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BuE-BRAEEHAREBRBEMRICRITTEE
INFLUENCE OF WIND SPEED AND WIND DIRECTION CHANGE ON RESIDUAL DEFORMATION
OF ISOLATION LAYER

¥ wEsEY 1 R A8
Xijaoxin QIANY and Daiki SATO?

ABSTRACT

In recent years, the base-isolated system has been applied to more and more tall buildings.
However, as the building gets taller, wind force may increase, which may lead to the
residual deformation occurred in the isolation layer because of the plasticized steel dampers.
When evaluating the residual deformation of the isolation layer, it is not enough to use the
10-minute wind force with no change in wind speed and wind direction as introduced in the
existing wind-resistant design. In the case of a typhoon considering wind speed and wind
direction change, because of the wind force against the isolation layer deformation,
overestimation on the residual deformation may occur if the 10-minute wind force is used.
Therefore, by numerical studies on a MODF model, this paper focuses on the residual
deformation of the isolation layer in typhoon simulation to provide useful information for
practical design.

Key Words: Base-isolated building, typhoon simulation, wind speed and wind direction

change, isolation layer, residual deformation
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2. B ETILOHME

Fig. 1(IZR3 8902, fi#fTE7 1 :,tméH— 100 m, b B/L =1 (BEIE B = ﬁﬁD =25m), T AIR Ar =
4 (= HI(BL)"?) DX EMIZHMT 5 11 B R A BIHERE 70 (LEE 10 B + 50lE 1 ER) &1 5, K
FENTClIX, RUAVRBIZZER T, x Hak y HazkthZh i1 5, Fig l(b)O)%La%)EJ:D R,
FE pu =250 kg/m?, JERERE ERFD 1 R EAJEH T, = 2.5 s (= 0.025H) , WOEEE & =0.02 &%, RERI, wmEE
py=3644 kg/m?, B T, =5.0s, F0EX L\ —DRERE AWM IR 00y =0.03 &%, Z2TIE, BHEMEE =
DME ki 13, 1 REAIREIT—RNERRERDIIK (1) IZEVRELRZ Y,

108 My 1@y + kui+1( 1Pui+1 — 1<Pui) (1
1Pui — 1Pui-1

ky; =

ZIT, o EEEEO 1 REA FIRENL, my: BEAEE ( EOE R, 1w LEEE O 1 IRE—RI LR
ﬁj‘ fifib ku11=0, lqou():o&j‘é
IS A OB &5 AR B KON S AL Z ALE L Fig. 2(a). (DIZRT,

B=25m Aspect ratio (A4r) 4
E X r @ Height (H) 100 m
e :
o Ko Width (B) 25m 10 - ) 10 r@
Q O, Length (L 2
. @ ength (L) 5m °® @
wind 8 o 8 ]
direction @ Upper structure : | ® | ™Y
Density (p,,) 250 kg/m® 6 L ® 6 ®
. (] o
Natura'l perlo'd (T, 25s § ® E ®
Upper Damping ratio (&,,) 0.02 4 P 4 ®
structure —
(H=100 m) Isolation layer : ¢ *
2+ ® 2+ Y
Areal density (p5) 3644 kg/m’ I Ps | P
Isolation Natural period (7',) 50s
layer . 0 0
Yield shear force 0.03 0 15 30 0 3000 6000
coefficient (a4y) ) m,,; (KN-s2/cm) k,; (kKN/cm)
(a) analytical model (b) structural parameter (a) mass distribution (b) stiffness distribution
Fig. 1 Outline of the analytical model Fig. 2 Upper structural characteristics
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Fig. 3(a)~(IZ/R 38912, RFENTCIL, MkcREf 237225 5 R 10807 L (Sample 1~10) V38 E L7, KIZ

BT DAEHM D HAL h 1XRERE (hour) 2 3% LTV 5, Sample 1 DOfk#eRF 23 e < 9 BRI &L, Sample 9. 10 Oiffffe RF
3 b E< 40 FEFI T2, KINZBIT D FML, B TEERO B Uy (10 43 [ F-85) ORI B2 b A2 R L TD,
ETOV T B NT, TEE SR OE — 27135 1< 50.41 m/s (FEARJEGE 36 m/s, FFELIIN 500 4%, HiZ ikl
JEX I ELTHE L 7= 9) 9%, 72721, Sample 6 (1% peak: 49.54 m/s, 2" peak: 50.41 m/s), Sample 8 (1% peak:
50.41 m/s, 2" peak: 48.21 m/s) 330N Sample 9 (15 peak: 50.41 m/s, 2" peak: 45.13 m/s) [T E D B (2 2 [A]JEE
DE—2%FT 5, —J5, MIZBITH7 a0y ML, BRI OREZIFEZE 2R L TWD, JRIFOFR EIZOWTIE, 10 47 fH
O A%, JBJH IR VAT A B (22.5°% ) D5, Fbim WA EICEBRL TWD, EFHRT DM 0=0L
1%, Fig. 1@ U2 Ze @t tiing B \ZExt 70 M2 &K T,

