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Relationship Between Extension Recoverability of Sportswear Materials
and Body Motion Restriction

by

Mitsuo Matsudaira

Kanazawa University

ABSTRACT

Basic mechanical properties and surface properties of sportswear fabrics are measured and
those parameters are regressed with subjective values concerning extension recoverability and
body motion restriction. Objective evaluation equations for items such as "Stretchy”,
"Recoverable”, "Good handle", "Strong restriction”, "Easy to move", are developed from the
mechanical parameters.

"Stretchy" sportswear fabrics are highly agreed with "Easy to move" fabrics, and are
negatively coincident with "Strong restriction” fabrics in the point of correlation coefficients
between subjective evaluation and the coefficients of those objective evaluation equations.
These three items have high correlation with EMT-1(maximum elongation in wale direction),
and are determined mostly by the value. This result corresponds to the manner of subjective
evaluation test, in which panels bend and stretch sportswear fabrics in wale directon with their
elbows.

"Recoverable" is decided mainly by maximum elongation in course direction.
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1 Details of Fabric Samples Used for Sportswear

Sample Fiber Material Structure Density ( /m) Thickness* Weight
(%) Wales Courses (mm) (g/m?)

A Acrylic (100) Plain 1050 1100 2.192 284.3
B Cotton (50) -Polyester (50) Kanoko 1150 1100 1.410 209.0
C Cotton (50) -Polyester (50) Plain, Purl 1400 1200 1.076 227.3
D Cotton (20) -Polyester (80) Rib 1150 1350 1.496 279.3
E Cotton (20) -Polyester (80) Rib 1600 1200 1.472 264.5
F Cotton (20) -Polyester (80) Tuck 750 900 1.468 209.3
G Cotton (50) -Polyester (50) Rib 1550 1700 1.341 263.8
H |Cotton (20) -Polyester (50) -Acrylic (30) Plain, Purl 1300 1100 2.092 280.8

*Thickness is measured under the pressure 0.5gf/cm?

7YY P AKR— YR Vol 19



—154 —

KES-FBI % i\, ARHFT I Sem X 20em T,
7z — v (#E) FHIaTidB K 250gf/cm F CTHER L,
T—A (M) HETIREAKS0g/em F THES &
72 EDNFENGA—F VD, ETM-1 (RAMHUER),

LT (BloiE 0 oEEiE), wr (Bloikh T

ANVF =), RT (EEME) 2RD. |
—E R T SR D R, A b—-T v 7B
KES-G2 # fivy, AR T 145em (51o0k Y
fil) X 16.5cm (FHE) T, FEFEMEEOADH
DENE B EE B0, I—-AFAEEEL,
VAR ALY LR S X oy ollh - G] E=)
ROMEIT1.0kgf/em & L, ZDL EDHENT
A—=% ¥ LT, EMT-2 (RAMUR), f (&AM
IREF DO HBE DR AMIRS]) ZRD 7,
KEHMEIEAH b —F v 7 B KES-FB4 % i W,
AZIE—E DRI & DT (20gf/em), FEFEHHE
SELT 1L 50gw DEEfEF- & FVy, FREH S EhF 12
3 10gf DIED E DI T, REGFHEDONNT A—F
MIU (BEEREDOFHE), MMD (BEBREBOF
BRE), SMD (BEADFEHRE) 2RD/A. Z
noHOEHEICOVWTIX, Tx— IV HFRBIUa
— AHEOFIEZ R L7,
KIREIZOWTIE, AMIBDO L7 —s%y 7 BIK
IREHERE > Hv:, EBFHEON 2T &
RO ENFBERDWINOERTS L, &
bW E BB AOMHOETD 2 B ClllE L
Jo. T =Ny ZIEZE ImmORY) SOl v
BT, ZRImEFHALCHET 5. Hr@mid:
& EDEHMOBAET] (CP-MAX) & igEED ik
EES) (CP-MIN) Z2KIRED/$T A—%F L L7,
HE I 3 [T, TOFHELIRA L.
1. 2. 2 ZFR—=Y 1 7EMOTEFE
WERE X RIRKFOLFF4E24% (FH
20~23) FHWA, SMIEAR=Y T TER
TLERTAHI LIRS, FICHBEZEMALT,
D8 & 20 b FM OMREE LB ER R
BRHMEIC X > THE L. TEBFMOFIIILT

