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METHOD OF DESIGNING CONTROL SYSTEM FOR HIGH-RISE SEISMICALLY ISOLATED BUILDINGS
WITH ACTIVE CONTROL UNDER ALONG-WIND FORCE

CUCIRVIRAREE Cl VNI B - N N T
Yinli CHEN , Daiki SATO , Kou MIYAMOTO , Jinhua SHE

Active control has been using for buildings in recent years. It has been shown by previous studies that the combination of
seismically passive isolation and active control achieves better control performance for earthquakes. However, the control
performance of such a system is not guaranteed for a strong wind because the characteristics of seismic waves are quite different from
strong winds. This study devised a method of computing mean control force presented a method of designing a control system for
along-wind force. This features the design of a building with active control under along-wind force without solving differential

equations.
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Fig. 1 Analysis model
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Fig. 2 Block diagram of control system
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Fig. 5 Mean component of along wind force at superstructure 7 floor
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‘With mean component — — Without mean component
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Fig. 7 Examples of control force and responses for Along wind force
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Fig. 8 Responses of along wind force (Return period of 100 years)
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Fig. 9 Responses of along wind force (Return period of 500 years)



6.2 HfEHl

Fig. 10 IZEFMANICEBNT, KQH)ELVRD-ar te—F0
SERIHIE S OB RE () & RiTE (M ey H ked ¥
R, FEMERNEEAEIE S U AR L, At BiFo=av
ko —Z OIS AT AR R T (= 1£Eﬂj7 | Bt eE
B) ICRE LEERT. 2B, ARXICBOTRADO VRS F
VB R B A8, R ERRE D F 2T 5 2 & b ATRE
Th, BJAERE L BT L a2MERLTWD (B &),
Fig. 10 L0, UFOZ L3bind

« SERHIAEN T OO FEAT IV X BT A L (t(25)

SRAEM To 2 &< 72 & MEREIRFIC
FIEH I IERE L e DHAR S 5,
caEEMEETHLHLENS T IFNET, —EHEERD, K
FSCTIX T S E M & 72 DI/ N D o HIE R OPEREIR R oy, &
5 (6.3 2R),

HIE R EREIR R o, (CBIE LR, TSN T, % Fig
H@ZRT, (A2 % AWVT, FHHE SN RmER ORI E LN
Ko % Fig. 11ONTRT, Fig. 11 £V, EFLOMERNE K& <
ToE, aryhe—IRNHELPHRENNREL LD bDD, *
B OFENREEMN b RE 20, HilEROFEEHZEAITKR L TOH|
MERRITELS D 2 bbb,

PLEXY, wEEAM Tk 5, fl#ERokmEEzIcL>T, B
1L 9 5 0RE VIS E AN Z 5 2 & DA FRERIGA BIEET
L BB T, REBEBEDCT 7T 4 THIEE AV HEHE
IERERMOBRENEETH 5,

—Ty=6s—Ty =T7Ts=-=Ty,=8s
125 X104 == Ty = 9 5 wwweem T0=10s

L—%7 5,
FAHa hu—T DY

7 0.9 |
< S o T
5 06 éxﬁ- 0.01 >
g 03 by
0 - 0
0 5 10 15 20
1.2 4
Z 0.9
24
= 0.6
<
2 03
0 —4
0 5 10 15 20
«Q
(b) Return period of 500 years
Fig. 10 Comparison of mean control force between
theory and analysis
1.2 rx10* 0.02 50
40 -
— 0.8
E E 30+
= 001 '™ ¢
g 2207
504t WS i}
—o— 10y, ’ 10 - ! Io lim
—o— 0, —0—0F) tim
O L L L L

0
6 7 8 9 10 6 7 8 9 10
To [s] To [s] _ _
(a) Mean control force (b) Mean responses of base-isolation
Fig. 11 Performance limit of controller

6.3 HIEROMERSR
HQRO)DSM AR T HHL B Q DREIEE a0 iR/ M Z il
FROMRIRR L ERT D, arERERALL LOEIC LTE, RN
WHIEHEREZ B O D Z R TE RV DR LT, REBEOHIC
ﬁ(14)o> U] y%)ﬁitmﬁmmoﬁx%f;b\mb‘m:&;é 9, Table.
(AR D PEREIR R D f D a% 7”7, Table. 4 LV,

AEMRFUCRIZET 2RO oD EIZEA S O B & BItR72 <, wiERA
WTo2R<T5L, NELRD2EMIHDHI LRDLND,
u(n)—u(n-1)

