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10 BB R A B 2 5 2800, nT LA Y 1 RS (9 JE S M ER A R B 1.224 s SiEC
) 2.260 s, 1 AR 25 RZEON 0.756 MK T 0.647,55 4 MBS 2S5 RZEUN 0.064
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I FR SR RS e SR H AR A S, vT UL R R S B, A MR A AR e e TE
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Table 1 Modal period calculation results in the longitudinal direction

modal order initial model period T, /s iteration 1 T, /s iteration 2 T, /s iteration 3 75 /s
1 1.224 2.072 2.242 2.260
2 0.438 0.577 0.608 0.613
3 0.436 0.576 0.608 0.613
4 0.417 0.569 0.603 0.608
5 0.410 0.415 0.415 0.415
6 0.364 0.364 0.364 0.364
7 0.284 0.284 0.284 0.284
8 0.231 0.231 0.231 0.231
9 0.116 0.116 0.116 0.117
10 0.114 0.113 0.113 0.116

R2 PHEEFRES SR

Table 2 Modal mass participation coefficients in the longitudinal direction

modal order initial model coefficient P iteration 1 P, iteration 2 P, iteration 3 P5
1 0.756 0.673 0.649 0.647
2 0 0 0 0
3 0 0 0 0
4 0.064 0.160 0.183 0.186
5 0.017 0 0 0
6 0 0 0 0
7 0 0 0 0
8 0 0 0 0
9 0 0 0 0
10 0.071 0.01 0.046 0.054

K3 YR T IS4

Table 3 lterative calculation results in the longitudinal direction

equivalent equivalent damping ratio
deformation of ~ deformation of updated
stiffness of stiffness of displacement used for
bearing at the bearing at the damping
model bearing at the bearing at the of pier top seismic
abutment pier ratio
abutment pier D, /mm analysis
D, /mm Dl‘ /mm §<»q /%
Ko, o /(kN/m) K, /(kKN/m) & /%
initial model 38 000 38 000 202 78 156 5.0 8.0
iteration 1 7 988 11 204 285 215 151 8.0 8.5
iteration 2 7 407 7 869 298 252 147 8.5 8.4

iteration 3 7 345 7597 302 257 148 8.4 8.3
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R MR T DRk A i 3 YA AR S WS, 1 B 1) A 1 I M) 4 1)
1.072 s SEK 3 2.054 s, K17 1 BB BT 2 5 280N 0.609 FEALE] T 0.571, ) 1 Birsias o
®Z 5 RHLT 0.600.3% 4 511 TR R SR ALRE | AR R L SR AR, 20 %
KU JE FLAE 14.9% ~16.2% 2. [8] , B £ A L (9 528 W BE 23 SRR S 8 325 kN/m il 7 848
kN/m , B 65 S EARTE A 178 mm , TSR T A 218 mm TGRS 40 mm, TR TR A PR,
TV VAR AT R T RS A B
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Table 4  Iterative calculation results in transverse direction

equivalent equivalent
deformation of ~ deformation of  displacement  damping ratio
stiffness of stiffness of updated
bearing at the bearing at the of the used for
model bearing at the bearing at the damping ratio
abutment pier middle pier seismic
abutment pier Eoy /%
D, /mm D, /mm top D, /mm  analysis £ /%
Ko, o /(KN/m) Koy 7/ (KN/m)
initial model 38 000 38 000 96 158 56 5.0 16.2
iteration 1 10 212 8 541 156 205 40 16.2 15.6
iteration 2 8 587 7 963 173 217 40 15.6 15.0
iteration 3 8 325 7 848 178 218 40 15.0 14.9

2.3 RMiESHFNIELIERTESHT

J2 T4 BT FIAE LR P B A HT 34 5F ] SAP2000 5 )3 AR | MR HOR 2 2SR I AE 2R 2 25T
SIS AT AR I FR PR A — AT DRI AR A At AR A T R vk 48 — 2L

AELR PR ST, B = SRR F SAP2000 #2 /5 HH 1Y) rubber bearing PR T, #5724
2.1 /NS RSB A TR AY 10 20 1R AR B0 T 1 % b 38 sl B 2 g 33 A i, 1R
ZEPEHITE 5% LA AT 35 W 2H I 22 1] () A 6 2R 50 (44 /N T 0.1 20 B e B9 BELJE HE B 0,05, %
FH Rayleigh FHJE , 22 BOH 4l b 52 10 5 A7 170 40 5011 SR FH T AR RS U2 ) SO [ (565 1 RIS 10
B B4 SRS AR 2, [, 45 Rayleigh BHJE 28 BCBUE 1952 0, 38 SR FH D 3R 1 vk 2 AR 150l
ST (2 AR R B 1 R P Rayleigh BRJE REOTHAT T IEL M FL43HT.

