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THE IMPORTANCE OF CLAY IN
THE PRACTICAL ASPECTS OF SOIL MECHANICS

 F. N. Hveem
Materials and Research Enginesr
Galifornia Division of Highways

F

As this is a conference on clay. technology and I have under-
taken to discuss some practical aspects of soil mechaniecs, I pre-
"gume that I must sbmeh&w establish & relationship between the two
subjects. While I recall that I agreed to make the attempt, when
confronted with the necessity of orienting my scanty knowledge 1n
both fields, I am afraid that the coverage will be sketchy and
incomplete at best.

0ivil BEngineering covers many activities and with thé
advancement in construction techihnlques and accumulation of
knowledge, & continuous subdivision inte engineering épecialties
becomes necessary. Highway engineering is a specialized branch
and ‘highway engineers now include a very large number of sub-
divisions. If there is such a thing as an "average engineer®” he
ig likely to feel that having spent a number of years in
studying the strengths of materials, struggling with the.neces~
sary courses in the basic sciences, et cetera, it is asking too
mich for anyone to e#péet him to also become an expert in soll
mechanics arnd convergarnt with all of the ramificabions of that

extensive subject.
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ENot many yéars_ago, mqst construction engineers felt that they
were making adequate distinctions when earth work or excavation
matefials were classified as either rock or dirt and were somewhat
inclined to feel that life was getting altogether too complicated
whenfcertain gspecialists with nothing better to do began %o
claséify soils and to draw distinctions between varlous kinds of
sand; silts and loams; to say nothing of the caballstic signs and
symbﬁls involved in the various soil classification schemes. How-
ever; few engineering and technical problems retain the appearance
of éjmplicity if one delves very far into fhe factors which
infiuence performance under service conditions.

{'Most civil engineers are faced with the necessity of dealing
witﬁ-soil problems in some phase of their work and the field of
soil mechanics covers a variety of applications. Time will not

' perﬁit even a brief discussion of these numerous fields even if
my ﬁpowledge were adeguate and therefore it will be understood
thaﬁ;this discussion is primarily concerned with the effects of
cléj‘in highway pavements, bases and foundations.

}:In'order to estabiish a relationship between the effects or
infihence of clay and the over-all pesrformance, a chart, Fig. 1,
is affered which attempts to break down the overall problem into
itszprimﬁry and secondary and even more remote contributory
facfors. While it may appear from this chart that the position
of clay is rather remote from the main point of interest, such is
not;the 6ase, hdwever, in order to establish the importance of

thetélay content in soils and granular base materials, it is
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fipst necegsary to outline the important properties of such
material and to describe the means or mechanism which enables
soil masses to support loads and resist deformation.

The immediste surface of a highway or airfield pavement is
subjected to a variety of destructive influences. Among these
are the thrusts due to the tractive effort of vehicles elther
in accelerating or decelerating which may be described as &
combination of abrasive action and rolling friction. The sur-
face of the pavement must also withstand the effects of wing,
variation in temperature and moisture, in addition to supporting
the weight of the vehicle. ‘The material beneath the pavement 1s
also subjected to several influences among which are the effects:
of pressures resulting from vertical loading and the effects of
molsture., It may be'argued that low temperatures are also
damaging to subgrades but the effect is an indirect one as there
is no reason to think that any damage would result from freezing
or thawing in the absence of water. O0f all the factors or
influences which affect the supporting power and load carrylng .
capacity of soils, molsture i1s by far the most important
variable., In the absence of water, virtually all soll materials
whether crushed’ stone, sand, loam or adobe will support any

vehicle load that can be carried on pneumatic tires and if the

soils beneath highway pavements could be prevented from becoming

wet, soil mechanica would have little meaning and would not be .
of much concern to the highway engineer. Therefore, so far as
practical applications are concerned, the very title "Soil