T £0.001xu(n-1

(a1 oD (26)

Table. 4 Performance limit of control system
To [s] 6 7 8 9 10
0 im | 133] 12.8] 12,5 122 12.0
0 i | 133 128 12,5 12.2| 120

7. BEFHHEN
71 WRETHFHEHIOERL

T 0T 4 THINC k5T, S OTHIZE & B X 120 X
BT, B ERSTHEEANL, RQDEYHETE S,

T=(% % Ko @7)
R(Ala)ZRQDIZRATH &, ’kAUTR D,

u= 'ZUF Ko ko (28)
7.2 BUEH

Fig. 12 \CS BB O LIS B AN & BEEE X, (A 5 7=dic, K
(28)& 0 52 b2 W ENEHHIE ) O FERE () LT (X
T m ey ) OlRERT, ERITLEEREAER L, it
i i?i’ﬂﬂ‘hl’ﬁﬁﬁﬁﬁiﬁlﬁ ZFET, Fig. 12 £V, REEOFEEISEE
P BRI 2 5 T OIS L 7 2 SR AR ) o RT3 31 Al
E—HKTHIenbrD, E£, WEAMERELST D ERERBOY

KA R X < 72 BT, BEEE M A0 NE L 725
ﬂ?i%ﬁﬁﬂjmdf% K pHZebbnd,
10
T L -0.04
o2l Z F
E " Performance - 0.03
= \ £0.02
- - 0.01
0
a 100
EEO, tar [Cm]
(a) Return period of 100 years
1
< " 50 - 0.04

X0, tar [Cm]
(b) Return period of 500 years

Fig. 12 Comparison of necessary mean control force
between theory value and analysis value

-204 -



8. REAMBAICHTZa FO—FDHEHAE
8.1 EtAE
Step 0

FEATME N OBBIHIM & LEMEOK L (HE~ M) v 7 2 M,
WE~ ) vy 2 C, Wt~ bY v s 2 K), GEEY T, ORFH
PHAEDD 2, IS OHIBRE, HIE L 725 o R EISE AL
Tl BRAE & TEER B PR B AN D il RAE 2 D 5
Step 1

T 2 50BEW Ty C, EABEKQ o~ EHlax ks t, =
vhr—254 v Ke XA LW EHT 5, K(25FHWT, Fig10
DEIICal T OBREMIRT 2, Z O KV SEEHIHE S O HERERR
KU, #RET D,
Step 2

K(Q27)& Step | THEMH S N7 A HIEROMEREIRA 2 VT, &
J&& O SRR e 2SN D RS- A % ik 72 SRR JE I To 23R B,
Step 3

Step 2 TIEIR L7= To 2 vy, KQDICL Y, THESO XA ZAAL
ZEWT 5, Step2 THR L7- ToDHF G, THEREARGELE AL il
RRAE A i 729 To 2 FFONERIRT 2.
Step 4

FRTRELZaY br—F VT, BRERAEMRTZ1TV, Hl6
HOFNRE A 2 7= T E R T 2, TN TOZMEEwM- TR
JEW To WIFLE LW GG, ¥ AT DRIBICKTT 5 H A B4k Q R°FTAM
KGEOEFEEITV, Step 2 ICR D, HABEQ 22 ThH, T
NRTOEMZ W T3 5B To BMFE LR WEE 1 Step 1 O5AFD
FHRE S 21T 0,
8.2 k&t
Step 0

EBMEIE DA T & SR E M ORETHIPE « £ 1 IRT

st E ) o B ;500

HI4E 73 O HIFRAE < 16,000 kN

TR BB L OHIIRAE : 40 cm

TEER IS 2SN O FITRAE : 60 cm
Step 1 & Step 2

Fig. 13 [ ZHIHE 77 & HilHESR OPERER I & iR G B AL D
HIRRME 2 79, Fig. 13 k0, ERM 65, 7s, 8s OHlfHRNZF
O REEE -T2 E b0 B,
Step 3

RDEHWTHEH L= %ERMG6s, 7s, 8s DEMOTES Y
ISBENITENZEIN 49.0cm, 544cm, 59.7cm THY, WThOK
ESEINT 3T b T4 2 28 . 0 1 BRI 2 41(60 em) - i 72 37,
Step 4

