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A Study on Dynamic Characteristics of Base Isolated High-rise Structure
with Axial Behavior of Laminated Rubber Bearings

Hitoshi Suwa Arihide Nobata
Matsutaro Seki

Abstract

Applying the base isolation system to a high-rise structure, it is very important to protect the laminated rubber
bearings from suffering tensile force. The limit aspect ratio, which makes the laminated rubber bearings located at
the corner not suffering tensile force, is formulated based on the static equilibrium condition. Furthermore, in the
case of an extreme earthquake, assuming that the vertical stiffness degradation of the laminated rubber bearings
owing to tensile force, the dynamic behaviors of the base isolated story and superstructure are evaluated. Earthquake
response analysis subjected to coupling of horizontal and vertical seismic motion is carried out for the high-rise
base isolated structure with the aspect ratio of 2.5. Itis verified that the maximum horizontal, vertical and rotational
acceleration response of the base isolated story and superstructure are considerably influenced by the vertical
stiffness degradation of the laminated rubber bearings. Especially, the maximum horizontal and rotational
acceleration response tends to be larger compared with the model that is defined by eliminating vertical stiffness
degradation. But it is confirmed that this phenomenon hardly influences on the maximum horizontal, vertical and
rotational displacement response of the base isolated story and superstructure.
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Table 1 _EFEW OME

Specification of Superstructure

= W) Ji(t*em**2)| 4 c(1/cm){ Mc(t*cm) | ¢ u(1/cm)| Mu(t*cm) ycC Qc(t) yu Qu(t)
14 1457 | 2.58E+7 || 4.0E-8 [ 1.10B+5 | 1.49E-6 | 5.71E+5 || 1.72E-4 | 419.5 | 4.0E-3 | 1077.9
13 117.6 | 2.56E+7 | 6.0E-8 | 2.20E+5 | 1.36E-6 | 7.30E+5 || 1.82E-4 | 489.6 | 4.0E-3 | 1163.0
12 117.6 | 2.56E+7 || 8.0E-8 | 3.10E+5 | 1.38E-6 | 8.16E+5 | 1.92E-4 { 516.5 | 4.0E-3 | 1173.1
11 117.5 | 2.56E+7 || 9.0E-8 | 3.60E+5 { 1.41E-6 | 9.02E+5 || 2.01E-4 | 542.0 | 4.0E-3 | 1183.1
10 117.5 | 2.56E+7 || 1.1E-7 | 4.60E+5 | 1.43E-6 | 9.87E+5§| 2.10E-4 | 566.3 | 4.0E-3 | 1193.2
9 117.5 | 2.56E+7 || 1.3E-7 | 5.30E+5 | 1.46B-6 | 1.07E+6 || 2.19E-4 | 589.7 | 4.0E-3 | 1203.3
8 119.0 | 2.59E+7 | 1.4E-7 | 6.20E+5 | 1.46E-6 | 1.21E+6 || 2.22E-4 | 634.3 | 4.0E-3 | 1322.6
7 119.8 | 2.61E+7 | 1.5E-7 | 7.10E+5 | 1.49E-6 | 1.30E+6 || 2.20E-4 | 656.1 4.0E-3 | 1332.6
6 1199 | 2.61E+7 || 1.7E-7 | 7.90E+5 | 1.51E-6 | 1.38E+6 || 2.37E-4 | 677.2 | 4.0E-3 | 13222
5 119.7 | 2.61E+7 || 1.8E-7 | 8.70E+5 | 1.53E-6 | 1.47E+6 || 2.44E-4 | 697.6 | 4.0E-3 | 1246.1
4 119.8 | 2.61E+7 | 2.0E-7 | 9.40E+5 | 1.56E-6 | 1.55E+6 [ 2.51E-4 | 717.5 | 4.0E-3 | 11914
3 121.6 | 2.65E+7 | 2.2E-7 | 1.00E+6 | 1.58E-6 | 1.63E+6 || 2.57E-4 | 737.1 | 4.0E-3 | 1148.0 . i X —
5579 [ 266547 2457 | 1.05E+6 | 1.61E-6 | L72E+6 | 2.645.4 | 7562 | 4083 [ 11174 g8 gn Elﬁu D E T NAL
1 1 121.8 | 2.685+7 || 2.6E-7 | L.12E+6 | 1.63E-6 | 1.80B+6 || 2.71E-4 | 774.9 | 4.0E-3 | 10856  Vertical Stiffness Model of
TERE| 1501 | 3.20E+7 Laminated Rubber Bearing
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Vertical Stiffness Variation of Laminated Rubber Bearing

