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In a meKoraMua to the President,  Micciüsippi River Commlsöion, 

äuöcd 13 Kay li>o,  .ibjcct "Special Projects, for the Fiucal Year 19^9," 

the Watcrwciyii Experiment Station proposed an investigation entitled 

"Correlation of Soil Propertiec with Geologic Information."    The project 

waa approved in the lut Memo Indorsement dated Ik June 19^0.    This report, 

is the first of a series to be publiuhcd on this investigation. 

The concept upon which this report is bused was contributed by 

Dr. A. Casarrande, whose valuable assictanco is hereby aclaiowlod,'',cd. 

Acknowledcement is also mado to the New Orleans, Vicksburg, and Memphis 

Districts, CE,  for the use of their laboratory data files which aided 

materially in the accomplishment of the investication. 

The study was performed by the Embankment and Foundation Branch 

of the Soils Division, Waterways Experiment Station,    Enclnecrs connected 

witii th.   study were Messrs, W, J. Turnbull, S. J. Johnson, A, A. Maxwell, 

S. Pilch and C. D. Burns.    This report was prepared by Mr, Pilch. 
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covAWATion or /or. IHOIMUMK;; V/ITH üKOLOü re INFOHMATTON 

:.]Mnji':rc'Aij;!:o:i OF TIM LIOUID LJMIT TICT njQdijPini1'' 

!7vET I:    IimJODUCTICH 

1, The General project o:' corrolatinß noil properties with 

.".jolocic inforaation, one phase of which is doccribed in this report, 

consists in coapuring soil projiurtics with soil types mid with their 

jeolo^ic history and environment in order to detoi-mino what -orrela- 

tions arc possible. ..' correlations are i'ound to exist, it would be 

possible to reduc>..' -asoratory testinß materially at sites whore ßco- 

lojio ir-jTorcaöion is available, and to obtain a better understanding 

of the behavior and properties of the soils.    The purpose of this rcporc 

is to present data and analyses from liquid limit tests, and corrcla- 

■cionti wl.ich may materially reduce the cost of performing this tost,     ', 

2. Dr. Arthur Casaßrando suggested that flow lines determined by 

li-Tuid limit tests, plotting both water content and number of blows to a 

.., ..rithniic scale, might have a constant, slope for soils of the same 

.-.voiogic oiigin.    The baeio for the idea that a logarithmic plot would 

givu a .-•ci^-uant flow-line slope, which the currently-used semilogarith- 

mlc plot uow;; not,  is as follows:    On a semilqgarithmic plot,  flow lines 

of  uigiiur liquid limit values have,  in general,  steeper ülopos than flow 

li/*u.; o.. lower liquid limit values.    However, a logarithmic plot reduces 

UK. .;1ü|U; o" tlie higher liquid limit flow lines more than it does the lower, 

Lli .     Uouiling to make them equiil u:;  is clearly illustrated by flr.iav 1. 



i' 

I      2 

i lojm LIMIT   iiO    oi 
TAN i« 114»«   0 >0« 

„J _.iJ LJ_ 
10 IS        .'tl     .'S   li»       4 0     ',0 

M Miti  II  Of   hl OWJi (N) 

l.i. bTANOAHO btMI-LOC.AHl THMlC  PLOT 

I       2 
LIOUIO  LIMIT    110      61 
TAN |S 0.122    0 10* 

is iO     .'•.    .11'        40      iü 
Ni'Wiii H oi   in ows (N) 

. h. 1-OC.AHrTHMIC   PLOT 

Fiß.  1.    ßoffli-lo^iritluüic and 
locarithmic liquid limit flow 

line plots 

3.     It v.u-. appMrunL tluvl  tlilo 

sua'.cstcd procedure had practical 

poccibiliticc that could be cx- 

plorod rutlior rapidly.   IVhv.i: tho 

liquid limit tc-üt iu u doiiimld«; 

but coiitly tyjK! of claoolflcntion 

test,   it Wiir. decided to dttiTinin»' 

tluj I'oaoibiHty of UUIIIK ''h«: Utjultl 

limit tout procuduro oiiaplii'lcatlon 

suGßcstcd by Dr. Casaßrandc, 

k.    This report decor ibeo the 

results of unulyjcs oi* 76? liquid 

liiait tests.    The tests were per- 

formed by thü Now Orleans, Vlcks- 

burg and Memphis Districts, and 

the Waterways Experiment Station, 

02,  in oo;inection with various projects under the Jurisdiction cf the 

Mississippi River Commission and the Lower Mississippi Valley Division. 
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P/üC ii:   ?KESE:;T A:D PEOFOGED LIQUID LIMIT TEST PROCEDURES 

Present Test Proccduru 

p.    The Atterbcrs liquid liait tcjt has been standardized ac to 

procedure and equipment*.    The tcctinc device consists es.'ontially of a 

ix-all brass dish which can bo raised a distance of one centimeter by a 

cam urrantfemont and allowed to drop on a liurd rubber base.    The soil 

speciixn is placed in this dish and a groove is cut in the specimen with 

a special ßroovinc tool.    The dish is then dropped on the base at *a rate 

ox' two drops, or "blows," per second until a l/2-in. Icnßth of the 

groove is closed by the flowinc toccthcr of tho soil on each sido of tho 

groove.    The liquid limit is the water content of the soil when the 

groove closes with 25 blows.    It would be too time-consuming to adjust 

the water content of a soil specimen so that the groove would close at 

exactly 25 blows.    Hence the test is made at several vater contents, and 

the vater content at 25 blows is found by straight-line interpolation on 
• 

a craph, plotting the number of blows on a logarithmic scale and water 

content on an arithmetic scale; figure 1-a is a typical plot. Tho line 

determined by the plotting of number of blows versus water content is 

called a flow lino. 

