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Table 1 Measured Dimensions of Test Specimens

No Specimen Isolation h he/h l t bs ts o/t 3
) Bearing | (mm) (mm) (mm) | (mm) | (mm) | (mm) | (mm) ‘
Specimen Group A (A= 0.35)
1 $35-35 — 1033 — 104 224 202 4.87 26 4.87 3.65 | 0.175
535-35-C1 Casel :
- . . . .17
2 353502 Casel 1033 104 224 201 4.82 26 4.82 3.74 | 0.179
3 SC35-35-20-C2 Case?2 1033 0.20 104 224 201 4.77 26 4.77 3.81 0.176
Specimen Group B ()= 0.45)
4 $35-45 — 1328 — 104 224 200 4.79 26 4.79 3.79 | 0.178
5 535-45-C2 Case2 1328 — 104 | 224 200 4.75 26 4.75 3.83 | 0.178
6 SC35-45-30-C2 Case2 1328 0.30 104 224 201 4.54 26 4.54 4.19 | 0.178
Specimen Group C (A=0.35, e=75mm, e/h=0.073)

7 SE35-35 — 1033 — 104 224 202 4.76 26 4.76 3.82 | 0.177
8 SE35-35-C2 Case2 1033 — 104 224 200 4.66 26 4.66 3.98 | 0.177
[ See Fig.1~2, Eqs.(1)~(2) for notation. Flange Width- Thickness Ratio Parameter Ry ~0.33 ]

Cover Rubber
Table 2 Tensile Coupon Test Results of Steels Natural Rubber Lead Plug

Loy | E ] [ Bt [ eat [ ou [ 8ot |

£y Hs |
Specimen : No.1~2 '
382 [ 208 ] 0.183 [ 5.05 [ 1.12 | 574 | 31.0 | 0.275
Specimen : No.3
386 [ 208 [ 0.186 [ 350 | 1.48 | 579 | 29.7 | 0.269
| Specimen : No.4~5

(396 [ 209 | 0.190 | 6.58 | 1.68 | 588 | 29.0 | 0.267
[ Specimen: No.6
(1385 [ 207 | 0.186 | 3.47 | 1.53 | 585 | 32.8 [ 0.273
[ Specimen : No.7~8
(385 [ 208 [ 0.185 [ 418 | 1.50 | 582 | 29.5 | 0.272
Notes:

oy = Yield Stress(MPa)

E = Young’s Modulus(GPa)

ey = Yield Strain(%)

Ey; = Strain-Hardening Modulus(GPa) -

€s¢ = Strain at Onset of Strain-Hardening(%)

ou = Ultimate Tensile Stress(MPa)

51 = Elongation(%)

s = Poisson’s Ratio

Table 3 Compression Test Results of Concrete

Secimen | MPa I (GPa) e |
[ Noe3 I 178 170 | 0185 |
[ Nos& || 237 [ 203 [ 0156 |

fc:Compressing Strength  E:Young's Moduls
uc:Poisson’s Ratio

]
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Table 4 Measured Dimensions and Cross Section Constants of Isolators

Inner Steel Plate

Isolation a hy L;ad I GRubbert 5] 7 ]

: P R R R ip . ip
Bearing (mm) | (mm) (mm?) | (x10°mm?) | (kPa) | (mm) l "R I (mm) | (mm) Tip (mm)
Casel 380 181 7850 1.37 588 11 9 99 3 8 24
Case?2 380 125 4540 1.40 784 11 5 55 3 4 12
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Table 5 Scale Factors in Pseudodynamic Test!®
i S$=8.0

L Quantity ” Dimension | Scale Factor
Length L S
Mass M s3
Time T S
Velocity LT-1 1
Acceleration LT-? 1/8
Force MLT-? S?
Rigidity MT-? S
Damping Coefficient MT-? S?
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Table 6 Performance Test Results of LRB

[(IRB [ Hy (xN) | K3 (kN/mm) | K5 (kN/mm) | K, (kN/mm) | Kp5. (kN/mm) | 35100 (mm) |
[Casel | 335 [ 536 T 0.794 I 350 T 111 I 99 ]
[Casez ||_124 | 5.40 [ 1.89 I 773 [ 2.07 | 55 |
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Table 7 Pseudodynamic Test Results

. Isolation P T Smox,y | Smaxt | Smexp | émp | Hy» Hyt [ 6y. Sys
No. Specimen Bearing P, (sec) 3 13 3, v (kN) (mm)
[ Specimen Group A (1=0.35) ]
1 $35-35 — 0.172 [ 0.785 | 0.0554 — 10.2 3.20 99.8 5.60
2 535-35-C1 Casel 0.172 2.90 0.0664 | 0.0593 1.22 0.051 99.6 6.05
$35-35-C2 Case2 0.172 2.38 0.0864 | 0.0681 3.13 0.389 99.6 6.05
3 SC35-35-20-C2 Case2 0.172 2.38 0.0843 | 0.0681 2.73 -0.121 98.3 6.15
[ Specimen Group B (1=0.45)
4 835-45 — 0.140 1.04 0.0514 — 7.06 1.39 81.7 9.66.
5 535-45-C2 Case2 0.140 217 0.0705 | 0.0457 3.41 0.640 80.9 - 9.68
6 SC35-45-30-C2 Case2 0.140 2.09 0.0552 | 0.0397 212 0.184 75.4 10.5
[ Specimen Group C (1=0.45, e=75mm, ¢/h=0.073) ]
7 SE35-35 - 0.140 | 0.718 | 0.0499 — 10.6 5.92 83.2 4.84
8 SE35-35-C2 Case2 0.139 2.19 0.103 0.0718 6.54 3.28 79.9 4.79
Note: T : Natural Period of Assumed Real Pier (3=8.0)
8max,u : Maximum Response Displacement of Super Structure
Smax,] : Maximum Response Displacement of Isolator
max,P : Maximum Response Displacement of Pier, §p p : Residual Displacement of Pier Top
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Fig.9 Test Result of Specimen $35-35 (Group A,No Iso-
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Fig.10 Test Result of Specimen $35-35-C2 (Group
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A,Concrete filled,Case2 LRB)
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Table 8 Damage Degrees Proposed in Ref.(5)

| Rank | Residual Displacement l

Damage Degree

A, (Collapse) h/100 < 6g

Collapsed

A (Large Damage) h/150 < ég < h/100

Not collapsed, but have lost function. More than two

months are required for restoring.

B (Medium Damage) | h/300 < 6r < h/150

Only emergency vehicles can run. Two weeks ~ two

months are required for restoring.

C (Small Damage) h/1000 < §g < h/300

Several days are required for restoring, or ordinary

vehicles can pass while being repaired.

D (No Damage) Sg < h/1000 Almost no damage
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Fig.19 Comparison between Supply and Demand (JRT)
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PSEUDODYNAMIC TEST FOR STEEL BRIDGE PIERS WITH SEISMIC
ISOLATION BEARING

Tomoaki KINDAICHI, Tsutomu USAMI and Daisuke NAKAJIMA

The purpose of this study is to propose two ways of reducing residual displacements for the
high ductility steel bridge piers after severe earthquakes. The first way is to use a seismic isolation
bearing. The second way is to fill partially in the pier attached to a seismic isolator with concrete.
For this purpose, a new method of pseudodynamic test for steel bridge piers with a seismic isolator
is established. Based on the results of the pseudodynamic tests, they are shown that the seismic
performance of steel bridge piers with a seismic isolator is evaluated, and a rational range of the
natural period to be augmented by the isolator is proposed for practical design.
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