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ABSTRACT

A methodology has been
application of vibro-acoustic
technical condition of bridges and their structural
elements when carrying out static and dynamic
tests of bridges by improving filtering methods and
highlighting wavelet transform signal trends.

The object of study is the process of static and
dynamic testing of bridges and their structural
elements using acoustic emission diagnostics of a
technical condition.

The subject of the study is the nature of the
development of the process of deformation of
reinforced concrete bridge spans under the influence
of static and dynamic test loads.

The purpose of the study is to improve the
reliability and reliability of the results of static and
dynamic tests of bridges using acoustic emission
diagnostics of their condition by improving filtering
methods and highlighting wavelet transform signal
trends. The use of the method of vibro-acoustic
emission based on the wavelet transform provides the
determination of the characteristics of the formation
of acoustic pulses, the determination of the growth
and extinction of their amplitudes and the change in
frequency characteristics over time. The advantages
of using wavelet transform are the possibilities of
software implementation of removing noise from
the signal and highlighting certain frequency
components of the signal as independent components.
The equipment for measuring and fixing signals of
vibroacoustic emission was developed, which consists
of a four-channel recording unit, an external analog-
to-digital conversion module, a control laptop, and

developed for the
diagnostics of the
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a size range of wideband piezoelectric transducers
integrated on neodymium magnets. The developed
vibroacoustic analysis was tested during static and
dynamic tests of a reinforced concrete bridge across
the river Dniester on the highway M-12, km 28 +
964 near the village Zaliski. The established values
of the oscillation frequency of the run beams is the
passport characteristics of the bridge and how the
input values are used to assess the degree of wear of
the span structure during operation. The developed
methodology and equipment for vibro-acoustic
diagnosis of the technical condition of bridges and
their structural elements are recommended for use in
related fields, including for the diagnosis of structures
and building structures to be tested.

KEYWORDS: bridge, tests, statics, dynamics,
vibroacoustics, equipment, transducer, signal, wavelet
transforms, noise, trend, frequency, characteristic.

AOCBId 3ACTOCYBAHHA BIBPOAKYCTHUY-
HOTO AHAAI3Y IIP BHIIPOBYBAHHAX
3AAISBOBETOHHOTO MOCTY YEPE3 PIUKY
AHICTEP B C. 3AAICKH

AHOTANIIA
Pospobaeno METOJOAOTIIO 3aCTOCYBAHHA
BIOpPOAKyCTUYHOTO  AIarHOCTYBaHHA  TEXHIYHOIO

CTaHy MOCTIB 1 IX KOHCTPYKTHBHHUX €AEMEHTIB,
IpH  IPOBEJAEHHI CTATUYHUX 1 AUHAMIYHUX BHUIIPO-
6yBaHb MOCTIB, HINAXOM YJAOCKOHAAEHHSA METOJAIB
PirbTpamnii Ta BUAIAEHHA TPEHAIB CUTHAAIB BEHBAET-
IIEPETBOPEHHAM.

O6'ekT gocriaxeHHA — TpoLEC CTATUYHHUX 1
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AMHAMIYHUX BUIPOOYBaHb MOCTIB 1 iX KOHCTPYK-
THBHUX €AE€MEHTIB 3 3aCTOCYBAaHHAM aKyCTHKO-
€MICIHHOTO A1arHOCTYBaHHSA TEXHIYHOTI'O CTAHY.

IIpeamer AocAiaKkeHHsA — XapaKTep PO3BUTKY
npouecy JepopMyBaHHS 3aAI300€TOHHHX HPOTrOHO-
BHUX Oy40B MOCTIB ITiJ 41€10 CTATHYHUX 1 AUHAMIYHHUX
BHIIPOOYBAaABHHX HAaBAHTAKEHbD.

