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Round Table Discussion on Theme 111
Discussion a la table ronde sur théme |11

Diskussion am Runden Tisch zum Thema |11

This is the first working session of theme IIl involving safety concepts.
When this symposium was conceived, some two or more years ago, it was the in-
tention of those on Working Commission III to try and introduce in part at
least, some topics which had more general interest and which went beyond the
narrow divisions of materials into stecl, concrete, etc. The subject of design
was very naturally chosen as having this appeal. Of course, design is a very
broad subject and, in focusing more narrowly on some aspect of cdesign, the
theme of safety was selected as having the requisite interest which might take
the participants beyond the bounds of a particular material.

selected papers in the Preliminary Report following a General
Prof. Fernand ELLYIN of the University of Sherbrooke, and, in
SCHNEIDER decided that we should encourage much

ed by
organizing today's meeting, Prof,
more of commen rom the floor and the panel.

the formal aspect of the session I should introduce the
¢ from left to right:

- Mr. William SCHRIEVER from Division of Building Research of the N
il of Canada. Of course he is very well known to the

raduated from the Federal Institute of Technology, Zurichj;

- Mr, Horst SCHAFER, who is one of the authors of the three submissions
mentioned before. He is from the Technische Hochschule Darmstadt;

- Dr. Franz L, originally from the Federal Institute of Technology,
Zurich and now in practice in Montreal, and thus a member of the Cana-

dian delegation here;

-~ Prof, Robert SEXSMITH, from Cornell University, who has most recently been
involved with tke National Autonomous University of Mexico and Prof, Emilio
Rosenbluth in the post graduate activity there relating to earthquake design
of structures and earth retaining structures;

- Myself, as Chairman of the sessionj;

- Prof. Fermnand ELLYIN, who is the General Reporter for the Session; he is
from ihe University of Sherbrooke, Department of Civil Engineering;

~ Monsieur J., DESPEYROUX, who is the Chairman of the delegation from France

and is another of the invited animators;
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- Mr. R, RACKWITZ, from the Institute for Concrete Structures of the Technical
University of Munichj and

~ Prof., Roger GREEN, from the University of Waterloo, who very kindly agreed
almost at the last minute to substitute for Dr. D.T. Wright who was to be

one of the original animators but was unfortunately unable to attend.

We have left a significant amount of time for questions from the floor

dirscted principally towards the three invited authors who, although they are not
going to read their papers, will defend their concepts, particularly as they re-

late to applications and codes of practice.

fl

this we have invited Mr, Schriever and Dr.
initially following a short general review

est that questions from the

cor be designed as to bring out many of these more practical aspects. To promote
challenge the three authors
Ellyin. The authors will then

have an opportunity to respond and in doing so will, I am sure, raise many issues
which people from the floor may wish to take up later. We shall then have a second

ro
De
Ire
an
1i

und of challenges from the other two invited animators, Dr. Knoll and Mr.
speyroux, who I hope will challenge the panelists to bring out further ideas
lating to practice and design from the stand point of the practicing engineer
d the operation of his office. Following further response from the three pane-
sts, we shall open the discussion to questions from the floor.

This is the general format and without much further delay I shell call on
of . Ellyin toc preseni a very short general report touching on the general theme
d the three papers in question, Thank you.

_F, ELLYIN:

Merci M. le Président. Je veux commencer avec une introduction générale et
'
u

v
- ! o c .
apres montrer quelques diapositives concernant l'aspect général de conception de

structure,

L'assurance d'une sécurité convenable est l'objectif le plus important dans
conception de structure Une structure doit, au moins, résister aux charges
1
1i e

iquées durant sa

v t cependant, teni
conomiques et fonctionnel

compte de quelques contraintes

La conception compléte d'une structure se compose idéalement d'une analyse
basée sur la combinaison de charges et de contraintes préalablement choisies de
fagon 2 obtenir une structure convenablement sire et économique. Le nombre de
combinaisons possibles est treés variable, mais pour une conception rationnelle,
la probabilité de ruine obtenue doit etre de portée optimale. Les bornes de

ette portée sont établies par les effets conjuqgués de sécurité et politique
¢'économie.

