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Structural Behavior of Worn Tire Attached to Carbon Fiber Steel Pile
by Wave and Current Forces
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ABSTRACT: The structural behavior of a worn tire, attached fo carbon fiber steel pile by current and wave forces, has been investigated through the
vismerical method. The finite element model has been developed, by considering that the composite material of rubber and cord is orthotropic, the rubber is
Litropic, and that all the material behaves as linear elastic. The pressure distribution by wave and current, around the worn tire, has been estimated through
ke adjustment for the concept of flow separation. Also, the structural behavior of the worn tire has been examined, by comparing the situation wherein the
saace between the pile is reinforced, and tire as elastic and isotropic material, with the one left empty. Through this comparison, it is determined that the
suace between pile and tire has to be filled with elastic and isotropic material, in order to avoid the failure by wave and current action.
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Fig. 1 Worn tire attached to carbon fiber steel pile
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Fig. 3 Global coordinate system

ageg, B A7 552 4R ‘%011 £-2
ol9] zFt Tl og FEATHY
FPFoEN I ATEZE BHsk= Eﬂ
Hetolo] z=st uFo EFJAF
o=, L%j‘% SR Fshe W3
3l d¥(linear)22 7St {4
A7 «1 7340t P340l Eelos %

o] HOVQ (orthotropic)
Ao B4

oal.
rlo _1

Feg G573 AEo) Eleloje & 1 ]'—‘:— dee
g Aolmz Bay golo] S wdysin gd§4T

oJe}
Holole] AAzAL THEACE 2RI HFol} Zol
oI Aeklelol 8ot e sietololel welo] wjEgh

Aom B 93V T LA YHLEE H§3}
2329 x47go1 AelE oz 27] wol uel(flow seperation)

& Egelel JYRLE 2450 nlwd Folole] A
zZeE 71Ee A92%E ol§3e] 558 AW w3
2A9. W, Holojsh 4@ Aol WNE A @
| Ao pAARE ANE 29T 5 o IS M

2. feieisiMmng

wesl s Asked oo

2 =goAe golole ag
_Ur_

aFo] B3ARE AuolPHeR, 1iE $84(isotropic) &
2 FAFh wolole] PPl AN =1} carcassil
n = o
e

24 Sl BAE Ameliy BPARA IrARY
=
[e]

TR SAFTE F3) Aok PEF AT BF o= Axe
3} E %

H

WA= APEGASS 3 FEHo] BRAs=] Fot
0.2% offsetH ] Afﬂ F2He AMEl Aol AZS gl
HEA T o] WAEASS Ro|thyl ddo] He EAS
7HAH, #eiekel £ A8 TFE= hard rubberZ2A A2
oFzrel Hl AL ViR @A EE Ho|ty) o= Hx o

W3 $oe Az A A (hardening effect)”} Ueht}h sigto] =
4% /AT Yk 2, ¥ge oY Az 54¢
betel dBow Apgstel ARaLrRUS FYULE S
ol Mgl sl IATAG, 7 0)ol AT FHBLE
=3l9a Elolo] Rdl2 833 parabolic isoparametric 8 4
AR5},

w3k 88739 27340 3ol elojolel ZFAdo H]
3 BA3 ZmE GHRRY A%l golole] Sl nAE
Qg wlnd Aojnz Bag wolo] AAE RdYsn B

3877} Eolole] BAZAL FEHzA0R 2RWh

ﬂJ

B ofyorlr r
0
<

ot
n:{o
Wy Ho

2.1 Cord-rubber SEHQ| EHMH T
FE(cord)7} 7o FSLHHLE HH?‘]E]"% e
ko] *%"*71]*1‘ El17} 1o &
Az gz, 9445 G128 P01ssonlﬂ] oA HJ%O]]
2o cord- rubberii}-?z*ﬂ-J EAXNES
I FA% Wake g b2 B HFskol ﬂﬂ} :Ri
Y, glo)olE P = 2 1% EAS AuEd FE

ASE BES} o Hls) g Amns mSugel Ty
Azolie nre FVASLE TAsE, 2E9) A7E W
o} FRAAFINE 0] ARuE Falste] ek 3
| o233 o] FAE 4 Slck

E,=EV,

E,=E,=4E,_/3

Gy = Gy, @

vy = 0.5, vy = v, B, /E,



=71 A sk A4
H}8ko] PoissonH]

