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ABAQUS software package 290 –2, 301–2
abdomen 308
abrasion resistance 196 –7
acceleration correction 143
acceleration-based collision response 142–3
acetate 166
acrylic 167
aerobic sportswear 391– 400

biomechanical models 392, 393– 4
model validation 397– 400
physical properties 394–5
pressure comfort and distribution 391–2, 

395– 400
pressure measurement 397
simulations 392, 395–7
sports socks 361–2

AFIS (Advanced Fiber Information 
System) 171

age, and foot variations 371
air jet spinning 178, 179
airfl ow measurement method 170
amphiarthrosis joints 97
anatomy and physiology 9, 91–108

abdomen 308
blood 95, 98 –9
body regions 92, 93
bone 94, 308
breasts 321, 322, 326, 328 –9
cartilage 95, 97, 368
cells 92
circulatory system 98 –9
digestive system 99
endocrine system 99
immune system 99 –100
infl ammatory system 100
ligaments 95, 365
lymphatic system 100
muscles 94–5, 97–8, 100
nervous system 100
organs 94
reference planes 91–2
reproductive system 100
respiratory system 101

ROM (range of motion) 101
skeletal system 95–7, 366 –71
tendons 95
tissues 92, 94, 111, 156
urinary system 101
see also feet; human body; skin

animation 300
anisotropic behaviour of skin 113
ankle valgus 386
anthropometry 101, 106, 152

values for young Japanese females 104–5
values for young Japanese males 102–3

arch height 371–2
arms 96
arteries 99, 156
AT715 software package 292–5
axis projection of collision 130

back of fabrics 53
bagging 58, 66, 220
balance of fabrics 53
ballistometers 231–3
bandages 156 –7
beauty footwear 366
bending deformation 86

fabrics 56 –7, 60 –1, 204–5, 210
fi bers 27–8, 33, 172–3
yarns 193–5

bending-moment model 60 –1
bi-extension properties of fabrics 214–15
bias direction 52
bioengineering 3– 4
biomechanical models

aerobic sportswear 392, 393– 4
bras 322–30
compression stockings 333– 4
footwear 388
jeans 308, 309–13
socks 349–60
see also modeling

biomechanical testing of skin 223–33
ballistometers 231–3
cutometer 227–9

403
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durometers 229–30
extensometers 225
impact tests 231–3
in vitro tests 223– 4
in vivo tests 223, 225–33
indentation tests 229–31
indentometers 230 –1
tensile tests 225–9
twistometers 225–7

biomechanics 9, 261
defi nition 4–5
fundamental frameworks 11–14
history 5–8

biphasic model 122, 123
blisters 347, 386
block polymers 24
blood 95, 98 –9
body regions 92, 93
bone 94, 308
boundary conditions 289, 291

compression stockings 336
socks 351

bounding volumes 129–30
bras 320 –30

biomechanical modeling 322–30
breast characteristics 321, 326, 328 –9
breast-bra interactions 322
displacement 327
fabric stretch 322
geometrical models 325
material properties 326
mechanical behaviour 321–2, 327–9
model validation 329–30
pressure comfort 328
simulations 325–6
stress distributions 328

breast characteristics 321, 326, 328 –9
breast-bra interactions 322
Breen-House model 85–6
buckling of fabrics 58, 64–5, 215–16
burn patients 154
bursting strength tests 218 –19

CAD systems 6 –8, 9–10, 14–15, 290
calluses 347, 386
carbon fi ber 169
cartilage 95, 97, 368
Celanese bagging test 220
cells 92
cellulosic fi bers 165–6
central nervous system 100
charts and graphs 297, 298
chilblains 386
China 366
chopine footwear 365–6
circulatory system 98 –9
classifi cation

of footwear 383–5
of pressure garments 154–6

clothing bioengineering 4
Clothing Biomechanical Engineering Design 

Systems 11–15
see also biomechanics; databases; design

clothing mechanics 75–88
bending deformation 86
bras 321–2, 327–9
deformation characteristics 75–7
deformation energy 81–2
drape 76, 78 –83
form-fi tting problems 75, 76 –7
free-form problems 75, 76
heart-loop test 86
jeans 314–16
sewing 77, 87–8
stretch 76 –7, 82–3
twist deformation 86

