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SOILS AS SAlfPLCS fOR TNE SPLIT MOPKIN50M BAR

C. S. ~ffnoy, J. A. Bmro,mt.d C. U. Felica*

fkrth L Spaco Scicnccs Div., Loo Almoo Natlorml Laboratory, Los Alaaoc, NH 8;>+5

●U. S. Air Force Iastltute oi Tochttology

lNTltl)lWCrl,)N

paculioritlos of tasting 4oLls with th Itopktnson
bar ●nd the tocbolquoa wo hove uood to evorco~e of
tho dtfflcultloo. A ●oro dttallod discuoalon of
tho dyonatc botmvtor of a particular ●olt 1s glwon
in ● coapaoion poptr IS], but moot of the ec~mpl~s

berc ●ro taken from s bt A14moo raport describing

tho dymmtc behev(or of s dry dasort S1lUVIUQ 16].

WE SPI.IT HOPKINSON BAR

A typlc~l •rr~ng~ment for the ●pllt MopkinsnII
bar, or Kolsky ●pper~tuo, 1s ●houn schemtlc~lly in
Flguro 1. Tbe oystem canslst4 of two long
eylln.lrlcql bgrs: the lncl.lent or input !Itr ~ni! ttle

tr+nsmitt~r or output b~r. For coaprussloa t@qt-
lng, the cylindrical spacimen Is plmced betuean th=
two bars ●nd a comprec41v* atreo. pulse 11
ganeruted tt the ad of the incident har by lmpsct
of the projectile or striker bar. The amplitude O(
the lncl,lamt .treas pulse 11 detera(ned by t!te la-
pact voloclty ●nd the mt~rlal proportles of the

projectile ●nd the lrrcident bar, uhll~ the dor~tln!t
of the pulse is dtpendant on the length ●n,! motIulu\
of the proJoctllc.

The otreoo pulset lnclJent ON sn.1 re(lect~l
from tha Lncldtnt bar/cpeciaen Int@rf+c- ~re
racordo.1 with strttn gaugcc ●ount-t ● t sow pllnt
●long th@ in.ldant bar s~tfflclontly tilatant fruo
cit!ter ●nd to prow~trt ovcrl~p of w~ve traln4, The
otraeo :raooalttad through the opectmen 1s
●onlterod by olnllarly ●ountoi saugao on the tr4ns-

●lttcr bar. A momontu~-ob.orblrig ●rtan~ement At
the ●nd of the tranomltter bor prevents muitlptq
refloctlono or the tranomltted otrooo uavo. It 14
aoaumed that the >art roaaln ●laatlc durlnK the
pao~a~o of the otmss wave to that, ●xcopt for the
dloporolvo ●tfocto dlscuoood bslou, the otr~in
sou40a 4ccurotoly ropreduct tho ●pproprlsto otroaa
htotorl~o in tho bor4.

The optlt Mepkltroon bcr cpporatuo oporatod hy
tho Ooophyotco Group ● t Lot Alomoe Natlonol
Laboratory co~~lsto of iocldont ●nd tran.altt+r
baro 40 doocrlbod ●bovo ●uppottoJ by ● mooolvt
roactlen frooe ●nd Lncludoo oovorol othor toaturm..
Tho bar. ●CO AO.J ●m dlamator, 1.21 ● long,

Va4como14 3$0 Mraglng ateol heat tro~tad to ● yield
otrooo of ●bout 2 GP4 (300 kol). Teflon buahln~e
in tho crooo aoabtro of the rooctlon fraoo ●upport
tho bars ● t ●bout half meter lntorvtla, Por
ooatrol of ●poclgon pom protauro, ●ach bar 10

provldod ulth t 3.2 a dloootor ●mlot holo vontwf
radially ●bout 0.} ● frw tho ep~cloen ●nd. Uhon
aot roquirod, tho ooao-obopod opooln~o of thooo



holes ~t the cpeclmen ●a~s of the hers ●ca plugged

with mat:hlrrg cones of the ●aae steel. Straso
uswes in the hers src ●onltorad by stralrr gauge

