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Introduction

»>A study of at elevated
temperatures is presented, which is a part of an on-going RFCS project
"Stainless Steel in Fire”.

»Experimental results of six, stub columns at elevated
temperature, were used to evaluate the FE model.

» The FE analysis obtained shows that the critical temperature

» A parametric study was the basis to check the quality of prediction of a

of class 4 cross-sections
In fire according to Part1-4 and Part 1-2 of EC3 (stainless steel and fire
design part respectively).




Experiments

»Four cold rolled stainless steel stub columns, A < 0.1, with cross-section
class 4 were tested at the , Ala-Outinen (2005). Four
strain-gauges were used to measure stresses at mid column.

» The geometry of the columns and local imperfections were measured. The
material used in the columns was . Fully restrained ends were
achieved in experiments.

» Six unprotected columns were tested at . The test
set-up was equivalent to the ambient temperature tests.

» he temperatures were measured with twelve chromel-alumel
thermocouples and the axial deformation was measured using transducers.

» I'he transient procedure was applied, meaning that the axial load was kept
constant and the furnace temperature was raised in a controlled way, at the
rate of 10° C/min.




FE-Model

Elements
A general-purpose called S4R, within Abaqus/Standard was
used.

Imperfections

The two types of geometrical imperfections that have to be considered are,
and

For the modelling of the tested stub columns the measured local

imperfections were used and no global imperfections were introduced.

Corner region
Material
It is well established that the mechanical
properties of stainless steel are strongly
influenced by the level of cold-work.




FE-Model

Residual stresses
No residual stresses were introduced in the modelling of the tested

columns.

Validation

No. specimen Experiment FEA Tempgea/Tempey,

Cross-section Temp. Temp.
°C °C

. 150x150x3 676 716
2. 150x150%3 720 758
. 150x150x3 588 593
4. 200x200x5 609 482
5.200x200x5 685 645
6. 200x200x5 764 732

It iIs concluded that the FE-model predicts the failure temperatures with
for all tests but specimen No. 4 and the general conclusion
is that the model is reliable for parametric study.




Development of improved design model
for class 4 cross-sections




Development of improved design model
for class 4 cross-sections

200x200x4 200x200x5 300x300x5




Conclusions

»Comparison between experiments at the elevated temperature and results
obtained from FEA indicates that
»- assumptions made for the influence of the In
the
»- assumptions for the shape and level of the local buckling, b/200,
and global imperfections, L/1000, are consistent with assumptions
established at ambient temperature.

»In this work it was made an test that showned that it is possible to use
stainless steel columns and fulfil requirement for resistance,

»Design recommendations for class 4 cross sections made of austenitic
stainless steel presented are with part1-2 and part1-4 of EC3.

» The proposed design model is an compared to the design
model on EN 1993-1-2.
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Introduction

»The part 1-4 of Eurocode 3 (EC 3) “Supplementary rules for stainless
steels” gives design rules for stainless steel structural elements at room

temperature and only mentions its by doing reference to the
fire part of EC 3 |

» Carbon and stainless steel exhibit

» This study was made using the program that has been adapted,
according to the material properties defined in prEN 1993-1-4 and EN 1993-
1-2, to model the behaviour of stainless steel structures.

»In this work the accuracy and safety of the currently prescribed
and formulae are evaluated.




Case study

»Axially loaded column with:
»Welded cross-sections: equivalent HEA 200 and HEB 280 sections of
the stainless steel grades 1.4301 and 1.4401
» The temperatures chosen were 400, 500, 600 and 700 °C

»Beam-columns with combined axial compression and uni-axial major
and minor uniform moment with:
»\Welded equivalent to a HEA 200 cross-sections of the stainless steel
grade 1.4301
» The temperature chosen was 600 °C

»>For both types of elements
»Buckling around the strong and around the weak axis
» A lateral geometric imperfection was considered given by
»An Initial rotation around the beam axis with a maximum value of
/1000 radians at mid span was also considered
» It were adopted residual stresses




Member stability

Column buckling at high temperatures
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Beam columns
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Beam columns

»EC 3 proposal for stainless steel interaction curves at room
temperature adapted for fire situation “prEN1993-1-4f”
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»>With the new proposal for columns “prEN1993-1-4fiNP”

»Without the minimum limiting value of 1.2 for ki “prEN1993-1-
4fiINP+NK”




Beam columns

»EC 3 proposal for carbon steel interaction curves at room
temperature adapted for fire situation and for stainless steel

»Two alternative proposals were adopted for the carbon steel
interaction formulae at room temperature. Here a same approach was
adopted using the expressions for stainless steel columns with the
interaction formulae from Part 1.1 of EC3 “Method 1fi” and “Method 2fi”

» With the new proposal for columns “MethodlfiNP” and
“Method2fiNP”




Parametric Study
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Parametric Study
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Conclusions

>It is shown that the for the design buckling resistance of
stainless steel at high temperatures is in

with the numerical results obtained with the program SAFIR, in
opposition to the results obtained with the formulae of the Part 1-2 of EC 3,
which are not on the safe side.