Meta gocaigxKeHHS — MOKPAIIEHHI HAAIHHOCTI i
AOCTOBIPHOCTI PE€3yAbTATIB CTATHYHHX 1 AHHAMIYHUX
BUIIPOOYBAaHb MOCTIB 3aCTOCYBAaHHAM aKyCTHKO-
€MICIHHOTO AIlarHOCTYBAaHHA IX CTaHY, HIAAXOM YJO-
CKOHAA€HHA METOJiB (piabTpanii Ta BHAINEHHAM
TPEHJIB  CHIHAAIB  BEHBAET-IIEPETBOPEHHAM.
Bukopucranusa Merogy BibpoakycTH4HOI eMicii Ha
OCHOBI BeHBAE€T-IIepeTBOPEHH:A 3abe3nedye BH3-
HadeHHA ocoOAMBOCTEHl (OpMyBaHHA aKyCTHYHHX
IMITYABCIB, BU3HAYEHHA ITOKAa3HUKIB HAPOCTAHHSA Ta
3raca”HsA IX aMIAITyJ 1 3MIHY YaCTOTHHUX XapakTe-
puctuk B 4yaci. [lepeBaramu y 3acTocyBaHHI BEHiBAET-
IIEPETBOPEHH] € MOKAUBOCTI IIPOTPAMHOI peaAisanii
BH/JAANEHHSA MEPENIKO/] 3 CHTHAAY Ta BUAIACHHSA II€B-
HHUX 9aCTOTHHX CKAQJOBHUX CHTHAAY AK CaMOCTIHHHX
KOMIIOHEHTIB. Pospobareno obAagHAHHA
BUMIpIOBAaHHA Ta (piKcamii CHTHaAIB BIOpOAaKyCTHYHOI
eMicii, fAKe CKAaZa€TbCA 3 YOTHPHOXKAHAABHOTO
6A0OKa peecTpamnii, 30BHIIIHBOTO MOAYAA AHAAOTO-
OHPPOBOro IEPETBOPEHHHA, KEPYIOUOro HOYTOYKa
Ta TUIIOPO3MIPHHI pAJ IHTErpOBaAaHUX Ha HEOAUMO-
BHX MAarHiTax HIMPOKOCMYTOBHX II €30€A€KTPHYHUX
nepersopioBadis. Bukowmano amnpobanioo pos-
pobAaeHoro  BIGPOAKYCTHYHOrO aHAAI3y mijg d4ac
NPOBEAEHHA CTAaTHYHHX 1 AWHAMIYHUX BHUIIPOOY-
BaHb 3anizobeToHHOTO MOCTy uepe3 p. Jmicrep Ha
aBTOMOOIABHIN gopo3i M-12, kM 28+964 6ira c.
3anicku. BcranoBAeHl 3HAaYE€HHs 9aCTOT KOAMBAHb
6aAOK MPOTOHIB € MACIOPTHUMH XapPAKTEPHCTUKA-
MU MOCTY 1 AK BXiJHI 3HAYE€HHA NPHU3HAYEHI JAA
OIIIHIOBAHHSA CTYIEHIO 3HOCY KOHCTPYKLIi Iporo-
HoBHX OyJ0B B mpomeci ekcrayaraiii. Pospobaeny

MeTOAHKYy 1 oOAagHaHHA BiIGPOAKYCTHYHOTO
AlaTHOCTYBAHHA TEXHIYHOTO CTaHy MOCTIB 1 IX
KOHCTPYKTHBHHX €AEMEHTIB, PEKOMEHJYEThCA

AASL 3aCTOCYBAaHHA B CYMULKHHUX 00AACTAX, B TOMY
YUCAL AAA A1aTHOCTYBAHHA cHOpyd 1 6yaiBeAbHHX
KOHCTPYKI[IH, II0 MIAAATAIOTh BUIIPOOYBAHHAM.
KAIOUOBI CAOBA: micT, BUIpo6yBaHH#A, CTATHKA,
AWHAMIiKa, BiGpoaKycTHKa, OOAaJHAHHHA, IEPETBO-
pioBay, CHTHAA, BEHBAET-IEPETBOPEHHA, MEPEIIKO-
Aa, TPeH/, 9acTOTa, XapaKTEePHUCTHKA.

OIIbIT ITPUMEHEHHA BHBPOAKYCTHUYEC-
KOO AHAAH3A IIPHU HCIIBITAHHH
AKEAE3SOBETOHHOIO MOCTA YEPE3 PERY
AHECTP B C. 3BAAHNCKH

AHHOTAIHA

Paspaborana MeTojOAOTHA NpPHUMEHEHHA BHUOPO-
AKyCTHYECKOTO JHArHOCTHPOBAHUA TEXHHUYECKOTO
COCTOSIHHA MOCTOB M HX KOHCTPYKTHBHBIX SAEMEH-

TOB, IIPU IPOBEAEHUU CTATHYCCKUX U JUHAMUYCCKUX
UCHOBITAHUI MOCTOB, IMyT€M YCOBEPLICHCTBOBAHHSI
METOAOB (PUABTPALUU U BBIJEACHUS TPEHJOB CHIHA-
AOB BEHUBAET-IIPEOOPA3OBAHIEM.

