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Fig. 10. Changes in resistance of models: a) U1, b) U2, ¢) U3.
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Figure 11 shows results of damage localization as normalized vector of transform
errors, relative to decomposition details of five forms of flexural vibrations.
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Fig. 11. Results of damage localization for damage type: a) U1, b) U2, ¢) U3.
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6. CONCLUSIONS

The aim of this paper was to conduct static-dynamic analysis of steel-concrete
composite beams and to attempt to detect damage of a discrete model.

Prior to damage diagnostics, a two-tier process of identifying static-dynamic
parameters of the discrete model based on experimental data was conducted. This
necessary process is about fitting parameters of a model using experimental data.
The results of parameter identification show that results obtained with the original
discrete models are consistent with those obtained in the experiment. Advanced
tools were used for modeling (Python), computations (Abaqus) and optimization
(Matlab), which significantly facilitated the tuning of the discrete models. The
originally developed identification algorithm can be used not only for the tuning
of discrete models of composite beams, but also for other civil engineering
components with simple or complex structure.

Analysis of damage detection was conducted based on the originally developed
algorithm. Wavelet analysis was used. Changes in dynamic parameters of
damaged model were compared with those of undamaged model.

Not all methods used for detection were successful. This stage of diagnostics only
signals about changes in the response of a system. DWT that used several signals
obtained in dynamic analysis could quite precisely locate damage. This confirms
the possibility of using DWT for diagnostics of composite beams. Disturbances
at graph ends result from analysis of the signal conducted with wavelet transform.
In order to eliminate disturbances, some scientists, e.g. [10], extrapolate the signal
which can get rid of disturbances. Interestingly, the disturbances also had an effect
on the results produced by the program. However, analysis of several DWT
signals can verify disturbances caused by failure to apply extrapolation.

Further analysis is necessary on the effect of measurement mesh density and
distance between damage and the line of points on detection results. At this point,
the diagnostics algorithm is extended to include experimental data about steel-
concrete composite beams.
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DIAGNOSTYKA USZKODZEN STALOWO-BETONOWYCH BELEK
ZESPOLONYCH

Streszczenie

Niniejszy artykul przedstawia wyniki analiz stalowo-betonowych belek zespolonych,
identyfikacj¢ oraz proby detekcji uszkodzen wprowadzonych w modelu dyskretnym.
Analizy detekcji uszkodzen przeprowadzono na podstawie opracowanego algorytmu UD-
L (Uszkodzenia D-detekcja, L-Lokalizacja). Podczas diagnostyki uszkodzen analizowano
zmiany w parametrach dynamicznych i statycznych modelu. Podczas lokalizacji
uszkodzen modelu wykorzystano dyskretng transformate falkowa. Analizy docelowe
zostaly poprzedzone dwupoziomowym procesem identyfikacji wybranych parametrow
modelu dyskretnego w oparciu o wyniki badan dos§wiadczalnych. Procedury identyfikacji
przeprowadzono ltaczac programy obliczeniowe (Python, Abaqus, Matlab)
w automatyczne petle optymalizacyjne. Wyniki przeprowadzonych analiz pozytywnie
weryfikuja opracowany algorytm UD-L do diagnostyki uszkodzen stalowo-betonowych
belek zespolonych, co pozwala na dalsze analizy w oparciu o badania do§wiadczalne.

Stowa kluczowe: stalowo-betonowe belki zespolone, uszkodzenia, detekcja,
uszkodzenia, Python, Abaqus, Matlab
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