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Rapid stiffness evaluation of prefabricated simply supported beam
bridge based on modal test and equivalent load
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Abstract: Combining the modal test method without interrupting traffic with traditional reliable
static load test methods, an equivalent load modal deflection test method for rapid stiffness
evaluation of prefabricated simply supported beam bridges was proposed. Taking prefabricated
simply supported hollow slab bridges as the research object, finite element models for undamaged
and damaged states were established. The vertical acceleration of the designated measurement

point of the main beam under impact excitation was extracted, the modal parameters of the bridge
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structure was identified and the displacement flexibility matrix of the main beam was predicted.
According to Load Test Methods for Highway Bridge. the equivalent load for static load test
was designed, and the measured modal deflection of the damaged bridge midspan under the
equivalent load was determined. The deflection calibration coefficient was calculated based on the
theoretical deflection of the finite element undamaged state, and the stiffness of the damaged
bridge was quickly evaluated in combination with the specifications. Through the error analysis of
the mid-span modal deflection and theoretical deflection of the bridge, the influence of different
measurement point arrangements and different modal orders on the predicted modal deflection was
explored. The results show that under impact excitation, whether using a total of 18
measurement points in the midspan and quarter span scheme or only 9 measurement points in the
midspan scheme, the first three modal parameters of the bridge can be accurately identified and
the predicted modal deflection error is less than 5%, meeting the requirements of engineering
accuracy. Using the first three modal parameters is the same as using the first four modal
parameters to predict the midspan modal deflection, that is, the second longitudinal vertical
bending mode of a simply supported beam does not contribute to the prediction of midspan modal
deflection. From the perspective of vibration theory and testing methods, it is demonstrated that
rapid stiffness evaluation of simply supported beams can be achieved based on modal testing and
equivalent loads, which has good practical engineering application value.
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Fig.1 Cross section of hollow slab bridge (unit:cm)
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Fig.2 Undamaged finite element model of

hollow slab bridge
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Table 1  Error of modal deflection and theoretical deflection

Py | Mg | T 3 MRt % Hi 4 B 2 o) %

KU | BE/mm | R/ mm HHEE/mm
1 7.81 8. 16 4.5 8.16 4.5
2 7.81 8. 16 4.5 8.16 4.5
3 7.81 8.15 4.4 8.15 4.4
4 7.81 8. 14 4.2 8. 14 4.2
5 7.81 8.13 4.1 8.13 4.1
6 7.81 8. 14 4.2 8. 14 4.2
7 7.81 8. 16 4.5 8.16 4.5
8 7.81 8. 17 4.6 8.17 4.6
9 7.81 8. 17 4.6 8.17 4.6
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Table 2 Error of mode deflection and theoretical

deflection of measuring point arrangement 1
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Table 6 Deflection check coefficient of measuring point

arrangement 1

[ THBFREIE | ABHFRES | RERE
™R
PeSE /mm e /mm A%
1 7.81 8.82 113
2 7.81 8. 81 113
3 7.81 8.77 112
4 7.81 8.71 112
5 7.81 8. 64 111
6 7.81 8.48 109
7 7.81 8. 44 108
8 7.81 8.42 108
9 7.81 8.39 107
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Table 7 Deflection check coefficient of measuring point

arrangement 2
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$& % /mm e/ mm 80/ %
1 7.85 8.92 114
2 7.85 8. 90 113
3 7.85 8. 86 113
4 7.85 8.79 112
5 7.85 8.71 111
6 7.85 8.55 109
7 7.85 8. 50 108
8 7.85 8. 47 108
9 7.85 8. 45 108
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