O6BeKT HCCAeZ0BAaHHA — IIPOLECC CTATHYECKUX
U JAUHAMHYECKHX HCHOBITAHHH MOCTOB U HX KOH-
CTPYKTHUBHBIX S9AEMEHTOB, C IPHMEHEHUEM aKyCTUKO-
®MHCCHOHHOIO JHACHOCTHUPOBAHUS TEXHUYECKOIO
COCTOSIHHSI.

IIpeaMer mccAeZOBaHHUA — XapaKTep Pa3BUTHSA
nporecca AeGpOpPMHPOBAHUA KEAE300€TOHHBIX IPO-
A€THBIX CTPOEHUH MOCTOB MOJ AEHCTBHEM CTaTHYe-
CKUX U AUHAMUYECKUX HUCIBITATEABHBIX HAIPY3O0K.

IleAr mcCA€ZOBAHHA — YAYUIICHHE HAJEKHO-

CTH U JOCTOBEPHOCTH PE3YABTATOB CTATHYECKHX
U AMHAMHUYECKUX HCHOBITAHUH MOCTOB, IIpHUMEHE-
HHEM aKyCTHKO-d9MHUCCHOHHOIO AHATHOCTHPOBAHHSA,
UX COCTOSIHHSI IIYTE€M YCOBEPLIEHCTBOBAHHS METO-
A0B pUABTPALMH U BbIAEACHUEM TPEHAO0B CUTHANOB
BeiiBAeT-IpeoOpasoBanueM. Mcroab3oBanue MeTo-
A2 BUOPOAKYCTHYECKOH 9MUCCHH HA OCHOBE BEHBAET-
npeobpasopanusd, obecrieynBaeT ONpeseAeHne 0Co-
6enHocTell GOPMHPOBAHUSA AKYCTHUYCCKHX HMIIYAb-
COB, OIpeJEeACHHE TOKa3aTeAell HapacTaHuA U yra-
CaHUs UX AMIIAUTY/J U U3MEHEHHE YaCTOTHBIX XapaK-
TEPUCTUK BO BpeMeHH. IIpeumymecrBamMu mpume-
HEHHUs BEUBAET-IIPeoOpPa3oBaHUs €CTb BO3MOKHO-
CTH IPOrPaMMHOH pearu3aluy YAAACHUs IOMeX
U3 CUTHAAA U BBIAEACHUS] OIPEAEACHHBIX 4YaCTOT-
HBIX COCTABASIIOIIUX CHIHAAA B KadecTBe CaMOCTO-
ATEABHBIX KOMIIOHEHTOB. Paszpaborano obopygosa-
HHUE U3MEPEHHs U (PUKCALUU CUTHAAOB BHOPOAKY-
CTHUYECKOH 9MHUCCHH, KOTOPOE COCTOUT U3 YeThbIpeX-
KaHAABHOIO GAOKA perucTpanuy, BHELIIHETO MOJAY-
A AHAAOTO-ITUPPOBOro MPeobpPa3OBAHUA, YIPABAL-
onjero Hoyrbyka U THIOpPa3MepHBIH psig HHTErpU-
POBAHHBIX HAa HEOJHUMOBBIX MAarHHUTaX MIIHPOKOIO-
AOCHBIX IbE309ACKTPHYECKUX IHpeobpazoBaTesei.
Brimoaneno ampobanmio paspaboranHoro BHOpO-
AKYCTHYECKOr0 aHaAM3a HPH HIPOBEJECHUU CTATHU-
YeCKHX U AHHAMUYECKHX HCIBITAaHHUI XKeaedobe-
TOHHOrO Mocta 4epe3d p. Juecrp Ha aBTOMOOGUAB-
HO#l gopore M-12, km 28 + 964 Bosae c. 3arecku.
YcTaHOBAGHHbBIE 3HAYEHUS YACTOT KOAeOaHHH 6aAAOK
IPOrOHOB SIBASIIOTCSI IACIHOPTHBIMU XapPaKTEPUCTHU-
KaMH MOCTa M KaK BXOJHbIE€ 3HAYEHUS HCIIOAB3Y-
I0TCSL JASL OLICHKHM CTEIIeHH H3HOCA KOHCTPYKLUH
HPOAETHBIX CTPOEHUH B IpoLiecce dKCIAYATALUH.
Paspaborannasa meroguka u obopyjosanue subpo-
AKYCTHYECKOr0 JUATHOCTHPOBAHUS TEXHUIECKOIrO
COCTOSIHHSI MOCTOB H MX KOHCTPYKTHBHBIX 9AEMEH-
TOB PEKOMEHAYIOTCS AAS IPUMEHEHHUSI B CMEKHBIX
00AACTSIX, B TOM YUCA€ JASL JUATHOCTHPOBAHHUS COO-
PYKEHHH U CTPOUTEABHBIX KOHCTPYKIIUH, IIOJAEKA-
IIUX UCHBITAHUSIIM.
KAIOUEBBIE CAOBA: MocT, HCIIBITAHHUS, CTaTH-
Ka, JUHAMHKA, BUGpoakycruka, obopygosanue, mnpe-
obpa3oBareAb, CHTHAA, BeilBAeT-ipeobpasoBaHus,
oMexa, TPeHJ, 4acToTa, XapaKTepPUCTHKA.
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INTRODUCTION

