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Fig. 1.1 Flowchart of research method and process
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Table 2.1 Summary of sensory tests (pre-test)

Test items
(composed scales)

Evaluation items on Safety

Evaluation items on Playability

(S-1) Safety in Ukemi

(S-2) Safety in Tachi-waza

(S-3) Safety in Ne-waza

(S-4) Overall Safety

(P-1) Playability in Tachi-waza
(P-2) Playability in Ne-waza

(P-3) Overall Playability

Test method

The method of successive categories (seven categories, absolute judgment)

Questions and
answer categories

(S-1) How is the (S-2) How is the (S-3) How is the (S-4) How is the
Safety in Ukemi Safety in Tachi-waza Safety in Ne-waza Overall Safety
of this floor sample of this floor sample of this floor sample of this floor sample
regarding hardness? regarding hardness? regarding hardness? regarding hardness?
1. Very dangerous 1. Very dangerous 1. Very dangerous 1. Very dangerous
2. Dangerous 2. Dangerous 2. Dangerous 2. Dangerous
3. Slightly dangerous 3. Slightly dangerous 3. Slightly dangerous 3. Slightly dangerous
4. Neutral 4. Neutral 4. Neutral 4. Neutral
5. Slightly safe 5. Slightly safe 5. Slightly safe 5. Slightly safe
6. Safe 6. Safe 6. Safe 6. Safe
7. Very safe 7. Very safe 7. Very safe 7. Very safe

(P-1) How is the
Playability in Tachi-waza

(P-3) How is the
Overall Playability
of this floor sample regarding

(P-2) How is the
Playability in Ne-waza

of this floor sample regarding of this floor sample regarding

hardness? hardness? hardness?
1. Very unplayable 1. Very unplayable 1. Very unplayable
2. Unplayable 2. Unplayable 2. Unplayable
3. Slightly unplayable 3. Slightly unplayable 3. Slightly unplayable
4. Neutral 4. Neutral 4. Neutral
5. Slightly playable 5. Slightly playable 5. Slightly playable
6. Playable 6. Playable 6. Playable
7. Very playable 7. Very playable 7. Very playable

Athletes’ motion
during tests

Free motion assuming the situation of each test item

Panel member

10 male athletes of Waseda University Judo Club

Test area

Area of 3 tatami mats (1 x 3 mats)

Floor samples

W450 x L450 x H230 mm, 20 samples (NO1~N20)
= Tatami (H90 mm) : 16 types (JO1~J16) + Subfloor (H140 mm) : 3 types (S01~S03)

Test site & period

Tokyo Institute of Technology campus, January 2017

Table 2.2 List of panel members

No Height Weight Rank

) (cm) (kg) (Dan)
WMO01 170 60 2
WMO02 158 60 2
WMO03 173 73 2
WMO04 165 73 2
WMO05 170 82 3
WMO06 177 82 2
WMO07 174 82 3
WMO08 171 90 2
WMO09 178 90 2
WM10 172 90 3
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Table 2.3 Summary of tatami and subfloor samples

Tatami samples

No. Section view Structure No. Structure
- spes—— | FOam + Foam + foam +
plywood + S | tatami board +
Jo n I 1 foam springs + J09 plywood + foam +
) — | plywood corriboard
Foam + — | Foam + foam +
tatami board +
402 %;13 ;—oam base J10 corriboard + foam +
corriboard
Foam + foam +
Foam + plywood + .
tatami board +
Jo3 fciam +(§0am + foam+ J11 plywood + foam +
plywoo foam + hard base
Felt + plywood + .
Jo4 hard foam base + J12 }(ihlg}}ed foim slab +
corriboard ard foam base
Felt + foam +
. Foam +
tatami board +
J05 plywood + foam + hard J13 hardbfoan& base +
foam base corriboar
Corriboard +
Foam +
J06 J14 foam +
hard foam base hard foam base
Foam + tatami board Foam + plywood +
+ foam + plywood + foam +
Jo7 foam + plywood + J15 tatami board +
foam hard foam base
Foam + Foam + foam +
Jos | hard foam base J16 foam + foam
Subfloor samples
Plywood +
S01 Hard foam base S03 foam springs +
plywood
Plywood +
foam springs +
502 plywood +
hard foam base
Table 2.4 Combination list of Judo floor samples
Subfloor samples
S01 S02 S03
JO1 NO1
J02 N16
J03 No02
J04 NO03
J05 N11
J06 No04 N17
Jo7 N12 N18
Tatami J08 NO5 N19
samples J09 N13 N20
J10 N14
J11 No06
J12 NO7
J13 N15
J14 NO08
J15 N09
J16 N10
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Fig. 2.1 Set-up of test area and placement of Judo floor samples
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Table 2.5 Analysis of variance table (pre-test)

(S-1 (S-2) (S-3) (S-4)
Safety in Safety in Safety in Overall
Ukemi1 Tachi-waza Ne-waza Safety
Mai
am 13.0% 11.2% 8.5% 12.4%
. . effect
Variance ratio .
Individual
C L. 3.9 2.1 2.5 2.7
Variation
Main
50% 48% 40% 50%
Contributi effect
ontrbtion Individual
C . 6% 2% 4% 4%
Variation
(P-1) (P-2) (P-3)
Playability in Playability in Overall
Tachi-waza Ne-waza Playability
Mai
amn 13.4% 13.8% 14.7%
Vari " effect
ariance ratio Individual
.. 1.8 1.1 1.7
Variation
Main
53% 55% 56%
. effect
Contribution —
Individual
L 2% 1% 1%
Variation

* Significant at p < 0.05
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Table 2.6 (1) Coefficients of determination (r?)
between the evaluation scales (pre-test)

S-1 S-2 S-3 S-4
S-4 0.56 0.92 0.81 1
S-3 0.53 0.90 1
S-2 0.54 1
S-1 1

Table 2.6 (2) Coefficients of determination (r?)
between the evaluation scales (pre-test)

P-1 P-2 P-3
P-3 0.95 0.96 1
P-2 0.95 1
P-1 1

Table 2.6 (3) Coefficients of determination (r?)
between the evaluation scales (pre-test)

S-1 S-2 S-3 S-4
P-1 0.06 0.62 0.59 0.58
P-2 0.12 0.72 0.67 0.67
P-3 0.17 0.77 0.71 0.74

Table 2.7 (1) List of graphs of the evaluation scales (pre-test)

S-1 S-2 S-3 S-4
S-4 (a) (b) (©
S-3 (d) (e)
S-2 ®

S-1

Table 2.7 (2) List of graphs of the evaluation scales (pre-test)

P-1 P-2 P-3
P-3 (2 (h)
P-2 ()

P-1

Table 2.7 (3) List of graphs of the evaluation scales (pre-test)

S-1 S-2 S-3 S-4
P-1 ()
P-2 (k)
P-3 1)

note : (a) ~ (1) are the names of graphs in Fig. 2.2 ~ Fig. 2.4
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Fig. 2.2 Relations between the evaluation scales of safety
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Fig. 2.3 Relations between the evaluation scales of playability
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Fig. 2.4 Relations between the evaluation scales of safety and playability
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(1) ZeMOREICET 255

Fig. 2.2 1%, Z&MEICET 5 4 RE (S-1~S-4) MoxhsX, 76X ((a)~®) Ths,

o7 ey M, THIROEEIRL TH D,

Table 2.6 BL O ZNHDOMNE, LU FTE2EERLT-,

1) ZHREOLREMERE (S-1) LT, ZHieth) Liid, TotmoRES R 15,
o> 3 REE L Bg D2 ~3 (Fig. 2.2 (@), (@, @),

i) I=Hzett (S-1)) #BR<, Zofioreett 3 RIE (IHEZet (S2)), BER
2P (8-3)), TREeRaet (S-4))) MAOHBEIXAEV (Fig. 2.2 1), (©, (),

(2) BEHMEDREEICET 555
Fig. 2.3 1%, BEMEICET 2 3 RE (P-1~P-3) MOXISKTH S,
Table 2.6 33 LV Fig. 2.3 225, 3 REROMEBIIW TN EEWNZ LR D0 5,

(3) Ltk & FEEDRARDE LS

Fig. 2.4 1%, &2 L HBHEMEOREMOXISKTH 5,

Table2.6 726, [Z &AM (S-1)) LBEMECET 2 3 RE (P-1~P-3) HOFHBIX
WTIHIENZ L35,

F72, Table 2.6 3LV Fig. 2.4 726, [ZH%aM (S-1)) #R<, ZOMOREIZDS
WX, et e BEMEOHBEIIH D BE/mNZ LD,

Fig. 2.4 (), &), O 25, FHHIMEVGRERIKRIZES U TIExHSBEIR D b 2 S8 6 5
Lbivd,
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DINT= & O BEOFHl R 5 72 ORI TR A % Fhii L 7=,
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i) REFBRIL Wb FICERE Th o7,
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LT, SEiy - B - e D 3 REZMK LT,

v) BFohic T REOHAERRESBLL, LLUTOMH & Lz,

O Tzt (S-1)) OfmIL, ZALSOReMo 3 RE SLEZet (S-2) ],
MEH et (8-3)), RERAeM (S4)) &ixRes, NHEZeM (S2)), H
Bt (S-3) ), Tazatt (S-4)1 @3 REOMHBITHEEMIZE .,

@ittt 3 RIE [NiHistE (P-1) ), TEESHE (P-2)), TREHsME (P-3))
DOFRIIE

@ IZiysedtt (S-1)) LBitto 3 RE (P-1~P-3) OMBITEW,

@ =ZH2eaeltt (S1)) #<, TOMOLEEM L FHIEO REMOMBILH 5 FE
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3.1 BHIETHE

ARETIE, 5 2 EOMRLIZLENE - Bt DBFRRE & OXIGHEOBLE G, BE
EDOFIEGR O STBRGE - FEIEOZ SRR L, RSB EL2 IR T4
LT,

ARETIE, LTOFEICL VL ED T,

1) FRESIRONT SIS 2 EWNS O LR TGE - SR RET D,

i) i) TEELLHBRAGELZMNWT, § 2 ECRELEFERRORBREZHIEL, H
TERERFOBIRE BET D,

ii) i) ORERRE, H 2 BOMK LR, « BHEOOBERREDORRE B4

50
iv) i), ii) OBLRERND, BELERBRGE - BEORYMEICE L, EEMERE
BZ9,
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3.2 BIEDFREZRDM = SHERAEIC L HARKDRIE

321 RERMGHRAE - HERDETE

(1) AREBRIEH - ik - FFo@E

FE SR OREEMEICE T 5B 55 L LC, Table 3.1 (233 BATOARIRRER 715 %38 E
Lto%¢,éﬁﬁi\ﬁﬁﬁMﬂW@ﬁ%ﬁ%’ié%ﬁﬂZ@ﬁ,EW?LEW
(IJF) OB FIEIZ L DHEIEN 4 FETH 5, Table 3.1 [ZITRBRGMF O & FEIZ D
FHaRLT,

Table 3.1 List of indicators on hardness

Indicator on Weight(kg) Diameter (mm) Fall Height

Abbreviation

hardness (mm)
AJJIF Uy (N 'm) 10.5 200 1140 U,
Standard Gs (g) 3.75 50 200 Gs
43 200 Fiy5-20 Peak dec.
Peak 600 Flyz60 Peak dec.
Deceleration 78 400 Frs-40 Peak dec.
(® 116 200 Fyi6-20 Peak dec.
600 E](;—(;ﬂpeak dec.
43 200 Fyz-20 Def.
Deflection 8 600 Fuz-e0 Def.
IJF (mm) 116 200 Fr16-20 Def.
Standard 600 Fr6-60 Def.
43 200 Flys20 Res.
Resilience 600 Fus60 Res.
(%) 116 200 Fri6-20 Res.
600 Fri6-60 Res.
Difference of
Deflections 50 78 - D.o.D.
(mm)

(2) MBRG1ER X ORREMEIC B 2 FRIE O 2
i) 2AARZEEE (AJIJF) ORBRIE
@ ZeilE 55 DIR OFEE N R O ER 5 1

Z ORBRITEII/ N B OBIZE O NZB W TSN b D TH Y, BifE, AJIF O [
MAE GuER) Bl wicgASh Wb, £/, BAEERE [JIS A 6519 : (KEEEH
BRI ] 93 L OV H ARG [IRMEREREMfEE] 910 HED b TV D,