Fig.3ollA4l H.=nlel o] Elolo]9] textile carcass I steel
belte 71EFES g =] o9 AALE olFnz
CHEA 2 02 SARAASE T A8l FigdolA
5o meukko] FEMISH o]|2: 48 o WISk} o]
e g pEt st BERAe] @3AIF 9 Poisson®l &
YR A% g B R RS F, o f U 32 009 o ‘?J_
A WAy s Aake] FY8AS E, B, Egvl AT
FRAA S FEAAT dXEA "Hoe kA 2FHEA
0 p=0% 90 a =, 0 q g N, NS A T
pBANA Y FRAAFE Pl theH Bk

E,=E;+ (E, — E; )(1 —cosa)}(1 —sing)
E,=E;+ (E; —E;)(1 —cosa)(1 —cosg) 2
Ey=E;+ (E; —E;)(1 —sina)

=A% o g 2T A Poissonb]
+-z} g p= EABHAE ofdle} At

=
Ver Vorr Vo, = %!

Uy = |1 — (1 —E,/E, )sina cos ]
E,/E, )sina cosg] 3)
~E4/E, )sina (1 —cosp)]

Vg, = [l — (1 —
Vﬁz: 1/12[1 — (1
2 112Z(carcass)Q| TAE (D)

Z2AQA Ay vaAE dv=2rdrdzE BAIET 744
Re e / T4,
dEg el s °ﬂ/‘1«1 TRYE[D]E Fah7] s8] A

itolHbd e Zr= amina)®] FAYFZ(principal material
axds)el] oheh AwbAQd 7 MPFE] BAN{0,)= [C]{e,}

R

[B]“[D][B]2ardrdz EA [D]&= [Bl= 3

<

=R
T°6
(1

4+ 288 Jones, 1975). &A= EAEHA,
01 Ch GGy 0 0 O €
) CauCnCy 0 0 O €
g3 | G Cu Gz 0 0 O €3 @)
oy | 0 0 0 Cy 0 O Y3
Oy 0 0 0 0 Cyp O Yor
O 0 0 0 0 0 Cg Y12

A@NA Cilij=1,6)= A4 2 Poissont] 2] &<(Jones, 1975)
¢ e A4 2 PoissondlE 214-0A FEE gHe ARE3IT)
—7|‘—XHE£ FolMe] gun WEEe AAE FHA Aol
k] og«I HARZ AP 2(5)s 2ok
{ = [D]{e ®)

ol 52 dEtolofe] TEAE 15

47]A,
{J}:{ Or 0, Og T Tor Trz}T/ {6}: { € €, €
Vb Vor Vrz }TO]J_’— TR [D]= [D]=[T][C][R][T]-1[R]-1

tolxe] 3, HAEHR FAR FAAMY &

$18) 2 (transformation matrix)o]™ H=9} ‘ﬂ'

AT B IFE 242 (Fig 3 BRI Tl g A5
o

Zou
cos®; sin®s 0 0 0 21,3 083
sin?3 cos’s 0 0 0 — 2sin.3c083
T = 0 0 1 0 0 0
[ ] 0 0 0 cos3 —sing 0 (6)
0 0 0 sin3  cosi 0
—sinJcosd sinicoss 0 0 0 cos®y— sin® 3

[RI& Reuter FlE2l224 thed) 22 A% 7Hch

€ € 100000

€ € 010000

€ | R € R1= 001000

" Blier - 1BI=l 000200 @
. 000020

o /2 000002

T2 Yra/2
2.3 HEEQ| PMAH (D)

HEZA FAYLD]Y] FEHS FZolA F49E
DIE =8 w9 FUalth BH, LRSI 2Rzl
594 Bad. MESOIAY WIPUME Fig 314 m5o)
A= TG o1F= 4E ot T O3 2Tk

1 0 0 0 0 0
0 cos’a sin %a 2sinacosa 0 0
_0 sin’a cos’a  — 2sinacosa 0 0
(1= ; . 2510 (COs ®)
-0 — sinacosa sinacosa cos‘a— sin‘a 0 0
0 0 0 0 cosa — sina
0 0 0 0 sina  cosa
2.4 10| PMHMHE (D)
27E FHPoR AFH THUE D Thedt 2k
1l—v v v 0
B v l—v v 0o
= 1— i
Pl=aramwy v v %, 9
o0 o 5

