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Characteristics of earthquake response for long-period
structures and response spectrum
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Abstract: The characteristics of earthquake response for long—period structures and a few shortages existing in the
response spectrum of China code for seismic design of buildings are analyzed. It can be clearly found that an artificial
modification to response spectrum can result in the distortion of ground motion characteristics. The revision to the long—
period segment in the response spectrum of China code can cause the change in the characteristics of ground motions
which results in an abnormal representation of power spectrum corresponding to acceleration spectrum. The analysis
results show that the calculated displacements of long—period structures under earthquake action are over estimated.
Minimum story seismic shear coefficient described in the specification is only related to maximal earthquake influence
coefficient ( e,,,) but is not related to site classification which is in conflict with the general rule that the earthquake
responses of a structure at the soft-soil site are larger than those of a structure at the hard-soil site. According to the
pseudo spectrum relations among acceleration spectrum pseudo—velocity spectrum and displacement spectrum a
response spectrum pattern with longer—period segment ( 7' is approximately extended to 10 s) is proposed which can
provide a reference to specification revision. Engineering cases show that calculating the displacement of structure
according to the proposed response spectrum is feasible.

Keywords: long—period structure; response spectrum; displacement spectrum; minimum storey seismic shear
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Fig.3  Structural plans and building cross-sectional

view of the Guangxi Financial Plaza
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Table 1 Vibration periods of first six
T /s
. 7.9254 7.3459 6.9107 6.614 1
(1.00) (1. 00) (1.00) (1.00)
) 7.648 0 7.1255 6.728 1 6.456 8
(1.00) (1.00) (1.00) (1.00)
3 3.067 4 3.078 8 3.0279 2.9413
(0.00) (0. 00) (0.00) (0. 00)
A 2.2947 2.1294 2.1519 2.116 5
(1.00) (1.00) (1.00) (1.00)
5 2.189 1 2.0475 2.068 3 2.0395
(1.00) (1.00) (1.00) (1.00)
6 1.3389 1.2858 1.254 4 1.270 8
(0. 00) (0.00) (0. 00) (0.00)
2
1~25 (
38%)
4 D) 6

2 1-~25
Table 2 Calculated shear-gravity ratios and participate
coefficient of modal mass for 1 ~25 stories

X Y X Y X Y X Y
25 0.60 0.59 0.61 0.61 0.62 0.62 0.63 0.62
24 0.59 0.59 0.61 0.61 0.61 0.61 0.62 0.61
23 0.58 0.58 0.60 0.60 0.61 0.61 0.62 0.61
22 0.58 0.58 0.59 0.59 0.60 0.60 0.61 0.60
21 0.57 0.57 0.59 0.59 0.59 0.59 0.61 0.60
20 0.57 0.56 0.58 0.58 0.59 0.59 0.60 0.59
19 0.56 0.56 0.58 0.58 0.58 0.58 0.59 0.58
18 0.55 0.55 0.57 0.57 0.57 0.57 0.58 0.57
17 0.55 0.54 0.56 0.56 0.57 0.57 0.58 0.57
16 0.54 0.54 0.55 0.55 0.56 0.56 0.57 0.56
15 0.53 0.53 0.54 0.54 0.55 0.55 0.56 0.55
14 0.52 0.52 0.54 0.53 0.54 0.54 0.55 0.55
/% 13 0.52 0.51 0.53 0.53 0.54 0.54 0.55 0.54
v 12 0.51 0.51 0.52 0.52 0.53 0.53 0.54 0.53
11 0.50 0.50 0.51 0.51 0.52 0.52 0.53 0.52
10 0.50 0.49 0.51 0.51 0.51 0.51 0.52 0.51
9 0.49 0.49 0.50 0.50 0.51 0.51 0.52 0.51
8§ 0.49 0.48 0.50 0.49 0.50 0.50 0.51 0.50
7 0.48 0.48 0.49 0.49 0.50 0.50 0.50 0.50
6 0.48 0.47 0.49 0.48 0.49 0.49 0.50 0.49
5 0.47 0.47 0.48 0.48 0.49 0.49 0.50 0.49
4 0.47 0.46 0.48 0.47 0.48 0.48 0.49 0.49
3 0.46 0.46 0.47 0.47 0.48 0.48 0.49 0.48
2 0.46 0.45 0.47 0.46 0.48 0.48 0.49 0.48
1 0.45 0.45 0.46 0.46 0.47 0.47 0.48 0.47
94.3 93.9 94.5 94.2 94.7 94.5 94.8 94.7
/%
55 0.6%
7.9254 s 6.6141 s
43.5% 0.044% ~
0. 066% o ( »
a,, =0.06 T, =5.05s
Apin =0.9%;; T, <5.0s
Apin =1.2%;
0.30%( X ).0.29%(Y ).
3~4
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Fig.4 Power spectrum corresponding to

proposed acceleration spectrum
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Table 3 Ground motions of Chichi earthquake i
in Taiwan
/km lg
KAUO10-W 104.97 0. 034
KAUO11-W 108. 56 0. 056
KAU022-W 110. 84 0.032
KAU030-W 115.55 0.039
KAU044-W 135.26 0.034
KAU048-W 105. 03 0.039
KAU062-W 121.95 0. 027
KAU064-W 106. 82 0. 040
KAUO73-W 124.29 0.029
N (7T, =
0.9s a,, =0.035x%2.75=0.097) { »

