


1o Belavneh Adafre

example, deterministic quantiies.  In  statistics the
quantitics used are defined by distribution functions or
densities of probability. On the other hand, the theory
of games deals with stratege decisions, The decision
rules to he used for the solution of any prohlem should
he related to the tvpe of idealization adopted.

Decision Rules for Statistical Idealization

Decision rules help to identity the critena for
arriving at a suitable solution for a given problem.
Feonomic critena related with deterministic idealization
would corrspond to the following rules of decision,

Rule £ Among the different soludons choose
the one incurring minimutn cost. In this
rule no reference to safety is included.

Rule 2:  Assume those events occuring with high
value of probability as events that would
actually take place. Thie rule is to be
used when economic quanties are
statistically de fined.

Rule 3: With respect to an exhaustive set of
mutually exdusive events, the event with
the highest probability is expected to be
certain.

Rule4: Maximize the estimated gain.

An interpretation in terms of structural safety for
the above rules is as follows:

{a) According to Rule 2, failure shall be considered
not to occur if the probability of falure is very
small. The disadvantage of Rule 2 is that it
involves a subjective judgement of what is
considered to be a very low probability of
failure.

(b) BRule 3 would imply increased safety so that

[ailure does not oceur,

Other opinions about the problem of choosing
decision rules are expressed as follows:

{a) Obtain a probability of falure equal to zero.
Theoretically this result could be obtained if
the distribution functions offoad and resistance
did not intemect.

(b) Minimize the generalized cost where generalized
cost is defined by Eq. 1.

€, ~ G+ TP (1
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where,
C . - generalized cost
C. = initial cost of construction plug

malttenance

Pf = Probability of one tvpe of
failure

Cf = cost due to this type of failun
obtained by adding construction
and demolition cost

{(c) The rule of minimizing the generalized cost is
not acceptable, if the cost of reconstruction is u
large part of the orgind construetion (hefore
failure).

When psychological factom are con-
sidered, the tendency is to increase the gener-
alized cost to avoid accident or failure.

BASIC PROBLEM OF STRUCTURAL SAFETY

Computation of the Probability of Failure

Consider a set of structures loaded by a system of
forces. The intensity of the forces, S, is measured by a
variable 5. Failure occurs when the variable s reaches the
resistance R. The condition for safety, therefore, is
when § 18 less than R. Failure will occur when the load
is greater than the resistance, The quantities S and R are
random, and the distribution functions FS and FR can
be defined as

Fs(s) = PSS < s) (2)
and
FR(s) = PR < s) 3)
that is
Ps = ) = l—FS(s) {4)

But, these distributon funelions correspond to the
probability density functons

fofs) = FS(s) (>}

und

fpfs) - ﬁ:R(s} (6)
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Since the distnbution (unctions FS‘ anud FR are
independent (Fig. 1), the probability of Taiture of the
structure is pven by

(=

Pr BS>R) =) Fplslglshds ()
and

=]

‘D_!' - P(S>R} = ) 1L Fgfsil f s s (M

There are vadous types of distributions — namely:

Normal Distribution

Log-normal Distdlmtion
—  Distrbution of Extreme Type T (maxima)
—  Distribution of Extreme Ty pe T (minimia)

Dhstrilution of xtreme Type 1l (maxima)
—  Distribution of Fxireme Type 11 (minimu)

Sav. for normal tope of distnbution. if the distr-
butions FR‘(S) anid Fs(s) are hnown. the probability of
failure can be calvulated by Fgs. 7 and 8.

It i observed that Tor hish fevel of risk (e
> ]()-3). the caeulated probability of {ailure does not
vary much with the 1y pe of disteibution, However, fora
very =mall sk (e.u.. < llll_4 ). e Lailure probability -
quite sensitive to these disinthubions. Sinee db s dil-
feult  to ascertain the correet distnbution e Lrue
probability of fuluee will remain unknown andd the
caleulated failure probabiity can =erve ondy we o practi-
cal and consistent measure of rsh, that i~ a relative
measure of structurdl safets

Factors of Safety

The central factor of safety, 7y, . is defined a- the
ratio between the mean values ol ;"-'R{.v) andl f-".q(.\').

