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In this paper the results of indirect tensile tests on highly porous ceramics are presented. A
relation between the mechanical strength of the highly porous ceramic materials and
Acoustic Emission (AE) has been established. We have shown that the amplitude
distribution of the AE events depends on the crack velocity, which itself depends on the
stress intensity of the crack. Apart from the Brazilian (side crushing strength) tests also
multi-point loading experiments were carried out. The AE results show the additional
damage accumulation due to compressive/shear stresses. C© 1998 Kluwer Academic
Publishers

1. Introduction
This paper concentrates on the mechanical properties
of highly porous ceramics, in which microstructural
features are the most determining factor. These highly
porous ceramics can be regarded as a geometrically
random skeleton. Recently random [1–3] and porous
[4] materials received increasingly international scien-
tific attention due to their interesting properties in the
framework of crack nucleation, propagation, failure and
scaling behaviour.

The highly porous ceramics under investigation are
used in the chemical industry as catalyst carriers. Its
large (internal) area per volume, creates a very large
specific area and this high inner surface area (typical
250 m2/g) provides a large contact area between cata-
lyst and the material being converted. Porosity in these
materials may easily attain up to 70 vol % and pore dia-
meters in these materials are usually between 7 nm
and 200 nm, which can be fine-tuned using particular
processing. Decreasing the pore size of these materi-
als will increase the specific area, but may also lead
to a conditional reaction, since the material may act as
an molecular sieve. These properties only reflect the
chemical aspects of the material, but there are also mo-
tivations to study these materials, that stem from a ma-
terials science point of view. Indeed, these materials
must be able to operate in typical petro-chemical con-
ditions and must therefore have suitable mechanical
properties in order to withstand the applied load under
operation. These materials are typically used in chemi-
cal reactors. Problems will arise when catalyst carriers
at the bottom of the reactor crumble under the load of
other carriers. The flow through the reactor is affected
by this and efficiency of the process will diminish. Thus
the mechanical properties are of great importance to the
practical performance of the carrier.
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For our experiment, two different series of materials
have been made, one based on the silicate technology,
the other based on the alumina technology. The essen-
tial differences among the series are found in the pro-
cessing parameters, i.e. the mixing times and the types
of additives added during mixing. Using these process-
ing parameters, the pore-structure of the material can be
determined very accurately. These processing param-
eters do however also affect the extrusion-behaviour
which on its turn will affect the mechanical strength of
the material, due to the fact that different amounts of
compaction are experienced during the extrusion.

In order to characterise the mutual differences in
strength between different batches of porous ceram-
ics, the batches were tested on their ultimate tensile
strength. The actual mechanical test we used is an indi-
rect tensile test, which we call the side crushing strength
(SCS) test. In this test, a cylindrical shaped specimen
is uniaxially deformed at a constant strain rate until it
fails [5]. The principal stress under these conditions is
a tensile stress perpendicular to the direction of defor-
mation, as has been shown in Fig. 1. The test is actually
developed for use on thin discs, where a plane stress
situation can be achieved. We do however assume that
the contacts between the test plate and sample can be
approached by line contacts, which is not always the
case. For optimal results the specimen have to be as
straight as possible. If we assume the specimen to be a
perfect cylinder, the stress at failure can be calculated
using the following equation:

σ = 2F

πL D
(1)

In this equationF is the force at failure,L the length
of the specimen andD its diameter. In the experiments
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Figure 1 The side crushing strength (SCS) test and its tensile stress distribution in-between the points of contact.

the majority (>80%) of the specimen broke in two half
cylinders, in-between the line contacts, suggesting that
fracture indeed initiates under tensile stress. The test
protocol demands that the test is stopped if the force
drops to 60% of the maximum force measured. This
maximum force is defined as the force at failure. The
test is skipped when fracture patterns other than those
expected to come from failure under tensile stress are
observed. A typical test involves testing between 50 and
100 specimen of the sample.