Increased weight of vehicles with a total mass of
up to 40 t [1], exceeds the designed loads at the time
of construction of most road bridges (about 74%
[2]), leads to structures intensive wear and reduced
service life compared to calculated values. Ensuring
traffic safety requires reliable data of the actual load
capacity of each bridge and a forecast for its change
over time. According to current building codes [3,
4], the most effective means of establishing actual
capacity and compliance with design requirements
is to test bridges, both new and in service, including
periods after reconstruction or major repairs. The
relevance of the topic to the road industry in Ukraine
is improving reliability of static and dynamic testing
results of bridges by acoustic emission diagnostics of
their condition.

ANALYSIS OF RECENT RESEARCH AND
PUBLICATIONS

Existing methods of static and dynamic [5, 6] tests
with acoustic emission diagnostics of the technical
condition of bridges allow to establish presence
of defects or damages in the structural elements
that reduces bearing capacity. It’s impact on the
load capacity cannot be taken into account in the
calculations. The acoustic emission of destruction
as a criterion for the condition of an element allows
to establish quantitative limit of the step load and
provides practical implementation of non-destructive
methods of strength control during testing. Due to its
ability to identify fracture events at the initial stage of
damage, acoustic emission methods are widely used in
the monitoring of building structures [7, 8], machines
[9-12], and material testing [13]. Acoustic emission
waves generated by the release of energy from a
localized source or multiple sources within an object
during deformation can provide comprehensive
information on the defect’s origin. The change in the
energy radiation intensity over time, depending on
the constant or cyclic force, may provide information
on development of such a defect. In references
[14, 15], a complex approach to the analysis of
a broadband signal of radiation of the running
structures of elastic waves caused by a dynamic local
change in the structure of reinforced concrete and
the movement of the object as a mechanical system,
with the determination of the state of the bridge by
the ratio of acoustic (high-frequency) energy and
vibrational (low frequency component) oscillations -
that is vibroacoustic emission. The advantage of this
approach is the ability to apply the same methodology
to the measurement and analysis of signals in both
static and dynamic bridge tests.

Measurement and recording of acoustic emission
signals during testing, especially in field conditions, is
highly complicated due to formation of interferences
in electrical circuits because of sufficiently low energy
of the acoustic waves themselves. In [16, 17], methods
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of overcoming the effect of interference by setting a
fixation threshold are presented, but that approaches
lead to the loss of acoustic signals information which
intensity is close to the intensity of interference.

Insufficient knowledge of the measurement and
processing of acoustic and vibration signals prevents
the objectivity of determining the condition of bridges
and structures.

The object of study is the process of static and
dynamic testing of bridges and their structural
elements with the use of acoustic-emission diagnostics
of technical condition.

The subject of study is the development of the
process of deformation of reinforced concrete girder
structures by the action of static and dynamic test
loads.

The purpose of the study is to improve reliability
of the results of static and dynamic testing of bridges
by using acoustic emission diagnostics of their
condition due to improving methods of filtering and
distinguishing trends of wavelet transform signals.

Research Objectives:

- to develop an algorithm for filtering and
isolating the signals trends of vibration and
acoustic emission by wavelet transformations;

- to develop equipment for measurement and
recording of vibroacoustic emission signals for
static and dynamic testing of bridges;

- to test the methodology of determining the state
of the elements of the bridge structure by the
level of vibroacoustic emission signals during
static and dynamic testing of bridges.

