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Abstract; To accurately evaluate the safety and comfortability of structures after a long period of service under
dynamic loads such as earthquakes and wind, it is ecritical to establish a structural dynamic model that can
accurately reflect the dynamic responses of actual buildings under seismic, wind and other dynamic loads utilizing
the monitoring/inspection data. In this paper, for popular frame building structures, an equivalent simplified
dynamic modeling method is proposed by using a few numbers of wireless mobile sensors. First, the principle of
equivalent interstory shear force for a simplified model of buildings is proposed, which proves that the simplified
model constructed based on this principle has the ability to accurately simulate the dynamic response of actual
buildings. Second, the form of simplified model of frame structure was derived, and the characteristics of the
simplified model parameters were studied. Then, an iterative identification method for the parameters of the
simplified model was proposed, which can identify all parameters of the simplified model by solely using a small
number of wireless mobile sensors. Finally, a numerical simulation example of a 12-story 3-span steel frame
structure was conducted, which investigates the predictive capability of the equivalent simplified model constructed
by the method proposed herein to predict the dynamic responses of the actual frame structure subjected to different
types of horizontal excitations, under the condition of without knowing the specific format of structural stiffness
degradation and using only a small number of moving acceleration sensors. Simulation results show that the
equivalent simplified model can very accurately predict the dynamic responses of the actual frame structure
subjected to different types of horizontal excitations. Therefore, the model updating method for the equivalent

simplified model of frame structures proposed herein will have important application potential in evaluating the

WA 2023 -09-03;F A EH: 2023 -09-25; MEE X BH: 2023-10-18

M 4& B & ik : hitp://kns. cnki. net/kems/ detail/23. 1235. T. 20231017. 1626. 006. html
BEE£WH . BRAS&F2EI4 (U2239253,5237081055)

YEB/A: AR (1974—) B #0EFZ , tE S

BIE1EE: KAE, dongyu. zhang@ hit. edu. cn



5513

SRAREL, 45 WRATHE ARG A4 AR B A5 A Al sl A R Ay i i - 47 -

structural safety and comfort of existing frame building structures under dynamic loads, such as wind and

earthquake.

Keywords: equivalent simplified model of frame structure; principle of interstory shear equivalence; parameter

identification ; structural response prediction
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Fig.1 Comparison between frame structure and simplified model
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Fig.2 Novel simplified model of frame structure
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Tab.1 Modelling error index E; of simplified model and shear
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=2 fAi LA B, PR B,
1 1.08 45.12
2 0.68 26.53
3 0.92 24.11
4 1.44 27.49
5 1.62 31.44
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7 0.90 19.48
8 0.59 16.71
9 0.54 15.70
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12 0.44 26.16
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Tab. 2  Relative root mean square error of predicted frame
structural accelerations for simplified model and shear
model under ground excitation Yo
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Fig.4 Relative root mean square error of predicted frame acceleration and displacement of simplified model subjected to different

conditions of excitation
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