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Abstract

The polyurethane elastic fiber LYCRA®, which was invented and developed by DuPont in the
United States in 1959, has a high reputation for its high elasticity, heat resistance, excellent
dye-ability and other good qualities. Therefore, nowadays, the polyurethane elastic fiber has been
widely used from sports fields to daily life, including informal clothes and underwear. On the other
hand, according to the Ministry of Health, Labor and Welfare, the number of atopic dermatitis
patients has a tendency to increase from the year of 2002 and it reached the number of 456,000 in the
year of 2016. Under the background of a tendency of our skin becoming weak or sensitive because
of various reasons, stretch clothes mixed with polyurethane fiber have been accepted widely by

people at different ages. There is a concern about friction-related troubles due to tight-fitting clothes



and skin obstacle, not only in informal clothes but also in some current situations in which violent
body movements like sports are necessary.

Firstly, with a focus on/an interest on the friction between clothing and skin during movements,
we surveyed several Japanese and Chinese young females about the actual conditions of wearing
sportswear and friction-caused skin trouble in this research. Then we measured the distribution and
change of the static and dynamic clothing pressure in three kinds of bottoms with different
stretch-ability among adult females. From the aspects of the body shape, motion deformation and
tensile elongation characteristics of the materials, we considered the load level of the stretch clothes
and the factors that caused the load. We also discussed the friction between skin and clothes. Finally,
an experiment was conducted under two environmental conditions (controlled and sweating) among
young female adults who had healthy skins. In this experiment, we examined the effect/influence on
the three-dimensional microstructure of skin’s surface, when we applied the four materials with
different compositions and structures on the inner thigh as a friction force. In short, we aimed to do
some contributions to the designing of clothes for stretchy bottom in the future.

This thesis consists of six chapters as follows.

Chapter 1 Introduction

In chapter 1, the purpose and significance of this research were described after a careful
investigation of social backgrounds and previous related researches. The social backgrounds were as
follows: 1) development and popularity of polyurethane fiber; 2) development of sports market
apparel; 3) present status and issues about the increase of sensitive skin and atopic dermatitis in
modern societies. Furthermore, the backgrounds of literatures were as follows: 1) study on clothing
obstacle status; 2) analysis on causes of clothing obstacle; 3) study on clothing pressure; 4) study on
the skin elongation under dynamic conditions; 5) study on stretch characteristics and clothing
pressure of clothing materials; 6) studies on methods for evaluating skin properties were described

separately.

Chapter 2 Survey on friction of clothing and skin during movements

In Chapter 2, with the aim to clarify the actual condition of friction between clothes and skin
during movements, we conducted a survey on sportswear and friction-caused skin trouble among
several young females in Japan (Tokyo) and China (Wuhan). The results were as follows.

(1) In the aspect of a friction-related discomfort between skin and clothes when doing exercises,
approximately 40% Japanese females and 65% Chinese females showed positive results. The season
in which the tested females felt uncomfortable about the friction was summer (47.5%) in Japan,
which was rather obvious. On the other hand, the season was winter (30%), autumn (30%) and

summer (30%) in China, which showed similar results in these three seasons. The parts of human
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body where the tested females felt uncomfortable about the friction included the chest, inner thigh,
and axilla. Both Japanese and Chinese females tested in this study felt the same.

(2) In the aspect of clothes worn during exercised, the tested females said that in Japan, many
undergarments are made of polyurethane materials and over 60% of them wear tight-fitting
undergarments. On the other hand, over 50% uppergarments and undergarments are both made of

cotton in China. They felt the adhesion degree was between tight and loose.

Chapter 3. Static and dynamic clothes pressure of undergarments

In chapter 3, in the aspect of static and dynamic pressure fluctuations of bottoms, we measured
clothing pressure distribution when people standing and clothes pressure fluctuations when people
walking, with the use of stocking (S), stretch pants (P), and jeans pants (J), from ten adult females.
Moreover, we also considered and discussed the three-dimensional shape and clothing pressure of
the lower half of body. The results were as follows.

(1) The average values of clothing pressure during standing were 2.98 10 9.64 in S, 0.0 to 10.79 in P
and 1.69 to 11.61 hPa in J. In the body parts where the clothing and the body were in contact
elongation, such as abdominal extension, back of maximum thigh girth, front and back of maximum
leg girth and so on, the elongation characteristics of the fabric were shown in the order of J, P, S,
from low to high value. On the other hand, it was significantly different in non-contacting parts J, P
and contact extension S in the minimum leg girth. On the inside of the thigh, high clothing pressure
was observed, which was due to the movement of subcutaneous fat and contact with each other of
inside surfaces caused by the body shape of the subjects. However, the clothing pressure of each
material was not beyond the range of discomfort.

(2) Clothing pressure during walking in each body part showed a constant variation pattern with the
walking rhythm, however, the patterns were various in different clothes. The clothing pressure
fluctuation at the patella center point of 12-part was the largest under every clothing condition. In

other parts, the value remained below 2.0 hPa.

Chapter 4. Study on cause of occurrence of clothing pressure during exercise and deviation

between skin and clothes

In Chapter 4, we calculated the skin elongation rate in the sitting posture and walking posture of
ten adult females. And we considered the relation between the skin elongation rate and tensile
elongation characteristics of the fabric material. We also discussed about the factors of deviation
on the lower half body with clothes. The results were as follows.

(1) The stretching characteristics of the skin at each part in the sitting and walking positions were
different according to postures and positions. They could be divided as follows: at the thigh girth

back point and the minimum leg girth front point, the expansion and contraction of the skin in the
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orthogonal direction and the long-axis direction were antagonized; at the patella center point, the
skin extended in both the long axis direction and the orthogonal direction, and the clothing
pressure fluctuated greatly during walking.

(2) We speculated that the clothing pressure corresponded to the degree of skin elongation by
Kirk’s equation of the patella where dynamic clothing pressure fluctuation was the maximum
during walking. Compared with actual clothing pressure during walking, the results showed that
the actually measured pressure of S was about 75% of the estimated pressure and about 39% in P,
whereas the J greatly diverged to 0.01%, and the higher the elongation stress of the cloth material

was, the larger the gap between the skin and clothing became.

Chapter 5. Effects of fabric type and air conditions on three-dimensional microstructures of the

skin’s surface

In Chapter 5, we conducted a study by selecting 10 ten young females with healthy skin as
subjects. Using four samples with different compositions and structures under two environmental
conditions, we applied friction to the inner thigh and examined its effect on the three-dimensional
microstructure of the skin’s surface. The results were clarified as follows.
(1) In the experiment of skin friction, the skin coarseness parameter SRz, which represents the
maximum value of the distance between the sulci cutis and crista cutis, was significantly lower under
hot conditions than that under controlled conditions. The results revealed the wetness of corneum
accompanied by sweating, softened skin because of swelling and surface smoothness as a result of
friction.
(2) Compared of SRz in four kinds of samples with different compositions and structures, the
friction of the knitted fabric under hot conditions was significantly low. It implied that the friction by
slip-resistant knitted garments caused further smoothing of perspiring and softened skin than woven

fabric.

Chapter 6 Conclusion

In Chapter 6, we summarized from each chapter and draw a final conclusion.

According to the results mentioned above, in recent years, stretch materials mixed with
polyurethane have been widely used and can been seen frequently in markets. The materials have
been paid attention to the influence on the skin due to friction of clothes, especially during exercise
with perspiration. However, further considerations on the friction methods are still necessary. In
addition, it is a task to compare cloth materials and to increase the groups of subjects. Finally, further
researches are required, including preparing and proving more data that will contribute to the cloth

designing of stretchy undergarments in the future.
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L, B X (ERL -
10 | BEHI*2 3 2.8 | EEaA 2 1.8 ﬁﬁjiﬁﬁil_’% 3 2.0

— (R0

Efr10 &0 & 76| 70.4| EfF105E 3 79| 72.5| Bfiz105H 3 118 | 78.7
@i 108 | 100.0 | ¥ 109 | 100.0 | ¥ 150 | 100.0

M1 FERE TR, RRLHE SN D FEMGESERET O T 2FHRH D720,
WEEROEE (150 ) (X, MESEFE (134 #1)

2 YAl

; BRanF Ll 9 BT A R UNE A

LR STING,




Table 1-1-2-2 Comparative chart of number of reported cases of skin disorders by

fiscal year -

household goods etc.

T TRk 25 4REE Rk 26 4R FE YRk, 27 4RBE

T | b A IES % | %k %

PR B 22 | 23.2 18| 18.8 24| 17.9

otk 73| 6.8 78| 81.3 109| 81.3

B - - - - 1 0.7

Elh 0~ 95k 1 1.1 2 .1 0 0

10~19 % 3 3.2 ' .1 6 1.5

20~29 5% 15| 15.8 19| 19.8 34| 25.4

30~39 5% 24| 25.3 26| 27.1 35| 26.1

40~49 5% 22 | 23.2 23| 24.0 20 14.9

50~59 &% 13| 13.7 14| 14.6 21 15.7

60~69 5% 13| 13.7 5 5.2 11 8.2

70 LA b 4 4.2 4 4.2 7 5.2

EEOREE® | Tuvk MR E R 61| 56.0 69| 68.3 90 | 64.7

S YR i 7 R 31| 28.4 27| 26.7 37| 26.6

AU AELA 2 1.8 - - ‘ 4.3

BFRILE 9 8.3 2 2.0 3 2.2

% DAl 6 5.5 3 .0 3 2.2

SER ORIF 2k 31| 32.6 28 | 29.2 62| 46.3

LIS 59 | 62.1 42| 43.8 51| 38.1

E 2 2.1 4 4.2 2 1.5

A 3 3.2 20| 20.8 19 14.2

&8t 95| 100.0 96 | 100.0 134 | 100.0

%3 [EFEOREE) OEHIEERERY, #E (%) ZO#HEAE CER 27 £81T 139
) icEDLHEIE,

FREREEONTUE, T7 Vv —MERl RS2k 90 £, TR SR 37 Th-

7o (F1-1-3-2). 7 VL — AR R 2 CIRaeffiah, Wratss, MgEsm s d R Cidr

H, DL+ E=— L FR/ELDEHDO0NE0o7-. FEKONS DL -

7o CHEBERE I CHMT 270, BELZESTHIRGEO—DThA.
HARERSAET M E—MRERIBETA K74 W (GEILS, 2008) (2%, [HE DD
RWAFEAERT D RSN, BN AOREEEICIL, AJEICEET A EEN R

RTHD. BEOERZRDTZD, R FTRAEL L THET 22082,

JEICHBE L TV DD ERET NS EBA6ND.

AT, REFHEICH

EDX I



1. 2 WFFEo CEREYT =

1. 2. 1 KEEFEOFEREIZEET H0H5E

VAR, KEHZ X2 REREEOHIRICONT, W ONOMENRH S, FIT (2006) P73,
20~50 D% 819 NaxtGel Lz, FFHFEHREDO D DHBLN I DEININAT LT »r—
FERARE R LAUE, K 7 RO REDPLIENRFZDDHONI DT ZHE L TNDHZ L

WA Io Tz,

HIrOHBPHEDOE

2RL3

Fig. 1-2-1-1 Presence of clinging Examination while wearing clothes by Lion Co., Inc.,
questionnaire survey,

In 2005, women from 20s to 50s n = 819

I (2006) 19134 S 18~22 1k O HMEHT ITAEFE T D20 - KA 858 A& x5 L LT, KR
2L DR EEEDRBROAEATIA L. ZOME, BIEEEDORK S WFERIZARTH
D, BRIEEHR 786 AT 296 AN THDH 37. ThE DIz, (M 1-2-1-1)

= o (2012) 70X, BRARIC & B R FEREE IO T 1998 4E & 2007 ARSI B4 1 AER D
BERE, AENTHD 2006 FFRE TORBIZOWTHHE L. EFNTHLORERTI,
R R R E % 521 7= AOFIEIE 10~40 R FE TITH 50%, 50 14 56. 4%, 60 fXLLE 37%T,
49. % Th o7z, PHEANBUL, HH 6374, TEF 4884, 1, 1254 THDH. 1EMD
FERTIE, REREEORBRA T 20 1823 28, 3%, 60 fALLEA 17, 4%, F¥J22. T%T, K54
REBFLWEITR OGN o7, BEOICHKE IERE LIRS T, KEkESE
D LTV EIEEXRNW I R ghotc. AENTHS 199947 AETE, AFENT
D 2007 FERE T, RIGEEDHEICHOVTORME (X 9) TIE, Wb 1WKETHE:
MBI, 2007 FICRZIEREEF ML TV D Z LR STz,
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Fig. 1-2-1-2 Presence or absence of skin trouble

M (2016) 911, AIRIC & 2 WA 70 B PR A & GG L 72 B R R E O EREFH A 217 - /2.
NEE RIS, KIROBFMZ L > TRERELZREBRLE L2 ) LOBERIELT IH
D) EEELIERFIZI%, FIE3 1% Thole. BF L LFRRRIC KD REEE
L <RBRLTEBY, ZOHHBE LT, 7O TEDORMIULFAMHEN DN D, Mo
R AERIND, FEBEEZMED TERZWIZORERYEREE 22 TR0 WERS 2
55.

FFIZONWTE, FEFPRHEL L, ROTHEE, EZOIRTH 7. KFIZHOVTHIR
FERRLLZNbOO, FIBE, FEZOMIZ, RFEHEEL LN, K FIEFICHELT,
HIELT 2BMA R O, REEE~OMATIER, e, FEaekorz) L
B oEoOM, HaEbtLc) CRIFELEEL RO, BRFEEORAEMME, BHidEk
OHEHRETHY, LFIEDPRBZNHOD, EEOHMIIEFITK AT,

B

xF

Fig. 1-2-1-3 Types of clothes
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Fig. 1-2-1-4 Clothing material

SR ELZEZ LEKIROFEEEZ K 1-2-1-3 1ITR”T. Bz onTUit—%—2%<,
RWNTHyH—TxY, AR—YT ¥ YDIETH-T-. LT Thbe—¥—»NRb%E, K
WT, 79V%—, AhyF I Tholz.

RIEREEDIRN & 72> T RKIROFBM ZK 1-2-1-4 |\TRT. REEELZS| R LzER
JRKNFEM X, EE, Ay, KOT 27U ANTholz. EEOF I F 7L, HE30um
VA EORiMEZ 3. 5%LAE, ELRR 40 um LLEOMEZ 0. 6% EEDHAICELRTVEED
nNTn5g.

KARIC & % B EREEIC OV TOREIZZ VR, KR E LG & DBEEICOWTERE SNz
BULETE D720 AR Ty 7 AR IR EE SN D BURIZB W T, AOBHG DEEERIC
BIOREEEHGFTRELEIOND.

1. 2. 2 KEHEEFEOFIKZHIZOUWNT
AARPEER GRS ENEBRE 1 R SOIED (1994) I iU, MiMERLhIC X
% B RERIERCIE, A O K 2 W BREORINY & A I Qe el T & 7= Yu kol LA X 21k
FHHREN S D EEnD. WA (1996) Vi, WERRRIISHEHESR M, Wik Ok, «&
BEEmOMY, #H, A XORMEUNC X 2 EECEE, Finitte &, (LFrfBiIger},
ge@hl, WAL AL EFINTIRZR ET, BRI & 2 BEREE O ST E VS, W
FBOCET 2 MEIID RN 2L TWS, LT, 2o >0FMNIiE-> T, Bt
5.
1) WERAIRINGIC X D R g E
(1) HkMEIC X 2 FRg oo EERR
AAREERESEDREIREERE 1 oRa0UES (1995) 201, fHEOKRKS - Wik
W, fEREOEN, SLOWE, ROKIENEFEREMNE (BRI 125 2 5225
WTHET L7z, BERIAPEIC SO WTIA D DO iEE AW THIE LS RIT, ek 2
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DIE &R EREMER TR 72D Z &, Mk D e 3 B G (B U 7235 0 J7 13 % O T A3 B
filk L7233 AT, REHRSRPES TR 70D 2 &, HEHEO W AR X o C RIS 23
B H 2 L, RIIKRL DI TRIGRPIIER RS 72D 2 &, SRITHEBER I o40T
P RBAPEMR TR 725 Z LN SN o2 LG Lz, WEARIBEORIA & 722 540 O
Wtk & OBR THRET L72FZEid b 72 <, T VR~ v a VBRI T L7 19 fE
FEOFRERAT T HVFRHECEA W & BEHRIBNE & OBIRIZOW TG L2 /ER, BERERAED
MMDIFENRKEL 2DITE, ROOLNSOESVMEL 2D, SHISLENHTL 508,
MMDERKRE K 251 E, FEEBENRKEL D, FEEEENRRLS 782 2 E083H 5
NETRoTe.

R (2016) 12 LAuE, WARIROWENAFIC L 2 HERERF TRHZVOIE, EEIC
k2F s FrTHS. e, Vovr—REERALEZEZA, $H, b, KERICEEE, %
WAL EOFEFRH S, JRIEE, RNY AT LOEPRARIC L DWEHIE CH - 7-.
R E LTI, VISR S EEE B ISl ie W2 D B AT 2 TRARDOND. £
72, ¥anmy hAA—bEFR Lz E ZARBNANABE, BBRAE L EDFEFNRH -
L JRRNE, ERRTIEH DD, RYZATLAOENE ) 74T A M RFanny hAD
— FEEIZEA SN TWe O OWEARI Ch o 7=, KIRFEM E LTIE, £/ 74T 2
YETIERLSIAT 74 T A NEFERAT LI ERROLND. R =27 Ui,
HEN KL 222128, HUTHEMPECIEMEREER KR E <R, KEREER]LS 725, £z,
HED K S U OBA TR O BN L IE L RERIETRLS 25 b Ebh T\,
FA BB FND LD TR RHES & o TRE A RIS 5 L8P0 RE R X -
TEBERELZRITIEN/HS. M 1-2-2-1 1A a2 M L D BEEEZ R L.

ﬁ@

Fig. 1-2-2-1 Melanosis due to nylon towel
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T FRRE (SRS 2 AR O WMEI S BE ~EAERNC R 2 5 2 T DO T, KEHZ LD
JE~OWBEN BT EBRRRE L EZ OND. L EOETIRIC LT, Wi EK
& LT, MAERM, R Ok, ABREEEREENET oD,

(2)  APRNRUE ORI

HO 5 (2008) 223 ZEFUCEE U CHIAHBEEIZVEH U, SEMERLGL & KORE o Befili o dm Bk AE
oy br— VU TEREREBORE~ORBE LR Lz, ZORER, BEREOZER &
LT, RBREOKSELY bREREOHINEENRKE S HET L2 ERHLMNITR-
7.

Fho (2010) 20%, EREALO AL T 4 % RIS, JESBMIT EEE O 6 8, RS
FEIR 2T C RO 32C+ BIRIBD 2 T, & 2 BIEF L7 U B &40 IR BRI U7z, #5 2R,
K ST CHEICR Y, o, HEOBBEICE > TEIFROmM I /NT X —
HZIIHEEICRED LT,

R (2016) "WIXAAROAFARINRIC X 2 REREEFF & LT, MO SREEDOD v H
— Y Y NFRRKB CTHS TR L. Wy — v Y OWRSHERRE THo -1
WIZ, FROHEBEICHBRRE LT, 200y X —2 %Y OMEIE, RYZ ATV EHO
BAFCTH Y, FEMOREIL, &V ARBENEL, BRI e’/ cn?/ B LR TH -T2, £
Di=bEREOKREEL, FRZBRETH o7 Z ENFSHITHELZEIN D, *IRIT,
ERKIRKIE LR CTE D0 REEDORM TIEONIEKREZ RS L TH D, KEREE
FREDOT=OIZIE, KARPIREEDS 32£1°C, KARNIRELDS 50 10%D KARK B A R> Z & 23
END. TrvvarFMEn S, WERWITN, Wintt, B, EmAMEE B L
TWHZ EMROBND.

VL EOSCRRIC KA, R REOME TR FREFREICRE S EEL, KFITo2nTo
PRI G 2R ORI B ORRRFICHER T 2 LENH 5.

(3) WEKDOIAE

B (1974) XX, o,  BiAREe SICKIRICHE AT DEFERIE UIE LIRS
IZA S TAN=Z L, WHELGRZDHI LRV, EOL I REFG~DAN—=T ), ik
R E 72 > TV D AIRIC K D REREEORAICE G LIZ LW TH A I N EDE-ND,
FEERHNBIE A AT o7, AN—T T2, ENHEMTIEE TS EEBL RS RN
REOHRLLT VT R, NLIT,  FalEEAl, e S HEAR E O 2 FH S w7
Yity, RERMBBIEINT. B, Ty — NORR, HEREEICHAREO R S—7 |2 X
ST, RBITRAEZE LTI EDHDLEN 25%H LT, £, WEBELZRETE, B
KREZICBIT D RAROHEBEAIL 2kv 225 10kv (ZEET D Z LD 72, LEDOREN D,
KIROFEEIZ L > TED ANR—=21F, REEEDORRE LTHEEGT 2L R> Lz
£9.
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KIROEELSHBLIC & 2 B EEEDIERIT, WAFHFHTEHZETHD. £z, #E
KUK > THIDAWIERRR S &, REOAERZEGMITTLES. ZOEGRKIRICK DK
JEORIEZET 2560 H 5. FEMRIEEEESNIL, K 1-2-2-2 [ZRT L5 (+) F
Ay -X(E-fF-L—ar M- TET—h - BIZZXTL-T727V)L (—) DIETH
5. FEKOBEEZMEIT LK E LT, BEREL T A5 1TEEEES O LR
MOKWREMAEDE TEHT LR EDEFEER LOT KRBT oD, £o, FEAELTLE
ST EFER A LRI D /2N T BRI Tk & LT, HEMEMGHEZ ARIZTRS L Tk
VIALe IR EDOFIEND L. I —R o EREEMEMMER 2 LRIk, ®EREER IR
PEREZ /R L R Z OMEREDNREE S LS. FFEREEZIHT 5 2 L2k o T, KIEHKE
ZIH URBEEORAEEZHIET D E L bz, FURKRIY OKRR~DOEEIET D 2
EMTED.