clothing modeling 6, 77–88, 284
continuum models 77–83
discrete models 83–6
discretized cloth model 86
mass-spring models 83– 4
particle models 84–5, 86

collagen fi bers 112, 113
collision detection 126, 128 –38

axis projection methods 130
bounding volumes 129–30
geometric detection 135–8
grid subdivision 131
hierarchical subdivision 131
hierarchy trees 134
object subdivision 132
penetration detection 135–7
polygonal meshes 133–5
proximity detection 137–8
proximity tracking techniques 132–3
self-collision detection 134–5
space subdivision methods 130 –1
vicinity map 132
volume collision detection 130
Voroni domain 132

collision response 126, 138 – 44
acceleration correction 143
acceleration-based approach 142–3
geometric responses 141–3
mechanical responses 140 –1
penalty force 140
polygonal meshes 138 –9
position correction 143
speed correction 143

comfort 11, 145–58, 260, 307
and body movement 151–2
compression theory 154–8
defi nitions 145
discomfort 7–8, 145–6
fabric stretch 151–2
garment size and fi t 151
garment weight 150
itchiness 148, 149–50
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mental comfort and status 145–6
physiological factors 146
prickle sensations 148, 149
psychological factors 145–5
roughness 148, 150
sensorial comfort 146 –8, 153– 4
and temperature 146
wearer-trials 153
see also pressure comfort

compression
of fabrics 206
of fi bers 29, 173
of skin 115

compression stockings 156 –7, 332– 45
3D geometric models 334–5
bio-functional requirements 332
biomechanical model 333– 4
boundary condition 336
contact constraints 336
FEM (Finite Element Analysis) 335
geometrical models 334–5
material model 335
mechanical modeling 334
model validation 336 –8
numerical solution 336
pressure determination 340
pressure distributions 339– 40, 342–3
pressure induction 338 –9
pressure measurement 333– 4
pressure sores 344
simulations 334–6
stress distributions 339– 40
styles and length 332
wearing simulation 336

compression tangent compliance 39
compression theory 154–8
compression therapy 156 –7, 341– 4
computational micro-particle models 64
computed tomography principle (CT) 

182–6, 284
confi guration management 267
consolidation theory 122
constitutive equations 253– 4
contact interactions 288 –9
contact mechanics 125– 44

collision detection 126, 128 –38
collision response 126, 138 – 44
garment simulation 125–6
kinematics of contact 126 –8
normal contact of 3D bodies 126 –7
tangential contact of 3D bodies 127–8

contact modeling 12–13
and jeans 252–3, 311–12

continuous fi lament yarns 37
continuum analysis of yarns 40 –2
continuum mechanical models 248 –9
continuum models 77–83
contour maps 298 –9
Coolmax 362

copolymers 24
corns 347, 386
coronal plane 92
cotton 164
count

of fabrics 53, 201
of yarns 201

creep 27, 33, 115
crimp 22, 44, 201
cross-section analysis

of fi bers 22–3, 172
of yarns 181

crystallinity of fi bers 24
CT (computed tomography principle) 

182–6, 284
curved beam models 33
cutometer 227–9

databases 13–14, 257–82
categories of data 259, 263– 4
components 261–2
data model 267–8
data name 271
data symbol 271
data type 271–2
data unit 272–3
data value 272
database management systems 275
description of information 

elements 268 –75
design 267–75
entity identifi able numbers 267–8
fabric data management 276 –7
functional requirements 259
garment data management 280
human data management 277
input window 274–5
project data management 280
storage and retrieval of data 258

deformation
of clothing 10, 75–7, 309–10
and mechanical models 247–8
of woven fabrics 54–8
of yarns 39– 40

deformation energy 81–2
denier units 21
dermis 107, 147
design

3D prototypes 10 –11, 13, 284
CAD systems 6 –8, 9–10, 14–15, 290
Clothing Biomechanical Engineering 

Design Systems 11–15
contact model 12–13
data 263
decision-making process 9–10
deformation characteristics 10
engineering design 5–11, 260 – 4
ergonomics 151
for fashion products 8 –11
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fundamental frameworks 11–14
human factors engineering 8 –9
mechanical models 10
patterns 260
product specifi cation 10
sensory evaluation 11
of socks 361–2
stimulation and perception 

relationship 14
textile material modeling 12
see also databases

diabetes 347–8, 362
diarthrosis joints 97
digestive system 99
dimensions of textile fi bers 21–2, 163, 