La reconnaissance de l'approche de fiabilité a permis l'analyse quantitative
de facteurs bien connus qui affectent la sécurité de structures et aussi l'examen
de conséquences €conomiques et sociales associées aux différentes marges de
fiabilité.

Lz probabilité acceptable de ruine peut etre arbilrairement déterminée soit
en fenction du nombre attendu d'applications de charge soit basée sur 1l'équilibre

= - ) : ~ ;
économique entre le cout de l'augmentation de sécurité et le colt de ruine. La

=
cture doit etre sGre, mais aussi économique.

(s
—a

probabilité de ruine peut &tre aussi choisie du méme ordre de grandeur que le
risque psychologiquement acceptable dans une société. La détermination de proba-
bilité de ruine dépend de l'importance et du cout des structures aussi bien que

des conséquences et du cout de ruine.

En général le choix final d'une structure devrait passer la double grille:
: - i i -
utilité=-performance et performance-cout et gagner l'analyse bénéfices-couts.

Puis le Prof. Ellyin donne un court exposé de son rapport introduc

1 volume 15, AIPC 1973.)

clés mentionnés dans ce

(voir Rapports des commissions de

o
®
x
o
0

Complétant la bibliographie des articles
il se réfere aux travaux récents de Lind, Cornell et McGuire qui
p

montrent, que les charges sp

e code national canadien
du batiment ont une forme propre i

félicite

Monsieur Schriever, animateur de
sous-comité du code de spécification pour des charges

membres du sous-comité, pour leur intuition.

I1 se réfere aussi aux contributions imprimées dans le

préliminaire et termine son introduction comme suil:

En terminant, la
sécurité devra viser

nant & chaque classe

dans deux directions
devraient etre appliqués 3
de formats ajustés aux par
Heurseusement les contributi

Sexsmith vont dans cette d

En second lieu, quand les données statistiques pour un type de structures
sont suffisantes, la probabilité de ruine de certaines structures devrait etre
calculée selon les méthodes proposées. La contribution de M, er suit
cette proposition.

Je pense donc, Monsieur le Présid s Que sommes dans la bonne voie.

Merci pour votre attention.

PROF. A,N, SHERBOURNE:

Thank you very much Prof., Ellyin.

I shall now call on the first of our two animators, Mr. Schrisver, to
challenge our three authors.

MR, W. SCHRIEVERS

=

Safety means different things to different people, but today there is wide
agreement ;hut there is no such thing as absolute safety. Indeed the only w3¥
to eliminate all failure would be not to build. Safety can only be measured in
terms of the probability that a certain undesirable event will occur. What we
must do, therefore, is to design our structures and to write our codes and
standards in such a way
low" level.

as to reduce the probability of collapse to an "acceptably
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What is our present level of probability of being killed in a structural PROF, R, GREEN:

able I, based on a paper by D.E. Allen,
f exposure compiled from existing The remarks of Professor Ellyin and the papers forming part of this
ifications

collapse compared to other gotivities|
compares death rates per 10 people per hour of

statistics, and estimates the total risk per year for a "typical" Canadian. | discussion offer designers confidence that current codes and spe
o

give generally consistent safety for sections. However, the p
and the calculatio

sks by avoiding certain activities
control over structural collapse | by many designers is not the proportionin

Although an individual can reduce many r

such as smoking, automobile travel, etc. h

spends 90 time in | strength but rather the assessment of the forces to

or more of h

in buildings, is very limited si

buildings. Thus it is understandable that this risk should be kept low, and it sections

might be subjected during the life of a stru
t

r to include a reference to

is low compared to other risks, as can be seen from the Table. approaches do not app

ber ferc

35, and the

computation of me
this aspect of design would be appreciated.
There have been a number of failures of bridges and buildings of late.

Tab 5 3
able 1 [ These have resulted in both loss of life and investment, and have occurred

-
during the construction stage. Can probabilistic conce
L

[ greater quality control of structures during const

. . s} |
Act ; 0 ner 1 c e | 7 7 il
ctivity Deaths per 10 Hours of Expos, Risk per year : increasing reliability?

per hour per year 6 |
= x- 10 . o3
Generally design caters for dead and live load., We seem to pay little

Rail & Bus Travel 0.08 106 0 attention to accidental loads, for example, explosions due to gas, bombings,
Automcbile " 1.04 400 400 and vehicular collision. Can probabilistic concepts be developed tc offer
Air - 2.4 20 50 designers a method of assessing the reliability em following damage

from accidental loading?

