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1. INTRODUCTION

Shock compression of snow 1S of interest
for its direct applications to such fields as
plaretary science and arctic and military
engineering. The only existing data obtained
with reliable experimental techniques are
those of Bakanova et a_l_.l Experiments by
Napadenskyz and Sato and BrounJ did not
mect criteria for plane wave propagation cven
though the date were reduced using that
assumption.

We adopted a technfque using stress gauges
embedded {n gas gun targets of natural snuw;
such Lagrangien gauyes could be used to obtain
stress-strain relations for snow by an analysis
method first proposed by Fowles and lvmliams4
ond subsequently refined by Soaman.s

We have begun our pruyram with efforts to
identify and solve the major experimental
difficulties: 1) maintaining uniaxia) strain
roniitions over the gauged target region during
vhock wave passage; 2) handling ané assemdling
targets of very fMragile, naturally bonded snew;
J) cmbedding stress gauyes while creating mini-
nal disturbance to the natural snow structure;
and 4) construction of & relfable, accurate
stress gauge pachage that exhibits Lagranyian
mepanse {n an extremely low-density miterfal.

Siupported by Dept. of Lnergy Contract W-704%-1NG- 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 National
Laboratory. The design enforces planar impact
of the flyer with an ideal 1imit 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 sample are in the
region of uniaxial flow.

2.2. Sample Preparation

Natural snow, with densities from 100 to
S00 “/.3. is used to prepare targets. Al
collected snow {s stored in a blast freezer
{-35°C) until used in an experiment.

The snow sample targat assombly (Figure 1)
consists of an fnner stack of polymethyl
methacrylate (PMMA) rings used to hold the snow
and an outer concentric copper cylinder with
copping end-plates to provide a vacuum-tight
scal. Copper tubing {s soldered to the outer
cylinder to allow for cooling the sample once
the taryet has been mounted on the gas gun.
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FIGURE 1.
Schematic of snow target assembly consisting
of an aluminum buffer plate (A and D),
containing a carbon gauge (1), PMMA rings (C)
which define the thickness of the snow layers
(dotted), a back support of PMMA (D), foam
fnsulation (E), a support plate (F), a couliny
coil (G) soldered to a copper cylinder, and
Jeuye and thermocouple leads (H) exiting the
rocr surface.

The target is assembled with the target
anis vertical. The PHMA rings, of thickness
cqual to the desired gauge spacing tn the wnow,
are used as templates to cut thin wafers of
undisturbed snow and tv cunfine them {n place
an the buffer plate. Three 1, 2/7-cm-thick
wifers are fnstalled in order, with stress
Jauyes placed on top of ¢ach succossive layor
(2-6 in Figure 1), lach snow layer s covered

with a thin coating of sieved snow to act as a
bonding agent and filler. The gauge leads are
held in place at the wafer edge by thin metal
strips screwed to the PMMA rings. The fourth
snow tayer 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 is
used to cap the assembly, completely confining
the stack of snow wafers, and a foam plug is
placed on top of the PMMA stack. With the
back end-plate attached, th target assembly
1s 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-fi1lm plezoresistive gauges (Dynasen,
Inc., Goleta, CA). Their high sensitivity
allows a lower excitation power and less Joule
hcating of the gauge. The active alement for
the carbon gauge (0.75 x 1.25 cm) forms a
single, contfnuous, wide strip rather than a
grid, as is the case for the more commonly used
manganin and ytterbium gauges, and is thus less
susceptible to destructiun through puncture by
individual material grains. The gauges are
encapsulated between 0.025-mm-thick layers of
kapton, with recording 11fe extended by using
1 thin layer of electronic-grade mica as amor.
We have used a mica-cladding thickness slightly
yreater than needed to prevent gauge faflure,
abort 0.13 mm on either side of the gauges.

