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Experimental Study on Elastic Sliding Bearings with Rotational Deformation Capacity

Abstract

The pile-top seismic isolation method simplifies the foundation structure under the seismic isolation
layer by installing the isolators directly on the top of the piles, contributing to cost reduction. However,
the rotation deformation constraint effect of the pile-top method is smaller than that of the conventional
seismic isolation applications with a relatively stiff foundation layer. As a result, the seismic isolation
devices also rotate and de-form as the pile-top rotates. This study carried out cyclic bi-axial loading tests
on special elastic sliding bearings with rotational deformation capacity, which can be implemented in
the pile-top seismic isolation method. The tests were carried out to confirm the basic performance and
dependence on the rotational deformation angle of the devices. The tests showed that the friction
coefficient was not affected up to the rotational deformation angle of 1/100 radians of the elastic sliding
bearings. In addition, during long-period and long-duration ground motions, the response deformation
may become excessive due to the change in the performance of the elastic sliding bearing. Additional
cyclic bi-axial loading tests and thermal-mechanical coupled analysis were conducted to confirm the
performance of this elastic sliding bearing under long-period and long-duration ground motions. It was
observed that the friction coefficient decreases with the rising temperature of the sliding plate, and the

performance of the device under long-period and long-duration ground motion was confirmed.
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Component Material Material grade
Sliding component Top plate Steel SS400
Sliding plate Stainless steel SUS304
Sliding unit (medals) Polyamide PA
Rubber bearing Rubber pad Natural rubber NR (G1.0)
component Upper/Lower plate Steel $8400
Foundation component Base plate Steel S$S400
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Specimen Design Axial Qutcr Et:foetivo Grf)ss Slidilng
Type Load Diameter Diameter Height Unit
[kN] A [mm] B [mm] C[mm] |D [medals-mm]
6000cut 2,200 455 435 63 7-$ 116
9000cut 3,300 552 532 70 7- 4 142
11500cut 4,200 623 603 75 7-$ 161

Vertical Load-cell

Horizonal displacement

Constant vertical loa Horizonal Load-cell
omuntertization

Specimen
[Test set-up capacity]
For cut specimen For full scale specimen

- Vertical load - Vertical load

max. 5,500 kN (Static) max. 24,000 kN (Static)
- Horizonal load - Horizonal load

max. £2,000 kN (Dynamic) [ max. +10,000 kN (Dynamic)
- Horizonal velocity - Horizonal velocity

max. 1,400 mm/sec max. 5 mm/sec
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1=-0.002610 +0.06815
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Vertical Area Horizonal Horizonal Sliding| Loading
Wave Type . .
Pressure Displacement | Velocity (max.) Cycle
[N/mm?] [-] [mm] [mm/sec] [times]
15 Sine-wave +200 400 13
0.08
- 007 6000cut
= Y .
2006 Dependence equation
g 005
S 0.04
§ 003
2 002
—
= 0.01
= 0.00
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0
o Vertical pressure (N/mm?)
M5 MEEEEERBOBE
288 15N/mm? 288 15N/mm?
fan) [ 2 ~ — 2
Z 300 7.5N/mm: E 300 30N/mm’
= 200 = 200 -
g 108 e ey B g 108 4F3=‘* |
E-100 = -/ 'S-100 —?z%i
g-200 {-200 \
Z-300 '5-300
T 400 T -400
-500 -500
-300 -200 -100 O 100 200 300 -300 -200 -100 O 100 200 300

Horizonal displacement (mm)
(a) 15 N/mm? vs. 7.5 N/mm?

Horizonal displacement (mm)
(b) 15 N/mm? vs. 30 N/mm?
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0 100 200 300 400 500 600 700 800 900 1,000
v Horizonal sliding velocity (mm/sec)
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500 500
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el N <= 200
2 100 /5¥ 2 A .
:o 0 ] f f I § 108 } }
E-100 —wﬁ =-100 M
8-200 §-200
£ 300 £ -300
T -400 :8-400
-500 -500
-300 -200 -100 0 100 200 300 -300 -200 -100 0 100 200 300

Horizonal displacement (mm)
(a) 400 mm/sec vs. 200 mm/sec

Horizonal displacement (mm)
(b) 400 mm/sec vs. 800 mm/sec
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Specifications of tapered plate

B cross-section
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Horizontal loading

A cross-section
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B cross-section
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Horizontal loading

A cross-section
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6 : angle between horizontal loading direction and the rotational deformation direction