Proposed Method of Simplifying Tost Procedure 
* 

6.    It can be soon from figure 1-a that six points have boon used 

to tl' rim   u i'ioM lino on a ourallO(<arltluuic plot.    If it can bo shown 

V(    /a: a, r. min,   A.,   "JU'üoiUVh OU tlm  Al.turboi'tf  Llllll.ts  of Uollü,"   lllbllo 
;...•'';■., Vol.. .i;j, No, H, Ootobur 1'iS.'. 
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tluil  tiu   clupo oi' the i'lov; liuou i'ov coils  in tli" i'-Mitu; (■■•oU»;'. I'-   Tori,; it..I on 

i'j a constant on u. lo^uritkuic plot, tlion the liquid limit can L(; rlobur- 

miiu'd i'x'Oiu one  tef.t point j'oi' racli ooil.    Thu point am Ix- plotlol on 

lo^arltlu.iic paper, and the i'lov line, with it^ j>rt;duturraliwjd n l.opu, di'nwn 

tla'ou^h thiu i)oint.    The liquid limit would be the vutur contunt ut thu 

intersection or the i'low line and the 25-blow line.   A nomocraphie chart 

could also be made roprcsontinc the relutionchlp between the liquid limit, 

water content,  and number of blowc for a given flow line slopo. 

% 
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PART III: DATA ANALYTIC ATIP R)i:7ULTG 

Sources of Data 

The soils for which liquid limit teat data wore analyzed Call 

into three main gcographical groups: the Alluvial Valley oi' the M3.ss is-

sippi River, the West Gulf Coastal Plain, and the I'lact Gulf Coastal 

Plain. A few project location:' lie outside of these croup:; and are 

listed as Miscellaneous. Plate; 1 shows the locations of the projects 

from vhic.i data were analyzed. 

8. Geologically, the uoils tested fall within the following major 

groups: lu • .il (alluvium, backswamp, natural leveo, channel filling, 

m.:rsh> ;iiu: marine), Pleistocene, Tei'tiary, and (glacial till. Tables 1 

and .2 s;:o\. -he locations and geologic types of soils at the projects 

from whio u..ta were used. 

All of the tests were also classified as to their plasticity 

cku'.x is tics. .;or this purpose, Casagrande's plasticity chart of 

liquid limit vex'sus plasticity index was used (plate 2). The plasticity 

charts for all the projects and tests used are presented on plates 3 to 

7. The plasticity charts were consolidated according to the three major 

geographic groupings, and these charts are shown by plates 8, 9 and 10. 

I/, general, the soils analyzed were medium to highly plastic inorganic 

cl.ys, and a few silts and sandy clays. ' 

Conversion of Data 

10. UaLu examined for this study wore of the form shown on figure 

I-..; where; the number of blows is plotted logarithmically and the water 



t 
.-or/unt aritlir.. t i c a l l y . To determine the slop- oi' - flow l ino on a .fully 

io ••-.rithuic p lo t , it- was not nocuasai'y to rep lo t the da ta . 'L'ii' slope of 

.'low l ine oil a logaritluaio p lo t can be computed from the somilogarith-

:;.io p lo t by the following r e l a t ionsh ip : 

*10 
lo,' wio " log w30

 lo" v30 
t a n K" a lo- 30" - log 10" ~ OMC 

.ere tan 3 = the slope of the flow lino on a logarithmic plot with 
reference to the horizontal, 

w10 -- the water content at 10 blows ) from flow line on 
) semilogarithmic 

w30 - the water content a t 30 blows ) plot 

Ten and 30 blows were arbitrarily selected for convenience. This method 

J.G not theoretically exact, as a straight line (except a vertical or 

horizontal one) on a semilogarithmic plot will not be a straight lino 

when plotted logaritlimically. However, within the range in water con-

torts and number of blows of a single flow line for the data utilized, 

the variation from a straight line is so small as to be of no conse-

quence. Figure 1-b shows data from figure 1-a plotted logarithmically. 

Methods Used in Analysis of Data 

11. All of the data examined were used except for a few tests in 

which it was obvious that the test points were so erratic that a reason-

ably precise flow line could not be determined. The data were also 

limited to tests for which the liquid limit wcis less than 1^0. 

12. It should bo noted that liquid limit tost results depend to a 

considerable xtont on Individual ttvluiicjuej an-1 since the tests unaly/.od 

WHM perI'orinml by many i.uchuiciini:;, <;omu of control. O V < >r tlio dtil.a 
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lo. ' i . . iloi-.vwr, it. 1.' 1- l ivVod t h a t the i. • LIio-i: u. i . in ' he • iin. 1. . ' 

;tivc rc.ou.lt:.. which accoiiimoiiabe a l;:r!'i p a r t of tin.- v:iri • .in I.lie i?iI 

duo t o d i f f e r e n c e s i n t e c h n i q u e . 

