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ABSTKACT

rho results of comprcssiw high strain-rate
●xpertmoats on compacted ●and ●re psoooated.
Cxperimoots woro cooductod oa ● 60.3 - split
Hopkinsoa prosouro bar (SiiPB). Tho ●xporiamts
shouod th t tho Sssaaptiaaa accosoary for ● vclid
SHPB●xperimnt ●re co tisf hd ubm uaiag compac tod
●and saaplas conetraaned to ● aoarly unltixial
8traio stcto. Romlto ●bow that *,IWOcapla Mtr@oo-
@tra Ia rospoaso i. govora~d ptincipolly by tbc
iaiti~l ocnplo go. poro~ity, sod that ●o otrain-
rato dopaodaoco 1s ●xhibltod ●t oomplo ●trsino 1,s.
then tho initial gas porosity. Sovar4L str*ss-
strsin curves sro proooctod for aoaploo proporod ●t
.ov*rai eambiaotiaas of aaisturo contoat aad doo -
sfty with ●pplied strasco$ ●nd strain rate. up to

520 HP: W2 4000 SOC-l, roaptctivoly.

INTRODUCTION

This paper prosaats tho rasulto ot 8
laboratory invostigathainto tht hiab strain-rate
babavior of co-pactnd soil using tho split
Hopkinsoa proamm bcr (SHPB) tocbalquo [1]. Thla
uork hss boon performed using ● 60,3 u SHPB which
is locatad ●t tho Lot AlsaaD Kttioncl Mboratory~
LOS Alaaoc, tkw ROXiCO [2;.

?or tho ●xporiscntsl pro~ram, sasplao war.
statically coapactod into thick-usLLod oonfiaiag
cyliadoro at loaStho of 6.35 M tad 11.7 a. Tha
thick-uallod coafhiad ayliahr provldod ● amao of
oontoining tha aamplo and produalaf ● ooadltioa of
aoarly uaiaxlat ●trala duriac tha oxporlm@at. Tha
compactloo ●oI ,turt ●ad doasity aaabhatlom mncod
frondrlot then to wetter thoa optimus ooaditlooc
●o dotormiaod by the Norvord aoapactioa toot. TM
.ppllod strocooo ●nd strsla rates raagod froa

140 HPa to 520 ilPa ●ad 1000 oaa-l to 4000 •sa”i~
Coopoctlvoly.

WN?IHIM $YBTBN

To ●chlovt 6 nearly ualaxlol strain cavltoa-
aant for the cxporlseats, tho 0011 @amploo Uora
ooapaot$d into thlak-walled boar(m~-bro-so
oylimdarc. Tba dlatacioaa of Ubooo oylladoro uaro
60.33 M Lacldc dimotor~ 102 m Outsldo dlasator~
sad 44.5 xx la Lmgth. Thoas aoaflalas oylhdoro
oorwd two purpocosl Ilrot$ to aoatal- th~ soil
@09pi@ itOOif, ●nd SQOOOd, tO OCSOOL ~ ●ttOOtA Ot

radtal iwrtic, forcl~ the ao@o to ●xporicnco ●

state of -rly micxiol ●traia. ~kuo, OC~LO dis-
tortion or barrolliag was prcvamtad by the
●limlastion of frictloa ● t tho spocisoa/bar
latorfacos.

Ukoa tko confiaia~ cyllsdor eomtaiaias tha
sample ns placed is tbo t .r8, ●pproxlmtoly 19 ax
of tbo oytlndtr ovcrlappod the bars m each and.
To dataralaa if tbo caafhiq cyllador was trsao -
forrias say straos to tha tmaaaittor bar, ● taat
uaa coeduatad vltk tka baro oopomtod ● disuaco of
3.0 ax (a distonco Croatar thou the ●atisipatod
dispbcoaoat of tha lncidant bor) ●md tha confining
cyltadar plaood over tln ●tr gap bvtuooa tha bcrs.
If tba eoaflmi~ ayllador did trausfor otroos to
tho traasmittor bar ● c-l would be raowdod ● t
the Waamlttir bar straia -co; if sot, tha strain
ga~a record would be flat. Tba rosulto indicated
that tha coaflaiag cyliadcr did sot trsasfor ●ny
mosourablo Strom to tba transmitter be;.

