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Annotation. The subject of study is concrete support. The object of study is its interaction with the rock mass.
During operation of the support there is formation of spaces in adjacent rock mass. Uneven load on the support
gradually leads to its destruction. The purpose of work is development of a defectoscope for nondestructive identification
of spaces in rock mass on border with a concrete support. The vibroacoustic method is used. The essence of the
method is to analyze the vibration parameters of the shell after striking it. The difference from the known developments
consists in contactless reception of an acoustic signal with use of the microphone. The vibration support parameters are
determined under various conditions of its contact with the rock mass. The spectral composition of the signal is
preliminarily determined. In the presence of spaces, low-frequency components prevail in it. The study of the spectral
range allows you to select the bandwidth of the input amplifier. Oscillograms of free vibrations of the concrete support
also characterize the quality of its contact with the rock mass. As an informative parameter, the characteristic of the
oscillation decay time is selected. In the presence of spaces, it increases significantly. A mechanical shock device
serves to excite vibrations of the support. A piezosensor is mounted on the striker of the device. It is connected to the
electronic unit. Upon impact, a synchronization pulse occurs, after which the process of analyzing the sound signal from
the microphone begins. To reduce the influence of interference, frequency filtering of the signal and analysis time
limitation are used. Additional noise suppression is carried out by selection of amplitude of signal. The value of the
informative parameter is presented in digital form. Testing the defectoscope at hydraulic structures indicates the
possibility of identifying cavities behind the shell with a thickness of up to 1 m. The optimal range of distances from the
microphone to the shell is from 1 to 3 m. The defectoscope is serviced by one operator. The development is
recommended to be used to control the support of underground structures with a low level of acoustic noise.

Keywords: defectoscope, concrete support, underground structure, vibroacoustic control.

Introduction. The concrete support is the most widespread at construction of
underground constructions. In Ukraine it is widely used for fastening of vertical
shafts in mines on coal mining, salts and uranium [1-3]. In case of unstable rocks is
applied as well to maintenance of horizontal capital workings. Its application in
hydrotechnical tunnels of big section [4] is effective. The term of operation of a
timbering is decades.

Reliability of a support worsens at arrangement of development in soft rocks.
Emergence of spaces behind a concrete cover is the main reason. They are caused by
influence of aquifers. Violation of dense contact of a cover with the rock mass leads
to uneven distribution of tension on its surface. Manifestation of this process is
emergence of cracks in concrete. Further they become sources of filtration (Fig. 1).
The reliability of the design is gradually reduced.
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Figure 1 - Cracks with filtration in a concrete timbering of gallery of
the Dniester hydroelectric power station

Effective method for prevention of deformations of a support is cementation of
spaces. But it demands their preliminary identification and delimitation. Performance
of inspection is often connected with the working use termination for the intended
purpose. Thereof, the main requirement is the high efficiency of control. It can be
reached only with use of nondestructive methods.

Now in world practice for identification of spaces behind a concrete cover two
methods were widely adopted: high-frequency georadar-location [5, 6] and low-
frequency ultrasonic tomography [7, 8].

Development of the specified methods became possible only in the last 20 years.
It is caused by need of use of the portable computer equipment which allows
operation in adverse environmental conditions. Data on some means of
nondestructive control are presented in Tabl. 1.

Use of the mentioned types of the equipment has some restrictions. It demands
direct contact with a surface of a concrete cover. It causes sharp decline in production
of control at inspection of workings of big section. At inspection of vertical shafts
direct access to certain sites of their surface is in general impossible. The equipment
has high cost and is intended for work with personnel of high qualification. The
obtained primary data often demand additional processing in cameral conditions.
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Table 1 - Means of nondestructive control for identification of spaces behind a concrete cover of
underground constructions

