w35k H1Y W OE T B % M Vol. 35 No.1
20134 3 B CHINA EARTHQUAKE ENGINEERING JOURNAL March, 2013

&R 1E £ i iyt T 4544 Pushover 53 #7177 %
BEHAMRBRG ST PRI Ao

X dh K, EXHE, BLL, KKk
(HEERR¥EIFE 100084)

# OEARARENATRTANAEZANGELTEEA AR BT HAEL mEGRT
kM Pushover oM F ik, NBTEFENER TR AADRENLS, EFZ XA THRESEAT
WTHMBEAEAGRHE AN EEBHEHARBII N L ERITRESEA T EGmE—FH—
BE) BB 2B oW, B — kB mEIBEMAE - KRR EFALR, RITEAT
VE ;42 Ao #, Pushover SR GHEA , B LT L — L HEABERARITE LN HHEZER S
Hr ;B it — R PEER4E B A 3K 89 Pushover 447, AR 38 45 M Mg 14 R B 09 20 X < 46 M 3 45 47 K BOR1E
A TFEIARRATES ST E T MR E B Pushover 547 R b E R A5 48 H o4 b,
XEH: HTEN;ARSW,; T —SHUEEER; BHREESH,; £EmE; WRIRGHH
FESES: TUSLL 2 XREARIRED: A XEHS: 1000—0844(2013)01—0021—08
DOI;10. 3969/j. issn. 1000—0844. 2013. 01. 0021

Pushover Analysis Method of Underground Structures under
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Abstract; Although response history analysis is the most rigorous procedure to compute seismic
demand, pushover analysis is more common in practice with its advantage of conceptual simplicity
and computational attractiveness. A pushover analysis procedure with monotonically increasing
effective earthquake forces following an invariant depth-wise distribution is introduced in the pa-
per. Considering the reversal directions of seismic load, which is not included in the traditional
pushover analysis with monotonically increasing forces in one direction, a cyclic reversal loading
pattern is proposed in this paper. With the algorithm based on multiple point constraints, the im-
plementation procedure, basic functions and special features of pushover analysis with cyclic re-
versal loading are introduced in detail. In the proposed procedure, the analysis model is imposed
with the effective earthquake forces in the positive direction and unloaded when the target dis-
placement is reached. Then the model is imposed with the reversed forces and unloaded when the
opposite target displacement is reached, With the proposed procedure, we can estimate the struc-
tural capacity during earthquake more reasonably by considering the double direction stress of the
underground structures. Subsequently, a damage model based on the pushover analysis with the

cyclic reversal loading pattern is proposed by approximately viewing one cycle of reversal load as
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an earthquake event. With the proposed model, the complicated analysis of dynamic soil-structure

system can be avoid and the damage assessment of underground structures can be conducted with

the structural stiffness before and after one reversal load pushover analysis. Finally, the validity

of the reversal load pushover analysis procedure and seismic damage analysis model are verified by

the case study of the Chongwenmen subway station in Beijing. The research in this paper shows

that the proposed pushover analysis procedure with cyclic reversal loading pattern can be effec-

tively applied to seismic analysis and damage assessment of underground structures.

Key words: Underground structure; Seismic analysis; Seil-structure interaction; Pushover analysis;

Reversal load; Seismic damage analysis
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Fig.1 Analysis model of soil-structure interaction

system with additional free field.
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SHIT . S50 S5 H M 4 R BE B 8 4l SE B R S5 F 1
P B PEA

AW THEAFEEMBHH T 454 Push-
over ST T Bk B 5 Z AHE N #4548 b 3B 1845
ST TR BAESR BB AR RIET TN
AR, X—FTEMEERRREZL, R, &
Bt EREERTH— L RIE.
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