13. The large number of test:: utilised made; it neces.ary lo a-.opt 

methods to present the data in a concise, yet complete form. To fill 

this need, statistical methods wore used in analysis of the data and 

presentation of results. The statistical methods and nomenclature; used 

are those recommended by the American Society for Testing Materials,* 

nomenclature and Definitions 

1J'. for purposes of clarity, the nomenclature and definitions used 

in this study are given below; 

"can |3 tan £ 2> ̂ an 3 . tan 3 n: observed values of 

tan p ; slope of flow line on a logarithmic plot, 

n: the number of observations. 

f: the frequency, the number of observations for a givon 

value, or interval, of tan ^ . 

tan p : the arithmetic mean or average, referred to as tlv 

mean in this report. 

11 
tan 3 . n 

±Z1 1 -A 
tan 6 - — — , Where > tan fi . means the 

, i=l 

sum of all the values of tan pt from tan P to 

t a 1 ft , i n c l u s i v e . )/ 

* A.S.T.M. Manual on "Presentation of rata," April 19k'j (reprint). 
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;ho atundard ..loviution, tho ir.o«t y i/tniricunt und ülTiciunt 

mcacuro of dicporülon or data ubout u rauen.    j''or u nor- 

mal fi-üquoncy cxirvc,  tho mean iilut; and minwu tho Stand- 

ard duviation includco C>8,3 pur ount of thn i.oi.a.l 

munbor oi' ohcervatlonc. 

o •-• 

nr 
(tan P L 

,. 

'2 tan P )t- 

n 

v:    tho coefricicnt of variation, a measure oi' rolativo diüpor- 

sion of data about a mean,    Uscl'ul in comparing dictriL- 

utiontj with different means, 

V<fj x 100 . 
tan  ß 

k:    Hazen's coefficient of skevness, a meacure of tho non- 

symmetry of a distribution about u mean.    A positive 

valuu of   k   (3cncrally means that the observed values 

extend farther to the right of the mean than to the 

left; a negative value of   k, vice versa.    For a sym- 

metrical normal frequency curve   k = zero. 

^>   (tan ß . -  tan ß y 

ks 3 ' n o J 
« 

Normal frequency curve:    the curve defined by tho equation 

/ .   (tun füg 
P. o 

o-jrrrn 

It iü thv familiar buli-tiluiju.d ciirvi^ ami i'uiuvüuuU; 

\ 



ilu ori.'tlt'nlly coi'rect i'rcqumoy dlötx'üiution (iu.v 

x'U'Mvv .-,,  : tij'u ,lo)f 

■'■ -HlXHlS O;
-' IC£^S v:itli Ro.-pect to (icolo^y 

1',).    The  individual value:; of tun   3   vero computed to tho neurc-ct 

tl;ou.;uuiltU by tho method dlsjcuüacd in ])ta'ac;ru])li 10.    To nhov fT{t,pUlcn.Hy 

i.iu' ditrtribution oi" tun p   rox* each f^oolocic ooll lyyr. within tho pro,]-   • 

tiol-.j,  i'roijuoncy lilctojyam;.; woi'e plotted (plutoü 11-Ü2),    The rrocjuouoy 

liic;tot;rair.u have aj their alsüciocuc values of tan  3   grouped in claDcoa 

with intervale of 15 thousandths,  and as their ordinates,  tho frequency. 

16.    The noon tan ß   for each project was computed by the equation 

in paragraph 1^.    These means are listed in tables 1 and 2 and arc 

plotted on the histogramsj the means from all the various geologic types 

and projects range from 0,09^ (v/hitc River Levee District, Recent 

alluvium,  2l)   tests) to 0.1*1-3  (Algiers Lock, Recent marine,  3 tests), a 

range of 0,049.    The range of tan (?   within each geologic soil type 

averages about 0.1; maximum range 0.168 (Grenada Dam Tertiary, Eocene), 

minimum range 0.050 (Greenwood Protection Levee, Recent alluvium).    The 

range of tan p   within soil groups of the same geologic classification 

is greater than the range of the ir.oans of all geologic soil types.    Also, 

an inspection of the means in tables 1 and 2 shows no tendency for each 
't 

geologic type to group itself about a single mean tan  p .    From those 

ob r; er vat ions it appears that, for the soil types studied,  the slope of 

Uii   riow  Lino iü nob directly related to the geologic classification 01' 

1,1. ■  ilO.tl . 
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An ilvoin o:' 'ivtp, vlt.h ]U'r-}Hy.{'. to 0' qrrfU'li 

17.    The data were a.l.-o -naly^cd hy ,",rou])in(,; thu tcütr. according to 

their cooci'apliical location:   Alluvial Valley o.' the Mic'Jiü'jliipi ivlvor, 

Woat Gulf Coastal Plain, and East Gulf Coastal Plain.    IUüto(Tuinc- ühovinr; 

the distribution of tan 3   for the tests from those areas arc i.hovm in 

ricurec 2,  3,  and k.    Those histograms have as tholr abscissae values of 

tan p   grouped in classes with intervals of Vj thousandths .md a.s tlicir 

orainatos, per cent i'requuucy.    The mean tan  p ,  standard dfViVttiou, co- 

efficient of variation, and skevness wore computed for these areas und 

the results arc listed in table 3 in addition to the number of tests and 

ranges in tan ß   and plasticity.    The means ränge from 0,115 to 0,1,'jü, or 

LEGEND 
MIAN     Oil» 

