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Introduction to Symposium on
Structural Safety

Safe design is a design process that eliminates hazards, or minimizes potential risks, by
involving decision makers and considering the life cycle of structures and materials. Safe
design approach will generate a well-informed design option that should eliminate these
potential problems to those who makes the product and to those who use it.

Structural safety in design will cover the design aspects of safe structures and components,
using different materiais. Advances in standards and regulations should permanently ensure
safety with the best practices and methods. Advanced analysis methods should be
permanently improved and used to prevent such potential risk in structures and materials.
Designers should guarantee structural integrity and reliability.

The following communications will present different aspects in Damage Analysis and
Assessment, Fire Safety Engineering, Life Cycle Analysis, Natural and Man-Made Hazards,
Performance-Based Design Methods, Prescribed Design Methods, Computational Methods
and Simplified Methods for Structural Safety.

i Paulo Piloto

! Instituto Politécnico de Braganga
Alberto Meda

University of Rome “Tor Vergara”
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EFFICIENCY EVALUATION OF INTUMESCENT COATINGS USED
FOR FIRE PROTECTION: COMPARISON BETWEEN NUMERICAL
METHOD AND EXPERIMENTAL RESULTS

Luis M.R. Mesquita™”, Paulo A.G. Piloto’, and Mirio A.P. Vaz’

'Polylcctmic Institute of Braganga, Portugal

pt . . - . .

“Faculty of Engineering, University of Porto, Portugal
"'Email: Imesquita@ipb.pt

SYNOPSIS

An experimental study to assess the performance of water-based intumescent paints, used as a
passive fire protection material, is presented. The specimens are steel plates coated with two
different paints, three dry [ilm thicknesses and tested with two different radiant heat fluxes in
a cone calorimeter. The efficiency of this protection is attained regarding the substrate
temperature evolution. A comparison between these experimental results and the ones
obtained from a numerical model is presented. The numerical model considers the coating
decomposition, and models the protection by two layers, the reacted and the unreacted layer
(Mesquita et al, 2009).

INTRODUCTION

Thin film intumescent coatings are mostly used in the civil construction industry to increase
the fire resistunce requirements prescribed by the structural fire design codes. They are
applied essentially to structural elements with inadequate fire behaviour, like the case of steel
and aluminium structures. An intumescent coating when submitted to fire starts to bubble and
swells to form a carbonaceous, porous, low-density char, reducing the heat transfer to
underlying virgin material layer and therefore to the substrate.

This work presents an experimental study to assess the performance of water-based
intumescent paints used as a passive fire protection material, These tests were performed in a
cone calorimeter (ISO, 2002}, in squared steel plates, with 4 and 6 [mm] thick, coated with
two different paints (A and B), three dry film thicknesses (0.5, 1.5 and 2.5 [mm]) and
considering two different radiant heat fluxes (35 and 75 [KWm™]). Temperatures are
measured by means of four thermocouples, type k, welded at the plate in the heating side and
at the opposite side, at two different positions. Between the steel plate and the sample older
two silicate plates were used to put the specimen in place and also a thermocouple was
introduced inside to measure their temperature variation. During tests, among other quantities,
steel temperature, intumescence mass loss and thickness variation were measured.

A numerical model is also presented to study the intumescence behaviour. The paint thermal
decomposition numerical model is based on the Arrhenius equation, to simulate the chemical
reaction decomposition. The moving boundary and the free boundary locations, the depth of
the carbonaceous and virgin coating layvers (L(t), s(t)) are determined as part of the problem.
The energy equation for the overall conservation of energy within the intumescence zone can
be obtuined by combining the energy equation for the gases with that of the solid char
material.

The solution method was implemented in a Matlab routine using the Method Of Lines (MOL)
(Wouwer, 2004), and the integrator ode!3s to solve the set of ordinary differential equations.
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The temperature field is determined by the steel and virgin energy equations. When the front
reaches the pyrolysis temperature, equal fo 250 [°c], starls to decompose and to move. Then
the moving front rate is determined and the intumescence starts. The position of the free
boundary is set equal to the experimental results and the intumescence temnperature field is
determined. In each time step the virgin and char layers are remeshed,

RESULTS

Measured values from the thermocouples welded on the bottom of the plate are very close to
the temperatures at the top, as presented in Fig. 1. The numerical results follow reasonably
well the experimental values, as presented in Fig. 2. The results show that both the determined
steel temperatures and the moving front are strongly dependent on the activation energy that
defines the amount of mass loss of virgin paint.
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Fig. 1 Steel and calcium silicate temperatures for 4 Fig. 2 Comparison of measured and computed steel
[mm] specimens coated with o DFT of coating A temperatures, £, =125K/mol .
equal 10 1.5 [mm], tested with heat fluxes of 35 and 0
75 [kWm™],
CONCLUSIONS

This paper has presented a set of experimental tests conducted in a cone calorimeter (0 assess
the intumescent coating behaviour when used in fire protection. The intumescence depends on
the initial dry thickness and on the incident heat flux. A numerical model is applied to
determine the steel temperature considering the intumescence measured in the experimental
tests. The results show that temperature variation is strongly dependent on the activation
energy.
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