BASIC MATERIAL AND RESULTS

1. Filtering and highlighting trends and the acoustic
component of wavelet transform signals

Fundamental foundations for the use of wavelet
transforms were created by I. Dobeshi [18],
who formed for the time series S length N the
transformation algorithms: direct

szave(S) (1)

and inverse

S =iwave(W) 2)
where the length of the time series S should be
N=length(S)=2" and the exponent P must be an
integer and is the length of the signal conversion
levels

In (N )

In(2)
The coefficients vector k, as a result of the direct
wavelet transform W=k, it is makes sense to represent
in the form of a matrix with the arrangement on the

levels of transformation (rows of the matrix), starting
with filling the lowest level

3)




coeffs (Level ) = submatrix(W, plevel plevel 1y (4)

where Level=0..P — the level number of the
transformation matrix;

submatrix(W, ir, jr) — a function that rotates a matrix,
which alternately consists of rows of vector I elements
starting with i length jr, so the length of each line
from the level Level=1 is calculated as

Dilevel =length (coeffs (Level ))
= 2.TS'N'fLevel_1 )

2

except for the line of the level Level=0, for which the
length is equal p,=2.

Vibro-acoustic emission signals are fully compliant
with time series requirements because they
are recorded at a constant sampling rate f and,
accordingly, at a constant sampling interval

1
=—. 6
J S ©

There is a relationship between the conversion
level and the oscillation frequency of a component
signal at a certain level.

®)

2-Prevel +1 _ (7)
2-TS-N

Joining vectors coeffs(Level) by rows creates a
common wavelet matrix MWW. Since the lengths of
the signal vectors S and wavelet coefficients W are
by definition the same as the number of elements
of the wavelet matrix MW and there are algorithms
for forward and reverse transformation, wavelet
transformation is the process of changing the form of
representation of numerical data. The wavelet matrix
MW (see Figure la) has a triangular shape with
the location of the vertex at the bottom and facing
directly to its elements requires a change in indexing
according to dependence (4). Therefore, to maintain
the uniqueness of the values in the matrix MW, we
will use element numbering k; that corresponds to the
elements of the vector W,= k..

The scheme of arrangement of coefficients at
wavelet signal conversion is shown in Figure la, for
which, for wavelength 3 T=N-TS, within the wavelet
transform window 1, the coefficients form single
wavelets relative to the centers of the intervals within
levels 2. It is obvious that the total wavelet waveform
will form a three-dimensional signal in the time-
frequency plane t<>Frequency.

Major Benefits of wavelet conversion practical
application are software implementation options:

- removal of noise from the signal;

- allocation of certain frequency components of

the signal as separate components.

Since, by definition, interference is a component
of a signal with a random amplitude and a random

/i Level =

frequency of realization, in the wavelet transform
window (see Figure la) the influence of interference
will be manifested by a uniform change coefficients £,
values. Thus, setting the noise threshold W, taking
into account the influence of the wavelet level, the
construction of the wavelet K,,,, coefficient vector of
the noise-free signal can be performed according to
the algorithm

W;' lf |VVI| 2 ‘KLevel W

Noise | . (8)
0 if

The interference-cleared signal SDN may be
recovered from the wavelet reverse vector WDN (2).

The selection of signal components in a certain
frequency range as separate components is carried
out after setting the signal conversion levels for the
given lower f,,, and upper [, frequency thresholds
in accordance with the dependence (7)

WDN; = 1
else

2-TS-N- f, -1
PThreshold :’7 2Threshold —‘ ’ ©)

Then the vector of the wavelet coefficients of the
frequency components of the signal is plotted against

_ WDNi if PLow = Pk < PHigh )
0 i

1

The frequency component signal is also restored
from the vector WT by reverse wavelet transform
(2). A full low frequency component of a signal that
is limited in the frequency domain only from above
/ High < PHigh » thatis, for which p,,, =0 is called
a signal trend.

