"Cyuachi mexnonozii ma memoou po3paxymnkie y oyoienuymei', eunyck 15, 2021

UDC 624 DOI:10.36910/6775-2410-6208-2021-5(15)-08

RESEARCH OF THE BRIDGE STRUCTURE BY IMPACT-ECHO
METHOD

JOCJIJKEHHA KOHCTPYKIIII MOCTA METOJIOM IMIAKT-EXO

Oreskovi¢c Matija, Ph.D. in Engineering, Associate Professor,
Cvitkovi¢ Ivan, mag. ing. traff., Brlek Predrag, Ph.D. in Engineering,
Associate Professor, (University North, Varazdin, Croatia), Klymenko
levgenii, Doctor of Engineering, Professor (Odesa State Academy of Civil
Engineering and Architecture, Odesa, Ukraine), Kué¢ina Lucija, bacc. ing.
aedif. (University North, Varazdin, Croatia), Krantovska Olena, Ph.D. in
Engineering, Associate Professor (Odesa State Academy of Civil
Engineering and Architecture, Odesa, Ukraine)

OpewmxkoBuy Maria, k.T.H., gou., l{BirkoBuu IBan, maricrp, BbpJex
Mpeapar, k.t.H., gou. (IliBuiunwmii yHiBepcurer, Bapasain, Xopsatis),
Knumenko €Breniii, a.T.H., mnpod. (Onmecbka jaep:kaBHA aKajaeMist
OyaiBHUUTBA Ta apxirektypu, Oneca, Ykpaina), Kyuina Jlyuis, 6akanasp
(MiBniunmii yuiBepcuter, Bapasain, Xopsaris), KpanroBchka Ouiena,
K.T.H., gou. (OmechbKka Jep:kaBHA akajaeMisi OyAiBHMITBA TAa apXiTEeKTypH,
Oneca, Ykpaina)

This article reflects the results of studies of the operated bridge on the river
Mozdernyak in the municipality of Kneginek (Croatia), which was subject to expert
analysis of the needs of reconstruction.

In the process of field research of the structures of the considered bridge, the
Impact-Echo method was used and at the same time the peculiarities of the method of this
method were investigated. In particular, on the basis of the Impact-Echo method, the
construction of the old part of the studied bridge was checked, as well as the connection
of this old part with the new part of the bridge was checked.

Also, studies on the example of the construction of this bridge found that the
acoustic properties of the wall components (brick, block and mortar) are quite similar,
that in most cases masonry building elements respond to Echo-Impact as a solid block
and this should be taken into account. This method allows you to detect cavities in
several walls and assess their scale and impact on the strength of structures.

The use of research equipment provided by the Impact-Echo method allowed to
investigate the deposition of concrete in the lower and upper reinforcing zones of the
bridge, as well as to determine the existing boundary between the layer of concrete and
asphalt.

Thus, the results of the research presented in the article allow to improve the
methodology of research of bridge structures by the Impact-Echo method. In addition,
expert opinions were made on the condition and prospects of operation of the bridge
considered in this article - the bridge structure is in a satisfactory condition, which
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allows its operation. However, after some time it is recommended to repeat the research
of the bridge using the method of the Beat-Echo method, with the continuation of the
research areas to a new section of the bridge.

Y oanin cmammi 8idobpadiceno pesyrbmamu  00CAIONHCEHb EKCNILYAMOBAHO20
mocma Ha piuyi Mo3sodepusk 6 obwuni Kneeinex (Xopsamisn), saxuil nionseas
EKCNepmHOMY aHALI3y Wo00 Nomped NPo8edeHHsl PeKOHCIMPYKYL.

V' npoyeci eukonamms HamypHux O0cCniONHCeHb KOHCMPYKYIL pO32710Y6aH020
Mocma  eukopucmosyeaecsi memod Yoap-Exo ma oOHowacno  0ocnioscysanucs
ocobueocmi mMemoouxu 0anoeo memody. 3o0kpema, Ha 0cHO8i memody Yoap-Exo
NnpPoBOOUNACH NepesipKA KOHCMPYKYIL cmapoi uacmunu 00CHiONCY8aHo20 MOcmd, a
MaKodc 30IUCHIOBANACh NEpesipKa 36 3Ky yiel cmapoi 4acmuHu i3 HOB0I YACMUHON
mocma. Takodie 00CHiONCEHHAMU HA NPUKIAOL KOHCMPYKYIT OAH020 MOCMA 6CIAHOGILEHO,
WO aKyCmuyHi 61acmueocmi KOMNOHeHmie cminu (yeenda, OIOK ma po3uuH) O00CUmMs
nooibHi, wo 8 Oinbuocmi 6uUNAOKie mMyposani bydisenvhi eremenmu peacyiomo Ha Exo-
Yoap sax cyyinonuii 6nox i ye nompibno 8paxosysamu y memoouyi 00CiONHCeHb
KOHCMPYKYI 3a Oanum Memoodom. Januti memoo 00360J8€ SUASUMU HOPONCHUHU
O0eKiIbKOX CMiHax ma oyiHumu ix macuumaou i 6NIu8 Ha MIYHICMb KOHCIMPYKYILL.

