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The General Reporter

When I received the invitation to act as General Reporter for
this Division it was a great honour and pleasure to accept.

The physical, chemical and mineralogical properties of the
materials dealt with in soil mechanics are of extreme importance
for the fundamental understanding of the subjects we are deal-
ing with in the scientific and in the engineering approach. The
large number of papers presented in Division 1 is a proof of the
growing understanding of these subjects.

Although there have been changes in the subjects covered by
Division 1 since the last conference in Zurich, the reduction of
topics has not led to any reduction in the number of papers.
We may anticipate that even if the restriction of subjects is more
severe for the next conference, there may be an increasing
number of papers presented under the heading ‘Fundamental
Properties’.

In my General Report presented in the Proceedings I have
pointed out the necessity of combining topics from the extended
field of the natural science in order to elucidate the engineering
problems. We shall welcome this development with the
greatest pleasure.

It is not sufficient that we can treat sliding phenomena,
swelling, shrinkage and frost heave with a masterly mathe-
matical apparatus. Only if we take up the study of the funda-
mental factors will the science of soil mechanics pass from the
descriptive to the exact state. The necessity of correlating
different sciences in order to understand the mechanical
properties of soils has raised the same difficulties as in many
older sciences, such as chemistry, physics and biology ; namely,
the problems of literature. Many valuable works have been
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presented in papers which may have passed unnoticed by the
group of applied scientists who should primarily be interested
in the results. Language difficulties add to this problem. For
instance, a general knowledge of Soviet literature is fairly low
in West European countries and in America and, I presume,
vice versa. In some cases it is found that authors of papers
presented to this conference were unaware of results obtained
in other countries by scientists working with related problems
but in a different connection and bearing a very different title.
I believe that the literature question should be considered as a
very important one. If some kind of international literature
service could be arranged so that the engineers and scientists
working at the different geotechnical research centres could be
given notice as to important results obtained in related fields
of science, it would be a very great help for the development
of our subjects. Indeed, I would say that it is absolutely
necessary to arrange some kind of literature service with
abstracts, otherwise our important branch of applied science
may stagnate. The lack of knowledge of foreign languages
depends upon the education in the schools of the different
countries which cannot be improved by us. Translations of
abstracts and papers into English and Russian will certainly
make progress more easy and rapid.

When I first received the papers for Division 1 I found it
impossible to deal with them all as, due to the great field covered,
many subjects were outside my own field of research. This
made it impossible for me to give all of them fair treatment,
therefore, the Division has been made into two sub-Divisions.
For Division 1a the different subjects are further divided under
different headings, namely, the geological and regional factors,
the fundamental properties, the swelling and shrinkage, the
hydraulic properties, frost problems and, finally, different
measuring devices.

The majority of the interesting papers invite discussion, but
I find that the regional and geological factors are not of such a
type that could concentrate the discussion sufficiently: therefore,
I propose that the discussion should concentrate mainly on the
common features shown by the rest of the papers, namely, the
behaviour of water in soils. The extensive research which has
been carried out in a long series of laboratories all over the
world during the last few years has given us a better picture of
the nature of the forces acting between the clay minerals and
the liquid phases in the fine grained soils. It is necessary to
understand the forces between the minerals and the water in
order to understand the static problems in soil mechanics. In
the same way it is necessary to understand the movement of
water in order to understand the dynamic problems. In a
large proportion of the papers presented to this conference the
mobility and transport of water in one way or another is a
fundamental factor. This holds in the case of swelling and
shrinkage, in frost investigations and electro-osmotic properties.
It seems most appropriate, therefore, to discuss the mobility
of water in the fine-grained soils.

In my report I have distinguished between the following
cases: (1) The flow problems of the more or less fixed water
when the hydraulic gradients are small, and for small shearing
stresses in soils. (2) The different kinds of water transport
caused by differences in thermodynamic potential. (3) Water
transport in frozen soils during the processes of freezing.
(4) The transport of water molecules in completely frozen soils.

