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A Study on Characteristics of Running Velocity
During Downhill Running

Katsuhiko ARAKAWA

Abstract

The purpose of this study was to analyze the velocity curve of horizontal surface running and
that of downhill running, and to examine the characteristics of running velocity during downhill
running. The subjects for this study were three athletes. Two descending slopes with different
grade, 6.2%, 6.5% against the horizontal track were set up. All the tracks were paved with
asphalt. An electric running timer was used to determine the velocity during a 100 m run.

Following results were obtained.

1) On downhill running, the supramaximal Velocity was found to be greater than the
maximal velocity of horizontal surface running throughout 100 meters.

2) The maximal velocities of 6.2% and 6.5% downhill runnings were increased by 1.4% and
4.3% respectively than those of horizontal surface running.

3) The stride rates of 6.2% and 6.5% downhill runnings were decreased by 4.3% and 2.3%
respectively than those of the horizontal surface running.

4) The stride lengths of 6.2% and 6.5% downhill runnings became longer by 7.8% and 8.3%
respectively than those of the horizontal surface running.

5) It was suggested that the supramaximal velocities found in the downhill runnings were
created not by the stride rates but by the lengthening of the stride lengths.

6) On downhill running, two subjects out of three revealed faster time both in actual time
and in mental time than on the horizontal surface running. Therefore, it was conceivable that the
supramaximal velocity of downhill running includes the elements of physical velocity and mental

velocity.
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Table 1. Physical characteristics of subjects.
S Age Height Weight 100 m best Career : )
Subject Cyrs) (em) (kg) I — (yrS) Athletic events
T.S. 20 170.0 58.0 11.2 9 Sprinter
H.IL 20 183.0 75.0 12.9 2 Middle distance runner
J.T. 18 172.0 57.0 11.7 5 Middle distance runner
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Fig. 1.

Experimental set-up.
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Table 2-1. Split time at different parts of the distance (Horizontal surface running) (sec).

Start 5m 10 15 20 25 30 35 40 50 60 70 80 90 btfn

Subj. | No. { § § g § § § g ] § ] g § g 1001
5m 10 15 20 25 30 35 40 50 60 70 80 90 100 | poeal time

1 |1.50 0.73 0.67 0.62 0.59 0.59 0.58 0.58 1.13 1.17 1.15 1.16 1.20 1.22 12.89

7 E 2 |1.73 0.72 0.65 0.58 0.58 0.58 0.58 0.56 1.08 1.12 1.11 1.12 1.15 1.17 12.73
" 3 |1.69 0.71 0.64 0.56 0.56 0.56 0.56 0.57 1.07 1.10 1.09 1.11 1.13 1.16 12.51
| 1.640 0.720 0.653 0.587 0.577 0.577 0.573 0.570 1.093 1.130 1.117 1.130 1.160 1.183| 12.710

1 1.77 0.76 0.75 0.67 0.61 0.655 0.655 0.64 1.25 1.31 1.31 1.32 1.34 1.41 14.45

- 2 |1.71 0.78 0.71 0.66 0.62 0.63 0.64 0.62 1.22 1.28 1.28 1.28 1.33 1.35 14.11
o 3 |1.71 0.79 0.71 0.66 0.63 0.63 0.63 0.62 1.22 1.27 1.29 1.29 1.31 1.34 14.10
£ | 1.730 0.777 0.723 0.663 0.620 0.638 0.642 0.627 1.230 1.287 1.293 1.297 1.327 1.367| 14.220

1 | 1.52 0.72 0.64 0.60 0.55 0.56 0.60 0.57 1.10 1.16 1.15 1.17 1.19 1.21 12.74

1T 2 |1.52 0.75 0.67 0.62 0.58 0.58 0.56 0.60 1.11 1.16 1.14 1.16 1.18 1.20 12.83
o 3 |1.49 0.73 0.66 0.61 0.57 0.58 0.54 0.58 1.11 1.14 1.14 1.15 1.17 1.19 12.66
£ | L.51  0.733 0.657 0.610 0.567 0.573 0.567 0.583 1.107 1.153 1.143 1.160 1.180 1.20 12.743

Table 2-2. Split time at different parts of the distance (Downhill running 6.2%) (sec).

Start 5m 10 15 20 2 30 3 40 50 60 70 8 90 S‘f‘”

Subj. | No. § § § § § ) § § § § § § § § 100m
5m 10 15 20 25 30 35 40 50 60 70 80 90 100 | oral time

1 [1.52 0.75 0.67 0.65 0.60 0.61 0.58 0.59 1.15 1.16 1.17 1.19 1.18 1.23 13.05

_— 2 [1.49 0.72 0.63 0.61 0.575 0.575 0.54 0.55 1.09 1.09 1.13 1.16 1.16 1.22 12.54

3 [1.43 0.75 0.60 0.67 0.59 0.58 0.565 0.565 1.12 1.09 1.10 1.10 1.11 1.16 12.43
X | 1.480 0.740 0.633 0.643 0.588 0.588 0.562 0.568 1.120 1.113 1.133 1.150 1.150 1.203| 12.673