A7) Be 1% + Poisson®] o]t}

3. HEO|00f &HBol= e X =7H

HEetololo] 2gste dtet 2 2{FEE 8l7] s AF
o] ] Hla] HJhHow 22 MU L= AHH
2FgHHQl Morison ¥ 2419] =37 (Dean, 1984)-2 -85}
o Helolojo] s 2Ll FHEXE de F HH
goz i3l



16 T -

elojofe] W s AHHo] ZX(roughness)7t Fv HEd
ojole] ¢ AX WHo| mEEo] &t Kol Elolo]g]
43 FHE FAFHo=z = HddAgz By Hdiugd f%
Upz A2 B8 gt &£=¥HE o' FFHRAA

o=

oleh g} 2o] % HrkDean, 1984)

(10)

¢(x,0)= U(t)r[l —{-a—;]ms@

dU

_ 2
(1 — 4sin *8) + 2a —— Tt

1n

AADelA H AL o]FH ZE(ideal flow)o]X e
AdE F9o dis) AHESE HEHEXY] WAHeE <
3 B FAEHY §ho] 00] Hu, AA EFCAME FEe
2 8 A FHY AR AX(0 = 0,)lA 2] Fdol
A EZ SRS Fol ¥El(drag force)7t ke Hel
ZAokste] 7]&Ee]l AP AT Keulegan and Carpenter, 1958:
Goldstein, 1938)2 2 ¢ g $XE <& F da] AA7A
B 4119 YR farfield e st 2L e
XS A&tk v fA olFo gHEEE A1) A
HA3e] HAR g4l Ao FHd Al Wakeoﬂ L)
g qtEl Aol ZALX|(Sarpkaya, 1976)) far-field 8-S &
At Ao AHEEXE ARG} oy, wiEd EMOH
Ailzze JFs wgdnd JdIERE Fxsd
seperation$] X & ZAshH Hrh

4. HEl0jo] 2E

2 =) Agele] ATAUE S S Bl )

E}°]°1E Ayt A HA F42 Fig 4 (a), ()M Be
s} o) sietolols} DG Alolel e ST Ao

Elolo] Rz 8@7,‘3 parabolic isoparametric 34F A8-31H,
ZHFE =292 Hinton and Owen(1997)9] codeo| = djA
< 1 2 ﬂ-_r“ﬂ*i e 17% 9EF, % 179

THREE WA EER FAst AR Blololdt 84
F7 Atole] AAZRAL Fig 4 (O-(e)olH BEo] HEo]olo]

23R.9) slRout 4910 =0°, %°, 270°, 360°) = YHTLEE A
o7 B3 1 9 FEMEogu Taay FAWGoRE
FEAINA k= i%aa—z— g3k, elojole] FNFEAME=

i FAYY B J
& A WA Bas) |
Elolo] FYRBol AT FE e AP WHE F
S8l Epolo] L UlRsh Bf Aole] Wl BXHE 5
By SRR WSk FHOR Fig 5 (), B)oIA

4317 @e=thFig4 (d)).
A5l Pl 2R Feo

AT o

ol’dst

5}010191 - I A W @S S

Ss wa o o FBETORT Taun FATTOR
Hga.

TEAINA B= 2EHE

©)

Fig. 4 Modelling diagram of worn tire(first case); (a) Global
configuration (b) Hallf configuration, (c) Top and
bottom plane section, (d) Middle part section, (f) Side
view section
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Fig. 5 Modelling diagram of worn tire(second case); (a)

Plane section, (b) Side view section
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Table 1 Typical rubber properties

rubber Y01(111<1gg /r;t;;h;lus Poisson’s ratio
cap tread 0.53 0.49
innerliner 047 049
sidewall 0.64 049
beadfiller 0.96 049
Table 2 Properties of body ply and belt ply
body ply| belt ply
material polyester steel
construction 1500D/2 | 4x1x0.28mm
cord ends / dm 75 71
Young's modulus 2
(/e 4051x107| 7.388x10°
Young's mogdulus
rubber (Kg/ mim?) 0.56 1.02
| thickness (mm) 10 125
| P I volume fraction | 0272 014
1 Ei (kg/mm’) [0.110x10°| 0.108x10"
2
Lengineering E: (kg/mm’) 0.748 1.360
] lconstants G (kg/ mmz) 0.187 0.34
Vs 0.5 0.5
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Fig. 6 Pressure distribution on worn tire perimeter
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Fig. 9 Comparison of deformed shape at vertical cross setion
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Fig. 10 Comparison of deformed shape for horizontal cross
setion at the top and bottom of tire

