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A Simulation of landing Shock during Running
by Viscoelastic Elements Model

Chikara MIYAJI Kazutoshi KOBAYASHI Yukihiko USHIYAMA *

Abstract .
The purpose of this study is to simulate landing shock during running. Two types of landing were

chosen; barefoot landing and landing with shoe. Viscoelastic models were constructed for each

landing, and these models were simulated by the numerical solution of the equations of motion.

The results are summarized as follows;

1) For barefoot landing, the model was constructed by the body and leg segment masses

connected by viscoelastic elements, and viscoelastic elements with a non-linear elastic element below

the leg segment.

2) In the model of barefoot landing, ground reaction force and acceleration curves were

estimated. These curves were very similar to the experimental data from force-platform and acceler-

ometer attached to the subject.

3) For the model of landing with shoe, besides the barefoot model, the shoe model was added.
4) In the model of landing with shoe, initial peak value of estimated ground reaction force was

25% lower than that of the measured force. Increasing the mass of leg segment while other parameters

were unchanged, the estimated peak value came close to the measured value.

5) The difference of leg segment mass might be explained in that the movement of landing with

shoe is slightly different from the movement of barefoot landing.
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Fig. 1 Schematic representation of simulation and evaluation.
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Fig. 2 Mean ground reaction force of 8 trials performed by the subject (25 years, 171.0cm height, 65.0kg
weight) in barefoot running at speed of 3.5m/s.
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Fig. 3 Mean ground reaction force of 8 trials performed by the subject (25 years, 171.0cm height, 65.0kg
weight) in running with shoes at speed of 3.5m/s.
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Viscoelastic model of barefoot landing.
M, is the mass of upper body and upper
legs, K, and C, are the model of knee
action, M, is the lower leg mass, K, and
G, are the model of ankle and K, is the
non-linear elastic element of heel tissue.

Fig. 4-a
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d*z dx dxa
Foy = F + Foy —mug = 'mthzl = —ki(z1 — 32) — Cl(d—tl — )~ ™Y
d’z dzy, dz3
Fpy = Fy+ Foy —Fryy —mag = ma _dtzz = —ka(x2 —$3)—02(_dt2 ——dt‘)—Fm1—m2g
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Foyy Frnyy Fy,, Fy, , Fi,, Fe, , Fp ... Forces acting on each element.
mi, My ...Masses of each element. m; + my are equal to the body mass.

k1, k2 ...Constants of elastic element.

k3 ... Constant of non-linear elastic element.

c1,C2 ...Constants of vicous element.

T1,Z2, 3 ...Displacement of each element.

Fig. 4-b

Equations of motion of barefoot landing.
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Fig. 5 Simulated ground reaction force of barefoot landing and ground reaction force of force platform.

Coefficients of the model are;

m;=59.5, m,=5.5 [kg], Initial velocity=—1.05 [m/s],

k=2.1e4, b,=4.0e5 [N/m],
ky=1.0e13 [N/m®], and
6 =3.5e2, c;=4.0e3 [Ns/m]
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Fig. 6 Acceleration of lower leg mass from simulation and accelerometer.
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Fig. 8-a  Viscoelastic model of landing with

shoes. The upper part of the figure
is the barefoot model (same as in 4-a.)

M; is the effective mass of shoe, K,
and G; are the viscoelastic elements
of the shoe. K is the non-linear

elastic element of the shoe.
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Fonyy Fry s Fony s Fiy, Fiy, Fiy, Fry , Fies, Fey, Fez, Fuy .. Forces acting on each element.
m1,my,m3 ... Masses of each element. m; + ma are equal to the body mass.

ki, ko ...Constants of elastic element.

k3, ka4, ks ...Constant of non-linear elastic element.

c1,¢2, c3 ... Constants of vicous element.

T1,T2,T3,Z4,T5 ... Displacement of each element.

Fig. 8-b  Equations of motion of landing with shoe.
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Fig. 9 Simulated ground reaction force of landing with shoe and ground reaction force of force platform.
Coefficients of the barefoot model are the same as the model of barefoot landing. Shoe coefficients

are;
k,=9.6e5 [N/m], &=8.0ell [N/m?"],
p=1.23, =177.2 [Ns/m]
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Fig. 10 - Simulated ground reaction force of landing with shoe and ground reaction force of force platform.

ms value was greater than the barefoot model.
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Fig. 11 Simulated ground reaction force of barefoot landing using the coefficient of lower leg segment
8.5kg and ground reaction force of force platform.
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