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An Attempt of New Classification of Cohesive Soils

L'Essais sur Classification Nouvelle de Soils Cohesifs

A.M. PIASKOWSKI

SYNOPSIS

Professor, Dr hab., Institute of Building Technics, Warsaw, Poland

The problem of identification and classification of soils is still one of the ba -

sic problems in geotechnique. In this paper, new solutions are proposed.

INTRODUCTION
As regards classification of cohesive soils,
the standard practice in a majority of count-
ries is that this classification must be prece-
ded by determination of the particle-size com-
position, consistency limits /wP,wL/ and mois-
ture content /w/ of soils. If sedimentation
analyses are appllied,these must be supplemen -
ted by the specific gravity determinations. As
it is known from practical experience, these
tests are labour-consuming and, what is more
important, are likely to produce errors that
may be of practical importance /Plaskowski,

1979/.

CLAY FRACTION CONTENT AS MEASURE OF SOME PHY-
SICO-CHEMICAL PROPERTIES OF SOILS

The content of clay fraction /fi/ determined
with sedimentation methods can be regarded only
as an arbitrary value since the shape of clay
particles evidently does not comply with Sto -
kes’law. The study made by the author,however,
allowed the statement that there are relative-
1y conspicuous correlations between the content
of clay fraction /d< 0,002 mm/ and some physi -
co-chemical characteristics of soils. Research
done in the years 1952 - 60 /Piaskowski,1963/
as well as investigations carried out later al-
lowed, to state linear relations between fi and:
/1/ cation exchange capacity/pw,mva1/100g/ de-
termined with use of 1 N solution of
barium chloride,

/11/ sorption moisture content /wso,%/.which
corresponds with the relative water vapour

47 - 017103

pressure = 1, at t = + 20° ¢.
It was stated for 46 soils, having fi =8+ 7%
that :

w = /0,560 £ 0,038/ £, + /1,15 * 1,53/ /1/

The standard deviation was equal to 5,01 mval
/100g,and the factor of correlation was r =
+ 0,915. An analogical statement,

Wyo= /04337 t 0,012/ £, + /0,48 ro,uuy  s2/

was made for 60 soils with fi in the range 7 <+
75 %, in this case was : 8 = 1,81 % and r =

+ 0,965.

The content of the cley fraction was determi -
ned in compliance with Polish Standards PN -
55/B - 04483 and PN - 75/B - 04481.

NEW PROPOSALS

Above results gave rise to the question whet -
her analogical correlations also exist for
characteristics that are easier to determine
than fi and that have a more apparent physical
significance.

It has been stated that the above conditions
hold for the moisture content /parameter Ic/of
a soils paste which allows an h = 14,0 mm
depth of penetration of a fall-cone having a
apical angle of 30° and a weight P = 0,100 kG.
The shear strength /'tf/ of such a paste is
about 0,05 kG/cm / =5 kPa/. In the investi -
gations described a Swedish fall-cone penetro-
meter , made by Geonor AS, was used.

The parameter IC may be called "cone - index".
Figures 1 and 2 illustrate relationships
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S = f/fi/ and S = f/IC/, where S is the speci-
fie surface of soils determined using the met-

hod described by E.Stepkowska /Stepkowska,1977/

The samples of soils were cured over a satura-

ted solution of Mg/N03/2 and the content of ad-

sorbed water was determined by drying at t =

+ 220°C. Before this sorption test samples we-
re dried over anhydrous CaCla.

The equations of the regresion lines are as
follows :

S

/0,670 X 0,082/ £, + /1,4 % 3,9/ /3/

S = /0,836 ¥ 0,039/ I, - /8,9 * 1,9/ 14/

For the equation /3/ the standard deviation s=
8,3 mz/g, and for the equation /4/ s = 3,5 mgé
was found. Thus, the relation S = f/IC/ is

more exact than the former one.
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Fig. 1 Correlation between the specific

surface and clay fraction content

The value of Ic is determined by graphical in-
terpolation /Fig.3/ basing on least four h.wh
- values , - is moisture content of soil pas-
te having a penetration depth of h /mm/.

