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Modern techniques and the increasing use of computers in the
building industry allow more sophisticated constructions.

It is, therefore, necessary to know more about the behaviour
of building materials under normal and extreme conditions.
Many attempts to describe the basic laws of deformation and
fracture are to be found in the literature. Most contri-
butions, however, are mainly based on phenomenclogical ob-
servations and consequently do not cover mechanical pro-
perties in general., 1In an effort to fill this gap we have
studied the theory of crack propagation in a porous and
viscoelastic material. At the same time, we carried out ex-
periments on hardened cement paste, mortar and concrete.
Special ettention has been paid to the behaviour of hardened
cement paste and concrete under a high sustained load,
Uniaxial and biaxial states of stress have been studied.
Though complicated, the characteristic prorerties of the in-
vestigated materials can be described with the help of the
newly developed theory. The main ideas and the experimental
results are described in detail in ReZ, 1, Here we would
like to give a brief survey of our theore%ical approach and

mention some experiméntal results,

Theory
2.1 Uniaxial State of Stress

The simplest element to be investigated in an idealized
structure of & vorous material is a circular hole in a
homogenious and isotropic plate. In Fig. 1 the well known

stress distribution around a circular hole is shown. As
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soon as the tensile strength of the material at the lines

of maximum tensile stress is reached a crack will propagate
into the material. It can be shown that the related crack
length A is dependent on the applied locad q by the follow-

ing expression /1/:

_ITEY (A +1) (1)
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Here A is equal to the crack length 1 divided by the radius

of the pore r. All other symbols in eguation (1) have

their usual meaning.

Equation (1) can be applied as long as the crack length 1
is small in comparison to - the distance of individual
pores, that means, as long as the interaction between two
mutual approaching cracks is negligible. This is, of courssg
a severe limitation of the mathematical description. Ve,
therefore, studied the crack propagation of two interfer-
ing oracks and finally the crack propagation in a material
with pores distributed at random. In this model which is
fairly close to a realistic porous structure the sum of
t£e length of all individual microcracks has been calcula-
ted, BEach time two pores become connected by the merging
of two increasing cracks there is a gudden increase in the
total crack length until a critical value is reached. Then

the cracks propagate without any increase in load.

If the material is viscoelastic cracks can propagate due to
the fact that creep occurs in the immediate vicinity of the
crack tips. ﬁerepanov /2/ has shown that formulas which

are derived under the assumption that a material reacts in
an ideally elastic way can be extended so that they can be
applied to describe the behaviour of a viscoelastic material
as wells In this case the elastic modulus E has to be re-

Fd
placed by 2 time dependent function E where:
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In equation (2) K (t,t) has the following meaning:

S d - gl
ko= 0% o - )]

Now it ié possible to calculate the time t when a specimen
fails under a high sustained load, the load being applied
at time 1. The basic assumption here is that the specimen
will fail as soon as the total crack length increases due
to creep of the material in the crack tips and reaches a
value that equals the oritical crack length of the

short time experiment. The related strength under sus-

tained load is then given by the following expressions

me)Bl®) [EE) 4 ”
"'((‘t, ) B pk(T) E(t) 4 +P(tT) !

BK(t) and BK(T) being the short time strength of a com-
panion specimen at time t when the sample fails and at
time v when the load has been applied respectively. B(t)
and E(1) represent the elastic modulus at the indicated
age.

Creep in the material near the crack tips not only in-
creases the crack length but reduces the stress concen-
tration at the same time which leads to an increase in

strength. m(t,7) takes this effect into consideration.

2,2 Biaxial State of Stress

To study the stress distribution around a pore and the
crack propagation under biaxial stress we used a differ-
ent model. In Fig. 2 a spherical hole is shown with a
penny-shaped crack starting from the circular line of
maximum tensile stiress., By introducing polar coordinates
it is pbssible to calculate the crack propsgation under
biaxial stress in a similar way as shown for the uniaxial
state of stress and the result is, in fact, identical

with equation (4). That means that one can expect the
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strength to decrease under high biaxial stress in the same

way as detécted in experiments using uniaxial state of
stress.

Bxperimental Results

For the éxperiments, we used a concrete with a water cement
ratio of 0.73. We added 1913 kg/m3 river gravel aggregate.
All specimens were tested at the age of 7 days when they
had reached a strength of approximately 200 kp/cm2. To pre-

vent shrinkage stress the concrete prisms were covered with
a layer of paraffin wax.

In Pig. 3 hollow circles indicate the results of tests
ocarried out under uniaxial compressive stress. In the same
diagram full circles represent the experimental results of

the bisxial compression test. The drawn line has been cal-

culated with the aid of equation (4). Within the usual
range of scattering of this type of experiment fair agree-
ment between theoretical prediction . and experimental results
has been found. The necessary data for the calculation,
such as, the time dependence of the elastic modulus and the
short time strength, has been determined with companion

specimens. The statement that the sustained load strength
is the same under uniaxial and biaxial state of stress has

been confirmed.

This work was performed when J. Zaitsev was a research

" fellow &t the Techmical University in Munich.
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Fig. 2: Crack propagation into a homogeniocus material
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Fig. 1: Stress distribution in a homogenious

material around a circular hole under

uniaxial compression,

323

= uniaxial
biaxial

o
|

» [O
1
¥

300 600 1000

100 min
Ot = 2-13

60
Fige 31 Decrease of strength under high sustained load as & function of the required time
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