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MAIN SESSION 2

SEANCE PLENIERE 2

FOUNDATIONS OF BUILDINGS IN CLAY
FONDATIONS DE STRUCTURES SUR ARGILE

Chairman/Président: N. A, TSYTOVICH (U. S. S. R.); General Reporter/Rapporteur Général:

Chairman N. A. TSYTOVICH (USS.R)

Before opening the Second Main Session, I wigh
with your permission, to make the following re-
marks.

Engineers have been faced with the problem of ra-
tional foundation construction in clayey soils
for many years. This problem presents a number of
diffioulties that are only being gradually over-
come by applying the latest data of soil meohan-
ics.

The method of designi foundations according to
limiting deformatione (settlements) is to be con-
sidered the most advanoed procedure at the pres-
ent time. This method calls for the development
of sufficiently preocise techniques of predicting
both the magnitude of the settlements and their
rate in time.

On the basis of research oonduoted in recent
years, it is beooming evident that the theory of

filtration consolidation of clay, in its true form,

is applicable for the prediotion of foundation
settlement only for a restricted number of eases
of fully saturated weak clayey doils that do not
oontain gases and have practically no structural
strength.

In all other cases (for instance precompacted
clays), it is necessary in predicting settlement
to take into acoount, not only primary filtration
consolidation, but the secondary effeots as well.
Natural compaction should be estimated, not
according to preconsolidation pressures, whioch
oannot be aoourately established, but by the mag-
nitude of the primary pore pressure existing in
the olayey soil at the beginning of construction
and measured in the field.

Hot only their natural-historical state is of
importance, however, in estimating the compaction
of clayey soils, but also the skeleton oreep of
the soil and the quantitative relationships be-
tween the external pressure and the structural
oompressive strength, between the aoting head
gradient and the initial gradient and also be-
tween the initial pore pressure and the maximal
pore pressure developed upon loading the soil,

A knowledge of these relationships makes it pos-
sible to quantitatively predict, not only the
settlement in weak saturated clays in time, but
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also the settlement in preocompacted and over-
compaoted clays in time.

The investigation of a single pile and of groups
of piles foundations im another instance in which
soil creep is of essential importance. The only
basis for estimating pile bearing capacity and
settlement is a prediotion of the variation in the
effective stresses in time in the clayey soils sur
rounding the piles. The struotural strength and
relaxation of the total stresses should also be
taken into consideration.

A oorreot solution of the problems put before our
session will be of vital significance for founda-
tion building praotice. I would like those taking
part in the discussion to make oconorete proposals
on this matter.

Now I wish to invite Dr. de Mello, the Gen-
eral Reporter of our session, to give a
brief summary of his State-of-the-Art Report
on Foundations of Buildings in Clay.

Genesal Reporter V. F. B. DE MELLO (Brazil)

Prof. De Mello's State-of-the-Art-Report
appears on pp. 49 of the State-of-the-Art
Volume.

Chairman N. A, TSYTOVICH

Thank you very much Dr. De Mello for your
interesting summary of the State-of-the-Art
Paper concerning foundations on olay. Ladies
and gentlemen, please let us hear all ques-
tions to the General Reporter in the written
form. I wish to invite the delegates to take
part in the panel discussion. The members of
our panel are: Dr. Golder from Canada, Dr.
Kézdi from Hungary, Dr. Mohan from India, Mr.

Pérez Guerra from Venezuela and Dr. Rosenblueth

from Méxioco. I wish to call upon Dr. Kézdi.

Panelist A, KEZDI (Hungary)

In order to determine the bearing capacity of
clays, we usually make our first estimate on the
basls of the felilure theories. For this purpose,
we may use more or less sophisticated formulae
starting from Terzeghi's theory through that of
Balla, Meyerhof, De Beer and others. There is one
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oommon thing in these theoriess they assume slid-
ing surfaces and total mobilization of the shear
strength on those. Even in laboratory model tests,
we can hardly experience this type of failure and,
in reality, it almost never occurs. 4 constant and
untolerable rate of settlement can well be regard-
ed as another type of fallure, where no failure sur
faces occur, but the ultimate bearing capacity was
reached at. The conditions of thie type of failure
have not yet been fixed, and I think that several
others can be added to this. A further step in
determining the ultimat~ hearing capacity oan only
be made if we study, olassify and mathematically
describe the types of failures in olay, as it was
brilliantly made for sande by Dr. Vesié.

Using the above-mentioned theories which assume
sliding surfaces, we always have some difficulty
with the value of the safety factor to be used.