(+)
VA FRICHE < —>
¢ @ @ d ® =
v e > 9 @ Flelw|c[w[x|7]c|®]|7 |5
S @ @ @] \N|lfPeoeeees 1% | wl=|U]|7|1k
] 3 Flalx]|)|E
e S e =) S > > >R =
3% ® @ P @ @ b I v
TS RHE

Fig. 1-2-2-2 Mechanism of triboelectric charging and triboelectric series

2) ALFHRIIC X B R R E

A AREE R ERE S EINE B 1 Rl (1995) 22 Jhud, kiR, =0 Mk -
HENC L » T B TRICB W TR O T SN 5. Biflit, 8K - B, sk,
BT LSRR RE AT 53 AN T & ek, IR TSR AR A B L CRa s ilifiE & 1) B S
LZMLENRSHL. BUETIE, ZhbDMREEEAGSIELbORERIND L IRy, T
EFMTAG ZORENIEF IS hoTE. BED (1995) (X, MMM LAl
K> T, ZOHITELG STV D3 < DAL FEWE D B ARER 72— & O R
A, WEEELDLW TR L. AR TAE LT, Bakaos LTHERSND
BRSO h NG, FO—E RHEAGER LT, MESg, 5E, LB E2EbsE
7= 60 FEFADOTEL ZAERL L, 2 5RA0 03 B RIAME L BT 3508 % Ll et L7z,
H1(2009) 20 KAuE, BIFE, Yekl, RFRCA RGBS HEIC X AT LA ¥ —D R
272> TWNB EVNV.,

1. 2. 3 KAREICET 24158

KAREE, NRDNKARD D2 2 EE S OB EMEH =20 O THD. BRI L
BT HHERE LT, FRBKBENOZTHEEERSH. ZNHDEHEORE ST,
HAR~OHERITE O DB RRIEOFRNZ LY, BiEE LTERLT I ENTES. (i
1995, 1999) " 2
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KIREDRFAET RTINS 22T oid. ETHEIIKROEETHDH. H 0
SEAEERITEMEICHE S KIROERIG T TH 5. FH=OKRE~IL FD X H 72 kD—E % &
B DAFORT 2 Z Elc kv ET S, (HFF 2000) 2

g (1999) 22 LAuiE, 1999 459 A 30 H2> 1%, MEHIE (mmHg) CE#3BF (Torr)
DEFEZIRE, KESCR FROREIID N DEREDORRITIE, PaN/m) 2L LI TH2 L L
fote. BUE, EEMICERT-KREFENEE LT, ZBH5 (1991) % 3 Ok E s L
FES (1993) P& A T AT AHOZT =Ny T HEXRH L. Ko, =7 — "y 7 HK
BN EE N — D@ S B BT HUNERRNTZ D, B RIEEE 255125
HTExBHZLThb.

BEAE, RN KIRD D52 2 EBEA §H 2 F1EICE, BRI X 2 EEeF ML &
FHRSS 2 V0 2 BBIGHINEN H 5. BReRAE X —* ek, BT L, FEEkR
ERHWBRG. ENS (1980) %, A L v F i OLRIRE & EREE DOREG A 7 BT
ELEE Y — A M O—X3HEE AWV TRE L, KIRE & JEGE & ORIRICE WHB 23
DTS, FHEEH (1994) 39830 F 4 2 b v ¥ o ZVOPREKREDOHRFIZIHBNT, JE
A 5 B PERFEEE VL THRIEL, DT 2 ~3gf/em®DiEWIC L » TR AR/,
FEARHRIE BT 2RFEEOAAEOBm N L2 HE LTS, LrL, BREREOSE
FEIZ 472> C, FH i (1992) OFHlHFEO RS - hL (E¥EL) ORESHERE A O
Bl @m 0 s DS, 40, FBMESEGES AW, FRECHlBRE OREIC
T OEENMETH D LTV 5D,

e alc X 2 B OFARIC X, KARE, HEERICET 2 KRO MO RE RO EHE
EBREOFNNH 5703, Z 2 TR b2 < FHIS TV D KIREFHINZ DWW TR~ 2.

KARFEOFHANZIE, ELREBIZB W TKR M ERE2HA LKIREZ G2 EHE L,
FEARRETORROMOCHER (H2R) 2B L CRREEZF 5 KE S (1968) P L
TV IEREBN LA (1986) V> N — Nk & R ) RZHTBIT 288D ) i & &
ARE L TREINFER E NS (1970) * %O Kirk and Ibrahim (1966) * OFEigFH A
DRBER®H 5.

WD H D 7TV % —, H— FAEIZONWTIE, KAREOHIMBE A2 S 72 51K
M, WEOKREICL>TEHELIELHAES T2 00, KRXFIOEBER 155
7o, BELWEH (KIRE) ZROTHIERALND.

MIBED (1991) 0%, WEFEH T RNE AW CTT 7Py —ORREZHIE L, %Lt (B70
A IXEES, M B, TN ST A CORREDENENK 25, 4, 9~15 gf/cm
OUAY =T —2HDOT TV —F e L HE LT 5. Costanta—kos & Watkins (1982)
i, ERmAHEEH L CWARIAM T 7 Vv —OKRIREZREL, B, WKE L, 7
H—RA T A ORRENZNZENEK 39, 11, 16~23 gf/en> TH Y, JFEHCT & —
ARNTA DOKREZE DR LTeT A 2 E D, FLizEH TN,

MRE (1994) 0%, & LHIO BT — RGO, g b o B (RiE>
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RHE) OKAREZ 14, 1mmHg (19. 2 gf/em®) ATIZT 2 ME R H D & L, BIFTTIREZ K&
<Ay hL, BELHORNT— RLEHETHD. [EE (1991) @4 BEE OB WA IRE NS
DHIZESTHELT, " L7 hy hERITRBEBREEREZHET 2T A U NEE LW
EELTWA. GHEED (1991) 0 & il CliE 2 i ) D & D — RO, AL,
NEE %, BHMOAREZ, TNEN 8. 1, 13. 7, 13. 2, 10. 1 gf/em®>TH Y, HF)»
B ogf /em® AR T TH LM EFH-T 2 58, BADEMET LIHE L TWD.

PAR— R by F L TITONT, BE LATH (1994) WIERRE & D E E ORI D,
A N w2 T ORIREDKERES 20. 4 gf /em?, TERES 23, 1 gf /em?[f, FRRETMELE S
n, oL AEEEOERENDREBY/HTE L BTV E. L, EERBRALT
DOWERFT DR — A by XU 7T ORIREITBE L2 KBRS 5 gf /em?, TFHEE 7 gf/cm?,
B 10gf/em®> Th o7z, ZOM, BFEELIIKE, LA ¥ — FERA Ny OAREZH
EL, PRI C D AR, MR OVBEAS 5~10gf/cm® TH Y, JFH, Mo AARI:
fE A 20gf/em? LA EO@EOWAIRE T HELHAME T LAV EHE L T D,

KIRFEED D < DARMEZEFRNT, KREIZHIRIZHE > THRIZS N T DA OES &t
IS LTET %, T7hbb, [F—M3ERoFEERm TIEEHO/NS VTS, EHD
REVREOKRENFHL 725, (GHi 1995) 20

VL E OB ARIRERSEIN 2 T, 20 HHAZICA S &, HHS (2008) 9, HA S (2012) 7,
G5 (2014) OEOMHREENBIMNARTEICER L, ¥ I—0%, KREVI21L—Ta
CHEAT R SIS HT A Z EEREI LTV S,

70 -

» o mHrRIEEE H 8
= o OBAKBE 7
=) «©
X 50 {16
H' 40 . 5\.1
Ko | 4&!
5 :

3
€ 20 , &
) et

10 11

0 0

OB OF OB R OB OB ObERNTE ALGIOE

Fig. 1-2-3-1 Relationship between the part that feels itch and maximum clothes
pressure
Response rate of the part that feels itch (left axis, column), maximum clothes

pressure (right axis, point)
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Bkt (2006) W T Xy 7 ROKRIERER SR Z VT, AEAEROBECE T 551K
DEFALOKIREZFER] L, 56N MHORKMEZ FRAKRE L LT 1-2-3-1 OA#INS
RUTZ. DB ERE U DN & B RARMRE & OBIEZ T~ TH D & D pHDEIERDFE N
EALIE &R RAIRIED & < R DN H > 7. ZAUTKIREDSFRVME Y, I X 21K
LR 2D, HE~OEELRANI DL bEZLND.

LLEIZR Y, KIRIC K DO G ~D 8 A ot T DR S L LT, KIREDOME
DB THDLZENHALNTHD.

L2, 4 BhEICHE D BORMREICEE 9~ D AF5E
Em%(w%)wm,Aﬁ&%%ﬁ:o%fﬁ%#éﬁ@ﬁ%%#éi KR ORI & D
FERBERO—>ThHD. ERHZ L > THEXHU D56 ‘Pe b’ TRINTE 2R
KIROTH & KRB OO T =T 2. ﬁﬁ%@()‘@ﬁﬁijﬁ%b\c‘:, Tnoon
A UK B ORI DER TR OS5 115584 LR 78D, ZORARED & 5 ELL
BT 2 ERPEEZBIERD LIRNTWDS. (R 1-2-4-1)
Table 1-2-4-1 Skin elongation (data by site by movement)

» = % 3

# f Bif | 75 BOENT (om) | WOPETR (cm) (EEMEFRTFRR (%) | BFETT (em) | BOFER (om) | URE (3]
DEPEa @ *F “.8 6.4 3.6 40.0 3r.2 =710
@ Ei 5.8 6.8 17.2 5.8 6.7 15.5
*E 40.0 9.2 — 2.0
@ % ® |sa| 5.8 65 | 121
o@ & EA 7.2 5.3 40.0 4.0 7.5
B 5.8 6.3 8.6 5.8 6.4 0.3
DR P @ HF 13.8 16.1 8.1 12.0 12.4 1.7

@ U lEm#| ma | a0 | %2 2.9 .9 44
@ '-‘z%? ; *F | 12.0 14.1 17.5

il | 22.9 4.2 57 ..

@® - @ A 13.8 16.3 18.1 12.0 14.0 16.7

| | Fil | 228 | T T8 | 2 4.7 LK
(£ ? HF 4.0 133 | —50 10.0 9.8 — 2.0
o | | ) .0 33.0 10.0 20.0 20.2 1.0
® AF| M0 | 133 — 5.0 10.0 8.7 — 3.0
B, Ei 0.0 | 3T 25.7 20.0 22.3 11.5
&7%‘ ® *F 0.0 10.1 1.0

E3 w0 | wT | 385
(o] 31 & A 1.0 S 8.5 —13.6 10.0 85 —15.0
@ﬁ H il 9.0 12.2 4.7 10.0 12.0 20.0
& ® E o 1.0 5.0 —27.3 0.0 8.0 —20.0
o S |®mm| s0 | 155 722 | 100 16.6 66.0
EEban ® w ® R 5.0 6.5 0.0 | 5.0 7.1 42.0
B 5.0 6.9 38.0 50 | &1 62.0
@&mmu@ ﬂ ®' ®E(| W0 | 1 —30 0.0 0z — 3.1
4| W | 26.0 29.0 1.5 26.0 3L 1.2
(@i bR ﬁ ® *F 10.2 10.1 — 1.0 8.2 8.5 3.7
® SF| 25 26.2 16.4 18,2 21.0 8.4
[GL ] @ @ |*F| 07 2.4 8.2 20,0 2.1 15.5
| $£5| 0.7 14.6 3.4 32,0 42.3 32.2
(o 1 @\jﬂ&ﬂ ® &E 4.5 5.2 15.6 4.5 5.6 24.4
£il 3.8 5.2 6.8 3.8 5.7 50.0
j & 5 4.5 5.2 15.6 4.5 5.5 2.2
S| T |m|  ss 5.4 a2 1.8 60 | s1.9
iw.um ﬁj @ |*F| w0 0.6 3.0 20.0 2.2 | 6.0
4 Ei | 34 38.5 3.2 M5 B | 3.2
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FERE D, KRMROEEFICET 2R, SEIX, FleHiFEIc L oke THD &
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lem, {KH 57. 3%8. 3kg Th oz, FETIIREDERE RKFEICHT IR T D IEEE 2B F ik
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2. 3 RER
2. 3. 1 HAROFMARF
R ONLEIZ LD 9, RIFFEOREXIGH 102 4\ EIREZ A FHE S SR %
#2-3-1-1 17T, BRSO AROS LF, A6, REEMN, BUEN, EENEED
Hi-BIGIE, BET62. 3%, {REpT22. 77% ERET25. 74% THT24. 5% ThH o7
Table 2-3-1-1 Subjective rating of skin condition

Healthy skin Unstable skinSensitive skin Disease skin No answer

Face 38.61 41.58 19.80 0.99 0.99
Trunk 76.24 9.90 10.89 1.98 0.99
Upper extremities 73.27 8.91 12.87 3.96 0.99
Lower extremities 74.26 5.94 15.84 2.97 0.99

2-3-1-1 12 “HHENFICRZE & KIROBEBIZE D2 RREK T 5027 L ORMWICRT 50
BEZRT. T2 TD”, “BxEUD”, “WIORU 2 28bE T, Rika i
CTWe NIFHKI 40%Td o 72, Z DK 40%DRE I T, BEEDO R4 K U7 FHilTE,
ZEICERR L, ZADIEICE o7, RPENE UTBOREIRBICOWTIE,  “FagL

TWE” b o b b E 0ol BEOARREZK U DMERICOWTIE, “OD O EET < “O
DB NEL, 50%LL EATFA TV, X 2-3-212, BRI L D APRZ R U - B & g
W, BRES, KRERWAI, REEDOZNZ LR LNERoT.

Do you feel discomfort caused by friction between skin and Inwhich season do you feel discomfort?
cloth?(Multiple answers) (Multiple answers)
n=102 n=40
M Feel nothing W Summer
atall
% M Feel
sometimes
[ ] F.eel frorv =No
timetotime relationsh
ipwith
season
. = c w . i
E ._E s % E £ 'g q;) = Winter
E 58 s 3 & &z
a 9 < 5 S
o E s z
o3 =
=z
The state when skin feel unpleasant ? What uncomfortable sensations do you feel?
Multiple answers, Multiple answers
© (Multip ) 0 (Multipl )
45
40 n=40 50 n=40
35 —
mDr 40 m Tingling
30 v
25 30 mitch
x 20 mNot say ® 20 1 Redness
15 dotara
10 10 M Other
5 HWet ling of
0 g " ese
- . = w
5 § g s E ] b 2 >4 £ %’ M Eczema
8 2 mNo ® - S 8 £e 8 £
< & answer S & 35 © 3 mskin
& & c
2 = = damage
8 %
z

Fig. 2-3-1-1Result on discomfort caused by friction between skin and cloth (Japan)
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(Multiple answers)
30 u n=20
25 25.25.0
22.5
20.0
20 17.5
®
15 125
10.010.010.010.0
10 7.5
5.05.0 5.05.05.05.05.05.0 5.0
5 Iz_52_5252_5252_525
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SpmiIdsEramg 2fmSssSaglegmaTy
= © = g 5 =
£% 2E23%& 55%6wx% 2 38356 E
o wKno g - wls aafs ¥ 3
T = s ST Ea 5596592
2 £ 8 S3s 228835
c fre £ L0 65 C¥28
- 5% 2% 8
w o ®©
Em

Fig. 2-3-1-2 The regions where friction—-caused discomfort occurs (Japan)

X 2-3-1-3 IZHLT 7T bR 2 ~7. ABANZ VT,

B TR L

DEERRH L, 70%0< 2 5D T\, HIEEZ L TWHENEDRWIZRLTIE, 2, 3
HI X343, 14%, BIZ—[R13 33, 33% &, ZEDHBIE L CW AR/ RS V2. #IFEERAL
IX, W 90. 20%, TEE86. 27%, mifpd 74. 51%, EWBi59. 80%, KR 54. 90%DIEIZZE /-

7.

fiE > TV WA 6 ENZZE LT,

Are you using bath preparations?(Multiple answers)

Donot useit atall
Occasionally use it
Useittwoor three
times a week.
Useit everyday

Shaved parts?(Multiple answers)

Armpits
Lowerleg
forearm
upper arm
Thigh

Face
Delicate zone

Frequency of using skin irritation?(Multiple answers)

Fig. 2-3-1-3

o
&

Donot useit atall

Occasionally use it

Everyday

Twoor three times a
week.

Noanswer

Result on

n=102
m Donot

useitat
all

' Occasiona
llyuseit

W Useit two
orthree
timesa
week.

n=102

W Armpits.
mLowerleg
m forearm
= upper arm
mThigh

M Face

m Delicate
zone

n=102

= Donot use
itatall

m Occasionall
yuse it

 Everyday
B Twoor
three times.

aweek.
m Noanswer

skincare (Japan)
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Are you shaving bodyhair??(Multiple answers)

s s s oz 3 = =
te 8 2 0§ 2 G H
£ 2 ¢ ¢ 8 % 5
% 2 § 5
>8 3 © I &= £
2 £ g g e £
a S 5 H 2
H
8
Are you using body lotion?(Multiple answers)
F3 = @ X -
2 g £ 2
H & HH g
H g 535 ]
g 5 2
3 ZE g
H

F72, BHRT 0 —3a &2 TWA NI B0%THY, HEOEY L, <

n=102

mEvery two
orthree

days
mOntea
week

mOncea
month

W Everyday

W Other

n=102

mEveryday
m Occasionally

mTwoor three
timesa
week

M Donot useit
atall
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TIE, FRICHEENT 5 AN 81. 37%, “FRIHFICIEEIT 2 AM 60. 78%Th o7z, [MD7=HIT
HEEIT D02V TIE,  “EIREY A3 44, 12%,  “HIELE LT 2330, 39% TH o7z,

Frequency of exercise(Multiple answers) Types of exercise(Multiple answers)
70 45
40
&0 n=102 n=102
35
50
m Everyday 30 m Soft ball
40 25
m Gymnastic
30 20 s
x® R mNo
20 m Three to answer
10 five times 10 W Jogging
aweek. 5 3
0 0.98 0.00 0.00 0.00 o i ‘ 00.980.980.980.000.000.000.000.00 u Athletics
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How long do you exercise per time(Multiple answers) Exercise time zone(Multiple answers)
90 90
80
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70
m Above 2 60 m Afternoon
hours
I 5~8 hours 50
20 HAm
17 8~10 hours
R R 3
2~5h i
W 2~5 hours 2 m Night
M Noanswer 10
® Morning
m Less than 30 0 < w»
0 0 0 0 =Y 8 5 minutes 3 3 £ o 9]
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2 2 K] 2 2 _,E% £ 2 S W About 30 £ z 5 2 =No
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Purpose of exercise?(Multiple answers)
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45
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40
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Fig. 2-3-1-4 Results on exercise habits (Japan)
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4 2-3-1-5 12, EERFOEMKIROTIE, F4, BEEZICHET L R2RT. @B
KRE LT, ERIIT Oy YRRMY v, TARIT a— AU YRLF U ARE DT,
BAEEIZOWTIE, FARTE0MULL ENR-7) LebOaEMAT S ERE L. FHico0n
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teRIE A RS LT,

Types of ependymal(Multiple answers) mn=102 Types of bottom(Multiple answers) un=102
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Degree of adhesionthe ependymal(Multiple answers) Degree of adhesionof the bottom(Multiple answers)
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60.78
4804 ° ’
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<
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40 3235 & 40
30 2647
2 20
588 10 . 784
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Fig. 2-3-1-5 Types, degree of adhesion, and material of upper and lower garments
that were worn during exercise (Japan)
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Types of upper underwear(Multiple answers)

Types of bottom underwear(Multiple answers)
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Adhesiveness of upper underwear(Multiple answers) Adhesiveness of bottom underwear(Multiple answers)
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Fig. 2-3-1-6 Types, degree of adhesion,

that were worn during exercise (Japan)

2. 3. 2 WEOPHAEAR,FE

and material of upper and lower underwear
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Table 2-3-2-1 Subjective rating of skin condition (China)
Healthy skin 1stable sk Sensitive skin Disease skin

Face 50.00 40.38 9.62 0.00

Trunk 84.62 9.62 5717 0.00

pper extremitie 82.69 13.46 3.85 0.00
ower extremitie 80.77 13.46 5.77 0.00

2-3-2-112  “THEBNRFCRE & KIROBEIC L 5 RREZK 507 L ORWIZxT 2
A &R d. APRAZR C7-EA13 65, 38 Th o7z, G L RARDEEERIZ L 5 RIRERK L
TR REICRBNT, BEONREZE CTFHIL, 4, K, BEOLSI K 30%0E ER 720>
72 APEAAE B O R EERICOW T, ‘TR LTV 2358 40%, 9B LT
727 BRI 32U T o To. BEEOARRAZK L DIERICOWVWTIE, “DdA” Bnhokb4<,
48. %BLLERFFR A T,

X 2-3-2-2 |2 “BEEIORREZKC HEN” OFERE /RS, $H, M, WEolEic£<, T
I HOWTIE, KEBPIZOWTOFRZN K S 7.