SANPLE PBCPARATIOM

Th@ alcysy oaad (8C, Usifiod Soil
Clsooiflaatlw Systo@) us obtoiaod Lo buLk quan-
tltl~s from tho HaCoraiak Baaah toot site looctod
oa Kirtlsad Air Poroo Dam (KAPB), ~V NaXi800 In
ordor that tlw SOIL be ● frto of or@nio Mtarial
sc posslblo, tbt ●urfaoo vogo~tloa M. ro~vod and
UM aomplt~ uaro takaa ●t ● depth of i to 2 9ators.
After ●rrivia~ ● t tha Ualvoroity of Utah COIAS
Laboratory, tha actorlal was #Lokod to ●ahiovo ●

ualfora ●lxtuco ● - WOIL so to break ●part Largo
Oiuapa of soil,

‘Tba mjorlty of oaaphc uora proparod soar tba
ODti-M~ ●oistaro ooat,nt (13.3%) ●nd dty dcaotty
(L.87 t/oo) ●odotaralmad by tko Mrvard stnlaturo
oompaotloa t~ct (aao ?lcuro i), To ●ohicvs ●a
WtfOra a09ditiOas ●aans 00apiOO ●s pos~lbloo tho
SO1l usc ●imd la botehos of ●mouCh ●atorlal to
~roparo ● ●lalaum of flm sxpcrlamtcl Campias.
Boforo tho ●ddltloa of water, tko coil w. ~sood
tkroa~bs lb, 4 ciwo (4.75 M O~@), Tho 00t1
uss thoa atrciuliy wci4bod ●ad ?laoad \a ● Larcc
fbt pan. tha 00CtOOt saouat ●f aoictu?s -t ●dded
by U~iR~ S *PC*Y hOtt10 SO tht ●n ●VOa dlotrlbu-
tb aculdk obtalmod. the ●aSpLQ Mtttlat usc
thO~ JIX@d kkorouchLY. AfWC ●iulaso ● 4taP oovor
uas pbood over tka coil tor ● period d 20 ●inute.
to S11OU tho ooli-uator glaturc to otobll Lso.
?oLiout9s tho Otabtiisatlos ?OCt Od, tha
●amplo wcc @@is ●lxod to camro tht -a ●voa ●lx-
Bmrc xoo ●btolac4,



Tbn individxnl
;royorodby ro,owlq
tha batch ●tx to
ccnpna-o Th ocnpbs xoro sGtlu61Ly co9poctod
18 tbo aonfld,g cylhhro by asiac ● $ydrauLic
*roas uitb spoaor riws to aoatrol th ssmpla
h~tb (ad bOSOO , dcmsi ty). Tuo ccqlo loqtbn
-xc xood: 12.7 _ nnd COS5 on. tech M9pt0 vcs
tbnn 0COA06 18 ● ?Lcmic bog, to rodxco ●ny Dolstoro
100a that ●igbt occur prior to tbo ●ctual
●xportoont. tbo ●a8n procodure 008 follovod for
onnplos propnrod co tbn vnt sad dry std. of optinun
acndit2a8.