170 –2
discomfort levels 7–8, 145–6

see also comfort
discrete fi ber analysis 42–3
discrete models 83–6, 249–50
discretized cloth model 86
discretized geometry 285–7, 291
displacement of bras 327
Dobby fabric 199
double knits 199
drape 76, 78 –83, 216
durometers 229–30
dynamic continuum models 81–3
dynamic systems 250, 289

Egyptian feet 374
elastic material modeling 245–7
elastic recovery of fi bers 26
elastic thread model 59
elastin fi bers 112, 113
elastomeric fi bers 168
endocrine system 99
energy models 69
engineering design 5–11, 260 – 4

see also databases
epidermis 107, 147
equilibrium formula 61
ergonomics 151
ethnic variations of feet 371
Euler method 82–3, 250 –1
extensometers 225

fabric count 53, 201
fabric objective measurement (FOM) 202
fabrics

data requirements 264
functional fabrics 200
knitted fabrics 66 –9, 199
measurements 53, 201
mechanical properties see mechanical 

behaviour of fabrics
selection 6
stiffness 22, 204–5
textile material modeling 12

woven fabrics 52–66, 199
see also stretch

face of fabrics 53
fashion products 8 –11
FAST (Fabric Assurance by Simple 

Testing) 213–14
feet 96 –7, 366 –76

age variations 371
arch height 371–2
and the development of hominids 366
Egyptian feet 374
ethnic variations 371
foot fl are 373
foot-footwear interface 385–7
foot-sock interaction 350 –2, 354–5
foot-sole interaction 349–50, 354–5
Greek feet 374
joints 368
left and right foot differences 368
loaded and unloaded state 368 –9
male-female variations 371
and perspiration 369–71
Pes Cavus feet 371–3
Pes Planus feet 371–3
rear foot position 373– 4
size measurements 381
skeletal structure 366 –71
toe length 374
and walking 369, 374–6
see also footwear; socks

FEM (Finite Element Analysis) 33, 63– 4, 
78, 248 –9, 252–5, 290 –2, 335

fi ber distribution 37
fi ber interlacing 186 –9, 196 –7
fi ber path 35–7, 180 –1
Fiber Quality Analyzer (FQA) 171
fi ber-assembly-structure engineering 

(FASE) 6
fi bers 163–75

crimped fi bers 22, 44
cross-sectional shape 172
data requirements 265
dimensions of textile fi bers 21–2, 163, 

170 –2
elastomeric fi bers 168
fi ne structure 23– 4, 170
high-performance 169
inter-fi ber stress 40
length 22, 163, 171
macrostructure 21–2
mass compression equation 38
measurement 170 –2
mechanical properties see mechanical 

behaviour of fi bers
micro-fi bers 168 –9
microstructure 22–3
migration theory 36, 186 –7
morphology 21– 4
natural 163–5
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regenerated 165–6
smart fi bers 169
submicroscopic structure 23
synthetic 166 –8

fi ne fi ber structure 23– 4, 170
fi neness of fi bers 21
Finite Element Analysis (FEM) 33, 63– 4, 

78, 248 –9, 252–5, 290 –2, 335
fi t of shoes 386 –7
fi xing agents 182
fl ax 164–5
FOM (fabric objective measurement) 202
foot care 348 –9
foot fl are 373
foot lesions 347–8, 386
footwear 365–88

beauty footwear 366
biomechanical model 388
in China 366
chopine footwear 365–6
classifi cation system 383–5
consumer needs 386 –7
fi t 386 –7
and foot deformities 386
and foot lesions 347–8, 386
foot-footwear interface 385–7
history of 365–6
manufacturing process 382–5
materials 377
poulaine footwear 365
shoe last 378 –82
shoe sizes 380 –1
shoe sole 377
shoe uppers 376 –7
and ulceration in diabetes 348
see also feet; socks

form-fi tting problems 75, 76 –7
formability of fabrics 215–16
foundation garments 12, 75
free-form problems 75, 76
friction

and fabrics 208
and fi bers 29–30, 173– 4
and garment slip 152
and skin 233–5
and sock material 349, 361
and yarns 37–8

