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L GENERAL STATEMENT

Iotheueoal opemtim, eemrkaofeoileare are designed to meet the Deporkoeat of De
obtained during tbe I@ survey and - fenee reqniremeots fn thoee iosteacee where
teeted in tbe hbomtm7 to determine tbe the eetabliebed indueby tem and ~
witabiity ef the properties of the sompled. eeduree are inadequate for military applica-

The epecidr teat methode eonkdned herein tioo.
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mOD 100

D~ATION OF MOISTtJEE DENSITY W’IIONS OF SOI19

lJTlife method lsneedfor&&lldn&
fatlm~thereletfm~ the
aaoWwre eunteat ofaedlendltsdeoaf&
(omxlrkd Wet(rht P cahtc foot) when the
eollbcnmpxted ssqededherefa.

2 APPABAms

21@ftndet IIIoIAA ntotL6ta.10db
uneterend 7fnhiglL pmtdedwkh~edlar
6tendon about 2b. tmserutmd~le

! lnetalbaw plstalnomdkd-mw as.
-~t=~ aotbtkan
be fubedtbnly tothedetdmbb b

L. phteand ceahetleed hlcmteekmu.?e
10&lehomJae&e&toV Inoldfo?nlaf+
~-

u~d.tsk.Ametslspwexdisk
616/16 kfn~amt2++ intbickfor
umassfdse hcdtanfn themolddurtngc.mm
mdmofthetest epatmrn (eee ax. MI&l).

tiOaPUUBZharnnur mtsWG?.AaQW
*mdti~t&’PQ
UChowzl hngurelxhevtugs &in. dl-
~eteefet?Rlng fec?halWIIWe&hk
mldeal&lo. fAJLnle Imnllgfemarld
mdghtehm llbeeocmtmted tit rope?.
tnsbhreu abeumlkddhomttothe
ddmafthe mold.1’’hemdnmmalbahle
wefghtd theUeemhkdmmpktkm hunmer
fel~lh.

248~~Aetee!s&afgh~x?
ta h.
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amuatoe~titieti~dtie
=m@e dam not ~ 61YC. (140” F.).
Bmeknpth efmiltbomoghl ybutti- ●

mAnnmee toavoid redllcilWtbe size of the
fndfvidmd pzrtklm. Grennlar eon%Etmz* or
gravef containing eee larfmr b %
inmnetbe pmuswed byrzmmingall ma-
terkdkger thzm%fn mdreplecimrthfe
wftbaneqod percentage bywefght ofe
ta14e.lpMningthe $@l.uldreMnedonthe
No.4efeve. Thepemez@m ofnWerfaldner
tbanthe No.4deve tbosmzzmluezonzkrk

ssMfxtug. Flr&eepamts the Lurnplefnto
-fw=b*t-mtie-
Pl@fon~Addaeti~of
mMu*fnre2cb mmPuMnnt=tePed-
mmhmtx@PkCatia main swn-
tdner,~ wfthanzixt&htmmrr,and al-
lowtozure for Z4houre. Aehor&r~
Urnemay beomdwhem tsatezhowtbat
aborkliug tbaeurfng tlmewulnotdect
the~-termizmtb omoietulm mn-
tentu4mmcMde mnden@&fo2meon
thawellofthe~. Useasepentq
fruhpmtimlaf “’for bepecharn:
donotrenze mlymszarhl

4. H PR4XXDURE

4.1 Assembly of mold. Clamp the Mm-&
!unet= mold with deklmbh mile.r estedon
t.atbekee pkte, and fneertthe~ diek
intbebaee p12te. Pta2eamereedRsr psprr
ontopof the disk

4.2 Gmpaetlug. Pke the mold on s zon-
Zletsfloor orpedeehl during earopectiou
Plaeetbe soilintbe moldioflveley~ of
equal tbichzme (ee near ae ~le),
with ezr.b layer reeefving tbe specified tom.
pection eI?ort (number of blows of the
temper). The thichem of these layere
should be euzb that aftercompaction the
totaltbickneseofthesampleinnot1s2sthan
4.6in. ormomtban S.Ok

No& To - mnf— Withtbbqldtbd
tbieblm, a?maga tofd tblehem -y h &krmlmd

Mterthe zpezimenhedbeenmmpszted,
remove the eoIler fromthe mold, snd mm+
fuyly trtm and emooth the mmpackd coil
tloeb with the top of the zylinder. For ect
hezive ~ the moisture mntent tszted
shell mnge from below to above the esti-
mated optimum; for whezfonkee nmterl&
itebedl nmgefrom atrdriedtnee bighee
~e. He&ht of fallof the hammer
(18 tn.)mnzt b eontlxdledCmfony and
tbebhvs dkdrhtd nnifarmdyovertbe

4S COmpaetlon elfd The foylowtag
tabulation lieto the zompaztion et?orta m2n-
motidm~ moistoredenefty
lVhtiOIM and in Pmmrins spedmao.e for
CBB teztd. other mmpeztfon GtTmtdmay be
u.?edfar epedIdparpoW3 aerequim&

-,-

-1--
ekhm ~e

Cn/. nd
— m,

CE 56 .. ... ...... ... . .. ... . e6
●

Se,ooo

-1CE a“ . .......... . ...... ........ Se ee,ooo

CE IS . ........ . ....... ...._ M! Zs.000

Nob. T& ampution dort dedgnstad CE 65 la
tha UnM u &t flmnerb daie!utd M modilbd
AASBO. CE 12 ~pp?OXiBUM tba wmtinn e2-
fmtuedin uwstmkIIA ASHOW Thadmd-
Ucaobtdmsd bmaaapfalzd spprm@Utu
bobtdnadb~thmhadatd AASEO pravdlm,
Lmtwulnocb,ldmuralh.apmaf dw— tn
U@O ~tims mold etra, and bummer. AI-
dwwbthomm pmctionmatbrdllmlf brtbelll?ps
a2EnetMmn bubeeB~ykm U-wxii.
ned AhsIdo,m neither of th ~

Me2hod 100 2
.-
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4.4 moist ~iml Salopfa Detxh the
bane ** pub the epedmm from the moliL
and eke it verthlly through tbe center.
Take ● representative epedmen frum one
of tbe cut feees, weigh It immedbteiy, and
dry it in en over at llW Dhe or rninoe WC.
(221” te 2S F.) for nt knnt 12 hmm, or to
ametent weight. te detemine the mobture
mntenk For mUbU materhb, it b ed-
vieeble to use the whole eampte in ntote-
eenterddeterminations.

6. CALCULATION

SJ The mmputotion sheet f180re 100SO
ebowe the et+by.step procedure for cd.
eulathg the moieture content ae weti ee both
the wet end dry densitka of the eornpe.ctai
ecdl specimen.

& LUOMPUIWDENSPPY FtXAITON

ilgure 10M. Thie retetian ie Omletly a
streight iine when plotted M iliustrebd-
Ueiog the epecifk grevfty of the nmterkl
involved, s zezo percent eir voids curve can
be Dlotted ustng deto from tnble L This *
iation to the mot.storedeneity curvee irivee
en id- of percent satumtion for the compsc-
Uon curves and provides ● check on the
veihiity of tbe wet etde of tbe eempection
CmVee.