I have suggested that we might extend the discussion, if time
permits, to the consideration of water movement in relation to
two important geotechnical phenomena, namely, creep in
natural slopes and long-term settlement due to secondary
consolidation. It is a fact that these processes involve a trans-
port of water without any marked hydraulic gradients. It
seems as if some lack of thermodynamic equilibrium causes
diffusion phenomena which move water molecules from highly
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stressed zones to zones of lower stress. Such a discussion
should be directed to the fundamental process in these two
problems rather than to the consideration of observations in
practice or the mathematical treatment of the problems, since
the latter will be covered by discussion in other divisions. If
we could bring clarity to these problems this conference would
be of greater importance to soil mechanics than most of the
previous conferences.

Some British friends yesterday said that I was turning this
session into a session of physics rather than one of soil
mechanics; I admit that it is true, but I find it necessary in order
to understand the material.

The great progress made in several branches of natural science
and engineering during the last century is mainly due to the
co-operation between some people working with purely theo-
retical problems, without looking upon the possible application
or value of their research, and others working on the engineer-
ing line, where everything must be considered from economic
and technical points of view. Our field provides a brilliant
opportunity for such research. Both types of work are
necessary, and I hope that the research centres and govern-
ments will remember that seemingly useless results and publi-
cations are the foundations for the engineering development
of tomorrow. I plead most sincerely with the directors of
research and the leaders of establishments to permit their
colleagues and employees the highest degree of freedom and
the highest possible financial support, even if at the moment
they can find no use for the results obtained.

H. B. Seep (U.S.A))

I was most interested in the investigation of strength loss due
to remoulding a sensitive clay described by S. MURAYAMA and
S. HaTta (1a/19) and the apparatus for applying repeated defor-
mations to the clay. This equipment is apparently intended to
stimulate the repeated effects of traffic on a soil.

For the past few years somewhat similar investigations have
been conducted at the University of California and it might be
pertinent to make a brief comment concerning the effect of the
frequency of repeated stress applications on soil strength.
Unlike the investigations of Murayama and Hata, the tests at
the University of California have been conducted on compacted
clays possessing no sensitivity due to soil structure. However,
after a period of several weeks many of the specimens do possess
low sensitivity due to thixotropic strength gain after compaction.

For such soils frequency of load application may have a
significant effect on the resulting deformation characteristics of
the soil. Figs. 1 and 2 show the results of a series of tests con-
ducted on a silty clay (LL=37, PL=23) compacted to a degree
of saturation of about 92 per cent. In these tests specimens
were placed in triaxial compression cells as for a normal type
of unconsolidated-undrained test, the confining pressure of
1 kg/cm? was applied, but instead of gradually increasing the
deviator stress to failure, a deviator stress of 0-8 kg/cm? was
repeatedly applied and removed, each application having a
duration of 0-2 sec.

For the test series shown in Fig. 1 two identical specimens
were subjected to repetitions of the same deviator stress at a
frequency of 20 applications per minute: on one specimen the
applications were continuous until about 10,000 repetitions
had been applied; on the other, 10 repetitions of stress were
applied and then the specimen was allowed to rest for one day
before the applications were continued. It will be seen that
after this period of rest the specimen deformed very much less
than did the specimen loaded continuously; this effect would
appear to be due to a loss of thixotropic strength resulting from
the initial deformation of the specimen during the first 10 appli-
cations of stress and a subsequent regain of this thixotropic



strength during the one day period of rest. As a result, the
specimen possessed greater resistance to deformation than when
the repeated loading was continuous.

Since there appears to be a significant strength regain during
periods of rest following deformation of a compacted clay
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Fig. 1 Effect of period of rest on deformation of silty clay under
repeated loading

Effet de la durée du repos sur la déformation d’une argile
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possessing appreciable thixotropic characteristics, it would seem
logical to expect some influence of frequency of stress appli-
cation on the deformation of soils possessing thixotropic
strength when they are subjected to repeated loading. A
comparison of the deformations of samples of the same silty
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clay when subjected to repeated applications of a constant
stress of the same magnitude and duration but with frequencies
of application of 20 per minute and 1 per two minutes is shown
in Fig. 2. It will be seen that for such a variation in frequencies
there is a significant change in deformation characteristics.

