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Deep Foundations

Fondations profondes

Chairman/ Président. P. C. RUTLEDGE (U.S.A.)

Deputy Chairman/Président adjoint: J. P. CARRIERE
(Canada)

General Reporter/Rapporteur général: A. KEzp1 (Hungary)

Chairman: P. C. RUTLEDGE (U.S.A.)

Ladies and gentlemen, I declare this session of the Sixth
International Conference open. Today we have an unusual
opportunity to hear from a true scientist. Our speaker this
morning is a palaeo-botanist and is Chairman of the Depart-
ment of Botany of McMaster University in Hamilton,
Ontario.

It seems a bit unusual that we should be having a botanist
speak to us, but Dr. Radforth was persuaded to become
interested in the engineering aspects of muskeg by our
General Chairman, Robert Legget, in 1945. He has since
devoted most of his time to the study of this subject and has
carried on, I believe, both botanical and engineering research
under the sponsorship of the National Research Council of
Canada and the Defence Research Board. Our speaker
actually is known all over the North American continent as
Mr. Muskeg. So, we are going to hear from Mr. Muskeg
about muskeg. Dr. N. W. Radforth.

(Dr. Radforth's lecture appears on pp. 149-54.)

CHAIRMAN RUTLEDGE

I am sure that all the members of the International Society
of Soil Mechanics and Foundation Engineering are deeply
grateful to Dr. Radforth not only for a graphic and interest-
ing description and discussion on muskeg, but for a beautiful
presentation of the application of the true scientific method
to engineering problems. Thank you very much Dr. Rad-
forth.

Since it is Monday morning, after a pleasant weekend, we
will Tun a little bit late in our programme and take a 10-
minute break.

(There followed a brief intermission.)

CHAIRMAN RUTLEDGE

Members of the International Society of Soil Mechanics
and Foundation Engineering, it is my privilege to open this
Sixth Technical Session of the Sixth International Con-
ference on the subject of deep foundations and, more speci-
fically, of pile foundations. This subject is an illustration of
what seems to me to be an unfortunate divergence into two
branches of our society: the highly restricted theoretical and
laboratory investigations of soil mechanics on the one hand,
and the practical problems of foundation engineering on the
other hand. The design and installation of pile foundations
is an intensely practical problem. Our distinguished General
Reporter has tabulated 215 papers on the subject of piles and
pile foundations that have been presented at 10 international
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conferences over the past thirty years. Over this same thirty
years I have had personal contact with the design and/or
installation of over 1000 projects involving pile foundations.
With considerable regret I am forced to the conclusion that
a relatively small number of the 215 papers have been usable
or used by the practising foundation engineer. This is unfor-
tunate both for the engineer and for the people who are
doing the work and producing the papers. I think that the
answer lies in a more careful consideration in research of the
subsurface conditions where piles would form a practical
foundation solution, of the ways in which piles are actually
installed and used in foundations, and of the performance of
the real structures that are supported on pile foundations.
There are a great many problems in the design and con-
struction of actual pile foundations. Almost every pile
foundation project involves the determination and resolution
of things the development of which are uncertain, uncertain
at least until they are resolved on the job and the job pro-
ceeds. My plea is only that our work, our research, and our
papers in this subject will concentrate more strongly on the
observations and measurements of actual pile foundations in
the natural soil conditions under which piles are used in
practice. It is now my pleasure to introduce our General
Reporter for this session, Dr. Kézdi, who is Professor of Soil
Mechanics at the University of Budapest in Hungary.

General Reporter: A. KEznr (Hungary)

The pile foundation has a very long history in building
construction. Prehistoric lake dwellings, Roman temples, and
the cathedrals of the Middle Ages all made use of this
foundation element and it always proved itself to be the most
reliable and most economical deep foundation. The techno-
logical age brought new and rapid development: even since
the establishment of soil mechanics we can observe new and
bright achievements in this field.

The reasons for the increasing importance of pile founda-
tions are obvious. First, the weight and size of modern struc-
tures continue to grow, and the bearing capacity of the upper
layers with average strength is not sufficient to carry these
great loads. Secondly, it is more and more difficult to find a
site where the subgrade is suitable for this type of construc-
tion. And thirdly, much of the rapid development of the last
decades has taken place in areas where the subgrade consists
of a thick deposit with low bearing capacity. Today there is
a shortage of soils with high bearing capacity!

