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ABSTRACT

The relation of HR to swimming velocity(V) and HR to %Vozmax were measured
for eight male varsity swimmers. The mechanical efficiency of swimming was estimated
from HR and V. Energy expenditure was calculated from HR and the relation of HR
to %VO.max. Work output was calculated as follows:

W=2.49V X 60V x2.3423x 10 (Kcal)

By extrapolating HR-V curve to the maximal heart rate during swimming, the speed
(V(HRmax)) at which maximal heart rate first reached was determined. The mechanical
efficiency of swimming ranged from 1.7 to 6.6 percent. V(HRmax) ranged from 0.95 to
1.49m/sec. Correlation coefficient between maximal estimated mechanical efficiency of
swimming and performance was significant at (.01 level. Correlation coefficient between
V(HRmax) and performance was significant at 0.01 level. Therefore, it is suggested that
the maximal estimated mechanical efficiency of swimming and V(HRmax) might be useful
to evaluate the swimming performance.
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Table 1. Physical characteristics of the subjects
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Fig. 1. Determination of heart rate and freestyle

swimming velocity

DR—R— A~ F&, REDHR» bl E
L, 145B00L3aE%E RS,
LEFGR/5) =608+

B 104D fHifE (mm)
R—— 2 — F (mm/F)

x10 G

I, BOmM DT 5 =< VARAL ABR
DI,
woE(m/sec)=50(m) +27 y — =V AZX
4 s(sec)
E & OLIRBOBERERDBHE, 3AKBH,
LEARDT 2 %ER L1,
3) KExFORRLAK

Subj. Ht Wt Age BSA VOzmax VOzmax
(cm) (kg) (yrs) (m?) (1/min) (ml/kg.min)
NI 180.6 76.5 20.1 1.98 3.81 49.8
T.M. 178.0 70.5 20.4 1.89 3.41 48.4
A0 168.0 60.5 19.5 1.70 3.35 55.4
M.J. 164.0 55.0 19.7 1.61 2.94 53.5
Y.Y. 171.0 62.0 23.5 1.74 3.24 52.3
S.T. 174.0 62.5 23.4 1.77 2.82 45.1
1.K. 172.9 61.5 19.3 1.75 2.94 47.8
Y.1 168.0 64.0 21.0 1.74 3.33 52.0
M 172.1 64.1 20.9 1.77 3.23 50.5
SD 5.1 6.2 1.6 0.11 0.30 3.2

0.425 0,725
BSA=72.46xXW xH 410,000
(m?)

(W=weight(kg), H=Height(cm))
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Table 2. Relationship between heart rate and swimming velocity

Subj. Linear regression r HRmax V(HRmax)
equation (BPM) (m/sec)
%% Sokok
N.I Y=102.04X +32.98 .9854 185.2 1.49
% sokok
T.M. Y= 95.77X +44.79 .9545 181.8 1.43
% otk
AO. Y=146.06 X +11.16 .9700 171.9 1.10
*% dokok
M.J. Y =163.42X +17.15 .8301 185.8 1.03
*# ok
YY. Y=163.40X—19.03 .9901 182.4 1.2¢
%% *dok .
S.T. Y =201.40X—67.97 .8002 175.4 1.21
*% sokok
LK. Y=136.26X-26.56 .9799 160.9 1.38
%% *kk
Y.I Y =156.17X +28.26 .9615 176.5 0.95
Y:Heart rate(beats/min) X:Swimming velocity(m/sec)
*  Significant at Q1 level
ok Significant at 001 level
Table 3. Relationship between heart rate and %VO,max
Subj. Linear regression r VOzmax VOzmax
equation (1/min) (ml/kg-min)
ok ok
N.L Y=1.69Y +24.59 .3991 3.81 49.8
* *
T.M. Y=0.36X+36.37 .9876 3.41 43.4
sk Aotk
A.O. Y=1.24X+71.88 .9994 3.3 55.4
* *
M.J. Y =1.42X +67.76 .9635 2.94 53.5
*k *k
Y.Y. Y=0.90X492.43 .3801 3.24 52.5
* *
S.T. Y=1.45X+50.78 .9831 2.82 45.1
Aok ok
1.K. Y=1.16X+60.22 L9917 2.84 47.8
* *
Y.L Y=1.38Y +66.70 .9887 3.33 52.0