Since these disordered materials are brittle in nature,
fluctuations in the mechanical strength are to be ex-
pected. Actually, the failure strength does not only de-
pend on the microstructural features, but also on the
macroscopic size of the specimen. So, instead of inves-
tigating the average strength, we describe the mechan-
ical strength by a complete failure distribution. Often
the empirical Weibull distribution is used, but more re-
cently, Duxbury and Leath (D-L) proposed another type
of failure distribution [6]. The principal difference with
the Weibull statistics is that here a different volume de-
pendence is introduced by considering explicitly a dis-
tribution function of the size of the cracks. While the
Weibull approach is based on the weakest link principle,
that is to say the chance on a larger crack scales with the
volume, D-L’s model implies a ‘hottest spot’ criterion
where failure occurs at the site of the largest local stress.
Duxbury and Leath used a defect size distribution, de-
fects being the prime reason for stress concentration,
and derived a failure distribution for lattice models:

FV = 1− exp

[
−cV exp

(−k

σµ

)]
(2)

The Duxbury-Leath distribution is found to describe
the weaker specimen better [7] than the Weibull distri-
bution does. Both distributions, the Weibull and D-L,
assume that global failure occurs when fracture is ini-
tiated. However, this would only be the case for ideal
brittle materials and in practice we see damage being

built up before global failure occurs. The strength of a
batch of material can be characterised by the expecta-
tion value,σ1/2, which is the stress at which a specimen
of standardised volume (so we can compare results of
different batches) has a 50% chance on failure.

2. Experimental
2.1. Sample preparation and

characterisation
The samples investigated were made either of Al2O3
or amorphous SiO2. The initial powders were commer-
cially manufactured by precipitation in stabilised solu-
tions. Subsequently, this precipitated solution is spray
dried into powder particles with a typical size of 50µm.
From these powders a slurry is produced which is ex-
truded using a screw extruder. The shape of the extru-
dates can be varied using different dies. Most materials
were extruded as cylinders. The resulting extrudates
were dried and subsequently sintered at different tem-
peratures but typical at a temperature of 650◦C. The
mechanical properties are strongly dependent on the
sintering conditions and extrusion pressure.

In total fifteen batches of material are investigated.
The first 5 batches (A. . .E) are all of SiO2 powder and
so is batch O. Differences can be found in slight changes
of recipe and processing. The next 5 batches (F. . . J)
and batch P are made of Al2O3. In all these batches,
slight changes in recipe have been made, affecting mi-
crostructural features as well as mechanical properties.

The extrudate samples were prepared with greatest
care in order to guarantee extrudates as straight as pos-
sible. Bent samples will cause bending moments during
the tests (especially in the case of more point testing)
whereas in the ideal case we only have pure tensile
stresses. Before being dried, all extrudates were put
into a stainless steel mould were they could be cut at
equal lengths of about 10 mm.

The pore size distribution was measured using
mercury porosimetry. Using this technique one can
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determine the pore-size distribution from the pressure-
intrusion curve of mercury, assuming a certain type of
pore shape and measuring effectively the most narrow
necking.

2.2. Mechanical testing
The testing was performed on a Hounsville 5000E ten-
sile testing machine, equipped with either a 500 N load-
cell or a 5000 N load-cell, at a cross-head speed of
0.5 mm/min. This testing machine is completely com-
puter controlled. The load is constantly sampled and
when the force drops to 60% of the maximum force up
till then, the test is stopped. Because moisture affects the
strength of the extrudates negatively, the specimen are
dried for 3 hours at 150◦C before testing. During test-
ing, the specimen to be tested are heated above 100◦C
until the moment they are placed in the tensile testing
machine.

2.3. Acoustic emission
The acoustic emission equipment used was a Physical
Acoustics LOCAN 320. The acoustic transducers were
of the resonant type (with a frequency range of 100–300
kHz) and were mounted on a specially developed anvil
(Fig. 2) in order to avoid unwanted reflections of the
acoustic signals. Silicon vacuum grease was used as a
coupling agent and the pressure with which the trans-
ducers were mounted, using a pressure rig (Fig. 2C),
has been standardised [8] in order to keep the sensitiv-
ity constant.

Figure 2 The anvil as used in our crushing experiments. Part A is used to
crush the specimen, B are the acoustic transducers and C is the pressure
rig used to mount them. Part D is used to align the anvil.

