BEFEEI%, 5188 H 7 Q97E T ) NARENNERESR
HOR B R HE & K

Applied Mathematics and Mechanics

R P AE T A S Il (B R FLEG 1K

REH  WHE

(1996412 A 18 Hikem)

m =
ARXBEIET & DML B B R A R R AR REB R NSH. BT HEE H A
HARTEN T AT MR A, R LR AR M IR TR R R A4 AT, A & D
HaEREAR AN ECR, BT TRE R, ST RILWH KB,
XRBIE BWHERE FRER ToECUR Malsgk

ST

SR B A AR R S AL R T B AR AN A R BERNB &, AR
RIR SRt IR & B RSB B g B 2 i A A ER, BERTERK
ERSHMANHEAGRBETHRNRREERBIEN, B—MERERSE, MEBEBIHT
TEHBILREE, 1682 43, Ball'h 35 T R AR S EIS M, 2FEE—RF
MBFFDR BRI R, FemRRE LA sk T BB RN 140
AT EEHIUNEENEIGIR BN RSB, & RELR— MRS RO ER
FORL J143 A RN B R BE B T B4ME R, 8T THEHE, BT REMILERK
RZ2EBMBALOBRBECERFBRAZ HHNRER, X TABRTHBIESHRT S

et —8,
. TeALE SR R BT AR T Ay

BORA] P B M AR R DA B R R o (BUNLIA. EE TR W B N 8 Xi=
T Li/2 R B BRI ERFnXe=tL/2M b, THEEZ=+H/2 &, &k
WARRT], RE, (X0o,X., Z) R, RESASMIADOES, Li. L H 450E
BREREER, B &, T IEREELERR (x%,2) SHRAHRR (X, X, 2) 8BS,

s ERAARSESHNTE, HHEEARSESUHTE.
1 R ARFEMIRFERF, Bkt ki 2010072,
2 2ZMKZ, 2N 730000,

573



574 2 B B MooHx &
RTHWEBROOTRRR F, "L, ERREETHIERRE, BF

xi=MX1, xe=hXs, z=ﬁz (2.1)
BRXTELGREFIHBEY, 4, L SFHX FX5RERER, BIRSHRGBNCE
Edivkcs

R R fneo-Hookey# Bl iy, HV FERE B

W= #(Il_"?’)r I1_12+Az+lzaz | (2-2)
Kb MR mmewsg, TR, EECauchyi 142N

ou=pAl — p, on=upl}—p, 033=E%3;P (2.3)
Hih phddKES, BREAE.

B A eh Rk tkon=q, F[HH

b= p=rAi=pii =g (2.4)

Uzz=Uuzﬁ0, Un=#(/lz—%) (2.5)
R

h=A(4), h=[A(0)]"", =] (2.6)
ARBHSE, BH2.4O)FH, AHR

B Ad~1=0 ' (2.7)

EREA(A)>0, FR(2.7)WIERA

vw—l-—fl—;wi—#—g; (v<<3%)
AMA)= — (2.8)
2JA cos arccos 42/;13) (A>j/¥)
(2.1), (2.5). (2.8), (2.8)4:tHT%ﬁPﬁ%ﬁﬂﬁ#ﬁﬁﬁéﬁ%rﬁrﬁlﬁ{*Hﬂﬁ@@ﬁéfmﬁzﬁ’lﬂt
A

LN e

A(R,0,2)Ri(r,0,2) FBIRRE (X1, X0, Z)F0 (x1,%2,2) FIXTRL IR A 4 A5 A1 25 1]
Eéléh‘ Fr, ERFLURANL, R%#FB@@EE@%F&?@%@EE, HITBAN

(3) +(WTx) =X+ X1 =F" (2.9)

KEHpAR, GXMA R/ 4.
FEREBIRAT, ﬁiﬁ‘]ﬂl‘ﬁé(z.l)—f'%ﬁi

r=R$(8), 0=p(6), z=—77 (2.108)

s,

$(0) =(/12cosz@+ —isinz@ )éh
| o 4 (2.10b)
1‘p(.@)=arctg(ﬁtg@)=;\/786 __d?z(i)



AR AR T AR B A B I AL s 575

TR, EUREFY

¢ ¢ 0 .

