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ABSTARCT

The paper reports on measurements and analysis of the measurements during hardening and
drying of specimens using selected acoustic nondestructive testing techniques. An integrated
approach was created for better understanding of the relations between the lifetime cycle and the
development of the mechanical properties of concrete. Acoustic emission, impact echo, and
ultrasonic techniques were applied simultaneously to the same mixtures. These techniques and
results are presented on alkali-activated slag mortars.Theacoustic emissionmethod detects
transient elastic waves within thematerial, caused by the release of cumulated stress energy,
which can be mechanical, thermal, or chemical. Hence, the cause is a phenomenon which
releases elastic energy into the material, which then spreads in the formof an elastic wave.The
impact echomethod is based on physical laws of elastic stress wave propagation in solids
generated by mechanical impulse. Ultrasonic testing is commonly used to find flaws in materials
or to assess wave velocity spreading.

1. INTRODUCTION

Concrete is one of the most widely used alkali-activated slag or geopolymer. In

building materials with global consumption
rate approaching 25 gigatonnes (Gt) per
year, which corresponds to over four tones
per person annually [I]. Concrete is
basically a mixture of aggregates and paste.
The aggregates are sand and gravel or
crushed stone, and the paste is water and
usually Portland cement [2]. Alkali-
activated concrete is a new generation of
alternative building materials; the main
difference from traditional Portland cement
concrete is the use of a relatively
alkalirich,clinker-free binder matrix such as

comparison to the conventional concretes,
the production of alkali-activated concretes
is associated with low energy consumption
and low CO2 emission, along with the
potential to reach high mechanical strength
at early ages of curing, high stability in
aggressive environments, resistance to high
temperature, and so forth [3]. Concrete is
known as a heterogeneous material
containing various constituents (sand,
aggregates, cement, etc.). The dimensions
and geometry of the constituents are
different and their locations are randomly
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distributed in the body of concrete. Hence, it
is highly possible that defects and damage
occur in concrete even before it is
mechanically loaded [4]. These methods are
developed as well for homogeneous
materials as metals. Their applications for
heterogeneous structures are not simple and
their development still continues [5]. Since
concrete 1s the most popular building
material, its development is necessary to
monitor its properties during its lifetime.
The strength properties of concrete in a
structure can be normally obtained by
testing samples acquired from the actual
structure. However, this technique is
destructive. Therefore, a number of
nondestructive tests have been devised and
developed over the years to assess the
quality of concrete in structures [6]. The
microstructure of the developed construction
material was examined during hydration and
drying processes by means of embedded
acoustic emission monitoring method [7].
Alkali-activated aluminosilicates mortars
were produced from recycled bricks, water
glass, and commercial grade caustic soda
flakes.The solid part of themortar
wasamixture of recycled bricks and caustic
soda powders. The liquid part consisted of
diluted water glass [8].

TABLE 1: The mixture composition.

Components Amount
Grained granulated blast furnace slag 0.45kg
Sodium silicate (water glass) 0.18 kg
Silica sand 1.35kg
Water 0.095L

2. MATERIALS AND METHODS

The composition of the tested mixture is
listed in Table 1. Alkali-activated slag slurry
was poured into steel moulds, the length of

www.ijiemr.org

which was 160mm and cross-section 40mm

x 40 mm. After 24 hours the samples were
demoulded and immersed in water for
another two, six, or 28 days. When a
material is subjected to loading and when
cracks occur, which lead to a sudden release
of strain energy from the material, an elastic
stress wave is created which travels from the
point of origin to the boundary of the
material [9]. These discrete acoustic waves
produced by each microcrack generate a
unique transient wave and the development
of this zone can be detected. The stress wave
is then measured by the transducers in order
to obtain suitable information about stress
threshold of the material [10]. The acoustic
emission method seems to be very useful.
The method examines the efficiency of
“patural” autogenous crack healing of
concrete. Autonomous crack healing in
concrete due to encapsulated healing agents
is investigated. Both mechanical properties
and acoustic emission analysis are used to
evaluate the autonomous crack healing
efficiency [11]. In this study, the acoustic
emission monitoring system, Dakel, with
piezoelectric sensors was applied for
detecting  acoustic =~ emission  signal.
Universal measurement and diagnostic
system DAKEL-XEDO is a modular system
with  acoustic  emission  parameters
evaluation unit XEDO-AE. The impact echo
is an acoustic method associated with
frequency analysis of the short-time
response of the material due to an impact
load [12]. It was originally developed to
evaluate the integrity of plate-like structures
by detecting the location and extent of flaws
within them [13]. The technique of the
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impact echo method involves using a
transient stress pulse into the test object by
mechanical impact and monitoring the
surface displacements caused by the arrival
of reflections of the pulse from internal
defects and external boundaries. Recorded
displacement waveforms are analyzed in the
frequency domain [14]. A short-time
mechanical impulse with a hammer blow
was applied for the impact echo method to
the surface of the specimen during the test
and the response was recorded by
piezoelectric sensors. The HandyScope HS3,
powerful 100 MS/s, 16 bits, USB
oscilloscope, which can be also used as a
spectrum analyser, data logger, or protocol
analyser, was used to record the impulse
response. The internal structure of concrete
is complex because the structure is
heterogeneous at both the microscopic and
macroscopic levels. This complexity makes
the ultrasonic waves in concrete highly
irregular and hinders  nondestructive
evaluation [15] through other conventionally

w (%)

