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Abstract:

The aim of this study is the improvement of the potential of coupling between non-destructive
methods on damage characterization of mortar (acoustic emission and ultrasound).

The mortar is a very heterogynous material, in which damage can be estimated by the method of the
ultrasounds. It is also fragile, which allows to have intense signals by the technique of acoustic
emission.

The results obtained on this paper concern the reinforced mortar by steel fibres, show that damage
can be describe in three stages of damage. Stage 1, where there is no acoustic activities, stage 2,
correspond the increase of the attenuation according to the increase of the value of the applied
strength. This value depends very strongly on the applied strength, then the strength is strong, the
attenuation is important. The value of the attenuation in the case without load is very different from
that observed just before the failure in third stage.
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1. Introduction:

The progression of cracks in concrete
elements is monitored in situ by diffuse
ultrasound, in a novel application of this
technique.

Goszczynska [1] shows that it is possible to
detect and locate themicro-cracks (not visible
on the member surface) and growth of cracks,
which are visible on the element surface.

Huet al.[2] show that acoustic emission
system could well reflect the internal defects
and cracks of the specimen. Additionally, the
results illustrated that acoustic emission (AE)
technology could reflect the initial fracture
moment and final structure failure at a
relatively low loading rate, and consequently
could acquire the initial and failure fracture
loadings. Based on this limited study, it can
be found that, in most cases, the characteristic
of concrete AE parameter could reflect the
concrete crack propagation and its complete
structure failure during the loading procedure.
Additionally, it was found that the results
from AE method were similar to those from
strain gauge method.

Elferganiet al. [3] show that the use of
Acoustic emission is a good tools for the
detection of damage in concrete.

Kenny et al. [4] show that the calibrated
Weibull rupture probability functions with AE
event data can be applied to study damage
processes under mechanical loading for brittle
materials such as concrete.

Suzuki et al.[5] show that the decrease in
mechanical properties could be evaluated by
acoustic emission with the durability index,
both of which are affected by internal cracks
generated. Thus, the damage of concrete
structures is quantitatively evaluated by AE
and X-ray computed tomography method.
Shah et al.[6] show that the correlation
between acoustic emission and nonlinear
ultrasonic techniques in assessing damage
growth in concrete was investigated.

2. Methodology:

Both Non-Destructive (acoustic emission and
ultrasound) methods can be used to evaluate
damage in mortar. The correlation between
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results from acoustic emission and ultrasound
in tensile tests for mortar prepared with steel
fibres manifest, is a new method for
identification damage and failure in materials
especially in our case the mortar.

3. Experimental procedures:

3.1. Mechanical testing:

In order to study the history damage of mortar
cylinder 120mm in length under tensile test,
all tests were performed by using an
experimental set-up shown inFigure la. The
uniaxial tensile tests were conducted using a
servohydraulic MTS model 810 testing
machine equipped with a 100 kN load-cell.
The displacement rate used was 2um/s. Strain
gauges with a gauge length of 30mm were
used. The axial elongation was measured by
using an extensometer with a 12.5mm gauge
length.

3.2. Acoustic emission instrumentation:

A two-channel Mistras 2001 data acquisition
system of Physical Acoustics Corporation
(PAC) with a sampling rate of 8MHz and a
40dB preamplification were used to record
AE. The total amplification of the recording
system was 80dB. Ambient noise was filtered
using a threshold of 26dB. AE measurements
were achieved by using two resonant micro-
80 PAC sensors which have a resonant
frequency around 250kHz. The amplitude
distribution covers the range 0-100dB(0
dBcorresponds to 1 pV at the transducer
output). The nominal distance between the
sensors was 60mm or 100mm. After
installation of the transducers, a pencil lead
break procedure was used to generate
repeatable AE signals for the calibration of
each test. So the acquisition parameters have
been set as follows: peak definitiontime
(PDT)=100 ps, hit definition time (HDT)=
200us and hit lock time (HLT)= 1000ps.
Velocity and attenuation of waves have been
measured several times for each kind of
specimens. The velocity is required to localize
the AE sources from the difference in arrival
times between the two sensors (around
3500m/s). It hasn’t been observed an



IUGNES 23(1) (2015) 38-45

Hossam Elaqra

evolution of the wave's velocity with the s/c
ratio. The relation between the measured
peakamplitude and the distance between the
pencil break and the sensor shows that the
reduction of the peak amplitude is
approximately 100dB/m. This value is quite
large compared to the attenuation in steel, but
is typical in concrete. After the calibration
step, AE was continuously monitored during
tensile tests. For each captured signal, a
procedure of source localization was
performed. In order to avoid irrelevant
influences, only AE signals from events
located between the sensors are processed.
Six parameters were calculated for each signal
from the waveforms: amplitude, duration, rise
time, counts, counts to peak and energy.
Furthermore, each waveform was digitized
and stored.

