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Abstract

The quality of concrete structures is dependent on many factors such as the type of cement, 
the type of aggregates, water cement ratio, curing, environmental conditions etc. Considering the 
above requirements on testing the hardening of concrete in both new and old structures, there is 
need to assess the actual condition of the structures. Non-Destructive Testing techniques can be 
used effectively for investigating and evaluating the actual condition of the structures.  
The aim of the article is to show a possibility of studying simple concrete samples by help of 
chosen Non-Destructive Testing Methods such as Acoustic Emission, Non-Linear Ultrasonic 
Spectroscopy, Impedance Spectroscopy etc. 
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1. Introduction
Non-destructive testing is a wide group of analysis techniques used in science and 
industry to evaluate the properties of a material, component or system without causing 
damage.[1] The terms Non-destructive examination, Non-destructive inspection, and 
Non-destructive evaluation  are also commonly used to describe this technology. [2] 

Concrete is a compound material made from sand, gravel and cement. The cement 
is a mixture of various minerals which when mixed with water, hydrate and rapidly 
become hard binding the sand and gravel into a solid mass. The oldest known 
surviving concrete is to be found in the former Yugoslavia and was thought to have 
been laid in 5,600 BC using red lime as the cement. The first major concrete users 
were the Egyptians in around 2,500 BC and the Romans from 300 BC. [3] 

In 1756, British engineer, John Smeaton made the first modern concrete (hydraulic 
cement) by adding pebbles as a coarse aggregate and mixing powered brick into the 
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cement. In 1824, English inventor, Joseph Aspdin invented Portland Cement, which has 
remained the dominant cement used in concrete production. Joseph Aspdin created the 
first true artificial cement by burning ground limestone and clay together. The burning 
process changed the chemical properties of the materials and Joseph Aspdin created 
stronger cement than what using plain crushed limestone would produce. [6] 

To track the tension changes and/or the crack generation, the acoustic emission 
method is used. This method allows us to follow up active (dynamic) processes 
inside the structure. In consequence of local tension accumulation inside the 
material, there arise focuses of tension and consequently potential sources 
of acoustic emission. If the tension reaches or even exceeds the critical value at 
a certain point, the accumulated energy will be released resulting in a acoustic event.  
This event can be accompanied by the formation of a micro-crack. The tension 
propagates through the material. The point at which the tension arises is called the 
acoustic emission source. [8,9] 

The impedance of the material under investigation changes in consequence 
of structural changes, particularly water absorption and evaporation. The change in 
resistance is obvious. The capacity C of a parallel-plate capacitor is computed from 

1
0)( −⋅⋅⋅= dSfC rεε

where εr is the relative permittivity, S is the measuring electrode area, d their distance 
and f is the frequency. Micro-structure changes in the material make the material 
permittivity change. The permittivity value can also be affected by macro-cracks, 
which depends on the frequency. [7] 

2. Experimental set up
The specimens are in the form of concrete blocks (see Tab. 1) of dimensions 
10 cm x 10 cm x 40 cm. They are fabricated in special moulds whose top side is 
uncovered. The specimens are completed after the production and final vibration 
(if necessary).  

mixture kg/m3 
cement 42,5R 455 

water 195 
super plasticizer 2 

sand 0/4 595 
coarse aggregate 4/8 235 

coarse aggregate 8/16 925 

Tab. 1 Concrete mixture 

The specimens have been monitored by the Acoustic Emission Method, the 
Impedance Spectroscopy and sometimes by the Non Linear Ultrasonic 
Spectroscopy, the Impact Echo and Ultrasonic Methods. Every time temperature was 
measured inside the specimens and in the surroundings by help of NTC resistors. 
These acoustic and electrical methods were applied as soon as possible after the 
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concrete mixture had been made. However, evaluation of these methods 
is complicated. Appropriate experiments are essential for good analyses of the 
recorded data by classical and modern methods. [4,5,10, 11] 

Acoustic emission activity has been measured by acoustic emission analyser 
LOCAN. Experimental set up of acoustic emission is shown in Fig. 1. 

Fig. 1 Four acoustic emission sensor measurement on two samples 

Negative resistance coefficient resistors, i.e. NTC thermistors, whose resistance 
decreases with increasing temperature, are used to measure the temperature. 
The sensors are placed inside the specimen. 

Fig. 2 Measuring of electrical properties on two samples with switch and RLCG 
Bridge 

Two cylindrical steel electrodes of a diameter of 6 mm, buried 65 mm under the 
specimen surface, serve to measure the resistance. To measure the capacitance, 
two rectangular metal-plate electrodes of dimensions 25 mm x 45 mm are used. 
All electrodes are fixed in a plastic slab so that their constant configuration is 
guaranteed. The electrodes and the temperature sensor outputs are connected to an 
automated measuring device. The measurements of the capacitance, temperature 
and impedance are started within 15 minutes from the mixture preparation. This 
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phase of the experiment is carried out using an RLCG bridge and a selector switch 
(Fig. 2). The measurement is carried out at selected points of the frequency 
characteristic in the range from 100 Hz to 20 kHz. 

Fig. 3 Photo of real experimental set up 

Each of the electric quantities (resistance, capacitance, temperature etc.) has been 
measured separately. Acoustic emission sensors have been placed on the specimen 
surface after the specimen setting is completed, i.e., after six hours approximately. 
Two sensors are placed on each of the specimens, so that a total of four sensors are 
used. As a rule, the specimens are taken out from the moulds after 24 hours and, 
subsequently, the measurements continue. Measuring of moulded samples is shown 
in Fig. 3. 

3. Results

Fig. 4 Acoustic emission activity during the whole experiment 
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Fig 5 Acoustic emission activity during the first day of experiment 

Fig 6 Impedance properties (capacity) of monitored specimens 

Acoustic emission activity of coated sample is evidently lower than uncoated one. 
Significant changes occurred after unmolding (Fig. 2 – after the 16th hour). Electrical 
properties are changed mainly during the first 12 hours. 

It is quite clear that coated concrete structure has better properties than uncoated 
(see Fig 4). 
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