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1. INTRODUCTION

Shock cmpnsslon of snow is of Interest

for its direct applications to such fields as

plaratary science and drctfcdndnflftary

engineering. The only oxlstfng data obtairmd

with relfable experimental tectmiqses ~re

those of Bakamva et al. 1 Experiments by——
Napadcnsky2 dnd Sato dnd BMWn3 did mt

M*ct criterid for pldne wdve propdgdtlon even

thouqh the t!dtd were reduced using that

dssucptiofl.

Uc ~dopted d tuchnique using Stress gdugcs

wnbc,!dcd in qds gun tdrgcts of ndturdi Snw;

such Ldgrdngfdn gduyus could be used to ol)tdtn

stress-strdin ruldtlons for snow by dn ●nalysis

metlmd first propo$cd by Fowles dnd Hllliwns4
5,IIId $ubscqucntly reftnrd by hdmdn.

lie halve begun our pru~rdmwlth efforts to

identify dnd solve tiwmdjoreaporfmental

dlfficul tics: 1) mdintdinfng unitxfdl strdfn

,“undttfons over ttlo Qduged tdyet ragion hlrtng

,.hock WJW pdssdgc; 2) handling dm! dsscmbltny

hrtpst.t of v(Iry fldIJf l@, ndturdily bonded VIl:w;

1) cmln!dftlng Stre S* gduUus while crmtlny mfni -

n~l df$turbdnde to the mlturdl Snw Structuru;

ml 4) construct fun of t rullahlc, accurate

\lrcs$ gauge pdchdtp! th,lt cxhfksits Ldyrdngfdn

nsponse fn an e~trcmvly Iuw-dcnslty mitl!rial.

. . . . . . . . ..... .. . . . ....... .... ... . .
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We describe our kolutlons to tln?se difficulties

dti dfscuss ddtd f?COS’dS obtnlned from pMlimi -

nd~ tests.

2. EXPERIKNTAL EQLIIPKNTANOKWS

2.1 Gas Gun

The gas gun used in the t@sts is a 200m

diater, slnglo-stago gas gun operated by tha

&Op~SiCS&OUP of Los Alsmos Nttionel

Ldboratow. Ths design ●nfo~es pldnar impact

of the flyer with an Idml limitof 0.060 ■rtd

dngultr dcvlatlon, which, with the lame dl -

omater, preserves the tima resolution of ths

eaperhont dnd ensu~s that all pressure

gduges sabmddod fn a snow Sdmplo are in tlm

region of unlaxlal flow.

2.2. Sample Preparation

Natural snow, wfth densities froa 100 to

500 kg/m3, is used to prepdre targets, Al 1

collmct~d snow 1s stored tn d blast freezer

[-35*C] until used in an expcrlmont.

Tho snow sample target asssmbly (Ffgure 1)

uonsists of an inner stack of polymetlvl

methitc~lttc (PM) rings used to hold tlm snow

and an outer co~entrfc copper cylfndor wfth

ccpptng end-plates to provtdo a vicusm-tfght

w~l. Copper tubing is 8oldur@d to tho outur

cylinder to dl low for cooling the saqlc owc

th tdnJ@t hds been mountod on tho gas gun.
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F IGIJRE 1,
Schemdtlc of snow tdrclct dsscmbly Consfst
of an dlumlnum buffer- pl~tc (A d;ld U),
containing d carbon gauge (1), PMf’fA rings

Ily

(c)
whtch dcf~nu the thlikncss of the snow Idyvrs
(,l~ttcd), a back suponrt of Pf+iA (1)), foam

with a thin coating of SiCVUd snow to dCt dS d

hundfng agent ~nd filler. The ~dU~C leads drc

huld in pldco at the wafer rdgc by thin metdl

strips scn’wed to the PMMA rings. TIIC fourth

~mJw ldycr is 3.81 cm thick to delay the return

~f rcflectcd stress waves

plane during the test. A

usual to cap the asscrnbly,

thv stdck of snow wafers,

pldced on top of the Pt4WI

to the ldst gauge

thin PMf4A plate is

completely confining

and d fOdJll ~lllg iS

stack. Uith the

back end-plate dttdched, :k tdrget dssembly

is dllowed to equilibrate dt the test tempera-

ture in the cold room with the resultant

rcsintering of snow layers pruviding d more

unifonm dnd Cumpetent Sdmple.

z.3 Instrumentation and Test Procedur~

Stress-tlIm ncords dre obtained from 50

carbon-film plezoreslstlve gauges (D.vnasen,

Inc., Goleta, CA]. Their high sensitivity

dllows a 1(WW excitation power and less Joule

hcdtiflg of the gauge. The active element for

the cartm gauge (0.75 x 1.25 cm) forms a

single, continuous, wfde strip rather than a

grid, as is the case for tnemorecomonly used

mdngdntn and ytterbium gduges, dnd is thus less

susceptible to d~structiun :hmugh puncture by

Individual mdterlal grains, The gauges an

cwdpsulated ‘between 0,025-ssa-thick layers of

kapton. with recording life extcndml by using

d thin l~yer of ●lectronic-grade micfi ds dnnor.

UC hdv@ used a mica-cladding thtckness slfghtly

gm,ater thtin needed to prevent ydugc failure,

about O.lllmsn on CithCr side of tkc yd~gcs.

Pulsed Hheatstonc bridge ,,uwcr $UPP1{CS

pruvidc 70 volts yaugr cxcitdtlon for 200 USCC,

[Iridyc output slfjndls dri! rccordcd dfylttllly

using CAPAC-h~scd waveform siigtttzcrs wftl,

bandwidth of 1 MIIz and a s,mnpliny rate 01 2 MHz

(0.5 MSCC perpolnt).

