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ABSTRACT

Two distinct physical mechanisms can be directly linked to the rate-dependent material properties in
heterogeneous materials. For intermediate loading rates the strength increase is assumed to be related
to the moisture effect in micro and nano pores [1], whereas the strengthening effect at higher loading
rates is mainly caused by a change of failure mechanisms and by the effect of micro/meso-inertia [2].
Therefore, the characteristic length and time scales of heterogeneous materials depend on the scale of
observation, the nature of the applied load and the loading rate.

We present a multiple-scale framework to describe the aboverate-dependent mechanisms. An attempt
is made to analyse the impact problem at three scales sketched in Figure 1. We have (i) a macro-scale
at which the material is considered homogeneous, (ii) a meso-scale at which aggregates, matrix and
interface between aggregates and matrix are explicitly modelled and (iii) a micro-scale model, where
the rate effect induced by moisture (the so-called Stefan effect) is included through a semi-analytical
model [3].
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Figure 1:Sketch of different observation scales. A crack may be reproduced with a macroscopic continuum model (a), a mesoscopic
model including aggregates and initial defects (b), and by amicroscopic model of the cement matrix representing the Stefan effect (c).



At the macro- and meso-scales a rate dependent constitutivemodel [4] is used in which visco-elasticity
is coupled to visco-plasticity and damage. Figure 2 shows a rheological representation of the model,
whereηs

1
andE1 are the viscosity and stiffness related to the visco-elastic Kelvin element. In the visco-

plastic modelηs

2
is the viscosity andftv is the tensile strength. The hardening forceq is dependent on

the equivalent plastic strainκ to represent the softening behaviour. Furthermore,q is a function of the
equivalent visco-elastic strainχ and strain ratėχ to account for the viscous hardening effect associated
to the Stefan effect. The equivalent plastic strain also controls the evolution of the damage parameter
ω, which affects the initial elastic stiffnessE2. A viscous length scale effect is introduced to control the

E1

(1 − ω)E2
σ̃ =

σ

(1 − ω)ftv

ǫ
ve

ǫ
e

ǫ
vp

q(κ, χ, χ̇)

η
d
1(χ̇) η

d
2

Figure 2:One-dimensional rheological model for the visco-elastic visco-plastic damage model, whereǫ
e, ǫ

ve and ǫ
vp are the elastic,

visco-elastic and visco-plastic strains, respectively.

size of the fracture process zone. By comparison of the widths of the fracture process zone, the length
scale in the meso-model and the macro-model can be coupled. In this fashion, a bridging of length
scales can be established. A computational analysis of a Split Hopkinson bar test at medium and high
impact load is carried out at macro-scale and meso-scale including information from the micro-scale.
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