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ABSTRACT

The composition of most engineering materials is heterogeneous at some degree. It is simply a question of scale at
which the level of heterogeneity becomes apparent. In the case of cementitious granular materials such as concrete
the heterogeneity appears at the mesoscale where it is comprised of aggregate particles, a hardened cement paste and
voids. Since it is difficult to consider each separate particle in the topological description explicitly, numerical models
of the meso-structure are normally confined to two-phase matrix particle composites in which only the larger
inclusions are accounted for. 2-D and 3-D concrete blocks (Representative Volume Element, RVE) are used to
simulating heterogeneous concrete meso—structures in the form of aggregates in the hardened mortar with nearly
zero—thickness linear or planar interfaces. The numerical sensitivity of these meso-structures are investigated with
respect to the different morphologies of heterogeneity and the different level of coupling constant among fracture
mode I, II and III. In addition, a numerically homogenized concrete block in 3-D using Hashin-Shtrikman variational
bounds provides an evidence of the effective cracking paths which are quite different with those of heterogenous
concrete block. However, their average force-displacement relationship show a pretty close match each other.

Keywords : representative volume element, heterogeneity, nearly zero-thickness interfaces, mesoscale, homogenization
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Fig. 2 2-D linear interface element: (a) Multiple kinematic
constraints, (b) Newton-Cotes integrations
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Fig. 8 Deformed shapes of uniaxial tension test at
the different level of «: (a) Full coupling
between normal opening and tangential slip,
(b)(c) Partial coupling between normal opening
and tangential slip, (d) No coupling between
normal opening and tangential slip
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Fig. 9 Force-top displacement curve of 2-D coarse
mesh under uniaxial tension at different level
of
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Fig. 10 Deformed shapes of uniaxial tension test at the
different level of «: (a) Full coupling between
normal opening and tangential slip, (b)(c) Partial
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Fig. 12 3-D two phase composite model with crushed
aggregate inclusions(100 mm> 100 mm:< 100 mm)
. (@) Total form of mesh layout, (b) Planar
projection geometry in x-y plane, (c) Random
spherical aggregates with different sizes(32
pebbles) and (d) Alignments of planar interfaces
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Fig. 13 Sieve line of aggregate inclusions in 3-D
concrete cube in Fig. 12(c), pebble size
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Fig. 15 Uniaxial tension test for 3-D simulation under
displacement control
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(a) (b)

Fig. 16 Anisotropic tension cracking patterns due to
stresses mismatch and mesh objectivity of
planar interfaces between aggregates and
matrix(mortar) at the different views
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Fig. 17 Isotropic tension cracking patterns due to
mesh objectivity of planar interfaces between
aggregates and matrix(mortar) at the different
views
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Fig. 18 Force-top displacement curve of 3-D heterogenous
and homogeneous concrete cube under uniaxial
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