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1
Valanis Landel
(R= ®7 CD) (rv 67 ‘P)7
Do = {(R, O ®lIOSR< b 0< © <27 0<®<J§,
R= b Po . ,
r=r(R)> 0,0 <R <b; r(0°) 20, 0= 06, ¢= O (1)
, r(R) «  r(0)=0 |, , r(0°)> 0
F
F= dig(r¥R), r(R)/R,r(R)/R) = dig( &, e, M), (2)
., %= r¥R)= dr/dR, = M= r(R)/R .
Cau chy T
T(R) = WS- p(R),
(3)
ow
To(R) = Tee(R) = do 5= p(R),
» P(R) , y
0%, r¥R) _
R T 2Rl W =0 (4)
b 2
Tr(b) = po[r(b)] , (5)
po> 0 *
T(0) = O (6)
Valanis  Landel Valanis_Landel
[9]
W= 20 A(lnk- 1)+ M(lnd- 1)+ Aoflndo— 1)], (7)
2 L’l’ °
Jawbi J = DetF = 1,
¥R)r*(R)/R*= 1 (8)
r(R)= (R'+ )", (9)
, € cc=0 R c> 0
r(0°)=¢>0 ¢ ,

v=v(R)= r(R)/R = (1+ ¢/R>)", (10)
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#R) = p e (11)
(7)

W= 2o (I *= 1)+ 2(lw- 1)], (12)
Cauchy

T.(R) = 2W I "= p(R), A
To(R) = Tewe(R) = 2Wlnv - p(R)* (B

po> 0 (4) (5) (6)
p(R) c* c> 0 c
c= 0
) pPo
p(R) == po, c= 0, (14)
r(R) = R, Tr= Tp= Tee= po,
c> 0 , r(R) = Rv(R) (4)
a%[zwzhw*z— p(R)] + 2%[2w*zmu*2— 2Wlw] = 0, (15)
(15) R

_2 2 L -2 ds

2W “Inv "= p(R)+ p(0)+ 411".0(11 lnw "= w lnv)s_z 0 (16)
p(R)= p(0) = 2W *lnv™ >+ J(R), (17)
J(R) = 4u.f:(v*51m*2- v Ino) L (18)

(17) (13)
T.(R)=- p(0)- J(R) 0< R< b* (19)
(19) J(0) = 0, (6)
p(0)= 0 (20)
(19 (5
- J(b) = po[v(b)] 7> (21)
J(b) = 411JZ(1)_51nv_2— v ) ‘i—s- (2)
(9 (10
3
v(R) = 1+ %- (23)
() v (21) s
Pl I v 3lnv_z— I

po= 4Ll[1+ b_B} J.(1+c3/b3)]/3 1_—‘/3d”. (4)
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C PO ,
A b po (24)
c* (24) ¢>0 .
p(R) (17) :

p(R) = 4%l >+ J(R)*

oo

T v 3 2= Inw
rr(R):—J(R):—4l-l —_—

(1 /R - V

dv,

To(R) = Tee(R) = 2H(vhnw - v_zlnv_2)+ T.(R)*

(9
w(R)= r(R)- R= (R*+ ¢)"°= R+
c= 0, (24) Per
* 0 e %= Inw
pa= 40| T = dve
1 1- v
(28) pa= 2.08517 K, po< pa po(24)
;o po Zpa (4 c=0 ¢> 0,
, c s ¢ po
(24) . (24) e
pPo >pa 5 *R=0 R=1b 7(27)
Po , 2 . ,
. po2pe po ’

c/b

1.0
Po
1 2

Po Zpa (26) , 3 4

, R ) ’
R ’ ‘ pPo< per

, = Tyg= Tee= po Po= pa
’ ) T, po ., T po
5 y To

(5)

(26)

(27)

(8)

Too
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—po=1.0002p,

12

10+

T8/t
- -]

Valanis Landel

>

E= _[VWdV— Lpou(b)dA = 431]21%2%11{— b pou(b)e
[5] .

