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MU.SUKMKNT OF WOUND SNOW IN EXPL-DSIVY. CKNT’RIYUGC MDLL TKSTS

AlbTKACT

L.* Alaaos National Laboratory haa begun ●

prOj OCt tO OimUlttC thO f~mtlm ●nd COlhpSC Of

uodarground carltiao producad by nuclear ●xplooions

using chcmlcal ●xplosimm at ●uch amllar scsla 00
● Iarga ~oot~chnical contrlfug~. Usa of s
contrlfuga for thla projoct prooonta lnstrunnM-
tionclvsllmgocwhich ● ra oot ●couotorad 10 tcst~
ct similar scale off of tho cantrlfut~.
Elactroma:rmtlc velocity ●oaaurlng mothodt which
Imva baan wary ouccocafully ●ppll~d to ●uch medals

● t 1 s would h wry dlffloult, lf n>t imposolbla,
to 19ploncnt ● t 100 g. U* ● ra iovantlgotlmg tho

facolb~llty of othor toe}.nlquas for ●onitoring tho
ground shock ‘n CM11-JCM1O t-oto locludlng tc-
calarmtort, straso goIJgQs, dynamic ctraln ● ctoro
● nd small, ■utual-inductance partlcla velocity
gau~os. Inltltl r-oulto indlcata that oona of
thaoa tachnlquaa can ba sdapt~d for aantrifuto

●pplications.

IWROLWCTION

ChO fidality of scaled ●odal ●imulatioos Of OX-

plomlw9 ●ffacts 00 structuroo, it 1s ●soantlal that

tho groumi ●tmck bo nasu-sd la the froo flald ●nd

in tho im~dlato vicinity of w ● trucc~ro. only
if w tiro corroctly Olaulating tho aourco of tha
loads on tho ● truccuro can wa bo ●ssured that
mamurad ~tructural rosponsot will bo nimilar to
tko roopanoao of tho full -scolo ● tructuro.

BASIC QMUND SHOCK MASURIMCNT TCCHNIQUIS

Num9rous %ochnlquoo ba~o bosn dovolopsd to
● osouro ●any paranotors of grouad shock In ●

varloty of ●nvlrommoato lecludiag nuckcar ●xplo-
olmo, Largo high ●xploofvo (HC) field tosto and
omallor HE toots 10 a laboratory ●nvlromant. In
thio soctlon wo roviow SO-O of thoso ●ethods
without dlroat aoaatdoratlan Lf thlr adaptoblllty
to Caatrifuga MOtlngl thst ●daptlbillty will bo
dlocusoad 10 thoaomt ooctlon.

Aaa610rmtoro IMVO boon suaaosoiully applied
to tk maouromont of ground chock frm largo ocalo
●xploslva ●vooto for May docadao. In choir ● oot
ntralghtforwartl ●pplication, tho●acoloratlon it
tho mmcurad quontlty, but lt 1. pomolblo to ln-
tograto the basia autput of tho craooducor to
oh~io both wloalty and dloplaaomnt. TIM in-
togratloo aaa bc dono ac ● dsti roduatlon stap
aftsr tho●aprlmnt or 10 real-clm~, ●lthor in ●

alrault paakagod with rho trmaoducor or in ●

oaporato paaka~a ramorad from tho ~round ohock
Qnvlronmat, R-l-tin, alooo-aouplcd imtogratlon
to voloaity ht h ●dvon-goo that tho oignal to
bo tramonltcad 10 lowar frtqu~aay (whiah will
UOU1lY bo oaslar u rapartto from notoa) ●nd that
tha raloalty 10 frmquantly tht ground ?hock
parasotar ● osl ●oodcd in the appllaatlan.
8xporlamoQ obous Out, aalaooth taaglcrom~r ●nd
lto oabl~m~ ● ra ●xtrcmly otlffr aoaaloramtmrs
Iollow tha ●otloa of tha aurroumdlng ●~dlum
faithfully.

09a difflaulty ●t Soaolormtars i. tYut thay
io not return Cood data whgn Cha lmvoroo of tha
Sroumd @hook rloo tlma 1S gear or abovo tha
rasmat froquonay ●f tho tr~noduacr. Typlaaliy,
•ao,~crom.ttrs oapabic of maaurl~~ very hlch ● c-
●alsratlono ● ro oaall ●ad bara hlsh rasoemot
fra ugnalaa (Q. o,, Emdarao ~~sl rated ●t lM107

1ds with ● raomsmat ●t >230 Ms). Aaaolormtorc
● ro doaltnod to b~ saaoltlvo to mttm in ● por-
tlaular dlrsatlon, but paaha~co aao bc obtaltiod
with thrsg dovIoaa m.ommd DO ~t ~fr aansltlvo



.axcs ara ●utuclly narpamdiculmr. Thay t~piCSll~

hava ● acnsitirity to transvcr~a accolaracion of ●

fcu porcant of their D-lM1 oouoiti~ity. Anothar
dlffl:ulty with ●ccalarowtors 10 occooiml oaaur-

romcc of drift ●nd naro ●hlft. Ptnally,

●ccalaromatar houclngs ●ust b- tbla to witbo-od
* praooura tlut saco9paioa * accoloratiom in ●

~round shock PU1OO. Houavor, 46JP1W tblr dlf-
ficulci,s, accolmro=atara ● rs unqucotionabl~ tho
■a!notoy of ground o~k tmotrumntctloa for larm
Scola ●voats.

