- e B —

IX ICSMFE, Tokyo 1977, pp.364-367.

Co-Reporter: V.F.B., de Mello

I have been reguested to summarize some
thoughts on practical design of foundations
and structures to take account of deforma-
tion, structure-soil interaction, wvariability
of ground conditions, and limits in the knowl-
edge of aoll properties. It is cbviously 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 deesign steps for the average or
gimple case.

Yet, in the beginning was Practice, and Prac-
tive was with Engineering Execution, and
Practice was Engineering. In concept, one
must go through a single common routine For
all casea, to begin to sort out those that
might reguire 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 theoriee, and not with the
functionality towards DESIGK DECISION.

Fig. 1 attempts to summarize schematically
the diametrically opposite trends in science,
and in engineering. In the former we proceed
in investigating on by cne the additional
parameters that may influence a behavior X,
and we are elated at each added proven inter-
ference, and shout "Bureka®. Meanwhile in
engineering we recegnize a prieri 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 censider
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 subconsclous-
ly want, either to repeat what we have dane,
or to be more daring and economical, or to
try cut a new approach, or to agsume that a
pier iz no more than a bigger pile, etec.:
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
ayes and theories of the viewer,

In Fig. 2 I am trying to summarize schemat-
ically the most common design cycle, relying
heavily an "INDEX OBSERVATIONS" (transform-
abla into INDEX TESTS for guantlfication}, on
PRESCRIPTIONS for DESIGN, and on "OBESERVA=
TION" of the results that yield experience;
obviously there is the intervening of check
COMPUTATIONS. It is on purpeose that I use
{nverted commas around OBSERVATION, because 1
refaer principally to the observation of the
great silent majority of structures that do
not require formal monitering, because they
supply infermation, not so much on what
happens, but on the many undesirable possibil-
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Fig. 1

ities of behavior that did not ocour. 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
"fallure”,., Failure is an extreme event, and
computations concerning the statistics of
extroemes are bound to be fraught with frustra-
tion (de Mallo 1977). From failures we must
learn the phyaileal model te our problem,
Meanwhile, [rem the wvast number of operational
nen-failure cases, at different or varying
noeminal F values (or other design criteria)

we must adjust our guantified statistical
universe of averages to establish and pre-
scribe the boundary criteria between accept-
anee or rejection, The progress ln 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 a2t all surprising that with
"experience” one concludes that a glven INDEX
TEST ar a glwven COREELATION or temporary
PRESCRIPTION needs to be set aside as defi-

nitely unaccaptable {Step D, Fig. 2. For
instance, it has besn concluded that in
saprolites of Igneous rocks the conventionzal
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index tests lead to widely erronecus predic-
ticns of behavior (de Mello, 18%72).

Similarly, in many a design-prescription type
2 (such as invelwved in establishing allowable
footing pressures based on SPT), or aven of
type A2 (such as involved in applying a
factor of safety with regard to load test
failure pressure or lead, in eztablishing the
allowable design walues) 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
Melle 1969). Although most salient cases of
failure (catastrophic) are concerned with a
physical medel of real failure, most revi-
eions of design to within acceptability are
imposed on account of settlement and dif-
ferential settlement acceptance criteria, of
relatively indefinite boundaries, Present
sericus limitation in cur knowledge has to do
with the many parameters implicit in any
given statistical universe of axperience
Eranseribed in over-simplified prescriptions
or correlations that met early reguirements
of first-order approximation. Ceorresponding-
ly the prineipal "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 cne transfers
satisfactory practices from one region or
type of structure to ancther, without appro-
priate adjustmants.

In the light of such reasoning, it appears
warthwhile exemplifying with some of the
shamefully unsophisticated routine correla-
tions and prescriptions that were established
in Sao Paulo arcund 1945=55 and are in very
wide use, apparently with no overt complaint,
except when an entirely different condition,
of statistieal universe, is at stake. Ewven
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
far new cases for proving a new procedural
cycle, since if we are honest with ourselves,
case-histories may be rearalyzed as if under
Lambe's (1973) type A predicticon. And the
orly excuse for such a presentation is to
dAraw 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 thelr
use? For instance, Terzaghi and Peck's
allowable gvalues referred to SPT would be

type A prescriptions. A typical A.l. prescrip-
tion s such as would limit the allowable
bearing pressure on foobtings to the po wvalus
(preconsolidation pressurej .

