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ABSTRACT

Centred cyclic bending load was applied to a reinforced concrete crossbeam. Crack controls were
carried out by AE method and simultaneously by visual reference. Simultaneously, the rise and growth
of the cracks were measured. The amplitude of AE events depends on the crack velocity, which itself
depends on the stress intensity of the crack. The increase of AE energy and counts during cyclic loading
indicated the absence of Kaiser effect in the reinforced concrete crossbeam. The frequency content of
AE signals is the function of the transducer's frequency response. The experiment demonstrates high
sensitivity of the AE method at monitoring stress states. These results provide information about
behaviour of building structures in standard and extreme situations.

INTRODUCTION

In a project of new variable bridge system with a span of 6 to 30 m, the most important connection was a
steel concrete girder with a monolithic steel-reinforced concrete crossbeam (Fig. 1,2,3). The crossbeam
model was designed and made at scale 1:1 and was tested all at Brno University of Technology. On the
basis of positive results by numerical analyses and loading tests, it has resulted in building the integrated
bridge system across the river Ploužnice in Stružnice at Ceska Lipa at end of year 1999. The
experimental check of reliability of coupled girder, the detection of transmission of tension in the areas
of negative moment under hold and ways to find fault of the construction before the exhaustion of the
ultimate tensile capacity were the main aims in this work.

Fig. 1. Reason about segment test model in longitudinal direction.

A part of static load test of the model steel-concrete monolithic crossbeam was:
- a few cycled loading (100 cycles each) with subsequent measurement of its ultimate loading-capacity,
- the behaviour of the construction at cracks and their expansion (acoustic emission method)
- monitoring responses on this loading by X-ray non-destructive testing on the shear connector.
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Fig. 2. Select test model.

Fig. 3. Tested model of composite steel concrete girder.

This article describes measurement results and monitoring by acoustic emission (AE) method,
verification of correlation between fatigue and AE activities, generated during the controlled cyclical
load test.

The monitoring of AE, generated by cracks during the tests, proceeded on the test specimens aged 7, 28
and 90 days and further on the final crossbeam model from February to the end of April 1999 (Fig. 4,5).

Fig. 4. Age 7 days, three points bending load.
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Fig. 5. Age 28 days, four points bending load.

EXPERIMENTAL SET UP

Following AE systems were used in the cyclic tests:
- 6 channel PAC LOCAN 320 system with preamplifiers and filters.  The four channels were arranged
on planar localisation in the middle part of upper surface of the girder (in corners of area 40 x 60 cm2).
These were piezoelectric sensors with the resonance frequency of 225 kHz,  The fifth channel with a
broadband (from 100 to 1000 kHz) sensor and the sixth one with a resonance (225 kHz) sensor were
placed at the bottom of the steel frame in the lower parts of the crossbeam.
- the notebook CARRY 6500 with an extension box containing 3 measuring cards for monitoring and
sampling AE signals and collecting loading information.

RESULTS

The measuring of ultimate tensile capacity of the model crossbeam was achieved with loading graded in
% from theoretically computed ultimate load-carrying capacity. It is at 30, 60, 90, 100, 150 and 200 %.
Simultaneously, the start and development of cracks were measured.  The measurement results are
shown in Fig. 6 to Fig. 11. The solid line in these graphs presents the cumulative AE, and the dot-and-
dash line gives the level of force.

Fig. 6: The model was first step-by-step loaded to 20, 40 and 60 kN.  Already from 40 kN, there are
indicated structural disturbances, which were visually checked and drawn in after each stop of loading.

Fig. 7: The holds were removed and model was permanently loaded by dead weight (about 19.3 kN).
Then, it was further super-loaded by a press to 60.8 kN. Recorded fall in tension load was caused by a
defect of hydraulic pumps.

Fig. 8: In this period, the measurement model was subjected to 20 load cycles from 17.8 to 80.9 kN. In
figure, it is evident that Kaiser phenomenon disappears in the initial three cycles.
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Fig. 9:  The model was put through variable loading in the remaining 80 cycles with the force range
being the some as the previous experiment (below). The loading characteristic was deleted from graph to
better show results.

Fig. 10:  In this test period, the model was loaded step by step from 82 kN to 141.5 kN and then to 168
KN. There was model evaluation, visually recorded new cracks and then it was examined
radiographically at the surroundings of selected shear connectors.  The crossbeam loading continued
until 252 kN; it is 1.5 times the theoretical ultimate load-carrying capacity. In this moment, the sample
showed a deflection of 32 mm.  The next load step was not applied by reason of double defects of the
pump.

Fig. 11: In this last cycle, the model was loaded to the previous maximum value of 252 kN. After this,
load was raised step by step to 275 kN. Shortly after reaching this value, the general collapse of the
steel-concrete girder occurred; namely, first, local crushing of the lower left parts of pressured flange
and followed by the local warp of the right parts of pressure flange. Very fast fall of force followed and
experiment was finished.

CONCLUSION

The AE measurement demonstrates its extreme sensitivity to the start and successive development of
bend and shear cracks in tested concrete specimens and the whole steel-concrete construction. AE
signals contain information to enable the precise determination of cracks and their subsequent activities
that affect the qualities of the tested structure.  The loss of Kaiser phenomenon indicates accurately the
moment of tested matters passing from the elastic to plastic material status. Here, AE signals have
especially high amplitudes (over 70 dB).

This research has been conducted by CEZ J22/98 No.~261100007 and GACR 103/97/P140.
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