EoimioN

' ANTHROPOMETRY, |
" ERGONOMICS
AND THE

i Stephen Pheasant
*-:m_v\]‘;hristine M. Haslegrave

e \:.

7 0\ Tav anci
) SN B

..... [

o



CONTENTS

PART |  Ergonomics, Design and Anthropometry

Chapter 1 Introduction to Ergonomic Design ..........ocvveeesinesisniecsscieinmerenesenenns 3
1.1 IDECOQUCTION ..ueiemrnie ettt ssts bttt b et s e b e msm e e emseseeassresseennessemene 3
1.2 What Is Ergonomics?.............. eerveesresrnrssarsreistesiressasennnens b
1.2.1 What Criteria Define a Successful Match‘? ......................................... 5
1.2.2  What If These Criteria Prove Incompatible?..............cocovovcciveennnnns 6
1.3 ADthIOPOMEITICS ...oereee et see st e ec e e en e e e e enen s 7
1.4 Human Proportion: An Historical Perspective .......cccvceeceerecvcvnncninecenenenne. 7
1.5 Ergonomics and DESiZN ..........ccvvurreresveresiermirerermrrersessnssimenessessssssssasnas 9
1.6 The User-Centred Approach ........cccooeiiciiiensinrc e ssesnsssseenes 13
Chapter 2 Principles and Practice of Arthropometrics.......coeeieiviiieisirecsiennnnnn 17
23 INTOUCHOM ... ccececrsvereraresseanreraresaesesnssasateseses e nssensenessessnsasresesssasn 17
2.2 The Statistical Description of Human Variability ..........cccoeerieieersnrensnn, 18
2.2.1 Frequency Distribution of a Dimension Within a Population .......... 18
2.2.2 Calculating Percentile Values for a Body Dimension.........c..c........ 20
2.2.3 Effects of Deviation from a Normal Distribution ..........cccceceenrvennnne. 21
2.3 Design Limits: Accommodation Provided by a Design Decision.................22
24  Design Constraints and CriterIa........cevivseieseseeeecerisie e eeeeseesesneseerrerseeresses 25
241 ClBATANICE ....cceeeiree e ceai et s eesassss s ssbs b sa ebe s s besbsssba bt smbanbesmebeemnans 26
242 REACNH...cciictceesereecnre et st st sae st ns s s s s s s s s neresn st eas 26
243 POSIUTE ...t rsaens e ree s e e ns e se s e e e e s 26
244 Sength ..oyt ss e eaes e e 27
2.5 Defining Design Requirements to Satisfy the Four Cardinal Constraints....27
2.6 Methods for Analysis of Design Problems .........cccoccevveeeeieneecneevesssreinrennns 28
2.6.1  FAthng Trials ...ccoeoie e ceernen s reseeee et ettt s st esse e e e s e s seneanas 28
2.6.2 Analytical Application of the Method of Limits......cc.ccovrerererrrirnnns 32
2.6.3 Body Link DIagram ........ccceevimrverereereereniiirssniesiessesesessrerssessesssessesessas 35
2.6.4 Workspace Simulation and Digital Human Models.........c.cccoonnnn.e. 37
2.7 Using Anthropometric Datd.......c..cevvnirirerereseresisrniniessesemsssreressrssssssssesesesssaes 39
2.7.1 Sources of Anthropometric Data .........ccomvrvevireveececereversnsrerensennnennes 40
272 Defining the Target User Population ...........cccoevveeereseeeeeceecnnesineenca. 41
2773 Accuracy of Anthropometric Data........coveveveireneeeereneeseeneccrirsnennas 41
2774 Clothing COIMTECHONS .....ceveeeererererrieersnerereressniessesssrsssssrersrssssesssssesssses 42

2.7.5 Standard Anthropometric POSTIIES .....cccovvvviveveneeeereressnsseresnesireesnns 43



Chapter 3 Human Diversity

31
32

33
34
35
3.6
37

PART I

Chapter 4 Workspace Design

4.1

4.2

4.3

4.4
4.5

2.7.6 Body PrOPOTtONS .t sssasnsesses
2.8 Body Dimensions

TOTOTUCHIONE coeenveeeetreecesstessssessesssteesrmerenseessses st e sarssensasarernssensesmmneasbanshbasnessas
..... 56
..... 58
..... 59

Sex Differences

T T OMUCHON . vveevereseasesesrsessssnssssimeessssnneassnanssnseessasssecanns seembssansrssasnsansssinsessses

.........................................................................................

