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INTRODUCTION 

A llumhcl' of sepal'ute iIlYC'St,iil'utiolls fin'. prcsented in this report 
hccHlIse they nllpertnin to soil-moisture C'OllstUuts within the C'llpillnJ'Y 
range nnd heenuse most of the soil snmplesw:;ed jn each in\'cstigntioll 
were thc profile samples of the erosion experirnent stations of the 
Depm'trnent of Agl'icultlU'e. "~i th the exception of tll(~ 1\fnrshull silt 
10n111, nIl erosion station salllpies were tnken from the snme stock 111U­
teriul", thilt were used by Middleton, Slater, nnd Byers (23, 24, 80),3 
who ha,Ye published extensiye studies of the physical lmcl chemical 
properties of these soils and their extracted colloids. 

The work on ceutrifugal moisture concel'llS the efJect of high centrif­
ugal force_s on the moisture content of soils. This study was made 
possible by the development of a smull moisture-equlyalent type of 
centriJuge in which soil samples were subjected to forees as high ns 

Receh'cd for publicntiun Jan. 25, J937. 
, This is the fifth report rclevant to the properties and characteristics of Lho !'rnsion slnt ion solJR. 'I'he 

work pr~sented ill this report was initiated and completed he fore tim Lrnns[Gr. of thQ ~rosion~(Utjons to the 
SoIl Conservation Serl'ice. 

'Italic numbers in purcnthescs refcr to J,iterature Cited, p. 42. 
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330,000 times that of g-n"Lyjty, a, force much higher than previously 
had been used, In the study of tl1e nOJ'nutl moisture C'u])fl.city of 
soils, it was desi.rcd to obtain a lahoratory soil-moisture test which 
,,-ould furnish n, morc aCCUl'n.tc mensw'e of the wn.ter-cal'l'ying cn.pn.city 
of field soils than elMS the moisture equh-n.lent. The duta, mny he of 
interest ill connecticm wi t11 soil-crosion ]'('senrch, 

A l'CY1C'W of the litcrntlll'e Oil the stieky point reveals Ull unsutis­
fueto!'." condition, DifJ'l'I'pnt OPt'I'UtOl'S 111:1)' obtuin widely (/ifJ'el'ent 
results b:y~ the sllme proepss upon the snme soil, amI one operator l11a,y 
ohtnin 'widely different l'Psults UPOll the SHIne soil by the usc of dilJ'er­
ent, ])rOectlUl'ps, In t:hp study of' the sticky point it 'wns clesil'ed to 
dpyclop a, simple Ill'Occd lire thflt would depend upon PCl'SOllfll .i udg­
l1lent to n, mini III UIIl extent on])~, The stil'ky point may he so c1eJinecl 
nnd llroC'edures Jor its ddel'll1inotiol1 so giy(:'ll that it is n, property of 
only those soils in thppJnstil'-C'ons.istence gronp of Atterberg, Rinc'e 
the ]owl'r pillstiC' limit is olso 0 pro])(,l'ty of' plastiC' soils, the deter­
minntioll of this eonstallt J,ns hC'en inC'llldrd ill thi:; work, 

.\ llullibrr of c1rtrrmil1ntions of thr wnt01'-iJol(!illg enpaeity of soils 
lIndt'I' Yllriou:; conditiolls of dl'nillnge :md puckillg hnyc I>r(,11 lIsed, It 
S(,(,111C<1 drslrnbl(' to 1l1'O])():;(' tllloth('I' i(':;!, tl10 dpt('l'llIillntioJl of the 
lllinimlllllllPI'C'elltngp of \\,n(PI' ],<'</lIil'('(1 to sntlll'nt(' 0 soil snmple ",hr11 
it is tll'l'Illlgt'd in ('Iosl'st plH'killg but not slIhj('c( to (,()lllp]'('ssi~lI1, 
..:\.ttc·mpts \\'('I'l' nl:ldp to <I ('\"is(' jll'O(,0clul'l'" t hnt \\'ould flC'eoll1pllSh 
thjs /'('sul t. 

Tbc' wid(' Ylll'idy of dntn ohtnill('ti f()J' t 11(',.;(' :;oil slllllplrs III this nIld 
prC'vious il1\"C'"t ign t iOlls npIH'ul'pd to ilC' suitn hI t' 1'01' n sf udy of' tbe 
rclntic)Jlships of SOllIe of t hC' llloist UI'C' ('ollstants to ('nell other und to 
other phy"icnl ilnd C'lwlllical PI'opf'rli('" o[ the soils, Although onl)" 52 
fianrp]ps and 11 profilos 01'(\ rcpl'csc'lltcd ill thC' gl'OlIP, they exhihit a 
wide J'ltllg(' ()f physir'n.l alld cJlC'llIieal pl'lqH'rtiC's, ('oneiusions drn,wll 
from n s(n,tisti('n.l stud)- of such dntn, n,ppC'IL!' HIOr(' 'Iik,{'l~" t,o be yn,lid 
llmn \\'11('11 lJ101't' sampl('s :wd 1'('\\'<'1' ()f thC' gl'(·ll.t soil groups firc used, 

CENTRIFUGAL SOIL MOISTURE 

Thl' 1110istlll'(, retc'.IltiYellC'ss of soil undC'I' frcc grn.,-itatiollnl dJ'uinage 
yn riC's :;0 grctl t1y with C'hn ng('s in structure', pn('king, 01' Otll('T pnrtide 
al'I'HIl~clll('nt thllt. it 'is prnC'ti('nlly impossible alwnys to Ol'l'ange loose 
soil mnterinl into 0 systl'1ll Vhysi('nlly compnrnbk with the field soil 
in its wllter relutiOlls Briggs find l'.IC'Lnnc (7) sought to obtain a 
system of pneking lllbo1'lltol'Y Sillllp]('S to ('ompnrnbl(' C'onditiol1s of 
Capillfll'Y moisture b~T ('en tl'ifuging thoroughly wC'tted soil samples, 
The peJ'cpntnge of wot('l' retained by the soillHnterinl under specified 
C'onditions in n (,(,l1trifugnl fi('Jd 1,000 times the gnlY'itntionnl field of 
thec:lrth (bl'iefly 1,O()O 'grn\-it),) wllsenllNI the moisture equivalent, 
This moistul'C (,Ollstnnt hns now beC'oJl1e perhnjJR the best known und 
mO"lt us('d single-ynlue soil ]11'operty, 

Lebccipfr (20) stucii('d the e1l'eet of higher centrifugal forces upon 
the moiMure content of the w0tted sOll snmple, He put smnll shallow 
soil snmplC's into n sl11nll-ciiometel', high-speed centrifuge, and sub­
jected them to CPl1trifugul 1'01'('es estimnted to be ns high ns 70,000 
graTity, He cOl1eluded thnt all cnpillnry wflter wos Temoyed at 
about 18,000 gravity, and thn t none of the remnining wn tel' could be 
remm-ec1 at higher gravitationnl fields, It was in port to check this 
surprising conclusion that tllls investigation was undertaken, The 

http:aCCUl'n.tc
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primary object was to determine wbether it is possible by centrifu­
gation to rell10ve \vflter from soils to [l, moisture content below the 
perl1lnnrnt wilting pcrccntflgc, :111(L to seul'ch for rcln.tionsllips between 
this moisture ('OJ! t('n I, the moiRtu re eq ui nticllt, :1nd the wa tcr-ynpol' 
ubsorptioll nt 99 pcmcnt r0lntive 11l1l11idily. 

MI~'I'HOJ)S 

The first centrifuge used in this "work was mudc by mounting n, slllull 
moisturc-equivnlcnt type of c"PJltrifuge ltend upon the shuft of Hlc 
elcctric motor-driven, higb-Rpeed grinder tlsed by Lebetiefl: (20). 
Henting 01' the soil snmplcs clue to ilir friction ngninst the rotor wns 
pJ'(wented by the use of un nir-turbine hend 1I101lJlted directly be1leath 
the centrifuge rotor so thnt the Jattpr WlIS bnthed ill nIl expanding 
jet of ail'. Thc turbine nlflO furnis]}('cI 
additional powe], nJl(I. l1lat('rinlly clt'­
('J'eused the slippnge of tbe dri"dng 
belt. T1Je celltrifuge heud, provided 0 

with n tightly littUlg He}, lIPid eigld; 
HllInplc box('s, ench of whIch wns Jill('cl 
10!i d('pth 01' 4 JllIll willi soil Jllllt-('rin!. 
The centrifuge J'udillS wns 8H !lllll to 
rnitld('pth of the snmplp;,;. The roto1' 
Sl)('('d wnsd1('C'kpri with n. stroboscope. 
('(,lltrifugni f01'e{'s ns high us lOO,O()O 
gl'nyity w('re obtuillPd. 

Bpct11lsC of b('nring i'niJur('s tit thp 
ltiglH'r sp('c<is this nquiplllOnt wnH 
nbit ndoll('d, nnd fl, heHringless ('('lt1ri­
fuge wus lls('d. Its ('onstruetion wns 
bus('(lllPOIl tlto dt'sign or lknms find 
We('d (6), ,r('('d rU1'llisltpd tlll1Htnlol' 
llnd 1i I'Ht rol,or. The rotors Jinnllv 
uSl'd "\\,('1'(' or 0\(\ <I('sign showll di:i­
gn('lll111u,ti('ltll~-jn Jigur~11. TJteywt"I'O b 
ll1ade from solid, II('It,i-t r'('n ted dll1'U]U­
mill nlloy 17ST, mHi wpm Jll'()\-ided 
with tightly Jitting S('l'('W-Oll lids. B 
The inside dinl11l'1l'l' of tile :t'otorH wm; 
1.25 illcl)('s, and the, sidp wnll::; were FII;I'ng I. -Cenlrifuge rotor:.1. sidl' ,'iew; B, 

. I I . J (Co' JJ hotlolll ".iew. '('he. drh ill~ ~roO\'(!S, Vj uro0,10 HI(' I t r1(', (. ,"'J:dp('n ('(lUfl Y IO(':lll'rl Oil the nllOI'nose III fL, 

spn('('(1 dl'ninnge hOl('H O,:~;) 111111 in 
dinmet('l' wpm d1'illNi th1'ough th(' wnll oJ: (,Hch ],()(-O1' pe1'l)(,lldieulu1' to 
the n.xis of )'oin tioll. '1'JIO smooth iuside wnlls ,,'('1'(' slightly ('ol]('I1\'e<l
to fu('iJitntc dminnge, 

'1'110 roto1'S \\'('1'(', drin'll hy ('Oll1])l'l'ssed nil' striking the dingonnlly 
cut groov('s milled into th('. ('oni('nl. ]loses, Tlw stntol', Jl1nrlC'l-shnppd 
nnd mounted ,-('rticnlly, COlltnillcd the ol'ifi('('s of the dridng nil' jots. 
'Yhen n. Totm' wn::: pi :ll'('d UpOll the Htn tor in til(' position shown in 
Jigure 2, find nil' ]lr(,SSlll'e :Ippli('(I, the. rotor liftt'd slightJy nnd begnn 
to spin rn pid}y. The stn tor n lld TotOl' w('r(' eneiosed ill I), felt-lined 
gl:lss-eoycI'('(1 ('oni:lillC'1' in ol'll('r to J'(\(ll1('e Uw illkllSe. high-pitched 
sound pr'odl1('('l1 by sOllle rotor's, uSllHlly the lenst dfi('icllt ol1es. 
~IUllY eilHngl's in d('sign \\'(,I'e l1Wdl' hdore rotors \\'('r'e'obtnined whi('h 
wera eJI-ieiellt n lid stn hie :It nn spC'C'r.is. Su bsequen t to this investigil­
tioll Gnrmnll (j 4) ]'(\j)ol't.('d thp eSSC'll tutl ('()udi tio.lls upon which mo.y be 

http:spC'C'r.is
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based stator and TOtO], designs that proyide the greatest stability and 
highest efficiency for this type of centrifuge. The roiati011l11 speeds 
were determined by menTIS of a simple stroboscope mnde by mounting 
sCllnnillg disks Imving 80 holes 01' less upon tbe shaft of fl. YHl'iable­
speed electric ll1otor. 

The rotor, wllieh eonstituted. It miniature single-sample 1Il0isture­
equiyulent centrifuge, wus used ulso as sample box and. weh;hing dish. 
The wall (If the rotor was lined with 11 bund of filter paper that had 
been moistened and then spun for 11 few seconds in order to hold it 
tightly in place. A sl1mple equivalent to 4 g of oyen-dry soil wus 
poured into the TOtOI', moistened with distilled. water, and allowed to 
stund. for 3 to 5 hOUTS. The TotOI' lid wus then '~ightly screwed on 
ltnd the sn.mple spun ut the desired speed for n, definite length of time. 
The stnndurd time wns 20 minutes, nncL the standard speed wns 
2,:'31 i) rcyo] 1I tions Pl'J' !weond, which produced a centriftlf!ltl force of 

"'Hi l·ln:~. --.\ ir "entrifng" showing tho rol.or placed upon the stulor ill IJosilioll for opcrntion. 

aoo,ooo gI'fl.yity nt ibe micldepth of the sfLlnp]e. Aftcr eelltrifuging, 
tbe JO!lcled TotOl' ,YUS weighed, the liclremovcd, and tbo sample, still 
in the rotor, WflS dried nt ]05 0 C. o\~el'1light. For IflcJ.:: of a better 
t.cJ'm, the moisture contcnt of tIle centrifuged sample so determined 
will hereafter be refcrrod to as the Clccntrifugalmoistul'e. Jl 

'Within 11 :few seeouds after the rotor started spinning, the soil was 
packed into n, smootb ring of uniform l'cctllnglliar cross section about 
4 mill thick against the TotOI' wall, where, after oyen-cll'ying, it l'emninecl 
ns n, hard clense mnss except in the ease of the vcry sundy soils. In 
<"Iny soils high in orgllllie matter, sueh ns the HOllston, f'hrinkage 
('l'Ilcks o(,C'lIl'lwl during drying. This soil also shrnllk awny from the 
rotor, but mosi; snmples mncle a soil ring so firmly pnekecl against 
the \\'n11 thnt they could be Temovocl only by wnshing. A 4-g sample 
containing] 0 pereellt of moisi;ure exel'is 11 f01'('e of lIcurly 1.5 tons in 
a field. of 3()O,OOO gl'll\-ity and deyelops UPOIl the walls of the rotor It 
preSSl:l'e of about 2,O~)0 pounds per square inch. 
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In the computution of the moisture C\ontent of the centrifugal 
sample, the small correction for the 'weight of the filter paper nnd the 
wnter it held 'VltS not made because of the ullcertnillty of tIle weight 
to be deducted, III one test the centrifuge was rUll at 'standurd speed 
contuining at first only a heayy wet filter bltlld and lItter the sallie 
bund bucked by 2 g of wet seu snnd, The wnter held by the filter 
alone in the fh'st instnllee wus grell.tel' tIlltn thnt held uft.erwurd. by 
the sand and filter combined, In this work a thin hard filter bt1nd 
wns llsed thn.t weighed only 0,025 g and was just wide enough slll'eJy 
to eo,-el' the smull dl'Hinltge boles in the rotor wtlil. The ,,'eight 
ratio of filter to soil wus ubout the some us e),:ists in sttlndurd 11l0istllre­
equiyulent determinations, 

Si])ce this type of eentl'ifuge hus not hitherto been used for centri­
fuging soil sumples, detuils of operution und other obserytltions 111ay 
be of interest, 'rhe londl'c1 rotors deyeloped centrifugnl fOI'C'es of' 
300,000 gl'u.Yity with 11 cltiying uil' prcssure of Ubollt 110 pounds pCI' 

squUl'e inch, for('es oj' 200,O()() gl'l1yity ut hn.lf thnt pt'eSSlll'e, nnd forces 
of 20,000 grnyity H.t only 5 pounds pel' squure in('h nboye ntmospherin 
pressure, :r.lnnuni ('outroJ of the nil' pressure WtlS relied on to keep 
the ('('lItrifuge SpcNt in synchronism with the strobos('ope, This 
method of ('ontl'oJ WflS nd0CJIlote Ilt high speeds but not at the lower 
ones, It mn.y be OhSPI'YNl JI1 figure 3, B, that, nt high speeds, vuria­
tions in (\el1 trJ fugnl JOIT'C'S, C'nsily wi thin control, produee smull chnnges 
in moisture ('OIl/;C'l1t; of the ('C'lltriJ'uged snmplo, b1lt thnt ut low speeds 
this is no longel' true, 'rho detel'Ininutions made nt low eontrifllgal 
fo1'('('s W01'e not. nC'C'lIl'1lte in compnl'iSOll with 1110isture·.equh-alent deter­
minations nt ],000 grHyit),"', but ut 1:1l11 speed dllplicnLC's ngrC'ed quite 
os well ns do stnndnrd 1l1OistuI'e ecp.IlYnlel1ts, 

The tilll0 intel''''-:li for centrifuging wns mnd0 rn.thel' shol,t in ordeT 
to minimize the possihility of dl',Ying the sn.mple by n. flow of nil' through 
tlJ(' .l'0/'()J'. The lids, s('l'ewC'd on with n. fine tJlI'eud, mnd0 ('ontnd, 
with tht' i.oJ! of tll(\ rotor so thut they fiU,ed tightly, WhetheI' they 
]'(ll1ln.inecl tight n.i; 2,:~()() rcYo1utions ])('1' seeoncl is 1I11C'el'tnin, At thnt 
sp('ocl, due to ('entrifugnJ 1'01'('(', nil uir-pl'esslIl'e difference of nbout 
4 pounds TH'r SqUIll'(\, inch ('xisted hetw('cll the edge of the lid nnd. the 
arninnge holt'S ill the side \\'lIll of' t;lle rotor, Tbe drn.innge holes were 
so slHull thnt no gl'cn.t flow of nil' throllg;1 the sample was possible, 
Repented eelltrifll~ill~S ~11.Ye only smoU losses in weight, Rotors 
with only 2 dl'Hinuge holes gtwe u few tenths of a percent higher soil 
moisture's thnll tJlosn "ith 8 oj' 16 holes, 

'Vith the equipment Iwniln.blc it was llecessury ~o keep the rotol' 
dinmeteJ' Slllitll if high centrifugal forces wore to be obtnined, Lower 
soil moistures eould JHI.YC been obtl1incd in the centrifuged sumples 
by in('I'ensing the snrnph~ depth, but beell.use the 1'otor J'n.dius wus only 
15,0 nUll, the sn.mple depth WILS limited to 4 nUll, A rn.clius of 13,9 111m 
WitS used in eomputing centrifugul forces, 

EYen at this sumple depth there was some difficulty in seemi.ng 
drninagc in eentrifuged snmplcs of the lower profile layers of some of 
the silt loams, purtie'.uln.rly the Shelby, Drn.inuge wns freer in the 
Houston, the heuyy-texturecl lnteritic snmples, and even in the ex­
tmeted lateritic ('oUoids, POl' samples which presented t.his difficulty, 
the centrifuge WitS l'un Ilt yery slow speed for the first minute or two, 
Then the speed WIlS incl'eused so gl'Udually thutmost of the exees::; 
water was removed before the sample was firmly compacted against 
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the rotor ,ynll. III IL few Cfises WItter WfiS remoycd fronl the rotor 
"ith pieces of filter pftper until no mOl'e free W/lter' appenred WhCll tbe 
('('I1trifuge WfiS run seYPl'fil minutes fit 150,000 gr'II,';t.y, The sfimple 
WItS UI{'lll'Un for 2010 :30 minutes lit 300,000 gl'ftYit.y. Jf the moistlll'e 
('.ont.pnls of ]'('plicnte, sample'S ngl'PNI fllld w('I'e ('onsiste'nt; with thosc 
obtaillcd Jor 001(,1' SHIlIPIPS of the profile, tho results were fissml1ed 
to he eol'l·~'('t. 

