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Introduction

In the course of a study of cavitation in elastic-plastic solids [START_REF] Huang | Cavitation In stabilities in Elastic-Plastic Solids[END_REF], it was discovered that the well-known and widely used formula of [START_REF] Rice | On the Ductile Enlargement of Voids in Triaxial Stress Fields[END_REF] significantly underestimates the dilatation rate of an isolated void subject to stress fields with moderate to high triaxiality. The purpose of this Note is to indicate why earlier analyses lead to underestimates and to provide accurate results.

Attention is limited to a spherical void in an infinite rigid perfectly plastic solid characterized by the Mises yield con dition, ae = ay, where ae = (3s;j s;/2) 112 with Sij as the stress deviator. Remote from the void, the nonzero stresses satisfy a! 1 = a2 2 and a33 -a!1 = ay. The nonzero strain rates in the remote field are E]3=-2El 1 = 2E2 2 =E with E>O.

The Rice-Tracey high triaxiality approximation for the effect 1 00 h d'l .

. of the remote mean stress, am= 3 a kk> on t e 1 atation rate is

( v) (3am) -. - =0.850 exp - EV O 2ay
(1)

where Vis the current volume of the void and V is the volume increment induced by the remote strain increment E.

2 Variational Principle and Solution Method

The solution method is that suggested by [START_REF] Rice | On the Ductile Enlargement of Voids in Triaxial Stress Fields[END_REF] and later adopted by Budiansky, Hutchinson, and Slut sky (1982). The remote strain rate E ij is prescribed and an additional velocity field v[is defined so that (4) Among all additional fields satisfying v* = o (r-3 12 ) as r-<XJ, the exact field minimizes <I>. 

involving just the spherically symmetric term. The additional terms in (6) influence the shape change of the void and the dilatation rate through their interaction with A.

3 Dilatation Rates

The high triaxiality approximation (1) was obtained by [START_REF] Rice | On the Ductile Enlargement of Voids in Triaxial Stress Fields[END_REF] by minimizing <I> with respect to just the spherically symmetric term in (6) with amplitude A. They also investigated the accuracy of (1) by carrying out a numerical study in which they minimized <I> with respect to pairs of func tions, involving A and the amplitude of a term with fixed/2 (r).

They found relatively little sensitivity to the particular choice of /2• A plot of the dilatation rate, VI ( E V), obtained from one of their two-term numerical solutions is shown in Fig. 1, where the high triaxiality approximation (1) is used as a nor malization. [START_REF] Budiansky | Void Growth and Collapse in Viscous Solids[END_REF] let

fk (r ) = � Aiilrt-i (8) 
;�1.2, ... and minimized <I> with respect to A and various sets of the Afi»s. Most of their calculations were carried out with the seven amplitude factors: A, Afl with k=2,4 and i= 1,3. The dilatation rate computed numerically using these seven terms in the minimization is also shown in Fig. 1. At very high triaxiality, the dilatation rate predicted using their choice of terms also appears to approach the high triaxiality approxi mation (1).

A systematic convergence study was conducted in the present work using as many as five sets of terms in the IJ expansion in (6) and ten terms in each of the fk(r) for a total of 51 free amplitude factors (i.e., A and Aki) for k = 2,4,6,8, 10 with i = 1,10). An example illustrating convergence with the number of terms in the expansion of thefk(r) is shown in Fig. 2. The results presented in Fig. 1 were obtained using 51 free amplitude factors and are believed to have converged. (It should also be mentioned that considerable care was taken to ensure that no error arose from the numerical integrations involved in min imizing <I>.)

R _ ESENT RESULTS '------'-------"'--------' V/(EV) [V/(EV)Jo 1. 6 1. 4 1.2 , ' , ' , '
/,: As seen in Fig. 1, the high triaxiality approximation (1) underestimates the dilatation rate by about 50 percent at all triaxiality levels above a,,,! ay= 1. A fairly good approximation for u,,, I ay?::. 1 is clearly 

gives a reasonable fit to the present results in Fig. 1. At remote uniaxial tension, u,,, /ay= 1/3, the error is less than 1 percent. For 1/3::::; a, ,,! ay:'.S l, the maximum error of (10) is less than 5 percent.

Effect of Elasticity on Dilatation Rates

Elasticity has a significant effect on the dilatation rate of an isolated void at high triaxiality. [START_REF] Huang | Cavitation In stabilities in Elastic-Plastic Solids[END_REF] cal culated the normalized dilatation rate of a void in an elastic perfectly plastic solid at several levels of yield stress to Young's modulus, ay/E, including the rigid-perfectly plastic limit, uy/E= 0, presented in this work. The elastic-perfectly plastic has a cavitation limit in that the dilatation rate becomes unbounded as a,,,! uy approaches a limiting value. For a Pois son's ratio of 0.3, the cavitation limit of u,,,I uy is about 3. 6 for uy/E=0.005, 3.9 for uy/E=0. 003, and 4.7 for uy/E=0.001. The cavitation limit is unbounded as ay/E-0. Elasticity clearly influences the dilatation rate at triaxiality levels above u,, ,I ay= 2. Further details are given in the paper by [START_REF] Huang | Cavitation In stabilities in Elastic-Plastic Solids[END_REF].

  It involves minimization of the functional of the velocities <I>= l (sij-sij) ic ijdO -aij I n;vjdS Jn s (2)where E ij = � (v;,j + Vj,;), 0 is the infinite volume exterior to the void, S is the surface of the void, and n; is the unit normal vector to S pointing out of the void. The solid is incompressible so the velocity field must satisfy Vk,k = 0. The deviator stress in equation (2) is that associated with E ij through the yield condition, i.e., Sij=(JyE;/(3Ek/Ektl2) 112 •(3)

Fig. 1

 1 Fig. 1 Dilatation rate in a rigid-perfectly plastic solid as computed at v�rious levels of approximation. The high triaxiality approximation [VI(< V))0 in (1) is used to normalize the results. The present results are believed to have converged.

  Fig.2Convergence study for 11 m/uy= 4. Minimization is carried out with respect to 51+ 1 terms (A, AP for k=2,4,6,8, 10 and i= 1,/).
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