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1. INTRODUCTION

Shock compression of snow 15 of {nterest
for its direct applications to such fields as
plaretary science and arctic and military
engineering. The only existing data obtained
with reliable eaperimental teciiniques are
those of Bakanova et a_l_.l Experiments by
Napadenskyz and Sato and Broun3 did not
meet criteria for plane wave propagation even
though the data were reduced using that
assumption.

We adopted a technique using stress gauges
embetded in gas gun tarmets of natural snow:
such Lagrangien gauyes could be used to obtain
stress-strain relations for snow by an analysis
method first proposed by Fowles and lleHams4
and subsequently refined by Seamn.s

We have begun our pruyram with efforts to
identify and solve the major expurimental
difficulties: 1) maintaining uniaxial strain
vonditions over the gauged target region during
~hock wave passage; 2) handling anc assembling
taesypets of very fragile, naturally Londed snuw;
J) cmbedding stress gauyes while creating mini-
nal sisturbance to tine natural snow structure;
and 4) construction of a reliaple, accurate
stress gyauye pachaye that exhibits Layranyian
msepanse {n an extremely low-density miterfal.

Sapported fiy Dept. of Lnoryy Contract W-704%-4NG- 36

We describe our solutions to these difficulties
and discuss data records obtained from prelimi-
nary tests.

2, EXPERIMENTAL EQUIPMENT AND METHODS

2.1 Gas Gun

The gas gun used in the tests 1s a 200 mm
diameter, single-stage gas gun operated by the
Geophysics Group of Los Alamos Nationa)
Laboratory. The design enforces planar impact
of the flyer with an {deal limit of 0.060 mrad
angular deviation, which, with the large di-
ameter, preserves the time resolution of the
experiment and ensures that all pressure
gauges embadded n a snow semple are in the
region of unfaxial flow.

2.2. Sample Preparation

Natural snow, with densities from 100 to
500 “/.3, 1s used to prepare targets, All
collected snow {s stored in a blast freezer
(-35°C) untf) used in an experiment.

The snow sample targot assombly (Figure 1)
consists of an inner stack of polymethy!
methacrylate (PMMA) rings used to hold the snow
and an outer concentric copper cylinder with
cepping end-plates to provide a vacum-tight
scal. Copper tubing 1s soldered to the outur
cylinder to allow for cooling the sample once
the taryrt has been mounted on the gas gun.
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FAGURE 1.
Schematic of snow target assembly consistiny
of an aluminum buffer plate (A and D),
containing a carbon gauge (1), PMMA rings (C)
which def{ine the thickness of the snow layers
(dotted), a back support of PMMA (D), foam
insulation (E), a support plate (F), a coolim
coll (G) soldered to a ropper cylinder, and
Jauye and thermocouple leads (NH) exiting the
cogr surface.

The target 1s assemhled with the target
axts veetical,  The I'™MMA rings, of thickness
vl to the desired gausje spacktmy o the snow,
are used as templates ta cut thin wafers of
umiisturbed snow and to confine them in place
nn the huffer plate,  Hiree 1.¢87-cm-thick
wiafecs are Installed in ominr, with stivss
Jaes placest on top af cach successive layer
(-0 1n Higure 1), Fach snaw fayer 15 caviormd

with a thia coating of sieved snow to act as a
bonding ayent and filier. The gauge leads are
held in place at the wafer edge by thin metal
strips screwed to the PMMA rings. The fourth
siww layer is 3.81 cm thick to delay the return
of reflected stress waves to the last gauge
plane during the test. A thin PMMA plate {s
used to cap the assembly, completely confining
the stack of snow wafers, and a foam plug {s
placed on top of the PMMA stack. With the
back end-plate attached, th target assembly
is allowed to equilibrate at the test tempera-
ture in the cold room with the resultant
resintering of snow layers pruviding'a more
uniform and cumpetent sample.

2.3 Instrumentation and Test Procedure

Stress-time records are obtained trom 50 ohm
carbon-film plezoresistive gauges (Dynasen,
Inc., Goleta, CA). Their high sensitivity
allows a lower excitation power and less Joule
heating of the gauge. The active alement for
the carbon gauge (0.75 x 1.25 cm) forms a
single, continuous, wide strip rather than a
grid, as {s the case for the morc sommonly used
manganin and ytterbium gauges, and 1s thus less
susceptible to destructiun through puncture by
tndividua) material grains. The gauges are
eacapsulated between 0.025-mm-thick layers of
kapton, with recording 1ife extended by using
a thin lauyer of electronic-grade mica as amor.
We have used a mica-cladding thickness slightly
yreater thin needed to prevent yauge failure,
aboirt 0.13 mm on cither side of the gauges.

Pulsed Wheatstone bridge ,ower supplies
provide 70 volts yauge excitation for 200 usec.
lirfdge output signals are recorded ¢igitally
using CAMAC-hased waveform digitizers with
landwidth of 1 Milz and a sampling rate or 2 Milz
(0.5 usec per point).

We have begun by nstimating shock behavior
feom ex{sting dynnmlcJ and staticb date.