Meechanics™ is misleading as the term makes no reference to the

=3-
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moétéimportant and influential element; namely, water. When
engiﬁeers mix as little as 5 per cent of liquid asphalt with
mine%al aggregate, the resulting combination is called an
asphalﬁic mixture. If 15 per cenﬁ of Portland cement and water
is combined with sand and éravel, the combination 1s called
Pérfiand cement concrete but when faced with the necessity of
predidting the behavior a&nd supporting power of soll which may
.hcontﬁin as much as 25 per cent of water, the engineer still
tends to delude hinself by thinking that he 1s concerned only
'Withiﬂsoil“ mechanicg.
iﬁAs stated Before; it was not many years ago when engineers
‘genéfally paid vefy little attention to differences in soll
typéé. Most failroad and highway engineers learned lohg ago
that:classified'sxcavation 1s usually a source of trouble and
coné?ovarsy'betwéen the contractor and the engineer and many
staﬁés including the Galifornia Division of Highways do not
clas;sify'excavationlzﬂaterialsu In other words, the contractor
is ﬁaid on the basia of his bid price whether he is moving
looéé soll or solid rock. In spite of these simplifications,
engineers began to realize some 25 years ago that materials
encduntered along the highway routes were not always giving
equslly'satisféctory performance and one of the first factors
to féceive consgideration was compaction., The California
Difisien of Highways were pioneers in setting up requirements

to éontrol the compaction of soils during construction.
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It did not take long to discover that in order to secure

the maximum efficiency with field compaction equipment; careful

control of the molsture content was necessary. However, with

" the pasgage of time and inereasing study of the problem, 1t was .

evident that thorough compaction alone was not Qnough tQ
guarantee satisfactory support in all types of soils and 1t
became apparent that there was need for some laboratory test
procedure that would evaluate the capacity of the soil to sus-
tain loads when in its most vulnerable .condition of density and
moigture content. Dating from Coulomb's time, (1736-1866)‘most
theoretlical dlscussions on soil mechanics recognize that the
entire structural strength of soils rests upon two dlstinet
properties; namely, internal friction and cohesion. The
stability of slopes and embankments, the pressures against
retaining walls, and the ability to sustaln vertical loads, all
dopend upon a eombination of these properties; namely, friction
between the rock or soil particles and any cohesive forces
which may exist. The laws governing the frictional resistance
between solid particles are probably very complex and it is to
be doubted whether the nabture of this phenomenon is clearly
understood,. even today, -bubt for practical purposes variatlons

in frictional fesistance may be weill enough defined in the

_ terms used by Amontons who was one of the first to investigate

frictional phenomena. Amontons! law states that the resistance
to aliding between adjacent particles in contact varies with
the nature of . the surfaces, directly with the pressure which

holds the surfaces together and is independent of the speed and

'..-.'5q.
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theéapparent drea in c¢ontact. The common definition of cohesion
as uséd in soil mechdnlcs texts does not correspond to the
dicﬁionary definition and it is generally stated that the
cohesive reSistance in soils is that part of the resistance

‘whiéh does not vary With the pressure. This is a rather nega-

tivéidéfinition but agrees with the observed behavior of viscous
1iq€ids as the internal friction of liquids is virtually inde-
penéént of the presgsure and the resistance developed by a film
of fiscops material between two solid bodieg varies directly
with the area and with the speed of action but is largely inde-
_pendént of the préssure.

While the civil engineer considers that the term "soil®
inciﬁdes all materials of the eartﬂ's mantle ineluding gravel
and sands; as well as the silts 'and loams, it is true that
virﬁua11§ all such materials contain a greater or less percent—
age - of extremely fine particles hav1ng the speeial properties
of plastlclty and mobility that are characteristic of ;the clay
mlngrals. If there is a complete absence of the clay fractlon,
the{material finer than a No. L sieve is to all intent and
puréoSes a gsand even though some of the particles are very
smail and of course most clays possess properties that are not
solély attributable to small particle size alone. It is not
theipurpose of'this paper to attempt any discussion on the
intimate shaPe and éompogaltion of the clay particles. My
knowledge of the subjest is small indeed compared to that of

