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Walkability on Ramps by Gait Analysis

Ryu, Nam-Hyong

Dept. of Landscape Architecture, Chinju National Univ.

ABSTRACT

To investigate walkability of ramps, walking patterns of 18 healthy adults, 12 aged 20 to 26
and 6 aged 68 to 76, were studied at free,rhythm constrained walking up or down ramp using
goniometer and footswitch. Ramp inclinations were set 4,8,12, 16,20 degrees.

The results were as follows.

1) The step length of subjects were decreased significantly in12 or 16 free downramp walking. With
regard to step length, some subject groups walked abnormally in 16°or 20°ramp walking.

2)The step width of subjects were increased significantly in 12°or 16’ ramp walking.

3)The cadence duration of some subject groups were increased in 12°upramp walking.

4)The double stance duration and double stance ratio of some subject groups were increased
significantly in 8,12, or 16’ upramp walking.

5)The maximum knee flexion angle of stance phase were increased in 12’ ramp walking.

6)Most temporal parameters and spatial parameters of gait were increased or decreased greatly
between 4’ ramp and 8 ramp or between 8 ramp and 12 ramp. But statistics significancy were
not recognized.

7)The results suggest that ramp inclination less than & (14%)-12 (21%) is desirable for the
normal gait, the ramp inclination must not exceed 16 -20"in unavoidable circumstances.
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+ ® £ B A ¥ £ (cm) T K E (cm) # E (Kg)

® AN | BF 3% 72.3(68~176) 163.0(156~170) 79.0(71~88) 56.7(52~62)
*F 3% 72.3(69~176) 152, 3(148~158) 81.3(73~86) 55.0(52~58)

H F£ | BT 6% 24.0(21~25) 172.2(164~180) 77.8(72~80) 63.0(59~171)
T 6% 21.8(21~23) 162.3(155~169) 77.8(71~85) 47.2(43~50)
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L 2AEy

T ¥ s % 4= 8= 12% 16% 20%
Step length (cm) 73.6+4.0 | 74.0+3.0 | 75.4%3.9 | 73.7t3.6 | 70.4t3.9 | 75.7%52
Stride width (cm) 10.5+1.5 | 1L.1+14 | 126+1.5 | 13.4+13 | 13.4+1.4 | 13.6+17
Cadence (step/min) 94,04+8.86 | 91.95+6.77 | 88.69:8.94 | 84.99+8.20 | 84.87+3.82 | 84.63+6.22
Cycle duration (sec) 1.276+0.060 | 1.305::0.048 | 1.353:+0.068 | 1.412+0.068 | 1.141=0.060 | 1. 418+0. 052
Walking speed (m/min) 120.0+7.6 | 116.9+5.4 | 113.3+4.9 | 111.0+6.4 | 103.4%7.1 | 105 1%5.7
Double stance duration (sec) | 0. 1730.023 | 0. 19520,019 | 0.224+0.037 | 0.232+0.028 | 0.253+0.027 | 0. 2840, 034
Double stance ratio 0.137+0.015 | 0.150=0.012] 0.165:0.023 | 0. 164:0.017 | 0.178+0.016 | 0, 1990, 020
Maxium knee flexion
angle of stance poriod() | 2532554 | 33.375.07 | 38.97+4.72 | 51.05+4.99 | 56.81:4.71 | 65.57:+4.62
G 3D AT UREY 2™ 9l EAMzn

