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Background and Motivation NAR
-Isolation Technique

« Structural period can be elongated by the isolation system
« Reduce the seismic force transmitting to the superstructure
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Background and Motivation  naR:
-Isolation Design Principles

Sufficient vertical stiffness to support vertical load.

Sufficient flexibility to extend the structural period.

Energy dissipation mechanism to confine isolator displacement.
Re-centering capability.

Provide energy
dissipation mechanism




Background and Motivation ARt
-Sliding Isolation Bearing

Energy dissipation mechanism : frictional force.

The frictional force will take great influence to the characteristic
strength.

Shear force: frictional force and restoring force.
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Background and Motivation NAR
-Sliding Isolation Bearing

Pure Friction System(PFES): Friction Pendulum System(FPS):.
Flat sliding surface. Spherical sliding surface.
No specific isolation period. e | Ariculaed sider
Seal T =
v g
Residual /
‘—’ displacement V.7
Supgl) orting Spherical surface T\\'
) f F, Displa t Hy Loop
R
T=2x \/:
g
Advantage: insensitive to the earthquake Advantage: displacement control, re-
amplitude and frequency content. centering capability.

Disadvantage: no re-centering Disadvantage: Specific period (resonance)




Background and Motivation NAR Labs
-Sliding Isolation Bearing

— |

Altering the geometry
of the sliding surface

New Isolation Technique:Sloped Sliding-type Bearing(SSB)

Upper supporting plate




Equation of Motion NARLabs
-Basic Assumption

 Basic assumption
(1) neglect pounding effect.

(2) neglect the contribution of EQ to normal force.

(3) neglect vertical reaction projected by the
horizontal EQ.




Equation of Motion NAR

. X =(%, +X)i +tan@-|x| ]

T v (s, )i (an0sn00-)]

%" _ .
’ A=(%, +X)i +(tan0-sgn(x)-X)

By Lagrange’s equation of motion and Hamilton’s principle, the
equation of motion can be written as:

M (1+tan? 6-sgn(x)* ) X+ Mg tan 6 -sgn(x) = f secd— MX,




Equation of Motion NAR/Labs
-Hysteresis Loop

 Coulomb friction model
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Experimental Study- Shaking Table Experiment

Superstructure Rigid body

Accelerometer

}/
500mmh| 11 Load Cell  —[ | | e
A 2

ﬁ <~—— Isolator Shaking table E
\ A~ |

500mm Total weight:

| _m-hu-n
o é!JI 11 W N 34.08 tf

LVDT

Load cell x 4

SSB isolator x 4
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Experimental Study

. Side friction material
Upper supporting plate

Sliding surface

Lower supporting plate Bearing [riction material

110 mm
149 mm

-—

1100 mm

NARLabs
Designh Parameters




NAR
Experimental Study - Seismic excitations

XY~ XY

e Talwan -

L Intensity (%) PGA (g)
Earthquake Direction X Y X v Z
: : | '{ . ﬂ: X 100 - 0.373 0034 | 0041
— C I - C I fq b} I\/I C E 3~2 ﬁ El Centro (Original) Y - 100 0.050 0.217 0.042
XY 100 100 0367 | 0224 | 0.065
X 100 - 0313 | 0062 | 0.047
° TAP095 ~ TC U082 ~ KAU 054 El Centro (50 kine) Y - 100 | 0049 | 0521 | 0.057
XY 100 100 0315 | 0515 | 0073
X 100 - 0426 | 0031 | 0.063
: ¥ s | L V4 Kokuji Y - 100 0044 | 0364 | 0.079
—_ M e I n O n g ( _i‘ } f’ ’ },%l ‘h‘:a FYay @T) XY 100 10 | 0519 | 033% | 0075
F X 100 - 0835 | 0049 | 0.074
Kobe Y - 100 0.063 | 0649 | 0076
P ° XY 100 100 0.838 | 0632 | 0085
a p a n ° X 100 - 1247 | 0066 | 0.103
Haga Y 5 100 0061 | 0799 | 0112
XY 100 100 1270 | 0794 | 0112
K b ( ‘é 4 X 100 - [ o032 | 0o | o005
-_ O e z - Chi-Chi TCU082 (Spectrum Compatible) Y - 100 0.041 0.343 0.073
XY 100 100 0382 | 0323 | 0.074
- 4 = X 100 = 0370 | 0042 | 0042
—_ KO ku I = -—F N i Chi-Chi KAU054 (Spectrum Compatible) Y - 100 0.047 0.312 0.058
v / P/ XY 100 100 0374 | 0284 | 0.066
X 100 - 0317 | 0032 | 0041
S * Chi-Chi TAP095 (Spectrum Compatible) Y - 100 0.047 0.297 0.074
—_— H ag a ( - ) XY 100 100 0346 | 0.301 | 0.066
A X 100 = 0246 | 0033 | 0.047
Meinong Y - 100 0.031 0.180 0.042
4+ * XY 100 100 0248 | 0195 | 0.040
- K u m am Oto - X 100 - 0.939 0.049 0.083
b Kumamoto (Prior) Y - 100 | 0084 | 0851 | 0.086
XY 100 100 0984 | 0810 | 0.099
° O t h ° X 100 2 1207 | 0041 | 0.076
e r [ Kumamoto (Major) Y - 100 0.057 0.726 0.073
XY 100 100 1109 | 0698 | 0077
X 100 - 0224 | 0026 | 0.043
_ E I C e n t r O Chi-Chi TCU082 (Original) Y - 100 0028 | 0220 | 0.044
XY 100 100 0186 | 0221 | 0.065
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 Performance:

16 : :
O Unilateral
14 L) Bilateral | |
1.2 A
=
2 -
Displacement <16 cm
g 08
% 06 200 3 |
= 180~ | © Unilateral
04 L] Bilateral
160 = > = -
02 &3 @l@@g PFCrgoo O 140 5 SHIER
£ 120 Oy, o
% 02 o4 06 08 1 12 14 16 £ E T
PGA (g) & 100
S O
¥ 5
. | g 80 Sa P
Effective and stable! 0 cid °
&
=




NARL.
Experimental Study - Test result
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Experl mental Study- identification of friction coefﬁuent,u
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Experimental Study- Resimulation Result
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tal Study- Resimulation Result

Experimen
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| NAR
Conclusion

. The Equation of motion was derived and experimentally
verified.

. The sloped sliding bearing is effective to reduce the seismic
response of superstructure.

. The maximum acceleration is controlled by slope and
friction coefficient.

. The range of residual displacement is acceptable.
. The pounding effect is observed.
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