KRB SGECTHN D [F0ES OIR OFEENRRERE ] OB L Fig. 3.1 ([TRd, A%
ElX, EMAICIVEOREIICMHoTEHEL TAFREICETIELZ LITLD, fiE
RASERIE L T 2 IRITHEE D T B AL TEZE LI2BR & RO EZEH S5 50
ThbH, ZORHIRICERT 2B ERS L OKOBINER %2, WEAHRSRBSIOTA K
XA TTEERICEL D (T T2 B MR CRIE T D,

Fig. 3.2 ZKIT, ALEETHIE S LD ME - FEFEfh#I X OETE - REE o6 2 <7,
£72, ThH0MBNSBOND, RO D FEE OB AME Dnax (mm) 12T 5 £
TOME - 2Tl ﬁ%F@SZEH:ﬁﬁo::f,wﬁﬁlbOmm)m,ﬁm$mmé

TRLEHZOHEETHY, BENEKIZET DRFAETCORODERZRLF L EKRT L,
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Uy % A CRERG SR OFREE 2 570 L, Uy O K E WVIE SRR K & VR & f
THHLDOTHD,

FEBHICBWTIE, ZHO L XI(KIC 10kN 282 28 EMEAT 22655
0.7, F1ETHRATZ LI, ENOHEMK TIILEM L B2 FRFCHEERT 5720,
JETENEIEREME AN - F0EE L, IANVAT Y 7R ORI L0 EEMEZ 72
B2 FTHROMATIC L DRNERTH 5,

AIEEORME LT, MEOREIENELEE & i U TRIEREESRE S, BELT
FEE FICRETE D70, EFEEE LI KEOBNESM FICBWT, RIS T HIE
DFEENE 2 BIFEICHIE - FHMECTE 2 88T D,
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Displacement meter

Electromagnet

Weight (mass 10.5 kg)

Fall height
1,140 mm

N i |:|]
i 7 [ A
Rubber sog—=] | oading disk .
/
Load cell (® 200 mm) H %

Fig. 3.1 Judo floor shock absorbing effect tester (AJJF)

Load (kN)

100 200 300 400

0
10

Load (kN)

Deflection (mm)

0 100 200 300 400
Time (ms) Deflection (mm)

Fig. 3.2 An example of measurement results of Judo floor shock absorbing effect

(sample NO5)
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@ HRMBIEZEHE DR D)= & ORI ik

ZORBRFIED, NI DO CBWTHBEINTZLOTHY, OORERFIE & [F
BRIZ, BUE, AJJF O [AEAE GuEd) BifE] 10, [JIS A 6519 : (K5 FHSHRUR T i
WAl 9% TV A ARG [IRVERERHmFEEL] 22 ED b TV D,

ABRFIECTHW S TEEZEREOKRO N SPEHEE | ol ch s, EET L
O E % Fig. 3.3 IT-7, REE, FEDEEDHEE T VEZFED R X 5> HIHK & 15
L7z T IMREBZRICHBRE NS5 2 ik b, ABOEEARICEL L 72K & [FkE
DEREZFHIE, COROEHBELIHTET VICEE L2 EESICHllET 2 b0 TH 5,

Fig. 3.4 1T, AZEE CHIE S LD MEE - REFIEIAE OB 2 759, SAEIHE ZERF O R D 77
S, ZOHBROKRKIE Gs (g TERTED, 1 IDOMHH ﬁ? Gs DEN/NEVIE L,
R GRITOD NS, BETHDL I EEZEWT H, FKEHKICBW L, BHIcZE
BON S ZRRRICHE - FHMiCE 5 &2 BN 5D,
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Ring frame

216 mm Accelerometer
. Head model
(Mass 3.75 kg)
7 mm +5mm
Sq
Fall height 200 mm  Impactor head

Rubber plate

T
Fig. 3.3 Floor hardness tester (AJJF)

40

Acceleration (g)

0 100 200 300 400
Time (ms)

Fig. 3.4 An example of measurement results of floor hardness (sample NO5)
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i) EEZFEEE JJF) ORBRAIE
O FE B OFEMEE DR 1%

ZORBIFIEL, hoTOT7 T UABEERFEE LTEY, BfTo IJF Bkl Lova—
2y 3 BE (EN) IZEEA S TWD 919,17, Loz LRidh, FEEOMDHEPHTIX, i
FARBLZ BI T 2 SCERSR I X LS 72 B 720,

AR AETHND [ Fal B OEEMENEEE ) OME L JORBREM% Fig. 3.5,
Table 3.1 12" T, AEBOFEL, 1) @ T/ HEEEZERE O D) 7= I EREE DR
HEFKETHD, REE ,%E® FEOMEET NVEFEDORmINLIIEEIZARE T
S, ZORFIEEET MIRET HERELEET WVICES LIDMEEH THET 20T
HD, RS E LT, Fig. 3.5, Table 8.1 [&R- 7 X 512, HEET /LOMBEERIL
m%,ﬁ%ﬁmﬁT%é%3mﬁ,mﬁénfwéo%ngmﬁéﬁm,ﬂmma1K%¢
S FEETH D,

Fig. 3.6 Xz, A%LE CHIE SN AN - RefhroF 2 rd, ARBRGETIE

ZOMBERESTHZ EIZLY, Fig 8.6 TRIIART L 5 22 W - Refidh# 2R 5,

B ITECIL, REEMEICRE 9 B4R L LC, Table 3.1, Fig. 3.6 BX LI FITRT 3
A ED TN D,

« Peak deceleration (g) (L%, Peak dec.) : IEJE « R HIARO I KME (B KIBGE )

« Deflection (mm) (LA, Def) D BT - R AR O R KE (R RETE)
- Resilience (%) (LLK%, Res.) : 221 OEZEE T /L OJEE) = R L XL

B DA —%IZ LT Table 3.11ZR- 7, HOLGHIIRT LI, T OFEEORK
PRIZ, e TV OMBEHEERL LOW% Fm S 23005 X9 IZEDTZ, Table 3.1 (TR T X
21T, IJF BUETIE, FREEOHITFE 18 L L\, LL, o MHEE 0ReME - %
FMEDBUEDN G ED K5 2B A FF OB U CIIHUAE SCRITRB DRI 2 vy, FEARRY
fHm & LTIE, Peak dec. P RKREWVIEEFIEEIINTZL, Def P REWVIFZ EFEEITRSD D
2<, ResPREWVIZETEBRIILFENRNEZZ HND,

2k, =y NIZBWTUIAARERNOIES O & O ISEREIEICEND THIREZ AT 5
HAKIZ DL, 20700 IF FES° EN TiE, FEaIZET 2 BBIIFEET 28, T
MR FE SR BIR 255 & LTe U IR L 72V,
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Accelerometer

- Base body AL Lk

(mass 6.5 kg)

-—t

Impactor head
(mass 1.5 kg)

40 mmI 7mm L 1

75 mm
_0_+_+ ® 78 mm ® 116 mm
Total mass :8 kg
® 43
mm Fall height  : 200 , 400, 600 mm
Fig. 3.5 Judo mat shock absorption tester (IJF)
—_— 50 '
20 40 3oeemnneaees Foeeonneaeens
< H R
'-§ ig . Peak
S ‘deceleration
< 10 e TRt
S 0 ‘
<
-10
0 200 300 400
—_— 20 ' '
1S
€ 10 feeeeeeneeoes boeeeeeeeeeee
= :Deflection
o 0 X :
B . * I~ '
o : :
é-m LR R R AR fomeTheeoee femeeeieeen
3 : $116mm, H20cm
-20
0 100 200 300 400
Time (ms)
Fig. 3.6 An example of measurement results of Judo mat shock absorption effect
(sample NO5)
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O F BB D Je A T DB 5 15

QO FHEL RIS, ZORBRAIEDIHITO IJF B L O ENIZEH STV 5 10.18),
KR TIEIE, ZTHhETICRER L 3 EOBIRRER LS TR, #H0HEmIC X 5%
BRHETHD,

KRR HFETHN D FEED [JRHEEMERELERE )] OMEE: XL ORBREM % Fig. 3.7
[ N

ALEE L, B 78mm OHATH A I L THRE & 50kg OEEEIZ LY, FHBEBIZHTEDM
BEHMT D, TOLEOHMEATOFEEOLEFE L, WAL IEE 80mm DONED
EIBEOEREZ AN D1, Difference of Deflection (mm) (LLF:, D.o.D.) & LT
HWETHHLOTHD, ZOREOENIREVIEEZEEDRBMERETIRENEEZEZLN
ol

Base body
(mass 50 kg)

78 mm
bt

Tatami sample Measurement plate

Scale
Bl ﬁ

80 mm
%

160 mm

{
T

Fig. 3.7 Judo mat static stiffness tester (IJF)

——
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322 BIEOREREMRRAEICEL HHERADBIE

A 8.2.1 TRE L2 JIEFIEE HWT, 5 2 T CRIELZRBRIK, 320 K2 HIE L7z,
WE TR T — % Of GRBRIK NO5) %, Fig.3.2, Fig.3.4, Fig. 3.6 (- xL7=, 2D X
DRI T — 26, Table 3.1 127 LTz, @M (0v2&) BT 2R EIELFE L LT,

RRAEORER R L LT, EEMEICBET 2 & OxHRR% 4% Table 3.2 12777, Table
3.2 OXMMOBUEIL, FEEEH O BEMRYEZ ERRER /8T L OSH#(L) - R P) - 55 E) O
FAREZ: 3 FEEIBUC LV RS LT- L & D, 4 BEOIRERK 2D b, bos bk
TVVEZMHEAEONREME LTRELZHDOTH D,

F72, Table 3.31Z/8 L7z, fREEMOMRFENZ25HGER 18 FE (@)~@) %, #WAmlxE
L T Fig. 3.8 (D~@)D(@~WIrd, (@~@D&KO EFicix 2Ol bR LT,

Table 3.2 3 L X Fig. 3.8 ()~3)7 5, AJIJF B L ONIIJF ORBRGIEIC L HMENHHES
N OSHSBMRIZ OV T, Wi 3.3 T&ET 5,
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Table 3.2 Coefficients of determination (r?) between measured indicators on hardness

o Gs Peak dec. Def. Res. DoD.
F}A?'Z(/ F43'()’[) FZY"!/) F‘]I()"Z(/ E]é"éﬂ F}A?'Z(} F4fi'l)'/) F‘JI()"Z/) Elﬂ'ﬂ(/ F4fi'2/) E/i'(')'{/ EIﬁ"ZH F‘JI()"()'(]
D.o.D. 10.15 | p0.66 | p0.38 0.05 0.06  p0.22 0.04 | p0.90 p0.81 p0.90 £0.80 [ g0.06 10.01 0.00 0.02 1
Freeo | 10.06 | 0.00 | g0.01 10.01 0.00 0.00 10.01 | L0.03 10.04 10.01 10.02 | L0.42 10.43 10.45 1
Res. Frie20 | 10.02 | 0.00 | p0.04 10.08 10.05 10.02 10.32 | p0.01 0.01 0.00 10.01 | 0.40 £0.65 1
Fi360 | 1.0.08 | 0.06 | g0.01 1$0.01 0.00 p0.04 0.00 0.04 0.06 10.07 10.12 | p0.86 1
Fus20 | p0.32. | p0.22 | p0.06 0.02 0.07 10.16 0.07 | £0.25 £0.25 10.21 10.34 1
Freeo | 10.72 | p0.86 | p0.63 0.28 10.36 p0.75 £0.33 | 0.90 p0.94 p0.91 1
Def Fris20 | £0.57 | p0.72 | p0.47 £0.15 10.20 p0.48 p0.34 | 0.93 p0.86 1
Fis360 | £0.47 | p0.83 | p0.65 0.27 p0.47 p0.59 p0.38 | p0.92 1
Fus20 | £0.47 | p0.79 | p0.52 p0.26 p0.34 p0.53 p0.32 1
Fiieeo| 056 | g0.72 | 0.81 £0.87 £0.94 £0.88 1 note : Explanation of prefixes of r2 values
Frez0 | 0.81 | p0.70 | 1L0.77 50.69 0.82 1 r2=0.90 : Linear function regression
Ze;'k Frsq0 | 047 | £0.66 | 0L0.84 p0.95 1 10.90 : Logarithm function regression
Fuze0 | 0.31 | £0.56 | 1.0.79 1 p0.90 : Power function regression
Fiuzz0 | 0.41 0.81 1 £0.90 : Exponential function regression
Gs 0.52 1
Uy 1
Table 3.3 List of graphs of the measured indicators on hardness
o s Peak dec. Def. Res. DoD.
Fug20  Fuseo  Frsao  Fusz2 Fueeo | Fiszo  Fiseo  Fusz2o Fueeo | Fiszo  Fuséo  Fusz  Fuseo
D.o.D. (e) (6 (m) (p) (r)
Fris60
Res. Fri620 (W]
Fus60 (@)
Fas20 (d) (h) (o)
Fiie60 () (2) (k) (n)
Det Fri6-20
Fas-60
Fiz20
Fris60
Poak Fuszo | (b) :
dec. Frs-10 G)
Fiz60
E,?'Zﬂ (f)
Gs (a)
1%}
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Fig. 3.8 (1) Relations between measured indicators on hardness (AJJF and IJF)