'theznumerous specialists in clay'technology who are 1in
—-b=
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attendance at this: conference. Frém the standpoint of the high-
way - engineer who 'is attemptiﬁg to evaluate the behavior of asoils
as an engineering material, 1t 1s sufficient to recognize that
wheni éombined with sufficient water most clays are very effective
lubricantes and when a sufficient quantity of clay is intermixed
with the coarser granular portion of a soil, lubrication will
develop. whenever enoughwater 1s added. As the ability of soils
to resist deformation depends very largely on the internal
friction, wet clay has the effect of reducing or canceling out
the frictional resistance. It may also be pointed out- that the
go-called cohesive resistance is almost entirely due %o the elay
fractions and therefore clean sands are non-cohesive. Again we
must note the important. part played by water ds finely ground
dry clay particles exhiﬁit no cohesive properties. If waber 1is
added to a . dry soil, the cchesive reaistance will normally
increasse with the addition of molsture and in most cases the
frictional resistance will not be greatly impaired until a
certain ‘amount of moisture is added. Beyond thigs point, the .
friction will diminish but the cohegive resistance may continue
to increase up to some point of higher moisture content, after
which both values will diminish és the soll approaches a
completely fluid state. .

- As the wet clay fraction reduces K the internal résistance
by 1ubfication;but-may_increase the registance by improving the
cohesgion, it .18 necessary to determine something of the rela-

tive importance of these two properties. As this paper is
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'allééedfto be on the practical side, I will not resort to
thedbetical discussion but simply point out that both field and
laboratory experience demonstrates that of the two basic prop-
erﬁips resistance due to friction is of the greatest magnitude
and therefore the most\impbrtant when dealing with typical
spilé or granular matérials. Beds of clean sand even when wet
havé:long been khown to furnish excellent foundation support
profidéd'a reasonable thickness of surfacing material 1s placed
abo{éo"crushed atone or gravels with no measurable cohesion ‘
aré'éxcellent for base course dongtruction and are able to
withstand virtually any vehicle load if covered with relatively
thin surfaces having the requisite tensile strength, On the
othéb hand, plastiec soils or asphaltic mixtures having high
cohésive values but little internal fricfibn are rarely ade-

. quage'to sustain vehicle loads. It is realized, of course,
thaﬁ‘if the cohegive or tensile strength could be made suffi-
ciéﬁfly high, internal friction would not be necessary.
Metéls are typlcal substances having little or no internal
friétion gnd where the resistance values ars almost entirely
due;to the cohesive or tensile strength. However, natural
soiis containing appreciable amounts of water are not capable
of ﬁeveloping guch high coﬁesive values and therefore the
intérnal ffiction ig the most important property. This con-
cluSibn is 'in sccord with the obgervation that an excessive
amdﬁnt of elay 1s detrimental and soils or gravel containing
high percentages of clay irvariably become unstable and lack

supﬁorting power when wetb.
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“ﬁé%iﬂé‘reéeéﬁized the génerally advérse influsnce of &lays,
it'is pertinent to inquire whether there are differendes in pers
formance due’to the type of olay as it 18 well-known that there
aré numerous types and classés among the clay minerals. Whilé
specialists and experts in clay technology must perforse révog=
nize many of{the'ﬁariahte and peculiarities of olays, the high=
Way.engineer has gone aiiong'way if he recognizes three main -
groups s heﬁely, kaeiinite,'illite and montmorillonite, Again
he'is;eniwaOHeeEned:wifhftheir phySiEal properfieé and it 1s
well-known thathmost'elejs'of'the montmorillonite ¢lass possess
8 very hlgh afflnlty for water typlcally showing considerable
expan31on or’ "swelling and when wet’ are very effective’ 1ubr1-
'dahts; Kaolinite is at the other end of the scale having in
geﬁerhlne'ﬁﬁeh lower capacity for water and retains a gredter -
internal resistance due to friction than 1s the case with -
bentonite, for exemile;’ I1lite clays appear to be somewhat =
intermsdiate. In addition to the particle shape or structural
differerices that are characteristic of each of these typés of *
clays, it is also evideht that the physical propertiss may be
markedly affected by small additions of water soluble saits or
other organlc or 1norganlc compounds. A knowledge of these
behavior petherns and the efdets'of sﬁeh‘elements on the
fluidity and plastlclty of cleys is, of course, one of thé
eSEentlal branches of clay technology and requlres ‘specialized
knowledge which the' sverage highway engineer or even & wéil
equlpped hlghway materlals department can hardly hope to"

command
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" thé engineer's interest, however, is primarily involved in

the:question of the over-all effect of the particular clay when

 the. so6il becomes wet and the primary question is the effect on

.thefstructural stability which, as stated above, really involves

the;possible reduction in internal friction.