For samples of the same clay possessing little or no thixo-
tropic characteristics, variations in frequency had practically
no effect on the results of similar tests.

Such effects are not likely to be observed on sensitive clays
such as that tested by Murayama and Hata, since the effects of
structural breakdown are likely to overshadow any effects of
thixotropic regain between stress applications. However, in
assessing the influence of traffic loading on the deformation of
compacted clays the frequency of stress applications may well
be a significant factor.

T-K. TaN (China)

I am very glad to see that in the last few years much progress
has been made in the application of rheology to soil mechanics.
We are indebted to the Russian scientists for presenting many
valuable data on the rheological properties of soils.

The concept of thick bound water layers has for decades past

Fig. 3 Schematic picture of clay network
Schéma de la structure d’une argile

influenced the way of thinking in soil mechanics. In the last
few years x-ray diffraction patterns have shown that the thick-
ness of the adsorbed bound water layers for montmorillonite
does not exceed 10A and for illites and kaolinites it may even
be less. Determination of the heat of wetting which is small
and dependent on the nature and quantity of adsorbed cations
provides further proof against the concept of thick adsorbed
layers. The behaviour of soils towards electrolytes cannot
adequately be explained if only bound water is considered.

(c)

(a) (b)

Fig. 4 Types of bonds between clay particles
Types d’adhesion entre les grains de l'argile

1 am of the opinion that the clay particles form a three-
dimensional network interconnected at several points as in
Fig. 3 and that between the flat surfaces of the particles mutual
repulsion exists.

The mutual contact between the clay particles may be sub-
divided into three groups as in Fig. 4: first, corner to flat surface
contact ; second, edge to flat surface contact; and the third, flat
surface to flat surface contact.

87



In addition to the excellent papers presented by N. J.
Dentsov and B. F. RELTov (1a/5), and S. S. ViaLov and A. M.
SxipiTsky (1a/29) I wish to state that the bonding forces
between clay particles may be due to: (1) Coulomb attraction
forces between the positively charged edges and negatively
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Fig. 5 Schematic arrangement of torsion plastometer
Schéma d’un plasticimétre a torsion

charged flat sides of the clay particles forming mutual contacts;
(2) long-range non-polar London-Van der Waals forces;

(3) bonding by cations; and (4) hydrogen bridges.

In montmorillonites the first and third type of contacts are
possible, whereas the second type of contacts likely will not
This is due to the geometrical shape of the montmorillo-
The first type of contact which mainly occurs

occur.

nite particles.
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at high water contents (corner-flat surface) is weak, as the
contact area is very small. Moreover the flat surface is
strongly hydrated and the bonding forces cannot be strong as
the distance between the mutual particles in the points becomes
considerable and the Coulomb and Van der Waals-London
forces decrease rapidly with the increase of the distance: there-
fore montmorillonite soils can very easily be transferred into
readily flowing slurries. For this group of soils it is known
that even the third type of contact (flat to flat surface) is weak
as a result of the thick water layers (10A).

Due to the geometrical shape of their particles, the second
type (edge-flat surface) bond also may be formed in kaolinites
and illites; as the flat surfaces are less hydrated than in mont-
morillonites the bonds (here three types) are much stronger and
therefore these soil groups have better mechanical properties
than montmorillonites.

Since I presented this hypothesis in 1953-54, further experi-
mental evidence has been given in the literature concerning the
positive charge of the edges of clay particles.