3

WAEDFEBR D27z SRR IE - IR0 2 PRI B3 2 Al B £

60 ;
r2=p0.86| @ 501
3 : ' |os02
50 oo
L4

LA S03

Gs (g)

o |
10
0 i i i i
0 20 40 60 80 100
F116-60 Def. (mm)
()]
60
r2=p0.66| @ 501
777777777777777777777777777 0 S02
g “las03

C f
wv v '
© ) 3
i \
10 fr----deenenshenaee S MERREEEELES R SRR
0 i i i i i i i
0 5 10 15 20 25 30 35 40
D.o.D. (mm)
@
100 -
r2=p0.75| @ 501
3 0 502
:70)) EEEEREEE S IEEEEEEE SRR A S03
— A f
€ 3 3 3
Eefp i s LEREE
Dy : : :
a N 3
P Y | :
© 40 -ﬁ}c ————————————————————————
3 3 n S
o LA ey
L R
20 "””'*'”””"'”””"”””"‘1..'_:’. """""
0 i i i i i
0 10 20 30 40 50 60
F116-20 Peak dec. (g)
&)

F7s-40 Peak dec. (g) Gs (g)

F116-60 Peak dec. (g)

60

50

10

80

60

® S01
0 so2
A S03

i i i i i
10 20 30 40 50 60
Fa3-20 Res. (%)
)
® S01 [ r?=r0.95
O S02 ;
A S03
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, P

0
0 20 40 60 80
Fa3-60 Peak dec. (g)
G
150 -
® 501 /r?=10.32
0 S02 : : :
120 f A SO3 |- ioemmemi L TRTTI RRTE
; 3 * : 3
ElUN e e S R oo
e L
O se
: S MOEE S ¥
-4 3 3 3
30 o 'E'A'é'ABABT'"ij": """"""""
0 i i i i i i
0 10 20 30 40 50 60 70
F116-20 Res. (%)
()

Fig. 3.8 (2) Relations between measured indicators on hardness (AJJF and IJF)

.36-



3

WAEDFEBR D27z SRR IE - IR0 2 PRI B3 2 Al B £

Fa3-20 Res. (%) Fa3-20 Peak dec. (g)

Fa3-60 Res. (%)

60
r2=p0.38| @ 501
o |ose,
o I R S LA s03
o : : : : : ‘
R o S
30 booooiee .
o
e
20le- 1‘—‘&?3 fffffffff @t
0 i i i i i i i
0 5 10 15 20 25 30 35 40
D.o.D. (mm)
(m)
60
®S01/r?=10.34
0502 | :
Vlasos| @ e
BT
' . ] .
40 -77777"':7 777777 ";" 777777777777777777777777
Ty
: RN
Y YO
[ X
£ 10 ) S L
A
20 |- R — CPERELRE
VN : :
10 F- L T
0 i i i i
0 20 40 60 80 100
F116-60 Def. (mm)
(0)
60 ;
®S01(r?=r0.86| °
0 S02 : :
20 0as03| A .«
i S PR o= TR
: : L I =
30 fooeoeedreeee ?"”"'ﬁ:f"g’?ﬁ’gﬁ """"""
:  Ae :
p T
LA
10k 6 rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
0 i i i i i
0 10 20 30 40 50 60
Fa3-20 Res. (%)
(@)

F116-60 Def. (mm)

D.o.D. (mm)

Fa3-20 Res. (%)

100

80

40

35

30

® 501 |r?=r0.94
oso2|: ‘
A SO3 | emeee e

i i i i
20 40 60 80 100
Fa3-60 Def. (mm)
(n)
® S01 |r?=r0.90
oso2| T S »*
A SO3 3

F43-20 Def. (mm)
()

10 15 20 25 30 35 40
D.o.D. (mm)
)

Fig. 3.8 (3) Relations between measured indicators on hardness (AJJF and IJF)

.37-



3 H WHEOREBRON T SRR IE - SR O 2 NIRRT 2 Al B £

3.3 BIEOM-HBRAENGFONSIEEFEFHDOEROZE

(1) BT ALX Uy & % o fgED R

AJIJF REBROIEIE Ch A=V X Us b e KINEE GsD %% Fig. 3.8 (1) (a) 1Z7/R
o WFIITAOHEANGEO b 505, HERZRNLIZTTALHMBRELDH Y, WIFhho
FERE O 7 2 R T & 5 £ CTOMBMIZA W,

Uy & IJF RBRIC K DI KBOHREE Peak dec. DEMRIZOWTIE, TJF iRBRORBRSAEIC
DAHEIMEOREIZZBRNRO NS, ZOPTHENRES W E LT Usré Fuss Peak dec.
DX % Fig. 3.8 (1) () (27”37, Wi#E ORIZIZLER m WA OHBENRD b b,

Us & 1JF iRBR O KET Def DEIFRIZOWTIE, 121X 0.47~0.72 O#PHIZH D, D
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Table 3.4 Coefficients of determination (r?)
between evaluation scales and measured indicators on hardness
Peak dec. Def. Res.
U, Gs D.o.D.
Fys20  Fuseo  Frsao  Fuszo Fuseo | Fiszo  Fuiseo  Fuezo  Fuseo | Fiszo  Fizeo  Fuszo  Fuseo
S-1 £0.51 0.41 0.32 0.26 0.33 0.45 0.24 10.68 10.70 10.67 10.62 0.20 0.00 0.01 0.08 10.59
S-2 | q0.15 | 009 | 009 015 020 020 012 |0.58 180.55 1r0.66 q0.34 | q0.41 q0.52 q0.32 q0.29 |1r0.59
S8 [q013 | 011 | 007 015 019 019 010 | q0.28 1£0.48 q0.29 q0.26 | q0.46 050 q0.33 q0.31 | q0.09
WM S-4 q0.20 [ 0.12 0.16 0.23 0.28 0.27 0.18 | Lr0.72 1r0.67 1r0.81 150.62 | q0.40 q0.52 q0.21 q0.32 | r0.63
P-1 |10.31] 0.00 | 0.00 002 003 001 001 |1z0.56 1r0.37 1r0.74 1£0.30 | q0.26 q0.25 q0.23 @0.39 | 1r0.62
P-2 | 1r0.28 | 0.00 0.00 0.04 0.06 0.02 0.02 | r0.61 1r0.41 rr0.76 1rO.31| q0.27 q0.25 q0.24 q0.38 [ rLrO.71
P-3 | 1r0.30 | 0.01 0.01 0.05 0.08 0.05 0.03 | Lr0.55 1r0.38 1r0.76 1r0.34 | q0.33 q0.33 q0.24 q0.43 | Lr0.67
note : Explanation of prefixes of r2 values
r2 = 0.90 : Linear function regression
10.90 : Logarithm function regression
£0.90 : Exponential function regression
Q0.90 : Quadratic function regression
1r0.90 : Local regression
Table 3.5 List of graphs of the relations between evaluation scales
and measured indicators on hardness
o Gs Peak dec. Def, Res. DoD.
Fus20  Fuseo  Frsao  Fuezo Fuseo | Fiszo  Fuséo  Fuezo  Fuseo | Faszo  Fiséo  Fuez  Fuseo
S1 | W | G | @ qo qny (2 a3 |09 @) @) @) |65 (@6 67 (38 | 43)
S2 | @ ) (200 (290 (28) (32 (44)
$3 | ® | @ (1 (@5 (29 (33) (45)
WM S4 | @ | ® |04 G5 (06 a7 18 | (220 (26 (30 (34 | B9) (“0) (41) (42) | (46)
P-1 | (47 | (50) (58) (61) (64) (67 (74)
P2 | (48) | (51) (59 (62 (65 (68) (75)
P-3 | 49 | (52) | (63) (54) (55) (56) (57) | 6O) (63) (66) (69) | (70) (71) (72) (73) | (76)
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Fig. 3.16 Relations between safety evaluation scales
and measured indicator on hardness (F116.60 Def.)
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Fig. 3.17 Relations between safety evaluation scale (S-1 Safety in Ukemi)
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Fig. 3.19 Relations between safety evaluation scales
and measured indicator on hardness (D.o.D.)
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Fig. 3.27 Relations between playability evaluation scale (P-3 Overall Playability)
and measured indicators on hardness (Res.)
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Fig. 3.28 Relations between playability evaluation scales and
measured indicator on hardness (D.o.D.)
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Db, TEL, Uy O%E LRERC, BORBNENTZTEDLLAIXZ OB RN LH4ND
ZEHHLNTH D,
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4 FED Def DR AT,
i) SEHGEEMEREE (P-1) & DefdPBf% (Fig. (58), (61), (64), (67)) : W DI
T, P-1 & Def ORIIZIIAOBEAARD b D, BRGEMELE LT ,@ﬁ%TW@
NS08 20em @ Def.DFE 5 5 60cm @ Def LV, P-1 & OFABEN BV MEANIC
i) B E (P-2) & DefdEME (Fig. (59), (62), (65), (68)) : m?h@l bSIA
T, P2 & Def ORICIE, P-1 OFE LFEERIZ, IWHOMEAARD LD, HERET
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NOETESIZONT S, P-1 OYE LFEERIZ, 20em @ DefdDlE 5 A% 60cm D Def &
v, P-2 &OMEENEBVMEHRANICH D,

i) MABEMERE (P-3) & DefDBR (Fig. (60), (63), (66), (69) : W DXKIZIW
Th, P-3& Def OFICIE, IWRHOMADRFRD bNLD, % FmS D08 b, P-1, P20
LA LEFERBETH Y, 20ecm D DefDIEH )3 60cm O Def XV, P-3 & OFIEIN B MEMIZ
b5 D,

(3) BEHMERE & Res.dBAf%
Fig. 3.27 (700~(73) |2, MEBHIMERE (P-3) & 4HD Res. DBFRZRT, WD
BUZHBWT S, P-3 & Res®EICHIRE R EBIIIFR D Hiviauy,

(4) BEHMERE & D.o.D.OBER

Fig. 3.28 (74)~(76) \&, HHANEICBIT 2 SFERE (P-1~P-3) & D.o.D.OBRERT,
WTNDORIZBWT Y, BEMEREL Do.D. ORIZITEE L2 IR OBEA 5 2 HS 25708,
SIS STV 220, #7112, D.o.DAS 10mm 720 TOXNER A4 TH 5,

.65-



3 H WHEOREBRON T SRR IE - SR O 2 NIRRT 2 Al B £

3.5 BIEDHERAZE - HRICE A - SFHEDZ L EICET 2 ERMEE

AT E TOBLERREZIT T, RHTIX, BHEON SHBRTIE - I E2 v S I
BWT, 2t BIEMERE & OXISHEDOBLENG, FalGRO - SFHliZ & ORLEE,
HBIZB RN DI ONT, NS DOFRIEORE - FIAFEEZEZD T, BLEITLHZL
LTz, 2B, TNETOBEREREND, REOHBMS X ORENEOELIEOBLA )
5, REITIE, ZHEEME (S, REREM (S4), RAEFHEME (P-3) @3 REZ X%
ELTEBZELL,