1n order to measufa the ability of soils and granular
matérials to sustalin loads, many tests have been devised, one of
whiéh is used in the laboratory of the California Division of

Hig@ways. This testing procedure makes it possible to prepare

-soii specimens by firat introduding sufficient water to rill

the?yoid space, compacting to a state of density comparable to

| tha%’developed in most highway b ases and basement soil layers,

and:then to measure the resistance to deformation. . The instru-

men# has been given the name of "stabilometer." Basically, it

g & form of plastometer and the test reflects primarily the

intérnal_friction.or'degree of lubrication with cohesive

'resistance playing a minor part. 'Whén being tested in this

instrument, a compacted sample is subjeoted to a vertical load
whiﬁh‘may be varied at will but for highway purﬁoses is
typically 16¢ psi. The instrument makes it possible to measure
th§ lateral pressure transmitted‘by the specimen, Fig. 3.

Fighre 2 1s a chart showing gharacteristic curves illustrating

,1055 in stability or internal resistance of a crushed sandy

gré&el due to the addition of increments of plastic elay. This
test 1s used as a basls for calculating the supporting value of
the soil ‘and by use of suitable formulas it is possible to com-

pute the thickness of cover courses of bases and pavement which
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will be necessary to support vehicle loads of a given magnitude

and number of repebtitions. These test procedures have been
reported in considerable detail elsewhere and will not be
digcuseéd further here. The stabilometer test and the elabo-
rate compaction equipment required to produce specimens that -
are charécteristic'of soills in place in the roadbed mean that

this test procedurs 1s virtually restricted to a. fairly large, .

well equipped laboratory. : : ’ -

© It 'is essential however, that the engineers in c¢harge of

construction should have some ready and convenient means for.

‘detecting the presence of excessive amounts of ‘adverse clay or -

fine materials. 'In view of the fact that the lubricating
effect. of clay or of any other material is dependent upon: the

volume of or the thickness of film between the particles, the

‘most fundamental relationship depends upon the effective volume-

of clay that exists in éach soll. In order to spesed up the
tééfihg'dperatioh-by avoilding the need for weighing the sgmple~

and 'drying out in an oven, a test has been developed called the

“"aand Equivalent Determination." The test is applied to a

sample of soil passing a No. L sieve and thé'relationship
between the quantity of e¢lay present and the asmount of coarser
sand particles in the soil i1s developed on a volume basis and

the test results indicate whether the volume of "sand" is either

“high or low - hence, the name "Sand Equivalent."
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| ﬁésgh%iall#;;tﬁg‘teSE.is ﬁerformed by shaking a sample of the
finé aggfegate vigorously in a transgparent eylinder containing a
speocial solution (Fig. 5) and noting the relative volumes of sand
andfof the partially sedimented clay after standing for 20 min-
utes. The entire operatlon can be carried through in less than
Lo ﬁinutes; In ordsr to speed up the sedimentation of the fine
clays or colloidal particles, a flocculating agent was required
and:a golution of calcium chloride was selected on account of 1its
reléfively low cogt, stabllity and non-irritating properties. As
illustrated in Fig. y, a small amount of bentonite is in lubri-
qating effect equal to a much greater weight of kaolinite and the
_stréngth of the GaCl, solubion was adjusted to the point where