Cigarette Smoking

2.6 00 500
Swimming 3.5 20 70 A final question: "Should the same level of safety be used for bridges
and buildings?"
Motorcycle Riding 4.4 - 2
Boxing 40 |
o 21 = = | [*Tals - Co OAC
PROF. A.N. SHERBOURNE:
Being in a Building:
Fire 0.00 8000 >4 Thank you Professor Gr .
Collapse 0.00I 8000 0.2 {308)
! | Now I am going to just generally op authors
1054 Mr, Sexsmith, Mr, k i . Rackwitz briefly
e | take on some of the by
Th ir 1 ~ 2 +h L T > =
e first column contains the statistics on deaths per 1 Mio people per PROF . R, !
hour. In t n = o3 ; i
our. In the second column a certain number of hours of exposure per year have
been assumed (m Ve iding and boxina \ —E . :
ed (motorcycle riding and boxing excluded!), One of the questions raised was
2 I believe you implied that this might
iote that th 1 = i : : : i 314
v : a ! e risk of death in a :uxlglng fire is much greater that from who propose the use of probability co
structura col which i 1w 0 2 i T = I i 5 i o o
= ollapse which is only 0.2 x 10°. The figure 30 behind the 0.2 refers certainty are not in a position to d
E - ri ; 3 : : 3
to the risk for a construction worker oeing killed in structural collapse, which be no implication that the risk woul
3 1 - A N . E it} . :
1s very much higher, the risk and to develop ways by whic
society itself must make the final c
Is th T ; \ F - Loz - a me 1t «
s e present level of r killed in a structural collapse the right models to help come to solutions, bu
on - . g e £ i @ ~-rihert ennine
H?. Jince society has already L such 7!EH:ly differing standards of safety risk prescribed by enginee
A TR . 3 ering st are f safe
this is a difficult question to answer. I would therefore like to ask our authors
two questions which ar : L 5 T
5 T are more of a ph sophica 2 - < . - 4 - 2
philesophical nature, Another question was: Would we accept buildings offering differing safety
! els? 1ink that in Long Beach, California, they have rated buildings for |
1 Would societ levels? 1 think that i ong . . \ i
. cie as represent [s sta ar - - \ \ 5 {8 . n: ‘
solutions b ‘d&y (‘h i E;E‘ ed by standards and code committees) accept new parthquake resistance and they have decided on different safety levels for ware-
u E ased on the i e pe- e = ; 3
ory 1f these solutions mean greater risk to human life houses, schools, and other structures with diff This means |
|

CCupancy rates.
ent risk in the t

nt types of s

in buildings? v
that an individual faces diffe

2. 7 If we did go to an economic optimum solution (ineluding the cost of human
1Vf§1 would society philosophically accept that a building designed for occu-
pPancy by few people would offer a lower safety than a building designed for
many peocple? p
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MR, R, RACKWITZ:

We should have the basic concept that if one uses a public building, then
there should be a constant risk per time unit. We cannot allow different risk
levels for different types or parts of a building. Economic consideration might
be carried out separately and must include the anticipated life time.

"
MR, H. SCHAFER:

Zu dieser Frage eine Ergénzung. Ich glaube, Ihre Beantwortung ist méglich,
wenn die Frage anders formuliert wird., Wenn man z.B. fragt: Soll ein Mensch, der
verschiedene Geb3ude betritt, verschiedene Risiken in Kauf nehmen? Bei dieser
Fragestellung miisste m.E. die Antwort nein lauten, d.h. es wdren gleiche Versa-
genswahrscheinlichkeiten fir alle Gebdude zu fordern.

MR, R, RACKWITZ:

Mr. Schriever introduced also the notion of safety defined as one minus the
failure probability. This definition seeps to be_guestionable since changes of
one order of ten at target values of lo~ or lo™~ mean different things. We
probably mean safety to be some other (logarithmic?) function of the failure
probability.

MR. W. SCHRIEVER:

All I was trying to do is to measure the risks involved in different acti-
vities during a normal human life and I did not want to imply that one particular
way of measuring this was better than another.