SEYAL Y FCEBILLTWS, EFIV1ILEEFINV2%
WET 5 L, BRIAH0.16ec) Ml Lo BRI IC B W T
BFOERIZIFLAEZVWZ ENDMSE, LAL, Th
L0 HEEBERTIIET N2 07— ) LIREFE TV
1B LTERICKRES 2o TWAZ LFbNPL,

COERELT, BEBITLAOSERENELLAE
X, T LEOEMANLAr NV LOBBPDEZELFINT
BRAPHHPDLERL, RAT Y T TIOREEINDE
IR THRBRT 3 VI BERSEHVTWAZ ETE
AbNb, SN, TEETL 1 ORFEH DOISER
Wk, EFN1EETIN2ITDOVTERELD0~3(sec)
DEI%Fig. 19 2R, EFN2DIEEFIEET S
L, FRE I LICEEREN B TR E B o R L&
LB SVABEF 2EECTVRD Z b5,

ZIC, BB ITL 1 ORFHEHMAONT - ZARS b
N EFig 20027 o ARIAH0.1(sec) AT OB M
FEHY AL, 7V LREITETNV L TEREALAZEIL
TWLEH, EFL2TRIA Fa—THEELTREHD
07— LIRIEIE—EMEIC % AR D Y EEH O
FTCHSEBLTCVSE, ZOBEKIE, BNHERBEED
TV IZARY FVREEE DI ) —EORS R
TAHILPOLEBETE S,

—75, TEIB I LIHE AR FEM ASREE DB
FOEEAD & %HOT, REROEEN A DHREL
NI %RME 7 & EDRER OEEF ORI BEK LT &E

25

1y; EX %) A
: T Y
3 10? A .‘ o o
E 10": ‘M({
P g EFNA
10“‘=/ 7,
10'5:
0.001 0.01 0.1 1 10
JE (sec)
Fig.20 NP D 7 — ) A7 b
Fourier Spectrum of Unbalanced Axial Force
I T
10" 40
10‘2E gﬂl i T 2 ?
ol R
2 Y
E 10° ' l
10 /
E o \
107
10°L i
0.001 0.01 0.1 1 10
FAHA (sec)

Fig.21 S8 o #5757 1M O R £

Participation Function of Base Isolated Story

HE— F(Z 2T, 45F— FEFET A2t L CFig2lic
Tt. COELY, FEEA0.01(sec)BIEOFIBBI D
BRICAX L hoTBY, ZODEFNV2 OEENHE
BED 7 — 1) TARIEATERA0.01 (sec) B TR K& &
LEVZB, EL, REFTCRBRERTELANF—
HHIBEITEZ TWADEKRE— FETIZIZTL BEED
BEEBELY, GBRAPEBRORIFHEIBLI-LEZD
Nb, LhHRHA, BEZEMSLFAECTE X 2L 2123
B0.01(sec) BiteDEAE £ — FMiBRERB &L 2, 20
ORGSR L 2V EFHRAL T b,

4.5 _LEEREHDISEMEIR

BBOEIAE, ETBIUOEEEMIEE%Fig.22~
2412, |AKFE, LT B L UEERMEEILE % Fig.25~
2 7 IZEFENREFNRT, 72720, TXTCORBIZDWTHILT
E— A M ERARDEEEER IR T o T b,
EFNVIEETN2OREHERELETLE, BT
LA DSEMBETS ELEEWORREMCEIER 5%
BIIKE, ETBLIUOEMSEICHLTRIZEAL R,
LWz b, LEL, TORFVPEBOMBREILEIIHL
THEZAREIAREL, BICHEINEEDOZE LI T
KEMEEDERAREL 2AEAEDLEVE S, Th
D OBIHERIE, TARY PHASOGRELEEORIER
2475 &0y F 2 FERIC L ) BEROKENEECED
KELBRBEVIEBRERE D —HLTWDEY,