The principal point is to summarize a routine

procedure of design decision (preliminary)
hased on simple prescriptions relying pre-
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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 wvalue with
regard to failure. What are the applicable
scale relationships? How significantly do
correlations and seale relationships vary
with meticulous soil classification? HNo
trouble has been experienced, up to footings
af dimensions of about 50 mZ, although
hundreds or thousands of buildings have been
put up deubtless uwnder such prescriptions
crudely applied.

If the presumed settlements are anticipated
to be unacceptable, and the designer resorts
to piles or piers, the prineipal prescrip-
tions have been with respect to establishing
base or peint allowable hearing pressure on
the basis of cone penetrometer CPT point
resistance g, assuming no lateral frictien
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 egquivalent to that permitted
by the allowable concrete compressive stress.
The interference of lateral fricticon may be
incorporated in the rule-of-thumb suggestion
for piles, but in piers the reutine should
take its toll because of the absurdity,
principally because full friction develops at
ahout 5 to 10 mm of settlement irrespective
of diameter of piesr and base. But is not the
principal wvariation, presently left to quali-
tative intuitions, that of so-called EXECU-
TION EFFECTS?

Finally, with regard to estaklishing damage
criteria, it is my fear that the "start" of
tensile cracking is, and will always be,
elusive, not only bescause 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" le.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 wsakest link concept of statistics of
extremes, And incidentally hairline cracks
are negligible and may be classed as accept-
able or even decirable, ... like the advan-
tage of having measles as a child. There-
upon, the principal concern need not be that
of predicting or attempting to reccrd the
onset of hairline cracking, but the guantifi-
cation of crack propagation. & useful
expedient may be te 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
revizion if we extrapolate backwards curves
of rates of change of cracks vs. differential
settlements.

Dr. Burland has wvery well summarized these
points and cur principal deficiencies, and
it is my hope that we may draw on Lthe wvast
cellar of statistical experience from un-
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or previous sliding--a statistical approach m
may be more misleading than helpful.
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Fig. 4 Cross-section ot November 3,
1965 failure at statien 52 + 70 on
the lowar canal

Chafrman Kantey

Thank you, Jerry. John, do you have soma—
thing to say?

» General Reporter Burland

I have two comments to make, Firstly, when
we stresc the prime importance of a knowledge
of the soil profile we are not referring to
the mechanical preoperties, the determination
of which ranks third in our list (see Section
1.2 of the S0A Report). By a knowledge of
the zcil profile we mean an understanding of
the local geology, ground water conditions
and a detailed and systematie wisual and
tactile description of the soil in each
stratum. Tt is on this information that the
majority of foundation decisions are taken.

Fig. 2 X-radiograph of a clay sample
from engene 86 in Drammen, Norway
ttaken by @. Sopp, 1964)

VAME STHENGTH £ (0im?)
@ 1 3 ax & B B ¥ B % Secondly, the guestion of statistics. oOf

i T T course, the blind use of statistics is very

dangercus. A similar example to the one

| guoted by Professor Lecnards iz the use of

. mean laboratory undrained strengths for stiff

ika . figssured clays. Such an approach nealects the
%4 | deminant influence of fissuring and fabrie

h' : and can lead to an overestimate of the

a Tl strength in the maszs by a factor of two or

5 }” more. At all times cne must understand the

i = physics of the problem,

Rl
.w\,. Chairman Kantey
¥

Victor, I see you loocking anxious, 20 secands.
 T)

BEATH 7 (meires)

ﬂ++ Co-Reperter de Mello

*% y Well, T agree entirely with Dr. Burland. The
L basic problem of course is that statistics is
e —— - - notking but a tool to help us guantify what
we think in terms of qualitative experience.