(1) ZHeeMEICBd 554

AT E TOBROFE, < ONESREICBNT, EBONZW 2 RBRENZ H L4
PEREE (S-1) EFREO RN Z25HGBRN BN DR S & Te o7z,

ZOZ X, BEEONSREIZOWTIE, s TEBERLOWES, ZEBNETE
TEZHICARWERE « BERH - 5T 5 2 EBNRS TIERWREN S N2 & 2R/ LT
ol

AT TR E LB E DIz SO CiE, KEN S EBEBRBEWVIEIEIL Fig.
3.29 (I IZRT, JREERIERT DoD.EETE S, K, DoDiv/hE\ 2 iRk
(F&TER) 1, STTOREMFL/IS,

MatofE R, Fig. 3.29 (I, IVIZRLZX 212, £9 DoD. %MV, D.o.D.7’ 3mm LA
TORBRIKEE RN % CTHIVUE, B Uy, Gl L 0 Z B REMEEZFMTED B2 5,

IJF OB HiEICB L TiX, Fig. 3.30 (/R L7- L H1C, ZHEFOEhfE 2 Kk L 7=
AJIF ORIESLE TU 126 - & b WBIIRE 2 R ICEM T X 2 MESMETE T Fuseo)
Thbd, 2T, IJF OEEZ W5 841%, Fig. 3.29 (IR L7z Fuseo Def (2L V5%
HREMEFTHET & L EZ D,

(2) MAEZEMEIZET 555

ARBFZETxI G & LIZBEEDO - SEEOH TiE, Fig. 3.29 (VIR L7 Fiie-20 Def 12 X
DG et (S4) ZRBUDRIHMETE S EE25,

B2, Fig. 3.30 026, WESM: [ Fuszo) 13HHEE OERED 2~4 (FRRE O EE IR
AR ST L5 LETE D,

(3) MEHHMEICE T 554
AHFFETHRG L LI FE O - SFEED R T, Fig. 3.29 (VDIZ/R LT= Fiie-20 Def. (2 X
DIREBHEME (P-3) 2BBLIRFHMETCX 5525,
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Fig. 3.29 Relations between evaluation scales (S-1, S-4, P-3) and
measured indicators on hardness (Red : 20 samples, Blue : 18 samples)
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Fig. 3.30 Maximum load in each indicator measurement
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3.6 f&im

KRETIE, 5 2 B O L2 2Nt - BHRMEO LR RE & OXHGSIEOBREN G, B
EOFEHR O SHBRITIE - FEOZ AT L, ENERZE I o0,
BEOMER, LT OfiwmZ 37,

(1) BEAED )z SFRIEM OBRIZ OV T

i) AJJF BB OGO B3 X Uy & i KINEE Gs ORICITADOFBENGED &
noHN, FEEENLANLIELH Y, L HTHEERBIZTERY, AiF
ZEOHEIF T Uy L FHEADOEEIELE, TJF R S 15 50 5 e KGR Flie-20 Peak dec.
ThV, METAOCHMEBERICH D, Gs LB EWRIEIX Fisz Peak dec. TH Y,
AT IEDOMBIRRICH 2,

i) IJF B 515 5N 5 e KIBGEEE Peak dec.lf], 1 X O KA DefEOFEIXE W,
—J7, EET L XL Res.fE]OHBIIFERIENAR N, A% ~7 D.o.DI% Def.
L IEDOFBEZRT, Do.D.L DefORRAZRE, IJF oG ons, MEOELR S
FAER R OFRBR TR,

(2) 7 SFHREE & BEE DR DO RIFRIC OV T

i) =ZHLEM (8-1) T2 T
AJIF RN OHE LN DRI LTI, UnSHGLZetRE L EOMBEEZRL, Gs
FHEOMBEEZRT, 72720, REN—BKOFEIKR - B L0 07WGEIE, MK
SO D E A AR
ARAFZEDFIHTIE, FEEIEDIEE Do.DIZ XV, EEWTZVE « ORI
RETHY, DoDOFFRMEAHEYNCERETIUEL, Uk X GslZ XV 222 3
TELARRMERD D,
LJF 3B B A5 DAL DO I, @ fESIEICB T 2 KA DeflZ X0 =8
ZRMEEFHMICE D[N H 5,

v) BAELZEME (8-4) 225V T
BEFE DO STREEOH TIE, #U722MESRMFICH T 5 IJF RO KKRZET Def. 1280

RAELZEMEZFHECTE D ATREMENRH B,

v) fawtE (P-3) T2 T

BEFE O e SRR L, @ 722MESRMFICH T 5 IIF RO R KA Def. 2L
RABHMEZ T CE D ATREMER B B,
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41 BMETFE

AETE, B2EORBELTIT, LV EORESEBROBRERFEOBNRET, [
KFEOBUFEMEERER L LT, ZRIED L OO b X 0 AR D)
Fo S OFEREEMRT 5 2 L2 A E LT,
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42 BREOHE

(1) BAHEHORES L OHREFIEORE

A OHEE % Table 4.1 (27”7,

BREHEA - NEBLXOBRETIERL, H2EmoMELFEME L, MK 2 RER, <48
PEICBE3 5 4 REE, BiHtEIcBId 2 3 RE, 7T RETH D,

(2) MEEDETE
A E1Z, Table 4.2 IR T HIEBRFFZE SO FHE 10 4B L OLFEE 10 4, &
204 & Lz, B OHEE « (KE - B0l Table 4.2 2R L7 B TH D,

(3) HBRADRE S L OMEL DR E

BRI WERBR AL, 2 EORBRIKE R 20 A& Lz,

BAEGICE L ClE, AfioRE CTHREENLELERE KM S, Fig. 4.1, Photo 4.1
WRTEIIE, FEE 14 BORSITHEE Uiz, AT AR PN O EBRENIZR T
77
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Table 4.1 Summary of sensory tests (main test)

Test items
(composed scales)

Evaluation items on Safety

Evaluation items on Playability

(S-1) Safety in Ukemi

(S-2) Safety in Tachi-waza

(S-3) Safety in Ne-waza
(S-4) Overall safety

(P-1) Playability in Tachi-waza
(P-2) Playability in Ne-waza

(P-3) Overall playability

Test method

The method of successive categories (seven categories, absolute judgment)

Questions and
answer categories

(S-1) How is the
Safety in Ukemi
of this floor sample
regarding hardness?
1. Very dangerous
2. Dangerous
3. Slightly dangerous
4. Neutral
5. Slightly safe
6. Safe
7. Very safe

(S-2) How is the

Safety in Tachi-waza

of this floor sample

regarding hardness?
1. Very dangerous

. Dangerous

. Slightly dangerous

. Neutral

. Slightly safe

. Safe

. Very safe

=N O Ot s W N

(S-3) How is the

Safety in Ne-waza

of this floor sample

regarding hardness?
1. Very dangerous

. Dangerous

. Slightly dangerous

. Neutral

. Slightly safe

. Safe

. Very safe

=N O Ot s W N

(S-4) How is the
Overall Safety
of this floor sample
regarding hardness?
1. Very dangerous
2. Dangerous
3. Slightly dangerous
4. Neutral
5. Slightly safe
6. Safe
7. Very safe

(P-1) How is the
Playability in 7achi-waza

of this floor sample regarding

hardness?
1. Very unplayable
2. Unplayable
3. Slightly unplayable
4. Neutral
5. Slightly playable
6. Playable
7. Very playable

(P-2) How is the
Playability in Ne

hardness?

of this floor sample regarding

1. Very unplayable

“waza

(P-3) How is the
Overall Playability
of this floor sample regarding
hardness?
1. Very unplayable

2. Unplayable 2. Unplayable

3. Slightly unplayable 3. Slightly unplayable
4. Neutral 4. Neutral

5. Slightly playable 5. Slightly playable

6. Playable 6. Playable

7. Very playable 7. Very playable

Athletes’ motion
during tests

Free motion assuming the situation of each test item

Panel member

10 male and 10 Female athletes of Tokai University Judo Club

Test area

Area of 14 tatami mats (2

x 7 mats)

Floor samples

W450 x L450 x H230 mm,

20 samples (NO1~N20)

= Tatami (H90 mm) : 16 types (JO1~J16) + Subfloor (H140 mm) : 3 types (S01~S03)

Test site & period

Tokai university campus, Februry 2017

Table 4.2 List of panel members

Male members Female members
No. Height Weight Rank No. Height Weight Rank
(cm) (kg) (Dan) (cm) (kg) (Dan)
TMO1 165 70 3 TWO01 150 48 3
TMO02 174 75 3 TWO02 155 54 2
TMO03 165 77 3 TWO03 160 57 2
TMO04 172 81 3 TW04 158 67 2
TMO05 175 83 2 TWO05 165 68 3
TMO06 170 84 3 TWO06 167 70 3
TMO07 170 90 2 TWO07 166 78 3
TMO08 179 94 3 TWO08 176 78 3
TMO09 176 115 3 TWO09 171 108 3
TM10 180 130 3 TW10 159 111 2

.73-



LM L OBHEMED b A - FaBE IR O ATz S FHRE O

B
o~
1

6370
910 910 910 910 910 910 910
Judo floor samples
S 1 450
® oI
o]
<
(@]
< _
(<o}
™
o
[oN]
®
T
Surrounding
floor

Fig. 4.1 Set-up of test area and placement of Judo floor samples

Photo 4.1 Set-up of test area and placement of Judo floor samples
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(1) A DR

A D FEhtkin % Photo 4.2 (2R,

BRAEIZB T HMEE~OHHAOEFEIL, H 2 HOMELFAKRTHL, MER 14 HY
ORI LR, S S RROR 257, 120 B Th o7, MERHNIK 72
Slele®), MAEICET LDRMITE TR 2ol BMETIZEOTHEROREITOERZ T 2
Y A= LU AYA /Ay

(2) BAEMRL LOHEEORE

WA DORERFF DI IEHET — 2 OFEHIA B Z DB L VRE L, MER R
Table 4.3 (1), @QIT-T, Kb, BLEBIZ, WTIROBEHBIZEL TS, HEBKDFF
i BE3 2 0 HULIZfERRER 5% THARETH Y, MBEDO T HRLBAZD LTI L T
REVWZEDBDND, TN ORROBAIL, 5 2 HOMERR L FHKTH -7,

(3) LERFER R E DOHERL

RAEORE R DI IEET — 2 05, RINE D @ S IEO REMERFTIEICHE, BRI,
RARMICEET 2 4 RN, SitEicBd 2 8 RE, 37 REA#ER L,

REDOH AR E LT, REMORERE (r2) %, LED Table 4.4, 4.6, 4.8, 4.10 (Z
T, F7, REMORFN 2GR, §fX & LT Fig. 4.2~4.11 27”7, Table 4.5,
4.7,4.9,4.11121%, Fig. 4.2~4.11 128175, #KOXES (Gis) Oo—EErLT,
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Photo 4.2 Scene of the sensory test (main test)
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Table 4.3 (1) Analysis of variance table (male)

(8-1) (s-2) (8-3) (S-4)
Safety in Safety in Safety in Overall
Ukemi1 Tachi-waza Ne-waza Safety
Mai
o 18.6* 10.7* 8.8% 12.9*
. . effect
Variance ratio .
Individual
C L. 4.5 3.9 5.9 3.7
Variation
Main
59% 45% 38% 50%
Contributi effect
ontrbtion Individual
C . 6% 6% 11% 5%
Variation
(P-1) (P-2) (P-3)
Playability in Playability in Overall
Tachi-waza Ne-waza Playability
Mai
am 8.1% 9.0* 11.9%
Vari G effect
ariance ratio Individual
.. 3.1 1.8 2.4
Variation
Main
38% 42% 50%
o effect
Contribution Individual
pamena 5% 2% 3%
Variation
* Significant at p < 0.05
Table 4.3 (2) Analysis of variance table (female)
(S0 (S-2) (8-3) (S-4)
Safety in Safety in Safety in Overall
Ukemi Tachi-waza Ne-waza Safety
Mai
om 12.6% 14.3¢ 11.1* 11.9%
. . effect
Variance ratio Individual
L 4.4 3.2 2.5 3.6
Variation
Main
49% 64% 47% 48%
. effect
Contribution Individual
nemicua 7% 4% 3% 6%
Variation
(P-1) (P-2) (P-3)
Playability in Playability in Overall
Tachi-waza Ne-waza Playability
Mai
o 12.1% 12.8% 15.9%
. . effect
Variance ratio .
Individual
Lo 2.1 2.1 1.7
Variation
Mai
am 50% 52% 58%
. effect
Contribution Individual
navicua 2% 2% 1%
Variation