2.4 HEERITESH

DR AR R N SRy 1 AT R 2 R AR PRI AR P B X H L3R 5 ~ 3%
8, ZE X L A3 M AN — 38 DL R A3 4 SR o i vfe

BRI T, W AT g b BUR 35 iR 25 i K, T sk b 3 g 1/
9% , HoR A Z5 RIRETE 1% ~T%.

K FHWIIE R ) SRR 2 Rayleigh BHJE REUAELME B R VA T 45 5, 10 Al b2 3 1)
M) 17 S5 5 D RGBS AR L, SRS BY 7 e ol S50 e 38 25 SR /1N 209% , FE A48 3 /)N
30% ~51%.5 10 28 Hb732 % i 1 e RAEAR LE 380 BT 7 e Dl S8 ik o H 3R 25 A /N 129% , LA 4
/N 19% ~46%.

M SRHT AT LU Y AR R R 5 D R B SR 2 AR e AR R 2 ) S P
SRR BH 2 S BRI 1 BUR S WER. FH T L3R 0 M o Rayleigh BHJE 28 KIOHR 95400 46 455 750 ]
WA B i PR R A5 R AR AR T SOMEE A T AR M, 2544 10 S AR I 8 R I & A T el
AR XA IR AT AR AL A Rayleigh FHLE RECS 51 S K AR 711, 5 3025 H
M o /IS | XSS P RR TR e T A 2 4 1.

AR Rayleigh BHJE 2 EUBUE RS20, AR 2.2 /N1 D338 2 A0 T I BUR 10 45 4004k
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PEALAS R B9 5 (4 45 74 R T 0T 1134 Rayleigh BELJE REL, SR JG A TAR LR PRI BRAMHT , 205 SR Xt
Fe L% SN T IR | PR 4K BHJE 28005 I Rk o T3 SR I g 34K {EL ] s T 4 2
AH LG, B R S 45 AT /N 22% ~36% , IR vkt KB 45 S0 /N 15% ~28%.

F5 YmIHERIEN T IHE RN

Table 5 Comparison of results in the longitudinal direction

deformation of shear force of deformation of shear force of )
isplacement  base shear  base bending

bearing at bearing at bearing at bearing at i i .
analysis method of pier top  force of pier moment of pier
the abutment the abutment the pier the pier
D, /mm V,/kN M, /(kN-m)
D, /mm V, /kN D, /mm V, /kN
power spectrum method 302 2217 257 1 949 148 6 167 126 210
response spectrum method 296 2 184 238 1 841 143 5637 120 560
avg 179 1 476 160 1 365 91 4905 61 999
time history method
max 210 1 663 196 1 580 106 5434 68 731
time history method avg 198 1 590 176 1 457 95 4817 84 567
(modified damping) max 235 1810 207 1 646 112 5238 91 029

R6 YR T IH— A4S

Table 6 Normalization results in the longitudinal direction

deformation of shear force of deformation of shear force of
displacement  base shear  base bending

bearing at bearing at bearing at bearing at o . - .
analvsis of pier to orce of pier moment of pier
analysis method the abutment the abutment the pier the pier pi P B P B P

- - = - 2 " M,
D, V, D, Vs
power spectrum method 1.00 1.00 1.00 1.00 1.00 1.00 1.00
response spectrum method 0.98 0.99 0.93 0.94 0.97 0.91 0.96
avg 0.59 0.67 0.62 0.70 0.61 0.80 0.49
time history method
max 0.70 0.75 0.76 0.81 0.72 0.88 0.54
time history method —avg 0.66 0.72 0.69 0.75 0.64 0.78 0.67
(modified damping) max 0.78 0.82 0.81 0.84 0.76 0.85 0.72

R7ORIHERIE TSR

Table 7 Comparison of results in the transverse direction

deformation of shear force of deformation of shear force of )
displacement  base shear  base bending

bearing at bearing at bearing at bearing at
analysis method of pier top  force of pier moment of pier
the abutment the abutment the pier the pier
D, /mm V, /kN M, /(kN-m)
D, /mm V, /kN D, /mm Vv, /kN
power spectrum method 178 1 487 218 1710 40 9 445 235 722
response spectrum method 174 1 466 216 1703 41 9 592 237 042
avg 124 1147 156 1339 31 7 587 182 671
time history method
max 146 1 280 177 1 462 33 8 029 189 944
time history method avg 144 1 267 184 1 504 37 9111 216 197
(modified damping) max 164 1 388 198 1591 41 9452 233 399

