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Modeling the cracking behavior of concrete at the mesoscale
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Crack nucleation and propagation in composite ma-
terials like concrete is largely influenced by their
mesostructural arrangement. It is nowadays widely
accepted that a substantial advancement in under-
standing their behavior can be gained by modeling
explicitly their mesostructure, i.e. by resolving the
heterogeneities within the matrix. To obtain realistic
3D geometries an increasingly adopted technique is
X-ray computed tomography (CT) [1], which has re-
cently seen great improvements in terms of both spa-
tial and temporal resolution. This technique delivers
a large amount of data not only regarding the real
mesoscopic arrangement of the phases but also about
the crack onset and 3D complex propagation pattern
during a mechanical test. The latter information can
be obtained from in-situ testing, i.e. by taking sev-
eral CT images of a sample at different stages of a
mechanical test, and from their analysis using Dig-
ital Volume Correlation (DVC) to measure the 3D
displacement field [4].

The phase-field approach to brittle fracture [2] is a
flexible model able to reproduce a broad range of
fracture processes including crack nucleation, prop-
agation, branching and merging without introducing
ad-hoc criteria. This approach regularizes a sharp
crack through the introduction of a phase-field pa-
rameter that smoothly varies between 0 (sound ma-
terial) and 1 (completely cracked) over a support
whose width is governed by a small length scale pa-
rameter.

The aim of this work is to calibrate and validate the
phase field model for brittle fracture of the cement
mortar to reproduce the cracking behavior of real
concrete at the mesoscale, namely, where an appro-
priate fraction of aggregates and pores are explic-
itly resolved. To this end, experimental tests are per-
formed to characterize the elastic and the fracture
parameters of both mortar and aggregates. To ob-
tain a validation dataset, a series of in-situ wedge

splitting tests [3] is performed on concrete speci-
mens doped with baryte contrast enhancers to enable
the automatic segmentation of aggregates and ma-
trix [1]. The CT image of the specimen before load-
ing delivers the real mesoscopic 3D geometry, while
from DVC analysis on the time series of images we
obtain realistic boundary conditions that can be used
as input in the numerical analysis. Also, the adopted
procedure provides the 3D evolution of the crack pat-
tern and a full-field displacement dataset. Finally, the
calibrated model is validated by comparing numeri-
cal and experimental results.
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