Buxopucmanns o06naouanms 0ns 00CHiOdNCeHb, NepedbaueHo20 MemoouUKow
Mmemody Yoap-Exo, 0o360nuno oocrnioumu iOKnadenHss 6emony Ha OLISAHKAX HUNCHLOT
ma 6epxHbOi aApMAMYPHUX 30H KOHCMPYKYII OAHO20 MOCMA, d MAKONC SUIHAYUMU
iCHYIOYY MedICcy MidiC wapom 6emony ma acganvmy.

Takum uyumom, HasedeHi y cmammi pe3yIbMaAmu NPOBEOeHUX O0CIOHCEeHD
00360/1510Mb  YOOCKOHAIUMU MeMOOUKY OO0CTIOHNCeHb KOHCMPYKYIU MOCMi8 MemoooMm
Yoap-Exo. Kpim mozco, 3pobaeno excnepmmui GUCHOSKU NPO CMAH MA NEPCHEKMUGU
excnayamayii po3ensioyeanoco y Oauill cmammi MOCma — KOHCMPYKYii mocma €y
3a008iIbHOMY CMAHI, WO 00380158€ Npogooumu 1o2o excnayamayiro. OOHax, uepes
O0esKull  4ac peKoMeHOyEmbCsi NOGMOpumu  OOCHIONCEHb MOCMA 3  GUKOPUCIAHHAM
Memoouxu memody Yoap-Exo, i3 npo0ossicentam OUISIHOK 00CIONCeHb HA HOBY CeKYiio
Mocma.

Keywords: Impact-Echo method, bridge, armature, non-destructive testing,
delimitations, shock waves, dot raster, frequency.

Kniouosi crnosa: memoo Yoap-Exo, micm, apmamypa, Hepyliniene 8unpoOysamisi,
PO3MEdACYBAHHS, YOAPHI XGULI, MOYKOBULL pACMP, YACMOMA.

1. Introduction

1.1. Impact-echo method

Impact-Echo is a method for non-destructive testing (NDT) of concrete
and masonry structures [1-8 et al.]. The basic researches of a technical condition
of various reinforced concrete structures, recommendations on diagnostics are
given in our works [4, 5, 9-13, etc.]. Impact-Echo method is based on the use of
shock waves that propagate through the medium and are reflected on internal
cracks and exterior surfaces [1-3 et al.]. It is used to determine the position and
extent of cracks, delamination, cavities, honeycomb-like structures, and
separation in flat, reinforced, and subsequent concrete structures. It used for
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slabs, concrete asphalt pavements, columns and beams, hollow cylinders. It
provides thickness measurement of concrete slabs with an error of less than 3 %
and can locate cavities in the substrate directly from the slab and pavement. The
method is most successfully used to identify and quantify suspected problems
within the structure, to control quality, such as measuring the thickness of
concrete slabs, and in preventative maintenance programs, such as routine
evaluation of a bridge deck [3-7 et al.]. In all these situations, Impact-Echo
testing has a goal, such as locating cracks, gaps or detachment, measuring
thickness, or checking post-fabricated structures for gaps in joint tendons. The
Impact-Echo method is very successful in fieldwork [3, 6, 7, etc.]. Impact-Echo
testing relies on three basic components: a mechanical impact element capable
of producing short-term shocks, the duration of which may change ; surface
response receiver/amplifier; a signal analysis system for collecting data for
recording, processing and storing wave signals [1-3, 7, etc.].

Impact-Echo is based on the transient shock waves generated by elastic
action. The short-term mechanical impact, produced by slamming a small steel
ball onto a concrete or masonry surface, is used to create low impact frequencies
that propagate into the structure and are reflected in defects and/or external
surfaces [1-3, 5-7, etc.]. The surface displacements caused by reflections of
these waves are recorded by the probe, located near the impact [1, 2]. The
resulting time-shift, signals are converted to the frequency domain. Frequency-
amplitude diagrams (spectra) are obtained with the help of measuring equipment
[7, 8].

2. Testing of the bridge structure by Impact-Echo method

In Impact-echo testing, the number of samples, n, recorded in each test is
usually selected as the potential of 2 (512, 1024, 2048, etc.) The product of the
number of samples, n, and the sampling interval, A t, is the length of the record,
resp. the total length of time during which the waveform is recorded. The units
of the transducer are tightly clamped on the dividing bar, which holds them at a
fixed distance, L, separately (usually 300 mm), and the aim is to measure as
accurately as possible the arrival time of the spherical P — wave at the two
transducers.

If we have time t; and t; then the velocity P of the wave C, is given by
equation (1).

L

I
PR (1)

Is determined by the P-wave speed, to provide a frequency f measured at
the same site as the speed:
0.96C, 0.96C,

2T r= 2f @
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L =300 mm is taken as an example:
£, —t, = 75us ©))

L 0.3
t,—t, 0,000075

C,= = 4000 m/s (4)

After reading frreoamg = 10.3 kHz we get:

r=22%% _ 1g6
= 2f = mimn (5)

In June 2017, the bridge under study was expanded [14]. After the visible
damage in advance for two years, it was asked to do Impact-Echo test (Fig. 1,

[4, 5)).