3.2.1 Variation in Body Propottions
3.2.2 Variation in Strength
Ehnic DIfferemees. .. ovvmreeriieeee e cmirecesre st sasssasaes s e bt
Growth and DevelopmEnt.........ccoiieiicomnsrene sttt gressaersess
The Secular TSR, .....cvierevrieereeemrinsmres i et s s s e snanesans
Social Class and Occupation
ABCING 1overvccrem et a1

Application of Anthropometry in Design

......................................................................................

.........................................................................

..... 47

..... 55

.55

61
.66
70

..... 76
.78

Clearance .......cocvevreervsrreerrreeense peeeteesieiaeteaaaeebiesenaeeeteeeittaanEeeatEtt i b e s e e et i e 86

42.1 Whole Body Access

424 Personal

Posture...

451 Postural Loadmg

452 Guidelines for Wotk Postures
Encourage Frequent Changes of Posture .....................
Avoid Forward Inclination of the Head and Trunk ......

4521
4522
4523

4524
45.25

4526
4.5.2.7

Avoid Causing the Upper Limbs to Be Held in a

Raised POSILON «.vveeveevieieiersiercniesersmcrerem st ssnscssnssaranase
Avoid Twisted and Asymimetrical Postures.............o....-

Avoid Postures That Require a Joint to Be Used
for Long Periods or Repetitively towards the Limit
of Its Range of Motion...

Provide Adequate Back Support in All Seats ...............

Where Muscular Force Must Be Exerted, the Limbs

Should Be in Their Position of Greatest Strengih........
4.6 Vision and the Posture of the Head and Neck.......ccovveeimmeeiennncinnnn

422 Circulation SPACE ....ceverermevivimisiccasicmssie it ssbe b et
423 Safety ClEaranees ..ooceeceeerisensiiins st e
SPACE cvereeereiecirassssrms s bbbt e
Reach: The Workspace Eavelope ..o
4.3.1 Zones of Convenient Reach ...

4.3.2 The Normal WOorkKing ATEa ......coovcvrieenivinnniniinsssessissennsnens
Joint Ranges of Movement

.. 109

109

110

110



4.7 Working Height... ..ottt s st an s 113
4.8 Posture and SIENGh ...ttt et seeae s 115
4.9 Issues for Barrier-Free Workspace Design...........comeoueveeeevceeeeeeesiorererens 117

Chapter 5 Sitting and S€ating...........ccco.coovmvvvriveneneneieinsnsseeese e 121

5.1 Fundamentals of Seating............ccccccivuvveervrnmessiesnssecessessicseeecereeeeresesnanennns 121
5.2 The Spine in Standing and Slttmg 123
5.3 Forward Tilting Scats and ‘Sit-Stand’ Seats...........cocvvvirereeeeeeeeeeererreverees. 128
5.4 Anthropometric Aspects of Seat Design .ovccereceeeceercee s, 131
5.4.1 Seat Height (H) ..oooiioemeceorseee ettt eeeen s rasesaeas 131
542 Seat DePth (D) ooieieeieriiseeeeeeee et crs s e eeeeeesesssssesessssensnessassrs 131
543 Seat Width ..ottt e eens 132
544 Backrest DIMensions.. ... rreeeieiniisscsnseseessessssestessseseesnnaens 132
245 Backrest Angle or ‘Rake’ (00) ...ovveveeveeeeiireeceriresictireeceeeeeeenesrsnnans 134
5.4.6  Seat Angle or "Tilt" (B) ccooovirerrirccrurrrnsreretreee e ssses s 134
AT ATIIGESIS ..ottt ee e eermesss et st st e s e 134
S48 Leg ROOIM ittt e 135
5.4.9 Seat Surface.., . crrererrsers e s sasstes e enae s enentearerreseareens 1 3O
5.4.10 Seats for More than One .................................................................. 136
5.5 Evaluating a SEat..........cooviiiimmiiniiiiiieiie e ettt s neesesessanananas 137
5.6 Dynamic SEatiNg........cooorururerererrrrerereinssssssssesemsmsiesssserssensnssesssssserssesesssns 138
3.7 The Easy Chair and Its Relatives ......couiieeceecranernrciniosee e ececemesseesesseeens 139

Chapter 6 Hands and Handles ............o.oeoemmeeieeecnnreeeeeeeeeeeeeseessesnsennnn. 143