(T,=09s «a

=0.08)

max

(5T, < T<105)

7

Fig.5 Curve shape of proposed response spectrum
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Fig.7 Comparison of response spectrums
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Table 4 Vibration periods of first 12 of
engineering cases

T /s
1 7.707 5.082 4.475
2 7.674 4.104 3.292
3 2. 660 3.707 3.125
4 2. 190 1.332 1.264
5 2.163 1.280 1.135
6 1. 165 1. 131 1.024
7 1. 147 0.582 0.714
8 0. 678 0.554 0.615
9 0.578 0.477 0. 608
10 0. 556 0.389 0.536
11 0.502 0.265 0.480
12 0.262 0. 197 0. 406
5

Table 5 Comparision of calculated displacement
at structural top

A /mm
Qo Ty I3
X Y X Y
0.35 90 90 90 90
0. 60 241 240 240 240
0.23 0.90 509 509 509 509
1.20 875 874 875 874
1. 50 1336 1335 1335 1335
0.35 175 175 175 175
0. 60 471 470 470 470
0.45 0.90 996 995 996 995
1.20 1712 1710 1711 1710
1.50 2613 2611 2613 2611
0.35 56 77 56 77
0. 60 153 209 153 209
0.23 0.90 276 450 276 450
1.20 359 661 359 661
1. 50 439 810 439 810
0.35 110 151 110 151
0. 60 299 409 299 409
0.45 0.90 539 881 539 881
1.20 702 1293 702 1293
1.50 859 1584 859 1584
0.35 63 71 63 71
0. 60 174 197 174 197
0.23  0.90 277 424 277 424
1.20 360 552 360 552
1.50 441 676 441 676
0.35 124 140 124 140
0. 60 341 385 341 385
0.45 0.90 541 829 541 829
1.20 704 1079 704 1079
1. 50 862 1323 862 1323




1) N N
T71
T72

10 so

2) I.
n.m v Bua

2.00.2.25.2.50 2.75

m.v o
3) o

4)
EN V19984  Eurocode 8: design of structures for
earthquake  resistance S . Brussels Belgium:

European Committee for Standardizations 2004.

GB 50011—2010 S . :
2010. ( GB 50011—2010  Code

for seismic design of buildings S . Beijing: China

Architecture & Building Press 2010. ( in Chinese) )

J . 2006 28
(4): 417-418. ( Li Chunfeng Zhang Yang Zhao
Jinbao Long—period ground motion
characteristics of the 1999 JiJi( Chi-Chi) J . Acta
2006 28 (4): 417-418.

Tang Hui.
Seismologica Sinica (in

Chinese) )

I 2009
26 (3): 82-838. ( Lou Menglin

Xiaozhang et al. Dynamic response analysis of high—

Yang Yan Pan
rise buildings in Shanghai during Wenchuan earthquake
J . Journal of Architecture and Civil Engineering

2009 26(3) :82-88. (in Chinese) )

Takewaki I Murakami S Fujita K et al. The 2011 off

the Pacific coast of Tohoku earthquake and response of

high+ise buildings under long-period ground motions
J . Soil Dynamics and Earthquake Engineering

2011 31(11):15114528.

10

11

12

13

14

15

J. 1990 10
(1) :120.( Xie Lili Zhou Yongnian Hu Chengxiang
Yu Haiying. Characteristics of response spectra of long—
period earthquake ground motion J Earthquake
Engineering and Engineering Vibration 1990 10( 1) :

120. (in Chinese) )

I 2011 30(7):6340.
( Cao Jialiang Shi Weixing Liu Wenguang et al.
Relative displacement response spectrum of a long—
period structure J . Journal of Vibration and Shock
2011 30(7) :6340. (in Chinese))
Faccioli E  Roberto P Julien R. Displacement spectra
for long periods J . Earthquake Spectra 2004 20
(2) :347376.
Koketsu K Miyake H. A seismological overview of
long—period ground motion J . Journal of Seismology
2008 12(2): 133-143.
Olsen A H Aagaard B T Heaton T H. Long-period

building response to earthquakes in the San Francisco

bay area ] . Bulletin of the Seismological Society of
America 2008 98(2) :10474065.

GB 18306—2001 S .
: 2001. ( GB 18306—2001 The

China seismic ground motion parameter zonation map

S . Beijing. China Standards Press 2001. ( in
Chinese) )

J . 2011 27
(4): 1449. ( Zhang Xiao—ping Liu Su Liu Chao

et al. Discussion of the method determining long—period
range in the designing spectrum of seismic ground
Journal of Disaster Prevention and

1449. (in Chinese) )

motion J

Reduction 2011 27(4):

] 2011
( FANG Xiaodan WEI Lian.
seismic design of building structures J .

2011 32 (12): 46-51.

32(12): 46-51.
Discuss on issues of
Journal of
Building  Structures (in
Chinese) )

ASCE 72010 Minimum design loads for buildings and

other structures S . Virginia: American Society of
Civil Engineers 2010.
J. 2010 31(1): 4755. ( FANG

Xiaodan WEI Hong JIANG Yi et al. Seismic design
of the Guangzhou West Tower J . Journal of Building
Structures 2010 31( 1) : 47-55. (in Chinese) )

23



