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Equivalent Energy Method Design for the Energy Dissipation
Structure of the Second Line of Defense

YANG Xiaowei
(School of Civil Engineering and Architecture, Zhongyuan University of Technology, Zhengzhou, Henan 450007, China)

Abstract; In the seismic design of the two-line defense structure composed of the buckling device and the main struc-
ture, the design method of multiple iterations under the condition of elastic deformation may be difficult to quantitative-
ly analyze the plastic seismic performance of the structure in order to meet the requirements of bearing capacity and
stiffness. Therefore, the nonlinear responses of structural members and buckling devices are directly considered by the
plastic analysis method, and the design analysis is carried out by using the concept of energy balance considering plas-
tic deformation. The design theoretical formulas to achieve different seismic performance goals under different seismic
intensity levels are derived. Finally, combined with an engineering example, the design process of the equal efficiency
method is explained in detail, and the seismic vulnerability of the conventional design structure is compared with that of
the conventional design structure. The main conclusions are as follows. The failure process of the two-line energy dissi-
pation structure with buckling device is simplified to the tri-linear force-displacement relationship, and the deformation
energy equation under different earthquake intensity is derived, which can be used to quantitatively design the require-
ments of different seismic performance. The application of the engineering example shows that the energy consumption
structure of the second line of defense designed based on the equal efficiency method has a lower collapse probability
under the same earthquake intensity. Under rare earthquakes, the collapse probability is reduced from 7. 9% to
0.7% , which is 91% lower than that of the frame structure, and the collapse margin ratio is increased from 1.72 to
2.80, which is 63% higher than that of the frame structure.

Keywords: energy dissipation structure of the second line of defense; equivalent energy method; buckling de-

vice; earthquake vulnerability; probability of collapse; collapse margin ratio
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