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Abstract

Sufficient knowledge of the behaviour of wood unfie¥ is necessary for the most effective,
the most economical, but still safe design of timbeuctures. The subsequent numerical
modelling leads to new computational methods witihér accuracy. This paper is focused
on protected and unprotected wooden members, ocotitebution of wooden constructions

to fire resistance using calcium-silicate boards. e basis of the fire test results, the
comparison of the fire test results with a numémeadel in ANSYS was carried out.
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INTRODUCTION

For elements which are protected by the fire shiefl,beginning of charring is moved till the
time tcn. The charring of a timber element can occur betbee deformation of the fire
protection but with a lower speed than specifiecEurocode 5 (EN 1995-1-2). Using the
testing method (EN 13381-7), a fire test was penéd to determine the contribution to fire
resistance. In Figure 1, there is a protected merabé the location of thermocouples. The
location of thermocouples in an unprotected mengdre same.

The test standard specifies a test method for meterg the contribution of fire protection
systems to the fire resistance of structural timhembers. Based on this standard, the ability
of the fire protection system to delay the tempemratise throughout the timber member, to
maintain coherence and a link to the timber mendet to provide data of the thermal
characteristics of the fire protection system iteduwined, during its exposition to the load
according to the standard temperature/time curbés Test procedure is also applicable to
timber structural members incorporating insulatimaterials between the timber members.

_ calcium-silicate board (25 mm)

I,f-l' I "."'-'l,-' .'-’,'."."' .-I.II-IJ.I.')-' et
(Lr\l r \"ll Ir'fl.kf n ,-"Il / .-’\,." I.";Y /] ‘-"f '( I."\"If .u';? ,-f / {f .ﬁ'ﬁ
SR — EEE— ‘N.’w
o f? //{—— mineral wool (loosely placed)
Ty Iy 7 i
II.; U '\:# II’I
D\\_ / ."II‘-'% o ;\;‘! TITTITNTT -"ll [
N [ Al LN ,-?’f'—-———— steel fasteners 50/11,2/1,53 mm, a 100 mm
o™ llln' | J'I
= *} particle board 10 x 100/10
- .'ll{if.,-'!
o (/] ==
- /1 == thermocouples
N Y
iy
o 20 5 100 5 0 calcium-silicate board (20 mm)
150

Fig. 1 Protected member and the location of theouples



1 FIRETEST

The assessment and the numerical model based dirahest of a calcium-silicate board
were carried out. The results of the fire test werevided by the Promat, s.r.o. company.

In the test furnace, there were specimens witH@ura-silicate board and specimens without
a lining. The total dimensions of the board (a spea without the lining) were
2000 x 1 200 x 100 mm and the total dimensionthefbeam (a specimen with the lining)
were 100 x 100 x 4 500 mm. The test specimen caasis ten chipboard layers bonded by
glue. The thickness of the fire protected board ¥@&sm.

2 NUMERICAL ANALYSIS

The timber beam was modelled covered by a calcilioat® board on three sides and these
sides were exposed to the fire. The unprotecteldetirooard was modelled with its exposure
to the fire from one side. This 3D model was perfed using the ANSYS Workbench
programme, solved in thermal analysis (Transieatrtfal) using a fire of 60 minutes.

Material properties for wood at elevated tempeeguwere taken from the Eurocode
(EN 1995-1-2) and for the calcium-silicate boareéyttwere supplied by the manufacturer
based on testing. The result of this numericalwatmon should provide the time when the
temperature of the timber member reaches 300 °g,ishthe temperature where timber
begins to char. Eurocode 5 provides a very limi@the of the timée, (time of the start of
charring of timber) and (failure time of the cladding), based on the deteation of these
values to arrive at a more accurate calculatidir@fesistance.

The timber beam has dimensions identical to thegjescimen (100 x 100 mm) and it was
covered on three sides with a calcium silicate thoarth a thickness 20 mm. The unprotected
board was modelled a little smaller than in the fieatest specimen (1 000 x 1 000 mm).
Heat transfer by the construction is calculatedgishe heat-dependent coefficients according
to EN 1991-1 -2. Thermal actions are given by teeheat fluxhne [W / n?] to the surface of
the member. On the fire exposed surfaces, the et flux hnet should be determined by
considering heat transfer by convection and razhati

In Figures 2 and 3, there is a comparison betwegnotected boards after 30 minutes and 60
minutes with exposure to the fire. The comparisetwken protected beams after 30 minutes
and 60 minutes with exposure to the fire is shawBigures 4 and 5. The depth of char has
black colour in the Figures (temperature is highan 300 °C).
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Fig. 2 Unprotected boards after 30 minutes Fignprdtected boards after 60
minutes
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3 RESULTS

The results were available from two fire tests mprotected members (test 1 - thermocouples
were disconnected after reaching the temperaturd00f ° C and test 2 - thermocouples
measured the temperature until the end of the. t&€&® modelling was performed for 60
minutes. There is shown a very good agreementrmpaoing the results of the fire tests with
numerical analysis in the following graph (Fig. 6).
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Fig. 6 Temperature in unprotected members obténoed fire tests and from numerical
modelling

The protected beam was modelled with a calciuncagii board 20 mm in thickness used by
fire conditions for 60 minutes. In these resultsgré is also a very good agreement in
comparing the results of fire tests with numerealysis. The fire test result of the protected
member was only available from one fire test. Thieyea problem with well defined
mechanical characteristics of the calcium-silidadard, because its behaviour under fire is
not predictable very well in comparison with wood.
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Fig. 6 Temperature in the protected member obtdired fire tests and from numerical
modelling

4 SUMMARY AND ACKNOWLEDGMENT

The behaviour of wood under fire is a very predildgphenomenon. Using simplified computational
methods can determine the separating and loadAgefnction of structures. For a load-bearing bar
element it is the parameter R (resistance andliggabior a vertical or horizontal element the dgs
criteria are R, E, | (resistance, integrity, in$iaia) limits. In many cases, according to Eurocéde
(part 1-2), it is very difficult or nearly impos#ibto determine the starting time of charring of th
timber element of the fire protection and the fa@ltime of the cladding. In this area, there arlé st
some deficiencies and it is necessary to perforentéists in order to increase the level of knowsedg
and to be able to further develop more precise coatipnal methods.

On the basis of numerical analysis, the followirggwletermined:

- with higher density there is a lower growth in tergiure;

- with higher heat conductivity there is a highengttoin temperature;

- with higher specific heat there is a lower growthémperature.

This research is carried out with support from aesle project - SGEVUT, "Prispsvek k pozarni
odolnosti dewvenych konstrukci pomoci boardového materialu®.
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