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Estimation of crack formation in concretein bridge constructions
using ultrasonic impulse method

The investigation results of crack formation process in structural reinforced concrete
elements of bridge constructions using ultrasonic impulse method have been described. The
dependence of amplitude and frequency characteristics of an information signal when
increasing the amount of cracks parameters in concrete has been revealed and described in
thearticle.

The investigation of the process of crack fornmatand development in bridge
reinforced concrete constructions, their bearingacdy is considered to be a very important
task allowing the forecast of their reliability amblirability. The urgency of solving the
problem can be stipulated from the economic pdiniew, i.e. the necessity of maximum use
of the existing units and determining the termsaintenance work.

The analysis of solving such problem at ttege of its setting makes it possible to
conclude that the operation process of such retatbconcrete elements is affected by static,
dynamic loads and climatic conditions. Moreoveg itfifluence of mentioned above factors is
known to stir up the process of crack formatiorcamcrete, i.e. leads to consecutive relative
changes of its physical and mechanic and structinalacteristics.

The application of destructive methods for cointover concrete quality in
construction elements is considered not to be ples&iom the technical point of view and
the methods of visual estimation are known to Hmdaconsuming and not very reliable
allowing observation of cracks only with visual tiepf opening.

Physical basis and the experience of usimglestructive methods of control over the
quality of concrete structure allow solving thi®iplem on their basis [1, 2]. The analysis of
the potential of nondestructive methods using ielagave parameters for estimation of such
concrete characteristics shows that ultrasonic Isgpmethod has considerable promise for
such investigation [1].

In the case under consideration rather hegisisivity of the ultrasonic impulse method
to relative changes of physical and mechanic cleniatics of materials has been used for
control over the process of crack formation in f@iced concrete elements of bridge
constructions. The control methods have been basethe principles of control over the
reliability of concrete and reinforced concretedarets under load [1].

The essence of the method lies in the fadtrileble concrete properties, its bearing
capacities are investigated through the measureofdahie speed of ultrasonic vibratiow)(
spreading in the investigated products under préaated influence of outer rationed load
(Pi) with the reciprocaP = 20...60 % from the maximuniP{a,), perceived by the material
(fig.1).

Under the influence of outer forck)(irreversible structural flaws changing elastic
waves spreading speet)(because of the increase of their pathway fromatend) to



receiving transformer when rounding these flaws lamewn to appear in concrete of a
product, construction or erection.
The dependence of magnitudBs and Vi correlated with physical and mechanic
characteristics of concrete is considered to beesged in the following way:
AV = V1—V, = F(Eg1; Egiz; G g1 G gz Sqits Sqin);

Eg1. G g1, pits Mits Sqin, V1 P/ Py,
Eqi2: G g2, piz Mizs Sqiz, Vo O Wil Py;

where AVj — the change of ultrasonic vibration spreadingesh occurring when microcracks
in concrete appear.

V; — the speed of ultrasonic vibration spreadingoinccete under loaB;;

V, — the speed of ultrasonic vibration spreadingoinccete under loaB,;

Eq J Eq, G 4G g, pildp, ni U7 - differential quotient indices of dynamic modufi o
elasticity of the first and second kind, structwiaaracteristics of a product flaws, concrete
density;

Y - differential index of the aggregate of physicadlanechanic properties of concrete in a
product, influencing the magnitude Vi;

Pqectr - the value of destructive load;

Pmax - the value of maximum load, perceived by a prodcenstruction, erection);

P,1, P2 - the values of applied load on the product undeestigation;

P1< P5 < Prax < Pgectr - coOrrelation of loads.
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Fig.1. The scheme of concrete reliability contnatiar load using ultrasonic impulse method:
1 — radiating ultrasonic piezzo and elastic tramafy; 2 — receiving ultrasonic transformer;
1 — impulse influence of an elastic wave; 2 — réogi an information signal.



Using this method the speed of ultrasanbration spreading is measured in an
unloaded produci\ ) and at two load value®4) and P,) accordingly V1) and {,). In this
case the direction of elastic waves spreading wietermining the speed{) and {/,) is to
be perpendicular to the action of an outer |dagl (

By the values of relative changes of paramse(er) using special diagrams [1]
auxiliary coefficients are determined and the vadfienaximum load Ry.,) perceived by a
product is calculated.

The main advantage of this method is thesipddy to investigate physical and
mechanic properties of concrete without preliminaxperiments for formation of correlation
dependences "the speed of ultrasonic vibrationasiing — concrete density”.

In the case under investigation nondestractiontrol over the process of crack
formation in reinforced concrete structures of feidconstructions is based on the use of
information concerning structural properties of cmte changing owing to natural dynamic
and static forces. Such control allows revealing #ones of cracks or other damage in
constructional reinforced concrete elements.

So, the methods of nondestructive testingbased on the analysis of correlation in
the system “static or dynamic load — concrete #mec— ultrasonic information signal
parameters”. Mathematical model describing con@ain such system is based on the
solution of nonlinear task of elastic waves spnegdi

The methods of control are based on measunteofie complex of information signal
characteristics in the passage of elastic wavesugfir construction concrete. An impulse
active location is used.

