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Abstract: Due to the complex terrain and landform, the seismic performance of irregular bridges with
different pier heights is strongly influenced by bearing parameters. This study focused on a medium-
span continuous girder bridge with double-column bent piers as substructures. Four types of regular
and irregular bridges with different geometric characteristics were constructed by setting different pier
height combinations. A total of 160 continuous girder bridges with different isolation parameters were
established by changing the yield strength and pre-yield stiffness of the lead rubber bearings (LRBs),
while keeping the ratios of pre-yield stiffness and post-yield stiffness unchanged. Then, nonlinear dy-
namic analysis models of the bridges were established using the OpenSees earthquake analysis plat-

form. Through extensive nonlinear dynamic time history analysis, the shear strain of the bearings, dis-
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placement ductility coefficient of the bridge piers, and the bending moment and shear demand of both
regular and irregular bridges under different seismic isolation parameters were investigated. The re-
sults showed that the differences in shear and bending moment demands among piers in irregular bridg-
es with inconsistent pier heights were significantly greater than those in regular bridges. Within a cer-
tain range of pier height variation, the ratio of maximum to minimum bending moments in irregular
bridges was approximately twice that in regular bridges, and the shear ratio was about 1.1 times that in
regular bridges. The greater the difference in pier heights, the more sensitive the seismic response of
the bearings and piers in irregular bridges became to isolation parameters. Proper selection of the yield
strength and pre-yield stiffness of LRBs was an effective way to improve the seismic performance of ir-
regular bridges. When the ratio of bearing-to-pier yield strength, as well as the ratio of bearing-to-pier
pre-yield stiffness to the maximum stiffness corresponding to the bridge's equivalent period of 1.5s
were in the range of 40%~50% , the structural force could be optimized while fully utilizing the seis-
mic performance of the bearings and ensuring pier safety. The findings can provide references for both
the design and performance evaluation of bridges with LRB seismic isolation.

Keywords: bridge engineering; irregular bridges; lead rubber bearing; nonlinear time history analysis;

seismic isolation parameters

0 35

[l

TR VY R Hb X A7 1 X I A B ), 22 38 2R T
H AR o5 AH S K L B B A A A A A R AN 46
fe B 2, e i e 2R XF L b 5 e 1V 5 e 33X 2R A
SRR R A B IUATR SV S X T 2 5 W A
Bz, MR ST B, X b AR A B PR A e A R
S48 ELAT AR v 0 = B 401 H b A W A AL AR 1)
W EE 43 A3 AN 1757 1) Al R0 000 A S8 0 7% () R 28 1R,
DO RE T A AR R B T30 25 7 K, 40 S BCRR{K
e 7B T 37 A8 AN T AR A 1~2 A
M B4 22 7 E R AR AR R R R W DL K
Waimakariri Motorway # 52 il 1& wf il 52 i Hh 180 5 34
B R 22 5 B3, E Darfield Mo 52 & 5= 45 T 9
B SEE . B, R AR R A B oY —
JER- 0 OE

H T, 3 A8 G 2 35 © 7E JE R0 A B2 0 R
BLER AR AT P -2 F A B FH A 09 5% e F
GE R T B VAL R B vk AR
T T4 22 1 AR o AR 4 TR BE 0 A 22 40 AR 1k R
55 75 1, M. G. Ishac %5"ffF 78 I\ Ay i 45 24 3t i
T SR TC 737 23 R0 -0 o 4 T =R DA AL AR 1k
A AL D0 A7 % b, 7R W 1 1 43 A 5 R 156 AR A DAL 7R R
AT A B T AT LLE A R Y AR RN S
JAE %) DO R ke i < A R D A 2k 1 P A O 5 K S

808

SRV T AR B 4 S GR AT W Sl BRI B AR 2 )
e T BT Y U B B X LR PR RE S . B
s SR S SO AR 9 T S I A G R R B
ZEPUREPERERZ WA, A AR AL SR FH Al XA e S A8 B
15 3l 3 JAE T LAAG 2000803 AR B0 ) % 252 R AT 1Y) b 72 I
VL5 B e S5 IO kB E BIORE 1) W BL X o 2k
B 1] 0 D0 2 R VR R, 5 BB ) B L A
R, RO e A s AR R A R 0 A 2
{ufr 245 S5 A 208 T A RE X457 A% R AlE 48 A2 A ],
HH A 3% R R AT LA R M e /0 B DU AT G i 4 4%
SE WA F . NI ISR E N A F
R IE M TR A B T SO (B AT
ARAE) ok I R e Al M AT B AR ok s R AL
UM G2 09 052 M RE |, R A 0] B 7= 1 22 U8 PR R R T
WF I8 R 22 2 B X M AR e S A8 LA K 3% 8y S8 T i
B R )3z W4T AR 3 JE (lead rubber bearing,
LRB) P& BHUR A RAN A AL

