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                    Abstract
A macroscopic finite element model is extended to account for fire induced spalling in high strength concrete (HSC) beams. The model is based on the principles of mechanics and thermodynamics and utilizes pore pressure calculations to predict fire induced spalling in concrete. For validating the model, spalling measurements were made by conducting fire resistance experiments on four normal strength and high strength concrete beams. Spalling predictions from the model are compared with the measured values of spalling at various stages of fire exposure. The validated model is applied to investigate the influence of fire scenario, concrete strength (permeability) and axial restraint on the fire induced spalling and fire response of RC beams. Results from the analysis show that fire scenario, and concrete permeability largely influence the extent of fire induced spalling in concrete beams. Further, it is also shown that the extent of spalling has significant influence on the fire resistance of RC beams.
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Appendix
Appendix
For spalling calculations, the following material properties are assumed:
	
                    
                                    Isotherms: The isotherms for the high strength concrete used in the analysis are shown in Figure 12 [20].
Figure 12[image: figure 12]
Isotherms for HSC used in the analysis


Full size image


                                 
                  
	
                    
                                    Permeability: The variation of the permeability of concrete is assumed to follow the following expression [21]:
$$ k_{T} = \left[ {10^{{0.025\left( {T - T_{0} } \right)}} \left( {\frac{{P_{V} }}{{P_{0} }}} \right)^{0.368} } \right]k $$

                    (5)
                

where k
                                    
                          T
                         = intrinsic permeability of concrete at temperature T, k = initial intrinsic permeability of concrete at room temperature, P
                                    0 = 101 325 Pa, P
                                    
                          V
                         = pore pressure (Pa), and T
                                    0 = initial temperature (°C).

                  
	
                    
                                    Tensile strength: The temperature dependent tensile strength of concrete is assumed as per Eurocode 2 [28] but with some modifications to avoid the conditions where the tensile strength becomes zero at relatively low temperatures (600°C). The model follows Eurocode 2 constitutive relationships for tensile strength of concrete up to 550°C. However, the Eurocode relationship is slightly modified for temperature range beyond 600°C. In this range, the tensile strength of concrete is assumed to decrease gradually until it reduces to zero at 1200°C. This modification is mostly to facilitate the numerical analysis (avoid convergence problems). It should be noted that tensile strength of concrete at 550°C is only 10% of the room temperature tensile strength.
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