For this purposs, I suggested the diasgrem which was
first introduced for the analysis of slope stabili

ty. In this case, we determine, for a given footing,

and for a given load and curve, pairs of values of
(¢, @), for which the safety factor is equal to
unity. The calculations are easy! we select differ
ent values, determine the bearing capacity factors
and we have a single equation for c. Now, we plot,
on the same diagram, the (c, §) points obtained by
appropriate testsj; we have a clear picture on the
scattering of the strength parameters and also on
the limiting vaelues of the safety factor (/). This
can be obtained by the usual w7§‘ by drawing the

A

line OF and calculating )/ = 0P, (Fig. 1), If we
wigh to analyse the deviation of the values obtain

ed by different theories, we may draw several
lines corresponding to the appropriate formulae.

A minor point in the problem of the bearing capac-
ity of shallow footings is the case of eccentric
and inolined loadings. We have again several for-
mulae, for instance, the general formula of Brinch
Hansenj however, the experimental proofs are = at
least in clay - still missing. Here I would like
to point out, in connection with the eccentric
loads, that the safety faotor, for a given value
of @, is the same for the centric and eccentric
loading, if the eccentricity ies due to the partial
removal of the load (Fig. 2). This is the case, for
example, of a silo, where only the one half of the

cells is filled,

Passing to the problem of consolidation, I would
like to show you the results of a theory, which
does not make use of the poor pressure conoept put
forward by Terzaghi. Investigations on the struc-
ture of clays made clear that many traite of the
behaviour of oohesive soils could be explained by
the arrangement of the flat or needle-like parti-
oles., Compression eand shearing stresses cause an
increase in the local order of the particles -
these ohanges, however, require time. Figure 3
shows the usual assumption on the variations of
the local order. Making some fundamental assump-
tions regarding the degree of the local order

(x = ¥ = c7*) with x as an equilibrium value and
9% the volume change (void ratio), it is possible
to derive a differential equationj its solution ie
given on Fig. 4. The total settlement (8) consists
of two parts, the firet part is the initial settls
ment and the second the eonsolidation settlement.
There are three constantes K;, K, and t;, and it
oan be seen that the oomponents of the settlements
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Fig. 1 Scattering of the strength parameters c
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4
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0 . Iz
Fig. 2 Safety factor for ocentric and eccentric
loading.
s
A
Pressure

Fig. 3 Arvangement of clay particlee upon loading.
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Fig. 4 Differential equation for total settle-
ment.
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Fige 5 Consolidation curves for different values
of the ratio Kj/K,.

are not independent from each other (K; and K, are
to be found in both terms). Figure 5 shows some
consolidation curves for different values of

K1 /%5

It may be mentioned that this method of calcula-
tion has been applied to the problem of static
soil compactionj for this purpose, a generaliza-
tion of the loading scheme was needed: the passing
of a roller increases first the pressures at a
cross section and after it, the pressures decrease.
The sudden change in the value of the constants
clearly indicated the critical phase composition,
i.e. moisture contents, above which the static
compaction is impossible.

Chairman N. A, TSYTOVICH

Thank you Dr. Késdi for your interesting leo-
ture specially on problems of the bearing oca-
pacity of plates. Now I invite Mr. Péres
Guerra, the president of Ingenierfa de Suelos
in Caraocas, Veneguela.

Panelit  G. PEREZ GUERRA (Venszuel)

The discussion by this pannelist of the
several subjects requested by the Gene-
ral Reporter, will be made from the
standpoint of the common foundation en-
gineer, who is always looking for prac-
tical and simple ways to discharge his
everyday duties.

SUBSOIL INVESTIGATIONS

While there is a variety of equipment
and tools for subsoil exploration, the
wash boring seems to be still the most
current procedure. Hollow-shaft mecha-
nical augers, with or without drilling
mud, have been developed. They elimina-
te the need for a casing and permit sam
pling through the shaft, but they have
limitations in regard to depth of ex -
ploration and obstacles encountered.

On this account, they work beautifully
some times, but in other cases they may
not work at all. Wash boring looks pri-
mitive and old, but it is flexible to
cope with variying conditions and is

of moderate cost.

How the hole is advanced,however, is
of secondary importance, provided that
the method permits a reasonible control
of the depth of exploration and that it
gives the operator some indications on
changes of strata.

Clays are routinely sampled for identi-
fication purposes with the 2" split ~
spoon, and here again we have an old
tool which proves satisfactory in the
majority of cases.

Classification alone usually gives a
good idea about the expected behavior

of the clay as a foundation, but the fin
al design decision would require a nume-
rical value of the strength. Three com-
mon tests are currently employed to mea-
sure it: the field vane, the unconfined
compression(UC) and the triaxial compres
sion(UU or CU). The field vane is fast
and economical; the other two tests re-
quire undisturbed sampling.

SAMPLERS

For soft to medium-stiff clays the open

end, thin tube, or the stationary pis -

ton samplers are employed. Stiff to hard
clays will require the double-tube (Deni-
son type)sampler. The Sweedish foil sam-
pler is available in some countries for

sampling soft to stiff clays.

