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Fig. 3. a) Dimensions of rubber and steel plates in the experimental study in millimeters [15] b) Abaqus lead rubber bearing
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Table 1. Specifications of the lead rubber bearing
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Table 2. Specifications of shape-memory alloy
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Table 3. Specifications of the elements
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Table 4. Specifications of three shape-memory alloys used

in this study
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Fig. 7. Different parameters in a hysteresis loop
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Table 6. Comparison of LRB models with and without SMA wires

5 -
v (%) Horlzontal Residual . Viscous damping
stiffness deformation (mm) Dissipated energy (J) (%)
kN/mm) ’
50| 100 | 150 50 100 | 150 50 100 150 50 | 100 | 150
Case
WithSMA |3.1|1.92|1.55| 879 |11.5|12.3{1503.2|3308.1|5080.2| 25.1 |22.4|18.9
Without SMA|1.2|0.97 | 0.83 | 17.38 | 26.3 | 26.3 | 993.5 |2037.1|3054.9| 41.4 | 27.1 | 21.2
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Fig. 9. Hysteresis curves for different base isolation dimensions
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Table 7. Effect of base isolation dimensions on its performance

Horizontal stiffness Residual Viscous dampin
v (%) deformation | Dissipated energy (J) ping
(kN/mm) (%)
(mm)
Case 50 100 | 150 | 50 |100|150| 50 100 150 50 | 100 | 150
11.]12.
D-200 |3.10| 1.92 |1.55|8.79 5 | 3 1503.2(3308.1{5080.2| 25.2 | 22.4 | 18.9
D-250 |[3.42| 2.24 |1.87|6.41|7.4(7.7|1513.9|3312.6|5057.4|23.1|19.2| 155
D-300 [3.81| 2.63 |2.27|4.30|5.2|5.5|1529.5|3300.3|5033.9|20.9|16.3|12.8
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Fig. 10. Hysteresis curves for different SMA wire diameters
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Table 8. Effect of SMA wire diameters on the performance of base isolation

v (%) | Horizontal stiffness

Residual deformation

Dissipated energy (J) Viscous damping (%)

(kN/mm) (mm)
Case 50 100 150 50 100 150 50 100 150 50 100 150
dSMA-2.5 1.68 | 1.20 | 0.98 14.93 22.6 22.49 | 11049 | 2314.8 | 3513.7 | 34.1 | 249 | 205

dSMA-5 3.10 | 192 | 1.55 8.79 115 12.32 | 1503.2 | 3308.1 | 5080.2 | 25.2 | 22.4 | 18.9
dSMA-8 6.58 | 3.67 | 2.96 0.74 0.5 0.54 2315.2 | 5426.5 | 8376 183 | 19.2 | 16.3
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Fig. 11. Hysteresis curves for different lead core diameters
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Table 9. Effect of lead core diameters on the performance of base isolation

5 ;
- Horizontal dex::::silon Dissipated energy (J) Viscous damping
stiffness (kN/mm) P &Y (%)

(mm)

Case\| 50 100 | 150 | 50 | 100 | 150 50 100 150 50 100 | 150
r-20 [ 3.10| 1.92 |1.55| 8.8 |11.5|12.32|1503.22| 3308.14 |5080.22| 25.16 {22.36(18.91
r-35 (4.39| 2.74 12.09|16.7|33.4|47.13| 3323.1 | 7525.23 |{11419.8| 39.31 {35.64(31.41
r-50 [ 6.35| 4.04 |{2.95(17.4|34.9|52.37| 6084.7 |14015.04|21140.5| 49.75 [45.09(41.40

200 : : r .

LRB (r lead 50) 5 5 5

150 1 4eees LRB-SMA (r lead 50)(r SMA 2.5) |~ o S aaat N

100 |f------- oeeees ST boemonos T U S S—

50 f--o- i P SRR SR b S

2 ;

30

S

u-_so ____________________ d bommmo -

ST T SRS SUN SRR S S—— S N E—

—

-200 : : : : :

200 -150  -100 50 0 50 100 150 200

Strain(%)

Fosleo 8 SMA 515 5 yonlio Vov (o jow a8 b (oS 5 jLulizr 9 LRB jLular (s § piumds 510903 AT S0
Fig. 12. Hysteresis curves for LRB and LRB-SMA with lead core diameter of 100 mm and SMA wire diameter of 5 mm
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Table 10. Comparison of the performance of LRB and LRB-SMA with lead core diameter of 100 mm and SMA wire diameter

of 5 mm
v (%) | Horizontal stiffness Residual .. . N
(kN/mm) deformation (mm) Dissipated energy (J) Viscous damping (%)
50 100 150 50 100 150 50 100 150 50 100 150

