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Introduyction

when =01l consistence is mentioned, usually one thinks of Atterberq-
Himits ihere are several of them, but the most widely known ones are
upper and tower plastic iimit. The first of these 15 frequently called liquid
Himit, :

It 1s generally known as well, that these limits give the water content of
3 s0il at a epecified consistence These specified consistences are detor-
mined efmpirically and the procedure employed is extremely symple This
tast fact may be the reason, why sometime the question comes up what 1e
the use of these Atterberg values?

The answer to this guestion is. that the Atterberg limits are just ane
measurement to .formulate a rather complex property of the 3s0il. The
property "consistence’ is as complex as the property "fertility” and so one
shouid not try to desabe the whole complex with but one figure

The original latin meaning of the word consistence is ability of 2 man or a
thing to keep his or its place or its form in relation to his or its
tmmediate environment, As all environment in most parts of soil is soil
again, this definition is almost the same as that comonly given for
“stability” of structure of aggregates’

Se consistence turns out to be one aspect of the wide object of structure,
its changes, the ability of seil to withstand these changes and the way in
which a change of the active forces will influence the sotl

jel servatio

Consistence of s0il can be feit quite obviously if one walks over 1t The
difference of feeling when walking on the walking path between two
freshly prepared seedbeds and the feeling when accidentalty stepping an
the bed itself, s obvious

The attentive observer may as well feel the difference between the hard
consistence of a soil of a park-lawn and the softer consistence of a
meadow soil. Even the fact that cattle is treading a soil strongly and
reguiarty can pe distinguished from cases, where cattle just occasionally
treads the soil

One feature of consistence can even be seen as well: The sotl surface of
pathway is gererally lower as the one from the sotl ieft and right of it. it
can be observed quite generally that soil in the deep trails of heavy
vehicles is harder thar that besides these trails There 's a third obser-
vation easily made: If one watches the wheels of a tractor the behavior of
the soil under a driving wheel is obviously different from the one of a
passively rolling wheel Furthermore the soil under these wheels gives
way to a certain extent. Sometimes the resuit is a hardbottomed trait,
sometimes the soil would not become hard and the wheels will sipk down
puddling it
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All the=e observations have to do with consistence and its effect under
various sfresses.

Forces infiuencing consistence

'f we concider the relative movemenrt of particles to each other to be a

auestior ¢f consistence, then we can reduce the system to be observed to

Just one poret or plane of contact )

The simpiification is possible, if we consiger the rules of addition and

combination of forces in forcesystems of several kinds ~ 1.e planar-

central planar-generat, spacial-general. As in the latter case all momenta

ang torces can be reduced to give one resuiting force and 2 momentum in a

ptane, rectangular to that force, one can conclude that for a grven particle

there 15 Just one contact, where only a normal stress is activ. On all other

rantacts there iz some force "not normal” and in contact planes normal to

fnat of the momentuym there 15 no normal force at all Now we congider one

artetrarcily chosen point resp plane of contact of ane @oil particie on some

¢thar

we can reduce all forces active at that plane to four of them, if we sum up

veciorially all those of equal mechanisms to give one resultant

Theze tour forces are:

- weight of particle in conzideration

- resultant of all weight components from other particles transmitted
over the sohid phase to the contact in consideration

- resuttant of all force components transmitted from the liquid phase

- roheston and aghesion at the contact

fig 1 f we for simplicity let these four forces give a planar-centric
toree system, they can be summarized to give one resultant force. This
resultant will 1IN most cases not be normai to the plane of contact. So it
car be split up to a2 component normal and a canponent tangential to that
contact piane or surface.

F1g. 2 {f now the soil withstands these both cormnponents the structure is
said to be "stabte” or - the consistence 1s “hard” or "stiff"

As this situation can be describped as well in terms of the Coulomb-
equation, we can reduce one aspect of the term "consistence” to basic
physical properties at a contact,

If we accept this statement, we must take into account the fact that a
Change of any of these four forces wilj change the resultant and hence the
equilibrium situation of the whole system Therefore we should look a
little bit closer to the possibilities te change each of them !

wetght force This force 1s practically unchangeable. An apparent change
will come about when the whole soil is submersed and the weight of the
soil particles is counteracted by the weight of the displaced water.
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Resultant of overload componants. Conduction of this force at the contact
area 12 normal to plane it there 1s no friction at alt tf frichanat rec -
stance can be developped a tangential component comes into exictence
Therefore at the differently orientated planes of contagt diffurent rot
movements become possibie. Part of their results will persist, when the
force 12 reiaxed The deformation that have thus been develomed are called
plastic’ Some rest may be reversible (s deformation vantshes as the
force 15 relaxed This 1s known as “elastic” Wether a force will relaxe or
not depends largely on the geometry of the transmission This is easity
shown by the following example As everybody knows a soil sample will
slip out of a cylindrical core sampler if i1 s loosely packed It can be
made to stay in the core sampler by Just ternporarty loading 1t - e
compressing the free soil surface at the open ends of the sample

Fig 3 Resultant of liguid-transmitted forces
The infiluence of a ftuid in the pore systems of a =otl affects the contact

at a plane in two ways First the effect of flowing shoufd be mentioneqg,
pecause it i3 a untque praperty of the fluid medium Here the pressure
difterence in direction of flow, that moves the flyid, is as well effective
if in place of fluid there is a gsolid particle in the stream-path The force
thus implied on the particte will influence the forca-systern a< explained
before and thus atso nef stabitity as shown inFig | and 2

water movements or pressure differences that cause such an effect may
by thernselves be created by compaclion of a structure so that water is
Forced to give way for soiid particies The other way in which water will
tnfiyence the forcesystem of the contact is inprinciple mot exclumipueiv a
consequence of water properties Therefore it is discussed here in the
subchapter on Adhesion-Cohesion '