Oentl'ifugps of this type ar(' inexl)(']1siy(' and ensily built. They 
have no b(,ltrings nnd ('oJ]S(,C[U(,l1Uy 11.1'(' Jlot hent('d hy bpflring fl·idion. 
XOI' fI.l'(, th(' rotors h('nted hy flil' fri(,tion, b(,(,lllls(' tll(''y fin' bn.tll('d in 
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FJfit·,n: ;l.-I{l'latfoJ] hetwe{\11 moisturl\ (lOutCllt and ~Nllrrru~:ll Iurt'e for t-iUll1l)ll\ flo. fi.... :..lil: ... 1, ].2.j~ft ~~lIllpl(lS 
III 1..('be\lolf.l ~'PIJ uloctric 1II1JIor-c1rh'ull coutrifuge; n. -J-g Sfllllpl"s in HO:1llls-( ype Ilir-<lril ('11 Cl'lItrifllge, 

t'XPIlIldillg jets oJ nil'. Tilt' fH1I1lplo j" ]]('Id at n lH'nrly ('ollstnnt tE'llI­
p('mtul'e of pel'hnps 5° to ]0° below tllnt of th(' J'OOlll, 

ItESUlfl'S 

The ),eln tion of moistuJ'{' (,Oll (en t to the cell trifllgnl 1'01'('(' appli('d is 
sho\\'n in ligll],p 3 for the B ]Iol'ilwll oJ the ,.emon fin(' sn ndy loam. 
The dntldo'l' figul'C 3, A, were obtninpd by centrifuging 1.25-g smnpl('s 
in thc L('b('defl'-type el('('trie 1ll0toJ'-tiriwn (,Pn trifllg'(' ; the' tin ta for 
B 'were obtained with 4-g snmph's in the H(,1ll1lS-type nil'-driwn centri­
fuge. In bOLh {'n8e" tile snmpks W('I'(, nbollt 4 mill thick. The 
lI10isturc eontent at :)00,000 g'l':lyity \\':\" 7.1-l p(,J'('ent, n nllllC some­
whnt; higher.' thnn til(' y:tILle 1'01' '\\,:I(('I'-\'npol' absorptioll nt!)g pereellt 
relftti\'c humidity, wlli('11 ,'-I1S (iA IH'I'('('IIt. Th(' moisturc equi,·u.it'nt, 
17.7 pC'r('.ent, wns reached nt about 2,500 g'l'lIyity with the ail'-driyen 
centrifuge nnd nt 1,700 gl:nvity with tll(' lllotol'-<irin>n Olle, the latter 
providing the better drninuge at slow speC'Cis, TIl(' permanent wilting 
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percentu(!(', which wus not determined for this soil but corr,j>utC'd 
from the"Briggs nnd Shantz equntion (8), is 9.6 percent, To obtuin 
this moisture c,ontrll t, the S(Ull pIe woure! have to be l'lm in the ail'­
driven c('ntrifuge at nhout R5,OnO gnn-ity. 

Th('se doti\. do J]ot support L('h('defPs condusion thnt at 18,000 
gmyity nil ('upillory wnt{'l' is )'{'1l10\'t'(\ fl'om soils. The chunge in 
curvnture of grnph Ll is ]lot ~r('nt nt forc{'s nho\Oe ]8,000 gmdty, but 
Il('itlj(,l" gruph indicnt('s tho.t the Jimit, of wniN ]"('IJl()\'td h.\· c('ntrifugol 
forct' hns 1)('('11 )'('o<'l1('d. The shn.pt's of {'UI'YCIS such ns tll(ISe ([('p('nd 
1Ipon the type 0(' c('n lrifuge, dt'plh of Sflll1 ph', nnd (lJ'()('('d UI'l'S Pill ploy('d, 
us w('11 os upon the. soil Rumple itself. 

Datn. OIl tim c('nirifugHI moisture of sonl(' soil mnll'I'inls 1)1'(' gi\o(,1l ill 
tht' tabula lion 1)('lo\\'. . Th('se. clC'kl'lninations Wl're mnde wi til :1, rotor 
of l-indl inside diamet{,I', rUll at 3:30,O()() grn\'ity. All ('xct'pt, the peat 
w('rt' 2-g snmples, and th('i, drpth was nhout 2 mm. The dried. peat, 
ground to pass n, 2-mm siPY(', Wl1S us l[trge [t, sampJe as could be used. 
Its wC'ight ,,,as 0.9 g, find its moistul'e~cquiYnlent was ]()g percent. 
The rnoierinl was obtai!1ed from the sllrfuce layer of n snwgrnss peat 
profile at Brlle Glade, FIn. The profile description is 'gh'cJl by 
Feustel and Byers (12), The tll1't'e soil colloid ilomples wC'1'e cxtrncte<1 
from the All A2, nnd Aa horizons of the Columbiana. rlny, [tn nluminolls 
IntC'ritc frOIll Costn. Hiea. A profile description nnd other dato ])C'I'­
bining to this soil fire ginlJl h,\' 13.)'('1'8, AlexandC'l', l1nd HolllH's (70). 
TIl(' \\'ntN'-Yflp0l'-nbsorptio!1 vnluC's of the th]'('C' sllJl1]llC',.; Ht: no p('l'cent 
l'C'luth°C' humidity ,\'('1'(' ~7. 4, 2!). :~, an ! :30.2 lWJ'('CIlL, J'('spceti\Oply. 

C~"lrif' 
1IUIIl 

'T/loi!tlurr
Hamplc!l: p'rcoti 

Xo. 4. l-lllltl (0. 2!i O. 1() 1111111 __ . 1. !{2 
Xu. ,51'lllld to. )0·0,05 1111I1L__ 1. 5 
Hilt 10. 05(), 005 111111\ I. (j 
QlItlrtz flour, silt sizl' I. 2 
QIIllI·tz 1I01lt·, llIi'\('ci Hil.('H_ • a, Ii 
P('al, (Sll\\'l!;rlU;S) __ - 50. 0 
Hoil ('olloid 110. !):-;() I. __ . ao. () 
Hoil ('olloid IlO. !)S05... . :-l I. I 
Hoil colloid llO, OSOG :31. 7 

'1'h(' I'lHnds IIlld silb \1'('1'(1 <'olllIH)siks of soil ;';t'PHI':ti('S obtllilH'd in 
thc ('ourse of routil1t' ]Jl(l('hnIli('llI :Hl:dysi,.;, '1'1)(' silL \\,11"; ('Ollrs(', till' 
1i1H'J' portion h:lying h('('n ]'PIl/O\'C<! ,,,iUt the ('lay. This mutprinllllld 
b(,(,11 treai;('(l with 1I,nlJ'ogC'1l pcroxide in onlpl' to oxidi;t,e the organie 
mutter, nud th('11 shakcn in n. 0.05 N sodium oxalate solution to 1'e­
lllO\'C colloid coatings. 

TlJe ground quartz ('onsist('d ulmost (,Jltin'l,\' of pnl'tirlcs of silt ond 
('Iny sizes. The moisturc ('(Iuiyulent of tlw Inixtu['(' WflS 2G pereent; 
thnt of the silt frnction, 25 pel'(,l'Jlt. The great difr(,I'C'nces between 
the quantity of watel'hpld at 1,000 and 800,000 gradty most likely 
\I'ere due to the particlc-size. distribution. '1'hc p:ll'tiriC'-size di"tribu­
tion of this sumple pl'odueed IlWll.\' yoids which held. wat('/' ngnillst n. 
force of 1,000 gl'u,yity hut which drained in the higher eentrifugol 
field. 
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TABLg l.-CenlriJu{laZmoistltre oj soils and other rcZated data 

(,Ol,llY ~lJ~'J' LO.\lIJ, lIAY~, KANS. 

-----,.---.1---...--'1~--f- 1 I I H\ltlo of ccnlrJ(ugul 
! , !llltiooCI mohlure lo-I. Ycry ('enlriC·' ;llols· Willer· wnlcr'l-­

~lIt I finn Clo~' ugnl I ture "lIpor \'ul)()r I ISoli sample nr. 2)1-5(1;1 silt >2/1 1I10i$' cquivlI' uh<orp· nh'orp' ,Wuter- ;I luis· 
. 21'-51' luro leni tiOli ([on to Cl" I '''por turu! I day l~ nb'IlI'p, cCIUI\'u, 

I 1 tlcm "nt 

! IJ ·:, II' ]'r~:; ]-'r-rC-c'-'1 -p-rr-c-n-'i -I'-,r-,r-,-'I -]-'e-r-ce-II-1 -----0-"'-:---I .~-m
! -Ill. 0 a.s :10.2 JO.7 2i.a 0.0 0.32 .. OJ 1.12 ~.:m 

i 1,J,::1 ~:~ ~5:~ lkA ~n g:~ .~~ :il~ l:~A ::IJ. 
.; [,i. 3 11.0 28.0 lO.1i ZI.O 8.7 :3!J .:17 1.22 .·15 
., mI. I o.a 2\1.0 111.8 24.8 8.9 .31 .a. 1.~1 .·11 

fi5.0 8. \I 211. 8 O.·j 2:1. 7 7. U . 20 .3:; 1.10 .40 

-------.....,.---._--..._-------.­
11.:11 ' 41.5 : J!.i.ll 15.1 12.2 (I.;~l 

17.6 'H.ll! lfl.fI .no·w.n 12.0 .:J:i42.11 .\
·I·U li.1i +1.1 la.1 1O.n .:111 1 .51 
40.4 18.4 an. 2 i 11.1 S.U .31 : •.14 

l\IAI!SJlA.L1, :;11/1' ]'OA1\1, CIJAIHKILl, lOWA 

Ill.! 2.1) I H2.-1 I tn.·1 I all. 1 I 8.61 (J. !!7 n.;'!! : 1. 21 (l,!Ui 
111,2 01.3OJ. 0 I 4.8 a·l.ti 1:1.1 I 31.S IU.2. ,30 .as 1.:!S ' ,·11 

--'-----'-- ­

(iiHi' 2. i 21.3 K j ~H.li 0.0 fI.:m 1. '1IJ ' II. all 
(ii11S :l.l ·IS, 7 . 17,.1 I ntH '·1.8 .ar) !.,.' ,:>0 
fiiUH 4.8 ·15.~1 1j. tI al. 2 14.7 •:17 1. 1:' .r,o 
",00 4.0 ai.S 12. U I 27.1 11.1 . at 110 .IS 
r.~()1 O. S 2U.7 lfl.i· ~i,l 8.0 .:15 l.al .10 
/lS02 al.1I 8.0 .:!0 . J. IS ,·116 ., 
n'in2A 3 ~J IS !) ~.:~ I~: V 4.0 .:11 120 .:mI 

(j,02B 5:6 ao.o U.2 r 23. [) 8.1 .:m 1 1.J:l •au 

(,UN'J'ON :-:11:1' LO.\.\r. LA CROSSE, WIt;.---_.. _-----­
80.0 I 7.0 i 11. 2 2:1.0 4.1 0.37 O.4h 1.32 0.23 
no I 5 .• 1 IS.S 2~t 5 6.0 .:12 I .41 1.30 .a3 

5.2 21.S 2·1. -; 1. 20 .367.4 .34 II "II71.0 IiO. i 4.2 18.2 22.4 6.3 .:15 .·1:1 I 1. 2·1 .35 
0.4 I 1.8 21.4 13.S 5.9 .28 .:1O I 1. 31 .56,I 

ROr.9 20. I I 7.!J 0.:13 J 0.·10: 1. 22 0.38I' 

HOiO 27.S 10.6 .31 .40· 1.2S ,·19 
ROil 27.0', ]0.. .:la ..12! l'21i! .40 
SOi2 2,5.5 9.1 .34 • oJ 1 1. 20 . ·13 
80,3 25. r. __9_.2->.__.3_0-1..__' 3~~L .~,:lU 

-_.._-------;--,------;-----,------;------;--­
11,28 
,:16 

672(l . 15.6 3.2 23.S I 7.8 li.7 0.·1 ~ .33 - .44 
6~=~_.. __ ._i__3_!)._6-'-_4_._8_'__2_7.~.1_._" ~~~_.4....:.__5_.8...:..__._21 .29 1. 38 .43 

g~18~: iiJ! ~:7! ~.~: ~:!tll g:~! nl' O:'~§I! o:a~ll ll:.~~_l,l 

Ml'f\KIXO pl\f Sllll' LOAiI!, ;t,.\ XJl;f;\'ILLE, OIl to 

I S.O 10.9 I 7.0 0.3 0.32 0.38 1.21 0.30'1 ~6.2U.S 27.3 1),0 
"5 

-,. ~)'I' 0.1 .:13 .35 1.06 .3;'''-I 
.,1 n.5 25.3 8.6 21.0 8.2 .32 .31 1.0.5 • .J1 

8.0 20.3 6.2 19.4 5.7 .28 .:1' LOll .32 
ll,4 In.O fl. 7 10.8 5.2 .27 .:>0 1.10 .. 29 

http:l\IAI!SJlA.L1
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TAIlLl'l 1.-CclIlrijIl01llIll0islll/'C oj suils (I,ltd oth!'/" relailtl t/Ul(l-Colllinlll'd 

KlIl\'IN I"INE RANDY LOAM. 'l'Y1,EIl, 'J'I~X, 

~. -S--111-\~-e;~-J"- '("IIIY .. '-1~. I '~;;:;;:::;:r;!UgnlRAtiO elf lIloistl1rt1 til .,
('enlrl!· Mors· Wilier· wnler· ,___ " 

~ II 1 ugnl tum \'II(1or \ lIJ10r , I I
~O SlImp 0 no, 2"·;.0,, sll~ >2" mols C'1 11""1 Ill»'orl" allsorll. 1\I'utrr· Moi~. ~ ~ ~ lllr'o' ,"lIt' • l21"5" ,lion . lion to: Cb\' \'npor, ure 

!'IllY . • !l1l-orJl' j C'juJ\'n.
t I lion i cnt----1 ..·-:···.' I .,,_'--,--". 

Parmi! Parrill J>crl'tllt. p(rrrTl/! J'crcclllil'crcrll/ , I 

r,l\7.~ __ ... IS"II 2,11: it,OI ~5 i.lll 1.11', O,a2! t,45 0,32n07!J. f)Sx." I 
1 

I. fi I fi!I.·I, 111.11 :m. fi , Jn. 0 .2S 1.00Lao I' ~ 65r,1,qo .. 
1:1'°1 :l.·'i :~',·91 lfi'~I' ~S'~'I H.S :3() , .31 1,03 •[,411I',~1 10.3, ,1.1 ,!...I I II... .1.. It.S. ,an I .2.'\ ,III ,43U(l.'2 . ·1 i ' 1. II i. a :I. n ; n, i : :1, () ! ,·11 : ,·11 1. 00 I .45 

II. 7 'I 1111 n.5 1-1.:1 
0.2 15,·1 ' 25.2 
fl. n ~ 1lUI 15. n ~ 2.;,1
:J..I i 'II - I ISH:It)"!.!(1.1) i .... j la.a,

!l·1l 1 ~2. fj 

fl~I';; . ~'O. 0 I 
fitiiS 
LiBiU ~~. ~ l 

~,. ( I 

Tn hlp I prpsPlIls tl1(1 I'(lsltlls of ('PII t ri fugn 1-lllOisttll·p. <letcl'Ininu tions 
nlld Otll01' Pl'l'tilH'lIt dntn, of profilp sa III piPs tukc'll from tbe soils oj' the 
Pl'osioll ('xperinH'1I t stn lions. The soil profil!'s lHlYe bePll dC'sc'l'i\)ed 
by l'liddlC'lOll, Sin tN, nnd. Bypr's (2~, 24). The moistuI'e equi\'nients 
nl'C' tnkc'n frOIl1 thpir dntu, nnd the Slit nnd cla,V pel'C'eIltng-es wereeoIl1­
putl'd from t1wir Irw('hnnielll-Ilnnlysis dutl\.. Throughout this bulletin 
the mnt('l'inl jwlow 2!J. in dinnwt('l' is designated ns ('1ny, nne! the 
mil tel'inl bl't\\'c'C'lI '2jJ. nnd ;30jJ. in diameter.' ns silt. Tile ('pn tI'ifugnl­
1110isLuI'c'. dejeI'minntions WPI'P mntil' with TotOl'S I, '26 inC'hc's in inside 
UiUIIH:·tPI' nt aDO,OOO gl'lwity. 

From the dntn,pI'e.'wnted ill tll(' tnbulntion on pnge 7 it is nppnI'ent 
thnt in the ('nse of tile soils of t.nhk 1 only u. smull portion of the 
('('n tl'i fugnl lIIoist lire is held ill lIal'I'OW ('on tnct nngles belwePIl the 
minNal grains alld ill illt{'I's(ir'('s with lint' ('npillnI'Y openings, If 
thp. gl'PII ('I' pnrt is 11('ld ill ROmp 1I1annel' by the colloid fmdion, the 
C'(,ll!rifug('d lIloistuI'C' may he exppct,pcI to sho\', sOl11e relationship to 
the ('ontpnt of fine mntcl'illl in (he soil nnd to otiH'1' soil JI10istme 
constnuts which nrc 1'(']at('<1 to soil t('::dure. 

It may he 110(P<I from !.nble 1 that the I'ntio of C'Plltrifugal moisture 
to day content is high in the snntiy sllI'fnee lnyel's, This is due in 
pnI't nt ]('nst to the fuet that; th(' day eont('nt was determined UpOI1 
snmp]('s fl'om which the ol'gnnie llIn tlel' hnd been J'pmoYed, wber('us 
the ('on trifugal moistul'(, was detPl'll1ined uPOll :111 the soil mn terial 
which passed through n, sieye with 2-mm round holes. If the per­
('enfnge of orgnnie l11att('J' ill the suri'nce layer is fldded to the. eiay 
content, then tIle· ratios fnll in line with the ynlues for the 10\\'('1' 
layers, The n.yernge yulue of the cell tl'ifugnl moisture-day ratio is 
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O,:~6, with fin flvel'lIge d('\'in-tioll of 11 »('/'('(,111. If the> Ol'/,;llllie mattcl' 
is ind lIlkd ill the eiu"" lIl(} I'll tio \)('(,OIllCH O,:3:i, wit h 1111 n\'PI'.ugc dHVifl.­
tiOll of ] 0 1)('1'('('11 l. Tlte ratio of' ('lilY to ",II t('I'-\'!l pOI' n bsol'ption is 
0,31. 1 with Ul~ j\,!'<'I'nge d('dntiOIl of ] 1 pCI:('rnt. If, thl'sO SII III plcs n.rc 
tYPIC'ttl of solis 111 g('f]('I'nl, thl'11 tlte (,l'ntl'lfllglll JlI0lstllm IUl'/JIslil's ItS 
I'elinble fI, 111('11811I'C of the ('IllY ('olliCl1t us d(ll's tlto dC't.('I'mil1f1tion of 
wntcl'-ynpoe IIhsOI'PtiOIl nt 00 1)(,1'('('l1t J't'lati\'(\ hllmidity, 

Figul'c 4, wltkh is 11, SCIl,ttl'I' ciingrnlll 01' tlte c('Il!l'ifugnl Ilwisturc 
plotte>d ngninst wu,LN-\'U pOI' nhSOl'ptiOIl nt nil 1>('I'('('1l t 1'l'ln Ii \'(' h1Il11id­

�8,-----r------,----,--"',----,----r---,---.." 

I V
ItH-'--- ----t---- -I----l----+----lv.--o-""--.-.-i.. 

-.::-141-------.-----+-.,---- -1--------'-"- ---- ------,,>,---_\__--4z 

~ I l I 
~12f---+----I---_11----J--~---1_---1--~---
~ j i i 

t I I .• ·0 
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~ IOt---+----!...---+--;; --- .-----1--:..--1-----+--,­
~ i 0 
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~8f---+----+--~~~··,F+-----_\__--~---_+---__i 

~ ffi I/,
:.: .8 
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CENTRIFUGAL MOISTURE (PERCENT) 

]<'",rHI, -I,-"~(~llt~I' llil1~rlllll :-"O\\ill~ III!' n'llIlioll (If ('I~IIII'irll~1t1 lIJ()i~tu'" 10 till' wllll'r'I'Upor nbs(irJ,(ion 
III Oil pl'rel'nt n'latire hUlllhlll~', 

i ty, ShO\\'H t1tU tIll(' 1'01'111('1' IlltH It. sligh tI,Y llighl'1' a\'l'I'lIgl' yuluc. 'l'lIC 
dingolluL straight lim' is the lol'uS of nil poillts of e<jual \'nllles of the 
two COllstnnts, Below tllis liuc the ('ell tl'iJ'lIgnl moistul'c is higher 
t1rnn thc \\'nJN-YilpOr absorption. In thc two iustnnces in which 
thceentl'ifugnl moistllre is 1ess tltnll tlre. wu.ter-ynpor absorption, the 
1'0SII1I,S nre 110t nc('essfll'ily in 01'1'01', The C'tlpilln.r'y tcnsion computed 
on the pli' sC'tlle of SdlOfield (27) is 5.1 IOI' the ccntrifugal moisture 
and 0111y 4.15 1'01' the wn.trl·-\YlJpor n,bsol'ption. The rell80n why nIl 
the centrifugnl-llIoistul'e resllits nre not lower will bc discussed Intor. 
The n.ycmgc valuc of t.he l'atio is LHl, with nn averngc dcyin.tion of 
8 percent, 
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TABI,E 2,-'1'/tf' .~ilica-se8quio:cicI(' /'alios and lhe cl!ntrijll(/(Il 1Iwi,~ture-lt'aler-va]lor 
absorpiton ratios Jor the soil-ll/'ofile sallLples 

•--"--,,-------,-----.,----­
! Hutio oC Ii nlltlo of 

.\Iol rotlo I , relltrlru~al Ii Mol rutlo I centrirl1~nl 
Soli 810, • lI10lsture til I Soli 810 , mOisture to 

TI;-o!' 1wlIlcr·\,llpur , If;O; \\,ntcr'\'llpor
absorption d ahsorption 

-- --.~ -- .. ' ....·_---·----1--- ....._-
Colby•••... 3.00 1.22 I'i Yemoll . 2,38 1. al 
lIoustoll .. a.25 I, 3a 'll\lt!Skin~lInl., ...•••.'j ~I1 1,08
MnrshluL. 2.00 1.28 I' KIrvin .. 1.81 I,IX)
Shelhy••• 2.0fi I, ~~) CIl(·II.. . . 1,:15 I, ()j
('linton •.. " ... 2.0·1 I 1,2() 'I Nllco~doehes 1.25 I,m
Pn]ouse_ ~ ~ _.. _........ __ 2. fi2 1,22 i Columhlllllll ,SO 1. 07 


t Vroflh,' nvornge~. 