PR R ARAE N S A YRR I R T
Be fEMr vl ) iz e 3R i e P R
B TS A R RN Y 81120 LN R LR N N ]
PR SRR SRR R
I Sz v A SRS TR R L U 1 B R RN A RiE
RE 77, 72 H BT 5 R )1z 0 B R S8, 1A 3l
FHT SR g i b R SOR & 2 T
40 S B b 7R A AR 56, A0 1987 AF B P % 3T B
MR Te Teko #2010 4F % F] ) T 1% 3 b 7% 14



Marga-Marga #;'*" | UK & 9 Thjorsa #F fil Oseyrar
B2 2013 45 o L R A L BN R BE BT
BRI B DR R BRI R R PR 4R
HYAR 2R, & IR KL LRB B 7= Ak 22 Bt e M RE i R Bk
e, © A M O Ok R B B SO B R
1 5 A0 B AR R 3R THZ M A B PR RE L T A
il 45 45 LRB B 5 Z 200 AR AT 52 A9 I L DU | fulf 4533
PpI) 52 3 L A0 T 8 SR B 4 vh A 5, OF Bk =
B 7 2 RO A0 1 B AL 2B

BT, LUR 4l b O gt R 00 3CHE 2R B
(5X30) m ML B2 R WF IR R, 2 38 AR Y
o A ARG T 4 28 HAT AN TR 45 R R A L0 A
AR AL DU AT 5, kA S e e i 5 R JeE AR T O R e
SET 160 AN [ B 72 2 B o SRR AL . B 10 20
M7= B e ST e AR LM 3 g AR 43 A, 5 A TR B
T S HUT SO BT AR W AL B A 1 AR R 2
BY 55 2K, 1R E A B BR AR S E0E [ 2k
FLU i 2 Ay R DU RR PR BE

1 HEHTRER M E 3h Y E B
11 IEE=

PL—J8E (52X 30) m 93 b 7 3% 22 B2 A% o T RE 1 5%
BEATORSE , BB A 5 RS T 3%, R # 4 Ry 28
BT T RE PRV R RO SCHE AR T
1T R V8T 4 285 AN [R]85 L ) 0 ) R = e )
I, 3 T0F 00, M B g 55 St ms A ' L3 1.
Hor, B 28 BML 1A BM. 2, JE #L0E =
BM.3 fI BM.4,BM.1 N %5 8l i i &, 53 33 B e
(12 m) A9 m) A6 m)3FF T4 ,BM.2
XFRRAR E o R RS b AR RS R
AR B R O FR A B 3 R T, BML3 R B
3THICE AL 25 S0, A R 3T Th AR B
S Al Y53Ay 6 L 3Ty v M B LA SO R 3T
o B R A R v AR 3 Rl T4 . BML4 IR T B
I (U8 ) v e O U GE 1 . (EASE R,
b AU ) W YO 2 TR BT U A R T e R ) R B
T HA AR B8 ) 8K, 8 H T B AR E A R
R AR YA BT & 45 S P I BT RB PE RE  BOA SO
A 2 R B m MR A B R AR
GEA R BS54 4 SR CH0 TR BE 1+ A C30 IR BE 1,
LA R H HRB335, #r 22 iir 76 & s 25 1) 2 11 2, K
R T b 7R Bl {E N B 0.4

S
o
| —1
T
O
x
o HE ]

14k 2t 3 474

(a) BM.1
0's H, H H, H, X o)
18 471
2" 3"
(b) BM.2

=
haj & i
£ [———m
=
O
e
o
& —m
e
< ||
o

174 2 471
3
(c) BM.3
& HH1 H. H; HI'L ]
18 4
2%
3
(d) BM.4

1 R Br ALA B 2 A
Fig.1 Schematic diagrams of different bridge layouts
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Table 1 Bridge number and pier height layout

I /m
RS 1B 2 3 4y H/H Hy/H,
(H) (H) (H) (H)

BM.1 1 6 6 6 6 1.0 1.0
BM.1 2 9 9 9 9 1.0 1.0
BM.1 3 12 12 12 12 1.0 1.0
BM.2 1 6 9 9 6 1.5 1.5
BM.2 2 6 12 12 6 2.0 2.0
BM.2_3 9 12 12 9 1.3 1.3
BM.3_1 6 6 9 6 1.0 1.5
BM.3_2 6 6 12 6 1.0 2.0
BM.3_3 9 9 12 9 1.0 1.3
BM.4 1 6 9 12 6 1.5 2.0
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Table 2 Characteristics of bridge bearings

