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Considerations on Optimum Combination of Safety and Economy

Considerations sur le meilleur compromis entre securite et economie

Betrachtungen über den besten Kompromiss zwischen Sicherheit und Wirtschaftlichkeit

DAN FRANGOPOL JACQUES RONDAL
Assistant Assistant

Institute of Civil Engineering Institute of Civil Engineering
Bucharest, Rumania Liege, Belgium

The report |1| has served to emphasize that engineering design requires
methods and concepts of probability. The process of selecting the probability
of failure of a structure to achieve a stated objective (e.g. make minimum the
total expected cost of the structure) is known as probabilistic optimum based-
design |7|.

The goal of this discussion is to show that a few useful conclusions can
be found in the safety-economy optimization process.

In order to evaluate the total expected cost of a structure Ct, the initial

cost C, the cost of failure Cf and the probability of failure P~ are to
be calculated first. Optimum probabilistic design requires the minimization
of Ct :

ct C. + Cf Pf (1)

The central safety factor of a structure is very nearly a linear
function of colog,Q Pf |2|, |3| ,|6| :

e ai • col°9io pf + a2 ' (2)

where cu is the increment of central safety factor required to reduce Pf by

a factor of 10, and a2 is a positive constant.

On the other hand, the initial cost C. may be taken as a linear function
of e |2|, |5|, |8| :

1

ci Yre + Y2 h' col°9io pf+ ß2' (3)

where yi» y?» So a2 yi + Y2 are constants coefficients and ß, is the

increment of the initial cost required to reduce Pf by a factor of 10.

Since the cost of failure Cf is generally independent of the initial cost,
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equating the derivative of the total cost to zero gives the optimum probability
of failure

op Cf .In 10 (4)

and the optimum expected total cost

C

B
1 1

ßr colog10 c 1n rc + TJPTC+ ß2 <5)
op t

Therefore the expression for the excess cost aC. (overdesign or underde-
sign) is the following :

P P - P

ACt ct-c -Bl (iog10-^ + Tirnj -n^)-"
op

(6)

Assuming P, 10

figure 1.
op

a plot Of AC./ß. as a function of Pf is shown in
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Figure 1 - Excess cost

6 Pf

It then follows that :

For the same absolute value of the safety difference

D colog1Q Pf - colog1Q Pf
op

the underdesign is more expensive than the overdesign ;

(7)

- In the region of overdesign, the excess cost is quite insensitive to the
P, Variation ;

- In the region of underdesign, the excess cost is very sensitive to the
P, Variation.

In the eventually that damage occurs,the loss C, (costs of the building,
potential loss of human lives and industrial damage caused by the failure) can
be expressed as f times the cost C-j |5|.
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The value of f gives a good indication of the magnitude of the damage that
is caused by failure.

The optimum expected total cost (5) is a linear function of log1fl f |4| :

where
Ct ßr log1Q f + a

op
o p

a ßr colog10 vq-nrnTj
+ TfTTo- + ß2

(8)

A graph of C. as a function of log,0 f is given in Figure 2.
op
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Figure 2 - Sensitivity of the optimal Solution.

The foregoing considerations should permit a rational combination of safety
and economy, in order to reach a satisfactory approach of an optimum Solution.

REFERENCES.

|1| DICKE, D. : Achievement of Safety and Economy in Design and Construction.
Introductory Report, lOth Congress, IABSE, Tokyo, Sept. 1976, pp.17 - 24.

|2| FRANGOPOL, D. : Discussion sur l'optimisation probabiliste des construc¬
tions. La securite des constructions. Editions Eyrolles, Paris, 1976.
pp. 360 - 362.

|3| FRANGOPOL, D., RONDAL, J. and NGUYEN, D.H.: Reliability analysis and Op¬
timum probability-based design of plastic structures. IUTAM, 14th
International Congress, Delft, Sept. 1976.

|4| FRANGOPOL, D. : Etude probabiliste de la securite des constructions.
Doctoral Thesis, University of Liege, 1976.



48 Ib - OPTIMUM COMBINATION OF SAFETY AND ECONOMY

|5| LIGTENBERG, F.K. : What safety Margin is necessary in a Structure
Discussion N° 5, Technical Committee N° 10, ASCE-IABSE International
Conference on Planning and design of tall buildinqs. Vol. DS, Lehigh
University, August, 1972, pp. 437 - 442.

|6| LIND, N.C. and DAVENPORT, A.G. : Towards Practical application of structu¬
ral reliability theory. Paper SP 31-3, Probabilistic design of reinforced

concrete buildings, Detroit 1972, pp. 63 - 110.

|7| MOSES, F.: Approaches to structural reliability and optimisation.
SM Study N° 1, University of Waterloo, Ontario, 1969.

|8| SANDI, H. : Contributions to the theory of structural design. (Thesis in
Roumanian), Institute of civil engineering, Bucharest, 1966.

SUMMARY

Several independent attempts are made to evaluate an optimal value for the
probability of failure and for the expected total cost. The sensitivity of the
optimal Solution to the magnitude of the damage that is caused by failure is
also analysed.

RESUME

Plusieurs tentatives independantes sont faites pour obtenir la valeur optimale

de la probabilite de ruine et du coüt total attendu. La sensitivite de la
Solution optimale par rapport ä 1'importance du dommage cause par la ruine est
egalement analysee.

ZUSAMMENFASSUNG

Verschiedene unabhängige Untersuchungen werden gemacht/ um den optimalen
Wert der Versagenswahrscheinlichkeit mit bezug auf die zu erwartenden Totalkosten
festzulegen. Die Abhängigkeit der optimalen Lösung von der durch den Bruch
verursachten Schadengrösse wird auch analysiert.
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