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Development of U-shaped Steel Damper For Seismic | solation System
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Abstract

Seismic isolation system was widely admitted after Hanshin-Awaji (Kobe) Earthquakein Japan. It
has been adopted in important buildingsthat become a disaster prevention base after earthquakes such
as public office buildings and fire stationsincluding a private building a lot. In this paper, the authors
easily describe the feature of U-shaped steel damper and the results of experimentsto the horizontal

property and the velocity and the temper ature dependency.
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Type of six dampers Type of eight dampers
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U-shaped steel damper for seismic isolation system
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U-shaped steel damper with natural rubber bearing
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Deformed shape

600
400
200

-200
-400[
-600L

Horizontal toad(kN)

Displacement (cm)

ooooooo
Hysteresis curve
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Size & properties of U-shaped damper

20 Displacement for 5 cycles to fracture

Properties using four U-dampers

Size

Model | Length | Height | Thickness| Width

(mm) | (mm) | (mm) | (mm) )
UD40 | 610 | 231 28 60 -
UD45 | 785 | 297 36 77 Nidth
UD50 | 872 | 330 40 85 o
UD55 | 981 | 371 45 9%
UD60 | 1199 | 453 55 118

IHeight

Thicknes

Yield shear | Horizontal | Horizontal | Horizontal elastic | Horizontal limit
force 1st stifness | 2nd stifness| limit displacement | displacement*
(kN) (KN/m) (kN/m) (mm) (mm)

112 5920 100 19 550

184 7600 128 24 650

232 8320 144 28 750

304 9600 160 32 850

432 11600 196 37 1000
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Hysteresis curve (In-plane direction)
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Hysteresis curve (45deg. Direction)
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Hysteresis curve (Out of plane direction)
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Effect of stiffness by loading angle
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Effect of yield shear force & elastic limit displacement by loading angle
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Displacement

Loading direction meter

Load cell
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Elevation view of test set-up
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Loading pattern
Ampli- | Max. velocity (cm/s)
Temperature | Loading | Specimen | Period | tude 1/3 | Full scale
(0) direction | Np, (s) (cm) | scaled | (x 3.11)
1 Static 6.4 0.7 2.2
2 2.8 6.4 143 44.4
In-plane
3 17 6.4 23.8 73.9
4 11 6.4 35.7 1111
20 45 5 Static | 6.4 0.7 2.2
degrees 6 17 | 64 | 238 | 739
out of 7 Static | 6.4 0.7 22
Plane 8 17 6.4 238 73.9
40 9 17 6.4 238 73.9
010 10 17 6.4 23.8 73.9
In-plane
030 11 17 6.4 23.8 73.9
050 12 17 6.4 23.8 73.9
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Comparisons 1/3 scaled specimens with full-scale specimens

Yield Cycle
Specimen | Loading | Ampli-| shear | 1st |1 cycle |dependency |[Number of
No. |direction| tude |force |stifness| energy | W1 (50)/ | cyclesto

(cm) | (kN) |(kN/cm)|(kN/cm)| W1 (3) fractue

1 30 | 20 | 2236 0.80 62
—— In-plane
Full scale 29 20 2113 0.78 55
9 45 20 | 28 16 | 2015 0.83 111
Full scale | degrees 28 | 16 | 1875 0.82 99
12 out of 28 11 | 1752 0.92 181
Full scale | Plane 27 12 1688 O O
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Yield shear force vs. Max. velocity
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1 cycle energy vs. Max. velocity
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Yield shear force vs. test temperature
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1 cycle energy vs. test temperature
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