acP2WmlTAL mOOmAM

Tbo iafornctioa reported bore reprooonts Uw
rooalts of tvoxty-oix●xporiooatx. 2a ●oot Cooon,
● siatnun of txa ●xporincnto uorc condwctod ● t oncb
acnbiaotiaa of xaistaro caatoat ●nd dmsityo in or-
dor tbot dote roplkothn coxld kc obtahod. W
to tbc M taro of tho ●pocif ic Mopkiusoa bar ●p-
para &us asod, tbo ●oatlag ●trcias could sot bo
aontrollod with Sroat ●ecutacy, boaco tho
pr--oxporlnoat ●asplo loagtla diffwod from onsplo
to ocaph ●ffoctint tbo ●bility to ccbtava ●xcct
txpcrl-nt ropllc6tlaa. In ●ddition , tbnra ●xistod
● frictioa forco botwooa tbo Lauacb tub. ●nd tbc
strlkor bnr such thnt it xm difficult to scbiov~
daplicoto i-poet Volacltias. TM ●ppllod s trassas
(1.0. , tht ●mPtitUdOs of * Lacidmt -voc la the
bar) raegsd from 240 N?- to S20 HPa. At tho
Coaplatioa of tho ●xparimoat, tbo •a~piO wa@
;omo#od froa tho aomfln(ng cyltedor ●ad ●

post-oxpcrimcat %oi@turo aa9toat dotivniaad.

r%PfRIM2NTAL ASSUHPTICUS

In ●aalyslag tht otraln wgo dcu rocordod la
the SH?B ●xporlxont, oovoraL ●soumpttaos nood to bo
●ddrooao~. Tho88 ●re:

1) Tint thorc ●xlsto ● unlfors dlttrtbutioa
of ●xlci strosa ovnr the SOagth of tlw or ~lo I

2) Ttmt there ●xlots ● unlfern distribution
of radial strom over the lcnsth of tbn cpocimal

3) Thct the latorfacos botuooa tho baro ●nd
tho ooaploo ●ro friathn!oas.
Ammptlans two ●nd tlmo ulil kc ●ddrosmd first,
folloucd by ●aouaptkon one.

A OCC?Ly MiaXi~~ DtX6ia OtitC iO foraod UpOa
tha ●09ptQ by tbo ftot thot it Lo acatolaod ia ●

thlak-valiad ooaflalng oyllodar. As tbo aoalaal
imido diamtor of th~ oonflal~ ayLSa4ar is tbn
oom ●s the dlcmtor of tkc bort tbc attus ●ppilod
to tho csapka wL1l bc aomtcrit ●arom thn oomplo
tianctor (providad thot the otrwo 1s aanttant OVOt
the dtcmotot of tba bor) [2). Tbi8 aaaf@mtha
will ●lso aaaotrain thn omplo ouoh tbot thoro wllL
be ●o ●pprmlablo r&20L otmla.

AS briefly nnntloaod ●clloro tkiO eosflgum -
tioa will provost oamplc tlotortloa or borroilag
durlq the b.;porloont, Ilt thn trodltlolioa 2NPB ●M-
pcrlmnt ● mmpla with ● tlamtnr allghtly lGSO
then *t of the hors 10 plaoad botwoov tbm. This
10 to ●11OU tbo Oamph to ●xpmd roclallyturlq
thO tny?rbnat uhllc ●Ot ●ttetdhs thC diam,tat ●f
tbo btr, As strooo 1s ●ppllod to tbo mmplc,
radial ckar formc ●ro orostod botuoca tho b~ro
●nd t!m Maph. TbOO@ kvo e~iy botm rof~rrad

to &a -Ond
rooalt of
tondstobc

●ffocts” or “friction ●f “Octs. ” A
thOSO ●8d ●ffOCtD iB tbCt tbo S~~p10
c2c9pod ●t tko ●poc2non/bcr iatorfacoo

[91. Tbio provoata tbo nnmplo from ●xpcadiag
●at formlyi boaeo, barrottas ●f tbo ●SOP1O is
obcarvod. By proporiag tbn ocmple ● t tho .s.0
d2uctor ●s tht of tbo bor$ sad coaftmlac tt so
tbct ●0 radial ●X~aOiO% is ●llouod, tboon “cad
●ffocti” ●M ●lLo2xotod.

