90 91 96 96 94 95 99 | 100
25|Foot Length 245 | 245 | 243 245 246 | 248 267 | 268 | 265 267 | 269 | 271 289 | 290 | 28% 292 | 296 | 299
26|Foot Breadth 89 89 87 88 91 92 98 98 97 98 101 | 102 107 | 107 | 106 107 | 111 | 112
27|Head Breadth 145 145 144 145 142 143 155 156 154 155 152. 1 153 165 166 165 167 162 164
28{Inter pupillary distance 57 57 57 57 58 59 63 64 63 63 65 66 70 71 70 71 72 73
29]Pupil to Vertex 94 94 91 92 107 108 107 107 106 107 118 119 118 119 120 121 129 130
30|Tragion to Vertex(Ear 118 | 118 | 117 118 120 | 121 130 | 131 | 129 130 131 | 132 142 § 143 | 141 142 | 142 | 143
centre to top of head)
31|Head Height 215 | 215 | 205 | 207 216 | 218 232 | 233 | 227 229 232 | 234 248 | 249 | 246 249 | 249 | 252
32|Head Length 187 | 187 | 186 188 184 | 186 201 | 202 | 199 201 197 | 199 214 | 215 | 211 213 | 210 | 212
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