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ABSTRACT 

In recent years, the research group of “Mechanics of Materials” at UPC has developed and 
consolidated a methodology for the numerical analysis of concrete and other heterogeneous quasi-
brittle materials under mechanical and environmental actions, considering the corresponding THMC 
couplings. In the approach employed, a main focus is on cracking and fracture via a discrete 
approach using zero-thickness interface elements, which is combined with a meso-level 
representation of the main aggregate particles. Interface elements are pre-inserted along all lines in 
the FE mesh, which therefore become potential crack lines, equipped with a traction-separation 
constitutive model based on principles of non-linear fracture mechanics [1,2]. 
 
In this paper, attention is focused on the 3D numerical study of the external sulfate attack in concrete. 
The study is an extension of a previous work [3], in which the numerical formulation of the model 
was developed and some application examples in 2D were also presented. Subsequently, the study 
was continued in [4] with an extension of the analysis with different size samples, also in 2D. 
 
The modeling is performed on 3D samples, with geometries and FE meshes generated with a code 
developed by the research group. The numerical analysis is carried out using two independent codes 
and using a “staggered” coupled procedure. The first code performs the mechanical analysis and the 
second the diffusive/reaction chemical problem. 
 
This paper presents the 3D modeling results considering different boundary conditions and analyzing 
the differences between coupled and uncoupled analysis results. Some 3D results are also compared 
with equivalent 2D results, with a discussion of the differences, advantages and disadvantages 
detected.  
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