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Introduction to Symposium on
| Structural Salety

Safe design is o design process that elimingies hozords, or minimizes poential risks, by
imvolving decision makers and considenng the hife cyele of structures and mstenials, Spte
design approsch will generate & well-informed design option hatl should eliminate (hese
potential problems w those who makes the product and 1o those who use it

Structural safety m design will cover the design aspects of safe structures and components,
using different materials. Advances in standards nnd regulatons should permanently ensure
safely with the best prictices and methods. Advanced analysis methods should be
permanently improved and used 1o prevent such podential misk in strectures and materdals,
Desipners should ovaranteés strectoral imepnity and reliability.

The following comunmmications will present different aspecis m Dooage Anelysis and
Assessment, Fire Safety Enoineenng, Life Cycle Analyses, Natoral amd Mon-Made Hazands,
Performance-Based Desipn Methods, Prescribed Desizm Methods, Computationnl Methods
and Simplificd Methods for Structural Safery,
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SYNOPSIS

An experimental study o assess the performance of water-hased intumescent paints, used ag 3
passive fire protection material, is presented. The specimens are steel plates conted with two
diffierent piints, three dry flm thicknesses dod tested with two different radiant heal fluzes in
a cone calorimeter. The efficiency of this proteciion is atiained regarding the substrate
temperuture evolution, A comparison between these experimental results and the ones
obtained from o numerical model is presented. The numerical model considers the coming
decomposition, and models the protection by two layers, the reacted and the unreacted kiyer
{Mesquita et al, 2009).

INTRODUCTION

Thin film inmmescent coatings are mostly used in the ¢ivil construction indusiry Lo incrense
the frc resistunee reguirements prescribed by the structural fiee design codes. They are
applied essentially to structural elements with inadeguate fire behaviowr, like the case of siccl
and aluminium stroctures. An intumescent coating when submitted to fire staris 1o bubble and
swells 1o form & carbonaceous, porous, low-density char, reducing the heat transfer fo
underlying virgin material layer und therelore o the subsire,

‘This work presents an experimentul study 10 assess the performance of water-bised
intumescent paints used as a passive fire protection material. These tests were performed in a
cone calorimeter (150, 2002}, in squaned steel plates, with 4 and & [mm] thick. coated with
two dilfferent paints (A and B), three dey Glm thicknesses (0.5, 1.5 and 2.5 [mm|} and
consldering two different radiamt hem fluxes (35 and 73 [kWm™]). Temperatures are
mensured by means of four thermocouples, type k. welded at the plate in the heuting side and
ay the opposite side, a1 two different positions. Bevween the sieel plate and the sampie older
two silicute plates were wsed to put the specimen in place and also a thermocouple was
introduced inside 1o measure their tlemperature variation. During tests, among other quantities.,
slee] temperature, inlumescence mass loss and thickness varation were measured,

A numerical model is also presented 1o stedy the intumescence behavioar. The paint thermal
decomposition numerical model is based on the Arrhenius equation, to simulate the chemical
reaction decomposition, The moving boundary and the free bormdary locations, the depth of
the ¢arbonaceous and virgin coating luyers (LAt), s(1}) are determined as part of the problem.
The energy equation for the overall conservation of energy within the infumescence zone can
be obtained by combiming the enerey equation for the gases with that of the solid char
materinl.

The solution method was implemented in a Matlab routine using the Method OF Lines (MOL)
(' Wower, 2004 ), and the integriator ade ! 55 10 solve the set of ordinary differential equations.

Claapter XVIIE: Strwcniral Safery 5%7
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The temperature field is determined by the steel and virgin encrgy equations. When the from
reaches the pyrolysis empesature, equal fo 250 %], starts 10 decompose and o move, Then
the moving front nie is determined and the intomescence stants, The position of the free
boundary is set equal o the experimental resolis and the intumescence temperature field is
determined. In each time step the virgin and char liyers are remeshed,

RESULTS

Meastred vylues from the thermocouples welded on the bottom of the plate are very close o
the temperstures ol the top, as presented in Fig. 1. The numenical results follow reasonuhly
well the experimental values, as presenied in Fig, 2. The resulis show that both the determined
slee] temperstures and the moving [ront are strongly dependant on the activation energy that
delines the amount of mass loss of virgln paint,

[} i = TR =T " TR,
Tas i

Fig. | Sicel and colciwm silicate lempernures for- Flz. 2 Compirisan of mensaned ond compailed sieel
[t ] sprecimens comted I.lu'!',h n DFET ol .,u;,;,:,'|_|:|:=- A wmpersisnes, =125 fmid I
equil 1o 1.8 fmm], tested withi heor fuses of 35 mnd .
T3 | kW],

CONCLUSIONS

This paper has presenied o set of experimental tesis conducted in & cone calorimeter 10 assess
the intumescent couting behaviour when used in fire protection, The intumescence depends on
the initial dry thickness and on the incident heat flux. A numerical medel is applicd w
tetermine the steel temperature considering the intumescence measured in the experimental
lests. The results show that wempertture variation is strongly dependent on the activation

energy.
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