We nsed H-cm-thick snnoaglest alumfmm fiyors



1ty give an tmitial shock ahleration of abhant
M. The target aismahly provides eumegh
Lhesey] mass 50 Bt mwuating of the tarpet can
oo oompbishal and the Tarjet chamber pumperd
gut witn guly mimmat rise (1-2°C) in the tar-
jet temperature, presenting no damjer to the
snow. The target is mounted with nylon stwls
and wcryl{c spacers to the muzzle of the qun,
with oey nitragen gas flushed across the {mpact
sarhice to prevent condensation durim the
Anmiing operation. Relrigeration is applied
ty the: tardet cooling cotl using cold nitroyen
Jas tnrough access ports in the evacuated
tarjut chamder of the gun.

2.4 Shot Records and Dats Analyslis

flgure 2 shows data from f{ve stress gauges
1n three qauge planes, for a shot on snow with
an initial density of 295 kg/m3 at A tempera-
ture of -9.8'C. The projuctile velocity was
It m/sec, resulting in about 2 GPa {mpact
ntress In the target buffer plate. Earlier

yauje records show one or two inftial spikes,
fallmeni by oscillations that scttle to a
rulatively constant platrau, while later

v ar by show a significantly lonyer fnitial
tisetime and ao large spikes.  If the particle
wobuaty In the saww i equal te the impact
vabac tty (an upper 1mit) the averdyge wave
woomd resuits In g Minjonfot state of 9 Mi'a, in
tair ajeesnent with the plateae fevels,

Ao poriomed two calculations using the
hinite element code PRONIOI. One calculation
plebnd a 50 mm aluminum flyer with an tnitial
vologity of 170 m/s impacting a target consist-
e of a /.4 sm aluminum buffer, 12 mm of saow,
O/ min of mica, ami A mn oul snow,  Ih Uhe
uther, micd was replacid with snow. floth
Auninam and mica were mosfelod as Vinear
vhastly, media, amt snow with a crushthle faam
canstitative mmiel, based on tiwe steady
preccapre foved soen An | e 2,
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FIGURE 2.
Stress records from gauges embedded in snow.

Results (Figure 3) {ndicate that spikes seen
in the experiments are a result of the mismatch
in impedance between snow and mica. In the
results from the calculation with no mica
(dashed 1ine), the flyer plus buffer act as a
piston moving at nearly constant velocity that
drives a flat-topped stress pulse into the
snow. The small oscillations on top of this
wave arn caused by ringing in the piston.

There {s a very slight decrease 1n the ampli-
tude from one peak to anothar, because the
piston slows down a small amount with each
reflection.

The stress history in the center of the mica
(so11d 1ine) looks qualitatively very similar
to that observed in the experimants. The peaks
at about 65, B0, and % usoc are due to reflec-
tions off the gauge and between the gauge and
the buffer plate. Note also that the stress
rops to zorv aftor several tuns of micro-
seconds, Just as was observed in the experi-
mont, not due to an overtaking relcase wave,
fwt rather to separation within the snow/mica
1aminate.
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FIGURE )

Finite nlement model results for snow
ryperiment.,
3. CONCLUSION

dv have found appropriate solutions to the
arohleas of transporting and handiing naturglily
'mibest ynow, ¢onsteucting fayered gas qun tar-
mts cantaining embedded stress gauyes, re-
{riqerating the taryet assembly, and conducting
uniaxlal strain tests on large diameter targets
with very fow shuck wave vefocities. It {s
ehear that the mica-clad carbon siress gauge
packaje we have used, which has proven reliable
fnairy soil tosts9 is unsuitablie when used in
sinw, where the material density {s much lower.
Ine nigh impedance of the mica package results
ta «ignificant "ringing™ In gaupes in the first

1w uil snow, distorting the responsy and

masking the actual snow behavior. Good
Hugoniot data are obtained for shocks which
have propagated more than 25 mn,

Studies to resofve this problem, with the
aim of obtaining true Lagrangian stress
histor{es, are still under way as of this
writing. It is clear that the solution lies
in constructing a gauge package of minima)
thickness, low density, and with cladding
stiffness just sufficient to ensure survival
of the gauge element.

REFEREHCES

I. A. A. Lakanova, V. N. Zubarev, Yu. N.

Sutulov, and R. F, Trunin. Sov.Phys.-JETP
41 (1976) 544,

2. H. Napadersky, Dynamic Response of Snow to
High Rates of Loading, Cold Regions
Research and Engineering Laboratory
Research Report No. 119 (1964).

3. A, Sato and R. L. Brown, Annals of
Glaciology 4 (1983) 241.

4. R. Fowles and R, F. Williams, Journal of
Applied Physics 41 (1970) 360.

5. L. Seaman, Jou:-nal of Applied Physics 45
(1974) 4303,

6. G. Abele and A. J. Gow, Compressibility
Charactaristics of Compacted Snow, Cold
Regions kesearch and Engineerin
Laboratory Report No. 76-21 (19/6).

7. L. M. Taylor ¢nd D. P. Flanagan, PRONTO
20: A Two-Dimensional Transient Solid
Dynamics Program. Sandia Report
SANDB6-0594 (1987).

8. E. S. Gaffney and J, A. Brown, Comparative
Response of Alluvium to Hopkinson Bar and
Gas Gun Loading, Shock Waves 1n Condensed
Matter, ed. Y. M. Gupta {PTenum Press,

N. Y., 1986) pp. 621-b206.