m ●nclyttc nntbod for datormiaim whoa atreso
uaiformtty i8 ●chiovod in ● n SUPS SS=P1O was
dovolopod by Mvies ●nd Ihmtcr [4] hsod oa ●aorgy
caxoidoratlons ●nd UB8 of the Toylor-voa Kcrnca
tbsory for tbc plastically doforniag cnnplo. This
●xprosoion is Xrtttoa SC foalouol

uboro doldc is tbo J1OPO of tba atrosa-atra ia
curve, p, is tho doasity of tho spocinca, 1 is tbn

La-th of tho opochoa, ●d T is the tho roqutrod
for thn stroso to ●qallibrato ia tbs Sanplo.
?iguro 2 show r8sultn frox ● typicol ●xporlnoat.
UcinS tbo ●bovo ●xprocofaa witk tbc otroso-strain
aurvn (F~. &) ●o4 the ●ppropriate ●anplo Length
●ad dmsity, T is aomputod to bo 66 ●icromecoa98.
?r~ P*. 2b, it oca bn dotordacd tit ●fter ●bout
65 slcroaewa4s tbn strosoos ●t tbn tam ia”~rfacos
●ra iaAood ●pproxinotoly ●quat. Tbo straos dif -
foroaa~ ●cross tbo imtorfaccs S0 s function tine 1s
Shown ia ?ig. 20, If ●xial iaortti fore.. ● ro ab-
●aat, thlo ● troos diffaroaco ●bou14 bc soro. It
cca ho soon tbct●fter ●bout 65 ●lcroooeoadc tbo
stro8s diffaroneo is very omil.

2XPPAINMTAL MdULTS



. TA2LS 1
Smry of ●Xeorhcntal Coadiuoos ●

Mporixcnt soo?h UCwe Gcs Uot Applhd

(Oxportuoxt1!7) mcdvod ox 2Bpoet Strooc Ooauh t
b2@or tho tbc Otbcr tkroo.

To dotocmiac tkc strotn-?a- ooncit2vityOf tkc
Compoctd 0011, Stroso-otroia mto aerwo Uoro ccm-

irambar lonitll -tit mrosttv doooitv ●trooa Stroctod ●t Oaset ●troim 2OVO1OO Soch ● ●ot is

113
114
115
116
117
118
119
131
132
133
134
135
1%
13s
139
145
146
14?
MS
162
163
164
165
166
L67

6.4s
6.M
6.4S
6.37
6.35
6.45
6.45

L3.13
12.69
12.91
12.$9
13.07
12.23

5.96
6.09

U.65
L2 .67

6.36
6.31
6.29
6.31

12.98
12.89

6.24
6.22

12.1
12.1
11.4
IL*2
10.7
10.6
10.4
12.4
12.s
12.4
12.4

7.0
13.1
13.0

7.0
1100

lto9
11.9
14*4
13.0
12.9
12.9
12.7
M*O
14.0

7.7
9.2

LO.6
6.1
8.5

10.3
9.9
9.6
6.9
8.0
5.8

23.4
5.2
4.9

17.7
6.2
6.3
6.6
7.4
4.4
4.8
7.s
7.L
4.4
4.1

2.09
2.05
2.04
2.10
2.10
2.07
2.0s
2.04
2.io
2.07
2*12
1064
2.0s
2*H
1.98
2.13
2.13
2.12
2.04
2.14
2.13
2.07
2.0?
2.12
2.12

..——.—. -.. . .
( ) (%) - (x) - (MS/,3j (~)

6% L1o$ 7.9 2.09112 423
3s5
366
39s
243
26s
244
266
367
375
368
399
385
397
251
249
269
S23
237
249
519
522
S07
254
261
26!

t- 2X rt80m $ for 6.ss m Ooapha Compoc-todto
,Oistsra ●nd dosotq 0o06ittw nor Opttoaoo TtN
ddmd Mooo obcu tbo ●trebc-atrala rote tt4joe-
torios ●vorop for oouh of tuo ootc ●f oxportantc
edactod St * 0000 ●pplied Strom. Tbc ●olid
Moooc.oaoetpomto Ofcmotoatstmia btxoOo tbc
tw 00s0. Pra mgoro 8, Ltcm kc 00- *t tkcro
is so ●traia-rsto dcpoodouo ●t strotoc lass tbcn
the iattiol goo porootty. This &a &n ●ccord with
tIn fiodqo ●f Ocffny@ta& [21 tit ●trola-roto
dopcodooco ●ffoctc co l-~tos oeeatted ia dry ●l-

lavlmooly ●tstrcia ratosabovo 30W ooc-~.

