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The Effect of Different Critical Velocity Percentageon VO, HR, LA
during Aerobic Training in Swimmers

The purpose of this research aimed to discuss on taking different critical velocity
(CV) as training indicator and conduct further observation in the respect of physical
changes including heart rate (HR), blood lactate (LA), ventilation volume (VE), oxygen
consumption (VO,), and volume of carbon dioxide (VCO,) of different CV intensity to
confirm to adopt what intensity of CV for the important indicator when receiving
aerobic exercise ability training intensity.  Subjects of this research were consisted of
fourteen senior high students (11 male students, 3 female students) from swimming
team, age in 17+0.67, height in 168.22+6.48 cm., and weight at 64.07+7.54 kg. All
subjects shall receive 50m, 100m and 200m front crawl test in maximum physical
exertion, with the results carried over toD T (distance time) linear relation model to
calculate each athlete’s critical velocity (CV), followed by conducting 400m freestyle
swimming in 80%, 85%, 90%, 95% and 100% of CV intensity respectively and then
measuring each physical change. Findings of this research indicated that the average
CV was 1.322+0.118 m/sec, and for the negative association with results of 50m, 100m
and 200m front crawl, the sequence is r = -0.578, -0.702, -0.999 (p<.05), al of which
have reached marked standards. For LA, the result has reached marked standard
(p<.05) through the analysis of one-way ANOVA, and LA was 3.79 £ 0.45 mM/L when
at 90% CV intensity, LA is 5.22 + 0.50 mM/L when at 95% CV intensity, LA is 6.42
+0.65 mM/L when at 100% CV intensity. HR, VE, VO,, and VCO, had achieved
marked standard (p<.05) through the analytic result of Factorial ANOVA. In the
respect of prediction over freestyle swimming, findings indicated that CV could not
predict 50-m front crawl in short period, but produces high prediction on 200-m and
400-m front crawl. At 95% and 100% CV intensity, it appears a phenomenon that LA
was higher than 4mM/L, indicating if there is the participation of oxygen energy
metabolism. Therefore, taking CV intensity as aerobic training intensity is exactly
overestimated and it can hardly be maintained long-time sports.
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4-2

50m( ) 14 29.10 1.29 27.35 31.00
50m( ) 14 29.23 1.26 27.02 31.12
100m( ) 14 63.39 3.40 58.65 68.00
100m( ) 14 63.63 3.35 58.70 68.22
200m( ) 14 139.59 8.38 126.00 154.96
200m( ) 14 140.05 8.58 126.04 152.86
sec( )
50m 100m 200m
4-3
4-3
t
50m 14 .998 .0090 -5.302 .001
100m 14 .996 .3137 -2.820 .014
200m 14 .999 4170 -4.115 .001
4-3 50m 100m 200m
r 0.998 0.996 0.999(p<.01)
r=0.99
50m 100m 200m D ASC
CVXT CV CVv 1.322 +
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4-4 50 100 200 cV
50m( ) 100m( )  200m( ) CV( /

1 27.20 58.65 126.00 1.51
2 27.52 58.90 126.00 1.52
3 27.50 59.00 134.41 1.38
4 29.50 63.70 140.00 1.32
5 29.30 61.09 136.51 1.37
6 29.80 65.83 143.34 1.27
7 30.30 67.00 148.00 1.21
8 28.78 64.72 144.28 1.25
9 28.00 61.49 154.00 1.12
10 29.00 61.00 131.13 1.45
11 30.47 66.68 143.00 1.28
12 31.00 68.00 148.21 1.20
13 30.90 68.00 144.00 1.26
14 28.21 63.50 135.45 1.38
29.105 63.397 139.595 1.322

1.29 3.404 8.386 0.118

27.20 58.65 126.00 1.52

31.00 68.00 154 1.12
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50m 100m 200m
4-5 r -0.578 -0.702 -0.999
CvVv
4-5
CVv 50m 100m 200m
CcV 1 -.578* -.702*% -.999*
50m -.578* 1 .914* .597*
100m -.702%* .914* 1 .713*
200m -.999* .597* .713* 1
*p<.05
CcV 50 100 200 400
400
4-6 CcV 50 100 200 400
R? 33% 51% 99% 89%

200
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4-6 CV 50 100 200 400
(R?%)
CV 50m Y 37.44 6.30X 33%
CV 100m Y 90.16 20.23X 51%
CV 200m Y 233.31 70.85X 99%
CV 400m Y 453.76 123.57X 89%
CvV 50
4-7 CVv 50
(F 6.005 p<.05) cv 50
50 Cv
33%
4-7 50
Sourse SS df Ms F R?
7.216 1 7.216 6.005 0.33
14.421 12 1.202
21.637 13
*p<.05
CvVv 100
4-8 CVv 100
(F 11.681 p .05) cv 100
100 Cv
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51%