p~lrr sountni 0.61 ● fro~ the ●peclmrt ●rid.. T!IO
pairs ●rt ueorf in A h*lf-brid Sc r.onflguratlon to

null bonding str41no.
The lncbient stress pul$c 1s gone~.atod by im-

pact of 4 projectile fro9 ● smalt Ctn gun.
Projectiles ●ra tvailsblt to gantr#to pulse. with

nomlmsl duratlono of 50, 100, ●nd 200 @s.
ProJactll* vclvclty is -~sured Just prior to la-
pact by thrae palro of diodo lacers ●nd

photodetectors *ountel Ln the IIuzzla ot the gun.

A ot~tlc pro-load of up to 200 HPA (30 ksl)
caQ be Gppllcd by ● hydraulis ram located ● t the
dorrnstroae ●nd of the transmitter her. Flrully, Q
•o~~tlm-tr4pplag steel slug lS sttachsd to the

re~r a( the rs~ by ● br-kcuay bolt ●nd ●lloved to
fly off loto ● ra8-fllLed bestmt.

Trsnslent slgnats fro.o the t-o contlnuouoly-
pouerad strain g~u~e brids~. are fllt~raJ ●nd
pre~apllfitd, th-n routo.1 to the cla~ ●cqulcltlon

●nl corrtr~l ●ret Ln the ●djccent rwa. the ●ltcal
con,lltloning ●mpll(t*rs ● lto heve 9 provision for
●tilt:hlnd to * c~t<br~tlon •!~nal which verl(lea

the ovet~ll g~ln of the dmta ●cquisition ●ystea.
~urtimr amplification 1s provided cs raq~trd prior
t, I!AIL.41 recor.tlng of the sl~nals. The ●ntla$
ban!tilJti of the oi:n~i recorJlug systaa 1s L Hlfs,

trr prevvit ali*clme rJf the d!~ital tecords.

The 11.ild 4re r,cor.led by CAttAC (IELt-$UJ)
b-~..l UIV?fJf+O .!i,(itil*rs. The lnc14ent ●nd trsno-
mlltcl b4r rwcrrr.lb 4rq recOrdaJ 011 .eparat*
ch. mr’11 wit’) k-bit reaolutlvr. 4t the uvunl r*te
of v.$ MS Iwt ~olnt, n total of H -S of data ● re
i., .or.lc.l per htomel , QIWI n tlmlng altnal ,terlv*J
fru.e the prcrjectll- veloclty *eqsuring 9yotem 1s

Uu...l t) posltlorr tte u!afdl dsta ●ppropriately
with’n this wlr~dow. Th@ dcta ● re ●utomatically
r,. ,.l b)’ o s.onll mlcrocompucer ●mY ● tora.! on
fl~~lhl- 41s4 for lmt~r proc?~sln; m ● lorger

rri-t(l+~),

rlt-t(m ,
wher.r T 1. the trtnemlttctl ●tr41n; ●nd the ●train

rat+ in the CP*CICOII (n Slvtn by

&-Co(X-R-T)/l ,

uhcrc Co ~=E/0, p ie the denolt~ of the bor, ●nd to

●uot correct the mesouro.1 ctr4Ln hlstorlco for dis-

persion in ●ddition to ●hlftlng the,~ in t(~e. A
●ethod bts been discrlbed by Pollanobee ●nd Franz
[9] which (. very ●asy to ~aplacant lna nueectcol

dete raductlon code. Ttrey have •pproximet~d the
dioperoion rolatiom for aractnc ●tcel, uhlch 1s
derived in termo of Beeoel functlono, ● s a

polytroalal:

c(:)
0.4236~- 4.5764+ _——— ———— ..-

0 22.(:)’+12.$(:)%.77(;)%0.92( :)L5+1

whera r to the r~dius of the har ●nd k 1s the
uavelengtfi. In our ●tand~rd data reduction, we

meke this correction by trarmfor-lng the ●easure4
puiseo to the frequency doresin, ●pplyin~ t!le
deolr~d phese ●hlft, ●nd invortlng the Cransfarm.
This proc~dure also re~oves the hl~h frequencl~s lrr

the date which ●re aootly dLgltLsLmg noise.

