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Displacement-based Seismic Design Method for Medium Span
Bridges with Seismic Isolation

SHI Yan', WANG Dong-sheng®, SUN Zhi-guo®

(1. School of Civil Engineering, Lanzhou University of Technology, Lanzhou 730050, Gansu, China;
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Abstract: In order to provide references for design of new bridges and the retrofitting of the
existing ones with isolated bearings, a displacement-based seismic design method for medium
span highway bridges was developed based on seismic design code and technical standard of
isolated bearings in China. The design method provided references for choosing appropriate size
of isolated bearings and estimating the design target displacement, and the displacement
distribution method of pier-bearing system was carried out according to mechanics characteristic
of system in series. The yield of pier was allowed in the design, but no repair was needed after
ground motions through the control of damage degree. Also, the design required test the safety
of bearings. Taking 36 continuous beam bridges with different configurations and different span
lengths for examples, the feasibility was verified through dynamic time-history analysis. The
results show that the proposed method can predict displacement requirement of girder better and
is easy to master the performances of bearings and piers. The method is also suitable for irregular
bridges, which can judge the lateral displacement deformation mode of girder through lateral

displacement variation coefficient.
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Fig.1 Deformations and Mechanical Properties of Piers and Bearings in Longitudinal Direction of Bridge
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Tab.1 Parameters of Bridges with Different Spans s OpenSees
(m) , )
20 30 10 Newmark-3 0
Ag/m? 4.43 6. 10 6. 26 - - -
I,y /m? 1.17 3.06 5.05 )
I,/m* 33.63 66. 79 76. 81 . .
/kN 3 357 6 894 9 338 0.8%, )
/m L4CL5) | 157 | 1.7(1.8) Concrete04
/% 0.8(0.8) | 0.8(0.8) | 0.8(0.8) s Filippou
/1073 m™! | 2.57(2.43) | 2.41(2.11) | 2.09(1. 98) Karsan-Jirsa ; Steel02 )
/(10° kN » m) |3.96(4.88) |5.67(7.62) [8.77(10.14) - Giuffre-Menegotto-Pinto ,