Fig. 11 Comparison of deformed shape for horizontal cross
setion at the center of tire

58 E
2 ERANE BAR7 THol 3239 solols] 2Rt
ggo] @ FERAFHNS 93 Aejolols) =9} nEy



EgA = FwolA(orthotropic) .82, 118= AL
58t W M (linear) 22 713 FEPQAEDE 5
s, sgolt zwol S8l setolole] 4aske 919
we] 2 xSt dETe FHo B3 =¥
= galglth ®a, elololsh 2B Aol HINE AS
o A2 AYAEZ AYE 495 E b 1Esie vl 3§
=g

Aws]d Az}, Helolols B Ao dFugore] §
o gE3eo 2~38|5 I3, ZABMEZ BT} Tl
Y. cord 2 FAUE BF FEA 9] 30% o EJENS
v eAEke] S#e BIF $7F B el vis)] Hof 156% A
Y FUh gE-8ge] 4% Az EIgs & 4 ATk
8B, delololE BAEARE TR RAE we 9%
E-olojo] Hl F7hol] ARG AJYFojor & Aoz BT

%, 97 2 2840 O eolels) 74, nEAe ¥
4R, YA ERE 4L ZEREAA 58 HEE 3o 9
wola 48 9 977t 9ad Ao dekao:

o Rk

F 7

E A7es daeAg 20028 E47|2a7(3AME: RO
A02-000:00900) Aoz FhE A7ZAY T IFYS w9l
v, @] Aol ZAt=EHYT

o

el

Mo

a

Akasaka, T., Kabe, K, Koishi, M, and Kuwashima, M.
(1992). “Analysis of the Periodic Contact Deformation of
Tread Blocks”, The Science and Technology, TSTCA, Vol
20, No 4.

Alasaka, T. and Hirano, M. (1972). “Approximate Elastic
Constants of Fiber Reinforced Rubber Sheet and its
Composite Laminate”, J. of Composite Material and
Structure, Vol 1, No 2, pp 70-76.

Dean, RG. and Dalrymple, RA. (1984). Water Wave
Mechanics for Engineers and Scientists, Chap. 8§,
Prentice-Hall, New Jersey.

=o] 338 setolole] FEAS 19
DeEskinazi, J., Yang, T.JY. and Soedel, W. (1978).

“Displacements and Stresses due to Contact of a Steel
Belted Radial Tire with a Flat Surface”, J. of Tire
Science and Technology, Vol 6, No 1, pp 48-70.

Goldstein, S. (1938). Modern Developments in Fluid
Dynamics, Vol 2, Oxford University Press, London.

Gall, R, Tkacik, P, and Andrews, M. (1993). “On the
Incorporation of Frictional Nonlinear Effects in the
Tire/Ground  Contact  Area”, The
Technology, TSTCA, Vol 21, No 1.

Jones, RM. (1975). Mechanics of Composite Materials,
McGraw-Hill, New York.

Hinton, L and Owen, D. (1997). Finite Element Programming
3rd Edition, Academic Press, New York.

Kage, H, Okamoto, K and Tojawa, Y. (1977). “Stress
Analysis of a Tire under Vertical Load by a Finite
Element Method”, J. of Tire Science and Technology, Vol
5 No 2, pp 102-118.

Keulegan, GH. and Karpenter, LH. (1958). “Forces on
Cylinders and Plates in an Oscillating Fluid”, ]. Res.
Nat. Bur. Stand, Vol 60, No 5.

Prabhakaran, R. (1985). “Interative Graphics for the Analysis
of Tire”, J. of Tire Science and Technology, Vol 13, No
3, pp 127-146.

Purdy, J.F. (1963). Mathematics Underlying the Design of
Pneumatic Tires, Edwards Brothers Publishing Co., Ann
Arbor, Michigan.

Sarpkaya, T. (1976). Vortex Shedding and Resistance in
Harmonic Flow about Smooth and Rough Cylinders at
High Reynolds Number, Rep. NPS-595L76021, U.S. Naval
Postgraduate School, Feb.

Walter, J].D. and Patel, HP. (1978). “Approximate
Expressions for the Elastic Constants of Cord-Rubber
Laminates : Theory and Applications”, Journal of Rubber
Chemical and Tech., Vol 51, No 3, pp 710-724.

Science  and

20043 39 239 93 A
20043 49 299 H= FHE A