Do you feel discomfort caused by friction between skin and Inwhich season do you feel discomfort?

cloth?(Multiple answers) (Multiple answers)
n=52 n=34
m Feel nothing at all m Winter
M Feel sometimes
xR N :
i Feel from time to time
Autt
M Feel always = Autumn
W Noanswer
g £ ] a ° 4 ] m Summer
£ 5 E §5 5 5 %
H E E 53 & @ £
< A ER ] 5
s £ z
o 3 =
z
The state when skin feel unpleasant ? What uncomfortable sensations do you feel?
Multiple answers Multiple answers
" (Multp ) © (Mutip )
40 0
35 n=34 n=34
M Itch
30 mDry 40
25 M Redness
B Wet 30
< 20 N W Tingling
15 M Not say 20
10 dotara M Feeling of
S mNoanswer 10 dryness
1.92 1.92 1.92 W Eczema
0 0
g § 5 § ":’ Q E’ E 3 £ E ?{9 g W Other
g ] 5 & £¢ 8 S g &
2 s & F g5 8 3 s
2 = w £ 3
<] ]
z

Fig. 2-3-2-1Result on discomfort caused by friction between skin and cloth (China)
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(Multiple answers)

n=34

Neck

v = o

§RrE3eEEREREER
Z oLt 88T ES- 82y
SEamalsme52 a2y
5 52%T ¢ 28~
o @HxES5 Sag
5 S22 =58

= 8= & E2

2 @ o S o

= I L

8

@

Sole
Waist

Hip
Elbow

Front of upper..

Front of girth
Heel

Inguinal diameter
Back of forearm
Outside of girth
Patrllar

Ankle

Legs back

Fig. 2-3-2-2 The regions where friction—-caused discomfort occurs (China)
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Are you using bath preparations?(Multiple answers)

n=52

m Occasionally
useit

W Donot useit ®
atall

M Useittwoor
three times a

= @ >
] g 3 week.
s £3 e
3 53 H
2 S e H
5 Z -] s
3 3 Z g
§ 2 3f >
3 8 3
Shaved parts(Multiple answers)
45 n=52
P B Ampits
35 W No
30 answer
' Other
25
20 B Lowerleg
® ®
15 mforearm
10  Thigh
5
. 0.00 upper
s 5 ® < g e arm
£ ¢ & & £ ® E % ¢ nFace
E 2 8 & § ¥ & @
g 3 2 g B W Delicate
= > 5 zone
Frequency of using skin irritation(Multiple answers)
60
50 n=52
40 W Donot useit at
all
30 mOccasionall
useit
®
2 =Twoor three
times a week.
10 ENoanswer
1.92
o —
= A g2 5 S mEveryday
H E £3 H t
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Fig. 2-3-2-3 Result on

skincare (China)
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Are you shaving bodyhair?(Multiple answers)

n=52

m Donot
shaveitat
all
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only

= Oncea
week

n=52

5 z 3 5. 5 £ %
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H I T -
- & 3 =% s 8

% E § §E g

5 3 S & &

S

8

Are you using body lotion?(Multiple answers)
1.92 1.92

H il H g
2 - 13 &
B ] H 3
g 2
8

W Twoor three
times a week

1 Donot useit
atall

W Everyday

= Noanswer



X 2-3-2-4 12, EHEEIBFEEICBET 2MEMR L 7T, EEOBEIZOWTIE, 72 FIER)
T2 EDRIENSEL, 55, TT%Thol-. EEIOFEIZCHOWTIE, NFIv by r—F
VI, EBLLLHETARDS D OEETH 7=, —[RIOEB)RFREIC OV T,
—H 30 DREELOEZNR B, 61, b4%x 7. EET R IOV TE, &N
&b%<, 59. 62%Th o7z, MOFOITHET LI ONTE,  “BFEDD” b o &

H<, 1T 60%% 5T,

Frequency of exercise(Multiple answers)

Types of exercise(Multiple answers)

70
n=52 60
W Occasionally 50
M One to three 40
times a week.
N mThree to five = 30
times a week.
mEveryday 20
10
0.00 1.92 1.92 0.00
0
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70 70
n=52 60
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W Other 20
10
1.92
0
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Purpose of exercise?(Multiple answers)
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Fig. 2-3-2-4 Results on exercise habits (China)
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M Table tennis
m Aerobics
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W Jogging
W Baseball
M Other
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B 2-3-2-5 |2, EENWFOEMKAROFSE, FH, EEEICEATHMRE Y. EHEFO
ERELT, FEIZT YUV Y Ty b3EL, BEEIZOWTUE, “HE L 9
570" BEBEORIZETELL LK 8 ThHo7=. EMITOVTIE, MAKRLELK
76. 92%, WWTHRUTZ AT ), RYTLX U DIETH T,

EEIFO FAE LTI, AR ELVLFUANRELETHN, BEEIZOVTE, “W
W 850, 0% “Wpormh” A28, 8% Tholn. BMITOWVWTIT LA L [, MED
%< 51, 92%. IRWT, KUY =T, R UL ZOIAT, EREFRBEOMHRTH 7.

Types of ependymal(Multiple answers) Types of bottom(Multiple answers)
n=52 n=52
0 T 8269 %0
1 80
70 14231
60
50 28.85.
* 40 4
30 -
13.46
20 13.46
10
o -
£ & g £ £ & g
£ g £ £ g 3 ¢ < ES 2 g8 2 ES g
5 s H & * 2 o ¢ < * 5 s ki H
i = o < £ v = 2 T } 2
e ° g go o < =
S g
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Degree of adhesionthe ependymal(Multiple answers) Degree of adhesionof the bottom(Multiple answers)
80 n=52 80 n=52
57.69
6 57.69 o 50.00
40 + ®R 407 28.85
= 25.00
17.31
20 - 20 4
1.92 3.85
0 c 9 e 5 ° 5 2 g 5
: : g : £ g z :
£ = “w 2 13 &
o o 8 (=}
o g z
Material of ependymal(Multiple answers) Material of bottom(Multiple answers)
90 n=52 90 n=52
8o {7692 80
70 70 15792
60 60
50 50
B
2 40 40 7
30 30
ot 538 20 1 17311538 960
134671346 5, o1 w0 769 160 597
10 - 385 192 g 385 192 192 000
I o
0 < 5 o < o a 5 < 5 T X B
c 5 © £ 5 © 5 a 5 x r B § &8 ¢ § =2 g &8 § © ¥ £ 3
s & 5 & 2 5 8 £ ¢ 7 & 8 £ » S 3 2 3 > 3 & &6 =2
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3 ¢
& _% 2 a 2 2
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Fig. 2-3-2-5 Types, degree of adhesion, and material of upper and lower garments

that were worn during exercise (China)
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X 2-3-2-6 (CHEHEEHRFOE H T A O, #M, BEEICETIERERT. EBRO T
BFEELT, BRIy 7T T (A —f1Z), TRKIIACT 4 —2FA LTS EDEE
NinoTn, BEEIZOWTIE, ERKT50. 0% FRTSEL. 69%08 “UColzh” Li-boD
EERTDEORIETHoT-. EMITONTL, MBHLMNCEL, AT 84, 62%, T
AKTT8. 8% ThH-o7-.

Types of upper underwear(Multiple answers) Types of bottom underwear(Multiple answers)
n=52 -
n=52
% 9 . 7885 5
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70 70
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%40 6.9 40
30 30
o 962 769 % 1538
577 385 79 5.77
10 385 3.85 192 197 1.92 10 . 192
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Fig. 2-3-2-6 Types, degree of adhesion, andmaterial of upper and lower underwear

that were worn during exercise (China)
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2. 4 #E5

AAROREEENLLSN O BR DB 54, Alh, REEEN, BUEIL, EEILEZE DY EHE X
BHTT 62, 37% {AEpT22. 77% ERT25. 74%, THET 24. 75% T - 7= (3 2-3-1-1).
W E CI, BE T 50. 00%, REEC 15. 38%, BAY T 17.31%, FAET 19.23%TH v (38 2-3-2-1),
EDOENL L HARDEAERLLEVVME 2~ Lz, ZAUTHILRIEEZ DL ONR R 5 7=,
Rk B EMOBENDT-0OH, KiEROLTITHW TE P, 4% SO 5 M a2ET
5.

GEBNRFIC G & KIROBEBIZ L D ARNPRAERE T 557 ORI LT, “T £
U537, “FpxEU%7, “WIIEULD” Z28bH T, NMREKELU T ANZEARTH
40% (K 2-3-1-1), H[ETHK 65% (X 2-3-2-1) Th o7z, HETRPED B E I EMERE 23R
ENTHBEO—2E LT, EEHT HBEOKBA~OBERDOENRHET SND. EBRFO FK
LOFE(EKR) E LT, BRTIET VY YREMY v (¥ 2-3-1-5), AKXR—Y7 7 (X
2-3-1-6) MBI TV zIZkf L, FETET Vv YRV v v b (¥ 2-3-2-5), FHEE
LTHy T T7 (VA Y—FE) (K2-3-2-6) NN TEY, LA CHEIITL2H5E5HE
Wz, RREATSLTNEEZLND.

FE DA Z R U 7ML, BARTIIEN 47, 5%(X 2-3-1-1) EHL ML L, FET
34 - - ERENRHK 30% (X 2-3-2-1) L RIETH 7. WEOEWD, AR (FHKN)
EHE ) OKEICERT 5 B X, BataiTo (K2-4-1).

Termperaturel ) Precipita tiond rom
40 500
a5 450 1 'Wuhan Prop.
25 C 1 Tokwo P
30 302 400 OO FToR

- / — 350 | =——iuhan High
/;A///’/\ 23 Temp
20 300 | =—ban Low
A/ / \ \ﬁﬂ Tem
/ \ \ 250

15 /{ — Tokyo High
- ] Termp
7 | — 1D
10 ,.ﬁ / Boo — Tokyo Lo
5 150 Temp
/ N
0 100

=

Jne Feho Mar Ao MWey Jun. Jul Aug Sep. Oct Mow Dec.

Fig. 2-4-1 Temperature and precipitation graph of Tokyo and Wuhan ©
WA RS E L, EZTERE - B, £ZFEIEND BRZERD RNz
W95 HAVE< 9. HAOFEFHRIRIL 156, 4°CT, EHoRKERKIRIT 30°CEZ 5.
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ZrUCx CREEE, dEGE RS TR EIZE <, ABEFEARE L, HIFBE 5. H
RERBEOER M Z T 5 E, 4 A8 HET, MEFTHEALY 3~5CRE L
[HloTEY, MEFIEIZOWTEH, RUER Tho7z. WL, REORAERISHE T, H
FUTHAREBBBUL L= F K THD AR S, O, HROFHENREZERICE
TAKRIRE BEDEBEBEO ARREZE I WD TIERWhEEZ B, L, Ebbm
HHHLWUEOHLIZMETH Y, FEBULORRE LI L TIERWZD, RFETH LN
FRNOHER SN DS H —oOHH & LT, EERHIEH T 5 KROFAM OEHBZEET S
n.

AARTIE, HLEASHTHWDIHEM, EATHAARY (33, 33%), FATHRI TR
TV (36. 27%) (K 2-3-1-5), T4 (E&K) T, # (25. 49%). T3 (F&) TH (37. 25%)
(X 2-3-1-6) THo7=nd, HETIEETH, ToHIES EA 76, 92%, T4 51. 92%, &
(A4<)84. 62%, 1<2§<1<ZY>78. 85% (%] 2-3-2-5, 2-3-2-6) &, BHOLMMIE L, MOWENE
DODEE, NBIGADORSFIZLY, TEORANREDN, AAROHRELY, EOMRS
BRURDoT2E b EZOND. BEEICOWTHET S L, AATIE, KT “E@”
> “Vo72” > “polzh” |, FTAT “Colzh?” > @ > “Dos7207 (K
2-3-1-5), THHDIZH L, FETIE, ERKT “WiE> “Do720> “Uoieh. KT “¥
W > “Potmh” > Vo= ” (K2-3-2-5) &, AKRIZBWT, “Un7=0” LY
2T NEL VLN TWAERBPIA SN E 72 o7, BT ROBEEIZBWNT, “UCofz
07 ZER L 72BN HA 60. 78% (X 2-3-1-6), HI[E 25. 0% (X 2-3-2-6) & Z=MN KX <,
Kk & B DB BT 5 B DN OWMEOENEZALLHHERDO—DEEZLND.

FMORIZIZONT, BEATIE, “B+HRY =27V 0L, BIOFFMEZHTZL
ZbOREho-Olx L, FETE, ‘B OXHICHMOFEMERLLELONREL, 4
%, HMEEZHRHTIL4ERS D EBEZLND.

BZFINFEIp > TV DB BT TE oWy, BARTIE, RV oL Anm
VEGURIENLEIREIN, MOEhol-hEE TR TH o7,

U CTHETIL, f OV RN RIRBM OKIRE i A THOTW AT LN E D,
ANRDEY, VA Y&y 7T INEL AN Z b, EHT HBEOKRICD
WTCORBIEB AR+ ThHEEZLND.

L7 7IZBT B THE T, AARTIIABAIZ 2o T\t oRIER R H %<, 68.
63% (X 2-3-1-3), HETIL, AWAIZZFIHE->TWD LEDEZ 42, 31% (K 2-3-2-3),
ZHUCH L, AT 4 m— 3 ATHOWTE, BARTIEE B> TV 5703 50.98% (Xl 2-3-1-3),
HETIXZFITE > TV D259, 62% (X 2-3-2-3), FEO® Y IO T, &<~ T
WRWASHART 60, 78% (1% 2-3-1-3), HI[ET55. 77%(IX] 2-3-2-3) TH Y, %% OHE
AT, WBAFEIZ KD, ZRINRINIZR, KEDOT —< Th DK/ E KFOBEEIZKT L,
INOLDOHEENEDRERL L LTWD0, BRSCTHEIZT 2 Z LN TE R
FIEEEICELTY, BATIIHEZ L TWAANSHTHY, 2, 3 HBXH 43, 14%,
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BIZ—[RIS 33, 33% (4 2-3-1-3) THAHIZXF L, FETIE, HIELTWARWANRZET, K
45% (X 2-3-2-3) Z 572, WETHIBIZOWTOHELMNRENRH Y, Tk, EICx
THERDOELLBEZLND.

BEEOARZE DR E LT, BARTIEOV OV (52, 50%), 7 (37. 50%), R
Z(35. 0%) (X 2-3-1-1), FETIINDA(48. 08%), #RA(19. 23%), O OV JE(15. 38%)
ENERLOENA L BT (M 2-3-2-1) . 208, WEOREDE VNS L 5L 00, HAK
RFBMDOFENNEL D500, HLNCTHITIES LR 5Re2ET 5.

JEERZ X D ARREE UL OV, AARTH, R, KERNM, EE, Shng
< (¥ 2-3-1-2), FE<TIE, $H, M, W&, M, KERRIZZ o7 (M 2-3-2-2). WH I
BWTR—OEAE, M, KERNM, BETHY, T 3EAITOWT, EB)RFO R 7
KR Z 7T DB, BEBORREZE T WENL E LT, EEE I BEMEOENZ &2
BHE MM E o7,
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2. 5 #a¥E

ARETIE, EMEREOKIR & OO ERIZOWTHL NI T 5720, ARG &
HE ) OFEF L1 23RS, HEEiT-o72.
(1) FEEORFIZEE & ARDBEERIC LD ARRAE U Tz AL, HARTH 40% HETH 65%
Thoto. BEORREE BT, BARTIIENAT. 5%EH5NCEL, PETIEA -
K BRENHH 30%L RRETH o7, FREZKEUHME LT, BA, PEILZ, M,
RERAM, MR L < 2T b,
(2) EBNWFOEFERKMRE LT, BARTIITITKRIZRY U LX U FEMNRELET O, Uo7
L7zbDEERTDHEEZTZNT 60% L ETH-7=. ZhicxtL, FETHE, EK, FK
LTI 50%LL &2 o, BAEEIL “Fl” R OnEZ< Hnbh T,

PLEORERIY, AARTIHMERMEZHSINDEF, THICE< AbND A MLy T
TRIZEWT, FRCHORITEA Y D EER, KIROBEEIZ L DR E~DOEEBI LR E T
LDOTHS.
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5IH « 23530k

1)

2)

3)

4)

5)

6)

A, KIROLEME—KROERIC T D200, MRS EERT, 1506,
293-300 (1974)

FKTZE,  AHH L S DEEEIZ X D0 AT DN T, B L ~ULTOREHIE - 37~
N7 TNVER - R~ VAT A&T 7 /B Y—164-170 (2006)

oA, BIRIC X DREREEOFRE L A8, TRERFHE FHELE 60(-),
47-53 (2012)

RHEIER, WHAR, VEBEF, KIRIC X D REESE L PUCHE LW KIROFREE-1 ]
X O - RAE-, MRS E R, 47 (12),  70-77 (764-771) (2006)

FA A I AR - AT L b & — ML BE AL O BFZEBR 28 DBLIK & 788, Fragrance journal,
22 ; 25-34 (1994)

https://latte. la/travel/place/tokyo/weather
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3. 1 #3

BN L o TRIR & B & OFRICA U2 KRIREE, AMBICH PR Z 0T 51300 T
372 <, ERBRRICIIAIR & R & ORI A AL, EROWRANRELALGTHERKE LT
O CHEHETHD. MERNORKMEICET DFRITZERE SN, TFETIE, =H0OES -
FERN R & P 72 AR AREI B~ 2898 (2008) VR0, AL & OANE DS EEER & PRI o E
THBIZOWTOMZE (2011) YERNThIL TS, LM LINLDOFEDE LI, HED
FrIERFIC BT A KREZ MR ET 2 H DT, BRERICKIT 2 KREOEEICHER LI-6lIX
D7, 1950 AEARIZEHSE S - B 7o s, RNU UL X U B LTZA MLy Tk
KBHE, BB RBEATICASERE L, FRCIE, HfEE vy, £ —v—Xuy
E Vb D EEMEED FAREE, AR—VH, LYy —RIctEELT, BEFLELT
HLIKKERENTWD. L LEDHE~OANFORLIE, FrICEME - EBE O KIRELE)
B EOEARICHEWE T BB O G~ DREEZ OV TIPS TN,

AW TIE, A N Ly FYEREHT X 2 BEEEO MR T 2842 b, %
DIFEFTEE LT, A b Ly T TFAERREOKRESAM, BLOZOEBKRELEHD
FERELENEZHAL/NCLELY T80 THS.

3. 2 WL
3. 2. 1 pUBRIE OVE KRG

BREME, 7oV —bva—y, Py Y OERE RS E L, 2o RICHR
D, T AAARyF 7 (BLFS &MET), i (UFP &I&d), v—r X (B
TJ L) onWTFnraeEN S TRSEME 3 (K3-2-1-1) &, FT&ZRL (LAFN
EWET) BEOIFHASRMEE Uiz, x5l L FRFEMOFETEE 3-2-1-1 [TRT. ~A
7 m A a—N X HMMOMEEE X 3-2-1-2 |TRT.

Fig. 3-2-1-1 Clothes conditions
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S.Pants oberse S.Pants reverse

Stockings reverse

3. 2. 2 KREOHE
1) HeBrE

BRI T4 M 20~24 F DR R A LM 10 4 Th D, 3 3-2-2-1 [THBRE O B (KK
T, PEBRE OERKIEE (Body Mass Index, LATF BMI EBST) 1%, 25. 1 OS0fRH
KO 14 E2RNTIE, 1045942819, 6 005 22. 5 & E@AOHFIHICH 5.

Table 3-2-2—-1 Physical characteristics of subjects

Circumference(cm)
Subject  ,[8e  Height  Weight g,y Abdominal gk Thigh Calf  Knee  Ankle
(Years) (cm) (kg) extension

S1 24 162.8 66.5 25.1 76 90 102 61.5 40.6 39 22.5
S2 23 157.3 52.9 21.4 72.7 81.1 89.8 53 36.2 36 21
S3 21 154.1 53.5 22.5 68.5 80.3 92.5 53.2 36.7 38 22.2
sS4 22 162.8 54.2 20.4 70 82.5 89 53 33.8 37.3 20
S5 22 166.3 61.7 22.3 74.7 86 95 52.7 38.5 38.5 22.7
S6 21 158.3 50.9 20.3 72.7 81.7 91.4 53.9 34.3 37 20
S7 20 167.5 58.9 21 70.7 82 94.2 56 37 35.3 21.5
S8 22 163 52.1 19.6 65.7 74.5 89 53 36.3 37.2 23
S9 21 160.9 51.2 19.8 66.5 74 90 52 374 37.5 22
S10 20 166 58.9 21.4 73.5 83 93.8 54 36.7 38.4 23
Mean 21.6 161.9 56.1 21.4 71.1 81.5 92.7 54.2 36.8 37.4 21.8
SD 1.20 4.08 4.93 1.55 3.26 4.50 3.74 2.63 1.83 1.08 1.08

2) BEERAL
KAREDREFBALIL, B 3-2-2-1 1R T REIPATIER, BRI, KEREmRPHSMALA,
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DHAGTAE AR, TR E A, TR/ AT A, TR/ N R O EBALEE 12 /T,

ETHEEHE L.
3) MIERERS & R

HEZIEZ=A LT A T 7 7RSSR T Ry 7 Kt oY — & RRJEFHAIZR
AMI3037-10 ZfEH L7z, JEITHESL D, #RE O K HE UK AR E R E Z - o N p—
RS U, SRR AR ST OBLRRIED Y iR A o M EIT 7.