Ho havo hrqun by u%timtstimj shock hrhfivior

trom~xtstinq dyndmlcJ b
Ilnd St flttc date,

NII uwwi h-cm-thick ~nrlo,jloli filumfnurn flyers
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,.;I.L. ltw t~rg,jt iI; sI!In:Ily pruvirh?s OIIUUIJI1~Jf.

lIIL. I-ill M.!s> >0 :II,IC Imunllng of thL? tJI’,Jl, ! u,ln

:’w .Icc.q~l i th, d ,in,: ttlt- ?\ll’,Jl!t C!ld~!JLi~ ~Ul!l;L’d

,)u L witn unly minlm~l rlsv (l-i” C) in chu t~r -

~ct t,mlpvrJIuru, prc SunLiny no ddnqur t(J Lhu

snow. The tdrget Is muuntm.i with nylun SIUIIS

,ln,l lcrylic spacers to thu muzzle of thu gun,

witn Ilry~litrojrn gJs flushcri ~cruss ttm lmp~~t

C,, rt Ice tu pw~unt conduns.ltlun during the

,-i.Iiin:Inj upurdtion. Rctriqcrtstiun iS dpp]i~d

Lu Lb.’ t~r~~!t cooling coil using cold nitrogun

J-IS Lnruugh dcccss ports in thu L’vdcuJtL’IJ

tJry:t chambur of the tiun.

2.4 Shot Records dnd Ddt~ An~lysis

;igurc 2 SIWWS ddtd from five stress gdugcs

In thruc IJduyc pldnuS, ford shot on snow with

,111 initidl density of 295 ky/ns3 dt d temperJ -

:urc uf -9.11’C. The prCJuCti]e VclOCitYWdS

lti~ mlsuc, resulting in dbout 2 6pd islpact

Ztrots in tlv? tdrfyt Isuffcr p]dtC. Edrl icr

II,IUY’ rucords shuu onc or tw initial spfkcs

follnuI!Ij by OsCill Jti UnS thdt SQttl C tO d

rIIl,Itivvly consldnt pldtl!,lU, whild Idtur

I I,, )ri% $huw d Silnif ~Cdfltly lUn@r fllitidl

I I’,,,tlmti Jnd n,J ldIIJC spikv$. If Lhp p~rtlc

VIII III.ltY iIl tk 511(IW 1S oqudl t~l tb illli~Jtt

‘V.liiJI.lly (dn u~l~tsr linli~) th dv~l’dj~ Wslvl!
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FIGURE 2.

Stress records from gauges emlwdded in snow.

Results (Flgura 3] Indictte that spfkes seen

in theexperlments are a result of themismtch

{n Impedance betweensnow andutca, In tk

results from the calculation with no m~ca

(das~dlt~), the flyer plus buffer actcsa

piston mwlng at,nmrly constant wl~ity thtt

ffrivos a flat-topped stress pulse into the

snow. The small osclllationson topofthts

wave aw ctused by ringing i~ the piston.

Thcro is d very sltghtdecretsc In thempli-

tudc from ono peak to anothor, because the

piston slows down a smell amount with each

reflection.

The stress histo~ tn tlu! centerof thcmica

(solfd llne) looks qualitatively VWY sfmilar

to that observed In the experiments. The pOdkS

at about 65, Ml, and W IJsoc an duo to reflec-

tions off Ma gdugo dnd botwecn the gauge and

tim buffer platco Note also that ths stress

Iirops to zo~ after scverdl tuns of mtcro-

snconds, just as was obsnrved In timcxpcrl-

mcnt, not due to an uvcrttklnq t’01-aWI wSVO,

iwIt rithcr to smpdration wlthln thi! snow/mlcd

ldmin~tc,
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JC hdvc found dpproprldtc solutions to the

;IIW:I]LWS of transpurtiny dlld hdndling ndturdlly

;l,)n,l~.,: ,,now, con<tru~tinq laycrvd gds gun tdr~

/II~s Contdlninq rmhcddud stress g~ugcs, rc-

ftl~l>rdtln’J th( (drg!}L dSSCMbly, dnd conducting

UIIIJXI,II strdir} ti?sts 1)11ldrgu dfdmrtcr td~Ct5

with vrry ICW shuck wdve VU IOCttt CS. It fs

(.]~,,lr tt],lt the IIIICJ-CIJLI cdrbun SLrc S5 gdUgl’

pdLk~J(, wc )MVU USI?(I, which hds PllJVCn rClidb]C

III dry soil tcstsfi 1s unwitdblc when used in

~mIw, WIICW the mtc,ridl density is much lowur,

III(I higt. Impcddncc of tlw mlcd packtsgu re>ults

Ill “.i Jlllffc(lnt “f’illJfll IJ” Ill (JIIU!I(!S in tlw ffrst

l’) IIHI 1)1 Stlow, {li\tol’1 11111 111!1 I“otpoll!ll! dlld

mdsking the actual snow behavior. Good

Hugoniot data art obtalncd for shocks which

lldVC prop~gdted more thdn 25 nun.

Studies to resolve this problem, with the

dim of obtaining true Lagrangian stress

Ilistories, dre still under way as of this

writing, It is cledr that the solution lies

in constructing a gauge package of mintmal

thickness, low density, and wfth cladding

stiffness just sufficient to ensure survival

of the gdugc clcmcnt.
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