On the basis of this network hypothesis it is possible to give
an interpretation of the rheological behaviour of clays. As was
shown in 1953 by Haefeli, Geuze and myself, the clay under
shear may show instantaneous deformation followed by a
retarded deformation and ultimately continuous flow. The
apparatus for conducting these experiments is shown in
Fig. 5 and the results in Fig. 6. Further, it has been found
that flow occurs already at very low stresses exceeding a
small yield value. The instantaneous deformation may be due
to a bending of the thin plate-like clay particles and to an
increase of repulsion between the surfaces of the clay particles.
Retarded deformation may be due to the visco-elastic properties
of the clay particles themselves and to the migration of water
molecules. If the stresses remain sufficiently small—less than
a certain yield value /,—then no bonds will be broken, and all
deformations are recoverable. If this yield value is exceeded,
then the bonds will be loosened but may be formed again at
other places in the network. This ‘jumping of bonds’ as it is
called is accompanied by a transfer of stresses to more rigid
parts of the skeleton which, in turn, will also yield; thus it is
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possible that the substances remain statistically equivalent in
spite of the change of spatial configuration of the clay particles.
In this stage of the deformation process it is possible to measure
reproducible physical quantities, and the stress—strain relation-
ship can be formulated in operator forms and integral equations.

When the stresses become too large and exceed a certain
value, called f3, then structural disintegrations occur and may
lead to failure. In this last stage of the mechanical process a
mathematical description becomes too intricate.
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Fig. 7 Scheme compression plastometer
Schéma d’un plasticimétre & compression

In the case of unfrozen clays, S. S. Vialov and A. M. Skibitsky
have measured decelerating creep. In this respect I wish to
remark that these scientists have possibly measured a compli-
cated inter-relationship between the following time effects:
(1) time effect due to shear; (2) time effect due to consolidation;
(3) additional time effects due to the change in state of stress;
and (4) additional time effects due to hardening processes,
which may have a large influence in their experiments.

In the case of fat clays continuous flow has been measured by

9
&3

kg /cm?

9
%’ L %_\ £= 31%
o
'g_) $—*—\—A \L &= 12 O/e =
S B N [
= *‘\::\,_1‘*
Pl
0 N e == PSS
1000 2,000 3000
Time min

Fig. 8 Relaxation of stresses
Relaxation des contraintes

Haefeli, Geuze and myself, and in order to provide further
confirmation of this experimental fact 1 have studied the
relaxation of stresses of cylindrical samples under constant
deformation. The phenomenon of continuous flow is sup-
ported by the fact that the stresses relax and even may decrease
to zero.

In the apparatus shown in Fig. 7 the soil is given constant
deformation and the relaxation of the internal stresses is
measured. The result is given in Fig. 8, which shows that
the stress decreases with time and may even decrease to zero.

_ Note: For the significance of the yield-values f3, f3 see for
instance: Geuze, E. C. W. A. and Tan Tjong-Kie (1953), Proc. 2nd
Int. Congr. on Rheology, Oxford, p. 247. London; Butterworth.

T. W. Lamse (U.S.A.)

First I should like to compliment I. Th. Rosenquist on an
excellent job of reporting. He has emphasized the importance
and requested that we discuss moisture in fine-grain soils—the
role of this moisture in soil behaviour and its movement. Our
Soils Group at MLL.T. has studied the nature of moisture in clay
and I should like to summarize some of our present thoughts.

Our adsorption data agree with the results of the heat of
wetting data cited by the General Reporter. These data
indicate a layer of orientated water next to the mineral surface,
the water molecules being held by strong electrical forces from
stray charges in the mineral and from the exchangeable ions;
the adsorbed layer is, however, very thin. For example, our
results on kaolinite show this water layer to be about 2 mole-
cules thick and about 1 to 2 per cent in water content. Beyond
this adsorbed layer essentially all the moisture in a natural clay
is within the colloidal diffused double layer, and its behaviour
follows the Gouy-Chapman theory.

In pure clays I feel that shear strength is due to attractive
forces between mineral particles; therefore, in my opinion
there is no fundamental difference from the point of view of
mechanism between friction and cohesion. Since the strength
appears to be due to attractive forces it is directly related to the
contact area between particles and, inversely, is related to the
distance between these particles: both depend on intergranular
pressure. If we increase that, we increase the contact area
between the particles; this increases the strength and we
decrease inter-particle spacing; this increases shear strength.
If we change the intergranular pressure by reducing it, I do not
believe that the changes in orientation are reversible; therefore
its contribution to shear strength is reasonably permanent.
Particle spacing is I think generally related to intergranular
pressure and if we relieve that its strength decreases.