6.2 Optlmnm mdsium ewrient. When the
mdeturedensity rebtione have been de-
termined for a eoii and theresultshavebeen
plottedae described in 6.1, conneet the
piotted pointswitha emootb line: the curve
preduced is ~=ny pimbolic in form.
The moisture content corrmpending to the
peek of the curwe in the optimum moieture
eontent for the epecifk eumDaction effOr&
Report thfe vaiue to the n-t 0.1 percent
end indiuta the mmp8ction alert: e.g. CE
66 Opuroum mokture CnlMnt fquate 14.4
L===:

6.S Muimum ti de’rmtiy.The dry weight
tnpounde pcrenbie fmtoftheeoii ●top
tirnnm moietoze mnttnt b tamed the mexi-
mum dry density for the -C mm-
tinn ef?~ Report Me veiue to the narest
O.llbper cuft. aodindimttthe mm*
tioneffert; qr. CE5Smesimum drydamity
e9uete116.9 ibPereuft

3 MAocf 100
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55 ~~~w 5 u= fo .Ia nAlmm f~ -m. Mm

9WClmn s c

, O13silul e W9ight p, ‘ 5@Ao
1+” /.045 1. 1. Ju&mO& b6/cr/iYl
6011 wicb t u: (l+v.)- FO 5295

llcOld- Iu- if

mAnm~ I A B c I

E=%=
Tam I 4 29 I
h+wtoou 1159.8 laa s

6 f7g.5

7.8

25. s 25.4
m ●i.1 =Blfe7.7 fezf
Ua?mr~ w 5.9 s 5.9$ s * $ $

08asities in pmde per cubic foot. Welghta in gram.

~cm Camnm
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XEI’EOD 101

CALIFORNIA BURXNC mTIO OF SOI123

1. SCOPE

I.1 ~ teet method b ueed fcr detemdn-

iru tbe Csliforale BuAm ltatlo (CBR) of
edk eftber in the field or In the Mmratmy.

2. APPARATW

Zl CYfinder mofd aumnbfu meeting the
r=mir==u ~~=:ed in *= 101-1. Fm
enylmoapefmolde.one--phti b
deeirsble M two pl.stee ere requlrcd when s
mold ie inverted during the preprmtlon of
the spectmen.

U Di#k M &own in Ilgore 10M.

2s Cempadum“ timer M shown {n figure
100-2.

Z4 Appmntw for measnriwg e~ of
@ amektfx of edjustabte etem snd E-
fimtnt plate, tripod. and dial mkamder
(readfng t4 0.001 in.), M ehown In t?ru=
100-1.

2S Weighte. including mm annular cur.
ebarga wefght #ad eeveral elti or eplit
eufchuge wei.ghb M shown in ~ 101-1.

Zssoakinu tunkofmlflkkntize to=.
COmmodsteeevenltnt molded ofd-
tlcient depth to eneure dnncrgcnce of the

-de.

2.7%&rOtion *ton m ehownin tlrum5
101.1.

1

28 Loodinp deoiee, either ● labermtmy
testing machine or emmjack end fmme ar-
mngemeat (U Ulustreted in &. 101-2)0
which an be ueed to foma the ~~~
pieton into the epecimen ●t a unifom rate
of 0.06b. Per,MJmte.

29~~=fiewA
Moratory eqnipnwmt specified in method
100.

2.10 Londinp tie mwmisting of a rne-
ehanfcel ecrewjuk to apply the U @
A loaded tmek to provide the reeistanee for
the ecrewjak (see fig. 101+.

211 CaUbratd _ rkwe-

2.12 Penetration piatom 19s ill in diame-
ter, with Intm7utly threaded pipe extensimm
and cmmedon.

213 W miuometere snd mnmort.

214Std plde,10tn.indkmotnr,bwiag
● 2 l/8YAn.4hnmter hok in the center. end
weighing 10 lb.

21s Sorctmre Weicfk

%TK9T PROCEDURE.

xl Pmletntkm ted plweednre.

S.1.1 The followinx penetration testmrn-
eedum appliee to I&atory and field”in-
plere CBR teete. Satisfectery fonme for m-
rordin.s penetration data for laboratory teeta

Mctllad 101

n -b 3984
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amideld teeteare ebowoiof@el Old ●nd

I ~ 101-6 and 1014, tuepectively.

LL1. APPWSP emrekrP& APdY au*f~t

e-% i%2ronc2LR$R3:

Wetit (wItldn pkm or mime 6 lb) of the1
beee nmtarki and pevernent thet overlie the

I eefi batng tested, bot the nurehergv weight
shell be not lessthan 10 lb. (30 lb for field
teat). If the aempie has bam aoeked previ-
uuefy, the penetntton .mueberue must be
equoi to the .eo&ing aurchem. TO ~ent
upheaval of 8DU into the hole of the sur-
G wetirbb it ie edvieeble to pkce one
ibtb emnukr diek mmberge weight on the
moileuafue @ortommting tbepfeton ~
fmdyappiyiag thermdnder oftbe
Wedghte.

I

3.lM SeatinP pietcm.To ed M PMm-
tkm@etmh bzinrit kttOconkct with the
e=wdetith~d~ toemme the
Imddtet tomgteter aiodofbetween zere
ehd 1 lb.

L3.U ApplyiaP tood. Appiy lode on the
~t.t~” PMOn eo that the rate of pene.
_ is ●ppmxkruteiy 0.06 la per minute.
Obte.in Iced Im8dbge at o.oz&0.060-,0.075-,
0.100.,O.US, 0.1S0-, 0.17&, 0200-, and
OSOO-lmdefmmatiom III menunny operated
kedingd~it roaybemcemmry to take
lead n3dInge U eioeer tntenmia ta cuntrol
the rste ef prIe&8tlnm.

2J.IA Detenniuireu moiettm eatent. Ds
tennhe the moietore amtent in the upper
l~utdin theeeee ofktrnratoryt.ente de-
termine en avenge moieture content for

I
the entfm depth of the .umpk.

32 Pnwxdere for OmkiIU kbentery CIi?f

=1 Pkm the edjustabk ottm and pkte
.00 the eurfece of the ssmpl% end apply em
unudu wefght to produce en intensity of

Iuedintf equal to within pius or minus S lb
of the weight of the bane nmtariei and POW.
ment that overlie the soil beti * but
in no caee should the SU*- Wekrbt ~
lees than 10 lb.

3.2.2 Set tripod un moid and dini stem on
edjuatsble stem from piete end make inftlai
measurement fmm which to determine swell
or consolidation of specimen.

3=3 Immem the ~o]d in vrS@r to dow

free eccess of weter to top and bnttnm, and
allow the specimen to eoek for 4 deya. (A
~horter eoaking period Ie permieeible for
wile that take UP moietum redly if teata
show thet s shorter period does not afleet
the results.)

324 Make final a.eli or cmsnU-
meeam?mente, and +culate the eweil or
coneelidation - a Percentem of the i~~
specimen height.

32.3 Wipe the free waler from the epeci-
men, being cereful not to dietorb the eu?-
fuce of the speeimen; then allow it to drain
for 15 minuted. It may be nece=em to tflt
the specimen in order to achteve gwoddrain-
age.

346 Remove the perfomted piete and sur-
charire weighti, and weigh the specimen. me
speeimen ie now reedy for the perretratlon
test.

3S Geoerdprocedure for testing lalrera-
tor’yWmpected CB9 meelmens

W Far testing laboretmy compacted
Sp~M for the CBC method of design.
rnstenainhave been grouped into *
ckmea with reepect to ~im~Or d-
ekumtion: (s) coheeiortlees e-end* and
gravek, (b) colweive soils, end (c) Whly
mveiiing mile. The dmt group u9ueUy in-
cludee the CW, GP, SW. and 9P ckesltlca-
tiom of MIL-9TD419. The eeeand group w

-.