0.1 IRIMOAUCLION ..vovieeeec s erenesrr st ss s et st emsne ettt et et e e eesenesaras 143
6.2 Anthropometry of the HAnd..........coevevcuemeeecenii i e eeensnenes 143
6.3 Hand Dominance (Handedness) ............oovvevveveveeeeeeeeeessessesesessesseenenemseesesees 145
6.4  Anatomical TErMINOIOZY «...ecuvveveeeureeiitireteeeeieereretss it eeeeeeeaneseseseeseseeeen 146
6.5 Hand SHEN ..ottt sre e e seees 148
6.6 Fundamentals of Handle DeSign .......ccoeeuevevereiisiinieieeeceseeeeevevsssssssesssnens 150
6.7 Biomechanics of TOOL DESigi.........ccovriiiimimiessisiissee s eeeesesenens 152

6.7.1 Gripping and SQUEEZING......ccooeememviveemeenere e ereessese e 152

6.7.2  Gripping and TUIMENE. ......c.ocovrueermriieeiereeeeerere e sitsess s neeesmsesesenes 153

6.7.3 Pushing, Pulling, Pressing and Lifting.............c.coceveveevreneneeenennse. 154
6.8 The Neutral Position of the Wrist and Handle Orientation.........cco.o.......... 155
6.9 Work Tasks Using Handheld TOOLS .......cccovvorurrrsrrernmenssemeess e essse e 157

6.9.1 Posture and Workstation DesiZi ..........c..c.vvveeeeereeeeeeeeeerereresenas 157

6.9.2 Risk of Musculoskeletal INJUry .........oocc.ceveeeeeececerierssssevene s 158
Chapter 7 Ergonomics in the OffiCe ....covveeiiiiiiieeeeceeeresnseresesssssresssseeens 161
Tl INEOAUCHION oot seseerenreree e ssse s sssssr e e s ee e sesr s e e e e e eenseresesene 161
7.2 The Office DESK .....coviereicrrerirererecetie e sssae sttt s eeeesameesmseseen et s eeeas 163



T3L S8t HEIGRE ..vovoosereeeersoressereresesssnseessreessssmessesstessesessssssesessscns 166

7.3.2  The BACKIEST .cveurererervserecnerecesarseacsrsmsresicassssssntassssassssrerssnsssssssssnnsinss 167
73,3 AITIFESES 1eueruerscereseecesssrsses faee e sesaesisne e ssasbaas st e e sde s s em penmnssssare s 167
7.34 The Usability of Ad]ustment CONLLOLS ..e.eerereee it sinseans 167
7.4 Visual Demands of Screen-Based WOrK........cccoervemnricssmerniessineinise 168
7.4.1  Viewing DiStANCE .....ccoivievveieiirineereeme et narre s e ersnss i 168
742 Display Screen HEight ...ccoovoeirecirccnmnirncmneriseesisnssenssens s 169
7.4.3 Document HOIAET ......cocoeirmmieeniiin e cnetectesrse e i 170
744 The Unskilled Keyboard User ...t 170
7.4.5 Multiple Display Screens...........ccccimimininmeicss e 170
7.5 The Portable (Laptop or Notebook) Computer .........coormerveerernneene. greenens 171
7.6 Computers in SChOOIS .o e 173
7.7 INPUL DEVICES -.ovocecirecerereererreisnssssissinssssemsaneenssssssssssssssesssnsssssassesssssascses A 19
7.7.1  The KeyBoard.......o.comeecrrimrieninriiics s stssts s s snsasnsses 175
T 7.2 The MOUSE...cccoriseeriiseerereeecsseesssssa e st stressresasnsnsrssneesasabesnstbannssbinsass 176
7.7.3 Other Input Devices... . ISSURIVR |
7.8 What Makes a ‘Good Posturc in Screen Based Work‘? ............................. 178
7.9 The Design of Screen-Based Working Tasks ..o 180
Chapter 8 Ergonomics in the Home ..o 183
Bl IDEOFUCHION 1ot iiesteene et e e e et em e s m s s e sa e s e s s s n e s eraesesnan s 183
8.2 The Kitchen....oceceviniinnnniccen. SO SOOIt 183
B.2.1  LAYOUL.citetiaeeeereaesnsuarecrmseencesbanctas ot s i s bab ems s nss s s rns s s a et s bbb sas 183
8.2.2  WorktoD Helghi ..ot 184
8.2.3  SHOTAZE..ccemrriieriiicire e b e s bbbt et 187
8.3 The Batllooml .o eecreescerrieitrcceenrescresr e srrsbrects s s sabsressstsssnsessas s srascsssrees 188
8.3.1 The Bathiub......ccocoveiovricrrrererriemstse s s savanses s serste s st 188
8.3.2 The Handbasin .. e SRS UURUPTROTORSUOUR . |
8.3.3 The Toilet (or Water Closet) ............................................................ 190
8.4  The BedroOmi.. ... .cocootiiviuimieiiisrcssesntscemnssesese st s st b e ssssansssrmsasaresassuansssansnes 192
8.5 THE STAITCASE ..eevveerrrereereverirteeresnsesartsoesssonesb st cosssbsessbesn s s an s rasessns e saresareie 194
Chapter 9 Health and Safety at Work....coooovveevicinssinsisiscssnnssiis s 199
0.1 INETOAUETION .ottt nriae e seene e smesesame s i se s s s et b besabebes s ase s s s e aassveaneen 199
9.2  Accidents and HUman EITOT ... voe o iccmiscasisiossssie s ssssessssssssssssisn 202
921 The Catastrophic Failure of Complex Systems.......c..iveceipeieaenennnee 204
922 Everyday ACCIAEntS. ...t s 206
2.3 Musculoskeletal DASOTAEES ..cueveen i 207
9.4 Back Injury at Work........cooevvnies reeareeeebeenrats e b eaneebet et et e ee s b e et b e a e s eeen 209
9.5 Lifting and HanAURZ ..c.coeecvvee i ccmri i s 212
0.5.1 Workspace LayouLt......oocccecccomiinmeriuccnmmnenimisenssinsessenssssnssssnenanens 2 44
0,52 The LOAd ..ot veeieaneereemeseee s casssem s ssst st s ns st snsnansanesns =217
9.6 Work-Related Upper Limb Disorders........cccocoeiiiiiciimninimmncrenreiinnine 221

