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Influence of permanent displacement of ground motion on
seismic response of structures

Xu Guolin® Qi Haiao Zhang Yafei Bai Yashuang

(Institute of Civil Engineering, Southwest Forestry University, Kunming 650224, China)

Abstract: When calculating the seismic response of a structure based on the displacement excita-
tion, the displacement excitation is obtained by integration of the velocity, which is obtained by
integration of the acceleration records. At the same time, the acceleration noise must be
removed. However, limited by the method for eliminating noise from acceleration records, the
permanent displacement of the ground motion in the near-fault earthquake acceleration records
is often weakened or even eliminated. This makes it impossible for researchers to judge the
effect of permanent displacement of ground motion on the seismic response of structures
excited by displacement. In this paper, the authors deduce the pseudo-velocity spectra formula
of single degree of freedom system based on displacement excitation, verify the accuracy of the
formula with the constructed pulse displacement time history, and then analyze the effect of the
permanent displacement of the ground motion on the pseudo-velocity spectra. Firstly, the noise
is executed on the acceleration records via wavelet transform, and gound motion with perma-
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nent displacement is remained. And then the permanent displacement is wiped out using redu-
cing trend item method or filtering method from those records. Those excitations are used to
calculate pseudo-velocity spectra. The results show that in short period, the pseudo-velocity
spectra are similar whether ground motions contain the permanent displacement or not; in
medium-long period, the pseudo-velocity spectra excited by non-permanent displacement exci-
tation are lower than those by displacement excitation with permanent displacement, and this
kind of difference are enlarged when the filtering method is used. Therefore, for seismic design
of long-period structures, the ground motion with permanent ground displacement excitation
should be used, or reducing trend item method is used to wipe out permanent displacement.

Key words: permanent displacement of ground motion; displacement excitation; pseudo-
velocity spectra; baseline correction
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Fig. 4 Acceleration excitations, displacement excitations containing permanent ground displacement and
displacement excitations without permanent ground displacement

(a) Calexico earthquake in USA on 4 April 2010 recorded by the Bond’s Corner of Omlin Residence; (b) Calexico

earthquake in USA on 4 April 2010 recorded by the Calexico Fire Station; (¢) New Zealand earthquake

on 3 September 2010 recorded by the Lincoln Crop and Food Research; (d) Ridgecrest earthquake
in USA on 5 July 2019 recorded by the Ridgecrest-Highway 395/Brown Road Bridge
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