● ’

●
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odiyfndndee tbe GW, GP, SW, ud9P&
Ld9atione of ~9. The eecond
mUOPIMJ=OYtnctden tlte GM, GC. W& SC.
?6LCf+and OL ckemdkm%eutnsmile
n8ue.UYcmnprteethe IKE,CE, A OH ckd-
btbxm Sqmmte procedureJ are siren for
each of tbe gIwpe.

~ COhe&Otltr-J8WA med t7?UVdJ.

S2.1 Cohee.ionked eotte usually compact
IudQy under mltere. or trsflle. SpxJmenn
shall be premed, ss epmffmdin method lW,
at high denafti~ aod M a ennge of moieture
eontenta bracketing thoeesntieimted in the
fletd. tncludJag motemre coOtents Mht6h M
~k If ermking daee not lower the
cBILitm beomMedforfurtbertMte on
theumematerht.

Ml17 Cohesivemih.

U ~Te -* of+=ive
@eareMlnammn ertodevetnp&te
thtfidmwthelrbehs vtoroverthe entfm
manreof UIMa@ed mofstum contente. Test
~~ ~ Pret=md and mmtion
curves am developed for the CE 66, CR 26,
UMfcE12wmpacttmt etYorUMdemibed
&teat methoef loo. EKJlspecimenetmfl be
eoakentandpcnetmted todevelopaeomplete
f=i@ of aerma ahwrfns the relation be-
tweeo demdty, mofetnre mntent. snd CBR.
TO ~ tII ~ tie v~dity Of the
mopMion ds~ s eemftog ptnt of ensxtmum
ltene.ftyVereue.C@mpecttonet?ort in energy
par unit Totnmeusudy gtvee a etmkrht-line
rekttnn M uhmtmted in te!etmethod 100.

-The &tafmma CBRteet me
- = fn m 101-70~ the A*
fmlflyafcBItmuYee repreaente the etmmc-
tm’tstb eneompMeitlg awiderulgeoftMd
coBdtttom3.1%edmign CERshallbebaeedon
ttte &md& and moldlng mofetum cnnt.ent
aotlct~ted to the !Md. For cxsmp)e, -me
t&t the tesn day d, for which Jwulte are
PfOtted io9gure lol-70enn bepmeesmtt0
an Sw?rage moisture content of 1s percent

to 16 permit uid that it an be come
toadensfty varyinsfmml~o~(~r
of modltled msximum deneity)ti 116 ~

per eu ft.(eee~hstched ar= on 10WU
IefGharid plot of 6s. IOL7). ~ ~*=J
could be controlled so tit the deneib ~
Moisture cmltmlt Wem Withii tb~, mnge%
the ?&h- PM of Ogure 101-7 mdicak=a
that the A18, after Mofdtum eondftimte hed
beeome adjueted, would have a CBR (eee
rmee-hatched ueJ on right-hand plot of fk?.
101-7) Vdnz between about )1 (110.s.
Ih-per-cu-ft denait.y ●nd 18 Pereent m~*m
content) and 26 (lltLlt+er<u-ft density mod
M pement moisture content). The desisn
CBR eeJeetedshould be near the lower value,
any 12 The right-hand plot in Egore 101-7
showe that doe-e wn~l of m0i5tUre mnt.ent
within thoee Mb (18 pement tO 16 w
rent)ieneeee4uT beuuee low CBR nloee
willbe obtied Ifthe moieturecententu
allowedtokreae.eappredblyabwe thede-
Sfredmllze.

3S.4 Swefling*.

SS.4.1 T%e teet prneedurcefor htghty

sdlhtgsoif earethemmem thmepre+-
ouel.y deecrfbed for eohestve eofle: hmevu,
theobjectivee of theteatingtmxram8m m
exactly the eunc Teete shall be performed
on de hmfng expm.eive ehernctme

.tib

detemine a moisture content mid a denei~
which wtIl miotmize expension. ~e proper
mcdetum mntent and density me not neees—
miiy the “optimum moisture content snd
deneity for the CE 66 comvmtkm cfl~ Geo-
emliy, the mfntmum swell UUJ h&he9t
socked CBB wUIomur at a molding mofetum
content SUZMJYwet of optimum. When ML
inghfgh~ewellhg eoile, itmeybenemmmry
to ~ amoplee for a wider mnge of
nmisturee and dcnsitiee than that normdy
ueed hi orcbr tn establish the relation be
e mointo?e content. denefty. ewell. and
CBR fm. given coil. A careful study of the
teetmmftsw ftlpermit theeekction of the
proper moteture content and denefty m-
quinxl in the IMd. It should be noted that

●
✎
✎
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tba-b~ti-=edd~
may be governed by the armpection require-
mentehmtaed of the CBBiOmme cesee.

S.4 mu h-place teats(== m lol~ f~
data ebt).

34 Field in-place CBR M are used for
deetffa ondar any one of the folfnwing con-
dtttona: (a) when tbe in-place deneity and
water cootit are eneb that the degree of
eaturatiou@reeob?e of mide W Wfth
water) ie 30 pemeot or greater; (b) when
the materiel is coaree greioed and eeheefon-
leae w that it ie not m?ecterfby Chm=e in
water canted; and [c) when conatnxtion
- completed aevenl yeem before. In the

Iaet-oemed u the water centent daee not
_ ~ COO.StaOtbut 8DPCGmto
tluctuate within rather narraw rangee, and
tbe field in-place teat ie eeoaidered a aatie-
factom imflcetar of the loeet-cartyin8 ca-
45. The time required for the water cnn-
tent to become stabii cannot be rkrrted
deilokely, but the minimum time ie nppmxi-
mdeiy S y-

*4.1.l Perwtmfim Levef rho surface to be
tat@ aud remove all Iooee moterial. Then
follow ths procedure deecribed in S.1.1.

S.4.L2 Number of teeta. Three in-place
CBR tee~ shoutd be petimmed at each eleva-
tion teeted in the beee txturse and at the aur-
feee of the aubirratk How$ver, if the rwrlte
Of the thMe tedte in illly mUp dO Mt ShOW
e’e=one~e emmant. additional teau
attotdd be mde at the esme Iccmtion. A eva-
eenable agreement between three tests
where the CBR ie leas then 10 permits a
tolerance of 3; whcrv the CBR le from 10
ta SO,a taleranceof 6; end fmm 30 to 60,
a takrenca of 10: For CBR’S abeve 60, vnrin-
tiona in the individual readings are not of
particular importance. For example, actual
teat reeulta of 6, 8, and 9 are reemmable mrd
can be avcti ee S; results of 23. 18, and
70 am reeeansble and can be avemwredm.

.----

20. If the tlret three teeta do not fall within
the specified tolerance. the three additional
teete are made at the same lacation, end the
numerical avemge of the six teata M used
es the CBR at thnt Incetion.

3.4.1.3 Moisture content and dcneiiv. After

completion of the CBR teet. a eanrple shall
be obtained (a) at the paint of penetration
for moisture-content determination. and (b)
4 to 6 in. eway fmm the paint of penetration
for density determination.

3.5 Undi&bed sr=cimene.

3.5.1 Because of the MRculty of obtaining
reliable CBR test resulte on aa-celled undis-
turbed specimens, these tests will be per-
formedonly in special came.

Nom Tbeputpmccirnof obtaininemd testing
umPJea h woodenboxes ●d of Iewinc M mnular
S- k= nmplm and continer wall b h llllod
wltb plastic mawicl such M wrafb abdl b dls-
-tinad aa tbcrO pnrticm kWO - doubt u b
tln edceuaar of tba Imesral eomlnwmnt of specimen
durinu tho CBB tcsL

4. CALCULATIONS.

4.I The CBR shall be calculated immedL
ateiy after completion of the test, na follows.

