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Statically Indeterminate Stress Analysis of Sport Shoes

Kin'yva MATSUMOTO*®, Masaru ZAKO, Nobuyuki SHIMIZU,
Toshihiro KANDA and Hirohisa SAKURALI

** Mie University, Fac. of Education, Kamihama-cho 1515, Tsu, Mie, 514-8507 Japan

Such high polymer materials as silicone gel are used for the shock absorber in sport shoes. In
the stress analyses of shoe soles, it is difficult to detemine the load conditions by measured pressure.
Because the distribution of pressure upon the shoe sole changes according to the stiffness of these
materials, which generally show the nonlinear behavior in the stress-strain relations. So a stress
analysis method considering the statically indeterminate problems is proposed to identify the
pressure distributions on variable shoe sole models. The compression testing of nonlinear materials is
carried out and the results of experiments indicate the effectiveness of the proposed method. And the
strain energy of a shoe sole model is calculated under the condition of the identified load and
compared with the result using the measured pressure directly.
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(b) Identification
Fig.l1 Foot model for load identification

(a) Measurement
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Fig.3 Analysis model of compression testing

Fig.2 Flowchart of quasi—dynamic analysis system
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Table 1 Material properties for nonlinear analysis ) ," /
Gel Foam 500 / o ]
Nonlinear a,MPa| -101 7.82 X 10° — e ]
parameters b, MPa 0.107 4.05 X 10° 0 0 00£ - 0104 * (;06 * .0.I08 - ’0_1
________________ n_ |, 406 68 Displacement , m
Poisson's ratio v 0.45 0.30

Fig.5 Force— displacement diagram of foam
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Fig.6 Compression testing of nonlinear materials Fig.8 Material composition of the shoe sole model
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HMEHT—2HEIT, ZO0Oa—XV—I)VETIIC Rubber Foam . Gel
MWBEHERELEFLEBEEE, HET 52T Nonlinear a, MPa| -0370 7.78x10" -1.03
DEFLRTCRDEBEEEBLE. a—XV—) parameters b, MPa| 0456 4.04X10° 0.107
FHEEEBREINTVWS Y, P a—XY— )L EEOH n 2.13 6.89 4.04
BHEHC DWW TERREIC X BISNBT D 5157 — O Poisson's ratio v | 047 030 045
THBGRERD, Tho2E—-MEERRLAEBRED
EMNTA—FEEEL. TOEEERIITRY. Table 3 Material properties of laminated sole model
T, WEREIKAWENRTIA-FEEFELITRT. Gel+Rubber Foam+ Rubber
K 9 iy —RKETHME S NZENTHKREZ, Nonlinear a, MPa[-9.80 X 10° 1.08 x 10°
FrEMIZa—AY =R LU TREINIEEH? parameters b, MPa 0.228 6.41 X 10°
FREEZTNTNSTPOENOENEE L TRT. n 6.78 19.7
A S NEEAPIRKE L COMBEA I, & Poisson's ratio v | 045 030
BTSN ARB I N TWAERMNIENIBITL
T4 — AR OEABE DL L TNWB I EDbns. Table 4 Conditional parameters for load identification
10 3B THhOEMEOBMAHEY-0DVTH Forced displacement 61 ,m 0.001
IRNFRIAEDFEEERLAEDOT, BEENEH Thickness of ground he ,m 1.0
WegiERE @I, RIEENICLDHDZE B)ITR Elastic modulus of ground  Eg ,MPa| 981.
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Fig.9 Surface pressure distribution of shoe sole models
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Fig.10 Strain energy of shoe sole models during walking
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