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In 2 memorandun to the President, Mississippl River Commiscion,
daved 13 May 1vbd, Cbjeet "Special Projects Tor the Fiscal Year 19h9,"
the Waterweys Experiment Station proposcd an investiration entitled
"Correlation of Soil Propurtvice with Gcélogic Information." The project
was approved in the lst Momo Indorsement dated 14 Junc 1948, This roport.
is the first of a sorivs to b. publiched on this investigotlon.

The concept upon which this rcport is based wus contributcd by
Dr, A. Casarrande, whose valuable assdistanco is hereby acknowled;fed.
Ackuowledgement 1s also made to the New Orlcans, Vicksburg, and Momphic
Districts, CE, for thc usc of their laboratory data files which aided
matoriclly in the accomplishment of the investigation.

The study was performed by the Embankment and Foundation Branch
ol tiic Soils Divicion, Waterways Experiment Station. Enginccrs connccted
witu th. study were Messrs. W. J. ‘I‘urnbull,'s. J. Johnson, A. A. Maxwell,

S. Pilch and C. D. Burns. This report was prepared by Mr. Pilch.
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CORRTAT T OF COTL CROVFES I WITH GFOTOGIC THFORMA'ETON

SUFLIRICAL T0H OF 116 LOUID LIMET TIST 1TROCKTULL

PART I:  THERODUCTICH

\

1, The general project ol corrclating soil propertics with
ruoloric information, one phase of which is described in this ropord,
conwsivis in comparing soill propartics with soil lypes und wity thedr
geologic history and cnviroimsent in order to determine what -orrcla-

ble. .. corrclations are found to eoxist, it would be

.

tions are poss

[

possible to reduce wwworutory testing materially at sites where geo-

logic dunlormuvion iIs availeble, arnd to obtain a better understanding
of thc behavior and propertics of the solls., The purposc of this riport .

is to prescnt data and analyscs from liquid limit tests, and corrclu-
Ttions w.lich may matcrially rcduce the cost of performing this test.
2. Dre. Arthur Casagrande suggested thut flow lines determined by
~a0uid limit tests, plotting both water content and number of blows to a
. erithmic scalc, might have a constary slopc for soils of the same
Cvodogic oaigine  The buasds for the idea that a logr;rithmic plot would
give & occuetant flow=line slope, vhich the currently-used scmilogurith-
mic plot uous not, is as follows: On a scmilguaritlmic plot, flow iirnce
o imier liquid limit values have, in general, steeper slopes ivhun I'low
Ll 0o lower liquid limit values, However, a logarithmic plot rcducos
Lhe: sldope o the hipher liquid Limit £low lincs more than it dous the lower,

Ll Leaddngg to make them cqual as i clearly illustrated by Cimae 1.
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3. It was appavent that this
sugpested proccecdurce had practical
'.'_ possibilitiés that could be cx-
e P2
& ; . 18 arsos plored rather rapidly. fince the
i: “ ba tpaigl |
i (' liquid limit teot 1o a desirable
ll.'ll ¥ "N : -.: i
' ’1' | 1 ;' | il but costly type ol clasoificntion
v N ::m u.“.‘w .;\.: .;:4:.(:4')‘ "
i test, 1t was decilded to Jdetermino
la, STANDARD SEMI-LOGARITHMIC PLOT

the teasibility ol uslng the 1lguid

4 limit toest proccdurc slmpliflicutlon
L | 2

| [-1V]] ] IT 10 o A
:l“mﬂ ™ 0122 o.l{“ UuGGCSth by Dr. Casayandc.

]
|

4, This rcport describes the

WATER CONTEMT [,

R L results of analyscs of 707 liquid
-SSR limit tests. The tests were por-
Mpge 1. Soemi-logiwrithmic and formed by the New Orlecans, Vicks-
locarithmic liquid limit flow
line plots burg and Mcwmphis Districts, and

tho Waterways Experiment Stution,‘
Ci, in comnection with various projocts under tho Jurisdiction cf the

Mississippi River Commission and the Lowor Mississippi Valloy Division.
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PART II: CRESENT AID FROIOSCD LIQUID LIMIT TEST PROCEDURES

I'resent Test Procedure

5. The Atterbery liguid linit test has been standardized ac to

procedwre and cquipment¥, The testing device consists csientiully of o

anall bresc dish which can be redisced o distance of ono centimoter by o
cam acrengemont and allowed to drop on u hurd rubber busc. The soll
specinen s plucced in thic dich and o groove 1is cut in tho specimen with
u speciul prooving tool. The dish is then dropped on the basc at ‘a rate
ol two drops, or "blows," ver sccond until a 1/2-in. length of the
groove is closed by the flowing together of tho soil on cach cido ol tho
groove, The liquid limit is the water content of the soil when the
oroove closcs 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 water contents, and
the water content at 25 blows is found by straight-line interpolation on

