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Abstract - Currently, the Ministry of Land, Infrastructure, and Transport’s Smart Construction Technology Development
Project is developing unmanned and automated construction and quality control technology for bridges. For piers, a remote-
automated system form for mobile manipulation system technology is being developed. The remote-automated system form
has been analyzed for structural safety under static loads, but the dynamic response due to the moving load of the mobile
manipulation system has not been analyzed. In the case of curved beams, it is difficult to fully represent the effect of curv-
ature when modeling with segmented straight beam elements. In order to analyze the dynamic response of the remote-
automated system form using MIDAS CIVIL, which uses straight elements, it is necessary to verify the analysis results
through a finite element model based on the theoretical analysis results of curved beams. Therefore, in this study, the behavior
of curved rails under moving loads is analyzed by comparing the results of theoretical analysis with the results of finite
element model analysis using MIDAS CIVIL.
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Fig. 2. Finite element model of the remote-automated
formwork system using MIDAS CIVIL
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Fig. 4. A curved beam

Table 1. Constants of displacement equations
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Local force, moment, and torsion over time acting on node
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Fig. 5. External local forces acting on nodes

Global force, moment, and torsion over time acting on node
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Fig. 6. External global forces acting on nodes
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Fig. 7. Time histories of midpoint vertical displacements with a =
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Table 2. The maximum vertical displacement and occurrence time that occurs in curved beam

Moving Max. vertical displacement Displacement error Frequency Frequency
load speed Model (m) (%) in the 1st mode . error .
o) in the 1st mode
(m/s) VMT VM VMT VM (rad/sec) (%)
a=06° 0.905 0.909 0.659 0.220 19.9156 0.041
FEM a=12° 0.907 0.908 0.439 0.329 19.9148 0.045
Ho a=20° 0.910 0.892 0.110 2.086 19.9119 0.059
Yang et al.'®) 0.911 - 19.9237 -
a=06° 1.021 1.019 0.293 0.488 19.9156 0.041
FEM a=12° 1.022 1.017 0.195 0.684 19.9148 0.045
>0 a=20° 1.023 1.010 0.098 1.367 19.9119 0.059
Yang et al.®® 1.024 - 19.9237 -
a=06° 1.184 1.183 0.339 0.254 19.9156 0.041
10,0 FEM a=12° 1.186 1.181 0.508 0.085 19.9148 0.045
a=20° 1.189 1.178 0.763 0.169 19.9119 0.059
Yang et al.®! 1.180 - 19.9237 -
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