»For beam-columns with bending in the strong axis and buckling around
the yy-axis, the curves obtained with the shows
a to the numerical results. The method that
approximates more closely the real behaviour of stainless steel beam-
columns under fire conditions is “EN 1993-1-2 NP”. However, for the case of
bending around the weak axis there is not a curve that provides a good
approximation to the numerical results, which means that new interaction
factors should be developed. Nevertheless still remains
the

» The results presented in the paper show that for the
evaluation of the fire resistance of columns and beam-columns
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Experimental specimens
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Test load-deflection Diagrams
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Finite element model
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MSC.MARC — MSC.Software Co.




Results of numerical analysis
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Results of numerical analysis

COMPARISON OF CALCULATED AND TENMPERATURES
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Results of numerical analysis

COMPARISON OF CALCULATED AND DEFILLECTIONS
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Concluding remarks

> Comparison of the expermental and modelling| results has shown' that
MISC.IMAREC has captured the of
e beams




Objectives of future research

> Develeping' a simpliied” layer (grid) moedel” for non=linear thermo-
mechanicalianalysis ofi reinforced concrete members

> Verification: of the layer moedell using commercial FE software (DIANA,
ATENA, MSC.MARC)
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Abstract

Ilhe present paperrecallsithe main characierstics o a general numerncal approach
1G1assess the ultimate bearing capacity, off steelland concrete compesite beams i fire
conditions. e eNaviour off the composite heams: duingla

ISHInVestigated:

> IS shewnithe of resistance between

> Iiheiellowing ieatures: aifecting the resistance ofi the compesite beam with partial
Conecrete encasement: are firstly investigated: influence of the
and In concrete encasement.

> Vlereover, itis shewi a petween the general
andithersimpliied method propesed in for evaluating the sagging
MoemEnt resistance of the compesite beam with partial concrete encasement.

= Einallys s for evaluating the sagging
moement resistance ofi the compoesite beam with partial concrete encasement in fire
conaiiens:




Description of an accurate procedure to assess
bearing capacity of composite beams

Ihe priocedurerior evaluating thermoement=cuvature diagiam iereach time offire
EXpPOSsUNE; IS ased onltheiellowing steps:

> heriniterelements technigue must be Used;

> nerexienaliaxialiierce N (Ne = Ol pure
eENding) andithe distrbution ol the temperatures
() within the section, related to the assigned
eExposure time t, are known and fixed for each
moement=curnvature diagrami (M-c; Next ; t);

Forraniassigned cuvaturery, , a tentative value for the average strain e of the
cress=section s nitally;assumed and the corresponding distributions of strain el
andistressier = G(e)within'the section are determined on the basis of the
IEMpPErature-dependent stiess-strain laws;

iieinternaliaxialifionce N isitnenievaluated starting from the stress distribution;

o, =f(g)——> Nu=2A0

ierations\varyingitneraverage strain €., ofi the section need up to satisfying the

longitudinalifequiliorum eguation within a suitable error: (N

hentnemending mement Vi corriesponding to the assigned curvature y; may be
detenmined.
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Iihe comparisoniin resistance field
shows the better behaviour: of
COMPOSItE: MEMIESS; NOWEVETR, 1N
loadl ratie; field, the composite
peam without concrete
encasement  shows a  similar
pehaviour  to noN-composite
peam. This Is due to, beth In the
composite beam without concrete
encasement and non-composite
beam, the moment capacity
depends on

exposed to fire. In
the case of composite beam with
partial concrete encasement, it Is
shown a quite better behaviour,
thanks to lower temperature
values in the steel beam.




Effectiveness of the reinforcing bars
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ltis clear how!the
emniercement terlevel
provides: a better
PErOIMance in ambient
condition, LUt It prevides
a Worth perfermance in
fire condition, compared
to the case of
reinforcement placed to
level 2.




Proposed simplified plastic method

ihe cross-sectionorthe beam is dividediin

» GConcrete slal;

> Upperilange eiisteel lbeam;

> UppErhalireirtheweb) steell veam;
> bottom haliref the webi steel beam:;
> ottomiflange ef the steel beam.

VIereover, the llanges are further divided inf 3 parts.
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Thank you for your attention