An example of processing a fragment of a real
vibroacoustic signal § is shown in Figure 1b, where
the input is rich in interference, signal 1, on the
background of which there is a trend of signal 5, has
both low frequency component and acoustic pulses
2. The signal SDN cleared from interference (8) and
(2) is characterized by a pronounced low frequency
oscillation 3, on the background of which acoustic
pulses are developed 4. In the future, the noise-
cleared signal SDN according to algorithms (10) and
(2) is decomposed into low-frequency component
(trend) STr — 5 and high-frequency (acoustic)
component of the signal DeTr — 6. Actually, these
components of vibroacoustic further you signal used
to analyze the state of an object.

(10)
else

2. Equipment for measurement and recording of
vibroacoustic emission signals

In accordance with the methodology outlined
above, taking into account the benefits of wavelet
signal processing, the equipment for measuring
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Figure 1 — Schematic diagram of the wavelet

transform signal processing

a) scheme of wavelet signal conversion: 1 — wavelet
transform window; 2 — levels of transformation; 3 —
signal being converted

b) an example of signal processing: 1 — the input
vibroacoustic signal; 2 — acoustic pulse; 3 — signal
after clearing of noise; 4 — acoustic pulses; 5 — low
frequency component (trend) of the signal; 6 — high
frequency (acoustic) signal component

CA-2614 with a signal frequency up to
96 kHz;

- an external analog-to-digital conversion
(ADC) module ADA-1406 with a
polling frequency of 50000 Hz for each
channel, which enables the detection of
manifestations of signals with a frequency
up to 25000 Hz;

- Laptop connect to the ADC via a USB
cable.

A schematic diagram of a piezoelectric
vibroacoustic emission converter is shown in
Figure 2b. The converter consists of a housing
that uses a neodymium magnet 1, a sleeve 2,
a high-frequency piezoelectric element 3, a
low-frequency piezoelectric element 4, which is
mounted in a bimorphic manner, and a cover
5. The connecting cable is not conventionally
shown. Depending on the ratio of the effective
diameters d and D of the elements 3 and 4, the
converter is capable of generating vibroacoustic
signals of varying intensity in the low-frequency
range, which enables rational selection. For
application in road test conditions, a standard
design series of transducers with numbers 00,
0, 1, 2 and 3 has been developed to record low-
frequency vibrations from 0.3 to 60 Hz.

Integration on a neodymium magnet greatly
simplifies the installation of the transducer
during testing, since retention is only due
to the force of gravity to the circuit of the
reinforcement through the protective layer of
concrete (Figure 2c). Optional magnetic disks
may be used to increase weight. To improve
the acoustic bond between the transducer
and the surface of the reinforced concrete
beam, the vaseline No. UA / 8304/01/01
dated 30.11.2018 was used as an acoustically
transparent liquid.

In order to increase the reliability of
information retention, the measurement results
are recorded in a sequence of short files in
binary format. The size of a file with is a record
of 170 thousand measurements in one channel
(approximately 2.6 s) is 262.2 Kbytes. The
packages of the measurement results files for
each of the tests are subsequently stored in a
database and stored on separate archives.

Because the signal sections containing the
acoustic activity pulses and vibrations take only
a few percent of the measurement program in
the total volume of records, they are directed
to search, isolate and write to separate files

and recording of vibroacoustic emission signals was directly. The following fragments of signals when
developed. Structurally, the equipment for measuring stored and signs of their occurrence: poll number
and recording vibration acoustic signals (Figure 2a) from the beginning of the recording, the frequency
consists of: of the poll and the signal snippet itself. Examples of
- four-channel registration unit, which provides file fragments with acoustic pulses and vibrational
pre-normalized high-precision charge amplifier  vibrations are shown in Figure 3.
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Figure 2 - Equipment for the recording of vibro-acoustic emission signals
a) measuring equipment; b) schematic diagram of the vibro-acoustic emission converter;
¢) attaching the piezoelectric transducer to neodymium magnets

The figure shows the oscillation diagrams in units
of a 14-bit ADC, the three-dimensional wavelet image
(scalogram) of the signal (see Figure la) and its
amplitude-frequency response (AFC). Comparison
of oscillation diagrams with charts provides an
opportunity to determine the nature of the dynamics
of the process over time and to track changes in the
intensity and frequency of oscillations over time.

The application of the wavelet transform
measurement and signal processing set provided in
this paper greatly simplifies the static and dynamic
testing of bridges.

