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Formal Failure Probability and Observed Failure Rate

Probabilite formelle de ruine et frequence observee des defaillances

Formale Versagenswahrscheinlichkeit und beobachtete Versagenshäufigkeit

OVE DITLEVSEN
Professor, dr. techn.
Danish Engineering Academy
Lyngby, Denmark

SUMMARY
Formal probabilistic reliability theory is an indispensable basis for choosing structural dimensions
whatever be its ability to predict real failure rates. Most failures are caused by gross errors. It is argued
that a measure of proneness to tailure due to gross errors can play only a secondary role for this choice.
However, it is essential for choosing the structural lay-out.

RESUME
La theorie formelle des probabilites est une base indispensable au choix des dimensions structurales,
quelle que soit son aptitude ä predire des defaillances reelles. La plupart des defaillances sont dues ä des
fautes graves. II est demontre qu'une evaluation de la tendance ä commettre des fautes graves joue un
röle secondaire dans ce choix. Cette evaluation est cependant essentielle au choix de la conception des

structures.

ZUSAMMENFASSUNG
Die formale Zuverlässigkeitstheorie ist eine unentbehrliche Grundlage für die Festlegung von Tragwerks-
abmessungen auch wenn sie nur begrenzt geeignet ist, die wirkliche Versagenshäufigkeit vorauszusagen.
Die meisten Versagensfälle gehen auf grobe Fehler zurück. Es wird gezeigt, dass ein Mass für die
Versagensempfindlichkeit von Tragwerken aufgrund grober Fehler im Hinblick auf diese Festlegung nur eine
zweitrangige Rolle spielen kann. Für die Wahl des Tragwerkkonzepts ist dieses Mass jedoch wesentlich.
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Discussions among Professionals about safety with respect to structural
failure are often revealing great confusion about the concept

of theoretical reliability. It is a fact that the failure rate of
several important types of real structures is Orders of magnitude
higher than the rate predicted by probabilistic reliability theory,
[2]. Thus it is quite natural that the value of this theory is ques-
tioned by engineers who have been taught to judge theories by their
ability to predict the real world's behavior. A typical reaction is
that of H. Rüsch *), [7]:

"Damit könnte man sich zufrieden geben, wenn diese operative
Wahrscheinlichkeit zu der unter wirklichkeitsnahen Annahmen
berechneten in einem bekannten und konstanten Verhältnis stünde.
Dies ist aber wenig wahrscheinlich. Die Frage wurde auch nie
untersucht. So ist es verständlich, dass man als Prüfstein für
die von der neuen probabilistischen Sicherheitstheorie abgeleiten

Bemessungsverfahren nue die Frage wählen konnte, ob sich
die Ergebnisse mit jenen den bisherigen deterministischen
Verfahren annähernd decken oder nicht. Viele werden mit Recht fragen,

wozu der ganze Aufwand, wenn letzten Endes für die Praxis
nur neue, aber kaum bequemere Krücken angeboten werden.

Der Verfasser hat schon seit Jahren die Sicherheitstheoretiker
gebeten, sich mit der Abgrenzung des Gebiets der groben Fahrlässigkeit

zu beschäftigen. Er hat auch Lösungsmöglichkeiten aufgezeigt,

die als Instrument die subjektive Statistik benutzen,
welche sich auf dem Gebiet der Meinungsforschung bewährt hat.

Diese Vorschläge stiessen aber auf kein Interesse. Das
Hauptargument der Ablehnung war, man dürfe eine strenge Sicherheitstheorie

nur auf statistischen Verteilungen aufbauen, die auf
objektiv messbaren Sachverhalten beruhen. Dem entsprechen z.B.
Festigkeitswerte, Lasten oder Toleranzen. Nur subjektiv belegbare

Werte zu verwenden, wurde als unwissenschaftlich angesehen".

The engineer's primary job is, however, to make decisions rather
than to make predictions. This fact is in contrast to the contents
of most traditional engineering educations in which methods of
rational decision making are parenthetic in comparison with the weight
given to theories of physical behavior of materials and structures.

