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Abstract

The development of super high-rise buildings has provided the world with
numerous unique and complex structures, such as high-rise connecterd buildings,
which are horizontally connected by links (such as overpasses and sky gardens), so as
to meet the requirements shape and functions. However, while the connected structures
are beautiful, it also brings greater challenges to the construction. The skybridge lifting
process consists of several key construction stages and the structural behavior in
different construction stages may be different from the structural design. These effects
should be taken into account in different construction stages to mitigate the
construction risk. Therefore, the finite element simulation of the whole construction
process and the safety monitoring during the whole lifting construction process are
effective measures to ensure the safety of construction and verify whether the structure
meet the design requirements. In addition, a structural identification process for the
lifting construction process was proposed to realize the construction response
prediction and reliable structural state assessment, which ensures the safety of the
skybridge lifting construction, and provides valuable experience for the overall lifting
of other connected structures. The main research contents of this paper are as follows:

(1) A priori finite element model was established, and the key stress components
in each construction stage were calculated. By installing vibrating wire strain sensors
on the key stress components, a structural health monitoring system based on strain
level observation was established. The strain and temperature data during the
construction process are obtained in real time, which provides support for subsequent
finite-element model calibration.

(2) In order to obtain the true strain of the structure due to the redistribution of
internal forces caused by construction, this paper uses the neural network algorithm to
fit the complex nonlinear relationship between temperature and strain, and analyzes its
change rule to eliminate the strain caused by temperature. Considering that the process
of adjusting the hyperparameters through experience requires tedious manual work,
which cannot guarantee the optimal parameter settings, this paper uses the dung beetle
optimizer to optimize the neural network model to find the most suitable
hyperparameters. Then, based on the obtained true strain, the objective function was

established. The uncertain parameters in the finite element model of the skybridge are

v
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identified by the objective function optimization method. In order to avoid the inability
to find the global optimal solution due to the limitations of different intelligent
algorithms, the genetic algorithm and the dung beetle optimizer are used to identify the
parameters of the prior finite element model, and the calibrated model is used to predict
the whole construction process to ensure the construction safety.

(3) Static and dynamic tests were carried out on the tower to ensure the safety and
stability of the tower during lifting construction. Based on the finite element analysis,
the internal force change of the towers during the lifting process was analyzed, and the
safety and stability of the tower during the lifting process of the skybridge were ensured
by combining the strain monitoring results. Ambient vibration test and operational
modal analysis were carried out before and after the installation of the skybirdge, and
the dynamic characteristics of the tower before and after the installation of the
skybirdge were compared and analyzed. In addition, the influence of infill walls on the
dynamic characteristics of the high-rise connected structure was estimated using
SAP2000 finite-element analysis software.

(4) Eight artificial corner reflector was installed at the key monitoring position at
the top of the towers, and five scenes of Cosmo SkyMed ascending satellite data
covering the building from April 27,2023 to March 12,2024 were obtained. The LOS
deformation results of the target building were obtained by PS-InSAR processing, and
then the LOS deformation was decomposed to obtain the east-west deformation of the
towers. The meteorological data obtained by the meteorological information website
were used to analyze the deformation trend of the super high-rise connected building

with temperature.

Key Words: High-rise twin-tower connected building; Structural health monitoring;

Structural identification; Model calibration; = Ambient vibration test; PS-InSAR
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5 2.03(Y) 1.37(X)
6 2.09(X) 1.42(T)
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8 3.73(X) 2.14(T)
9 3.80(T) 2.15(X)
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R 5.1 AR XA, IR TR R E R R AT T AR, BT 3R
BEFZBR AN REESEAGE S R 2N R 2T, BIHRE
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H AR P XS ) 3545 5 (A A2 22 B 130 M A2 5 R R 225 1) 2k R a0 s (5.2) s

¢=%§@&2&) (5.2)
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D —D,+cosa,sinb, + D, cos b, (5.11)
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