Adhesive ang cohesive forces. These forces that act normal to the plane of
contact may be of very different origin. All classical stabilizing
mechanisms are involved here, intluding v.d Waals-forces, Madelungs-
forces, electrostatic forces and so on Here all organic material or
synthetic stabilizing compounds are to be mentioned. Furtheron
ton-effects and the effects of precipitations must be accounted for
Particularly important is it to mention the effects of water here. Water
adsobed at surfaces of solid particles may act as coherent as long as the
curvature of the mentsci is concave seen from outside If however the
particles are forced closer to each other, 2 meniscus can develep that
shows the existence of a pressure within the water that will force apart
the particles
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As 1= generally known, a 501l can be compressed under load The rrore
compresstor 5 already achieved, the less further (ompression can be
nht xiead by adding another umt of load

ine curye shawing this s cabled a standard compresston curve or {om-=
NressINn CHrye of compression characteristic On the abscrssa of thos
clieye rrecayre g plotted. Oy Lhe ordinate 2 umtt s piotted that is
cannactad wiih pore space. This s hecayse psual compression forces will
nniy altact pors spare As this compresaing force o apted amaxially and
nocizantas expansion is prevented by the samplehoider the conseguence of
intreased inad can be reasured as decrease 1n sample height as well as in
vaig ratin

This relation calls attention to 2 fact that iz freauently neglected in
nedalaay  namely the change of pasition of soil surface when pore voiume
s ochanaed Trom meane s the eed, That pere volume at A qiven level in a
nrofiiaae g fanetan af danth oeeler cprface (pecagee of naturat overburden),
OF @nearing reciatanee teab rmight develop and of precompression” that is
previoue tempaerary higher doad for instance caused by agriculiural
recrinery e e cay tharafare Eegh pore yotume or bulk density of a
soil iz strongly dependent on roncistence as a materiat-parameter as well
as copsistence as a parameter of present and previous influences from

nntainn ar frors Aneraatrayy angacergment
ORI 0 ! e { 3

Fvery onoit has 1ts own compressinn characteristic for the whole profile
that snows an equilibrium situation hetween the three factors mentioned
This can be seen from the fate of ioosening or deep ploughing actions, if
the came management as before this ameltoration is applied again after it
HLcan be seen as well from curves of differently developped soils on same
matertal Angat can finatly be seen from a comparison of pore vetumnes and
nhearien recielarces az related to soil developrnent

F1g 5_How to measure consistence.

First of all the classical methods to determine Atterberq limits shouid be
nramed Az wellknown liguid 1imit iz mostly determined after Casagrande.
Thic reaara that g prasg-dish in which a maoist satl is formed to give a
parercular form of two separate halves, ts khocked in a standardized way
unttl botn raives flow together. This is done at several moisture contents
The results are plotted - moisture per centage against number of knocks.
Lrqurd Dimit t= the moisture content interpolated to belong to 25 knocks,
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b 1‘Dll e detoermined by ro&img A moiat o0l samoie 'o foarm 3

wirang ol
is rhganged untel the rotl hegins To break At this moment water content is
deterrmined

Anarpar metnad to gelerrine consistence on 3 somewnat compar atne
principle & maximum density determination using the Droctar-anipipmant
Hore 3 sall sample 12 filled into 2 standard cylinder and comnacteq a3
nighly srandararzed way After compaction bulk depsity ang water contont
are ageterrmined The procedure 13 repeated with several different water
contents Maximal derciby Foat o< aomeved at st ananng eompRant ing cninn
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15 funcrian of canefdence of sart

Qf rauree the nasic phyarcat properties tnat describe goil consistence are
thoae connected with the Conlombequation - as there are annle of intaraal
friction and cohesinn Thete 15 2 widespread hiteratyrs an Ihig 1rern =50
here the statement must do that the simple=t way ro determing shensr
parameters i1 the socalied simple shearing test, v wrach the plane of
failure 13 qiven by the apparatus The trizaal methog which aliow= tna
soll to break onts weakest planes 1s by far more complicated

In_the field first data including information on consistence might be
oblained be using 2 shear vang Sometimes tha recnite of g pepetrometer
witl be more usetul if the apparatus s properly used and the evaluation of
the resutts is done carafully

Conclusions

The most important point seems to be, that the soil property “conzistence’
has two aspects: The first one ts a property of the material without any
relation to actual soll structure. It might be assessed by Atterberg himits
as well 23 by angle of internal friction (§ ) and cohesion ( ¢ ) Therefore
corretations between these two sets of methods might be found They are
sometimes depicted in textbooks

The other one 1S a property of soil material plus structure. it is only to be
measured In situ or at "undisturbed” samples. This second aspect is the one
that regulates behaviour of soil inrespect to loosening and compaction by
natural soil development as well as by anthropogenic influences or
activities. If it is tried to define both these aspects this seems to come
out to give the Coulomb-equation

3." fj‘%G'n 'if

inwhich ¥ and ¢ are properties of the first aspect ¥ is one of the
second aspect brought by influence of normal stress 6;,

Overaltl shearing resistence (57} seems to be a retative ample definition
of the property "consistence” - but of course it 15 netther complete nor the
only one that i3 possible
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