Clays desire moisture to satisfy the adsorption tendency of
this very thin layer and to complete the double layer; they will
therefore suck in moisture and will fully develop their double
layer, which means a reduction of the ion concentration in the
double layer. The osmotic concept is in complete agreement
with this concept. As clays take on moisture by adsorption
the particles move farther apart and the strength goes down.

I question the widely held concept of water bonding, that is,
attributing cohesion to tension in the water. During desicca-
tion I feel that water tension plays a vital role, and I do not
question that; I do, however, question that the clay strength is
due primarily to tension in the water film and in support of the
contention that this concept is erroneous I would raise two
points. First, we have seen cohesion in clays even where we
have measured positive pore pressures and, secondly, the
highest cohesion is when the clay is completely dry. The
water content is therefore zero and we cannot attribute
the cohesion of the strong clay to the water.

With regard to moisture in frozen soils, as the soil freezes it
takes moisture from the double layer. This results in an
increase in ionic concentration and water flows in from the
bottom to satisfy this condition. It is osmotic pressure. I
believe that moisture transfer mechanism in freezing soil is the
same as that which occurs when soil swells.

J. A. J. SALAs (Spain)

I should like to draw your attention to the discrepancy
between two conceptions which are sometimes used as equiva-
lents or as if directly related, namely, the amount of fixed water
and the film of adsorbed water.

The expression ‘film of adsorbed water’ is often employed
in a very loose fashion, confusing the actual layer of adsorbed
water, which is the external sheet of the Helmholtz double layer,
and the equivalent double layer. The first is diffuse and is
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liable to give rise to misunderstanding when speaking about its
thickness. The second is a mere convention—sometimes
defined by the tangent to the Gouy potential curve at the point
of intersection with the surface of the particle. The amount of
fixed water is, on the other hand, related to the adsorption
phenomenon; but it is also related to the roughness of the
particle surface, with the terraced pattern of its ends and with
its irregularities of shape. These dead spaces caused by the
roughness of the surface of the clay may quite possibly be one
of the causes of the secondary compression, and this leads us
to a consideration of the nature of the contacts between the
particles of the clay.

During the last few years there seem to have developed two
lines of thought on the nature of these contacts. They are
sometimes called the ‘Effective Contact School’ and the ‘Wide
Spacing School’. In my opinion these definitions are com-
pletely inadequate. On the one hand they suggest that those
who defend the second school consider that there is no effective
contact between the particles. Without any doubt there exists
an effective contact between the particles of clay as there exists
transmission of stresses. For example, the contact between
the crankshaft of an engine and its bearings is effective—very
effective, but not direct: there exists between them a layer of
lubricant to be taken into consideration.

From these deductions I would propose that the following
definitions of ‘direct contact’ and ‘effective gap’ might be more
proper, considering that the second school characterizes itself
by the importance it gives to the study of the gaps believed by
it to exist between the particles. This school is not sure
they deserve the designation wide or narrow, but believes,
although not being ‘as deep as a well or as wide as a church
door’, that they embody a major part of the secret of the
compressibility of clay, also of its cohesion and that of its
shearing strength.

Those who, until now, have worked in the demonstration of
this idea have endeavoured to simplify the phenomenon to the
extreme: they must be excused for that as it is the reasonable
way of the experimental method. Nonetheless, they never
pretended that the results of their tests were representative
except of only one part of the behaviour of a natural soil: this
assertion is clearly shown in all their studies. For example,
to take one of the most typical, G. M. Bolt’s article, published
in Géotechnique in June 1956; the title itself states that the
subject to be discussed is ‘Physicochemical analysis of the
Compressibility of Pure Clays’. In the study which Serratosa
and I made and presented at the Zurich Conference, we em-
ployed pure and homoionic clays which had previously been
extracted and electrodialysed so that the maximum size of the
particles was 1-2 . The problem of the behaviour of natural
soils is evidently different, but when studying this it is im-
portant that we should have a knowledge of the behaviour of
the pure clays.

