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Equivalent linear analysis in estimating nonlinear seismic
responses of building structures

QU Zhe YE Lieping
( Department of Civil Engineering Tsinghua University Beijing 100084 China)

Abstract: Equivalent linear analysis that takes advantages of response spectrum analysis is effective and practical in
estimating the nonlinear seismic responses of structures suffering from moderate damage in which prescribed locations
and extents of structural damage can be readily employed. These features make it a promising method to assist the
performance-based seismic design especially for irregular and complex structures. The framework of equivalent linear
analysis is established based on existing studies in which an iterative procedure is adopted to estimate the damage
mode and a rational equivalent linear model is used. Its applications in estimating the peak seismic responses of both
regular and irregular structures are demonstrated through case studies. Good agreement of the analysis results of both
the global and local seismic responses between the equivalent linear analysis and nonlinear time history analysis is
observed. Compared with nonlinear analysis procedures equivalent linear analysis is more computationally economical
and thus more applicable to irregular structures.
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Implementation of equivalent linear analysis

(2) o 2.2

“« ”»

13 ”»

w=d/d, =10

pw=A/A =1.0
M,
4
M, M,
M, N
M
¢

max

97



7 |
|/ | M,
| ol 4
/ L % L~
— I o (1)
() ZEITH (b) ThE-Rh AR KA Kowalsky 12
3
Fig.3 Idealized model for bending and axial 1 1 -
behavior of steel members {o=— (1 B * - a \/’E) + 4o (2)
m Y
Ma ge g()
(M
— @ °
/|
! R
(3) .
| 1 1
| . R=—+ali-1) (3)
&, GE 30 K K
2
» (2 (3
(2)
(3)
N (13 ”» (4)
(h) - 2 Eyi® .
4 {n = 2715 + 4o (4)
Fig.4 Idealized model for bending and axial — o
behavior of reinforced concrete members iom e
m v Eon m
(1) 3 4 ;
K 2.3
Gulkan ’ CGates " Iwan !
Kowalsky 2 16 17 ASCE 7 "
1345
5%
(1) .
; Shibata Sozen ( 1976) °
(2) Newmark  Hall (1982) “ Lin  Chang (2003) *
(1) .
Iwan (1979) "
o Miranda  (2002) "
(2) Iwan ! o
(1) Kowalsky 2 o



0 PEER/NGA
PGA
400gal 8
o 5%
Sa
5b o
10g
1.0 : VA
-5 Gl - ——
=
i
8
® 0.1g
— B{E 2t
— B+ E
— 1
0.01g
fﬁﬁéf’ 8
(a) 5%
l.4g
1.2g
1.0g
E 0.8g
i
g 0.6g
]
04g
0.2g
0
0 1 2 3 4 5
R s
(b)
5
Fig.5 Average spectra used in the analysis
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Table 1 Cross-section properties of components

/mm /mm
A /mm?

1~5 [J500 x 500 x20 H500 x 300 x 12 x20 24800
6 ~10 [J400 x400 x20 H500 x300 x 12 x20 18400
11 ~15 350 x350 x20 H500 x300 x 12 x20 13600
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Table 2 Component properties
/mm
1-3 ) 49 ( ) 10-~12 )
HT590 420MPa 1500 x 500 x 20 [7450 x 450 x 20 1400 x400 x 20
LY100 130MPa [J250 x 250 x 10 [7250 x250 x 10 1300 x 300 %20
Q235B 235MPa H600 x 300 x 12 x 20
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Table 3 Modes of structure
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