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Abstract

It is essential to understand dynamics of a pedestrian’s walking motion in the study of pede-
strian-structure interaction. In this paper we investigate the stability of a pedestrian’s walking
motion by using the inverted pendulum model with harmonic vibrations of the pivot point. Our
theoretical research shows that not only the ratio between the lateral and vertical amplitudes, but
also the ratio between the lateral and vertical frequencies of the pivot point has significant effects
on the balance of the inverted pendulum. Numerical simulations are carried out to verify the cor-
rectness of theoretical analysis. Furthermore, according to comparison of stability conditions for
different ratios between lateral and vertical frequencies, the reason why the ratio between the
lateral and vertical frequencies is closed to 1/2 for a normal pedestrian is exposed. In many pede-
strian-structure problems it is difficult to directly determine the forces induced by pedestrians.
Our research indicates that it may be a novel idea by applying the inverted pendulum model to
analyze dynamic interaction between pedestrians and a structure, which avoids the difficulty of
determination of forces exerted by pedestrians.
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Figure 1. The diagram of the inverted pendulum model, in which the pivot point periodically moves up, down, left and right
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Figure 2. Comparison between analytical solution (---dot line) and the numerical solution (— solid line)
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Figure 3. The direct numerical results for Equation (6) with 6 =—0.02, £=0.2, v=0.01,n=04and ¢=0.15, the initial
conditions are taken as 9(0) =0 and 0(0) =0.001
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Figure 4. The direct numerical results for Equation (6) with 6 =—0.02, £=0.482, v=0.01,n=0.8 and ¢=0.15, the in-
itial conditions are taken as 0(0) =0 and 9(0) =0.001
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Figure 5. The stable regions (marked with grey shades) of solutions of Equation (6) under the conditions & >0and 6 <0, in
which v=0.01, ¢=0.15,4=0.1,b=-0.2
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Figure 6. The stable regions (marked with grey shades) of solutions of Equation (6) under the conditions &£>0 and 6 <O,
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Figure 7. The stable regions (marked with grey shades) of solutions of Equation (6) under the conditions & >0 and J <0,
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