S per.cent of bentonite would give an S.E. reading approximately

squal to that:-produced by 21 per cent of kaolinite after a sedi-

mentation perioed of EO.minutes. This relationship appeared to be
besf establighed by using a .025N CaCl, solution. However, the
stréngth of the solution is not critical for most natural soils
thefefore, a working solution of .OEN‘has been adopted and wlll
be ﬁsed until accumulated experienﬁe may warrant a change. After
somé experience with the calcium chloride solution, it was found
thaﬁ'the-addition-of‘a small amount of glycerin produced a
staﬁilizing‘effect and test results were more readily reproduci-
ble;when made oh carefully quartered samples. Finally, it was
notéd that the c¢alelum-chloride-~glycerin solution was not sterile
and;éertain moulds tended to grow. In order Lo sterilize the

solﬁtion; formaldehyde was added.
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'When thé Sand Equivalent Test was first developed; it was-
hoped that it would furnish a good iodication of the over-all
resistance valuse of the soil. A correlation does exist but it
is not sharply defined throughout the scale.. The reasons there-
fore are not difficult to understand if it is recognized that
the ability of a mass of soil or granular material passing a
No. li sieve to resist'deformation-will depend upoo the following

factora:

Summary of Faetore'Affecting_Reaiﬁtancejvalue-gg Soil
' 1. The amount of lubricant mixed with
the sand fraction; i.e., asphalt
olay+water ete.
- 2. The effectiveness or efficiency of
: the lubrieating fraction. (Wet
“bentonite 18 a better lubricant
than kaolinite, for example.)
3. The degree of roughness or irregu-
' larity of the sand grains or rock
particles. :

i The amount of vold apace in the
' gand fraction of the soil.

5. The amount of intermingled coarse
rock retained on a No. L, sievs.

We readlly percelve that of.theee five variables the.Send
.Equivalent Determlnatlon is primarily an indication of No. l.k
It attempts to compensate for No. 2 by means of the type of
solutlon used. It cannot 1ndlcate the varlatlon caused by
Item 3, a nd as presently performed does not make allowance for
No. h although 1t seems p0551ble that means for maklng thls
correction may be worked out. Allowance for the effeots of

No. 5 need to be made if the coarse aggregate exceeds 25 or

=13~
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.30 éer cent of the tctalg Therefors, in order to evaluate the
comﬁined effect of all factars, gome test such as the
staéilometer is necessary. However, experience has shown that
one:of the principal variables is the amount of clay present
and;it may readily be determined that when the Sand Equivalent
value ié greater than 30 the clay fractioﬁ is not sufficiently
1arée to_have much influeﬁca.on the resistance value of an
untfeated soll.

Applipation}and Tentative SfE,,Limits

i'Véry small amounts of clay méy be detrimental to the per-
fOPEance of bituminoﬁs mixtures, espescially when the clay
exiéts as a coating on the surfaces of the sand gréins. As

'the%Sand Equivalent Determination furniéhes a ready means for
detécting the presencerof such.fihe materials, a tentative
secale of values haé haen set up tq.permit rapid testing and

'quiék-determination in the fieid.

f A comparison of,sénd equivalent test values to other test
resﬁlts indlcates that the majority of soils showing high
expénsion-under soaking ﬁay'be identified by means of the sand

-aqu;valent. It hés been.the general practice to consider that
anﬁ%sdils-showing an exﬁansion of greater than 5 per cent when
teé%ed in £hé.ﬁélifornia Bearing Ratio Procédure will be un-
suiﬁable for placing in the upper levels of the road bed. It
app;afs that ﬁhe‘same diass'of soils could be identified and
Seg?egated by stipﬁlatihg that any soils having a sand equiva-
leﬁ£ 1ess“than 10 should not be placed in the upper layers as
th;y arqnalso likely to develop excessive expansion when

saturated.,
_1h“
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In conclusion, it may be stated that the sultability of
goils for engineering purposes depends largely upon.their
ability to remain in place and to support whatever loads may
be placed upon them either by a permanent engineering struecture
or by transient vehiecle loads. A study of the properties which
distinguish the more satisfactory from the legs satisfactory
soilg indicates that in the majority of casés clays are detrl-
mental to stability and 1t is apparent that wet clay has the
effect of a lubricant in diminishing the natural resistance due
to friction that would otherwise exist. It 1ls necessary that
the civil engineer responsible for consgtruction of any form of
earth work should be informed not only econcerning the quantity
of clay minerals that aré preseht but also should know some-
thing of their nature ana their potentlal influence on the

engineering properties of the soil.

18l
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