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ABSTRACT: Damage models are capable to represent initiation and somehow crack propagation in a continuum framework. Thus crack openings are not explicitly described. However for concrete structures durability
analysis, crack opening through transfer properties is a key issue. Therefore, in this contribution we present a
new approach that is able from a continuum modelling to locate a crack from internal variable field and then
to estimate crack opening along its path. Results compared to experimental measures for a three point bending
test are in a good agreement with an error lower than 10% for widely opened crack (40µm).

1 INTRODUCTION
For many concrete structures, crack opening is a
key parameter needed in order to estimate durability. Cracks are preferential paths along which fluids or corrosive chemical species may penetrate inside concrete structural elements. For structures such
as confinement vessels, reservoirs or nuclear waste
disposals for instance, tightness to gas or liquids is
a major serviceability criterion that is governed by
Darcy’s relation in which permeability of the material is involved. Hence, the prediction of the durability of structural components requires models that describe failure, crack locations and crack openings in
the present example too when damage has localised.
Enhanced continuum and integral damage mod-

els are capable of representing diffuse damage, crack
initiation and possibly crack propagation (PijaudierCabot and Bažant 1987; Peerlings et al. 1996). They
regard cracking as an ultimate consequence of a gradual loss of material integrity. These models, however,
do not predict crack opening as they rely on a continuum approach to fracture.
Ideally, the prediction of durability that involves
inception of failure, crack location, propagation and
crack opening would require to merge the continuum
damage approach and the discrete crack approach
(for instance, the cohesive crack model (Hillerborg
et al. 1976)) into a single. Bridges between damage
and fracture have been devised in the literature (see
e.g. (Mazars and Pijaudier-Cabot 1996)). They rely

J

= − D ( h , T ) ∇h

(1)
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where q is the heat flux, T is the absolute
temperature, and λ is the heat conductivity; in this

J

weighted average of the local equivalent strain εeq :

φ (x − s) εeq (s)ds
(5)
ε̄eq (x) = Ω 
φ
(x
−
s)
ds
Ω
Several weight functions exist in the literature, we
choose the most used, i.e. the Gaussian function:
 
2 
2x − s
φ (x − s) = exp −
(6)
lc
where lc is the internal length of the model. Finally the
local equivalent strain is defined according to Mazars
criterion:

3

εi 2+

εeq =

(7)

i=1

+ denotes the positive part of the principal strain εi .
2.2 Location of a crack
In (Dufour et al. 2008), the extraction procedure of the
crack opening supposed a-priori known the crack position and the computational domain was reduced to
1D. In order to extend this approach in a more general
context (2D and 3D with unknown crack position), it
is necessary to locate an idealized crack from the nonlocal computation.
Some approaches have already been proposed in
the field of damage/fracture transition in order to update the crack position during the propagation. In
(Comi et al. 2007), the authors proposed to fit a
fourth-order polynomial on the damage field, then to
propagate the crack in a direction that is perpendicular to the maximum curvature of the polynomial at the
crack-tip. The main drawback is that when the damage profile does not exhibit a clear peak but a region
with a small curvature, the fitting may be obtained
with a degraded accuracy. Moreover, the accuracy of
the fitting may not be sufficient at the crack-tip, which
should lead to extra difficulties for the estimation of
the crack direction.
In (Mariani and Perego 2003), the authors proposed
a similar procedure, but working on the stress-field
in a half disc centered at the crack-tip. Finally, the

= − D ( h , T ) ∇h
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where q is the heat flux, T is the absolute
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Figure 3: 1D profiles (blue) generated from the crack
mesh (red)

Figure 4: 1D profiles (blue) generated from the crack
mesh (red)
2.3 Reduction to a 1D problem
At the end of the tracking process, a mesh of the crack
is built using the iso-temperature defining the crack.
The second step consists now in evaluating the opening across this idealized crack. In this contribution, it
is proposed to re-use the approach that was presented
in (Dufour et al. 2008). Once the crack is meshed, it is
possible to apply the 1D approach on lines perpendicular to the elements (segments in 2D, triangles in 3D)
defining the crack surface. In 2D, for example, a set
of lines is generated from the middle of each segment
of the crack (see Figure 3).
Once these profiles are defined, the component of
 ·ε·
the local strain field along the 1D profile εN = N

N is first computed (see Figure 4). Then, this axial
strain field is projected on the 1D profile as an input
for the 1D crack opening procedure.
2.4 Estimation of a crack opening
We summarize in this part the key idea developed by
(Dufour et al. 2008) to estimate the crack opening in a
1D structure that we use along perpendicular profiles
to the idealized crack. If we assume a bar upon failure,
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explicitly accounts for the evolution of hydration
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Figure 6: Crack opening at different stage of the loading process.
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For a given CMOD, the crack shape is compared
between experimental measurements and numerical
estimation both using the strong and the weak link approaches. A relative error is computed between experimental crack opening and its numerical counterpart.
Just after the peak (CMOD = 50 µm), the two numerical approaches are quite similar (see Figure 8.a)
and slightly underestimate the measured crack opening. However for large CMOD (200 µm) the strong
approach yield a large error (see Figure 8.b and d)
and the weak approach always provides a better estimation of the measured crack opening.
The strong approach relies only on the regularized equivalent strain at one given point that may be
affected by boundary effect for instance (PijaudierCabot et al. 2009) and is thus more sensitive to numerical perturbations.
The larger the crack opening, the better the estimation. This is a rather important result since the transfer
properties for a structure are naturally dominated by
large crack openings.
The numerical approach systematically underestimates the experimental crack opening, at least for a 3
point bending test. Although it is not on the safe side
for an engineering use, it can be clearly explain from
crack propagation considerations and by recalling that
experimental crack opening are measured on the surface whereas the numerical one is performed on a 2D
plane stress simulation:
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where q is the heat flux, T is the absolute
temperature, and λ is the heat conductivity; in this