& araph, plotting the number of blows on a logarithmic scale and water
content on an arithmetic scale; figure 1-a is a typical plot. The line
determined by the ploiting of numbor of blows versus wator content is
called a low linc, '

Proposcd Mcthod of Simplifying Test Procedure

6. It cun be soen from figure l~a that six points have been uscd

Lo w Plee o Plow llne on o semllopnrltlunde plot. I 1t cun bo shown

= L. wee © e e —

™ Getgarando, Ae, "Rosonreh on Lho ALLorbore Tilmibts ol Holla," ubile
ul:.lll;:, v()l. l " Nl). :" ()(all‘)lu.,l‘ l"‘ '
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4ty the clope of the flow lines for coils In the same protogle foviidion
is « constant on a loparitimic plot, then the ligquid limit can Le deters
sined irom one Lect point ror cuch soll,  The polnt can be plotbad on
Logarithnic paper, and the flow linc, with its predetermined lopu, drowy
tipoush this point. The liquid limit would bc the water contunt ut the
intcerscetion or the flow line and the 25-blow linc. A noro;ruphic chart

could also be made representing the relutionship botween the llquild 1limit,

water content, and number of blows for a given flow line slopos




PART III: DATA ANALYSIS AND RECULTS

Sources of Data

. The soils for which liquid limit test data were analyzed fall
into tlwec main geographical crouvi: the Alluvial Valley of the Misgic-
sippi River, the West Gull Coastul Plain, and the Fast Gull Coastal
Plain. A few pro.ject locuation: lid outside of thecsc groups and arc
listed as Micccllancous. Plate 1 shows thd locations of the projects
from whici data wecre analyzcd.

.5. Geologically, the soils tested fall within the following ma jor
groups: Recoat {(alluvium, buckswamp, natural levee, chuﬂgcl £111ing,
.:,;.J,';:}r, and marine), Ploistocene, Tortiary, and glacial till. Tablos 1
and 2 siow Lhie locations and geologic types of soils at the projects
from whic.. «..ta were uscd. -

o all of the tests were also classified as to their plasticity
chiractosistics.  for this purpose, Casagrande's plasticity chart of
licuid limit versus plasticity index was used (plate 2).. The plasticity
c.arts for all the projects and tests used are presented on. plates 3 to
7. The plesticity charts were consolidated according to the three major
goosraphic groupings, and these charts are shown by plates 8, 9 and 10.
L. -oneral, the soils analyzed were medium to highly plastic inorganic

cluys, and a few silts and sandy clays.

Conversion of Data

10,  Data cxamined ror this study wore of tho form shown on ipurce

1=-u wherce the number off blows is plotted logarithmically and the water




content arithmctically. To determine the slope of & flow linec on o fully

loraxithn

wic plot, it was not necessary to replot the datau. The slope of

2low line on a logaritimic plot can be computed from the cemilogarith-

mic plot by the following rclationship:

Y10

[ R

log g - log w5 B s
log 30 - log 10 — O.hL77

Gan .8 =

the slope of the flow line on a logarithmic plot with
reference to the horizontal,

Fere tan

10 = the water content at 10 blows ) from flow linc on
) scmilogarithmic
the water content at 30 blows ) plot

O
p
i

Ten and 30 blows were arbitrarily sclected for convenicnce. This method
i5 not theorctically cxact, as a straight linc (cxcept a vertical or
horizontul onc) on a scmilogarithmic.plot will not bc a straicht linc
vhen plotted logarithmically. Iowever, within the range in watcer con-
tints and number of blows of a singlé flow linc for the data utilizcd,
the variation from a straight linc is so small as to be of no conse-

quence., IFigure 1-b shows data from figure l-a plotted logarithmically.

Methods Used in Analysis of Data

11. All of the data examined wcre used except for a few tests in
which it was obvious that the test poigts were so erratic that a reascn-
cbly precise flow linc could not be determined. The data werce also
Limited to tests for which the liquid limit was less than 150,

2. It should be notecd that liquid limit test results depend to a
conslderable oxtent on Individuw.! technlgue; end sinco the tests analyved

wore poriormed by wany bochoicions, como dogroe ol conlrol ovor Lho dabe




was lost. “However, 1{ is belicved that tho methods uscd in Che anald
give results which accommodate a large part of the variations In Ghe dat

s 2 =R B BT Apn S e S e
Aue TO allicrences in tecimiigque,

» The large number of tests utilized made it neccessary Lo adopt

o

)
mcthods to present the data in a concise, yet complete form. To {ili
this nced, statistical mcthods were used in analysis of the data and

presentation of results The statistical methods and nomenclaturc uscd

re¢ those recommended by the American Socioty for Testing Materials.*
-

(=8

Nomenclature and Definitions

1.  kor purposcs oi clarity, the nomenclaturc and derinitions usced
siven below:

tan fq, tean (o, tan § 3........tan B ¢ oObserved values of
. tan [ ; slope of flow line on a logarithmic plot.

n: the number of observations.

