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3.2.3 RFREERIC K SR NZREHDFH
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FHLEE X2 AR Y OB FUE ELIR 22 5 R 1/300 CTHFEL L 72, RREIE, fE 30X B4T 30X & & 150 [m]
&L, BUERALE, 100X 100X500 [mm]& U7z, JEEAAZ 1 Fig.d3-4 (29 & 5 JAJERIEFLZ 1
M 50 A, A4 CHFF 200 HERIT 7o, FEEREGEIL 10 m/s, 7V > ZJEBE UL 400 Hz & L
TRHlZA T o 7o, BMBGIE Y —> T =7 VICHEBZEEL, —EDAE— R TH—r T —T V%
FER S 25 2 & THILLTWD, BURFERTIE, &iF2 47— (L/L) ERERTr—N (V/V) B
FOWEI R 7 —v (T/T) OBRFRAXG- 1R THERIZH R T 5 X 9 ICFER AT A —F 2R E
LCTW5, 22T, BJEERZFHZI 5 A — NE, BANZ T sHITEEN—EEL b L9
T /ML LT (8.2.2 ) 728, R(3-1.b)IC L > TRIERIZFET 5 FhR L TORM 2 ERF[ 2 5 8Dz,
FR RO FEERFE T2 Table 3-1 (ZR7, ERFHETOMMBGRFRIZAET 270 73 & LTWD A, L
JEORZACDET NN R D720, FERFHB IO 7 U 7 BIT R e %,

TV L oro
T V L
Vv L
T =—x—=xT (3-1.b)
V L

ZIZT, T, L, VIZFERLTORRM, BEYoOES, REHREEZRT, £, T, L, VITXERK
ORFH, BRE S, FEREREZ R,

B ERBRIZ L 0RO BET —# 2 W TR(B-2) &0 X d@h, Y airmoER e, (3-3) &
VRS MO RER R AR ET D, KO RIRENL, mWE O O EEZ HIE LIS KD,
GHEREZ T CRE LEBERA 2 EEEEENLEONDEATHRLCHEET D, 72,
FHCOWTIE, ZENSEONABRNICEMIENS OHZE L T LAabE, FEOHELE—
A b ERDIZS OEEEREEIZ GO, AERREEZRL TROZE—A L FTRLUTEET S,
22T, BRI, REAZELT 5720 Fig.3-5 O L 5 Ik, SR T L CEHMET S,

5 _ 4
Cryyi () = Zk:l{(Pg(;zHBI;k(t))Ak} o
_ ZE{(Pe(®) = Pe(©)Ai - 1} ]
i) =T ) B o



TIT, GRERARE, x X X B, p 1Y ST, m R, PP EHEE (0
i) [Pal, HIFZECALED D OHEE [m], 3RS S [m], BIXEE [m], 4135 ER [m2],
JUERES (1~10 ), k iZ@mOAREIS (B &), gn ZEMEREIE [Pal, (1384 [sl2 %,

Table 3-1 Experimental Specifications of Each Typhoon

) ) Duration time of maximum
Measured time [s] | Sampling number
wind velocity [min]

Typhoon

185.2 74080 50
No.9612
Typhoon

242.9 97160 60
No0.9918
Typhoon

209.2 83680 40
No.0418

0¢
0¢

oc| ozt | ool jovjovlovlovjoﬂ//g—

A

o O @] O O
S
e Wind direction 7 axis arlound
R 90 /' (Torsion)
) - W, (1
Xaxis Wind direction
270° (-90° )
5 O O O O O
20 Wind direction
5 TN 0°
100 [unit : mm]
Fig.3-4 Arrangement of Wind Fig.3-5 Definition of Axis and Wind Direction

Pressure Holes
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E LT, ERREAAE, REZICAbETRE-DITESWTEHR Ay — L2 (b &85 2 L TiF
g%, $7%bb, FEREGE VAELL, JBEHA T —v (V1V) BERT D L, R A7 — (TIT)
LT D, ERTIEIFHT 297U o 7JEESE (T7) 13400Hz & —ETH DD, ERFHE TORE
A (T) #2385 2 L TRHIEAF—LEfiR L <, REZIZHE L TS, Z07),
BRCIE T _RC—EDRMAATH BN, ERA7— /VICEHT 5 & BURZEITIS U T R 203
b %, FEZIBERUSEIRNT 217 2 BRI, BIBAMIE L C—E ORFMZ A & LTz,