* Significant at p < 0.05

.77-



#
it

LM L OBENMED b AT FaEBIK O AT S FH R ORERR

Table 4.4 (1) Coefficients of determination (r?)
between the evaluation scales (male)

S-1 S-2 S-3 S-4
S-4 0.29 0.91 0.87 1
S-3 0.23 0.81 1
S-2 0.27 1
S-1 1

Table 4.4 (2) Coefficients of determination (r?)
between the evaluation scales (male)

P-1 P-2 P-3
P-3 0.90 0.95 1
P-2 0.87 1
P-1 1

Table 4.4 (3) Coefficients of determination (r?)
between the evaluation scales (male)

S-1 S-2 S-3 S-4
P-1 0.01 0.63 0.75 0.68
P-2 0.11 0.84 0.82 0.83
P-3 0.10 0.84 0.80 0.86

Table 4.5 (1) List of graphs of the evaluation scales (male)

S-1 S-2 S-3 S-4
S-4 (a) (b) (©)
S-3 (d) (e)
S-2 ®

S-1

Table 4.5 (2) List of graphs of the evaluation scales (male)

P-1 P-2 P-3
P-3 (g (h)
P-2 @

P-1

Table 4.5 (3) List of graphs of the evaluation scales (male)

S-1 S-2 S-3 S-4
P-1 ()
P-2 (k)
P-3 ()

note : (a) ~ () are the names of graphs in Fig. 4.2 ~ Fig. 4.4
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Table 4.6 (1) Coefficients of determination (r?)
between the evaluation scales (female)

S-1 S-2 S-3 S-4
S-4 0.60 0.98 0.94 1
S-3 0.62 0.95 1
S-2 0.53 1
S-1 1

Table 4.6 (2) Coefficients of determination (r?)
between the evaluation scales (female)

P-1 P-2 P-3
P-3 0.96 0.98 1
P-2 0.97 1
P-1 1

Table 4.6 (3) Coefficients of determination (r?)
between the evaluation scales (female)

S-1 S-2 S-3 S-4
P-1 0.23 0.87 0.78 0.82
P-2 0.29 0.92 0.85 0.86
P-3 0.32 0.94 0.85 0.89

Table 4.7 (1) List of graphs of the evaluation scales (female)

S-1 S-2 S-3 S-4
S-4 (m) (n) (0)
S-3 (p) (q)
S-2 (r)

S-1

Table 4.7 (2) List of graphs of the evaluation scales (female)

P-1 P-2 P-3
P-3 (s) (t)
P-2 (W

P-1

Table 4.7 (3) List of graphs of the evaluation scales (female)

S-1 S-2 S-3 S-4
P-1 (v)
P-2 (w)
P-3 (x)

note : (m) ~ (x) are the names of graphs in Fig. 4.5 ~ Fig. 4.7
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Table 4.8 (1) Coefficients of determination (r?)
between the evaluation scales (male vs. female)

S-1 (TM) S-2 (TM) S-3 (TM) S-4 (TM)
S-1 (TW) 0.82 0.50 0.45 0.54
S-2 (TW) 0.22 0.90 0.81 0.91
S-3 (TW) 0.31 0.89 0.87 0.90
S-4 (TW) 0.29 0.90 0.84 0.94

Table 4.8 (2) Coefficients of determination (r?)
between the evaluation scales (male vs. female)

P-1 (TM) P-2 (TM) P-3 (TM)
P-1 (TW) 0.87 0.86 0.89
P-2 (TW) 0.84 0.89 0.91
P-3 (TW) 0.80 0.88 0.90

Table 4.9 (1) List of graphs of the evaluation scales
(male vs. female)

S-1 (TM) S-2 (TM) S-3 (TM) S-4 (TM)
S-1 (TW) (1)
S-2 (TW) (1)
S-3 (TW) (1)
S-4 (TW) av)

Table 4.9 (2) List of graphs of the evaluation scales
(male vs. female)

P-1 (TM) P-2 (TM) P-3 (TM)
P-1 (TW) (V)
P-2 (TW) (VD)
P-3 (TW) (VD)

note : (I) ~ (V) are the names of graphs in Fig. 4.8 and Fig. 4.9
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Table 4.10 (1) Coefficients of determination (r?)
between the evaluation scales (main test vs. pre-test) (male)

S-1 (TM) S-2 (TM) S-3 (TM) S-4 (TM)
S-1 (WM) 0.83 0.42 0.33 0.41
S-2 (WM) 0.29 0.84 0.71 0.78
S-3 (WM) 0.34 0.78 0.81 0.73
S-4 (WM) 0.33 0.89 0.77 0.90

Table 4.10 (2) Coefficients of determination (r?)
between the evaluation scales (main test vs. pre-test) (male)

P-1 (TM) P-2 (TM) P-3 (TM)
P-1 (WM) 0.90 0.84 0.83
P-2 (WM) 0.87 0.85 0.86
P-3 (WM) 0.85 0.83 0.85

Table 4.11 (1) List of graphs of the evaluation scales
(main test vs. pre-test) (male)

S-1 (TM) S-2 (TM) S-3 (TM) S-4 (TM)
S-1 (WM) (i)
S-2 (WM) (i)
S-3 (WM) Giii)
S-4 (WM) (iv)

Table 4.11 (2) List of graphs of the evaluation scales
(main test vs. pre-test) (male)

P-1 (TM) P-2 (TM) P-3 (TM)
P-1 (WM) (v)
P-2 (WM) (vi)
P-3 (WM) (vii)

note : (i ) ~ (vii) are the names of graphs in Fig. 4.10 and Fig. 4.11
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Fig. 4.2 Relations between the evaluation scales of safety (male)
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52 MN=TICHEY HERELBRFOHEEOEEROEE

4 BCHER LB GR O LB T 28R E, 3 14 RE (B 7R
B, k- TRE) &, FIETHEL-EBEORKREZLRT D,
Table 5.1 12, A= TG L L7 ST AHEO—E 4 R7,

Table 5.1 List of indicators on hardness
Indicator on Fall Height

Weight(kg) Diameter (mm) Abbreviation
hardness (mm)
AJJIF Uy (N'm) 10.5 200 1140 Uy
Standard Gs (g) 3.75 50 200 Gs

43 200 Fiy5-20 Peak dec.
Peak 600 Flyz60 Peak dec.
Deceleration 78 400 Frs-10 Peak dec.
(® 116 200 Fyi6-20 Peak dec.
600 E](;—(;ﬂpeak dec.

43 200 Fyz-20 Def.

Deflection 8 600 Fuz-e0 Def.

IJF (mm) 116 200 Flr16-20 Def.

Standard 600 Fr6-60 Def.

43 200 Flys-20 Res.

Resilience 600 Fus60 Res.

(%) 116 200 Fri6-20 Res.

600 Fri6-60 Res.

Difference of
Deflections 50 78 - D.o.D.
(mm)

Table 5.2 (1), 22, BRI, 7 RE L EEMOFEIMEZRF, Table 5.2 (1), (2) D%AH
OB, % 3T D Table 3.4 & [FAERIC, 5MIHDEIFII N OLETRERE 205, b
5L B REVEZHBEMEOREME L TREL TV D,

£/, HB3E, HA4EORBEAEE X, Table 5.2 (1), QDRELIFEOMAED ) b,
RFEM A & LT Table 5.3 (1277 42 FikE (D~(42)) 237E L7z, REIZOWTIE,
B4 ECTERLEREMOMBEEZEEL, BizonwTzgeett (81 , ek
(S-4) , AHHME (P-3) @3 R, §F6 NELZ®RE L, fHEICO VT, § 3 EOR
Ra2BEIZ, RELOMBENE Table 5.3 O 7 {52 3E LT,

IS OMAEOHAK % Fig. 5.1~Fig. 5.7 D(D)~UZ7~7, (D~UE2)DE KD L
WZIZ 2 DfES R LT,

Table 5.2 (1), (2)3 L O Fig. 5.1~Fig. 5.7 D(1)~42)/~ 5, REE L RO xS FRIZ O
T, UTF&aB8EL-,
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Table 5.2 (1) Coefficients of determination (r?)
between evaluation scales and measured indicators on hardness (male)

Peak dec. Def. Res.
Uy Gs D.o.D.

Fusz0  Fuseo  Frsao  Frszo  Fuseo | Fiszo  Fiseo  Frszo  Fueeo | Fisoo  Fiseo  Frsso  Fueeo

S-1 £0.40 | 0.43 0.31 0.14 0.20 0.36 0.15 | £0.79 0.79 10.71 10.60 | 0.17 0.00 0.00 0.03 | 10.75

S-2 | q0.06 | 0.04 | 009 017 019 0.14 0.08 |1r0.56 q0.48 1r0.69 rr0.29 | 90.26 q0.51 q0.23 q0.21 |rr0.71

S-3 |1r0.23| 008 | 007 015 016 012  0.07 |1r0.38 q0.45 1r0.67 1r0.29 | q0.48 q0.41 q0.25 q0.42 | q0.20

TM  S4 |wx0.25]| 008 | 012 017 018 015 0.09 |1r0.71 q0.67 1r0.78 1r0.44 | 0.39 q0.45 q0.18 q0.33 | 1r0.76

P-1 |1r0.36 | 0.00 0.01 0.04 0.05 0.02 0.02 | tr0.69 1r0.50 1r0.69 1r0.41 | 90.27 @q0.18 q0.18 q0.35 | Lr0.71

P-2 |1r0.20 | 0.01 0.02 0.06 0.07 0.05 0.02 | tr0.69 1r0.53 1r0.67 1r0.30 | q0.32 q0.33 q0.27 q0.30 | Lr0.67

P-3 |1r0.26 | 0.02 0.05 0.10 0.11 0.08 0.06 | 1r0.74 1r0.61 1RO.76 1r0.44 | q0.30 q0.29 q0.21 q0.30 | 1r0.67

note : Explanation of prefixes of r2 values
r2 = 0.90 : Linear function regression
10.90 :  Logarithm function regression
£0.90 : Exponential function regression
Q0.90 : Quadratic function regression

1r0.90 : Local regression

Table 5.2 (2) Coefficients of determination (r?)
between evaluation scales and measured indicators on hardness (female)

o Gs Peak dec. Def. Res. DoD.

