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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 

equipments 

Model Firm, company 

  

Country 

High-frequency 

georadar 

Proceq GPR Live Proceq Switzerland 

ОКО-3 Logis-Geotech Russia 

SIR-20 GSSI USA 

NOGGIN-1000 Sensor & Software Canada 

RAMAC/GPR Mala GeoScience. Sweden 

Gepard GPR 3D OKM Germany 

VIY3-700 Transient Technologies Ukraine 

Probe-12е Radar Systems Latvia 

Low-frequency 

ultrasonic 

tomograph 

Pundit 200 Pulse Echo  Proceq Switzerland 

А1040 mira  АКS Russia 

ТС200 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 

parameter of 

 oscillations 

Organization, 

company 

Country 

«ISK-1SH» spectral structure Institute of Geotechnical Mechanics  

of  NAS of Ukraine 

Ukraine 

«Dikon» duration 

«Resonans» spectral structure GEOFIZPROGNOZ Russia 

«Poisk –

МGI» 

spectral structure Moscow State Mining University  Russia 

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 

is 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 – 0.5 smooth 0.3 

with a loose coating to 5 mm 0.8 

0.5 – 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 

 
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. 

 
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. 

 
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  

in the presence 

 of a cavity, m 

Dense 

contact with 

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 Amax., 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 – 1.5 

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.  
 

 
 

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 Umax in an analog form. 

The second comparator 9 compares the current value of a signal to threshold U2 

level. U2 level size in е (е = 2.71828 …) times is less than Umax 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 τ is called relaxation time. 

For prevention of operation of the device at a weak signal blocking of operation 

of the second comparator is provided if U2 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. 



ISSN 1607-4556 (Print), ISSN 2309-6004 (Online) Геотехнічна механіка. 2019. № 145 
 

 

92  

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 DVSН -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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allocated. 
 

 
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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Анотація. Предметом дослідження є бетонне кріплення. Об’єктом дослідження є його взаємодія з гірським 
масивом. В процесі експлуатації кріплення відбувається утворення порожнин в прилеглому гірському масиві. 
Нерівномірне навантаження на кріплення поступово призводить до його руйнування. Мета роботи полягає в 
розробці дефектоскопа для неруйнівного виявлення порожнин на межі з бетонним кріпленням. Використовується 
віброакустичний метод. Суть методу полягає в аналізі параметрів вібрації оболонки після нанесення по ній удару. 
Відмінність від відомих розробок полягає в безконтактному прийомі акустичного сигналу з використанням 
мікрофону. Параметри вібрації кріплення визначаються при різних умовах його контакту з масивом гірських порід. 
Попередньо визначається спектральний склад сигналу. При наявності порожнини в ньому переважають 
низькочастотні складові. Дослідження спектрального діапазону дозволяє вибрати смугу пропускання вхідного 
підсилювача. Осцилограми вільних коливань бетонного кріплення також характеризують якість його контакту з 
масивом гірських порід. В якості інформативного параметра вибрана характеристика часу затухання коливань. 
При наявності порожнини вона суттєво збільшується. Для збудження коливань кріплення служить механічний 
ударний  пристрій. На бойці пристрою закріплено п’єзодатчик. Він з’єднаний з електронним блоком. При ударі 
виникає імпульс синхронізації, після якого починається процес аналізу звукового сигналу від мікрофону. Для 
зменшення завад використовується частотна фільтрація сигналу і обмеження часу аналізу. Додаткове 
пригнічення шумів здійснюється амплітудною селекцією сигналу. Значення інформативного параметра 
представляється в цифровому вигляді. Апробація дефектоскопа на гідротехнічних спорудах свідчить про 
можливість виявлення порожнин за оболонкою товщиною до 1 м. Оптимальний діапазон відстаней від мікрофона 
до оболонки складає від 1 до 3 м. Дефектоскоп обслуговується одним оператором. Розробку рекомендується 
використовувати для контролю кріплення підземних споруд при низькому рівні акустичних завад. 

Ключові слова: дефектоскоп, бетонне кріплення, підземна споруда, віброакустичний контроль. 
 

Аннотация. Предметом исследования является бетонная крепь. Объектом исследования является ее 
взаимодействие с горным массивом. В процессе эксплуатации крепи происходит образование пустот в 
прилегающем горном массиве. Неравномерная нагрузка на крепь постепенно приводит к ее разрушению. Цель 
работы заключается в разработке дефектоскопа для неразрушающего выявления пустот на границе с бетонной 
крепью. Используется виброакустический метод. Суть метода состоит в анализе параметров вибрации оболочки 
после нанесения по ней удара. Отличие от известных разработок заключается в бесконтактном приеме 
акустического сигнала с использованием микрофона. Параметры вибрации крепи определяются при различных 
условиях ее контакта с массивом горных пород. Предварительно определяется спектральный состав сигнала. 
При наличии пустоты в нем преобладают низкочастотные составляющие. Исследование спектрального 
диапазона позволяет выбрать полосу пропускания входного усилителя. Осциллограммы свободных колебаний 
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бетонной крепи также характеризуют качество ее контакта с массивом горных пород. В качестве 
информативного параметра выбрана характеристика времени затухания колебаний. При наличии пустоты она 
существенно увеличивается. Для возбуждения колебаний крепи служит механическое ударное устройство. На 
бойке устройства закреплен пьезодатчик. Он соединен с электронным блоком. При ударе возникает импульс 
синхронизации, после которого начинается процесс анализа звукового сигнала от микрофона. Для уменьшения 
влияния помех используется частотная фильтрация сигнала и ограничение времени анализа. Дополнительное 
подавление шумов осуществляется амплитудной селекцией сигнала. Значение информативного параметра 
представляется в цифровом виде. Апробация дефектоскопа на гидротехнических сооружениях свидетельствует 
о возможности выявления полостей за оболочкой толщиной до 1 м. Оптимальный диапазон расстояний от 
микрофона до оболочки составляет от 1 до 3 м. Дефектоскоп обслуживается одним оператором. Разработку 
рекомендуется использовать для контроля крепи подземных сооружений при низком уровне акустических помех.  

Ключевые слова: дефектоскоп, бетонная крепь, подземное сооружение, виброакустический контроль  
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