3.3 Ultrasound instrumentation:

By means of an ultrasonic method, the
evolutions of the speed and the ultrasonic
attenuation of the longitudinal waves
propagating have been followed in the
material studied. The evaluation of the
damage in the samples by EA and by
Ultrasounds using the method of dumping.
The ultrasonic measures and the follow-up by
acoustic emission were simultaneously
applied to samples of classic mortar and
mortar strengthened by fibres of steel,
subjected to a request of drive. The purpose is
to identify the mechanisms of damage
occurring during this test lead until the break.
The test tube, as represented on Figures 1b is
used to eliminate the phenomenon of
diffraction of the waves due to the cylindrical
shape of the sample. This one was
manufactured in a way that both ultrasonic
transducers were in front of a plane surface
(Figure 1b). After rectification of these two
faces, the thickness of the sample is 24.45mm.
The sample was taken up on the machine with
a length of 120mm having cut both
extremities.

40

(b)

(a)

Figure 1 Experental setup for tensile test with
acoustic emission and ultrasound instruments

3.4 Materials and mix proportion:

The cement used was Lafarge Portland
cement (HTS 52, 5 PMES). Its chemical
composition is given in Table 1. The
specimens were prepared with a water-to-
cement (w/c) weight ratio equal to 0.50. The
aggregates used were standard sand with a
maximum grain size of 2mm. The
composition of mortar is given in the Table 2.
The density of the obtained test tubes is
2240kg/m3. The sand, the cement and the
fibers were mixed for Smin. Water is slowly
added while the dry materials are being mixed
and then the mixture is stirred with water for
10min. After 10min, the mould is vibrated on
a table vibrator. Mortar cylinders of 120mm
length and 30mm diameter were produced.
Characteristic of steel fibres:length/diameter
ratio in the order of 81, the length of which is
13mm, and the diameter is 0,16mm. On the
other hand, their resistance in drive is 2.5GPa.
The specimens were covered with plastic to
prevent the evaporation and stored in
environment laboratory for 2 days. Thereafter
the cylinders were demoulded and the
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specimens were cured in water at 20°C until
the age of 28 days.

Table 1 Chemical composition of cementused in
study

Constituent | % by Constituent | % by
Wight Wight
Ca0 63.8 CsS 65.5
Si0, 22.8 C,S 15.8
AlLOs 2.7 C:A 3.9
FezO3 1.9 C4AF 59
MgO 0.8 CaSO, 3.7
Na,O 0.2 CaO libre 1.0
K,O 0.2
Mn203 0.1
TiO, 0.1

Table 1 Composition of mortarsamples
(normalizemortarfrom French standard)

Sand Cement Steel Water
(8) (8 fibres (g) | (g)
1500 500 5 250

4. Results and discussion

Figure 2 shows the answer of the mortar
sample under tensile load (stress strain curve).
It shows a linear behaviour until the failure of
the sample.Very small part of non-linearity is
observed before the failure.
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Figure 2 Stress (strength in MPa) strain (%)
answer of mortar during tensile test
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4.1 Ultrasound measures:

The experimentalsignals are shown in Figure
3. The left signal is the signal acquired in the
water in absence of the sample, and the right
signal is the signal acquired for the mortar
sample.

