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Fig.1 The damage types of ancient timber structures
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Tab.1 Dynamic similarity coefficient of the model
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Fig.2 Test model and its dimensions"*' (Unit: mm)
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Tab.2 Performance indices of wood
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Fig. 6 Nodal structure diagram of dovetail tenon
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Fig.7 Constitutive relation of uniaxial self-resetting material
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Fig. 8 Constitutive relation of uniaxial hysteretic material
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Fig. 9 FEM of intact ancient timber structure
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Tab.3 Natural vibration periods and frequencies of

calculation model
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Fig. 10 Comparison diagram of calculated results and test results of intact model
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Tab.4 Each parameter value of zerolength element in

damage model

Wil f/(N-  k/(N- sigAct/ epsSlip/ epsBear/
4% mm ') mm ) N mm mm
CS-1 1008 101 1012 40 50
CS-2 897 90 911 38 50
CS-3 792 79 803 37 50
CS-4 706 71 697 36 50
CS-5 591 59 602 35 50
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Fig. 12  Acceleration response spectrum of seismic waves

®5 WEHERER™

Tab.5 Basic information of ground motions'

]

i A R iR A B IR B AR T BE 73
1 1994 6.7 Northridge, USA Beverly Hills-Mulhol MULO009
2 1994 6.7 Northridge, USA Canyon Country-WLC L.OS000
3 1999 7.1 Duzce, Turkey Bolu BOL000
4 1999 7.1 Hector Mine, USA Hector HECO000
5 1979 6.5 Imperial Valley, USA Delta H-DLT262
6 1979 6.5 Imperial Valley, USA El Celtro Array#11 H-E11140
7 1995 6.9 Kobe, Japan Nishi-Akashi NIS000
8 1995 6.9 Kobe, Japan Shin-Osaka SHI000
9 1999 7.5 Kocaeli, Turkey Duzce DZC180
10 1999 7.5 Kocaeli, Turkey Arcelik ARCO000
11 1992 7.3 Landers, USA Yermo Fire Station YER270
12 1992 7.3 Landers, USA Coolwater CLW-LN
13 1989 6.9 Loma Prieta, USA Capitola CAPO00O
14 1989 6.9 Loma Prieta, USA Gilroy Array #3 G03000
15 1990 7.4 Manjil, Iran Abbar ABBAR-L
16 1987 6.5 Superstition Hills, USA El Centro; Imp. Co. B-1CC000
17 1987 6.5 Superstition Hills, USA Poe Road(temp) B-POE270
18 1992 7.0 Cape Mendocino, USA Rio Dell Overpass RIO270
19 1999 7.6 Chi-Chi, Taiwan CHY101 CHY101-E
20 1999 7.6 Chi-Chi, Taiwan TCU045 TCUO045-E
21 1971 6.6 San Fernando, USA LA-Hollywood ; Stor PEL090
22 1976 6.5 Friuli, Italy Tolmezzo A-TMZ000
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Tab. 6 Evaluation standard of each earthquake damage
level
TEOREA s .
wuy gy HMBUR TEEE EER
[1/442, [1/148, [1/48,
0 <1/442 =1/16
=v 1/148] 1/48] /161~ /

x7 EMRREHTEERHE

Tab.7 Evaluation standard of each limit state
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Fig. 14  The distribution of maximum interlayer displacement angle of damage model
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Seismic vulnerability analysis of damaged ancient timber structures

MA Lin-lin"*, XUE Jian-yang’, ZHANG Xi-cheng’
(1.Department of Civil Engineering, North University of China, Taiyuan 030051, China;
2.School of Civil Engineering, Xi’an University of Architecture and Technology, Xi’an 710055, China)

Abstract: The shaking table test of intact ancient timber structures (without considering looseness) is carried out to evaluation the
seismic performance of damaged ancient timber structures, and the failure characteristics, modal parameters and dynamic response
curves are obtained. The finite element models (FEM) of intact and damaged structures are established by using OpenSees and the
modal parameters and dynamic response curves of intact FEM and test model are compared. Taking the ground peak acceleration
(PGA) and maximum inter story drift as the ground motion intensity index and response parameters, the incremental dynamic anal-
ysis (IDA) of damaged models are conducted. Through the seismic probability demand analysis of each model, the seismic vulnera-
bility of damaged models is studied. The results show that the error of modal parameters between the intact FEMs and test model
is less than 10%, and the dynamic time history response curves are basically consistent, which shows the rationality and correct-
ness of the FEMs. The determination coefficient of the damage model is between 0.83578 ~ 0.85761, indicating that the linear re-
gression function has a high correlation with the data points. When the joint damage degree reaches 13.3%, the damaged structure
does not meet the requirements of existing codes for structural seismic fortification, and it must be strengthened and repaired imme-

diately.
Key words: damaged ancient buildings; seismic fragility; joints looseness; fine modeling; incremental dynamic analysis
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