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Session Secretary/Secrétaire de Session: T. Kimura (Japan)

Chairman: B.A. Kantey

May we begin, please? Gentlemen and ladies,
we have a very tight schedule this morning,

so I would like to begin. We don't mind being
interrupted while you take your places.

It has been for me a very great privilege
through the past couple of years to receive
copies of correspondence between the three
gentlemen concerned with the State of Art
Report and to watch the interplay of ideas
which has led to the production of the State
of Art Report covering this session, a docu-
ment which in my opinion is one of the most
significant documents to come out in recent
years. It is therefore very much of an honor
for me to chair this Sessicn 2 with this dis-
tinguished panel which you see before you.

I do not intend to waste your time or the
panel's time with any technical comments, as
I believe the panel before you will do full
justice to the topics under discussion. Suf-
ficient it is to say that it is possibly
appropriate that the geographical center of
this panel is somewhere in the continent from
which I come.

I would like to start off by mentioning the
session's Secretary, Professor Kimura, who
has been an absolute tower of strength to
your General Reporter Dr. Burland and myself
since even before our arrival here, and we
would like personally to express our thanks
to him in front of you.

To your left and to my right, the first mem-
ber of our panel is Professor Hakuju
Yamaguchi, Professor of Soil Mechanics at the
Tokyo Institute of Technology. Next to him
we have Professor Trofimenkov, Director of
the Foundation Design Institute of Moscow.
Next to him we have Alexander Vesic, Jones
Professor and Dean of the School of Engineer-
ing at Duke University in North Carolina,
USA. Then we have Jerry Leonards, well known
as Professor of Soil Engineering at Purdue
University. Going a bit further north in
Canada, we have Jeff Meyerhof who is Head of
the Department of Civil Engineering of Nova
Scotia Technical College in Halifax. On my
immediate left is your General Reporter Dr.
John Burland, Head of the Geotechnical Divi-
sion of the Building Research Station. Then

we have Dr. Bengt Broms, Professor of Soil
and Rock Mechanics, the Royal Institute of
Technology, Stockholm, Sweden.

At the far end, we have Victor de Mello.
Victor de Mello doesn't need much introduc-
tion as a Vice President for South America
and Professor of Earth Works Foundation Engi-
neering at the Polytechnic School, University
of Sao Paulo, Brazil. He is a Consulting
Engineer, and as I have said the outgoing
Vice President for South America.

I should like at this stage to draw your
attention to the fact that the General Report-
er has in the Bulletin specifically selected
five topics which he wishes to be discussed

at this session. Unfortunately, some of you
who have put in for discussions have not read
those five topics, and if your name is not
called up for discussion during the period
allowed for discussion, it will be because we
are going to give priority to those who have
obeyed the instructions of our General Report-
er.

We also propose, because of the wide range of
topics to be discussed, not to have the break
of 20 minutes but to carry straight through,
and for those of you who cannot sit for that
length of time, nobody will mind if you qui-
etly get up and walk out and come back at a
later stage.

Without further ado, I would like to call on
John Burland to present his report.

General Reporter: J.B. Burland

(The General Reporter's presentation is ommit-
ted here because it is essentially the same
as the contents of the State-of-the-Art Report
in Proceedings Volume II and of the General
Report in Proceedings Volume III.)

Chairman Kantey
Thank you, John. I think that what John
Burland has said is right up Victor de Mello':s

alley, and I would like him to start the ball
rolling.
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Co-Reporter: V.F.B. de Mello

I have been requested to summarize some
thoughts on practical design of foundations
and structures to take account of deforma-
tion, structure-soil interaction, variability
of ground conditions, and limits in the knowl-
edge of soil properties. It is obviously a
request for very synthetic comments on so
vast a subject of momentous relevance to the
practice of foundation design. It is sur-
prising and sad to note how over many years
there have been no papers presented to this
Society directing as to possible routines of
practical design steps for the average or
simple case.

Yet, in the beginning was Practice, and Prac-
tive was with Engineering Execution, and
Practice was Engineering. 1In concept, one
must go through a single common routine for
all cases, to begin to sort out those that
might require more attention. Many a worthy
development loses sight of the difference
between engineering and engineering science,
and new tests and theories are compared with
other tests and theories, and not with the
functionality towards DESIGN DECISION.