"

the frequency, the nuniber of obscervations for a ¢iven

value, or interval, of tan .

tan g : the arithmetic mean or average, referred to as the

mean in this report. ’

!\/l =
ct
o
1
™

—'E&n{_:( =
¢ n

tan 8 means the

e
'l.lJ
r [

, Where

i

e
I
o]

sum of all the values of tan B from tan B 1 to

tan. B, inclusive,

i

b ‘

. 2 . e . et e - - ——— -

A.8.T.M. Mamual on "Presentation of Iata,' April 1945 (reprint).
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¢ ¢ the stondard leviation, the most similicant nnd cificient
meaoure of dispercion oi data about w metn, Jor u nore-
wal rrequency curve, the mean plus and minug the stoand-
ard deviation includes 68,3 per cent ol Lho tohol

nunber of observations,

—Il (4]
- L T Ty
) (tan p Lo ven )

J = i L .

n

v: the coellicient of variation, a meuasure ol relutivoe disper-
sion of data about & mecan. Uscful in comparing dictril-

utions with different means.

x 100 .

tan 3
k: Hazen's coefricient of skewness, a measure of the non-
symmctry of a distribution about a mecan., A positive
valuo o' k gencrally mecans that the obscrved valucs
extend Tarther 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 = zcro.

n T —
> (tan By = tun @ )3
k==i:-:l

. n o3 .

Normal frequency cwrve: the curve defincd by the cquation

/. {tun g )2

0"
-0
n ‘

| S R e U .

0 V‘—'r?

It lu the famllior boll=shopod curve and roprescnti ..

-

ey,
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cooredienlly correct trequency distributlion (oo

rlouve O, cayre 10),

Avalysis o Duta with Revpect to Geolory

15, The individual values ol tun 3 were computed to tho nenrcet
thawsodel by the method discuwacd in paragraph 0. TPo show praphleally
Lhie ui:Lribution of tunn @ for cuch rreologic soil typu wlthin the proj-
cets, Jregueney hlotograms were plotted (plates 11-22), 'The rr;qpunuy
Lictoprams huve as thedr absclssus valucs of tan 8 pgrouped in clugses
with intervals o 195 thouwsandths, wnd ws thelr ordinates, the frequency.,

1C. The mean tun § ior cach projcct was computed by the cquation
2 paragraph 14,  These means arc listed in tablcs 1 and 2 and are
nlotted on the histograms; the meuns from all the various geologic types
ana projects range from 0,094 (White River Levec District, Recent
alluviub, 25 tests) to 0,143 (Algicrs Lock,' Recent marinc, 3 tests), a
raryze of 0.049., The range of tan [ within each geologic soil type
averazes about O.1; maxiium range 0,168 (Grenada Dam Tertiary, Eocene),
pinimum range 0.050 (Greenwood Protection Levee, Recent alluvium), The
riagce of tan B within soil groups of the same geologic classification
iz oreater than ;hc range of the wmeans of all geologic soil types. Also,
an inspection of the means in tubles 1 and 2 shows no tendency for cach
tedlorde type to proup itself about o single m;un tun . From thesc
obrervutions it appeurs that, for the soil types studied, the slope of
Ll dow Line 1o not dlrcetly related to the peolople clusuit'leation ol

e oLl

-
) I AT Aty ——
S ol o ey i ® oy
Ai
1)
.
'
5
* -
-

oL
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Anclyais o vl Datn witl Heepeet Lo Georvnnle:

17, The data were aloo wnalyzed by croupingg the tests according to

thedr grorraphical location: Alluvial Valley o the Mlvsivcoippd alver
= (W9 )

)
-
)

c Weot Gulf Coastal Plain, und East Gull Coastul Plain, Histogrume showing

the distribution of tan £ ior the tests from these arcus are chown in

t
ficures 2, 3, and &, These histograms have as thelr abseissas values ot
tan £ crouped in clucses with intervals off 1Y thousnndths and oo Shelr
3 ~\\.
orainites, per cent ircequency, The mean tun B, standurd deviction, co-
!
| crvdcient of variation, and skcwacess were computced for thesc arcas wnd

