1.8 Selected aspects of safety evaluation for accidental fire situation on the example of a steel beam

Maslak M., Poland

COST TU 0904 Workshop — Barcelona, Spain, July 5-@€010

Probability-based approach: Conventional standard appoach:

SELECTED ASPECTS OF SAFETY EVALUATION
FOR ACCIDENTAL FIRE SITUATION
ON THE EXAMPLE OF A STEEL BEAM

Mariusz Maslak

Cracow University of Technology, Poland
PK

‘ Efi,t‘ and ‘ Rfi,t‘

- random realisations of the
reliable action effect and member
resistance

- ultimate acceptable values of Eﬁ t and Rfi t

Safety condition

Safety condition

Not only: Ef| ,t,d < Rﬂ ,t,d but also:
Eqi¢ <Rs
it fit
. Efit <Efitd | ad |Riit>Rfitd
Failure:
Eailure probability :
Efit 2Ry
Pr2=1-PlEfa <Rfigd N Efit <Efita 0 Rit > Riga)=
Eailure probability : = 1‘P’(Ef| td <R .t,d)DPr(Efl,t < En,t,d)DP’(Rn.t >Ry .t,d)> Pf1

Conclusion

pr1=PrEsi 2 Ryy)

Pf2 > Pf1

Global safety condition

Pt <Pf,ut| —>

,3>,Breq

Partial safety conditions

« for action effect:

Be = e > Be req = Aebreq

BrR=ARB> Brreq= ARG req

« for member resistance:

The accidental design situatioris considered.

Example of a steel beam — basic safety measures

Action effect: . geam is simply supported with the span lengti

* Permanent load g [kN/m] and only one variable Ioadq [kN/m] , both
uniformly distributed, are applied to the beam

Efitd = (gk + VQ‘/’qu)Lz/S

g k - characteristic value of permanent load

wzq k - quasi permanent value

of variable load

:Breq depends on the reliability class (safety requiremes) adopted to the analysis

range*== moderate~=— minor<——

*According to EN 1990 the constant valueyQ = :L5 should be adopted.

Fire resistance  The point in time when the failure occurs:| tfi =fj g @

« This time value cannot be interpreted as the timefanember destruction

* This is a time value for which_the member failure pobability reaches the level
no longer possible to accept

Member resistance

* When steel temperature grows the steel yield pointecreases as follows:

Riit.d =Riitk/ W, i =WK,0fy 20

*The constant value yM fl — lo should be adopted according to EN 1991-1-2.
H

« Constant values of partial safety factors,yQ = 15 and )\ i = :LO , give the solution
that the acceptable probability of downcrossing ofhe ultimate level Rﬁ it,d by the random
value Rﬁ t is significantly greaterthan the acceptable probability of upcrossing of théevel
E fitd by the random value Eﬁ t- Such quantitative differentiation between the adpted

internal safety requirements seems to be unjustifttand unnecessary.

« A new, more accurate concept of the specificatiorf partial safety factors, for action effect and
for member resistance — separately, is proposed ble author. It is based on the regula of the
split of global safety index ﬁ , given in thetandard EN 1990 in which:

|0E =07 |and |0’R = 0,8|

+ As a result we obtain the minimum values YQ,min = VQ,min(VQ) and

WM, fi,min = M\ i ,min(UR) for which the partial safety conditions are satisfed They depend
on the variability of the load q as well as on the variability ahember resistance Rﬁ 't

«Action q is a random variable described by means of Gumbelrpbability distribution .

6(d.up) = Nlg,00) | | 9

from the condition
Be = 078> PE req = 0.7 Breq
qk as a 95% upper fractile of q

Vo =3d - 1- 078/o{ 0577+ In[-In®(074)}
i Ok I+ 1867

* Member resistance Rfl t dIS ths rgndom value described by eans of log-normal probability
* distribution

Rﬁ t,d from the condition

Br=08B> Brreq=08BFeq
Rfi t k asa95% lower fractile of Rﬁ it

LN(FVQﬁ t ,UR)

_ Riitk _ Rexp16450R) .

= R = Rexp0gingy S OBA - 1645
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Analysis of beam safety level — exemplary solution

2
g(ﬂ:@nﬁeq-UR!VG’VQ)zRﬁ,k,t_ gk8 1“’(?9"2%7 =

1= /(9k + k)

Conclusion

+The value Vv, fi = 10 suggested by the standard, is too smadl secure

the required safety level of the resistance. On thather hand, this drawback
is partly compensatedby the acceptance of constant valueyQ =15

higher than necessaryFurthermore, values of both partial safety factos,
™M i and yQ proposed to use in the case of fire, should bependent

on suitable coefficients of variation U R and VQ in accordance with

the relations shown in presented Figures.

Thank you for your attention.