" [¥]1  Method of subjective evaluation of
sportswear fabrics by bending and stretching elbow

DBENTH5.
(1) #BEOWMIC, Mz H0ICET7~8m
DLIABE, BTERTEHIXT—EXTF7F—F
(=F "8, C38K) 5. ZThix, Zhh
LEELABONEZ —EITH72OTHS.
(2) 10ecm (2—2FMH) X 15cm (7 = —)VF5H)
DRKEED, Bipo/:ZEOFE 2 —HT ok
BORIZY == VERTHIZI NS LH L, 7—
KV 77 —7TH0$T 5. ABOELAE~DEEY
3, 7Y ¥ A2479.
(3) BERE S & MEdiy L2 LTHH
VW, EACH L2ZE ORI OWT, AR
=YY LT EMTHA I L ERRIC, —H HEEE
iz LTd5). FHEEBIZUTOEY TH%.

U9 (Stretchy)

% L %3\ (Recoverable)

Lk ) A% & v (Good handle)

B 7 A%E  (Strong restriction)

A L3\ (Easy to move)

FH vk AR—-UEE Vol. 19



(4) LEOBEZBEYEST. SHOBHEEZHW
Bz, MAEDEHILC,=28TH 5,

2. & R

2. 1 ZR—=U9 1 T7EMOEEYNESE
EANYHEEORRER2IIRT. b0
F= b, A EHOFMEUTIORT. ¥
= VEROEMRELT ZRBEOEIZNE L,
7= VHRITIERBGAVNE L, a—AKFT
KB, C, DASKERMELRL. AFEWT
i —AJMS 7 =V HT SRR O K &
<, FEA, GIWNS{HABDIEDLKED o7
BEERT TIX, 7 =—NVHRATIE, ADBNKEL
EA/NE Do fzhs, I—AHHTIEC, DIFTKE
{E, G, HW/h&p oz, AMUEEMI-1 T
3, Tx—VHHTIE, APRLPELDIERD
K&hol, Ia—AFMTIE, A, HI/ME L D,
EDVKEMo7z. THHLDERENL, REA IS
VB, DIIMFUESL PVAEEESEWEZ X
bhab.
THIEREBROMER T, v -V HRORAMO
REMT-2 I ADHRL/NEL, DR KRENo 7.
FDEEDI—-AKMDIIFIED, E, F, GT/h
&<, B, HCKED» o7z,

KEFHE T, FHEREEMIUEL, HO
ARKEDP A, EEINS o7z, BEBAEK
DZEFHMMD Tld, A, C, HAVNE L, E, GA®

!

KEho7, REMS SMD T, A, CA/NEL,
B,D,E, FSK&Epo7:. B EDEMITM&E
Abhb,

KIREDOFER T, KAKE) CP-MAX XA, E,
G, HM K&, B, D, FA/N&ERoiz, RIEE
JICP-MIN X C, E, F, G2°K& <, B, D&k
oz,

2. 2 ZR—=UvzTREMOIEEHME

—XPEES D LI AREETLORKREE
AL TR3I~T7IWWRYT. InH0REREHO—
sHEBIC BT, THOREDFIEOFEH LN
THEOTWALHELIABMEERLTWAS, T/,
[ ] Ao%FE, —BRLAHEEDHAAGETE
ERLTVWS. EBRHMEIC—FEICOWTZEDHE
BHARELIERERSIIRT. IhOHDER
»o, SROEHFMIEIT X TOEE T—HED
B TEVEHEI B ONTWE I L b h b, *
N, = CHF S e EEEHIE O 5 5 % Pk E
LG T 5.

2. 3 FEEMEE S FERETME & 48RS

LRCTHE O N EBEHME & A O RPEY 8 &
OBMOHEMBREERIIRTI, X1LLHUTD
ZEMNbRD.

