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Abstract

The purpose of this study was to identify the difference in the effectiveness of the mechanical energy
utilization between the medalists and Japanese athletes on the men’s 20km race walking of the Olympic
Games in Athens. Three medalists and two Japanese athletes who walked on the 2km circuit course
during the men’s 20km race walking event were videotaped by two VTR cameras. Effectiveness indices
of the mechanical energy utilization inrace walking for medalists were higher than those for Japanese
athletes because medalists have obtained large walking speed with small mechanical work (W,,). The
mechanical energy of the support leg for medalists increased with large mechanical energy flow from the
recovery leg to the support leg by joint forces at the recovery and support hip in the end of the recovery
phase. Increased mechanical energy of the support leg resulted in the large step length and walking

speed.

I. #&

il

AV Uy 7RO RIERFHETIE, BAEAIELS
- 20km, 50km, Z¥ 20km (1997 4F % Tl 10km) O
SHEHEMEREN TS, BANEFOANEIZAY
VE w7 TIHIER SN TWARW, HFRTFHETIE
B F 50km THREFESFTARE (1991 4F) &7 7
ARE (1997 4F) TENRENTALE 6ALICAEL,
IR R TR~ RE (2005 ) TS8ALIZA
HLTWAD. L,L, %7 20km TIEHIREFR T
REY b ke (2001 4F) TTACAELTWD
720 C, & 20km TONEILER STV R0,
D=8, Hig 20km TO BAR—JET &R
BTLOET, B 50km EERXTRKENENZD.

B H L, EEHHESICB W T IT U FO2—

ZFEH & T 5000m LA _E o BEEECE i S B RiA
WFEH CTHDHZ LD, ATV —E2 400
FAL, L—AHChlzo THITHREZHEE T2 Z
U, BV R T =~ ADERICEETH D
LEZOHNA. Hoga & (2003) 1%, AARENTE
i ST ARG S D B 1 20km HEAR L — R TN
THR—JET L AR IMERT 250 284 OFH
FOBEIEINZE T 5 HFH T R — DIz o
THHTL, L—AF DR BT E OS2I,
I & o THAE LT HFEH = 3L X — 52 HF]
FTAHZENREETHLZEAHALMNILTWAS. L
ML, Hoga & (2003) DOHFFE TILHR —ETF L
HA—JEF L OBWVICOWTIEHLNIENTE
57, 70, HARENOBESIZEH T 5 R —jik
FORT =~ AINLT L b@EIZEVa 7 o



Vary TEREINEZLDOTRNWI Enh, BRI
BT LR R TOEWE SN I EEE
BB T FRE LTS ENZ L.

F7o, HATHE TIE, BEBHNC R 2HBOER
IZEA L TWA N E D A —E 2km LA T O JE Rl =2 —
A ISR TROE ST 4 0 S I\ 4 DR
B2HEL, =AU EOFHENBESOERITKT
L EHIE LT B I3k L e o (WEIEN B AR
BEEGEE, 2005). AV LBy 7 Rt FURFAHE R
EOEEHESTIE, &m7 7 (Loyrll) oF
BRI B ORPNHEZITO Z b, BRI E
BT DHEIPHN TR E 2B TIHEE 2 453 2 £l 2 )
OMNTTAH7-DI121E, UYL o E R B0V E
TOLHEETONMNOFHFNREL TNDHEEZLN
5.

T, ABETIE, R & B AR
FOEVIZOWTHLNICT 7D, NFEH=X
X —FHDOEINEOBE N ST T AT oy 7
1 20km BEHRICEBITHA XU A MEHARNERFD
EWIOWTHLMNITAZ L2 E L

0. A&

1. VIR %

TTARAY Uy 7 Jo 20km B4R (2004 458 A
20 H) 1E, AV EY I AX T LA AL —E
JO 7 4=y vatiill LT, AZ U7 A5 1kn
BEN - (FEHEICRE SN —E 2kn DJE[R| 2 — AT
Tz, AZ— kx5 2km DT D 22— A H7E
(2 B DVIR & AZ (DCR-TRV50, Y =—#t-8l 4
607 s —K) ZzRELTHREL, L—AKT
IR 3m, fE 4. 5m, B E 2m OSHTHEIP A 2 — % b
W CEZRIE DLT HED D DX v UV 7T L— g &
T Tz

2. T—Z0H
Table 1 Characteristics for subjects
Brugnetti Fernandez =~ Deaks Tanii Yamazaki
. (ITA) (ESP)  (AUS)  (IPN) (JPN)
Place DNF
! 2 3 15 (Retired at 8km)
Age (yrs) 27 27 27 21 20
Height (m) 1.75 1.73 1.83 1.66 1.78
Body Mass (kg) 62 57 66 58 63
Race time 1:19°40” 1:19°45”  1:20°02” 1:23°38”
Best time 1:19°40” 1:17°22”  1:18°14” 1:20°39” 1:20°38”
Performance Ratio (%) 100.0 97.0 97.8 96.4
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Table 2 Walking speed, step frequency and
step length for all subjects
Name Brugnetti Fernandez = Deaks Tanii  Yamazaki

