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Changes in the Parameters of the Electromagnetic Response of Model Dielectric
Samples with Air Cavity Defects under External Deterministic Acoustic Impact

The paper discusses the possibility of testing the air inclusions saturation in cement-sand samples using the
acoustic-electrical transformations phenomenon in heterogeneous dielectric materials. An experiment tech-
nique is presented including contact external acoustic excitation and contactless registration of the electro-
magnetic response to such an impact. Methods of samples deterministic acoustic excitation by a ball impact
and the experimental determination of the impact energy are described. The model samples size and composi-
tion are described, including air cavities in a polyethylene sheath. The experimental studies geometry is
shown, indicating the direction of the samples acoustic excitation and the location of the electromagnetic re-
ceiving plates. It is shown that the defect-free samples and with air cavities, have different amplitude and fre-
quency of the electromagnetic signals spectral components. The samples with air cavities have the average
weight of the EMS spectrum changes towards lower frequencies. This frequency shift effectively reflects the
concentration of air cavities defects in a cement-sand samples and this effect can be used when testing con-
crete products for the presence of air inclusions, and, accordingly, will allow determining the frost resistance
of products.

Keywords: acoustic-elecrical transformations, acoustic excitation, electromagnetic signal, amplitude-
frequency characteristics, dielectric structures, cement-sand mixture, defect, electrical double layer.

Introduction

The reliability and durability of concrete products is always of great importance for the people safety,
therefore, the determination of defects in such materials is an important task. Samples made from cement-
sand mixture were used to simulate the impact of defects in the form of air cavities on the parameters of the
electromagnetic response under external deterministic impact. It is known that preparation of such mixtures
is followed by air entrainment, and air bubbles up to 10—’ meters have a beneficial effect on frost resistance
and strength of concrete. However, this is not the most important characteristic for assessing its frost re-
sistance. An important characteristic is the distance between air bubbles and their size. The larger the size of
the air inclusions, the lower the strength of concrete or mortar under external loads. This is due to the fact
that voids with the size exceeding (5-7)x10~ meters serve as stress concentrators, which ultimately leads to
concrete destruction [1]. The critical capillary length should not exceed 2x10~* meters. A reduced length en-
sures concrete with high impermeability up to 16x10™* m>. This can be attained by entraining air into the
concrete to form a system of numerous small bubbles where water can be squeezed out when frozen. Since
the distance between the bubbles in the cement stone does not exceed the critical one, the destructive pres-
sure will be higher, and the concrete will be frost-resistant.

However, non-destructive methods for testing air entrainment into concrete or cement stone are re-
quired. Non-destructive direct methods are used to measure the tensile strength of the glued steel disc separa-
tion, or partial separation of the product edges. The most interesting non-destructive indirect methods are
ultrasound examination, impact excitation, and rebound and plastic deformation. In practice, these testing
methods lack accuracy and mobility [2—5].

The phenomenon of mechanoelectric transformations in heterogeneous dielectric materials, including
acoustic-electrical transformations, can be used to test the saturation of concrete or cement stone with air
inclusions [6—14]. The principle of the proposed method lies in the fact that the research object is subjected
to mechanical impact, and acoustic waves appear in the sample, which propagate along the sample. As a re-
sult of the deformation of the piezo-inclusions and double electrical layers in the concrete sample by acoustic
waves, an electromagnetic response arises. Previous performed studies analyzed the main mechanisms of
mechanoelectric transformations in heterogeneous dielectric structures. As a result, relationships were re-
vealed between the parameters of the electromagnetic signal arising during quasi-elastic impact excitation of
materials and their porosity, strength of the contact between components in composite materials, stress-strain
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state, imperfection and strength, which indicates the potential of mechanoelectric transformations used to test
the defectiveness and strength of engineering structures.

Methods and materials

The studies were conducted using a laboratory complex for recording the electromagnetic response of
heterogeneous materials under acoustic deterministic impact. The block diagram of the complex is shown in
Figure 1.
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1 — sample, 2 — clamps, 3 — measuring electrode, 4 — compensation electrode,5 — ball, 6 — substrate,
7 — spring, 8 — differential amplifier,9 — data input-output board, 10- computer, 11 — power supply

Figure 1. Block diagram of the laboratory complex for recording the electromagnetic
response of heterogeneous materials under deterministic acoustic impact

Samplel was fixed between clamps 2; metal substrate 6 was placed on the sample surface at the impact
point, which was in acoustic contact with the sample through a thin layer of mineral oil. Pulsed mechanical
excitation of the samples was initiated with metal ball 5 using spring-loaded device 7. The impact energy
was measured with respect to the speed of the ball’s flight between two optical pairs of LEDs and PDs in-
stalled at a certain distance in clamp 2 with a flying hole. The substrate and the ball were made of steel of
similar hardness. Battery 11 was used for power supply of the light and photodiodes. This excitation system
enabled a point deterministic single impact. A differential transducer was used to record the EMC signal aris-
ing from pulsed acoustic excitation of the samples.