friction spinning 178, 179
frontal plane 92
functional fabrics 200
fundamental frameworks 11–14

garment modeling 6, 77–88, 284
garment prototypes 10 –11, 13, 245, 284
garment size and fi t 151
garment weight 150
GCS (Graduated Compression Stockings) 

see compression stockings
geometric collision responses 141–3

geometric data 263
geometric detection of collision 135–8
geometric-mechanical models 59–62, 69
geometrical discretization 285–7, 291
geometrical models 68 –9, 244–5, 283– 4

of bras 325
of compression stockings 334–5
visualization 298 –300

geometry 9
glands 99
graphs 297, 298
gravimetric measurement method 170
Greek feet 374
Green-Lagrange strain 79
grid subdivisions 131

hairy skin 107
hallux valgus 386
hands 96
heart 98 –9
heart-loop test 86
hierarchical data models 267
hierarchical subdivisions 131
hierarchy trees 134
high-performance fi bers 169
history

of biomechanics 5–8
of footwear 365–6
of shoe lasts 378 –9

homopolymers 24
Hooke’s law 31, 32
horizontal plane 91–2
human body

breast characteristics 321, 326, 328 –9
breast-bra interactions 322
comfort and body movement 151–2
data requirements 265, 277
models 244–5, 284–5
ROM (range of motion) 101
temperature regulation 101–8
walking 354–60, 369, 374–6
see also anatomy and physiology; feet; 

skin
human factors engineering 8 –9
humidity 108

immune system 99–100
impact tests on skin 231–3
in vitro skin tests 223– 4
in vivo skin tests 223, 225–33
indentation tests 229–31
indentometers 230 –1
infl ammation 148
infl ammatory system 100
inhomogeneous behaviour of skin 112
inner leg stress 343– 4
integration of simulations 250 –2
inter-fi ber stress 40
ischemia 344
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isostrain models 30
isostress models 30
itchiness 148, 149–50
iterative design procedures 9–10

Jacquard fabric 199
Japanese females anthropometry 

values 104–5
Japanese males anthropometry 

values 102–3
jeans 307–18

biomechanical modeling 308, 309–13
contact modeling 252–3, 311–12
deformation 314
and human body characteristics 308
material properties 313
mechanical behaviour 314–16
model validation 317–18
preferences in wearing 308 –9
pressure comfort 308 –9, 315–16, 318
sensory perceptions 308 –9
simulations 252–3, 307–8, 310

joints 97, 368

Kansei-engineering 5
Kelvin model 117–19
KES-F system 153, 208 –13
kinematics of contact 126 –8
knitted fabrics 66 –9, 199

double knits 199
loop units 66 –7
modeling 68 –9, 244
stitch density 67
structure 66 –7
warp knits 66, 68, 200
weft knits 66, 199
see also fabrics; mechanical behaviour of 

fabrics

lace 200
Lagrange equations 78 –9, 249
last see shoe last
lateral strain 39
leather 377
legs see lower limbs
length

of fabrics 201
of fi bers 22, 163, 171

Leno fabric 199
ligaments 95, 365
load conditions 289, 291
loop units 66 –7
loose garments 12, 75
lower limbs 96 –7, 148, 308, 334–5, 341–2

foot lesions 347–8
inner leg stress 343– 4
see also feet

Lycra 168, 362
lymphatic disorders 156 –7
lymphatic system 100

Magnetic Resonance Imaging (MRI) 284
Martindale Fabric Abrasion Tester 196
mass-spring models 83– 4
material modeling 245–7, 335
material properties

of bras 326
of jeans 313
and simulations 287–8
of yarns 37–9

materials
for footwear 377
for shoe lasts 379
for socks 349, 362

Maxwell model 31–2, 117
MayaCloth 7
Mazda Company 5
measurement

of fabrics 53, 201
of fi bers 170 –2
of yarns 182–6, 190
see also pressure measurement

mechanical behaviour of clothing see 
clothing mechanics

mechanical behaviour of fabrics
bagging 58, 66, 220
bending 56 –7, 60 –1, 204–5, 210
bi-extension properties 214–15
buckling 58, 64–5, 215–16
compression 206
drape 216
formability 215–16
friction 208
knitted fabrics 67–8

