
\. 

I 

l3F 5 . I·!athematical Description of Dynamic Deformation 
TwinniQf, in ."hock- Wave Compression; " J . il. JOHNSON, Sandia 
Laborat~ries. - -Previous physical descriptions of r ate:---­
dependen Il'aterial behavior at the high strain rates 
achieved i plate - impact expericents have been based on 
di Slocation ~chanics , There does, however, exist the 
possibility t t deformation t winning can also contribute 
t o the plastic ~rain; twinning has been observed at low 
peak s tresses in ShQck- loaded Ferrovac E iron. l An ana-
l ytical descriptionl> deforrr.ation t~inning is proposed 
i n which the plastic sE strain)t depends on the twin-
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compound damage accumulation func _ 
tioP£l to yield aus ~damage predictions are con­
Sidered, and specific e mple i s discuss ed . 

'Work suppor ted by the U. S. tomic Ener gy Commission . 

ning shear k and t he volu fraction of twins n according 
to t he equation., = kn. Th ime variation of n is -aT 8. Ocservations of Secondary Slip i n Shock Loaded 
obtained from various model scribing the growth of Al\;r.>inum Si ngle Crystals ." A. L. STEVENS and L. E. POPE, 
twin l anellae . The mathe tica description of twin Sandia Lacoratories. - -Eigh -purity single -crystal aluminum 

slocatio ~ltiplication in the di scs were s hock loaded along the (100 ), (110) , and (Ill) 
mor e convent i onal mic s copic inte etati ons of plastic crystallographic directions to study the s pall char acter_ 
f low and is shown t adequately repre ent t he experi men- istics of the material. Impact s tresses in the r ange of 
t al data on shoc oaded iron . 11 to Ie kilobars produced slip traces on the surface of 
"'"work s upport the i npacted di s cs ·.;hich indicate that a s econdary slip 

s ystem was activated , in addition t o the primary ( I ll } 
l R. W. Roh and J . N. J ohnson, To Be Published , Pro- <l10> sys tem that i s usually activat ed quasistatically . l 

ceedi ngs of the Second International Confer ence on the Crystallographic analysi s, including the calculation of 
stren h of 14etals and Alloys , PaCific Grove, Calif . the ratio of resolved shear s tresses to the Peierl ' s 
1'770. (threshold) stresses for the candidate Slip systems, and 

metallur gical techniques have been us ed to identify the 
active s econdary s lip system. 

BF 6. Solution of Precursor Attenuation in Single Crys ­
t a l s .* W. lBRR\1.I\NN, Sandia Labs. -- Complete solutioRs of 
t he enti re flow field resulting from flat plate impact 
have been obtained by several numerical methods for the 
viscoplastic equation governing wave propagation in face ­
centered cubic single crystals . T.nes e soluti ons included 
var iable moduli taken from third -order elasticity theory . 
Results have been compared to experimental data on pr e ­
cursor attenuation in copper single pTystals .l In the 
absence of dislocation mult~licati~n, precursor attenua ­
tion i s pr edicted to be three o~s of magnitude lover 
t han t hat observed, as noted pr. viously, and the wave 
pr ofiles are qualitatively i cor~ct . When dislocation 
mul tiplication is included he cal~ulations show a sharp 
precursor spike which collI not have been resolved by the 
instrumentation . Hove r, the minllnLm s~ress and wave 
speeds agree with e eriment . The results cast doubt on 
the u se of lineari d precursor analysis in he investi ­

elaxati on by dislocat i on mo on . 

*This wor k su r ted by the U. S . Atomic Ener gy Comm . 
10.E. Jones nd J.D. Mote , J. Appl. Phys . 40,4920 (1969 ) 

BF ? Compound Damage Accumulation Criter ia for SpaU­
at i on,· LEE W. DAVI-PON and A.L. STEVErS, Sandia-"Laboratories . 
--Spall damage may range in level from the fracture of a 
f ew grains t o complete separation of the body into dis~ 
joint parts . Spall riteria are simply for mal method s of 
predicting .hether or not some specif1~d l evel of damage 
~ill be produced duri n a given loading event. Exis ting 
cumulative damage crit e a for sp~"ion are functionals 
of t he l ocal values of ei~ er the ffies s or strain his­
tories at a point in a mate ial co inuum, and ar e s o 
const ructed that when consta fi ds are i mposed, the 
r ate of damage accumulation is 0 constant . I n this 
r epor t the existing class of cumulative damage criteria 
is generalized to pr ovi de quantita~_ve measur es of mate­
ria l damage incurred during a loadip~ event, and to 
accommodate the possibility that the r ate at which damage 
is accumulated may depend ')n the a a:ount of damage already 
present as veIl a s local values of the hi stories of the 
cont inuum f i eld variables. Sever al condit ions that mu st 

1 . 
J . P. Hir th and J. Lathe, Theor y of Dislocations , 
HcGraw-Hill, New York, p. 256 ( 1968). 

·Work supported by the U. S. Atomic Energy CommiSSion. 
t . 

Sucmitted cy Lee W. Davison. 

SF 9. Effe t of Point Defects on Precursor Decay in 
LiF .* J . R. AS~Y, GEORGE E. DUVALL and G. RICHARD 
FOWLES , Wash i ngton State Univ.--Data are presented for 
shock propagati on long a <100> direction i n single 
crys tal LiF . Experl nts were made for an impact stress 
of about 27 kbars and r sample thi cknesses ranging 
from 0. 25 mm to 15 mm. chanical properties were 
varied by dop i ng t he crysta s with di valent impurities 
and t hrough irradiation with amma rays from a Co-60 
source . For the range of poin d fects studied here, 
the yield stress obta jned at 10 train-rates varied 
monotonically with concentration om about 0.02 kbars 
for soft material to 1 kbar or the arder crystals. 
Elastic precursor decay cur es obtain d for correspond­
ing materials did not exh ' bit the mono nic change in 
that a mini mum in the de ay rate was obs ved for crys­
tals with intermedia te ardness . It was a ~ o found 
that pre-annealing af. cts the mechanical properties 
differently for th ranges of strain-rate employed. 
A comparison of ~ese data suggests that elastic pre­
cursor decay in tiF is governed by a dislocation mul­
ti pl ication process. 

*Rese.lrch supported by AFOSR (ARPA) Contract HF44620-
67-C-0087. 

3F 10 . Effects of Radial Release Waves i n Plate-Impact 
Exoeriments.* ~E. JaUES and A. L. STEVENS, Sandia 
Labor~tories . -- er~tal results from plat e-impact 
studies and from su thermal l oading of r ods show that 
t he amount of spall dM ge r esulting from radially con­
verging releas, ~aves d reas es wi th decreas i ng rat io of 
thickness t o 'ameter of e sample. In the us e of re-
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