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Tab. 1 Parameters T and U, of the case study
ayj /a.v Kj /K
1 1 0.7 1 1 1 0.5 1 1
2 1 1 1 1 1 1 1 1
3 1 1 0.7 1 1 1 0.5 1
4 1 1 1 1 1 1 1 1
5 1 1 1 0.7 1 1 1 0.5
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Tab. 2 Results and comparison of hysteretic energy
El Centro Landers
MDOFS ESDO FS o M DO FS ESDO FS Mo
1163.3 1219.2 4. 8 1423.4 1506.2 5.8
a 967.3 1049.0 8 4 1217.4 1365.1 12.1
Y 1166.7 1188.2 1. 8 1421.5 1524.8 7.3
1188.2 1213.5 2.1 1425.5 1556.3 9.2
1163.3 1219.2 4.8 1423.4 1506.2 5.8
870. 1 963.3 10.7 1075.1 1208.5 12. 4
1070.2 1137.7 63 1302.3 1418.7 8.9
1178.8 1295.2 9.9 1418.3 1584.8 11.7
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Fig. 3 Comparsion of deformation energy history of the weak condition of yield shear ratio of mid storey

T—

-~ MDOFS$
—ESDOFS

L 1

0 10 20 30 40
t/s tls

(a) El Centro (b) Landers
M 4 RESEEFHE LN TR R

Fg. 4 Comparison of deformation energy history of the weak condition of ngidity of middle storey

5 .
10%
(D ESDOFS MDOFS ; , ,
' (4
(2 ) , ,
’ Chopra Modal tier



1 Ed

FE: ETHERER & E KRR WS M BAR R A it 89

[11F£ 5, BN B AH BEFRAREEZRAER
AT [J]. B RR EFH, 2005, 14(1): 165-174

[2] HOUSNER G W. Limit design of structures to resist
earthquake [C]// Proceeding of the First World
Conference on Earthquake Engineering. Berkeley:
[s n], 1956 5-15-11

[3] %k Z. Earthquake-resistant Limit-state Design for
Building [M]. Tokyo: University of Tokyo Press,
1985

[4] MCKEVITT W E. Hysteretic energy spectra in
seismic design[C] / Proceeding of the Seventh
World Conference on Earthquake Engineering
Structural Aspects. Istanbul [s n], 1980 487494

[5] CHOU Chung-che, UANG Chia-ming. Establishing
absorbed energy spectra-an attenuation approach
[J] Earthquake Eng and Struct Dyn, 2000, 29
1441-1455

[61¥ 7L, X5 . HERZ A ft B KT [J]. T
B4 E . 2004(1): 9-13

[7] DECANINIL D, MOLLAIOLI F. An energy-based
methodology for the assessment of seismic demand
[J] Soil Dyn and Earthquake Eng 2001, 21
113137

[8] YE L P, OTANI S. Maximum seismic displacement
of inelastic systems based on energy concept [J].
Earthquake 1999( 6):

1483-1499

Eng and Struct Dyn,

[9] YUT AKA Hagiwara. Momentary energy absorption
and effective loading cycles of structures during
earthquakes [C] // Proceedings of 12st WCEE.
Auckland [s n], 2000

[I0]TTT, EXF . R 2580 ALY
BB R FBERE (D). A M AR, 2000, 21( 1):

71-76

[11]& &, "5 F, & £ Tat ERAHT IR
SEMERRABEERRECER NS M (). T8
H1%,2003,20(3): 31-37

[12] FREEM AN S A. Prediction of response of concrete

buildings to severe earthquake motion [R] /
Publication SP-55, 589-605. Detroit:
Concrete Inst, 1978

(131 k. ETHEELINFENFRENE ERYG L
#T 5 HRE AT (D] B FEFAZF , 2001

[14] CHOPRA A K, GOEL R K.

Capacity—demand-diagram methods for estimating

American

seismic deformation of inelastic structures: SDF
systems [C] / PEER 1999/02.
University of California, 1999

[15] @k B F 2= FT % . Pushover =5 1B
EEWMESAMERR (I FRITLAFF R,
2001, 24( 6): 1019-1024

[16] CHOPRA A K, GOEL R K. A modal pushover

analysis procedure for estimating seismic demands

Berkeley:

or buildings [J]. Earthquake Eng and Struct Dyn,
2002, 31(3): 561-581

Estimation of hysteretic energy of structures based on
equivalent SDOF systems

WANG Feng. LI Hongnan

( State Key Lab. of Coastal and Offshore Eng. , Dalian Univ. of Technol. , Dalian 116024, China )

Abstract The important meanings of researching into the relationship of seismic energies of
single-degree of freedom (SDOF) systems and multi-degree of freedom (MDOF) systems are
presented. The relation formula of hysteretic energy and deformation energy of MDO F structures as
well as the equivalent SDOF systems based on the energy equation is developed . The procedure of
estimating hysteretic energy of M DO F structures under severe earthquake motions based on equivalent
SDOF systems is proposed. With the analysis of eight examples of uniform and nonuniform shearing
lumped mass MDOF structures, it is shown that the procedure to get hysteretic energy demand of
M DOF structures employing the method based on equivalent SDO F systems is a simple , effective and

exact method.

Key words MDOF system; equivalent SDOF systems hysteretic energy; deformation energy;

reversal Pushover analysis



