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Non-destructive testing and structural safety evaluation
No.25-5 | for re-deteriorated RC structures reinforced by steel Tohoku Univ.  Prof. Suzuki
plates or carbon fiber sheets

Local vibration testing method by using a portable shaker was proposed to identify the damage location and
damage state for RC bridge slab decks and beams which were reinforced by steel plates or carbon fiber
sheets. Moreover, load capacity and structural safety evaluation for deteriorated RC structures were
examined based on the structural reliability theory.

1. Backgrounds and Objects

It is difficult to identify the re-deterioration for the invisible RC bridge slab decks and beams which are
reinforced and covered by steel plates or carbon fiber sheets. In this research, a local vibration testing
method by using a portable shaker was examined to apply to a damage identification. Moreover, the
relations between the damage states and local resonant frequencies, load capacity, structural safety were
investigated based on the experimental tests of fatigue damage, corrosion of steel bars, and freezing and
thawing. The calculations of failure probability for the deteriorated RC structures were conducted in
considering the uncertainty of non-destructive testing and load capacity evaluation. The field tests of road
bridges were carried on to examine the usability of the proposed method for a structural health assessment.

2. Activities in Research Period

® Non-destructive testing: Forced vibration testing method was proposed to identify the fatigue
damage, corrosion of steel bars, and freezing and thawing for the RC bridge slab decks and beams
which were reinforced and covered by steel plates or carbon fiber sheets.

® | oad capacity and structural safety evaluation: Load capacities of deteriorated RC members were
investigated for the fatigue damage, corrosion of steel bars, and freezing and thawing. Moreover, the
calculation flow of failure probability was proposed based on a structural reliability theory.

® Field tests of road bridges: Field tests of road bridge slab decks reinforced by steel plates or carbon
fiber sheets were conducted to examine the usability of the proposed vibration testing method.

3. Study Results

The electric portable shaker was produced (see Fig. 1). By using the

portable shaker, the local resonant frequencies were measured for the

RC members (see Fig. 2). The inner concrete cracks could be

identified based on decrease of resonant frequency. Especially,

i)  The inner concrete cracks were identified by the excitation and
measuring on the steel plates, carbon fiber sheets, asphalt pave, <1
even when the local vibration tests were conducted on the upper Fig.1 Electric portable shaker
or lower sides of the RC members. Inspection area

ii) The relations between the damage state (fatigue damage, [ Resonant frequency |
corrosion of steel bars, freezing and thawing) and resonant ; T
frequencies, load capacities were obtained. ' ’

iii) In the field bridge tests, the damage maps of the RC slab
decks were shown based on the measured local resonant
frequencies.
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Fig.2 Outline of local vibration tests
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5. Study Development and Future Issues

Apply to field tests for many kind of concrete structures
More field tests are conducted to examine the usability of the proposed method for the damage
identification and structural safety assessment for many kind of concrete structures.

Apply to other research topics
» Study on fatigue mechanism of RC slab decks
» Damage identification and structural safety assessment after a large earthquake
» Dynamic analysis of wave diffraction motion around inner voids or cracks in the porous asphalt pave

6. Contribution to Road Policy Quality Improvement

Usability of the proposed method was indicated, especially, for a damage identification of RC slab decks.
Some trials are reported that the proposed method is used in highway road maintenance, and structural
health assessment for the re-deteriorated road bridges reinforced by steel plates or carbon fiber sheets.
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