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

rangres in tan 3 and plasticity. The means range from 0,11) to 0,130, or

3 S e - 3 =
l | e (=
r—_L__._-_..A._.—.- .
LEGEND LEGEND !
30 MEAN ONS _— MFAN 0129 d
$TD DEVIATION 0032 S10 oLviAtion 00zs | |
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[ |
28 { f
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o i |
" g |
oo ~ | |
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/ l
LY 0080 0100 0160 0200 02%0 [ . "
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ioe We  iictomram of the Fast
Gull Coustul Plain -- 139 tests

sudrves are superimposed on the hig-
tograms of rigurcs 2=4,

15, The means, standard
devietions, cociticicents of varia-
tion, and sikcwnesses werce so closc
vosctiier Tor the threc arcas that
it wac belileved that a more accurate
renresentation of the deta could be
oiluiacd by combining all 767 testu
oo hivtorwm, Meure e 'thils

wicbocoeran contadng, In wldition to

e tewts Lrom the Alluviel Valley

"

expressed dn degrees off f orepresent
o range of 0.7H degrecs,  The atond-
ard deviations range I'rom 0,008 Lo
0,009, aud the coclicionbs off vari-
ation [rom 22.4 to 27.0 per cent,
The ckewnesoos rangee from 40,40 to
+0.99, All thrcce historramg are
skewed to the ripght, as indicoted by
the positive valucs of skcwncﬁs.
Using the means and standard devia-
tions, it wus possclible to computc
normal frequency cwrves which best

1ittcd the distributions, and thesc

3 l l
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Fig., 5. Histogrum of all 707 tests
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of tiwe Mississippi River ond the East and Weot Gul!' Conutnl IMains, the
teots t'rom the two projects outcide these three peneral arcas: Garrlson
My, NoDo, mean 0,223, and Rlukely Mountaln Dam, Avl,, mem 00103, The
mesn for all 707 tosts is 0,101, thé standard deviantion 0,05, the cool- |

’ Vicdent ot varlation 26,4 per cent, and the skewness 0.0 (Gbe ),

1 The normal i'i‘x:\]lxt-xx(:y curve was computod and super Jmpossied on Lhe hibisboriea,
tiare e This histoppam bLeut Lits 1te normal frequency curve, il o cone
paricon with the historrams ol Lipurcs 2=h ghows.  This owis Lo be expoeetd
because of the large number of tests used in its development, Tho fuct
that the skewnoess coefficient is. lower for the histogram of all the tcutc

than for any of the thrce principal geographic arcas is also indicutive

ol u better it to the normul Lrequency curve,

Analysis of Results

Taguation for the liquid limit
on i loparitiunie plot

19. It can bo shownt that the valuo for the liquid limit using a

logarithmic pldt and onc point on tho flow linc is dotormincd by tho

N tan B
LL:WN -§-5 ’

cquation:

whiore LL = liquid limit,

Wy = wator content at N blows from the liquid limit
devico,

tun f = slopo of tho f.ow lino on a lorurithmic plot.




-

L S e ) N

wrreet of warlationg in the loge o0t Wi
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20, The method oif dirdserentiale iz applicable to mewsuring: Lhe
cifcet of variations in tan - on the valuc orf the liquid limit., <The

cxprescion for per cent chunge in the liguid limit is derived ag iollows:

RN 2 DI
LL = w., SLI0Ae
i an

= tan ¢ N '
d(LL):wN (-I:‘-) xln-é-,;xd(mn.’*) .
(1n refers to logarithms to the base e)

andg-%ﬁnln%xd(tan £ ) .

This may also be written as:

A (I o ooan X x4 (tan £) x 100,
Ly ey

T NI WA I JopAP T .:n‘qr‘gﬁ:m,}-agmﬁgm(w T Sy

in which ,/.\..._(_I:Q “ 1s the per cent change in the ligquid limit for o change

LI,
A (tun B) in the slope of the flow line on u logarithmic plot. An in-

spection of this cquation L;hows that the per cent change in the liguid
limit ic independent of the actual values of both tlic liquid limit and '
the slope of the flow line, It depends only on a given variation in the
slope of the flow line and thc number of blows. The above equation is

plotted on figure 6 (page 14) for various values of N and 4 (tan 8 ),

rhe e -

Zhe The portilnent recults determined for tho geographicul urouws

e gunnnrlised on tho f'ollowliyy putu (1‘rom tablo 3):

DTt ey .

~ T
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NUMBER OF BLOWS (N)

Fig, 6. Der cent change in liguid limit vs numbcer of blows Loz
changes in tan A

Mo. Mean Standard Coefficient o ©Skew-
Tests tan * Deviation Variation (%) ness

Alluvial Vulley ol the 432 0,115 0,032 27.8 +0.55
sivedlonippi River
Weut Gull Coastal Plain 136 0,129 0,028 2.4 +0.00
Bast Gulf Coustal Plain 135 0.130 0,035 206.9 +0. 4
ALL tests (dncluding Ok 767  0.121 ~ 0,032 26.4 +0. 42
‘rom the Miscellancous
roup)