AFRHTCI, 3 FEEEO R I HEH (10000, A 000 & T _000) & EL7=, 10 000 (%, BATOMmMREEFHIHWHND
JEGE (Uy = 50.41 m/s (Z[E ) «J& (6 = 0°IZ[E &) AA—ED 10 43RS THDH, A 000 1%, A (0 = 0°1Z[E E) 13
—ETHY, Fig. 3DJEMEAL () OAH2HGTHEREHE LA THD, T_000 1%, FGEZ I TR Z
fb(ZayM)bATHEREBELZES THD, 72721, T_000 (251Dl K24 EGEE (Uy = 50.41 m/s ) O
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wind speed (A_000, T_000) *  wind direction (T_000)
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Fig. 3 Time history of wind speed and wind direction
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(a) x-direction (b) y-direction

Fig. 4 Example of wind forces at 10'" story (Sample 6, Wave 1)
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L 0= 0°IZ[EE LTz, Z2CiE, T_000 25 &35 H L, ﬂa_ A 2 b E A5 T 000 (2% LT, JEGE - &l 23
—ED 10_000 Z MW R @I OV TORME Tl KIS S D /I REMEDN DD E DN E B 5T 5
(T_000 vs. 10_000), =52, A 000 252 E$ 5 HMIE, T 000} i#bfﬂUﬂl:@%c%ﬁﬁ“éA 000 & T, {KIRE
L Tl KICEHES D FTREME DN B D E 903 & £ 4595 (T_000 vs. A_000) Z&C, o= 8 7% 5 8T O FEAfh 2 L ] 28
{bZZBETHZEDHMZRT, & BITHIE T 10 3 (Wave 1~10) {ERLL TWD, 7235, FEMTBHAGIREE K& T RFOD
WS E AR T D72, & B OEHB IO RIC 50 o= Xe—7"2% 77,

Fig. 4(a). (OIZAERLLTZ 10 JEDJE ) F1o DAY D — 15 (Sample 6, Wave 1) 2773, Fig. 4(a)? x J7 [ Tl
A 000 [ZJEFZLERH LR, RFLES R 2R, B O RESIFEICEE (Fig. 3(0%2 5 ) ITIKFT 5,
7272L Fig. 4(b)? y FMITIE, A_000 (ZRREZEEI R 2 F72720, — 757, A_000 (ZxfL CRmZE(bazF 35
T 000 iX, x &y 7O EITEGE  JEA BN LR ED, 72721, SRR BGRIFOJEEIEL, A 000, T 000 &% 0= 0°
IZEEL T2, Fig. 4(a) kD A 000 & T 000 D KEIE—E THHZEN AL,

4. REBZRBLEROFE

Fig. 5(a). (D)W HRBIEIRALTE 0y (10 DT W27 NEH) 273, Fig. 5()D x HIA T, & BES 7 i
*LTC, A 000 & 10 000 DfEIFHER—E (B1H A 000=10 000) THHZEMN RS-, LAL, T 000 & 10 000 %
s d%5&, Sample 4, 8, 91ZFVT, T 000 (ZxFL"C 10_000 (it KEEAf L7 ~72, FFIZ Sample 8, 9128175 T_000
DT~ AT A% R LTS, JRIA LI I DFRNE L RIZEE CH 5, 7272 L, 1@ Sample (28T,
ZORNE LDRITBRETH D, 2F D, T 000 & 10 000 i3 54T, T_000§ 10000 WO ZEN DD,
—7J5, T 000 & A 000 ZLb#THZET, T 000=A 000 &V HfEGan 617, L ED T 000=A 00010 000 (Z
X0, B AR OB M L EE BT HIENE R THD, 7238, T_000 ([ZxfLT 10_000, A_000 (% x J7
) Ci KM MR T2 ATREMED 8 708, M TRl C& 5L 2 bid, Fig. 5(b)&kY, Fig. 5(a)D x F L~
Ty FORERBREETEDREN SN EN DI, y T RO FIZOWTORGFHIZZ TITENE T 5,