»TO    OCVIATION   0 0» 

tKCWNCS»   .0 it 

r/1 

f\ ^ 

NOHMAk 
FMCälifNCY   CURVE 

\ 

% 

I 

OOM> 0100 OltO t>»"<> O/»0 
UN flt 

•■'\i'.m .'.    ll.L:;i.o/',i''i,iii ol' tin: Alluvial 
V' l..l<y ol" ili't Mi.i;iiIiis.I|i|>.I. IvI.Vdr -- 

T 
u. 1     1 
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FiC, i;.    Hiotoci'aa of the Eaat 
a.ili' Coaatal Plain -- W) tccts 

curves arc uuparlmpoccd on the his- 

to^rumü or fisurcs 2-i+, 

16,    The means,  ütajidard 

deviutione,  cociTicientc o2 varia- 

tion, ana ükcwncoscs were 20 cloisc 

■uo^x.tiicr for the tlircc areas that 

it vac believed that a more accurate 

representation of the data could be 

oi-taliicd by combining all 7^7 tcctu 

1:   oii'   hi;;to;'.raw,  i'i;',ure >,    Thlti 

hi;;to,''.i.,aiii oojiLulnj;,   iu addition to 

'wive tc;;ts from the Alluvial Valley 

cxprccced in deforce:' or p   rrpi'^^ont 

a ranftc of 0,7',; decree».    The Stand- 

ard devlutionü ranker i'roia ü.O^fi to 

0,0.;';,   atui  tile  c;o<f I'icl'.Iit!.! oJ"   vn.-i- 

ation from 22.^ to 27,8 j)er cent. 

The akewjienco;! ranfo  I'rom +0,H2 to 

+0,'^.    All tl^iree hluto/^'tuiuj are 

akewed to the ri(;ht,  ae indiciited by 

the pocltlve values of ckewnesc, 

Ußinc the moans and ctandard devia- 

tions,  it was possible to compute 

normal frequency curves which best 

fitted the distributions, and thoce 

UCAN    0121 
JtO    OtVlAIION      003» 
SHtWNCS»    »0 «» 

Fig. 5.    Histogram Qf all 767 tosti 
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oi' the Miöüiösippl River find tho Käst und Woct üul:' Conytfil I'l-dnn,  the 

tcGtr. i'ron the two projoctc outside thci'.e throo [tenoral area.;;   Garrison 

Da:n; KtD,, moan 0,123, aivl Blakoly Mountain Dam, Ark,,   moan ii.l '.-i.    The 

mean i'or all 7^7 touts :Li.i O.L'.'l^  the i'tandani deviation <M\r ;   t.hc coi i'- > 

L'icient oi' variation P.G.K pw ^ont, and tin; nkcwni^uji -i-oji." (i.dil"   {), 

The noi'mal rruquency curve wa:; i'omjmted and !'.ii])irJ.iii|iwi!t'il on I.IH' lil.iil.ocraui, 

i'lj^ure 'J>,    Thi;j hictof^i'am beut fite itu normal i'l'oqnancy cucvi , a.: n cotir 

l«iriüon with the hiuto^x'ainü oi' i'ißureij 2-1» Jhowu.    'X'hlü ,wa:j l,o hv cxiuictod 

because of the large number of tests used in its development,    Tho fact 

that the skovnoss coefficient is lower for tho hlstoßram of all the toutz 

than for any of tho three principal goocniphic areas is also indicative 

of a better fit to the normal frequency curve. 

Analysis of Results 

->'. 

Kquatlon for tho liquid limit 
on a loi'urltlmuc yilot 

19.    It can bo shown that tho value for tho liquid limit using a 

logarithmic plot and one point on tho flow lino is determined by tho 

equation: 

LL VN   ( 

jj_\tan   ß 

25/ 

wuero LL • liquid limit, 

wN a water content at    N   blows from the liquid limit 
device, 

tun   p  a slope of tho f-ow lino on a logarithmic plot. 

^ V 
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:'.:\'cot Oi" variatio-.1-^   in tl:c :'iui'0 Oi' t!.'- 
x'lov l [no pn the v^l';'' o,' the ..1 i'.^i'! linit 

20,    The method oi' diiTorcntiulc ic applicable  to raeaanriiKt bh" 

ciToct o:' variatiOKC in tan   ,-   on the value or the liquid limit.    The 

exprccaion i'or per cent chanco in the liquid limit  i:: derived aa  follova: 

tun  >- 
LL - v..    ,    , 

x In -^r x a  ^tan r ) 

(in rofors to loßarithmja to the base    e) 

and &-&& «Ingxd (tan p ). 

This may also be -written as: 

_A_(LL) rf a  ln J_,   A (tan ß ) x loo, 
LL 2'j 

in wliich —yf--* ^i ic tlic per cent change in the liquid limit for u change 

A   (tan   3 )  in the elope of the flov line on a logarithmic plot.    An in- 

apoction oi' this equation ühows tliat the per cent chance in the liquid 

limit 1.; independent of the actual values of both the liquid limit and 

the slope of the flow line.    It depends only on a given variation in the 

slope of the flow lino and the number of blowjj.    The above equation is 

plotted on figure 6 (pace l^)  for various values of    N   and  ^ (tan  ß ), 

ilPiliCi'rii'on ol' mean clo^eij 

;.'1,   The pert incut re;;ulti; determined for the geographical urouc 

are uunmm'izud on the following pafte (from table 3): 

. ■ -.,■!-••■ 
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Fig, 6.    Per cent ohanco lii liquid limit vu numbci* oi.' blowü rox- 
changes in tan p 

ilo.       Mean     Standard     Coefficient of   Skev- 
Tests   tan  r     Deviation   Variation (SJ)      ness 