RV IZonTi, 7x— VHED
WT, EMT-1, EMT-2 &L EQO ARS8 {, CP-
MAX L ZHHHBETH o7z, Thbb, Y-
FETHTRT L, BAKRED/NS 2 4 % HiBR
FZEMURT VLB LTV, HOBIXI2X L

F 2  Results of Mechanical and Surface Parameters of Sportswear Fabrics

Sample LT WT RT EMT-1 EMT-2 f MIU MMD SMD CP-MAX CP-MIN

(-) (gf cn/em®) (%) (%) (%) (gflem) (=) (7)  (zm) (ghem?) (gflem?)

Wale Course Wale Course Wale Course Wale Course Wale Course Mean Mean Mean

A 0657 0790 657 143 514 448 8.00 725 21.0 460 0245 00106 4.48 118.8 8.4
B 0.646 0969 2120 345 323 493 2625 1425 525 520 0218 0.0227 11.10 74.4 5.0
C 0.607 0.896 1460 4.65 360 51.6 1925 20.75 32.0 48 0218 0.0159 523 94.0 120
D 0.781 1.000 4758 13.12 31.1 579 4875 5000 930 250 0.242 0.0277 1040 68.0 5.0
E 0.648 0535 1580 645 367 163 1950 4825 350 190 0.231 0.0312 17.80 106.0 12.0
F 0611 0771 2505 415 28.1 47.0 3275 2150 635 200 0241 00253 1400 84.0 11.2
G 0540 0576 995 425 337 259 1475 2950 295 240 0244 0.0340 656 106.8 14.0
H 0615 0655 1885 205 377 293 2450 1250 445 515 0325 00168 794 106.8 8.0
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3 The Number of Judges Who Considered the Row Sample to be more “Stretchy” than the Column Sample

Sample A B C D E F G H Row Total (=Score)

A - 2 3 0 3 1 q 3 19
(1] (3] (0] (3] (0] [21] (3] (30]

B % . 8 4 9 10 20 14 87
[231] [28] [6] [36] [45] [190] [91] [627]

C 21 16 . 2 10 9 16 13 87
[210] [120] [1] [45] (36] [120] [78] [610]

D 24 20 22 . 23 | 24 22 156
- [276] [190] [231] (253] [210] [276] [231] [1667]
E 21 15 14 1 - 8 14 6 79
[210] [105] [o1] [0] [28] [91] [15] {540]

F 23 14 15 3 16 - 21 18 109
[253] [91] [105] (3] [120] [210] [153] [915]

G 17 4 8 0 10 4 . 6 49
[136] (6] (28] (0] (45] (6] [15] [236]

H 21 10 11 2 18 6 18 . 86
(210] [45] (55] (1] (153] (15] (153] (632]

For example, 22 judges considered the sample B is more “Stretchy” than the sample A.

[] is the value of §C, pairs at j judges all agreeing about the judgement.

4 The Number of Judges Who Considered the Row Sample to be more “Recoverable” than the Column Sample

Sample A B G D E F G H Row Total (=Score)

A .- 17 15 22 16 17 12 17 116
[136] [105] [231] [120] [136] (66] [136] [930]

B 7 - 10 19 17 16 12 13 94
[21] [55] [171] [136] [120] [66] [78] [647]

C 9 14 = 19 17 12 16 12 99
[36] [o1] [171] [136] [66] [120] [66] [686]

D 2 5 5 . 9 7 13 5 46
(1] (10] [10] [36] [21] (78] [10] [166]

E 8 7 g 15 . 14 11 12 74
(28] [21] [21] [105] [o1] [55] [66] [387]

F 7 8 12 17 10 2 14 4 72
[21] [28] [66] [136] [45] [91] [6] [393]

G 12 12 8 11 13 10 2 11 77
[66] [66] [28] [55] [78] [45] (55] [393]

H 3 11 12 19 12 20 13 . 94
[21] [55] [66] [171] [66]  [190] [78] [647]

For example, 22 judges considered the sample A is more “Recoverable” than the sample D.