The LOCAN 320 equipment does not sample the
whole acoustic pulse but it characterises an acoustic
event in terms of amplitude, duration, counts, rise-time
and energy. Because we use a resonant piezo transducer,
one has to be careful with interpreting the acoustic data.
For example, frequency and damping of the signal are
real piezo properties and not properties of the incoming
signal itself. Only the (maximum) amplitude of the sig-
nal will be correlated to the acoustic event itself (mainly
to the energy released in the event). This is why we will
only look at the distribution of acoustic amplitudes [9].

Two resonant transducers were used during all tests
in order to keep the set-up symmetrical. Before each
test the sensitivity of the set-up and the mutual differ-
ences between the transducers were tested using the
standardised ASTM “pencil-break [10]” test. The use
of two sensors enabled us to check for acoustic noise.
Only if an event was recorded more or less simultane-
ously on both transducers, it was accepted.

The maximum amplitude that can be sampled using
this equipment is 100 dB. All signals with peak ampli-
tudes higher than 100 dB will consequently be recorded
as 100 dB peaks. The analysing software of the Locan
320 measurement program offer some on-line filtering
settings, which mainly deals with the systems timing.
The threshold controls the sensitivity of the system and
it represents a level which the signal has to exceed in
order to be registered. The peak definition time is used
to determine the peak amplitude of the acoustic event.
It is re-triggered with each (local) maximum of the sig-
nal and if no new maximum is measured within this
time window, this maximum is considered to be the
maximum amplitude of the acoustic event. The hit def-
inition time is the time window that is re-triggered with
each threshold crossing. If the threshold is crossed again
within this time window, the system concludes that this
part of the signal should be added to the event. If a
threshold crossing occurs outside this time window, it
is considered to be another acoustic event. The hit lock-
out time shuts the sensors down for a specific time in
order to filter out as much reflections of the signal as
possible.

The settings we have used are the following:

Fixed threshold: 45 dB.
Peak definition time: 20µs.
Hit definition time: 50µs.
Hit lockout time: 300µs.

We also sampled the voltage signal of the load cell to-
gether with the acoustic emission data. So, for each
acoustic event the actual load at that particular moment
was recorded. Experimentally we have observed that
global failure of a sample always is accompanied by a
high energetic acoustic event with a recorded peak am-
plitude of 100 dB. This enabled us to determine the ex-
act force at the moment of global failure, which showed
to be considerably lower than the forces as measured
by the standard method. Especially in the case of mixed
tensile and compressive stress, considerable differences
between these values were found. After global failure
has occurred, a lot of acoustic activity was witnessed,
probably due to frictional AE sources. In order to filter
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these events, all the acoustic events occurring after this
100 dB peak at failure were considered being noise and
were not taken into account. Also signals with a num-
ber of counts smaller than 10 were removed. Most of
the times these very short signals originated from only
one of the Piezo transducers. Amplitude and number of
counts of these signals did not agree with each other.

2.4. The Gutenberg-Richter relationship
The acoustic emission amplitude distribution is charac-
terised by the so-called Gutenberg-Richter relationship
[11], which is well known from earth quake science.
In geophysics it is used to predict the chance on an
earth quake of a certain magnitude, based on the shocks
that had already occurred. This relationship essentially
characterises the cumulative amplitude distribution as
a power-law shaped function:

log N(W) = aGR− bW (3)

In this simple equation,N(W) is the number of earth
quake events of a size greater than or equal to magnitude
W,aGR is a constant andb is the seismic b-value. In lit-
erature [12] it has been suggested that this widely used
empirical relationship also can be applied to acoustic
emission data, once a correction factor of 20 is intro-
duced to correct for the fact that AE amplitudes are
measured in decibels rather than the logarithmic peak
amplitude of the Richter scale. For these AE measure-
ments we callb the AE b-value. The relation can be
fitted to both discrete or cumulative amplitude distribu-
tions, the latter being used in geophysics. Typical values
of this AE b-value are in the range between 0.4 and 2
and the b-value is often associated with the pace of the
fracture process. If the deformation proceeds by a small
number of large energetic events, there is a relatively
large amount of high amplitude events and the b-value
is small. On the other hand, if the fracture process pro-
ceeds in a large number of small events, the b-value is
large.