0 24 48 72 96 120 144 168 192 216 240 264 288 312 336
t (h)

2 days __Jr__ 28 days

| 6days
FIGURE I: Relative loss in weight.

used methods. The ultrasonic nondestructive

testingmethod enables detection of cracks

and other discontinuities. Mechanical
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properties such as the dynamic modulus of
elasticity, the damage, and its fracture
strength can also be found [16]. Ultrasonic
testing enables effective spreading of low
amplitude waves through the material, to
measure the time of spreading and the
change in intensity for a given distance. In
spite of the development of test techniques
and equipment, using nondestructive testing
for inspecting concrete brings many
difficulties [17]. Compared to metal
andmetal-based materials, nondestructive
testing of concrete is a relatively new
discipline [18]. Measuring equipment
PUNDIT (portable ultrasonic nondestructive
digital indicating tester) is used for
ultrasound measuring of spreading speed of
a pulse of ultrasonic longitudinal stress
waves. The instruments have a time
resolution of 0.1 us. For the tests of
concrete, the coefficient of wvariation for
repeated measurements at the same location
is 2% [19, 20].

3. RESULTS AND DISCUSSION
Evaluation during spontaneous drying was
focused on the relative loss of weight, thus
measuring of  specimens  weighting,
ultrasonic velocity, impact echo response
and acoustic emission activity were used
[21-23]. Some characteristics, that is, loss in
weight, ultrasound velocity, and maximal
frequency, were approximated by one or two
exponential curves by

f®)=py-e? +py, (1)
where f(t) is approximated parameters
(relative loss factor, w, ultrasoundvelocity,
V, and maximal frequency component,f),
pl, p2, p3 are function parameters, and t is
time. In Figures1 to 3markers are measured
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values and lines are approximated curves by
exponential functions (1). Relative loss in
weight decreases in time is given in Figure
1. Decreasing relative loss in the first 48
hours  is similar ~ in  all  used
samples.However, after 48 hours the loss is

Tt 2 Function parameters—{t) = p,-expl-py 1) s
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FiGuRE 2: Ultrasound velocty.
decreased rapidly in the sample after 2 days
of curing, and it is the slowest in the sample
after 28 days of curing as is written in Table
2 (parameter p2). Ultrasound velocity is
decreased approximately by the
exponential function. After 18 days, the
ultrasound velocities of specimens are
similarly constant (Figure 2) andtheir values
are different according to the curing time.
Ultrasound decreased
approximately by the exponential function

velocity is

FiGuURE 3: Maximal frequency component of impact echo testing,
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very closely. After 18 days the ultrasound
velocities of specimens are similarly
constant (Figure 2) and their values are
different by the  currying  time.
Dynamicmodulus of elasticity is dependent
on frequency and its values are increasing
with ultrasound velocity; therefore, more
curing samples acquire higher values (Table
2,parameter p3). Shift of the dominant
frequency during the drying process causes
decreasing frequency as it is displayed in
Figure 3. All three graphs in Figures 1 to 3
show different behavior of three different
curing samples with three different curves.
Thus, the longer the curing, the better the
properties of the samples. Acoustic emission
activities determine two different parts in the
whole samples, evaporation and structural
changes in the first part, and determine
generating cracks during the second part as
is shown in Figure 4. The first part is 6
hours longer for samples after 2 days of
curing, 8 hours for 6 days of curing, and 13
hours for 28 days of curing samples. Very
slow increase of acoustic emission activity
of second part is after 28 days of curing
samples. However, acoustic emission
activity significantly increases after 2 days
of curing the sample.

4. CONCLUSION

The paper has presented a combined
experimental approach of the study of
setting and hardening of alkali-activated
slag. Measurements of ultrasonic velocities,
acoustic emission, and impact echo were
performed at the same time. It is assumed
that most of the changes after evaporation
can be attributed to crack
deformations.Therefore, themain process
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leading to determination of alkali-activated
slag binder is associated with drying
shrinkage [24].

x10*
4

S P S

1 2 3 456 12 24 48 96 192 384
t (h)

+ 2 days
« 6 days
+ 28 days

FIGURE 4: Cumulative acoustic emission activity.
Comparing these methods concluded that
more accurate information about the
monitoring process of alkali-activated slag is
obtained by combination of these methods.
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