SOILS AS SAftPLSS

Soils frequently ● xhlblt one or ● ore

propertlee that make them difficult met~rlals for
ffopklooon bcr testing. They oftan hove ●o little

otrencth that ●veo puttlrr~ them lato the b~rs 1s
oot trlvlal. SG1lS wtth crrbstantlst fraction af
sir-filled void volume have very lo~ wavo •peed~

●nd very high rates of attenuation; thetc
proportles Ii-it the s%ople thlckoess ●wl/or coe-

pllcate the data snalyois. And, of course, th,
uounl di(flcultle. of Cettlng a+mplcs that A;+

char~cterlettc of in oltu behcv(or to th?
laboratory ●pply to ~k~n~&t_ber teots ●S to most
other laboratory tests of SO(1 ssmples.

cept for ver~ cvhec(va, clay~y SUIIS or

0011 het ●re wery uell-tndur~ted, it le oauslly
aec$.++ry to provldo rsdlal support to m aoll

shmple ~rely to keep it In position for the test.
The nvst ohviou. cho:cs of support 1s one that is
●e compllcnt ●o postlbte in hope. that tho leek of

radial cortflnom~nt OC the ●tandart ttopklnoon ber
test could be reproduced. ttowover, when ono colI-
oldoro ●van the fltmslost of ●leevee they stlit
provide c rad!al reotrelnt thtt would be ●ig-
alflcant r~latl~o to the otrongth of most soils.
The oppotlte ●mtre~ of ● very ctlf( redlal cupport
la ●ccy to lmplem~nt ●nd hec the ●dded ●dvsnta$e of
provld~nt ● otraln peth thet ccn be ●aolly duptl-
ceted ● t both hisher tnd louor ctr~ln ratec--

unlamlal otrain. Thlo atraln path S1OO fsclll~tet

data •nciycl~, ●. W* oYu.1 ●ec below. A thtr.1 Ql-
~r,tctive is to prorlde ●eree lntaroedlott degree of

conf’rvcentl houtv~-, (n tlmt. ccee lt would bc

●a~ooary to dotermtnc the rodlal ●train ●nd ●trees
hlotorlee ●0 that tho overall strain ptt% ●n.!

atraoo trLetory 1s kmmr.
tot tolls with ●overal parcent @r wrc of ●lr-

flllerl peroolty, it c*- be ●hovn that rodtcl otr4(n
10 neg?ltlblo when ● th(ck-uallod -tal oloeve la
uoed to con~lrv~ the ●pecloerr. Pigato 2 ●hous th+
.ampl. holder corflcuratlori we heve ucod ● t fad

Ala-oe. Tho holdor 10 ● eylladar of brom40 or

.vtool with ●n ●nttl hela just ●lt8htly larger then
the dlaoetor ot the her. The oaaple 1S c~-poctcd
lrrto A dl.c of the dooired thlckoeo. ●t tha corrter
●f the holde:, ●nd then tho holdar ie .llpFod ovor
●ao bar ●ad the other bar ie ●oved iatn the free
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●nd . Tests uith no sample have shown th~t the

alecve c4:ries ●ubs Uat(~lly 18s8 thsn 0.1 percent
of the pulse during dyoamic loading. The radial
eKpansion, Ar, Of ● tube Of moduluo t, poisson-S

ratio 0.3, inalde diaaetac r, outsldc diameter R

snd r4dlal Stroas P 1. &lven by
he ? (0.7-l.3R2/r2)— 0 - —.-—

r E (1-R2/r2)
For our staple sleeves, this foroula gives ● r~dlal

str.sln of 1.6sI1O ““/Pa. TtIl$ wili ●ctu411y be an

ovcrtstlmata because the lmternal toad 1s not ap-

pltei over the entire length of the cyllrtde(. The
emtr~ae case occurs when the ●011 has no 4hear

strength to thst the redlal ctrcee f’ is ●qutl to

the •ci~l .Creoc ●oasured by t!w bars. For OUC

typic-t 9011s, azlat stralnc of LO percent or core

cre ●ttalned ●t only ● fou tens of NPa 80 thsc the
rail+l str~lm 1$ lees thso 0.1 percent of the ●xlsl
Otrtl.1. III tome of the ●cpeciaento dcscrlbed by

?allce ●tat. (.), 8treoses ucre hundreds of qPa— ..-.
●nd radial ttralnc my heva been ●a hi~h ●S a few
percent of a~lal.