TABLE I Results of the SCS tests on SiO2 extrudates. The mechanical properties are characterised using the Duxbury-Leath parametersk and lnc
and the expectation valueσ1/2. The AE data is characterised using the AE b-value and theaGR constant

Material No. of SCS tests k Ln c σ1/2 (MPa) AE-b aGR Pore size (nm) Pore vol. (ml/g)

A61 100 15.6 19.6 4.9 0.42 2 18.8 0.95
B62 94 12.5 19.8 3.7 0.38 1.6 18 1.04
C63 101 14.8 20.6 3.6 0.4 1.86 20.1 1.13
D64 100 12.3 20.2 3.3 0.62 2.32 21.4 1.15
E66 84 9.8 19.8 2.9 0.63 3.11 19.1 1.09

TABLE I I Results of the SCS tests on Al2O3 extrudates. The mechanical properties are characterised using the Duxbury-Leath parametersk and
ln c and the expectation valueσ1/2. The AE data is characterised using the AE b-value and theaGR constant

Material No. of SCS tests k Ln c σ1/2 (MPa) AE-b aGR Pore size (nm) Pore vol. (ml/g)

F1 100 46.5 21.2 9.8 0.39 1.82
G8 100 29.7 19.8 8.9 0.34 1.63 7.6 0.58
H9 100 4.99 17.9 3.4 0.52 2.46 7.5 0.56
1I0 100 26 19.4 8.8 0.37 1.8 7.7 0.6
J703 101 13.5 19.1 5.1 0.47 2.26

The exact physical meaning of this AE b-value is
somewhat obscure in the geophysical literature at this
moment, but a connection with self organised critical
systems has been suggested [13]. As will be discussed
later in this paper, here we suggest that the AE b-value
depends on the dynamics of crack growth in terms of
time dependent stress intensity factors and energy re-
lease rates.

3. Experimental
As can be seen from Fig. 3, where we have plotted loga-
rithmically the cumulative number of events with a cer-
tain amplitude against its amplitude, the AE signal am-
plitude distribution indeed does show a power-function
like behaviour, as described by the Gutenberg-Richter
relationship. The most striking result of the AE mea-
surements however is that, as can be seen from Tables I
and II, the AE b-value seems to decrease with increas-
ing expectation valueσ1/2. Note that the power-function
constant a is corrected for the number of AE tests and
the AE b-value, is corrected with a factor of 20 due to
the fact that the measured amplitudes are in decibles.

Figure 3 Power function like behaviour of the amplitude distribution,
as expected from Gutenberg and Richter.
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This decrease in the AE b-value with increasingσ1/2 has
been observed for both the silica and the alumina extru-
dates. There are however some differences in acoustic
behaviour between these two different materials. The
rate of decline of the AE b-value with increasingσ1/2
is for the silica extrudates much higher than for the
alumina extrudates.

Important for establishing the exact moment and
force at global failure is the fact that we observed global
failure always to be accompanied with a high amplitude
acoustic event (100 dB). Very little acoustic activity
unto this moment of failure was observed. Tests stopped
directly after measuring this acoustic peak amplitude,
showed the specimen to have a fracture plane across the
complete sample, from contact point to contact point
along the plane of highest tensile stress. Also the load,
recorded simultaneously with the acoustic data, showed
a local force drop. Sometimes however, the test would
continue for a while after a 100 dB peak had been mea-
sured. This was caused by the fact that both halves of
the specimen would still stick together after fracture
and withstand the applied load. Due to the friction of
both fracture planes sliding over each other, a lot of
frictional AE events were produced (mainly of low am-
plitudes and a very low number of counts). In order to
remove these signals, the acoustic data was filtered, as
described in. A side effect of this is that the SCS value
as determined using the conventional maximum force
readout of the loadcell before a 60% force drop was
measured (according to the standard SCS protocol), is
found to be about 20% higher than the actual force at
failure as witnessed by the AE equipment. Using the
standard SCS protocol will thus lead to a systemati-
cally overestimate of the tensile failure strength of our
samples.