The ever increasing importance of deep foundations is
reflected in the literature and in the conventions of soil
mechanics. I prepared a table for my General Report listing
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ten conferences, held in the past thirty years, where the
problems of piles and piled constructions have been dealt
with to a considerable extent. It is evident from that table
that the interest in this field is increasing steadily. This is
shown, for example, by the increased proportion of the
papers on piles at the international conferences (Fig. 1.); the
Montreal Conference has the highest percentage. As well,
there were four conferences which have dealt exclusively
with the problems of piles.

However, this increasing number of conferences has its
dangers, too. The difficulties, outlined by President Casa-
grande in the Opening Session, of keeping pace with the
rapid growth of information are felt more and more, and if
we examine the frequency of conferences, we can see (Fig.
2) that the interval between conferences is decreasing
rapidly. If this trend continues we shall soon be discussing
our problems at a permanent and eternal conference! I know
that World War 1I is responsible for the first part of the
curve, but even so the trend is there. This reminds me of the
old story about the veteran soldier of World War I who told
his countrymen about a battle in which he had participated
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where they loaded the rifles and shot, loaded and shot again,
and finally did not load at all, but just shot! Sometimes I have
the feeling that we research and report, research and report,
etc.

It is also interesting to note the rate of increase of the
papers presented at all of these conferences. Today the rate
is three times higher than in the early “fifties. Unfortunately,
the quality of the papers has not improved in the same
measure as the quantity: there is much repetition and many
papers which would get a rather low rating on the system
proposed by Professor Casagrande. The trouble is that in



most cases we have to read the paper before we can rate it.
In the statistical evaluation, I could not give a rating to the
papers, because I think that a rating might be unfair if given
many years after the paper is written.

The distribution of the papers on piles among the different
themes is presented in Fig. 3. For the classification of the
themes I made use of the system proposed in my General
Report. The majority of the papers belong to the first group:
40 per cent of the individual contributions fall into this
category. It is interesting to examine how the number and
the percentage of the papers in the five groups varied in time,
at the different conferences (Fig. 4). In my General Report,
I expressed my regret that the percentage of the papers
dealing with field tests and measurements has decreased up
to the Fifth Conference. I also regret the low percentage in
the second group, because this group could be the treasury
of well-documented case histories and evaluated experiences
with piles.

Let us now examine the problems listed in the first
category.

BEHAVIOUR OF SINGLE PILES

We only know of a few attempts to solve the basic problem
of describing the behaviour of a single pile under the action
of a load acting along its axis. It is customary, in investiga-
tions of spread foundations, to design a footing in two
subsequent steps. We first investigate the limit equilibrium
of the system; then, after the application of a suitable factor
of safety, we determine the design load and also the deforma-
tions, the settlements. Unfortunately, this method is rather
artificial and theoretical in the case of piles.

The reason for this is that we very seldom have a case
where general failure occurs: the loading diagram does not
have a vertical tangent and the end tangent is a slanting line.
A given factor of safety would furnish different design loads
for the same pile, depending on the value of the load on the
test pile. The separate calculation of the surface friction and
the point resistance as limit values, and, subsequently, with-
out taking the settlements into consideration, the addition of
these parts taking the sum as the ultimate bearing capacity
is definitely a bad procedure. It neglects the process of
mobilization of skin friction and point resistance. These are
definitely interdependent and depend, in turn, on the settle-
ment and compression of the pile. The initial resistance to
deformation is predominantly from surface friction, but for
larger settlements of the piles, point resistance becomes the
dominant factor in the total resistance as ultimate load is
approached. This behaviour underlines the importance of the
requirement that the whole process of loading be investigated.
We must also keep in mind that this process is not inde-
pendent of the manner of installing the pile or of construc-
tion methods.

At present, the solutions available for this problem are
rather rough approximations and they have been worked out
only for some special subsoil conditions, sometimes for cases
that are not encountered in practice. There is an urgent need
to establish some well-defined practical cases for the applica-
tion of the piles and to investigate them with regard to the
loading diagram. I agree, of course, with those colleagues
who emphasize the practical and theoretical difficulties
encountered in studies of this sort; however, it is better to
develop in this way than to make virtue out of necessity and
to establish highly sophisticated theories without taking
actual behaviour into account. The aforementioned typical
practical cases would include a pile penetrating into a soft

layer and standing on a lower layer of high bearing capacity,
bored and driven piles and also some modern construction
techniques, piles in more or less homogeneous material, and
the variations in conditions of the pile head (fixed or free).
The stresses acting on the mantle surface of piles are, par-
ticularly in clays, time dependent, a factor which has also
to be accounted for.