3. Static and dynamic testing of reinforced concrete
bridge using vibroacoustic emission methodology
As a test of vibroacoustic analysis, we present
the experience of static and dynamic testing of a
reinforced concrete bridge. Testing of the bridge
over the Dniester River on the national highway M-12
Stryi — Ternopil — Kropyvnytskyi — Znamyanka
(through Vinnytsia), km 28 + 964 in the Lviv region
(Figure 4) was carried out after reconstruction, the
project of which designed under the guidance of the
author of the article, included:
- static tests with step load using acoustic emission
method according to [5];

- dynamic tests of structures in accordance
with [4].

These test methods apply to technical diagnostics
of bridges and overpass elements that are on the
balance sheet of the State Agency for Highways of
Ukraine.

Static tests were carried out for runs No. 1-2 and
No. 2-3 and supports No. 3 of supports by step loading
of trucks with a total weight of 64 tons (Figure 5). The
assessment of the danger of the destruction process in
the reinforced concrete beam of the spacer structure
at step load according to [5] was carried out according
to the criterion of the danger of the development of
the destruction process. By this criterion, the value of
the exponent was determined by the decision of the
step equation

E=a-P", (1)
E - the total value of the accumulated energy of
the AE signals during exposure under load at
the last and penultimate stages of the load;
P - the value of the load on the running structure

at the last and penultimate stages of loading;
a - coefficient of equation.
AE cumulative energy diagrams are calculated as
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Figure 3 - Fragments of files with vibro-acoustic emission signals
a) an acoustic pulse with a frequency of 2.6 kHz; b) an acoustic pulse with a frequency of 23.7 kHz;
¢) vibration pulse with a frequency of 2.52 Hz;

i
E =2 |S4g, -TS‘ , (12)
k=0

Suz, - the current value of the AE signal recorded
by the PVA;
i- number of degree ofload (last or penultimate).

Accumulation diagrams of AE energy (Figure 5b)
for 6, 7, and 8 schemes of loading of the run structure
Ne 2-3 are constructed to determine the components
of equation (11) by the results of measurements. The
load circuit 6 of the test No. 2 could not be applied
to evaluate the state of the run No. 2-3 and the
cumulative energy diagram of AE for it (diagram 3,
see Figure 5b) was used to evaluate the condition of
the section of the thermally cut back plate above the
support No. 3.

Assessment of the beam condition No. 7 of the run
structure No. 2-3 was performed on the basis of the
results of measurements of the cumulative diagrams
of AE energy for loading (Table 1):
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- scheme 7, diagram 1 (see Figure 5b);

- scheme 8, diagram 2 (see Figure 5b).

The results of the dequation (11) for the data
of diagrams 1 and 2 (see Figure 5b) are given in
Table. 2.

As evidenced by the results of calculations, the

-

Figure 4 - General view of the bridge through
river Dnister at State Automobile Highway M-12,
km 28+964 in Lviv region

o



= b)E

60

40

0 20 40 60 80 100 120 s

Figure 5 - Static tests of the bridge over the Dniester River
a) establishment of a test load; b) diagrams of acoustic emission energy flow over time:
1 — load of the run No. 2-3 on the left side; 2 — load of run No. 2-3 on the right side;
3 — load support No. 3

value of the exponent for beam No. 7 of the run
structure No. 2-3 at load by scheme 7 is 0.779, and at
load by scheme 8 is 1.184. Since in both of these cases
the value of the exponent does not exceed 3.0, it
should be recognized that defects that develop in the
structure of the material of the reinforced concrete
beam are not dangerous.

Dynamic tests of the bridge over the Dniester
river were conducted by recording the vibroacoustic
emission signals in beams No. 7 of runs No. 1-2 and
No. 2-3 during the movement of the test trucks and
the passage of transport in the intervals between
the test loads. The vibration acoustic emission signal
transducers determined the characteristics of the
vertical oscillations of the central points of the beams
No. 7, on the lower surface of which they were installed,
by the parameters of the low-frequency component of
the signals. Examples of vertical oscillation diagrams
and their amplitude-frequency characteristics are
not shown in Figure 6 for run No. 1-2 — 1 and run
No. 2-3 — 2. The values of oscillation frequencies of
runner beams during the passage of transport, which
make up for run No. 1-2 — 18.75 Hz, and run No.
2-3, are also determined — 15.17 Hz.

According to standard [4] set values of oscillation
frequencies of beams in the course of further

Table 1 - Total radiation energy of AEn

operation, it is recommended to use as input values
for estimation of degree of deterioration of structure
of run structures.