Fig. 1 attempts to summarize schematically
the diametrically opposite trends in science,
and in engineering. 1In the former we proceed
in investigating on by one the additional
parameters that may influence a behavior X,
and we are elated at each added proven inter-
ference, and shout "Eureka". Meanwhile in
engineering we recognize a priori that any
behavior X is a function of infinite number
of parameters, and therefore, by DECISION we
begin in the first approximation by consider-
ing only one parameter, then gradually two
parameters, and so on. It is a conscious act
of decision, within which, however, we must
recognize that implicitly we must consider
negligible or constant the other parameters,
not incorporated. Moreover, I strongly recom-
mend that we recognize the interference of
DESIRE, since in any decision we subconscious-
ly want, either to repeat what we have done,
or to be more daring and economical, or to
try out a new approach, or to assume that a
pier is no more than a bigger pile, etc.:
that is, we are always fitting mental models
to suit ourselves. Finally, let us summarily
recognize that there is never any such thing
as "true" or "complete” DATA: data are, and
will always be, nominal, associated with the
eyes and theories of the viewer.

In Fig. 2 I am trying to summarize schemat-
ically the most common design cycle, relying
heavily on "INDEX OBSERVATIONS" (transform-
able into INDEX TESTS for quantification), on
PRESCRIPTIONS for DESIGN, and on "OBSERVA-
TION" of the results that yield experience:
obviously there is the intervening of check
COMPUTATIONS. It is on purpose that I use
inverted commas around OBSERVATION, because I
refer principally to the observation of the
great silent majority of structures that do
not require formal monitoring, because they
supply information, not so much on what
happens, but on the many undesirable possibil-
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I-for SCIENCE x=f(a)
X=f (a,b)
X=t (a,b,c)

2-in ENGINEERING
X=f(a,b,c,d...z,etc..)

3-by DECISION 7
Ist APPROX. X=f(a...)
2nd APPROX. X=f(a,b...)
3rd APPROX. X=f(g,b,c...)

the rest being
Consciously neglected
are negligible

because o
\are maintained

constont

DESIGN= DECISION DESPITE DOUBTS

. RECOMMENDATIONS

DECISION= f(DESIRE,etc ] |- double - check
as devi's odvocate

DOUBTS= f ("DATA", etc) |2-develop by
decreasing dispersions

Fig. 1

ities of behavior that did not occur. Man
quickly notes what is undesirable and has
always developed experience by an intuitive
application of Bayes theorem of probabilities.

It is my contention that in civil and founda-
tion engineering we have been misled by the
comprehensible fear of failure, into attempt-
ing to adjust our computations to F=1.00 at
"failure". Failure is an extreme event, and
computations concerning the statistics of
extremes are bound to be fraught with frustra-
tion (de Mello 1977). From failures we must
learn the physical model to our problem.
Meanwhile, from the vast number of operational
non-failure cases, at different or varying
nominal F values (or other design criteria)

we must adjust our quantified statistical
universe of averages to establish and pre-
scribe the boundary criteria between accept-
ance or rejection. The progress in such an
endeavour, or in any link within the design
cycle of Fig. 2, can be well guantified by
applying Bayes theorem.

It is not at all surprising that with
"experience" one concludes that a given INDEX
TEST or a given CORRELATION or temporary
PRESCRIPTION needs to be set aside as defi-
nitely unacceptable (Step D, Fig. 2). For
instance, it has been concluded that in
saprolites of igneous rocks the conventional
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index tests lead to widely erroneous predic-
tions of behavior (de Mello, 1972).

Similarly, in many a design-prescription type
A (such as involved in establishing allowable
footing pressures based on SPT), or even of
type A2 (such as involved in applying a
factor of safety with regard to load test
failure pressure or load, in establishing the
allowable design values) the inexorable
recognition arises that design acceptability
in step C cannot be conditioned by factors of
safety on failure, but must be proven with
regard to limiting settlement acceptances (de
Mello 1969). Although most salient cases of
failure (catastrophic) are concerned with a
physical model of real failure, most revi-
sions of design to within acceptability are
imposed on account of settlement and dif-
ferential settlement acceptance criteria, of
relatively indefinite boundaries. Present
serious limitation in our knowledge has to do
with the many parameters implicit in any
given statistical universe of experience
transcribed in over-simplified prescriptions
or correlations that met early requirements
of first-order approximation. Corresponding-
ly the principal "failures" (purposely used
in inverted commas to signify a technical
K.0., an unacceptable performance) occur when
one (a) fails to recognize the statistical
dispersion implicit (hopefully to be explic-
ited) in any correlation or prescription,

and (b) principally when one transfers
satisfactory practices from one region or
type of structure to another, without appro-
priate adjustments.

