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Theoretical analysis of walking on a staircase and

comparison with preliminary experiment

'MORIMOTO Yasuo

Depariment of Physics, Meiji University of Oriental Medicine

Abstract

[Purpose]

The walking on a staircase is important action in daily life or clinical medicine in rehabilitation, however
we could not find any theoretical or experimental literatures concerning such actions. So we try to construct
in this article a theoretical model of walking on a staircase, and compare with the experimental results.
[Theory]

The necessary work for walking on a staircase consists of the change of potential energy associated with
the movement of the center of mass of body (including the load) and of the rotational energy around the
foot.  When one climb up the staircase, he must supply both energies through foot. In descending down
the staircase the potential energy is released. This energy must be consumed in the foot in the form of
viscous dissipation, because if not, the speced of walking should increase. Such a case corresponds to
falling down of ball. But in this case speed is constant. The rotational energy in the descent case arises
spontaneously associated with the release of potential energy, by which the energy dissipation in the
muscle of the foot decreases. This fact is probably the cause of difference of the energy dissipation
between climbing up and descending down the staircase. We can estimate the walking time from these
energy considerations.

[Method and Results]

The utilized staircase has 53 steps with height of 0.2m and width of 0.2m. The walking time is measured
by stopwatch. The load dependence is also measured considering the case of carrying baggage. The weight
of the load is ranged from lkg to 25kg with the interval of about lkg. The volunteers are all male and 9.
One is 58 years old, and the other 8 are ranged from 22 to 23 years old.

[Discussions and Conclusions|
To estimate the walking velocity we must assume the power generated in the muscle of the foot as the
adjustable parameter. We set it from 250W to 210W corresponding to the properties of velunteers. Utilizing
this value the walking time is estimated in the relative error within 5% between experimental and
theoretical values, however the relative error of coefficient of load dependence happens to exceeds 100%.
This results show the theory is at an elementary stage, and the presence of many conditions to be
considered.

Received on Novembey 22, 2004 ; Accepted on December 27, 2004
¥ To whom correspondence should be addressed.
Meiji University of Oriental Medicine, Hiyoshi-cho, Funaigun, Kyoto 629-0392, Japan