1 |1.69 0.75 0.67 0.65 0.63 0.61 0.61 0.60 1.24 1.21 1.26 1.29 1.30 1.36 13.87

i 2 |1.69 0.75 0.65 0.65 0.61 0.61 0.60 0.62 1.19 1.19 1.22 1.23 1.23 1.29 13.53

o 3 [1.66 0.71 0.69 0.64 0.61 0.57 0.62 0.60 1.17 1.17 1.17 1.19 1.18 1.22 13.20
¥ | 1.680 0.737 0.670 0.647 0.617 0.597 0.610 0.607 1.200 1.190 1.217 1.237 1.237 1.290| 13.533

1 |1.49 0.67 0.65 0.585 0.585 0.55 0.55 0.56 1.12 1.11 1.13 1.12 1.15 1.16 12.43

T 2 |1.47 0.70 0.61 0.58 0.55 0.54 0.53 0.53 1.06 1.05 1.07 1.08 1.09 1.11 11.97

o 3 |1.46 0.71 0.59 0.60 0.56 0.53 0.54 0.52 1.08 1.07 1.10 1.09 1.10 1.13 12.08

X 1.473 0.693 0.617 0.588 0.565 0.540 0.540 0.537 1.087 1.077 1.100 1.097 1.113 1.133 12.16

Table 2-3. Split time at different parts of the distance (Downhill running 6.5%) (sec).

Start 5m 10 15 20 25 30 3 40 50 60 70 8 90 Stf“

Subj. | No. § § § § g § § § § ] § § f g 100m
5m 10 15 20 25 30 35 40 50 60 70 80 90 100 Total time

1 [1.47 0.70 0.69 0.62 0.59 0.57 0.57 0.57 1.12 1.13 1.14 1.16 1.17 1.17 12.67

x5 2 |1.46 0.70 0.64 0.57 0.585 0.585 0.55 0.57 1.11 1.11 1.09 1.09 1.10 1.15 12.31

Tl 3 |1.49 070 0.64 058 0.56 0.56 0.55 0.54 1.07 1.06 1.08 1.09 1.10 1.06 12.08
¥ [ 1.473 0.700 0.657 0.590 0.578 0.572 0.557 0.560 1.100 1.100 1.103 1.113 1.123 1.127| 12.353

1 |1.65 0.73 0.67 0.61 0.62 0.57 0.59 0.59 1.16 1.18 1.21 1.23 1.29 1.30 13.40

i 2 |1.67 0.73 0.67 0.62 0.63 0.57 0.61 0.58 1.16 1.16 1.18 1.19 1.20 1.22 13.19

o 3 |1.66 0.73 0.67 0.63 0.61 0.56 0.62 0.58 1.15 1.16 1.16 1.19 1.22 1.26 13.20
¥ | 1.660 0.730 0.670 0.620 0.620 0.567 0.607 0.583 1.157 1.167 1.183 1.203 1.237 1.26 13.263

1 [1.53 0.70 0.58 0.61 0.55 0.52 0.53 0.52 1.056 1.04 1.05 1.05 1.08 1.10 11.91

T 2 [1.45 0.68 0.58 0.59 0.54 0.51 0.53 0.52 1.02 1.03 1.04 1.04 1.06 1.05 11.64

o 3 |1.34 0.73 0.61 0.56 0.53 0.52 0.51 0.51 1.01 1.02 1.03 1.04 1.05 1.06 11.52
X | 1.440 0.703 0.590 0.587 0.540 0.517 0.523 0.517 1.027 1.030 1.040 1.043 1.063 1.070| 11.690
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Table 3. Comparison of split time between horizontal surface running and downhill running (sec).
Start 5m 10 15 20 25 30 35 40 50 60 70 80 90
Condition § § § § § § § § § § § § § §
5m 10 15 20 25 30 35 40 50 60 70 80 90 100
Horizontal 1.627 0.743 0.678 0.620 0.588 0.596 0.594 0.593 1.143 1.190 1.184 1.196 1.222 1.250

Downhill 6.2% | 1.544 0.723 0.640 0.626 0.590 0.575 0.571 0.571 1.136 1.127 1.150 1.161 1.167 1.209
Downhill 6.5% | 1.524 0.711 0.639 0.599 0.579 0.552 0.562 0.553 1.094 1.099 1.109 1.120 1.141 1.152

Table 4. Comparison of velocity between horizontal surface running and downhill running (m/sec).
Start 5m 10 15 20 25 30 35 40 50 60 70 80 90
Condition § § § § § § ! § § § § § § §
5m 10 15 20 25 30 35 40 50 60 70 80 90 100
Horizontal 3.073 6.729 7.375 8.065 8.503 8.389 8.418 8.432 8.749 8.403 8.446 8.361 8.183 8.000

(100 ) (100 ) (100 > (100 ) (100 ) (100 ) (100 > (100 > (100 ) (100 > (100 ) (100 ) (100 > (100 )