PROF. A.N. SHERBOURNE:

I think your question is still valid Mr. Schriever and I don't think the
panel has given a satisfactory answer. One accepts differential risk as a matter
of course and there is absolutely no reason why we shouldn't continue to accept
it in building design. But your gquestion of intensity of occupation raise a rather

intriguing inversion of roles. For large buildings, such as tall buildings and
large complexes, cne is tending to reduce the probabilities of full loading

being experienced over smaller structures and if on the other hand we increase

the probability of failure because of lighter occupancy we are getting a cross
over somewhere indicating there must be some optimum. Where is this optimum to be?

PROF, R, SEXSMITH:

The business of optimizing is very complicated, because when you count the
value to an individual of his own life you get something very different than the
value of someone else's life., But optimization must be faced. As an example re-
call the San Fernando earthgquake of 1971, There was a widely publicised photograph
of a concrete ambulance parking garage showing several ambulances immobilized
under the collapsed garage.
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Structures whose consequences of failure are very great should be designed
to a much greater degree of safety. It is not only the choice of an individual
walking into a building. There are many emergency facilities that should be in
operation after a disaster, and many degrees of risk, Another example is the
degree of care required in the design of school buildings in California. Because
of past earthquakes they have become very conservative especially for schools.
That is very rational whether you use a probabilistic approach or design by
intuition.

MR, W, SCHRIEVER:

In Canada we have now a building codes definition of buildings that are
important for post-disaster services and some of the design loads such as the
wind-loads are higher for these buildings than for regular buildings.

PROF. A.N, SHERBOURNE:

Might I remind the three authors that nobody has yet taken up Prof. Green's
question of construction loads and probabilities of failure during construction.
Would anybody care and comment upon this?

MR, R, RACKWITZ:

It is quite natural that buildings fail under construction because the dead
and some construction loads work as a proof load on this building. This load cuts
off the lower tail of the resistance. Therefore, we must accept a higher risk
during construction than for the next service time. Alternatively, we might
increase the safety margin during the construction stage, which is, as known, 2
very delicate question.

PROF . R. GREEN:

As the owner of a $10 million building, I may not wish to take the risk of
having the building fail during construction. What instructions might I expect
to receive from my consulting engineers to prevent such a possibility?

PROF. A.N, SHERBOURNE:

1 see members of the audience are wishing to come on this., Pleass feel free
to do so.

PROF. J.G. MacGREGOR, University of Alberta:

In the North American system of competitive bidding for construction projects,
the designer can be forced into an untenable position if he is required to design
for construction loads during the initial design stage, because very fregquently
the contractor will use a very different system in carrying out the construction
than the designer envisaged. We can construct a flat plate building shoring the
loads down to the floor below or we can shore them directly on the columns suppor-
ting the floor under construction. These two systems lead to very different loadings
during the construction process and very different levels of safety. Thus it is
frequently not reasonable to expect the designer during the design phase to be
responsible for the manner of construction eventually followed by the contractor.



Perhaps later ver, the contractor should be required to calculate the
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There 1is, t sy 3 Whatever the acceptable standard of safety
is, when the improbable even as it inevitably will, furt precautions
i be no longer

fter and will

be adopted. T this the concept of
an agreed standard of safe I s let alone decided by society
surely is.

PROF. A.N. SHERBOURNE:

a qoocad t since we have got on to the g‘l:‘jr_':'_', on ]
and introduce two more of our animators, Mr, Despeyroux to take
up e.

MR, J. DESPEYROUX:

Je suis invité & faire

Je pense que ce terme doit s

la pratique les conclusions

par opposition 3 ceux qui ont pour mi

réflexion. Ainsi ompris, il s'applique non seulement 3 ceux qui
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5 autres d'entre elles:



I1 est clair que les concepts probabilistes ne peuvent tenir compte que de
pratiques échappent,

ce qui est probabilisable. Or un certain nombre de facteux
pour 1'instant, & toute probabilisation. Nous avons étudié un nombre assez im-

portant d'accidents, graves ou non, Survenus en FRANCE. On peut dire que dans

tous les cas l‘accidﬂ5t est 1ié 3 une erreur humaine, et nous n'en avons rencontré
aucun qui puisse apparaitre comme un effet de la dispersion statistique des résis-
tances ou des actions. Les facteurs humains absorbent donc déja une grande partie
de la marge de sécurité, Peut-8tre pourra-t-on un jour traduire leur intervention
en termes probabilistes: pour l'instant la psychologie et la sociologie ne sont

pas assez avancées pour cela,

Un autre aspect sur lequel il convient d'insister est sur la corrélation
troite qui existe entre les tolérances de calcul ou d'exécution et le degré de
sécurité. 11 est clsir gue nos codes actuels, méme lorsqu'ils emploient le langage
probabiliste, fixent des jeux de coefficients de sécurité qui tiennent compte
implicitement de la précision habituellement atieinte dans nos projets ou nos
réglisations. Nous pourrions, en réduisant ces tolérances, réduire les coefficients
de sécurité; et si inversement nous nous montrions moins exigeants sous le rapport
des tolérances, nous serions obligés d'accroitre ces mémes coefficients.

On peut regretter que ce lien ne socit pas pris en considération dans les
travaux actuels autrement que par appréciation plus ou moins subjective. Les
travaux présentés ici permettent cependant de penser gu'une plus grande rigueur
est possible. Et c'est 13 la question que je souhaiterais poser plus précisément

aux auteur voient-ils comment, par analogie avec la prise en compte de la

variabilité des résistances (¢] peut orienter les travaux vers la rise e co e
'
e

des tolérances d'exécution ou meme de calcul?

hank you Mr. Despeyroux. I shall now call on Mr. Knoll to continue.

1 was invited to make some comments at today's session on safety concepts,
tion to take on the role of the court fool. For a man who was

absent from the community of scholars for so many years, it might not be too

difficult to at least feel like a fool when suddenly propelled into their midst.

with the instruc

1 shall therefore use the liberties I was invested with and present you with

some items that may not appear to be of v
less rather closely related to structural safe

ty.

The gselection of specimens 1 will show you does not claim to be a true
sample in the statistical sense, but they are based on my experience, and
represent quite small a selection out of all you can find.

The first item {(coke can) is quite innocent
king., It is sometimes found in positions

)

vy scientific character but are neverthe-

The second (piece of wood) is, if any, even
more innocent looking, and it relates very
closely to the construction of compression
members: Fig. 2. It belongs to the same
category as far as typical presence is
concerned,

The third item (column with frozen
concrete) is of a quite different

nature. It is the material of the

compression member itself that went
a somewhat independent way. It was
a cold winter and the heating wires
inside the concrete did not work. F

n

I bhave brought a toy with me. It is symbo
happened to get caught in a traffic ja It to
arrive on the site which fact he did

in the truck did also not arrive 1
test. However, it was rather sticky

means of a water hose.

My last specimen concerns this piece

of superb workmanship

rainforeing) o Fig. &5
arrived just after the steel setters
ran out of tie wires.

Now you may say my specimens are aberrations
qualities of comprassion members. However, nature

and so do our technigues.
[ would like to describe the characteristics

= it includes an incredible amount of variety of
mind will ever be able to perceive completely,

origin is in the human mind itself with its acti

from the true appearan
nds to allow for abe

of my samplest
which no human
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although their common
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- The specimens brought here caused or would cause immediate collapse or

extensive damage of the goes on notice in our news media, oI

in ound to reduce structural

strent considerable amount, say

deviations of a statistical

= i

20% to 40% whic when superimposed with

nature, can reduce our cherished safety f rs to rather modest values,

another common property that can be stated with respect to our

. They behave in heir relatives, the statisti-

Pt

ones are more frequent and
are not at all

admit.

You might now say that it is the duty of the practical engineer and
supervisor to catch and exterminate those pests, and make sure the structure
as it goes up, does so in congruent relationship to the one thought out and

laid down on

1

as our friends the farmers will tell us, pests

mercifully the humble admission of your court
so in his compression elements little pests

which he was not able to catch, although
their elimination,

ill be writing laws and

tions, give consideration

W
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1alysis. | open the disc
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invite the panel members to rebut as they can.
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mations sont ndit i la question des tolé-
rances, dont a parlé M. Des x, devient extrémement importante.

