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Who are we?

A fire resistance laboratory in a university.

University of Liege
Faculty of Applied Science
Department of Architecture, Geology, Environment
and Construction
Structural Engineering division
Fire Safety Engineering group



Fire Safety Engineering group

Professor
Theoretical research Experimental research
Assistant (fire lab)
Research engineer : 5 Manager
Ph. D. student Quality Insurance

Post doc visitors Technician



-_ Th’e_.fire lab
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‘Horizontal (and multi-purpose) furnace (3x4 m?)

with loading system (1000 kN)



Thefirelab

Vertical furnace (3x3) for walls and columns _
Can receive a loading system (2000 kN)



The fire lab
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65 kVA POWER UNIT

Electrical heating system (65 kVA)
6 channel control




system used in a column test
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Theoretical research

Software SAFIR for the modelling
of building structures subjected to fire
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Composite steel-concrete columns (1/2)
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Thermal ana.Iysis - Numericél model by Aldérighi, Univ. of Pisa
Composite steel-concrete joint — 31502 nodes — 25411 solid elements
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Case study by R. Fike and V. Kodur — Michigan State University, US

Partial model of an eight story steel frame office building
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—University of Liege

Structural Fire Analysis of a building in Luxemburg

Study performed for ICB
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in Luxemburg —University of Liege

ing

Structural Fire Analysis of a build
Study performed for ICB
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Structural Fire Analysis of a building in Luxemburg —University of Liege

Study performed for ICB
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FICEB project (funded by RFCS)

)

Ulster test (2010

Membrane behavior of a composite steel-concrete slab
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NRC report - part 2. H. Mostafaei, P. Leroux, P.-S. Lafrance
Hybrid Fire Testing for Performance Evaluation of Structures in Fire

Diamond 2011.a.2 for SAFIR

FILE: 3d
NODES: 2508
BEAMS: 1167
TRUSSES: 0
SHELLS: 0
SOILS: 0

DISPLACEMENT PLOT ( x 30)

TIME: 7200 sec

Diamond 2011.a.2 for SAFIR

i FILE: 3d
NODES: 2508

BEAMS: 1167
TRUSSES: 0
SHELLS: 0
SOILS: 0

DISPLACEMENT PLOT ( x 30)

TIME: 7200 sec




Non linear finite element
software for structures
in fire

SAFIR

in the world

125 users
32 countries
5 continents



Experimental tests are performed to validate and
callibrate numerical models.

But how can numerical models be helpfull to
experimental tests?



1) Calculate precisely the flexibility of the loading frame.
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Diamond 2012.a.0 for SAFIR

FILE: Cadre2_ W8
MODES: 5257
BEAMS: O
TRUSEES: 0
SHELLS: 5120
SOILE: 0
SOUDs:0

SHELLS PLOT
IMPOSED DOF PLOT
POINT LOADS PLOT

I 1 hcbs00.tsh
P web_hebd00.15h
[ ] stiffemer.tsh
| R R ET
B ot _herm300.1sh

The numerical model
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Diamand 2012.a.0 for SAFIR Diamond 2012.0.0 far SAFIR

FILE Cadr) W6 FLE: Cadesd V6

WODES: 257 WODES: s057

BEAME: 0 BEAMS 0

TRUSSES 0 THUSSES 0

EHELLS SYX SHEWS 510

250 SOAS:

EOUDE: @ SOL0S 0

PFOINT LOADS P.OT POINT LOADS PLOT

IHSPLACEMENT L] HSPLACEMENRT PLOT (n 3}

THAE T4 ATGD s2c TIME &5 BEE1 doc
—_— - 1] —I1DEN

 The deformed shape for 2 loading arrangements

=> Flexibility = ... mm/kN
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'2)  Verify that no undesirable failure mode will develop.

_ Example 1: a steel beam withan H sectlon that must not exhlblt
lateral torsional buckling | -

Diamond 2012.a.0 for SAFIR

FILE: HEE200-rotZfree
MODES: 1735
BEAMS O

TRUSSES 0
SHELLS: 1656
S0Ls: 0

SOLDS O

SHELLS PLOT

IMPOSED DOF PLOT

POINT LOADS PLOT

Structure Not Displaced selected

I i tsh
I st s

\ wab tsh

J\ ﬂﬂﬂﬂﬂ The numerical model
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Diamond 2012.a.0 for SAFIR|

FILE: HEE300-rotfree
NODES: 1735
BEAMS: O
TRUSSES 0
SHELLS: 1656
SOILS: 0

SOLIDS: 0

IMPOSED DOF PLOT
POINT LOADS PLOT
DISPLACEMENT PLOT (x 1)

TIME: 987334 sec

~ Failure mode at room temperature

25




Diamond 2012.a.0 for SAFIR

FLE: HEB30Drok Iree
MOCES: 1735

BEaMs 0

TRUSSES: 0

SHELLS: 1558

LS 0

SOLDE 0

IMPOSED DOF PLOT

POINT LOADS PLOT
MSPLACEMENT PLOT ( % 1)

THE S8 5342 sec

Lateral torsional buckling is predicted at elevated temperatUres.
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Diamond 2012.a.0 for SAFIR|

FILE: HEE300-gauch
MNODES 1855
BEAMS: 0
TRUSSES: 0
SHELLS: 1800
SOLS 0

SOLIDS: 0

IMPOSED DOF PLOT
POINT LOADS PLOT
DISPLACEMENT PLOT (x 1)

TIME: 1038776 sec

| When warping'is restrained'near at the ends of the béam,

Lateral torsional buckling is prevented without the need to provide

complex and expensive lateral supports in the span.
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2) Verify that no undesirable failure mode will develop.

Example 2: a steel column that must
not fail in the direction of the week axis

The numerical model
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the test
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3) Choose the load to apply in order to reach a
desired failure temperature.

Test No 1 : Load-Critical Temperature Curve

4,50E+05 ‘ ‘ ‘
L .
4,00E+05 —+—No lateral restrained _ T
—m—Failure Load Cold
3,50E+05 No lateral restrained - Free rotationstrutframe ~— | |
3,00E+05
Z  2,50E+05 -
o \
(1]
0
|

2,00E+05 \

1,50E+05 AN

1,00E+05 N

BESS

5,00E+04 T~

0,00E+00

0 100 200 300 400 500 600 700 800
Temperature (C°)

A curve giving the failure temperature as a function of the applied load






Numerical simulations against experimental test

800
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300

Failure Temperature [°C] - TEST

200

100 /

0 100 200 300 400 500 e00 F00 800
Failure Temperature [°C] - SAFIR

Good correlation between the calculated and the experimental failure
temperatures for 8 tests. | . | . | b




4) Estlmate the mfluence of the real temperature -_
distribution (gradient on the height of the column,
cooling near the ends by conduction to the supports).

Three stainless
steel columns

34



~ Theory and boundary conditions
predict a failure mode with 3
_plastic hinges. |
The test showed only 2 clear
hinges. |
- The vertical temperature
‘gradient that was measured in
the test was introduced in
numerical simulation and could
explain the oberved failure
‘mode. 7




Additional advantages of being a university:

v Other laboratories are available to test other
properties: structural lab, acoustic lab, material lab...

v’ High level of qualification of the staff, with long term
experience.

v’ Scientific curiosity (gives you more than just a shear
global result).

v No share holders to pay.