TR ) MR AR TR, DA M B B T S 40 R LU B B R R 2578 3% LR
VIR IR )RR € Rayleigh BHJE R ECHAR LA FEEE TS5 R, 10 b= 4 i 1 24 (5
YRR A AR L BERREEE AR /N 20% ~30%.10 ZH b 5205 1 e 1 e R AE -5 TR 1
AR L IR A5 R/ 14% ~19%. 7T WL, [R) A 1] b 52 Mg 17 235 2R — A | I R 46 45 2R 35 3k
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P/ 1N Rayleigh FHJE REUR , IR IIMEEE R AR /DN 4% ~19% , IRk fo R AH AT P sUs
R 3% , HABZE IR ZEA T 9%.

SR b TR 1) R ) R A R D RSN i T S A R LR T, S5 R
TE 10% LA AL 25047 R H] Rayleigh BHJER , H 3R A0 IR W BERE R TSR B R B id
B A /N ARAG T 45K b= e 1. AT UL Rayleigh BH 2 ZR 4000 SR %5 R 7% S JRE AR T 14 56
BT S B G5 A B TR PR E A AR RIS RIS 45 R A0 B R O, I e, 4
B AR B R S SR A ] U (E A 2 — 2R 5T

8 i HERAEN T IH— s R

Table 8 Normalization results in the transverse direction

deformation of shear force of deformation of shear force of
displacement ~ base shear  base bending

bearing at bearing at bearing at bearing at o . - .
analvsis of pier to orce of pier moment of pier
analysis method the abutment the abutment the pier the pier pi P B P B P

- - = - 2 " M,
D, V, D, Vs
power spectrum method 1.00 1.00 1.00 1.00 1.00 1.00 1.00
response spectrum method 0.98 0.99 0.99 1.00 1.03 1.02 1.01
avg 0.70 0.77 0.72 0.78 0.78 0.80 0.77
time history method
max 0.82 0.86 0.81 0.85 0.83 0.85 0.81
time history method —avg 0.81 0.85 0.84 0.88 0.93 0.96 0.92
(modified damping) max 0.92 0.93 0.91 0.93 1.03 1.00 0.99

3 %4 ®

A8 SCR S e o — FE SRR AT T HORE T, IS 0 3 AR SR P A
LA T AT MO H AT 45 Sk R, EBAE T

1) THER R R G R T, RS & R RE AT IO, AT R
SRR IATHCRR AT, T L, SR TS S 1T 4 L 6 B P00 B b I e T
ZH.

2) SR R R S S N H , Sh 3 B A SRR 35 10 4R A
LR MR R AR, FT UL S P T AR MR ) A TR AT | O S I
PERE SR ATAT RO,

3) o B AT i 6 IR 1S 3 A e 1 0, 2 25 IO 42 , T39S 0 T O A0
¥ Rayleigh BLJE 280N RE 2092 I WSS B R Bk , 1R M I AR A 2 11l 2 P R 407 2 A2 TR
T BT T 2 R AT , XA SR AT 0 L AT

4) ARLR PR EEGY SRR SR AL 0 T SR 0 B R T S 48 SR A B
KA 5, i T 2 5 010 JBE PR (R4S 0 — A5 TR AR A b i A A 2 SR B MO
A A0 T 1 0 SR o B 3 (85— A 5.
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Application of the Power Spectrum Method in
Seismic Analysis of Seismic Isolation Bridges

TANG Guang-wu, GAO Wen-jun, LIU Huai-lin, SONG Gang
(State Key Laboratory of Bridge Structural Dynamics( China Merchants Chongqing
Communications Research & Design Institute Co., Ltd. ), Chongqing 400067, P.R.China )
( Contributed by TANG Guang-wu, M. AMM Editorial Board)

Abstract: The seismic performance of isolated bridges requires that the bridge piers should re-
main elastic under seismic action. The system mainly dissipates earthquake energy through non-
linear isolation bearings, so presents a typical locally nonlinear problem for seismic analysis. At
present, the response spectrum method and the nonlinear time-history method are normally
used for seismic analysis of this kind of structures. In this paper, the application of the power
spectrum method in seismic analysis of isolated bridges was studied. According to the design
acceleration response spectrum, the compatible design acceleration power spectrum was gener-
ated at first, and then the seismic response analysis with the power spectrum method through
an iteration process was carried out. The results show that the calculated seismic responses of
the structure with the power spectrum method and the response spectrum method are in good

agreement with each other.

Key words: seismic isolation bridge; local nonlinearity; power spectrum method; response
spectrum method; nonlinear time history method
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