Waist Line

Middle Hips Line

Hip Line

Abdominal extension
point

Peak of buttock
point

Maximum thigh girth
outside point
Maximum thigh girth
front point
Maximum thigh girth
inside point
Maximum thigh girth
back point

®©® @ ® ® ® ©

@

©)
©
@
@

Upper thigh

Patella center point
Popliteal fossa point

Maximum leg girth
front point
Maximum leg girth
back point
Minimum leg girth
front point
Minimum leg girth
back point

Fig. 3-2-2-1 Measurement points of clothing pressure
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4) FAIRIREORIE
(1) &&
NNCER RS i ERREAR T, WA 10em B Lo NTRER S LT,
(2) BREESAME
BREEDOIE X 232 &, FHXHRE X 5010% TH v, KEBSIFICHB W THITIC L 24
RO KRG ~DER Y fF & 13702 & 2R L7z,
5) BIRYAIRIEDORE
(1) BT
BT TIE, 77 X E RS Treadmill MAT-2500 % VY, HE 4 km/Bf O AT 2 4%
FrSE7z.  FEREGRZM 3-2-2-2 (TR

Fig. 3-2-2-2 Experimental view

(2) ARk

B LD TREBERKSE T HWT —F 2, ZOMOLE LIz 10 BE O %
HALRFOMEMEE Lz, 2%, Py FINVETHTESE, 1| pMOo7—% 20k, =
DR OLTE LTz 10 FoH 2 EBr O JEE & L Tofricfit Lz,

3. 2. 3 Mo =WRocEHA
1) #eBE
FISLALD N & B K OEAIRIE A BIZZ 2 BT, FENKSEMHICBIT 5 FHEH D 3Rt
FHAZAT o 7o, HEREIE, 10 4L OWBRE ORI L7 BUL OR R 5WRE 34 ThHDH. £
DO, HEE 9 FITELR, HEBRE 7 FTER, B 1 FIEMATH LS. RN,
EANR b =7 28 = kot NREHHIEE B BodyLine Manager 2 L7 (X 3-2-3-1).
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wnnmn [ITLTL

Fig. 3-2-3-1 Three—dimensional human body measuring device BodyLine Manager

2) WEEBAL
PRI HE 10em BN CISLAL 2 PR, Wil 2 IEED & ISR 2 B2 X D 1g, B
WZOME L 72, A EIOBFEXTSITNER, W, KERFCRF, B, TR RPE, Fhtg)
B, BWmX o —2>Df%Z2 & LT, BodyLine Managerkara 5551072 =Rt —H %
3-2-3-2 177
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Fig. 3-2-3-2 Result of subjtct? (normal type) at nude condition

3) FHE L
F7-, FNEFNORZEZREL, X—RZ2 100%& Lkl 2 E5H LI-Bo B2 % H
L, MLz,
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3. 3 fER
3. 3. 1 FRAUAIRIE S AR
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G3Af - KENTAEKDOREEDP RSN TND.,

KEMFIZEY, FPREICL > THRRLN,

DX, BTHRIRIEOEE X — 135

TN EBRICHERT D720, FHRIFIC

BT D RKMED T IME & T KA, W NZZE DEZHERE T & BERFIIN R DR L.

A i M e i o
APLRPSVATARIN
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e AbdoOminal Extension
—+— Peak of Buttock

—8— Maximum Thigh Girth
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——— Maximum Thigh Girth
Front Point
++sseeees Maximum Thigh Girth

Inside Point
Maximum Thigh Girth
Back Point

—— Patella Center Point

—%— Popliteal Fossa

Maximum Leg Girth Front
Point

Maximum Leg Girth Back
Point

Fig. 3-3-2-1 An example of clothing pressure that change over time while walking

(Wearing stockings)

Abdominal Extension

—+— Peakof Buttock

nt
Maximum Thigh Girth
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Maximum Thigh Girth
Back Point
—>— Patella Center Point

—%— Popliteal Fossa

Maximum Leg Girth
Front Point

Maximum Leg Girth Back
Point

Minimum Leg Girth Front
Point

Fig. 3-3-2-2 An example of cloth pressure that change over time while walking (Wearing

stretch pants)
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Abdominal Extension

B
30 —+— Peakof Buttock

—&— Maximum Thigh Girth

side Point
—o— Maximum Thigh Girth
Front Point
«eeeeeees Maximum Thigh Girth
Inside Point
Maximum Thigh Girth

ack Point
—— Patella Center Point

—x— Popliteal Fossa

Maximum Leg Girth
Front Point
Maximum Leg Girth Back

Point
—=a— Minimum Leg Girth Front
Point

[s]

Fig. 3-3-2-3 An example of cloth pressure that change over time while walking (Wearing

jeans)
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3-3-2-4 Maximum value of clothing pressure while walking

Fig.
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3-3-2-5 Minimum value of clothing pressure while walking

Fig
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3. 3. 3 ZRoTMrm R

A RIOBFIE I NG, PR, RERERPH, WP, THhREKP, TR/,
FWrE B A B0 L, SYEERAE O [F— AL A B EAKAER L. (X 3-3-3-1)

Z DIFIET ZRITT NMEFH OREFAF S 72 3 4 OWERTE O T -8 75 AW i X % [X]
3-3-3-212, FEM L OROFREEK 3-3-3-1 1TRT. 4 EREMLT, BIBN, S, P,
J TR LA A, B, M, RKEREKRE, BEME, THRERE, ThRE/ N
WCHE LD THD. KPOHFIE, ZNbOWmENNLEKRREREZRE ML, HK72
LIFDORERRIZKTT 2 (%) 2R L TWD. ZOERL EWmIR o RE Lo &, I8 - B
e RERERPHIZINT, O E LV OFBRE TILEDRE b HIEHELL ETH Y, Fi
DT N2 T E DR TE 2703, Wil & OCMERIRDOYERE T, HEXRBRLIFLD &
KT, Wi X O AN D EE T 72 b B AROBL 5O bs . B KR AP
T, BEM - FHE L, NRBSTR v EBESN, AL oEEIZE Y, NRIGIZIE
WREEY LRGSR, A KRBRASNMICEEfR L, A0 Bo7z X o elimMic/zoTngd =
EnlEshg. B, KEREBICABMIILAE O & 2 965E O KERNMITIE, KROA7e 5T
RERAAE L OB MDD Z LI Ko TFREKFIZFEBEEZAE LD Z ENRINTVD.
RBNTIICHRE CTH, JORBREKRE LD ESHICHBWT, FRITRDZRWDIMEIRS A
LNDHDIE, AMOME S EHIAESHOOEL Y OFELEZ NS, TREKETIE &
DOEREIZBNTH, WTNORBLFERICT 1 FLTEY, BEEOEWEET B
S, BRRO AR WARIEZHAT L O TH D, AN PR/ TIE, g o
FBHRIZEED 5T, P& J THREEKROMICDE D B GI, ZOEHSOKRRIESITE A
EBaThHomZ L EMEL TN,

%

EEH

BREL
AbvE2y
G TADA
=K

Fig. 3-3-3-1 A cross—sectional view of subjtct7 (normal type)
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Table 3-3-3-1 percentage of girth with cloth to the girth without cloth

Subject9 Slimming type
Abdominal
extension Buttock Thigh Knee Calf Ankle
(%) (%) (%) (%) (%) (%)
Stockings 100.26 100 100.77 99.11 99.95 100.09
Stretch pant| 100.52 100.30 101.77 10097 101.43 108.19
Jeans 105.66 102.30 101.68 101.63 101.75 126.49
Subject? Normal type
Abdominal
extension Buttock Thigh Knee Calf Ankle
(%) (%) (%) (%) (%) (%)
Stockings 101.51 99.22 102.85 9949 100.91 100.68
Stretch pant| 9855 100.37 99.60 101.98 101.78 11462
Jeans 102.41 102.66 99.34 103.89 101.72 118.94
Subjectl Obesity type
Abdominal
extension Buttock Thigh Knee Calf Ankle
(%) (%) (%) (%) (%) (%)
Stockings 98.35 98.78 99.21 100.54 100.33 100.88
Stretch pant| 9942 100.68 101.13 102.01 101.33 107.76
Jeans 101.18 101.46 99.84 101.79 99.93 126.33
Subject 9 Subject 7 Subject 1
b BMI:19.8 BMI:21 BMI:25.1

S (Stockings)
............... P (S.pants)

J (Jeans)
$:100.26 $:101.51 5:98.35
Abdominal P:100.52 P:98.55 P:99.42
exiehsion 1:105.66 1:102.41 J:101.18

level

$:98.78
P:100.68
J:101.46

5:100 $:99.22
P:100.30 3 P:100.37
1:102.30 1:102.66

Hip level

$:100.77 $:102.85
Maximum thigh girth P:101.77 P:99.60 P:101.13
level J:101.68 1:99.34 J:99.84
$:99.11 $:99.49 $:100.54
Knee level P:100.97 P:101.98 P:102.01
J:101.63 1:103.89 1:101.79
5:99.95 $:100.91 $:100.33
Maximum leg girth level P:101.43 P:101.78 P:101.33
J:101.75 J:101.72 1:99.93
7N 5:100.09 $:100.68 $:100.88
Minimum leg level f P:108.19 0 P:114.62 i pi107.76
J:126.49 J:118.94 J:126.33

Fig. 3-3-3-2 A cross—sectional view of three-dimensional measurement numeric in the

figure expresses the percentage of girth with cloth to the girth without cloth
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3. 4 #E5

AR T, ANV TFHORLRDHRO TR 3, S, P, JAx5s LT, ZDOAL
IR D AARIE 3 A0 N AT O BRI R ARE LB 2 HE L, £ OFREZ, Tiko 3 RooBik,
ERERE O MREREE, 3 X OFEMOSIRBMEOTREN LML LS L& X T

TEEKIROFFAIAKREICOWT, FEIE, P E O BT KRR T 5. 8hPa, Tk
T 9. ThPa, R EHERT 8. 1hPa TH VY, BRFUEIIRERHEE T 10. 8hPa, THREST 18. 5hPa,
JEEHEBT 16. ThPa TH D LR TW\ 5 Y. F-[MEEX, T — FNLVOKRIEOHFRA L L
T & LT 30~40mmtg §724>% 40~53. 3hPa ) ZH#ER L CW5 Y. ABFFECTxig e Lz 3
FOKRTEIINT B AR 18hPa HiifE TH Y, B AR TRINZER S B KARED
HHIEANTH 5 Z LaVRahiz, F¥EE 28 5 KIROFEMZRRKRE DM OBME TR L7725
RO, AR Ly FHTREER LIEROEIEZ(LIZONT, Salim (X, MJEOAGE) Y
MFTBHITHE, T A MIHL 2D, ZUE, IBIHINRZWEZ AT, EHCE 2L EZ4A
C2ZLICEDEBRTND Y. FERICHEEES, BRSO RBES TR REL, &
— RLOFTHROBVIALNDE LTV ERRTNDS V. REFFRICEBN TS, BHEEFRL
Pl R FHERE DR TlE, KERED OIS OB E) L, A4 KER2S NI Rk 25
ZLICE o THZOIY Bo7e & 9 RWrH KA/ 1L, Z O TEWRIREZ A& Uk R
MEFFIN TN,

HATREO B IRIE B A et 2 BT, BRI TR O 02 I — 2% L,
IHEMWT, ERGOSITRROKRELE A 5 EFTCTERM Lz, ZORE, FHMHIT
25. 3~37. 3hPa lZfil, mOLEBORE Do DIIGEE TH o= L, FKHT
DOEBMEOREE LT, MEHoZdgid s <, REREZm, o NEEoZBigEKR
NI LEWELTND Y AR CIEEBIERE LT 20D, E L FICiE
OBENFIEL, BHTIIKIREARESHESNZZHEZZ LD, AR IT 5 H
EHNL & B LTSI ORE RN D A5 &, EEHOEERIT/ & <, KRERE o 28 Bhilig 3
RRRKEWVRIT—E L7z, UL, BEHOMRIT, MEHE FERZED/N S Do T ARKWFFED
R LIRS, ZhiE, ZI—0BERY ) avitkosTERENTVWEZ L, U=
¥ DIEREIS NI NR OB O ERFIE N LT, (DM KRENZ & "REERE L THE
2D, —RRICKRRE ORI EM TP RE RO LRI RTE T2 Z LTl < O IR S
NTHEY, KREOHMEHRICEWTHETREThD. EHICKT7 v 7 ERE L0
EAE LT, Br—olift - SBEFERD D, HEIE, LAY — RERR, FEALE
TEZ 7ot =D FTHUTOWTHRE L, B FEERIC KT 2 KIRE & B KO HRER
MDA —F L2V RN E LT LTV D Y. AR TIXIZ O fUCEE L, AR T
DA, FFICTNEALECRTVEERICBWT, B —o it « 8IEJFEICEET D
Z IR THRITIRRE U — DTN A ANTEET S Z & TE T,
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3. 5 ¥fh
AL F 10 B ERRIT, A byRr s (5), Mifisry (P), Y—rX5vy () O
BSTIEACIRIE A3, AATIRBIRIREAB ZMEL, T, FEg 3otk Trg
EROKPEICDOW TR LEREMA T, FHRIZUTOLS Th 5.

(1) ESIREARAREDO ML, S T 2. 98~9. 64, P TO. 0~10. 79, Ji¥ 1. 69~11.
61hPa (25341 L, REFBATZS, RERMOKUAMGI, THRIRARPHAT - #1742 &4k & ARl
R LCOBIAI T, I, P, SICE< EMOMBHESRI Sz, —F5, TR/
TIE, FEEER J, P EEHMRE S5 S TRELS BTz, KENMEITHE, #58E OKE
(& 0 B TR OB & PIIAT O BRI & 5 i A RREASBIE S8, Do
B b AR A C 22 WK ARE O#HPHICH - 7.

(2) BAThE, FEALOKRILITHITO Y XA LI —FEDOEB/RF — 2 ZR LTV DN,
FRICESTEDO Y — TR RS, DPROBEREAETS 12 HA TS A BT
BRIREEB D b R E <, ZDIEDOEMALOLKIRITLETNL 2. OhPa LI FICE E 7.
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4.1 ¥

B 2 BECIX, HROEERKFCH IR T DR Tt 102 42 Axge LT, “Hillh
I LR IR ORI E DR Z R U D0V DRI E AL, “ToRITEED”, “Hx ELD”,
U D B AT, BEERICE D RIRAIE L TOD ALK 40% 22T HI AL L.

—0, RERRFHIEINQL)Y |, FFFZEATER S (2016) 212X, 2014 FEDOAR—Y T /<L
NVENTSH L H EOTA T AZANT T ELCOTBENERLIZZETREL, 2016 41
Ro—=2 7D 7 EN AT ST, #L C LR LT QD EN). SHICRIFEREE L
ARV T, ARV EZEOTEHEACIC AT L A % O Rt Z £ LD 7o AR — Y KK
T RS 1201692 EKL, AR—YPEREVRAELRZRSTOLECKHE OIS, AR
THZEDO TGP 25HEETIZA D3MHITTHETHIL TS,

TR REEL(2003) Y23MERI T 2E012, AR—Y 3B ClT, EEEREIEA 7] ESWL8LRD, A
VL ARRDFEMDERN R R ThDH. — 5T, ANy T HAMRIZL D K& OB E I,
ZIR—=Y DINTH L R ZE )T EER DU N T, JIVELSBAETLIENEZDND.

ARy T O R R E T AR B L, KIRIEOTRTIIIARELOEEEE L /AT 5.
ARy FVER B B L R IREDBIRICHOWTIE, 5 £ T, MO N R ESN TN
%. PN H(1979) 1, A O E 2 TR S EAARIEE ORI ERiE - KBRS (BB 4% 20
ANZBWTIHA, Bl - REEEEH IZA8 32 2 hum O FEES r=0. 91~0. 97 253880 b1,
Z DAL, —EMERSRVEENRKEVNEERENERE L2, S (1985) 28, I R
o OVRIBREBA SR i e B XA FATRR G LT, INHE=R D F72 50— R /U kD, ZORAREE A DO
R R L ORISR E D BIR, MO R - (HREEEREOBIRETR TR E DL,
RS, —IBOENLABRE, T —R/L O R - R LK IREMIIZEOH BRARIRBD ST,
F7o, W—FVOME R EEFERIZIE r=0. 70 2L EOEOHBARGEARD O TN, F
HEH(1995)7,, M EFED IR/ 3 O FEM & AV TAT v 7 A BAEL, § LR O KR D
KIRIEAFHIL TR, B OMEMEEKREN G T DI &2 MR LTz,

LLEDIFFRIC LD, KAREIZKRESE BT HEREL T, MMOMKEF DN RELS, A
RO DHZEMBLNIZEIL TS, LN LIEEIRGEO R ONEKIRIE, SHIZEED
JRIRET2DEE 2 DA R E - AR O T I a et UT-iF2Ei 3 74 7= 5780,

ZIC, RECILEBRFAIRTE O E R ERZRD -0, 3O 5] iR5R R IC B 35 %
B (28R A), TEENF O B2 s i< B35 52k (325 B), FEBR A, R B OfE R4 A7z Kirk &
(1966) DU LA TEENHE A AREDOHEE (B C) ZEML, ZhOHDORERESE 3 B THLNHE
PR RREDRER A T 281285 T, BIE - KRB O T O ERIZOWTRFTTHZE% H
e,
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4.2 FEBR A—AAHo 5| - 9E0 FR R

4. 2.1 Fik

1) 3Bk

AEHIE 3 ECTHWEHIRO /ST AT 7 (BLF S EHT), flifE S (LLF P LI
T, D= A (LAF ] L) BRIz, BT RECEH)S, bem X 15cm DHA X THEEHE ST
BBNCA 3 BBl LA a3l e LT, &S aEt o BRE M E A £ 4-2-1-1 1R T,

2) WE F ik

HEIE 4-2-1-1 \R T 7> my Auto com/AC-100 BU(T A« oA =V =TV 7%t
BOZE L, 3B IHO bemA R JLE) 5em X 5em 25 [MEIRMEE EBR O %L L. HIE
BREEITIREL 20. 0°CCIREE 65. 0%RH LU7. JIEHBIE, 51RO IRIPEE, ARy ROt
(mm)& EFRAFEN)THL.