20 15, [em] 010 000 x-dir. 2 A_000 x-dir. OT 000 x-dir. 1015, [em] ®10 000 y-dir. 4 A 000 y-dir. ® T 000 y-dir.
| . X X A 4 i i X
o [9te it gt e d b §Y § c@*q) s 1 ; ; ; .
I I ¢
o * R L T S R
1 2 3 4 5 6 7 8 95 10 1 2 4 5 6 7 8 9 10
Sample r Sample
)
10 L s b
(a) x-direction (b) y-direction

Fig. 5 Residual deformation of isolation layer (10 waves ensembled)

Fig. 5(a)&b, 10 000, A 000 Lkt~ T, T 000 DFEEZ A (1] 21% Sample 2) . /NS (121X Sample 4) |
PHE IS/ NSV (] 21X Sample 8) 5E 305, Zivnh, RERON—7 (REEDEN 6, &AW 1) 0, DRELR) %
HAWT EROZEBRNAET TODREZRSB LT 5, Fig. 6(a)~(d)IZHEED/L—7 (x J7H], T_000, Sample 2,
Wave 1) 279, RICIT B0 G i B A OHEENH 106 (Presumed residual deformation) 2390 55 8 i KA I IO
RO 1 KIMEZ AW TRR I TEIETES,

_ Opmax (kp1 — kp2) + 6y (kp2 — kp1)
pYbr — k
b1

2)

ZZT, Obmax: WIRBDIRKETE, doy: EIEDIFIRZETE (=2.8 cm) , ki : RSB D 1 IRIME, ke 52REE D 2 R
T,
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X Maximum deformation A\ Residual deformation APresumed residual deformation All results — Current results

10000 0, [kN] 10000 0, [kN] 10000 0, [kN] 10000 0, [kN]
X K X X
13.2cm 7 /A32em 13.2cm 13.2cm
5000 - 5000 5000 , 5000 -
/ “‘,/‘
f‘f
Y i em 4, [em] ) , dyfem ‘ 3, [em]
“ ;’ 4 8.6cm 8‘£9‘.l'k:m i L “ y 4 86’1:m 8‘:0"“ = 10 4 Y t 8.6cm S?(km 2 i 4 / 4 8.6cm %(}Ocm 12 16
-5000 - -5000 - -5000 - -5000 -

Un=41.88 m/s =-67.5° Un=5041m/s 6=0° Un=4143m/s 6H=67.5° Un=3792m/s 6=675°
(a) 20450 ~ 21050 s (b) 22250 ~ 22850 s (c) 24050 ~ 24650 s (d) 24650 ~ 25250 s
Fig. 6 Loop of isolation layer (x-direction, T 000, Sample 2, Wave 1)

X Maximum deformation A\ Residual deformation APresumed residual deformation All results — Current results
10000 0, [kN] » 10000 0, [kN] . 10000 0, [kN] » 10000 0, [kN] y
14.7cm "c" vf,14.7cm 14.7cm 14.7cm
5000 5000 - 5000 - / e 5000 -
‘/‘l‘ “J ‘,‘"‘( / "‘ ‘,"f‘
/ /] A Glem] L gslemi I L ddemd / g 3y lem]
4 p/ 4A g A 16 4 y AT A 16 4 v ATy A 1 16 4 i LA s A 16
5.5cm 10.3cm 5.5cm 10.3cm 5.5cm / 10.3cm 5.5cm 10.3cm
-5000 - -5000 - -5000 - -5000 -
Uu=39.95m/s 6=-45° Un=50.35m/s 6§=22.5° Un=4621 m/s 6=67.5° Un=3827m/s 6=90°
(a) 43850 ~ 44450 s (b) 47450 ~ 48050 s (c) 48650 ~ 49250 s (d) 50450 ~ 51050 s
Fig. 7 Loop of isolation layer (x-direction, T 000, Sample 4, Wave 1)
X Maximum deformation /A\Residual deformation APresumed residual deformation All results — Current results
10000 - 0, [kN] » 10000 - 0, [kN] » 10000 - 0, [kN] . 10000 - 0, [kN] y
14.0cm /14.0cm ‘J‘,l‘4.0cm 14.0cm
5000 5000 ‘ 5000 5000
A ) Cadem . | dulemi i | lem) / _ Slem)
as a0 5770 5 & s as .10 857 5 & s 15 10 &5/ » s 15 .10 fs A s
-6.5cm 9.8cm -6.5cm § 9.8cm -6.5cm 9.8cm 9.8cm
-5000 -5000 l— -5000 ] ~5000 -
-10000 - -10000 -~ -10000 -10000 ~
Uu=41.60m/s 6=0° Un=47.70m/s 6=0° Un=36.55m/s 6=112.5° Un=478m/s 0=1575°