In tabll' 2 nrl' p;i\'('H tilt' profilo ILY('I'Hgcs, omitting the snody surf nco 
Iny('l's, of tIte l'ntim; oj' (,(,lItl'ifugal llloistm'e to water-yn,p<w nbsol'p­
tion nt, flf) ])(,I'C(,II t, ]'('In.th·e IIll/lIidi ty, nl'l'nngpd in decl'cllsing ol'del' of 
tIl(' Iwt'rngp siIirn.-spsq lIioxidn rn tioH of tIl('. ('xtl'fletPc\ colloids, The 
lI1oiHttll'(~ 1'nLio 1'01' the Colllmbinl1H. is 110~ RtdC'tly compn.mblc becHuse 
tIl(' {'(Ill tl'ifugul moistlll'P WilS dctpl".niJwd on n. Inycr only 2 mill thick, 
run in n. 1'0tOl' 1 hH'h in inHide dinrnetl'I' nt 8:30,000 gl'/wity, In other 
instil nct's, snmpl('s 4 111m thide 1'UI1 nt :300,000 gt'[lYi ty gn.yc n, fcw 
tCl1ths of [l, PCI'(,(,l1t JOW(,I' lI1oistul'C content. 'l'Iw lIloistul'C ratio for 
the colloid should 110 dOli bL l)(llowel', bu tits exnct vnlu!, is unimpol'hmt 
h('l'e, This mtio S('I'Y('S to dh·ide the soils into two gl'OUpS, In one 
gI'OIlP, hn,ving ratios between 1.22 nnd 1.3:~, nl'e the Roils with the 
higll<ll' silien-scsqllioxide 1'utios, In the othl'r gl'Oup the soils nre nIL 
In tl'l'i tic I cxcppt the :Muskingul11, It hns n. ]OW('I' sili('n,-spsq uioxidc 
I'ntio, ]O\\'P1' pH vnlllP, 10wl'I,' exchnnp;cllble-bnse ('(lIlt(lot, nnd lower 
pxC'llHngp-bnRe en.plI('ity thn.n nnyof the soils of the other set, ",hic'h 
bplong to the G1'n.y-BJ'o\VIl Pod:wlic, Pl'llil'ie, HC'n(bdna, nne! Chcr­
nO;"('111 gl'OIl ps, The:m tio of ,moistul'O equivn.len t to watcl'-vnpor 
fLbsOl'ption is Hlso lowcst in the In tel'itic soils, One possible expln:l1n­
(ion of this gl'oup sppn,rn,t.ion is thn.t the most lntcritic profile In.yers 
do not, dp(]o('('ulntn so l'cndily ns those of the OtllCI' soils nod co'nse­
qupntly dmin bottt,[, in tile centl'ifuge. The division of Hlese soils 
into t\VO groups, bnsed upon the Tatio of ccotdfugnl moisture to 
wntcl'-Yn.pO[' nbsol'piion, may ]lOt. bp significnnt, but it seems quite 
lik('ly to be n, physieni confil'l11ntion of the fnct thn.t wide chemical 
difl'c'l'CJ1ces (lxist I>ptwcC'n the colloids of the two gl'Oups. 

Itm,ATION 0 ... CgN'I'JU~'U(;AI, MOIl;1'IlIW TO MOIl;TUIII~ I':QUIV AI,~]N'I' AND 1'~;Hl\lANgNT 
WlIll'lNG l'I~IWI~N1'AGJ~ 

BeCHuse of the intcrcst of ngl'ollomists in the l'eintionships of the 
pCl'lnnnent wilting percentngcs (p. \\r, p,) to moistul'e cqnivnlent 
(m, e,), a blolef exnminn.tioll of the relntioll of thcse constnnts to cen­
tl'ifllgn.lllloistU1'e (e, 1Il.) will be mnde, Briggs and Shun t~ (8) found 
thnt within mtller nnl'l'OW limits p. w. p,/m, e,=O,543, the l'ecipr(lcul 
of ] ,34, Thomns (31) obtnined nn nYert1ge vnllle of 0.42 for three 
sum pIes, 'rode lind JJcwis (35) mnde 4f) detNminntions of the 
pel'maneut wilting pcrcentnge nnd of' the moisture cqniYfllent of n. 
heny)' clay ndobe soil. 'rhe rntio p. w, l)./m, e, I'nnged bet\\reen the 
limits 0.382 nnd O,i)21. 'rhe Iwernge ,"nllle wns 0.455. }fcustel and 
Byel's (13) det.ermincd this I'll tio for three snmples of pent tllld for 
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mixtures of the peaLs with a clay lonm, u loumy fine sand, und a pure 
quurtz sO,pd. '1'he ratios runged fl'om 0.32 to 0.79, with un uyeruge 
of 0.473. Veilulleycl' ullcl Hendrickson (84) found. thut for oyer 100 
soils for which they hnd mndc the detel'milHltiollS, the volue of p. w. pi 
m, e, l'(tl1ged from 0.262 to 0.710. 

From these illYl'stigations it is clem' thnt the pCl'Il1llnl'lIt wilting 
pcrcentnge bem's no definite relation to the moisture equivillent, nlld 
from the dntn, of tnble 1 it Ilmy be inferred thnt no defillite rutio is to 
be cxpected. The top and bottom lu.yers of the Clin ton profile fUl'nish 
all illustrntion of the fact thnt from the moisture content of n soil nt, 
one capillnry tension one cannot predict whnt the moisture content 
will be at nnothel' tension, '1'he surfuce In.yel' of the Clintoll hns 10.1 
percent of mn terial below 5p. in diameter. 'rhe bottom l/tyer hns 
23.2 pl'l'cent of such materinl-olll,r n, slightly grentpr amount. 'J'he 
remainillg ll1f1Lcrifil iSll10stly sund ill the lower Inycr and ulmost 
f'ntil'ply silt ill the lIPPPl' olle. The pUl'ticle-size distl'ibution of' tIlt' 
silty sUl'fuc'e InYPl' pl'oducpd n, stl'l1C'tl1l'C whose 1>OI'e spnces held 23.0 
per'('pnt of' WfI.t(,'l' nt ] ,000 gl'i~dty, whcrens the Inq~(1r VOIds of the snndy 
clay lnyer bplwfI.th 1]('ld slIghtly morc thnl) hnlf ns J1IuC'h moisttll'(1 
untler tlw snme conditions. At BOO,OOO grlwity the moisture rfltio 
is very dUr('r('nt. H(']'e the. moisture. contellt is contl'OlIed to It, gl'cntel' 
degl'('c by the clnv COli tent, which is l1enrly twi('c ns high in the sandy 
Inv~r ns III the siity ono. '1'he ratio c, 111:/111. 0, i~ 0.28 in tho surfnc'c 
Ifl}'PI' and 0',50 in 'the lowest one, For the silt-sized grollnd qUilrtz 
the ratio is (l.0T>. There is n. high cOl'l'elntion bet\\'oon the c. )11./111. e. 
ratio nlh1 the day content of the soils of tnbl(' ]. 'I'his ('OI'I'Cllltioll 
llloy be d~l~ in pnrt to difi'erences in thc pncking of the snmpJ('s in the 
two ('entnlugps. 

An iclenl Cflse, suggesth'e of possible vnrintions in moisture content 
a t the two cen tl'HUglll forces, is thn t of un idenl soil consisting of uniforJ1l 
spheres 42,u in dioI11l'tel' Hl'rnnged in clospst pucking. If the ordinary 
In.ws of cflpillnrity nrc nssul11ecl nnd the ndsol'becl sUl'fncc films neg­
Jectrd, the. voids in this cnse once filled would ]'emnin full of wfltel' ill 
n, field of' 1,000 gl'avity. At BOO,OOO gl'llYity the wntPI.' rings nbou t 
the points of' contnct of the. sphcros would become so smnll thnt th('y 
would occupy only 0.02 p(,l'cpnt of the totfll volume of the voids. . 

During cell trifuging, the moistul'e con /('11 t of the soil snmple. in 
contflct ,,'ith the rotor wnll may be high, pel'hnps appronching sntu­
l'lltion. 'l'henegfltive 1l10isttu'e gl'ndient directcd townrd the inncr 
RUI'fnce is such tbnt at equilibrium the cnpillnry tension is just balancpd 
by the cPlltl'ifugnl field. The centl'ifllgfll force upon the tIIter of th(' 
snmple spinning in tbe .smnll nir-dl'iyen rotors at 2,315 revolutions pel' 
second is 5.1 on the Schofield pF scnle (27), ossuming 110 potential 
exiRts nt the (lutel' bOllndary, According to Schofield, a soil under 
this high capillary tension should be in therJl10dynnmic equilibrium 
with nn atmosph('I'e n t 92 pcrccntofsatUl'ution. Consequently it might 
be nssum('d thn t the ccn tl'ifugn1moistul'es should be cOl1sidembly lower 
thnn the water-ynpor absorptions giyen in tnble 1. In wnter-vupor 
n bsorptioll detcrminntiolls the atmospbere is muintflined nt fi, relu tive 
humidity of 99 pf'rCellt, which corresponds to n pF of only 4,15. 

The nppnrent reasolls why the centrifuge usually yielded hig11er 
soil moistures thnn the wntei'-vnpol' nbsorption nre timb the. former is 
a drying process, the latter is n wetting process, nnd none of the results 
obtnined were (\Cjuilibl'ium yalues, The water-yupor ubsorption iR 
determined in Hus lnborntory by exposing a dry soil sample, held at 
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constant temperature, to an atmosphere of 99 percent relative humid­
ity for .5 dnys. This intel'ynl of tillle is su£Ii.cient for the absorption 
of water vapor to become rehttively slow, but not complete. In 
ollly 20 minutes, centrifugation can do no more than reduce the 
c!tpilla.!'y lilu\-crnent of \\"ittel' to a relatively low value, und the time 
is too short for filly appl'ocinble movement of water in the vnpor 
phase, These two moisture constants are llOiU' the uppcr limit of the 
11ygroscopic moisture range, in which the capillary moyemcnt of water 
is vel'yslow, The 1l10VCJllent of soil water in either the liquid 01' vapor 
phase and DI any moisture raIlge becomes very slow ns equilibrium 
is appl·ol1ehcd. The thcrl110dynluIDc equations from which the pF 
values fire ('omputed assume true and reversible equilibrium condi­
tions. Equilibrium conditio.ns of soH moisture probably nre ]1('yer 
l'('ulized, as SUdl experiments as those of VeilmH'Y(l)' (32) or of Shrove 
and TU1'l1nge (2.9) indieate. 

]i;stimntes of the cnpillary tcnsion of tho soil at the permanent 
wiltillg percentnge J'iluge fl'Olllabout 4 to 25 atmospheres. Veihmeyel' 
and Heml1'icksoll (3,4), who have made l1 thorough study of the wilting 
of plnnts, :round cddencc 01' permnnent wilting when pJantl'oots 
wel'e pu t DltO solu tiolls having osmotic presslires of' about 16 to 20 
n.tmosphcr(·s, 'J'jle~e tellsions on the pF senle rungc from 4.22 to 
4.:·t~, ,-nlues only slightly gJ'eater than the wnter-vn.por absorption 
at H9 J)('I'C(,.I1 t l'cln th'e humidity. Because the latter is [1 wetting 
process n Ild tbe 1'01'11101' is n, drYDlg one, the soilmHY be expected to 
11n. \-0 th(' ltiglH'l' moisture eontent nt the permanent wilting percen tngo. 
SuJ1'Lciellt quantities of these samples were JlOt avn.i.lnble for wiltDlg­
point dctel'minntiol1s, nud so the l'eln.tioH of centrifugal moisture to 
the pel'.llltUlClI.t wilting percentage is ]Jot definitely knO\Yll.. But 
from tire k.noWlll'elatiollS of ench 0·£ the two moisture constants to the 
moisture oquivnlent, it is npparent that the centrifugal moisture 
\'iduo is consiclernbly lower thnJl the permanent wilting percentage. 

Duo to cohunn-end nnd pu.eking ef-l'eets, the moisture content of a 
soil nt pel'llwllcnt ,,-ilting will cel'tninly be lower than that of the same 
soil ('('i1tl'ifuged ut the same cnpillllTY tension, After the wilter hus 
('onseel to drnin from n,. pel'colatDlg soH cohmm there should exist 
\\-iLbin it a zone whose height and moistUl'e content do not differ 
grot! tly from those which would obtain in the sumo soil after a capillnry 
rise 1'1'0111 ii, free wnter SUl'lh.cc. The sample in the 1l10isture-equivil­
It'll t centl'ifuge is vil'tuully n, pel'COlatDlg soil columll. In the small 
high-s]Jo0d rotOl'S the eolullul is short, about 4 111m, und the soil is 
piwked. ngn.illst [I, hurd ELIteI' band or the smooth wall of the rotor, \\;hich 
1mB only u. :few smull dl'ninnge holes covered with the futer bund. 
These conditions nre favomble to the retention of water uml account 
ill ptU't for the fi\'('tthnt sttmples run in these rotors at l,OOO gravity 
JULYe n,moisture eOlltellt somewhat higher than the moisture equivalent. 

The small high-speed rotor produces n smaller volume of voids 
thnn does the moisture-equivalent centrifuge. The pressure per 
unit of surfuee area of the sump]e agaD1st the container wull at 300,000 
gruyi1'.y is of tire order of 100 times that w11ieh occurs in standard 
moisturc-oquivnlellt deferminatiolls, The Dlitial high fluiditv of 
most sli.mp]os is also favol'H,ble to close packing, which enables the 
soil to retHin 1110re capillary wa.ter at high eltpillnry tensions than 
might be expected fromecntrifugation nt 1,000 gravity.

In determinn.tiolls ·of permn,nent wilting percentages the soils are 
drnined by un in tcrnu.l ahsorbing system that is not subject to column­
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end and packing efreets. If the centrifuge. were· to be used success­
fully us an instrument fOT the indirect d('terminntion of permanent 
wilting per('cntagt's, it seems ("('I·tnin thnt. ltiglH'r j;C'nsions would be 
required Hwn nr0 HOW dC'\'('lopC'd in Hloistllr('-eqllinll(,llt dC'tC'rmillll­
Lions. 1f the e('ntrifllgnl fort'e were illcJ"(\nsed til(' soil pllcking would 
be iucreased nlso. This pneking would 1101. in Ledt'I'C' with thC' (I.e·C'u r[lcy 
and relitlbility of tbe llwthod if it 1w.<1 rdn tiyel y thC' snme influellce 
lIpon all soils. It sepms urtiik('ly t:lw t the po('lung effect would be 
a constant foetor, but tho ynrintioJlsmight 110t be so hll'ge 1'01' Jorees 
of the order oJ 10 to 20 ntmospheres as to introduce prollihitiYely 
large errors in the detC'rminn tions. From the dntfl oiJtuuled in this 
im'estign.tion it seems likidy tbn t the most. 11('11 dy eonston t ratio 
between centlifugnI m0ishu(' nncl pel"lllflnellt wilting pcrC'C'ntage 
would be obtnined frolll the Operfl Lion at senrnl thousnnd gI"n\':i ty 
of a cel1trifu~e which, nt 1,000 gnl\-ily, would .yi('ld fl snil-Illoisture 
cOlltent ('qun] t,o 01' less Own the. moisture ('(luiYni0nt. This I:lUPI' 
cOllClitioll ('an be snti;::;fied by' tl.H' LISP of ft Stllllp\(' box pl"()\-idillg :IS 

free clrnillnge ns possible Jor fl soil silnlple th(' (\C'pl Ii of which is ('qunl 
to 01' grC':ltpr thl'lI the d('pth of tliC' SHlllplC' (,lllplo'yC'cI in llloi",illl·('.­
C'q lliYillNI t. dl't'('l"I11i nil lions. 

NORMAL MOISTURE CAPACITY 

'1'1)(' tprm "normal moisturC' cnpuci(y" was coinC'd by Sbllw (28) to 
designn.te the. "minimum ulUount of wllter {hut is retnined hy nbsorp­
tiOIl and film fo]"et's whell tll(' wnLel' is fr('e i011l0\Te clo\\Tnwnrd throllgh 
u, mnss (If uniform soi\." Tho pl'ocNlllrC' el1lp]o.Y0c\ in this il1\"C'stiga­
tion was somewhn t similm' to tbe one used by Shaw, und for tbis J"Nl­

SOIlI the nnme is ]'('tnin0d. In this work the tNIIl "nOI"I11:11. ]110istlll'p 
cflpneitylJ is applied to th0 1lI0istllrp ('ollLent of n. wet soil in ('ontitct 
with a c! lOY InYN after .tlle 1ll0V('UIPJI 1. of ('11 pi!lt~r~~ wu tel' hN'omes Yer,Y 
slow. In these exppl"JIlIellts the wet In.YN· 111lhnlly lind some gr'Hn­
tnlionnl waiN :md the. dl'y .1nyer only h.\groseopir. moisture. TIl(' 
pUl"(K1Se. of tho ill\'estigntion '\Tas to nseer tnin, if possiblc', ",hnt rdn­
tion t1lis moisture ('ol1stnnt lwurs to till' field eapn('ity nnd to (11)(.'1' 
ph.Ysi('nl :lUd chC'mirnl dllll"ilct,(,I'isties of tllC' soils undN in\'l'stig:l tion. 

I'I!OCl~I)l'ltg 

Tlj(> followiJ1g" procedurC' for the detC'nninution of the normnl mois­
tu re en paci ty WflS ern ployed. '1'he suw pIp wns pl'eIHu'NI by passing 
tho soil mu.trriul through it 2-mm round-ho.Ip si('Ye. find then by further 
brenking npl1rt the nggrpgntes to puss a similar I-nun si('~'e. The 
snmpk, while bC'ing stirred nnd tUrIH'd 'with a, spatuln, WllS moistC'lled 
with it fine sprny from nn ntomizpr until tile mnterial just ccnsed to 
be dusty. 'l'lJis degree of grtlllulation npP(,lu:ed to be helpful in pre­
yen ting segregation of the fil1e from til!' ('onrso plIltieles during the 
filling of the soil tubes. 'rile tu \ws, of pyn'x glnss, WNe 2 inches in 
inside cli:mwter and 20 inches long. EHeh wus equipped with two 
J"U hber stoppers IIll\Ting capiUnry ol)('nings, ",hiC'h s('r\'('<1 the pll rposes 
of eqllu1izing the nil" pn'ssure nIHI ])1'(,\T('I1Liug the loss of soil waLN by 
cYfl.porn.tion. 'l'hC' tlli.>l'S WNe filled with tho prepared soil l)w,j,('rin.L 
and pn("ked witl! 1'1, rot.ary compHetor to n. depth of 18 iuches. The 
apparent volume, initi:lf moisture ('OI1tcnt, and w('igllt of the soil 
J1Ul.t('l"inJ in encll 1;u be were roeordcd ill 01"(1('1' to (,Oln flU to the volume 
weight. 
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In wetting t1le soil c.olumn by the addition of distilled wa.ter drop by 
drop from n, btu:ette or through a, capillnry tu be, nn attempt 'was macle 
to COIl trol the rute of flow so thn.t tIle soil ('OIUIl11l wns liCIt flooded at 
nny time. The soil surfnce WftS coyered with a, fine screen to preYellt 
puddling. The desired quantity of wuter, which J'equired from peJ'­
bups 2· bours to :lS lung us 5 dn,ys for its reception, W:IS such as would 
wet tbe soil column to n, depth of n bou t 15 indl('s wi thin n, w(le.k after 
:its addition. .As soon as the addition of wnter ceased, the soil tubes 
'were stoppered, placed in nn upright position in n, lightproof wooden 
box, and tht'n stored in the 1n.boJ'ntory. 