The relationship I= f/wh,h/ can be expressed
by the equation :

2
awy + bw ~I, = 0 /5/

where for 36 typical soils /f; = 8 ¢+ 75 %/1is
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[0,02082 exp /-0,2128 b/] - 0,001  /6/
/1,6440 ¥ 0,0098/ -
- /70,5636 ¥ 0,0096/ log b 17/

the standard deviations being 00,0003 for equa-
tion /6/ and 0,0056 for /7/.
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Fig. 2 Correlation between the specific

surface and the parameter IC

The formel /5/ may also be written in form :

Ic = kh LS where : kh =aw+ b /8a,b/

Equations /5 - 8/ allowed setting forth of
"two - point" method for determining Ic-values
for example :

h=11,7 mn Wy = 46,77 %, kh = 1,0760

IC'] = 50,32 %
k = 0,9062

Ios = 50,20 %
Mean value is 50,26 = 50,3 %.
In Fig.3, the dotted line "a" corresponds with
the values calculated for IC = 50,4 %, and the
line "b" - with the determined values Wy h.
The difference Awh for a given value of h
may be regarded as an additional characteris -
tic of soils. This characteristic is thought
to be related to the mineralogical composition
of soils because greatest differences are ex -~
chibited by montmorillonite soils /bentonites/.

h

18,0 mm .Wh = 55,40 %v



,/;é

, mm
ES >
:

fes o S ™ (S i s (i

\

%
N\

|
l
|
P s |
|
|
|

Depth of penetration (h)
o >
[
|
\ i
\ |
\\ [
\j\

2 —H— |
&~ AWy JC=50,4%
2] |
|
0 v = - L :
30 35 40 45 55

50

Moisture content (w,), %

Fig. 3 Depth of penetration as function
of moisture content of a soil

The author suggest to apply the following va-
lues for identification and classification of
cohesive soils :

/i/ factor Ig =1, - 1M1 %,an arbitrary measu-
re of the specific surface of soils/Fig.
2/'

/iil/ content of sand fraction with 0,074 < d
< 2,0 mm, an additional factor is content
of fraction with 4 > 2,0 mm.

The advantage of the above method used for

identification of soils are :

/i/ simplicity and a relatively high degree
accuracy of Ic determinations /s < 1 re-
lative per cent/,

/ii/ easy control of penetrometers /aplcal an-
gle weight, shape of the wedge etc/ ac-
cording to requirements of Standards.

The applieation of Ic parameter also allows to

introduce a new method to identify the consis~

tency of soils introducing a "mew plastieity
index"/SI/ in place of the plasticity index

IL = /w - wP/ : /wL - P/ used at present.

It has been assumed that :

/i/ 8; and I can differ in a limited range
for particular soils, statistically howe
ver, is SL = IL ’

/11/ the value of Sy ie calculated using the
formula :
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w
8, = A — - B /9/

Y] I

where A = I, : /g, = wP/ end B = w :/wL— wP/
For 30 different soils, having IC in the range

of 20 = 75 %, the following empirical formulas

were obtained :
A = 2,41475 - 0,036205 Iy + 0,0002343 Ig 10/
B = 1,58465 - 0,030264 I, + 0,0001966 Ig oy

The differences between S5, and I;, for 30
typical soils are as follows :

I, 0,00 0,25 0,50 1,00
Sy, min. - 0,12 0,18 0,41 0,80
Sy max. + 0,09 0,38 0,67 1,27

Mean values of I, are respectively 0,00, 0,26,
0,51 and 1,01.

Seemingly these differences are remarcable.In
practice, however, the differences for IL can
be greather when, for the some soils, the con-
sistency limits /wP,wL/ are determined at dif-
ferent laboratories and by different persons
/Piaskowski, 1979/. It must be stated also

that the method described is not a simplifica-~
ted method for determining IL' values, but a
system of consistency - determination based on
new principles. Thus, these differences dont

be treated as errors.

The problem of errors of wp and W determina -
tions has been discussed in the paper /Piaskow-
ski,Kowalewski, 1961/. As regards IC’ the "in-
strumental factor"/angle of apex etc/ 1s easy
to control, and the "personal factor" has been
found to be insignificant.

A great advantage is the possibility of relati-
vely easy control of the fall - cone penetro -
meters by comparison of the resultant Ic valu-
es with those obtained using the apparatus

that been approved as standaerd one. These rela-
tionships have been found to have a linear cha-
racter /Fig. 4/.

The relationships between shear strength / tf/
of soils and velues of SL /Fig. 5/ are very si-
milar to those obtained in case of T and IL'

REMARKS

The suggestion to apply the IC parameter in
place of the specific surface /S/ has been ma-
de for the following reasons :
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/1/ determination of S 1s time - consuming
even if vacuum curing over magnesium nit-
rate 1is applied,

/i1/ using the values of 8 does not allow in -
troduction of a new system of determina -
tion of soll consistency.
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All the results presented in this paper /Fig.
1l -3, 5 and formulas 1 - 7, 10, 11/ were per-
formed on typical Tertiary and Quaternary
solls sampled in a majority of the reglons of
Poland. These were mineral soils /content of
organic matter I =<2 %/ with GaCO5 - content
rarely exceeding 1 %. Typical kaolinite soils,
bentonites, loesses and soils with Ca003:> 5%
were not taken into account. Investigations

of these soils are stlll continued.
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