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Abstract

The finite element (FE) model updating is a commonly used approach in civil engineering, enabling damage detection, design
verification, and load capacity identification. In the FE model updating, acceleration responses are generally employed to determine
modal properties of a structure, which are subsequently used to update the initial FE model. While the acceleration-based model
updating has been successful in finding better approximations of the physical systems including material and sectional properties,
the boundary conditions have been considered yet to be difficult to accurately estimate as the acceleration responses only
correspond to translational degree-of-freedoms (DOF). Recent advancement in the sensor technology has enabled low-cost,
high-precision gyroscopes that can be adopted in the FE model updating to provide angular information of a structure. This study
proposes a FE model updating strategy based on data fusion of acceleration and angular velocity. The usage of both acceleration
and angular velocity gives richer information than the sole use of acceleration, allowing the enhanced performance particularly in
determining the boundary conditions. A numerical simulation on a simply supported beam is presented to demonstrate the proposed

FE model updating approach.
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Table 2 Nine Cases with Varying Rotational Stiffness of Supports

Case Rotational Stiffness of Case Rotational Stiffness of
Support (N * m/rad) Support (N - m/rad)
1 270 6 3100
2 600 7 4470
3 1000 8 6800
4 1510 9 12160
5 2180 - -

Table 3 Natural Frequencies of Numerical Models (Simply—

N1 N2 N11 - N20 N21 supported, Fixed—supported and 9 cases)
@ l l l l | l l l l l l l l l l é Natural Frequencies
77 suae Ist 2nd 3rd
Fig. 1 Simply—supported Beam Model for Numerical Simulation Simply —supported 5.74 23.17 52.92
Case 1 6.18 23.63 53.39
Case 2 6.63 24.14 53.94
Table 1 Properties of Experiment Model Case 3 710 9172 5156
Item Data Case 4 7.60 25.37 55.30
Number of elements 20 Case 5 8.14 26.12 56.18
Length of beam element 0.1 m Case 6 8.71 27.00 57.26
Width of beam 0.08 m Case 7 9.35 28.06 58.62
Height of beam 0.01 m Case 8 10.08 29.39 60.46
Elastic Modulus 200 GPa Case 9 11.00 31.26 63.26
Mass density of unit volume 7850 kg/m® Fixed—supported 13.02 36.26 72.21

62 =PxSECIRXYZ| Rt =27 K19 K25(2015. 3)




1st Acceleration Modeshape

1st Angular Modeshape

05 i i i 0.5
o Simply-supported | | Y N Simply-supported | |
Case 4 Case 4

03k Case 9 03 Case 9
0.2F
01F

ok
01F
-0.2r
03}
04r 04t
e 2I 4I é é 1r0 1I2 1Ir-1 1IB 1I8 2I0 05 2| 4| é é 1r[] 1|2 1|4 1|5 1|3 2‘[]

Mode MNode
(@) 1st Acceleration and Angular Mode shapes
2nd Acceleration Modeshape 2nd Angular Modeshape

0.5 T T T 0.5 T T T
0.4}F 04r
0.3F 0.3F
0.2F 02r
01F 01F

0f oF
-0.1F 0.1F
-0.2F s -0.2F
-0.3F 0.3F -
-0.4}F 0.4
05 é :1 é é 1r0 1I2 1|4 1IB 1I8 2IU 08 2I :1 é é 10 1|2 1I4 1IB 1|8 2|0

Node Node
(b) 2nd Acceleration and Angular Mode shapes
3rd Acceleration Modeshape 3rd Angular Modeshape

0.5 T T T T 05
0.4F 0.4} 1
0.3F 03F -. 1
0.2f 0.2F 1
01F 01f 1

0f 0f
01F 01 1
0z} 02f .
0.3F 0.3F 1
041 04F 1
0.5 L L L L . L L L L L 0.5 L L L L L L L

o b
=l
o
[==]
=]
]
=
>
=

20

(c) 3rd Acceleration and Angular Mode shapes

Fig. 2 Mode Shapes of Numerical Models (Initial Model, Case 4 and 9)
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(b) Support—focused Acceleration Measurement
(Support—focus. Acc.)
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(c) Acceleration and Angular Velocity Measurement
(Data Fusion)

Fig. 3 Measurement Scenarios
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Table 4 Updating Parameters

Updating Parameters Initial Values | Upper and Lower Bounds
Elastic Modulus (E) 180 GPa 150 GPa < E < 250 GPa
RotatlonallStlffness at the 0 0 < SI < 20000 N - mjrad
Pin (S1)
Rotational Stiffness at the
< < .
Roller (S2) 0 0 < S2 < 20000 N - m/rad
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Objective Function of Evenly-distr. Acc

Objective Function of Support-focus. Acc.

Objective Function of Data Fusion
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Fig. 4 Conversions of Objective Functions for 3 Measurement Scenarios
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