Definitions of robustness

* EN 1990 - sufficient structural reliability can be achievieg
Robustness - key property of modern structures suitable measures such as ensuring an appropegtealof

) . _ robustness (structuralintegrity)
Milan Holicky, Jana Markova & Miroslav Sykora

Czech Technical University in Prague, Klokner lndé « EN 1991-1-7 - ability of a structure to withstand extreme events
without being damaged to an exteidproportionate to the original
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» Useful definitions - indicator of thability of:
- structure to perform adequately under accidental
situation
- system containing astructure to perform adequately
under accidental situation of the structure
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ShiE SR
I ntroduction Assessment of robustness

» Developments of high-performance materials, colsion
technologies and methods of structural analysisigtieofcomplex e
andslender structures vulnerableto extreme events

* Robust structures - significantlyeduced consequences, = w J%
increased safety of occupants
a) Exposures * Models of exposurelsX
* Requirements and methods for assessment of radassincodes - .
vague andinsufficient for practical use b) Local damaged(rect * DamageD, or undamaged stafe
consequence)
* The contribution summarises: c) Collapseifdirect consequence) e« CollapseF or structural survivaf
- achievements a£OST Action TUO601 Robustness of
Structures (2006-2011) *Anexampleof |~ Ror
indicator: Roir + Ring

- experiences from recent structural failures
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Design principlesfor new structures

* Probabilistic characteristics of exposures:
- Known and dealt with (normal loads, some accidental asjio
- Known in principle, butinrecognized or ignored
(accidental actions, human errors) « Direct orindirect design
- Unknown (lack of knowledge of the profession) or
unforeseeable (some human errors)

* No universal approach

« COommon measures:

Probability density function Camer
4 - Event control Rstte- R 4 - ™
0 - Reduction of vulnerability e /]
- Increased local resistance T --j|- -'/‘7
Error 20 % - Alternative load paths e
> . 1 4
- Segmentation !'(..____-_- pa— /%
0 A (effect of the error on i
—— reS|Stance) (Dashed Lines) Tie !I
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Structural models Existing structures

» Structural models — analysis of various damageaoes)
estimation of therobability of thecollapse:
- partly damaged structure strengthening and improvements
- large cracks and/or plastieformations of theredundancy
- catenary or membranections
- high temperatures R

- dynamic effects  column
case

* Reduction of exposures, local

* Relativelysimple measures,
acceptance of the present

» Validation with available conditions and/or orderly

experimental data measures until major

rehabilitation for other reasons §

* For selected cases
simplified design rules




Case studiesfrom the Czech Republic - floods
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Collapse during repair
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Conclusions

» Robustnessis a key property of newiodern structures.
* Robustness isot understood uniformly.

» Quantification of robustness and methods of ass&stare
insufficiently devel oped.

* A crucial issue is thdefinition of robustness and consequences
that should be included in the assessment.

* Therisk-based approach provides a useful tool for decision
making concerning robustness measures.

* Assessment of direct and indirectonsequences of failure/collapse
is essential for practical applications.
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Thank you for your atténtlon