(ITA) (ESP) (AUS) (JPN) (JPN)

Analyzed point (km) 6 10 14 10 6
Walking Speed (m/s) 4.36 4.32 4.34 4.11 4.17
Step Frequency (Hz)  3.33 333 333 3.53 333
Step Time (sec) 0.30 0.30 0.30 0.28 0.30
Support Time (sec) 0.27 0.29 0.25 0.26 0.28
Flight Time (sec) 0.03 0.01 0.05 0.02 0.02
Step Length (m) 1.31 1.30 1.30 1.16 1.25
Support Distance (m) 1.16 1.26 1.08 1.06 1.18
Flight Distance (m) 0.15 0.04 0.22 0.10 0.07
Step Length Ratio 4.7 75.0 71.5 70.1 70.3

to body height (%)

Table 3 W, ,T, and EI for all subjects
Name Brugnetti Fernandez = Deaks Tanii  Yamazaki
(ITA) (ESP) (AUS) (JPN) (JPN)
W, (J/kg) 3.95 2.74 3.51 3.97 5.21
T, (J/kg) 18.96 18.57 17.31 14.62 16.85
EI 2.40 341 2.68 2.12 1.67

F7, ARBFFETHON LIZ2TOWBRE CTHid i
11 & O A 5 IR R A L Tz, I
TERFRIZOWTIL, 72T AEEMN0.01
Bl bENoToN, BIET L IIETITE BIT
0.02FC, 7NV=xzv7 1 ®F (0.03F), 71—
7 AETF (0.05 ) X0 -T2, T, XFF
HEEECOWTIE, 72T T AEFIL1.26 m &
FEFICENSTD, 7=y T 4EF (1.16 n)
IR SE T (1,18 m) ERIUEETHY, T 14—7
ZEF (1.08 m) [FAHIEF (1.06 m) &[F UHREE
Thot-. FEXEBHEEIZHOWTIE, 7= F TR
HEPFX0.04 m EIEWITHEN ST, BHERT (0.10
m) & [LHIEETF(0.07 m)iE, 7v== v T 1 EF(0. 15
m, FA4—27AEF (0.22m) L LENST

2. BHONFHEFEL HFHT XL —(RiER,

TR RV X —DHRMEFEEL

31, 1V A7 NVHPICEE THIELCARE ke
b ONFRIEE W) &2 Oy Tl
SN hFH=x v —{giEs (), HFiTx
NF—DOANEFES (ET) 22 TOHEREIZHOWT
RLELOTHL. Wy looWnWTiE, 7=AFrF
ZIEFN 2.74 J/kg Theb/hE<, RWTT 14—
AEFN3.51 J/kg T, == v T 4 EF (3.9
J/kg) ERIFEF (3.97 J/ke) 1F, FERUKE

S Tho7en, IRFEFIX5.21 J/kg Tleb K&
Mol T AZHOWTE, 7 v=x v 7 1 %&F (18.96

J/kg) &7 xFrF A%EFE (18.57 J/kg) MNFELT

K BVWDOKREXEST, ROVTTF 4 — 7 Z8FE (17.31
J/kg), ILIFETF (16.85 J/kg) 0>ME??£bVJ, BH:

R 14.62 J/kg THRb/NE Doz, ETIZHOWNT
ﬁ,7iw%y?x&$ﬁ&m&#%’%< "
WTT 44— 27 AT (2.68), 7h=xvT 1%
T (2.40) OIETH 724, ARNETIIAHERT
(2.12), EETF (1.67) OlFEH AL U A KME
DKo 7=

3. FEoOREE U — LB hLv sy R0 —, Bt
MV, B

X 1134 TOWERE ORIE MBI 2351 2 B



\ \ \ \ I ! / / SN\
) O U Yo LS L

0
’°°o

21
o oo
= 10 t‘%" °  Brugnetti
=< R
= e Fernandez
5 0 X Deaks
% Tanii
~
10 Y amazaki
A
-20
R-off R-on
0% 20% 40% 60% 80% 100%
Right foot recovery phase (%)
Figure 1 Joint force power of the right

hip for all subjects during the

normalized recovery phase
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Figure 2 Joint force power of the right
hip for all subjects during the

normalized support phase
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Figure 3 Joint torque power of the recovery
hip (a) (b) for all
subjects during the normalized

and knee

recovery phase
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Figure 4 Joint torque of the recovery hip
(a) and knee (b) about the medial-
of the

coordinate system for all subjects

lateral axis absolute

during the normalized recovery phase
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