The 10* w-we epeed ●nd high sttemuat[on in ~ry

0011s lewf to srtothec staple conetrsiat--t!tat the

tample be thin. 8ecause we are deforming the tolls

in unlaKi*l straLn we do aot hawe to worry ●bout
frlctloo effects ●t the mn.ls of the h4rs or radial

tnert14 ●s tiere conoliere~ In 3etill by Dsv(e. and
Nunt*r 12]. The 100 wave speed Ilatts ●naple

lengt’i In tuo usys. First, thtck samples Mill
never. rcsch equ(l[hrlum because of the loti wave
opee.l; the Ilopklatrm bAr test will then be a wave
propa~.}tlon ●cperlment rsthtr than ● homo~eneous

deformation ●<perl-nt. Fortunately, for unlauial

strtl,l ue c~n et(ll derive uee(ul inf0rm4tio,\ fro*

SUClI ● t*st (cc. beiu~). Tht second, ●nd fre-

quently moral llmlting, result of !OM wsvc speed is
that the ●-plitu,te of the ●tro~o wave deLlvecad to
tl!e Iacl,terrt hr/mmpi4 inter[zce uf.il be very led.

If che aaplltude of Lh? Lncldent wave in th~ bar 1s
P. n.! tnr l*pedwnce of the tmr mn,l coil ●re Obbl)

An! 11,11,, r*6pectlv*lyo the ● tr-ob of tile flrtt

P-0.02P0. SuYrs@quent raflectlone bet-een th< bars

lncre*ca the ●mplltude, but very ~ny refle{tlooe
WOUIJ bc needad befora P ●pproached ●ven half of

PO.

The hlth ● ttenu4tlon rate of dry OLI(lS ● lso

tlmlts u. to thin ommples. The etraoo Lncldent to
the e~-pie, which 1s tlready 10U, will dscay ●t it
proptg4tec t!uough the o.tmpie. Thu. the 4treeo ● t

the coaple/tran.altter bet lmterfece uill be very
lod ● nd ●ubject tu ● eaoure-ent ● rroro.
Furthermore, the vartablllty of ● il theoe
pcopart[ea mekee it d[fflcutt to ●et ●eccureaent
lav410 40 ● t to pr~cloely meaeurc tranomlttst ber
olgncls.

OATA ANALYStS ?OR SOILS

With ●o(t. 10 ●pectsenc, the condition. ● o-

●umed for tht re~uctlon of data frog the ldecl
●pllt Hopklneon hcr •nptrl~ent mey rtot be ●et, In
partlcuier, the wav4 opeedo in dry .o1lc at 10U

ctrece levels (which -y still be lar~e ●aough to
achieve considerable port collapo-) may be very

loti; v~luea of ●bout 100 to 1S0 ●!* ●re coam~,,. 4S
●entioned ●bave, the defora4tlon is very aemriy

unlacLaL if the ●4aple is confined in s acsslve
sleeve, so we caa ●dopt ● dati wtelyoia technl~oe
orlglneliy developed for shock wava ●xperiments
whlc’~ ●lso produce uniaxial-strain Losdlng. In

that ccoe, the ●qutlonc of ●otion of the ●0LI c~n
be ctst into ● form wheretn the ctreos 1. ●xpr*sseJ

in terms of the velocity snd the teaporal ●nd cp~-
tial derivative. of veloclty. Seaman [lu] has
developed ● method which uses Lcgrartgiaa •e~sure-
●ents of strees or velocity to ●sttmtte the

te.psral ●nd apatlaldcrlvatlveo of the ae~sur~.1
qumtlty. This qthod, cclltd bgrQnCLan ●elysi;,
te partlcutcrly dev~loped for ●aaiycis of unLax141
str41rt ws~ea which ● tttautte cs they propa~st+.
Becausa the calculation of the ●troso ● t the lncl4-
●nt interface of the eeaple lnvolvco subtraction of

two L4rge numbers, batter ●ccuracy c~n be obtslned
by ●nslyoiag the veloclty ● t both sldeo of the
emmple than could be obtained with ●trast dsta.