In ●ost CS800. tba 8tralno ●xwrioacod by the
CCSPL*8 ●-ohd tkc iriltiol s08 poro8ity. Sovoeal
pbcaomcm moy uork tot~tkor to ●acoaet for this
oboarvud diucrapcacy: t) Ustor Comprcsoion,
2) RadiaL ●xpcaoioa of tko Coaftalns cyliadar,
3) Uatos loos, oxd 4) foil loos. Tbo first tbrco
bcvo tb potettlal tobc ●XO02X06 qmtt2tottv*ly,
ublh the lsst ooa”bo hokod ● t qxolitotivoly, ● t
b,at. Addra@a@ th @tootial strain ooatributioo
of ho ●bove faators io6ivi40cAAy sod ttmn suoalng
t’ r aoxtrtbimtioco UOUM 0000 ● -tarat ●pprooch
tI AC problcm. Wouovor, tbc ●xpcrimatil Qwlroa-
ooat complioot~a tbio spproocb. At the tocldmt
bor/cmplo lmtorfaco tkc ialtiol oo9proosiw otrooa
uav~ 1s roflactcd ● s ● toa$lla uaw duc to tbo
10WW iwA4@xcc of the oomph ra2ct2vc to tbo bar.
this tomsila ucvo tmvots bock doua tka br toucrd
tbo *oA ● t ublcb topoct occurrod. AC tbo impact
c-d of tbc Mr Lc X0X ● frm ●06* tbo tosslla ucvo
1s rcfioctod ●s ● omrooslvc xcvc tmvolllnc oaca
●gsia toward tha aasplo, tnd booco, ?aLocdiw tbc
Ocaplc. 2coouco of tk2s ●ultlplo impcct ●ltuctloa,
tbaro 1. so XCY to dokorolnc the ooatributlon ftoo
uctor 10M ●d JoiL tom durlas the porlod of tho
firotappllod pUb06~OOC (about 1S0 @c).

Socmco ● oomph mc4.sturatmo 4@tmolaad bafora
●nd ●ftar oosb sx~i’hoatj s ncaum of tbc ●ooumt
o? ~l~~r~ Lots ir •~i~b~a. Tbc •vara~a ●ol8-
turo 100s tor ●li * ●xpocioootc -s 11.O porocst,
Atoo, it 06~ k obtarvod tbOt SO-C COii -S0 is
lost fro- th 008fLSi08 ayliad~r duriq the
●xporlmcat. Momovor, tborc $0 80 uoy of ●aasurlng
bow web 10 loot ●r tho dl.trlbutloo of the loss
(it tbo MO Oocurodurlu tbo Poricdef tho flrot
●ppll~d pUi09 or htOt h thO ●X@?tOOItt)e It 10
●LOO a*CtOi* @At tkO ~?O !tOtOt doos CO@ptOS@ ●ad
tho aooflalss OYL1O4CC dooc ●xporlonao radiaL
●apoaolooo

Soaouoo of tbc uoammiaty 1s * ●volcctlcc of
tho ctralteoatributlos Cro- tha ●bovo-moatlonaJ
fsatoro AoA1v1OJO11Y, ● scosc otralntdjuotaoat hos
bO@OMdQWO~ tbouth it it pooolbla to aaloui~t~
tho ●tfOOt ●f Utt*S SO@prOOOtOS cad ayllnd~t
●~8CiO0. Tb2s -t ●aaomptlobod by plottlas tb~
dltforoooo botuocm tbo stcolo ●t90xlwoovcraCo
.troo# sat tbo ioitlsl sao poroolty ●saiaot tho
tvoco~a ?oro@ (ooopmtod ●c th 9oxhum ●vora8a
OtV@OOSUtttptid by thO ● tOa ●r tho Oa,ph). A