L>=10 m B o
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Tab. 2 Distributions of Pier Heights and Numbers of Bridges 2 3 ,
/m PGA 0.4g
17 2% 37 ; "
BR. SP-01 3(4) 3(4) 3(4) PGA.,
BR. SP-02 6(8) 6(8) 6(8) 10% (
BR. SP-03 9(12) 9(12) 9(12) 9(12) 9.5%N26%> 6 . 6
BR. SP-04 12(16) 12(16) 12(16) 12(16)
BR. SP-05 3(4) 6(8) 6(8) '
BR. SP-06 3(4) 6(8) 12(16) ' ’
BR. SP-07 34 9(12) 12(16) ’ 30 m
BR. SP-08 3(4) 6(8) 9(12) 12(16) ’ 35 0
BR. SP-09 6(8) 3(4) 3(4) 9(12) A N
BR. SP-10 9(12) 34 6(8) 9(12) ’ 6,7
BR. SP-11 9(12) 6(8) 9(12) 12(16) ° 5
BR. SP-12 12(16) 6(8) 9(12) 12(16) ’
SP BR. SP-01 BR. 20-01,BR. ( 13 %) ’
30-01,BR. 40-01; 20,30 m o 6
s 40 m o ’
3
Tab.3 Mechanical Properties of Bearings for Bridges
20 m 30 m 40 m
Y4Q420X169 Y4Q520X177 Y4Q620X229 Y4Q670 X232 Y4Q620X229 Y4Q770X272
Kpi /(KN +m™1) 4 600 6 500 7 100 8 600 7 100 12 200
Kp /(KN e m™1) 700 1 000 1 100 1 300 1 100 1 900
Fp/kN 61 96 142 162 142 216
F'/kN 1 000 2 000 2 700 3 200 2 700 4 300
:KpisKpe o Fy F .
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4 [26] 1.0g 1
Tab.4 Records of Ground Motions in Reference [ 26 ] 0.5¢ : —— BRi# (A8 t 4H10%)
’ == == PG )
PGA _ F e, e T (BB )
i 0.6g |
CHIo12* 0.27g B
Imperial Valley 6621 Chihuahua B 0.4g
CHI282 0.25¢
SVL270* | 0.21g 0.2g
Loma Prieta 1695 Sunnyvale-C-A .
SVL360 0.21g 0 - - " . . .
1 2 3 4 5 6
HCHO090* | 0.25¢ ,
Loma Prieta | 1028 Hollister City Hall s
HCHI80 | 0.22g
. . YER270* | 0.25g 6
Landers 22074 Y-Fire Station YER360 0.15¢ Fig. 6 Design Spectrum and Mean Spectrums
GLP177* 0.36g of Ground Motions
Northridge 90063 G-Las Palmas
GLP267 | 0.21g 5 30m
FAR000* 0.27¢ Tab.5 Comparison Between Time-history Analysis Results
Northridge | 90016 LA-N Faring Rd FAR090 0.24g and Design Results for Bridges with 30 m Length Spans
STN020* 0.47g ) . , )
Northridge 90091LA-Saturn St Te/s Lt/ Y0 Dq/m , Dg, /Dy
STN110 0.44g Dp:/m
NS* 0.20g BR. 30-01 1. 49 25.3 0.115 0.115 1. 00
ChiChi TCU042
EW 0.24g BR. 30-02 1. 56 23.3 0.120 0.120 1. 00
NS* 0.16g BR. 30-03 1.74 18. 8 0. 145 0.129 0. 89
ChiChi TCU107
EW 0.12¢g BR. 30-04 1.87 16. 3 0.160 0. 140 0. 87
NS* 0.21g BR. 30-05 1.52 24.4 0.115 0.117 1.02
ChiChi CHY036
EwW 0.29g BR. 30-06 1.62 21.3 0.130 0.123 0.95
s % N BR. 30-07 1.63 20. 6 0.130 0.125 0.96
12.1% CcV 10%, BR. 30-08 1.66 20. 2 0.135 0.127 0.94
s ( . BR. 30-09 1.56 22.9 0.120 0.120 1. 00
), BR. 30-10 1.63 21.1 0.130 0.124 0.95
— C C
. 7 BR. 30-08 SVL.270 SVL360 BR. 30-11 1.72 18.9 0. 140 0.130 0.93
BR.30-12 | 1.75 18.2 | 0.145 | 0.133 0.92
6 30m

Tab. 6 Comparison Between Time-history Analysis Results and Bearing Design Results for Bridges with 30 m Length Spans

/m /m Dyis D2 Dy Dy

D, Dy.» Dy.s D D Dy.o Dy.s Dy Dy Dy Dy.s Dy

BR. 30-01 0.112 0.112 0.112 0.112 0.115 0.115 0.115 0.115 1.02 1.02 1.02 1.02
BR. 30-02 0. 100 0.100 0. 100 0. 100 0.115 0.115 0.115 0.115 1.15 1.16 1.15 1. 15
BR. 30-03 0.082 0.082 0.082 0.082 0.112 0.112 0.112 0.112 1. 36 1.37 1. 36 1. 36
BR. 30-04 0. 069 0. 069 0. 069 0. 069 0.110 0.110 0.110 0.109 1.59 1.59 1.59 1.58
BR. 30-05 0.112 0.095 0.095 0.112 0.117 0.113 0.113 0.117 1.04 1.19 1.19 1. 04
BR. 30-06 0.127 0.109 0. 050 0.109 0.123 0.119 0.098 0.119 0.97 1. 09 1.98 1.09
BR. 30-07 0.127 0.071 0. 050 0.127 0.124 0.109 0. 099 0.124 0.98 1.54 2.01 0.98
BR. 30-08 0.132 0.113 0.075 0.053 0.126 0.122 0.110 0.097 0.96 1.08 1.47 1. 84
BR. 30-09 0. 100 0.117 0.117 0.063 0.115 0.119 0.119 0.103 1.16 1.02 1.02 1.63
BR. 30-10 0.071 0.127 0.109 0.071 0.108 0.123 0.119 0.107 1.52 0.97 1.10 1.51
BR. 30-11 0.078 0.118 0.078 0. 056 0.113 0.125 0.112 0.099 1. 44 1. 06 1.43 1.77
BR. 30-12 0. 059 0.122 0.082 0. 059 0.106 0.128 0.114 0.101 1.78 1. 04 1. 39 1.70

