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Numerical Analysis of Impact Force Transfer Characteristics of
Court Sport Shoes to Surface Condition

Sung-Heon Ryu, Joo-Hyung Choi, Sung-Ho Kim, Jin-Rae Cho and Jin-Hoo Bu
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Abstract

This paper is concemed with the numerical investigation of the transfer characteristics of the landing
impact force exerted on court sport shoes to the sport surface condition. The reaction force occurred by
the impact between court sport shoes and sport surface is absorbed by shoes to some extent, but the
remaining impact force is to transfer the human body from the sole of a foot. We consider four
surface conditions, asphalt, urethane, clay and wood court surfaces. For the dynamic response analysis,
we construct a coupled leg-shoes FEM model and create the multi-layered composite surface model.
The numerical simulations are performed by an explicit nonlinear finite element method. Through the
numerical experiments, we examine the transfer characteristics of the landing impact force to the

surface condition.
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Fig. 2 Coupled 3-D shoes-foot finite element model
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Table 1 Material properties of shoes-foot model

Parts Properties Value
Ct -0.00149
C2 0.11732
Outsole C3 -0.00182
C4 0.01720
C5 -0.02000
. G(MPa) 0.921
Midsole o 0.35
G(MPa) 0.735
Insole p 035
Midfoot- E(MPa) 48.39
reinforcement U 0.35
E(MPa) 11.76
Upper o 035
E(MPa) 10,000
Bone 0 0.34
_ E(MPa) 1.15
Soft tissue 5 0.49

Table 2 Material properties of the surfaces

Surfaces E(MPa) v

asphalt 10,500 0.35

Aspbalt base 300 0.35

subgrade 100 0.35

Urethane urethane 4.8 0.4

¢ ASCON 10,000 0.3

clay 10 0.35

Clay mixed stone | 20,000 0.3
Wood beech Table 3 Table 3

0o white pine 10,000 0.3

Table 3 Material properties of wood
Ex Ey Ez Gxy=Gyz=
(MPa) | (MPa)|(MPa) Gzx(MPa)
10,000] 600 | 600 | 0.2 103 |02 600

Uxy | VUyz | Uzx
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Fig. 3. Structure of the surfaces

32 A =4A
2 drdxe =
AMat7] fiste] A=
&2 AAste AA 234 AE83 Ry 594
o £ %ol AAY AFE Tt FAFA
A 9428 A4, 27 = 2 FHE ¥
stk zEx, Zh NWEEPE 3ejste] HiEw
o UHAAZAE HALHA F, o}2TE, 3
g, Zelo] ZEE vig Udd TES FA
s 2EE AR A9 2 Ao ARES
F&8A AEAAZDLZE AW k&, 1
g1 Q& goe grzAd diste A AP
olBl§ F2 vlAAF(u=02)F HE3IUTh

23 o} ZA%4
29] 0.3

2}
22 m

=

s
[o]

Ll

: T 4 asphalt

«+— base

«+— subgrade

(a) Asphalt court

1 4 yrethane

| +— clay

i !
T T -+ stone
PO g N I £% & g S -

(c) Clay court

e — beech |
<+— white pine

(d) Wood court

Fig. 4 Finite element model of the surfaces

[ ]

O

Acceleration of Gravity I l
Y

G,

%

Initial velocity
J2gh =24m/s

T

T

w5 mm
3
|

Fig. 5 Loading and boundary conditions



AWz BE IE 223 32 A ALY FANY 1979

331 XM ¢ Hot

o2 29 vkE(vertical reaction force) F4Y
o Wi AAe] R& Fzo HrPrIFo] HH,
ol%&3 AHe £3  HZH(contact normal
force)oll 23t £ o] 7hFaith 1733*-*%—"’*
o] Z(impluse-momentum theory)ol A 8} FHA] &
s Wale A% Zon 5% RE
uehr zb AHe] FAFS a4 w9 ¢ AUk

Table 45 AW wtF9] 7]3sts 48
FAAN AFEAM Ho FZH(peak impact
force) ¥ %7 Al7Hcontact times)S LERHI 9l
oA7NM, FAY wele mbact foree o
2 Aodu. QA H&-E(loading rate)< A|H wiE
9] Alzboll Wi mlEZre2 EAIFY, Hd $4H
AA7A] dgH oz 7tAsted 2o 7187124
Fateg AAss

Fig. 6 2 Table 4914 & & UX%0]
(9.5 BWollA & S2A3E Hole wd HE A
ZH13 msy> WA vehin, ol & ¥ 3
0.73 BW/ms)° H}\]-\:ﬂ-/\g,] zl}l;HQ] OJq_o] = &
Atk UF ZEAME Ades F& A9
BW)& Hojuj o|e} e A= FAHA YT F
ol 7|t wEd] ot FFA|7MY] A Aol 7]
Qlgichn wekdc)

—

£

332 78k ME E

22 FAA % AEA(hee)ol M FERHA =7
Al2"g Fio FZo Add®Evxn 7HHsIE
o, AE], HH(ankle), A7olshank), 11 FE
(knee)oll Al 2AYS}= FHuf 7}&E(peak acceleration)
€ {rletgth Fg 72 AWzAdd wE QA Z
T Ao /S RE susglon, XA & F
UR0| OFABE FEOM UF FE 7HA] 2040 %
o Ho) 7&E 7 EAE Holxm Yok FF W
029 KR 2 ARe BE AddA FUH
2} g low B FHEAdA FEdA A o}
E5 Z4E(50~60%)S Bk olde] gk &4
ol A 52 A ek oA O A8 d5
& gom, B mAUES Ay Fas &
gt 947 ggt?

gukEQl Mg = 7HEEA accelometer) & ]

ox

3 mlo

of

—.— Ashhan ¥
|-e— Urethane a'b"::;\ !‘A’
84...... |4~ Clay AT e
—v— Wood

P A
>4
SRR A

Ground reaction force (BW)

Time(ms)

Fig. 6 Impact force-time history to the surface
conditions during landing

Table 4 Kinetic variable values to different

surface conditions

—
Pesk impact| Contact adfjg
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force(BW) | times(ms)
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Asphalt 95 13 0.73
Urethane 9.2 135 0.68
Clay 85 145 | 059
Wood 6.9 16 0.43
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