In these expt'riments two tubes were filled wHit ench soil. One wns 
stored with the dry enelnt the hottom so thnt the ('apilbry mO\'('HWl1t 
wus downward. The other tube WilS rev('J's('(1. so thu t the ('upilln ry 
mm'ement wus upward. Aftel' standing for 7 linTS the entire soil 
('01 unm wns sil1l1plecl in I-inch seetions wit h 11, core Sfllt1 pier made 
of n, thin llletnl tube of OlH'-hnlf inch inside dinll1eter. Thes(l core 
sllmples 'were dried ovcmiglit, flncl the moisture contents determined. 

ltESULTS 

The moisture distrihution nnd initinl moisture contC'nt of tl.e Pnl­
oust' siJt,]oHm profile samplps nre presented in tnbie 3. III figure 5 the 
moisture ·distribution is shmm g1'llphicnlly for fOUl" soil samples 
":)[]!!iJlg ill t.('xturc from n, fille snndy 10:1111 to 11, hen,.\, dn.v. TJlese 
dnttl, \~'hic-h nre typical, show thnt in "en,ch soil column 'there is only II. 

slight cieeretlse in l11oistuJ'p content from 1. 01' 2 inches below Hie SU1"­
:face down to within ;), ft'\\· indlt's of the. dl"~T lnypr. In the lower por­
tioll of the moistened sedion tbel'e is n, I'tl.pidl,Y ([('(Tensing moisture 
content ilS tile dry ]nyer is npPl"Ondwd. The <lnUt of 8hn.\\· (28) show 
(l\"el1 lwlt(,i' tllP stlme cilnl'llcteristic moisture distribution. The more 
J1Pnrly pt'rft'l,t uniformity of moisture ('on t(,11 tin Rhn\\-'s snmpies may 
be due to the dirrl'J"l'I1C'(ls'in method of' packing 01' sampling, in the size 
Hl1d [t'ugth of til(' soil ('ohullns, ill the time nlloWt'd for l1loistul'I.' dis­
tl'ibutio'n, 01' ill the more flwomble texture of his ::;nmplC', 

TA.HLB 3.-Jioi.slurr dixlrilmlioll 1'I',~lIlting .from downward al/d llptcurd c(lpi/huy 
movemcnt of 1('(111:1' 1'n .~(I/J1Jllc,~ Il! P010llS!! sill 10(1111 
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24.1 
23,6 
'.?:l.0 
21.0 
20.7 
19.5 
17. 9 
9.5 
6.7 

Pa" 
rwl 
21t ;} 
25.J 
!J.1. f 
2·J..! 
24.0 
2:1. 11 
2:1.1 
23.4 
2:t -4 ..)~ s 
22:3 
21. 1 
20.0 
IS.7 
16.9 
10.0 
5.7 
5.4 

Pa­
rmi 

2.... n 
2n.1 
2f..fl 
2·14 
2.1.·' 
:!!l. 2 
22.:~ 
~l. ';" 
21.H 
21. 1 
19. I' 
I~.I 
17.4 
0.3 
3.8 
6.0 
5.6 
5_5 

14.6 J 5.1 16.2 16.0 17.0 15.0 ) 15.3 15.3 

Ilnitia11110lsture content of soil column. 
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The surf/we ineh or two usunlly has n. sli~h tly high(·/· .Ill,oishl/·e COIl­
tonij tlulIl the mat('rlftl below. This is pl'Ohn.hl v elltO to the Jiooding 
of etwitiC's n.t or neltrmoistul'e snt.lIl'H,tion, w}lic!t do not drain Illt(l'r 
untlet' cnpilln.ry tC'llsion. It is fo~' the sn mo 1'('I1S011 t1w.t soils that 
ha,yo been flooded by il'l'ign.tioll oft(lll ha\'e l.L higlH'r moisture contmt 
nen.r the surfa(~(\ thnn soils tlmt hll.\'(' be('n wut('/'()(\ hy n. slowsttmcl,v 
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FIGl'.RE 5,-The moisture at nQrmal moisture capaeilr for four soil larers, 

min. In a few of these samples, .and presllmnbly in nIl of 8hn,w's, 
wnter stood upon the surface at some time dming wetting. 

In these e).:periments the soil columns were not allowed to stand 
long enough for capillary movement of water to cease. After stand­
ing 3 or 4 days the line of color change, which marked the position of 
the ca.pillary moistme front, did not move more than 2 or 3 mm per 
du.y, In some sandy soils the line of color change became indistinct 
after a few days and appeared to move forward more slowly than it 
did in the finer textured soils. Alway and j\IcDole (1), working 
with similar soil tubes moistened at one end, found that at the end 

http:FIGl'.RE
http:cnpilln.ry
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of 5 dnys "equilibrium had been practically attained in the silt Ion illS, 
but in the COltl'Ser k.xtul'ed soils this was fur from true." Shu,w (28) 
found that wn.ter contimled to move dowll\ntI'd in u. soil colunm 
throughout the 123 dnss it was allowed to stund. In this inyestign­
tion one soil column of the surfn,ce ln,yel' of the Oolby, allowed tD 
stand for 345 dn,ys, had a moisture eontent of 24.6 pereent at thfl 
upper end and 22.1 percent a.t the lower enel, whieh had been initially 
dry. The normalmoisturecapu,city of this sample WtlS 29.9 percent. 
Tlus soil snmple was much nen,rer moisture equilibrium thnn werc 
those of SIU'cYe and 'rurnage (29) which, at lower moisture contents, 
were exposed for .2 yenrs to much greater tempemture ynrintions. 

The moisture content of the soil at the dry end of the cohunn 
nhnlYs slightly exceeded the initial moistlll'e content ewn 'when the 
capillary front wus severnl inches from the dry end of the tuhe. TillS 
wnter 1l10yell1ent took plnce, quite certninly, in the Ynpor phase. It 
was to {n~oid exccssiye wn.ter-vn,por movement thnt the soil columlls 
were sall1p~ed nfter stnuding only 7 dnys. In determinations of the 
field capnclty, snmples USUlllly n,re tn.ken from 1 to 5 days after n. 
rain or irrigation. Since no n.ttempt wns mnde to add identic-al 
quantities of 'Witter to en.ch piliI' of' soil tubes, the moisture tapers 
usually oceuJ'I'ed a.t different depths. The tnpm' ends n.brllptly at 
the line of color chnnge, nn nbruptness not well shown by the datu, 
l)('('iwse the color dmnge oecurs at vnrying positions within the l-ineh 
snmplc ('..0res. The upwn.rclmoyement of en.pillnry wnter a.gninst the. 
emoth's gru:dtationnl field was slower and the moisture content of 
the 'wtted portion of the soil colunm wus greater than when the. 
wn,ter mo,~ecl downward. In sandy ll1yers the difrerences in wnter 
content ill the two cn.ses usually were ]11rge. 

In onler to seeure n. ll1.unel'ienl ,'nlue for the nOl'mnl moisture 
capncity, the n.,'e.rnge moisture ('ontent of the. nearly uniformly 
wetted ~ portion of til.e soil 0.01until wn.s tn ken. In ol)taining thIS 
uYcrt1g(', the moisture ynIlle for the first inch of soil, usually the 
wcHest, WlIS rcjeeted. The moisture vniue for the second inch was 
also omitted if it exeeette.cl that of nny subsequent section. The 
data of nil suhseqll('nt l-ineh seetions were included lmtil one wn.s 
reached whose moisture content wns less than 90 percent of the 
n:n?rnge of the preceding sections. For example, the normnlmoisture 
ctlPilclty of S11.111ple 8069, til.ble 3, is the average moisture eontent of 
the soil column from the second to the twelfth inch inclusive. This 
most uniformly wetted portion of the soil column wns usually bet,,'een 
8 and 12 inches long. It right haye been n.d,'antageolls to use soil 
eolumns longer than 18 inches, but longer ones could not have been 
pncked with the rotary compn.ctor lwn.ilable. "~h, ther the diameter 
of the tubes had lln effect upon the moisture uniformity or moisture 
content of the soil column was not investigated. 

The normal moisture cn.pacity, determined ns outlined above, 
together with other physical data, nre presented in table 4. The 
datto on specific gravity ilnd moisture equivalent were taken from 
the work of :Middleton, Slater, and Byers (23, :24,), The snmples 
upon wmch the specific gravities were determined are not the same 
as those used in the other determinations, although both sets of 
samples \\'ere taken from approximately the some locations. This 
may cause some error in the computed relative volumes of air, water, 
and soil material given in the last three columns of the table. 

http:exeeette.cl
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TABLE 4..-'l'/te normal 'moi,~I1tl'e ca,]H1cU!/ nnd relall'd data oj the soils from the 
erosion c-.::,)'!rim,ent st(ltion.~ 

COLBY BIUI' I,OAM, IIA y~, K,\:-;:=;. 

\'01111111101­

~lIl1lplo no, 

fiS·12 .. 
('S4:l •. , 
OS,"' .•. 
C,"·15 
(.'>40
mH,_ 

1101'1"1'0:-; 111,;\('1\ ('1,,11', TI';~II'I,E, 'I'g,:.: 

.,_ , Imllin 2\1. 5 ' n.1I7 L ~72 fil ·IS, I 0) I..' ~ 14.4 
@Il;, 2U, (j 1 I. 01 t,2:i 2. Hi ,lit 1 an ,I ~ 17.5 
liflllS ~fJ,O ' 1. 07 ' 1,29 !t flU IS, 0 a:l. r. I IR.il 
W~HI 20, I UIO' .I. a2 2.71 ·IS. ; 27. a 1 2·1.0 

;\UJ("IIALI, "II/I' L()A;\I, CLAHIXJJ.\. WIl'.l 

13171 20..~ i 2..... ·, ; (J,\)I 4:i. 1 :la, x ' 21.1 
nl72 ;{2,1 ;lO. I • tJ5 ,I'I.U 30. I 19.0 

"HELllY "II/I' LOA;\\' BWl'IJA"Y. ;\11). 

(,7U7 -2:,.-1 2·L 7 1.01 ,1,27 2. (,2 :lI,·j 20. I 
n7Uk ;)7.1 aa.o : .117 1. 2a 2. f)ll : 41. 7 I 12.1 
r.7UU :1:1,;' I :12. Ii .1111 J. 22 2. i{l ·\0,1 I H.7 
m,oo all. \1 20, () i I. 07 I. :12 2. H5 as.::, 1l.9 
';SOI 21. ~ ~a. n i 1.01 1.:1, 2.72 3a.Oj 10.3 
f):-;O~ ~t ~ 2:.:!. U LOO 1.-11 2, it ~t~,3 , 15.-; 
n!o\Q2,·\, IIi. a 15,2 .01 t'. ·.Ih (I, 

m,i)2H ,~:!. 7 22.S • !l7 Lar. 2.71 [JO.2 3LO. ""'18:8 
I 

.. -.~-----

103r.2 :!~. I i n. H~ U3 I ~ lit ·111,(j 27. 1 26.3 
t(l:I(~J ~L.~ .xs L ~,m ~. ,n ·1ft i !om 0 l 27.3 
1000nl '.!~..1 .'0 I. 25 2.71 'W.l 27, fi 2ft. a 
lOa(\;, 21.5 .~s 1.:1II 2.70 4S. I 25. j' t, 26.2 
Hl:lGfl In 7 

i 
1.17 

I 
1.-11 , 

2.~1 , flO. 2 22,8 2;.0II 
-~-----

soon 2·I.S !!a.2' 0.'12 1. 2H 2.71 47.2 29.7 J 25.1 
H070 1 t,­'.!i.2 25. fi {l2 1. 2S !l. 'ia ·1Il.1I 32.0 20.5 
S07.1 27, ·1 20, ~ .uo I • -I 2.7a ·lfi.5 :la.5 20.0 
~Oi'2 21. ~j 22.S .811 La:) 2,73 ·IS.7 ao. ;j 21.0 
8073 !!:l, ;3 23,0 .92 l.a2 2.73 48,4 I 31. () 20.6I

-----.........--~~.~
----"~.--~ 

I : 
6718•• , " .I:! ~ l.3S i'l2 2.0a i 

i 1\4.0 i lS.7 
i 

27,,3 
(i719.. , ... . 11.0 1.31 1. :m 2. on fl2.3 16.5 31. 2 
6720, ... " IS.O L05 I. 26 2. fi9 ·16.8 ~~.·I 

I 
29.8 

0721 ... ~ .• r ~ 20.7 
i 1.13 UO 2.{\O 52.0 26.S 21,2 

r • ____-........ ........ _"M<_.
~ 

----~,-.~-. 

I I 
B~07""" 23.0 23.1 . O.Hl 1.26 ' 2.6{\ 47.4 I 23.5 

B408..... 'I 21.5 i .82 1.31 2,70 23.3
~8. 5 ! ~ll52.2 27.0 20.813409..... ..92 1. ~O 2.68···· ...."1 10.31 53ry15.8 16.7 .86 I. ~8 2.7S 24.7 22.1B~IO·..•• .... •••• ..1 iU ~ 
B41l............... 16.3 14.2 .72 1. 56 i 2.78 i 56.1 22.2 21. 7 


I :Not determined. 



TABLE 4.-'l'hc normal -moi</urc ca]H1dlll autZ relaied dala of lhe .~oils fro1/l lhe 
ero/rion c:t]llm: 111 cnl. stu/ions-Continued 

KfRVIN ~'INI~ SANDY J,OA:-r. Tn.EIl, TEX. 

Sample. no. 
Air 

PaCflll l'm'Ol1
In. Ii : 27. ti 

oms. __ :17. II I 2:1.1 
(ltlSO a3.0 2·1.·1 
(illS), 

667S....... _••. 


6tlS~ 

. 

27.9 

IHill 2\1.5 [ 2(1.() 1 L ~I:l . :1I.2 
5 1 2.,".•!

S·IiS. ~. ~. lS,7 1 ls.0 . I. 2·1 I 2'1.

H·I;; 27. U I 1. (171 31.1i . 2U.3 
IH7S I~. r. i~ M . 
9470 2:1.3 20. k :i:~ ~ 2·1,:1 '3[1:6 

CI,:CIJ, ;;AXIlY (,J.AY L():\~I, WI'A'I'!O:';\'ILI.E, X. c. 
-.~----

(jOi; 21. ;) 2:1 {I , 1.1" I L 2S I 2 or. -IS. :l I 20_" I 22. >. 
: '1 It(1m!; 2(i r. :!·I 7 .U:ll 1 !!:i _. -- ,15. J I :m \I 2-1.0 

11\17\1 :l!l U 2;). Ii \ • S~J L 2·1 . 2. is >1-1,0 I 31. .. 23-.f 

St'H.tt(,I' dil\~\'nm::; or til(' yolulHe or Roil lllH.tel'inl, wnt.er, nnd nit' 
plotted in tUl'n u~ilill,;t; the slImi, silt, nnd dny contpnt revenled few 
sin~le ('ol'l'elntioJl8. Th('re. js no Rigniriel1nt cOI'1'plntion b('tween the 
nil" yolum0 lind the l-li.lt 01' ('lilY cOlltl'nL .\.8 would be 11r. ticipfltpd, 
the l'l'lHtiyl'. volume of tht' soil 1TI111pI'ini decl'PHsNI with iJ1Creflsing rln~' 
('ontpl1t. 'I'h(' l'ol'l'l'lnfioll ('()efii('iPJlt wus -0.G3. 1 1 o\\,p.,,-eI' , there 
is no si~nifi(,tLnt ('on'l'lntion bt'twe(,11 thp volume 01' soil Jl1nf.el'inlnlld 
the salld 01' silt ('Ol\t.pnt. 'rhe Inl'gl'st ]'('lntin'. YO]UI11C of wfltel' occur" 
in ('lfl)T soilR, the ('01'1'('lnlio)1 bping 0.79. TI1('re is ])0 signHjcnnt 
re]ntiom,lJip hCtW(,l'll tlw ppr('l'ntnge of "'Iltel' by yolume nnd tlw 
peJ'(,l'ntnge of silt, but til(' ('ol'J'('lntioll hetwcl'll wntpl' yo]ume find snnd 
cont('nt is -o.on, Till' SIH'lhy profilc hilS 11, Yl'ry low nil' volume nt 
l10rmnl moisture (~nptl('ity, The ],p:-;iduuls of tnllle 7 iJldicnte thnt 
the 1101'111nl moisture ('n])I!<'itir.R of the Shl'lby profile lnyet'::, nre higher 
thnn shouJd be ('xp('ctl'd ]Jl SOIl snmples of these t('xhl1'0S, 

'rhe ii(·ld yo]umc wl'ights published ('ls('",h('l'c (24) runge from 1.03 
to 1.1)1, wh01'ens the lubol'l\tol'Y volume \Y('ights of the sumples upon 
wl)1('h ])orml)] ])1oistme ('upncities \\'(,I'e deterrniued runge fl'om ] .12 
to ] ,56. Tl)(~ single ('oefli(oient of ('orl'l'lation between the lubol'ntory 
yolume weight nnd the clay ('ont('nt is -0.71, il1c1icnting thnt there 
is in genel'nl nIl incl'ense in Yoid splice in heny)' textured soi1s, How­
ever, for the field. volume weight the snme eoeflicient is only -0.37, 
sbowil)g thnt the clay ('on tent is 1)ot the contro1ling IndoI' in the 
nppnrent densities of soils lIlldel' nntuml conditions of field pneking. 
The 1l1borntol'Y volume weights on the nY('l'age nre ]6 percent lower 
tlum the field yolume weights, but the l'ntios between them UTe quite 
vnrinble. There is n, much closer ngremnent between tbe volume 
weights nt moisture equi-ntient (from llnpublishcd dntn. of Middle­
ton) 1111(1 the laborutory volume "weights tlulll there is between either 
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of these values und the field volume weights. The field volume 
weights were determined upon the entire soil material in plllce, but 
the other determinutions were mude upon the soil materinl which 
passed a 2-mm sieve. In most of the snmples there wns little or no 
muterinl larger thun that limit. 

RELATION OF NORMAL MOISTURE C.\PACITY TO MOiSTURJo] EQUIVALENT AND TO 
Jo'IELD CAPACI1'Y 

The relation of norma] moisture capncity to other soil-moistme 
constllnts will be discussed in a subsequent section. However, it is 
desira.ble to present here some relationships between normul moist\lI'e 
capncity, moisture equivulent, nlld field capacity. The Held cnpucity, 
which is the moisture content of 11 soil determined usua]ly from 1 to 
5 days orter a Tain or nn npplication of irriglltion water, is now of 
interest in sllbhumicl m'ens in connection with soil-erosion problems. 
Nenrly n]] the published dutu, on field cnpflcity were obtilined in 
subhlllnid regions where there is usun]]y a dry ]nyel' below the wetted 
portion of the soil. ]Jl these instllnees the moisture conditions nre 
COmpill'n ble to those required fOI' the determinutions of normal mois­
ture cnpn('it~T. 

Jsrl1('lsen (17) states: "It is highly desil'nble to estnblish if possible 
11 relntion betw('en some 01' the more genern]]y USN\ soil constants 
nnd the ml1XimU111 field cnpncity of the soil." He pneked tubes with 
soil mu terials, Sll turn ted them with wn tel', nnd then allowed them to 
dl'Uin for 24 to 46 hOllrs. For]2 soils so trented the rntio betwepll 
moistul'e cOlltpnt I1nd field ('upllC'ity l'nnged hom 1.32 to 2.30. This 
high )'n tio is due to difTC'rpl1res in strueture flnd in (,Ilpillnry tensions 
hetween the soils in the field find in the laborutory. The tensions 
thnt existed in the soil tubes nre ('ompnrnhle to tho'se whieh exist in 
the field whf'1l the wllter tnbJe is nefll' the surfnee. 
~futhews (21) found thnt 1'01' eertnin soils of the Grent Plnins the 

field eupn<'ity is slightly less thun the moisture equivnlent. 13mI' nncl 
Thlss('] (,IJ) give the (i('It! cnpndty unci moisture equivnlent of 25 sum­
pIes fr0111 texturully UJlifol'l1l silt lonm soil profiles from centml 
Nebmsku.. The IlvPl'Hge f. ('./m. e. rutio computed from their dnb1 
is 0.91, 'with un Hvel'llge devintion of only 0.5 perrent. Yeihmeyer 
find Hendriekson (88) determined the SHme l'ntio, 'whieh they termed 
the "relntive wetness" for 19 Cnliformn. soils. The menn villue was 
LOG, ,\it,h a. 111enn deYintion of 8 percent. The relative wetness WitS 

grelltest for the slIndy soils. "~ork nnd Lewis (S5) obtnined n menn 
value of the 1'. e./m. e. l'ntio of 0.82 for n· soil so fine in texture thnt 
moisture-equiynlent determinations were difficult to mnke. Hnrcling 
(15) found n deerellse for the Tntio from ubout l.5 for snndy soils with 
a moisture equivfllent of 5 percent to about 0.75 for soils with a mois­
ture equivulent of 30 pereent. In Barding's e}.-periments the moisture­
equiYfilent determinations were not mude upon the samples used to 
determine the field cn.pucities. 

Some of the variations in these ratios mn.y be due to the field­
moisture sampling. If the samples were taken while cnpillary.move­
ment.was still relatively rn.pidthe moisture determinations would 
be too high. Sandy soils permit the most rapid movement of gra\ri­
tational wn,ter but app\lrently the slowest movement of capillary 
water except at low capillary tensions. 

Field-capacity determinntions are not available for the soils used 
in these investigations so that a direct comparison of moisture equi­
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volent ond field cnvn.city is not :,lossible. In tn.bIe 4 ure given the 
ratios of normol moisture capacity to moistll1'e equi valent. figure 
6 is a, scnttN dingm.m of the ro.tio 11. m. C./JIL c. plotted n~o,inst. the 
moisture <'ct'.li ,'a,l(.'I1t, the latter brin~ used as an index of texture. 
The figure shows no significant effect of texture upon the n. m. c./rrt. e, 
ratio except thn,t it is high in sa.ntly soils. The o.vrmge value of the 
rn.tio is 1.02, with an iwerngc deviation of 12 pcrccnt, By omitting 
eight sanely layers from the u.vernge the ratio bccomes 0.96, with Ull 
average dC"in.tion of 8 pel·cent. 