The input of electromagnetic sensor 8 consisted of two flat metal plates 3 and 4. Plate 3 (measuring)
was placed at a distance of 10— meters from the sample surface, and plate4 (compensation) was installed at a
distance of 2 x 10— meters from the sample. The measuring plate received both a useful signal and the sig-
nal of remote electromagnetic interference. Since the compensation plate is placed at the distance from the
source of the useful signal and received only distant electromagnetic interference, the level of distant inter-
ference at the differential sensor output significantly decreased, and the signal-to-noise ratio increased. The
signals from the differential electromagnetic sensor were fed to the inputs of the preamplifiers and were rec-
orded using multifunctional input-output board 9 to digitize the time realization of the electrical signal and
perform fast Fourier transform. Computer 10 was used to record the results of EMC measurements and the
spectrum.

The dimensions of the samples made from cement-sand mixture were (50x50x100)x10—" m’. An exter-
nal deterministic acoustic pulse was excited by the ball impact towards the greater plane in the center. Dur-
ing the tests, smaller faces of the samples were placed in the clamps, and the impact device was fixed in the
cell using special clamps. In this experimental geometry, attenuation of acoustic waves formed in the sample
upon its impact excitation was determined by the characteristics of the sample only.
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Results and discussion

In order to search for possible criteria to assess the dynamics of changes in imperfection, the nature of
changes in patterns of mechanoelectric transformations was analyzed on physical models with artificial de-
fects. Testing was performed on models with internal air cavities. To create internal air cavities, air-filled
polyethylene balls with a diameter of 10~ meters were used. The model samples were made from cement-
sand mixture containing 1, 5, 20 and 50 air inclusions. Defects of this type simulate internal air cavities that
can arise when preparing cement-sand mixture. In the experiment, they act as scattering centers for acoustic
waves formed in the sample upon excitation by the ball impact. However, in contrast to real cavities, these
models exhibit a polyethylene layer at the interface of the cement-sand matrix, which should form double
electric layers during cement structure formation [9]. These samples were used to measure electromagnetic
signals and their amplitude-frequency parameters at equal pulsed acoustic excitation. Figure 2 shows previ-
ously measured and re-obtained spectral characteristics of electromagnetic signals for model samples with a
different number of air cavities. As can be seen, a slight increase in the number of air cavities leads to an in-
significantly increased value of the main spectral maximum at a frequency of about 11 kHz, followed by its
decreased amplitude and increased number of air inclusions.

In addition, the EMC spectrum is found to change as well. Due to the fact that air inclusions are located
at different distances from the acoustic excitation source during model sample fabrication, additional spectral
bands appear in the exciting acoustic pulse as a result of reflection from the surfaces of air inclusions in ac-
cordance with the laws of linear acoustics [15]. Acoustic-electrical transformations cause additional EMC
spectrum ranges at the interface of inclusions. The initial increase in the amplitude of maximum is due in-
creased non-overlapped electrical double layers, which does not compensate for their charge state. Further
increase in the number of air inclusions causes strong attenuation of the acoustic pulse, compensation of
charges on the walls of neighboring inclusions and, consequently, decrease in the EMS amplitude due to
acoustic-electrical transformations. In addition, there is a steady shift of the EMS spectrum to the low-
frequency region.
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Figure 2. Changes in spectral characteristics of the electromagnetic
signal caused by the concentration of internal air cavities

Conclusion

The purpose of the research presented in this paper is to study the possibility of testing the air inclusions
saturation in cement-sand products using the phenomenon of acoustic-electrical transformations in heteroge-
neous dielectric materials. Acoustic-electric transformation is a consequence of the interaction of an acoustic
wave caused by mechanical impact on the test object with piezoelectric inclusions and double electric layers
in the heterogeneous dielectric material. For the purpose of the research, cement-sand samples with different
concentrations of air inclusions were made and electro-magnetic responses were measured.
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The study of the parameters of electromagnetic signals during deterministic acoustic excitation
of model samples made from cement-sand mixture with a varying number of air inclusions showed
that an increased number of air inclusions change both the amplitude of the spectral components
and the EMS spectrum compared with defect-free samples. In this case, the average weight of the
EMS spectrum changes towards lower frequencies. This frequency shift indicates the concentration
of defects in the form of air inclusions in samples made from cement-sand mixture and can be used
to test concrete products for air inclusions and determine the frost resistance of products.
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A . daun, M. B. Ilerpos, I1.1. ®egotos, E.A. llleBeneBa

