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Tongji University Master of Engineering Abstract

ABSTRACT

Earthquake disasters are highly random, destructive, and have a wide range of
impacts, which have brought severe challenges to human survival and development. A
strong or huge earthquake will often cause a large number of casualties, social and
economic losses, and urban functional damage. At the same time, challenges also come
from multiple demands such as human resources, material resources, organization, and
resources for post-earthquake rescue, urban function restoration, and social restoration
to normal operations. The concept of earthquake resilience has gradually become a
consensus. It has gradually become a research goal in the domestic and overseas field
of disaster prevention to improve the resilience of cities and society. Traditional
structures are mostly designed considering three-level seismic fortifications in the code.
The primary purpose is to ensure life safety. The main lateral force members of the
structure are designed to allow plastic deformation, which often results in excessive
residual deformation of the structure. And it makes the structure repaired difficult to
lose the function. The resilience-based seismic design concept protects life safety and
the restoration of structural functions as the common design goal. That makes the
earthquake resilient structure fill the four-level seismic fortifications, which realizes
"small earthquakes are intact, medium earthquakes are not damaged, large earthquakes
can be replaced or repaired, and large earthquakes are not collapsed. The frame
structure is widely used, but it is difficult to change its inherent characteristics of
deformation mode control and damage prediction difficult under traditional seismic
design. A new type of energy-dissipative column is proposed, which can be used in an
energy-dissipative column-frame structure system to improve this problem. But its
application lacks an integrated seismic design method based on resilience. Based on
that, this paper proposes a suitable four-level seismic design method based on resilience
for this kind of structure. Moreover, in view of the short time interval of the mainshock-
aftershock sequence, more seriously cumulative damage to the structure, etc., the
seismic performance of the energy-dissipative column-steel frame structure system
considering four-level seismic fortifications under the mainshock-aftershock sequence
is studied, which provides a basis for further improving the seismic design of it and

promoting its application in practice.
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The main research work of this thesis is as follows:

(1) The performance-based plastic design(PBPD) method is sorted out, and
focusing on the improved PBPD seismic design method, its design principle, design
process, etc., are introduced. The concept and the goal of four-level seismic design are
introduced. And the four-level seismic fortifications are combined with the improved
PBPD seismic design method to form a four-level seismic design method, which is
suitable for the earthquake resilient structure. It provides a theoretical basis for the
seismic design of the energy-dissipative column-steel frame structure system
considering four-level seismic fortifications.

(2) In view of the frame structure designed under the traditional code, its inter-
story uneven drift under the action of strong earthquakes likely to form a weak layer,
and the energy-dissipative column-steel frame structure lacks an integrated seismic
design method under the four-level seismic fortifications. This thesis proposes a
performance-based four-level seismic design method for the energy-dissipative
column-steel frame structure. This method is based on the four-level improvement
PBPD method, and it combines with the preliminary design of the energy-dissipative
column stiftness with the inter-story displacement concentration factor DCF as the
control objective.

(3) In order to verify the effectiveness of the seismic design method of the energy-
dissipative column-steel frame structure under the four-level seismic fortifications, an
8-story energy-dissipative column-steel frame structure was designed as an example.
And a numerical model was established based on OpenSEES to analyze its seismic
performance. The seismic performance is compared with the pure frame structure
designed by the traditional code considering three-level seismic fortifications.

(4) The mainshock-aftershock sequence will increase the displacement ductility
demand of the structure and aggravate the damage to the structure. In order to promote
the actual application of the energy-dissipative column-steel frame structure, basing on
the incremental dynamic analysis method to study its seismic performance under the
artificial mainshock-aftershock sequence, which was constructed by the repeated
construction method. The collapse margin ratio is used as the index to compare the
seismic resilience of the pure frame structure designed by the traditional code
considering three-level seismic fortifications.

Key words: the energy-dissipative column-steel frame structure, four-level
seismic design, mainshock-aftershock sequence, incremental dynamic analysis,

earthquake resilient structure
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