La question est de savoir par quel moyen ob

ité dépend aussi du prix.
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es, il faut y mettr
On a dit tout-a-1'heure, qu

l'ouvrage; mais je pens

un camion pourrait bien ruiner en issan iliers
11 est bien certain qu'on peut créer des conditions de sé té avec

theses de calcul tres défavorables térie
pas sur les poteaux et des i sout

étage.

Tout réside donc dans la confection du cahier des charges, pour lequel le
: 5 S = ., :
projeteur a d'ailleurs quelque fois aidé le maltre de 1l'ow 1e lo ce

L

dernier n'est pas compétent.

La

Despeyroux a souligné le probleéme principa

Comment alors obtenir la sécurit

d'éviter l'erreur humaine; or on ne peut pe

jamalis,

Il est certain, qu'il y a dans l'or

des moyens de lutter contre l'erreur humaine, (e sécurité
coute un certain prix, J'ai travaillé avec des A tallatio
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de pétrochimie en France, et il nous est arrivé 100'000 plans des Etats Unis;
nous avions simplement pendant un an 3 adapter ces plans aux matériaux et a

bles en France. Les Américains

faire que les commandes soient facilement exécuta
disaient ceci: on n'a pas le droit de faire une erreur de calcul ou une erreur
de conception dans des ouvrages de génie civil qui supportent des ouvrages tres
chers. Par conséguent, chaque dessinateur qui avait terminé un dessin devait
automatiquement le faire vérifier par un de ses collégues. Et bien ga malheu-
reusement, il est tres rare qu'on puisse se payer ce luxe en France et je ne

t qui calculait, devait

cela passe dans vos pays. L'
soumettre tous ses calculs & un autre qui les vé
calcul d'une centrale nucléaire 3 grand rendement a créé un organisme qui
recherche, l'organisation de la qualité: elle demande aux ingénieurs, ainsi

sais pas commen
ion de

it. Cette organis

qu'aux entrepreneurs, comment ils vont s'organiser; elle demande un controle
interne,

Alors 13 je crois que je rejoins M. Despeyroux, il faut éviter l'erreur
humaine et puisqu'on ne peut pas toujours se controler soi-meme, il faut faire
guelgquefois appel & un bureau de l'extérieur, comme le Bureau Sécuritas ou des
bureaux de contrdle.

Ich mochtie nur zwei Fragen herausgreifen.

Wir haben hier 1 klassische Sicherheitstheorie betrieben, d.h. fir
die Beschreibung der iten immer einfache statistische Modelle ange-
nommen. Mit diesen Annahmen werden Versagenswahrscheinlichkeiten berechnet und
optimiert, woraus schliesslich Bemessungsregeln abgeleitet werden.

Vor rund 15 Jahren hat Turkstra darauf hingewiesen, dass die statistische
Auffassung des Problems unbefriedigend ist und die Verwendung eines allgemeine-
ren Wahrscheinlichkeitsbegriffes vorgeschlagen.

Die Sicherheitstheorie darf nicht nur Daten, sondern muss alle anderen
Informationen, "gewichtet" durch Wahrscheinlichkeitsaussagen, verwenden, Die
Bayes'sche Regel liefert die logische Grundlage subjektive oder persiénliche
Informationen mit objektiven Daten zu besseren Aussagen zu kombinieren. In
diesem Konzept kann man auch aussergewithnliche Ereignisse, z.B, Fille von
Fahrlassigkeit behandeln. "Regul&re" und "aussergewthnliche" Abweichungen
kEnnen in einem einzigen stochastischen Modell zusammengefasst werden.

Es wurde auch das Problem des Zusammenhangs zwischen Sicherheit und
Kontrolle angesprochen. Die in der Elektronik erarbeitete Kontrolltheorie ist
in der Tat imstande, den Einfluss vorgegebener Kontrollfunktion auf die Quali-
tét des Produktes vorauszusagen, Auch hier wird man die Bayes'sche Regel zur
Verbesserung der Voraussage mit Erfolg anwenden. Es ist allerdings zuzugeben,
dass Probleme dieser Art noch nicht intensiv studiert wurden,

Mir scheint jedoch, dass heute das methodische Ristzeug entwickelt ist,

um die der klassischen Sicherheitstheorie gesetzten Grenzen zu Uberwinden.

w
W

HERR H. SCHAFER:

Ich michte zur Frage der nicht zufdlligen, groben Fehler sagen,

mir nicht richtig scheint, sie im Ublichen stochastischen Konzept
zu wollen, Meines Erachtens wére es besser, diese Fehler als eine andere Kate-

gorie zu betrachten und ihre Erfassung mit anderen Methoden anzugehen. Man kann
sie meiner Meinung nach auch ;Lﬁh\ dadurch vermeiden oder die Auswirkungen redu-
zieren, dass man die aus den Streuungen der Beanspruchungs- und Beanspruchbar-

i

keitsparameter errechnete Vers enswahrscheinli senkt, sondern z.B.