In the light of such reasoning, it appears
worthwhile exemplifying with some of the
shamefully unsophisticated routine correla-
tions and prescriptions that were established
in Sao Paulo around 1945-55 and are in very
wide use, apparently with no overt complaint,
except when an entirely different condition,
of statistical universe, is at stake. Even
an improvement in a sampling, testing, or
computing method may introduce temporary
trouble until the adjustment coefficients
within the closed cycle of EXPERIENCE are
reset. But one need not despairingly await
for new cases for proving a new procedural
cycle, since if we are honest with ourselves,
case-histories may be reanalyzed as if under
Lambe's (1973) type A prediction. And the
only excuse for such a presentation is to
draw on other such, from within the files of
routine case-histories of design organiza-
tions.

Most of the correlations and prescriptions
very simply summarized in Fig. 3 are of common
knowledge. What is the experience with their
use? For instance, Terzaghi and Peck's
allowable o values referred to SPT would be
type A prescriptions.
tion is such as would limit the allowable
bearing pressure on footings to the pc value
(preconsolidation pressure).

The principal point is to summarize a routine

procedure of design decision (preliminary)
based on simple prescriptions relying pre-
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A typical A.l. prescrip-

dominantly on highly simplified correlations
using SPT values. Shallow foundations are
assumed firstly: the implicit correlations
are with coefficients of subgrade reaction
ks, t/m2 per cm of settlement of a 0.8 m
diameter plate load test, even though appear-
ing to establish a nominal F value with
regard to failure. What are the applicable
scale relationships? How significantly do
correlations and scale relationships vary
with meticulous soil classification? No
trouble has been experienced, up to footings
of dimensions of about 50 m2, although
hundreds or thousands of buildings have been
put up doubtless under such prescriptions
crudely applied.

If the presumed settlements are anticipated
to be unacceptable, and the designer resorts
to piles or piers, the principal prescrip-
tions have been with respect to establishing
base or point allowable bearing pressure on
the basis of cone penetrometer CPT point
resistance gc, assuming no lateral friction
on the pier: also, with respect to estimating
lengths to which precast concrete piles will
penetrate in order to permit (with F=1.5) an
allowable load equivalent to that permitted
by the allowable concrete compressive stress.
The interference of lateral friction may be
incorporated in the rule-of-thumb suggestion
for piles, but in piers the routine should
take its toll because of the absurdity,
principally because full friction develops at
about 5 to 10 mm of settlement irrespective
of diameter of pier and base. But is not the
principal variation, presently left to quali-
tative intuitions, that of so-called EXECU-
TION EFFECTS?

Finally, with regard to establishing damage
criteria, it is my fear that the "start" of
tensile cracking is, and will always be,
elusive, not only because of great variations
of multiple intervening factors, but princi-
pally because it is always much more dif-
ficult to determine a certain "starting con-
dition" (e.g. of initial stresses, etc.) than
to determine the rate change of crack width
with change of differential settlement.
Tension cracking is obviously much conditioned
by the weakest link concept of statistics of
extremes. And incidentally hairline cracks
are negligible and may be classed as accept-
able or even desirable, ... like the advan-
tage of having measles as a child. There-
upon, the principal concern need not be that
of predicting or attempting to record the
onset of hairline cracking, but the quantifi-
cation of crack propagation. A useful
expedient may be to introduce weakened sec-
tions in wall panels to be used as fuse-plugs
for early indication for start of monitoring
on rates of changes. It is suspected that
some existing criteria may suffer significant
revision if we extrapolate backwards curves
of rates of change of cracks vs. differential
settlements.

Dr. Burland has very well summarized these
points and our principal deficiencies, and
it is my hope that we may draw on the vast
cellar of statistical experience from un-
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Chairman Kantey

Thank you, Victor. Jerry Leonards, I think
you would like to reply to that.

Panelist: G.A. Leonards

Let me begin by saying straight off that I
agree with the General Reporters that the
first requisite in the approach to foundation
design is a good knowledge of the real soil
profile. Unfortunately, the State of the Art
Report provides little, if any, guidance on
how this good knowledge is to be achieved.

My first question is how unsophisticated an
approach can one take and still have a "good"
knowledge of the soil profile; that is, one
that is appropriate for examining what might
possibly happen to the structure.

It is however, suggested in the State of the
Art Report that the time may have come to
interpret whatever we believe to be our know-
ledge of the soil profile with a statistical
approach. As we all know these approaches
are becoming more sophisticated and we had a
Specialty Session just yesterday to consider
some advances in this field. I would like to
offer some comments regarding the applicabil-
ity of this approach (a) in the estimation of
consolidation settlements, and (b) in stabili-
ty analyses.

In 1964 at the invitation of the late Dr.
Bjerrum, I had the opportunity to make a
study of building settlements in Drammen,
Norway. I first attempted to get a "good
knowledge of the soil profile" in terms of
the preconsolidation pressure, and at one
site (Engene, 86) which is well documented in
Bjerrum's 7th Rankine Lecture, I arrived at
the results shown in Fig. 1. I was nonplus-
sed by the fact that here was a stratum with
sharp, random variations in the preconsclida-
tion pressure, and I refused to accept the
fact that this was due to differences in
sampling disturbance because I had personally
participated in taking the samples, trans-
porting them, storing them, extruding them,
placing them in the oedometer, and then apply-
ing the loads.