Slmph Ltaoar ?O*CCM1OO Lioc Sc$ thxa flt to the
date for Xcmplos prcpxrcd accr optima us tcr con-
Mat (?QUCC 9). llolog tbx ragrasoioa LIM ●d thx
●vxrscO force ●xparicacod by tho SUPLO , ● SyS-
t.uttc ●trala corroctloa was thca coxpatcd for
occh ●~rixcnt. Ttw ●trala corroctioa W~O tbon
●dded to the ccmpl~ gco porosity to ytcld aa ●cce-
untable CCWLO strato which COtJld tit compcrod to
t~ ●tCaia •X~tiCOC8d by thC XC_pt@ ● t thC MXi=W

●voragc Str@oa. The Jlxcrapcncy bctucea tlw ●cco-
uatablo strain snd the stratn ● t mxtmux .troo@ is
then uo~d ●. ● occoure of the ●uccoso of the cor-
?OC:hII (Tablo 2).

TABLE 2
Accoun-bla straia for VCOF1O s t optlkux coodi tlww
R Oco strain Strch ●t

lb. porooi ty corroctloo Sux peak strom Bclmca
(x) - (%) (x) - (x) (x)

T7.9 . . ● 4.02
11
11
11
11
11
11
11
13
13
13
13
13
14
14
M
16
16
16

7.7
9.2

tO.6
8.1
8.5

10.3
9.9
9.6
6.9
8*O
3.8
4.9
6.2
6.3
6.6
4.4
4.8
7.5

7.67
7.6A
8.07
4.98
6.54
5.18
4.93
6.10
6.43
5.52
6.57
5.75
3.s1
9.41
4.78
9.74

12.52
9.28

1s.37
16.81
M.67
13.0s
15.04
1s.4s
14.83
15.70
13.33
13*32
12.37
10.65
9.71

15.71
11.38
14.14
17.32
16.78

17.40
19.60
18.03
14.24
14.50
14.06
14.07
12.68
10.67
12. s2
12.22
11.80
Lo. L2
13.30
12.99
20.60
1S.27
12.43

2.03
2.79

-0.64
1.t6

-0.54
-1.42
-0.76
-3.02
-2.66
-1.00
-o. 1s

L*LS
0.41

-2.41
1.61
6.46

-2.03
-4.3s

i65 7.i 2.70 -9.70 ‘9.27 -0.43

Aft@r xckln$ tha otrala ●djustocnt, ●xpari-
●tnt 162 i. tha only cxparlmarit that has ●

●l@ Lficaat dlscropaacy CCUinin8. Th. 8tr@m-
strain aurw for thst ●xp@rlmcat (?is#ro 10)
otigsaatsthat ● $rostor ●aount of soil ●od uctor
●xtruolon xcy hcvo occurrad in thct●xpctlocnt then
in the othar ●xporlmatc. At ●bout 270 Ma, tho
oaaplc begins to accuaulat~ strain with very OMIL
chan8@o la sttoot. Similar b~havior la aot
obsorwd to this ●xtcot in ●ny other Qaapto, ●nd vc
bollcvo that it cm bx ●ttributed to •xa~sslv~ cs-
truclon of toll ●d dttor durlq the aourm of tho
●xporhcnt.