SRV EERHEDORIEIZIL, 5l-MEVEEE 20mm/min, JEYA27/1% 3 [\, F RSO
Z 10mm (SRR ELTZ. MR UL 3 [l & L2 OHIERE T2 FE LT

Fig. 4-2-1-1 Experimental view
(Tensilon Auto com/AC-100 TSTech)
4. 2.2 FERKOFEL
1) 5loBRY5R M EERRME

FRBHZ DWW TE LIV SRR EERAE (3 [FIHIE D)) DR R Z X 4-2-2-1 BLUF 4-2-2-1
(R BT A LR R O D LD &, HEMESTREE LB IR B IRV DIL P TS, iz,
BREEC—&IIODIL S THY, bRV DIL P ThHhHZEARSNTZ(X] 4-2-2-2). P & S22\
T, A1 B MOZETIELAETEDO DIV, OB s ONZ DU TR 1A O
HEST 1 LD 3TN ED RS (X 4-2-2-3).
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®os
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0.6
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Stretch Pants

Stretch Pants Warp

Stretch Pants Weft

14
20
27
34
41
48
54
61
68
75
81
88
95

0.25

0.2

0.15

kgf

0.1

0.05

Stocking

/ === Stocking Warp

Stocking Weft

O O NOWTTO VNI O VNI O WV
THTEH NN TN O ONNOOOO

Fig. 4-2-2-1 Elastic recovery percentage of elongation
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Table 4-2-2-1. Break point load value (N)

Sample Vertical Horizontal
J 389. 89 409. 22
P 563. 27 489. 78
S 58. 64 50. 07
600
500
400
300 -+ M Vertical
M Horizontal
200 A
100 -
0 -
J P
Fig 4-2-2-2. Break point load value (N)
Table 4-2-2-2. Break point Elongation value (mm)
Sample Vertical Horizontal
J 34. 54 108. 08
P 239. 36 234. 82
S 185. 92 197. 57
300
250
200
= 150 M Vertical
M Horizontal
100
50
0 -

Fig. 4-2-2-3 Break point Elongation value (mm)
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2) 5loHRY R ReE

BB B R A K O 20% i R RE R BIE =R O 5 3 (3 BRI LIIE D F-8)) %X
4-2-2-4~4-2-2-6, KUK 4-2-2-3 1R T. MREERIT, B2 20% MRS, fiE
ZERCRLREORIE EEZ R TIRETHY, BRICEIE TERWGE, BEEANAECTLE
5. 3B, BEEHLOREEZTJ(FT) > S> POIET, bR, MERITIP> S>J(F7)
Lpo TG, Fiz, BEAT VU AD R (R R R &) 1R HIRE D f AR PR £ 7 FE) 12 H L.
B HHDZETOWTIREEAT 7. ZORER P &S TIIRERAITROOLNZRNN, ] Tl
AT H MO BN ST A EVIEINIRKE D772 o RREEFENRLIVENL TS
ZEMHBMNEIR ST,

120
100 /]

80
o /
40 / e Horizontal

0 5 10 15 20
Elongation [mm]

Fig 4-2-2—-4 Elastic recovery percentage of elongation of jeans

1.8

1.6

7

1 =z A/

% os =z

06 // // = Horizontal
g =~

0.4

e \/ertical

0.2 A

0 T T T 1
0 5 10 15 20
Elongation [mm]

Fig 4-2-2-5 Elastic recovery percentage of elongation of s. pants



0.3

0.25

0.2

Z 0.15

/l/ e Horizontal

0.1 "/
0 -

20

Elongatlon [mm]

Fig 4-2-2-6 Elastic recovery percentage of elongation of stockings

Table 4-2-2-3 Mechanical properties of fabric

Project Stocking Stretch Pants Jeans
Warp Weft Warp Weft Warp Weft
Elastic Recovery Percentage of 90.41 89.88 90.86 92.54 53.12 91.65
Break point Elongation value(mm) 4.69 0.83 0.91 0.75 0.96 1.01
Break point load value (N) 0.20 0.27 1.68 1.61 103.95 3.20
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4. 3 FEER B—IEBRFO B2 e
4. 3.1 Hik
1) #RE
PR 1T, 21~24 F ORERALOEAF LM 10 4 C, ZOHIRFHEERZR 5 1R T . TFR4FE &
OMEAER 23T 22. 3+1. 2 F, & EIE 159. 1+4. lem, KHEIT 53. 2+6. 9kg, BMI (% 21. 1
+3. 2 THY, ST & S9 MBI THLHMBZ DM 8 HITFETHAHFEFOEEIIEL T,
Table 4-3—-1-1 Physical constitution of subjects

Age Height Weight

Subject (year) (em) (kg) BMI

S1 21 168 55.8 19.8

S2 21 165.2 49.5 18.1

S3 21 164.3 43.9 16.3

S4 22 160.9 51.3 19.8

S5 22 159.5 49.5 19.5

S6 24 159.1 53 20.9

S7 24 159.1 66.2 26.2

S8 24 157.6 52.3 21.1

S9 22 154.8 64.2 26.8

S10 21 151.4 49.3 21.5

Mean 22.3 159.1 53.2 21.1

SD 1.2 4.1 6.9 3.2

2) MEHE
(DHRE A

FEICPED B A & B A IRE LA O ER O —2 LB %, 5 =5 THIE LI AR
TEFINLE [FIRRD 12 EATIZ IS T DEIERE O K RS (e A E L7,

(2) &3

REN, BRI NS, TENMEIC D DB - BB 222 90° i B L7 AL ES
D 2 b ELT2(K 4-3-1-2. 4-3-1-3). Fiz, BATICHED R HAERE 2R AT D70 BT
BEER A B2 B AT 7-(2015) (K 4-3-1-1) V. IR T=. FHAEF O TREE S BRI BT D 5%
KIE A EITITIE60° THHZENHESILTNDIEMND, AT % 60° [ZREL,
FEIE R OSREREL, BT G OMFRIRIA B DN Uz, 7eds, MIEOME b, MEBRASS

TIXIEHE R ZRICES, (KOREERST-. o, FTRRE/NFAIZOWTIE, 072 URRZEIEE
SIS Bk R RF DA 2 A BN E L7z
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Hip joint angle —Elderly

220 == YOUNE
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& j
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”
Hali} 1 \l-
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200 L’, \
. |
" L1
wo{ % , )({_
= - -— . -“

180

Knee joint angle

180

brns on "XT:%F“*I /I"J

160

l 140

Flexion

Cd

Angle(deg)

Flexion
120
] 10 20 & 10 50 HH a0 90
|A_nkle joint angle
120
Extension
A
*
— ;"‘
100
B ooy’ TN
-‘q—.l' -
B
o ]
<L
k 1
Flexion a0
] 10 20 30 10 50 ) 0 a0 0
cP | MidSt | PP AP | MidSw | DP
< S
Stance Phase Swing Phase

Fig. 4-3-1-1 Angle of the three joints of the lower right leg in one gait cycle.

RWE T4

HIECE 72> TUE, LB HN T, BIERBLOZED TS 2. 5 emd 5em ONLE IR
RO, BELSIRIC I AR IR O A D, EEICHED BFMAERAZ R L7, 2. 5em
&bem & 2 R/AFELTHRERZHI TR L. (M 4-3-1-2) L, B 11~ 20 b RDE, 10 4
PeBRE DFHHNZ 2. 5 em& bem ([ZFELTZH 6, S EALORE RITKR LU0, T T80 —
LIRFR ORI RN D572, 5em OFHUIZITRE RO E TR LD o7, 22 TRIEH NS
DUVWTOBRFHIIL 2. 5 cm® FHAKE LA L7z
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Fig. 4-3-1-2 Measuring part

Fig. 4-3-1-3 posture

4.3.2 FERKOEL

BB DENERE R FE GRS RA X 4-3-2-1~4-3-1-10 (TR, F72, F 4-3-1-7 L O
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Table 4-3-2—-1 Percentage of skin elongation in squatting posture ( 2. 5cm)

Maximum Maxi.mum
Abdominal | Peak of Patella | 01 Girth|  Thigh
Extension Buttock Cen.ter outside Girth
Point . Front
Point ,
Point
1 -20 12 92 16 12
2 -20 40 80 0 0
3 20 24 68 -4 0
4 0 40 60 -8 0
5 0 40 80 0 —12
Upper 6 —12 20 80 0 —12
7 0 4 68 0 0
8 0 20 60 0 -8
9 —20 4 60 0 8
10 -20 20 60 0 -16
Mean -7.2 22.4 70.8 04 —28
SD 134 13.9 115 6.1 9.1
1 0 12 40 20 4
2 0 40 80 -4 -4
3 -8 4 60 0 -8
4 —12 40 40 -8 0
5 —20 40 60 0 0
Lower 6 0 20 68 0 -16
7 -20 20 52 0 0
8 —20 12 52 -4 0
9 —12 12 48 0 0
10 —12 28 60 —12 —12
Mean -104 22.8 56 -0.8 -36
. SD 83 135 12.4 8.4 6.4
Squatting 1 4 12 0 12 20
2 8 12 40 12 40
3 4 4 24 20 20
4 0 0 40 8 20
5 0 4 48 20 36
Inner 6 0 -8 12 8 0
7 0 0 12 4 4
8 -4 -8 28 12 28
9 -8 0 12 20 20
10 0 0 20 8 32
Mean 0.4 1.6 23.6 12.4 22
SD 44 6.9 154 58 128
1 8 —4 20 20 20
2 16 0 12 8 20
3 8 0 24 20 20
4 4 0 20 0 20
5 4 4 20 12 20
6 0 -12 12 12 20
Outer 7 0 12 20 12 12
8 0 32 28 20 20
9 12 4 20 12 20
10 0 20 28 0 16
Mean 52 56 20.4 116 188
SD 57 12.7 55 74 27
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Table 4-3-2-2 Percentage of skin elongation in squatting posture (5cm)

Maximum Maxirnum
Abdominal | Peak of | Fatl@ lypich Girth| TDiE
. Center . Girth
Extension Buttock . outside
Point . Front
Point .
Point
1 -20 20 72 12 0
2 =20 40 66 -10 -10
3 0 24 60 4 -8
4 0 36 70 0 0
5 0 30 70 0 =10
Upper 6 -10 20 80 0 -12
7 0 10 70 0 0
8 6 10 70 0 -10
9 -24 10 70 0 4
10 -16 10 60 -4 -16
Mean -8.4 21 68.8 0.2 -6.2
SD 10.9 11.4 5.8 55 6.6
1 — 20 40 14 4
2 — 30 80 0 0
3 — 20 56 2 -8
4 — 50 40 -4 0
5 — 44 60 0 0
Lower 6 — 20 70 0 -10
7 — 30 52 0 0
8 — 8 50 -6 0
9 — 30 50 0 0
10 — 30 60 -8 -10
Mean — 28.2 55.8 -0.2 -2.4
Squatting S1D - 12_.2 126.5 51.?) 52(3
2 10 — 36 20 40
3 10 — 24 20 26
4 0 — 40 10 30
5 0 — 36 20 36
Inner 6 0 — 10 10 6
7 6 — 20 10 10
8 -4 — 32 14 30
9 -4 — 28 16 30
10 2 — 26 12 30
Mean 3.6 — 25.8 14.2 25.8
SD 6.7 — 11.2 45 10.8
1 16 0 0 10 16
2 0 10 20 10 20
3 10 0 24 20 20
4 4 0 20 0 20
5 4 4 20 10 20
6 0 -12 10 10 16
Outer 7 0 16 20 10 10
8 0 30 30 20 20
9 16 6 20 16 20
10 0 10 30 0 12
Mean 5 6.4 19.4 10.6 17.4
SD 6.6 11.3 8.9 6.9 3.8
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. . . ° .
Table 4-3-2-3 Percentage of skin elongation in knee 90° flexion posture (2. 5cm)
. . Maximum Mot
Abdominal Peak of Tra):‘lrréur:h Tra):‘lrréur:h Thigh Maximum | Patella M. M Leg Girth Minimum
Ext::;'i’:n B::to:k ;itsid'; 'gmnt" Girth  |Thigh Girth | Center | Leg Girth | Leg Girth °:m:: Leg Girth
. . Inside Back Point | Point |Front Point|Back Point " Back Point
Point Point Point Point
1 —20 20 0 —20 0 100 92 4 12 8 20
2 16 20 0 -20 20 100 60 20 -20 0 0
3 12 20 20 ~20 —12 80 60 8 16 20 0
4 -8 32 0 —20 8 100 60 0 16 —20 8
5 0 40 12 24 20 80 60 8 12 0 12
Upper 6 16 0 0 ~20 0 80 60 12 —20 20 —12
7 4 28 12 —20 0 100 60 0 4 —20 0
8 0 0 4 ~20 8 60 52 0 16 -20 0
9 0 0 8 12 20 100 48 8 12 8 0
10 12 28 0 24 4 60 52 0 8 —20 0
Mean 56 1838 4 ~20 52 86 60.4 6 —12.8 12 52
SD 104 144 82 33 116 165 120 6.6 7.0 110 73
1 0 20 4 -8 20 80 20 0 -8 4 -20
2 0 28 0 12 12 20 60 8 12 20 0
3 12 4 0 —20 20 80 40 0 12 —20 0
4 -8 20 0 ~20 4 80 36 0 16 -20 8
5 8 20 4 ~20 20 60 44 4 —20 0 4
Lower 8 0 20 0 —20 4 60 60 0 4 —20 0
7 -8 32 0 ~20 20 60 52 0 -8 -20 0
8 8 32 4 12 —12 100 40 0 12 20 20
9 0 20 12 —20 28 60 40 0 8 4 0
10 28 36 12 ~20 0 40 40 0 16 12 4
Knee Mean 1.2 232 ) 172 116 64 432 12 10 132 038
90° SD 86 9.2 57 46 123 227 1.9 27 78 9.6 9.9
Flexion 1 0 0 8 20 16 32 20 0 0 0 12
2 4 0 12 28 0 12 60 0 12 0 16
3 4 0 12 28 0 12 60 0 12 0 16
4 12 0 0 36 8 28 36 0 0 0 0
5 4 4 3 28 12 —20 40 0 12 0 0
Inner ) 0 0 4 28 0 -20 8 -4 8 8 0
7 4 0 0 20 12 ~20 4 0 0 0 0
8 0 20 0 28 4 —28 28 0 0 4 0
9 4 0 20 20 ~20 ~20 20 0 8 0 0
10 0 0 8 28 8 ~20 28 0 0 0 4
Mean 32 1.6 72 26.4 48 ~21.2 304 04 5.2 12 48
SD 37 6.6 6.5 5.1 98 65 192 13 5.7 27 7.0
1 4 12 8 20 20 20 0 0 0 0 0
2 0 0 8 20 0 -20 20 0 12 0 0
3 4 0 0 20 12 —40 20 0 20 4 0
4 4 0 0 28 8 —20 20 0 4 0 0
5 20 4 -4 20 4 -20 20 0 12 0 0
Outer 8 0 20 0 20 8 ~20 12 0 8 4 0
7 12 0 0 20 20 —20 20 0 4 4 0
8 4 0 8 20 20 ~40 28 0 4 0 0
9 0 20 8 20 20 —20 12 0 8 0 0
10 0 0 4 20 20 -8 12 0 8 0 0
Mean 48 32 32 208 132 228 164 0 8 12 0
SD 65 938 45 25 78 938 76 00 57 1.9 00
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Table 4-3-2-4 Percentage of skin elongation in knee 90° flexion posture (5cm)

Maxi Maxi Mini
. N N N + Thigh Maximum | Patella Maxil Maxi N Minimum
Abdominal | Peak of |Thigh Girth Thigh Gith|  Girth | Thigh Girth | Genter | Leg Girth | Leg Girtn | %8 8™ | | og girth
. . Inside Back Point| Point |Front Point|Back Point | Back Paint
Point Paint Point Paint
1 -20 20 0 -20 - - 60 0 -10 8 -16
2 -10 20 -4 -20 - - 60 20 -20 -4 0
3 -4 20 10 -20 - - 50 10 -16 -10 0
4 -10 20 0 -20 - - 56 8 -16 -10 -4
5 -4 20 10 -24 - - 56 10 -12 0 -8
Upper 6 -14 0 0 -20 - - 68 16 -16 -10 -12
7 —4 28 16 -20 - - 60 0 -4 -10 0
8 0 10 4 -20 - - 60 10 -16 -16 0
9 0 0 -8 -12 - - 56 8 -14 0 0
10 -10 10 0 -24 - - 58 4 -12 -10 0
Mean -16 14.8 2.8 -20 - - 58.4 8.6 -13.6 -6.2 -4
SD 6.4 9.4 7.3 3.3 - - 4.6 6.3 4.4 71 6.0
1 - 20 6 -6 20 70 20 4 -8 4 -20
2 - 40 0 12 12 24 60 10 -10 -24 0
3 - 20 0 -16 10 60 40 0 -12 -20 -4
4 - 26 0 -16 4 60 36 0 -16 -20 10
5 - 30 4 -16 20 50 46 4 -16 0 —4
Lower 6 - 20 -4 -20 10 56 60 4 -8 -30 10
7 - 40 0 -16 20 56 50 0 -12 -20 0
8 - 30 -4 -12 -8 60 40 0 -10 -18 20
9 - 20 -10 -12 30 54 40 0 4 -4 0
10 - 30 -8 -20 0 36 40 0 -12 -10 -4
Knee Mean - 27.6 -1.6 -12.2 118 526 43.2 22 -10 142 038
90° SD - 7.9 5.0 9.4 112 133 11.8 3.3 57 11.1 108
Flexion 1 0 - 14 20 -16 -30 20 0 0 0 8
2 4 - 16 28 0 -18 56 0 10 0 26
3 10 - 20 26 -16 -30 30 -4 10 0 0
4 4 - 6 48 4 -30 40 0 0 0 0
5 10 - 16 30 -12 —24 40 0 8 0 0
Inner 6 0 - 12 28 0 -20 10 -4 10 4 0
7 4 - 10 24 -10 -20 10 0 0 0 0
8 0 - 10 32 -4 -20 34 0 6 4 0
9 4 - 20 20 -20 —24 30 0 8 0 0
10 0 - 10 28 4 -22 54 0 0 0 0
Mean 3.6 - 13.4 284 -1 —-23.8 324 -0.8 52 08 3.4
SD 39 - 46 7.9 8.9 4.7 16.0 1.7 46 1.7 8.3
1 4 -10 6 20 20 -20 10 0 -10 0 0
2 4 0 10 20 0 -16 20 0 12 0 0
3 4 -6 0 20 8 -30 20 0 20 4 0
4 6 0 0 22 6 -20 20 0 6 0 0
5 10 8 -8 20 4 -20 20 0 12 0 0
Outer 6 0 30 0 20 10 -20 10 0 10 4 0
7 6 0 0 20 20 -20 24 0 4 4 0
8 4 0 4 20 20 -34 28 0 16 0 0
9 0 10 10 20 20 -10 20 0 8 0 0
10 0 14 4 20 20 -10 16 0 8 0 2
Mean 3.8 4.6 2.6 20.2 128 -20 18.8 0 8.6 1.2 0.2
SD 3.2 115 54 0.6 8.0 1.5 5.6 0.0 8.1 19 0.6
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Table 4-3-2-5 Percentage of skin elongation in ankle flexion posture (2. 5cm)

Minimum Minimum
Leg Girth Leg Girth
Front Point[Back Point
1 20 =12
2 20 =20
3 0 =20
4 20 -20
5 12 -20
Upper 6 -4 -20
7 0 =20
8 8 -20
9 8 -20
10 0 -12
Mean 8.4 -18.4
SD 9.3 3.4
1 20 =20
2 20 -20
3 20 -32
4 20 -20
5 20 -20
Lower 6 20 0
7 28 =20
8 20 -20
9 20 -28
10 20 -20
Mean 20.8 -20
Ankle SD 2.5 8.2
Flexion 1 8 20
2 0 4
3 -4 0
4 32 0
5 -4 4
Inner 6 4 0
7 -8 0
8 0 0
9 -8 0
10 20 12
Mean 4 4
SD 12.9 6.8
1 0 0
2 0 12
3 0 0
4 0 12
5 0 0
6 0 4
Outer 7 s 20
8 0 20
9 -4 4
10 0 0
Mean -1.2 7.2
SD 2.7 8.2

107




Table 4-3-2-6 Percentage of skin elongation in ankle flexion posture (5cm)

Minimum Minimum
Leg Girth Leg Girth
Front Point [ Back Point
1 10 -10
2 20 -10
3 0 -10
4 8 -10
5 6 -16
6 4 -10
Upper 7 4 ~10
8 4 0
9 10 -16
10 6 -10
Mean 7.2 -10.2
SD 54 44
1 30 -40
2 20 —-24
3 16 -40
4 30 -40
5 30 -30
Lower 6 20 —10
7 36 -38
8 20 —-26
9 20 -32
10 28 -40
Mean 25 -32
Ankle SD 6.5 9.9
Flexion 1 4 10
2 0 8
3 -4 0
4 20 0
5 -4 4
Inner 6 4 0
7 -4 0
8 0 4
9 -4 0
10 0 8
Mean 1.2 3.4
SD 7.3 4.0
1 -4 0
2 0 4
3 0 0
4 0 0
5 0 0
6 0 4
Outer 7 " 10
8 0 10
9 -4 4
10 0 12
Mean -1.2 4.4
SD 1.9 4.7
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Fig 4-3-1-11 Comparison of skin elongation between sitting and walking posture (%)
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4. 4 FEBR C—EBRFKAREOHEE

4. 4. 1 FE—KRIREOHERX

ZI T, BAIREABI K CTho o BB IS R AR, S TRE R OSRE Rk
KRPEFT DERE LI BEOKRELE B 2 HEE T DLLb1, HEEEEFERIFEEDOBIREMRFIL
7-.

I LT KIREZPET 2L, 20 MIZBITBKROEN BLOED MBI H KD
=R L D RICIEE (Kirk D3 O BRI,

T

P=—+ -2

L 5

ZIZT, tlxF OO RN, TITE RO OB O ST HIESTHDH. IsFE L ITH A
DOESTFH, 213E FHZERL TV, fReE rid, AMEEEZHISRE Lo OMET
HY, X 4-4-1-1 OIDTHET 5. fEREER 4-4-1-1 1T 7.

Fig. 4-4-1-1 Measurement method of curvature radius

Table 4-4-1-1 Radius of knee when knee 60 ° flexed (cm)

Vertical Horizontal
90° 7.45 4.05
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TAREDHEEITIE, B 1 IR AE R FEM O 5] afkga i B dh# 5, B K F LR L Y, 60°
90° JEHIIF O K FE MR RIS TEEEM O T - Fa M OEHERD, ZHEEHEBO VY
By F & T - Fa i RS, Kirk H5ORE AW TRIREDHEEEE KD 7=

4. 4.2 FERMOEL

Al ST EHIARIC RS20 T2 TR THEHDOT, BRLUEFIDIREETHL B E LK
ARIERFEAEL TG, T ZOREBEIRET D720, EA AR EICE W IRBE TS T
ERAEA 4 TFIANSA 2. bem DRRZE GV, BERE 1 4024 F OREFENLOEF M, H & 159.
lem, fRE 66. 2kg, BMI26. 2) |ZiEHE 35 S, LML COYE = SHIEL, FHfEE
KT, ZORERER 4-4-2-1 1R T,

FTo, AR LIRS B 2 BE I O O#E R a2 4-4-2-2 1R

U k" ooMfE$Es BT, AAFRBNIINEL, BRI 2860 60° JRikEETO
fOsRE R, (3 4-4-2-3)

Table 4-4-2—-1 Elongation rate of each sample at standing position (%)

Stockings S.Pants Jeans
Vertical 30.00 7.67 0.00
Horizontal 62.76 21.23 4.83

Elongation rate

Vertical

43.86

Horizontal

22.14

Table 4-4-2-2 Skin elongation rate when knee 60 ° flexed on patella center point (%)

Table 4-4-2-3 Fabric elongation rate when knee 60 ° flexed on patella center point ( (%)

Stockings S.Pants Jeans
Vertical 81.80 51.53 43.86
Horizontal 86.16 43.36 22.14

AR U7 505 0 5 [BRBR A FE R EOFE L2 LD, 100%MH & LL R IR 280k Ofif E i K R
iR A [ 4-4-2-1 123, ] ORET ANIMAEIEDME 2, fif B EEZRL, 54%fHC, kKL
TW5.