4.1.1 Plottiug Iood.wmtrntion mww. cd-
culatc the penetration load in peunds per
square inch, and draw the load-penetration
curve. It ie aametinws necesee.ry to correct
the CBR value becauee of surface irrei@rmi-
ties and, or the concave-upward shape of tbe
rurve that characterizes samples on the wet
sidr of optimum for certain soils.F&ure 101-
8 shorrsbath the uncorrectedand the cor-
rectedCBR curves. Correction cnn be made
gmphically by adjusting the zem Wint of
the curve ee in figure 101-6or itcanbe made
mathematicallyby’eelectingthelargestCBR
vulue baaed on land incmaae divided by the
standard loads for any canaecutive O.I-in.
m 02-in. pmetrtrtion. The mathematical cor-

● ’

I
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AM C~ CBR. Detem.k the cor-
IUteel IoAd nlnee. at 0.1- and O.zta penetm-
tinnf7umwbkbtbeCBBvbhmsW~

by dlrtdbw tbe mmected Uatt I09da J 0.1
and02tnby tbeuMxtsrd lo4eofl,000and
MOO pat, rupectimty. M ratto Ie muNt-
plied bylOOtOObtatn the bearIngmt& tn
c==uLTlie CBRbtiy~at
o.1~ ~ If the ratio at O.Zin.
~~n in mater. tbe test should be re-
Naucbeckt ent.$give strnilarresuko. Rae
the CBll ●t O=In. penetration.

rMtmd lot
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D~AllON OF DENSITY OF SOIL IN PUG

BY’fWEDII.WE~=

L SCOPE

umiemethod ofuetkmhwedf~d -

tmdrbx the fn-pke dermlty of cohesive,
~ ~~

z APPAXATDS

M m ~L Oven ar other enit-
abh quilallmlt for dmkul ~t

Z2~ALmfamceor_of10-kiT
=c=M M13um?6t01.0 g, Mdabsbmee Of
SOM axty eaarete to0.1 K.

Z3Drive ~Wtype90f drive
eJ&lwJcm of O.ol.cw-ft aputty eulfermhu7
tOthedetafYe #bowntndmlrellOM end
1-

tiD+eked. Twotypee ofdrivebeede
ead aWII~ canfoxmlng to the detdle
abownln dgurweluZlendlOxL

= Medbmue ~t. Ten-pound
- ~. $-h I-tYPe ●iser.
AovwYorepade+steele treightedgewfth one
eb=p alsa. MnAons butcher Ymife, eeem-
1- &l cane with Ii&e.

S. ~ PBDCEDUEB

S.lwdght eneivofumc ofeylbder.lk
temdneend rwxdthetarewefght and
volnrnc of the drive cyhrder in rremn end
eubk emtlmetae, _vety.

1

u~wtydmtim em-
lent al or near the snrke. Placetbe drive
cylinder on the .earke with the shm *

down, end eeet the driveheed on the eylindcr.
Drive the cylinder by meene of tbe dmp hem-
mer onto the top of the cyitnder b appmxi-
metely % in bedow the origine! eurf~ Ite
move the drlvehead. and * the w~m
fmmbg?enmd wfthaebovela aa
CYeanthe soil fmm the sides of the cylinder.
md&knthe c.ample fiemhwitbbotbmde of
the cYUmder, uefag a etn&htedm. =-
mtmeend mcOrdthe=etwe&htof the
-* UUd CYYiJl@ es men es trimming
bae .becn wmpIekYL Ikoove the eample
from tbe dlnder, end obteln a mO-
Content speckmm of Sppmximetely 100 g.
Detenn& thewetweight eftheenc&luw
COnkntepedmcas ndtbendryitto Ometent

weight tn en oven at llW PM Ormime 6.C.
(221. to ZSfVF.) and deterealnethe &’
weight.

xi m~ deadly d moiek= -
tent bekmlhe enefeee. WUaholetn the&
eimd depth with en Iwm-type ens=. Ckm
the bottom of the hole of Iooee meteriel.
bwer the drive cylinder Into the bole with
saffteimt length of md to permit tiving
with s 10+ sYedgt hemmer. Drive the
Mmpler until the tap of the CYllnder k SP
pmxknetely lin. below tbebottmnsmfece
ef the ●?ger hola Break tbe emvpler fmm
the hole. Remove the cylinder fmm the drt-
heed, clem the cylinder. end trim aampk

ende wfth et?e.i8bt&~ Determtne end &
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cod the wet weight of the aarnpleand cylin-

der u emo M trimminK has beeo cempieted.

Wrnowe the euople from the cylinder, and
obtnin ● moieturHm ntent epeciroen of ap
pmdmtdy 100 g. Detennfne the wet weight

of the moietur=ontent spcimem and then

dryltto conetant~tinano=atll~

plus or minus 5. C. (Z21” to ZiW F.) end de-
termine the dry weight ● ’

I
.1. CALCULATIONS

I

.1.1 The deneity ie ulcuiated ae foUowe: I

Weigh of water, g
MoietlmemtLmt.70=— x 100

Weight f dry coil, g
?

“atwet wag of eunple, g
Wet denaim, lb/CUft= x 62.49

Volume of cylinder, cu cm

Wet den&, lb/cu ft
Dty demsi~, Ib/cu ft =

1 + nmisture content

● c
)
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UQUID AND FLMITIC UMITS OF SOILS

2.4~AM. A’pmmbinoqm
IdlIgdlab aboat4% llLipdlumtcr. .

MUqubilldtdeVI=A~&
Vlot OILuMns Of Sbrwmpdcmhm
ca7mtnb3edmmrdlzut0the*d lum5-
dal shown bl diluru 10M.

;7Gm07tng tanh G&tmtc. ofti
muntdtnWmdorls Ebminalml.

mf3arkafarmtEEs—A~
#ateablmt8bLsqlmr=

Z.91bkDM. Abslsnce cUtiaeudtiVE
to 0.01 g.

Llor.rtbedtenmte PrOdumdmcrkd
InlU3X(b) taumdfcu rcnwin8theb
inter,tbmtbefOuOd.u8ddltAnulhem
Ofcqutpmm twalbemaufred:

(a)Eudtmrflmnd.

(b) &pptJaf Na. S,llcm. J. H. Munk-
tell fflter x.

(c) ‘rubllktcd ikk (see &r. lCS-Z).

(d) kCUmdP = uptm!m far Q.
VulnIm.

%11 Utbe~pma@unedmuibed
inlUIS(e) btmcdfor reumlngthewub
u8tu, UMfoRowlmf uidItloxml itcEM=tll be
-:

(a) Twotofaur lUtercamtlc%um
anfm40fUw*dlme-
d&a8pednedln~ph
S2M(c).

(b) BfetAPmlRcknt4 bm tohaM
IUter cmtdk (lee *. N&2).

● ✎
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[e) Small roaoifold end four pimm of
robber hoaa M pictured in figure
10s-2.

(e) Vaeuutn pump or =pir=ter for aP-
pucatten of Vacuom.