4. Discussion
The most noticeable effect we have observed in these
experiments, is the relation between the AE b-value
and the failure stress. The variation in the AE-b value
implies a change in the amplitude distribution and could
point to different failure mechanisms.

In general, the lower strength materials show a high
aGR in combination with a high AE b-value, indicating
that many (secondary) crack are formed (low ampli-
tude events) prior to global failure. This suggests that
damage is steadily being built up and that coalescence
of the secondary cracks results in global failure. The
stronger materials show much less crack growth (low
aGR) and a shift towards the higher amplitude events
can be seen, meaning that these materials fail mainly
through the growth of primary cracks.

More precisely, it is suggested thataGR is linear pro-
portional to logfα, where fα represents the crack den-
sity of cracks with a particular lengtha and a particular
orientationα with respect to the applied stress. The rea-
soning is based on the fact that the change in energy is
directly proportional to the crack advancedl. A next
step is the assumption that the crack advance depends
on the initial crack lengthaµα . Writing the crack density
per unit of area (fα/a

µ
α ) asρα, logρα vs logE yields

an intercept, i.e.aGR, proportional to logfα. As a result
theaGR factor can be related to the crack density of the
material.

The failure behaviour during the SCS test can in gen-
eral be regarded as a catastrophic event, since in the ma-
jority of the tests, little acoustic activity could be mea-
sured up till the moment of failure. This would imply
that we indeed can use failure distributions which re-
gard failure as a catastrophic event, such as the Weibull
weakest link approximation or the Duxbury-Leath “hot
spot” approximation.

The dependence of the AE b-value upon the material
and its strength can discussed by investigating the rela-
tion between the crack velocity in the material and at its
energy release rate. From these two materials properties
a physical description should emerge that explains the
failure stress dependence of the AE b-value. Our start-
ing point will be based on the dynamic aspects of crack
growth phenomena, rather than on quasi-static descrip-
tions. We consider the planar crack to grow through
an elastic isotropic material under plane strain condi-
tions and the tensile opening mode I is assumed. As
the cracks grow, the area in-between them decreases
in size whereas the stresses in these gaps increase. As
long as the crack velocities are small compared to the
elastic wave velocity (Rayleigh wave velocity)cR, the
growth can be calculated quasi-statically. However, at
some point the rate of disappearance of the stressed
regions will grow and the velocity of the crack will ap-
proach the sonic speed. It is reasonable to argue that at
the beginning of the crack growth in our porous ma-
terials, the smallest areas between the cracks will dis-
appear first, with a small release of mechanical energy
stored in these areas. At a later stage, fusion between
larger cracks or the collapse of large stressed areas,
will release a larger amount of energy, i.e. a shift in
the energy spectrum which can be described by a lower
AE b-value will occur. Consequently, at first sight we
take the Gutenberg-Richter exponentb inversely pro-
portional to the crack velocity. A higher velocity leads
to a higher energy release that can be described by a
lower AE b-value. In literature [14–16] the experimen-
tally determined crack velocityV depends on the stress
intensity factorK , according to:

V = V0 exp

(
K

K0

)
(4)

or

V = V0

(
K

K0

)n

(5)

These rather empirical relations, which obviously must
be wrong at highK values, can be based on a more
fundamental footing. The crack velocityȧ is given by
[17]:

ȧ

cR
= 1− EG

(1− ν2)K 2
(6)

where the stress intensity factorK is assumed to have
little variation over the crack growth distance. IfK is
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equal toKIc, the crack quasi-statically starts to move
at ȧ= 0. With increasing stress,K increases and the
crack speeds up to higher velocities until the Rayleigh
wave velocity of the material is attained. On a macro-
scopic scale the energy release rateG may be simply
connected to a uniform homogeneous resistance force
00 where00 describes the surface free energy needed
to create a free surface. However, at a microscopic scale
G is determined by a (non-)periodic resistance depend-
ing on the local stress fields, the inhomogeneities, the
crack distribution etc. As a result, the energy release
rate in Equation 6 will at a microscopic level depend
on a functionθ of the cracktip position p:G=0mθ (p)
where0m is a constant, being the maximum fracture
energy. At a microscopic level, the crack velocity will
be the averaged speed, determined by the microscopic
fracture resistance:

V̄(K ) = cR

[ ∫ 1

0

(
1− E0mθ (q)

(1− ν2)K 2

)−1

dq

]−1

(7)

Equation 7 follows directly from 6 and on a macro-
scopic level we may rewrite Equation 6 as:

V̄(K ) = cR

(
1− E00

(1− ν2)K 2

)
(8)

where00 is the uniform fracture energy. At high values
of K , i.e. high stresses, the uniform crack velocity as
in Equation 7 can be approximated by [17]:

V̄(K ) = cR

[
1− E0m

(1− ν2)K 2
θ̄

]
(9)

where it is assumed thatθ (p) is periodic function with̄θ ,
averaged over a spatial period. The Rayleigh velocities
in (pure) Al2O3 and SiO2 as calculated from the elastic
moduli and Poisson’s ratio’s are 5.5 km/s and 3.3 km/s,
respectively. Using the appropriate values for the en-
ergy release rate and the fracture toughness, the crack
velocities for both materials are displayed in Fig. 4.

As already mentioned earlier in this section, higher
crack velocities are associated with the fusion between
larger cracks or the collapse of large stressed areas, will
release a large amount of energy. As the stress intensity
factorK is linearly proportional toσ, |b| is expected to

Figure 4 The crack velocity as a function of the applied stress level.

Figure 5 The AE b-value for SCS test on SiO2 and Al2O3 extrudates as
a function ofσ1/2.

decrease with increasingσ−2
1/2. This decrease is indeed

observed experimentally, as can be seen in Fig. 5.
In principle the amount of energy radiated out of

the fracture processER can be formulated, since it is
equal to the difference between the apparent energy
flow into the crack tip (00) and the actual energy con-
sumed (0mθ̄ ). However the amount of radiation energy
measured in AE experimentally is much smaller than
ER, due to scattering and absorption of the radiated
signals. For that reason a detailed comparison between
theory and experiment is not appropriate.

An interesting point for discussion is whether acous-
tic emission and the accompanied analysis based on
the Gutenberg-Richter relationship may detect differ-
ences between tensile and compressive stress fields.
Therefore, apart from the Brazilian (SCS) test, also
multi-point loading conditions were considered. This
is not the first time that different loading conditions are
compared. For example, Vardar and Finnie [18] related
the results of three point bending tests to the Brazilian
Test, discovering limitations of the Weibull treatment
in multi-axial loading conditions. We have carried out
additional experiments, where not only tensile stresses
are present, but compressive stresses are introduced by
having more than 2 line contacts (Fig. 6). The con-
tribution of compressive stresses can be controlled by
varying the angle between the different contacts. The
goals of these experiments are to investigate the effects

Figure 6 Multiple point tests: the side crushing strength (SCS) test and
two three-point crushing tests (TPCS).

5460



            

P1: PSG/RNT P2: SNH/ATR P3: SNH 268-97 November 26, 1998 15:21

Figure 7 Calculated (radial) stress distribution, in arbitrary units, of a TPCS 90◦ test. The figure shows a cross-section of the actual sample.

of compressive stresses on the acoustic emission can
be studied and to see to what extent the compressive
stresses play a role in the fracture processes. In the
experiment with a moderate amount of compressive
stress the line contacts had an angle of 60◦ with re-
spect to each other. Higher compressive stresses could
be reached using an angle of 90◦ between line contacts
(Fig. 6). The calculated stress distribution in the case
of a TPCS 90◦ test is figured in Fig. 7. Especially in the
multiple-point testing case, much attention was paid to
the alignment of the anvils with respect to each other.
The anvils were adjusted with a misalignment of less
than 1 in 1000. The results of the multiple-point tests
are summarised in Table III. As can be seen, the ab-
solute (average) force at failure indeed increases if we
increase the externally applied compressive stress. The
mean force as displayed in the table is corrected for
the average length of the extrudates and expressed in
N/cm. One should also note that these mean forces are

TABLE I I I Results of the multiple point tests. The absolute force
at failure is expressed in N/cm and the AE data is characterised using
the AE b-value