22720, MEoBshagE I o 2 8T ik
B ORE A ENRE L, 2»OFig.8IIRY &5 IZHER
I LB EREN T ASE) - 7 R R SR TEL R M AR G L AR T



FARHHARTIF 2T

—4—E7 NVl
| —o—t7 N2

gﬁxxxxxxxxxxxxm

o B
i
izl
q Pt etk
Hepwprurovwowvo—nwwh

5 10 15 20
(cm)

Fig.22 &R& DERAKFEMSE
Maximum Horizontal Displacement of Each Story

(=]

14
13 &
12
11
4+
18 —
y
3 —~
BN E VL -
SE—o—ET N2 — A
3 o i
2 V’ﬁ/—‘
1 :
25~ T R PRSI S SR AT SO VRN (NN TR TS TS TR AN S S
%'{‘Eo 0.1 0.2 03 0.4 0.5
(cm)
Fig.23 B ORK ETEMIDE
Maximum Vertical Displacement of Each Story
14 a
13
I ‘2%—
11 3
10 3
H o
8
7] — e
B IO—ETNVI ,,/’f
AC|—o—E 72 S
3 o
/;.A
2 I
"o 5107 110" 1.5 10* 210"
(rad)

Fig.24 %8 O R KBETEMICE

Maximum Rotational Displacement of Each Story

BEVIEEDD LICBLNBERTHY, BEDEA
Ry O@RYENEE LG4, SRRSO LR
ENBEEZLND,

5. ¥&O

BREWFRENTSICHY, BEICVKETSRET
ACEBREMIN 2 £ U SR 2 VWEY O 7 AR M ILERED
LRAGEECETEERL Lz, E510, MAHERIC
BOCRICHER 75125 BREI A S SeERIMEAMET L
mk &, COBRSENRERSCLMEWOILEEIRICE X
HEBERF LI, FOER, BEITLAOREMEET
DVRER R EHEYOMEEILE IS 2 LHEEIKRE
$, BRIKRFEB X UHEIRERETPKE % LEAS
HbHZEwERLE, LaL, REBOLTSE IV HEE
Uz E&w, TOBRSKF EHRYOKFE, LTBLUHER
P EI S L 2R BIIIEAY VI L R L,

26

No.58 HilG = & LARDHNET) % 5 U 72w iE se i By o MR e B 1 0§ 2 TF %8

13 '_*r;(:‘ r\/\‘
12
11 rgf O<>o—
1(9) - —
w7 L#\ s v EERET 7Y §
: f;; —F—|—o—x512 ]
3 i N
5 = b
1 = it
G P S N < P A
0 100 200 300 400 500
(cm/s?)
Fig.25 &8 O & KK FIMEBEILE
Maximum Horizontal Acceleration of Each Story
14 %g;xﬁ—
13 :
12
1t
10
9
8
L 4 ~O—E 71 []
r'?.A
3 w3 —o—EFN2[]
3
2 [ﬁﬁ
P P SRS A S W
0 500 1000 1500 2000
(em/s?)
Fig.26 £B OR A L TMEELE
Maximum Vertical Acceleration of Each Story
13
-
: %
10 =
9 SN
5
8 oy —-EF V[
il Z - . i
s SN —Oo—TT7TNV2l
3 S
2 S
1 V\CN\A
Bl L PENE T 11 Ldrtd PR
ﬁaMgo 0.5 1.0 1.5 2.0 2.5
(rad/sz)

Fig.27 &8 OB KB MEER &

Maximum Rotational Acceleration of Each Story

SHOBEL LT, REBYOLTHAAZEDEXR
E— FORETMZ 5 PR T 405 RERICBIT A
HMETVORE R EFEZLONS,

BE

1) HHEEHIEI,  EEBAEBEORRELERED])
~(%F D 5), KE&EHELE B-2,p.589~598,(1998.9)

2) WA fIR 38 A A L MEVWIEBREE T
5 REREY OB K HERTEFT, REEME B-2,
p.587~588,(1998.9)

3) FWEH AT B RAKER M & | TEE T4 OSMERIERT
PEEL-BRBEESEYOT v XV VIRE)EE
T 55453048, Vol.44B,p.231 ~236,(1998.3)

4) JRHE IESHHEA MK 6 BRI AICHIRED
%4 U AHRBERBOREER KSEME,B-2,p.669
~ 670,(1997.9)



	58-04 積層ゴム支承の軸挙動を考慮した高層免震建物の地震応答特性に関する研究