Pulsed Wheatstone bridge ,ower supplies
provide 70 volts yauge excitation for 200 usec.
Uridge output signals are recorded digitally
using CAMAC-hased waveform digitfzers with
bandwidth of 1 MHz and a sampling rate ov 2 MH2
(0.5 usec per point).

We have bequn by estimating shock behavior
from existing dynnmlcJ and st«licu date,
We used H-cm-thick snnealed alumfnum flyers




thyr give an imitial shock durdation of about
M. The target assenhly provides rnough
therg] mass 50 tnat mounting of the tarjet can
e ez emplished and the target chamber pumped
osut witn gnly mimmal rise (1-27C) in the tar-
jut temperature, presenting no danger to the
snow. The tirget is mounted with nylon studs
ani xrylic spacers to the muzzle of the gun,
with «ry nitrojen gas flushed across the impuct
sartice to prevent condensation during the
Aaunting operation. Retrigeration is applicd
ty the tardet cooling coll using cold nitrogen
Jias tnrough access ports in the evacuated
tarjut chamder of the jun.

2.4 Shot Records and Data Analysis

Flgure 2 shows data from five stress gauges
1n three qauye planes, for a shot on snow with
an initial density of 295 kg/I'IIJ at a tempera-
ture of -9.8°C. The projectile velocity was
1ot m/sec, resulting in about 2 GPa impact
ntress in the tarqet buffer plate. Earlier

Jauje records show one or tso initial spikes,
followed by oscillations that settle to a
relatively constant plateau, while later
vovards show o stqnificantly longer initial
risetime and ng large spikes.  If the particle
velncity in the snow 15 equal te the impact
vl ity {an upper 1iait) the averdje wave
swomd results (0 a Hugonfot state of 9 MPa, in
tair ajreomont with the plateau levels,

An portormed two calculations using the
tinfte element code PRONIO’. One calculation
mdelod 4 50 mm aluminum flyer with an 1nit{al
volagity of 170 m/s {mpacting a target consist-
v of a 7.4 sm aluminum butfer, 12 mm of snow,
", 2% mn of mice, amd 40 am ool snow.  In L
nther, micd was replaced with snow. Both
Aluninum sad mica wore modeled 4y 1{near
elarntie media, and snow with a crushihle foam
comstitutive model, based on the steady
prosogee lovel seen in Fgure 2.
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FIGURE 2.
Stress records from gauges embedded {n snow.

Results (Figure 3) indicate that spikes seen
{n 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 are caused by ringing in the piston.

There is & very slight decrease in the ampli-
tude from one peak to another, because the
piston slows down a small amount with esch
reflection.

The stress history in the center of the mica
(s011d 1ine) looks qualitatively very similar
to that observed in the experiments. The peaks
at about 65, B0, and % usoc are due to reflec-
tions off the gdauge and between the gauge and
the buffer plate. Note also that the stress
drops to zorv aftor scveral tens of micro-
scconds, Just as was observed in the exper-
ment, not due to an overteking relcase wave,
but rather to separation within the snow/mica
1amtnate,
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FIGURE 3

Finite olement model results for snow
raperiment,
3, CONCLUSION

du have found appropriate solutions to the
arohlens of transporting and handling naturglly
Sonded ynow, constructing layered g94s gun tar-
jets contafning cmbedded stress gauyges, re-
friqerating the target assembly, and conducting
uniaxfal strain tests on large digmeter targets
with very low shuck wave velocities. It is
¢lear that the mica-clad carbon stress gauge
package we have used, which has proven reliable
in dry soll tosts” 1s unsuitable when used in
show, whers the material density fs much lTower.
The high impedance of the mica package results
in «ignificant "ringtng” In gauges in the first

Iy i of snow, distorting the response and

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

Studies to resolve this problem, with the
aim of obtaining true Lagrangian stress
histories, are still under way as of this
writing. It is clear that the solution lies
in constructing a gauge package of minimal
thickness, low density, and with cladding
stiffness just sufficient to ensure survival
of the gauge clement.
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