Type Model Firm, company Country
equipments
High-frequency Proceq GPR Live Proceq Switzerland
georadar OKO-3 Logis-Geotech Russia
SIR-20 GSSI USA
NOGGIN-1000 Sensor & Software Canada
RAMAC/GPR Mala GeoScience. Sweden
Gepard GPR 3D OKM Germany
V1Y3-700 Transient Technologies Ukraine
Probe-12e Radar Systems Latvia
Low-frequency Pundit 200 Pulse Echo Proceq Switzerland
ultrasonic A1040 mira AKS Russia
tomograph TC200 Time Group China

In parallel, since the end of last century, the method of vibro-acoustic control was
developed for the solution of similar tasks [9, 10]. Its essence consists in pointed
Impact excitation of the site of a design and the subsequent analysis of its free
oscillations. For reception of oscillations contact seismometers or piezoelectric
transducers use. Advantage of a method is the possibility of arrangement of the
activator and receiver of oscillations on sticks. Their length can reach up to 4 m. It
allows to survey workings up to 6 m high without use of elevators.

In Ukraine and abroad there is no large-lot industrial production of the equipment
of vibroacoustic control for identification of the hidden spaces. Developments which
were issued small parties are known. Most of them are spectrum analyzers of a single
signal. Data on some devices are presented in Tabl. 2.

Table 2 - Means of vibroacoustic control for identification of the hidden spaces

Model Informative Organization, Country
parameter of company
oscillations
«ISK-1SH» spectral structure Institute of Geotechnical Mechanics Ukraine
«Dikony duration of NAS of Ukraine
«Resonansy» | spectral structure GEOFIZPROGNOZ Russia
«Poisk — spectral structure Moscow State Mining University Russia
MGl
Vibroset spectral structure Holding triad Russia
SVAN-946 spectral structure SVANTEK Poland

Use of means of vibroacoustic control significantly expands opportunities for
nondestructive control of the "concrete support - massif" system. Their common fault
IS need of stable acoustic contact of the receiver of vibration with the surface of
concrete. There was a need of development of the device with remote registration of
vibration. This publication is devoted to the solution of the mentioned task.
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Methods. In natural conditions the possibility of use of the microphone for remote
registration of oscillations of a concrete cover after shock was investigated.
Researches were carried out on various underground hydrotechnical objects and also
in conveyor developments of the iron ore enterprise PAS “Arselormittal Krivoy Rog”
and in the uranium mine “Novaya” of the company “Vostok-Ruda”. For excitation of
oscillations the special impact device was used. It represents a cylindrical steel shock
head with a diameter of 30 mm which is fixed on a wooden stick. The stick consists
of separate sections. Their total length reaches 4 m. The contact surface of a head is
executed by spherical. For increase in superficial hardness it is tempered. In the
experiment, a set of heads of various lengths, having a mass of 0.3, 0.8 and 1.5 kg,
was used.

For registration of oscillations used a portable digital dictaphone. The distance
from a shock point to a dictaphone made from 2 to 3 m. For reduction of acoustic
hindrances record was carried out by idle processing equipment. In the laboratory
spectral analysis of the signal was performed.

Results and discussion. Reliable assessment of parameters of a sound signal
requires the high relation of a useful signal to the level of noise. At the first stage of
experiments it was necessary to establish such opportunity in real conditions of
production. The analysis of experimental material defined requirements for receiving
a high-quality signal. The most important is the lack of acoustic hindrances. The
second condition is distribution of functions of the operator and assistant. The
assistant strikes blow and the motionless operator keeps record of acoustic impulses.
The third condition consists in the correct striking a blow. Its direction has to be
perpendicular to a surface of a concrete structure. The blow has to be sharp.
Necessary energy of blow depends on thickness of a cover and a condition of a
surface. The speed of the movement of a impact head accepted in the ergonomic plan
iIs from 1.5 to 2 m/s. Experimentally established requirements to its mass are
presented in Tabl. 3.