Downhill 6.2%

3.238 6.916 7.813 7.987 8.475 8.696 8.757 8.757 8.803 8.873 8.696 8.613 8.569 8.271
(105.4) (102.8) (105.9) ( 99.0) € 99.7) (103.7) (104.0) (103.9) (100.6) (105.6) (103.0) (103.0) (104.7) (103.4)

Downhill 6.5%

3.281 7.032 7.825 8.347 8.636 9.058 8.897 9.042 9.132 9.099 9.017 8.929 8.764 8.681
(106.8) (104.5) (106.1) (103.5) (101.6) (108.0) (105.7) (107.2) (104.4) (108.3) (106.8) (106.8) (107.1) (108.5)

10"

Velocity (m/sec)

Table 5. Maximum velocity and rate of decrease

of speed.
" max. Velocity decrease
Condition (m/sec) %)
Horizontal 8.75 (100 ) 8.6
Downhill 6.2% 8.87 (101.4) 6.8
— 0% Downhill 6.5% 9.13 (104.3) 4.9

--- Downhill 6.2%
--— Downhill 6.5%
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10
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Fig. 2. Velocity curve.
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Table 6. Comparison of acceleration between horizontal surface running and downhill running (m/sec?).

Start 5m 10 15 20 25 30 35 40 50 60 70 80 90
Condition § § § § § § § § § § § § § §

5m 10 15 20 25 30 35 40 50 60 70 80 90 100
Horizontal

Downhill 6.2%
Downhill 6.5%

1.889 4.921 0.953 1.113 0.745 —0.191 0.049 0.024 0.277 —0.291 0.036 —0.071 —0.146 —0.146
2.097 5.087 1.402 0.278 0.827 0.384 0.107 0 0.040 0.062 —0.154 —0.071 —0.038 —0.246
2.153 5.276 1.241 0.871 0.499 0.764 —0.286 0.262 0.082 —0.030 —0.074 —0.079 —0.145 —0.072
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Table7. 100 m time, Step number, velocity, stride rate, stride length.
Horizontal Downhill 6.2% Downbhill 6.5%

Stride i Stride , . . Stride , .
100m  Step ., e Stride 100m  Step , . Stride 100m Step , . Stride
Subj.| No.| time number ¥ elocity rgte length| No.| time number ¥ €lOCity ’g?eteg length| No. | time number Ye€loCity (;?tes length
(sec) (steps) (m/sec) “/SS:cpf (m) (sec) (steps) (m/sec) ‘/'secp: (m) (sec) (steps) (m/sec) yseecp) (m)

1 |12.89 52 7.76 4.03 1.92 1 | 13.05 48 7.66 3.68 2.08 1 |12.67 = 7.89 — ==

TS 2 [12.:73 53 7.86 4.17 1.89 | 2 |[12.54 49 7.97 3.91 2.04 2 112.31 = 8.12 — e

T 3 1251 54 7.99 431 1.85 | 3 |12.43 49 8.05 3.94 2.04| 3 |12.08 — 8.28 — —

X [12.71 53 7.87 4.17 1.89 | ¥ [12.67 48.7 7.89 3.84 2.05| x [12.35 — 8.10 = =
1 [14.45 54 6.92 3.73 1.85 1 |13.87 52 7.21 3:75 1.92 1 |13.40 51 7.46 3.80 1.96

HI 2 114.11 55 7.09 3.89 1.82 2 [13.53 51 7.39 3.77 1.96 | 2 |13.19 51 7.58 3.86 1.96
o 3 [14.10 56 7.09 3.97 1.79 3 [13.20 51 7.58 3.86 1.96 | 3 [13.20 51 7.58 3.86 1.96
X | 14.22 55 7.03 3.86 1.82 | x |13.53 51.3 7.39 3.79 1.95 | ® [13.26 51 7.54 3.84 1.96

1 [12.74 49 7.85 3.85 2.04 1 |12.43 46 8.05 3.70  2.17 1 [11.91 46 8.40 3.86 2.17

T 2 | 12.83 48 7.79 3.75  2.08 2 |11.97 45 8.35 3.76  2.22 2 | 11.64 45 8.59 3.86 2.22
T 3 |12.66 49 7.90 3.88 2.04 3 [12.08 45 8.28 378 2.22 3 | 11.52 45 8.68 3:91 2.22
X | 12.74 48.7 7.85 3.83 2.05 | x |12.16 45.3 8.23 3.73 2.20 | £ [11.69 45.3 8.56 3.88 2.20

Table 8. Comparison of five factors between horizontal surface running and downhill running.

Conditi N 100 m time Step number Velocity Stride rate Stride length
ondition (sec) (steps) (m/sec) (steps/sec) (m)
. 13.22 52.2 7.58 3.95 1.92
Horzpotal 3 100 (100 (100 (100 ) 100
. 12.79 48.4 7.84 3.79 2.07
Dawmbill 622 3 (9.7 (92.7) (103.4) ('95.9) (107.8)
: 12.48 48.2 8.05 3.86 2.08
Dgmihill G508 2 C94.4) (92.3) (106.2) 7.7 (108.3)
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