Fig. 2 is an x-radiograph of a clay sample
from Drammen prior to extrusion from the
sampling tube, which was taken by O. Sopp
(1964) at NGI. You can see from the shadings
(the lighter areas represent lower densities)
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that there are substantial differences in the
soil profile on a scale of a few millimeters,
which accounts for the erratic distribution
of the preconsolidation pressure, p.. Refer-
ring back to Fig. 1, it is clear that using
the average and dispersion of p. in a layer
several meters thick is not appropriate
because each value of p_, is associated with a
different value of the overburden pressure
(po) and the net increase in pressure (Ap).
In principle, a statistical analysis is pos-
sible but the scale of layer thicknesses must
often be far thinner than is customary in a
conventional statistical approach.

Fig. 3 is a composite of the logs of several
vane borings in a deposit of soft clay, which
have been plotted to the same depth scale. I
will pause a moment to allow you to assimilate
the variations in measured shear strength.
The data were used to analyse the slope of a
cutting for the Kimola canal in central
Finland (Kankare, 1969). Initially, only
total stress analyses were made but after
failures occurred when the calculated F,S.
for undrained analysis was 1.5, effective
stress analyses were also made (Fig. 4).
While the effective stress analysis gives F.S.
= 1 (using pore pressures measured one day
before the slide) the extent of the actual
failure surface was not even approximated.
Had the slide occurred along the critical
effective stress circle it would have been of
no consequence, as over a dozen such small
slides occurred and were easily tolerated.
The actual slide took place along an inclined
weak seam about 7.5 - 8.5 m below the original
ground surface; it took out the main road and
blocked the canal. Referring back to Fig.

3 you will note that at the 7.5 - 8.5 m depth
there are low strength values--and even these
values are most likely much higher than those
extant in the thin weak seam that controlled
the slide. Given the data in Fig. 3, I
wonder how many more vane borings the statis-
ticians would have recommended in order to
assess the strength variations for a statis-
tically based stability analysis? Unless it
is appreciated that we must look at the dis-
persion in the zone where sliding may poten-
tially occur--which often is a thin weak
layer, or a weakness plane due to fissuring

PRECONSOLIDATION PRESSURE (t/m®
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Fig. 1 Preconsolidation pressure vs.
depth at engene 86 in Drammen Norway
(tests by G.A. Leonards and I. Foss)



or previdus sliding--a statistical approach

may be more mikleading than helpful.

Fig& @=X-radiograph of a clay sample
from dfgerfie 8@ in Drammen, Norway
ktaken "by 2DGHsopp, 1964)

VANE STHRENGTH Z, {tim?)

o 1 2 3 4 s 6 7 B8 9 10
=3 T

HigJ63 Compdsite logs of vane borings
at & & B2)+ 70, Kimola canal, Finland
lfter KabGbre, 1969)

(m)

BigH 64 €rosstBectibn ot November 3,
PREH 'failure BeSdtation 52 + 70 on
the lower canal

Chairman Kantey

Thank3you,3 Jerry. J%hn, do you have some-
thing to say?

General Reporter Burland

I have two comihents to make. Firstly, when
we stress the prime importance of a knowledge
df the lsoil prdfile we are not referring to
the mechanical properties, the determination
df which ranks €hird in our list (see Section
P& lof "84h& SOA Report). By a knowledge of
the sdil profile we! mean an understanding of
the local geology, ground water conditions
and a detailed and systematic visual and
tactile déscription of the soil in each
stratum. It!is on this information that the
majority of foundation decisions are taken.

Secondly, the ques8ion of statistics. Of
course, thé blind use of statistics is very
danger#us. ,A similar example to the one
gquotdd! by7Professor! Leonards is the use of
mean laboratory hinditained strengths for stiff
fissured"clays. Such an approach neglects the
dominhnt ihfluente of fissuring and fabric
and can lead td an overestimate of the
strength in !the! mass by a factor of two or
moref At all times one must understand the
physlics of the problem.

Chairman Kantey

Zictor, I see, yod looking anxious, 30 seconds.

Co-Reporter de Mello

Well, I agreé entirely with Dr. Burland. The
basic problem of course is that statistics is
nothing but a;todol to help us quantify what
we think!in terms of qualitative experience.
We have to use the appropriate models in
using 8t. Otherwise, we would just be using
statistics inappropriately.

Chairman Kantey

fiight.
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