Physical basis of ultrasonic impulse method feld physical testing show that such
characteristics as spectral, information signal ldoge and the speed of elastic wave
spreading [3, 4, 5] are considered to be the nmstmative for estimation of the process of
cracks formation in concrete of reinforced concegtactures of bridge constructions.

When diagnosing constructional reinforcedarete elements with flaws and without
them, physical experiments allowing revealing adeguchanges in spectral signal
characteristics have been carried out. The increfispectral constituents intensity in the area
of low frequencies has been observed.

It has been elucidated that the changepentsum of forced elastic vibration increase
not only with the increase of static outer influenmapacity, but also at different levels of
concrete crack formation at constant outer infleenapacity. In some cases the zones of
flaws in the investigated constructions have beemtified on the parameters of changes in
spectra.

The following investigations are necessary ifecreasing reliability of determining
cracks location: storing data base of statistiorimiation; carrying out comparative analysis of
faulty and flawless state of concrete structureanstructions.

The results of physical experiments showedl spectrum characteristics, changing
under the influence of deforming stress increasegibe basis of faulty structure
development are considered to be the most infonag@i@arameters.

The development of a crack formation progesonstructions concrete is observed if
the process of stress increase and concentratioonsidered as the behavior of a dynamic
system with hierarchic levels, each of which islieeal in formation of connected flaws
operated by outer forces on the construction. Thalibrium of such system can be unstable
and broken under changes of outer force paramétigrsamic or static). In this case the
process of its development is considered as desaetjuence of hierarchic phase passages
from integral flawless concrete structure to consige stages of development and buildup of
cracks of different hierarchic levels. This processinished by final stage of destruction at
Pi = Pdestr.



Thus, in this case an irreversible procedtaofs development in concrete occurring at
the stage of nonmolecular cracks (microcracks ftiona is known to develop as the
sequence of physical discrete states. The pasbagjgeen these states occur in the form of a
cascade of stepped unstable states of a systetit “stadynamic load — concrete structure,
which are formed at a definite value of outer |l@adl corresponding elastic deformation of
concrete, correlating with the moments of spasmipdiease of flaws.

In this case each following state of concmdtecture in a construction is known to
depend on the previous one. In other words, thesflaf a hierarchic level “y” appear from
flaws of a lower level “x - w”, where w — arbitririexpressed as a state of concrete without
cracks.

So, discrete increase of scattering centeisuat and decrease of elastic wave power
are observed. In this case concrete structurensidered as the change of some nonlinear
acoustic parameter regarding to elastic wave chematics. If nonlinear acoustic parameter
doesn’t exceed some conventional unities the spéedastic wave spreading, its damping
and spectral characteristics are not subjectechyochanges. In this connection nonlinear
theory and corresponding changes can not be coedids the basis for judging the level of
flaws in concrete at such stage.

At the same time, when flaws concentratiorges up to rather high values depending
on initial physical and mechanic concrete chargties the effects of their collective
behavior influencing corresponding information sigcharacteristics occur.

Each following structural level of faulty math the parameters of which are
connected with the previous one appears when tre¢ & elastic deformation increases. In
this case the development process of concretetsteutaulty formation is considered as
movement on the sites of a hierarchic structurehich the passages to the following faulty
medium level are connected with the lower deforaratevels.

Physical experiment was carried out in tbh#owing way. When studying the
structural reinforced concrete element of bridgestaction the place with three cracks,
originated from one top, have been found out. De&dion increase was conditioned by the
change of static and dynamic loads when operatiwgrtt erection. A seamy method of active
ultrasonic location has been used.

Functional scheme of control and measurérsgstem used in the experiment is
presented in fig.2.
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Fig. 2. Structural scheme of control and measurésyestem for investigating the process of
crack formation in reinforced concrete structuteheents of bridge constructions



Electric impulses are fed from the generafosounding impulses 1 to the radiating
electric transformer 2. With the help of the tramsfer ultrasonic elastic vibration is
introduced into the concrete of the investigatedcstiral element of bridge construction 3.
Ultrasonic information signal arrives at receivipgezzo-electric transformer 4, then it is
strengthened by the intensifier 5 and fed to tleelbf information processing 6. The speed
of elastic wave spreading and damping coefficieatraeasured and spectral characteristics
are analyzed in the block of information processi8gnchronization of a measurement
device work is made in the block of automated meigmas 7. 8 — microcracks in concrete of
the investigated constructional element.

Amplitude and frequency characteristics of inforimat signals observed in the
process of investigating reinforced concrete stmattelement of bridge construction as static
load increases are presented in fig.3.

The comparative studies of the given spestnow the change of their spectral
constituents caused by cracks growth.

Thus, field measurement of spectral charesties of information signals with
increased crack formation in concrete of a consttacunder the influence of static and
dynamic loads are considered to confirm the pdgsilmf control over the process of crack
formation using ultrasonic impulse method with dite measurement, spread in time. As a
result, the possibility of forecasting reliabiléyd determining the terms of maintenance work
occurs.
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Fig.3. Amplitude and frequency characteristicsnébimation signals when investigating

reinforced concrete structural element of bridgestaction
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