Although dircctly compomble doLo, of normal Iri.oisturc ca.paeity 
n,nd field en,pa.city a.re In.cking, the similn,rity of vttltles of n. m. c,/m. e. 
and f. c./m. e. lends one to helkwe tho,t the normal moisture capacity, 
as det('rmincd. in this in n~stign,tion, is a better Jl)easure of field ea.pu­
city thnn is the moisture cquimlent, Obviously it is a better index: 
thUll moisture (lqui"iLll'nt in sandy soils. The sil'Ucture find plLeking 
ma,), not h(' the stulle in the soil columns as in the fipl<l, but the ea.pil­
lar,Y teJlsions and hounil:ll')' eonclitions arc ('sspn tiany tIl<' sa.IlIC wJH'n 

5 10 15 20 25 30 35 
MOISTURE EQUIVALENT (PERCENT) 

FIGl'llF. G''''·S!~lt\('r tlin~n\J1I sh(Jwill~ Ihe reluliclII of lile ratio of the l1orlllnlllloisturo rllpncitr W moisture 
t.''Iui\'ulrnt .for :;nils whosl\ W~llJrcs un! n·prescJ1wd hy the moisture eQtJh'lllcl1l. 

the fi('ld ('tJ.()fl.ril,y is det('rmined with the sn,mple<\ In,y('r in ('ontaet 
with :1· dry one hen('u.th. 

Tn,hk ;3 and fj~lIl'C 5 mustrn.tc the fitlllilinr but remn1'knhle soil­
moistllre ph('nOJllPIlOn upon which the ])J'nd:iec of fnllowing is hased. 
,Yht'll wfLt{lr enLC'rs thc soil Sl1r1nce it 111o\'eS down into the dry soil as 
rapidly ns the pore-size distribution will permit. W'hen the gra.,ri­
tntionnl ,vat('r is eXhfll1skc\ and the wnk]' ll1eniSCllses at the soil 
surfn,e,n dC'Y!\lnp tensions of the 5m}('l' of one-hnlf to one n.tmospheJ'e, 
the do\\'n\\ ;tni J1l0,'ement of enplll:u'Y wu.t('r be('.ol11(,s ypry slow. After 
a few incl1('S of the surfn.ee In.ypr dry! the upwnrd enpillary mo"cment 
of wnJp·I' be('omes Y(\IT slow, n.nd water l'('mnins in the soil fL,'n.ilable 
for pln.nt use. 

THE STICKY POINT 

Atterberg (4) employed the sticky point, or Klehegrenzc, as a soil­
moisture constnnt to sepn.l'iI.tc the plastic consistence of soils into two 
parts constituting the sticky and nonsticky l't1.nges. Hardy (16) 
rega,rded the stieky pOlnt u.s the condition of mu,ximum plasticity nud 
necepted the onset of stiekill('SS as marking the sn.turation stage of the 
colloid component of clay und soils. Atterberg defined the sticky 

http:sepn.l'iI.tc
http:surfn.ee
http:mustrn.tc
http:hen('u.th
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point fiS the 1ll0istlll'e contC'nt of fl. (!Joying dn.y pn.ste when it just., fnils 
to stick to fl, nickel spn.tuln, dmwn o.cross the surface. Ilnl'(ly's (THp­

l'ion Wfl.S the fn.iltll·e of the drying soil J1Jn.ss to adhere to the Hngol's. 
Russell1nd Wehr (26), n.pi)rofl.l~hillg the sticky point from the dry 

side, chose n.s the end point the stnge ut which IL nick('l spo.tulfl, pressed 
fil'lnly agninst 11 freshly exposed soil s1Il'fn.ce nncl dJ'fl.\\"ll quicldy across 
it., dIstinctly did not scom. By quickly they .men.nt, nppnl'ently, 
speeds I1ppronching thnt ordilliLrily n.ttlLincd by tillngc instl'ulllC'nts. 
,Vith decrensing spn.t,uln, speeds, the snlJlples required higher rnoisture 
contcnts to cn.llse sticking. They cnlled the limiting condition at n. 
vcry slow spn,tlllll, spccd the stn,tic. scouring point. For fL sample of 
Houston hInck elay hom 'l'exns the moistul'e contcnt n.t the higher 
seoming point wns 39.7 p('.]'(:ent flboYe the lower one. 

Kccn nnd Coutts (1.9) clnploycd n, smnlL dough-rnixiug tnlj.{'hine for 
stidw-point d('tl'rmin:1 tions. A POI'c('ptibIe cle:l,n-up of the skI('s 
uncI huse of the IlIHchinc wn,s ohsol'\'ed when the wet soil nwss dl'ied 
to the stiekv point. The JIlfl,chinc was SOOI1 I "jectcd because it I'e­
qui red too I:i I'go soit sanlpks II ltd. wns too in('.ollYeniont to deun. The 
pl·oc.Nlu!'C I(oen nnd Coutts finn:!ly employed wus to mix n. wetteal O-g 
soil sft.mple on n, glnss phlte wiih I), spn.tulu" nnd then to knend the 
sil.l1lple by hu.nd lInl it the soil no 10ng!.'1' siuek to the hnnds 01' to n, 
spntu]n, dl'flwn through it. Chn:rlton (11), who lIsed the :inlllC /;r('l1­
nique, cllIphnsized til(' n('e('ssit~T of n.PPI'ollching the ond point from 
the wrt side only. Bodllt:lll n.nd. ]>cI'I'Y (6') chosr. ns th(' (,lid poillt thc 
condition whC'11 t.he 1\11(':1111'{1 soil, PI'cssNI ngn:insL the thumh, no longel' 
stll('k to it. Th(''y :1.Itelllptod to n.pply tho sallle PI'(~SSUI'('. n,1: (~n.(~h trs/.. 
Pl'rs('.ott uncl Poolc (;efi) stn.t.e tlmt til(' 1\.0('11 nne! Coutts sp:ttuln, frst 
is the Oldy sn.tisf:wtoIT ('J'itf'l'ioll rOl' til(' IH':I,,,iost, r!:IY:4, Fol' ki'ls 
plnstie soils t.I\('~T found "thn hrst; guid(' is Uw nhilit.y to hnndl(' the 
(soil) hlo('ks with grnUe S([lI('t\zing 01' pl'pssing' 011 the PUIIiI of thn hnnd 
with little (II' no ndh(lJ'(,IlC'o t,o the skill," '1'11('\'IISp<l ano/hrl' L('eh­
nicllw il.pplil'nhh\ to ~Hlldy ~()ils whielt nl'(' nOllj)ln:-;tie nnc! 11I'p ('0111­

monl)T J'C'gn I'(kd fI>; nOllstieky. 
"~hn /(wel' 5t iek.v-poill ti trC'lllliq 11(\ "':IS 1I>;('d, mORt:. Opf'I'n.t;ol':-; 1'('])Ol't 

thnt th('y W(,I'O nllie l.O obtn.ill sn.tisfnctnr.r mpli('lItiOlI of theil' 0"-'1 

1'0>;lIlfs ·\\'ithollt dillielllLy, nIHI, in sOllie t~ns('s, Ulf\.t othC'I'i'l instl'uc/I'tl 
h,v tl1('1ll in the (.('(:h niquc \\'(':-0 il ble to sreul'e sa.tisfnc(;ol''y e1lf·('ks. 
.1JO\\'(' \'01', in n. (\oo)l(wn.ti\'c pl'ojnct:. unclel't.n.k(11l by eonllnission lor Uw 
Intt'l'Iwtional Soci('ty of Soil Sc·iellCo and ]'('portecl by 1(('1'11 (18), it 
wns found tlmt workel's employing the teclUliquc descrihed by K('I'11 
:lllcl Coutts Imt not instl'ucted personnlly by them obtained widely 
v;l.I'ying "nlues fOl' the 5tieky points of subsn.mpJes of the SlLme suils. 
Kern l'L'eotnmcnd('(l thnt ntLelllpts be mn.de to modi()T the tC'chnique 
to 11. form that will permit its use ns nn ilccurn,te routine method. 

Tn prC'liminn.ry tests of the sticky point of the soils of the erosion 
experiment stn,tiolls, no sharply mfl,rked end point WflS fOUIul with 
u.ny of the published pl'oeeclul'es. Often it was clifl1eult to deeide 
from the u.ppen.l'!1nce of the hand or the spn.tuln. whether the soil 
should be elassed u.s !1bo\re, below, or fl.t the stiel,y point. Some 
In.teritic cln~ys left red stnillS on clenn dry skin surfaees n.t moistul'e 
(;JJltents below the lower plasticlimit of ACterberg. In most instances, 
flS the moisture eontent of the kneaded soil mass wOs increused, the 
soil film left on tItA hnml gl'l1dun.Jly in('reased in thickness until finnlly 
the n.dhesion to the hand was sufIkiellt for the rupture to take place 
weU within the soil1l1o.ss. vVhen the sample was squeezecl between 
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the thumb n.nd fmgers or pr('sscd ngn.inst the bn('k of the hn,nd or 
ngninst n, glnss pIn.te, it WitS ne('('ssn.ry to det'ide whetlH~r one should 
employ uniform ]>I'('ssul'e, ns ]3o(]mnn nnd Perry had done, or uniform 
deformation j and in eithm' case, how great the pressure 01' defol'l11U.­
tion should be, In some proeedurcs it wus necessary to d('('ide 
whether, a.fter knell.ding the sample, the hand should be eiel1ncd uncI 
dried before mll.king the test, Some soil pn.stes Itt eertnin moisture 
contents would stick to the hnnd 01' spatuln. but not to both, In 
some instanees the soil would stiek to a stainless-steel spa,tuln, which 
cut it, but not to the fln,t side of tho spn.tuIa um.wn on'l' the soil sur­
fu{'(', It was found thn,b l'Il.ising the cutting speed alwnys lowercu the 
point of stiekin('ss, By v:ll'ying the pro('cdure the sticky point of 
some soils ('ould be shifted over n(,H.rly the whole of the Attel'berg 
plnstic rnnge, 'rho plastic (,hnmcteristics of SOl1l0 In.t(']'iti(1 soils w(']'e 
so difl'cl'('llt fl'OIll those of soils with high silit'j\,-s('squioxitie rn.tios thut 
thc ('rit('riit oj' stiekiness tlln,t gu.ye good I'Pprodu('ibility with the ono 
cinss often WCI'C quite unslttisfndory 1'01' the othcr clnss, 

MBTHODS 

'I'lI(' only hope of obtnining n. sn,j,isradol'Y tc('hnique nppearecl to lie 
in SOI1\(' form of Hl('('hnni;mtion, The Jirsb deyi('e tl'i('d ,\'ns fL smooth 
stt'01 ]'otnting disk with n. shl1J'pened ed~e eOIll1('C't('d through l'eciueing 
g(,HI'S to lI. VHl'in.bl('-sp('('d motor, 'rhe soil paste {'ould be ]JCld ngninsti 
tlt(' fnet' 01' edge of the disk, which coule[ be )'otnted n,t nny desi1'('d 
spN'(L The n\'tioH \\'lIS not gl'pnJly ~lifl\'l'cnt /'I'(HIl that of the SPiLtUl:L 
eXC'l'pt thnt the nW\'t'lI1cn(, wns eontlllllollS nnd the speed WIlS Iwown 
an(lllllifol'l11, 

This n.ppnl'n.tus diclnot P1'OY(' to be so satisfncto1'Y n.s n. simple dcyice 
similnl' to the one illllstl'n,tt'll ill figure 7, It eonsist('d of a polished 
s1('d 1'011C'l' hori'l.OlItnlly h01tlin plnin hl'fiss ben I'ings, The soil mutel'in.}, 
plH('rd on the lllo\,l1ble pInto, was Jpd undcl' the roUpI', The clen,m,nee 
b('t\\'00n p1nt.e Hncil'oller wns nbollt 4 111111, The roller, nbout 20 cm 
long and exndly 5 ('111 in ('il'('nmJ'l'j'clI(,P, had n, shol,t ('),l1nk attndl<'d 
to jt, The 1'011(,1' ",ns mncle or drill-rod steel, but, no doubt, stninl('ss 
!'ltrel would h:we been )l1'dc'mble, The ben rings WPl'e s('pn.l'ntl'll fill' 
l'l1ollgh fOl' n, hl'llss plnte about 10 cm wide nlld 15 el11 long to sli,lo 
hrt WC'C' n til<'l11, The ('II Ii J'~ npp!u'n,j us wns mncle ill nbollt :3 hours frolll 
sel'np Innt('l'inls pi('k('(lup in the In.horn.tory shop, 

Thc pl'o('('dul'e rmploy('cl with the 1'ol1el' wns ns follows: A 15- to 
20-g soil snmplc', whi('it lllld pnss(,ll through n. sieve with 2-rnrn round 
11oks, W:1S moh;tNlecL with distilled wn.iel' and thol'oughly puddled by 
Imending with the IHmcls 01', more often, by mixing with n spntula, 
upon the moynble plnte of tIre t('ster, The smnple upon the plate WI1S 

fed ngninst the roller, which was rotn·ted in tIre diret'tion tlmt for(,ed 
the soil pnste ulld('rnenth it, The desired endpoint was l1ttnined 
wh(,11 the soil btl.rely fuiled, to stiek to the roller at n shenl'ing speed 
of 5 em pel' second, A mOIsture snl11ple wns then tnk('n, 

ItBSULTS 

rrn.h1e 5 prcsents the results of pr('liminnry stieky-point tests made 
by slH'ern.1 methods UPOJl six erosion stntion snm pIes nud the Nipe 
suusoil, n. ferruginous In.terite froll1 Cubn, It wns from these tests 
n.nd -from the experienee gnincd in seellring these dn.tn. thnt the sclce­
tioJl of !L stieky-point proecdUJ'e for subsequcnt work wns mitde, The 
tests were mnde by lIse 01' the roller, the rotltting disk, the spn,tuln" 
by adhesion to it g1ass pln,te, and by udhesion to the hands, the latt.er 
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by two criterio,. The lower yo,lue wos obtained by taking the point 
at which the soil began to stick in appreciable quantity to the dry 
knuekle or bo,ck of the Hnger with 0, uniform deformation somewhl1t 
less than thn.t employed in the glass-pln.te test. In the other Hnger 
test, which wos o,pproo,ched hom only the dry side, the end point WitS 

1'ea('hed whell the pinstic soill.Dass first bego,ll to stick in considemble 
quantity to the fingers used in knending it. The ho,nds were not 
denned and dried in this test. In the glnss-p!l1te test, 11 5- or 6-g soil 
sample wo,s molded into a cube, and then one cornel' was pressed 
aga.inst n, cleo,n dry glass plnte until the diagono,l of the cube WI1S 

sliortcnecl n.bont one-third its initiol length. The end point was 
l'enchcd wlwn n.pproximnLcly 5 to 10 mg of soil adhered to the plo,te. 

Jo'H.n:ln: i.-8Ih;k~'·I)oinllc5Ier. 

In the spntuln, test, an attempt was mnde to draw a 4-illch stainless­
steel spl1tula at a constn.nt speed estimated to be about 5 cm per 
se('ond. 

TA/II,E 5.-SUcky l)oinls of 80il.~ by different IJrocul'llrcs 

Pingcr Ho· 

Glass Y I tut·
soilsulllplc 110. I~~~~r V I plnte. ing 

\'nluo disk 

----.-- ------------.- -----. --. ­
j:)er- Pu- Per· 1'". 1'er· p,,- Pa- Per- Per- Per- Per· Per· Per· 
cela ctlll cent ccul cCIII cr.llt celil cCIIl Ct'lit cellt ant cellt Percent cent 

1.0 3U.5 1.0 3S.9 0.9 :lO.S 1.3 :10.8 0.5 38.0 0.3 ai.7 0.9DliL..•••·· ..l 30.2 
10362.......... 28.2 .9 :11.3 ,8 2i,9 a.o (ll (ll (ll 20.1 1.6 

103U5......... 2;.8 1.2 :10.0 1.:1 30.5 .8 29.2 .7 29.7 .0 31.1 "~ii' 29.9 .9 

6720...........j 21.3 2.2 23.5 1.7 21,7 1.·1 21. 7 1.5 22. i 1.5 21 t 2 1.5 22.0 1.6 

600i........... :1:1.0 J.2 '10.1 1.1 :12.4 1.0 2i.8 1.8 28.4 1.2 2S.8 .8 31.S 1.2


1 ., 60iS........... :H.S 1.0 40.2 1.2 38,1 35.2 .0 ai.l 1.4 35.5 .0 36.S 1.2 
Nipe cluy...... , 35.3 1.0 38.4 1.4 36,1 1.0 36.1 1.1 30.2 1.2 35.0 1.0 :10.3 1.4 -

A \'crngo l .• r3ufJ:-:j"' 35:4l.3 :13,0T1.1Ti1.1!"J:2 31.8 1.1 aLi 1.0 

I V=coAillcient o!varlnbllity. I Not sticky. 3 No. 10302 omitted. 
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Two determinations were made by each procedure on the same day, 
but the duplicate tests were not me.de consecutively. This was 
done ill order to detect possible shifts in jUdgment of the end point. 
A new sarnple was taken for each test from u 1m'ger stock sample which 
previously had been prepared by moistening and thoroughly knead­
ing. The values given in table 5 are the averages of six determina­
tions, and it is upon the sets of six replicates that the coeHicients of 
variability were eomputed. 

The six procedures may be divined into two groups. The glflSs­
pIa te and the finger tests are hased upon the adhesion of the soil to 
a smface against whic'h it is pressed to produee a small deformation. 
These may he reglll'ded appro::-..-imately as static tests and for hreyity 
will be designated as sueh. The other three tests, which m'e dynamic, 
nre hased upon ndhesion of soil to a smooth metal smface at a definite 
rate of shenr. These may be regarded more appropriately, perhaps, 
ns scoming poin ts. 

Alllllethods gave nhout the snmo results for n. few soils, such as the 
Nipe. It was llC'CeSsnry to knead this soil for 20 minutes or more 
before suflicien t dellocculation was obtllined to secure the values given 
in table 5, All samples of the Houston pl'Ofile, of whicl. sllmple 6097 
is 1m example, gave higher sticky points hy the stat~c methods than 
by the dynalllin ones. Snmple 10362, from the surface layer of the 
Clinton, would not adhere to metal. It did not possess a true rolling­
out limit, or Ausrollgrenzc, and consequently would he rated ns non­
plnstic and nonsticky in the Atterberg soil-consistence classifieation, 

Although the llumber of replications wus not sufficient to yield 
highly signifiennt val'inbility eoefi1rients, the nvel'llge value of the 
roeflkient f'or nOlle of the procedures i~ excessively large, This lllay 
ho due ns llluch to the fortunnte {lirculllstanee thnt the SUbjective 
el'it.el'ia of some of the end points did not shift dUl'ing the few dnys 
rcq uired to eom pleLc the determinntions ns to the cIne in nUlking them. 
In making tht'se doterminlltions, tho ond points were repentedly 
chr('ked nncl, wherever' possible, npPl'Onehed from both the wet side 
nnd the dr'v, 

In the s('leetion of 11 sLandnnl stieky-point procedure the high('l' 
vnluo finger test should certainly be rejected, not only becnuse it is 
slow, in(:Olwenient, nlld messy but nlso because it yields values clearly 
nbove the minimum point of stickiness. The test wns included here 
to in(licnto tho I1lll::-..-imum value any operator reasonnbly elm he ex­
pected to obtain hy a procedure involving adhesion of soil material 
to the han(t In the writer's experience, the glass-plnte test was the 
most sntisfactory of t.he stntic ones Ilsed and lilts the adyantnge of 
employing a small sample. The brief description given of the pro­
cedure for' the test is expressed in qunntitu.tiYe terms which are 
believed to be sufficiently definite for other workers to follow. The 
method, however, yields stieky points for soils that are nonplnstic 
Ilccording to the Atterberg classifiention, 

:For the soils reported in tnble 5 all procedures hased upon shear 
by metnJs gave closely comparahle results with small vnriability 
coefficients, Of these procedures the roller method was. by fttr the 
most satisfactory and was -the one adopted for determining the 
sticky points of all the soils under examination, By yarying the 
roller speed one can readily learn whether the moisture content of 
the sa~ple is above or below the sticky point, and by the same means 
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the sticky point cun repeatedly Ilnd continuously be checked. During 
the test the soil is being mixed constnntly, and fresh sUl'fllces f\1'C 
being exposed to the rollel'. At the end point u· sbearing speed in 
excess of 5 em pel' second (mllses the soil mnss to Wl'llP around and 
follow the 1:011£.11', nnd nt slowol' thim stundnJ'(1. sitcllring speeds the 
roller clenl's. 'YHh most soils there is u ddinite elenn-llp of the 
roller llt n definite speed, but in s0111e CIISC'S the chnnge inrollci' nppenr­
nnce is not so ensily intcrpretNI, and this mny gh'e rise to dif\'el'ences 
in the results of .dif\'ercn t opcrators. Thjs situation lIsl1l111y oeclIJ's 
with ('olu'se snndy ('lnys, with somo Illteritic soils, 01' with soils on 
the border line between stieky nnd nonsticky consistence. It docs 
not occur so ofton wit.h the roller us \\ ith the spfLtuln test. ·Whcn u. 
spn tuln. is dl'l1wJl throug';J flo wet sllndy soil u thin film of clny often 
i" left upon the blnde, This is noti evidence of st.ickiness of the 
sn.mple ns n whole nnd seldom occurs in the roller t.est. 

