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Analysis of Wind-induced Vibration Response Along-wind
for High-rise Building Considering Wind Structure Soil Intraction
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Abstract; The coupling effects of the wind-structure-soil on the along-wind for the wind-induced vibration
response of high-rise building were considered. An in-depth study of the wind-induced vibration characters
of the high-rise building was carried out. The Fourier transform time domain iteration method was presen-
ted to solve the problem because of the complex coupling relationship in time domain and in frequency do-
main. The method is very useful to solve the problem which is hard to solve by any other common meth-
od. The displacement response and the acceleration response result considering wind-structure-soil inter-
action and considering soil-pile-structure interaction were compared by numerical examples.
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Fig.2 Diagrammatic sketch of pile group Fig.3 Structure Model coinciding interaction



#28 VEFEH % % B -5 40- 1 88 & 15 AT o 065 V2 S S0 DXL e XL B ) B 9 A7 273

2 EEN-ZWH-IRSERNNENTERRE

LaREEH kR ER R
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v, = v+ v(t) - ax(t) 5)

S5 XA .
P(t) = %pcDsz + 0C, AV t) — OC Avic (1) + %.ocDsz( £) + %PC,)Ao'cz(t) — 0C AV (1) (6)
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Ak RAE A SRR r, = 15.0m; H A F AR 1. 8t/m’ s + BY U7 B B 15 B 9 150m/s~
550m/s:10 4 & BE b 9 AR ok XUEE 9 0. 55kN/m’ ; #k F BI 88 , 424 0.25~0. 45m; MK & X 24m,
36m.48m Bz 60m PUF, B2 BUE WG X R ALK A A s BERIBE & 2. 5m;

DUTFHES . FRENG S I EESFRTIIHRME. 1 BEMBTIEE V, =150m/s, 58 2 B &
BTV E V, =350m/s, 55 3 BRI BE V, =550m/s; JHRA L £, =0.4,#,=0.25, FTHES>REM
SREHRA AR MR R.

3.1 WYKE V, N
x1 FEV, HEQEERRELEE

Tab. 1 Maximum value of the structure response with different V,

wy NBBRAE UBRKME MBREKE HE 2 HE MEEEKE WMEESKHE WEEASAHE HE 0 WE
WE  CERHE  (FEREE (NIHEM) U/Us U/Us (BRME BRBE RERED  a,/ey  ay/a

AU, fEAD U, Us e/ a, EfD a, a;
100 0.6019 0.5773 0.3509 1.72 1.65 0.9548 0.9320 0.9193 1.04 1.01
150 0.5889 0.5612 0.3509 1.68 1.60 0.9598 0.9321 0.9193 1.04 1.01
200 0.5801 0.5520 0.3509 1.65 1.57 0.9854 0.9528 0.9193 1.07 1.04
250 0.5729 0.5429 0.3509 1.63 1.55 1.0389 1.0002 0.9193 1.13 1.09
300 0.5613 0.5328 0.3509 1.60 1.52 1.0825 1.0377 0.9193 1.18 1.13

350 0.5524 0.5219 0.3509 1.57 1.49 1.0968 1.0484 0.9193 1.19 1.14
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RINELEHMESPIPE V, LR 50 2551 TUZ A08 K i 2 B i i B K B LB R, R
PR AL m, I BE R m/s’ . H P U,/ U, 48 5% A E 1F R 8608 5 R M8 -5 Wi 2E 0l 0 £ 35
BB LAE . WE U,/ U, 165 IRBEER AL S O E 5 NIt B Rl A AL 8 B RER HE. BUE o, /a4
$6 2 180N EL A R 9 e BE R R R R A B B KM B LU B LU fE @,/ e, 18 8BRS 1E BN

FE B KB 55 W 1t o o E A K ELAY LEAEL, T RAB P L B F AR .

B ERW R, RREIR V, X550 86088 05 B ma N A R R B e, B8 B E AR S B e A 1
J& X L R SR R B B WEMEL S BTN . KB BT REE RS W N A R (A S AUS B EAE R R B

RAE XA Frm/h, V, K B/ RE K.

