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Theoretical analysis and preliminary experiment for slope walking
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Abstract

[Purpose] The basic data such as walking velocity or step length in walking the slope, have not been seen
in any textbooks or articles as far as the author's efforts. It seems very strange, because the walking the
slope is important action i daily life or sport such as mountain climbing. So we try to investigate the
above quantities in walking the slope.

[Theory| The walking velocity is estimated by assuming that the energy necessary to maintain the walking
is the friction between ground and foot. The slope has the effect to modify the friction coefficient, thus
new effective friction coefficients are obtained for going up and down the slope. Through this fact the
difference between the walking velocities for going up and down the slope is derived. Their load-
dependences are also explained. The step-length is derived by purely geometrical manner, however to our
regret we can not succeed in deriving its load-dependence.

[Method] The used slope has an inclination angle of 721" length of 105m and vertical height of 12.8m.
The ages of 9 volunteers (male 7 and female 2) are ranged from 22 to 58. The time for walking and
the number of steps are measured by stop-watch and pedometer. The weight of load is ranged from Ito
25kg, and is prepared at interval of about lkg.

|Results] The walking velocities for going up and down the slope without load are ranged from 1.2 to
1.6my/s, and from 1.3 to 1.8m/s, respectively. The step lengths without load are ranged from 0.60 to 0.78
m/step for going up the slope, while from 0.63 to 0.86 m/step for going down the slope, respectively.
These differences can be explained theoretically. Both he walking velocity and step-length decrease almost
linearly with the load. The coefficients of load-dependence for the walking velocity are ranged from, which
are roughly explained theoretically. Those for the step-length are ranged from 0 to.

[Conclusions] The basic data, walking velocity and step-length and their load-dependences are investigated
for going up and down the slope. The results are roughly analyzed theoretically. In the theory the
assumption is used that the work necessary to maintain the walking is the work of friction between the
ground and foot. The effect of the slope is to modify the friction coefficient. The step-length is estimated
through purely geometrical manner, which allows to explain the experimental results. However we do not
yet succeed in deriving its load-dependence, and is left for future problem.
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