03 002
(mv mv
0.1 h
0 l,v' 0
015 10 20| -0.015 — =
e (b)

Figure 3 The signal in the water (a) and the
signal in the presence of the sample (b)

The sample thickness is 24.45mm, its density
is 2240kg/m’, and the speed of propagation of
the longitudinal waves in the water 1478m/s.
The desperation of the speed and the
attenuation on one mortar sample are shown
in Figure 4, by using transducers of 1MHz.
These curves allow reaching the values of
speeds and the attenuation for a range of
frequency. It shows a range from 1.2 to
2MHz. For a given frequency, we find the
corresponding speed and the mitigation. For
example, with the frequency of 1.5MHz, we
reach the speed V = 4544m/s and in the
mitigation equal 8.1dB/cm.

Speed (M/s) Attenuation — |
- — (dB/mm)
4540
4520 08
14 16 18 0.51 15 2
Frequency (MHz) Frequency(MHz)
a

Figure 4 Evaluation of speed (a) and the
attenuation (b) as a function of frequency
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4.2 Influence of the hydration of mortar on

ultrasound measures:

The mortar is a material very sensitive to the
absorption of the water. This phenomenon of
absorption perturbs the measures of the speed
and the attenuation of ultra-sound waves
when the measure is the dumping.

To examine this effect, we immersed the
sample in the water, and we drew the
evolution of the two parameters according to
the time of dumping, as shown in Figures5
and 6. The values of speed and mitigation are
calculated for a frequency of 0.87MHz.

These curves show that the water has a big
influence on the moderate values of speed and
attenuation, in particular when the sample has
just been placed on the device of measure. It
is thus necessary to take into account this
effect to eliminate the errors.

4690
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Figure 5 Effect of the absorption of the water on
the speed

’ I Attenuation (dB/mm)

Time (min)
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Flgu re 6 Effect of the absorption of the water on
the attenuation

4.3 Results concern the mortar:

The same trial chap was made on mortar
strengthened by fibres of steel. The evolution
of the attenuation during the tensile test is
shown in Figure 7. The attenuation (red)is
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increased with the increasing of strength
(black) on the samples until failure. It is also
notice that the order of magnitude of the
values of attenuation is more important for the
mortar, where the evolution is more than
5.59dB/cm for the first measure and ends by
the value of 6.12dB/cm for the last measure of
attenuation.

Attenuation (dB/mm)

4 q T 6.3
340 (MPa)
5
1 W’KM
D —d Time (s) +s5s
XX
0 ‘ . ‘ ‘ —t 54
0 50 100 150 200 250

Figure 7 Evaluation of the attenuation (red) as a
function of time and strength (black)

On the other hand, Figure8 shows the
evaluation of the speed during the tensile test.
The speed remains almost constant (equal in
4569m/s). The speed decreases with the
increasing of strength on the samples until
failure.

The speed presents a relatively significant
variation during the test. Indeed, it decreases
when the strength increases, whereas it is
quasi-stable for the un-strengthened samples.
7 Attenuation (dB/mm)
. o (MPa)

x*ﬁg{w

#

ks

0 50 100 150 200
Figure 8 Evaluation of the speed (red) as a

function of time and strength (black) for mortar.

The correlation between the ultrasound and
the acoustic emission detection of damage in
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moratr sample is given in the Figure 9. Three
stages can be obsrved, stage I, II and III.
Stage [ presents a satble variation on
attenuation and the energy created by the
insiation of microcrack within this stage. The
damage occure in stage II where the
attenution of wave increase as the damage
increase which is in correlation with the
increase of the energy. Stage III represents the
final stage where the filluar occure in the
samples, where the energy of crack increse
dramitcaly until the fillair of the sample.

Attenuation (dB/mm)

, I |0
1 ]
100 1 Energy (aJd) i b [ 48T
i o 9
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60 i anqﬂg—;y—.» .
40 i m“ﬁ ! | 477
y €O H
0] oy et =
T \* TR I
0 100 200 300 __. anno =90
Time (s)

Figure 9 Identification of the levels of damage by
the acoustic emission accumulated energy (black):
correlation with the variation of the ultrasonic
attenuation (red) as a function of time.

The correlation between the acoustic emission
activity and the ultrasound measurement on
the sample is given in the Figure 10. Three
stages, I, II and III are observed where, the
number of events is increases as the damage
occurs in the sample.