modeling 68 –9, 244
rheological behaviour 58, 65–6
shear properties 55–6, 203– 4, 209–10
strength 218 –19
stretch and recovery 217–18
surface properties 208, 211–13
tensile properties 54–5, 202–3, 209
twist 57, 205–6
woven fabrics 54–8

modeling 58 –64, 244
mechanical behaviour of fi bers 24–30

bending 27–8, 33, 172–3
compression 29, 173
friction 29–30, 173– 4
modeling 30 –3, 244
shear deformation 28, 173
tensile properties 25–7, 172
testing 172– 4
torsional rigidity 28, 173
twisting deformation 28

mechanical behaviour of skin 111–16
modeling 116 –23

mechanical behaviour of yarns 190 –5
bending 193–5
modeling 35– 49, 244
tensile properties 40, 190 –2
tensile torsional model 44–6, 48
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torsional properties 43– 4, 192–3
twist measurement 190, 201

mechanical collision responses 140 –1
mechanical modeling 10, 243, 247–9, 334
mechanical simulations see simulations
mechanoreceptors 147
median plane 91
Meissner corpuscles 147
mental comfort, and status 145–6
Merkle receptors 147
meta-aramid fi bers 169
micellar models 30 –1
micro-fi bers 168 –9
micro-particle models 69
microstructure of fi bers 22–3
migration theory 36, 186 –7
model validation 48 –9

aerobic sportswear 397– 400
bras 329–30
compression stockings 336 –8
jeans 317–18

modeling
contact models 12–13, 252–3, 311–12
fi bers 30 –3, 244
garments 6, 77–88, 284
geometric-mechanical models 59–62, 

69
human body 244–5, 284–5
knitted fabrics 68 –9, 244
materials 245–7, 335
mechanical models 10, 243, 247–9, 334
and simulations 243
skin behaviour 116 –23
woven fabrics 58 –64, 244
yarns 35– 49, 244
see also biomechanical models; 

geometrical models
moisture effects on fi bers 27
molecular models of fi bers 31
Mondopoint system 381
morphological structural models 31
morphology of fi bers 21– 4
motion equations 253
MRI (Magnetic Resonance Imaging) 284
multidimensional visualization 299
muscles 94–5, 97–8, 100
musculoskeletal system 97–8

natural fi bers 163–5
nervous system 100
nets 200
network data models 267
neuro-physiology 9
neuropathy 347
Newton’s Law 31
nociceptors 147
Nomex 169
numerical solutions 250 –3, 254–5, 336

see also simulations
nylon 166

object subdivisions 132
optical fi ber diameter analyzer (OFDA) 171
organs 94

packing density distribution 181–6
para-aramid fi bers 169
particle models 84–5, 86
patterns 260
penalty force 140
penetration detection 135–7
perceptions 14, 146 –8, 308 –9
perfect fi tting garments 12, 75
perspiration 369–71
Pes Cavus feet 371–3
Pes Planus feet 371–3
physiological comfort factors 146
physiology see anatomy and physiology
Piola-Kiechhoff stress 79
plantar pressure 359–61
plastic behaviour of skin 114–15
plate and shell theory 78 –9
polyester 167
polygonal meshes 133–5, 138 –9
polymers 23– 4

shape memory polymers 169
polyolefi n fi bers 168
poroelastic model 121–3
position correction 143
post-processing procedure 300 –3
poulaine footwear 365
preconditioning skin 115
pressure comfort 146 –8

aerobic sportswear 391–2, 395– 400
bras 328
jeans 308 –9, 315–16, 318
socks 360 –1
tactile-pressure 148 –52

pressure distributions
aerobic sportswear 391–2, 395– 400
compression stockings 339– 40, 342–3
on skin 316

pressure garments 7–8, 154–8
classifi cation 154–6
clinical effectiveness 155–6
and compression therapy 156 –7
functional requirements 154–6
wound care 154
see also compression stockings

pressure measurement
aerobic sportswear 397
compression stockings 333– 4
socks 349, 353– 4, 359–60

pressure sores 344
prickle sensations 148, 149
product specifi cation 10
project data management 264, 280
property data 263
prosthetic devices 234
prototypes 10 –11, 13, 245, 284
proximity detection 137–8
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proximity tracking techniques 132–3
psychological comfort factors 145–5