The solutions would describe, then, the behaviour of the
pile in a manner that can be used in practice. This means a
method which, for a given soil profile and certain physical
characteristics, enables us to predict both the probable
loading diagram of the pile and the distribution of the pile
load along the pile as a function of the total load.

In the field of investigations aimed at the determination of
the behaviour and bearing capacity of single piles, the papers
presented to this Conference point out the right way for
research, at least with regard to the methods used. No
mention was made of the pseudo-scientific and pseudo-
theoretical pile driving formulae: I gladly agree with that,
since the shortcomings and weaknesses of these have been
pointed out some 25 years ago by Cummings. However,
from year to year, “new” and “improved,” “reliable” formu-
lae have appeared in the literature and in practice. Fortu-
nately, this is not the case now which supports the opinion
of your General Reporter, that there is no possibility of
predicting the bearing capacity and settlement of a pile under
static loads from pile driving formulae!

PILE GROUPS

I proposed, as a second item of discussion, the bearing
capacity and behaviour of pile groups. Investigations in this
field began, like the work on the loading diagrams, quite
recently. In this field, we again have a method, which, like
the pile-driving formula, was well established with civil
engineers and which may be regarded almost as a “supersti-
tion”: I am speaking of the efficiency formulae of the past
that solved the problem in a very simple, mechanical way,
without taking the essential elements and factors into ac-
count. It is true that the settlement of one pile depends only
on the soil surrounding the pile, but the settlement of the
complete pile foundation depends on the number and spacing
of the piles, on the method of construction and, above all, on
the compression of the layers underneath the pile tips. The
“efficiency formulae” take care of only the number and the
spacing of the piles.

Pile groups are also investigated by a statical method,
similar to that mentioned in my report. The role of these
theories and methods in soil mechanics is like that of the
theories of elastically supported, load bearing structures,
using a coefficient of subgrade. The simplifying assumptions
make a clear-cut mathematical solution possible, a much
more elaborate one than that could be warranted by the
assumptions. The fact that no paper was contributed to this
conference which used these methods shows that I am not
alone in this opinion.

In general, establishing the value of the bearing capacity
of pile groups is a very expensive research item. Therefore
I think we should use the one-to-one model tests, the
measurements on existing structures. Settlement observa-
tions, and eventually built-in pressure cells furnishing con-
tinuous records on the movements, forces, and stresses, could
help tremendously to set up the framework which is neces-
sary for a theoretical solution. The cost of these measure-
ments is a very slight fraction of the cost of the foundation
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and many large construction firms or even design bureaus
could give a great deal of help to the profession by making
these measurements. Settlement observation is particularly
important in clay soils, as has been shown by the papers on
this subject presented to this conference. At the present state
of our knowledge, this may be the most important pre-
requisite for future development. With regard to testing, an
extensive testing programme could be carried out on the
basis of international co-operation as a real team effort.

Returning to the papers presented to this conference, it is
probably safe to say that piles driven in clay are of limited
value in reducing the settlement of the structure. Pile groups
composed of piles driven in loose sand may have a greater
bearing capacity than the sum of those of the individual
piles, provided that the spacing of the piles is smaller than
a given upper limit. In dense sands, nobody would drive
piles! The cases which are the most important in practice,
those where we have a lower layer with high bearing capacity
and an upper layer with low bearing value, have not been
investigated yet.

The experimental approach would be highly desirable for
cases involving other than vertical loads and piles. In this
field, the behaviour of the single pile, acted upon by lateral
loads and moments, is much less clear than that of the
vertical pile under vertical load. Here again, the measure-
ment of the horizontal and vertical displacements and also
the measurement of the stresses and forces in actual con-
struction, set forth in several papers presented to this
conference, will furnish the basis for a new theoretical
treatment. The application of the coefficient of subgrade
reaction to the problems of piles loaded with horizontal
forces is not justified, and any theory making use of this
concept represents only a rough approximation.

This brings me back to what I said about superstitions
with regard to pile bearing capacity. The pile driving formu-
lae, the efficiency formulae, and the term “coefficient of
subgrade reactions” might have served the needs of former
structures and given satisfactory results; however, their
application today to modern construction with large dimen-
sions, greater forces, new construction methods, and higher
requirements is an unwarranted extrapolation. Therefore, we
have to find methods which will give a sound basis for the
design engineer of today. I feel strongly that many of the
papers presented here give evidence that we are already on
our way to this goal and also that the discussions today will
add something to our knowledge.

(Dr, Kézdi’s General Report appears on pp. 256—64.)

CHAIRMAN RUTLEDGE

Thank you Dr. Kézdi for your interesting and informative
report.