The valoc~.ty calculated in the sundtrd ●nalysls
for the incident lnter[tce is kgrtnglan, but thet

for the other iaterface is definltety not.
Nevertheless, we c4n ●stimete the Legranglan wave
amplitudes froa the aeasur~d ones if we can deter-
● ine the r~flectlon propertleo ● t thts lmt~cface.

Conelder the e<perlment Ln pressure-particl~
veloclty spsce 4s illustr~ted in Fl&ure 3. If the
lspcdence of the wsve reflected back into the

s~mple ● t the transaltted latarface 10 ●qual to
that of the wave lnr.ldant on thst interface, the
cstlo of the bgranglan partl:la veloclty, J , to

L
the me4sured particle velocity, u=, can be c4lcu-

iated from the g~ometrlc relstlono: (uL/u4) -

(obobi20,0,)+112* where p 1. density, D Is *SW?

speeJ, ●ad subscripts b sad a refer to the bar ●nd

the ●011, reopectltely. A. ● check, we can ●lto
uote that the pressures ● re related by (PL/Pa) =

(oaD,/2Qbl)b)+l/2. 1{, on the ether bend, the l*-

pedence of the reflected U*VC 1s n tlmec thtt O(
the lacldent wave (a. Ltltctratad, for ●mapla, by
the dashed llnea la flgura 3), we find Chot t~ie
ratios ● rc (uL/u@) - (~Db/(n+l)P6D@)4g/(E+k) ●nd

(PL/PM) - (apaDe/(o+l)obDi)+i/(n+l;. It le usuallj

poselble to 4etcr*lne the W*1OC(CY of the firs’.
loading wave ●nd th- first roflectloa from the
I(opklnaon ber data~ w kve occ-eolonalty detected
the accoad trrival ● t the tratreolttar bar.

Tha tcchalque outlinad 10 the preceding
paragraph will rrork well so iottg aa the crwh curve
of the 0011 10 fclrly ●mooth 4nd the two WQVGS &re
both coaprooolvc. ffouevar, la two ●ituatloms df
latereot the procedure wlil braak doua. Ptrot, if
the cruoh curve of tbe soil is not soooth, the
retlwtirrn coefficient will not he naarly conctint,
sod ● elopte ●ultlpllcatlve factor will mot
repte.eat the trUe V~fi@hilLty of tha htftttgl.n
wave form. ThiO ti~ht occur If the ●OIL Iraa ● v.iy
●hacply doflrted ~leld polat +r (( all of the cno-

fiLLed poroclty L@ cruthed out. la tbe for-c caee

the tafl~ction Coafflcient ●ay 4ecresce dramt[-
call) so the yield polrit IS ●cc~edcd, ubcr-aa la



the other ctce it may iacrease sharply. Second, if

the incident W*W* he- .S race faction phase, this
uill likely heve ● ●ubstantlally higher impedence

thm the coc?rcsslon Jhtch would occur upoa its

reflection from th. Craasmttter bar. T& result
would be s very c-pllcsted geoaetrlc conftgurctlon
in the preseure-partlclc velocity plane. Although
a ●che-e coapersble to the orte described ebove

could p:obobly be developed, thie hee not been done
to dete. Consequently, we preecnt 4s- below only

tot the lnlt{41 toodirtg portion of the experiment.
To llluotrtte tt:ls -thod, coaeider the deta

froa four experiments on a very dry (shout 3 per-
cent water by dry weight) desert ●lluvium fro- Luke

tir Force Baae, AZ, showo in ?igure 4. The iOCid-
●nt ~ave ●aplltud~s ● ra ●ll wfthln Z perceot of the