Subsequent to tho completion of the sticky-point determinutions 
reported in this illYCstigntioll, O. H. Cnshen of tll<l Rothnmsted 
]~xperimentfll StnLion kindly demonstmted to the writel' his technique 
for sticky points. :He gently squeezed n kneflded mnss of nbout 
30 to 40 g oj' pins tic fioil ill the d I'Y clC'nn pit 1m of the 1111I1el. The cri­
tcrion of stickincss nppenrcd to be mom the feel of n slight. pull of 
the soil upon tIl(' skill us the hnnd wns opened thnn upon tho adhesion 
of soil mnt'el'il1.l to the pnlm. 

A fow ol'oRion stlt tion snmpJes hnve since been cheeked by tllis 
method, us nOlll'l.v ns it eOllld be reenlled some :3 months ul'tm' the 
bl'ief demonslil'tl.tion upon one soil. The C'11(\ point nhoson wns thnt 
n t which the squeezed soil mnss gnyo n sligh t pull to the dl'y eJenn 
pnlm I1S the hnnd WI1S opened. T]lC (lxn('t sqllCl'ze nnd pull cannot 
be qllnntitntiyply C'xprcssod 01' nccllrn.t:cly deseribod, but, the squeeze 
WIIS just sufli('ient; to gin', in t,he opOI'n,tol"s judgment, u elose ('ontn.ct 
of the soil mlLss to the skin, nne! the pull wns n. little gJ'en.tol' thnn 
the minimul11 perceptihle ono. No cOlIsiticl'Htion WfiS given to the 
qunntity of soil mllL('I'in.l adhering to the hond. 'fhis mn.,)' be the 
jJro(:e<i1l1'e of :PI'C'scoti find Poole (;'15) in whieh the I1dhOl'C'nc'e was 
slightly grefLi,C'r Hwn their "little or 110 adherence to the skin", nnd 
W/H'; jlltig('d by fooling' only. 

Frol11 tho fow deLol'minntiPlls mnde by this pJ'ocedul'C, it nppenred 
1,0 be liS rOI)J'otilleible liS un,)" of the st:ntic tests, nnd the end points 
n.p]Jl'llrp(( 1;0 be mom ddinito thun with (LilY othor stn tie mothod 
eXMpt the glrLss-pln te test. The rcsult.s usually ",el'e 1 or 2 poreont 
highor thull those obtnined by the roUer method, but in tho cnse of 
the Houston e1IlY the values mil. from 4 to 8 1)(,I'('el1t higher. In 
common with other stntic tests, end points (Jould be obtnined for 
some soils thot could .not be 11111<10 to follow the roller. 

'ruble 7 gi"es the stieky-poillt detel'minHtions of the profile snmples 
of the erosion station soils by the roller test nt sh('nring speeds of 
both 5 find 10 em P('" sccond. 'rhe roln tion of these dfitn. to other 
physicnl and chcmielll soil properties \\ill be discussed in n subsequent 
section. Tho dntn obtnined nt the slower shenring speed are to be 
regarded llS the sticky point. The dn,tn nt lO-cm-per-second shearing 
speed nre presented only 1'01' compnrisQu with the stnndnrd YHllles. 
The determinations nrc the uyeruges of three pflil's of duplicntes. 
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The duplicates were not made consecutively. Any J'esult 1'egardecl 
as having an excessive deviation from the nverage was J'ejeeted, 
and the determination was repeated. No fixed sta.ndard for this 
deviation '.vas maintn.ined because the end points, for instunce, of 
the Colby were much 1110re defmite thnn those of the Clinton nnd 
J\1m,ldngum. 'l'exture c.onsidered, tIle Jeast plustic Roils lind the 
highest moisture contents nt tIle sticky point and the largest deviation 
of replicntes. FOUl"teen of tbe smnples couJd not be made to stick 
to the roller at definite moisture contents 'within the plnstic runge. 

In this work the Atterberg principle that the stieky point and the 
lower plastic limit are consistence forms of plastic soils only was 
followed. Neither Prescott and }>oo]e (25) nor, npparentJy, Keen 
and Coutts (19) plnced this limitn,tion upon their determinations. 
The lnttcr reported stieky points fo1' soils with less than 2 percent 
of elny, and for snndy soils the Jormer used It specittl teehnique based 
upon wnter saturation of the sample nnd in 110 \\Ony involving sample 
deformation or soil plasticity. In tnble 7 are presented lower plastic 
limit data for foul' soils for which no sticky points are f,rlven. TllCse 
foUl" soils nre about at the border between plastic and nonplnstic 
consistence. The lower plastic limit tests WHe sufficiently definite 
to Tnte the soils as barely plastic.. vVith persistence and care the 
soils could be made to follow the Toller1 but the moisture contents 
were so high nnd so varin,ble in 1'eplicates that the soils on this test 
were rnted ns nonsticky and nonplastic. Upon the addition of sodium 
hydroxide these four soils became plastic. 

SOllle silty soils, low in clay, may be made to follow the roller at 
high moisture contents and high Toller speeds. Sticky points at 
moisture contents cOLSicierably above the minimum wn,tel" of satura.­
tion were Tegarded ns Jalse end points. Soils that are only slightly 
plnstic show IHrge variations in replicate determinations of the sticky 
poiut. As compal'Od with other moisture constants, such as the 
moistUl'e equivalent and minimum water of saturation, the sticky 
points ul'e lowest in the most plastic soils. 

Stiff pastes of most of the lateritic soils exttmined lack the cohesive­
ness of pastes made from other soils and. tend to break up into lumps 
when fed ngainst the roller or when a spatula is dmwn through them 
or over thei1' surfaces. They are nonsticky n,t much higher clay 
contents thnn are the soils of the other groups. From the high clay 
content one would expect samples 9477 and 9479 of the Nacogdoches 
prome to be highly plastic. They do become highly plastic when 
treated with smnll quantities of sodium hydroxide. 

Table 6 illustrates the effects upon the sticky point of the addition 
of sodium hydroxide to a few soil samples. Dilute solutions of sodium 
hydroxide were added to the soil matm-ial until pH 7.0 or 8.1 was 
Teached or slightly exceeded. The kneaded soil mass was kept over­
night in a closed container. The next day the addition of more sodium 
hydroxide was required to bring the pH values to 7.0 or 8.1 again. 
The sticky point and lower plastic limit were then determined. IJ 
the duplicates checked well in these determinations no further repli­
cation was made. 
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T.\BLE 6.-SNc/'1f po'illl and lawer lJl(lsll:C l'imil oj soil.~ lrealed 1/'ilh sOfHum hydroxide 

No sodium I Sodium hydroxide Sodiulll h\'drOXI(;;! .... ~"'"'f 
hydroxide i to pli 7.0 to p[i 8.1 1 I 

~___ ,EX(.hnnge·lgXChllnge. 

Slllllllle no. " I' I IIhle husn piP


Sli~ky Low~\ Stick~' j LO\~'~\ Sticky I l'O\~'l:\ I huses 1 caJllldty J 
P)I t pl.'lslJC Illoint phIS\'C point I plns\Jc I 

~ .l_II .--­__ ;~ ---~'l .----' _~:~'L i~1 ~~n/li. 
IPact'ltt I Percent I i'crCf'llt Percent Pereenl I Pareni (fluitl(Jioll'1 CIjUil'Ult'1lI2 

1l-I7G... ... ~8. 0 I ~O. I 25.0 10.3 23.2 11;.2 1r..8 W r. ·1.01 
1l-I7L ....... (3) . ('I :lO.oI 21.!J 23.7 IS ~ I~. 7 20 Ii ·1.0 
11-178 .. .. :11. " 20. 0 .~. 11 1fI. \I 2(\. 0 1 10. Ii II. 7 20.6 ;. 0 
94i9....... (3) 1'1 I :!S.2 1(1.8 21.71 11;.0 ).).5 111.1 5.1 
11·107. .__ ,3) <'I; (1l 21. 7 "Ii 7 'I IU 3 2:1.:l a5.0 'I. 7 
BolOS .•. no: 2:1. I I :lO.O 111.0 25:" IS: S 21i. I :1:U, 4.8 
n·lO\) ... (3) ('i i al. U 21.·1 :;;,1. ~ I 20.7 Iii. H 21.3 01.8 
Bolli). ...• (Il III I 22.·1 20. I ", 111.,1 17.11 1\1. Ii 4 8 
'13171.. :m.1 22.1\ :J2!i 20.S ~i:21' lU.;! 00.1 (l:-.1 5:5 
Ill,:? _.~ :n:tl :?2,'1 :tfl.2 21.:i a·LU In.U H2.H G5.S .1.(1 
07U7 "'" :!I. a 1 Ill. n (II ('I "0 " Jr.. 0 (11.\/ 112.5 5. <II 
OiHO....... :\.1.21 111.8, e'l ii/ ;;:1::1 IK7 11\1:1 iiI. ,I 5.11 


6i9\J.........~~~.~. .. I~L _P) (I~ __J :la. 7 IK~ .. -'~~._._~_ i.O 


J Datil Lnkl'J1 [rolll Slall>r !lnd .Brers (30). 'XOIIP. 
, Per 100 g of (·olloid. , Xut determined. 

In the last thl'CO columns of table 6 arc gh'cn the exchangeable 
base content, exchange-base cnpacity of tlte extracted colloids, and 
pH yalue of the 11l1treated soils. The base-excbange capacities of 
the Nacogdoches and l\1uskingum layers UTe so lo\\r that only about 
3 millieq uiyalen ts of sodium pel' 100 g of dry soil were req uired to 
bring the samples up to neutl'fl1ity. The colloids of the other soil" 
were so nearly satumted that they, too, J'equired the addition of only 
small qnantities of sodium. The hydrogen-ion cOllcentmtions weI:e 
determined colorimetrically, employing bromthymol blue and cresol 
red. 'rhe end-point colors 'were cheeked against bulJer solutions. 
The sticky points were determined by the roller method with shearing 
speeds of 5 em pel' second, and the 10\\"e.1' plastic limi ts weTe determined 
by the procedure given in a later section ·of this bulletin. 

The nonplastic Muskingum profile samples are finer textmally than 
some layers of the Shelby, which are qlute plastic. The only untreated 
sample of the Muskingum for whieh a sticky point could he obtained 
'Nas B408, and even this yalue is so greatly in excess of the minimum 
water of satumtion as to cause doubt whether the sample is really 
plastic. Upon the addition of sodium ions all layers became plastic. 
Samples 9477 and 9479 of the Nacogdoches profile are sandy clays 
without definite sticky points when tested by the roller. Upon the 
addition of sodium ions they became highly plastic. The sodium 
hydroxide treatment increased only slightly the plasticity of the sub­
soils of the Marshall and Shelby, as is shown by the lowerin&, of the 
sticky points and lower plastic limits. When sodium hydroXlde was 
added to samples from the lower horizons of the calcareous Colby and 
Houston, the sticky point was raised, and in sample 6847 a definite 
sticky point could no longer be obtained. After the removal of organic 
matter with hydrogen peroxide treatment the sticky point of sample 
BIn was lowered from 36.1 to 29.6, and the lower plastic limit was 
reduced from 22.6 to 17.2. There was a slight but scarcely significant 
decrease in the minimum water of satmation. The lowering of the 
sticky point and lower plastic limit of soils by hydrogen peroxide or 
sodium hydroxide .treatment may be due in part to the increased 
dispersion of the clay aggregates. 
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Cha.rlton (11) reported sticky-point determinations by the Keen 
Hnd Coutts procedure for some ~JiLst Indian soils whose bases had 
been replaced by hydl'ogeu, cttlciUIll, Or sodium. He found that 
hydrogen or calcium satumtion raised the stieky point nbove thn.t 
of the untreated soil, but tlmt sodium sn.tumtion nnd hydrogen peroxide 
treatment lowered it. In the Rlunples reported in tnble (j the bases 
replaced by sodium were not washed out of the soil, so thi1t the 
treatment is not compn.rn.ble to that of Charlton. In this work the 
dcpn'ssion of the sticky point in the selected sumpies ut pH 8.1 WllS 
considernbi)r grenter thllu the n,'rl'age depression obtained by Chnrl­
ton for sodilUl1-trNtted stunples 111, pH S.4. Anderson ($) fouud thut 
the nltemtioll in st'Yernl physien.L propertit\s of extrncted soil ('olloids 
wus least in ('olloid:; of io\,' silien.-sesquioxide rn.tio. 

mSCUSSION 

It seems eVi(le111, thnt tilt' vttrious meLhods which hn.\·o heen ('111­

ployed to det.enlline the sticky puint of soils do not tlll measure the 
sume soil property. If the term "st.i('ky point" is to be npplied to 
those tests which depend upon adhesion of the soil to surftwes n~lIinst 
which it 11l1s bern pressed, then perhn.ps the term "scouring point" 
should be llsed to designate ndhesion of suil material shen.red by pol­
ished metnl surfae'os. For sOllle soils the two pI'ocedures nm)" be 
made to yield essentinlly duplica,te results, but fOl' other soils the 
ynlues lllny difl'er considerubl)r. ]~'ll1'thermore the stn.tic tests yield 
sti('ky points for mtl.ny soils which 31'e not stieky nccording to dynnntic; 
tests. \Vhether both types of tests are to be retained will dep('nd Oil 

the uses and ynlue of the infornmtion whieh tbey furnish. 
1£ the sta,tic tests are to be lIseet there is need for standn.rdizMion of 

the procedure. N one so ful' found ill the litcmture u.ppear to be 
('upable of quuntitn.ti\·e c1esel'iption, or to lm\'e been described pro­
eise]y enough to yield consistent results by difl'erent workers without 
personnl demonstl'tl,tioll. 'fhe lC't1st suhjecti\'e of the methods that 
IU1\'e been used nppeilt'S to he the glass-plate tt'st used in the pre­
limiuill'Y wo1'le of this hwestigation. Appnrently 110 succC'ssful at­
tempts lmve been mnde to mechu.nize the static stiC'ky-point procedure. 

The dynamic methods of determining the stieky point n.ppear to be 
simpler and to offer greater hope of standnrdization. The most im­
pOI·tant item is the shearing speed. It is belic,'ed that the Toller 
de,'ice employed in this investigation oft'e1's a more sa.tisfactory basis 
for a stnndn.rdized procedure than any of the other methods now in 
use. The only specifications that appear to be of importance are the 
size and peripheral speed of the 1'oiler and possibly the clearance 
between the roller and the plate. At high shearing speeds it is diffi­
cult to observe small particles of soil ad.berin~ to the roller. High 
shearing speeds 10wl"L' the sticky point und, in border-line cases, nUIY 
yield sticky points for soils which cannot be made to follow the roller 
at the chosen shearing speed of 5 em per second. Shearing speeds 
of 3 or 4 cm per .second can also be used satisfactorily. These speeds 
yield slightly higher sticky points, which are more nearly in line with 
the values obt.ained by the "Titer when using static methods. How­
eyer, the two types of procedures yield such widely varying result.s 
in some instances that) ill fixing the shearing speed, no consideration 
need be given to the r~sults by static methods. 

http:perhn.ps


30 'l.'ECfu'IC.-\L BULLE'l'IN 562, U. S. DEPT. OF AGIU('UVl'UIUJ 

Although nearly all soils may possess plastic- proIH'rtit'R to l\. slight 
degree, 1i~ht-textured soils do not full within til(' plastie-eonsist(,Ilce 
clnssificntlOn of Attcrberg. It seems possible tiwt the dY.11umic 
stieky-point procedure mny he so ('hosen thnt only those soils which 
fnll within the Atterberg plastic runge will be rnted ns stieky. The 
('ssentinl requirement is that soils whieh hnve low('r plastic limits nud 
no others shnl1 ulso h:1.'·o stieky poi11 ts. The datn., ",bieh will bt' 
dis('ussed Inter, show OWL there is n, dose J'('\:ltionshiphetwee'll the 
stieky point obtuinell hy the rolle'r method nud the low('l' plastic 
limit. The unique J'l'iH.tionships of th('Scpitlstie-<'OIlsiRteuce C011­
stnnts nppen.l' to justify tltt· lIcloptioll of such n JUe('huuizcd dynnmic 
procedure. 

'rHE LOWER PLASTIC LJMIT 

1I11~TflOJ)S 

All publislwd pl'o('eclur('s for the detpI'1I1inflJion of ihe 1()\\'l'1' pblstie 
limit nrc based 011 tho AusJ'ollgr<'l1ze of AUerl)(,l'g (4). Tlw,\" dirl'('I' 
('hit'fly in the lllllnner of 1'olling the snmple and the ('nd-point cl'i kl'ia , 
As one 1'epert.t('dly ]'olls out n. 2-to 3-g subsn,lllplc of:1. J;;:JH'lU](,(\ pIns tie 
soil H.t ftll10iStlU'(' content slightly helow the sticky point lIpon a. sh(wt 
ofglnzNt pnper OJ' :t.glnss ]~Inte, with tht' fing<,1's (-1), n, Jing(,1'.(2G), the 
pnlm of the hnnd (2), the SIde of tho pnlm of the hand, 01':1. suek (0), n 
moisture ('·ontl'nt of the drying pnste fillnll,Y is 1'enehed nt whi('h the 
soil JilmJlent hC'gins to brenk into Il'ngths of ])(,I'hnps 1 to 3 CII1. Jf the 
(TOSS sectiou of the soil filnll1('ni: does not nppenl' hOIllOg<'lleOliS but 
shows n. spirnl line 0]' laminati(llls due to 1'01lillg, some op('r'atol's eOJl­
sid('r the endpoint to he l't~udl('d (,,'('11 thougli the hl'ok<'I} pieC'l's of 
filament mlly be J'nthl'I'long. Others, stich lis ]{lIssd nnd Wehr' :tnd 
the \\Tit!']', intpl'p]'et the {Prill "Ausl'ollgremw" Jitt'l'ltlly lind dl'i\'(~ . lw 
end point dmnl to the low('st \'lll un U t which the soillllu,V he made. I!. 

roll Oll till to fl. JiJalJlt'ltt, of 3 01' 4 )t 1111 din lll('tN' n nd it bOll tIe III long. 
At tite rolliug-out lirllit, the fillPst Ll'xtul't'd and. most plastie soils 

nre the stiHest. Somp of th(,111 require II gl'eater rollulg pressure thall 
cODYenien tly CUll be exerted by the finger 01.' han(l. In this im-estiga­
tion th(' samples were rolled between the side of the pnlm illlcL a smooth 
glnss plnte, n, eondition fuYorable, whell necessary, to higb rolling 
pressures. ln the few el1s('s t'n('ountel'ed in which the soils \\'el'e too 
stiff to 1'011, the t.eehniqlle of Russel lind \rel11' (fd(J) was followed, in 
whieh the sumples were stJ'lI('k with n hummel'. At moistul'econtents 
nbOyc tIl(' (,lid point the sumple 111lUelll'l1 out into 11 thin Inyer. Below 
the end point the sllm])le shnttered into smull fragments. '1'he end 
point WIIS tnken in the IlH1TOW slightly 1ll1Ccl·tnin moisture zone 
diyiding the two ('onditions deseJ'ibcd. 

