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Failure:

Probability-based approach: Conventional standard approach:

- random realisations of the
reliable action effect and member
resistance
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Failure probability :
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Safety condition:

and

- ultimate acceptable values of tfiE , and tfiR ,

Safety condition:
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Not only: but also:

Failure probability :

( )
( ) ( ) ( ) 1,,,,,,,,,,

,,,,,,,,,,2

PrPrPr1

Pr1

fdtfitfidtfitfidtfidtfi

dtfitfidtfitfidtfidtfif

pRREERE

RREEREp

>>⋅<⋅<−=

=>∩<∩<−=

Conclusion:

12 ff pp >
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Global safety condition: ultff pp ,<
reqββ >

Partial safety conditions:

• for action effect: reqEreqEEE βαββαβ =>= ,

• for member resistance:

reqRreqRRR βαββαβ =>= ,

reqβ depends on the reliability class (safety requirements) adopted to the analysis

range moderate minor EN 1990

Fire resistance: The point in time when the failure occurs: dfifi tt ,= ?

• This time value cannot be interpreted as the time of member destruction.

• This is a time value for which the member failure probability reaches the level 
no longer possible to accept.

Example of a steel beam – basic safety measures:

Action effect: • Beam is simply supported with the span lengthL

uniformly distributed, are applied to the beam.

• Permanent load [ ]mkN q[ ]mkN g and only one variable load , both

( ) 82
2,, LqgE kQkdtfi ψγ+=

The accidental design situationis considered.

kg - characteristic value of permanent load

kq2ψ - quasi permanent value 
of variable load

•According to EN 1990 the constant value                            should be adopted.5,1=Qγ
Member resistance:

20,,, yyy fkf ΘΘ =• When steel temperature grows the steel yield point decreases as follows:

20,,,,,,, yyfiMktfidtfi fWkRR Θγ ==

•The constant value                                     should be adopted according to EN 1991-1-2.0,1, =fiMγ
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• Constant values of partial safety factors, 5,1=Qγ and 0,1, =fiMγ
that the acceptable probability of downcrossing of the ultimate level

, give the solution

dtfiR ,, by the random

value tfiR , is significantly greaterthan the acceptable probability of upcrossing of the level

dtfiE ,, by the random value tfiE ,
internal safety requirements seems to be unjustified and unnecessary.

. Such quantitative differentiation between the adopted

• A new, more accurate concept of the specification of partial safety factors, for action effect and 
for member resistance – separately, is proposed by the author. It is based on the regula of the
split of global safety index        , given in the standard EN 1990 in which:β

7,0=Eα 8,0=Rαand

• As a result we obtain the minimum values: ( )QQQ vmin,min, γγ =

)(min,,min,, RfiMfiM υγγ =

and

on the variability of the load        as well as on the variability of member resistanceq tfiR ,

for which the partial safety conditions are satisfied. They depend

( )QuqG ,~ ( )QqN σ,
q is a random variable described by means of Gumbel probability distribution .• Action
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dq from the condition

reqreqEE ββββ 7,07,0 , =>=

kq as a 95% upper fractile of q

tfiR ,• Member resistance is the random value described by means of log-normal probability 
distribution
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dtfiR ,, from the condition

reqreqRR ββββ 8,08,0 , =>=

ktfiR ,, as a 95% lower fractile of tfiR ,
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Analysis of beam safety level – exemplary solution:
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Conclusion:

the relations shown in presented Figures.

0,1, =fiMγ

5,1=Qγ

fiM ,γ Qγ

Rυ Qν

• The value suggested by the standard, is too smallto secure

the required safety level of the resistance. On the other hand, this drawback 
is partly compensatedby the acceptance of constant value

higher than necessary. Furthermore, values of both partial safety factors,

and proposed to use in the case of fire, should be dependent

on suitable coefficients of variation, and in accordance with

Thank you for your attention.
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