15t 1 2 N -
R | | | We have to use the appropriate models in
- ! ! using it. Otherwise, we would just be nsing

statistics inappropriately,

o

Effecliva guiburd:n prossurs pe 1tim®]
.
=

Fig. 3 Composite logs of vane borings Chairman Kantey
atbt sta 52 + 70, Kimola canal, Finland
lafter Kankare, 1969) Right.
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deals only with foundation movements of build-
ings for which much information had previcusly
been published.

While the alleowable movements of structures
can only be determined in each particular
case, this is especially true for hridges,
which are usually designed to include the ef-
fects of anticipated foundation movemants.,
For common types of buildings, however, some
early conservative suggestions by the writer
(Meyerhof, 1953) are confirmed by the Report-
er's comprehensive survey. Similarzly, far
soma other types of engineering structures
tentative safe limite may he suggested as a
gulde. Accordingly, the writer has recently
reviewed published data on the failure of
garth retaining structures and steesl storage
tanks. It is found that retaining walls and
sheet pile walls may fail if the relative
ratation exceeds about 1% or the maximum dif-
ferential movement excesds about 1 in. Sim-
ilarly, for steel storage tanks the limiting
relative rotation is found to he abeut 0.7%
and the maximum differential settlement abeout
2 in. along the perimeter of the tank. Using
a minimum safety factor of about 1.5 to cover
inevitable uncertainties and limited field
data, the tentative limits of relative rota—
tion given in Table 1 may be suggested as a
guide for usual types of structures. In
general, the design of foundations and
structures should include provisions for
reducing or accommodating movemsnts without
damage, and suitable construction precautions
should be taken to prevent exceszsive vield
and movement of the ground.

Tentative Rotation Limits for
Structuras

Table 1.

Relative
Rotation
fESR)

1,100

Type of Limit and Structure

Danger limit for statically detormi-
nate structures, retaining walls and
sheet pile walls
Safe limit for statically determinate
structures, retaining walls and shast
kpile walls %
Danger limit for open steal and re-
inforced concrete frames, steel
storage tanks and tilt af high,
rigid structures
Safe limit for open steel and rein-
forced concrete frames, steel stap—
age tanks and tilt of high, rigid
structures
Danger limit for panel walls of
frame buildings
Safe 1imit for panel walls of frame
buildings
171000 Danger limit for sagging leoad-bearing
walls
1715800 Safe limit for Sagging load-bearing
walls
Danger limit for nogging load-bearing
walls
12500 Safe limit for hagging load-bearing
walls

1/150

17250

17500
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Chairman Kantey
Thank wvou, Dr. Meyerhaf. John, would yeou like
to have a word?

General Reporter Burland

1 am just a little cancerned about Professor
Meyerhof's updating of Bjerrum's proposed
rotation limits. I do not necessarily dis-
agree with them, but when simple guidelines
are put forward they are often rapidly adopted
a8 rigid rules. Thus, if Draof Meyerhof's pro-
Fosals are reproduced elsewhere T hope they
Will be referred to as "yroutine guides',
Moreover, it must be stated in bald print on
the table or diagram that eaech building or
structure should be trealted on its cwn merits
for its performance will depend on a large
number of factors including canstruction
materials, method and form of canstruction,
type of cladding and brittleness of finishes.

Fanelist Meyerhof

fully agree with this, and it will be so
mentioned in kthe discussion.

Chairman Kantey

Would you like a minute, Victor?

Co-Reporter de Mella

I entirely agree with Dr. Burland, and despite
Lhe immence respect for tha very brilliant
Solutions proposed T would mention the fact
that a lot depends on the Physical madel
selected, and it includes =p many wvariables
that are not known that we have to he careful
about the overgeneralization. Man is VEDY
apt to grab at the first philaosopher's stone
pessible, and we have to wateh against that.
Dr. Meyerhof's interjected reminder fite in
very well with my emphasis on shying away
from statistics of extremes, but it dnes not
Signify that we can aveoid the reality of a
statistical apprcach, hopefully realistic.

Chairman Kantey

Thank wyou. I would now like to ask Prof.
Yamaguchi to give us his Presentation.
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Chairman Kantey

Very well done.
to comment.