Safety is achieved if

7,8 < R 0N
where,
§ = mean value af Toad
R = maean value of resi-{ance

The charactenstic factor of <alety . Y s e tined as
the ratio between Ui lower 5% fractile of F,( (s 3o andl the
upper 5% fractile of F\«(s). This faetor of alely iz cadled
charactenstic hecause the 5% of resistanecs ool loads are
called charactenstic values according o Comite Foro-
International due DBeton (CEBY. The desion fuctor of
safety, ¥y , is defined as the ratio between the Lwer
5 per mil fractile of FR(s) and the npper 5 per mil
fractile of F¢fs). Thiz fuctor of safety may he compared
with the load factor 7, a~ defined in CEB recommen-
dations, The 5 per mi) fracele of Fpfs) may be con-
sidered to correspond to the design resistanee R . Thin,

Si07 %S (1

where Sd and Sk are the desipn load wnd the charaeter-
istic loads, respeetvels. The design loads have to be
compared with i desiom resistances in order 1o veeify
the safety conditions

R”r > Hd Oor Rdl > F}'th

Thus, the allowalde vahie of Yo 35 eiven by the ratio of

the desiem resistanee and the charactenstie load. The
1 B T Fl 'Y ' 1 ‘. H] I N . n ke .
delinition of Y, anil d coincide, and V¢ ouled Tue eallin]

dhesivrn factor ol salely instead of load Tuctor

Thervtore, the satety could be expreased in eems ol
lisail~. Toad e Tleets, anid |!i.-|r|u:'t-m1-nl_~ arl wbrresre, it
<afely achieved ity 8 < K. Thus

N i

Ne = N 16lg - 8, 5 (1

4N Ry (1)

ST TR [

3 ! (13
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The design resistance i» mven IET S

- i
Reo= Rooos = —- (h

h m

where,

m = rrduction faetor.
The design Tactor ol zafety s dyven by Lol 15,

TS < Ry (15)

Using different types of safety Tactors, distributions and
cocTlicients ol variations, the Tollowing velation may he
indieated:

(1} The relation between the probabilits of failure
and the centeal fuctor of salets

- othe vorflicients of yvaration ol the

resislanee or the toad inerease, the factor

of safety for a given prohahilin of {uiluee

also wereases lor normal distdbution of

resistance,

— For extreme tvpe of distribution  of

resistance as the coeflicient of variation
exceeds 10%. the probability of failure
cannot be reduecd helow a certain Timit,
even it the central factor of safeny s
incresed.

(2) The relation hetween the probability of failure
and the characterstic factor of safety:

— For different tvpes of distribution of
loads and resistance -- as the coeflicient
of varation of resistance greater Lhan
10%, the influence of the variability of
the loads is much smaller than the influ-
ence of Lthe vanmabilitv of resistances.
An increase of the coefficient of variation
of louds reduces the probability of
failure.  Although this seems a con-
tradiction, the probability of failure must
decrease when the differcnce hetween the
mean values of the distibution of the
resistance and load increases.

(3) The relution between the probability of failur
and the design factor of safety:

— For nomal distobubion of loads and
resistance - and for extreme tvpe of
distnbution of loads and resistance
a4 smnificant amount ol inerease s
observed on the probability of falure
since the normal distibubion s replaced
by extreme type distribution.
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CONCLUSION

For evaluation of structural safety and perflomanee,
the concept of probahilistie method is the rght ap-
proach. That is, for the formulabon and cvaluation of
safety facton or load factoms, at various levels of sk
such that these factors are consislent with the various
sources of uncertainities, the probalilistic method seems
to be the most realistic solubion,

In the absence of stabistical datu, probabilistie
method and engineenng judgment may e used. Inoshort
available data, experience and careful evaluation of the
uncertaiuittes of the design vaniables help one to armive at
an economical and practical nisk based design.
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