¢ : rotational deformation angle
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Specimen | Outer | Effective| Gross | Rubber pad | Sliding Vertical Rotational deformation
type Dia. Dia. Height Height Units Pressure
[mm]| [mm] | [mm] [mm] [mm] [N/mm?] [rad]
6000 type | 735 715 73 16 19x¢116| 150r30 | 6=0 : ¢=1/100 & 1/200
11500 type| 1,010 990 88 21 19x¢142| 150r30 | 6=m/4: ¢=1/100 & 1/200
17500 type | 1,240 | 1,220 101 26 19x¢ 161 15 6=mn/2: ¢=1/100 & 1/200
1,000 1,000
—— 6000type-15N/mm2-0rad-Orad ’ — 6000type-30N/mm2-Orad-Orad
800 —— 6000type-15N/mm2-1/200rad-Orad 800 O RSN
—~ 600 —— 6000type-15N/mm2-1/100rad-Orad % 600
é 400 = 400
o 200 8 200 .
2 2
B 0 t t t t t t t t Bs] 0 t
E -200 2 -200
8 -400 S 400
E -600 £ -600
-800 -800
-1,000 : -1,000

-250-200-150-100 -50 0 50 100 150 200 250
Horizonal displacement (mm)

(a) 6000 type, vertical pressure 15N/mm?

-250-200-150-100 -50 0 50 100 150 200 250
Horizonal displacement (mm)

(b) 6000 type vertical pressure 30N/mm?
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L5 ©6000type-6=0rad ® 6000type-0=n/4rad
o 14 7 26000type-6=n/2rad 2 11500type-6=0rad
® 13 4 Al1500type-0=n/4rad A 11500type-6=n/2rad
: 1.2 4 [117500type-0=0rad B 17500type-0=n/4rad
§ 11 | 1 17500type-6=n/2rad
Q
=l 1.0 W ! !
[ 1
8 0.9
; 0.8 +
c 07 1
=
o 06 T
- il
= 05 }

0 1/200 1/100

(rad)

(a) Vertical pressure 15 N/mm?

Rotation angle ¢

X 11

1.5
1.4
1.3
1.2
1.1 1

1.0 @ i
09 T

© 6000type-6=0rad
@ 6000 type-0=n/2rad
1| A11500type-6=n/4rad

@ 6000type-0=n/4rad
/11500type-6=0rad
A 11500type-6=n/2rad

B4

0.7 +
0.6 +
0.5 }
0 1/200
Rotation angle ¢  (rad)

(b) Vertical pressure 30 N/mm?

Friction coefficient ratio

1/100
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Specimen| Outer | Effective | Gross Sliding Number of
No. Diameter [ Diameter | Height Unit cycles
[mm] [mm] [mm] | [medals- mm] | cycles x set
Bl
13 x 18
B2 455 435 23 7- ¢116
B3 13 x 20
R 300 ——m 300 — 300 —
Z 200 o ——B3 = 200 —B2 “Z 200 —B2
z = = i
3 100 M : 100 - 100 —
S o bt g o0 L/—[ ; j ) h ! !
£ -100 100 E 100 ~
g -200 érzoo E-zoo
-300 -300 -300
-250-200-150-100 -50 0 50 100 150 200 250 -250-200-150-100 -50 0 50 100 150_200 250 -250-200-150-100 -50 0 50 100 150 200 250
Horizonal displacement (mm) Horizonal displacement (mm) Horizonal displacement (mm
(a) 19~3" loading cycle (b) 50™ loading cycle (c)125™ loading cycle
12 KREBEMKARICH T HRE-ZRERFR
0.08 140 -
——BIl(envelop curve)
0.07 T ——B2(envelop curve) 120
] ——B3(envelop curve)
E': 0.06 P 5100
= o
0.05 - <
5 RN o 80
8 H H g 60
g 003 1 z RN 2
8 ; i F i 5 40
L = ——Bl(envelop curve)
= 0.01 + 20 ——B2(envelop curve)
’ ——B3(envelop curve)
0.00 t t t } 0 - t t f }
0 50 100 150 200 0 50 100 150 200

displacement (m)

13 EREFRHEEREMOERF

displacement (m)

14 RS54 FRERE & RBREMOBER



BRI, K 3) & RNTRTHERFBMRR A A
WG, BEHEHE 400mmy/sec I[CAHIE L72ETH 5, 3R
B R LY, BEEE & AT A FHRIRE TOM
Rz, KG)~H(®) &7,

pr=0.0379

(T = 20°C) )
4= -0.00149 T +0.06768

(20°C < T = 28°C) (6)
pr=0.1685 T-0.561

(28°C < T = 96°C) (7)
ur=0.013

(96°C < T) (8)
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ETNVERIE Uiz, B Dl gl figfiri, BErE ot
RCHBE SN NFEET NV EBRET T L E A
HELEELDTHL I,

