








































Another serious fla., in the tensile failure models discussed above i s that, unlil-e 

the shear failure model, the material tens ile strength i s immediately set to zero or1 

taJ lure. Because of this discontinuous a lternation in behavior, the first zone i n a 

region to fai 1 may be relaxed before adjacent zones are stressed to failure. This 

apparently to the prapaaation of finger-like regions of fpilure whi'ch resemble 

fr:: c t ure planes. 
10 

• 11 While there is saDe physical rea lit:• to these prapqating 

di s turbances, it would be i11J•rudent to place nuch credencx· in them 1o'iti1out more study. 

Fo r the present, it would perhaps be more desirable to f .,uow the shear failure procedure 

and let t! lt' le strength be gradually reduced to zero dependina on the damage 

parameter. A mode 1 whi .;h prop..•rly solves both the isotropy problem and the tensile 

strength problem might involve the replacement of the damage parameter by an inelastic 

s train tt.>nsor. Both the shear and relaxation rates could then be governed by 

the e xtent of damage in the appropriate direction. The relaxatim, in tum, would 

produce inelastic strain which would be added to the proper components of the inelastic 

strain 

ARTIFICIAL VISCOSI1Y, STABILITY, ENERGY 

Artificial viscosities are us ed to damp out spurious oscillations. In all, six 

su ch terms .,hhh depend on three input coeffidents Ci and me width 111 are used in 

IE:-<SOR74. Four of the six vi scosity terms are Q, Qr' Qz' .,hich are added 

respectively to P, T r, Tz, anu T rz in both the moaentum equati<T.ls [Eq. (3)) and also in the 

internal enerby t.>quat ion, which is discussed later in this sectim. 

The v is.: c>,o i ty Q applied to the pressure is a sum C>f t .. o terms, a quadratic and a 

r i.: \'i scosi ty . 

(26) 

'lht' fi r "t c r <JUadutic te m is a "stanJard" \'o11 SeU111ann
12 

tenn discussed 1-y Schatz
3 

and 

1,. I' :-ot•o rt 1 ,.-.a ! t t' t lw square of tht' ve l ccity Ji fferencC' .:.u acr,•ss the· If the 

lS I.' XI':mJing, h set to zero. 

Fo t· ,.hoc!- luadina; or one-.:imrnsional l oauin,; , the SC'COIIu tenn can be properly 
• rt.>ft'rrC'd t o :u a lin ... ar vbcos1 tr ll<' ar thC' origin ur axis of S)'111111rtry· . 

l n li O.t· : !It' ., .1adratic tt'nn, thi:. term i!< ah.ays useu in<lependC'nt of tht' of 0. The 

.:h :l:-J: t ,•:-i!'t t, lrnJ;th L h;a!' be&'n found t o producr a shoe\. 1. iJth o1 ab out fi \'" : one's 10hen 

tnt> · ,:c· also i.;&s t hC' urtion of usine a convC'ntiollal linear \'iscos it)· instead of 
·. , w=...t• t :· 1 ... · \ ' lSC C'..; i 1 

Q( r.-:,. 
IIIIC'lir ) & < l · U • 

\. .... -. 1t :. t Lr bu 1s 
1:-. \ .; the q uant t tr 

!'C't to : "" r o if t ;;or1t' i " "''an.Jin&: . 
' cil• 111 thC' Habi l.q . ( .!II) . 

If thi s optim 



l is allout one-tenth of the :one si::e. 
3 

This relationship enab les the code user to 

seleCt the sho ck l,idth li , usually t al..en to l•e about five :one sizes. The input ~<idth is 

t hen converted to l = li/ 50 internally . This fonn for the linear viscosity has the 

property of damping the 1110tion of both contracting and expanding ::ones, an advantage in 

spherical shod expansion problems, but a disadvantage in spall calculations. Spall, 

"·hich involves the free expansion of zones near the surface, cannot be modeled accurately 

w1les s the viscous te~s are negligible during expansion. In this case the optional 

conventional linear artificial viscosity should lle used. 

The deviatoric viscosities are determined from 

(i = r, z, rz) . (27) 

The ratio 2~/a is intended to produce greater d~ing for hiahly compressible materials 

or for those with a high shear modulus. 