5% A 57 B B 5 4b 52 8
(Y4Q670% 232) (Y4Q620% 229)
Ky /(kKNem ') 8 600 7100
K,/ (kKNem ) 1300 1100
F,/kN 162 142
Qu/kN 137.51 120
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Fig.2 Schematic diagram of finite element model of entire

bridge (taking BM.2 as an example)
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yield strength ratio (¢r)
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Table 3 Stiffness ratios (&) and normalized parameters (£,) of bridges under different conditions
i gy B 302 SR L 40% S L 50%
FI/s WIS H-S8o/ % /s BERE H-S8G/% /s MERE H-SHG/%

1.50 1.40 100.00 1.50 1.28 100.00 1.50 1.18 100.00
BM.1 1 1.89 0.78 55.56 1.82 0.78 60.61 1.75 0.78 65.79
. 2.50 0.39 27.78 2.50 0.34 26.79 2.50 0.30 25.33
3.00 0.25 17.56 3.00 0.21 16.55 3.00 0.18 15.46
1.50 5.63 100.00 1.50 5.16 100.00 1.50 4.69 100.00
2.03 2.35 41.67 1.95 2.35 45.45 1.89 2.35 50.00
BM.1.2 2.50 1.34 23.75 2.50 1.20 23.18 2.50 1.07 22.75
3.00 0.84 14.88 3.00 0.73 14.18 3.00 0.64 13.65
1.50 8.95 100.00 1.50 8.29 100.00 1.50 7.46 100.00
BM1 3 2.07 3.31 37.04 1.99 3.31 40.00 1.92 3.31 44.44
. 2.50 1.94 21.67 2.50 1.69 20.40 2.50 1.49 20.00
3.00 1.19 13.26 3.00 1.01 12.20 3.00 0.87 11.73
1.50 2.34 100.00 1.50 2.16 100.00 1.50 1.98 100.00
BM.2 1 1.95 1.17 50.00 1.88 1.17 54.05 1.81 1.17 58.82
. 2.50 0.62 26.50 2.50 0.55 25.41 2.50 0.48 24.41
3.00 0.39 16.75 3.00 0.34 15.68 3.00 0.29 14.71
1.50 2.64 100.00 1.50 2.43 100.00 1.50 2.22 100.00
1.97 1.26 47.62 1.89 1.26 51.81 1.82 1.26 56.82
BM.2.2 2.50 0.67 25.24 2.50 0.59 24.09 2.50 0.51 23.01
3.00 0.42 15.71 3.00 0.36 14.66 3.00 0.31 13.81
1.50 6.87 100.00 1.50 6.32 100.00 1.50 5.77 100.00
BM.2 3 2.04 2.75 40.00 1.96 2.75 43.48 1.90 2.75 47.62
. 2.50 1.58 23.00 2.50 1.39 21.96 2.50 1.21 21.05
3.00 0.97 14.12 3.00 0.84 13.22 3.00 0.73 12.57
1.50 1.75 100.00 1.50 1.61 100.00 1.50 1.49 100.00
BM3 1 1.92 0.93 53.48 1.84 0.93 57.80 1.78 0.93 62.50
. 2.50 0.48 27.54 2.50 0.42 26.01 2.50 0.37 25.00
3.00 0.30 17.38 3.00 0.26 16.18 3.00 0.22 15.00
1.50 1.83 100.00 1.50 1.69 100.00 1.50 1.56 100.00
1.92 0.96 52.63 1.85 0.96 56.82 1.78 0.96 61.73
BM.3.2 2.50 0.49 26.84 2.50 0.43 25.57 2.50 0.38 24.38
3.00 0.31 16.95 3.00 0.26 15.63 3.00 0.23 14.63
1.50 6.15 100.00 1.50 5.72 100.00 1.50 5.19 100.00
BM 3 3 2.03 2.53 41.15 1.96 2.93 44.25 1.89 2.53 48.78
. 2.50 1.44 23.46 2.50 1.28 22.35 2.50 1.14 21.95
3.00 0.90 14.61 3.00 0.78 13.67 3.00 0.68 13.02
1.50 2.78 100.00 1.50 2.58 100.00 1.50 2.38 100.00
BMA 1 1.98 1.32 47.62 1.90 1.32 51.28 1.84 1.32 55.56
. 2.50 0.72 25.95 2.50 0.63 24.62 2.50 0.56 23.61
3.00 0.45 16.19 3.00 0.39 15.13 3.00 0.34 14.22
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