432       0.115       0.032 27.Ö +0.7; 

136 0.125 0.020 22.4 •1-0.'^ 

135 0.130 0.035 26.9 +0.M 

76? 0.121 '  0.032 26.4 •1-0.42 

Alluvial Valley of the 
Min;; it;.", ippi HIvor 

E.'vjt Gulf Coaütal Plain 

All teilte (including 64 
from the Miacellanoous 
,'roup) 

Tho maonitudo of the difforoncos betveen the mean for all tcota and for 
't 

tho tlirec principal geocraphic areas is bent understood by rCi.'ei'onco to 

fat; cbuvio in the liquid limit due to thoee variations.    The MCUII of all 

thu tf-into,, 0,121, dirfei-tj  rrom the mean of tin; Mia •.iuulpiil VAw.v AÜluvial 

V.iU' y,  ().;i..l'>,   i..y O.oCn..     Thu: wouLI  mako u ilif.t'urviuco   in  tl«',liqvil,l 

Ihiiit cUo1riu.!,:i.itiun oi' 0.3 pur cunt,  uu.lnr 15 blown,   iM/uiv 1.,    'i'jjj . 

\ 



iliurtr-tos that the Ji Terences between the means in the above; tabic; arc 

o ' cm e:;trcmely JJEU.11 magnitude when referred to the differences that 

thej would make iji cojainitin;* liquid limits» The means of the West Gulf 

Coastal Plain and the hast Gulf Coastal Plain, although from relatively 

small numbers of tests, differ from the mean of 0,121 by O.OO'l and 0.009, 

respectively. Tlie dispersion 01' data shout the four individual means is 

least for the West Guli." Coastal Plain, us is seen by an inspection ol' the 

coefficients of variation and standard deviations. This is not necessar-

ily conclusive, however, as the smaller number of tests involved means a 

greater probability i'or a narrower range in tun p , which in turn results 

in a smaller coefficient of variation. For practical purposes the meas-

ures of dispersion ana skewness are essentially the same t'or all group-

ings. Based on the above factors it 

is believed that vie histogram or 

all the tests, figure 5, with its 

mean of 0.121 best represents all 

the data studied, and the remainder 

of this report will be referred to 

this value. 

Per cent error involved 
in liquid limit determi-
nations using mean slope 

22. The histogram and normal 

frequency curve i'or all '((>( tests 

weplolUd OJI arithmetic probabil-

ity graph paper, figure '(, The ordi-

nate-:; of this graph are so spuced 
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-that a r.o rmal frequency curve will plot as a straight lino when oumula-

per cent frequency i:; used as the ordinate and the quality being 

mHjiiftJ as the abscissa. An inspection of figure 7 shows tluit the plot-

t*A points generally lie above the normal frequency curve and tend to 

dtfin* a smooth curve rather than a straight line. Doth of these facts 

Jtrt ind icutivc- of the skewness to the right of the distribution. 

23. This cumulative frequency graph facilitates the calculation 

off the per cent error involved in liquid limit determinations for a given 

p«T .c:.t of the tests. The standard deviation, 0 , is defined so that, 

$09 a normal frequency curve, the mean _+ 0 includes 68,3 per cent of 

the observations and the mean + 2 a includes 95*5 per cent. The mean, 

p - 0.121, tan p _+ 0, and tan p _+ 2 a, (a 0.032), were plot-

ted on the cumulative frequency curve, figure 7> making it possible to 

pick off actual percentages of observations included within the ranges 

noted in the table below. The per cent error in the liquid limit for 

tests within the given ranges was obtained from figure 6 where per cent 

change in liquid limit also means per cent error in liquid limit, and 

A (tan p) is the variation of the mean slope from the true flow line 

slope. (Fifteen blows were used for the following table.) 

Percentages of Total " ̂  
Observations Lying Per Cent 

•Jfithin Given Eanges ' Error in 
(ail 767 tosts) Liquid Limit 

Ranpjc in tan f- Theoretical Observed Usin# N lr 

tan r ± 0 0.080-0.153 68.3 67.7 less than + 1.5 

tan p + 2 o O.O57-O.I85 95.5 95.I less than + j.3 

less than + 4.8 
min tan |5 - max tan i: 0.027-0.235 99.9 100.0 ^ a n '1, = °;°27) 

less than -5.8 
(tan p 0.235) 



17 

Facfcoxv ai'i'ect in* the liquid limit 
dote ion ii.'in1' a moan 

2h. An examination oi' figure 6 shows that the per cent ..rror in 

the liquid limit determination depends on the variation of 4 !«• true a I ope • 

from the mean slope and on the number of blowa used to doturmino -i point 

on tiie flow line. The preceding paragraph allowed that the error due to 

variations in the a lope of the flow lint: ia amall. To keep erroi'a due 

to number of blow;-, to - amall magnitude, the deairability of keeping I ho 

number of blowa aa aloae aa poaaible to 2'J> ia readily apparent. Kor 

example, from the preceding table the error for tan r + 2 o us in;; l'j or 

'i-1 blowa ia leaa than 3.3 per cent for 95*1 per cent of the teats; if 20 

or 31 blowa were used the error would be reduced to leaa than l.U per 

ocnt. (ill and 31 blows give the aame error aa 1;> or 20 blows respective-

ly., figure 6.) The limiting of the number of blows to between 20 and 31 

reduces tiie error to leaa than 2.5 per cent for all 7^7 tests as compared 

to less than Lj.Q per cent for between l'J> and Ul blows. 