F= [ 0 NMA/ 0 ] . (2.11)
0 0 /N ,

Rp (+)'=d(-)/dO, NTIHAWRR o=u(FF*—pI)"{53EF 8 Cauchy ity

NE

o= 646" =%), dw=i( = )s o=/ TE (2.12)

= FF OB AR

EREAEEE, TLUARMILBEE RN M ILKHE KR IR A B B, Tixt
OB ALY K B R AN, BT 28R, FEREE SHAR O, ERNR wE A
EEREDERBALE. SHEAR (AR (2.9)) W2, REWRSEQKEEMNGE
MR SRAEXNHFTEN. SEVEEVRDESEER, U4

a=fR)X:, 1a=fi(R) X, 2= 7 (3.1)

R ARHQC.S)AHMNEMK, TR, HEMEERRUESETE .5 BEONSH
2

fife+RAfi=NA, fifs=f1f ;=0 (3.2)
EBATTSHRA

f(RY=ay/ T NGEB), — LR=—¥T-vaRE  (5.3)
R g(R,B)=1+(B/R)*, Wia,BHBSHE. H(B.ORN 5.1, HERELEHRS
r=Rn/G(R,B) G(O), 2= 7 l

o ‘ (3.4a)
9=/\/78 &é%—)rr=arctg(a—lztg@) J
H,
G(8)=y T(a*cos’0+ Lsin'e )" © (3.4b)
XEE, HERBWREA(r,0,2) M ERBENWESEHN
' G/g(R,B) ~ g(R,B)G’ 0
F= 0 N g(R,B) N A/G 0 (3.5)
0 0 /N A
B .9 REFR L, TRERENIR&UTHr=u/A, EEWCauchy 148
G* o 1 \
Grf=u[7?(T—”é:T+g(R’ﬂ)G —7] l
(3.6)

O‘pg=/,t|:igigr—z’ﬁ)‘—'%], 0'9=M/\/79(R,/3)% J
ETEANALGRKER, BHRSTEBRESLTANGERER, TRELRG, 4R



576 E%%ﬁﬁ%‘f%

>doo, HEEF(3.1). (3.3), WE

(:"1-1"_'1-1(G7 +G’*— A. ’ 0‘99=#(?f_'7_—‘/11‘), Tre=n"A g (3,73)

X1—a~//1X1, xz——'\/ﬂ,Xz, 2= ;\/I‘IZ (3.7b)
S5E AN S (2. 12) MEB () MEILK, &

G=¢, a=¥T° (3.8)

B, uB=08f, (3.6)F1(3.8)4HELNKE HRE.
#—%kPiola-Kirchhoff; f1ak &%
T=(detF)oF T=0F""
HYE BT (3.5). (3.6)15F
Tra=p{¢/N g(R,B) —~ g(B,B) /A¢}

Too=—1-{0n/ GUR,BY 16—/ M/ GTR,B } l

Ter=ud'n/ g(R,B) /N Tre=un/g(R,B) ¢’ J
Trg=T:2=T4z=0
FAEEH, H(3.9)M(3.6) BAHIIR J15 B RAEM™ & i 28Il 8 B b R R4 RE s
B, FHER RS B AL D R A R R R A B T B .
BAEFERI R AL, DI KR b R, RE— MERE, ek
B EgeE N=GCGp, E(R,0,Z)HRBERRNERY {Gr,Go,Gs}, FMEH
(0.2 R R AT B (800 RIER=GOLAETS L, oK B
t-=TN=T,28,9Gr Gp+T9:80QGr - Gp=T 28, +T9z%s

¥ (3.9) RN LR, FH4R=b->+oo, WF

(3.9)

E=pl (p—1/A0) &rt+d'/ NTE &s] (3.10)
SR B0 RIS R BN
u=(r—R)g,+R(0~ @)ge (2—2)8.: (3.11)