ChbIPTKBI IeTEPMUHUPJIEHT€H AKYCTHKAJIBIK dCep €Ty Ke3iH/e
aya KybICTapbIHAH aKayJapbl 0ap MOAebAIK AUIICKTPJIIK YIrijiepail
3JIeKTPOMATHUTTIK peakuus napaMeTpJepiHin e3repyi

Makanaza reTeporeHzi IUAIEKTPIIK MaTepHaJIAapAaFbl aKyCTHUKAJIBIK-IEKTPIIK KalTa Kypy KyObUIBICBHIH
KOJIJIaHa OTBIPBII, LIEMEHT-KYM KOCIIACBIHAH JKACAJIFaH YITUIEpAiH aya KOCBUIBICTAPHIMEH KaHBIKTBUIBIFBIH
ChIHAY MYMKIHJIITi KapacThIpbUIAbl. DKCHEPUMEHT o[ici, OHBIH ILIHAE CHIPTKBI aKyCTHKAJBIK KO3y JKOHE
OCBIHIAH ocepre ICKTPOMArHUTTIK PEAKIMSIHBI KOHTAKTiCI3 TipKey YCHIHBUIFaH. IIapuKTiH COKKBICHIMEH
YJITUIEpIiH AEeTePMHHUPIICHI€H aKyCTHKAIBIK KO3YBI JKOHE JHEPrHSHBI SKCIIEPUMEHTTIK aHBIKTAy oicTepi
JKOHE TIOJIMDTHIIEH KaOBIFBIHIAFBI aya KyBICTAPBIHBIH Op TYPJIi CaHBIH KAaMTUTHIH MOJEINBIIK YITLIEpIiH
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eJIIeM/Iepi MEH KypaMbl CHIIATTaJFaH. YJIrIepaiH aKyCTHKAIBIK KO3y OarbIThIH JKOHE Na0bLI MEH CHIPTKBI
JNIEKTPOMATHUTTIK IIY/bIH apaKaThIHACHIHBIH MaKCHMAJIAbl MOHIH KaMTaMachl3 €TETiH JJIEKTPOMArHUTTIK
na0bUIIapAbIH KaObUlay TaKTaJdapblHBIH OPHAACYBIH KOPCETE OTBIPHIN, AKCIEPHUMEHTTIK 3epTTeYNepAiH
JKYPri3y T€OMETPHSCH KOPCETIIreH. AKayChI3 YITIMEH CalbICTBIPFAH/IA, OJIApJAFbl aya KybICTApbIHBIH CaHBI
apTKaH Ke3Je CIEKTPIiK KOMIIOHEHTTEPIIH aMIUTUTYAAChl Ja, DJICKTPOMArHUTTIK Ha0buIIap CIEKTpi e
e3repetiHi kepcerinred. Ochbl xarmaiiia DM/l cHekTpiHiH opTalia cajJMmarbl TOMEHTI JKHLTIK aiMarblHa
e3repeni. By KMUTIKTIH JKBUDKYBI LEMEHT-KYM KOCHACBIHBIH YJTLIEpiHIEri aya KybICTaphl TYpiHIETi
aKayJIapJIblH KOHIICHTPALHUSICHIH THIMAI KOpceTel kKoHe OSTOH OHIMIEpiH aya KOCBUIBICTAPBIHBIH OOJyBbIHA
CBIHAY Ke3iHJIe KOJIJIaHyFa OOJajIbl JKOHE COUKECIHIIE OHIMACPIIIH as3fa TO3IMIUIITIH aHbIKTayFa MYMKIHJIIK
Oepemi. Makanaga KeNTIpUIreH 3epTTey HOTWKENepi aya KybICTapbl TYPIHAET  aKayJIap/bIH
KOHLCHTPALMSACHIHBIH ©3repyi 9JJIEKTPOMArHUTTIK PEAKUUSHBIH CBIHAK CHEKTPIIK KOMIIOHEHTTEPiHIH
BIFBICYBIMEH JKaKChl OaKbIITAHATBIHBIH KOPCETTI.

Kinm ce30ep: aKyCTHKANBIK-IEKTPIIK TYPICHIIPYJIEp, aKyCTHKAIbIK KO3y, 3JIEKTPOMAarHUTTIK peakius,
AMIUTUTY JATBIK-KULTIKTIK CUMaTTama, AUICKTPIIIK KYPhUIbIMIApP, IIEMEHT-KYM epiTiHic, akay, KOC JIeKTp
KabaThl.

