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ratiens aux sols, Aubry (1979), et aux liaisons
sols=structures, Berthier (1979).

.15 L. WITTMANN (FRG)

In reviewing the literature, one ean see, that
introducing safety factors inte Filter design
is an arbitrary task, mainly due to the
indirect treatment of filtration. The safecy
factors involved so far are more or less overall
factors of ignorance. The new concept of dirvect
treatment of filtravion, presented in my paper
to this Conference, analyses the filtration
process on the microscopical scale, taking

into account staristics of mean values and
extreme values. This concept helps in under—
standing the filtration phenomena and at irs
different steps of treatment, the increduction
of partial safety factors, mainly depending on
the input data exactness, is possible. After
further experimental data has been collected,
the future filter design at its different steps
will he;

= geometrical treatment of the porous wedium:
with parameters for grain-size-distribution,
grain-shape, density, void ratio, pore-sizes,
filtration-length and anisotropy

- gpeowetrical treatment of the absorbing process:
with comparison of pore-sizes and grain-sizes
to be filtered. (Stabilization at the inter-
faca, particle logz)

= hydraulic treatment of filtration: with geo-
metrical eriteria being excesded, this leads
to a comparison of critical hydraulie values
and assumed hydraulic boundary conditisns,

Depending on the knowledge available and on
the importance of the problem te he solvead,
filter design can thus be performed in different
steps with reliability and safery being directly
related.

}.1e K. HOZG (Norway), Chairman
Geotechnical engineering has derived its success
largely from precedents, end the theories of
soil mechanics provide devices for inter-—
polating among specific experiences and provide
the wmeans by which the engineer can go bheyond

the limits of the prefession's present experience.

We shouwld also reslize that the combination of
"imperfect" theoretical analyses and "imperfect"
material sampling and testing may lead fo sound
engineering selutions if calibrated against
previous experience. =

One should keep this in mind when switching
over from the conventional total safety factors
to the new set of "eguivalent” partial safety
Factors. The latter format is intended to make
code specifications and design manuals more
rational, snd to facilitate the communication
between the geotechnical engineer and, for
instance, the structural emgineer. T agree that
many aspects of the new svstem are appealing,
and the work in this direcrion cught to continue.
However, the transfer is.not simple one.

The partial safety facctors are imposed on
the load and so0i1l parameters 25 load and
material coufficients, LUt the wicertainties
in the method of analysis have sa far not
explicitly been accounted faor. The uncertainty
levels assoclaced wich different mecheds of
analysis in geotechnical enginesring, vary
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widely, Censequently, the reliabilicy lovals
associated with the resulting degigns may vare
widely unless the load and material cceffitie&,
(partial safety factors) are re-evaluated far
each method of analysis and for differenr 5011
t¥pes (e.g. brittle vs. ductile behaviour),
This ought to be considered in more detail.

In this connection I must emphasize an
important point, which, in spite of several
discussiens in international fora, scems to
cause 8 lot of confusion. For a gilven undraipes
leading or unloading situation, the factor af
safety computed from & total stress stability
analysis is in general not mmerically equal
to the factor of safery computed from an effecg-
ive stress stability analysis. This is so
because the cxcess pore pressure traditiuually
introduced into the effactive stress stabilicy
analysis is the pore pressure at the degree
of strength mebilization correspondong to
Lhe computed factor of safety, and not rthe
pore pressure at failure. One can argue which
of the two analyses ig preferable, however,
that is not the point of this discussion.

Let me now conclude this Session 3:

Theory of probability may become a 'powerful
link betwsen theary and geotechnical engineering
practice., Furthermore, the Bayesian approach
in statistics allows objective information to
be combined with subjective Judgement.

Probabilistiec procedures provide a framework
that can assist the engineer to Organize,
accumulate, interpret and evaluate eXperience.,
I will encourage geatechnical engineers to look
into the pessibilities they ofier,

I would like to thank the Ceneral Reporter,
the Panel Members, the contributers from the
floor, and the Secretary for this Scssion.

.17 WMOFLB. Da Malia, rﬁrazilj+ \
Insofar as inexorably all data, parsmeters,
correlations ate., must be understood statisti-
cally, and as soon as possible =o expressed,

it follows that our degrees of confidence
(Factors of ‘Safety, ate.) in our decisions

and solutions must concemitantly be Probabilistis
But it seems to me thst we are running great
risks of schisms betwesn enginears and probabilits
reliability - theory wielders, as well as of
curiously erroneous conclusions and even
dangerous errors, if we allow thHe applicaticon

of mathematical formulations withour starting
with a conceptusl assessment of Enginecring's
tasks and responsihiliries.

Firstly I venture to disagree with the
frequent seli-comforting statement that soils
exhibit greater scatter than other Building
materials. It just cannot be’zo, and T have
often been shown data from the callateral
fields of engineering materials that would
confirm a contrary reasoning. 4 very weak
material subjected over thousands of years
to Nature's logarithmically exhaustive processcs
of depradation ebvicusly cannot sustain as great
@ variability as a synthetic strong one, unless
really close guality control at fabricstion
rejects the wider dispersions. Agraed, however,
Lthat our problems of statistical variations
assoclated with natural soils continue ta be
greater than those of our colleagues, principatly
because siuce Nature's most frequent gecworphor



lopical selectivity works close to the survival
ractor of Safety of I.D?. even the smaller dis-
Ewrﬁjans in our prnf?5510n can be.nf much preater
pomsequence, &ither in natural soil strucrures

pr in more sensitive "brittle" man-made struc-
tures interacting with deformabhle natural snils.