Fus20  Fuseo  Frsao  Fuezo  Fuseo | Fiszo  Fiséo  Fuezo  Fuseo | Faszo  Fiséo  Fuez  Fuseo

S-1 0.30 0.38 0.29 0.15 0.21 0.32 0.15 | £0.63 10.60 10.51 10.46 | 0.22 0.01 0.00 0.14 | 10.59

S-2 | 1r0.25 | 0.08 0.12 0.14 0.16 0.12 0.08 | Lr0.72  q0.55 1r0.73 q0.34 | q0.29 q0.40 q0.23 q0.32 | Lr0.68

S-3 |wr0.22| 012 | 015 018 020 014  0.09 |1r0.65 q0.48 1r0.65 q0.26 | q0.28 q0.40 q0.20 q0.29 | q0.23

TW  S4 |w027] 012 | 015 017 020 017 0.12 |1r0.75 q0.63 1r0.79 q0.40 | q0.34 q0.44 q0.24 q0.30 | 1r0.80

P-1 |1r0.30 | 0.02 0.04 0.09 0.09 0.04 0.04 | Lr0.70 q0.45 1r0.77 q0.32 | q0.23 q0.22 q0.23 q0.36 | Lr0.81

P-2 | 1r0.27 | 0.03 0.06 0.11 0.11 0.04 0.05 | r0O.71  q0.47 1r0.76 q0.30 | q0.20 q0.21 q0.19 q0.32 | Lr0.85

P-3 |[1x0.29] 003 | 007 011 012 006 006 |1r0.738 q0.49 [r0.76 q0.33 | q0.23 0.27 q0.20 q0.34 | 1r0.82

note : Explanation of prefixes of r2 values
r2 = 0.90 : Linear function regression
10.90 : Logarithm function regression
£0.90 : Exponential function regression
Q0.90 : Quadratic function regression

1r0.90 : Local regression

Table 5.3 List of graphs of the between relations evaluation scales
and measured indicators on hardness (male and female)

u Gs Peak dec. Def. Res. DoD.
Fus20  Fuseo  Frsao  Fuezo Fuseo | Fiszo  Fuséo  Fuez  Fuseo | Fasz20  Fiséo  Fuezo  Fuseo

s1 | @ | @ (13) (19 @5 @D (37
S-2
S-3

™ S4 | G | © (15 @1 @) (33 (39)
P-1
P-2

P3| B | ap an @3 (29 (35 (41

S1 | @ | ® (38)
S-2
S-3

™ S4 | @ | (10 (16) (220 (28 (39 (40)
P-1
P-2

P3| (8 | (12 (18 (249 (30 (36) (42)
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¥

i) Fig. 5.1 (1), Q) : ZHZEME (S'1) & UoRici, Fkeb, UNRKEIWIZERE
P < R DM NERD b, Uril X0 2HROZ MO BB Th s 2
EWLND, 2121, 53 EORRE L FILRIS, RENFHIT- WV 2R BREIZEL TE, 2
DAL ZEBHLNTH D,

i) Fig.5.1(3),(4) : RELEM (S-4) & UMz, Biklt, T EHBEZ2MBEIEER
HHRV, L, RENNZWD 23BREZERITIE, REE U ORIZIZILR xR
b IDBRD,

i) Fig.5.1(5),(6) : #eEHEME (P-3) & UrORICIiE, Bkd b, SIFEHMRZMEBEITR
DOV, LL, S4O5ELFERRC, REXHTEWV 2 BKLRINE, RES U

DRI IR OXIEBIR S 5 AR 2 D,

(2) REEE GsDB%

Fig. 5.2 (D~2i2, WELZ 6 FERE (B, T S-1,S4,P-3) & GsDRifR%

N

i) Fig. 5.2 (7), (8) : ZH LM (S-1) & GsDIZlE, Bkbd, Ged/hEWE L4
PEb @< R DHEMBRD I, GslZ XV ZHREOZEMEOFTMABILRWETHD Z
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Fig. 5.7 37 ~WU2z, ®E L7 6 FRE (B, ThEih S-1,S4,P-3) & DoDOM

XA I

i) Fig.5.7(37),(38) : Z=HZ 2Nt (S-1) & GsDMIziX, Hkbd, DoDBRKENHNEN
FEZeELEL RDERPEO 5D, L, D.o.D3 10mm H7- Y TOMBIE+
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WS ONOIBEZFTIZHE ML, TN DORYMEELERT L L2 HNE L, 72, 20
B, WELREIZONWTYH, RESCTRAEMZ D& & LT,

RETIE, LLFOFE - BRI L IR ZED T,

i) ATEE CTOMREEER, PESFHIREONE - HEM: - HEMEOBLEN D, oS
TR DR U PEDBR 2 RINTED 572D, MHRLETOHOREZ, YHNTEFOZH T4
P (S-1) CiamatE (P-3) @2 RELT S,

i) ATEE TOMRLZEE R, AJJF B L OIIF OREFECEL T, wRettEoH 55liRs
HCBWTRARE LA 2B L, L2 RELOIGEERT D, LEIC
JEUT, BB b RET 2,

i) i) ORERET, RO H DOV TIE, £V 2 < ORBREIFIZ OV TR Y M
EBET D,

iv) AIREMED B D HRIEIZ OV TUE, ZTOMDOREIZSNT Y, Flok oV TH R4S
BT D,

v) ULEDEZEZ LD L, Batk - BEMENOATRERIK - BONCSOfFEEZ, ©
DRBRTTiEE L BT, BET D,

¥, FaBEGRON TSI L TE, AJJF 38 KON IJF OFRBRGIEN T CTIZAam S L
TEK L TWDBLRICEZ, ABFFETIZZ A6 ORBITIEDHIT, K0 JVakBgtt: - fa
REamitd o2 &L, HclBRTIEOBRIAHOBEL L,
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6.2 M=TICET HFHERE L EROBEROBRE
621 RELRAEMEFIVERIFLTOBERDER

AT, Table 6.1 125 L7zl 1k - b &/ & LT, Table 6.2 1273 L7- 3 iR %
B LTz, ZONRIE, HKRZEN Def, Defr ZUZHE D ETOMRMMH At O, BLO

ERTRILF ETHhD, Fig. 6.112, KIEEOHHKEZ =T,

Table 6.1 List of test methods and conditions

Indicator Weight Diameter Fall height Abbreviatio
reviation
on hardness (kg) (mm) (mm)
Uy Uy
N- S-114 E
AJJF —D: > 2) 10.5 200 1140 (S Fnergy)
ection
Test (mm) S-114 Def.
methods D ;]nmt
erection 3.75 50 200 Ho Def.
(mm)
200 Fiys-20 Def.
43 400 Fius-40 Def.
600 Fius-60 Def.
IJF 200 Frs-20 Def.
Deflecti
Test 9(;;)”’” 8 78 400 Frs -0 Def.
methods 600 F7s-60 Def.
200 Fi16-20 Def,
116 400 Fr116-40 Def.
600 Fi116- 60 Def.
Table 6.2 List of basic and
composite indicators on hardness (step1)
Indicators on s
Description
hardness
Def. Maximum deflection
Def + At
E Energy up to Def.
£
S —
: p=
Ks) Def. S
£ S
Q ~
©
Q
/ At K
Time (ms) Deflection (mm)

Fig. 6.1 Calculation method of basic indicators on hardness
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F7-, RHETIL, 4 FORESM(S 114, H20, Frs10, Fr1620 % %152 & L C, THEHIZDOW
T Table 6.2 ® 3 #51%, it 12 OB EL KD,

728, AJJF RBFIETHW DN LHEEET VOgE, MERTSE T 2 K EIZHEK 28 7E
LAy —haEELTCHEZBIRY, 00, BHENDHKER HaDef. X
W Hz EITiE, TLAY—MIHRTHER LRV B EEND, RNTOETIEZ &I
HMETOHIMNERD D,

Table 6.3 |2, ARHETKSRE Lz, ST 5 2 EOFMRE, S-1, P-3 &, 3D
FRtE, EAR 12 FEOEEICK L TR Z 2> mhlRaofr ok efk 2 257,

F72, Fig. 6.2~6.5 D(@~IZ, 2 NE & 12 HOHEORNIGX, F24 KE2RT,

INHORENS, TFTEB5 LT,

Table 6.3 Coefficients of determination (r?) between evaluation scales
and measured indicators on hardness (step1) (male)

S-114 H2o Frsa0 Fue20

Def. £0.36 10.78 10.74 10.71

S-1 Def. * At 0.37 10.80 10.63 .0.60
E £0.40 0.15 10.72 10.11

Def. Q0.12 Lr0.80 Lr0.62 Lr0.76

P-3 Def. * At qQ0.29 Lr0.82 Lr0.40 Lr0.55
E 1r0.26 q0.58 q0.41 0.00

note : Explanation of prefixes of r2 values

r2= 0.90 : Linear function regression
10.90 : Logarithm function regression
£0.90 : Exponential function regression
qQ0.90 : Quadratic function regression
1r0.90 : Local regression

Table 6.4 List of graphs of the relations between evaluation scales
and measured indicators on hardness (step1) (male)

S-114 H2o Frsa0 Fs20
Def. (a) (b) (2) (h)
S-1 Def. * At () (d) @) G)
E (e) ® (k) W)
Def. (m) (n) (s) ®
P-3 Def. * At (0) (p) (u) (v)

E (q) (r) (w) (%)

(1) =& (8-1) LRKER Def OBERDZE%2

i) Fig. 6.2 @IZ, AJJFRBRICHEH D [FHESIROFEE IR EEE] 0. D CTRIE I
DHIEKREW S-114 Def & 2 F %2V (S-1) OfMRERT, Kb, REDOI)NHT- 2 R
KERS &, S1 & S1sDefORICITBE L ZHEOMBENEO LD, 7L, [
EOEE, Fig. 6.2 (@R LAY Sy ECUNDIEH A, FEXEIC 81 & &
WIS Z R 2 &b bind,

i) Fig. 6.2, AJJF BRI I D THERBEIEZERF O IR D 737 STEREE ] 39,40 CHl
E - BN SN D IRKER Haoo Def. & %5 74N (S'1) OBFRERT, BWHIIZRVE
BB LD,
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i) Fig. 6.3 (@2, IJFRBRGIETHESND Frsa0 Def L 22N (S-1) OMEER
T FHIIFZEWVHEBZBO 5D, TIF BUE TIIABRRNT Fre0l23810 5 Def OFiH;
TBUE ST TWRV, S-1 L[F DefDKIGIZRAFTH 2,

iv) Fig. 6.3 (WiE, Fig. 5.5 25)DHETH BN, S1 & Fusso DefOFBITE W,

(2) =&t (S-1) LHEEHEIE Def *At DEMRDOELE

i) Fig. 6.2 (QIZ, AJIF RERAIETHIE - B SN DEEGIEIE S114 Def. *At &2 H 44
PE(S-1) OFRERT, Knn, EEON -0 2RERIKEZRLS &, S1 & SusDef*A
t OMIZITB B X EZHEOMBENRBO NS, L, Ak L7aikKRER Def b tb~7=
e, AtEBEELEARITSIEERD LR,

i) Fig. 6.2 (2, AJIJF RERFHIETHIE - FHHSID HooDef *At L S-1 ORREZRT,
WFIIZEWHEBENRD D, LvL, ERRERERIS, AtE#EAE LTERITSIZER
D HALIR,

i) Fig. 6.3 W2, IJF RERFIETHE SN D Freao Def. *At &% 522 (S-1) OR&%
oY, MEITIZRWHBERRO bND, LML, dt=EHE LTEIRITERD S0,

iv) Fig. 6.3 (GIZ, S-1 & Fusz Def *At ORARZRT, WHEOFHEIIEV, LL,
At ZBE LT RITERD Hau,

(3) =H LM (S1) LAY EDORBRDEL

i) Fig. 6.2 (2, AJJFRBRFIETHE - RHINDIER =XV X S EEU) L2577
2P (S-1) OFRE T, Fig. 6.2()% Fig. 5.1 (DOHETH DA, Kb, REoOn
720 23 BRI AR &, S1 & Sy EEU) ORNZIIAERZRBD b b,

i) Fig.6.2(0I2, AJJFREBRAETHE - BHShD HoE & S-1 OFRE RS, W&l
IXRWHBIER® bz,
72, HoE DL, 20 RERIKD Haoo E OfF/ME & e RIEDOZED BWIRE L/hE\W, 2
DD, BEEETNO XD IEENBICEEN 26 37, BRI méﬁ%@x%
TNDGEX, DEWREZLNPWIROETE XL X DED/NS L, e S OHH1T)
MENDDEEZD,

i) Fig.6.3 &I, IJF R ERFENGRIE « FH LA RV FrsoE & S 1 ORRE
AT, EICIEREWHEARD HND,
72120, Frsao E DS, BT T ABAIKIGENEBRET LV TH D Z LI1TINZ, AJIF
DIERET ML DB GIELITRR Y, RICTFLV— 2SI EbnZ &b,
20 FRERIKD Froa0 E DF/IME & B RIADZET 1%RRE L S HIT/h&EW, JIEORE - 7
BMEZZBE LI L &, MRSV BREZEE T LOBEIE, EFEZRLFICL D0
EOHBNITFRENED LB 2 D,

v) Fig.6.3(IZ, S-1 & Fuszo B ORAFRATRT, WEITIZRWHBILRD by, Fus
20 EDLE S, 20 BRKDR/IME & i KIEO L 2% L/ S,
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(4) AN (P-3) & EKREN Def DERDE%E