Disc iss ion 

25. In the analyaea of the data it waa found that tlie values of 

the slopea of tlie flow lines on a logarithmic plot exhibited a definite 

tendency to group themselves about a central value, in a distribution 

which is approximated by a normal arithmetic frequency distribution. 

While this is aatisfactory for analysis of the 'data, it is pointed out 

that theoretically a normal frequency distribution cannot represent the 

data because the values oi' tan 3 cannot extend to - cc and to t- cc , but 

are limite d to the range of 0 to + cc . This in itself indicates that 

aome akewnesa to the right in the observed distribution of values of tan 3 
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frequency curve -- Te? tcata 

r.hould  lie  cr.iM'rlcl ,   •ill   II.   i;;   likely 

tlr.it the cliiiirlljulioii n:;i,'/  IHJ Lebt.or 

approximutocl by a Icviar.Ltliinlcally 

iiorii:.'ii i'roqiuincy iVl;;tri.butloiv.    /.. ;i 

olu-ok ou tli.iij  po;;^ Ilri/lity,   llm d.'il.u 

iOiovii on i'lciirt' Y wt;Vi    plotbtul on 

lo^aritluaic probubll Lty pupor, i'i,";- 

uru 8 (identical to the uritlwiptic 

probability jiapur except'.for the 

üubutibution oi' a lo^arithmii; ncale 

for the aritlunetic one).    On thiü 

tyjic of plot all the point;;,  except 

thoüc for tan ß    equal 0,02') and 
• 

OtO^+ü, lie on a utraij.iht lino,  in- 

dlcatin; that the distribution of values of tan (•    hi locurithwically 

nornuil rather than aritlimctlcally normal,    Ifowuvur, foi' the piü'poise oi' 

tliio invcütitV-tion it vac. conuiderod that mi uritluuetlcally noriail fre- 

quency distribution could be used. 

26,    The observed variations of tan ß   from the mean may bo duo to 

a natural distribution of tan ?   as a property of the soils studied. 

However,  the variations from the mean may also be due,  in part,  to errors 

involved in performing the tests rather than to any property of the üoil 

itself.    All technicians in the soils laboratory of the Wuterwayn Kxporl- 

ment station are, at intervals, requested to perform Llio liquid lliaib 

tent on the same material,    Gtudy of the'results so obtained Indicates a 

variation in values of both the liquid limit and tan ß ,  with a croup inn 
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If 

o ' the tcist rcGulti.' in uuch u vv.;,- ar, to r.u;^cüt  that, they follow ■•!. 'intu- 

ral crroi'  distribution; u distribution 01' the üamc iox-m u;; tho noi'ir i.L 

.'ro.n\T,.-y jurvo,    IlüVi-wr, thu' r*; ort ic not cono-TUod with vlrl.jli 

.:>.].•!;in.-'.v.ion bout dKüo.vibu.:  ul^   objjurved vuriutlonu,  iriiirc th«- vari.;ilioiitj 

tui-';.;;\'ivL';; c.X'i.' oi" limited i'i^niiirc.nco, 

.;7,    The; x-cijultc obtaiaud i'rmn the anulyocc doucribed heroin are 

not Inti.nK.d to apply to uoilü other than those tested,  and no ^cnerali- 

.■.;.lion to othur uoila  ic uule.    As regards tho soilr. oi'  the Alluvial 

V'.-llLjy ey the Micüissippi Kivur and the Ecust and Wcct Gulj." Cotit;tal Ilainc, 

;;o'.,'i!\\;r,   lui'j'ioicnt tests have been analyzed to warrant concidoration oi''• 

a .i.,.]! li.'ii d liquid limit tost procedure i'or work in the laboratories ol' 

ti\  Mli-ü-Kltaiippi River Coimaissiou and Lower Mississippi Valley Division. 

For soils Trora other areas tho procedure iray be just as applicable; but 

the values of tan  8   should first be determined by preliminary tests.    To 

take full advantage of the fact that,  for the soils studied, the disper- 

sion of tin- flow line slopes is of such small magnitude that errors aris- 

ing i'roia the use of a mean slope are ncjli^ible,  the liquid limit tost 

procedure outlined in tho following paragraphs is presented. 

Rccoiviiuended Simplified Liquid Limit Procedure 

)C2 

LI 

•L- 

2ü.    The simplified liquid limit procedure is as x-ollows: 
'* 

a.    The test should be run in a humid room if the air is dry. 
Mix the soil to be tested with water to a consistency as 
close to tho liquid limit us possible,    A technician can, 
with experience,   .jiul^e tnis very closely.    Extreme care 
!.diould be taken in the mixing to obtain a uniform water 
content tlu'ou/iliont Uic lutmple, 

ji,     Oiu'raU-   Lliu liquid   Mmil. clovicu and ilcluriniiui tlm UUIIIIH i' 
ol" blown necesr./ii'y  (e eloue a l/;!-.Lu.   Uuitlth of  Liu' /rouVtJ. 



ifi 

Take a l|;-̂ 0 ,*J.I wot wci."lit isnmple at th«- closed groove; for 
a water content determination. Water content veijtfito 
should be accurate to 0.01 .7:1. 

c. Add enough soil paste at the water conti nt of step a to 
replace that removed, and remix the soil slightly L11 the 
liquid limit cup without the addition of water. ftegroove 
and operate the device again. The numbor of blows necec-
snry to close l/>: in. oi" the groove should either be the; 
same as before or not more than two blows differ*-nt, (if 
it in not, it is a sign of insufficient mixing iii step a, 
and the entire procedure should be repeated.) Take an-
other sample at the closed groove i'or a water contcnt 
determination. m \ 

d. The liquid limit is determined from the equation: 

/ N \ 0.121 

where w is the water content at N blows. Figure 9 is 
IS 

a nomographic chart useful in solving this equation. A • 
straightedge laid on a given water content at a corre-
sponding number of blows determines the liquid limit. Two 
initial liquid limit values should be computed using the 
data from steps b and c. The average of the two is the 
final liquid limit. The difference between the two initial 
values should be less than 2 per cent of their average to 
consider the test valid. 

