
--~.~'"-----. -

4350 AHREXS AKD DUVALL 

Slit 
Flot No. 1 
M~~_" 

Slit 
No.2 
I"" 

Sl it 
NO. 3 
I'" 

'~-.~.'....., 

I L! .u~jJC I: ~ ,J 

Inclined \ Driver 
Mi rrors ) Plote 

Specimen 
6.5mm 
Thick 

. . L. V---c::-'L:. ~~--~-i 
Specimen Inclined Mirror Inclined Mirror 
t~'~i~km on Driver Plote on Specimen 

(b) 
AI Driver Plote Mirrors 

(a) 

Fig.!. Plane wave inclined-mirror streak pho tograph, shot 10,448. (a) Arkansas nOI'acu­
lite specimen layout, (b) Resulting streak camera record showing elastic and deformational 
shock wal'e arrivals. For slit 3, times indicated by to, t" and t. correspond to incident shock 
arriving at driver-plate free surface, elastic shock alTiving at specimen free surface, and de­
formational shock arri\-ing at specimen free surface, Inclined-mirror cutoff angles 'Yl and -" 
are used to delermine the specimcn free-surface velocities imparled by clastic and deforma­
tional shocks, rcspcdi,"cly. 

amplitude with il1cre:l5ing shock propagation 
distance arc ob2en-cc1 indirectly ill Hugoniot 
determinat ions in nOllporous rocks and minemls 
[Ahrens alld Gregson, 196-:l]. Strong inclications 
of this IJhenomcnon h:lve been obsen "ed in other 
brittle mediums-oingle-cryst:tl qua rtz [Wac­
kerle, 1962; FOldes, 1961], m:lgnesium oxide 
[AhTell s, 1966], barium tita nate [Doran, 1962J , 
and single-crysta l germ;mium [D !{'vall, 1963]. 
It has also been obserl"Cd in body-centered­
cubic meta ls such ns Armco iron [Taylor and 
Rice, 1963]. 

EXP£RI:I[EX1' S 

ArkanSllS nomculite and Sioux and Eureka 
quartzites were chosen for studying the varia­
tion ill Hugoniot elastic limi t because prev ious 
experimentation, some of ,,"hich wns performed 
before recognition of the st res:s-reIaxntioll phe­
nomenon, indicated that their clast ic limits 
varied from 50 to 100 kb . • -\.Iso, the grain size 
(0.01 mm in Arkansas nonlcluite, 0.1 mm in 
Sioux quartzite) is small comp;n cd with the 
shock propagation path lengths. 

o The variation of the elastic s!lock amplitude 
can be observecl by (1) varying the amplitude 
of t he fll1a l shock state or (2) yarying the 
specimen thickness (shock propngat ion path 
length) while holding the final shock state con­
stant. We usee! approach (2) because the ex­
periments are simpler and data can easily be 
obtained and compa red by observing plane 

\raye propl1gation with boLl! in clined mi l. 
fwd wedges. The t eclll1ique5, which arc 
scribed briefly here, :Ire explained in detail 
Ahrens and Greason [196-:l]. 

By using either the inclined-mirror or 
wedge method we can measure i he shock ' 
particle yelocities associated wit h the \' 1:. 
shock state, U1 and tl" and those associated ; 
the deformational shock state, Uo and 11, . . 

Rankine-Hugoniot consen'ation eqtlntiolls 

Pa( U b - t{,.) = Pb(['b - 11 /,) 

Pb - Pa = PaC [,Tb - tla)(l/u - 1/,,) 

relate shock stress p (nornl<11 to ~hock fn 
density p, shock yelocity U, and parti e-it­
loci ty 'U across the shock front \Then tIl(' 
dium is brought from state a to state b. ,­
stitution of subocripts 0, 1, and 2 ill i' 

equations will refer to the initial zero prc' 
state, the elastic sho~k state, and the dciol 
tional shock state, respectively. 

In the inclined-mirror experiments (Fi 
1), specimens having thicknesses Yaryill !!; : 
3 to 13 mm were mounted on 19-mm-t hick ~ 

aluminum dri \'er plates. Plane shock \I 

nearly fla t-topped in pressure profile, \,-crt 

duced in the dr iver p lates by a plane .; 
generator initiating a detonation in a COIIl ' 

tion of high-explosiye p:lds consisti ng of r: 
of composition B-3 followed by 51 rom of ]" 
tol. Flat and inclined mirrors mounted III 
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