Most of the samplers mentioned recently
in the literature employ whether the
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principle of the Denison double tube or use
foils to reduce friction. Plastic and fa-
bric foils have been proposed but have rais
ed objections on acoount of stretching.
(Kallstenius, 1961).
is a patented device which usee special mud
to reduce friction and a plug to close the
lower end till the sampling depth is reached,
and which is then released and floats back
tostgo surface carried by the mud. (Begeman,
1961).

The taking of really undisturbed samples
(the "perfect" sample) is a goal that will
presunably never be reached; even conceding
the absence of mechanical damage to the sam
ple, there is still the disturbance by the
stress release caused by the extraction of
the sample. The current approach to counter
this disturbance is by laboratory methods
employing refined techniques and by more ra
listic stress analysis. These circumstances
have fostered the trend to use in-situ tests
whenever possible.

Sligthly disturbed tube samples generally
give acceptable results for practical pur -
poses. The reduction of strength due to the
disturbance has been considered beneficial
to safety.(215) (*). This effect,however,can
in extremes invalidate the results, even
when using 6° samples.(Hall,1964). The leas
disturbance with samplers is obtained with
the foil sampler, as attested by observa -
tions and results. In Table I of the State
of the Art Report it is noticed that the
best comparisons are in cases where the
foil sampler was used.

FIELD VANE TEST

The vane test has been the subject of much
discussion and of innumerable comparisons
with other current tests. The analytical
evaluation of this test has been considered
complex(Gibbs et al.,1960) and its practi-
cal results have been attributed to a for-
tuitous cancellation of errors.(Ladd,1967).

The conflicting opinions about the vane
test make its appraisal rather baffling for
the practicing engineer. Theoretically, the
mechanism of rupture would seem to be not
very well known, and the measured strength
not applicable to the system of stresses im
posed by usual stability problems; the lat-
ter objection, however,would seem to be of
less importance for shallow footings. In
practice, on the other hand, the test is wi
dely used in routine investigations genera-
lly with good results, and is considered by
many to represent the true strength of clay

It is recognized that,apart from theoreti -
cal considerations, the results of the vane
can be affected by many factors, among them
layered so0ils(316) ,roots(Leussink and Wenz,
1967), anisotropy(Di Biagio and Aas,1967),
fissures(324) and pebbles(87). On the other
hand,is specially succesful in sensitive
clays, difficult to sample(Brinch-Hansen,
1950), or clays so soft as to make hand-
ling impractical, as was the case in tes -

One new type of sampler
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ting soft peats in the delta of the Orino-
co River

The vane is usually employed in soft to
stiff clays with strength up to 30 tons
per sqg,m. but there is reported one ex-
tremelly strong 3 x 6 cm. vane which can
shear soils of up to 60 tons/sq.m.(32).

The vane has been correlated mainly to
the UC and the UU triaxial tests. With
so many variable factors affecting the
correlation terms, it is not surprising
the wide variation of results reflected
by Fig. 6 of the State of the Art Report.
Side by side with rather good coinciden-
ce (Andresen and Bjerrum,1958) (Flaate,
1965) (279), there are not so good compa-
risons (Eden 1965) and some which are com
pletely off (32) (Leussink and Wenz,1967).
The statistical treatment of the data
gives a better idea of relative values
and in general improves the results of
the comparison.(169) (Flaate,1965).In one
interesting case an apparent difference
between vane and UC was found to be due
to end friction effect in the UC,which
after being corrected proved to be equal
to 0.93 vane. (116).

The ‘number of cases where the comparison
has been satisfactory seem to be much
more frequent than otherwise, with prac-
tical differences not larger than 20%,
and usually less.

The comparison of the vane test with
other field or laboratory tests(e.g. the
Sweedigsh cone), and among UC  and UU tests
themselves has shown variations of compa-
rable magnitude. With good guality sam -
ples the results are usually satisfacto-
ry from the practical point of view. In
one case the F.of S. of a slide was 1.08
with vane strength and 0.98 with the co-
ne. (Broms and Bennermark,1967).In another
UC=0.96 cone. (Flaate,1965).

In spite of all the differences and va -
riations, the tests oonsidered ean fur -
nish good working design values (Lo and
Stermac, 1964)(Ertel, 1967), in acoordance
with the general oonsensus of experienoce,
provided that sound basio judgement is
used to take into account the circumstan-
cial factors that may affeot the results.
Sampling, classification and some other
correlative strength test area required
for each clay deposit to establish the
necessary confidence (87).