The magnitude of the diflferences bctwcen the mecan for all tests and tor
the three prineipal geographic arcas is best understood by rc.urence to
tic change in the liquid limit duc to these variations. The nean of o1l
bl bests, 0,121, diCrees from the mean of the Mis viscippl Biver Alluviad
Volldeys 00019, by 0000, Phie would make w G orenee in Lhee,d igqu

Lhait debermbnation o 0.3 pow cent, uslyye 1Y blows, I'aae v, hi:
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illustrates that the dilferences belween the means in the above table are
o an cxtremely small mapmitude when referred to the differcnces that
they would make in commputing liguid limits. The mecans of the West Gulf
Coastal Plain and the Bast Guli Coastal Plain, although from rclatively
smell numbers of tests, difrer from the mean of 0,121 by 0.00% and 0,009,
recpectively. The dicpersion of data about the four individual means is
lcast Lor the West Guli' Coustal Plain, as is scen by an inspeetion of the
cociticients or variation and standard deviations., This is nol peccssar-
ily conclusive, however, as the smaller number of tests involved mcans a
greater probability l'or a narrowver rungc'in tan R, which in turn rcgulﬁs
in a smeller cocdticient of variation., IFor practical purposcs the mcag-
wres ol dispersion and skewnesos arce csgentially the same t'or wll group-

ings. DBased on the above factors it

" o
is believed that the histogram of I /'.
0 S R U - -____’ -
B ‘e - ) . "wo e - J‘
all the. tests, Cfigure 5, with its LEG-ND
- :::Npr\'f:vmu 0) o0o0sn V.
mean of 0,121 best represents all § o0 S e e S b
7 %00 ke - 7
the data studied, and the remainder 2 sacavincy cuave 4 °)
< 800 + A
o . S i 100 l 2 / —
of' this report will be referred to 2 wian —o 1/
4 000 —1y
T s00 o1
this value, ':'noo < /
x 1
% 00 If
Per cent crror involved 2 200 A
in liquid limit determi- 3 A el
nations using mean slope ;'“ v,ﬁ
s |
22, The histogram and normal . ! -ao! ,L
ol e o
rreguency curve for all (67 tests i e / ey m e =y e e
|
vore plottod on arlthmetic probabil- s 2 s ol SRR
o LT LUNTEN) ‘ﬂ'!‘)\' 0200 2% 0 N0
AN S

ity graph puper, figurc T, The ordi-
Pig. 7. Arithmetic cumulative
natos o this graph are so spaced I'requency curve == (07 teots



%

that = normel Fregquency curve will plot as a straight line when cumula-
$+ive per cent frequency is used as the ordinate and the quality being
measured s tlc abscicsa. An inspection of fipure 7 shows thot the plot-
4ed roints gencrally lie above the normal frequency curve and tend to
deofine « smooth curve rother than o straight line. Both of thesc facts
&PQ indicutive of the skewmicss to the right of the distribution.

23, This cumulativc frequency craph facilitates the calculation

of itic rcr cent crror involved in liquid limit determinations for a given

. The standaréd deviation, o , is defincd so that,

ct
167

per .cnt ol tho tost
foy ¢ normal freguency curve, the mean + o includes 68,3 per cent of

the obscrvations and the mean + 2 o includes 95.5 per cent. The mean,

Tt_;n——i = 0,121, %an § + o, and tan f +2 o, (o = 0.032), were plot-
ted on the cumulative fregquency curve, figure 7, making it possible to .
pick off actuel percentages of observations included within the ranges
noted in the table below. The perxccnt error in the liquid limit for
tests within the given ranges was obtained from figure 6 where per cent
change in liguid limit also means per cent error in liquid limit, and

A (tan B) 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
Jithin Given Ranges ' Error in
(all 767 tests) Liquid Limit
Ranpe in tan ° Theorctical Obscrved _Using N := 19
tan F 4+ @ 0.089-0,153 g8:8 - 677 less than + 1.9
0,057=0,185 95.5 95.1 less than + 3.3

less than + 4.8

. .027=0, . A (tan g = O‘O‘,?'?)
tan I 0,027-0,235 99.9 100.0 less than -5.8

(ban- B = 0.235)
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i 3. ey (RSl il o
ractors ariecoing uine

deternination using @ niecan slope

2 e il e
Liguid limit

)i, An examination of figure 6 shows that the per cent error in

P

limit determination depends on the variation of *he true slope

o

the liquic
from the mean slope and on the number of blows uscd to determine o point
on the flow line. The preceding parvagraph showed that the crror duc to
variations in the slope of the flow linc is small, To koep crrors duc

Lo munber of blows to « small magnitude, the desirability of kecping; the

nmuiber of blows as closc as possible to 25 is rcadily appurcnt, Fox

——

cxample, from the preceding table the error for tan B +2 0 using 15 or
1 blows is less than 3.3 por cont for 95,1 per cent of the teosts; if 2
or 31 blows werc uscd the crror would be reduced to less thun 1.4 per
cent. (41 and 31 blows givc the samc crror as 1 or 20 blows respecctive-
ly, figurc 6.) The limiting of thc number of blows to between 20 and 31
rcduces the error to less than 2,5 per cent for all 767 tests as comparcd

to less than 5.8 per cent for between 15 and 41 blows.