(a) 78650 ~ 79250 s

(b) 84650 ~ 85250 s

(¢) 90050 ~ 90650 s

(d) 93050 ~ 93650 s

Fig. 8 Loop of isolation layer (x-direction, T 000, Sample 8, Wave 1)

Fig. 6(a)® 20450~21050 £V (600 FP[H) Ti&, FIHAIC x TR DE ) DBIAER BN /INSN=, FaiE E 23 i FH N
TIREIL CUWD, 4D, Fig. 6(b)? 22250~22850 F>Cl, MO KITLEW, i@ B rEbL, s RKE dvma
(Maximum deformation) 73 13.2 cm &72-5CU 5, Fig. 6(c)? 24050~24650 0L Fig. 6(d)? 24650~25250 F4ClZ, %
BB R REGED 7O BT 03 NS, 4058 & IR N CTIRENL, SRR AT 5b (Residual
deformation) 2% 8.6 cm &7, FER AT OHETEE 9.0 cm ELE_THTNTEELLY,

Fig. 7(a)~(d)Z =g D/r—7" (x F1H], T_000, Sample 4, Wave 1) Z7~79°, Fig. 6(a)&[FIFEIZ, Fig. 7(a) T, 7
FRJE DS HVERI DN TIRENL THRY, Fig. 7(b) TR KAL) 14.7 em (Z3EL T, LAsL, Fig. 7(c) T, BOdJ51A
JESIISFAEL TODT28, SR TR L h R CHMERIPRIZ A o7z, Fig. 7(d) TlE, KWKRE7R2B06 757 AR 1237
TEL, SEEITHRNVR LARE, IR ZEIEN 5.5 cm £720), BT OHEEAE 10.3 cm LEEAT/RIEWY,
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Fig. 8(a)~(d\ZSEE D/ —7 (x J5f], T 000, Sample 8, Wave 1) Z <, Fig. 8(b)Tix, fuiEE i KA
14.0 cm [ZEEL TWD, £330, Fig. 8(c) T, Bt MIEIIC L4V LA CHuE g Mtk #ipHIc A>72 288
DD, L, Fig. 8(d)TIE, EUHAS 47.8 m/s EREVY, 3 DJEAIAY 157.5° L 180° (50 @ AT L %t D J51H) 12
BT L QA T28, ROk ARSI B IERIZRELRD, SRWFEIVR U B ChRAE N IR R BT DN R KA L O3 7
A10-6.5 cm £720), FRBEZATEOHETENE 9.8 cm LR THZE 2/ E0,

LLEIZXY, BB AE LS T MO BANCEDFENRE LS EDFEL Th, TORAN/NINEGE, T 000 (2%
LT 10 000, A 000 (i KeFMii&72s720, Losl, Bk < JBm A bIc Z D 5kt 5 RIS KEWE S, FEVR LS
RCRBEIRREEN/NESLARD, BRFHEE25, Z D12, TORENRLDES Ko7 mE ) D RESICE ik E
HEZZBND,
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NEBR 2 —a (Sample 1~10) IZEDREEERE AR AL, 2 2 ClE, 3HEEDE S (10_000 : i
JRERFHZ AW B L B - BRI ZE LR —E D 10 2EES 2R T, A 000 : BUEZELOAHZFT 5682 8E
L7cJB A3, T 000 : BUE - M fkz A3 2RRE2BE LR ZERT, ) ZHOV TR L, &5
Nicitmma L TICE LD,
(1) T_000=A_000=10_000 (Z XYV, fEBKEEZEOMMAMEEBETLIENFGNTHL, 728,
T 000 (Z%}L"T 10 000, A 000 [Ja KFEAM L7225 FIREME D D73, M TRMEI CEXHEE 2 biLd,
Q) WREBER & TIHOBII/NSWEA, T 000 (2xLT 10 000, A 000 i KEHM & 72 & Zavy (4
Z X Sample 2) . L22L, BEGE - WAZ(GIC K DR H BRI N RE WS, fEE LR CTRE
REER NS L2, WRFHIE72% (5] 21X Sample 4, 8) .
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