Fig. 1. Preparation for testing by the Impact-Echa method

The bridge is laterally widened and its dimensions are 5.0 m and 6.0 m
(Fig. 2).

The Impact-Echo method made a check of the construction of the old part
of the bridge, as well as of the connection of the old part with the new part [4,
5]. The survey is divided into two sides of the bridge, where the grid of points is
4 x 24 (Fig. 3).

After plotting the point grid, the Impact-Echa settings are set before
placing the device on the test surface. The assumed thickness of the asphalt and
concrete layer is defined in the program. The wave velocity of the slab is set,
and the frequency is 6.3 kHz as the frequency of the concrete layer. The
frequencies between the two lines (green and blue), which define the boundaries
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of the layers according to the preset parameters at 6.3 kHz and 12.7 kHz, are
observed (Fig. 4).

o .

Fig. 3. Point grid

The red line in Fig. 4 indicates the dominant peak. The frequencies
between these two lines represent the reflection of the P-wave in the concrete
layer. The frequencies to the right represent the reflection of the P-wave within
the asphalt layer of the green line.

A frequency of 6.3 kHz is set as the frequency of the concrete layer. The
same frequency is at 286 mm thick, while 315 mm is the intended thickness.
There are two options. At a thickness of 286 mm, there is a crack or
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delamination, while the other possibility is that the thickness of the layer is at

t'hat point of the raster (Fig. 5).
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Fig. 4. Impact-echo program (D25)
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Fig. 5. Test at raster point A3
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The read frequency of 9.8 kHz at the point of raster B12 (Fig. 6) is its
dominant peak. A P-wave reflection occurs at a depth of 162 mm,
approximately 27 mm below the junction of the layers, which is approximately
the position of the upper reinforcement. Delamination of concrete is indicated
indicating any damage or deterioration. The sharp tip of the P-wave reflection
from delimitation confirms the original depth.
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Fig. 6. Test at raster point B12

For the tabular results (Table 1) it was selected an 8-point grid of 89
(Fig. 7), which are located at mutual intervals of 1 m.
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B5 135 | 180 | 315 | 8,7 203 the junction of
the layers
Inability to get concrete
layer information because
B10 | 135 | 180 | 315 |43 |/ / P-waves are not transmitted
through the joint
Inability to get concrete
layer information because
P-waves are not transmitted
through the joint
C5 135 | 180 | 315 |43 |/ /
approx. A crack or delimination /
168 mm thickness of a layer at that
below the | point of the raster
junction of the
C10 | 135 | 180 | 315 | 6,5 303 layers
approx. 4 mm | Delimination of concrete /
above the | joint of two layers
D5 135 180 | 315 13,0 131 junction of the
layers
approx. Possibility of positioning
30 mm below | the upper armature
the junction of
the layers
D10 | 135 | 180 | 315 | 10,9 | 165

After the table analysis (data Table 1 et [4, 5]), a graphical analysis was

performed (Fig. 8), which included the data of 17 raster points, the depth of P-
wave reflection as well as the distance from the junction of the layers. The green
line indicates the critical depths of P-wave reflection, while the blue line
indicates the depths that follow the asphalt layer. We can conclude that at
critical depths the reflection of the P-wave is due to damage in the
reinforcement.
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Fig. 8. Longitudinal cross-section of the bridge with the concrete delamination
and possible damage to the reinforcement (red dots) and a realistic concrete-
asphalt joint line (blue line)

3. Conclusion

By analyzing the Impact-Echo method, and examining it using the same
method, we can come to several important conclusions. The acoustic properties
of the wall components (brick, block, and mortar) are similar enough that in
most cases the masonry building elements respond to the Impact-Echo as a
continuous unit. For example, a single brick wall made up of brick and mortar
can be treated as a slab for the purpose of Impact-echo testing. The cracks that
appear in the joints have no effect on the brick response effect.The cracks that
appear in the joints of the bearing can disrupt reaction, but the effects of this
response are highly localized and resemble those of a panel. They can reveal
gaps in the joints of the walls that are filled with mortar. It can be injected into
voids cells block wall brick or mortar. They can detect cavities in the joints
collar multiple walls. By selecting a longer time (more than 30 ps), core walls
(where the core area is less than 25 % of the brick surface) can be successfully
tested by the Impact-Echo method. The cores cause a measurable shift with
respect to the thickness of the brick but do not prevent the detection of cavities
in multiple walls. On the example of the Mozdernjak bridge extension,
delaminations in concrete were found in the areas of the lower and upper
reinforcement zones and a real boundary between the concrete and the asphalt
layer was detected. Delaminations indicate extensions of the area around the
reinforcement, suggesting rusting of the steel and thus internal damage to the
structure. Generally speaking, the situation on the bridge in question is not
alarming and as such, it is still usable for normal exploitation. After a while, it is
recommended to repeat the bridge test, this time with the extension to a new
section with relative control of the old already tested section.
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