It wcs obccrwd lrI Fi8urc 8 that ●- tha ●c-

cuxuLatnd samplt otrala ●pprocchad and ●xoo~dod the
initialsaa poroolty t dopondmoo oa otrala-rate
cm-d to d~voiop. Howavar, this ●ppcraat bchcvlor
ohould ba viOWCdWith ●0iU CautiOa fOt two taasoas.
Pirct, th~ coaobat stratu ourvao uccd to ohou thlo
apparoat ttrala-t’ata dopaadenco ●ro only roush
●vQragQo dtwlopod froa ● fw data polmto. Sscoad ,
tha factors ldeatlflad to ●ecouot toe tha dis-
cr~paay batuam tha strtln ● t Mxlmum otrcm ●nd
tho lnltlal sac potoolty cannot bc qucatlflod ulth
thg noccsoary ●cauraay to dattrmlue their .tf@at on
tho ●pparmt strain-rata dtp~ndanca.

UnKLusxous

?rw the rcSults of this ●XpCCi=elltCl study
conducud 00 capoctod ccnd XCOP1OO●t straia rates

-1
up to 4000 80C , uc draw the fol:owiug
conclusions.

●) The ●soumpttoos nxco~mry for ● vxlid SHPB
●xpcrixent c-a be satisfied for compacted sand
SSOP1OC comstraln.d to 6 a.srly uniaxisl strein
8utc.

b) SxporLmxntal rok.lccttoo can b~ achtavcd
if oufficicet car. 1S tckm in ccoplc propcr~tlon
●nd gmor~tion of tlw incidmt strom uavc.

c) Tho stress-s?rain rocpoa$o of tht SOL1
studiad is govcrntd principally by the Lnit{al gas
porosity of the sa-plc.

d) Coxpcctcd clayey sand sasples ●ppear to bc
Lnsoaslttvo to sttaln rstc (at lcsst up to 4000

‘*) so Long ● tht strain cxpericncad is 1..sccc
than the ialtlal gas porosity. At strain. in ●x-
cass of tht VSIUOO thcro 1. ●n ●pparent straln-
rato dapoadoncg~ bouavcr, cautloa 1s rocoexcad~d
until further ●xpcrlxontil coofirmctlon of this ●p-
pcront bohcvtor cm k obtchcd.
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MOISTURE CONTENT INPERCENTOFORY WtlQHT

FISura 1. Saapla moltturo ●nd dan.lty \n coopcrl.on
to th~ Ilarvsrd compaction cutw. + Ilarvard coapcc-
tlon d~ta, o wet uf optl~um, 6 dry of optimum,
U ncor optiaum.
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460

4W

~:

~ 260

0
0200
IQ

~ 160
m

loa

60

p—-
/

(16>)/
/

./
/

..........
01{!...””

/i ..”””’’”””
/ ..”””2

obz?&42L
0.0 2.6 6.0 7.6 10.0 12.6 16.0 17.6

STRAIN INPEmNT

395 NPa, daahodg ji2 ltPa, ehxln-dottad. - “

I
,[1s4)

260 /’
<%1200

/
/ /“’’’”4’

STRAIN IN PERCENT
Pi6ura 5. Bxporlmntal raoultc for s 12.7 m .mpla
proparad ●t nominal molcture contants of 7 parcont
(oolld), 13 porc~nt (dmh.d) ●nd 13 psrc~nt (cbLn-
dotted).
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STRAIN IN PERCENT
?igurc 6. ExpJrimea*al raoults for s 6.35 m sempla
prepared ● t nominal ●oioturo cont8ata of 7 perceat

(solid), 13 percait (dashed) ●nd 15 percent(chcin-
dotted).

STRAIN IN PERCENT
Flgura 7. Cxporimtatal rapilcatloa for 6.35 ●

tampics. The cxpariaonts- crt 116 (solid), 1L7
(dashad), 118 (Aeia-dottod), 119 (cheln-da$hed).
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Figure 9. Limar regression fit to dsta for ● ll

samples co+ected to naar optimum conditions used
in the systematic strain ●djustment discussed in
text.
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FiSure 10. Stre.s-stralo rtsponse for exper19ent
162.

~lgura 8, Stress.etrain ratt plot for 6.]> ● m
.e=ples co=pacted to necr optimum condltlooa.