4

Tzzxix’[" (3-4)
V L

3.2.5 BFZIEER KRz DL

53 Bz B & EGE D 5 R(B-5), H(B-6)I1C L 0 R R ) & F i35, B EGEH O
BAGIZHE S R A r — VDI KV, BEET VI ORFZI 2T —E & 72 B RWAS, fIRHTIRFIC
TREAFIC E 0 — @22 KO L TW o, 3l L7z M2 ki K OVEUEZ L 2 & 8 L 72 &
HPEFREO—FIE LT, MFEHm S 100 m @SB T 5, Xthrm, YamoEaE, #ndy
M OE— A MEE % Fig.3-6, Fig.3-7, Fig.3-81T1~d,

1

Frry(©) = 5PV (@) - G,y (6) - A (3-5)
1

Fu(t) = 5 pVi(®) - Cp, (1) - A~ B (3-6)

ZIC, Fxpld X #h(Y ) HmEs) IN], FylddRive—A > 8 IN-ml, CAIEENRE, vy 1X
atEE [m/s], A 3EoAHER [m2], BIXAKRE m]l , 1384 [s], pl3ZE5EE [kg/mdl %
#T,

Fig.3-6, Fig.3-7, Fig.3-8 |Z/R T RIAET VT, Fig.3-3 (2R3 B EGEHDZE LT - TR
DAL, RMA LT 52 ST KXY RAPERAICKRELSZ L TWLORMHRTE S, £72, Fig.3-

TIRTRE 9918 B0 L H1Z, Bl&SEZREOE N EET 2 X5 72E7 /AT, BN EROBEL

TRV ERL, REBSERHCIITREL CEBREBRICET EAT5 L 0o BN ERICbERNLTVD,
E BT, FREEE R LN 2 2B AT, B LIS S ISR L CIER (JElmE
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LA Z > TV D RERHICIRN T M OE R K E S FAICELL TV L ORHRTE D, 20
£ 91T, RFETITERE LB RMEICERE L7 B a2 b0 BUHZ L3 3 il L 72 I IC RN TS 7
D, JRMZEE L ORGEZE L Z ZE LB ORI FIRE Th D Z & AR LT,
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Fig.3-6 Time History of Typhoon No. 9612
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3.3 AMZEELAREICRIEFTZEDERE

3.3.1 WEREEWLBMETILOME
KRNI CTHRIR & T HBEMIX, Fig.3-9 IR T L9 REEYE S 150 m, 42 AR TCEZEELLET
AT MBS O RCHEM T — A U AUEOBEERERGEY L L, #iEsE c% Table 3-2 IZR7, MR
X1, 2% 5m, 3~42 4 3.6m & L7z, EITET VIR T7 L—LAET L E L, fETT7 741N
—ER, PIIE—LERE L, PEM ORI IIREERPEERA Tri-Linear €7 /v (HET /L
y=0.4) & L7, F£7z, #HEMEICH LT, - ZOTEEMRTRICIENICIE 5 & 5 I2ffire
TIVERRE L=, RERIX, Fig.3-10 [T X 9 ICRESHM & LT 7 7 V7 AS R E = 2 (BLT,
LRB) ZHulMIKRIRT L% 8E T4 (LT, NRB), #ET<0 3K (LLF, S-RB) % FHMIZE
& L7z, KM O FHEE, LRBIXMEE NS Y =7, SSRBIL/ —~/31 U =7, NRBI#
BiTas LCRMiE L, K2 TRONLAT O EZBRET H72DIZ MSS E7 /L L Lz, T DX
R ORIERIY, BREAWIIEREA 0.02 £725 L 5T Z5%E L=, Table 3-2 |[Zf§iE7E T
T, ABEERE LT RERE A M IARENE, HUERFIC 2 RIMEEREN G O D KO IZEREL T
%, L%%L@ﬁiﬁﬁiﬂ%ﬁ%ﬁ%kbf%é & DR B A R EER O 1 IRE
2R LT 1% & T 29 RAPE L GRS 2 50E U, iR fE ORSMEE EHUE, — RO HIE IR

Mﬁﬁmmw6Mé%?w&ﬁ%m%&bkmom%ﬁﬁ,%E@%u(Wm)ﬁﬁmwmﬁéi
DN X #l T, Y #iF m ONE G m S ARE— A R D 3 AT E Lz,

Column cross section
DxXDy : 750x750~1100x1100 [mm]

Beam cross section
bxD : 650x750~700%x2500 [mm]

