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Fig. 4. Load F versus average loading point deflection for notched beam.

Discrete and smeared analyses without element removal.
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Fig. 5. Load F versus average loading point deflection for notched beam.
Smeared analysis with and without element removal (B=0.05).
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Fig. 6.
(a) Smeared, without removal (f=0.05), (b) Smeared, with removal (B=0.05).

Incremental displacements, corresponding to final stage in Fig, 5.
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Fig. 7. Principal tensile stresses, corresponding to final stage in Figs. 4 and 5.
{2) Smeared, without removal (B=0.05), (b) Smeared, with removal (B=0.03), (c) Discrete.

non-zero shear stiffness still left some (minor) residual stresses. In order to keep Fig. 5 clear,
the unloading/reloading cycles for the analysis with element removal have been excluded
from the plot, so that the drop of load due to element removal is indicated by a vertical line.
The curve is discontinuous, but all solutions have converged. Fig. 6 shows the deformed
meshes. In total, 19 elements have been removed in 12 stages, after which the analysis was
terminated.

EXAMPLE 2: NON-SYMMETRIC NOTCHED BEAM

The second example is a non-symmetrically loaded single-notched shear beam which fails in
curved mode-I fracture. Details of the way of modeling are given in e.g. [1]. The mesh of
nine-point integrated eight-node elements is shown in Fig. 8. The mesh is 100 coarse to cor-
rectly predict the curved fracture path, but is sufficiently fine to illustrate the aspects intended
here. The parameters were taken as E=24800N/mm?, v=0.18, f,=28 N/mm?,
G;=60J/m? with a lincar diagram and f=0.05.
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Fig. 8. Mesh for notched shear beam.
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the results, and makes necessary 109
the reduction of the noise due to
spu-rious sources. These sources
are : differences between the two
mixes, differences in the age of the
specimen (between 100 and 132 0807
days at the time of tcst), differences

in the exact dimensions of the 0401
specimens (the lateral faces are
directly given by the formwork and ¢ 29
the height results from a simple
trowel surfacing).
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Figure 3. Curmnulative probability of failure,
STATISTICAL ANALYSIS : NOISE REDUCTION

The aim is to (a) obtain significative average values for each serie, (b} increase the separability
level between series. We perform several linear regressions such as to successively eliminate
the deterministic bias due to the three parameters indicated above. If Fp is the value (in
Newtons) of the maximal load, we obtain different corrected values :

Fpl=kl *Fp 4}

where k1l is deduced from the compressive strengths measured for the two mixes,

Fp2 =Fpl + 16.83 (age. - age) (2)
and Fp3 =Fp2 + 4.282 (W;s- W) (3)

where agerer and Wi are reference values and where age and W are the specimen
characteristics. These linear corrections are justified by correlations similar to that presented on
Figure 4 and they lead to final corrected values Fp3, where the effects of three spurious factors
have been eliminated.
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Figure 4. Correlation between the weight W (in kg) and the maximum load F (in kN).

539

The Table 1 summarizes the results for the the reference serie (P) and three series R1,
g2 and R3 containing respectively 75 holes of 1 mm of diameter, 24 holes of 2 mm and 10
holes of three mm, the total area of the holes remaining quite the same for the three seres.
Extensive results are available in [1].

TABLE 1.
Direct and corrected results for the failure load.
- Fp (N) Fp3 (N)
serie average C.V. (%) average C.V. (%)

- P 3768 12.53 4410 7.54

R1 4370 13.64 3829 11.74

R2 2939 16.21 3401 14.96

R3 3219 9.24 3063 7.58

The two aims of the statistical treatment are reached : the separability between the series
is effective and the internal variance is reduced in cach serie (even if it remains a significant
variance). It is for instance possible, assuming a gaussian distribution of the maximum loads
for each serie, to compute the probability for one specimen randomly drawn one given scrie
(Ri) to have a strength higher than one specimen issued from any other serie (Rj). These results
are summarized in Table 2.

TABLE 2.
Level of separability between series.
i ] P (FP3(K) > Fp3R))
i 2 0.735
1 3 0.925
2 3 0.726

EFFECTS OF DISORDER. INTERACTIONS.

The comparisons between series with few holes (see [1] for further details) have shown
that the effect of interaction between the holes is not very important. The minimum distance
between two holes of diameter 2 mm is 5 mm and Fond [1] has computed that under uniaxial
tension, the stress concentration factor k, is in this case 2.93 instead of 3.00 for a single hole in
an infinite medium. With the same tool [2], issued from previous works [3, 4], it has been
shown that the interaction between a hole and a side leads to a value of 3.25 of the stress
concentration factor k, . These values are two important to explain why the reduction of the
carrying capacity between the reference serie and any other serie never exceeds 21 %. It is then
clear that the failure of the specimen does not follow directly a local failure (as it is seen on
figure 2) and that a brittle approach can not be correct. An other possibility is to consider that a
wholly local stress concentration factor has no meaning and that it has to be replaced by a
‘averaged' stress concentration factor. This average has to be made on a representative volume
of material. If we, for instance, consider the variation of k, on a segment between‘the_ lower
face of the specimen and the nearest hole (the center of the hole being distant 3 mm), it gives an
average value of 1.416 which would cause a decrease of 29 % of the carrying capacity. An
average computed both on this segment and on a perpendicular one would certainly be beter,
but this result is sufficient to confirm our reasoning and the idea of 'non-locality' of the criteria.

ANALYTICAL MODELS

Both a deterministic non-local scalar damage model [5,6] and a probabilistic local damage
model {7} have been used to simulate the non-linear response of the specimens for three series.
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