●a=c value; two of the ●xper!oenta uee~ ● sample 2$
em thick (12 sn.1 24) ●od the other two ueel ● 13 _
●ample. rhe de~ ~ken fro- ●xparlmnts 21, 23 ●od

24 shod tht reflectlono fro- the tranemltter bar
interfzce tr+vel ●bout i.6 tlmee Csster (~grerttlaa
wavt sjreed) then the esve lnci.dant on thst Ssr

through the oesple so ue have ueed n-1.6 in our
dat.t redtictlon. There ● re tuo wsyo in which the

det.~ from the four ●sperlments could be grouped for

Legr\ngl*n ●nalysle; uc could ●ither ●nelysc each
●xperiment separately or de could ●nslyse both ● x-
perine,tt~ uith the came projattlte ● s a unit. We
newt cdopte.t the letter ●ppro~ch, using the lrtcld-

● at Int?rface veloclty co the first gauge, the

troIIs.altt*Il lnterf+ce velocity fro- the 11 w
●4.*pie ms the secon.i tauge ●n3 the trtnsmltted
velocity froa t!le coepaaion 25 m experlaent ● s ;h@

thlrl IUIuge. The ●m~>lltuie of the second trarts-

●ittc.1 *elocity record *a* scalej up or bfotin by t!le
rmu.It lrc=stary to hrlng the lncldent slgnml o!

tht second etperlmtnt Intn colrtcldence with that of
th- first.

The results of the La~remglan ●tulyols of the
lnlt14t lo~dlnc portlone o,lly of the four emperl-
●e:ttj •.~ cho~n in Fitureo > ●nd 6. A# can be .een

frus I’l&ure ~, the ● trtln retes actumlly ex-

p*rl*n..-i are IN20 tO $OtJO CeC-l, ●bnut twice as
&te*l as tlluae ~\et~r*L,l*J from tl,e sten,jmr~

Iltlt!y,ll. Thin is bec~use the J*forcatlon la not
.!lstrlnut+l un!formlf through the .saplII durl,t~ the
~tv$ propc.stlon pottloo of the ●xperiment (which

i< reprecentc.1 by the Lnttlal loadiwg). The dlf-

ferenceo batweerr the locdln~ patho for the t~o
etperlments (Figure 6) ● re probably not

l[~nlflcsnt.
Figura 7 coaparcc the ●tress-atreln patht for

the Mopklnoon bat ●xperlaents @ith thoee from gas
cum ●<per19eats ●nd ● qucs(etatlc urtlaxial ● train
taot on the •~me ●ctertel. The ●train ratea for

the smo gun Mot, ● re in the ratt~e >f 10,000 ●ec
-1

to 10,000 Bcc
-1

● e cmptred with 180tJ ●ec -1
to 3000

-1
mec for the Mopktnoon bar. There 1s ●ppereotly ●

corroldereble ●ftect on the loadlri~ ●odulus when the
-i

ctr41n rat~ ts tncretoed froa X.00 ●ec to 10,000
-1

SQc Thr g-) gun da~ wer~. for cootlnuoue coa-

pretib >rr over several slcroeecoo~a, oot for
dtscootinuout ahor.k wtvesl the gao gun otreoe-
ctralo petha ●ra, therefore, true Loadtag patht ●od
not juot ttaylelgh line. connecting ●ooe inltlal ●nd

fltul stite.. The ctrese-etralo path foe loadlng

in the quasis-tlc @et (i-5~10-’sec-1, 2.8 percent

water) 1s Indistingulehabte from those of the

Hoptrittcon ber Lxdtng ovar alaoct ● ll of the rao~e

of the deta ●ad cofttcide with tht unloading dets
fro- the gas guo taets. Ue conclude, therefore,

that the oneet of ●train-rate ●ffects le rather
suddeo, ●tfecclng the lo~dittg peth (but not the
ctraltt ● t peek ●trees) for ●train ratee ●bove 5000

-1
●ec . We ●leo note thet the dyaealc unlo-dtng

path 18 cooelderably 1889 ● tiff then the quasis-
tctlc unloadlrtC indicating that the ● tr4Ln-rat-
●ffect le ● lso present on unload lag for str.tln

-1
xatee 88 low ● s 2000 ●ec . Our present Lrtablllty

to reJuce dtta for the unlocff(rtg portion of the
Hopkineon bar test preveots ua from Locetlng more

precisely the lower Lloit ●trala r~te for which
● trs(n-rate ●ffects ● re important on unlotdirtg.