RERC W80 H LB IR & B KK O fif
Hresr V21612, ffHTET L oOthkk L TS
ZER 6 T, BT OMEHER AR T IR
T, AT ET VI, 2 LD 6000cut £ L,
3 M O FE Y K 3K K (6000type, 11500type ,
17500type) DET /L ZHEH L7z, 6000cut €7 /LT
TR S (S W B 2 Bl L, ERIKET L
TIEHARREmICa 7 ) — N7 —F U T EEEL
oo AT A4 RO EE»D O R E R E T
25W/(mK) & E2E L, Moo B R m & OWrm 13 2Vs 2
L72nb oL Lz, IR Z 20°C, KA O
IRIE % +200mm, A% 493 &L, 125 17
NV O TERE KA EIC & D#a & Ui, AT
L &HE R E LT~ Z A, B

008 1675
e Bl \
. 0.07 o B2 . i
S 0.06
2 ° B3 ﬁ d | JaeliToN
= 0.05 EEVICAY) ERmS %@O@ -
g 004 L . 8 18D 200
g Neje% \
£003 f .« . | |
2002 | . ‘ ‘
= L % oo o@® axial force
001 F gt o
0.00 I 1 1 I 1 I 1 I 1 I 1 I ]!omg]lalteate
0 20 40 60 80 100 120 140 e insulation plate
temperature T (°C) (a) 6000 cut specimen (b) 6000 type specimen
15 BEEFEHERATA FIREEORBER 16 fTETIL
(FZ#55& E 400mm/sec [T IE)
£R6 MITETILOLEHFEBTSYE
Speci Vertical Quter Rubber pad Sliding Width of Horizonal Loading Initial
ecimen
pt load Diameter Height Unit Sliding plate [ Displacement| period |temperature
e
P [kN] [mm] [mm] [medals- mm] [mm] [rad] [sec] [°C]
6000 cut 2,200 455 - 7- ¢116 990
6000 type 6,000 735 16 19- ¢ 116 1,675 +200 4.3 20
11500 type | 11,500 1,010 21 19- ¢ 142 1,950
17500 type | 17,500 1,240 26 19- ¢ 161 2,180
x1 BEEBFTHO-MHEER
Thickness | Volumetric specific heat | Thermal conductivity
Component Material
[mm] U/(m® - K)] [W/(m - K)]
Sliding plate Stainless steel 4 3.97x10° 16.0
Base-plate Steel 28 (32%) 3.72x10° 59.0
Heat insulation plate | Heat insulator (10%) 2x10° 2.1
Concrete footing Concrete 100 2.41%10° 0.4

* 16000 cut model




BRI E AT A FIROIEE O BERIZRG) ~K(@®) & o=1613

N (T = 20°C) €
6.2 B\ - HeEERENER a=-0.0634 T+2.881

6000cut &5 /LN T, KBFIZARER & 2L - 20°C < T = 28°C) (10)
IS & % KA & AR OBIfR % 071702 T-0361

BTICRL, B DREMARARHT Tl b LT SR @8C < I'= 96°C) an
YT LD ARG L AEAN ORISR 2 E 18 12 0=0.553
o (96°C < T) (12)

TR KD BEERE DR a (LLF, a) 133X N . o
2012 A SHRIEFE T &4 D i
O)~K(12) TRREIN DD, TIUTRITHRE L71=K = 74 FRIRE T M ORMER

N7 % > S ;\f\ o . v
(I~ S EHE L TRDI LD ThS, a LAT 2?:?%;&§;;fﬁ@;;i;i;;f%
1 FBIREOBIRIC VT, 1Y Lt kic x2S TRRORETL ORI DI
é%ﬁﬁ%%, %%jﬁj{ﬁ(%?ﬂ/&:iéﬁg$ﬁ‘%%, & fx_it(l3)~£t(15)%)ﬂ_\‘ﬁ—o *ﬂf*iﬁ&i, ﬁﬂtﬁ‘ﬂ%%’?%

SIS 8 . . . i % % LYyl = > 3
O:T:t:(9)’\"":‘t(12)id_‘) 19 (:mﬁ—o :T:t:(9)’\"":‘t(12)bi, %ﬁﬁ%( ﬁb(ﬁi’fﬁj@nq:'fﬂﬁ%lg‘z_é %)@Tg%)éo
TR ITKTE T IV DFFHTHE R VMEZ R 7723,
YOS o DIETHD LD, LMo T=0.01481£+20
L% (E = 1,600kN-m/m?*) (13)
T=0.005542E+34.833
(1,600 < E = 4,950kN-m/m?) (14)
300 300 —— 17— BI 300 ——————— B
,,,,,, B2
_ P B3 z20 T B
z Z 100 —— 6000 cut(Analysis) = 100 : ——— 6000 cut(Analysis) |
g E 0 —— g o }
5- g-100 §-100
E- 5200 £ -200
- -300 -300
-250-200-150-100 -50 0 50 100 150 200 250 -250-200-150-100 -50 0 50 10{) 150 200 250 -250-200-150-100 -50 0 50 100 150 200 250
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