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Abstract
There exists a minimum size for fracture test of concrete specimens, dmin·
When the specimen size d < dmin, the fracture property of the concrete
specimen cannot be treated simply by linear elastic fracture mechanics
(LEFM). dmin is also very important from practical point of view, if d >
dmin, the concrete specimen is large enough for the application of LEFM,
one-size and one-notch specimen will be adequate
testing fracture
toughness of concrete. A prediction model for dmin is developed in terms
of concrete composition parameters and specimen geometry factor. Any
change in dmin due to a change in concrete mixing design and specimen
geometry can be evaluated quantitatively.
Keywords: concrete, fracture, morphology, size effect
1 Introduction
One of the advantages of the size effect law (Bazant 1984; Bazant and
Kazime, 1990) in evaluating fracture toughness of concrete is that it needs
only the maximum load from concrete specimens, which is convenient to
obtain in regular concrete laboratories. However, the original version of
the size effect law requires concrete specimens of several different sizes.
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for cement hydration. In the present study, a multiphase and multiscale
composite model is used for predicting Em (Xi and Jennings 1997). A is
calculated by using Eq. (1 ).
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Fig. 3 Effect of coarseness A. on CJ
( aBond = 4 for Zollinger et al.;
aBond = I for Xi et al.)

Fig. 2 Effect of concrete age on CJ
( aBond

=

4)

Fig. 2 shows the effect of concrete age on c1 and the comparison of test
results with the prediction of Eq. (2). It is clear that CJ is quite small at early
ages, and CJ increases with concrete aging. The ascending curve shown in
Fig. 2 is valid for conventional concrete. The descending part of the curve
(decreasing size of the process zone with increasing age of the concrete),
as predicted by Eq. (2), occurs only for those very high strength concrete in
which Em is almost the same as E0 . Fig. 3 shows the test results of CJ with
various coarseness numbers and the comparison of model predictions with
the test results. From Fig. 3, one can see that CJ decreases with increasing
.A, which represents fine-grained internal structures.
5 The brittleness number from the size effect law

The brittleness number, /J, proposed by Bazant and Kazime (1990)
was used as the basic criterion in the present study to distinguish whether
the concrete specimen is governed by LEFM or not. Of course, there are
several other brittleness numbers in the literature, and each of them has its
own special features. In view of the present model developed for CJ, which
was exclusively based on test results from the size effect law, it will be
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more consistent to use the brittleness number fJ defined m the same
framework. The size effect law (Bazant, 1984) is
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where fu is the tensile strength, d is the characteristic dimension, and A and
d0 are two constants which can be identified by linear regression of the test
results from concrete specimens of different sizes. a-N = cnP/(bd) =nominal
strength of the specimen. Cn is a convenience factor, which can make the
measured nominal stress match soine formula for maximum stress, in a
beam for example, the maximum elastic bending stress for a simply
supported beam is matched by choosing Cn = 1. 5 Lid, where L is the span
of the beam and Lid is a constant for geometrically similar specimens. Pu
maximum load; b =width of the beam. Based on Eq. (3), the brittleness
number is defined as

(4)
in which g(a0 ) 1ra0c;F 2(a 0). a 0 = a0/d and ao is the initial notch length.
Function F(ao) is called geometry factor, which .is available in standard
fracture mechanics handbooks for various specimen geometries. D Eq.
(4) is called effective structural dimension, and it takes into account the
effect of structural geometry.
The physical meaning of the brittleness number is shown in Fig. 1, in
which a minimum brittelness number, f3min, has assumed, and Log CfJmin)
serves as a dividing line. When the brittleness number of a concrete
specimen is larger than /Jmin, it can be treated by using LEFM, which means
one-size and one-notch specimen may be adequately used to evaluate the
fracture toughlless. When the brittleness number of the concrete specimen
is smaller than /Jmin, the fracture toughness must be determined by using the
size effect law or other proper procedures.

6 The minimum size of concrete specimen for fracture test
Combining the concept of the minimum brittleness number and the present
model for the size of fracture process zone, c;; a criterion for the minimum
size of concrete specimen can be established. The major progress made by
the present study is that the model for c1 is expressed in terms of concrete
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concrete beam test (Bazant and Kazemi, 1990; Bazant and Xi, 1991) had a
value of f3 = 5. Although the brittleness number is much smaller than the
one specified by Bazant and Kazemi, f3 > 10, the test data was already
the range of LEFM, which means that those test data obtained from
reinforced concrete beams can be analyzed simply by using LEFM.
The change of fracture property of concrete from the region of LEFM to
the region of nonlinear fracture mechanics is not a sudden jump, but a
smooth transition. Therefore, determination of the value for f3min depends,
to a large extent, on the level of tolerance that we allow to deviate from
As another option, more than one value of f3 can be specified,
will
a
together with the level of the error associated with each /J.
very interesting research topic in the future.

7 Conclusions
1. There exists a minimum size for concrete specimens, dmin· When
characteristic dimension d < dmin, the fracture property of the concrete
specimen cannot be treated and analyzed by LEFM. More importantly,
when d > dmin, the fracture property of the concrete can be tested by onesize and one-notch specimen and analyzed by LEFM.
2. A prediction model for dmin is developed and two limit cases were
analyzed. Comparing with available test data, it was found that most of
concrete specimens are in the region between the two limit cases. Since
the change of fracture property of concrete from the region of LEFM to the
region of nonlinear fracture mechanics is not a sudden jump, but a smooth
transition. Therefore, determination of the value for the minimum size of
fracture specimen depends, to a large extent, on the level of tolerance that
we allow to deviate from LEFM.
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