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The structural assessment of existing masonry buildings often requires reliable estimation of their compressive
strength. However, conventional experimental methods such as testing full-scale prisms or wallettes are highly
invasive, time-consuming, costly, and impractical for in-situ evaluation of historic or existing structures. Alternative
techniques like the flat-jack test provide only elastic-range data and fail to capture post-peak softening behavior or
ultimate compressive capacity. In this context, core drilling emerges as a promising minimally invasive approach,
enabling the extraction of small cylindrical samples (masonry cores) for laboratory testing while preserving the
integrity of the parent structure. Despite its potential, the interpretation of core compression tests remains
challenging due to complex stress states, size effects, and the heterogeneous nature of masonry materials.

This study presents a comprehensive numerical investigation into the compressive behavior of masonry cores
compared to standard prismatic specimens, using advanced finite element modeling. A three-dimensional
continuous micro-modeling strategy is employed, explicitly representing both bricks and mortar without interface
elements. Two sophisticated constitutive models are implemented and compared: (1) the widely used Concrete
Damage Plasticity (CDP) model available in Abaqus, and (2) an enhanced Multi-Laminate Model (MLM) based on
the angular decomposition of stress space. The MLM is specifically upgraded to account for biaxial tensile-
compressive stress states in bricks and triaxial confinement effects in mortar key mechanisms governing masonry
failure under compression.

The MLM incorporates a fracture-energy-based softening law and separates stress into volumetric and deviatoric
components, applying the latter to multiple micro-planes (66 in this study) to inherently capture the pronounced
anisotropy and directional dependency of quasi-brittle materials after cracking. In contrast, the CDP model relies on
isotropic damage and invariant-based yield surfaces, which may inadequately represent the true 3D stress interaction
between masonry constituents.

Both models are rigorously calibrated using experimental data from the literature, particularly from compression
tests on masonry prisms and cores conducted by Pela et al. (2016). Calibration involves determining path-dependent
parameters for triaxial compression and biaxial tension-compression states through single-element simulations with
appropriate boundary conditions. The models are then validated against three benchmark cases: (i) a five-brick
prism, (ii) a 150-mm diameter masonry core under axial compression, and (iii) a full-scale shear wall tested at
Eindhoven University.

Results demonstrate that the enhanced MLM accurately predicts both the peak compressive strength and the
failure mode including vertical splitting in bricks and hourglass-shaped crushing closely matching experimental
observations. The model correctly estimates the lateral confining stress in mortar (<0.65 MPa), aligning with
theoretical expectations from Hilsdorf’s framework. In contrast, the CDP model significantly overestimates strength
(by up to 86% in prisms and 36% in cores), primarily due to unrealistic confinement assumptions and inability to
capture directional tensile failure in bricks.

Furthermore, the MLM successfully reproduces the load—displacement response and crack patterns of the
Eindhoven shear wall under combined vertical and lateral loading, confirming its robustness for practical structural
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analysis. This study confirms that core testing, when interpreted through advanced, physically consistent numerical
models like the enhanced MLM, offers a viable, minimally destructive method for assessing the compressive
behavior of existing masonry. The proposed approach provides deeper insight than laboratory tests alone delivering

full-field stress and strain distributions and outperforms conventional modeling techniques in accuracy and physical
fidelity.

Keywords: Masonry Core, Micro Modeling, Dilatancy Effect, Model Based on Angular Space Decomposition, CDP
Model.





