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Estimation of Structural Deformed Shapes Using Limited Number
of Displacement Measurements

ABSTRACT

The structural deformed shape is important information to structural analysis. If the sufficient measuring points are secured at the
structural monitoring system, reasonable and accurate structural deformation shapes can be obtained and structural analysis is possible
using this deformation. However, the accurate estimation of the global structural shapes might be difficult if sufficient measuring points
are not secure under cost limitations. In this study, SFSM-LS algorithm, the economic and effective estimation method for the
structural deformation shapes with limited displacement measuring points is developed and suggested. In the suggested method, the
global structural deformation shape is determined by the superposition of the pre-investigated structural deformed shapes obtained by
preliminary FE analyses, with their optimum weight factors which lead minimization of the estimate errors. 2-span continuous bridge
model is used to verify developed algorithm and parametric studies are performed. By the parametric studies, the characteristics of the
estimation results obtained by the suggested method were investigated considering essential parameters such as pre-investigated
structural shapes, locations and numbers of displacement measuring points. By quantitative comparison of estimation results with the
conventional methods such as polynomial, Lagrange and spline interpolation, the applicability and accuracy of the suggested method
was validated.
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Table 1. Section Properties

Elastic Modulus Moment of Inertia Area
[GPA] [m*] [m?]
25.7 0.614 0.861

DS3

Fig. 4. Assumed real deformed shape cases
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Table 3. Accuracy comparison between interpolation methods
and SFSM-LS algorithm

Estimation Result of DS1

SFSM-LS
pl%] | o Jpl%]| o jul%l| o | pul%l| o
MP2 | 17.8 | 18.8 | 17.8 | 188 | 17.8 | 188 | 25 | 17
MP4| 13 | 16 | 7.1 [ 105 | 63 | 86 | 15 | 10
MP6| 23 | 49 | 23 | 49 | 01 | 01 | 03 | 03

Polynomial Lagrange Spline

Estimation Result of DS2

SFSM-LS
ul%] | o ]| o |ple]l| o | p[%])| o
MP2 | 50.5 | 49.0 | 50.5 | 49.0 | 31.1 | 319 | 49 | 49
MP4 | 185 | 29.1 | 185 | 29.1 | 69 | 65 | 32 | 24
MP6| 85 | 167 | 76 | 145 | 03 | 09 | 0.8 | 0.8

Polynomial Lagrange Spline

Estimation Result of DS3

SFSM-LS
plnl | o | pln]| o | pl%]| o | p[%]| o
MP2 | 77.2 | 1029 | 77.2 | 1029 | 40.1 | 47.0 | 8.0 | 84
MP4 | 31.5 | 555 | 29.6 | 53.1 | 9.6 | 11.8 | 40 | 58
MP6 | 26.6 | 563 | 11.6 | 294 | 02 | 03 | 0.8 | 08
where, 11 :MAPE, o :Variance of Error

Polynomial Lagrange Spline
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