> B 4+ 9 4= 8% 125 16% WNE
Step length (cm) 71.8+3.0 | 72.2+3.7 | 74.1+3.2 | 72.7+3.3 | 68.3+3.8 | 73.5+4.1
Stride width (cm) 11.1£1.6 | 1L7%1.4 | 12.3+1.3 | 13.2£1.3 | 13.4tl5 | 14.4+1.3
Cadence (step/min) 95.84+7.82 | 94.9416.62 | 96.15+5.24 | 91.95+10,46 | 91.74+13.25| 91.39+5.15
Cycle duration (sec) 1.252+0.051 | 1.264+0.044 | 1.248+0.034 | 1.305+0.074 | 1.308=0.094 | 1. 313+0, 037
Walking speed (m/min) | 131.8+9.9 | 127.3+5.2 | 123.9%6.2 | 110.4%46.9 | 108.8+10.9 | 109.1+3.9
Double stance duration (sec) | 0. 187+0.023 | 0.183+0.023] 0.153+0.022 | 0.140+0,018 | 0.176+0.032 | 0. 167-+0. 023
Double stance ratio 0.143+0.014 | 0.145+0.019 | 0.125+0.019 | 0.113+0.016 | 0. 1410024 | 0. 152+0. 036
Maxium knee flexion | 10 705 54 | 29 094,91 | 35.02:44.74 | 48.56%5.21 | 52.41+4.61 | 66.58+4.83
angle of stance period ()
& 4 ol LERY &9 9 2M441}

7 7 * o 4= 8% 12% 16% 0=
Step length (cm) 73.6+4.0 | 69.242.7 | 72.9%3.3 | 7L.4%3.3 | 74.8+2.4 | T77.2+3.2
Stride width (cm) 11.4x1.5 | 11.9x1.4 | 12.5%L2 | 13.5+L5 | 13.5%1.5 | 13.8+L7
Cadence (step/min) 94,04+8.86 | 81.74%6.02 | 79.31x5.35 | 78.38%4.40 | 76.58+7.05 | 76.14+6.19
Cycle duration (sec) 1.441+0.060 | 1.468+0.054 | 1.513+0.051 | 1.531+0.043 | 1.567+0.072 L. 576+0. 064
Walking speed (m/min) | 120.6+7.4 | 118.2+5.7 | 113.4%4.9 | 112.1%4.8 | 102.4+7.2 | 108.8+7.1
Double stance duration (sec) | 0.216+0.028 | 0.234+0.031 | 0.263+0.024 | 0. 2670.039 | 0.300+0.033 ] 0.306+0.035
Double stance ratio 0.157:0.018 | 0.159+0.021 ] 0.1730,017] 0. 1710.617 | 0.1870,023 | 0. 1690, 024
Maxium knee flexion
angle of stance poriod () | 19-48%5.23 | 27.54:4.83 | 36.394.71 | 46.5434.66 | 57.02:t5.00 | 64.40+4.45
EH s Ry =5 4 2440

E e & g 4= 8% 12% 16= 0=
Step length (cm) 76.913.2 | 66.1%3.5 | 66.614.2 | 63.0t46 | 58.6+4.7 | 62.8%5.0
Stride width (ecm) 11.7+1.3 12.2+1.3 13.2+1.1 13.5+1.6 14.7+4.6 14.0+1.4
Cadence (step/min) 81.91+6.72 | 81.91%7.69 | 81.63%6.01 | 81.14%5.82 | 80.86%5.89 | 81.97:+6.28
Cycle duration (sec) 1.465+0.060 | 1.465+0.071 | 1.470%0.054 | 1.479+0.053 | 1.484+0.054 | 1.4640. 056
Walking speed(m/min) | 112.5%7.6 | 109.4%6.2 | 103.9+4.2 | 97.5%6.0 | 94.6%5.9 | 97.1+5.
Double stance duration (sec) | 0. 205+0,030 | 0.201+0.028 | 0.183+0.022 | 0.176+0.032 | 0.182+0.025 | 0. 186+0. 033
Double stance ratio 0.142+0.020 | 0.1380.027] 0.117+0.024 | 0.112+0,023 | 0.117+0.018 | 0. 122+0, 023
Maxium knee flexion 20.18+5.48 | 28.87+4.84 | 36.22+4.76 | 48.80+4.76 | 53.06+4.72 | 63.65+4.82

angle of stance period ()
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