J.J. Hann, M.B. Iletpos, I[1.1. ®enoros, E.A. llleBenena

HN3meHenus mapamMeTpoB JICKTPOMATrHUTHOI'0 OTKJIUKA MOACJIbHBIX
AUIJIEKTPUICCKUX 06pa311013 C I[eq)eKTaMI/l U3 BO3AYIIHBIX noJiocTen
NNPpU BHEIIHEM J€TEPMUHUPOBAHHOM aKYCTHYCCKOM BO3)1€ﬁCTBHI/I

B crartbe 00Cysk/ieHa BO3MOXHOCTh TECTHPOBAHMS HACBHIIICHHOCTH BO3JYIIHBIMU BKJIIOUCHHAMH 00pa3LOB
U3 IEMEHTHO-TIECUaHOH ~ CMECH, MCHOJb3ysd  SBICHME  AKyCTHUKO-JJICKTPHYECKHX  IPeoOpa3oBaHUi
B TETEPOTCHHBIX IMAJICKTPUYECKHX MaTepHanax. lIpeicraBieHa MeTOAWKA IIPOBEICHUS OJKCIEPHMEHTA,
BKJIIOYAIOIIAsi KOHTAKTHOE BHEIIHEE aKyCTHYECKOe BO30yXICHHE M OECKOHTaKTHYIO PETHCTPALUIO dJIEKTPO-
MarHUTHOTO OTKJIMKA Ha Takoe BozzeicTBre. ONMHCaHbl CIOCOOB! IeTePMUHIPOBAHHOTO aKyCTHYECKOTO BO3-
OykzmeHnst 00pa3loB ynapoM IapHKa W IKCIICPHMCHTAIBHOIO OINPEACNICHUS SHEPTUH, a TakXKe pa3Mephl
M COCTaB MOJIETBHBIX 00pa3IoB, BKIIOYAIONINX PA3INIHOE KOJIMYECTBO BO3MYLIHBIX ITOJIOCTEH B MONUITHIE-
HOBO# oOosouke. ITokazaHa reoMeTpys NPOBEIECHUS SKCICPUMEHTANIbHBIX MCCIENOBAHUH C yKa3aHHEM Ha-
HPABJICHUS aKyCTHYECKOTO BO30YXIECHHS 00pa3LOB U PACHOJIOKCHUS IPUHUMAIOIIUX [UIACTUH 3JIEKTpOMar-
HHMTHBIX CHTHAJIOB, 00ECICYMBAIOIINX MAaKCHUMAIbHOE 3HAYEHHE COOTHOLICHMS CHUTHANA M BHEIIHEro 3JIeK-
TPOMarHUTHOroO Iryma. ITokasaHo, 4To, 10 CpaBHEHHUIO ¢ Ge31e()eKTHBIM 00pa3LoM, NIPH YBEIUYCHHN KOJIHU-
YecTBa BO3JAYIIHBIX II0JOCTEH B HHMX M3MEHACTCS KaK aMIUINTY[a CIEKTPAIbHBIX COCTABIISAIOIINX,
TaK M CHEKTP JIEKTPOMArHUTHBIX cUrHajoB. Ilpu 3Tom cpennmii Bec cnekrpa OMC cmemaercs B 00gacTh
OoJiee HU3KHUX 9acTOT, KOTopast 3G QekTHBHO 0ToOparkaeT KOHIEHTPAMIO Ne(eKTOB B BUJIE BO3AYIIHBIX IO-
JocTel B 00pa3nax [EeMEHTHO-IIECYaHOIl CMECH M MOXKET OBITh IPHMEHEHA IPU TECTUPOBAHUH OSTOHHBIX H3-
JeTUH Ha TPHUCYTCTBHE BO3AYLIHBIX BKJIIOUEHHH, M, COOTBETCTBEHHO, ITO3BOJIUT OINPEIEIUTh MOPO30CTO-
KOCTb M3JIeNii. Pe3ynbTaThl IpOBEEHHBIX UCCIICIOBAHHH TOKa3ajM, YTO H3MEHEHHE KOHICHTPAUHU Aedek-
TOB B BUJI€ BO3IYIIHBIX ITOJIOCTEH HAMIYUIINM 00pa3oM OTCIIEKHMBAETCS CMEIICHHEM TECTOBBIX CIIEKTpallb-
HBIX COCTaBIIIONIHNX AJIEKTPOMArHUTHOTO OTKJIMKA.

Knioueswie crosa: akyCTUKO-3IEKTPUUECKUE MTPE0OPa30BaHUs, aKyCTUIECKOE BO30YXK/EHHUE, SIIEKTPOMAarHHT-
HBIH OTKJIMK, aMITUTYAHO-YaCTOTHAS XapaKTePUCTUKA, AUIIEKTPUUECKUE CTPYKTYPBI, IEMEHTHO-TIECUaHHBIH
pactBop, nedeKT, TBOWHOMN 3JIEKTPUIECKUI CIIOM.
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