Material Test 〈F〉 AE b-value aGR Ratio to
N/cm SCS

O65 SCS 104 0.61 3.03 —
TPCS 60 134 0.8 4.03 1.29
TPCS 90 128 0.84 4.32 1.23

E66 SCS 124 0.63 3.1 —
TPCS 60 124 0.87 4.22 1
TPCS 90 118 0.87 4.31 0.95

J703 SCS 228 0.47 2.26 —
TPCS 60 345 0.66 3.31 1.51
TPCS 90 347 0.73 3.65 1.52

P713 SCS 144 0.68 3.41 —
TPCS 60 210 0.76 3.91 1.46
TPCS 90 205 0.8 4.14 1.42

taken from the acoustic measurements according to the
procedure as discussed in Section 2.

The stopping criterion of a force drop to 60% of the
peak force had to be changed to at least 90%, since
the presence of compressive stresses made the force
drop after failure much smaller. If the test was not
stopped on time, much AE noise was generated. We
also observed saturation effects of the AE measure-
ments at high emission rates and especially at high am-
plitudes. This is likely to be caused by coincidence [19]
of pulses. If two pulses arrive within the Hit Definition
Time (HDT) at the same transducer, they will be seen
as one pulse. The duration of both pulses will conse-
quently be added and the highest amplitude of the two
will granted to the composed pulse. Especially at higher
emission rates this can be a problem, since duration,
number of hits and amplitude do not agree with each
other anymore, giving another argument for only using
the amplitude of the acoustic event as a measure for
its energy (instead of the often used “ring down” ap-
proach). This saturation effect will presumably cause
that a number of high energy AE signals is not being
measured.

During the multi-point deformation tests, much more
acoustic activity before the moment of failure was wit-
nessed than in the SCS case. Also an increase in theaGR
could be witnessed when going from the SCS to TPCS
60◦ and to the TPCS 90◦ test. The increase of the AE
b-values that accompanies this, suggests that a lot more
low energy events occur, what can be associated with
damage accumulation. This suggests that the compres-
sive stresses that have been applied, indeed play a role
in these kind of loading conditions and cannot be ne-
glected. This also leads to a situation where failure can-
not be regarded as a purely brittle event, where failure
occurs through (rapid) propagation of primary cracks,
and deviation from Weibull statistics is to be expected.
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The Weibull model also does not incorporate the pos-
sible influence of a compressive/shear stress field, since
it can only be applied to tensile failure. The failure
stresses from the experiments with highest compres-
sive/shear stresses are lower than predicted based on
a pure Weibull model. This makes it most probable
that the induced shear stress component of the stress
field does play an active role and cracks initiated un-
der Mode II and III conditions are of influence on the
failure behaviour.

5. Conclusions
In this paper we have discussed the testing of me-
chanical properties in relation to acoustic emission. We
have used acoustic emission successfully, enabling us
to characterise the failure characteristics during defor-
mation of highly porous ceramics and to pin point the
exact moment of failure. The amplitude distribution
of the acoustic signals showed to scale as a power-
function, according to the Gutenberg-Richter relation-
ship. This scaling can be characterised using the AE
b-value, which can be expressed in terms of materials
constants and seems to depend on the energy release
rate of the material involved. We have observed the AE
b-value to decrease with increasing strength. The rate
of decline of this acoustic b-value is much larger for
silica extrudates than for alumina extrudates. We have
suggested that the AE b-value is related to the crack ve-
locity, which itself depends on the actual stress intensity
of the crack. As the higher crack velocities are associ-
ated with the collapse of large stressed areas, increasing
crack velocities will lead to a decreasing AE b-value.
The aGR constant can directly be associated with the
(logarithmic) crack density of the material. In the case
of pure tensile stresses, failure has been observed to
be a catastrophic event. Only in the case of weak sam-
ples some accumulating damage could be witnessed.
When compressive/shear stresses are involved, failure
exhibits a different character. We see damage accumu-
lation to occur in both alumina and silica extrudates
and we see this probably shear stress induced damage

accumulation to play an active role in the failure mech-
anism of the specimen.
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