Table 3 - Requirements to the impact device

Thickness of concrete, m Surface condition Mass of a head, kg
0.2-05 smooth 0.3
with a loose coating to 5 mm 0.8
05-0.8 smooth 0.8
with a loose coating to 5 mm 1.5
0.8-1.0 smooth 1.5
with a loose coating to 5 mm -

For computer processing of a signal only high-quality recordings were used. The
task — to find essential distinctions of parameters of oscillations at dense contact of a
cover with the massif and at its absence was set. Distinctions are visible already when
comparing oscillograms. In Fig. 2 the form of free oscillations of a concrete slab 0.3
m thick at dense contact with the massif is presented, and in Fig. 3 - with a cavity.
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Figure 2 — Oscillogram of free oscillations of the site of a plate at dense contact with rock mass
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Figure 3 - Oscillogram of free oscillations of the site of a plate in the presence of a cavity

The analysis of the provided oscillograms shows that in the presence of a cavity
duration of oscillatory process significantly increases.

Differs as well spectral structure of oscillations For a plate 0.3 m thick at dense
contact with rock mass the spectrum is illustrated by Fig. 4.

4

L)

.Level &7, dBE
— [

]

0.1 02 0304 06 0810 20 3040 &0 1mnn
Frequency f, kH=

Figure 4 - A spectrum of free oscillations of the site of a plate at dense contact with the massif

In the presence of a cavity in the massif on contact with a plate of the similar sizes
occurs shifts of a maximum of spectral density towards low frequencies. Resonant
properties of a plate are distinctly shown. As an illustration serves Fig. 5.

At dense contact of a plate with the massif influence of its sizes on parameters of
free fluctuations is insignificant. In the presence of a cavity with increase in thickness
of a plate numerical characteristics of oscillatory process approach option of dense
contact.

For an illustration Table 4 serves.

When developing the control device as informative parameter the number of
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oscillations during a relaxation was chosen. It is explained by simplicity of
measurement of this parameter. Taking into account results of researches basic data
for development are defined. They are presented in Tab. 5.
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Figure 5 — A spectrum of free oscillations of the Site of a Plate in the presence
of a cavit in the massif

Table 4 - Numerical characteristics of damped oscillations of a plate

Oscillation process parameter Plate thickness Dense
in the presence contact with
of a cavity, m the massif
0.3 0.5 0.9
Maximum of spectral density, kHz 0.3 0.6 0.8 0.9
Duration to level 0.1 Apax., MS 24.5 6.8 3.6 2.5
Time of a relaxation, ms 11.2 3.3 1.7 1.3
The number of oscillations during a relaxation 23 11 6 4.0

Table 5 - Basic data for development of control devices “coverivg - the massif” systems

Parameter Dimension Value
Bandwidth of an analog part kHz 0.1-15
Time of the analysis of a signal ms 100
Range of calculation of number of oscillations - 0-999
Duration of results of indication S 5

Under production conditions it is impossible to provide the low level of acoustic
hindrances. Researches showed that synchronization of processing of a signal with
the blow moment is necessary for steady operation of the equipment with use of the
microphone. It is executed by use of a piezoelement which has mechanical contact
with a shock head. For signal transmission of synchronization to the electronic block
the flexible screened cable is used.

Use of the microphone for registration of free fluctuations of a design with
synchronization of the moment of blow is realized in the defectoscope DVSH-2. Its
block diagram is submitted in Fig. 6.

Operation of the device happens as follows.

At striking a blow on concrete in piezoelectric sensor 1 there is a single impulse.
The first comparator 2 compares the current value of a signal of the piezoelectric
sensor to the threshold tension which considerably exceeds the level of noise. In case
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of excess of a signal at the output of the comparator the short rectangular impulse is
formed. On its front there is a start of the first waiting univibrator 3. Duration of an
impulse defines time of the analysis of a signal. On its hind front launch of the second
waiting univibrator 4. Impulse duration from its exit defines time of indication of
results of control.