3. SAMPLE

3.1Hemilirw end atmage. certain ~~ ml-
Ioida. partk?tlerly tbate iO OE?UdC d. ~
:1.: rKO irreverdde ebsrtgm en MU. d

Leataetr sam$rleae ftheaamitawhwb

dried uaualtY Pmdu= ~- MM ~t
valuea than teata orI mrnpks tkat have net
been dried. Oven-dryirw will prodttea even
lower liquid limit veluea titan airdryix.
‘1’hua,although the etkt of dryhw is xcM-
bleformewmihit~~t~~
instatwea. ‘f’heae &stances eutrmt be pm
dieted and ean IK detanninad only by cem-
psrins tbe Iiqutd limits of dried and undrted
MIOPIM. Since the teat reaul~ should indk
U*A tbs cbresseriatke th~t will edat at the
emratruetionsite, it fellewa that no drying
should be @mnitted (where drykra ~=te
the reeultd sigaifkantly) for mile that will
not be subjected to drying either during or

,titer mnatruction. Thin restriction appliw

3WifidY CO foundation eoile and to other
soils that will mt be distubed _ cen-

atruction, mrch - three to be rued u em-
bankment e.ubgrade,and ftll motariak since
these suila are rarely ever eubjected to signi-
ficant dryht? On the other hand, subbase and
be.se eouraa materiele will be subjeeted to at
least partial &ying during the mnatruction
provese. In 00 inat.anee wiU the mnstruct.ion
operations pruduee dryinK ttmt =* air.
dryinu; therefore, no arti&ial drying should
be employed prior to start of the test pro-
cedures. Based on these eenaiderationa, the
fOUOvrinffpretreatment preeedura are 6peci-
13ed.

3.1J Furall soils eacept subbases and buse
c wrne.e, anmplee shall be main-ined at

natural moisture contint and nn dryina ahrdl

be permitted before S08MW (initial SteP in

prncam@ sample) unlese check teats ebOW
that drying producee no significant change
in the liquid limit.

3.12 For aubbaaee end baae coume.% nn

see mesaurea will be tiken to prevent
tme of rnoiature between time of eamplinu

and c.tart of ting; hOwever. ficial drY-

ing ia nnt pennitt.ad prior to tiiw of the

aalnple.

3.2 Sk The eemple e.~ beof sufiient
eti to produce 160 to 200 g of material paee-
ing the No. 40 sieve. If grain-eke @Ys~ ~
to be made also, tbe .v.srnpleshall be large
enough to furnieh suficient ntntarial for

both the grain-size enalysia and the limits
taatz..

33 Preparation. If the 8ui19mnbin par-
tictea whkh will be retained on a No. 40
sieve,the!oUou4rtgPmmdure s~l ~ fOl-
lowedtosepsmtethePlus artdmtnrtaNo. 40
sievesize matarid. Yor anils which are ob-
viously finer than the No. 40sieve,thiipM-
mdure in unneeeseiry.

3.3.1 Piece the soil earnple in one er more
pane M neceaeary, cover ~th water. md
snak fnr 24 hours.

Not#. A &mr ting time rnsytuusedwhen
tesh show tht ii will not aflect rtw rcmlts.

3.3.2Placeempty No. 40 sieve in a pan.
and peur the water from the sample over it
Add water, if neceemry, te bring the surface
of the water to appreximatel y !~ in. above

the mesh of the sieve.

3.3.3Placea portion of the seaked ma-
terial, abuut ~ lb. in weight,in the water
nn thesieve arrdstir by hand while agitating
the sieve UPand down. If Iumpe are retined
on the sieve t!mt can be crumbled between
the thum!, WNIfurcfmger, break these lumps
wwi wnrn the materinl thrnuuh the eleve.

qd

I

.

● ✼
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●
U.4 Lfft the sieve dove the ad ●cd

water in the pan, md waah the remafnim?
materisi wiib s amail amtmt cd water until
tbe waah water ia comptetaly clear.

3.2.5 Tranafer the material re.tsined on the
No.40eiave toscltmnpan. and@ca UI-
other increment of the eoaked eample on
the. aiwe.

; qt. 3S6 Repeat this procem until all of the

!

saaked eample hem bean waahed.

.3.3.7 DrYthe material rebined on the No.
40 afeve in an oven, and dry-eieve on the No.
40 sieve. Add the nmteriai paaainiythe No.
40 aieva in this siavfng to that aiready
waahed th?onsh the No. 40 slave.

i

3.SS prep the rniuno No. 40 hetion
for tenting by one of the following mcthoda:

(d Set the oen cmctafning the tcaeh

MIMID.621A

tobntakd ikak and filter the
mbma No. 40 fraction af coil
h tbe waab watar by spplying
chfghvuuumtofbeti

(c) A rapid md!xtim of the moiaturw

8’=

(b)

wnkr “and minus No. 40 fnr-
tian @fthe eample aaide, and do
not disturb until all the soil parti-
eias have nettled to the bottom
mtd the water sbvoa the soil is
clear. Decant, siphon, or wick ti
aa much of the clear water a~
pomibie. For aolle conkinfng dm
GOIWededts end them in which
the waah water wfil not &come
eieer in a reaammblc time. the
water must he removed by evapo.

ration. usinu an oven or heat
Isnrp, untli the soil rearhce ●

moisture content that sppeara
likely to be junt ●bove the liquid
limit. During the evapomtion
rrruce... stir the ad frequently
to prevent over-hestinx. Chem-
fufa maY not be added to hastrn
the settlement of fines.

U= a No. S. 11 cm. J. Ii. Munktell.
NO. 604 or 567 S&S. or No. 1
Or 9 Whatman filter paper in a
Buchner funnel mounted in a

3

content of the ample. after m
tICOd of asceaa water or by wick.
imf 0? alphoning, m be effected
by apr=dhs the aiurry to a
daptb Ofaboutv&in. inadr7
u!aater-uf-Parie moid. The coil
ioaes mofaturc through dmorp
tion by tbe moid until it reaches
the deatradeonaiatency. The sizes
mrdshapea of the molds for PIW
ceaaing aamplee rary widely, the
optimum sire depending prim-
●riiy upon the kind of mtterial
and tie of sample to be D*
ceaaed. Moids are easily cast in
the iaberatory using iaberatorr
pnna fer both internal and er-
ternai forma. Pal-la Slloulci *
li.glctiy greased with wtmirum
jelly to permit their ●ay m
mov81 after moidinjr.The moida
may be ckaned after u.aeby trip
ing them with ● moist spenxe or
ca?. They ahouirl then he air.
dried for several days before re-
use. Piaefwrthe moist mold in●

oven to haaten rlryiogoften
causeak tufaliapart.Prime the
tittercandleewithwater and lay
them in the bottom of a rec.
tangulu mebd centainer. Pour
the waahed sample. usuaily con-
tained in n @lIon jnr. onto the
Illkr cmrdlee aa vacuum ia aP
Dlkd to them thrrwrrhthe meni-

fold and hose. Before the un-
trdled 8CUrCpl~are poured. and
in order for tbe coil to .asaist in
the tllkring pmceaa Speon the
aanrf aizea that have quickly set-
tled in the bottom the iar onto
the toD of the filter cnndlea and

~ lm
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4.1 Wofdtt-itteeL

4.1.I De- The tfqnld bait Of s ad
istbemotetum mntentexlm=ed aa aper-
~ of the wdgbt of the oven+ ed,
atwhtch twohslve90familmke wftlllow
t@etbmf~a~&!+hdong the
bottamof thamwovesemrdzmthe h
balvea in a Uquid-llmtt teet mp, when the
cupiaetmppada~dlem (0.29s7
im)26tfmea attherateof2blowe per-
orld.

4.12 .%mpie. Take abnut 100 R from the
thoroughly mixed portion of the matertal
-u fie No. 40 sieve (prepared in amord-
eace with the method demrlbed in 4.1.S.).

US Adjt@mmt of meckniral device.

4.1.S.l Inepmt the liquid Urntt device ta
~ tlmt it le in gmd wo~ Ordm.
tit the pin connecting the mp ~ not ~~
SUtiidently to permit eide play,that tbe
eerewsconnectingtheeup to the h- M’m

are tigh% and that a grmve has not been
wam in the cuP fromlow U=ge-@* tbe
gmovim tooltodetenntne that the critical
dimensions me ee shown in fiuure 102-1.