1

durch eine verstarkte Kontrolle. 7

Nehmen wir beispielsweise an, die am Bau Beteiligten wiirden zukinftig ein
geringeres Verantwortungsbewusstsein haben als das heute der Fall ist, d.h. es
légen in Zukunft z.B, noch mehr Bierflaschen in der tutze, dann ktnnte dies
nicht damit aus der Welt gesc 1 werden wir die o.g. Versagenswahr-
scheinlichkeit Pfl vermindern, sondern wir mussten dann dazu kommen, die am
Bau Beteiligten besser auszubilden, zu erziehen oder zu kontrol s

sind meines Erachtens die einzig sinnvollen Schritte, die zur
u

R
nommen werde

1
nte

dieser fFehler mit den andersgearteten Ursachen

PROF. R, SEXSMITH:

I would like to

effective job in cov

of us.

It is important to recognize, when we consider

o m

safety is mainly in "nonquantifiable events") that

structures is a combination of quantitative

]

This is very fortunate, because gineering would

program it all on a computer. The intuitive judg

always be a very import
of us would like to eliminate

ant comp

1

designers generally do is to qu
v

e

onent of good engineering L%
intuition by subs

antify as much as
fying and then apply qualitative intuitive metho

b 3
that is important. If we succe

ed in quantifying t
then we have made progress, but et a ca
to such things as the occurrenc s 1in

MR. A, MILSTON, Design Engineer, Australia:

This session reminds me very much of a session held

ten years ago in Rio de Janeiro, whe

the same concep

probability idea of safety in structures: somebody stated that most engineers
n

would a pt a probability of failure of 1 in 10 Mio, but no enginesesr wa
building to be the one in 10 Mio that fails!

This is very similar to the discussion today and I think that one is a
repetition of the other,

I am very interested to hear from the panel, if one's fae
been any real progress over the last ten years. In the last

been far too many engineering failures, In my country there has been a 5
collapse a few years ago, where 32 people were killed and 50 Mio § damage caused

due to a "failure in course of construction”! I don't think this was a construction
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failurey; I think that if the bridge had been completed with its design, the

bridoe would have failed in its completed state. But it happened to fail during

construction, rather than on completion. 1 am also sure that if the desiqgners
nstruction, rather the the

had carried up the procedure suggested by Prof., Ellyin, they would have found

a pro

failure was 100%,

ey SR sy . YeMTne . n fac the probabilit ) f
ability of failure like 1 in a 1 Mio; but in Tact the pro sbility ¢

the structure did faill

present state of knowledge of the

s why I am very sceptical of
hink that

re concern to

have to give far

to hear Prof.

ld be very ple

ly did he carefully read the

Association in 1964,

areas of
hods.

quantify
in mani-

obtained

the

2, The progress

yhich coul

n was not such
5, al i Union since 1954,
rot ilistic s as its basis. We did
two types of codes and we found that the
e

=d to that of North America

examples that we

1ineers have somehow
e TS 3V

Je pense que la question qui a été soulevée, c'est-d-~dire celle de la
responsabilité de 1'ingénieur, est e

capitale. LCependant, je pense que l'adoption des méthodes probabilistes et

trémement importante, on peut méme dire,

leur diffusion dans le public sont, de ce point de vue, de nature 3 venir en

aide & l'ingénieur-projeteur, Dans la

L actuelle, dominée par la
conception déterministe, 1'ingénieur dont l'ouvrage s'effondre ne peu

-

trouver
J grvention
du hasard n'est jamais reconnue et lui est toujours reprochée comme une imprévi-

sion. Dans l'approc

rigoureusement aucune échappatoire: il est toujours jugé fautif;

0

e probabiliste la possibilité d'un concours de circonstances

malheureux est admise, surtout au niveau des

s combinaisons d'actions, sous la forme
d'une combinaison peu probable mais trés défavorable. La difficul

té spuli

tout & l'heure vient du fait que

conceptions probabilistes qui nous sont
propres ne sont pas encore admises par la puis ubli

par 1
idées seront suffisamment répandues, il y

3 tribunaux i n'en soupgonnent meme

présomptions qui peéseni sur l'ingénieur responsable,.