4 ow
E= Enlf[ WOk M M) = (k= Xo) S5k M| = 4 pou(b)e

. k= M= Lu(b)=0, (30

Tah’ (- 6m)e

E[: ?

B

3] -3 %
e> 0, = v 2= |1+ 5 , = v= |1+ 3

u(b) = (b°+ &)= b,

(30)

Ee= 570 [4M(olw = o)+ 20 ol = o7%)] = 476%pou( b)*

E., E. E- E. 6 po Zpa . E
» pPo >Pcr ) ,
a ,

. (1)~ (13) ,

Tr(a)= 0,

R a SR <be

3) 73 3,313 _ _
- a1 & f1+ A lnvdv.
po= v dow ) 1- »°

(6)

(D)

(%)

(31)

(32)

(33)

(34)
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Po (34) c* c> a a
, P(R)
p(R) = 4 *lm >+ J(R), (35)
Ko s 2 o ds
J(R) = 4B (v lnv” "= v “lnw) o (36)
T.(R)=- J(R) =- 4uJﬂ+C3/"3)V3 Mdv
" - - (W /)" 1- o ’ (37)
To(R) = Teo(R) = 2H(vlw— v 'Inw ) + To(R)*
(34) 1 .
p0< Per ’ pPo 5 5 Po Per s
* a 2 2
Valanis Landel s
501 XA 107
4.0] 8
] 6+---- PRt
] E 7))
‘? 3 01 . 4 of 3
ﬁ 2.0' T = T8 = PO 2-
- o_
1.0: _2J
o0kl ==0 4l
00 1.0 20 30 40 50 0.0 0.5
po
5 6

[ ]

[1] Ball JM. Discontinuous equilibrium solutions and cavitations in nonlinear elasticity[ J] . Philos Trans
Roy Soc Lond Ser A, 1982, 306( 3): 557—610.

[2] Horgan C O, Abeyaratne R. A bifurcaion problem for a compressible nonlinearly elastic medium:
growth of a miaoviod[ J]. J Elasticity, 1986, 16(1): 189 —200.

[3] Sivaloganathan J. Uniqueness of regular and singular equilibria for spherically symmetric problems of
nonlinear elasticity[ J]. Arch Rail Mech Anal, 1986, 96( 1): 97—136.

[4] ChouWang M S, Horgan C O. Void nudeation and growth for a class of incompressible nonlinearly e
lastic materials[ J] . Internat J Solids Structures, 1989,25(11): 1239—1254.



789

] Horgan C O, Polignone D A. Cavitation in nonlinearly elastic solids: A review[J]. Appl Mech Rev,
1995, 48(8): 471 —485.

[J]. Internat J Solids Structures, 1992, 29(2): 279 —291.

linearly elastic sphere[ J]. J Elasticity, 1989,21( 1): 61—82.
, . [J]. , 1996, 28(6): 751—755.

] Valanis K C, Landel RF. The strain energy function of a hyperelastic material in terms of the exten-

sion rations[J]. J Applied Physics, 1967, 38( 28) : 2997—3002.

Cavitated Bifurcation for Incompressible
Hyperelastic Material

REN Jiusheng, CHENG Chang jun
(Institute of Applied Mathematics and Mechanics; Department of Mechanics,
Shanghai University, Shanghai 200072, P R China)

Abstract: The spherical cavitated bifurcation for a hyperelastic solid sphere made of the incompress-
ible Vaanis Landel materia under boundary dead loading is examined. The andytic solution for the
bifurcation problem is obtained. The catastrophe and concentration of stresses are discussed. The
stability of solutions is discussed through the energy comparison. And the growth of a pre_existing mi-

cro void is also observed.

Key words: incompressible hyperelastic material, void nucleation and growth; catastrophe and con-

centration of stress
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