I would like to introduce the members of the panel who
are going to give us discussions today. On the right, Dr.
Zeevaert of the University of Mexico, who is also our
Vice-President for North America. Next to Dr. Zeevaert,
Dean Meyerhof, whom you all know as a very active mem-
ber of the committee that organized this conference. Next to
Dr. Meyerhof, Dr. van der Veen, who is Director of the
Department of Water Supply for the City of Amsterdam,
and on the left, Mr. Parez, who is a contractor engaged in
pile work in France. The panel discussions this morning are
going to be restricted to topics (a), (b), and (d) in the
printed programme. We will begin with discussion of the
first topic—stresses and deformations in and around piles
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showing vertical loading and different soil profiles—and I
will call on Dr. van der Veen to initiate this discussion.

Panelist: C. vaN DER VEEN (Netherlands)

I have been asked to say a few words on stresses and
deformations in and around piles during vertical loading in
different soil profiles. The problem of stresses and strains in
and around piles, even if we limit ourselves to a vertical
loading, constitutes such a vast field that I can touch upon
only a few points. Because of the limited time available I
shall not go into too much detail but will limit my remarks
to some general comments.

First of all the basic question itself: what are the stresses
and strains around a pile when loaded. The purpose of a
pile is to transfer loads imposed by the structure to suitable
soil layers. This we always have to keep in mind. Most of
the time the stresses around the shaft of the pile and the point
are considered separately. This is an approximation, how-
ever, and if we are to treat the problem from the point of
view of more basic principles we should follow a more
general procedure. Actually we have to deal with a vertical
load on a half-space that consists of two materials, one of
which is in the shape of a pile, on top of which a load is
acting. The two materials have different elastic and plastic
properties.

First of all then, to answer question given, we should
know these properties. As to soil, we have not so far suc-
ceeded in describing its properties in simple rheological
laws, where relations between stresses, strains, and time are
given. We know that there is not a linear stress-strain rela-
tionship, that some of the deformations develop with time,
and also that some of the deformations remain when the
stresses have ceased to work. This alone makes a theoretical
approach very difficult. But there is more.

The homogeneity of the soil changes when a pile is intro-
duced because some of the soil has to be displaced hori-
zontally and also vertically in order to allow the pile to
penetrate. Such changes are different in a loose sand and in a
dense sand. In clayey soils, pore pressure is increased through
pile driving and it depends on the permeability of the clay
how much time it takes before the excess pore pressure has
dissipated. The pile which has been introduced is by no
means always without stress. In some cases it has been
observed that due to the deformations of the pile during
driving, frictional forces between the pile and the soil will
occur which remain when pile driving has been finished. The
total sum of these vertical forces equals the weight of the
pile, but the distribution of this friction along the pile is
not uniform. It also makes a difference how the pile has
been inserted in the soil, e.g., driving, boring, or screwing.

Then we have to confess that we do not know, at least not
completely, the stresses and strains in the soil even before the
pile has been placed. In particular we do not know the
relationship between the vertical and horizontal effective
stresses, a relationship which is important with respect to the
bearing capacity of the pile. This point is stressed in the
paper by Kérisel, et al. (4/9) who point out that the horizon-
tal compressibility is of great importance.

If we have a soil which is not consolidated, stresses and
strains are not fixed quantities but will vary with time and
thus influence the bearing capacity of the pile, causing
negative skin friction, for example. Negative skin friction
can reach very high values; this has been observed in the
Netherlands and the paper by Johannessen and Bjerrum
(4/8) gives a similar result for a pile founded through a soft



layer in rock. The shape of the pile has to be taken into
consideration. It may be cylindrical or tapered, or have an
enlarged tip or a cuff, as described in my own paper (4/23)
to this Conference.

Begemann's paper (4/1) stresses the importance of the
loading programme: the load can be applied quickly or
slowly, or be repeatedly taken away and applied. All this
has an influence on the stresses and strains around the pile.

I have still to mention, and you are aware of it, that the
properties of the material of which the pile is made of are
equally important. We know that reinforced concrete does
not show a linear stress-strain relationship and has a plastic
behaviour.

Summing up, Mr. Chairman, the stresses and strains in the
very simple case of a vertically loaded pile in soil are in-
fluenced by many factors: the properties of the materials
involved, the homogeneity of the soil, the stress history of
the soil, the change being caused in the soil stresses and
strains by inserting the pile in the soil, the occurrence of
pore pressures. It is no wonder that no one has ever tried,
or succeeded so far, in solving this problem in a general
way. We know however that valuable results of tests are
available.