T2, BERL P R g e
H H
o {RE[a b1,a&b,0€[0,2x], Ze[ 2]}
FHT AT, ERERADRR=c R 27, ﬁﬁ?ﬁ:’)"l\ﬂﬁ R=b 2B IR, %
B B L ERE
n=§§g(tr<1«*w)— 3)dV~Sdgi-uds (3.12)
¥(3.4), (3.8)FRA(3.5). (3.10), (3.11)jFHRAN(G.12), WIH I, HEBMNEERY

BT H(+ L (D) (#-D)virarren g

sorp JT=I/unb*H, 5=p*/6*, e=a/b, F(e,\) RESEXWERE., FR, I=0%HTF
8IT=o, Miigoll/86=0, #

(e o) B Dol 0




BRI SR R R AL R K 577

FHEEMANNMABRMBT L A=a/u, WM (2.8)FHA(4), FHoi(3.14)7fEH
0=08(4,¢e), BEHERFTHEIM, TRUFH, e/, oM AWELRER, 4 e>0" 1, o

=0.

AT ERBB R KE R, 2

=r(a,0)/b, b=mim( =L, —%L
Wi (3.4), (3.8)1%%]
P=(e*46) 1'2( Azcosz@+%sin2@ )l’z (3.15)

R Ho=0(4,e) B1(3.14) 1 H, A=A(4) B1(2.8)HH . #HBe=0.01, WMN(3.15)FLE
BREALAOBRERIT S84 R K, W 2 FiR, WHEEREY, MAKERRENHRE
RS mTE I, RBAERTE (Xo7m) Wi, WEX.TR, MILKELHRER.
B 3R T B TR AR B IR M B A =q/p e TR HE L SRALEE RN R, MK
MHRIE SR RT B4R -8

) .
2x10'3[ ok’
11073 0.01m
- ) A ‘ X,/b
0 4 8 12 15 0 0.01 0.02 .03
B WAMRSHIEBRHSH R B2 WARRERY 0L
%
S SR I

B3 ERRNEE SR NN
$ £ x ®

[1] J, M, Ball, Discontinuous equilibrum solution and cavitation in nonlinmear
elasticity, Phil, Trans, Roy, Soc, London, A306 (1982), 557—610,

[2] C., O. Horgan and J, J, Pence, Cavity formation at the center of a composite
imcompressible nonlinearly elastic sphere, J, Appl, Mech, 50 (1989), 302—308,



578 B B B % ¥ #

[3] Hou Hangsheng, A study of combined asymmetric and cavitated bifurcation in
Neo-Hookey material under symmetric dead loading, J, Appl, Mech., 60 (1993),

1—7,
[4] P. Podio-Guidugli, C, G, Vergarm and E, G, Virga, Discontinuous energy

minimizers in non-linear elastostatics, An example of J, Ball revisited, J.

Elasticity, 16 (1986), 75—96,
[5] D. A, Polignone and C. O, Horgan, Effect of material anisotropy and inhomo-

gencity on cavitation for composite imcompressible nonlinear elastic spheres, 3

(1993), 3381—3416,
[6] C. D, Horgan and R, Abeyaratue, A bifurcation problem for a compressible

nonlinear elastic medium, growth of a micro-void, J, Elasticity, 16 (1986), 189

—200,
[7] D. M, Haughton, Cavitation in compressible elastic membrances, Int,k J,

Engng. Sci., 28 (1990), 163—168,
[8] T. T. Oden, Finite Elements of Nonlinear Continus, McGraw-Hill, New York

(1972), ‘
[9] R. T, Shield, Equilibira solution in finitc elasticity, ASME J Appl. Mech,,

50th Anniversary Issue (1983),

The Growth of the Void in a Hyperelastic Rectangular
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Abstract

In the present paper, the finite deformation and stress analysis for a hyper-
elastic rectangular plate with a center void under a uniaxial extension is studied .
In order to consider the effect of the existence of the void on the deformation

and stress of the plate, the problem is reduced to the deformation and stress
analysis for a hyperelastic annular plat: and its approximeste solulion is ob-
tained from the minimum potential energy principle, The growth of the cavitation
is also numerically comptuled and analysed.

Key words hyperelastic rectangular plate, finite deformation, growth of veid,

variational principle