1 » 2 > 4
5 3 —»] g +
¥ i i
B > K > g
12 11 -+ 10 -+

Figure 6 — Block diagram of the defectoscope: 1 — piezoelectric sensor, 2 — first comparator,
3 — first waiting univibrator, 4 — second waiting univibrator, 5 — microphone, 6- selective amplifier,
7 —key, 8 — peak detector, 9 — second comparator, 10 — counter, 11 — numeric indicator, 12 — power

supply

The entrance signal from microphone 5 amplifies in amplifier 6 with the set
bandwidth. The key 7 opens only for the period of the analysis of a signal. Peak
detector 8 remembers the maximum value of a signal U, in an analog form.

The second comparator 9 compares the current value of a signal to threshold U,
level. U, level size in e (e = 2.71828 ...) times is less than U, value. At the output
of the comparator rectangular impulses are formed. Their formation will continue
until the amplitude value of the input signal decreases by a factor of e. This time
interval 7 1s called relaxation time.

For prevention of operation of the device at a weak signal blocking of operation
of the second comparator is provided if U, level is less than the fixed U1 threshold.
Calculation of quantity of impulses carries out counter 10. Dumping of counter 10
and peak detector 8 into a zero state happens on the hind front of an impulse from the
output of block 4. The result within several seconds is displayed by digital indicator
11. Supply 12 contains the rechargeable battery and the voltage stabilizer. It ensures
functioning of all other structural elements of the device.



92 ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) I'eorexniuna mexanika. 2019. No 145

Structurally the defectoscope is executed in the form of two parts. The impact
device contains a wooden stick with a set of interchangeable impact heads and a
piezo sensor. The electronic block is located in the rectangular metal case with the
cylindrical handle. In the handle elements of the chargeable battery are located. On
the opposite end of the case the ledge with the microphone is located. In non-working
situation the microphone is closed by a rotary cover. The electronic block and the
Impact device are connected by a flexible cable.

The appearance of the defectoscope DVSH-2 is presented in Figure 7.

Figure 7 - Appearance of the defectoscope

The signal processing is illustrated by the diagrams, which are shown in Figure 8.

Approbation of the defectoscope was carried out on hydraulic engineering
constructions with the complicated access to a surface of a concrete cover.
Diagnostics of a water throughput construction under the Inhulets main canal
(Ukraine) can be an example. The appearance of a construction is presented in Figure
9.

For identification of cavities in soil behind sidewalls and over concrete
overlapping the vibro-acoustic method was used. In the presence of an unstable
support there was impossible use of classical option of a method with the contact
receiver of vibration. The practical absence of interference led to the effective use of
the defectoscope DVSH -2. By results of inspection the card of hollowness is
constructed. Its fragment is given in Figure 10. Green zones of dense contact of a
covering with soil, red — cavities, yellow — sites with an intermediate state are
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Figure 8 - Charts of operation of the defectoscope

Figure 9 - Appearance of culvert
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Figure 10 - Fragment of a void map behind a concrete shell