REAIERRAT 2 AT\, AR OVERE IR FUC I 2 I ) & fe
KANE S5 & 88 71 O I BRAE % #7295 (Fig. 14), Fig. 14 LV, 5E
JAM 65 & 7 s ORIBERAHIE T ORIR A T3 Z L ¥bnd, i,
BAT =2 B WIGEIE, MUIRTANT 7 7 X —%RIRTEHZ L
T, WAHEAOEZHRTES (kD B8R,

Fig. 15 (CHRZIEMATRE R 2R3, IRZIBEMRATRE R LD, To=7Ts,
Q= 12.8 (PEREFRFY) & Ty=65s, o, =13.3 (PERERRA) OflEHR
OFFNTRERMDFIAME —B L, REFRMFERMIZT L 2R LT,

Design limit - 0.04
2 -
= ) I/ Performance 0.03
= / 002
s 17 <
R - 0.01
0 7s ‘85\\\ 95‘105 0
0 20 40 60 80 100
EE(J,tar [Cm}
Fig. 13 Necessary control force
><]04 10 500
251 o0y
__. 2[ Control force limit o
ZREl PE———
=L
S| e )
05+ [ o
0 1 1 |
6 7 8
Ty Is]
Fig. 14 Peak control force
10 7 10 7
‘A*xpeak
8 i 8 -
o 6 +-§peak 2 6
S e T S
& 4 T 1Z 4
2 Design limit 2 1
0
g H g = i i
0 40 80 120 160 0 40 80 120 160
x [cm] x [cm)]
(8 To=6s (b) To=7s

Fig. 15 Displacement responses (Return period of 500 years)

9. F&O

AFRSCTITEER & LT, R D R TR S L IR o
FIBIPERBIC DWW TR L7z, £72, B MRS OFEIR 5 5

A ba—=J OVHREAOHF G EEZRL

, &b, A7 mmE A

DRI T 2 3 b —T ORGFFHIEECRE LIz, KiwLT

BonmR el %,

() PEHS EETCRKMBAOBE, T 2T 4 7 R

RSS2 T AN
(2)  LQR Z MW=l R I IX MR RR A 23
fitkom LEELL EICKRELLTY, =
MADMEIZ LRI S 5,
@) ETNORERMERSTDL,

by, EHEKOE
v ho—F OHE S

Sy b — T I )

WREL DD, REEOVENSEEMPRE L85,

@ mFMBRAOLE, T 7T 4 T

IZk > TEF VDY

JEE SO FIFEREOMREHIMAT T D 42130 <, FHHRT

BTITH 2 LM TR B,

) B T BT D, HIEROMRE

ERARIER SISy YAt i d R

RFUZE-T, AL
L BAWREIR BB N F

E9 %, RERWICT 7T 4 7THIEE B D5 RER

HOBRENEETH D,
A% OBBITIRE A7 MR LR LiuTo

RERAME 2 HI B RRAYICHI S hc 35 2 & T

-205 -

PERERT A & IR OV

H5,



D) ESfE, R, TR, FEREL - ENREREY O T — 2 R — 2
H L BURHT, B ARSI, Vol. 17, No. 35, p. 79-84, 2011. 2

2)  HMZEF, AW — I, BF : MR Z 2 3—&H\ - A~ — ERE
WORE B TR, FLEIS ) S AT SCE, pp. 65-66, 2002.5

3) Kim Hyun-Su, Roschke N. Paul: GA-fuzzy control of smart base isolated
benchmark building using supervisory control technique. Advance in
Engineering Software, Vol.38, pp. 453-465, 2007. 7

4 BB DAY VEHRIE B, 2016.2

5)  CEOREE, PERROB, MAR, R BREEDESRE LET 2T 4
Tl O R OICE IR, AAMER TSRS 12 BIERRS
RS, p3-25, 2016.9

6)  EKHE, VHERES, WART, REHE: 70T THIEE Ny T RIED
DRI & 2 B R e RROEIUC T 72 SR D 2: 7 2 7 4 7
R RE O SR SRR IS B DY), HARRES R BRI TR
w4, pp. 437-440, 2017.3

T BRBIN, EARES, ERERE, REHE T 0T 0 THIENE Ny T RIRD
B X pBEEREDdDay b u—FRE T ECED 1 REE
XD RERIEAS RN — - RT—D5H7), BARGE D REY
i EAEAE, pp. 695-696,2017. 8

8) B. Liarig, X. Shishu, T. Jiaxiang: Wind Effects on Habitability of
Base-Isolated Buildings, Journal of Wind Engineering and Industrial
Aerodynamics. 90, pp. 1951-1958, 2002. 12

