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Abstract
For many decades, researchers have tried to formulate continuum constitutive equations for plain concrete;
but these attempts, although successful in certain ways, failed to capture to full extent the most important
aspect of concrete behavior, cracking and fracture. Fracturing behavior is strongly influenced by its
heterogeneous internal structures.
At the meso-scale concrete is considered a two-phase composite in which stiff inclusions, the coarse
aggregate particles, are embedded in a softer and weaker mortar matrix. At the mortar scale, concrete can
be regarded as a three-phase composite composed of a porous matrix, aggregate particles of all size, and a
thin layer of material at the interface between cement paste and aggregate pieces, the Interfacial Transition
Zone (ITZ). At the scale of cement paste and ITZ, internal structures feature a complex system of pores
with sizes spanning several orders of magnitude.
Furthermore, cement paste is intrinsically a composite structure and, in addition to pores, is composed of
several components resulting from the cement hydration process. Modeling the effect of the major material
heterogeneities is instrumental to capture the intrinsic material characteristic length associated with fracture,
and the consequent reduction of the structural strength as a function of the structural size – the so-called
Size Effect.
This presentation will introduce a multiscale extension of the Lattice Discrete Particle Model (LDPM)
which aims to predict material behavior across length scales by only utilizing properties of individual
constituent materials and mix proportions. Spatial structures are developed via a novel meshing procedure
and are based on voxelated data from NIST's Cement Hydration Modeling Software (CEMHYD3D) and
Virtual Cement and Concrete Testing Laboratory (VCCTL). Formulation and calibration of the predictive
model is demonstrated for an exemplary concrete mix, and elastic properties are validated at both the mortar
and concrete scale via uniaxial unconfined compression and triaxial test data. In addition, prediction of
cement scale mechanical properties in both elastic and inelastic regime are demonstrated starting from basic
single phase mechanical characterization via micro-indentation.
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