: Dy i B
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Tab.7 Comparison Between Time-history Analysis Results and Pier Design Results for Bridges with 30 m Length Spans
/m /m Dri | Drz | Dews | De
Dy Dy Dy.s Dyt Dy Dy Dy Divs De.. Deo | Drs | Dea
BR. 30-01 0.003 0.003 0.003 0.003 0.001 0.001 0.001 0.001 0.25 0.25 0.25 0. 26
BR. 30-02 0. 020 0.020 0.020 0.020 0. 006 0. 005 0. 006 0.006 0. 27 0. 27 0.27 0.28
BR. 30-03 0.063 0.063 0.063 0.063 0.024 0.024 0.025 0.025 0. 39 0.38 0.39 0.39
BR. 30-04 0.091 0.091 0.091 0.091 0.038 0. 037 0.038 0. 039 0.41 0.41 0.42 0.43
BR. 30-05 0.003 0.020 0.020 0.003 0.001 0.005 0. 006 0.001 0.25 0.27 0. 28 0.25
BR. 30-06 0.003 0.021 0. 080 0.021 0.001 0. 006 0.035 0. 005 0.24 0. 26 0. 44 0.24
BR. 30-07 0.003 0. 059 0. 080 0.003 0.001 0.024 0.035 0.001 0.24 0. 40 0. 44 0.21
BR. 30-08 0.003 0.022 0. 060 0.082 0.001 0.006 0.025 0.041 0.24 0. 26 0.41 0. 50
BR. 30-09 0. 020 0.003 0.003 0.057 0. 006 0.001 0.001 0.024 0.27 0.24 0.24 0.42
BR. 30-10 0. 059 0.003 0.021 0. 059 0.023 0. 001 0. 006 0.024 0. 40 0.22 0. 28 0.41
BR. 30-11 0.062 0.022 0.062 0.084 0.025 0.006 0.025 0.043 0.40 0. 26 0.41 0.51
BR. 30-12 0. 086 0.023 0.063 0. 086 0.036 0. 006 0.026 0. 044 0.42 0. 26 0.41 0.51
: Dpy.; i o
8 30m
Tab.8 Transverse Displacements and Coefficients of Variation for Bridges with 30 m Length Spans
/mm
Dy/mm cvV /%
Dgrio Dyt Dgri.2 Dgpris Dgri.4 Dgres
BR. 30-01 115 87(81) 96(90) 103(97) 103(97) 96(90) 87(81) 10. 5¢10. 9)
BR. 30-02 120 88(83) 98(93) 105(99) 105(99) 98(93) 89(83) 10.5(11. D)
BR. 30-03 145 96(88) 108(98) 116(104) 116(104) 108(98) 96(89) 10.6(9.5)
BR. 30-04 160 102(91) 115(102) 123(109) 123(109) 115(103) 103(92) 11.1(10)
BR. 30-05 115 88(82) 97(92) 104(98) 104(98) 97(92) 88(82) 10.9¢10. 7
BR. 30-06 130 88(84) 100(94) 109(101) 110(102) 103(97) 93(88) 11.7(10. &)
BR. 30-07 130 91(86) 103(95) 111(102) 112(103) 104C97) 93(87) 11.6(10. 6)
BR. 30-08 135 85(81) 99(92) 110(101) 114(104) 111(102) 104(97) 14.9(14. 2)
BR. 30-09 120 86(81) 97(92) 105(98) 107(99) 101(94) 93(87) 11.3(11. 2)
BR. 30-10 130 91(86) 101(95) 109(101) 109(101) 102(95) 92(87) 10. 5(10)
BR. 30-11 140 91(85) 105(95) 114(103) 117(106) 111(102) 102(95) 11.9(11. D
BR. 30-12 145 95(87) 108(98) 116(105) 118(106) 112(102) 101(94) 10.9(10. 5)
: Dyt H . .
0.15 e OB 20% ., D, >0.2D,),
H ’
é s s o
E , ,
= ,
, C
- 8 12 6 20 ’
IH /s ) CvV .
7 (BR. 30-08) s
Fig.7 Transverse Displacement Time-history . .

Curves of Beam (BR. 30-08)
, 7 (
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