150 »

Concrete strength
Column : Fc=36~70 [N/mm?2]
Beam : Fc=36~42 [N/mm?2]

N e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ) |

Fig.3-9 Target Building



Table 3-2  Structural Various Factors

Unit volume mass [kg/m?] 430
Building height [m] (Model [mm]) 150 (500)
Width * Depth [m] (Model [mm]) 30 (100)

Elastic 1st Natural period [s] 3.13
(Foundation fixed)
Equivalent natural period [s]
5.42

(Shear strain 200%)

SN 7N\ N 7N\
s O )—or—o—C )
- NV Nt N NV N
N —— —— —
% —( Y —(O) ©—< |
7 g N7 |
< | —O) Q)
s[-@) )
T AN AN A
| === ©—)
O ——o——)

\_/ T p— p— S—Vr

6000 | 6000 | 6000 | 6000 | 6000
30000

X1 xe X3 x4 x5 X6

[Symbol] O : NRB-1400, [ : S-RB-1400, © : LRB-1400,
NRB : Natural rubber bearing, S-RB : Elastic sliding bearing, LRB : Lead Rubber Bearing

%¢The numbers indicate the size of the device. [mm]

Fig.3-10 Element Layout of The Seismic Isolation Layer [unit : mm]



3.3.2 HZIERLERZITERELUVER

AREITIE, B LR RSB R TREERET 5720, BN EE LB E 2 v
CIRFANEE RS EFRAT 24T o T2, FRHTRE R & L C, Bl R o2 0], Frk, Al miE L 7cs R a2 S3%E
WZFHIE L7z 8 DO REIIC K D JBUSEMITRERZ R & & HIT, g LTk Hnn
AT 2 3R] 10 43 F D JE I & 2 BUSERAT ORI & O TRT, 20 10 3O R
TEIE, IR R FERRAS R A BRI, 1D TRIZIE AT 2 JRUS AR S 3 5 FRELIIR 500 4FAH 4 12 (L L
W (BLF, LUV 2 MY EE) L35, Fig.3-11 12 L~yb 2 M4 o MiZ Hi i S 49 100 m i
ECOREERT, W, ZOMEBITEHEREEROMEREZHWCTEY It TEn7, &
] 0°& LCEBREIT> T\ D, 07, X EFaIEmMERm, Y 7 mism & 7o T
W5, 7o, LoV 2 MHSETRIE, kIR 20 53 DB AAERRL L, £D 5 HHIHO 10 77 H & R%
(ER) WIZHE S BEARBBIZ LY 00 bEE L LI LTEY, BRIGEHEOFHmIEE D 10
R ERGE LTINS,

400
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Fig.3-11 Level 2 Wave



i) RREEEO®E

3 DOHEBET NG L DIHTHER L LT, Fig.3-12 (TR RIGEZEN, Fig.3-13 ([TH KISEM
WEZRL, LoV 2 FSEIIC L AT R & U C Fig.3-14 [T RSB BN 2777, W, Zhb
DOFENTHEFIL, KBOEOMIE TORKEE 2->TEBY, AMNC X 7w, AN Y fl5mofk
JEEEZ R LTV D, £7, Table 3-3 (21X, B8 DR REN & DOFAERZNZ DN TRLTWND,

Fig.3-12, Fig.3-13 Ti&k, mAISEEN & RNICENMHEED &6 LB W TH HJE 0418 5K %
WG EDISENRRE 2D, ZhUE, HKREERORMAEEHR L THY, Table3-3 12737 KL 9
(2, BOREGERFIZ BUAR 90° (X #ihm) d6 JOYREAK 180° (Y #liFm) & BT x L CIEXSd
DIRIAE 7252 T, RERBEAMEA L0 EtE2 N5, FICAE CIZES B EmEA
THEURIOET NV ERNRE L7, BEMICK L TIEXT 2R M CRANKE < 725 Hm &
otz Fi7z, Fig3-14 TR T L-Ub 2 HSIETEO Y fill 5 iR RZEAL & B R 0418 5 Y il 5 11 fx
RERDIEIFRIFRE & 72> T D, ZhiE, Table3-31RT X 512, HAREMMNIERTEORA
JEGE & 72 554 (Fig.3-3) ICAE L TE Y, BJE 0418 B2V TIE, e RJEGE & 72 2 B |2 Jalf] 180°
IR 5 Z & C, —RFIZ LUV 2 S IEE & W Utk am - BUEIC R 7m0 LB X Hib,

