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Biomechanical Analysis on Swimming Start Movement
in Various Starting Block Heights

Hiroh YAMAMOTO®*, Ichiroh KITA** and Shigeru OKAZAWA***

Abstract
The effects of starting block height of 0.60m, 0.75m, 0.90m, 1.05m and 1.20m on the start
in competitive swimming were determined. Four varsity male swimmers performed the

racing dive and freestyle sprint swim to 10m line.

The starting performances were filmed with

16mm cine camera at 48fps. Reaction forces to starting block were measured by forceplate.
Data from 16mm film were used to calculate the center of gravity of the body, time, velocity,

angle and distance during each starting performance for all subjects.

Height of starting block was significantly related to flight time, flight distance and entry
velocity at 0.01 level. The relationship between height of starting block and entry angle was
significant at 0.05 level. However, height of starting block had no effects on 10m sprint time.
Polar curve of reaction force exerted during start indicated the particular characteristics of

starting technique and reflected performance of each swimmer. Therefore polar curve of

reaction force might be useful for evaluation of starting performance in competitive swimming.
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Table 1. Physical characteristics of the subjects.
Height Weight Age
(kg)

Subject (cm) (yrs)
A (N. L) 180.6 76 213
B (T. M) 178.0 75 21.2
C (1. K) 172.9 61 20.3
D (Y. H) 171.5 62 18.7
M 175.8 68.5 23.4

S.D. 3.70 7.02 1.04
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Photo. 1. Starting block.
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40 45

Fig. 1.

Postural changes in swimming start at five selected starting block height (I :

0.60m, II : 0.75m, I : 0.90m, IV : 1.05m and V : 1.20m) for subject B (T. M.).

Starting technique is pike start.
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Fig. 2. Schematic representation of measuring system.
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Subject C (1. K.) Conventional start

(straight backswing)
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Subject D (Y. H.) Grab start

Frame No. 0 20 25 30 35 40 45 50 55

Fig 3. Postural changes in swimming start of each subject.
(Starting block height=10.90m)
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10 - Water entry
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0.60m

gL 1 1 i L
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Fig. 4-1. Continuous changes of C. G. location in
swimming start from five selected starting
block height for subject A (N. L). Starting
technique is grab start.

{m) Set position

Take-off

R .
1wl ﬁ\ Water entry
ﬁ\ . .
N i - .
ﬁ\ 0%m  * *
075m
\ 260m

oL i 1 i
0 1.0 2.4

1
34 {m)

Fig. 4-2. TContinuous changes of C.G. location in
swimming start from five selected starting

block height for subject B (T. M.). Starting
technique is pike start.
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Fig. 4-3. Continuous changes of C. G. location in
swimming start from five selected Starting
block height for subject C(I. K.). Starting
technique is conventional start.
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Fig. 4-4. Continuous changes of C. G. location in
swimming start from five selected starting
block height for subject D (Y. H.). Starting
technique is grab start.

BLNMENFE S FHE L take-off 12 b
ITH G A L IREEE, AKEEOAKAE AK
BES L UKERITEE & FHDAKMLED S
HE L 2 RATEEBER R 2 1o L 72,

Wik 2§ — b OEBRARE» KT L2255,
EREE Tk, /2, BREREIZIZ0.51
Bhb 1l6HnErb-72 (£3),

FAICAFETRHEL 2EHEORBERE S
mL7z,

0mBpEFHIZERERICE D72 LD
7D, F—HREANXI—+ENFEE E 10m
EZrReR & fIZIZ, BREBOFEERCE
WTIRBVXAUVTHEETH- LI EEFELHE
ROFEDH LN h - 12,

A= BOFSEAKEED L URATIERE
DENIZ 1 BV _XNVTHEELEOHEB» S 9,

—FEDNES L AKABDEIZIZS B~
TIEDHEH - 72,

FEREORFEAICIEIICL2EmIZIAS
Ny, 25— MERICLBBBLALN L - 72,
FLAKALRAS—MEICLBER L 5T,

AZ— I ENEE L EERE (KICEHH, 8E
Bef, RATERM, 7774 F+KikEEH) nEB
BEoOMICE, 25— E50EE & RITERIC
1%L~V TEDOHBELD ), 25—+ E0E
BET T F+KKBERBIZE %L ~ATHEEL
BOMBE»d -2, LA ENES LS
BEOEBFMOEEHREIZIIZ, RF—+ED



150 ERAFHEETRE (ARMER) $34%5 EEF60F

Table 2. Velocity and angle of projection at take-off, velocity and angle of incidence
at water entry, horizontal velocity and distance of flight.

Take-off Water entry Horizontal Flight
Trial Velocity Angle Velocity Angle flight V.  distance
{m/sec) (deg.) (m/sec) (deg.) {m/sec) (m)
A I 428 10.4 6.77 395 5.21 4.15
11 5.02 -7.7 6.71 44,3 4.79 417
I 5.49 —-59 6.97 342 5.37 4,44
v 5.23 —6.6 8.00 49.2 5.39 433
Vv 5.62 -1.0 7.72 496 5.39 4.59
B I 4.77 —76 6.10 40.2 5.54 413
11 4.67 2.2 5.46 44.0 5.28 4.44
il 453 4.7 6.44 39.2 5.49 4.53
v 4.36 —0.5 8.01 48.5 5.46 4.62
v 4,94 -13 7.12 44.4 5.46 459
C I 5.01 —6.7 5.24 18.9 5.31 4.07
I 6.05 2.1 6.64 480 5.45 3.08
Iil 5.06 8.0 7.27 39.6 5.60 456
v 4.95 7.9 7.65 40.0 5.65 4.30
v 6.42 —04 8.38 50.3 541 4.61
D 1 4.90 —36 6.22 41.3 5.19 419
I 5.31 —51 5.88 39.6 5.14 4,25
1II 5.90 —10.0 7.82 44.8 5.91 4.16
v - - - - - -
vV 5.83 —115 6.49 43.6 5.33 4.45

1 : Starting block height 0.60m II : Starting block height 0.75m
Il : Starting block height 0.90m IV : Starting block height 1.05m
V : Starting block height 1.20m

Table 3. 25m sprint time. (sec.)

Subject A(N.I) B(T.M) C(I.K) D(Y.H) X S. D.
Pre-test 12.09 12.73 13.25 14.05 13.03 0.713
Post-test 12.41 12.79 13.38 14.22 13.20 0.683

t=3.095 (p>0.05)

Table 4. Correlation coefficients among the experimental variables{N=19)

2. 3. 4. 5. 6. 7. 8. 9. 10.
—-0.229  0.703** —0.413* -—0.020 0.330 0.702**  0.480* 0.314 0.759** 1. Starting block heignt
—0.253 0.907* 0.435* —0.354 —0.172 —0.186  0.068 —0.501* 2. Total start time

—0.555*" 0.228 0.190 0.345 0.314 0.304 0.835** 3. Flight time

0.270 -0.421* —-0.031 -0206 —0209 —0.647** 4. Glide plus swim time
—0.398* 0.412* 0.387* 0.334 0.059 5. Take-off velocity
0.135 -0.006 0.139 0.208 6. Take-off angle
0.826** —0.416* —0461* 7. Entry velocity
0.072 0.367 8. Entry angle
0.166 9. Horizontal flight velocity

10. Flight distance
* p<0.05 ** p<0.01
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Fig. 5. Times measured from gun flash to various stages of the start.
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Fig. 6. Polar curve of resultant force during swimming start of each subject.
I : Starting block height=0.60m
11l : Starting block height=0.90m
V : Starting block height=1.20m
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