PROF. A. PICARD, University Laval:

Il y a8 deux points que j'aimerais discuter. Le
statistiques qu'on possede actuellement sur le
les charges on a tres peu de données,

structures existantes, Quant 3 la résis
d'éprouvettes de béton ou d!

sistance de ces éprouvettes
données statistiques sur le
une analyse statistique valab
facteur de sécurité?

ou de
de travaux de génie civil, 1'a mentio
d'accord que tous les nouveaux procédés
experts indépendants. C'est la fagon la
convenable. Plusieurs ruptures auraient

cette facgon.

XSMI TH:

I would like to look at the first
important to recognize what Mr, Rackwitaz
if we are designing at present with the
methods that account for uncertainty can
80 that we can use probabilistic methods
A %

factors, One benefit of a prob

more data can be justified we can guant

abilistic

new information can be assessed prior to
justify the data gatherin

present data., One does not need

column strength, in

strength.

PROF ., N, DIMITROV, BRD:

jerade die Kontrolle der
Berechnung von grosser Bedeutung ist, wie z.B, bei Schalen

Hochdruckbehiltern usw,

M. Séchaud sprach vorhin vaon Bauten, bei

y Faltwerken, Silos,




Bei uns in Deutschland gibt es fiir solche Fdlle die Einrichtung des Prif -

sens. Freiberufliche unabhiéngige Ingenieure, die nicht jlunger als
Aufstellung

iNgenieurw

35 Jahre sein dirfen, und die mindestens neun Jahre lang mit der

von zum Teil statisch-konstruktiv schwierigen Berechnungen befasst

hieden), kiénnen auf Antrag

Der Priifingenieur prift
e all

waren (diese

als

Bedingungen sind je nach Bundesland etwas vers
Prifingenieur von der Baurechtsbehfrde anerkannt werden,
8rde die statisch-konstruktiven Nachweis

dann im Auftrag der Baurechtsbe
tragenden Bauteile. Ausserdem kann ihn die Baubehdrde auch mit der stichprobe
artigen Ueberwachung der Bauausfihrung beauftragen, wodurch Zufélligkeitsfehler
weitgehend ausgeschaltet werden. Das Prifingenieurwesen ist meines Erachtens
nachahmens-

auch fUr andere Staaten, die diese Einrichtung noch nicht tzen,

wert.

"GOR, University of Alberta:

Earlier in the discussion Prof, Ellyin mentioned calibration of codes.
The 1975 Canadian National Building Code will have common load factors on one
side of the strength equation for all buildings regardless o
the other side of the strength equation there will be u
which will differ for various materials. To arriving at
the understrength factors, the code should be calibrated to
in a two stage procedure:

1. First, calibration to the existing codes,

2. Second some attempt for a probabilistic evaluation of the level of

m

so that it will be similar for all materials.

The current calibration system of calibrating only
reminds me of farmers in my part of the world. When a
a pig, he gets a board, balances it across a log, puts
the board, puts a rock on the other end of the board,
forth until everything balances, guesses the weight of
the weight of the pig. I think this is what we do in cali

There are several reasons why calibration to existing codes isn't an in-
fallible procedure:

l. The motives of various de writing bodies may differ. In the USA for
n

example, the concrete code is written by a group of cansulting engineers
with rather minimal input from producers. On the other hand the US steel
code is written by persons employed by the steel producers with rather 1i-

=
nimal input from consulting engineers. Thus, the relative conservation of

these two codes may be different.

Thus, for example, the Soviet Union has lower load factors in their code.
This may be due to the fact that they have a much more experienced group of
struction. Or pos-

people whose profession is inspecting buildings un
sibly this could be because the Soviets can spend more t
phase, because the same building will be built several hundred ti

me in the design

red to our situation where each design is generally only built