QAS (Question Answering Systems) 63

ramie 165
Raschel knits 200
rayon 165
rear foot position 373– 4
regenerated fi bers 165–6
relational data models 267
rendering 299
reproductive system 100
resilience of fi bers 27
respiratory system 101
rheological behaviour of fabrics 58, 65–6
ribs 96
ring spun yarns 35–7, 178, 179–80
ROM (range of motion) 101
rotor spinning 178, 179
roughness 148, 150
Runge-Kutta method 84, 85, 251

sagittal plane 91
scar tissue 154
scratchiness 148
seams 77, 87–8

failure 77
strength tests 219

second-order differential equations 82
self twist yarn models 35–7
self-collision detection 134–5
self-locking structure of yarns 180
sensorial comfort 146 –8, 153– 4
sensory perceptions 11, 14, 146 –8, 308 –9
sensory receptors 147
sensory-engineering 5, 8 –9
sewing 77, 87–8, 219
shape memory polymers 169
shear properties

of fabrics 55–6, 203– 4, 209–10
of fi bers 28, 173

shearing force distribution 360 –1
shell theory 78 –9
Shirley fi neness and maturity tester 

(FMT) 170
shoe last 378 –82

difference between foot and last 379–80
dimensions 380
history 378 –9
materials 379
plantar curvature 382
sizing of footwear 380 –1
stick length 380
toe boxes 381
see also footwear

shoe sizes 380 –1
shoe sole 377
shoe uppers 376 –7

shortest path analysis 39– 40
silk 163– 4
simulations 243, 243–56, 260, 283–95

ABAQUS software package 290 –2, 
301–2

aerobic sportswear 392, 395–7
analysis types 289
AT715 software package 292–5
boundary conditions 289, 291, 336, 351
bras 325–6
compression stockings 334–6
constraints 289
contact interactions 288 –9
contact mechanics 125–6
dynamic systems 250, 289
environment parameters 288
equation system 248 –50, 253– 4
Finite Element (FE) software 

packages 252–5, 290 –2
geometrical discretization 285–7, 291
initial conditions 289
integration methods 250 –2
of jeans 252–3, 307–8, 310
load conditions 289, 291
material properties 287–8
nonlinear problems 250
numerical solutions 250 –3, 254–5
preparations 283–7
results analysis 302–3
skirt simulation system 255–6
of socks 350 – 4
system components 243–8
of walking 354–60
see also visualization

size
of feet 381
of fi bers 21–2, 163, 170 –2
of garments 151
of shoes 380 –1

skeletal system 95–7, 366 –71
skin 111–23, 223–35

anisotropic behaviour 113
biomechanical testing 223–33
collagen fi bers 112, 113
compressibility 115
constituents 111–12
creep 115
dermis 107, 147
displacement 316
elastin fi bers 112, 113
epidermis 107, 147
frictional properties 233–5
ground substance 112
hairy skin 107
inhomogeneous behaviour 112
mechanical behaviour 111–16

modeling 116 –23
nonlinear behaviour 114, 116 –17
plastic behaviour 114–15
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poroelastic model 121–3
preconditioning 115
pressure distributions 316
scar tissue 154
sensory receptors 147
site dependent behaviour 112
strain-energy function 116 –17
stress relaxation 115
subcutaneous layer 107
and temperature regulation 101–8
viscoelastic behaviour 115, 117–19

quasi-linear 120 –1
skirt simulation system 255–6
skull 95
sliding contact interactions 288 –9
smart fi bers 169
sock material 349, 361
socks 347–62

biomechanical modeling 349–60
boundary condition 351
design 361–2
for foot care 348 –9
foot-sock interaction 350 –2, 354–5
foot-sole interaction 349–50, 354–5
materials 349, 362
pressure comfort 360 –1
pressure control 354
pressure measurement 349, 353– 4, 

