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Fig. 5 Comparisons of modal shapes between the finite element model using ANSYS and lumped mass model of the chimney

structure
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Fig. 6 Frequency response functions of different chimney
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damping structure in different modes under seismic

wave inputs
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Lightweight seismic control of high-rise chimneys with different kinds of

tuned mass inerter systems

ZHANG Li"*, ZHANG Ruz’—fu"2 , XUFE S()ng—zfa()z'3 , XIE Li—yu2
(1.State Key Laboratory of Disaster Reduction in Civil Engineering, College of Civil Engineering, Tongji University,
Shanghai 200092, China; 2.Department of Disaster Mitigation for Structures, College of Civil Engineering, Tongji University,
Shanghai 200092, China; 3.Department of Architecture, Tohoku Institute of Technology, Sendai 982-8577, Japan)

Abstract: The additional tuning mass damper is a traditional control technique for the chimney, but it usually requires a large addi~
tional tuning mass and auxiliary installation space, which brings inconvenience to the construction and installation. This study pro-
poses utilizing the additional tuned mass inerter system (TMIS) to reduce seismic responses of the chimney. The apparent mass ef-
fect of the inerter is employed to achieve the goal of lightweight control. Meanwhile, considering that the influence of high-order
modes of the high-rise chimney on its seismic responses cannot be ignored, the distributed TMISs arranged along the height of the
chimney are proposed to achieve the multimode control effect. Mechanical models of the TMISs based on two different inerter sub-
systems are established, and the equations of motion for the chimney with corresponding additional distributed TMISs are estab-
lished. Taking Kanai-Tajimi’s spectrum as the random seismic excitation input and based on the extended fixed-point theory, the
simplified assumptions for part of the design parameters of distributed TMISs are proposed. The demand-oriented multimode opti-
mization design method for the chimney with distributed TMISs is presented. The effectiveness of the proposed design method is
verified by a design case. The lightweight and multimode control effects of additional distributed TMISs are examined by compara-
tive analyses. The rationality of the simplification based on the extended fixed-point theory is verified through parameter analysis.
The results show that the proposed design method can achieve the expected target performance using the two distributed TMISs.

Both the two distributed TMISs behave obvious lightweight control effect.
Key words: seismic reduction; inerter; chimney; multimode control; tune

EHR NIk S1(1993—), B WiEwFsE 4. fiE: (021) 659823905 E-mail: zhangli24@tongji.edu.cn.
BIWAEE: KEET(1980—), B i+ @Iz, i (021) 65983701 ; E-mail: zhangruifu@ tongji.edu.cn,