4.1.s2 BY mu of the muw On the h~dle
of the gvwmfng tool and the adjustment
plate A. flgum IO%L adjust *e heiirht to
whti the cup B in lifted -w that the point
on the cup that eomee in enntact with the
baee h exactly 1 em (0.S94 in.) above the
hem. f%mre the e&@etmmt PM by ~ght-
eniou the mrewe. C. With the ga@ s~ll in
place. check tke adjustment by revolvtng the
crmlk D at a rate Of 120 WOhItiOUll 8 MiXNIte.
Iftheadjustment is mr=k a tight fick
wiil be heard e&shtime the crank is turned.
Iftheeup ieXtithe~mno oound
ie heard. umke further adjustments.

4.1.4 Plnee a portion of the thoroughly
mixed snil sample in the cop over the spot

where the cup’ rmte on the baae, and s@eme
and sprmd it into the poeition shown in
tlgum NXM w+th M few strokes of the
spatulaaa poeaible.@ldm7 ~ ~ pnnnt
the entnpment of afr bubbles within the
maw. With tbe epatula, lewel the coil and at
the eune time &tm it to a thicknens of about
s mm at the point of maximum thickne=.
Betum eseeae coil b the evaporathw dfah.
Divide the mil in the cup with a firm etmke
of tbe graoti tool dOnK the di~e~
through the centerline of the cam follower
w thst a clean, sham eve W~ be fo~=f
(* &. 10%2). Sandy or flaky mila may
require eeveml etrnkes of the gmovirw tool
to avoid -W the eidee of the mmve. In-
crease the depth of the groove with each
stroke, and wtth the last stroke eaap? the
bottom c: the eup eleau Make the mme
with ae few stmken ae possible.

.
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loax$mmdy uadyor-ldltwbere
ltbmtpomtbte todm-tbe~ foot

mthed~t+?uiortheefdmof
Utesmom waspmtnl srerthetottw

~~wtbecmdogtoolforthe
tlnat&ptorofttm~~toob
ebaflbe eber.kdfrqoemtl yfa~of
dtmeoeIooa beaom Of m@d @lt WU?.

MJsIAftd dmpthecup,b Ja
tbecnnk sttheruo oftwommtothm per
-oatItthe *tmtwaoftbemnake
-ioamtaet mttbebottamof thegrolm
fmslel@l of~&. (*.llxu).Bewrdthe
OomberCdbkwareqdred

u6Raaou ade!eafeotl~
tbewtdtbOfthes@uk extdlOgfmEl
aketOedgeOftbeeottakel.:Agtltu@tm
totbegmom aod~utpertkm d
themOOve towhkhtbeeou tkmedtO@lc?,
mdpkeit tomt8red contstaer. we@tl d
mm’dttle m@tlLOmmdry tbeeOatu
tbecaaLOEr to~t!metgtlt 4110’
Plue0rmtone6° C (~”to~F.), srd
mwefghae eOooaait haamaledbOt&fm

~lA

bm=mk~mh~w
rmdthte wedlrhrteco?d thetmhlretght
dmtod@Oz uttmutIhtafmtar.

u.7T?ulefE ttmeoll mmtlliW in the

~P~~~-w~-fb
tboalpmd gr00d02toot fopxquetbfer
thooexttrtsl.

4.1A Itepe8t the feKaofng opemtimu m
stteuttwOeddttfI?ml uolpk9wfthtowr
mOtstOm~~eobjeMrwofthte

~bb-wofti-
etltemyths tthenombe raftbmmmfred
tadc9etbe ~waltmeMs; them
berofhtme ehmktbetmsthmsdmme
ttIs016. InmhIctM tMmddauecmteJIL
theeoil stmtloOt bedrted betowltap4eetk
tlmttexrept wttaltlae ItQnfdilmttfekm!r
ttmr&pktte ttroiLuode?m~
~stmlld ridmflbeddedtotbe -
eooeddmlutatet

4.LstxmM4eu C&otatattmmtsbm
moteotoft tleelmqnaefua~

aftbedgtlt oftbeo?emmed MI Luf&

tom:

=m~-
Bfeistoreeontal i%= x 100

We&htofomld+edmtl

Ftzlu’em3.6t8a 0311vententfor mfo?remrd.

ioz -

uo~oftim. PMa
%oW uane- ~tingtbareM100b
twe+?!l moieture lmntuluand~
Iouflben of bbwsoftbecupeo ● mn.acg
ptO&withthe oloi8tumanltentd aem+@08tM
altkemWuMt&l ec8kdtbewolbue
afbbnu~ ontbe~tholk
@e. see f?mlmlo3.fl fer&Mdgmptl
dleetme oowmmei Jastn@tttltedrBm

-=-b= lm-fbiethmlftlthe tbm?er

--*b

uJl L4@ddbit.lue tbeolotekmam-

teotmnwpod& tothetatmeethmOfttm

s

809alrve uitbthe xi-bhabectM8u the
lt@lduoltt eftheedL EtepdthIedneta
tho ~ whole Eomber (ace ttg. 10s6)

4.t.t D8)lmUimL Tlleptutlc ttroftofa eon
iathemter content.. eqoumedma par-
~ofthextd~eoflti
lrtdcbtbeeofl tegt118to aooIt4ewhrxlmlkll
iotoattuud %ln. lodlemewx.

4.U.%npfe. Takestmot60gf”m&
~h--dti~
mmtmzthe No.40siel= (p=pmdtnw-
czwdanmwtththe method ~tn3.B.).
Tlteeuopte olaybotakeu frmntlutoeed
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!= the liqdd limtt @d provided UOffLWIO

drTfasbM~wtitimt-
hrnpe.. Atr-dry uwtUthemtl_~

pbtleeneugbtobemeflyba~ ●

b8n. Takea Pertionofw M=Mf=
ebeutagfortbeti

4.2S Squeeze end foml tbe s-g epectmen
into m ellipsoidal-ebmtrd roMe. Ron tbie
meeebetween tbemd tie tTroud-
glasaplate rntbjuetenoutrb~um ~
(ormatbreadunffomin~~
.mt i~ Iemgtb (dr. 10S-6). Tbe mte of mlb
ulgsball be betwefm 80erld90stmkee x
mtnut%coua@nS aJtmkeuonemm@e
roetion of the bead fommrddti tatbe
- ti~

424 WlteeI Lbe dimeterofthethmnib
~%&ti*** ekor
e&htpfeeee.9queeze tbepiemetesetberb
twwntbe tburnbe uldtb147em of botb ban&
lwtoauniform maeemWgb17 eluPeoidd h
e~-titieti+on(h
bsturzrolling toatbred *tn. iIIdtWMt=ro
breekk gattdng together, knendlng, and
rerolling) untiI the thread cmmblee und=
the premure required fer mllins end the eetl
emmbnger barolie dintoathrwad (*.
103-7).The mumbling rney occur when the
Lhredbeeadhmeter gresterthen%io-

1 ‘rbisebellbemMidemds~~
peint provided tbe eofl ben been previously
rolled intostbmad %ln. indtsmeter. Atm
time shell the operetar ●ttempt to produce

fake at exactb %.in- *e* b’ *w-
ingtbetbmrd toreecb %h. th.~mdu-r
tbemteofrdlhwortbe~~ or
botb, end contirdng tbe rolling without
further deformation until the tbmed falls
apu% It Ie pemdeafble, however, to mduee
the total emount of deformation for feebly
pktic soils by roaldmt the inttfd -e
of the eUipe&&ebsmd = ~ ~ the
required %-in. dml diameter

o-“)

44

425 Gather the porttom of the cmmbled
ceil teguther, and plnce them {n a tared mn- -.
tie?. W& the eoatiner end coil, and
reeerd theweight.Oven-irYthe eon in the
mntainer to mnetent weight at 11(Y plus or ●
minue 6. C. (221” to 2S9 F.) and wekh.
Record thie weight. Wmordthe Ioeain weight
due to drying ee the weight of water.