F4-4-2-3 D RRITESE, HLAEIN ANED K FHELELIMETHEELTIZLED,
HE 60° JEHKRE TOMTEZ X 4-4-2-1 DDOIRRLIZ. TORIRZFHK 4-4-2-4 12, F-HAIZN
(CHEHLL 7oA SR A, & 4-4-2-5 TR T

IR, Kirk SORITHESOTBITI, BEICHD L REOHEELZR A, £

4-4-2-6 B 4-4-2-10 ICEHEOFNE /R T.
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Fig. 4-4-2-1 Stress strain relationship of the fabrics.

Table 4-4-2-4. Tension corresponding to elongation rate measured by Tensilon (kgf)

Stockings S.Pants Jeans

60° Vertical 0.16 0.50 52.10

Horizontal 0.18 043 0.49

Table 4-4-2-5. Result of converting unit to N (N)

Stockings S.Pants Jeans
60° Vertical 1.53 4.90 510.53

Horizontal 1.79 4.24 4.80

Table 4-4-2-6. Tension of each sample per 1 cm (N/cm)
Stockings S.Pants Jeans
60° Vertical 0.3051 0.9800 102.1062

Horizontal 0.3574 0.8487 0.9597

Table 4-4-2-7. Estimated garment pressure (Result that divided by r) (N/cm?)
Stockings S.Pants Jeans

60° Vertical 0.04 0.13 13.71

Horizontal 0.09 0.21 0.24
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Table 4-4-2-8 Estimated garment pressure (Vertical+Horizontal) (N/cm?)

Stockings

S.Pants

Jeans

60°

0.13

0.34

13.94

Table 4-4-2-9 Estimated garment pressur

e (Result of conversion unit into hpa)

Stockings

S.Pants

Jeans

60°

12.91

34.09

1394.23

Table 4-4-2-10 Comparison of measured value and predicted value of clothing pressure

Sample . Stretch
Posture Stocking Pants Jeans
Measured maximum value of
clothing pressure while 7.67 13.66 17.69
walking(hPa)
Predicted value of clothing
pressure while knee 60° 12.91 34.09 1394.24
flexion(hPa)
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4.5 #%2
KAREHEE DT B AEFEREFLOT-HDNFE 4-5-1 ThD. -, BITEMERFOBEZEERIC
B DHEE AR T EFERAARE D BIFRZ X 4-5-1 (2”7,

Table 4-5-1 Percentage of skin elongation, maximum value of clothing pressure measured

while walking and predicted value of clothing pressure on patella center point

Samples .
Posture Stockings S.Pants Jeans
Fabric elongation in Vertical 30.00 7.67 0.00
standing posture [A]
(%) Horizontal 62.76 21.23 4.83
Skin elongation in Vertical 51.80
walking posture [B]
(%) Horizontal 23.40
[A]+ [B] Vertical 81.80 59.47 51.80
(%) Horizontal 86.16 44.63 28.23
Maximum value of clothing pressure weasured
while walking(hPa) 7.67 13.66 17.69
Predicted valueG(())f; C;ﬁ:;?f (if;)sure while knee 12.91 34.09 1394.94
Predicted value of clothing pressure while knee 14.01 41.03 2639.40

90° flexion (hPa)

1600 .
0O Maximum value of

1400 clothing pressure
measured while standing

D Predicted value of
30 B clothing pressure while
knee 0° flexion

B Maximum value of
clothing pressure
measured while walking

Clothing presure (hPa)

OPredicted value of
clothing pressure while
Stockings S.Pants Jeans lmee 60° flexion
Samples

Fig. 4-5-1 Predicted clothing pressure and measured clothing pressure at the

patella while walking (n=10)
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AT D TR RAKARIEL, TS D 2 fFLL EOEARL, MONZ  WHEMIE ERRE
DR L OHBATICHE D BEMEN K & 720, BIRKARIEIZZIE T FH O TR R D
BNKTHDZ LRSI, —F, BITREO KGR ERITHE U HEEARIRIEORSR %
5L, S ORAEFMBMEORT W2, FERIKRIE & HEEMEO 21Xk b7 <, FE
PEIIHEEEOR) 15% Th o7z, ZHUTKL J O%EIE, FERMEITHEEED 0. 01% &K
TR EBEDFED HAVs. —RITEBNI AL S BEHONE, BERKOMOTRIRS D0 H L<
X & T bbb G L KIROBIAFAET HZEMOTIZRIR SN D h, K EERKEDT
AUZ X > THRINS D DD WNT NN TH D. 5 C/RENTZE I, JIFFHIKICIHh-TE
59, ZOPL Tz, BECLD HREAROMERBRNELL, LT REL,
FEMOMNCEDKREDOTRAEDMZONT-bDEEZONS. P IE, BIEICERL T
ZTHRIZT 4 bTDHZENRROLNTODEIZA My F U7 LRETH LN, A by
XU NFE EHMEEDNE L A WO REM RGO EEBE L THOZEEEET 52 &2k -
T, EPMETHEEM ORI 39% & S LV ENRKEZ VD, J EHT 25 LXK Ma b
nNteboLEZLND.

Kirk 725, R b Ly FA VL, B OMERME, MEBIR, K OANROES) R
BB OSROBLE N LRF LT-DIE, RY o L& MO E, THEDOZE Tho7 Y.
JERLIZF3UF 2 B0 D B AR OVRITERTIRE K 0 K7 18] 19%, HEELF M) 43% & A LT 5.
ZODBLEL OEFHONCET AR TR, TEEOREHERICOWT, hik
EUNFIE, BRI OSR T, BE IR E 710 C 40%, KEH710 T 40%, BETEE 717 C 40%,
AFEFHMT15% E|ELTND V. Lo LEBOMEREITENIC L - T, K8 H)
EIC L - T, WD TRIENTH LS, MELS, WEXGOME - §FF - HFEIlL-o
T, B BRI/ Z LICHETARNERD Y, BHITWET HZ Lid TRy, £
ZCARFFECIE, ARIESE L ETHYEE 2. Fand ) BRI/ N S WEIPR A S L L,
R - WAMTEIT D PiERrE R L. R, Sk o T, BT - AR R B D
R EZ 95 2 &, AlG EFHRNCIEMET 2 Ok LN G RIS I ZIUHE S 2 KR
M, R BRI L, PN RS 2 KERATESC FRR%H, BN, WS E bich
ET 2B ZHE ORI A ML, DO OSTREAIRIEZABIOBR A D Z LN TE .

HIRIZEE LIZA MLy FHRROBAE, 770 ORTRIRTAEOMER L FHL
TERL TS EEBEZLNDN, KR—METIE, ©&EVIZEoT, FLEEMOMERDR
RbHoTAKREKIREDFTHEAL TS, KBFZETITREME &% L < KREM 3
Fans EIELT, ERIROBZEDICIIT 2ARIREZHEE LR, S T2 bRk
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TP & VIR S D & & BICEMOMEIST) & DRGNS, #HEEMITZEREZ X 50N
Mz DFERE 2o

117



4. 6 FaFE
RN 10 40 e RPRAT, A EARLE B « TR RENC I 1T 2 B R R 2R, FH
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5. 1 #&

FRME SR K D R R IE S O JR RN SRR & S BRI KRB S b . LRI <
i, EHERLEL IS E D BRI LA 7 & O b E A R EICER L TR REE A 5 i
9. BRI, AARIC K DEIEOBRE, ARG E T VWHESR R ETHD V.

WEHIRIR OO E D TH D “KIROEE” X, BFEOHHPHRW TR VS, JFH
SIXEVERF O B RO L KR OO XL b, KRIRDS LG5 2 5 BRI OW TR L 2,
T O IMHE, SRR OO X 2 G ~OERIZ DWW THRET L7z Y. £72, #lifh
EINTAT OWVE & R ERITRIC G- 2 558850, MO J)FHRE, GV & R ERGME & OBIfR
IZDWTORR, MR O BEEORITR N 2 TR FIREIC O W T O, Kk igsem
T U 7= RSB DR PR~ R E T B R D ey, R R 2R L, I
BN BT T RN & TR E R S D+ 2 6 7,

FIL % 52 1 72 e R BT A RHIC B W TUE, KDY THEEDFRIE & LTk pH,
MFEDOFHA Y, & 5 WITRAELE, FAZEE Ry FT A b)) SOEMEPRF S TE 2.
Fh&EHAE, BRG VT O = IRTTEERRIT 2, NAREERAL D B2 25 i OB T IR O FE 4 ~
ERBL, ZOAMEERGE, ST CORMTIEEZ R L V. RETIE, TOFE
WAL, EERFORAR & B8 D BN B 2 Al = e - R B DV TR
RERSY

il

=l

5. 2 TWFER

5. 2. 1 KERPVBICIS I 2 &R T B DRt

BTGB O BB AR T Tl D, FEEES), BB, FRERSRARET D0, Ti%
BRAEATo 7o, BRI OV TR, 2 EICkT 2 “HEBIRFC RO AN R A £ TR
7 & LTHT BN KRBERRZRIR L, BERIEN IS0 TR, B8 EICBY 5% ML
> FHE T ROBBIKAREFR DS, FHFELNE 10 4 OBTRAZIS T 2 FHH 12 7 FrofE &
D, %9 16hpa LD BREMRI . RETIE, BEETRERHT 2720, KBRAIIICET
%, TIROAEEZEXTBEOKRRE LGOTNEHD THFEREZIT- 7.

1) Jik

(1) Pl

PEREZR AT M 1 4 (24 F, 159. lem, 53kg) & L7z,

(2) KBTIk

BRE D T LI EART L, EHUA Y B L. BRE ISR Sk T2 K
5-2-1-1 ¥, KER 1/2 KA RN & vy Biggl& (K5-2-1-1 OF#K), i,
e, WL SMUOF R EZ IR CTRIGIC~Y — 2 Uiz, BER Y I b RINLE CTHIZ £+
(M 5-2-1-1 DR, FREDOMAEELEZTBE, FIOFTNEBLE, KIREBEOT M E
FHAIEAT o7, B EEIT 90° , 120 ° , 150 © O =ML L, B OB,
SR EORKETHREDE, HFRERoTAEEThAKL L (M5-2-1-2).
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Fig. 5-2-1-1 Dressed-up condition of subject and marking position

—

90

Fig. 5-2-1-2 Measurement of deviation angle at knee flexion angle under 3 conditions

(90 °, 120°, 150 ° )
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2) AER
JE A Ef 4 B % 90~150°

WCEZ T, KERH KA, %, P,

TFDRE & XY OROTNAE EFK 5-2-1-1 1R T. KERNMID

67°

2k, BEOAELY 160°

\ZIRTE

L7-.

Table 5-2-1-1. Misalignment angle result

AME D H LT
D, =MD 163.

Front Back Inside Outside
90° 71 79.5 162.5 22
120° 0 91 148.5 65
150° 0 121 180 72
Mean 23.67 97.17 163.67 53.00

5. 2. 2 AKAR & R JE D BEER RIS DO FEt
FIERF DOAAR & B8 DR N R BRI I E TR L BRErT 210 H- 0, AR T
BE L7-aEHI B W, IRELTEML, £, FRCToOEEZR, {fafyikd LT, K

JE T OB 72 Z RS IS SR A E U0 EBIET 70, THFERZITo .
1) Hik
(1) #hehi
R/ R LM 14 (21 F, 164. 3em, 43. 9k g) ZxZ L Uiz, HIEEBALIZARERN
fchs.

(2) FBrglE

27°C + 40%RH OBRETGAET, AMREL 4 & ki LI BEEEHC
BEEEE R TR @R E R Y AT L) FRER 10~80 AT 7.
(R PR O BEIRRE & B L) I X0 fi LT

15hpa + 60bpm T®D
%ﬁ*%OD%%iﬁ%kéé 5-2-2-1

Table 5-2-2-1 Properties of fabric.

Woven Knitted

Item Cotton Polyester Cotton Polyester
Warp Weft Warp Weft Wale Course Wale Course
Fiber Cotton 100% Polyester 100% Cotton 94%,Polyurethane 6% Polyester 94%,Polyurethane 6%
Weft:pilz;:jlct; %Vsz‘gecﬂsr/s':';t./cm) 16.64 24.69 22.44 21.25 25.00 15.00 50.00 22,50
Thickness (mm) 0.74 0.59 0.57 0.44
Air resistance (kPa*s/m) 3.85 0.10 0.37 0.20
Maximum lord (N) 169.71 318.69 233.57 83.87 0.87 0.81 0.40 0.37
Bending Resistance (mm) 52.00 53.50 34.17 38.67 16.17 21.83 7.17 8.67
MIU (A.U.) Surface 2.07 1.75 1.47 1.83 2.19 2.32 2.95 3.07
MMD (A.U.) Surface 1.70 2.09 1.25 1.00 0.69 0.64 1.07 0.87
Moisture Content (%) 29.86 1.29 19.34 1.36
Water Absorbing Property (mm) 9.5 5.5 148.5 136 117 110 32 60

(3) V7V ik L R EF L S fENT

R REIARICE T D KEMBEBOEEBIC OV THRFTT DI2H720, Fh & R 10 OFikE
> 7=. CuDERM D ) o ZAMAEL 7V 13~ - REPLIFLO™ 2 L, ZEERENZD

R L7 V7V I OFE B =k oA & £ A
XYM LTz,

&F% V7 aBRE L (X 5-2-2-1).
S L — P —BEMREE 0LS-3100 (F VU v 3 2EReth) |
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Fig.

Fig. 5-2-2-2 Luminance image

BV U B OEEmE R (K 5-2-2-2) b, /A RXBRE, MmO #MEEZITY, 5
DI ZIRITHERIZ B W TREM & /N7 A—& 2R/ L7, JISB0601:2001 (1S04287:1997)
WCHEDSSHE T A =4 (4 5-2-2-3) DOEME T A—ZEHE (L7 DEIERE
DELEFHIMZ 0FEL L, 0, 45, 90, 135 FED 4 HAIORMERT A —F 2H)), HHS
RT A—% SRe CE¥JILAREERE) & SRz (e RILAREEEE) 12Xk 23 21T - 7.

150

100

C
}
2
g 0 ‘
ﬁ M Rv w
50 S

-100

evaluation length (mm)

Fig. 5-2-2-3 Profile of skin surface properties.
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2) AR

#* 5-2-2-2~5-2-2-2, [X] 5-2-2-4~5-2-2-11|T, 3kl 10~80 [HIDEEEAIT > T-BED
FHMESNT A =B FoRd. £ 5-2-2-10~5-2-2-11, [X]5-2-2-12~5-2-2-13 /%, SRe, SRz
DAL, TOBEEREEIC X 528{b%x 7 F 7k Lic. ZORR, BEL LRWGEELO
EVRSNIZLEZBND 20 A BEERE L RDT-.

Table 5-2-2-2 Parameter result of skin’

by replica with no sample

s surface three—-dimensional microstructure

Number of times SRp SRv SRz SRc SRa SRq SRzjis
0 129.89 80.42 210.31 34.56 21.09 27.21 198.09
10 131.89 92.84 224.73 30.49 19.72 25.64 207.37
30 114.43 75.37 189.80 34.56 21.03 26.79 186.81
50 105.57 71.41 176.98 34.72 20.39 26.19 174.30
80 123.79 105.05 228.84 37.44 23.47 30.00 222.46

Fig. 5-2-2-4 Parameter

Table 5-2-2-3 Parameter

300

250

200

150

100

50

SRp SRv

SRz SRe SRa

SRq SRzjis

result of skin’ s surface three—dimensional microstructure

by replica with no sample

result of skin’ s surface three—dimensional microstructure

by replica with cotton

Number of times SRp SRv SRz SRc SRa SRq SRzjis
0 120.32 99.40 219.71 37.87 22.00 28.23 205.03
10 130.36 95.44 225.80 38.17 20.36 26.34 221.31
30 124.23 97.31 221.55 38.54 20.54 26.65 209.83
50 132.42 93.18 225.60 36.62 20.71 27.32 215.32
80 137.94 106.40 244.35 41.03 21.81 28.46 227.47

300

250

200

150

100

50

0

SRp SRv

SRz SRc SRa

SRq SRzjis

mio

30
ms0
ms8o

Fig. 5-2-2-5 Parameter result of skin’ s surface three—-dimensional microstructure

by replica with cotton
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Table 5-2-2-4 Parameter result of skin’ s surface three—dimensional microstructure

by replica with poiyester

Number of times SRp SRv SRz SRc SRa SRq SRzjis
0 129.18 94.69 223.87 37.34 21.83 27.94 208.21
10 134.64 89.71 224.36 36.82 20.75 27.02 219.32
30 145.15 104.58 249.73 40.40 21.95 28.74 233.57
50 132.97 93.65 226.62 39.79 23.10 29.67 218.18
80 143.17 108.52 251.69 4211 24.49 31.21 245.69

300

250

200

150

100

50 1

0 -

SRp

SRv

SRz SRc

SRa

SRq SRzjis

L J0]
m1io0
W30
W50

Fig. 5-2-2-6 Parameter result of skin’ s surface three-dimensional microstructure

by replica with poiyester

Table 5-2-2-5 Parameter result of skin’ s surface three—dimensional microstructure

by replica with Friction 0 time

Number of times SRp SRv SRz SRc SRa SRq SRzjis
None 129.89 80.42 210.31 34.56 21.09 27.21 198.09
cotton 120.32 99.40 219.71 37.87 22.00 28.23 205.03
Poiyester 129.18 94.69 223.87 37.34 21.83 27.94 208.21
300
250
200
M None
150
M cotton
100 - [ Poiyester
50
o
SRp SRv SRz SRc SRa SRq SRzjis

Fig. 5-2-2-7 Parameter result of skin’ s surface three—-dimensional microstructure

by replica with Friction 0 time




Table 5-2-2-6 Parameter result of skin’ s surface three—dimensional microstructure

by replica with Friction 10 times

Number of times

SRp SRv SRz SRc SRa SRq SRzjis
None 131.89 92.84 224.73 30.49 19.72 25.64 207.37
cotton 130.36 95.44 225.80 38.17 20.36 26.34 221.31
Poiyester 134.64 89.71 224 .36 36.82 20.75 27.02 219.32
300
250
200
M None
150
M cotton
100 - [ Poiyester
50 -
0
SRp SRv SRz SRc SRa SRq SRzjis

Fig. 5-2-2-8 Parameter result of skin’ s surface three-dimensional microstructure

by replica with Friction 10 times

Table 5-2-2-7 Parameter result of skin’ s surface three—dimensional microstructure

by replica with Friction 30 times

Sample SRp SRv SRz SRc SRa SRq SRzjis
None 114.43 75.37 189.80 34.56 21.03 26.79 186.81
cotton 124.23 97.31 221.55 38.54 20.54 26.65 209.83
Poiyester 145.15 104.58 249.73 40.40 21.95 28.74 233.57
300
250
200
M None
150
M cotton
100 - [ Poiyester
50 7
0
SRp SRv SRz SRc SRa SRq SRzjis

Fig. 5-2-2-9 Parameter result of skin’ s surface three—-dimensional microstructure

by replica with Friction 30 times

126




by replica with Friction 50 times

Table 5-2-2-8 Parameter result of skin’ s surface three—dimensional microstructure

Sample SRp SRv SRz SRc SRa SRq SRzjis
None 105.57 71.41 176.98 34.72 20.39 26.19 174.30
cotton 132.42 93.18 225.60 36.62 20.71 27.32 215.32
Poiyester 132.97 93.65 226.62 39.79 23.10 29.67 218.18
300
250
200
H None
150
M cotton
100 - @ Poiyester
50
0
SRp SRv SRz SRc SRa SRq SRzjis

by replica with Friction 50 times

Fig. 5-2-2-10 Parameter result of skin’ s surface three-dimensional microstructure

by replica with Friction 80 times
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Table 5-2-2-9 Parameter result of skin’ s surface three—dimensional microstructure
by replica with Friction 80 times
Sample SRp SRv SRz SRc SRa SRq SRzjis
None 123.79 105.05 228.84 37.44 23.47 30.00 222.46
cotton 137.94 106.40 244.35 41.03 21.81 28.46 227.47
Poiyester 143.17 108.52 251.69 4211 24.49 31.21 245.69
300
250
200
M None
150
M cotton
100 - [ Poiyester
50 -
0 -
SRp SRv SRz SRc SRa SRq SRzjis

Fig. 5-2-2-11 Parameter result of skin’ s surface three-dimensional microstructure




Table 5-2-2-10 SRc

result of each friction times

Sample 0 10 30 50 80
None 34.56 30.49 34.56 34.72 37.44
cotton 37.87 38.17 38.54 36.62 41.03
Poiyester 37.34 36.82 40.40 39.79 4211
SRc
45.00
40.00 4 =
n RN - *
35.00 & * s
30.00 o
25.00 ©® None
20.00 M cotton
15.00 Poiyester
10.00
5.00
0.00 T T T T )
0 20 40 60 80 100
Fig. 5-2-2-12 SRc result of each friction times

Table 5—2-2-11 SRz result of each friction times

Sample 0 10 30 50 80
None 210.31 224.73 189.80 176.98 228.84
cotton 219.71 225.80 221.55 225.60 24435
Poiyester 223.87 224.36 249.73 226.62 251.69
SRz
300
250 &
200 = " *
4 @ None
150 M cotton
100 Poiyester
50
O T T T T 1
0 20 40 60 80 100
Fig. 5-2-2-13 SRc result of each friction times
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A;éﬁﬁ,ﬁﬁémﬁ B2 DR TITV, BIWERF O LR & B2 D RS e i 22 i
ZRICHEIE I R T RBICHOWTRRET L 7.