ALTCRNATIVC IWASURF3W2’S

In ●ddition to the ●bove techniques which we
hewe used to ebtalrt valid data fro. Hopktncoa b-r

●xperiments la 8011s, there ● re ●ove~tl other tech-

oiquec which .L$ht be applied, but have not yet
been (to our koouledge). Theee include bgr~nglen
● easuro~ents ulth(w the ●aeple, uoe of ● trees
gau~,eo ● t the interfaces between the bars ●nJ t:~e

daoplc, ●ad ● IternaLlva method. of support.
Ue hev~ conducted ● few ●x~erhertts ulth

● tre.s gaugec ●mbedded in ● Hopilnson tir specimen.
l~ese ●Kperleento hmve lnclu.led cerbon foils 11-I G

thick ctick of ●lectrolytic grade 9!c4 (muscovlte)
● nd atraln geugeo potted into t cylinder of

polyseilc ●at~rlel. Both typto of ●xperiment

yielded good deta, but, ● a of this writlnc,
●rIalycls of the-e ●xperlmertts 1. not complete.

?urther.vore, neither of theoe types of gtuges coul,f

be used in ●on uith our current ●assive contaio-
m~nt method.

Quertc ctreto gauges heve been ueed betueen

the cpeclmen ● nd the har to •easur~ directly th-
● trees ● t the ●a=ple/Lar interfaces in Mopklrtoon
bar teets of foam ●tterlals [4]. These foems

prteent problems of low weve epeed ●nd high ● L-

tenuetlom compatible to thooe ●acountereJ in dry
●ons but do aot hove the ●dded complication o{
lack of ● hoar otreng’.h. At with the truly

LeSreagiert -eeuremwt. of the preceding peragraph,
it would be very dlfflcult to combine thlo ●pproach
#t,th th~ tiealwe Centairmont.

Way. can ctr-lnly be found to provide ●uffL-

clont redlel ●upport to keep the ●eaple in place

for the dyoaalc load without reeortlttg to -es:ve
contatmtint. Ae mentioned lrr ● provloue ●ectlon,

confloement & ~ doe- oot lrtvelidete the

tfopklneon bar teet. If the radlol ● treee ●nd

● treln cen be ●eacured, it uould be poeolble to

derlw otreea-atraln relatlene for otreln pethd lrl-

termedlate between uniamlal otreee ●nd unleKlel
otrtln. Such lrtfomtlon would be very valuable in

derlvlag coootltutlve oodelo for Seoeral defor--

tlon pothe. Tbera ● re ●everel poeclble eeyo to

●pprohch tfrte pmblemt ●ad we ● re purouint ● ooe of
them. Relewatlon of our curretit ●eeolwe centaln-

● ent coodltlone will ● 1OO facllltete the use



.

of bgrna~lar. gaug~s titrlch tie h~ve shown in the
previous section will per.alt the ,Jse of very poeer -

ful 4n*lyt1. c tool$.
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Figure 3. Pretsutc-particle veloclty plot 0( sptlt
Hopklnaun bar ●xperiment showlug relatlous used in
converting tr4n0altt?r bar d4tA to fr*4-flcld
Lagrarrgi-n equivalent!. See text tc~ Jlccutslon.

tly,ure 1, Ssmple cun~lnment achrmc used to conduct
un(aKial strain tests of Q0116 in tha spltt
Ilopkinsun bar.
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Flgure 6. interface wcloclt~ histories for four”
Hopk\nsorr bar taats of dry desert ●lluvium [6].
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FIcuro 6. Stress-ttraln paths dcrlved for loltlal
locding of desert ● lluvium in Hopklnson bsr.
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