4.2.6P&tic li?ml. &dCUtBtG the plMtiC
limit,expreeeedos the moieturecwntentin
percentage of the weight of the overdr’led
coil, ee follows: “

weight of watmr
Plutic liroi~ % = x 100

Weight of Ovendried coil

Report the plastic limit te the merest whole Plasticity index = Iiiuid limit - pleetic
number. 9ee dgure 108-6 for &ta abetk liroik

43.7pbtiGitQ ti. See mre 1OS-.5for doto sheet.

4.YL7J CdeUlete the plasticity indtx ef a 4.2.72Reperttheditlerence calculated as
soil ee the .diUemme between its liquid limit indicated in 42.7.1m the pleaticityindex,
ml ka plasticlimit,ee fotlows: exceptudder the following conditions:

Mdlwd 10S 6
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(a) Wlm the liquidlimit or **
Itmitmumt bdetenntned, m
@thephstkity inrtam3NF

(mrlPi=@.

(b) Whenthe eaili8e.wbuidyun&.
theplMt$c timittemeImilbe

MMTD421A

made before the li@d Iimk If
theptastic limit aaaotbe~
termhwd, repmt the soil se NP.

(e) Whan the pldic limit is equal to,
w m=- - tie liquid U8dL
~ the plaetidty index M NP.
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mOD 104

MODULUS OF SOIL EEACIION

&mELDTmrmtwmuBR

lu’mleaetnpaf thatImtapwmtus mdtheJ
dntladhaunalt sruthlY68me mganika
afdltype orc&ul@L Fdlwtnxttmnl=t
tlmload !krcnmlak tlmttstprawhre ta
dmrentforlow4t181@mnsd*

~m5hM*P*-
pmmdur0amufnnaw8.

MdlNd la
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wRuPom6m of ted area Strip en

amaofthem tltobet dedtothapropoeed
elevation of the enbgrede surface. The
drmed ama should be at lt@ twice tbe
dIamt&roftbe plateatodimio8ta aurehu8e
eontpmedofful~~ stat

‘ ~ent at heat SO hi. in height ~ins
tbepmDoaed srfmateAal mmPmt=dti *6
mofatom eontaot mtddtelnitVtbata be
mqolred dnriog amamtcumt. claartbaarem
to beteatcdofallylome matdaleandmake
.I!evel. lktrema eueahouldbehken notto
.:wturbt hemilintitmtn eaPec@Y
iagnmriarroaterMAD@?andlevelathln
layerof clean eand or piaatar4f-Parie, not
tOexteUi l&Ltn Mekrml&mltbabat -

s.UTa@p-=-eWti&b
dismatar beariag phteontbeaaud or
PfaeLx4f-m l’uming or working the
pti back and forth will brdp to provide d-
fonneaating ofthaplate. Caotertbe 24-ii
andl&in.dtsmntar plateeontbe 20-la.-
disrmrm plsta, and =* the hydraulic jack
00 the I&i&&mater plata.!fcrfbbingia
Iteeded,c?I bbatw=t itbetOPBMMdtbe
jeck. Ifaateal pmvtngrlngiebein8 used
tonmeeure lo@&itabould be DIAmden tov
nfthejack endtihall jointused ~
.= provingring and loadraaettondevice.
~c loadraetiendevfm most be. long anowzb
aothatita eupprmbwillbeatlemt 8ft from
the besring piak Aatdbeambetweentwo
leaded tmcke lmovlde, a good load reaction
devim.l’hm edfalrnierometa meballtmuaad
to meaeure deformation of the ad under
loed. Place tbe5emicmm@e reeo that the
dial sterne rmt oa the bttorn 2&in.diameter
plate not more tbaa % in. fmm the outer
edg&upxed 120degme+ea~Faeten the

4emtoafnme wImeeeupporbJsm
.stleaet 4ftfrom therul.m of theso-lrlc
dhmat8r Pk~ A mcd apparatue tip b
ehowntntlgurel13&L

S1.2 Leading pmmdum. Seat the toadlng
m.tem and bmrtng Phta by applyins a load

.-

of7071b (lpaf)wben tbedesIgnticknrua ● 7,

of thepavtrroant wiUbeleeethen 16kora
load of 1414 lb (2 pei) when the ddgn
W&new of the pavement ie 16 in.or more-
AIlow tbe eeatingloadto remain inpkaw
untilpracticallycompletedeformationbae

takenplatml’heotak earaadingonelltbrea
didrniero m~whicbwi llbeueedae~
“aaro” reading. The e.estfng load ie atee
eoneidamd to be the “zare” lead. Cyclic lead-
ingimder theaeattng kmdmaybeu aed b 52 “
mama good mating of the apparatoe end

bearing plate4 Then, Wltheut nlmafng the
amting load, ●pply * load lmmmanta of
SS2Slb(f ipei)em hwit. bmcbload-
ment teinghfdd tmtij the rata of deform&m
faleeetban 0.0001 tn-per minuteb Read all
three d~ micrometer at the end of eaeb
leed inersment. Followfng tbe completion of
the 7,070-lb. (10 pei) Ioed irmremeok datar-

1

mine the average deflection by avemgfag the
totsl movmnent betweea the “ram” and 10-
pd incmmsnt for aech dial. Then cornputa a
value of k’., (unmrrected mednlm of aoii “
reaction) ueing the follewtng fommlm: ● ,!

10 pal
x.=

avtmge, daktioo

If tbevalue of k’, ie be than 200, the teat
is mnaidemd mmpkte end the Ieadmay be
relaaeed.Should the valueof k’.be 200 or
grmter,applymidition.al load incmmanta of
9.5S6 lb (5 psi) until a total load of21210 lb
(30pei)inreached,allowingenebloadin-
ment toremainuntiltherateofdeformation
ielam than 0.0001in.per minnb I&ad all
time dial micmmetem at tbe mmpletkm of
each load increment.

3J.4 Soil mmPZiw. An ondiatorbed sam-
ple ofthefoundation material muet be Ob
tained for lriberatory taating to datarmtw
the eaturetton eon’ection to apply to tbe fieid
tmt value. The Undleturkf ample must be
large errc,,~h to obtdn hve eonsolidometer
sximem side w aide (i.e. at the u &

●
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Wttoro.’rakethemmpbtnstinerdb
ahbforeeeungtopmem themoetumco-
tmtuotil the bhoratmy mmctkm teeb mu
hepdmoed.wlleothePt-b-fw=
b parformed dirutb on mhmfw subm=de
matcrtdobtnhlthem~~
fmm the foundation u the - elevation St

whtdi the testb pdO?Uld but doadfe

nthmthmundertiubtu~m~~
Udmdmam=ubt= Wnnem
&Afwhlch&u AerbfdlJYam Hm rm-
ter14snd wheotbe tr8eeconme&1me*
nhtnthicknes%-hu~~
mnude &am the mhmtve rmtertat st the
bottom of thehmemume.

