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Table 1
Recorded ground motions considered for the study.

Record Event Year Magnitude Station Orientation PGA(g) Distance-to-fault (km)
1 Elcentro 1940 7.0 117 El Centro Array #9 IMPVALL/I-ELC180 0.313 83
2 Kobe 1995 6.9 0 KMA KIM000 0.821 06
3 Northridge 1994 6.7 24278 Castaic-0ld Ridge Route ORR090 0.568 226
4 San Fernando 1971 6.6 24278 Castaic-0ld Ridge Route ORRO21 0324 249
5 Loma Prieta 1989 6.9 57007 Corralitos (L5000 0.644 5.1
1
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Table 2
Dynamic characteristics of the bridge.

Mode Period (s) Mass participation factor (%) Direction of mode shape

1.64 67 Trans.
1.28 65 Long.
0.23 7.1 Trans.

[= S, RN SOV N

0.22 6.4 Long.
0.19 7.6 Long.
0.06 4.1 Trans.
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Table 3
Optimal design parameters of protection devices for MCE loading condition.

Direction Protection devices Bearing displacement (m) Initial stiffness (kN/m) Length (m) Yield force (kN) Slack (m)
Long. SMA 0.042 145758 0.220 481 0.006
Long. Steel restrainer 0.042 190000 2.1 800 0.006
Long. Yielding stopper 0.042 180000 - 1500 0.014
Trans. SMA 0.042 52407 0.360 283 0.006
Trans. Steel restrainer 0.042 106970 1.32 283 0.006
Trans. Yielding stopper 0.042 56784 - 650 0.014
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Table 4
Seismic response of the bridge along longitudinal direction for MCE.

Protection device Bearing displ. Pier displ. Pier shear force Pier bending moment Abutment shear force Energy dissipated
(m) (m) (kN) (kN'm) (kN) (kN m)

No protection 0.125 0.025 5704 111666 2182 0

Rigid stopper 0.042 0.014 4732 77453 31269 0

Yielding stopper 0.042 0.024 6579 121605 6238 2512

SMA 0.042 0.027 7341 134364 8333 2750

Steel restrainer 0.042 0.028 7337 136650 5811 2624

*4

Table 5
Seismic response of the bridge along longitudinal direction for DBE.
Protection device Bearing displ. Pier displ. Pier shear force Pier bending moment Abutment shear force Energy dissipated
(m) (m) (kN) (kN m) (kN) (kN m)
No protection 0.062 0.012 2852 55833 1001 0
Rigid stopper 0.042 0.009 2598 45632 13430 0
Yielding stopper 0.028 0.013 3960 71186 5088 483
SMA 0.022 0.015 4096 74939 3661 700
Steel restrainer 0.018 0.011 3486 60337 3589 593

5
2 6 FR T 43 H 7R HTEMCE 5 DBE S Aar 5% 140 R £ 3 56 5 7 T 14 522 10 2
A R o) 25 PR AR O PR RELE A 1] 7 ) BN AngE g ) Jy 1] b o 3l T AR A M 7E A
)7 ] AR R S . AR MRt SMA PRI HIUE DS . 5 SO R FIMR 1
(R BT, a9 R o) 85 AR S P R A 4

2134 0 4L 138 T



Table 6
Seismic response of the bridge along transverse direction for MCE.

Protection device Bearing displ. Pier displ. Pier shear force Pier bending moment Abutment shear force Energy dissipated
(m) (m) (kN) (kN m) (kN) (kN'm)

No protection 0.128 0.055 5995 163843 1643 0

Rigid stopper 0.042 0.075 7531 220135 5497 0

Yielding stopper 0.042 0.068 7268 206189 2445 729

SMA 0.042 0.073 7766 214613 2562 1400

Steel restrainer 0.042 0.068 7288 203260 2283 1295

*6

Table 7
Seismic response of the bridge along transverse direction for DBE.
Protection device Bearing displ. Pier displ. Pier shear force Pier bending moment Abutment shear force Energy dissipated
(m) (m) (kN) (kN'm) (kN) (kN m)
No protection 0.064 0.028 2997 81922 821 0
Rigid stopper 0.042 0.035 3595 102261 2140 0
Yielding stopper 0.023 0.037 3665 109072 1470 63
SMA 0.018 0.035 3766 104376 1263 300
Steel restrainer 0.015 0.035 3699 103865 1332 202
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