4-8 100
Sourse SS df Ms F R?
74.335 1 74.335 11.681* 0.51
76.368 12 6.364
150.702 13
*p<.05
CVv 200
4-9 Cv 200
(F  4384.994 p<.05) cv 200
Cv 200
99%
4-9 200
Sourse SS df Ms F R?
911.894 1 911.894 4384.994* 0.99
2.495 12 .208
914.389 13

*p<.05
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Cv 400

4-10 CvVv 400
(F 99.539 p .05) cv 400
CvVv 400
89%
4-10 400
Sourse SS df Ms F R?
2774.388 1 2774.388 99.539* 0.89
334.469 12 27.872
3108.857 13
*p<.05
CV
Cv 400m
4-11 Cv
80%CV 1.57 £ 0.36mM/L
85%CV 2.62 £ 0.45mM/L 90%CV 3.79 £ 0.45
mM/L 95%CV 5.22 £ 0.50mM/L 100%CV 6.42
+ 0.65mM/L
p .01 4-12

p<.01 4-13
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4-11 CvVv

80%CV 85%CV 90%CV 95%CV 100%CV

0.95 1.57 1.16 2.62 1.11 3.79 1.14 5.22 1.28 6.42
0.27 0.36 0.20 0.45 0.29 0.45 0.29 0.50 0.34 0.65

0.132 0.200 0.199 0.251 0.421
mM/L
4-12
SS MS F P-
212.341 4 53.085 220.546 0.001 2.513
15.645 65 0.241

227.986 69

4-13

80%CV 85%CV 90%CV 95%CV  100%CV

80%CV * % * % * * * *
85%CV * % * * * *
90%CV ** **
95%CV * %
100%CV

**p<.01
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80 85 90 95 100
CcV ( %)
4-1 cV
CV
cV 400m
4-14 cV 1 3
5 5 30
80%CV 132.42+7.29 140.71+5.88
147.00+5.06 85%CV 140.42+6.98
154.07+3.95  162.71£3.79 90%CV

147.35+8.15 167.92+5.87 174.85+6.52 95%CV
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156.71+5.99 175.57+4.61 181.28+5.26
100%CV 156.64+8.27 173.78+4.93
180.14+3.67
p .01 4-15
4-14 CvVv
CV% Imin 2min 3min 4min 5min 5.5min
91.57 132.42 137.85 140.71 142.78 145.78 147.00
o 4.18 7.29 7.00 5.88 5.13 5.74 5.06
93.14 140.42 147.71 154.07 157.42 160.28 162.71
°° 2.41 6.98 5.77 3.95 5.41 4.44 3.79
87.78 147.35 161.07 167.92 171.28 174.85
>0 3.19 8.15 7.68 5.87 7.01 6.52
89.28 156.71 168.92 175.57 178.92 181.28
°° 4.17 5.99 5.81 4.61 4.99 5.26
87.57 156.64 168.35 173.78 178.78 180.14
100 4.97 8.27 6.00 4.93 3.04 3.67
/
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4-15

SS MS F P-

64800.821 4 16200.205 330.294 0.001 2.383
330961.114 11 30087.374 613.430 0.001 1.801
18914.779 44 429.881 8.765 0.001 1.391
38257.286 780 49.048

452934.000 839

80 %CV

16
~ 14
- 12

10

80

0O 30 60 90 120 150 180 21p 240 270 300 330
(sec)
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4-16 80%CV 7.42+0.85 85%CV

11.35+0.93 90%CV 13.14+0.53 95%CV
15.79+0.97 100%CV 18.79+0.56
p .01 4-17
p<.01 4-18
4-16 cV

80%CV 85%CV 90%CV 95%CV 100%CV

1 7 13 13 15 19
2 7 10 13 15 19
3 9 11 13 17 19
4 7 11 13 15 19
5 9 13 13 17 19
6 7 11 13 15 18
7 7 13 13 17 19
8 7 11 13 15 19
9 7 11 13 15 17
10 9 11 15 17 19
11 7 11 13 15 19
12 7 11 13 15 19
13 7 11 13 16 19
14 7 11 13 17 19
7.42 11.35 13.14 15.79 18.79
0.85 0.93 0.53 0.97 0.56

