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Laboratory Validation of Bridge Finite Model Updating Approach By Static Load

Input/Deflection Output Measurements

Sehoon Kim', Ki Young Koo, Jong-Jae Lee’

Abstract: This paper presents a laboratory validation of a new approach for Finite Element Model Updating(FEMU) on short-span bridges by combining
ambient vibration measurements with static load input-deflection output measurements. The conventional FEMU approach based on modal parameters

requires the assumption on the system mass matrix for the eigen-value analysis. The proposed approach doesn't require the assumption and even provides
a way to update the mass matrix. The proposed approach consists of two steps: 1) updating the stiffness matrix using the static input-deflection output
measurements, and 2) updating the mass matrix using a few lower natural frequencies. For a validation of the proposed approach, Young's modulus
of the laboratory model was updated by the proposed approach and compared with the value obtained from strain-stress tests in a Universal Testing
Machine. Result of the conventional FEMU was also compared with the result of the proposed approach. It was found that proposed approach successfully
estimated the Young’s modulus and the mass density reasonably while the conventional FEMU showed a large error when used with higher-modes.

In addition, the FE modeling error was discussed.

Keywords: Short-span bridges, Finite element model updting, Dynamic test, Static test, Data fusion
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Updated K matrix
based on assumed M matrix

Updated K matrix & M matrix

Modal Parameters ID

Eigen Update

Update K matrix with an
assumption on M matrix

Static 10 Measurements

Static Update
+  Update K matrix without
assumption on M matrix

Modal
Parameters

Eigen Update
«  Update M matrix

Fig. 1 Proposed FEMU approach by combining Dynamic and Static responses
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(a) The front view

(b) Section of the girder and the support

Fig. 2 The Scale Model Bridge

Fig. 3 Finite element model of the scale model bridge Finite element
model of the scale model bridge
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Fig. 4 Estimation of Young’s modulus of the Polycarbonate using
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Fig. 8 Acceleration Measurements

14 SRPZSFICLSX|UE|REE =2F H203 M 32 (2016. 5)

Table 1 Estimated natural frequency using by SSI

Mode Ist mode 2nd mode 3rd mode
Average 12.40 Hz 17.40 Hz 44.82 Hz
Std. 0.002 6Hz 0.0089 Hz 0.0051 Hz

Table 2 Estimated Young’s modulus using by natural frequency

Mode Average(Std.) Difference from UTM
st mode 2.62 GPa(1 MPa) 2.3 %
2nd mode 2.90 GPa(3 MPa) 13.5%
3rd mode 2.46 GPa(1 MPa) -3.9%
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Fig. 9 Estimated mode shapes from ambient vibration measurements
of the scale model bridge
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