Table 3-3 Maximum Response Displacement of Seismic Isolation Layer and Occurrence Time

X axis direction Y axis direction
Max dis. Time Wind rose | Max dis. Time Wind rose

[cm] [min] [degree] [cm] [min] [degree]
Typhoon

12.5 111.8 315 10.3 114.5 315
No.9612
Typhoon

19.8 64.2 67.5 7.6 64.0 67.5
No0.9918
Typhoon

20.7 60.8 92.7 24.7 88.9 187.5
No0.0418
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Fig.3-13  Maximum Response Acceleration of Three Typhoons
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Fig.3-15 Maximum Response Displacement of No. 9612
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Fig.3-18 Load-Displacement Relationship of Seismic Isolation Layer by Level 2 Wave
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Fig.3-19 Load-Displacement Relationship of Seismic Isolation Layer by No.0418
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Fig. 4-7 Response Values in Time History and Hysteretic Curves [Mass Point 1]
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Fig. 4-9 Response Values in Time History and Hysteretic Curves [k'/k? =0.05]
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Table 4-2 Target Building Various Elements

RC-model S-model
Height (H) [ml] 125
Width (B) ,Depth (D) [m] 25
Weight per Unit Volume [kg/m?] 300 200
Elasticity Stiffness of Base Isolation [kN/m] 4.63x105 8.07x105
1st Period of this Building [s] 2.34 2.70
Table 4-3 Experimental Parameters
RC-model S-model
Yield Load [kN] Qy60 : 3790, Qy70 : 5440 Qy60: 2950
Bilinear Coef. 0.01, 0.07, 0.10, 0.15 0.07, 0.10
Damping Ratio [%] 0.5, 2.0 2

S-R.H ¥ A7 ADMHEEEE % Fig.4-15 12, BERAEERIEENICERE 92 ERER ORI & & fLAL
&% Fig.4-16 |23, JBUEREIESIE, HE 825 89 2% 6 JBICEE, WiE CARE60 SET 5,
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FA =)V % 11250, JRHA T —/V A& 1/20, REEA T —/WE 112,56 & Uiz, FEBROY 7Y o T
filE 1/500 B> & L, 1 [BIOFHREE X FERFEIHAE C 10 oINS T2 40 B & L7z, In&X, &4
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1T Fig.4-18 [T/R 9" & 9 e ZE DR EIRE AR A LG W\ RS 25 & Uin, S5 EE
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Fig.5-8 Excess probability for each criterion [RC-model, «=0.07]



a) P(ES), P(EE), P(EE) [%] (Earthquake)

b) P(EY), P(EY), P(EY) [%] Wind Force)
Fig.5-9 Excess probability for each criterion [S—model, B3=0.4]
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Table5-3 Structural parameter at minimum excess probability [RC-model,C=0.1,R=1/300 rad]

Criteria D [cm] P(E®UEY™) [%] Bi-linear coefficient a Yield load ratio f8
40 0.30 0.05 1.2
50 0.08 0.03 1.2
60 0.00 0.03 1.0

Table5-4 Structural parameter at minimum excess probability [RC-model, D=50 cm, R=1/300 rad]

Criteria C P(ECUEY) [%] Bi-linear coefficient a Yield load ratio f8
0.08 0.12 0.03 0.8
0.10 0.08 0.03 1.2
0.12 0.06 0.05 1.4

Tableb-5 Structural parameter at minimum excess probability [S-model, C=0.1,R=1/300 rad]

Criteria D [cm] P(E¢UEY™) [%] Bi-linear coefficient a Yield load ratio f8
40 2.01 0.05 0.8
50 0.88 0.05 0.6
60 0.40 0.03 0.6
Tableb—6 Structural parameter at minimum excess probability [S-model,D=50 cm, C=0. 1]

Criteria R [rad]

P(ECUE™) [%]

Bi-linear coefficient «

Yield load ratio S8

1/300 0.88 0.05 0.6
1/250 0.32 0.03 0.8
1/200 0.12 0.03 0.8
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Fig.5-10 Excess Probability of RC-model [D
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Excess Probability of RC-model [D

Fig. 5-11



a) P(E°UE")

b) P(E® c) P(E"
Fig.5-12 Excess Probability of RC-model [D=50 cm, C=0.08, R=1/300 rad]
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b) P(E®)
Fig.5-13 Excess Probability of RC-model [D

1/300 rad]
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b) P(E®)
Fig.5-14 Excess Probability of S-model [D