15 ( 6-20)
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23

2 1-
19

15-
13-
11+

80 85 90 95 100
Ccv ( %)
4-3 CvVv
4-17
SS MS F P-

1043.629 4 260.9071 412.913 0.001 2.513
41.071 65 0.631

1084.7 69
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4-18

80%CV  85%CV  90%CV  95%CV  100%CV
80%CV . . . .
8505CV . . -
90%CV * ok * ok
95%CV .
100%CV
**p<.01
CV
Y VE
Y VE
4-19 30 180
80%CV 66.07% 85%CV
75% 90%CV 75.92% 95%CV 74.24% 100%CV
71.08% VE
p .05 4-20
4-19 VE
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CV% (sec) 30 60 90 120 150 180
31.46 24.57 18.75 15.35 12.4 12.31
o0 8.69 10.29 7.29 4.13 4.34 5.62
50.61 38.09 28.32 22.3 17.07 14.25
o5 9.85 9.12 8.24 5.83 4.72 3.24
62.2 48.81 35.81 27.15 22.23 16.19
o0 11.97 11.78 9.65 6.33 5.69 2.8
68.69 57.75 50.45 36.97 29.9 21.75
o 11.57 13.02 10.9 7.29 6.29 4.47
75.87 67.86 55.99 46.64 38.16 30.65
100 9.05 9.36 7.21 6.55 6.28 4.78

[/min
4-20 VE
SS MS F P-

245460.28 4 61365.07 515.65 0.001 2.37

329049.22 17 19355.83 162.64 0.001 1.63

36369.03 68 534.83 4.49 0.001 1.31

139234.93 1170 119

750113.48 1259
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z 100 —~—80 %GV
~ 8o —=-85 %GV
T ol 90 %CV
- 95 %CV
40" —+—100 %CV
2 OM
0L R T
10 4 0 70 100 130 160
(sec)
4-4 CV VE
CcVv VCO;
CV VCO;
4-21 VCO, 30 180
80%CV 55% 85%CV
55.44% 90%CV 47.28% 95%CV 51.84%
100%CV 48.05% VCO;
p .05 4-22
4-21 VCO,
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CV% (sec) 30 60 90 120 150 180
29.65 24.76 20.79 17.78 16.35 14.61
50 2.86 2.79 2.47 2.01 2.01 1.79
38.25 32.99 28.92 23.76 21.19 18.47
o5 2.52 3.56 3.89 3.03 1.86 1.65
43.65 39.21 35.85 32.12 26.99 24.57
o0 2.15 2.04 1.89 2.48 3.08 2.03
53.10 47.20 41.56 35.38 30.82 27.01
o 2.61 2.62 2.35 2.26 1.63 1.47
59.74 54.17 48.11 42.00 36.97 32.51
+00 2.09 2.24 2.25 1.89 2.01 1.89
ml/min/kg
4-22 VCO;
SS MS F P-
101561.1 4 25390.28 3928.819 0.001 2.379
73270.4 17 4310.023 666.9207 0.001 1.631
3538.304 68 52.033 8.051 0.001 1.310
7561.21 1170 6.462
185931 1259




)

70

ml / min/ kg

5 0F

(

3 0r

10r

——38 0 %C
—%-8 5 %C
90 %C
95 %C
—*—100%

10

4-5

4-23

48.97%
100%CV

4-23

40

CvVv

CvVv
CvVv

90%CV
35.05%

70 100 130

VO,

VO,

80%CV
40.78%

55

VCO;

VO,
30
57.71%
95%CV
VO,
p .05

VO,

160

180
85%CV
35.84%

4-24

0 <K< <KL



CV% (sec) 30 60 90 120 150 180
36.20 31.61 27.99 23.63 20.11 16.29

o0 3.35 3.48 4.24 3.71 3.95 2.57
41.07 36.22 33.07 29.33 25.24 22.13

o5 2.94 3.05 3.68 3.14 3.11 2.83
47.84 43.13 39.74 35.48 32.02 29.47

o0 3.17 3.25 4.28 4.20 4.29 3.87
52.26 47.18 42.98 39.94 37.13 34.14

o 4.25 4.16 3.77 4.05 4.22 4.23
55.6 51.15 47.26 43.82 40.39 37.22

100 2.88 2.51 2.59 2.28 2.31 2.91

ml/min/kg
4-24 VO,
SS MS F P-

66155.83 4 16538.96 1329.339 0.001 2.379
53313.32 17 3136.078 252.066 0.001 1.631