Conclusions. Based on the analysis of existing means of non-destructive control
of concrete fasteners, their shortcomings have been established. The main one is the
need for stable contact of the equipment sensors with the concrete surface.
Experimentally established the informative vibro-acoustic method using a
microphone to remotely record the vibration of the concrete shell area. The original
data for the development of the equipment is substantiated. It has been established
that the most informative parameter is the number of vibrations during the relaxation
of the fading vibrational process. The results of the research were the creation of a
vibro-acoustic defectoscope DVSH-2. The equipment has confirmed its performance
in the production conditions. Its use is promising for mining and hydraulic structures
of a large section, which are fixed by a concrete fastener.
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AHoTauis. MpeagmeTom AOCTIMKEHHS € 6eTOHHE KpinneHHs. O6'eKTOM JOCNImXEHHS € MOr0 B3aEMOZIS 3 TipChKM
MacvBoM. B npoueci ekcnnyatauii kpinneHHs BinOyBaeTbCH YTBOPEHHS NMOPOXHUH B MPUIErnoMy FipCbKOMY MacyBi.
HepiBHOMIpHE HaBaHTaXEHHS1 Ha KPIMIEHHS MOCTYMOBO MPU3BOAWUTL OO MOr0 pymHyBaHHs. Meta po6oTu nonsrae B
po3pobui edekTockona Ans HEPYMHIBHOMO BUSIBNIEHHS NMOPOXHWH HA Mexi 3 GETOHHUM KpinneHHsIM. BukopncToByeTses
BibpoakycTuyHuin meToa. CyTb MeTOAY nonsrae B aHanisi napameTpis BibpaLlii 060M0HKM Nicns HAaHECEHHS MO Hilt yaapy.
BigmiHHicTb Big BigoMux po3pobok monsrae B GE3KOHTAKTHOMY MPWUAOMI aKyCTUYHOTO CUrHanmy 3 BMKOPUCTAHHSIM
MikpodhoHy. MNapameTpm BibpaLjii KpinneHHs BU3HA4atOTLCS NPY Pi3HNX YMOBAX AOrO KOHTAKTY 3 MACMBOM FipCbKMX MOpia.
lonepeaHb0 BU3HAYaAETLCA CreKTpanbHUA cknag curHany. [pyu HasiBHOCTI MOPOXHWHW B HbOMY NEPEBAXaloTh
HWM3bKOYACTOTHI CKNagoBi. [OCnimKeHHs CNeKTparbHOMo Aiana3oHy [03BOMSE BMOpATM CMyry MpOMyCKaHHS BXiQHOTO
nigevnioBava. Ocuymnorpamu BinNbHUX KONMBaHb BETOHHOIO KPINMEHHS TaKOX XapaKTepusylTb SKICTb MOM0 KOHTAKTY 3
MacmMBOM TipCbKuX nopid. B sikocTi iHopmaTMBHOrO napameTpa BubpaHa XapaKTepucTuka Yacy 3aTyXaHHsl KONMBaHb.
Mpn HasBHOCTI MOPOXHUHWM BOHA CYTTEBO 30inblyeThCs. [Ans 30YMKEHHS KONMBaHb KPIMMEHHS CYXWUTb MeXaHiqHuiA
yaapHuin NpucTpin. Ha Goiui npucTpoto 3akpinneHo m'e3opatyvk. BiH 3'egHaHuin 3 enekTpoHHuM Grniokom. Mpu yaapi
BWHUKAE IMNYNbC CUHXPOHi3aLii, nicna SKOro MOYMHAETbCA NPOLEC aHanisy 3BYKOBOTO curHasny Big MikpodhoHy. [Ons
3MEHLUEHHS 3aBaj BWKOPUCTOBYETLCA YacTOTHA (inbTpauis curHany i obmexeHHs vacy aHanidy. [opatkose
MPUrHIYEHHST LWYMIB  30JACHIOETbCA  aMMIiTYAHOK Cenekuieto curHany. 3HaueHHs iHopMaTMBHOrO napameTpa
npeacTaBnseTbCa B Luposomy Burnsgi. Anpobauis gedektockona Ha rigpOTEXHIYHMX ChopyAax CBiguuTb Npo
MOXITMBICTb BUSIBNEHHSI MOPOXHUH 32 0OOMNOHKOK TOBLMHOK A0 1 M. OnTUManbHWA Aiana3oH BidCTaHen Big MikpooHa
Ao obonoHku cknapae Big 1 go 3 m. Jedekrockon 06CnyroByeTbCA OAHUM onepaTopoM. Po3pobky pekomeHayeTbes
BMKOPWCTOBYBATM ANS KOHTPOMKO KPINSIEHHS NiZ3eMHMX CNOPYA NPy HU3bKOMY PiBHI aKyCTUYHWX 3aBag,.

KnrouoBi cnoBa: gedekrockon, 6eTOHHE KpinneHHsl, nig3eMHa crnopyaa, BibpoakyCTUYHUIA KOHTPOIb.