29. If the liquid limit is being used for classification purposes, 

the numbor of blows should be kept botween 1^ and 4l, but if the liquid 

limit is boing used for quantitative correlation with othor tests, e.g., 

consolidation, it is desirable that the number of blows bo kept between 
u 

20 and 31. 
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PART IV:    C0NCLU3I0NS AI© RECOMI-n':NnATION.r; 

30,    Eased on the data and analyses procontcd in thio report, the 

following conclusions are wurrantcd for the coils studied — namely, 

medium to highly plastic inorganic clays with liquid limits less thun 150 

from the Alluvial Valley of the Mississippi River and tho East and West 

Gulf Coastal Plain areas. 

a. The Jlopoj of liquid limit flow lines,  when plotted to a 
logaritlunic scale, tend to group around a central value 
which appears to be independent of soil type and geologic 
classification, 

b. The variations of the slopes of the flow lines for tho 
soils studied, without regard to geologic origin, satis- 
factorily approximato a normal frequency distribution. 
This result makes it possible to use the simplified liquid 
limit procedure. 

c. Licjuid limits computed using a mean flow line slope of 
0.121 and one liquid limit test point give results welj. 
within the accuracy required in normal work. ^v 

d. It is recommended that the simplified liquid limit proce- 
dure described in paragraphs 28-29 be adopted for soils 
from the Alluvial Valley of the Mississippi River and tho 
East and West Gulf Coastal Plain areas.    This procedure 
will result in a substantial reduction in the cost of 
liquid limit determinations. 



PN ■■«( 
:   : ■  _   ^^ ..... ;■     ■ ,,        .   . ...    __. 

f ) 

TABLES 

\ 



• 
•ip*iwmjmjü5aB»Bis»-»3WBtiui 

IMfti 
ir.yvAKY 07 IIATA  fl-OM TliE /VU.nVIAI. VM.IJ-:Y OK TMK MW.ir.iUlil   HIVKH 

 iYo^'Tt. ftinl Io>-it. ion 

Upn-T St.   ;Y:uirlti I«>voo nisirlet, 
vicinity al   AXT AW rt bank 

Rool:'oo- IJUVOO District, 
vlrlnlty ml 'WO AIH' 1t ixink 

Tlptouvilic-OMon Hlvcr Icvuo 
Kxtrn:ilon,  vicinity B1 t'liO Alff 
lt  l>nnK 

Lovor 8t.  rrfinclo I«viio Dlntrlct, 
vicinity ml WO AIU1 rt bunk 

Uppnr Y'W.OO I^vco nintrict, 
vicinity nl 700 AIU' U bfink 

Wlilto Hlvnr  uivco District, 
vicinity ml h'jO Alir rt bunk 

fol'twitor Hl vor T<'ViT, 
Colilwnli-r Hlvnr, Mlunlnnlppl 

CrfKiiwocxl iTotocllou !x)Vua, 
Gruunvooil, Mluulculppl 

Bougcre Lovco, 
vicinity Nutchoz, Miss., rt bank 

Otyou Cocolrlo, 
vicinity Slinv, Loulnlnmi 

MorKunni Klooiiwuy Arou, 
Atclmfnlnyn lUvor IVinln, In. 

Kuyati i'orrul lot^k, 
■ipprux 10 ml ,'iW rlnquKnlno, 
In, 

Tnma H. i'ncltic UK Kjubiiiikmunt 
(Tort Allon brunch), runn NU 
I'm Morgmissa, 1A. , about t> ■! 
loiv( 

N.O.T.^ Kl. Uli Krauunknont, runa 
hflwt'cn Krot.- ilprln^ii Jk 
Cortublaau, IA. 

Mornum-.a Control Structure, 
approx 5 ml north MorgUM, 
U. 

Votoruna Adalniotratlon Hospital, 
New OrloCkUß, Ia. 

No.       M'in 
Crolo?]'  >,-nrrlrtlon     Tontn    tnn P 

Knnpn 
l.l'|iil>l 

Hllll^^''  t '■> P      l.lmlt. 
Min      Mix     Hin   Kui 

ItnnKn 
flnntlrttjr 

_ Itifl"» 
Min""   »ix 

Recent alluvlun 

lii'ccnt alluvium 

Hocont allur lua 

iiocnnt »liiwluB 

Huccn. dlluvlu'i 

Socnnt ulluvluB 

Yur.oo Hlvor Ikuttn, 
rocnnt ulluv Ina 

Yur.oo 11 Ivor lltvuln, 
recant ulluvlua 

Recent alluvlua 

l»0     0.112   0.027 0.193     33   10k        k Jk 

JO 0.122 0.071 0.176 30 lOß 

25 0.107 0.061 0.130 » l1»? 