i) Fig. 6.4 ()2, AJJIF RERS7VE CRIE S DI KER Sa14 Def. & i G iEANE (P-3) @
BftRZ R, MEITIZRWHEBIERD b,

i) Fig.6.4 (2, AJJF sBRFIETHIE - B S D EKETE Heo Def & a4 (P-
3) ORRERT, MHFITIZRWFERENRD b5,

i) Fig. 6.5 IC, IJF BT IECHIE SID Frsa Def LGN (P-3) OBfRE R
T, WE T B WAHBA RO 5D, TJF kS CIERBRSA: Frs0 2B D Def
DOREHITHE SR TRV, S-1 L DefOxtiIRIFTH D, 12171, HEETIL
DO T S0 20em OFERTH D, Fig. 6.4 (B LU Fig. 6.5 () & b3 2 &, FHEIT
RRME,

iv) Fig. 6.5 )%, Fig. 5.5 QOEHTH D52, P-3 & Fre20 Def OFHEIZE W,

(5) MEBHME (P-3) LHBIBIE Def.* At DBIRDEL

i) Fig. 6.4 (012, AJJF iR GETHIE - EH S D SusDef.*At & P-3 OFRZE T,
A AR BIEER D HAL7e W,

ii ) Fig. 6.4 ()2, AJJF iRERHIETHIE - B S d HaoDef. *At & P-3 DRRZRT,
WA TR WHBERARD 5N 5, LavL, Fig. 6.4 ) EHB LT, At Z2EE LEOE
T SIZERD BN,

m)ﬁg65mﬁqUF%%%%?ME%M%F%M&J%MkPB@%ﬁ%fﬁoﬁ%

ZITFHBARRD D, L, Fig.6.4(s) & LT, At Z2EA LIZRITR D O
@wo

iv) Fig. 6.5 WIZ, P-3 & Fuez Def *At DEMRZTR, W#I2IE, FHENRON DR,

UL, Fig. 6.4 ) &L T, AtZEE LIE2RITRD bR,

(6) MBBHME (P-3) LEBTFILX EOBROELE

1)Fg64@%ﬂAﬂFﬁ%ﬁE?wE‘ BHEND S EEU) & P-3 OBMRZERT,
KEOMNW 2RBAEZ RS &, MEITIIBB L ZOMENRD LD,

i) Fig. 6.4 WIZ, AJJF B FIETHIE - B ShD HoE & P-3 OBREZRT, W&l
BB LE LR OFHENRD D,

i) Fig. 6.5 W2, IJF RERSVETHESIND Frea B & P-3 ORRERT, WHEIZIZBBE
7o FHBAITERD B 7e vy,

iv) Fig. 6.5 T, P-3 & Fuszo EOBRAE TS, W&, WARRZRMEBEIEED Heu,

- 118 -



g

5 6

B RESRON T SHRBRTIE - FBIEICBET ORE

7
@ 501|r’=e0.36

epmso2y ..
E A S03 °
T
= [ ]
S

abk e A
c « o™
£ ° -
Z3 L N
QL
g 77777777777777 ‘7: 77777777777777777777777777777777
=2F -
= %e-
\ul ,,,,,, e

ir °

0 1 1 . 1 1 1

S-114 Def. (mm)

1

(@)
7
o s01[r2=037]

eWaso2y ...
E A SO03 e
Ts5h e
= °
S .

. Nt
3 ° =
P P 4 = A
Z3r A
L
T —
~2re
< %
B B

1r °

°
0 1 1 1 1 1
0 500 1000 1500 2000 2500 3000
S-114 Def. * At
(©
7
® 501 |[r2=e0.40

e HOSO2(
s |aso3 o

5 frosmmnmeese e o

A b L n\®

o Hp

(S-1) Safety in Ukemi (T
w

N
T
®

[any
T

S-114 E (U)) (N-m)
(e)

(S-1) Safety in Ukemi (TM)
N w D w [e)}

[y

® 501[r2=10.78
oso2{ 7
A SO03 e
oo @ i 6
o ° ,.t’,l,’i ,,,,,,,,,,,,,,,,,,,,,,,
o @:m 5
ot . 4
777777777777 ',‘,,,.,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, 3
..‘.
"""" BT 2
i °
[ ]
1 1 1 1 1 1

0 10 20 30 40 50 60

()
7
@ 501 r2=10.80
elloso2| ;
E A S03 .
B 1 S T 6
= .
§ °
4 F ... O e e e o]
i ogé,@ O 3
B O — ;
2
© | e 3
22t o
- | @
T B S R 2
lre
°
O 1 1 1 1 1
0 500 1000 1500 2000 2500
H-20 Def. * At
(V)
7
e s01|r?=0.15]
elloso2| ;
E A S03 .
- T 6
= .
A 5
s
- — ‘._-"
Z3F AR 4
2 i '
5. 2 Y T 3
,Ulz B °
= °
22T 2
1 -
°
°
0 1 1 1 1 1 1
7.5 7.6 7.7 7.8 7.9 8 8.1
H-20 E (N-m)
®

H-20 Def. (mm)

Fig. 6.2 Relations between Safety in Ukemi and measured indicators on hardness
(S-114and Hzo)




F6E FEZKON - SHERGIE - IBIEICBET 8%
7 7
e 501 [r?=10.74] e 501 |r?=10.71]
egloso2| ; egloso2| ;
S |aso3 S | aso03
Es ot 6 Es * 6
T T . """""""""""" — et .’: """""""""""
§ § o
e T 5 A AP 5
: o Bas : o
S DO N i S PO . DN
L L
O | @ 3 © e 3
Dot o Dot o
— . — .
@wo s Forrnm s 2 ©wo SR 2
1r ° 1r .
° °
0 1 1 1 1 0 1 1 1 1 1 1
0 20 40 60 80 0 10 20 30 40 50 60
F78-40 Def. (mm) F116-20 Def. (mm)
() (h)
7 7
® 501 [r2=10.63 @ 501 r2=10.60
gloso2| ; gloso2| ;
S |aso3 ) S [aso3
Es - 6 5 * 6
g * g °
>S4 '. ZEI """"""""""""""" 5 >4 . Dﬂéﬁ """""""""""""""" 5
£ De. g A £ Do A
Z3F S B 4 Z3bF A A e 4
L 2 .
o | @ 3 ©
Lotk P21 o
[ o ik
I S Rt II RS 2 I S RRaC IR 2
1r ° ir 'y
0 . 1 1 1 1 1 1 O . 1 1 1 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000
F78-40 Def. * At F116-20 Def. * At
(6) ()
7 7
® 501 [r2=10.72 @ 501r2=10.11
egloso2| ; egloso2| ;
S |[aso03 s | aso03
Es - 6 Es * 6
g€ °. g€ °
& 4 : § 4 [ ] A
2 ””””””’.’U’A;E”Am‘j """""""""" 5 il rHH T e 5
= Dlj‘. £ O e O )
Z3F AT T 4 Z3F AT AT 4
L 2
© | & 3 © | & 3
22t . 2ot o
“.' 2 e — '
[ R AR 2 L2 2
1r ° 1r °
° .
0 1 1 1 1 1 0 1 1 1 1 1 1
31.3 31.4 31.5 31.6 31.7 31.8 156 15.7 15.8 15.9 16 16.1 16.2
F78-40 E (N-m) F116-20 E (N-m)
(k) W

Fig. 6.3 Relations between Safety in Ukemi and measured indicators on hardness
(F7s-40 and F116.20)




%6 H FEHRONT SEERTE - FREICBET O RE
7 7
® 501[r2=a0.12 @ 501 ||r*=1r0.80
__g {loso2 __g fjoso2
A 503 A 503
) , ] ) ,
>5T >5T
i Do 6
%4 %4 - o 20
T x [ s A 5
=3 =3 A& o 4
3] 3]
> >
2 02
o™ o
(] S
) )
O 1 1 1 1 1 1 0 1 1 1 1 1 1
0 10 20 30 40 50 60 0 10 20 30 40 50 60
S-114 Def. (mm) H-20 Def. (mm)
(m) @
7 7
® 501 [r’=a0.29 @ 501 |/ r*=1r0.82
__g jloso2 __g fjoso2
A 503 A 503
Eleel - L ,
>S5 5T
i 7= 6
S S
o o 5
a [
=3 =3 4
(] (]
> >
o2 o2 3
o™ o
(] S| 2
‘. o
0 1 1 1 1 1 1 O 1 1 1 1 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500
S-114 Def. * At H-20 Def. * At
(0) ®
7 7
® S01 r2=1r0.26 ® SO1 r2=q0.58
—6 01502 __g fjoso2
S |aso03 S [laso3
B e 7 B e 7
51 =5}
= S 6 o USRS 6
%4 - « B %4 - A,
a | o 5 z | iw 5
= - = L e
23 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,;::::Zlffq,g ,,,,,,,, 4 83 ,,,,,,,,, ZE*,',,,! ,,,,,,,,,,, R 4
g ‘\~ g ,,/ \»“
O2 e 8 Y TR 3 O2fp T L 3
I{f . ° ’a'l-? °
L o 2 R e 2
° .
0 1 1 1 1 1 1 0 1 1 1 1 1 1
40 50 60 70 80 90 100 75 76 77 78 79 8 81
S-114 E(Uj) (N-m) H-20 E (N-m)
(@) @
Fig. 6.4 Relations between Overall Playability and measured indicators on hardness

(S-114and H-z )

-121 -



F6 7 FuEBRON SRBRGE - FRIEICET R
7 7
® 501 |[r2=1r0.62 @ 501 |[r2=1r0.76
__ g lloso2 __ g lloso2
A S03 A S03
Eless) L] — ,
>5T >5T
- 6 z
S4r e« ZO 4
© ©
T [ b;::A‘A """""""""""" 5 O
= L S e =
© S : ,A!,E,‘:\D ,,,,,,,,,,,,,,,,,,,,, 4 © 3
()] N (0]
> >
o2 o2
o ! o
g 00 ********* 2 29
‘.. .‘\.
O 1 1 1 1 0 1 1 1 1 1 1
0 20 40 60 80 0 10 20 30 40 50 60
F78-40 Def. (mm) F116-20 Def. (mm)
(©)] ®
7 7
@ 501 |[r2=1r0.40 @ 501 ||r*=1r0.55
__ g lloso2 _gloso2
A S03 A SO03
] S — 7
>S5 5T
5 5
S S
o o
o o
=3 =3
Q (0]
> >
o2 o2
o™ o
X S
Y )
0 1 1 1 1 1 1 O 1 1 1 1
0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000
F78-40 Def. * At F116-20 Def. * At
(G)) W)
7 7
e 501’ =a0.41 e s01[r?=0.00]
__ g lloso2 __ g lloso2
A S03 A S03
Eless) - L] — ,
>5T >5T
73 SESCETRTETEE T TR T P TRTEERETIREPERTRTPEEE R PRI 6 B e 6
Sar o A O Saf h A
e S RrT o« LTI ET T 5 &L e 5
a o A 7. o Atl
=3I * =3I [ ]
© Sl B A;»’—’g—ﬂ ————————————————————————————— 4 © P VY TR 4
g I
O2pF----- ""”A’ ————————————————————————————————— 3 O2F----- ,,,,,,,,,,,,,,,,,,,,,,A —————————————————— 3
5 . . s ¢ .
(SN SRR @@ - iireoeeiioeon R 2 S K 2
‘. R
O 1 1 1 1 1 0 1 1 1 1 1 1
31.3 31.4 31.5 31.6 31.7 31.8 15.6 15.7 158 159 16 16.1 16.2
F78-40 E (N-m) F116-20 E (N-m)
(w) )

Fig. 6.5 Relations between Overall Playability and measured indicators on hardness

(F78-40 and F116-20)




%6 W FERRON T SRR - IBREICET 2%

622 EMIRINFTESELLEHFELGERORE

6.1 TR/ L 912, BEHEDOHISE 1949TlE, KOV —7 = ADNSOFEREELE L
T,%%izw%ﬂ%wEM5;kﬂ§wo—ﬁ,m@@%%@ﬁ% AR NE 22T T
N RWDEEIL, IRONTICIHRES BRDIGATYH, BT RVFXFOEIT/NNINT &2
RENTZ, ET2, TNETOEBLLZWU T, BIEOFE & @D EOAINENR R Sz,

% ZTCAIATIE, Table 6.51Z~7 2FDFEIE, [E.pl & [Eprs) KT 52
bl Oy

Table 6.5 List of basic and
composite indicators on hardness (step2)

Indicators on

Description
hardness P

E.p Energy up to Def.
E p1s Weighting coefficient (Def) : 1.5

ZZig, TE.p) &%, Fig. 6.6 BLOTRITTRTLIIE, BRZRNVXERDLTZDD
W« BRI N T, BB RLFOWNEFRICE DALE TOEEEZ BT LIH
DETHL, 7B, E.p3WHRZIIWHERERE bWl Lnb, WRocE L L,

X

Load (N)

AE

Deflection (mm)

Fig. 6.6 Calculation method of indicators on hardness

Def.

