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Abstract ,_

Two different investigations on the scaling properties of damage in concrete have been carried out. In the case of uniaxial
tensile tests, a laser profilometer was adopted to scan the post-mortem fracture surfaces. In the case of compression tests, a
fusible alloy (Wood’s metal) was injected inside the specimen under load (ante-mortem). Afterwards, scanning electron
microscope was used on the sliced specimens to detect the stress-induced crack patterns. The highly localized energy
dissipation in uniaxial tension evolves from a narrow damage band to a fracture surface with fractal dimension comprised
between 2.0 and 2.5. The microcracks networks induced by compression present fractal dimension even larger than 2.5 in
the bulk. Fractality permits to explain some aspects of the fracture behavior, like the stable crack growth encountered in the
tests and the smoothing of the dynamic stress-intensity factor which causes the cracks to propagate slower than at the

theoretical Raleigh speed. © 1997 Elsevier Science Ltd.
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1. Introduction
1.1. Tensile failure in concrete

Concrete is a heterogeneous material that exhibits
strain-softening behavior and fails progressively by
damage-localization and breakdown of its compo-
nents. Moreover, it is characterized by considerable
size-effects and by a marked difficulty in the repro-
ducibility of the tests. Brittle fracture in concrete
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structures represents a typical example of cusp catas-
trophe (Carpinteri, 1989). According to this concept,
the system of dissipative processes (microcracking,
creep, plasticity) can transfer to a thermodynamic
equilibrium state only by a jump, as a result of a
critical phase transition at a bifurcation point. If a
tensile load is increased beyond the peak (load-con-
trolled process), the complete fracture of the speci-
men occurs. If a displacement-controlled process is
carried out, the softening regime comes into” play,
which is clearly unstable in the sense of Drucker.
The continuum mechanics approach fails to predict
these aspects, and also linear elastic fracture mechan-
ics (LEFM) is inadequate because of the scale of
heterogeneities.
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