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Fire in concretes deteriorates mechanical properties of the material and lead to collapse under 
loads. Two types of spalling occurs in concrete when exposed to high temperature, namely 
explosive and thermal spalling. Explosive spalling occurs once the hydrostatic stress (developed 
due to pore pressure) exceeds the tensile strength of the concrete. Whereas thermal spalling of 
concrete happens due to degradation of material properties (elastic modulus, compressive and 
tensile strength) when exposed to high temperature. 

The present study comprises of an experimental and analytical program to assess the levels of 
deformations due to high temperature in different self-compacted concretes (SCC). Total four 
mixes has been studied to investigate the high temperature effects. In the total four mixes, three 
mixes are self-compacted concrete mixes (35MPa, 55MPa and SCC70MPa) and one normal 
concrete mix (45 MPa).  

The four mixes of concretes were tested with the external temperature of 25° C, 200° C, 374° C, 
500° C, 700° C and 800° C. Two ages of curing were selected (28 days and 365 days) to study the 
moisture effects of concrete when exposed to high temperature. Further a 3D Hygro thermo 
mechanical model is used to estimate pore pressure (can cause a serious damage when the pore 
pressure higher than the tensile strength of the concrete) and temperature and displacements that 
are treated as the state variables which intern varies with the extent of the dehydration process 
when concrete is exposed to high temperature. Concrete is treated as a deformable, multiphase 
porous material. The model couples hygro-thermo-mechanical and chemical process (accounting 
for the extent of dehydration). The model accounts for various moisture, energy and transport 
phenomena (Characteristic of the various phases of concrete). Evolution of material properties 
(porosity, permeability, strength properties) with the extent of temperature of concrete is 
considered in the model. Material nonlinearities due to temperature, pore pressure, moisture 
content and material degradation are included in this development. The model considers a 
representative elementary volume to describe the micro scale processes and a volume averaging 
theory to develop the macroscopic (space averaged) balance equations. A Willam-Warnky 
plasticity model is used to estimate the extent of damage. This model is then validated with 
available experimental results. 