9)  BARSEET S - EMOME T, 199711

10) ViR, SIEFZ, MATHETRD R & 2 R — O IRBVEAFE S S
BTG 2 D8, ARG SME R UE, % 635 %5, pp. 75-82, 2009.
1

11) Kou Miyamoto, Jinhua She, Junya Imani, Xin Xin, Daiki Sato:
Equivalent-input-disturbance approach to active structural control for
seismically excited buildings, Engineering Structures, pp. 392 — 399, 2016. 10

12)  Sulbeede, KRBT, AekisRss, &VCBEH, BRILARME, VopRclt : )
TAEBRICHES BBEFEY O L BRI K 5 =3 F— Ak
D2 R EEEEWAENT D 8RR, B AR TR
HEE, B-1,pp.193-194,2010. 7

13)  HARERES - BEMMERE - FfgS, 2015.2

MR A T7UT 4 THEN LABEOTHERERAICEEESATVRE
AR LG ORMATEAICHEL S A RVEHRE LT, 77747
HIEHEEE 2 R OACEBE L TWLLEOEZEZLLND, z
VIR A B T BT RS DY, W7 LOE T IV OSEEEAENL T &
LG O EZLN T FRic ko TERER G2 b D,

10 10

2R

T — =l

Xy =

F
. A=
kO I(i

TR & TS RS OEE, 5 0 ORERETHER X, & Lk

DEEBEZENL A I TFORIC L > TERER G2 BN S,
10 10 _

E- +Uu — Fj

j=i

(Ala,b)

(A2a,b)

I
x
2
+
D
1|
I
I
[N
x|

ARG SCTILHI L E 2 R E O TR E LT b7, SR & E )
FEDOEE, 77T 4 7 HEE R YN BN A 5.2 B,
S O AN CERRBRIZERf) TR EEZ 5 202 L BRR(A2)
KV bond, UEOZ L%#RTRT L, Fig Al(@~C)IlR5,

Fio > ! Fio— @ /
/ /
1 /
~ ~
T

/
/

=~
/

_ /

F2—> !
/ f—
/ =
/

= /

F—@ |

—_—

/

(a) Control on
Fig. A1 Mean displacement responses

(b) Control off (c) Mean control force

Misk B FERMICLITEHNRAREAN

Fig. B1(a),(b)IZfaf E £+ (Recommendations for Loads on Buildings B T, RLB)
Lo FH S FEBHE 100 423 KLU0 500 4ET-HJEES & R %S (Wind
tunnel experiment LAF, WTE) 7515 b Lo EJE R O ik & £ £ hor
7. Fig.Bl £V, ffEiE#H L0 A S PR RILEIRER S5 5
FPHERS E BBt —8T 5 2 ENbnd, AimsC TR MRS D
A OFITRIRER S/ LN T — 2 i, Linl, BADT—4 7
WG, RN RS - RS VESsE L, PR EHET SN
ARETH D,

10 M2 wie “ 1 10wt "
9 4 RLB AA 9 = RLB Cl |
8F A - 8 -
Tr A b s - o
z o6 A B o6 2 4
=3 =]
@ s A — & sk a i
4+ A B 4+ - -
3F a R 3r a 1
2F A B 2r - 7
1+ A - 1+ - -
0 1000 _ 2000 3000 0 1000 2000 3000
llll)F [kN] B(HIF [kN]
(@) Return period of 100 years (b) Return period of 500 years

Fig. B1 Comparison of mean wind force between RTB and WTE

sk C HRLIT7H 45—

Fig. C1 IZAEATAE R X 0 B S A7 & HIHE SR O PERERR U 31T 2 S KHbilAEI )
OFHHRE NI T HHA N T 7 7 4 —Ford, RN OFEHIE
ETDHANT 772 —GIFDHL VKDL D,

_ Elupeak.liml
BT
Fig.C1 £V, ®uEAM T 2R TDL, FANT 774 —GII/N&EL DT
LD, BIRAET — 5 N e, RAEMHT 2175 2 L I3 TE RV
4, Fig.Cl 25 L, FEHHIEAICK LT 3 HLL EORMBEE TR KIS %
AT HZENEELY, 7270, ZOMSITB/D=1.0 T, AMH =0 DY
BOLOTHY, hORETIE, BIRHRHTILERS S,

3 a0y
O 25 \Q\m\giia
2
I | I I |
6 7 8 9 10
Ty Is]

Fig. C1 Gust factors of mean control force to peak control force

(&)

- 206 -



