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Seismic Damage Analysis and Lateral Stiffness Identification

for Ancient Wooden Structures

XUE Jianyang, BAI Fuyu’,ZHANG Xicheng,ZHOU Chaofeng
(School of Civil Engineering, Xi'an University of Architecture and Technology,Xi’an 710055, China)

Abstract: In order to study the inter—story lateral stiffness damage and identification of ancient wooden struc—
tures under strong earthquakes, the inter—story lateral stiffness, lateral displacement response and the sensitivity of
displacement to stiffness were analyzed by the shaking table test of an ancient timber frame with a scale ratio 1:3.52.
Based on the simplified mechanics model considering the column sliding, the structural state equation and observa—
tion equation were deduced. Considering the influence of noise, the lateral stiffness was identified by means of Par—
tial Least Squares—Singular Value Decomposition (PLS-SVD ) and Extended Kalman Filter (EKF ). The analysis re—
sults show that the ratio of inter—story lateral stiffness gradually decreases with the increase of seismic damage. The
damage of column layer is especially sensitive to the increase of lateral displacement. The identified error of the lat—
eral stiffness is about 10% without damage. Under the damage condition, the identified error of the lateral stiffness is

about 15%~20%. Through the lateral stiffness identification of Bell Tower of Xi‘an, it indicates that the method of
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PLS-SVD and EKF has high accuracy and good applicability, and can provide a theoretical basis for monitoring the

change of lateral stiffness and offering warning before structural collapse.

Key words:ancient wooden structure ; lateral stiffness;seismic damage ; identification
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Fig.1 Shaking table test of the ancient wooden structure
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Fig.3 Hysteresis curve and fit line of bracket layer
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Fig.5 Displacement time-history curves under seismic excitations
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Tab.3 The identification values by the method of PLS-SVD

ky BUIE ko BRI

T RZE 1% RE%
/(KN *mm™) /(KN *mm™)
1 0.321 13.2 1.396 11.8
2 0.096 17.2 0.022 214
3 0.071 16.5 0.031 20.5
4 0.023 20.7 0.012 20.0

LT e ANMESN 31 0.009.,0.005.,0.004
10001, ¢, P {E 73 %1 4 0.039.0.001.,0.002 Fil
0.000 6.
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Tab.4 The identification values by the method of EKF

i PP g R
/(KN*mm™) /(kKN-mm™)
1 0.3350 9.5 1.4200 10.2
2 0.096 2 17.1 0.022 4 20.0
3 0.0715 15.9 0.0313 19.7
4 0.0230 20.0 0.0120 20.0

T LT, AR S5 AR B2 ) U DR 2 1
1092547 s I TO0T , 5 F SRRt M) B i 31
RZEEN 15% ~ 20%. #4405 TH0 ALK ACH AR IR
BE M EL SR N AR UL AT —E W 22 , 2 % E1EMT
SR, R el FUR SR ST BE &y 7 &,
PUREL I £ BRI .

6 RHNFTEAEGEFENF A

SCHRI13-141 LAl TG 22 B B ol 5l

DAy 5], 76— 2R RIR — = 2R 43 5 A B
IR MU B 0 A, A e 10 s, — JEAE il
S AR AT AR B AR SEA SNTR D
T SRR I Ty SR A AT — | R
AR T i 0 107, 30 e B AR g A AT B — | R AR T
URENRE AT

= JEHEAAL I £

TEERANI

ERII

AR
AR

DDA 3
[

A 10 &bl s E

Fig.10 The measurement points layout of Bell Tower of Xi'an
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{4 19.3 kN/mm F1 24.6 kN/mm 88, A% 2545 1)
H 12.3%F1 13.1%.
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