1/300 rad]
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b) P(E®)
Fig.5-15 Excess Probability of S-model [D

1/300 rad]
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a) P(E°UE")

b) P(E® c) P(E"
Fig.5-16 Excess Probability of S-model [D=50 cm, C=0.10, R=1/300 rad]



a) P(E°UE")

b) P(E® c) P(E"
Fig.5-17 Excess Probability of S-model [D=50 cm, C=0.10, R=1/200 rad]
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Study on Wind Resistant Performance of High-Rise Base-Isolated Buildings
That Allow Yielding of Seismic Isolation Devices

Abstract

In the present paper, we investigate the wind resistance performance of a high-rise building
with seismic isolation devices that yield due to the wind load.

The number of seismic isolation structures increased after the effectiveness of these structures
was demonstrated by the Hanshin-Awaji Great Earthquake. At present, seismic isolation
structures are used for buildings from low-rise buildings, such as detached houses, to super high-
rise buildings exceeding 100 m. In general, seismic isolation structures are required to exhibit
high seismic performance during large earthquakes. As such, numerous studies have examined
improving seismic performance, whereas there are relatively few studies on wind performance.
In Japan, which is located in one of the world's most seismically active regions, buildings have
long been required to be secure against earthquakes. In the seismic design method, yielding at
the member level is allowed in order to prevent the collapse of a building in the event of a large
earthquake. In other words, the building is allowed to partially “break”, and in the event of a
large earthquake, “human safety” is ensured, whereas “assets preservation” is not guaranteed.
However, in recent years, maintenance of asset value has been in increasing demand, and, even
during major earthquakes, it has become necessary to minimize damage not only to main
structural members but also to non-structural members. In addition, continuous use of buildings
has become indispensable in considering business continuity plans (BCP), and not only "human
safety" but also "maintenance of assets" are required.

As a general seismic isolation structure, there is a base seismic isolation structure in which
the seismic isolation layer is provided at the bottom of the building and an intermediate floor
seismic isolation structure in which the seismic isolation layer is provided in the middle. The
feature is that the seismic performance is improved by making the seismic isolation layer flexible
and reducing the input energy above the seismic isolation layer. If the structure is a basic seismic
isolation structure, the upper structure is separated from the ground in order to reduce the
energy input to the upper structure due to the earthquake. In the case of a base seismic isolation
structure, it is necessary to make the seismic isolation period approximately two to three times
the primary natural period when the foundation is fixed in order to sufficiently exhibit the
seismic isolation effect. Therefore, the seismic isolation cycle must be lengthened to 4 to 6 seconds

in order to effectively make a high-rise building seismically isolated. In order to increase the
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seismic isolation period, it is necessary to reduce the shear force coefficient of the seismic isolation
layer by reducing the yield shear force of the seismic isolation devices. However, as the height of
the building increases, as in the case of a high-rise building, the wind load increases and the
shear force coefficient due to the wind load increases.

Furthermore, the “Guidelines for the Wind-resistant Design of Seismically Base-isolated
Buildings” published by the Japan Seismic Isolation Structure Association (JSSI) in 2012 stated
that “The design wind load is small” One of the reasons for "Omit the evaluation of wind
performance", but not all. Is described. This indicates that the influence of wind disturbance on
the response to the seismic disturbance differs from that of seismic disturbance.

For example, since a wind disturbance has a longer duration than a seismic disturbance, as
represented by a typhoon, even if the load level is small, fatigue damage to the member due to
repetition may occur. In addition, attention must be paid to the conflicting relationship between
seismic loads and wind loads. For example, the predominant period of the disturbance is
generally in the region where the seismic disturbance is shorter than the natural period of the
skyscraper, whereas a wind disturbance is in the longer region. Therefore, buildings with long
natural periods, such as high-rise buildings and base-isolated buildings, tend to have smaller
seismic loads because they fall outside the predominant period of the earthquake. On the other
hand, there is a possibility that the wind load will increase due to approaching the prevailing
period of the wind disturbance. As described above, it is necessary to consider not only the seismic
load but also the wind load in the design of a high-rise building. In recent years, strong typhoons
have been generated due to the effects of climate change and the like, and strong winds exceeding
the design wind speed may be generated in the future.

The purpose of the present study is to examine the wind resistance of a high-rise base-isolated
building when the seismic isolation device yields due to the wind load. The following wind
resistance items are examined herein: (DEffect of wind direction change on wind response, and
@Aerodynamic instable vibration in the across wind direction.