[] is the value of ;C, pairs at j judges all agreeing about the judgement.
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25 The Number of Judges Who Considered the Row Sample to be more “Good handle” than the Column Sample

Sample A B C D E F G H Row Total (=Score)

A - 21 18 15 14 17 13 15 113
[210] [153] [105] [91] [136] [78] [105] [(878]

B 3 - 1 0 1 4 4 5 18
(3] [0] [0] (0] (6] (6] [10] [25]

C 6 23 = 15 15 18 7 14 o8
[15] [253] [105] [105] [153] [21] [91] [743]

D 9 24 9 . 14 14 9 11 90
[36] [276) [36] [o1] [91] [36] [55] [621]

E 10 23 9 10 - 18 6 11 87
[45] [253] [36] [45] [153] [15] [55] [602]

F 7 20 6 10 6 . 9 7 65
[21] [190] [15] [45] [15] [36] (21] [343]

G 11 21 17 15 18 15 - 19 115
[55] [190] [136] [105] [153] [105] [171] [915]

H 9 19 10 13 13 17 5 - 86
[36] [171] [45] [78] [78] [136] [10] [554]

For example, 23 judges considered the sample C is more “Good handle” than the sample B.

[] is the value of ;C, pairs at j judges all agreeing about the judgement.

26 The Number of Judges Who Considered the Row Sample to be more “Strong restriction” than the Column Sample

Sample A B C D E F G H Row Total (=Score)

A - 20 21 23 20 20 18 20 142
[190] [210] [253] [190] [190] [153] [190] [1376]

B 4 - 17 20 15 14 7 10 87
(6] [138] (190] {105] [o1] [21] (45] (594]

C 3 7 . 29 11 11 8 11 73
(3] [21] (231] (55] [55] [28] (55] (448]

D 1 4 2 - 3 3 3 5 21
(0] [6] (1] (3] (3] [3] (10] [26]

E 4 9 13 21 - 14 10 15 86
(6] [36] (78] [210] [o1] [45] [105] [571]

F 4 10 13 21 10 - 6 6 70
(6] [45] [78] [210] [45] [15] [15] [414]

G 6 17 16 21 14 18 - ] 104
[15] [136] [120] [210] [91] [153] [66] [791]

H 4 14 13 19 9 18 12 = 89
(6] [91] [78] [171] [36] [153] [66] [601]
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57 The Number of Judges Who Considered the Row Sample to be more “Easy to move” than the Column Sample

Sample A B C D E F G H Row Total (=Score)

A " 2 3 1 2 2 7 2 19
(1] (3] (0] [1] [1] [21] [1] (28]

B 22 - 8 3 9 11 17 12 82
[231] [28] [3] (36] [55] [136] [66] [555]

e 21 16 = 3 14 11 16 14 95
[230] [120] . [3] fo1] [55] [120] [91] [690]

D 23 21 21 : 22 22 23 22 154
[253] [210] [210] [231] [231] [253] [231] [1619]

E 22 15 10 2 . 9 14 7 79
[231] [105] [45] [1] [36] [91] [21] [530]

F 22 13 13 2 15 - 19 19 103
[231] (78] [78] (1] [105] [171] [171] [835]

G 17 7 8 1 10 5 = 1 59
[136] [21] [28] (0] [45] [10] [55] [295]

H 22 12 10 2 5 13 - 81
[231] [66] [45] (1] [136] (10] (78] (567]

For example, 7 judges considered the sample A is more “Easy to move” than the sample G.

[] is the value of {C, pairs at j judges all agreeing about the judgement.

%8 Agreement Testing of Subjective Evaluation

Questionnaire J=C, A" Min. Max. x 2 Significance level™
stretchy 5257 0.361 -0.043 1.0 285.2 0.5%
Recoverable 4249 0.100 -0.043 1.0 101.9 0.5 %
Good handle 4681 0.211 -0.043 1.0 180.5 0.5 %
Strong restriction 4821 0.248 -0.043 1.0 205.9 05%
Easy tto move 5119 0.325 -0.043 1.0 260.1 05% .

