55 35 45 6 1)
2022 4E 12

k o T

Journal of Vibration Engineering

% R Vol. 35 No. 6

Dec. 2022

Bk B4 0 T 4 P S B e SR IR0 6 IR R4 M R 5

$ o5 ERE, FRR

(L RHCR R TR 2 B, KT 3003505 2. 8+ K TRRS5 0 5 % 2 HF Ml S & (R HER ),
KHE 3003505 3. [ b 7% Jmy M 7R T AR LR LIS Ik & PR IR R S0 3 & (R MR ), Kt 300350)

TR 2 TR AT 1 TR M R A5 00 2 7 2 A 1 RO O R B 9 1 A2 RE T, LA R AR 0 R A Dok e R T
FEH B 32 BIBE T H B E A . D9 OSSR (R 2Ok il T R S SORE A R 7 B T A LR AR X B R O
B HEAT 73 Bt W05 1 R W 3 L A S R 2 R 4 R AR« i BRI SRl R (R I A 4O 5 (U8 5 1R
Ricker il A T, Bl 25 ST 030 238 2 000 728 9 38 O, G ik 40 Jon o J52 s 3% 9 38 K 5 S % Bk Ricker #0050 I 425 45238 2547
R P 10 R DR 45200 0 R (8 K, T R S I A T S SR /N B I B o X S [ 2K B b RRORN R A A 4
YO S RLARPEVEAT 10T SE AT AR 2w BRI B T B W (5 i P O R /N . TR AM b £ M R T A
P R ARE B ORI O vk O 4 iR BT S0, SR e BT 4R B0 5 R A B A R BB R AL T G S

KB R T A RSB Bkoehwr s ARONAS 5 il G AE

FESHES: Uddl .3; Udd3.22; XHkERERRD: A
DOI:10.16385/j.cnki.issn.1004-4523.2022.06.024

5l

i

H 20 22 60 451X Housner 1 U 42 i “ 4% 2 4%
P 7 DR B e N A 4R R SR R T A2 %
Ho HHT, X T 52 22 m 5 A9 B 58 8 7E T RE 8 4 iR
GGtk PR R R T R 0 R, — SR
SR e 1 8 I 9 2R W, B A AT LT R fifk R b 4 45 4
32 2 U B TG R U A 1 b AR AR AR A R M R
by % X B iz 37 2500 22 4F [ iy A i 8 T i A e [
i T e R A ) N AL SRy 5 R B e
ARG TR o R A o i A R 1 SR AN
B, Wk i 5€ MY Christchurch HL3% — JB& 33 m & 1)
A P B0 58 B A B Piraeus = 8 30~38 m (5 1)
J0 AL K f T g BY ) Wigram-Magdala 29 9 $2 £
L/

T AR TR IS v, — 2 2 2 o 4 1
W SRR R R I W R T — P
00 AF B Y — P I B 1 B R A B 38 e R IR
Fm & LA K R BHJE AR i s P 52 IRE AR IR AR, R I H:
X R A BT R RO 8 O A B EAE A .
Cheng "B WF5E T 144N & A 10N 1 47 19 4K A3 1R sk
T HeR A BRSO, B 2 Rk B Y IR B0 R R

%5 B #: 2021-05-09; 1&1T B #3: 2021-07-27

XEHS: 1004-4523(2022)06-1521-09

BHLJE L ¥ 52 3 BN ) i AR B RE 0 o o] B R 4 58
HEAE R T AR A BT AR L, X 52 AL BB XU
DA K P L RE BE 4 A7 A A1 B BHLJE 3 B A OR AU
177 FE PR TERERT IT .

FIAIT, X 8 132 30w B2 13 F 52475 Sk = Ik 3h 65 3
I IR AL . 55 A0, X TR AR B, — T AT R
HENT A PR AE AR BE B AL Y 5 — 5 T 2 E o R
Fift 77 2R 1 A 20 4 205 ) 1 b e il - i Bt A
LM P 5 B S 3 B TR 43 e KB VE o AR SO Al
B E0E 3 7 BT o0 RS LR R T R 4 4
SRCTRURR A B o3 T 45 2R B M T AR O RS i B ) B
SN Sl W RPN SR SN e e S A

1 EHEEHEZAEZRTEES

Housner' " X 41+ IR (1 B1F 52 46 1, 181 8 56 & L
tana X RS R FIBR S 80 p B9 WA, 32 31 3
Jih A A AE M 3 B 28 O R O' 5 & A48 . BF 5%
Rl 3 RUBCE FH R RO NI, 25 R R T
KA RE AR, A F B A 5 12

YT H W R, R R kAR
T T B R AR £, > getana, MR T BF R
Xt B e e A5 O R ORI ff sl sp e E L A

BEWH: MEHESU LR (2019YFE0112500, 2018 YFC1504306) ; [ % 1 4k Rl 2 5L 4 T I B (52178496) ; F K H 44

FhoF 4 & TR RHIF (LA B3 H (51427901,



1522 i

% 35 %

K1 A d 2 R 2SR

Fig.1 The rocking parameters of free rocking pier
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Fig.2 The single sinusoid excites the rocking response of

the pier under different amplitudes action
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Fig.3 Symmetric Ricker excites the rocking response of the

pier
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Fig.4 Anti-symmetric Ricker excites the rocking response of

the pier
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Fig. 5 Dimensionless rocking spectrum based on unspecified

amplitude
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Fig. 6 The rocking response of the pier under three ground motion types
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Fig.9 Design of pier based on rocking response spectrum
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Research on response characteristics of free rocking pier subjected to
different pulse-like seismic excitations

LI Ning"**, WANG Zhi-giang', L1 Zhong-xian"*’
(1.School of Civil Engineering, Tianjin University, Tianjin 300350, China; 2.Key Laboratory of Coast Civil Structure Safety,
Ministry of Education ( Tianjin University), Tianjin 300350, China; 3.Key Laboratory of Earthquake Engineering Simulation and
Seismic Resilience of China Earthquake Administration ( Tianjin University), Tianjin 300350, China)

Abstract: Since the seismic damage can be concentrated within the interface between rocking members and good resiliency perfor-
mance is observed, the rocking member draws more and more attention in seismic resistance and vibration reduction researches and
engineering practices. In order to study the response of rocking pier subjected to different pulse-like excitations, the rocking re-
sponse is analyzed based on different simplified excitations. Further, the key parameters are determined and analyzed. The rocking
response results show that when the amplitude of single sinusoidal excitation increases, the free rocking pier is more likely to over-
turn. While, for the symmetric and antisymmetric Ricker function excitations without specified amplitude, as the excitation parame-
ter, namely the size-frequency parameter, increases, the non-dimensional acceleration also increases. For the antisymmetric Ricker
function, there is a flip at a large angle for its rocking response spectrum. It means that, at the initial stage, as the amplitude in-
creases, the excitation frequency may be small instead. The displacement responses of the rocking pier under different seismic exci-
tations are analyzed. Statistically, the difference between the displacements is small for large pier heights. Then, a design method
based on the "equal displacement" rocking spectrum is proposed. Design example is also presented to prove the rationality of the pro-

posed method. Further, it provides theoretical support for the design of such kinds of rocking members.
Key words: bridge engineering; free rocking pier;pulse response; equivalent displacement; collision energy dissipation
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