Discussion

25, In the analyscs of the data it was found that the valucs of
the slopes of' the flow linecs on a logarithmic plot exhibited a derfinilte
tendency to group themselves about a central value, in a distribution
which 1is approximated by a normal arithmetic frequency distribution.
Whilc this is satisfactory for analysis of the ‘data, it is pointed out
that theorctically a normal frequency distribution cannot represent the
~<l:ul;u becanso the values of tun A camnot cxtond to - o€ um.l to +¢c , but
arce Limlted to the range of' O to + & , This In itsoll Indicates that

some skewness to the right in the obscrved distribution of values of tan P



should be expecland, b HL 40 Tikely
o0 1 I——T' 1
I i , _
0s '.--!.. }- that the distributlon mey be bebter
"o -—-?-— I -T c
: o | || approximated by & lourivhmlcally
§ vo ] b= pedo
T % | E normil frequency diseributblon., /oo
3 ! ‘
§ P ’ ! choek on this posetbidlity, Lhe dila
v 1a0 19 .
4 i 1
3 ::: ] | 1 Ly shown on fiymwre ' were plotbed on
é 00 —-I ) ? ‘ i ) ) . o
d 300 { lopurithinic probability papor, fipg-
1]
’-_h 00 -—.A{ S
A } - urc 3 (identicul to the arithmetic
« 00} - {—
o
§ .2 ] ] probubility paper cxeept'for the
£ .
1o ! / : substitulion ol' o loparithmic sealo
osfp =1l 4 i
' for the writhmetic one). On thiu
0. - & 011y B e S S | =5
% on X
- R - T type of plot all the polnts, oxcept
Fir, 8, ILogarithmic cunmlative those for tan f cqual 0,025 and

frequency curve -- 70T tests
0,040, lic on a struight line, in-

dicatingg that the Adistridbution 61‘ valuce of tun ¢ iu lopwrithmicully
nownl rather than aritlhmetically normul, lowever, Lor thoe purpovoe off
thic investivetlon It was considered that an aritimetically normal (re-
quency distribution could be used,.

26, The obscrved variations of tan 3 from the mcan muy be due to
a natural distribution of tan & as a property of the soils studicd,
However, the variations from tho'.moan may oalso bc duc, In part, to crrors
involved in periorming the tests rather than to any property ol the voll
Itucll, ALl tochnicians in the volls luboratory of the Wnterwnys bixperi-
ment Htation are, at intervals, requested to perform the liquid limit
tert on the same matericl, OStudy of the'results so obtained indicates a

variation in valucs o1 both the liquid limit and tan B, with a grouping
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o the toot reosulis in ocuch o werr an to rurgest chat they rollov o mibu- i

mal crvor dstribution; o dictribution ot the same form v the nowr ol

Sroaiteney curve,  Jowever, this o, ort i not coneerned with which

‘

crilonction best duseribice Wl observed variationy, cince the vorind fons .
theneelver cre of limdted cdymiticance, '

e The results obituined srom the anelyscs desceribed hereln arc
not Intended to upply to solls other than those tested, and no fenerali=-

sobdon Lo other soils io wades Ao recgads the soils ol thoe I\.'L].mizt:t.'l

1,

Volley o the Missiscivpd River and the Bast and West Guly Couctal 1"1:'Lins,
sovever, cus'lelent tests have been analyzed to warrant considoeration ol
octepiisicd liguid limit test proccdurc f'or work in the laboratorice of
L Mivoioeippl Ri\\:r Commicuion and Lower Missiccippi Valley Divisilon. !
Jor soilc from other ureas the procedure may be just as applicable, but
the values of tan R ch'ould first be determined by preliminary tests. To
take full advantage of the fact that, ror the soils studied, the dispcr-

alon of the fflov line slopes iu o1 such smnll magnitude that crrovs aris-

vonean slope arce nelipible, the liquid limit tost

r

it sron the use of
procecdure outlined in the following paragraphs is prescntcd.