359–60
shearing force distribution 360 –1
simulations 350 – 4

of walking 354–60
sports socks 361–2
stress distribution 352–3

sole of shoes 377
Solospun yarn 180, 186
space subdivision of collision 130 –1
Spandex 154–5, 168
speed correction 143
spinning methods 178 –80
sportswear see aerobic sportswear; bras
staple yarns 37, 39, 44
stiffness 22, 204–5
stitch density 67
storage and retrieval of data 258
strain-energy function of skin 116 –17
strain-energy models 62–3
strength of fabrics 218 –19
stress analysis of yarns 40
stress distributions

bras 328
compression stockings 339– 40
socks 352–3

stress relaxation and skin 115
stress-strain curves 25–6, 172
stretch 76 –7, 82–3, 217–18

and bras 322
and comfort 151–2

structure of fi bers 21– 4

subcutaneous layer 107
submicroscopic structure of fi bers 23
supramolecular models of fi bers 31
surface contour of fi bers 22
surface properties of fabrics 208, 211–13
synarthrosis joints 97
synovial joints 97
synthetic fi bers 166 –8

tactile-pressure comfort 148 –52
tangential contact of 3D bodies 127–8
tearing strength tests 219
temperature

and body comfort 146
body regulation of 101–8
effects on fi bers 27

tendons 95
tensile properties

of fabrics 54–5, 202–3, 209
of fi bers 25–7, 172
of yarns 40, 190 –2

tensile tests 225–9
tensile torsional model 44–6, 48
tex units 21
textile material modeling 12
thermo-physiological reactions 146
thermo-receptors 147
thickness of fabrics 53, 201
thighs 97
thoracic cage 96
tied contact interactions 288
time-dependent properties of fi bers 27, 

30 –3
tissues 92, 94, 111, 156
toe boxes 381
toe length 374
torsion meters 47
torsional properties

of fi bers 28, 173
of yarns 43– 4, 192–3

total Lagrangian formulation 78 –9
touch sensations 147–8
toughness of fi bers 26
transverse plane 91–2
triceps 98
tricot knits 200
Tubigrip 154–5
TUPS (Tissue Ultrasound Palpation 

System) 231
twist 86

of fabrics 57, 205–6
of fi bers 28
of yarns 190, 201

twistometers 225–7

ulceration in diabetes 348
upper limbs 96
uppers of shoes 376 –7
urinary system 101
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vector fi elds 299–300
veins 99

venous disorders 156 –7, 342–3
verifi cation of models 48 –9

see also model validation
vertebral column 95–6
vicinity maps 132
virtual fashion systems 7
viscoelasticity 27, 31–3

of skin 115, 117–19
quasi-linear 120 –1

visualization 296 –303
3D surfaces 299
animation 300
charts and graphs 297, 298
contour maps 298 –9
geometrical models 298 –300
multidimensional 299
post-processing procedure 300 –3
rendering 299
vector fi elds 299–300
volume visualization 299

Voigt-Kelvin model 31–2
volume collision detection 130
volume visualization 299
Voroni domain 132

walking 354–60, 369, 374–6
warp knits 66, 68, 200
wearer-trials 13, 153
weave repeat 53
weft knits 66, 199
weight

of fabrics 53, 201
of garments 150

width of fabrics 53, 201
windy environments 108
Wira measurement machine 171
wool 163
work of recovery 27
work of rupture 26
wound care 154
woven fabrics 52–66, 199

back 53
balance 53

basic weave 199
bias direction 52
deformation 54–8
equilibrium formula 61
fabric count 53
face 53
modeling 58 –64, 244
rheological behaviour 58, 65–6
structure 52–3
weave repeat 53
see also fabrics; mechanical behaviour of 

fabrics
wrap spun yarn 36

yarns
abrasion resistance 196 –7
compression tangent compliance 39
continuous fi lament yarns 37
continuum analysis 40 –2
count 201
cross-section analysis 181
deformed structure 39– 40
discrete fi ber analysis 42–3
experimental verifi cation of models 48 –9
fi ber distribution 37
fi ber interlacing 186 –9, 196 –7
fi ber mass compression equation 38
fi ber path 35–7, 180 –1
frictional forces 37–8
lateral strain 39
material properties 37–9
measurement methods 182–6, 190
mechanical properties see mechanical 

behaviour of yarns
modeling 35– 49
packing density distribution 181–6
self-locking structure 180
shortest path analysis 39– 40
spinning methods 178 –80
staple yarns 37, 39, 44
stress analysis 40
structure 178 –90
surface length 187–8

Zweigle bagging test 220