216.485 68 3.183 0.255 0.001 1.310

14556.54 1170 12.441

134242.2 1259
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(ml / min/ kg

70

60

50

40

30

20

10

—+—80 %C
—#—85 %C
90 %C
95 %C
—*—100 %

10

4-6

40

Cv

70

100

(sec
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50m 100m 200m

14
D-T CcVv
1.322+0.118m/sec CvVv 50m 100m 200m
r -0.578 -0.702 -0.999
CV
2002
CcVv 1500 5000 10000
r -0.39 -0.83 -0.99 -0.79
1995 CV 50 100 200 400
r -0.85 -0.86 -0.94 -0.99
1994 CcVv 400 800 1500
r -0.840 -0.950 -0.990 Kolbe
1995 CV lkm 10km 21.1km
r -0.750 -0.850 -0.790

1998 CvVv 800 1500 5000
r 0.51 0.54 0.99 Wakayoshi 1992a
CVv 400
r=0.864 Hill 1995 CVv
2002 Kolbe 1995

CV 21.1km 10000 10km
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CV

2002

30
200m 2 20
200m
CvVv
CV
1995
33% CV
p . 05

Cv

1994 1997
50m
100m 60
50m
CcVv
CV
CcVv
50 100 200 400
CV 50 100 200 400
R? 33% 51% 99% 89%
200 400
CVv
1997 CV
50
50 r -0.578
50
98%
200 400
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70~80 %

200 400
CcVv 50
100 200 400
CV
CV
CV
400m 80%CV
1.57£0.36mM/L 85%CV 2.62x0.45mM/L  90%CV
3.79+£0.45mM/L 95%CV 5.22+0.50mM/L
100%CV 6.42+£0.65mM/L Wakayoshi
1992a Housh 1991a 1991b 1998
Martin 2000 Jenkins Quigley 1990 1992
MacL aren 1994 2003
2005 100%CV
LA AmM/L
LA
LA 4mM/L
90%CV
LA 3.79mM/L 95%CV LA
5.22mM/L AmM/L LA

4mM/L
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LA

100%CV 400
400
400 CV 800
95%CV LA AmM/L
CcVv
CV HR
CV 400m
HR
1998 Overend 1992
80%CV HR 156
1995
HR 156
7 90%CV HR
174
13 80%CV 90%CV HR
HR
100%CV
HR 180

18 100%CV
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HR

1 170

CV

30

VE VCO, VO
1998 Overend
Gaesser 1995
VE VCO,; VO
80%CV 85%CV 90%CV
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1992

VE



CV

CVv

50 200

CV

CvVv

90%CV ~95%CV
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400

Cv



(2003)

5 1 259~267
(1994)
28 116-125
(1998)
(1992)
14 207-226
(1994
411-426
(1995)
1-15
(1998)
25 149-158
(2003)
(1997)
(1995)




(2002)

(1987)

(2005)
2005

91
(2004
140

(1997 PWCi70

(2002)
10 123~130
(2001
31 23~34
(1993)
(2002

(1995)

(1987

(1990)
12 107-117
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cV (%)
80 85 -1.050* 0.185 .001
90 -2.215* 0.185 .001
95 -3.652* 0.185 .001
100 -4.847* 0.185 .001
85 80 1.050* 0.185 .001
90 -1.165* 0.185 .001
95 -2.602* 0.185 .001
100 -3.797* 0.185 .001
90 80 2.215* 0.185 .001
85 1.165* 0.185 .001
95 -1.437* 0.185 .001
100 -2.632* 0.185 .001
95 80 3.652* 0.185 .001
85 2.602* 0.185 .001
90 1.437* 0.185 .001
100 -1.195* 0.185 .001
100 80 4.847* 0.185 .001
85 3.797* 0.185 .001
90 2.632* 0.185 .001
95 1.195* 0.185 .001

**p<.01
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cV (%)

80 85 -3.928* 0.300 .001
90 -5.714* 0.300 .001
95 -8.357* 0.300 .001
100 -11.357* 0.300 .001
85 80 3.928* 0.300 .001
90 -1.785* 0.300 .001
95 -4.428* 0.300 .001
100 -7.428* 0.300 .001
90 80 5.714* 0.300 .001
85 1.785* 0.300 .001
95 -2.642* 0.300 .001
100 -5.642* 0.300 .001
95 80 8.357* 0.300 .001
85 4.428* 0.300 .001
90 2.642* 0.300 .001
100 -3.000% 0.300 .001
100 80 11.357* 0.300 .001
85 7.428* 0.300 .001
90 5.642* 0.300 .001
95 3.000* 0.300 .001

**p<.01
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