Mr. Chairman, the question is this: what must be done to
approach a better solution?

First of all, we must increase our knowledge of the basic
laws of soil mechanics. I think a lot of research has to be
done on that subject and it is essential for this purpose that
money and people be avajlable. We know, and it is demon-
strated by the contributions to this Conference, that a large
amount of very intelligent and careful research has been
done and is being done in this field.

However I feel that we should do much more. There is a
danger that in our branch of technology, meaning the
building profession which is the oldest technical profession,
we are lagging behind when compared with many other
similar branches such as electronics, chemistry, and aero-
nautics. Much more basic research is done in these fields
which means that progress in them is much more spectacular
than in our own branch. It is my opinion that our research
should be organized more comprehensively, that there should
be more co-operation and more long-term planning so that
new research can be grounded in the results obtained from
earlier investigations. As it is now, very often research is
merely a repetition of investigations already performed. I
have a strong feeling, Mr. Chairman, that unless we change
our habits on this point we will come to the conclusion in
perhaps a short time that soil mechanics has not made much
progress in the past few years.

Even under ideal circumstances, however, it will take a
very long time before we will have solved the basic problem
of stresses and strains in soil. Therefore, in the meantime, I
strongly emphasize that to fulfil the immediate needs of the
construction engineer we must continue to perform tests for
simplified cases, such as pure friction piles or pure end bear-
ing piles. The General Reporter, in his report, made an
important suggestion, in proposing to establish recommenda-
tions for loading tests on piles.

In my opinion the most interesting case for the practising
engineer is that in which the ultimate bearing capacity is
reached, because this is a simple case to investigate and it
also allows for a fair estimate of the safety of the foundation
or the probability of failure. Summarizing, we should
concentrate on solving that part of the problem first and
combine theoretical considerations, while they are being

developed, with simple field tests that give quick and reliable
data about the soil conditions and properties, in so far as
they relate to the bearing capacity of a pile.

I am very much aware that I had to condense my remarks
up to a point where they perhaps are not sufficiently clear,
but I hope this will serve as a contribution to the discussion.
Thank you very much for your kind attention.

CHAIRMAN RUTLEDGE

Thank you Dr. van der Veen. Dean Meyerhof, would you
care to comment briefly on Dr. van der Veen’s remarks?

Panelist: G. G. MEYERHOF (Canada)

Dr. van der Veen has indicated some of the problems
associated with determining the influence of piles on the
stresses in the soil. Some years ago, we made some field
investigations in uniform sandy soils with penetrometers near
single piles which had parallel shafts and in some cases had
parallel shafts with an expanded base or displacement
casings. These indicated the changes which occurred near the
pile, extending to a distance approximately three or four
times the pile diameter from the centre in a horizontal
direction, and approximately four to five times below the
base. We could in this way also distinguish approximately
the zones of intense shear deformations in the piles, which
are roughly one-half of the limits indicated above, but an
analysis as Dr. van der Veen mentioned previously is
extremely complicated since the elastic and plastic theory
has to be combined with the real deformation properties of
the soil.

CHAIRMAN RUTLEDGE

Thank you, Dean Meyerhof.

Piles are rarely used as single piles in foundations; they
are almost invariably in groups. As Dr. Kézdi has pointed
out, there seems to be a growing number of papers concern-
ing pile groups, and properly so. Our second topic is a
discussion of the performance of pile groups. I will not
bother to read it; you have it in your programme. I am going
to ask Dr. Zeevaert to open the discussion on this subject of
the loading of pile groups.

Panelist: 1.. ZEEVAERT (Mexico)

Upon the suggestion of the General Reporter that I talk
on pile-soil interaction in pile foundations, I take pleasure
in presenting to you some conclusions drawn from my pro-
fessional experience. The practising foundation designer is
interested mainly in obtaining the first significant figure of
the problem that will enable him to predict with safety the
behaviour of a pile foundation. This discussion will only
apply for a large group of piles and is intended to visualize,
in a simplified form, the mechanics of pile-soil interaction—
the factors involved and, therefore, the magnitude of the
problem encountered.

The bearing capacity of a large pile foundation is mainly
related to the settlement or differential settlement that such
a foundation may undergo upon load application. Since it is
impossible to test a large group of piles, one is compelled to
study the behaviour of a prototype and correlate this with
the working hypotheses used to design a pile foundation. To
illustrate the principles involved in obtaining the order of
magnitude in the behaviour of large pile foundations, I will
take the case of a friction pile foundation in a compressible
material like clay, silt or silty clay.

It has been my experience that for the good performance
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