Y:Heart rate (beats/min) X:%VO,max (%)
* Significant at ,05 level

#**  GSignificant at 0] level

bk Significant at 001 level
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Tabl 4 Experimented swimming velocity, heart rate, VOz,energy expenditure,

work and estimated mechanical efficiency of four trials for each subject

Subj. Trial  Velocity HR VO, E W  Estimated
(m/sec) (BPM) (1/min) (kcal) (kcal) M.E.(%)
NI
1st 0.99 133.0 2.44 12.20 .339 2.8
2nd 1.20 154.5 2.93 14.65 .595 4.1
3rd 1.27 164.8 3.16 15.80 .701 4.4
4th 1.47 182.9 3.57 17.85 1.074 6.0
T.M.
1st 0.96 139.4 1.71 8.55 .310 3.6
ond 1.09 145.4 1.94 9.70 .450 4.6
3rd 1.19 156.3 2.38 11.90 .580 4.9
4th 1.36 177 .2 3.21 16.05 .856 .53
AQ.
1st 0.80 128.7 1.53 7.65 184 2.4
2nd 0.84 130.8 1.59 7.95 212 2.7
3rd 0.92 146.9 2.03 10.15 277 2.7
4th 1.06 167.1 2.57 12.85 .419 3.3
M.J.
: 1st 0.80 143.1 1.56 7.80 .183 2.3
2nd 0.90 164.0 1.99 9.95 .258 2.6
3rd 0.99 175.5 2.23 11.15 .339 3.0
4th 0.92 176.5 2.25 11.25 .274 2.4
Y.Y
1st 0.89 128.0 1.28 6.40 .249 3.9
2nd 0.99 139.7 1.64 8.20 .339 4.1
3rd 1.07 156.4 2.30 11.50 .426 3.7
4th 1.18 174.2 2.80 14.00 .567 4.1
S.T.
1st 1.03 134.5 1.63 8.15 .381 4.7
2nd 1.10 156.8 2.06 10.30 .462 4.5
3rd 1.17 167.8 2.28 11.40 .552 4.8
4th 1.21 174.9 2.50 12.50 .609 4.9
LK.
1st 0.96 106.5 1.17 5.83 .310 5.3
ond 1.08 118.7 1.48 7.40 .437 5.9
3rd 1.18 131.5 1.81 9.05 .567 6.3
4th 1.34 158.7 2.50 12.50 .819 6.6
Y1
1st 0.79 151.6 2.05 10.25 177 1.7
2nd 0.82 156.8 2.17 10.85 .19 1.8
3rd 0.86 160.8 2.38 11.35 .226 2.0
4th 0.91 171.8 2.54 12.70 .266 2.1

I':‘,=Energy expenditure (kcal/min) 1 liter Op;=5kcal
W:R><d><2.3423><10—3 (kcal) :R=Water resistance (kg)

d=distance(m/min)
R=2.49Vl'91(kg) :V=swimming velocity (m/sec)
Estimated M. E. =W/Ex100 (%)
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Fig. 2. Relationship between %VO max and

freestyle swimming velocity
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D7 4 —T /AR, MRS B VNATEE
TEHBEA D T,

HEI NI DOPHRETIL, HE IR
RO AEE, V(HRmax) D75%DikEICk
TABREENTCHEOMICS B VIV THEER
K kFEOERL B EDC FH177.53/ 54
(SD=7.7D&, AEE=/L T2 —& —ZF}
BBRALHEEOESE 191.3H,/ 2(SD=6.78)

Table 5. Estimated swimming efficiency based on swimming velocity

Subj. swimming velocity (m/sec)
0.8 0.9 1.0 1.1 1.3 1.4 75% (V(HRmax))

N.L — 2.3 2.8 3.4 4.7 5.5 3.5 (1.12)
T.M. — 3.8 4.0 4.3 5.2 5.7 4.2 (1.0
A.O. 2.3 2.7 3.0 3.4 - — 2.5 (0.83)
M.J. 2.2 2.6 3.0 — — — 2.1 .77
Y.Y. — 4.0 3.7 3.8 — — 3.9 (0.92)
S.T. — 4.2 4.3 4.6 — — 2.9 (09D
LK. — 5.7 5.6 5.8 6.6 — 3.8 (1.04)
Y.I 1.8 2.1 — — — — 1.5 0.7D
( ) =Swimming velocity of 75%V(HRmax) (m/sec)
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Table 6. Correlation coefficients among the experimented variables

100m  200m  400m VO,max VO,max V(HRmax) E.M.E. EME. EME
Variable ) (ml) max 0.9 5%
100m 0.988 0.98%7 —0.1351 0.7916  —0.9137  —0.9274 —0.5002 —0.76%
200m 0.97’53 —0.3266 0.81o§ —0.91?1‘ —0.90’1% —0.3611 —0.7287
400m —0.1458 0.7933  —0.9883  —0.0487 —0.5082 ~0.8805
VOmax(1) 0.2750 0.3768 0.0818 —0.5560  0.1730
VO, max(ml) ~0.5547  —0.6848 —0.5985 —0.4536
V(HRmax) 0.9328  0.4426 0.8852
E.M.E.max 0.5695  0.8193
E.M.E.0.9 0.6380
E.M.E.75%

*  Significant at (.05 level
#k  Significant at (.01 level

VOzmax(l) :VOzmax(l/min) \"Oz max(ml)= VOzmax(ml/kg +min)

E.M.E.max=Maximal value of estimated M.E.

EM.E.75% =Estimated M.Eat 75% of V(HFmax)

DERX, 1%V VTHEETHY, BigdElEE
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X 19 i)_.[%‘ﬁ‘ﬂf\:o
O#g
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