Roconnmended Simplicicd Liquld Limit Proccdurc

)V
(eh)
L J

The simplificd liguld limit proccdurc is as Tollows: ‘
‘e
de The test should Le run in o humid room ir the air is dry.
Mix the soil to be tusted with water to a consistency as
close to the liquid limit us possible, A technician can,
with expericence, Judre this very closcly. Extrome carce
should be token In the mixing to obtain o unilorm woter
contents Lheowhowl Lhe samplo,

be Opernte Gho Llgutd dimit dovieo and determino Bho nonbe g
of' blowis necosnny tu close n Il./:?-.Ln. Longeth ol the prouve,



Take a 15-20 M wet weicht sample at the closed roove for
a watcer content determination. Water contont weicshts
should be accurate to 0,01 rnm,

c. Add cnough soll paste at the water content ot step a to
rcplace that removed, and remix the soil slightly in the '
liquid limit cup without the addition of' watcr. Reiroove
and operate the device again., The number of blows ncces-
sary to clouc 1/ in. o' the groove should cither be the
same as belore or not more than two blows dirverent, (If
it is not, it 1s a sigm of inswificicnt mixing in stop a,
and thc cntirc procedure should be repeated.) Takce an-
other samplc at the closcd groove f'or a watcr content
dctcrmination.

L3 b

Mg

de The liquid limit is determinced from the cquation:

. y ) 0-121
i = W, -
% ( 25)

where WN is the water content at N blows. Figwre 9 is
a ncxogrephic 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 computcd using the
data from stcps b end c¢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 number of blows should be kept between 15 and 41, but if the liquid
limit is being used for quantitative correlation with other tests, c.g.,
consolidation, it is desirablc that the number of blows be kept between

.
[}

20 and 31.
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PART IV: CONCLUGIONS AND RECOMMFNPATIONS

30, Tascd on the data and analysces presonted in this report, the
following conclusions arce warrantcd for the soils ctudiced =~ numcly,
mediwm to highly plastic inorgenic clays with liquid limits less thun 150
from the Alluvial Vallcy of the Mississippi Rivor and the East and West
Gulf Coastal Plain arcas.

2. The slopes of liquid limit flow lincs, when plotted to o

loguritlmic scale, tend to group around a central valuc
which appears to be independent of soil type and gcologic
classification,

b, The variations of the slopes of the flow lines for the
solls studied, without regard to geologic origin, sutis-
factorily approximate a normal frequency distiribution.
This result makes it possidble to use the simplified liquid
limit procecdure.

c. Liquid limits computed using & mean flow line slope of
0,121 and one liquid limit test point give results well\
within the accuracy required in normal work, B

d. It is recommended that the simplified liguid limit proce-
durc described in paragraphs 28-29 be adopted for soils
Trom the Alluvial Vallcy of the Mississippi River and the
East and West Gulf Coastal Plain arcas. This procedure
will result in a substantial reduction in the cost of
liguid limit determinations.



z

SRS

e syl L

£,

. P SRR U TR

TABLES




Whle |

O

=
L i

—

SIMUARY OF DATA FLOM THE ALLUVIAL VALIEY OF THE MICOISUIFCT RIVER
I\'v\n'pn Nn“v;‘m
Liguid Plnatic ity
No. Mean  Ranpee ton 8 Limit . Imlex
Prolect and location Grologl~ Deacription  Tests _trg\_l: _Min M Min Mz Min Mx
Upper St. irancis leveo District, Recent alluviua 40 0.112 0.027 0.193 33 10k [ ™
vicinity mi 0 Al rt bank
Reeliovl Zavee Diotrict, Kecent alluvium 30 0.122 0.071 0.176 30 102 B e
vicinity mi 00 AIR* 1t bank
~iptouvillc-Objon Kiver lovee Recent alluv fum 25 0,107 0,061 0,130 49 1k7 k)3 a9t
Fxtennion, vicinity mi U0 AKP
1t Lank
Lower $t, Franeis loveo Diatrict, Rocont oliuciun 29  6.123 0.071 O.L86 3 94 T G
vicinity mi 790 AIP £t bunk
Upper Ynzoo iaveo DMsatrict, Rocon. adluviua 2% 0.122 0,003 0.176 39 106 1k Ho
vicinity ml 700 Alll' 1t bnnk
Whito River iovee District, ncont alluvium 2% 0.0 0.069 0.130 43 107 A T
victnity ml 650 AlP r4 bank
[ 3
Coldwtor River lavee, Yuroo River naln, 1%  0.097 0.009 0,130 % Y9 k) 73
Coldwnter River, Misaianippd rocont. alluviue
Grecuvood Protection loveo, Yuzoo River Inuin, 13 0.090 0,072 0.L2 % 100 32 69
Greonvood, Miceicolppl recont alluviun
Bougcre lovee, Recent alluvium 22 0.101 0.07h 0.129 59 122 3k 86
vicinity Natchez, Mi{ss., rt bank
Inyou Cocodric, Lower Tenuas Basin, 23 0.128 0.097 0.185 47 115 26 87
vicinity Shav, Louiniamn backowamp and natural
lovoo dopooits
Morgansn Floadway Area,
Atctnfnlayn River lasin, Ia,
Myou ilorrol lock, Dackowvamp depooite 13  0.121 0.037 0.19%2¢ 66 136 7] 96
approx 10 mi oW I'laquealno,
In.
Tezns & Incific Rt Fubankmont Backswnazp doposits 4 0.127 0,070 0.202 20 122 6 9
(rort Allea branch), runs NW
'm Morgnnan, Ia,, about 9 mi
long
N.O.T.& M, Bii Emosnkmont, runs  Dackewnmp doposits 10 0.108 0,08k 0,18 34 103 1n 67
belwveen Krote Springs &
‘Cortableau, la,
Morganza Control Structure, Backowamp deposite 5% 0.128 0.063 0.222 30 117 3 79
approx 9 ai north Morganza, Channol filling 13 0.123 0.080 0.228 30 11% b 88
la. deposits .
Voterans Administration Hospital, Recont march deposits 8 0.109 0,08k 0.132 60 & 35 Sk
New Orleans, la. Marine doposits 12 0.11%5 0,070 0.180 24 83 9 52
Pleistocene-Prairie 8 0.106 0.038 0.212 59 82 35 Sk
deposits
Algiers Lock, Recent marsh deposits 18 0.100 0.070 0.172 %8 99 37 T
vicinity of Algiers, la. Marine deposits 3 .1p3 0,128 0.15% 54 66 38 W
Alluvial Valley of Mississippi River 432 0.115 0,027 0.228 2k 1A 3 14