Victor, you can have a minute

Co-Reporter de Mello

I was just agreeing that execution effect is
the principal problem. I think we all think
in terms of that. Thank you.

Chairman Kantey

Gentlemen, we are all running a little bit
late, and I'm afraid we'll hawe to finish
with three minutes from Dr. Fellinjus. I'd
like him to confine his remarks to the nega-
tive skin friction portion of his discussion,
to be followed by Drs. Horvat and Hansbo, a
minute and a half each, which will give us
gix minutes. Dr. Fellenius, wyou have 3
minutes starting from now.

BE. Fellenius (Sweden)

The paper by Horvat and Veen; Session 2, pro-

rides an interesting reading from an engineer-
ing point-of-view. However, the writer takes

issue with one aspect of the paper, namely the
"Safety Analysis™.

The authors present a typical case of a pile
having a ultimate bearing capacity a4 = g4
+ OYshaft = 145 + 20 = 165 tons and being
subjected to a drag load P, = ES tons. Based
on these values, the anthors calculate an
allowable pile load, P_, using a safety
factor of 1.7 on Q% and 1.1 on P, as follows:

end

1 (. u _ ]
e Fs Iqénd * Qshaft Lt Pnll
u 1.1P =
- @t n 165 1.1 x 65 _
el 1.7 o RREOND

The writer holds that it is principally incor-
rect to reduce the drag load as shown above.
To determine the maximum allowable lead in
consideration of the drag load, an approach
using partial factors of safety chould be
used, as follows.

1

- S5 R e

pa Eq
The particular partial factors to choose will
vary from case to case. Generally, partial
factors of safety wvary from 1.1 to 1.3.
Greater values are not safety factors; but
ignorance factore. The folleowing numerical
values are chosen for illustrative plurposes
and are not generally wvalid.

L

(O, +i0) —e

|
P < i
L.2 % B Sk 165 1 % &5
Pa £ 46 < 55 tons
Ta reach the lgad pf By = 55.tnn5, the chosen

partial safety factors will have to be re-
duced, provided the Q%-wvalues are known with
greater assurance than implied by the writer's
arbitrarily chosen value of 1.3. It is an
advantage of the method that the uncertainity
of any part is discovered. The above derived
maximum value of Py does not include any
transient loads, which are balanced out by
the drag load, as shown by Fellenius, 1972,
The above approach will show a maximum allow-
able permanent load on the pile. To conclude
the design, the structural integrity of the
pile must be checked, whereupon the main
point to check is the expected settlements.
The =structural capacity of the pile can be
taken as 2/3 of the strength (concrete cube
or cylinder strength, or yiald point of steel).
The lecad toc apply is the load at the neutral
poeint = £ x P, + £, ® Py, This structural
capacity differs from the usual wvalues of
structural capacity of a pile given in Codes
and Regulations, which walues are given with
respect to ordinary pile leoads, that is, with
various miscellanecus lcads such as drag loads
already deducted,

Settlements are to be studied by means of
conventional sail mechanics theory. The load
frn x Pg + £ u Pp is to be carried by the

s0il below the neutral peint, say in competent
layers at or near the pile tip, or in case of
no such layer, at the lower third point of the
pile length below the neutral point.

one of the akhove three approaches will deter-
mine the maximum allowable lcad. If this is
less than the currently applied load in the
local area, measures to reduce the drag mawy
have to be intrcduced, for instance, bitumen
coating of the pile ts reduce the drag. The
three approaches can then again be used to
determine the length of pile to coat to reach
an economic optimum.
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Chairman Kantey

Thank wyou very much, indeed. Dr. Horvat,
please.

E. Horvat {Netherland)

The alloweble bearing capacity calculated
with our methed is the same &5 it was calcu-
lated in the past when the negative skin
friction was neglected.

When we use the methed, which was shown by

Dr. Fellenius, which we normally do, the
factor of 1,3 for the bearing capacity is
less. It is 1,15 to 1,2 depending on the soil
investigation, method of calculation and other
aspects.

I fully agree Lhat the load deformation be-
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