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Fig.1 Analytical model of frame structure based on inelastic-

ity-separated fiber beam column element
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Fig.2 Deformation of two dimensional beam column element
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Tab.1 List of selected earthquake records

PGA/
8

G MR R WA

1 Northridge 6.7 NORTHR/MULO009 0.52
2 Northridge 6.7 NORTHR/LOS000 0.48
3 Duzce, Turkey 7.1 DUZCE/BOLO000 0.82
4 Hector Mine 7.1 HECTOR/HEC000 0.34
5 Imperial Valley 6.5 IMPVALL/H-DLT262 0.35
6 Imperial Valley 6.5 IMPVALL/H-E11140 0.38
7 Kobe, Japan 6.9 KOBE/NIS000 0.51
8 Kobe, Japan 6.9 KOBE/SHI0O00 0.24
9  Kocaeli, Turkey 7.5 KOCAELI/DZC180 0.36
10 Kocaeli, Turkey 7.5 KOCAELI/ARCO000 0.22
11 Landers 7.3 LANDERS/YER270 0.24
12 Landers 7.3 LANDERS/CLW-LN  0.42
13 Loma Prieta 6.9 LOMAP/CAP000 0.53
14 Loma Prieta 6.9 LOMAP/G03000 0.56
15 Manjil, Iran 7.4 MANIJIL/ABBAR-L 0.51
16 Superstition Hills 6.5 SUPERST/B-ICC000  0.36
17 Superstition Hills 6.5 SUPERST/B-POE270 0.45
18 Cape Mendocino 7.0 CAPEMEND/RIO270 0.55
19 Chi-Chi, 7.6 CHICHI/CHY101-E 0.44
20 Chi-Chi 7.6 CHICHI/TCUO045-E 0.51
21 San Fernando 6.6 SFERN/PEL090 0.21
22 Friuli, Italy 6.5 FRIULI/A-TMZ000 0.35
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Tab.2 Summary of computing time (4th earthquake

record)
BUPI S EVEPIN
PGA/
(m-s?) BFERT/ Woodbury MFERY/  BfE] Woodbury
$ FEIF /s s LK /s  FEHT/s

5 16.9 1.02 16.9 0.02 1.04
10 18.7 1.42 18.6 0.02 1.38
15 20.6 1.82 20.6 0.02 1.82
20 22.3 2.11 21.75 0.02 2.01
25 23.4 2.35 144.9  0.002 12.0
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Efficient structural dynamic analysis and fragility solution methods for
frame using adaptive Woodbury method

YU Ding-hao, LI Gang, LI Hong-nan
(State Key Laboratory of Coastal and Offshore Engineering, Faculty of Infrastructure Engineering,,
Dalian University of Technology, Dalian 116024, China)

Abstract: Fragility analysis is of important in the evaluation of seismic safety of building structures under earthquake excitation.
Such analysis usually involve a large number of dynamic time history analyses which indicate that the computational process is inef-
ficient. This study focus on developing highly efficient dynamic nonlinearity analysis and collapse fragility analysis methods for
frame structure. To this end, this study firstly use the fiber beam column element to establish the numerical model of the frame and
use the inelasticity separated theory to model local material nonlinear behavior. The P-A effect is simulated by decomposing the cor-
responding geometric stiffness and formulating the decomposed stiffness as perturbation expansion form. Thus, a novel governing
equation of fiber beam column element that can uniformly depict the material nonlinear behavior and P-A effect using a separated
way is developed and it can be solve by adopting the Woodbury formula directly. Because the proposed method can avoid the re-
peatedly updating of global stiffness matrix in tradition method, the computational efficient is improved greatly. Then, to overcome
the limitation of the dynamic Woodbury formula in the selection of time interval, a preconditioning mechanism and an adaptive
scheduling mechanism for the coefficient matrices relating the implementation of Woodbury formula corresponding to various time
intervals are established. Based on the above investigation, an adaptive Woodbury solution method for highly efficient dynamic non-
linear analysis of frame structure is presented. Furthermore, by incorporating the multiple-stripe method, a fast collapse fragility

analysis method of frame structure can be developed. Finally, the proposed method is verified by a nine-story frame structure.

Key words: fragility analysis; frame structures; highly efficient dynamic analysis method ; Woodbury formula; inelasticity-separated

finite element method
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