E.p= [/ AE-xdx

£72, TEp1s) &%, Fig6.7TITr-"T LI, BIROEAMFITEIEL LT, L% 1.5 %
L7ctk, BT XVFIHY T 2 8EZEIIAE LI DO TH D, E s bERITETH D,
Table 6.6 |2, AR TG L Lz, NS 2 2 FOFHMERE, S-1, P-3 &, wEL
72 SHEOWESRMICET 5, Ll L7z 2 MOIEE, FE~ 6 FOEIIK L TR I o720
IR BT OWRERE (r2) 27,
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25 : : 25 . .
: : No weighting : : Weighting
' ' _ H20E coefficient (Def. : 1.5)
b St I EEEEEEEE SEEEE NO3 — N14 2 e H.20E
7 NO3 — N14

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

Load (kN)
Load (kN)

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

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

0 10 20 30 40 0 30 60 90 120 150
Deflection (mm) Deflection (mm)

Fig. 6.7 Concept and Examples of weight-calculated energy

Table 6.6 Coefficients of determination (r?) between evaluation scales
and measured indicators on hardness (step2) (male)

Hao Frs-40 Frie-20

g1 Ep 10.78 10.78 10.66
Epis 10.67 10.80 £0.67

P-3 Ep Lr0.88 LrO.77 1r0.79
Epis 1r0.80 1rO.78 1.rO.83

note : Explanation of prefixes of r2 values
r2= 10.90 : Logarithm function regression

1r0.90 : Local regression

Table 6.7 List of graphs of the relations between evaluation scales
and measured indicators on hardness (step2) (male)

H-20 Frs-40 Fus20
S1 Ep (a) (©) (e)
Eopis (b) (d) )
) Ep (g @) (k)
P8 Eous ) 0 0

F72, Fig. 6.8, 6.9 D(@~WiZ, 2 REL 6 O FEORIGK, F 12 KE2RT,
INHDORENS, LFEBE LT,

(1) Z=H%e2ME (S1) & E.p BEXOYEprsDBARDZEEL
Fig. 6.8 (@~®70, WIFHNOWESREFETH, E.0 BELO E pisiE S1 & BWHHBEZR
T, 7272 L, HIEOD Fig. 6.2 (b), Fig. 6.3 (g), WIT/R LTk KA Def. & e LC, RJE
& OFRBMEDBLR N BIL, BEAT TS LIeRITHRE S TV 2 720,

(2) MBBHME (P-3) & E.p BIY EpisDBIRDEER
Fig. 6.9 (@~WD25, WIFNORELRMETYH, E.0 BLXO Episid P-3 & BV ZR
T, £z, AIED Fig. 6.4 (), Fig.6.5(s), OIZ/R L7z Def Ll L-C, REE L OMEBEMED
BEND, BEAMTHES LIERBBED LD,
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Fig. 6.8 Relations between Safety in Ukemi and measured indicators on hardness
(H-20, F78-40, F116-20)
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623 RELELHBELVEp sDERDEE

HOMRA252 T, AETIL, Table 6.1 123 L2 11 OMIESED 56, S14 H KR
<, 10 FEDOEMICHONT, HKREF Def bk DHBIZENT, E.oB LW E pisDEIMEE
SOICHFTHZ e LT,

Table 6.8 |2, AR TG L Lz, NS 2 2 ORI RE, S-1, P-3 &, EEL
72 10 FOPESMICET 5, ik L7z 3 FOEIE, MR 30 MOHEII L TR IeoT
[V BT OWRTERREL (r2) &R T,

Table 6.8 Coefficients of determination (r?) between evaluation scales
and measured indicators on hardness (step3) (male)

Hz Fis20 Fisa0 Fiusé0 Frs-20 Frs-40 Frs-60 Fr620 Frs40 Fri660

Def 10.78 £0.79 10.72 10.73 10.75 10.74 1.0.65 10.71 10.61 £0.60

S-1 Ep 10.78 10.81 10.75 10.71 10.76 10.78 1.0.73 10.66 10.70 1.0.65
Ep1s 10.67 10.81 10.76 10.72 10.76 10.80 1.0.73 10.67 10.71 1.0.65

Def. Lr0.80 Lr0.75 Lr0.56 1r0.56 1r0.75 Lr0.65 1r0.56 Lr0.75 Lr0.53 1r0.41

P-3 Ep Lr0.88 Lr0.82 1r0.67 Lr0.56 Lr0.83 Lr0.77 Lr0.72 Lr0.79 Lr0.69 1r0.44

Ep1s 1r0.80 1r0.73 1r0.68 Lr0.53 1r0.83 1r0.78 1r0.73 1r0.83 Lr0.71 1r0.38

note : Explanation of prefixes of r2 values
r2= 10.90 : Logarithm function regression

1r0.90 : Local regression

Table 6.9 List of graphs of the relations between evaluation scales
and measured indicators on hardness (step3) (male)

H-20 Fuz20 Fus-a0 Fuse0 Frs20 Frs-40 Frs60 Frs20 Frisa0 Fris60
Def.
S-1 Ep &)} (€)] 6)] ()] (9 (11) (13) (15) )
Epis 2 (4) (6) (€) (10) (12) (14) (16) (18)
Def.
P-3 Ep (19) (21) (23) (25) 27) (29) (31) (33) (35)
Epis (20) (22) (24) (26) (28) (30) (32) (34) (36)

F£7-, Fig.6.10~6.15 D(1)~@B6)IZ, 2 REEL 30 MOHEOXISK D 2 B, REHRD
DFt 36 MERT,
INHDOREND, LT EBE LT,

(1) zFZ%eME (S'1) & E.p BEXOW Eprs DERDEER

Fig. 6.10~6.12 D(1)~18)2H, WTNORESRMFETE, E.0 BL N EpisiES1 LR
WHHBAZ R, F£72, Table 6.8 (T8 LICIRERBMO LN G, RKREE Def & g LT,
FEAEDRESRMFICEBNT, BT TSIV ERT TS OMEN R THEND,

(2) ¥eBwHME (P-3) & E.p BEV Eprs DRARODZES

Fig. 6.13~6.15 ®(19)~@6)1 5, WITNOHESRNFETYH, E.p BEI W EpisiZ P-3 L B
WHBSZ R, F£72, Table 6.8 (T8 LTCIRERBMOD LD, Def & H#E LT, KFDH|
EFRMCBNT, EATHESODEPRBD D, KR, BEET VO TS BMRNSE

- 127 -



6 5 RIESIRON T SHBRITTE - RIS SRR

HECOMENEE TH D,

2B, UbEOERENS, AEOHIE T, E.p & EpisOMENENI L, EAMTO
RBRETHD Z L, S HICHEMNT OBIEOMBR BN ES N2 L 2B E L, LR
WZBWTIE, EplilBEL Tz sZ e LT,
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Fig. 6.13 Relations between Overall Playability and measured indicators on hardness
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6.3 FEGROMN-HERSGE - #5FICEHT HIRE

AT E TOBLEMR LI £ Lo, KEITIE, Lathl JOBENEN S Z i e S ORE
Fik - B LU OBA & LT, Table 6.10 ISR THNAEEZMGTHZ & & LT,
Table 6.10 Z #4895 IZEE L TiE, LA ZRifREs K OEATT# L Lz,

Table 6.10 Suitable test conditions and indicators for each evaluation scale
(male and female)

Male Female
AJJF IJF AJJF IJF
g1 us Fiis60 Ep Us Fuee0 Ep
Gs [Fi16-60 Det] Gs [F11660 Def]
S-2
g3 HzEp Frs20Ep Hz2FEp Frs20Ep
Sa [H 20 Def] [Frs-20 Det.] [H.20 Def'] [Frs.20 Def.]
P-1
P2 HzEp Frs20Ep HzEp Frs20ED
P3 [H 20 Def.] [Frs-20 Def.] [H-20 Def.] [Frs.20 Def.]

*U Supple mentary use of D.o.D. is required

OENIMARERERTTIED Y e LT L BRICHE 2, ATEETHIUL, BT ORHIRERTTIE

21T 5,
@uRETHIUE, M- SICBET HBUTOEEAZTEAT 5,
QMBS U T, Fi-/2ilBrstt 24 5,
@OMENZIS T, Bl ptefr a3 2,
OREIZE LT, 2z SFHliOMBRICE T, BEORELEEAT 5,
OFRETHIVL, ENHMHEIZ L 2HBRAE, WAMNEARKIC L 53BRG1E, oFnZhizon

TS DREEERET D,
DEEOZ L PEORFNE, AWFE TR E Liz2athicBd 5 4 THEH, BIOBHMEC
B4 2 3HAICALTRI R,
Table 6.10 (1%, B4, MR B RIS, FIEMR O DN STRE OB % R
L7z,

Table 6.11 12, F 7,
RO E AT,

F 72, Table 6.11 |2/ L2 R L FEEEOFLAH OH T, Table 6.12 (278 L7 AHIZ O
T, BEHNCREE L FREOBSE % Fig. 6.16~6.21 O(1)~@0)I/R L7z,

AR,

it 14 FEOFHI R & SHEEO IR DEYRIHT ORER & LT, IRIE
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Table 6.11 Coefficients of determination (r?)
between evaluations scales and measured indicators on hardness

Male Female
AJJF 1JF AJJF IJF
£0.40 (20.73)"2 10.65 (10.70) 0.30 (0.70) 10.54 (10.55)
S-1
0.43 (0.54) [10.60 (1.0.75)] 0.38 (0.50) [10.46 (.0.57)]
S LrO.85 LrO.77 Lr0.83 Lr0.84
[1r0.66] [Lr0.77] [1r0.82] [1r0.82]
g3 LrO.75 Lr0.79 Lr0.70 Lr0.72
[r0.68] [Lr0.73] [1r0.69] [1r0.72]
S4 LrO.88 Lr0O.90 Lr0.86 Lr0.90
[LrO.84] [Lr0.88] [1r0.85] [1r0.88]
1r0.80 LrO.75 Lr0.81 Lr0.85
P-1
[Lr0.71] [Lr0.74] [1r0.79] [1r0.76]
P-9 1r0.89 1r0.83 Lr0.81 Lr0.86
[Lr0.77] [Lr0.79] [1r0.81] [1r0.81]
P-3 LrO.88 LrO.83 Lr0.84 Lr0.86
[Lr0.80] [LrO.75] [1r0.81] [1r0.79]

*2 Values for 18 samples
note : Explanation of prefixes of r2 values
r2=  0.90 : Linear function regression
10.90 : Logarithm function regression
£0.90 : Exponential function regression

1r0.90 : Local regression

Table 6.12 List of graphs of the between relations evaluation scales
and measured indicators on hardness

Male Female
AJJF 1JF AJJF IJF
(2 (5)

S-1 ) ()] © (4)
S-2 (@) (13) (€] (14)
S-3 (9) (15) (10) (16)
S-4 (11) 17) (12) (18)
P-1 (19) (25) (20) (26)
P-2 (21) 27 (22) (28)
P-3 (23) (29) (24) (30)

note : Graphs on Def are omitted

(1) zZHZaett (S-1) ICBET 507 SHEEICOWT

Table 6.11, Fig.6.16, 6.17 OfEiRN L, ZHLEMEOE RN G- & 2 a4 25 FIER

FOHEEE LT, UTZ2RET D,

1) AT 2465 ChH D Do DAEMNT, K- BORENT S ZHET D, A4
ZEOHFPATIX, D.o.D.A 3mm KHOK - BiX, THZRMEOBRND, Rk bo
& LTERAM %,

i) AJIF AR OIRIECTHD Uy, GsZWET D, THODOIREEOR/NMNILY, ZhHratk
DOFHIEAFRE L B X D,
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