I
i
I
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100 { Events . e | 4,87
%0 Attenuation (dB/mm)
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404 i L 4.77
201 o o e Ooou i
0 Tl x KT 472
0 100 200 300 400 =00
Time (s)

Figure 10 Identification of the levels of aamage
by the acoustic emission (accumulated events
(black): correlation with the variation of the
ultrasonic attenuation (red) as a function of time

4.4Analysesof results of acoustic mission
and the correlation with ultrasound
measurement

During the test, the distribution of the activity
of the acoustic emission can be divided into
three stages: stages I, II, and III. In the first
stage, there is no acoustic activity. This stage
corresponds to the zone A, as shown in
Figure9 and 10, when the strength and the
ultrasonic attenuation remain almost stable
during the time of load.

In the stage II, the acoustic activity begins
weakly, and then it increases according to the
increase of the strength. The acoustic activity
in this stage is correlated in a significant
increase of the attenuation. The acoustic
emission becomes important in stage III
when, the nit accelerate until the failure of the
sample. This result is observed in both
ultrasound and acoustic emission.

2000 | Duration (ys) Attenuation (dB/mm)
1500
- 4,82
1000 -

s00 T - 4,77

0 +——o ;

Figure 11 Duration of the acoustic emission
correlated in the evolution of the ultrasonic
attenuation

B ~
100 71 Amplitude (dB) Attenuation (dB/mm)

80

- 4,87

4,82
60
40 - 4,77
20 T 4,72
0

Figure 12 Amplitude of the acoustic
emission correlated in the evolution of the
ultrasonic attenuation

By means of the ultrasonic method, it is found
that the attenuation increases when the load
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increases. The slope of this tendency is
observed until the failure, represented by the
zone (B) of the Figures 11 and 12. By the data
analysis of acoustic emission, this zone can be
divide into two stages of behaviour: stage Il
and stage III, are shown in Figures 9 and 10.
This behaviour detected by both methods in
association with the damage in the material.
Two types of the salvoes of acoustic emission
were found: salvoes A and salvoes B,
represent in Figuresll and 12. These two
populations of salvoes are characterized by
their amplitudes and their durations of the
signals of acoustic emission.

According to a microscopic study made by
Elagra [7], the mechanism of damage is
divided into two stages: at first, the creation
of microcracks on the borders and the
interface of the defects and the pre-existent
pores within the material. This Stage
corresponds to the emission of the salvoes of
type A. Then the development and the
coalescence of these microcracks, leading to
the break of material; this stage corresponds
to the emission of the salvoes of type B.

For this material, the existence of three phases
is observed. The first one in which the
strength is very low or almost not exist. In this
zone, there is no evolution, neither ultrasonic
nor by acoustic emission. As soon as the
strength begins to apply both methods show
themselves at the same time as the material is
under strength. The value of the attenuation
increases according to the increase in the
value of the applied strength. This value
depends very strongly on the applied strength:
the more the strength, the more the
attenuation is important. The value of the
attenuation in the case without load is very
different from that observed just before the
break. The evolution of the ultrasonic
speedwas a very low in the un-strengthened
mortar.

As for the acoustic emission, at first low and
occasional at the beginning of the application
of the strength, this domain being
characterized by long-term signals and low
amplitude; It becomes energy and intense
under higher strength. In the failure, this
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emission becomes very intense and very
energy.

Via the method of the ultrasounds, it is notice
that the value of the attenuation is a good
characteristic to gauge the health of this
material. Via the method of acoustic emission,
we notice that the distribution and the
intensities of the signals of acoustic emission
hanging the load are very good indicators of
the health of this material.

5. Conclusion:

A non-destructive global approach has been
tried for the characterization of the damage of
the mortar, which combines the ultrasonic
evaluation and the acoustic emission.

So, during an ultrasonic test of drive, the
speed and the attenuation were measured on a
mortar test tube. Simultaneously the acoustic
emission was collected.

Very net correlations between the fall of the
ultrasonic speed, the increase of the
attenuation and important acoustic activity
were observed. This approach allowed
distinguishing the various mechanisms of
damage. It showed a very good correlation
between the loss of rigidity (in the
macroscopic scale), the acoustic emission and
the witness of the damage in the microscopic
scale. We thus saw that an approach

6. Further studies:

This work open for another studies
concerning the classification of each salve of
acoustic emission and ultrasound. Events
from interfacial transition zone, cracks from
porosities and propagation of crack before
failure must be studied in next step.
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