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ABSTRACT 

Highly porous cement-based materials compose of solid phases and air pores formed through 

the solid phases. The existence of a large amount of air pores in these materials causes their 

mechanical responses highly dependent on the density and the stress state, and their failure 

mechanisms to be complicated and significantly different from other solid materials. In 

particular, the constitutive responses and failure mechanisms of this material are highly 

controlled by the competition of the shear failure and pore collapse. In this work, we present 

our primarily results on the investigations of the failure mechanisms of this material under the 

true triaxial stress conditions. The experimentally validated discrete element method (DEM) 

is utilised to explicitly describe the internal pore-structure [1-2], while the cemented phase is 

modelled at the micro/meso-scale using a cohesive-frictional model. Some insights into the 

mechanisms of shear failure and pore collapse during the failure process, the transition from 

brittle failure to ductile, and the yield/failure surfaces of a typical highly porous material will 

be presented and discussed. 
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Figure 1: Behaviour of a highly porous material: (a) Effect of confining stress, (b) influence of 

material density and (c) meridian curve of yield-failure surfaces. 
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