Ioducad ●lactronotcnco i. tba bmnis of oost
tcchnlqu~s which dlroctly 06aoura tho partlc!o
voloclty in ground shock. TM Lorant_ forct am
●l~ctrons in m cosductor mvin~ in ● miform MS-

natic fiald woo ucod by bits-v ~ol. [9]. Won ●

large clactrmognat is usad t6 pro=ca a uniform
nclnotlc fiald p~rpondlcular to h diraetloo of

the sntlcipoccd ootlon, the Loramta forca producoo
a current in a wir~ porpandie~lur to both tho fiald
●nd tho ●otion. Tti curronc lo proportlml to th
velocity of thq wira which 1s ●Mll Qoou@ tit it

● ows with tha surrounding nodium. Hera rocomc Qx-
pcrigcnta hcva cnployad a cyliadrlctl voraion to
■ oaouro tha ●simuthal •vara~a of th~ radial
valocity producad by a ●phrlcal chorgo [Ln]. Thio
●almithal svaragin~ can b.a vsry uoaful in raduclnt
tha scattar of &round @hock daw couoad by tho ln-
•vi~bl~ vsrlabllity of goolocic oatarlals. An
●loctromagnatic particlo v~locity gcuga MS been
dovclop~d In which the fiald it prod!~cad by ● SM1l
parmnant wgnat rather t~n by s larg~ ●l@ctrmg-
oat [11]1 but tha roop.mao of thim @ugo is highly
non-l~naar, ●nd It hs not batn ●mployod in dirQr-
~9nt flow.

Wutuol inductanc~ hss ●lso bocn uoad to
■ casurc porticlo valocity. Using two aolla, buth
with choir ax.a porallcl to Lha dlrtctlon of ●x-
pactad particlo motion but saparttcd in thtt
diractlon, tha velocity csn ba oaaaurad if ● cur-
rant 16 cuppllad to tha upatroam coil ●nd tha
currant la ¤onitor~d in tha domotrgam am. If tho
Cround shock cnvclopin~ th oouraa aoll will sav~r
tha laads provldlnt tha curraot, ● aouductlvo plstc
can k plscad inoida tha oourca aoll to trap tha
flux for ● duration dapondont on its akin depth ●nd
thus prolong the uoaful Iif@ of th~ ~auga [1~].
Aftar the shock anv~lops tho autor aoll, this Mugc
will on.y ~lva ● raaord of th~ rolativ~ vtloaity of
tha two aollm.

Yot ●nochar al~ctrooo~natlc valoclty gauga
aonolsts of two lon~, thin coils wound togcthor

with th~ 10US dlroatlon hlng tha cmp~atad diraa-
tlon of partlclc aetlonl i aoott4nt ourrant 10 put
through ono of tht aollo ●nd tho aurront in tha
other lC ●aahurad, A. tha md maarast tho oouraa
bo~lnh to mova, tb ● rm o! tha two 0011s daaroooao
which producas m aurrant in thd plakup aoll propor-
tlonol to tho rate of ahongg of tlm sroa, If tha
flow it aot slgnlfiaantly divor~~ot, tha raault
will bo ● ooasurc of tho ~rtlolc #cloalty of that
*nd of tho S6UC0. At in tha provloum ●M*PIQ, when
th~ ground ohoak ●rrlvoa at tha oad of tha colla
tho ~su~a oo~ouroa thg rolatlvb voloalty of tho two
cndo [l J],

Tho PDR d~oplaaomcnt gau~a to c UUCQ whlah
dlroatly ● caourts tho dynaala dloplaaanoat lm
ground ahoak ●nd hat baan uosd lm larga HE ●nd
nuolmr taots, Tha ~au~a 10 ●soo~tlally 4 ●oaxlsl

BOt ●11 ●f * ●bovo400arlbod t~u Of ~tU~l

will b. mooblo fos noaomrlms gtotimd ohook in ●

sootrlfu~ Mot ●d ●tborsmy rqmlrc ntibahstloi
●odlfloatlom. Tho oomtrlfm~o ●arlroomamt dlfftrt
frsm Go field ●md ototlm loborttory oovlr~at la
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