Probabilistic reliability theory is an indispensable decision
element in the process of making rational design rules that utilize
available empirical evidence on material strengths and environmental
actions in combination with modeis that predict structural behavior.
The result of using these rules is a set of drawings and a set of
specifications containing a linguistic description of the structure
including both general and specific quality requirements. Theoretical

reliability is attached to this ideal description of the structure
and not to the realized structure. The key point is that

probabilistic reliability theory is a formalism which is sufficiently
rieh of concepts and variables to be well suited for combining
information on uncertain quantities that may be of importance for the
safety of the real structure. Several widely different sources may
contribute to this information. This is in contrast to the naive de-

*) The pessimism of late professor Rüsch with respect to getting the reliability
theorists to accept applications of subjective probabilities was, perhaps, a

little exaggerated. Engineering judgement elements are, in fact, essential in
several recommendation documents based on the concept of "operative
Wahrscheinlichkeit", see [4,5].
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1034 X - FORMAL FAILURE PROBABILITY AND OBSERVED FAILURE RATE V

ary elements (e.g. window frames) which in the safety analysis are
neglected as contributors to the carrying capacity but which in
reality may contribute significantly. This is in particular so in
cases where gross errors in the structural principle either inherent

in the design or occurring in the building process of the
structure cause significant forces to be transmitted to these
secondary elements. This is in spite of the primary design principle
of protecting these elements against loads that may cause damage to
them. If the secondary elements are able to sustain the loads the
result is, obviously, an increased carrying capacity of the structure.

Secondary elements may often be allowed to carry loads but
their effect is considered difficult to take into account in the
structural analysis model or the effect is considered insufficient-
ly reliable to be taken into account. This attitude is in particular

characteristic for the old deterministic safety reasoning. In
principle the effect of secondary elements can very well be taken
into account in probabilistic reliability analysis under due
consideration of the model uncertainty and the uncertainty of knowledge
attached to the evaluation of the effect. The third main reason
that the failure rate of real structures is different from that
resulting from a reliability analysis is the oecurrence of human
gross errors in all stages of the realization and use of a structure

including structural lay-out, mathematical model formulation,
evaluation of environmental factors, communication (e.g., drawings,
descriptions, verbal Instructions), building process, material deli-
very etc.
Some types of gross errors may in principle be described in parameter

form and considered Statistical. Such errors can be consistently
included in the reliability analysis model. Typically they are of
"on-off" type like "upside-down" errors. The failure probability
given the error may be calculated and knowing the probability of
oecurrence of the error the product of the two probabilities may be
calculated giving an additive contribution to the total failure
probability. Clearly, if the error is reasonably rare, the failure
probability given the error may be allowed to be considerably larger
than the total failure probability before its contribution becomes
a dominating part of the total failure probability. By active
control procedures or "fail-safe" design the probability of oecurrence
of such an error may be kept below reasonable limits.
Left over beyond systematic mathematical description and, perhaps,
imagination there are all kinds of arbitrary gross errors due to
mistakes, gross negligence, criminal acts, bad human Performance
as results of economical or political pressures, haste, lack of
"think before you leap"-attitude, haphazard behaviour etc. Impru-
dent application of new materials, new structural types, signifi-
cantly changed dimensions relative to traditional dimensions, new
erection principles on building site etc. may involve danger of
overlooking new significant modes of mechanical behaviour or it
may even expose effects outside the knowledge and experience of
the profession. A famous case of this is the Tacoma bridge failure.
In view of the existence of non-parametrizable gross errors it may
seem hopeless to try to formulate a mathematical rationale which
is able to predict the failure rate in the population of a given
type of real structures. Something can be done, however. Clearlyit is important to be able to identify the circumstances that have
potential for producing gross errors and to judge their gravity.
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gradings to a Single appreciable measure of proneness to failure.
He applies the fuzzy set concept which was introduced by Zadeh in
1965, [8], with the purpose of giving a precise mathematical
Interpretation of imprecise linguistic Statements and a modeling of
relations between such Statements. However, in the light of the above
discussion, Blockley's attempt in [1] (see also [2]) to "fuzzify"
the theoretical failure probability p seems inappropriate.
An extension of this paper, [4], analyses the fuzzy set tool with
respect to the possibility of establishing a measure of proneness
to failure due to gross errors.
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