FRE R 22 SR ZA] China Journal of Science and Technology, CIST F2E H3M 2026
Doi: doi.org/10.70693/cjst.v2i3.1988 Vol. 2 No. 3 (2026)

HTHu R 7w R S50 B I A Bk

FRNE 12, SR POME >
1. FEMGE R TR 0T, R TR S TAERAhE it s, BVl PA/KIE, 150080
2. R G P A B VE B eI E, BT PRURIE, 150080
30 mIMERCAERE, @IS REVE LA, R T T AR A A AR R N S BOR RS
WL #RM, 325035

B ARG BUR T A oh B RS IR 23 T VR RS AN AL O R, T AR Bl o e SRR T e 445 ) ) ST RS 4 Ak
PRI, RAVE IE HIClough XUy £k BRI 25 M e SRR AR F R 8970524708, JFi IXPEER NGA-WEST24{ 4}
Hh5535 3R BICFAE AN, V50 ~ 10 3 Y 2004 B8 550 39 s R A2 A2 Wi 2, FE B - LR o AR [
Dy TN i AT R T, I SIANARHEAL I 12 2 5 Calinski-Harabaszd 5 5/ N IEAT fE 4R, LA E eflt 70
FHR KRN 3L . WEFEERRY, 20 RIS, BRI S MR S5 R 2l g Wi 87 22 SRR AIE o E 3 20 M 45 2
ANTEI 3 25 AT B 0 0 B ) B R BRS rpty s 0 1 TR 0 B3 M SR AR AR AL RO . A SC R E 7 75 V2 A
AR AR L e 2 220 75 T AT W R AR, RIS HURR Bt SRR B i B B LB (K 22 R

KRB S A IRFIY ARSI RS R

A Study on Refined Classification of Structural Natural Vibration
Period Based on Seismic Dynamic Response

Lichun Wang'-2, Qinghui Lai* "
1. Key Laboratory of Earthquake Engineering and Engineering Vibration, Institute of Engineering
Mechanics, China Earthquake Administration, Heilongjiang, Harbin, 150080, China
2. Key Laboratory of Earthquake Disaster Mitigation, Ministry of Emergency Management, Heilongjiang,
Harbin, 150080, China
3. Wenzhou Key Laboratory of Intelligent Lifeline Protection and Emergency Technology for Resilient City,
College of Architecture and Energy Engineering, Wenzhou University of Technology, Zhejiang, Wenzhou,
325035, China

Abstract: Aiming at the problem of insufficient accuracy in the natural vibration period classification method for structural
seismic analysis, this paper carries out a refined classification study on structural periods on the basis of nonlinear dynamic
response characteristics. A modified Clough bilinear hysteretic model is employed to simulate the mechanical behavior of
structures subjected to seismic excitation, and 5535 ground motion records from the PEER NGA-WEST2 database are
selected as input. The maximum displacement responses at 200 discrete period points within the 0-10 s range are calculated
to construct a period-response matrix. Cluster analysis is implemented on the response data corresponding to different site
types, and standardized fuzzy error as well as the Calinski-Harabasz index are introduced as evaluation metrics to determine
the optimal number of classifications and period division boundaries. The results demonstrate that setting the number of
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classifications to 5 can effectively characterize the differential features of structural dynamic responses. The period segment
ranges and corresponding cluster centers under various site conditions are derived via analysis, revealing the variation pattern
of period division with site conditions. The proposed research method exhibits prominent advantages in data volume and
nonlinear response depiction, and can provide more targeted references for structural seismic design and ground motion
selection.

Keywords: Natural vibration period of structures; Nonlinear dynamic response; Period division; Cluster analysis
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Fig. 1 Hysteretic curve of the modified clough bilinear model
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Fig. 3 Relationship between cluster number and Calinski-Harabasz index under different site conditions
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Table 2 Period classification results under different site conditions
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Table 3 Clustering centers for structural period classification under different site types
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