Moreover, should we not begin by a critical
self-examination of ocurselves and our svmbaols
joa mirror of probabilisrically generated imapges
of surrounding "MNature" and "“fact", in erder
to be able to laugh 2t the fancy-dress we have
always taken for definitive without recopnizing
it as but a reflection of our early needs for
idealized simplication and determiniscic—
dualistic perception=copnizance? In order to
reach more convincing results ehould we not
cross—examine whether the practiecal probabilistic
creatments are really close enough to 2 complete
iresh start in the thought process rather than
merely grafting a change of methed upon a tree
glready well gprowm? s

There are many rezsons why hitherte most
probabilistic treatments sn Safety, although
presumably consistent in their internal mathe-
patice, fail to insinuate realism in the face
of our. engineering endeavours. :

For instanee, many a mathematical formulation
ipso-facto starts imperceptibly with the most
common deterministic roor-assumption, that
of initial homogeneity no-matter with regard
to what parameter.

Many intrinsic variabilities in Mature's
status quo should not matter ... they exist
in a2 compensated fashien, in Mature's lonz—
term temporary equilibrium. Nature's selectivity
and those of our cultural indices do not
necessarily have anything in common: the apparent
heterogeneities really arise from a differenti-
sted reaction to a homogenizing acticn. For
instance, a given homogensous erosive action
creates the histograms of many a sedimentary
formation, and it is the game weathering action
that creates the apparent widely dispersed
teaction histogram of weathered products in
saprolites. The appearance of wide differcnces
eceurs with regard to our wisual-tactile destrue—
tive test indices: but surely in the face of-
the weathering process and its stress-strain
roensequences the reality must be of a temporary
uvndifferentiated equilibrium. In the difficult
step of transitioning from homogenecus-dualistie
deterministic thinking to the statistical-
probabilistic one we stumble on this very
frequently. For instance, in predicting the
rompressibility settlements due to a constant
poon a histogramic soil we automatically
assume that the initial stress is uniformly
doterministically vz, forgetting that in
“ature's equilibrium there must have been an
djustment essentially te equivalent strains
(de Mello, 1971) so that the more rigid =o0il
vlements already have higher initial stresses
then the average yz (as is presently well
fecopnized in the silo effect in earth-rtock
“ams), There are built-in compensations, and
they are cause—effect related and not random. -

Moreover, in a professional sense che
fngineer is obviously muech less taken to task
because of variations in the cxisting conditions,
lhan variations in what is done in the engln—
fring project or in signifieant cccurrences af-
'¢r the project goes into operation; that is the
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distinctive importance of variations, probabil-
ities and risks associared with the changes of

conditions whieh one has purposely sought, pro-
duced, and paid for.

Is it not deterministie to use rigid-plastic
limit equilibrium stztics? Is it not determinis-
tic te adept for definition of failure, ewven
for probabilistic analyses, the condition FS=1.007
Is it not deterministic to adopt Safaty Marpgins
(Athanasiou-Grivas and Harr, 1979) or Indice
de Securite (Salemhrier, 1979) =z heunded =+
the condition=0, which implies a definite deter-
ministic atceptance level? -

As repards variations, are we not deluding
ourselves when we recopnize the variations on
material properties, loads, and even analyses,
but forget that the greatest variation of all
may well be on levels of aceceptance te be
established by "experience, especially if
we honestly recognize that our parameters arc
but neminal?

Uhen we substitute a praphical procedure for
a mathematical ene (Salembier, 1979}, er even
an idealized mathematical one for the uninhibited
variability, are we not really excluding tail
ends (which, however, may indeed he more approp-
riate, depending on the problem)?

When we propose new Indices to eur undesired
closeness to discomfore (Kezdi, 1979) sheuld
we not examine carefully the nature of the
function? Many a funetion is automatically
linear: this would seldom be appropriate in
the face of physical belaviours and exponentially
increasing discomforts; on the other hand,
linearization of the presentation of the Eruly
exponential function would tend to faerilitate
our subjective ewvaluations. ' .

Should we not recognize a difference between
Factors of Guarantee and Factors of Safety?

For instance, if we compare an estimaced pile
capacity of 100 tons with the anticipated 1aad
of 50, we deal with the accepted denemination
of F8 = 2: if the pile is preloaded to 100 and
accepted for a maximum working load of 50, is
it still a Factor of Safety, or weuld it be

a Factor of Guarantee that could be accepted in
a much smaller numerical index? Such a distince-
tion is important to the design principle of
permitting censtruction conditions to be more
eritical than during operation, (de Hello, 19773).

In short, as we move away from the determin-
istic rigid-plastic or olastoplastic failure
symbols, the probabilistic formulaticns will
have to be based on Satisfaction Indices {de
Melle, 1877) to be established on the hasis
of really numerous observations pertaining to
other symbols (e.g. deformations in some soils,
micro-acoustic emissions in wore ripid soils,
and so forth), The histograms for such Indices
may only be extracted from the more frequent
conditions of engineering works, te be associastad
with nominal ecomputational indices (Fs ete.d,
and not from a few "failure" cases back-analysed
and assumed to belong to a eommon statistical
universe, 5
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