A" coefficient of agreement, ** compared with 0.5 % significance level of y 2

distribution at the degree of freedom ; £=31.93 (=30)
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9 Correlation Coefficients Between Mechanical, Surface Parameters and the Score of Subjective Evaluation of Sportswear Fabrics

Parameter LT-W LT-C WT-W WT-C RT-W RT-C EMI-I-W EMT-I-C EMT2W f-C MIU MMD SMD CP-MAX CP-MIN Stre. Reco. Good Strong Easy

LT-W 1.00 060 0.78 073 -0.01 0.51 067 045 070 -0.08 -0.10 -007 021 -053 -075 061 -044 -0.14 -057 057
LT-C 1.00 056 036 -0.17 095 053 -0.11 056 038 -037 -035 -023 -074 -071 049 -006 -043 -046 047
WT-W 100 084 -059 052 099 056 098 030 -000 029 034 -083 -058 094 080 -029 091 092
WT-C 1.00 -0.47 030 078 087 076 -053 -026 051 034 -064 -027 078 -0.85 004 -0.85 0.82
RT-W 1.00 -015 -070 -043 -066 043 016 -066 -050 075 -002 -075 0.73 049 076 -0.76
RT-C 1.00 049 -0.18 053 029 -033 -040 -032 -066 -056 044 -005 -027 -041 043
EMT-1-W 1.00 051 099 -031 002 032 039 -08 -053 097 -080 -037 -093 094
EMT-1-C 1.00 047 -076 -026 075 057 -033 010 056 -0.87 015 -065 0.1
EMT-2-W 1.00 -031 0.01 031 037 -08 -058 093 -079 -039 -0.88 0.89
f-C 1.00 024 -0.80 -0.60 012 -043 -029 076 -023 034 -032
MIU ' 1.00 -023 -0.17 035 -0.12 -002 0.09 021 010 -0.07
MMD 1.00 059 -028 031 033 -077 -0.06 -040 037
SMD 1.00 -032 001 043 -055 -046 -038 038
CP-MAX 1.00 054 -085 061 064 082 -0.83
CP-MIN 1.00 -041 0.07 0.52 030 -0.33
Stretchy _ 1.00 -079 -036 -098 099
Recoverable 1.00 005 082 -081
Good handle 1.00 025 -0.28
Strong restriction 1.00 -0.99
Easy to move 1.00

=66 —
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LT-W E{V["PI‘V— } WT-C MMD RT-C RT-W CP-MIN MIU

WT-W E%dT EMT- LT-C SMD CP-MAX f-C

2 A dendrogram of mechanical and sarface parameters obtained by the Cluster Analysis

10 Mechanical and Surface Parameters Used as Variables for Regression with Subjective Data

Stretchy CP-MIN f-Course MIU CP-MAX EMT-1-Wale
Recoverable CP-MIN f-Course MIU RT-Wale EMT-1-Course
Good handle CP-MIN f-Course MIU CP-MAX SMD

Strong restriction CP-MIN f-Course MIU CP-MAX EMT-1-Wale
Easy to move CP-MIN f-Course MIU CP-MAX EMT-1-Wale
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211 Coefficients of Parameters for Evaluating Each
Property of Sportswear Fabrics Objectively

Stretchy Cy=84.00 R=0.975
Parameters G M; 7 ;
1 EMT-1-Wale 39.15 24.22 11.61
2 CP-MIN 5.22 9.45 3.15
Recoverable Cy=184.00 R=00952
Parameters G M; o ;
1 EMT-1-Course -13.92 25.50 15.00
2 RT-Wale 9.01 35.88 6.57
3 MIU -3.38 0.246 0.0318
Good handle Co=84.00 R=00915
Parameters G M; g
1 SMD -21.92 9.69 4.28
2 f-Course -21.67 356.9 139.2
3 CP-MAX 14.29 94.85 16.77
Strong restriction Co=284.00 R=0U975
Parameters G M; G
1 EMT-1-Wale -40.09 24.22 11.61
2 CP-WIN -14.74 9.45 3.15
3 f-Course -8.75 356.9 1392
4 MIU 4.39 0.246 0.0318
Easy tto move Cy=84.00 R =0.983
Parameters C M; 7
1 EMT-1-Wale 45.74 24.22 11.61
2 CP-MIN 16.42 9.45 3.15
3 f-Course 10.54 356.9 139.2
4 MIU -4.19 0.246 0.0318
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