1)ﬁ&

(1) #ebi

WeBRE 1, 21~24 F ORI OFEELNE 104 (FEE 22. 3+1. 2F, BHE 159. 1+4.
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(2) &K

AUBHIATR & FERIS, BRI EZITBVIEBIRNC, TR E L THEA SN &R
Z, K2 (MR ATI), GitAFEE Lz, £ 5-2-2-1 IR O T & O 1Al &
R

(3) FEBRGAt

FBRIL 2016 27 A5 9 HIThHIT T, SUEFRKRFAN LRIEE CITo 7. ARSI
T Y Eva—h0Y (80, 18clo) Tholz, BRESRME, B LEI LW
BICHSIZRBREE (LUF, HNigtbe92) CBEGREE (LT, BRASLMHLET5) 025k
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Ll REEOX —F—"—L BNEBEZERE L, FEBRERIZ1 » A ST TORRA &
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(4) FBRFIE

PR IL, NLREEICAER, EBEICERR, 30 pMEE~DIEEIIroT-. £
DEE, KEENMIOBRETAAZEI 24T, WML A AR L Lc, BT T, a2 T
BRH ge F TG (40°C) 12 20 ArfIRIE S, BITAMR L. REERHER DD
corneometer CM825 (Courage+Khazaka #1) 12 0 A KEERNMITHKSY &5y 2 HIER, KR
JE 2 R L7270 B BRI 24T O {8 5 BRI L ) 1230k 2 BV A1), 15hpa, 60bpm T 20 [A],
JEERZAT o 7= WENL 4 7 FT~T U MM A B EEID T 2 & TEMLEZ L,
PEEERTRIC LY D AR LT, BEEEM L O EVE & B 5-3-1 1T~ .
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Fig. 5-3-1 Method to determine the friction position
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Table 5-3-1 The moisture and oil level of skin (n=10)

Moisture Qil
Control Sweating [Control Sweating

Subject 1 29.77 60.23 0.00 1.00
Subject 2 32.83 63.97 0.00 0.67
Subject 3 34.47 51.07 0.00 0.00
Subject 4 25.33 31.67 0.33 0.67
Subject 5 35.00 67.30 0.00 0.67
Subject 6 43.50 57.717 0.00 2.00
Subject 7 29.27 57.93 0.67 1.00
Subject 8 24.37 41.13 0.00 0.33
Subject 9 32.93 52.83 0.00 0.67
Subject 10| 34.47 51.07 0.00 0.00

Mean 30.59 48.34 0.00 0.33

SD 5.48 10.67 0.22 0.58
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40
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Moisture

20

10 4

Control Sweating
1
0.8
0.6
0.4
=
0.2 [
0 T
Control Sweating
-0.2
-0.4

Fig. 5-3-2 Result of skin moisture and oil content under control and sweating

conditions
%532 L 53312, EEBAOWRES 5 4T0, “RIETOALN L MBORE
BT, CAMEE b, ARG LR E AR L 0 M5 ORI LR 1 12 2,
AEET/LNIL T
MY EIC L DHEEENGF DN oT72lo), IRELURDT D 2 L72<, 10 L OWRE %
XMNBRIZ, FREFEMT L& L L.
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Table 5-3-2 Comparison of moisture and oil content of subjects from Japan and China

(Japan n=5, China n=b)

Moisture Qil
Control Sweating Control Sweating
Japan |32.91+7.09(|52.15+6.86| 0.13%+0.30 | 0.80+0.77
China  |31.48+4.0054.85+14.31 0.07+0.15 | 0.60%0.37
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0 T
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-04

Fig. 5-3-3 Comparison of moisture and oil content of subjects from Japan and China
(Japan n=5, China n=b)

(2) BERIEM S /8T A —Z 2K D

10 £ OYERE (TR 2 SEEERTR ORREH S N T A —F 2K 5-3-3~5-3-4 &
5-3-4~5-3-T |T"T. S HITFE 5-3-5 L[¥ 5-3-8 [THNLEMF FTD, £ 5-3-6 £[X]5-3-9
ICBBGM T To, BEER SRz OEZ T, 10 LAOEBRENO/ LN T — X IZB W TH
WMEREICKLVEDOH -T2 2 7T —F &fRrE, FHEZREE LR B2 T ol
TPSZEE T TOMICHESR, B ETERWERmZ R L7z, Gon7Ecx L, B (Tardk
i - BEGRME), KEMOMEE (R, @), Mk (- RV = 270) © 3 JFoeE
ERONCT D0, SBlES ST EITo 7. kR EZ R 5-3-T 1R T. 3R TOF
T, REINTF2 SRz ICHRICHET D &, iR T o, £z, RFRORALE
MIZOWT, BREE EHFRIC W TERER 5hTHENRED b, ZFET TOMRYDELIC X
D, SRz IMEZ RESIETSELZ BN ER-TZ (K5-3-9).
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Table 5-3-3 Data of control

Subject 1
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 121.89 91.50 213.40 33.41 19.80 25.90 199.31
After 121.99 83.70 205.70 37.37 20.53 26.59 193.03
Knitted Before 109.49 93.88 203.37 32.29 17.73 23.00 198.56
Cotton After 120.24 79.70 199.94 34.58 18.90 24 .57 169.17
Knitted Before 119.11 102.94 222.05 38.22 22.24 28.34 205.88
Poiyester After 128.63 105.27 233.90 41.10 21.50 27.77 228.18
Woven Before 110.23 88.10 198.33 38.81 22.08 27.88 186.48
Cotton After 105.29 100.31 205.60 39.08 22.15 27.80 196.16
Woven Before 116.13 94.08 210.20 34.69 20.82 26.50 200.78
Poiyester After 118.73 97.45 216.18 39.50 21.49 27.62 202.30
Subject 2
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 113.03 62.12 175.15 29.74 17.26 22.72 168.76
After 125.86 70.98 196.84 32.02 17.22 23.21 187.28
Knitted Before 121.70 85.26 206.96 37.45 19.91 25.75 197.73
Cotton After 110.24 104.44 214.68 39.61 21.96 27.79 204.80
Knitted Before 110.39 71.45 181.84 26.19 17.30 22.82 172.68
Poiyester After 104.80 66.85 171.66 28.35 15.75 20.67 164.21
Woven Before 99.03 83.27 182.30 24.74 14.59 19.18 178.91
Cotton After 107.80 70.24 178.04 27.36 15.55 20.54 160.19
Woven Before 106.28 76.96 183.24 30.99 18.06 23.07 172.97
Poiyester After 117.23 65.24 182.47 32.26 17.63 23.00 177.08
Subject 3
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 103.32 74.26 177.58 26.07 17.74 23.02 169.79
After 103.73 74.32 178.04 25.70 15.69 20.58 171.14
Knitted Before 109.38 83.31 192.69 35.34 18.70 23.86 184.60
Cotton After 111.83 90.03 201.86 32.16 18.86 24.58 180.69
Knitted Before 102.79 79.18 181.97 27.55 16.66 21.75 173.86
Poiyester After 112.16 80.79 192.95 39.64 20.38 25.73 185.93
Woven Before 113.09 87.44 200.53 32.33 19.15 24.21 184.12
Cotton After 102.16 85.96 188.12 34.61 18.93 23.94 184.89
Woven Before 91.81 79.39 171.20 27.74 16.38 20.73 162.00
Poiyester After 100.86 80.03 180.89 29.68 18.43 23.30 173.26
Subject 4
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 113.48 76.36 189.84 33.89 18.61 24.05 185.68
After 115.65 88.82 204.46 37.35 20.22 25.90 190.54
Knitted Before 131.24 85.80 217.04 42.57 22.81 29.36 210.61
Cotton After 132.82 88.20 221.02 46.72 24.01 30.55 211.84
Knitted Before 100.80 70.11 170.91 33.39 17.85 22.61 165.13
Poiyester After 115.52 84.06 199.59 34.17 18.57 24.14 189.15
Woven Before 124.41 73.04 197.45 44.28 21.79 27.85 192.33
Cotton After 13047 104.23 234.71 44.79 24.62 31.73 229.27
Woven Before 113.08 75.02 188.10 29.82 17.61 22.79 176.04
Poiyester After 103.30 94.53 197.82 33.68 18.48 23.43 192.87
Subject 5
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 103.27 71.53 174.80 30.11 15.92 20.31 161.88
After 114.43 68.62 183.05 34.15 19.86 25.10 168.43
Knitted Before 106.74 77.11 183.85 35.03 20.11 25.60 178.18
Cotton After 128.07 110.13 238.20 42.59 23.01 29.15 209.21
Knitted Before 110.46 86.90 197.37 38.36 20.98 26.51 185.00
Poiyester After 112.81 77.59 190.41 37.63 19.99 25.18 180.82
Woven Before 111.36 71.10 182.46 35.27 18.79 23.89 170.15
Cotton After 109.30 89.65 198.95 38.41 20.50 25.79 189.57
Woven Before 104.65 86.10 190.75 38.14 20.94 26.39 171.52
Poiyester After 117.63 84.99 202.62 41.04 21.60 27.49 194.38
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Subject 6

SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 131.77 67.05 198.82 30.69 17.44 22.96 195.15
After 122.36 83.38 205.74 32.51 19.03 25.46 189.78
Knitted Before 110.47 80.82 191.30 32.62 16.89 22.23 179.43
Cotton After 124.17 84.44 208.61 38.09 20.77 26.92 200.14
Knitted Before 128.82 81.47 210.29 36.21 20.24 26.61 204.26
Poiyester After 127.26 94.79 222.05 41.20 22.71 29.10 210.82
Woven Before 115.61 68.22 183.83 28.40 15.63 20.97 176.40
Cotton After 112.84 76.15 188.99 31.94 17.92 23.60 181.87
Woven Before 131.77 77.74 209.51 36.75 19.55 25.69 203.32
Poiyester After 112.43 69.22 181.65 30.15 16.40 21.79 166.65
Subject 7
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 138.59 88.19 226.79 48.84 24.44 31.28 217.75
After 129.44 99.32 228.76 46.62 24.81 31.68 218.76
Knitted Before 123.25 93.41 216.66 38.79 21.03 27.21 211.59
Cotton After 114.57 84.73 199.30 40.36 21.16 26.78 193.72
Knitted Before 121.23 81.71 202.94 44.30 23.14 29.35 193.07
Poiyester After 123.92 83.19 207.11 42.15 22.94 29.30 194.05
Woven Before 111.09 75.69 186.78 37.94 19.45 24.98 179.30
Cotton After 112.96 85.51 198.47 37.88 19.24 24.71 184.94
Woven Before 128.04 93.35 221.39 41.50 23.90 30.43 210.75
Poiyester After 135.11 82.74 217.85 50.95 26.17 32.69 213.34
Subject 8
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 143.87 96.09 235.57 52.04 27.91 35.59 232.58
After 142.51 102.86 245.37 46.83 26.32 33.82 229.32
Knitted Before 140.95 91.79 232.74 46.63 25.27 32.27 228.70
Cotton After 138.49 94.08 232.58 46.50 24.12 30.84 226.41
Knitted Before 120.08 89.27 209.34 41.78 21.60 27.86 183.58
Poiyester After 139.58 94.09 233.66 42.95 23.07 29.92 227.40
Woven Before 136.91 93.73 230.63 44.88 22.59 29.30 225.33
Cotton After 120.14 90.14 210.29 44.25 23.57 29.86 201.24
Woven Before 127.66 81.59 209.25 40.86 21.61 27.91 202.49
Poiyester After 130.91 91.42 222.33 44.22 21.45 27.47 212.32
Subject 9
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 108.01 88.23 196.24 33.65 18.61 23.76 191.33
After 106.20 72.46 178.65 38.92 18.04 23.19 170.50
Knitted Before 127.35 76.14 203.50 40.04 20.17 26.60 199.44
Cotton After 111.99 78.74 190.74 41.85 20.34 25.69 186.01
Knitted Before 138.36 95.95 234.32 45.61 24.65 31.58 226.02
Poiyester After 133.55 92.61 226.16 43.50 23.41 30.36 219.42
Woven Before 139.05 90.72 229.77 42.28 23.12 30.10 218.27
Cotton After 153.53 98.87 252.40 47.07 25.67 33.59 238.89
Woven Before 110.17 73.37 183.54 35.11 17.09 22.30 176.11
Poiyester After 120.29 87.63 207.92 37.90 18.06 23.88 200.29
Subject 10
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 125.31 84.77 209.39 31.39 17.92 23.32 193.35
After 101.92 73.29 175.21 31.55 14.54 19.05 168.05
Knitted Before 104.07 80.93 185.00 33.66 16.68 21.64 176.12
Cotton After 102.72 89.46 193.13 34.35 17.90 23.08 181.99
Knitted Before 108.42 81.02 189.45 29.34 16.10 21.22 180.32
Poiyester After 136.91 71.45 208.36 35.63 18.59 25.14 190.01
Woven Before 121.84 89.62 211.46 37.65 20.39 26.20 200.91
Cotton After 108.14 81.10 189.24 32.74 18.75 23.83 180.21
Woven Before 124.91 84.15 209.06 41.32 21.90 28.18 198.06
Poiyester After 131.45 74.89 206.35 41.37 21.53 27.91 201.28
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Table 5-3-4 Data of sweating

Subject 1
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 142.06 103.64 245.71 50.38 27.09 33.89 226.38
After 118.85 76.98 195.83 39.55 22.29 27.99 187.00
Knitted Before 111.13 76.24 187.36 34.98 19.59 25.02 176.40
Cotton After 108.61 71.42 180.02 31.86 17.99 22.94 173.82
Knitted Before 116.66 80.15 196.81 36.38 19.95 25.99 187.46
Poiyester After 113.84 74.08 187.92 34.07 19.20 24.69 177.85
Woven Before 123.53 86.54 210.06 48.42 24.38 30.91 201.11
Cotton After 122.87 91.09 213.96 39.67 20.98 27.13 198.20
Woven Before 97.36 77.11 174.47 30.72 18.18 23.17 166.42
Poiyester After 101.47 76.48 177.95 31.34 17.63 22.27 170.63
Subject 2

SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 110.01 77.50 187.51 31.44 18.26 23.51 181.62
After 107.76 74.48 182.24 28.94 17.56 22.75 175.59
Knitted Before 95.33 66.76 162.09 27.30 16.30 20.76 155.65
Cotton After 90.52 68.22 158.74 24.89 14.37 18.65 149.56
Knitted Before 104.27 82.83 187.10 34.62 18.78 24.16 179.69
Poiyester After 116.31 86.26 202.57 34.40 21.35 27.27 191.50
Woven Before 106.67 81.96 188.63 33.28 18.63 23.87 181.20
Cotton After 113.18 78.22 191.40 30.78 17.54 22.81 185.82
Woven Before 96.01 83.49 179.50 31.46 17.58 22.29 17413
Poiyester After 127.48 77.44 204.92 33.13 19.30 25.04 190.61

Subject 3
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 124.09 75.80 199.89 31.84 17.88 23.00 197.32
After 123.12 69.61 192.73 37.34 20.06 26.14 186.28
Knitted Before 108.24 89.48 197.73 32.73 19.03 24.32 187.39
Cotton After 110.34 69.82 180.16 29.93 16.57 21.72 175.12
Knitted Before 102.12 88.97 191.08 31.58 17.87 22.76 158.08
Poiyester After 113.88 83.61 197.49 30.14 17.92 23.30 187.75
Woven Before 102.12 88.97 191.08 31.58 17.87 22.76 158.08
Cotton After 122.35 112.55 234.90 36.84 18.16 24.29 222.57
Woven Before 112.68 83.30 195.99 30.57 17.85 23.20 181.12
Poiyester After 105.25 84.06 189.31 32.34 18.26 23.16 180.82

Subject 4
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 113.92 83.95 197.87 34.92 19.21 24.41 180.70
After 117.87 80.05 197.92 37.42 19.07 24.62 190.51
Knitted Before 94.72 77.47 172.19 30.31 16.52 21.12 162.85
Cotton After 88.80 84.71 173.51 29.33 16.29 20.54 156.19
Knitted Before 97.34 74.67 172.01 30.62 16.78 21.39 162.42
Poiyester After 111.37 72.74 184.11 33.65 17.40 22.39 175.84
Woven Before 121.08 103.50 224.58 43.67 2547 31.79 215.07
Cotton After 120.06 99.49 219.56 46.70 23.61 29.80 213.02
Woven Before 128.48 92.06 220.55 40.66 22.41 28.77 205.33
Poiyester After 115.95 85.17 201.13 42.86 21.77 27.86 192.92

Subject 5
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 107.83 98.54 206.36 35.59 19.53 24 .97 200.76
After 118.49 95.77 214.26 39.79 21.80 27.31 205.46
Knitted Before 129.61 91.78 221.39 47.38 23.11 29.01 211.39
Cotton After 116.98 76.92 193.90 38.10 20.85 26.58 191.56
Knitted Before 93.07 74.32 167.39 30.73 15.63 20.04 162.04
Poiyester After 101.59 80.80 182.38 31.52 16.68 21.66 178.26
Woven Before 82.63 63.64 146.27 25.84 13.74 17.70 141.17
Cotton After 90.43 71.84 162.27 28.45 15.86 20.36 156.37
Woven Before 104.89 70.83 175.71 32.94 16.41 21.14 169.58
Poiyester After 111.05 80.18 191.23 36.20 18.10 23.21 181.76