32LomktefomatIm~~mtie
Y.vdllc +ummputedhu-%bk tho
200, toeddefonmth mrvee need notbe
Dremzd. H-w, when the k’, due b 200
orgrmter, ittenecemw to plot s toad-
ddoremttoo curve aod mmxt the curve for
erAthtn.ga mpmremf147ti*e D~o
mmthear Imddefonnatten mbtt~ or
eharfuemu T%emlfttmd(P-*w
qusra tech) on the DfAte te Dfotted Vereue
themarsgedetl ednnforeschlod~
meek ‘l%e •~ dttktton b the wemge
ofthathme dhtmadiocehet=m the
‘%m” and the eod of eecb load iucreme&
If th8 beddefermation retbtlon ptotd es ●

* b XOE th~h the oririn. no
mrrection fe necemary. However, U the
Ioed41fonmtion rebtioo ruulte io ● mne
or s etnight tine not pmeing though the
mbm-fema=e-~
ftmme104-Z (h-Y, the loaddeformatfoo
mrve will sppmxtrrmto a utrafght he k
twecotheonitbed.eoflOand80psf.’f’he
mmmtien mmteteof drawing● straight
H7m @d tothestmtcht-llnepotion of
tbe ptotted corm. through the ortgtn. WherI
mmuttng the tmddefonnattoo curvrArood
emgtaccring judgment tiff he mauired. If
the mrwJ le nmllneer throoxhout lb iength,
th9 etntght-line mrmctfeo wfll he hmmf cm
* ●arage elom of the cum thmwh at

lmett.hreo @ntslnthe rwfiOOOfthe~
lwtogthelmetamatura

S.S An onmrrutcd rmxfohreof ml mac-
tkm,kmbmmmtedf romthefietdti~
uetag the fomoub:

10 Dei
k’,=

wamge dallection

when ● load-deformation curve le. unnecm-
UrYo ae outlined in S2, the ●vemre de8er.-
tlon Ie the average of the tnW detlectien
*nfedoo each of the three dinf
aricrometen betwmrlthe”mro” Uld the
mmpktIon of the load incmroenLIf atoad.
deformation curve b ~ the ●venue
~ieredfmm thecanuted crnveti
s tmd of 10 p5L The due of k’. mmputed
from tbe above formula most then he mr-
rettd for bending of the hearing DIttm and
sndutumtbn of theeoilaa outlined io the
f~ l=m=@e-

2& Cowuhtm“ ferbmldinu oftbp fate.
There b ● certatn amount ofbinding in the
hmrLnEPbaemn whens*Of*b -
usedl’hehendin sraultainaureate rdefl-
tionatthe moterof the@atettmo Uthe
rim where the deilectiooe are mmsumd.
Slnee the modutue of wit mutton b actually
a rocmummellt of volume dmdmelneot Ki-

nderload, the tower deflections memured at
the rlm rmult to a k’. vafue higher than
MtMtfyexie&The MEXUlt Of @.6 bMdilt3
brebted ontytothestrengthofthesoil
hefrwtestdHence.for any one k’. vatua
themrrmttoo toheumefeb always theuma
Thte mnutton he bmrrdetermined by test
andte*hy theamein flgnre 1044.
The conection of V. b made hy enteriog the
ptot tn tlgure 104-Ewith the computed nfoe
of F. en the OIdfIItb?and ~jectinE hort-
r.ontelty to tie Intemectfon of the DIettcd
co= 7tte corrected doe for the modnfus
of sotl rmction, k’,, Ie then deteenrlned hy
pmjecttng vertimlly to the almcism of the
flbxand madingthevafua

● ✎✜ a M8!bodIU4
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8.S.2 Cemaatiull for mturatian of the d.

Tba dasisn Of pavam~t ia -Y ~
upon the medulua of mii reaction when the
sail la MtUratd It is not feasible to saturate
the soil in the hid Drtor to the Raid tmt aad
erldom will the soil be in s aaturatd condi-
tion in ita natuml atAta. ‘X’beMfOM.the field
test value muet be corrected to reflect tba
value that wifl ebtafn when tbe sail becmaea
aatumted. C!desionlasa sails are fnaanaitive
to eahmtion, and when the tleld tmt is par-
.immed on this &pa soil, the cerraetion for
euturation ia not n~w. The ~st ●W
Pkble method for eermettng for Mtuw
tion is through an edaption of the wnaelida-
tfon test. The mrractioq test will be made
en undisturbed epecimens of the ad fmm
the location of the field task For the cam
where a field tmt la performed on the aur-
fare of a cohesionleae base murea matariel,
but whieb ie undarlein bys mheaive MU,the
saturation earractian will be datembd by
teats on the underlying mhaive matdal.

The eatnration camertianfactor la the
ratio of the defomatfon of the mnsolldatfon
epAaen at the nataral moisture content to
the defmrnatien b & aatumtd specimen un-
der a lo-psi Iaedinil Twe apminmm of b
undisturbed material am placed lo ● mn-
xlidomater. One epeeimea will be taetad at
~ in-eitu moisture contarrt, aad the other
sparimen will be satmrated after the seating
lead has been applied. Each sparlmen fa then
eubjartad te the same mating lead (1 or 2
psi) that was aaad for the rla[d tact (sea
2.1.S). The aaattng load ta allowed to remain
on the in-eitu moiatura-centant sperimen un-
til ail deformation ercum, at which time a
%.am” reading ie taken on the vertical de
formation deal. Without releaeing the seat-
ing loed, an additional lo-psi Iosd is applied
to the specimen and allowed to remain until
all deformation has occurred. A final reeding
ie then tnken on the vertical defonrretion
Iiai.

The other epacimaa isallowed toeaak in
tie mnso~dometar under the matins 10wI (1
or 2 psi). After the spadman ts aaturatd ●

“rem”dtai reading is obtained; than without
releasing tbe seating load an additioneJ 10-
psl Iaad ia applied. l’hia load ia allowed “to
maain on the epariman until all varttral
defomration has occurred, after which a tlnal
reading on the dial & obtained. For mile of
cerkdn types, the apeimand. ewd under
the eeating Inad es it beramae eatorati
Swelling of tlm material mullresutt In exhu.
e.ion of matarlai above the top of the erm-
aolidometar ring, XJ that when the 1O-P1
load b applied, the material may aqu~ out
over the ring rather than consolidate, wkicb
will lead to arrnnaaua mdulta. To prevent
tbi% when dea!ing wtth s ewelUng-@pa eofl
or one that ia suspertad of being ● awalling.
type sail, the canaa~domater ring will net

be carnplataiytllladwttb soil. Tbie can be ac-
eampifehad by trimming the top of the apecf-
man a auffiriaat amount, generdfy 1/16 tn.,
tn diow for the aweiling. When the apacimm
fos ss~tamttoa b trirrmd to ellow for swell-
ing, the epaeimen to h tested at the in-aftu
motetare mntent will a19e be trimmed en
equal amount so that the heights of the apacf-
mana wfll be equal at tire beginning of the
tek

The rotiion for saturation will be ap-
plied in proportion to the deformation of the
two specimens under a unit lead of 10 pai
0s fouowa:

.— ——.

‘=+-++++1 I
L L ZJ

where

k = mrraeted modulus of soil martian, lb
per eu in.

k = taadulue of soil reaction uncorrected
for aeturetion, lb per IX in.

d = deformation of a mrmnlidometer
Bpe.:imen at i~”ta moiatum een.
tent under a unit bed of 10 pei.

-

● “

.-

●
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fonnola 10Sppfbblo fu”tha ampntatkm of
tlmmrrccM kvalMwbethutAereta a
grannlar buwmnme orook Eowever, ii

britlkbess of bw~uiataid+tn. tbe-co-&TS fn. ormoreinthicko+

Ir!Boamm~*wofd@-~ ● Satitioo Comrdon for tbe rdlmive Lmb
1.0 ba Used io tllll SLVJefom* Tbia Erdomatert dlfulwtbamwh.

6
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