25 0.^3 0.0710.1)* 31» 'ß* 

25 0.122 0.063 0.176 35 106 

25 O.O'A 0.0t.5 0.130 ki 107 

15 0.0'f7 0.069 0.130 50 99 

13 0.09Ü ü.072 0.1^2 56 100 

22 0.101 0.074 0.129 99 122 

35 97 

Lower Tcnuua Dauln, 23      0.128 
bnckawiuBp and natural 
levoo dopoolts 

0.097 0.185     l»7   115 

7 (,:■ 

\k HO 

?;.• rt 
• 
a 73 

32 69 

* 06 

26 87 

Ifackuwanp dopoalta 13     0.121   0.037 O.VJZ     66   136       hO 96 

Backawiiap dopoaltu l»9     0.127    0.070 0.202     20   122 6 90 

Cacknwiuip dopoulto 10     0.100   0.004 O.lUO     34   103       11 67 

Algiers Lock, 
vicinity of Algleri, IA. 

Backuvunp depoalts 
Channel filling 
deposits 

Recent marsh deposits 
Marino deposits 
Pleistocene-Prairie 
deposits 

Recent «ursh deposits 
Marine deposits 

55     0.120   0.063 0.222     30   117        3        79 
13     0.123   O.OOO 0.220     30   115 5 88 

0     0.109   0.084 0.132     60     02       35 54 
12     0.115   0.070 0.100     24     83 9 52 
0     0.104   0.038 0.212     59     82       35 54 

10     0.100   0.070 0.171     58     99       37 71 
3    0.1j»3   0.128 0.154    54    66      36        44 

Alluvial Valley of Mississippi River     432     0.115   0.027 0.228     24   147 3 97 
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Vkl, 
AlWi'dvTf OF DATA FROM TI1K  i.A.'.T AMi W,'..;' 0111,1' I'lWlVi'AI. I'UMt.:.  AMI MircKI.lAHiO r. iMUi'l' 

lYoj'H-t, and locMU'ii 

Tcsarluvivt ^t;a, Sulphur Hlvcr, 
vicinity IVxarKnivi, Ark. 

Wallnco loko Dan, hca liivcr, 
approz 1") ml south Hhrovcport, 
La. 

Red Klvor lAtoral Canal, 
vicinity of MarkavlUe, La. 

Schoonnr Bttyau, 
appro« 10 ml south Abbovillo, 
Ln. 

im i|Mi 

i.l>|Ulll 
Ho.       Mi'iiri       ll'inc"   ,."n ^      Mrill, 

r.-olo-Mi: Ii.-;-.rrli>t.lon     Tnn).,".    I'm t*    " HJ n"     m*     Hlji'V«« 

WKT Cinj COASTAL IIAIK 

riplnlorcno-TorraBO 10(>      O.l.1;'    i'.iiyt O.IV 
Jtipoall ;i 

Boa Rlvor Valley, 
rocont nlluviiu 

Bed Rlvor Vfilloy, 
rocont alluvium 

rUilutocono-l'ralrlo 
di'ponltii 

13     O.ITV    0.0')h 0.170     ■//     >',', 

io    o.iao   0.0714 o.?i^    30    7'* 

7    0.133   0.065 O.Pio    3V    fll 

l,n?i)'." 
I'liml Iclty 
_   1 11(1'IT 

'i        70 

33 

11 

Wont lüiir OoHutul Pliiln 136      0.1;"^    O.WO O.IMJ     i")     </) 

•/I 

ltd 

10 

Grenada Una, 
vicinity Gronada, Miss. 

JVU'.T GUU' COASTAIt PIA» 

Yalobuulin Rlvor Valley 
Tertiary (Kocono) 69     0.133    0.067 0.235     17   100 
Recent alluvium 25      0.129   0.069 0.192     29   121 

Mlnalmilppl Bivar Buln Modal, Tertiary (Kocono) l»l     0.120   0.073 0.179     32   10» 
Clinton, Mlos. 

East Gulf Coaot&l PlAln        135     0.130   O.065 0.235     17   121 

p 
y 

73 

16 «7 

2 % 

Garrison Dam, 
vicinity Garrison, I. D. 

Blnkely Mountain DOB, 
10 ■! NW Hat Springs, Ark. 

MISCELUNEOUS 

Hieaourl Rlvor Valley 
Recent alluvlus 
Glacial tlU 

Average 

Ouochlta Rlvor Vblley 
Residual and Alluvial 

Mlscollaneoua 

1»2 
7 

0.121    0.063 0.197     30     99 
UO 0.136 0.100 0.207 26 

1*9     0.123 

15     0.123 0.071» 0.151 20     33 

61»     0.123 0.063 0.207 20     99 

3 
10 

76 

16 

76 

\ 
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MX-.ivinl. Vdlloy of 
y\:-.;i I..;'. !ppl  iUvor 
l'Vivl'lo 1) 

.;;.-.01 IWTKD ^A7A FRfW Tiffi I'llTTiOn'M. GinanAITOC AHiVMl 

Cimrflfilnnl     H »nf" K"nRn 
r.Uitulnrd or I.l>|iil(l Il"f i.lrll.y 
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TAN P 

GRENADA   DAM-RECENT ALLUVIUM 25 TESTS 
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0.175      0.200    0.225     0.250 

GRENADA  DAM-TERTIARY   (EOCENE) 69 TESTS 
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