In general it is to be expected that the
results of the vane test come out higher
than the UC and somewhat lower than the
UU(Gibbs et al.,1960). As a consequence
some deBigners reduce sistematically the

(*) Figures in brackets are reference num-
bers of the Bibliography of the State
of the Art Report.
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results of the vane in a fixed percenta-
ge, to supposedly obtain strengths on the
UC level. (Broms,1966). If it is conside-
red that usually the vane strength em-
ployed is an average of several tests,
and taking into account the natural varia
bility of soils, the relative variations
of the tests themselves and the uncertain
ties of the failure load, this sistematic
reduction would not seem justified.The
final answer should be, as mentioned by
the General Reporter,in the establishing
of statistical confidence levels for each
given locality.

Stiff and hard clays are almost always fis
sured and this defect weakens the clay and
produce extremely erratic variations in dl
types of strength tests. (Skempton and Pe-
tley,1967). It is known that the size of
the sample is determinant on the measured
strength, larger samples showing less
strength. (Bishop and Little,1967). In fis-
sured London Clay the true strength can be
as low as 50% of the results of conventio-
nal tests in small samples. This fact alore
has much to do with erratic results in the
comparison of the common tests(324).

When dealing with fissured clays, which is
very frequent,the lower values of vane,UC
and UU tests should govern the design, in
accordance with general experience.

Correlation of UC with the small laborato-
ry vane called "Torvane" is most satisfac-
tory for routine work. The same applies to
the readings of the pocket penetrometer.

LOAD TESTS

With few exceptions(Di Biagio and Ras,1967)
the term of comparison has been the strength
determined in triaxial tests on block sam-
ples taken by hand, or in field load testa
One interesting variety of the latter is
the piston load test performed at a cons-
tant rate of penetration, the so-called
CPR piston test(Butler,1964). These tests,
specially with pistons of 8" or more in
dilameter, have shown strengths appreciably
lower than UU tests (Hooper and Butler,1966)
and with much less dispersion. In fissured
clays it has been a common finding that
piston or plate tests give strengths which
plot near the lower limit of the envelope
of conventional UU tests(331). In cases
where the UC has little dispersion, it has
agreed. closely with plate load tests(Ertel,
1967).

PENETRATION TESTS

Penetration tests are widely used as a way
to determine the bearing capacity of soils
primarily sands. The two most common types
are the static(Dutch) cone penetrometer and
the split spoon dynamic penetration test.
Some use is also made of several other pe-
netrometers, among them the dynamic 2-1/2"
cone, after Peck(1953).

STATIC PENETROMETERS
In regard to the static penetrometer, there
have been reported several experiences and
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evaluations of its possibilities in clays.
The point resistance of the cone is consi-
dered as a model load test of a deep cir-
cular footing. The bearing capacity factor
N_ figured back from the test has shown a
tgndency to diminish with increase of
strength: from 30 for soft clays to 20 for
a clay of c=10 tons/sqg.m. (Wesley,1967), to
10 for a clay of average c=30 tons/sq.m.
(de Beer,1967). N_ = 20 has been recom-
mended as an averﬁge(ZSB).In London clay
an average value of 18 has been reported
(311), with tendency to decrease for the
higher penetration resistances. In ano -
ther test in London an average value of
15.6 was found(324). In soft clays the
overburden load may have some influence
on the correlation, mainly for medium to
large depths. Some variations have been
found to accompany differences in tech-
niques and rates of penetration.

The decrease of N_ for increased resis-
tance could be cafised by the typical re-
duction in cross section above the cone
point, which would interfere with the ge-
neral shear type of failure present in
stiff clays. This reduction would no af-
fect the readings in soft clay, in which
a local shear failure would obtain(311).

Penetration resistances tend to decrease
with increase in cross section of the
cone (311), but no significant difference
was found with various types of penetra-
tion points, from the classical Dutch
point to a flat circular one(324).

As the evaluation of N from the cone pe-
netrometer test depends on the determina-
tion of the true strength of the clay,N
values show variations from this source
as well as from dispersion of the test
itself. Not much success has been had in
relating the cone penetrometer to the
vane and UC tests. In one case(32) the N
was 15.5 when related to the vane and 30
when related to the CU triaxial. This si-
tuation seems to be a reflection of the
differences experienced in the other types
of tests, as commented above.

In addition to the point resistance, the
static penetrometer permits the measure-
ment of the adhesion resistance on a slid
ing sleeve, data which is usually shown as
a curve of accumulated adhesion. In the
opinion of the writer this measurement
would seem to underestimate the true adhe-
sion value of the clay. For this reason it
would seem better to use for design an em
pirical reduction of the shear strength

as measured by the point resistance. The
adhesion readings of the cone have been
applied to purposes other than measure -
ment of strength(13). Generally speaking,
both phases of the penetration test(point
resistance and sleeve adhesion) are to be
considered as field strength tests, which
require for a rational interpretation, bo
ring and sampling for identification of
the soils involved.
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