Case
LRB (r lead 50) 6.36 | 404 | 295 | 17.4 | 349 | 52.4 | 6084.7 | 14015.1 | 21140.5 | 49.7 | 45.1 | 41.4
LRB-SMA( r lead

50)(r SMA 2.5)

6.36 | 404 | 295 | 17.4 | 349 | 52.4 | 6084.7 | 14015.1 | 21140.5 | 49.7 | 45.1 | 414
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Fig. 13. Hysteresis curves for LRB and LRB-SMA with lead core diameter of 100 mm and SMA wire diameters of 5 and 8 mm
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Table 11. Comparison of the performance of LRB and LRB-SMA with lead core diameter of 100 mm and SMA wire diameters
of 5and 8 mm

v (%) Horizontal stiffness Residual L . PN
(kN/mm) deformation (mm) Dissipated energy (J) Viscous damping (%)
Case 50 | 100 | 150 | 50 | 100 | 150 | 50 100 150 50 | 100 | 150
LRB-SMA(rlead 50) | o0 | 404 | 205 | 17.4 | 349 | 524 | 6084.7 | 14015.1 | 211405 | 497 | 45.1 | 41.4
(r SMA 2.5)
(LfSBJAMg( rleads0) | 1615 | 592 | 436 | 1623 | 33.3 | 473 | 6938.4 | 162609 | 244555 | 356 | 35.7 | 32.4
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Fig. 14. Hysteresis curves for different SMA types
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Table 12. Effect of SMA types on the performance of base isolation

v (%)| Horizontal stiffness |Residual deformation Dissipated energy () Viscous damping
(kN/mm) (mm) i &Y (%)
Case 50 100 | 150 | 50 | 100 150 50 100 150 | 50 | 100 | 150
SMA-1 3.10 | 192 |155|8.79| 11.5 | 12.32 | 1503.2 {3308.1|5080.2| 25.2 | 22.4 | 18.9
SMA-2 2.36 | 2.30 |2.51|13.03| 16 16.37 | 1306.4 | 2492 (3525.1|28.6| 14 | 8.1
SMA-3 | 2.45 | 3.05 |3.44| 12 | 13.4 | 13.94 | 1335.5 |2486.5/3520.6| 28.3 | 10.6 | 5.9
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Fig. 15. Hysteresis curves of hybrid base isolation with 7, 8, 9 and 11 rubber layers
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Table 13. Effect of number of rubber layers on the performance of hybrid base isolation

HS?[;:::::I Residual Dissipated energy | Viscous damping
v (%) deformation (mm) () (%)
(kN/mm)
Case 50 | 100 |150| 50 | 100 50 100 150 | 50 | 100 | 150

Nr-7 3.10 |1.92|1.55|8.79 | 11.5

12.32 |1503.2|3308.1|5080.2 | 25.2 | 22.4|18.9

Nr-8 2.82 |1.71]|1.66| 6.57 | 8.9

1737.3|3787.3|5577.4]| 24.5 | 21.2 | 14.8

Nr-9 2.48 |1.53|1.75|7.96 | 10.4

11.65 |1960.7|4300.4|6077.6| 24.8 | 22 |12.1

Nr-11 190 |1.21|1.82|17.9|20.6

2375.8|5427.4|7412.3| 26.2 | 23.5| 9.5
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Fig. 16. Hysteresis curves of hybrid base isolation for different rubber layer thicknesses with a constant base isolation height
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Table 14. Effect of rubber layer thickness on the performance of hybrid base isolation

o Horizontal Residual . .
v (%) stiffness deformation Dissipated energy (J) V|scou?;;\mp|ng
Case (kN/mm) (mm) °
50 | 100 | 150 | 50 | 100 | 150 50 100 150 50 | 100 | 150
hr-5 3.101.92|1.55|8.79|11.5|12.32 | 1503.2 | 3308.1 | 5080.2 | 25.2 | 22.4 | 18.9
hr-4.08 3.29|2.07|1.59|7.77110.5|11.17 | 1362.3 | 3097.8 | 4797.2 | 24.6 | 22.2 | 19.9
hr-3.3 3.58(221|1.70|7.17| 10 |10.52| 1235 |2839.7|4415.4|23.7|22.1|19.8
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Fig. 17. Hysteresis curves of base isolation for different axial stress
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