- a0
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SUMMARY OF DATA FROM THE LAST ALD WAl GULE COVTTAL LA T AND MECCETIANCO O e

Liguid
AL

lio, Menn

H g

Project and locntion Groloste Deseriptlon  Tests tan B “Min ~ e Vin M
WEST GULF COAGTAL IMAIN
cTexargnna v, suiphwr Kiver, Pleistocene -Torrace W06 0, L% 073 0.1 0 "
vicinity Texariam, Ark. deponlits
Wallnco lake Dun, ked River, Red River Valley, 13 0.1 0,044 O, 170 o7
approx 15 mi south Shroveport, recont alluvium
Red River lateral Cnmi, Red River Valley, 10 0.0 0.074 0.212 30 Ih
vicinity of Markoville, la, rocent alluvium
Schoonor RBuyou, Ploiuotocono-Prairie 7 0,133 0.06% 0.210 31 03
approx 18 mi south Abboville, depoaita
n,
Wont unlf Conutal Plain 136 0.1'% 0,009 0.1 ™ 90
FAST GULF COASTAI, PIAIN
Gronnda Dam, Yalobusha Rivor Valley
vicinity Cronadn, Miss, Tortiary (Kocene) 69 0.133 0.067 0.235 17 100
Recont alluvium 2% 0.129 0,069 0.1%2 29 121
Micaisuippl River Basin Model, Tortiary (Kocono) k1 0.128 0,073 0.179 32 100
Clinton, Mios.
East Gulf Coastal Plain 135 0.130 0.065 0.235 17 121
MISCELIANEQUS
Garrison Danm, Missouri River Valley
vicinity Garrison, N. D, Rocent alluviua k2 0.121 0.063 0.197 30 99
Glacial till T 0.138 0.100 0.207 26 40
Average k9 0.123
Blakely Mountain Dam, Ouachita River Valley
10 ai XW Hot Bprings, Ark, Residual and Alluvial 15 0,123 0.0Th 0.151 20 33
Miscellansous 64 0.123 0,063 0.207T 20 99
o ,

Tooute
Planticity
e
Min  Mnx
a ‘L
33 N
11 Lt
5 kit
i 6
2 73
9 o
16 ot
2 %
.
3 ‘16
10 a2
5 16
3 70

{ 2%
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CundOl THATED TATA FROM TilF PRTNCTPAL GMOGRAITITC ARTAR

Conit'inlnnt, Rangn Hnngn
Standard of Liguid Flost ety
fio. Mo Rmewe tan 0 Dovintion Ckowneas  Vnriation  Iimit o Tedex
Aren Toots B M TV (o) (k) (v3)__ Min Mx Mmoo thx
Alluvial Valley of A1 0011 0,007 0,008 0.032 +0.%5 27.8 I LYY ) ot

Mizalaatippl iver
{Table 1)

West culf Coantal Plain 136 0.12% 0,069 0.212 0.028 40,52 2.4 o 99 ) To
(Tnble D) '

'.-‘.l(\r.(. C.uh‘)Com:u\l Plain  13% 0.130 0.06% 0.235 0.03% +0. Lk 26,9 17 121 2 o
Tnbloe 2
Miscellancoun (Tablo 2) 6 0.1°3 0,003 C.207 - - - 20 99 3 ‘6 '
All Tests 767 0.101 0,027 0.23% 0,032 +0.42 26.4 17 1T 2 9
[ ]
[ ]
‘e
\

31067
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