Coarse-textured soils enllllot be mnde to 1'0\1 out into Jilnments, but 
tbere is no shurp diyision bet.ween soils thut hnye an Ausrollgrenze 
und those thut do not. Neither is there general agrecment among 
operutors as to whether soils in the zone near the plastic-llonplustic 
boundary have a true rolling-out limit. Some sandy soils fairly high 
in weB-decomposed organic matter, if skillfully handled and gently 
rolled, may be made to assume a cylindrical form at moisture contents 
at or aboye saturatiou. In fact they may show a glisten such as is 
observed in determinations ·of the miuimum water of saturation. 
In this investigation soils were considered to have no Ausrollgrenze 
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unless the)' eould be 1'0J]ecl freely, showed typical filament breakage, 
find lu\d moisture eontents below the minimlJlll WlltCI' of saturll tion, 

As in Rticky-point detel'Jl1illu tions, t:\H' soils 1'01' which definite Hnd 
repl'oc\ueible pltU.;tie limits w('l'e most diflielllL to ohtnin wCI'e those 
neill' the bOl'de!' lint' hrtwePll tlll1 plllstie Ilnd nonplllstie cOllsistenerS. 
These soils gn.yC high YHIlICS whi('h HppI'OH('\1rd ol'o('c'Hsiol1nlIy slightly 
('x('er(\rd till' Inoistlll'r ('quiYnlt'nt. Slightly plllstie Interitie soils 
fOI'J1ll'd rough gmnulnl' filllnH'nis inst('ud or the lIsliul smooth-slIl'ftlC'('d 
stl'udllJ't'\('ss ont's, Kenl' tlu' t'lld point t!try bl'oke into Cl'umbs 
instC'lld of tht' \Isunl shol't ('vlilldri(,111 sections, SOllie nlso adIH'I'(>(1 
to the' hund 01' ghlSS plnt(' il: su1lieient PI'(,SSUI'(\ wns Ilpplied, r'poll 
IhC' Hddition or sodiulll hydroxide, i1 defloccule'nt, these ('onditioJls 
C\isnPlwuI'N\, tht' soils J'oll('dfl'et'l~', nnd gnyt' 10wel' and clt-finitp md 
points, Tnhlt' (j indi('ntt's thllt sodium hydroxide lowt'l't'd the lower 
phlstie limit for nil ucid soils with low bnst'-pxchnnge cnpueitil's, 

Tilt' w!'itN hns rOlilld in soils Jitel'nLure no nttempt t.o mt'('hnnii'.e 
tilt' pro('('(llIl't', }..1thollf!;h tile t'Hsiest of nll ..\ttet'l)l'l'~ consiskncc con­
stants to dt'finp Hnd to d('jpl'tnine, it, depends, flS do the other ~\tt('l'­
ht'rg ('.Ollst!\I1(s, IIp011 til(' j1HIgnlC'nt or t.he opern(.ol', Ji}ach OPNfI.tOl' 
('un' lIslInll)' dllpli(,lltC' his OW.ll resulLs within 1 perecnt of moisture, 
but his 1'('sl1l1s mll,\' dilf('(' wit\C'I.v J'roJll nnothel' OI)l'l'fItOI"S, ]u the 
\\'('itpl"s opinion thc' t('('lllliqllP lIlostlikely to yil'ld ('ol11pnl'ublo results 
by difl'l'I'('nt opt'l'Hlol'l'i is the on(' in wllieh th(' end point is driY('n to 
tht' lowest Ylllu(' whieh cnll he IIlnde. to conform to the pro('C'dul'e ele­
:wription, Till' end ])oint ('nil be nppnweht'd onl)' frotH tlw wct side, 
'I'll{' pfl'l'C't or tl'.mpt'rHtUl'P ynrintiom:; hns .!lot lH'en inYest.ignipd, but 
it is qllit.t' prol.hlblt' thnt (,Ollsiderllhll\ v:lrintilln ill tht' h'll1pel'!ltllrl' 
of tlH'giuss pltttc will Hpprecillbly nf\'c'('t t.he end-point yullit's, 

HI~SUL'I'S 

The' elMu ohtninecl Jor the lower plnstic limit; of the ('('osion stntion 
sl)ils nrc prt'st'lltp(\ ill tnble 7 nnd will be dis('uSSNI in n llllC'I' scetiou. 
,rilh II Tt'\\' doubtful ex('eptiolls the .I oweI' plnstic lilllit lit'S between the 
('PIl triJ'l1g:d moist Ul'C nnd th e otlter capillary soi I-moisture eonstHn ts 
giYCll in tIlt' SHine tnble, It lips in :Ul ngl'iellltUJ'lll1,Y illlporttllltmoistme 
l'Hngp, nppnrC'lltly Iwing thl) JIlOiStlll't'. constant I1eHrest the pertnnncnt 
\\'iltinl! vt'rc'('ntngl'. ] is Yill ut'S run so low in hif!;ldy plnstie cla'ys nnd so 
high ill b:lrpl,Y p\nstie soils t!tnt it pl'obnbly benrs no definite rellltion 
to the moisture eontt'nt or the soil at whidl plants permnnently wilt. 
The ]owC'r plnstic limit nppeHI'S to bellI' no fb~('d ('t'ln tion to nlly of the 
ot\1t'r soil-JIloistul'c ('onstilllts, not eyen to tilt' stick,Y point, which is 
also n. propPl't,Y of plnstir soils, 

For two horizolls of tlte 11uskingum !lnd one ench of the Clinton !Ul(\ 

Kil'Yill soils, lower plnstic limits, bllt no sti('ky poin ts, tLl'e given, 
Tltis is n Iso true of one sodium hydroxide-trcated stunple in tn ble 6, 
'I'hese npppal.' to be bordcl'-line cnses in which it is ullcel'tnin whether 
thc soils should be rnted ns plnstic 01' non plastic in the .'..Uel'berg 
dnssifk.ltioll. In these foul' instHnces the soils could. be mnde to 
HdlH'(,(' slightly to the roller .ilt hig\1C'r speeds, but the moisture 1'011­
{.C'nts W('l'e so high lmd the rcsults of I'eplil'ation so YHrinble that these 
soils wel't' J'll ted ns nonstick,\', llowcyel', the lowel' p!u;:;tie limits 
WNt' suflieipnti.v l'eproduC'ible by the pl'Oeedlll'c cmplo,Yl'd to wnn'Hut., 
in the wl'ite.("s opinion, the mting or these soils itS plnstic, The 
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writer was unn.ble to make n,satisfactol'Y moclification of either ])1'0­
eedme which would definitely give these soils either both constnnts 
or l1eithel' of them, n.s 11 pedect plastic consistence classification would 
seem to require. Procedures differing from those used in this work 
lllfLy nccomplish this result, but if the discrepaney is found to be 
limited to boundary CfLses the procedures adopted in this investiga­
tion nre'llOt open to very serious critieism for that renson. It seems 
quiLe unlikely that Hny static sticky-poil1t method may be lIHlde to 
ngl'ee so well with the ]owel' plastic-limit tests ns does the )'oller method. 

MINIMUM WATER OF SATURATION 

Mgl'IIO()S 

The term "minillllul1 wn,Ler of sn,turution" is w:;ed in this bulletin to 
designu.te tlJe lO\\'('Ht moistul'C ('ontent at whjdl free \\'n.tel' appeal's 011 

the surface of n. soil sample in c1os('sti packing. The procedures 
employed in the detpl'mill[l,tions were us follows: ~ 

A snmple of soil mn,tel'inl thnt 1In,d pnsspd a si(lye with 2-111111 rOUlHj 
holes wns mixeel witll distilled. watel' to form n. colwl'ent muss. A 
portion of II bout 4 g \vilS \\'orked between the th UI1l bn nd. indt'x 
fing('r, with smnU deformations, into fI, ('ubicnl fortrl wI lose edges WPf'(' 

about].5 (·ullollg. 'l'he object of the lnnnipul:i.tion WfiS to produce n. 
Pfllticle oripntntion thnt would reduce the soil yoids to flS ]0"" n. 
\'olume ns ('ould be obtflin('d. without compression. The d('sil'cd pnd 
point wns the lowest moisture ('·ontcnt n.t whjch n. gli:::ten nppen,l'l'd 
upon the surfu('(\ of the sn.mp]e. After the eJl<l point wus obtuin('d, 
the sn.mplc wns dried o,'prnight n,t 1050 

(\ und the moisture cont(,llt 
wns clctC'l'mincel. 

'fhe (,lid point wns quite casily chedwcl in sn.ndy soils by c.1dol'll1ing 
the sam pIc slightly so n.s to inC'rense the porosity. This trcniIlIellt 
cn,used the 1'1'pe slU'fuce wn.tt"r to rptrcn,t into the jllteriol' of the snmp]p 
and the sUl'fnec glisten to disappen,I·. Unlike sn,ndy soils, the dnys 
did not ltnYe n, pCJ'('eptible yolume rigidity due to soil-grnin nrl'fmg('­
llWllt, and. movement of wn,tel' frotrl the sUl'fn.ee <lid not tn,ke pliwe in 
t.hese soils when there wns n, slight ('ho,nge in shn.pe 01' the molded 
snmp]e. The end point wns nlso much more difJieult to obseryc tlwll 
in the light('1' non plnstic soils. Consequently the procedure WitS 

moclifiecl Jor clny soils. The wetted sn,mples 'were wOl'kwl into sp1lel'­
knl shnpes nnd tht'll lightly tn.pped n, few times upon n. gln.ss plnte to 
produee n, flattened nren, n, half eentimcter or mol'(' ill dinmeter. '['he 
end point wus the lowest moisture content n,t whieh there nppeal'ed n, 
nu1'1'OW glistening ring surrounding the flattened n,l'ea. These soils 
eould be manipUlated at moisture contents aboye the sticky point 
by employing light pressures and producing only 5mnl1 deformations. 
\\1)('11 soil ll1il,tt'rial stu('k to the fingers there existed the possibility 
of pnrticle-size fmetionu,tiOIl which might afl'e(~t the n,eeurncy 01' the 
result. 

'1'he end point for eaeh sn.mple wns [Lpp1'on('hed from both the wet 
side nnd the dry, n, pl'ocedure tlmt ('ould. be repen.ted ns often as 
desired. In adjusting the moistmc <:ontent, wn.ter could be dminecl 
n,wn,y hom fI, st),rnple too wet by touehmgone fn.ee to a dry glnss pln.te. 
If the sn.mplc was too dry, n drop of wMer, added to the top, wus 
distributed quickly by capillarity, if the texture was not too hen.yy. 
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Clay soils l'equir(>.(l thorough mi.....-ing after water was added to them. 
~lany sandy soils ennnot be moldNl into shope, exeept nt .moisture 
contents consitlcra.bly :\.hoYl~ t.he cnd. point, 

This moisture (~ollst:l,nt is 01)('11 to the su.me serious objection as 
the .Atterberg cOllsistl'lwe ('ollsLn,llts, that til('. ('lid point depends UpOIl 
tlJe jlldgmen't of the operator, 111 sOllle instul1c('s it is impossible to 
determine with ('crtninty, oyer quite 11 'wide lllolstll ro range, 111, wlll1t 
point the soil sLuofl1ec begins or (~enses to glisten. Perhaps tlte deeision 
may be uJI'{'('ted by lighting, eye In,tiguc, or Ut'li teness of vision, Ot.her 
objections nre that the voids ma,y not befilh·t\ (,()lIlph'kly with WiltCI' 
and tlw,t lhe mUniplllt'Ltioll of e1ny soils mny produce n, yolume gren.ter 
than the minimum. 

!\otwitiJstnncling the clf.'Jl\c'llt of persollfll j Ill1gnH'nt ('ntel'illg into 
the te:::ts, th('J'e nre itdvH.lltng:<'s which IIppl'Ul' to WHITtillt its ,rt't('ntiOIJ 
if the ['esults n.re .I\llLlHL to he. tlsd\tl, It is tL test wlliett ('iUt be' applied 
to ftll miMl'nl soils ('x('rpl, the YNy ('(HI,/'S('Sl" ] t require:'. only n, slllnll 
snmple, witbout pl'l'tn'ntllll'llt, nlllL 1)0 equipnlt'llt ('x('('pt tiW,ti 1}(INted. 
for drying and wei~hin~,H.l'pli('iltl'S 1'01' llonplnstie soils usually 
agl'('e within J('S5 OWII 1 P(>J'(,f'lIt or moist/lll'P. For (']11,"8 the ('C'plicfI,­
don is not quite so 1)I'('('ise ns for the. sti('ky point. 'J'hpr(' is JlO nSS1I1'­
allee, of (,OIl/'S(" tlmt the' ]'c:-\ults obtnilH'd h,\~ difl'er(>nt ope'nltors ",ill 
ugl'(,(' "'tUlin t.1H'se limits, 
'The gr{'[I,t('sl, difJintity in s('(,\ll'in~ sn,tisfnetol'Y <Iupli('ntC's O('C'ulTed 

\\<i1.h latl'I'itie e1n,ys, ]t was found tl\H,t J(,WN {,J'I'n,tie, n'slIlts W('l'l' 
obtained if, stnrtillg 'with n, soil too dl',Y, tl'sis \\'('l'r l1wtI.e nl, illl'J'PHsing 
moisture {'ontl'nts until the snrnJ)ln d£'fillite.ly· Wit" too wpt, nnd then 
wutdling for the Nl(l poiut until til(' soil bnl'('ly \\'i1S too dry, A dl'op 
oJ wutel' wn,s then lidded for n. finnl cl}('('k, 

UESlJI:I'S 

Tlu:. dntu, 011 OJ(' mininllllll wn,t('1' of saturation obtnin('rl fOl' UIO 
erosion stn.tion profile sn.mp!('s nrc pn's(,l1ted in table 7 nucl Jurther 
disl'llSS(llL ill fL l:tlt'l' R(,(,tioll. rl'IH' d(>tel'min:ltiollfl \\'l're mnd(' nOIl­
('ons('('utiydy n,t, titt'. snllw time ns those of the sti('ky point and lower 
plasti(' limit, '1'lIe ynhws f('('OI't\(>(1 nl'e the. fwel'llges of six determirm­
tions. 

ScaUpI' dingrn,1l1S intlkn,te thnt the. JnlnilllUm wntl'l' of sl)Jurntioll 
more J1('nl'l.\' pamBels the ('lay content; thnn nny or tll(' soil-lJ1oisture 
('Ollstnnts studied, Jis :wel'l1ge YfI]UC is slightly lowel' llwlI thnt fol' 
the stiekv point but is :d)o\~e the nilu('s fol' t.he ot]1('.I' moistu 1'(', (\011­
sttlll1.S l'l'(,ord('d in the t.nble. :For SiLUc!V SOilil tlte yulue should be 
lower thllll those 'whieh Pres('otl, nnd ]>m)le (25) obtained by a somc­
wlw,t similnr pl'ol'cdul'o TOI' t.h(~ stit'!;:y point b('('nuse jn this 11l\'('stign,­
tion the saIn pll'il wpre "'oI'lH,d into the eonditiol1 ill whieh the soil 
grains w('re most eios('ly pnGkcd, 

http:d�'fillite.ly
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The lowest yulue obtuillcd, ]5.0 pcrccnt, wus for fi finc sltlldy­
tcxtured horizon of the Vel'l1on. The cnlculntcd porosity, bnsed upon 
the specific gr:lYity dntuHi of Middleton, Sluter, nnd Bycl'S (24) und 
nssumillg the voids w(>rc ('ompletely filled with wutCI' fit unit dctl::ity, 
was 20.7 per('ellt. This is cOl1siclernbly less thnn the porosity, 4t'.7 
percent, of th('ir n('ld snmple but gl'entcr thnn the 26 pcrcent requil'ed 
for uniform-size spllC'r('s nI'l'nng<,d in closest pncking. Prescott nnd 
Foole (26) obtuillcd porosities of sund nnd silt mixtures as low us 
] 2 pcrccnt. '1'l)('I'e is 110 certninty in this work thnt purt of' tire pore 
spnce ~WltS not JiUNI with nil'. 'rhe highest vHIlle obtuincd for the 
minimum walel' or sntul'Ution ",ns fOl' the B horizon of the Kin'in. 
For this snmple the ('ukulutcd pOl'Osity wus 57.0 p('J'('('nt. The 
porosity ill Hclcl ('ondition WitS !i~.4, 1II1d i1t s('tt1ing volullle it ",us 74.3, 
TIl(' HY('I'UW', porosity of' thn h(,:1 "i('st du,Y snmples, of whi(,h ollly o)]e 
wus a stII'fu('c In,ycr, wus I1pnrl,Y the SIlJIW us tlwt of the s(lils in fip.ld 
rOl1ditioll, but rOllsi<iP)'ubl,Y ]0\\,(,1' t1IHn the porosity fit sC'tIIin~ volume. 

Thrs(' ('ol'llpnrisons for ('Iny soils nrc ofintcrest in ('onn('('tioll with uny 
dif;('Ussioll of the llH'rit of this t(lst in tile ('usc of fill(l-t('.xtul'pd soils. 
TIll' deflo('('uln lion ('n lIspd hy lIlfinipliln tion dtiring t('st is 1':1\'01'11 ble to 
th(' fO)'J11u tion nrOllnd tile iJldi\'id tlnl dny pn rticks of W11 t('l' ('I} n'lopes 
which, in thc nbSP1H'(1 of' ext('1'I11l1 compl'cssi "(' foJ'('ps, mny h('('ol11e 
rP)nti,'C'ly thiclc This would lcnd to nbnormnlly hi~h Ynlu(ls of the 
ll1inilllUiil WHIpI' of' RHturntion. Although it ('n'lInot be sho\\'n thnt 
this PiJ'('C't do('sllot occur, the pOl'Osity of the sll1nplc at the minimum 
wntc'r of Rutul'nlioll ennnot be ],pgaJ'(lcd as grf'i1t1.v CXc'('ssiYe wll<'n the 
"olul11c w(light is Ilpprm:i.Il1Htel,Y the SfllllC us thllt of the SflmCl sub­
slJrfuee mut(lrinl in the eonditiOIl of lield. pnekillg. POI' nil but f) fpw 
of the filH'st ('xtlll'l'd soilR til(' poro~it.Y of tllC tpst. sflmplps Wl1R less 
tiwn thnt of 111(' lidd soils. 

IlEL;\TIONSHIPS 010' THE SOIL-l\IOISTUln~ CONSTANTS 

This stntisti(,fll study is nn nttempt to find gCJl('rnI r('lntioJlships 
a1l1ong the soil-moistur(" <'onstunls nnd othpl' phYRieul or ('hpmicnl 
propcJ'tips. Although 1I1P1'(I ure only 52 SHll1plps in the set, thpy ('oycr 
so wide II runge of physicnl unci ehplllic:rl r1rul'llctcristirs thut gPIH'rnl­
izn tions which hold Jot thc entire group mny be f}c('cpi(>d with mOI'e 
eon/idc'nee 01:111 if tlleY WC1'C based, us is so often thc cuSP, 011 soils of 
n. ~ingJe gr'ent Roil group. Some' of the snlllplcs, :1S hns nlrendy been 
11oted, huveullusu:d pnrtiele-size distrihutiOIl. The Intel'itic clu,Ys 
nnd the Houston hn.\'p physieul properti('s quitp difJ'el'pnt from those 
of the othcr soils. 

In order to ('xpress the texture of thcse soil snmpks in thtl simplest 
sigllifienllt forlll the fructions obtained ill I11cchullicul unnlysis wcre 
regroupcd into four eluss('s. 'The orgunic matter wus detcrmincd by 
the hydrogen pcroxide method in the routine pretreatment of the 
sumples for mcehnJlicul unulysis. The cln.y consists of inorganic 
mu.tcriullpss than 2/J. in diameter, designuted in the reports of 1\Iiddle­
ton, Slater, nnd Byers (23, 24) as colloid. The mntcl'iul from 2/J. to 
50J.L ill diumetcr is silt. 'fhe sllnd content was obtnined by difi'erence, 
so thut the slim of the foul' constituents wus 100 percput i.n euch 

• Al'kno\\'ledgmCll! isgratelull)' made to W. E. Deming, in char~eo(matho!llalicnlllnd stlltlsticnl analysis, 
:Fertllizer HCliCltr('h Division, Bureau 01 C'hemistry and Sr.lIs, lor nd\'il:t) nnd IL~sistflllC() ill the jlreparntion 
olthisscl·tion olthehulletlt,. lor thcsolutiOll oltho noruml c'luu1.ions gh'en on p. :15, lind lor the COIllI>ututiOtl 
01 thuresldlluls gh'ell in tnblc 7. 
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instnncC'. SJ1lull rhungC's in tho perccntngo of sand nfred tho yulues 
of the ('onstnllts lrss thnn nn ('qUill ehnnge in finy of thc other con­
stituents. 

On tbe nssumptioll thn t the soil-moisture constant.s nrc functions 
of the unwpighfC'(L YHlut's of tho snnd, silt, ('IllY, nnd organic lIlnttpr 
contents of thc soils, ObflC'ITntions rnnging {!'01lI 3R to 52 in number 
were set up, and the YHIIiCS of the ('ocmc'icnts of the silt, e!fI.'y, lind 01'­
gnllic mntter (u. m.) wcro ('omputcd by tire method of lenst squorcs. 
'fhe solutions obtnincd \\'er(,: 
1. Moisture ('(111imlent=4.4+0.130 (silt) +0.427 (rluy) +0.90 (0. m.)±lA. 
2. Ccnirifugall1loistllrp<cc 0.03+0.1;') (silt) +0.301 (day) +0.21 (0. m.) ±O.R. 
3. 	1Vltil'H'tL)lOr :lhsorption, -0.9;'-0.00;) (~ilt) +!l.278 «('Iuy) -0.1 0 (0. Ill.) ±OX 
4. 	 i\lillimlllll wutl'r of snturtttion=10.5+0.0U5 (~ilt) +0.527 (cluy)+0.31 (o.Ill.) 

±l,S. 
5. Normal Jlloisture clipueity=7.7+0.0(j3 {silt)+0.371 (c'll1y)+1.79 (o.IIl.)±1.3.
fl. H1i('ky point (5. p. 5),-)I.R+0.ll:) (~ilt)+0.408 (\·lu."1+0.08 (o.Il1.)±2.n. 
7. 	 Sticky point at 10 clll/sec. (s. p. 10)=8.9+0.135 (silt)+0.409 (cl!w) +0.31 

(o:m')±2.7. 	 . 
8. 	 Lower )llltstic limit<""9.0+0,047 (l'ilt)+0.21Q (clay)-O.17 (0. m.)±2.0. 