Test results of a reinforced concrete bridge over
the Dniester river in village Zalisky showed, that
the use of vibroacoustic analysis allows to determine
the peculiarities of the formation of acoustic pulses,
indicators of growth and attenuation of their
amplitudes and changes in frequency characteristics
over time. The set values of the oscillation frequencies
of the beams are the passport characteristics of the
bridge and as input values are to be evaluated for the
degree of wear of the structure during operation.

The practical result of the work is development
of algorithms for filtering and isolating the trends
of vibration and acoustic emission wavelet transform
signals and the equipment for measuring and
recording vibration acoustic emission signals for static
and dynamic testing of bridges.

The methodology of determining the state of
the elements of the bridge structure by the level
of vibroacoustic emission signals during static and
dynamic tests was shown to improve and reliability
of the results, reducing costs and time of tests
themselves.

CONCLUSIONS AND PROSPECTS
FOR FURTHER DEVELOPMENT

— 1. Methods of application
Load circuit Load option Number of | The total of vibroacoustic diagnostics
number AE events | energy of AE|  of the technical condition of
Support No 3 bridges and their st'ructural

elements for static and

6 Four trucks over support No. 3 36 681.26 dynamic testing of bridges
are developed by means of

Run No 2-3, beam No 7 theoretical and experimental

7 Two trucks over the beam No. 7 9 69.39 researches by improving
the methods of filtering and

8 Two trucks over the beam No. 2 8 5.42 distinguishing the trends of
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Table 1 - Indicators of the state of the beam No.

structure No. 2-3

7 of the running 2. Po3’sacuennsa Minicrep-
CTBa iH(l)paCTPYKTypI/I YKpa'l'HH

NeNe | Options for comparing Load, t

AASL ABTOIIEPEBI3HHKIB IJOJ0
rabapuTHO-BAarOBUX  HOPM

load sch
oad schemes One truck

Two trucks

BAHTAKHUX  HepeBe3eHbl6
Tpasua 2016. ULR: https://

1 Scheme 7 46 92

0.160 0.779 mtu.gov.ua/news/26880.html.

2 Scheme 8 46 92

3. Cnopyau TpaHCHOPTY.

0.329 Moctu ta Tpybu. O6crexennsa

1.184

ta Bunpobysanna: DBN B.2.3-
b) 6:2009. (2010).
4. Hacranosa mogo npo-

//\ﬁ(\/w\n&/f\/m/\ /\M\/\/\/\/\/\

BEJEHHS JHHAMIYHHUX BU- IIPO-
6yBaHb aBTOZOPOIKHIX MOCTIB:

DSTU 8748: 2017. (2019).

0 \W \/ V V \/ V Y 5. Merojg  akyCcTHYHOI
eMicifinoi AlarHOCTHKU
R TEXHIYHOI'O CTaHy MOCTIB JASA
400 ! CTATUYHHUX BunpoOyBaHb
(MVB  218-03450778-240-
0 02 04 06 g L s 2004).

6.  HepyiiniBHuil  KOH-
E TPOABb. AKYCTHYHa eMicid.
Figure 6 - Dynamic tests of the 8000 XapaKTepHUCTUKH YCTaTKyBaH-
bridge over the Dniester River 2 1 us: DSTU EN 13477-2:2016

a) diagrams of signals of vertical 6000 / (EN 13477-2:2010, IDT).
oscillations of the central point of | ' ‘ 7 Chai M., Zhang Z.,
beams No. 7; Duan Q. A new qualitative
b) Frequency response of vertical 4000 acoustic emission parameter
oscillations of the central point of \ based on Shannon’s entropy
beams No. 7: 2000 ! ! ! for ~damage monitoring.
I — run No. 1-2; 2 — run No. 2-3 ALL/\ Mechanical Systems and
Signal ~ Processing. 2018.
0 10 20 30 40fH: N 100, P. 617-629. Doi:

wavelet transform signals. The use of the method of
vibroacoustic emission provides the determination
of the peculiarities of the formation of acoustic
pulses, the determination of the growth and decay
of their amplitudes and the change of frequency
characteristics over time. The set values of the
oscillation frequencies of the beams of the beams are
the passport characteristics of the bridge and as input
values are to be evaluated for the degree of wear of
the structure of the beams during operation.

2. The developed technique of vibroacoustic
diagnostics of the technical condition of bridges
and their structural elements is recommended for
use in adjacent areas, including for the diagnosis of
structures and structures to be tested.
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