135




Subject 6

SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 103.59 64.33 167.91 26.62 15.66 20.26 161.72
After 118.98 70.10 189.08 37.39 20.39 26.35 183.35
Knitted Before 98.21 62.10 160.31 27.16 15.68 20.24 156.30
Cotton After 105.91 79.88 185.79 33.05 17.13 22.28 178.44
Knitted Before 107.40 65.10 172.51 26.96 15.04 19.52 167.15
Poiyester After 98.63 71.34 169.98 32.12 16.34 20.95 161.95
Woven Before 131.55 71.20 202.75 34.86 20.14 26.07 172.62
Cotton After 170.91 84.27 255.18 37.63 20.72 26.85 216.50
Woven Before 128.70 75.79 204.50 40.16 22.07 28.45 200.37
Poiyester After 134.65 77.60 212.25 43.78 22.40 29.01 202.88
Subject 7
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 105.09 81.02 186.10 33.82 18.26 23.34 165.32
After 118.56 71.38 189.95 37.31 18.73 24.19 181.52
Knitted Before 94.76 78.93 173.69 29.96 16.32 20.89 168.11
Cotton After 97.80 85.87 183.67 32.79 17.57 22.39 171.87
Knitted Before 101.70 84.70 186.41 33.04 18.23 23.37 181.76
Poiyester After 115.73 91.38 207.12 36.96 19.79 25.45 194.22
Woven Before 103.07 88.54 191.60 36.53 20.41 25.98 188.39
Cotton After 108.85 75.76 184.60 33.23 17.32 22.45 173.33
Woven Before 121.33 74.10 19542 36.49 19.49 24.94 188.38
Poiyester After 116.32 79.43 195.76 36.83 19.54 2491 185.89
Subject 8
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 112.70 102.73 215.43 35.65 20.51 25.83 196.34
After 118.16 82.78 200.94 36.71 20.20 25.97 194.25
Knitted Before 123.60 82.28 205.88 36.39 22.24 28.71 193.16
Cotton After 144.13 105.56 249.68 43.37 23.80 30.64 234.87
Knitted Before 137.59 97.37 234.96 47.49 25.84 33.08 221.54
Poiyester After 159.96 92.44 252.40 52.88 27.27 34.94 239.04
Woven Before 111.19 79.57 190.76 36.23 20.22 25.92 182.62
Cotton After 101.65 75.02 176.66 33.68 17.34 22.71 168.12
Woven Before 119.98 88.54 208.53 42.08 21.55 27.84 191.44
Poiyester After 131.51 95.42 226.94 44.04 23.45 30.25 220.35
Subject 9
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 103.09 78.65 181.74 38.36 19.27 24.32 179.96
After 103.03 69.35 172.37 32.73 17.14 22.04 170.62
Knitted Before 109.48 68.01 177.49 37.33 18.74 24.14 172.94
Cotton After 118.59 81.74 200.32 41.09 20.78 26.78 192.98
Knitted Before 97.44 74.11 171.55 32.16 16.65 21.22 166.76
Poiyester After 93.41 71.56 164.97 27.63 13.83 18.15 159.40
Woven Before 93.20 65.32 158.52 27.93 13.82 17.69 155.92
Cotton After 77.86 71.25 149.11 23.91 11.63 15.26 140.29
Woven Before 82.32 83.33 165.65 24 .87 12.29 16.15 160.59
Poiyester After 98.11 60.99 159.10 28.49 13.73 17.72 146.53
Subject 10
SRp SRv SRz SRc SRa SRq SRzjis
Blank Before 109.29 81.02 190.32 35.73 19.30 24.74 186.39
After 125.88 78.40 204.28 35.25 19.09 25.04 196.69
Knitted Before 96.69 83.29 179.98 28.23 16.09 20.63 168.92
Cotton After 85.53 77.65 163.18 25.81 13.47 17.42 144.27
Knitted Before 122.89 84.56 207.45 41.11 21.63 27.83 195.08
Poiyester After 124.20 94.00 218.20 38.68 21.57 2747 206.21
Woven Before 113.89 81.55 195.44 33.30 18.87 23.96 179.59
Cotton After 118.01 75.17 193.18 31.26 17.15 22.32 167.73
Woven Before 149.59 92.74 242.33 42.98 2417 31.64 225.13
Poiyester After 138.69 82.02 220.71 44.88 23.70 30.45 211.63
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Sample Before After vZfit;iil(i):y Blank —
Subject 1 33.41 37.37 11.87 60 —_—
Subject 2 | 29.74 32.02 7.66
Subject 3 | 26.07 25.70 -1.40 50 —3
Subject 4 | 33.89 37.35 10.23 —,
Subject 5 | 30.11 34.15 13.39 40 S
Subject 6 | 30.69 32.51 5.93 T, — .
Blank |Subject 7 | 48.84 46.62 -4.54 2 -
Subject 8 | 52.04 46.83 -10.02 2 7
Subject 9 | 33.65 38.92 15.68 8
Subject 10| 31.39 31.55 0.51 10 0
Mean 34.98 36.30 3.77 o
SD 8.50 6.66 -21.71 0
SE 2.69 2.10 -21.71 Before After ==Mean
Sample Before After vl:fi:)ilti)tfy Knitted Cotton —
Subject 1 | 32.29 34.58 7.07 60 -,
Subject 2 | 37.45 39.61 5.77
Subject 3 | 35.34 32.16 -8.98 50 - —
Subject 4 42.57 46.72 9.74 —_— —_
Subject 5 | 35.03 42,59 21.57 0 —
. Subject 6 | 32.62 38.09 16.79 C —_—
}g;'ttttz: Subject 7 | 3879 | 40.36 404 - e
Subject 8 | 46.63 46.50 -0.27 20 7
Subject 9 | 40.04 41.85 4.52 8
Subject 10| 33.66 34.35 2.05 10 9
Mean 37.44 39.68 5.98 i
SD 4.64 4.98 7.35 0
SE 147 1.57 7.35 Before After ==Mean
Sample Before After Ra.te .(.)f Kni i
variability nitted Poiyester —
Subject 1 | 38.22 41.10 7.52 60
Subject 2 | 26.19 28.35 8.26 -
Subject 3 | 27.55 39.64 * 43.90 50 —3
Subject 4 | 33.39 34.17 2.33 J—
Subject 5 | 38.36 37.63 -1.90 a0 ?’7’” s
. Subject 6 | 36.21 41.20 13.78 = —
P}:ir;:si:r Subject 7 | 4430 | 42.15 | -4.84 §3° = ¢
Subject 8 | 41.78 42.95 2.80 2 7
Subject 9 | 45.61 43.50 -4.64 8
Subject 10| 29.34 35.63 21.44 10 .
Mean 36.10 38.63 7.03
SD 6.86 4.76 —30.64 0 10
SE 217 1.51 -30.64 Before After ==ean
Rate of
Sample Before After variability Woven Cotton .
Subject 1 | 38.81 39.08 0.70 o
Subject 2 | 24.74 27.36 10.61 -
Subject 3 | 32.33 34.61 7.03 50 —3
Subject 4 | 44.28 44.79 1.15 —_— —_
Subject 5 35.27 38.41 8.90 40 — —_—
Woven |Subject 6 | 28.40 31.94 12.50 T S .
Cotton | Sublect7 | 37.94 37.88 -0.15 g e
Subject 8 | 44.88 44.25 -1.40 2 7
Subject 9 | 42.28 47.07 11.33 8
Subject 10| 37.65 32.74 -13.02 10 .
Mean 36.66 37.81 3.16
SD 6.63 6.30 -4.95 0 10
SE 2.10 1.99 -4.95 Before After e=\lean
Fig. 5-3-4-1 SRc data of control

137




Rate of
Sample Before | After | variability Woven Poiyester .
Subject 1 34.69 39.50 13.87 60 -
Subject 2 30.99 32.26 4.10
Subject 3 27.74 29.68 6.99 50 -3
Subject 4 29.82 33.68 12.94 —_—
Subject 5 38.14 41.04 7.61 40 —
Woven |Subiect 6 | 36.75 3015 | *-17.97 g, -
Poiyester Subject 7 41.50 50.95 22.78 g
Subject 8 40.86 44.22 8.22 20 -7
Subject 9 35.11 37.90 7.93 8
Subject 10| 41.32 41.37 0.13 10 9
Mean 35.69 38.08 6.68 —10
SD 4.95 6.76 36.72 0 o ‘ " ‘
SE 1.56 2.14 36.72 erore ¢ =Mean
Blank — Knitted Cotton —_—1
50 —_2 50 —_—2
40 —3 40 -3
—_— —
30 .30
2 —_—5 kS —_—5
< 20 < 20 -~
£ — £ —
2 ., 210 —
> >
S 0 —3 S 04 —g
% Before er % Before After
£ .10 9 = .10 9
20 10 20 ——10
@ |\lean e \lean
-30 -30
Knitted Poiyester —_ Woven Cotton —_1
50 —_ 50 —_—2
40 e -3 40 -3
30 / - 30 -
3 / P ) —5
T 20 s 20
£ / — £ —
E 10 — s 10 —
S g
P mme— T || .
2 Before - TAfter 2 Before After
€ .10 9 € .10 9
20 —10 20 —10
e |\ean e \ean
-30 -30
Woven Poiyester —_
50 —_
40 -3
—_—
.30
X —_—5
3 2 .
E 10 —
5 7
5 0 38
% Before After
£ .10 9
20 \ 10
a\lean
-30

Fig.

5-3-4-2 SRc data of control
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Rate of
Sample Before After variabilit Blank .
Subject 1 | * 50.38 39.55 —21.50 o .,
Subject 2 | 31.44 * 28.04 ~7.96
Subject 3 31.84 37.34 17.27 50 -3
Subject 4 | 34.92 37.42 7.16 \ —
Subject 5 | 3559 39.79 11.81 40 — S
Subject 6 | _26.62 37.39 4048 g, — .
Blank [Subject 7 | 33.82 37.31 10.34 F
Subject 8 | _ 35.65 36.71 2.99 2 7
Subject 9 | _ 38.36 32.73 ~14.68 8
Subject 10| _ 35.73 3525 —1.34 10 .
Mean 33.77 37.06 2.29
SD 3.42 213 —47.13 0 ‘ T 10
SE 1.08 0.67 —47.13 Before After =Mean
Rate of
Sample Before After variability Knitted Cotton —_
Subject 1 | 34.98 31.86 —8.92 0 .,
Subject 2 | 27.30 24.89 -8.83
Subject 3 | 32.73 29.93 —8.55 0 —3
Subject 4 | _ 30.31 29.33 —3.24 — —
Subject5 | *47.38 | *3810 | -19.57 40 — —
. Subject 6 | 27.16 33.05 21.67 T —
'é’;':::: Subject 7 | __29.96 32.79 9.48 ?E 30 —_— -
Subject 8 | 36.39 43.37 19.19 20 7
Subject 9 | 37.33 41.09 10.05 8
Subject 10| _ 28.23 25281 —8.57 10 5
Mean 31.60 32.46 —0.47 , o
SD 3.91 6.25 —0.84 sefore ‘ Afor
SE 1.24 1.97 -0.84 === Mean
Rate of
Sample Before | After | variabiliy Knitted Poiyester —
Subject 1 | 36.38 34.07 ~6.36 o .,
Subject 2 | 34.62 34.40 -0.65
Subject 3 | 31.58 30.14 —457 0 —3
Subject 4 | 30.62 33.65 9.89 —
Subject 5 | 30.73 3152 255 40 —
. Subject 6 | 26.96 32.12 19.12 T p— A
P};”y'ii:r Subject 7 |_33.04 36.96 11.87 §' 30 — 6
Subject 8 | * 4749 | *52.88 11.36 20 7
Subject 9 | 32.16 27.63 —14.11 8
Subject 10| 41.11 38.68 -5.90 10 5
Mean 33.02 33.24 2.13 . o
SD 4.03 3.37 17.39 oetore ‘ arr
SE 1.27 1.07 17.39 ==—Mean
Rate of
Sample Before | After | variabiliy Woven Cotton —
Subject 1 | 48.42 39.67 ~18.08 0 .,
Subject 2 | 33.28 30.78 —7.49
Subject 3 | 31.58 36.84 16.66 so —3
Subject 4 | 43.67 46.70 6.94 >—< —
Subject 5 | 25.84 28.45 10.11 40 —
. ~ —
Subject 6 | 34.86 37.63 7.93 e ——— .
év;’t‘g: Subject 7 | 36.53 33.23 ~9.03 §' 30 ——— 6
Subject 8 | _ 36.23 33.68 —7.04 20 7
Subject 9 | 27.93 23.91 -14.37 8
Subject 10| _ 33.30 31.26 —6.12 10 5
Mean 35.16 34.22 —2.69 , o
SD 6.75 6.37 —5.66 setore ‘ A
SE 2.14 2.01 -5.66 ===Mean
Fig. 5-3-5-1 SRc data of sweating
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Sample Before After Rate of .
P variability Woven Poiyester —
Subject 1 30.72 31.34 2.01 " ,
Subject 2 | 3146 33.13 5.28
Subject 3 | 3057 32.34 5.80 50 -3
Subject 4 | 40.66 42.86 5.43 — —
Subject 5 | 32.94 36.20 9.90 40 —_
Woven |Sublect6 | 40.16 43.78 9.01 e 7__— .
Poiyoster |Sublect7 | 3649 36.83 0.95 z 30
Subject 8 | 42.08 44.04 4.68 2 —
Subject 9 |  24.87 28.49 14.54 —38
Subject 10| 42.98 44.88 4.42 10 9
Mean 35.29 37.39 5.94 1
SD 6.07 6.08 0.21 0 et ‘ At !
SE 1.92 1.92 0.21 etore er ===Mean
Blank . Knitted Cotton —
50 — )
40 / —3
~ 30 —_— -
g g
% pd —s 5
3 —6 I
T 10 =
g —T S
3o . 3
2 Before er B = Before
e« -10 \ 9 @ -
-20 ~ —10
-30 - \ean
Knitted Poiyester I Woven Cotton —_
50 — ) 50 — )
40 3 40 —3
—~ — — —
3 30 : g 30 :
Zz 20 - Z 20 -
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Fig. 5-3-5-2 SRc data of sweating
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Rate of
Sample Before After variability Blank .
1 213.40 | 20570 | -3.61 300 —
2 17515 | 196.84 12.38
3 17758 | 178.04 0.26 250 -3
4 189.84 | 204.46 7.70 _— —4
5 174.80 | 183.05 472 200 [ T ———————— 5
6 198.82 | 205.74 3.48 T o0 - 6
Blank 7 226.79 | 228.76 0.87 z ,
8 23557 | 24537 4.16 100 .
9 19624 | 17865 | -8.96
10 20939 | 17521 | -16.32 50 9
Mean 1909.76 | 200.18 0.21 10
SD 21.40 23.14 8.12 0 ‘ Jpe———
SE 6.77 732 812 Before After
Rate of
Sample Before After variability Knitted Cotton —
1 20337 | 199.94 | -1.69 20 -,
2 206.96 | 214.68 3.73
3 192.69 | 201.86 4.76 250 -3
4 217.04 | 221.02 1.83 j —
5 183.85 | 23820 | 2956 200 1 e  —— —
. 6 191.30 | 208.61 9.05 T 6
Knitted 7 21666 | 19930 | 801 § 10 ,
8 232.74 | 23258 | -0.07 100 .
9 20350 | 19074 | -6.27
10 185.00 | 193.13 4.40 50 9
Mean 20331 | 210.00 3.29 10
SD 15.70 16.29 3.77 0 ‘ " ammmlMean
SE 4.96 515 3.77 Before After
Rate of
Sample Before | After | | ariability Knitted Poiyester .
1 22205 | 233.90 5.34 200 —,
2 18184 | 17166 | -560
3 181.97 | 192.95 6.03 250 -3
4 17091 | 199.59 16.78 e —
5 197.37 190.41 -353 200 —_!5 —
. 6 21029 | 22205 5.59 G 6
P};';'zt:t‘:r 7 20294 | 207.11 2.05 T?" 150 S
3 209.34 | 233.66 11.62 100 .
9 23432 | 226.16 | -3.48
10 189.45 | 208.36 9.98 50 9
Mean 200.05 | 20858 4.27 10
SD 19.68 20.50 417 0 ‘ " amm—liean
SE 6.22 6.48 417 Before After
Rate of
Sample Before | After | Lariability Woven Cotton —
1 198.33 | 205.60 3.66 20 —
2 182.30 | 178.04 | -2.34
3 20053 | 188.12 —6.19 250 -3
4 107.45 | 23471 18.87 — —4
5 182.46 | 198.95 9.04 200 | —
Woven 6 183.83 | 188.99 2.80 g — 6
Coton 7 186.78 | 198.47 6.26 z 5
8 230.63 | 21029 | -882 100 .
9 22977 | 252.40 9.85
10 211.46 | 189.24 | —10.51 50 J
Mean 200.35 | 204.48 2.06 10
SD 18.32 22.97 25.40 0 ‘ [
SE 5.79 7.27 25.40 Before After

Fig. 5-3-6-1 SRz data of control
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Sampl Bef Aft Rate of :
ame’e erore " | variability Woven Poiyester —
1 21020 | 216.18 2.84 200 -
2 183.24 | 182.47 -0.42
3 171.20 | 180.89 5.67 250 -3
4 188.10 | 197.82 517 —1
5 190.75 | 202.62 6.22 200 —E— —5
Woven 6 209.51 18165 | -13.30 T 100 —
Poiyester 7 22139 | 217.85 -1.60 g —
8 209.25 | 22233 6.25 100 S
9 18354 | 207.92 13.28
10 209.06 | 206.35 -1.30 50 9
Mean 197.62 | 201.61 2.02 —10
SD 16.23 15.55 -4.19 0 —\can
SE 513 4.92 —4.19 Before After
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Fig. 5-3-6-2 SRz data of control
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Rate of
Sample Before After variability Blank —
Subject 1 | * 24571 | 19583 | -20.30 200 .
Subject 2 | 18751 | 18224 | -281
Subject 3 | 19989 | 19273 | -3.59 250 —3
Subject 4 | 197.87 | 197.92 0.03 \e_ —
Subject 5 | 206.36 | 214.26 3.83 200 — — —_—
Subject 6 | 167.91 | 189.08 | 12.60 o .
Blank [Subject7 | 186.10 | 189.95 2.06 5
Subject 8 | 21543 | 20094 | -6.72 100 7
Subject 9 | 181.74 | 17237 | -5.15 8
Subject 10 _190.32_| 204.28 734 50 .
Mean | 19257 | 193.96 0.72
SD 14.11 1170 | -17.09 0 ‘ 10
SE 4.46 3.70 -17.09 Before After ===Mean
Sample Before After Ra.te .(.)f
variability | Knitted Cotton
Subject 1 | 187.36_| 18002 | -3.92 —1
Subject 2 | 162.09 | 15874 | —207 300 —
Subject 3 | 197.73 | 180.16 | -8.88 ’so —
Subject 4 | 172.19 | 173.51 0.77 . —
Subject 5 | 22139 | 19390 | —12.42 200 — .
. Subject 6 | 16031 | 18579 | 15.89 - —
’ér;':j: Subject 7 | 173.69 | 183.67 574 § 150 6
Subject 8 | 205.88 | * 24968 | 21.28 100 7
Subject 9 | 177.49 | 20032 | 12.86 N
Subject 10| 179.98 | 163.18 | -9.33 50 .
Mean | 183.81 | 179.92 1.68
SD 19.50 13.37 30.30 0 ‘ 10
SE 6.17 4.23 30.30 Before After =Mean
Rate of
Sample Before After variability Knltted POiYESter —1
Subject 1 | 196.81 | 18792 | -452 200 .,
Subject 2 | 187.10 | 20257 8.27
Subject 3 | 191.08 | 197.49 3.35 250 —3
Subject 4 | 172.01_| 184.11 7.04 —
Subject 5 | 167.39 | 182.38 8.96 00—
. Subject 6 | 172.51 | 169.98 | —1.47 2 =
P';';':t;‘ir Subject 7 | 186.41 | 207.12 | 11.11 g“’o 6
Subject 8 | * 234.96 | * 25240 | 7.42 100 7
Subject 9 | 17155 | 16497 | -3.83 8
Subject 10 207.45 | 218.20 518 50 .
Mean | 18359 | 19053 3.78 .
SD 13.62 17.41 27.77 0 ‘ ‘ 0
SE 431 550 27.77 Before After =ean
Rate of
Sample Before After variability Woven Cotton —
Subject 1 | 210.06 | 213.96 1.86 200 .
Subject 2 | 188.63 | 191.40 1.47
Subject 3 | 191.08 | 23490 | 2293 250 —3
Subject 4 | 22458 | 21956 | -2.24 gi— ——
Subject 5 | 14627 | 16227 | 1093 200 —
Subject 6 | 202.75 | 255.18 | 25.86 T I
gv;’t‘fcz: Subject 7 | 191.60 | 18460 | -3.65 § 150 6
Subject 8 | 190.76 | 176.66 | -7.39 100 7
Subject 9 | 15852 | 149.11 —5.94 8
Subject 10| 19544 | 193.18 | -1.16 50 .
Mean | 189.97 | 19808 427 o
SD 2285 32.86 43.80 0 » ‘ . ‘
SE 7.23 10.39 43.80 efore Ater —
Fig. 5-3-7-1 SRz data of sweating
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Rate of
Sample Before After variabilit Woven P0|yester —
Subject 1 174.47 177.95 1.99 300 N
Subject 2 | 179.50 204.92 14.16
Subject 3 | 195.99 189.31 -3.41 250 -3
Subject 4 | 220.55 201.13 —8.80 —
Subject 5 175.71 191.23 8.83 200 1 —
Woven Subject 6 | 204.50 212.25 3.79 E 150 —
Poiyester Subject 7 195.42 195.76 0.17 g
Subject 8 | 208.53 | 226.94 8.83 100 -
Subject 9 | 165.65 159.10 -3.95 —8
Subject 10| 242.33 220.71 -8.92 50 9
Mean | 196.26 | 197.93 0.85 1
SD 23.68 20.15 —-14.89 0
SE 7.49 637 | —14.89 Before After =Mean
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Fig. 5-3-7-2 SRz data of sweating
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Table 5-3-5 The SRz value after friction under the control condition (n=10)

Woven

Knitting Knitting Woven

Cotton Poiyester Cotton Poiyester
1 199.94 233.90 205.60 216.18
2 214.68 171.66 178.04 182.47
3 201.86 192.95 188.12 180.89
4 221.02 199.59 234.71 197.82
5 238.20 190.41 198.95 202.62
6 208.61 222.05 188.99 181.65
7 199.30 207.11 198.47 217.85
8 232.58 233.66 210.29 222.33
9 190.74 226.16 252.40 207.92
10 193.13 208.36 189.24 206.35

Mean 210.00 208.58 204.48 201.61

SD 16.29 20.50 22.97 15.55
SE 5.15 6.48 71.27 492

220
210 .|.
200
190
=
3 180 -
170 -
160 -
5 3 5 5
= E B z
S = S =
3 S
o) aB = al
(] Q
+ aw; > o
= E g :
e = E o
= =
Fig. 5-3-8 The SRz value after friction under the control condition (n=10)
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Table 5-3-6 The SRz value after friction under the control condition (n=10)

Knitted Knitted Woven Woven
Cotton | Poiyester | Cotton |Poiyester
1 180.02 187.92 213.96 177.95
2 158.74 202.57 191.40 204.92
3 180.16 197.49 234.90 189.31
4 173.51 184.11 219.56 201.13
5 193.90 182.38 162.27 191.23
6 185.79 169.98 255.18 212.25
7 183.67 207.12 184.60 195.76
8 *249.68 | *252.40 176.66 226.94
9 200.32 164.97 149.11 159.10
10 163.18 218.20 193.18 220.71
Mean 179.92 190.53 198.08 197.93
SD 13.37 17.41 32.86 20.15
SE 4.23 5.50 10.39 6.37
¥ AMUE
220
210
200 | |
190
S
=2 180
170
160
: 5 : 5
= w = 17}
S = S =
o o
= o = e
2 - g =
& E g :
" = o
5 =
Fig. 5-3-9 The SRz value after friction under the sweating condition (n=10)
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Table 5-3-7 The results of analysis of variance.

Factor D.F. F-value P-value
Temperature 1 9.52 0
Textile weave 1 0.48 0.49
Material 1 0.11 0.75
Temperature X textile weave 1 4.07 0.05*
Temperature X material 1 0.61 0.44
Textile weave X material 1 0.42 0.52
Temperature X textile weave X material 1 0.24 0.62
Error 70

Total 77

*k:PL1%  *:P<5% significant difference

220

215

210

205

200 / ----- Control

Sweating

(1 m)

195

190

185

180 . .
Knitted Woven

Fig. 5-3-10 Average value of each level of SRz in environment X structure
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Fig. 5-3-12 Frictional coefficient (MIU)
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