A promising way for relating one with the other was shown
by Karl Terzaghi, in a letter to the Editor of Géotechnique in
December 1956. I daresay that in this problem, as well as in
that of the permeability and other related problems, the
observation of the structure of the soil can be very usefully
made with the techniques and concepts of W. Kubiena, late
Professor of the Landwirtschaftsschule of Vienna. To refer
only to an essential division, Kubiena distinguishes between
two types of structures, the ‘pectic’ and the ‘peptic’. In the
first the clay is coagulated and forms clusters of the shape
described by Terzaghi in his letter to Géotechnique. In the
second one the clay is peptized and covers the coarse particles
of soil with a continuous film through which they make contact
with each other. Within each of these basic classes of structure
Kubiena makes other subdivisions, the study of which can be
very important to the subject of our discussion.
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E. C. W. A. Geuze (Netherlands)

Referring to the General Report, I should like to make some
comments on the suggestions concerning the movement of
water in relation to creep and the long-term or secular settle-
ments. The choice of both subjects is significant, and it tells
us quite a good deal about the General Reporter’s point of view
concerning the importance of physicochemical properties of
fine-grained soils containing clay minerals. It may be of
interest to him to know the Dutch attitude towards the related
mechanical properties of these soils as expressed by Keverling
Buisman in 1939, and I should like to quote some lines from
his book Grondmechanica:.

Modem clay research has led us to assume the water molecules next
to the clay mineral particles to be directed towards these and to be bound
to these by electrical forces; those at greater distances would be less
strongly bound than those next to them. The latter would be so rigidly
fixed that this absorbed water would behave as a rigid or at least as a
fluid of extremely high viscosity. In trying to visualize the process of
squeezing out water from the pores, as will occur in a loaded, saturated
mass of clay or peat, the settlement diagrams (obtained from consolidation
tests) lead us to the conviction that the highly viscous fluid is subject to
a plastic deformation and that the so-called ‘free water’ is thereby
expelled from the pores, followed by a slow creep with gradually decreasing
speed. It is quite possible that free water will be enclosed by zones of
high viscosity and therefore will have to overcome a high resistance before
it will be squeezed out.

In this way the late Keverling Buisman was the first investi-
gator to study the remarkable phenomenon of the secular
consolidation effect following from his long-term consolida-
tion tests, and he was also the first who tried to explain this
phenomeron about 20 years ago on the basis of the mutual
forces acting between the soil particles and the pore water.

On the strength of this hypothesis I tried an indirect approach
to the problem by measuring pore pressures at the bottom end
of a consolidation sample, an enclosed volume of water being
used as the pressure medium. These measurements were
carried out at a high precision and utmost care was taken to
prevent any movement of water from or into the bottom of
the sample. A great number of these tests were carried out
and the results led to the following conclusions: First, secular
settlements will occur after the pore pressure built up by a step-
load has decreased to the lowest measurable limit, that is, to
about 0-2 per cent of the applied vertical stress. Secondly,
following step-loads will build up maximum pore pressures of
decreasing magnitude. Thirdly, the higher the initial density,
the maximum pore pressure will accordingly decrease. These
findings indicate that movement of water may occur at ex-
tremely low rates and be maintained for considerable periods
of time, as for instance when measured over 1 year at hydraulic
gradients, which could hardly be realized in an ordinary per-
meability test.

The second point, however, is even more significant. If the
maximum pore pressure remains below the applied stress, this
means that part of the load is not transmitted to the pore water.
Therefore I had to assume that either one of two main causes
or both would be responsible for this behaviour: (a) frictional
forces activated between directly contacting coarse particles;
and (b) viscous forces activated in and between conglomerates
of clay mineral particles.

As the material used for the tests contained both constituents,
clay mineral particles being present in a quantity of about 20 per
cent of the dry weight, I was led to assume that both elements
would be responsible for the residual inter-particle forces.
Some indication as to their respective effects could be derived
from the build-up of pore pressure. A sudden drop of pressure
would be registered directly after the load had been applied,
followed by a gradual increase of pressure lasting for more than
one hour. This behaviour could well be ascribed to the com-
bined effect of the frictional and viscous forces, activated by a
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