9.6.1 On the Varieties of RSUWRULD ......ccccoocvnimininmicinnnenrnissseeesseensns 223



PART Il

101
10.2
10.3
10.4
10.5
106
10.7

Al
A2
A3
A4
AS
A6
A7
AR

A9

9.6.2 Overuse Injuries to Process Workers........ccocovviniieecrccsnvesrnenennn.

0.6.3 Keyboard INJUIIES........cvvecccccmueriinininiervesrerernresnnnrareraresesessessenns 230
564 Assessment of Risk Factors for WRULDS oo 235
The Bodyspace Tables — Anthropometric
Database
Chapter 10 Anthropometric Data..........cccoococicimmimnccrcr e rerereerenans 239
Compilation of the Anthropometric Database........veeevvmeicerveeveinnnsnnsnnans 239
Populations Included in the Database .. e 239
British Adults (Tables 10.1 to 10.6) ... rerereeneenens 240
Adult Populations of Other Countries (Tables 10. 7 to 10 16) ................. 241
Infants (Tables 10.17 t0 10.21) .. cccciairinic s e 241
Children and Youths (Tables 10.22 t0 10.38)..cvvceceecererieiceecenrrrenennn. 241
The Anthropometric TaDIES............c.ooeerevrreememeserersstinsseeesensssseseereemessnnonns 242
Appendix A Mathematical Synopsis of Anthropometrics ...ovveevieececvnnn 281
The Normal Distribution.............coocoiiiiicinniniiies e 281
Samples, Populations and EITors......c.cceeecviiinniesieseeence e eeeeeesneieran 282
The Coefficient of VANAHON .....c.corerinieininiii st ctensace s e 285
Sorne Indices Used in Anthropometrics ... .......coveeeeenirnnnscsereieireecannnns 286
Combining Distributions from Two or More Samples .........ccoccecvvnrnennne 288
The Bivariate Distribution Combining Data for Two Dimensions.............. 289
Multivariate ANaLysis . .....ccoceeveeereeririmrrer it s 291
Estimating Unknown Distributions from Data Available for Similar
Populations or from Data Available for Related Dimensions................. 292
A.8.1 Estimating the Parameters of the Unknown Distribution by
Correlation and Regression Parameters of Data from a
Similar POPulation..........ocecveviuninirciansrerereennssieisssesesessesessssas 292
A.8.2 Sum and Difference Dimensions............cccvvmnveirmreennscceererarenenene 293
A.8.3 Empirical Estimation of the Parameters of the Unknown
Distribution by the Method of Ratio Scaling from Data for a
Similar POPULAtION. .......c..ccveeiiirericenin sttt e e s s basniasan 293
A.8.4 Empirical Estimation of Standard Deviation When Only the
Mean is Known... . vvrreereenens 294
Estimating Dimensions for a Combmatlon of PeopIe or Vanables ........ 295
ReEfeIRICES ..ot ettt esen e sessenennsesresiaes 2O T
.................................................................................................................. 325