AnHoTauuA. lMpegmetom wuccnenoBaHust sBnseTcs O6eToHHas kpenb. OOGBLEKTOM MCCnefoBaHUs SBRSETCS ee
B3aMMOLENCTBAE C TOPHBIM MaccMBOM. B npouecce 3KcnnyaTauuw Kpemu npoucxogut obpasoBaHue MycToT B
npuneraoLiem ropHoM Maccvse. HepaBHOMepHasi Harpyska Ha Kpenb NOCTEMEHHO NPUBOAWT K ee paspyLueHuio. Lienb
paboThl 3aknovaeTcs B paspaboTke gedekTockona 4 HepaspyLatoLLero BbISBMEHMS MyCTOT Ha rpaHuLe ¢ 6ETOHHON
kpenbto. Mcnonbayetcs BubpoakycTuieckuin Mmetoa. CyTb MeToga COCTOMT B aHann3e napameTpoB Bubpauumn 060noykm
nocre HaHeceHus no Hei yaapa. OTnnuMe OT M3BECTHbIX paspaboToK 3aknivaeTcs B OECKOHTAKTHOM mpueme
aKyCTMYeCKoro curHana ¢ 1cnonb3oBaHeM MUKpodoHa. MapameTpbl BUBpaLmmn Kpenu onpeaensioTcs Npy pasnuyHbIX
YCNOBMSX ee KOHTaKTa C MacCyBOM ropHbIX nopoA. MpeasapuTenbHO onpeaensieTcs CrekTpanbHbIi CocTaB CurHana.
Mpn Hanuumm nyctoTbl B HEM npeobnafgatoT HWU3KOYACTOTHble COCTaBnsioWwMe. MccnegoBaHne CneKTPanbHOro
[vanasoHa no3BonseT BbibpaTb Nonocy NponyckaHns BxogHoro yeunutens. Ocuunnorpammbl cBOBOAHbIX konebaHuil
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BETOHHOM Kpenu Takke XapaKTepusylT KayeCTBO ee KOHTakTa C MacCMBOM rOpHbIX mnopod. B kavectse
MHOPMATMBHOrO NapameTpa BblbpaHa XapakTepucTuka BpeMeHu 3aTyxaHus konebanuid. Mpy Hanuumm nycToThl OHa
CYLIECTBEHHO yBenuumnBaeTcs. [ns Bo3byxaeHns konebaHni Kpenu CryxuT MexaHWYeckoe yaapHoe yCTpoincTeo. Ha
Boike ycTpomcTea 3akpenneH nbe3opatumk. OH COeAUHEH C 3MneKTPOHHbIM 6rokoM. [pu yaape BO3HUKAET MMMYNbC
CMHXPOHM3aLMK, NOCNe KOTOPOro HaYMHAETCA NPOLECC aHann3a 3BYKOBOrO CUrHama ot MUKPOdhoHa. [1ns ymeHbLIeHNs
BNWSHUS NOMEX UCMOMb3YeTCs YacToTHAs UMbTPaLMs CUrHana u orpaHuyeHre BpeMeHu aHanusa. [JononHuTensHoe
NoAaBNEHNE LUYMOB OCYLLECTBNSIETCA aMNMTYAHOM Cenekumei curHana. 3HaveHue MHEOpMaTWMBHOMO napameTtpa
npeactaensetcs B UudpoBom Buae. Anpobauns aedekrockona Ha rmapoTEXHUYECKNX COOPYXEHUSIX CBUAETENbCTBYET
0 BO3MOXHOCTW BbISIBIIEHUSI NornocTen 3a 0605104koi TonwmHoi Ao 1 M. OnTUManbHbIA AMana3oH PaccTOsHUA OT
MuKpodhoHa Ao obonoyku coctasnset oT 1 go 3 m. [Jedekrockon obenyxusaetcs ogHum onepatopoM. Paspabotky
PEeKOMEHLYEeTCS UCMOoNb30BaTh 411 KOHTPONS Kpenu NoA3EMHbIX COOPYKEHWIM MPU HU3KOM YPOBHE aKyCTUYECKMX MOMEX.
KnioyeBbie cnoBa: aedekrockon, 6eTOHHas Kpenb, NOA3EMHOE COOPYKeHWE, BUOPOAKYCTUHECKNN KOHTPOSb
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