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A STUDY OF DAMA GE MECHANICS THEORY IN
FRACTIONAL DIMENSIONAL SPACE”
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Abgract Of most importance in continuum damage mechanics is how to properly define a
damage variable that isavailable for describing damage degree and its evolution. It playsa key role
in correlating macro mechanicad regponses to their interna micro/ me damage fects in
materidls As one of widely-accepted efective gpproaches to define a damage variable, macro
phenomenological definition performs a great advantage of being easly utilized in analyzing macro
damage mechanica regponses of materials and structures. Nevertheless, the definition cannot
reflect intringc mechanism of damage properties. The mgority of phenomenologica definitionsare
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deficient in physca meaning, and most of proposed mechanica modesfor damage evolution and
congtitutive equation are empirical ones that have very limited applicability. For applying damage
mechanics to accurately explaining and e ucidating damage and rupture phenomena in materias
and structures, it isessentia to determine a damage variable that can not only quantitatively state
damage intringc mechanism but a0 be easly adopted in macro damage anayses.

In the present paper ,a fractad damage variablew (d ) isproposed, which can not only reflect
internal damage mechanism but a0 befitted to macro damage mechanics analyses. Furthermore,
the fractal expressonsof damage evolution laws and damage congtitutive equation are deduced in
termsof definition of fractal damage variable. As an example, damage mechanica behaviors of
concrete under uniaxia compressve stress have been discussed by means of the proposed method.

It is shown that fractal damage variablew (d () to be defined at fractional dimensona gace
actudly is a generdized case of the goparent damage variable W which is defined at Euclidean
gace. The fractd damage variablew ( d ,{ ) will be the same aswowhen thefractal dimendon dis
equa to Euclidean integer dimenson. The oconcept of damage variable in continuum damage
mechanics has been extended from Euclidean gace to fractional dimensona gace. The discusson
a9 indicates that fractal damage variable w (d,{) depends on fractal dimenson d and measure
scale( . The dependency on measure scale is a hallmark of fractal damage variable to be differed
from the gpparent damage variable W, . The analyses of fractd damage of concrete implies that
fractal damage is higher than apparent damage if the fracta effects of damage is consdered.
Fracta damage increases when the measure scale decreases. Additionally , the investigation shows
that fractal models of damage evolution law and damage congtitutive relationship for concrete are
better in agreement with the actua damage evolution and stressstrain reponses. The modes
guantitatively manifest the dependence of macro mechanical behaviorson their internal micro/ meso
damage effects.

Key words damage, fracta , fractiona dimendonal ace, fractal damage variable, fracta
damage evolution law , fractad damage constitutive equation



