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ABSTRACT

This work aims to improve the estimation of the temperatures on the steel deck under fire. An
accurate estimation of these temperatures is crucial to determine the load-bearing capacity (R) of
the slab. An analytical method, alternative to the simplified method provided by Eurocode 4, that
enables temperature estimation on the steel deck components (web, lower and upper flange), is
derived from the numerical results, obtained with a three-dimensional computational model. This
new proposal considers the effect of the concrete thickness h1, enables to obtain unbiased
temperatures and, contrary to the Eurocode 4 proposal, fits very well the numerical results.

Keywords: Composite slabs; Fire resistance; Numerical simulation; Least squares method.

1. INTRODUCTION

This paper deals with the determination of the thermal behaviour of composite slabs under a
standard ISO -834 fire [1], focusing on the temperature evolution at the steel deck components
(web, lower and upper flange). As these components are, jointly with the rebar, the structural
components of the composite slab, that are mainly affected by the temperature, an accurate and
reliable estimation of the temperatures in these structural components are required. Specially to
determine the load-bearing criterion (R) because these temperatures have a direct influence on
the reduction factors for the steel components and thus on the bending resistance of the slabs.
The results of a numerical analysis, carried out with different slab geometries models (re-entrant
and trapezoidal), and different concrete thickness h1 (from 40 to 150mm), are used to obtain a
new analytical proposal that enables to estimate accurately the temperatures.
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2. METODOLOGY AND PRELIMINARY RESULTS

The simplified calculation method for the load-bearing criterion (R) presented in Eurocode
EN1994 1.2 [2] can be applied to simply supported composite slabs when subjected to an ISO -
834 standard fire [1]. The proposed analytical formulation is a linear combination of different
geometric parameters of the slab, where the coefficients are provided for the three components
of the steel deck and for the required fire rating. In this work, one add a fifth term to the formula,
to consider the effect of thickness h1, in order to estimate the temperature:

1 A
9=b0+bl~g+b2-L—+b3-<1)+b4-<1>2+b.3-h1 (1)
T

A 3-D representative volume of the slab is meshed to solve the nonlinear transient thermal
problem by finite elements. This method requires the solution of the energy equation in the
multiple subdomains of the slab with the respective boundary conditions. Matlab was used for the
numerical solution of this thermal problem. The thermal proprieties are temperature dependent
and vary according to the material (steel and concrete) [2]. The numerical results were used to
determine the coefficients of Equation (1). This is accomplished by fitting the numerical results.
The resulting least square problem is solved by the singular value decomposition method [3].
When comparing the analytical results to the numerical results, one observed that the maximum
errors were 1.05% in upper flange of the Cofraplus slab, 2.22% in the upper Flange of Bondeck
slab, all for the 45 min time rating, see Figure 1 and Figure 2. The results obtained with this new
proposal are much more accurate when compared to the Eurocode 4 results.
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Figure 1: Lower flange. Figure 2: Web.
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