The limits gin~n in the eqnations fire the prohahle errors of single 
obseJ'\'ntiom;. The ol'gnnie··mnttcl' coefl1ei(,llts hnn~ high ]JroiJflble 
errol's due to thn low pl'I'eentngps of this constituent PI'(,S(:'Ilt ill most 
sumplcs. Its efl'pet, upon the llIoisture constnnts mfLy he masked 
nlmost cOInpict('ly hy sUl'h factors us ynrilltions in pnrticle-size dis­
tribution witldn the size dnf;sPs und YIIl'intions in the chell1iC'ul chur­
nell'l' of the clny, liS well us hy expel'imell tnl errors. ] n the sol u tions of 
the llol'lllnl ('qulltions it nppetll'S tllnt ndditiol1nl weights might well 
hllye bcen giY('1l both to thedny nnd to the orgn n ie-mil ttel' p('I'('cntng('s, 
but it was not ('cl'tnin whllt ynIues should hove b(,(,Il choscn. ]j;x­
pericuce illlLientes tllnt in nIL the cquntions the organic-mattl'l' eoefH­
dents should he positi,'c uIld probuhly nt lenst us hu'ge us the ('Iny 
coefliciell ts. 

The prohnhle ('1'1'01' of the moisttlrc-l'<[uiYnlent equation is sl1lnJI('J' 
thnn t,hnt ohtnilll'd by .;\\iddlC'toll (22). This Illny be dlle ill pnrt to 
difl'C'J'elJ('cs in t]le dl'gl'pe of dispC'r5ion nnd ill the silt nlld du,y size 
limits 01' to the S(lpllrll Lioll of the org:lllic JIlH itPI.' ill to It. S('Jl:l 1':1 te tlnss ill 
olle (,lise :111d Ilot ill the oUl('I'. ~[iddlct()1l {oulld thnt his l'quution 
did Ilot Ii t so w('11 fOl' f;oi Is high in orgn nic llIn ttpl·. Pn'st'llt t nnd Poole 
(26) obLnill('d <>quutiolls whieh fit Ycry ('105('ly ",Iwn dntn. from ollly 
dos('ly rein ted soils \\'(\I'e uscd. 'fhe mngnitucle of the probable crrors 
in<iiC'ntcs thnt Olle cnn. compute the ecntrifugnl 11Ioistlll'O nnd. the 
wn ter-vn POI' nbsorptioll f:lidy prC'C'isdy from the lllPciHlni('ul Illlalyses 
bu t thn t t his is not 11'IIC foJ' the stkky point IIlld lowoJ' plnstic limit. 
The llOl'mnl eC/lIII tions indiC'1I te thn t the moisture oq uiYitl('nt, minimum 
wMcI' of sntU!'IItioll, und 110rlllni moisture cnpncity nre controlled 
chiefly by the llw('hunienl composition. 

For nil constnnts of nil llOrizon snmplcs of the ('linton except the 
lowest, which is it sl1.ndy c1ny differing grcfLtly in textlll'e from the 
other sllmpIes, the signifiC'nnt residuals are positiw. For the Houston 
profile snmples the resid lIuls me lnl'ge nnd llegn tiYe. Why the 
moisture constnnts of this llenv," clay lire of nbout the sl1me vulue as 
othel' soils of conl'SCI' textt"'e is not known to t.he writer. The UIl­

usulllly llll'ge qunntity of yery fine silt, 2Jl to 5Jl indinmeter, might he 
expectcd to mise the yulue of the moisture constants. Perhaps the 
cnllse is to be found in the unusual chemicul composition. O,'er 60 
percent of the 1l1aterinl of this profile consists of calcium carbonate. 
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The colloid is yery high in exchnngenble. cnlciulll but low jn e.xchunge­
able mngncsium. The Jnl'ge. negnti\'e residuals of the sticky point; 
nnd lower vlnstic limit. indiente thnt the soil is highh' plnstic. 

Tn Ol'tiel·to dpt.el·Jl1inc whcthrl' the moistul'e} ('onst~lnts were. simply 
rclu,(;r\l to othrl' physirnl soil pl'Opcl'ties1 a pl'('lill1intll'Y sun'e.y wns 
mnde ny J1Ir:lns or s('uttrl' dingl'nllls of the rOllstnnts plotted ngninst 
othrl' nyuilnblc tlntn. Tn tho fil'st; pnl't of tnhle 8 nm presented the 
simple eocflirirnts ot' ('ol'l'rlntiol1 hetw('rll the moistul'e ronstnnts nIH! 
In hOI'Htol'Y volume weigh ts n nd settling yol HIllOS. '1'hr"o ",el'e the 
only othrj· physirni PI'op'cl'tics w11 k-h , uC('()I'(ling to the senttol' diagrams, 
nppen.nxi to he significnn t. The Slll110 tn hIe' eontuins the cOl'relation 
coefficients of pHil'S of the moistul'o eonstfillts thcmsrlyrs. 

TA III,}; S.--('orrr/(I/.io/l corlliciCllis of /Ilr .~oi/.-l/llJi,~turl' c()n,~tll1/I_~ lind ('olls/o1li re.~ir/llnls 
fro/IL rill/a of /he rrosion ,~/(I/ion .~Ili/s 

S0I1,:;'1 0l::l'P1'H1~ ('());'il'J'A);,'l';\ 

J oll/'r ' ('elltrlf- ; WOl(-r', . I I/urd I \'np""
pla,!!(' . IlIi)I,. I IIhsorp·
liullt ! tunl \ tlon 

, 
._....,- ......----~----_•....-><-­ , 

':'linlmmll wah'r of !-o:Jt1Jra~ 

tiOl; .•••••_•••••.• 
 n.un u. ;~ 0 7,'\ n,~i (I.nl i o. n~ f),!ll 

, ~h2::;(lrtlllll lI!()IMur~ ('llp:li'li~;::' o !IO .5V • aU .ua . :~7 j ..." 
Stwk.yl)'llIll., •• .,·_·" .•.• .7S • {In .us .7\ .:-u .ilS .(lH 

lilil'ky point (10 CIII per r
~('~ond) I.••••••_._ ••••.••• ·,\i 1 "fj!j , 9S .1,1 .!l1 .57 .ro:! 

:-ll1istur~ e'luil'tll~llt... __ •••• ..~7 
, 

.U:! .74 .,1 ,·1:1 I .~f) . is 
J.()Wl'r j1lnslle IlIltit.......... .111 ~a7 • ~!I .VI .111 .:lU i .li:l 
('l'JllrUu~nl /I101:<Wr£l.. .. .. • U:? .s.'i , liS .57 . ~5 _:10 .\10 

\\'IIll'r'\'lIPor nh"lJrptioll • • .!Ii • "tl .IiII .11:\ . is • f,;J ,!If! 
~. ,0LuhnCluory yolulI1e wpl):hl -. i~ -, ia ->.f,t) -.;,5 -. tif, \I I --. HU , 


1'1'11I111!! \llltJJJI!'.. • • Vii .117 • IIi .111 .. t1fl J!j ,!JI) ,he 

1·~\.(·h~U1l!t~.ll)ll' ))!lS(,~ (l'olloidJ -.lIt --. :I!I -.·In -.11, -.;m ·-.rM -.21 -.:IS 
1'1IW1\·,t·MIIlIIIXl<!(\ nlOO (,'<)1· 

10111\ ,. · Ii .20 -.:1" -.-1'" t', ----.[;-; --,II, - .. 2:.! 
~ .. " ,~,,,. v •• 

':'linililtIln \\'Ull'r of .";llUra· 

liUIl ..._.............. .. O.ul I O. fiO I). no . O. ·17 
 11.·1~ , O,[iO 

n.!).1 .Oi . .:12 .a!l . .4sNorm"l moisture mp:lrity . .111 

Hlit'k~' \)011\\..._ ....... , 1111 .. ·
,m ~U5 .fjU -.01 .·15 
R\1vky poInt (10 CIIT lll'r 

~(I('()n(1) 1 . ~ ....... _.. _.. _ ...... ~ .. ,tlO 07 Wi .3S .00 .·10j 

:-Ioislurc cqllil·llll·nl. ...... . .-17 .:t~ .liO . ;~~ .51) .72 
l~u\\'~r pltlSl'" IimiL, ....... . ·;;; .--.05 ,7·1 ,':ot7 .21} .O~ ; .·1S 
CentrirtJ~al JIl(Ji~tllr(l .. ~ .. "~._ · -Ill •• IJB: ·-.01 .(ki .fili I .()2 • ;7 
\\'nt~r'\'nJ10r nh<orptiO/l tlO . ·JS ,-Hi ,-10 7:! .. -il.; ~ ~ .. ~ 
\,nborn1.or)' \'()lllm~ \\'~i~h\, ",·\1 "- .. :ri - ')'{. -.27 i --.!{'! t --.~7' ,,,,,,,Rt Ii' - . .(2 

Seltlill!! ,'olulI'" ... . . .2~ . iii I -.oll .1"1 '·,IOJ .01) -.01 
t'.';C'illlllgeuhle b:lses (c'ullol<l' =;\~ I -,(Jl -.iii! ~.7fjf -~:15. -.7U I -.OH f -.:~ 
lillir;HOS<luloxi<I(\ raliQ ('OJ, I 

101(1) ......... ' ., ; ._:~2.-=·5al_~~2! -.=J -. 01 1_-. 13 1 -.:J~ 

1 At n sl1enriJlJ,: ~)JeNI of 11) em ]Jet s~colld, 

Sinee thr, nOl'mn l. rq un tiolls show that all the moisture COllstnnts 
Cfln hc ]'rpres(,llted wHltill limits us somewhnt similnl' functions of the 
mechnllicfli COIl1}losition, it is to be expcctcd that the correlations 
hetwrcll the ('onstnnts tl1cmsch'es should be rather high. The 
highrst cOl'relntioll, 0.08, is the onc betwecn the two sticky poillts. 
One may nssul11e thnt this would ]Ul\-e becn fi, perfect corl'clntion hud 
thel'e bcea no expcl'imcntnt errors ill the sticky-point datt't. Therc 
is also n. hig11 eOl'l'eintion, O.OG, betw('cn the centl'ifugal llloistUl'c und 
",ater-ynpor absorptiOl1 nt 00 percent .l'clatiyc huinidit.y. The 
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cOJ'J'elntion between- the sticky point find the lowe!' plastic limit i,,, 
l'elntively high, but the correln,tions hetween these two constants n.ne! 
the ot,hers nre without exception the lowest of t,he entire group. 
This dif\'erentintion of the two moistUl'e constnnts assoeinted with 
soil plnsticity from the other five is shown even bcttel' hy the settling­
volume corrcln.tions, nil five heing much grenter. 'rhcse eOITclntions 
nre hused upon dutn, from only the SUJ'l'llCe and suhsoil Iu,yel's of cnch 
soil, 22 Rumples ill all. 

The .negn,ti\'e eOITelations between the labol'utory volume weights, 
which were obtained in the course of the nOl'l11nl moistul'e-cupncity 
determinations, and the moisture constnnts probably hn,ve little 
signifienne(l. otJ1('1' thun that the sandieI' soils gene1'll1ly hnve the 
higher volumc weights. The c01'l'elatioq. between the clu,y content 
find Inhol'lltol'Y volume weight is -0.71, but between the clay content 
nnd field. volume weight it is only -0.37. 

Becnllse or the dominant influence or texture, one might expect to 
find high eOl'l'eln.tions nmong the moistul'C constunts, There is, 
howey(,I', 110 ronson to expect nlly eOl'l'elution brtweell tnxtul'H nnd 
the chemienl composition of the extl'ftcted colloid, If there nl'c 
significnnt ]'ellLtionships heliweell. the moistul'e eonstnnts lind any 
q Utll1 ti tntiyt~ ('helnknl dn,tn. the eOI·1'tl111tions usunlly mll.y be ('xpccted 
to he lllllsked by the stl'ollger inlluelH'P, of textul'e upon the moisture 
eonstnnts. Srnttoe dingrH,ms w(,l'e made of themoistul'e eonstnnts 
plotted ngainst n. wide vnl'iety of chemicnl dntn, of both the whole 
soil nn(l the ('xtmctod eolloids. 'rhe only dingnul1s whieh indicnted 
the possibility or signifiellnt cOl'l'elntions were those in 'which the 
silicn-sesqllioxide 1'o.tio:; nnd exchangeable-bnse eontents of thc ex­
tt'nd.ed eolloids were employed. COl'I'elntion ('ocflieiell ts inyol ving 
these dntlt also nl'O l)t'csentcd in t.n,ble 8. 

Most, of theso ('orl'elutions nrc low, hll t, the pl'opondel'n!wo of negn,ti \'0 
ynllles indicn.tes fL tondency 1'01' the 1ll0isLul'O ('onstnnts to he high in 
the In,te!'itie soils. 'rhe highest of these ('ol'l'('lntiollFl in\'oh-c tho lower 
plnstie linlit nnd the stieky point. Although these fOlll' coefliC'ipnts 
'nrc not In.rgc, they exceed the cOl'J'elu,tions hetwepn the lower plnstie 
limit and some of the other physienl propel,ties in whieh textul'l\ is 
presumed. to he the dominant rnctor. Scntter dingmms llIfldc hy 
plot.ting the silien-sesquioxide ratio or the exehnngen.ble-hnse content 
ngninst the sticky point-moisture equivalent mtio indiente the 
existcnee of significn.nt negntive correln.tions hetwecn this rntio and 
the chemical properties, In tllese dn,ta the ruNo of sticky point. to 
moisture equiyulent n,vel'nges 1.24, with nn avernge devin.tion of 11 
pereent. Bodmnn nnd Perry (6) found that sticky point=moistul'e 
equhrn]ent ± 10 percent. In this investigation the higher rl1,tio lllay 
be due to differences in the sticky-point procedures 01' in the salll}Jles 
used. 'rhe ratio is high fo), lateritic soils nne! lowest for the most 
plnstic soils. 

The c01'1'elntion between the sticky point by the rollm' method 
nnd the moisture equivalent is 0.74. Prescott nnd Poole, who elll­
ployed udhesion tests except f?J' the henviest ~oilsJ ohtnined n Yn1t~e 
of 0.93 for the sume c01'relntlOn. It seems lInpl'obn.ble that thmJ' 
sticky-point dnlin, would yield us high a correlation to the lower 
plnstic limit as the ynlne 0.89 obtained ill this work, because the 
correlntion hetween the lower plnstic limit und the moistul'C. equivnlent 
is. only 0.43. The close relationship of the stich.-y point by the roller 
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method and the lower plastic limit has been shown by the data of 
ta,ble 8 and agn,in will be pointed out In,ter. Because of this associa­
tion it is the writer's opinion that either the sticky point should be 
determined by a standardized and mechanized shearing method, or 
a new moisture constn,nt, called the scouring point, should be deter­
mined by tlJis procedW'e. 

A set of correlation coefficients involving the same soil properties 
as the coefHcients presented in table 8 were computed. In these 
computn,tions, instead of the vniues of the moisture constants them­
selves, the l'csiduals gi\'cn in table 7 were used. The underlying 
assumption is that the llol'mnl eq un tions gi ve the true relation between 
the moisture constants and mechanical composition nnd that the 
residuals are due to causes other than differences ill texturc. The 
residuals are so heavily londed with experimental error that the 
coefftcients probably nre not highly significant. Flll'thermore, the 
subdidsion of mecluU1ical compositioll. into the four clnsses employed 
cn,lUlOt accuru tely repl'csent texture unless there is for all soils an 
identicnl pu.rticle-size distribution within 'each of the gmdes selected, 
This condition, of COLIl'se, is not fulfilled, 

The cOl'J'eln,tion coefIkicnts of the moisture constnnt residuals are 
presented in the second part of table 8. Notwithstanding the ex­
pectancy of excessively large errors the correlation between the two 
sticky points is 0.95. The settling-volume coefHcients, all small nnd 
some positive nnd some negn,tiYe, indicate that the settlillg volume is 
dependent l)J'imarily upon texture. The correlu,tioll coefficients 
hetween the cen tl'i fugnlmoisture n nd water-vapor a,bsorption, gi \Tell 
in table 8, is 0.9n, and the coefficient of their residunls is 0.77. These 
moisture constullts nppenl' to he. as c10sdy reln,ted to encb other as 
nrc the sticky point; [lII<L the 10\\,('1' plustic limit. 

The cOI'l'(>.ln,f;ion c()('fTicients b('tween tllCl Tesidun.1s und the two sets 
of chemif'n I datiL, alUHHlglt low, nm negu,(;iv(', iuditu,ting t.hnt the chem­
ical composition of the colloid sligh tIy afl'e('ts n11 the moisture, con­
strLuts. The highest of these Jlf\gative cOI'l'cln,tions, involying the 
sticky point and tIle lowe!.' plastic limit, indicate that soil plasticity 
is influoncod to n. grenkr dq;rce by the dlCmicnl composition of the 
('olloid than n,re the other moisture constnnts. The marked elred of 
sodium hydroxide upon the sticky point and lower plnstic limit of 
In,tetitic soils ex pClimen tiLlly confirms the stn.tistical evidence that the 
soil plasticity to some degree nntiparallels the exchangeable-base con­
tent of soils. 

It is rathel' surprising that the correlation eoeffieien ts, particularly 
those using the residullls, do not inclicute tL stronger influence of the 
chemicalnatme of the colloids upon the nonplnstic l1loistw'e constants. 
11'01' instance, in the case of these same soils, it hilS been shown by 
1£clclleton, Slu,ter, and Byers (24) thnt the settling volumes of the 
extracted colloids fall in the S!lme order as the silica-sesquioxide ratios. 
In determinations of some of the moisture constants of extracted soil 
colloids, planned for a later investigation, undoubtedly it will be fOlmd 
thn,t the chemicnl charn,cter of the mn.terial has n. mn,rkecl illflupnce. 
The fn,i1ure of the chemical properties of the colloids to show, in this 
investigation, n stronger influence upon the soil-moisture constnnts 
may be due to the actLULI domintLnt iufiut'Ilce of textlll'e; but it may 
also be due in part to the fn,ilure of the ])n.l'ticle-size elnssification 
employed to represent the soil textme with sufficient accuracy. 
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SUMMARY 

Studies of the rellttionships of seven soil-moisture constants, in­
cluding the. three npw OllPS, ccntrifugal llloistu/'c, minimum water of 
sllturation, lind no/'mld 1ll0istUl'e cILpn.city, of thc soils of the soil­
erosion stations of the United Stntes Depnl'tmcllt of Agriculture are 
repo/'ted, 

Thc cClltr-ifugnl moisturc, which is the moisturc held by soilmatel'iul 
when centrifuged ill [L smull belLringless !lie-driven centrifuge at 300,000 
grllvity, has 11 slightly higher Ilvemge vtdue thun the watel'-YflpOr 
absorption at 99 pcrcent relativc humidity but probably 11 somewhat 
lower value thnn thc permunent wilting peJ'centnge, The data pre­
sented indiente that the moisture equivalent should not furnish a 
reliable mensme of the pe/,lllnnent wiltlllg pCl'cel1tnge of soils, 

The normal l11oi:-;tul'e capacity, 1'01' the determinn.tion of which a 
procedure is given, nppeil/'S to fu/'nish a more nccul'flte measure of the 
field cn.pn,eity of soils thlln does the moisture cquivalent, 

The sticky-point datn, obtained by adllesioll tests mny diffet' cousid­
embly from those obtn,iIwd by shearing methods. A simple roller dt'­
vice, applicable to plastic soils only, is pl'es('11 ted nnd recommended itS 
n, basis for 11 stmldnrdized. sticky poin t 01' seouring-poill t pro('ed ure of 
the shearing type. The addition of smull quantities of sodiu.m hy­
droxide lowered the sti('ky point and lower plastic limit of In,tcritic 
and llOnenJen./'cous soils. 

Procedul'l'S II 1'('. gh'en /'01' the detenninll tion of the minimum waLeI' of 
sntuI'Iltio.n, wllich is the pel'('cntage of watel' ]'equil'ed to slltUl'll.te II 

soil slllllpl('. whell the soil gl'lIillS Ill'll nr·/·n.11ged in position of ('losesL 
pn('king. The test is J1l1l<ie most 1l('('tlnd:('ly and ellsily /'01' ])onplastie 
Hoi Is, The II \,('/·t1I!:P \'lIlu(' is sligh tly l(nn'/' thlill that Jol'the stickypoini:, 
lllit it is IHOl'e ('los('1\' 1'('111(;('(1 to the ('lay contellt thnn IU'C the oth(,I' 
J)]oistu/'e COllstun ts. . . 

A stutisti('ul study or soil-moistul'c constant dnta shows the ('('11­
tl'iI'uglll moistul'e lui'd wa Lpr-yu pOI' II "sol'plio/1 fit 99 percent rcinti \'e 

humidity to be, ,'loseI,\' reluted, liS also are the ]0\\,('/' plustic limit and 
the sLieky poiut. 'l'he dubL indicntc tlwt the minimum wutel' of 
sntuI'Htion, 110l"lllll JI1oir;tul'c enpn('ity, moistll/'e equh'lllent, ccut/ifuguJ 
moisture, lU1d. wlltel'-YlipOI' absorption !u'e ('ontrolled chieHy by the 
mechunicnl composition 0 r tJIO soil and J'Ull pnndlel to the spttling 
volume. The 10wel' ]Jlnstit' li/llit amI tlte sticky point nre uot so 
closely related to texhlJ't" tlnd 11 re inHut'll('ed to n p;rentel' cxtent by the 
chemical cilltl'lLcter of the ('olloi(l thalllll'c the uther moisture consttlllts. 
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