The final two viscosity tenns qr and qz are added, respectively, to the t..-o 

momentum equations [Eq. (3)] to control ''hourglass" distortion. This is a type of 

oscillation in which the zone diagonals are translated in opposite directions. This 

oscillation arises because the numerical expressions for the strain rates are unaffected 

by this type of distortion. Consequently, the artificial viscosities previously discussed 

~<ill not damp this mode of oscillation. As this is purely nUDJeric:al phenomenon, 

expressions for qr and qz' whic:h depend on a c:oeffic1ent c3 , will not be given here . 

Reference 2 contains a complete discussion. 

The artificial viscosities affect the time step through a stability criterion, 

ot (28) 

This quantity is calculated for each zone, and the smallest eSt found throughout the mesh 

is used as the tiLe step for the next iteration. c0 is the Courant number and 60 is a 

number which is approximately tl~ smallest :one dimension. Equation (28) is a 

generalization of the stability condition proposed by Von Ne\Dann and Ric:htmyer.12 If 

the first term under the radical is considered alone, Eq. (28) represents the stability 

condition for the pure hydrodynamic: (hyperbolic) equation. The last two tenns correspond 

to the volumetric and quad1·atic viscosities, respectiv-=-1>·· and force Eq. (28) to 

reprflsent the stability cmdition for the diffusion equation. This is done because the 

equations of 1110tion (Eq. (3)] reduce to a diffusion (paral•olic) equation in the limit of 

large viscosities. The stability requirements corresponding to the brittle and ductile 

relaxation schemes are not presently n fleeted in the stability calculation. 

TENSOR74 problems are often discretized so that small zont>s are near the energy 

sourc:t>. The zoning is then graded h' larger :one sizes near the Jleripht>ry of tht> 

problec. This is usually J.;me in an effort to simultant>ously obtain so lutions t o both 
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a finely :oned close-in prob lem and a coarsely zoned far-out problem. The fv r r.1 o f the 

volllllletric viscosity, ho~ever, l<orks against such an approach. First, for the solution 

to be stable "hen the shock reaches the l a rger :ones, L (or equivalently 1·:) must be 

chosen to correspond to the si:e of the larger z.ones. This means that the problem is 

highly overdamped in the regi.m of the small z.ones "here the shcck originates, resulting 

in much smaller initial ti~ steps than necessary. 

' The alrove problem does not arise in hydrodynamics codes using a conventional linear 

viscosity f ormu l ation
3 

because Lis in effect chosen for each zone by keeping c
4 

~ L/l50 

constant. In problclils with nonuniform :oning, there may be large systematic variations 

in the zone si :e between t~o regions at the same distance from the source. For such 

proble1:1s, the variation in artificial viscosity resulting from a conventional formulation 

can result in systematic motions which may be easily confused with a true problem 

solution. The elimination of spurious :oning effects such as this is one of t he primary 

advantages of the viscosity f onr.ulation used in TI:NSOR74, 

There exists a cornpromi se betlo'een the t"o methods lo'hich is worthy of further 

.:onsideration. This involves sinply forcing the code to choose L based upon the largest 

:one "·hich is active at a given time. In this way, all zones experience the same damping 

at Lne same tiltl(', As the shock wave moves outlo'ard, activating more zones, the viscosity 

then increases cvery"h.-re as rt. ~uired to give a stable solution for the larger zones. 

Finally, tlw internal energy equation 

(29) 

i~ integrated to arrive at the new internal energy (per original unit volume) for each 

:one. As indicated earlier, the appropriate viscosities are adu~d to each stress i n 

l:q. (29) beiore the integration. 

FliilJRE 1\0RK 

~luch ~>ork remains to be done in the rod mechanics modeling of TENSOR74, In the 

near future, we hope to examine the questio•: of anisotropy and its modeling with respect 

t o shear and tensile strength and relaxation, dar:age, and void closure. The desirability 

of the present unified shear-tensile failure will also be questioned. In connection 

~i th the relaxat i on sche•s, it ~i 11 be necessary to examine their effect on stability. 

The effect of shear stress on the ca~~~paction of porous material will also be modeled. 

lie plan to formulate a new artificial viscosity tensor in the coordinate system of 

the principal strain rates. This will replace the present fonnulation - Eqs. (26) and 

( 27). 

In the area of general code deve lopmcnt, ~e plan to iiiiProve the convergence rate 

of the existing quasi-static mode of operation, to reexamine the present gravi ty and 

overburden formulations, and to develop neto nonreflecting boundary conditions. 
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