In addition, as a future perspective, we discuss response evaluation using "excess probability"
from a probabilistic viewpoint as a new index that can be used to evaluate the reciprocal
relationship between seismic performance and wind resistance performance. In the present paper,

the above contents are organized and summarized in Chapters 1 to 6, as described below.

In Japan, which is located in one of the world's most seismically active regions, the protection
of human life has been the primary purpose of structural design. In Chapter 1, the points to be
considered and the necessity of examining wind resistance are described, and the purpose and

configuration of the present study are introduced.
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Chapter 2 describes the history of base-isolated structures, the wind resistance safety of base-
isolated buildings ranging from low-rise to high-rise, and the elastoplastic wind response of
buildings. Previous studies on the aerodynamic instable vibration of seismic isolation buildings

and the reciprocity of earthquake and wind are summarized.

Chapter 3 describes a method of creating a wind waveform considering wind direction and
wind speed change and shows the results of wind response analysis using the created wind
waveform. In general wind response analysis, the wind response is evaluated using a 10-minute
duration wind waveform without considering changes in wind direction or wind speed. However,
in a typhoon, which is a strong wind event, the wind speed and direction change moment by
moment, and the action time may be as long as approximately 4 hours. Therefore, a method of
creating a time history wind waveform simulating a typhoon is shown. The change in wind
direction is reproduced by rotating a turntable during the experiment, and the change in wind
speed is reproduced by changing the time interval using the similarity relation. In addition, time
history response analysis using the created wind waveform is performed, and the results of
comparison with the time history response analysis using the conventional external wind force
(constant wind direction and wind speed, evaluation time 10 minutes) are described. As a result,

it was confirmed that the change in wind direction did not increase the maximum response.

Chapter 4 presents the results of a study on the presence or absence of aerodynamic instable
vibration of a base-isolated building using a hybrid experimental method. One feature of super-
high-rise seismic isolation buildings is that the natural period is longer than that of ordinary
buildings. As a result, the possibility of aerodynamic instable vibration increases by applying the
seismic isolation structure even in buildings where general aerodynamic instable vibration do
not occur in general buildings. The generation of aerodynamic instable vibration may lead to the
collapse of buildings, and it is extremely important not to generate aerodynamic instable
vibration in wind resistant design. Therefore, a system that can reproduce sway and rocking
responses (hereinafter referred to as S-R.H), including numerical integration methods applicable
to the system, is presented as a method for studying the aerodynamic instable vibration of base-
isolated buildings. In addition, in order to show the effectiveness of S-R.H, the results of studying
the aerodynamic instable vibration of a high-rise base-isolated building are described. As a result,
it was shown that S-R.H can reproduce aerodynamic instable vibration. Furthermore, it was
confirmed that aerodynamic instable vibration do not occur even if the seismic isolation devices
are plasticized and prolonged in period for the high-rise seismic isolation building considered in

the present study.

—108—



In Chapter 5, the future reciprocal relationship between the seismic performance and the wind
resistance of a high-rise seismic isolation building, as described in Chapter 1, is discussed. This
1s positioned as an outlook, and an index that can be used to evaluate both performances under
the same conditions is discussed. In the present study, we used "excess probability" from a
probabilistic point of view and tried to evaluate the response of reciprocal events. The excess
probability is calculated for the set criteria by deriving the probability distribution of the seismic
response and the wind response from the probability distribution of the external force as
determined by Monte Carlo simulation. As a result, it was shown that the reciprocal relationship
between seismic performance and wind resistance can be evaluated using the index of excess
probability. In addition, the effectiveness of the index was demonstrated by presenting a design

example of the seismic isolation layer based on the excess probability.

In Chapter 6, the main results of each chapter are summarized, and the findings obtained
throughout the present paper are described. The results of an examination of the wind resistance
of a high-rise base-isolated building when the seismic isolation device yields due to the wind load
are shown. We focused on the effects of a change in wind direction on response and the occurrence
of aerodynamic instable vibration as events with very few research cases. As a result, a concrete
examination method and examination results were shown. In the present study, we were able to
conclude, under limited conditions, that the seismic isolation devices had certain elasticity under
elasto-plastic behavior. Moreover, in the future, it may be possible to evaluate reciprocity using
"excess probability" from a probabilistic point of view as an index to evaluate reciprocal events,

such as seismic performance and wind resistance. It was shown that.
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