3.2 BULNBE V, MM

2 FEAV, HEHWMERKELEER
Tab. 2 Maximum value of the structure response with different V,
Wy fBBRAE NBRAE UBRKAHE WHE HE mEESAE MEESKHE mMEESAE WA LA}
KE (EEME EERE (RIHERD U/Us Uy/Us (BEHE (EEBE (RIHEERM) a1/a; az/a;
fERD U, fEfD U, U, fef a, fERD a, as
150 0.7983 0.7677 0.3509 2.28 2.19 1.0973 1.0760 0.9193 1.19 1.17
200 0.7008 0.6721 0.3509 2.00 1.92 1.0564 1.0344 0.9193 1.15 1.13
250 0.6432 0.6153 0.3509 1.83 1.75 1.0098 0.9845 0.9193 1.10 1.07
300 0.6017 0.5738 0.3509 1.71 1.64 0.9742 0.9509 0.9193 1.06 1.03
350 0.5889 0.5612 0.3509 1.68 1.60 0.9598 0.9321 0.9193 1.04 1.01
400 0.5631 0.5328 0.3509 1.60 1.52 0.9575 0.9311 0.9193 1.04 1.01
450 0.5412 0.5113 0.3509 1.54 1.46 0.9521 0.9289 0.9193 1.04 1.01
500 0.5401 " 0.5099 0.3509 1.54 1.45 0.9488 0.9281 0.9193 1.03 1.01
550 0.5392 0.5091 0.3509 1.54 1.45 0.9456 0.9274 0.9193 1.03 1.01

R2AE2EMBE PP E V, R 50 2551 T0ZE A1 8 K h0 e B2 v L B KB LRk . i
UERFAR,ARE V, NEWBLLE NEERMBAERROER,EEEBHEERS S RBEEM
J& X R A R L v R B R XA BT RS, BLBE V., B R ML MR E RS HPERTHEEEM
JEi » M) SO 4 W8 £ bS8 S8 A A UG B R (B SO B/ V, R B R R BN R KL BV, Xt
TSR B i B g6/ B R W R BE R LA R BN
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Tab. 3 Maximum value of the structure response with different V,

By MBEAE UBRAME MNBREKME WA HE mEERKE MEERAE WMEEBAME HE HE
BE CEEMT C5RMA IEERD U/Us U/Us  CRRME  CERMA  IRERD  o/a a/e
ﬁffﬁ)Ul ﬂffﬁ)Uz U3 ﬁzﬁﬁ)al f'ﬁﬁ?)a; as
350 0.5993 0.5699 0.3509 1.71 1.62 0.9688 0.9421 0.9193 1.05 1.02
400 0.5952 0.5676 0.3509 1.70 1.62 0.9639 0.9377 0.9193 1.05 1.02
450 0.5921 0.5644 0.3509 1.69 1.61 0.9624 0.9356 0.9193 1.05 1.02
500 0.5905 0.5628 0.3509 1.68 1.60 0.9601 0.9329 0.9193 1.04 1.01
550 0.5889 0.5612 0.3509 1.68 1.60 0.9598 0.9321 0.9193 1.04 1.01

RIBEIEMBELPIBE V, LW 50 2550 TR A0 K& 5w 5 B KE R R, h
DEFRPAI, ARK V, XEMOMLB MEERYNERE2RMSE T.BE5EMEERSEERE
YER G X He RIS a , W 07 B MR (E 9 A S 838 m . P B8 T RS E RIS » Wi b A9 18 B ELAUE IR AR EL AR
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Tab. 4 Maximum value of the structure response with different height

gy NBBRAKE CBEXKE UBRAMAE WKE B MEERAMA MEERKE WMEESAME LA =4 1:]
B¥% (EB#ME CBERAS (BIEERD U/U; U,/U;  (BEBHEE (ERAG (RIMEERD a,/a; az/a,
RO U, ERD U, U, fERD e, fERD a; T
20 0.1734 0.1709 0.1513 1.15 1.13 0.9012 0.8998 0.8984 1.00 1.00
25 0.1982 0.1941 0.1910 1.04 1.02 0.9637 0.9512 0.9243 1.04 1.03
30 0.2543 0.2477 0.2234 1.14 1.11 0.9923 0.9668 0.9329 1.06 1.04
35 0.312;7 0.3025 0.2647 1.18 1.14 1.1027 1.0797 0.9983 1.10 1.08
40 0.3845 0.3687 0.2816 1.37 1.31 1.0903 1.0499 0.9624 1.13 1.09
45 0.4303 0.4097 0.3125 1.38 1.31 1.0887 1.0558 0.9567 1.14 1.10
50 0.5889 0.5612 0.3509 1.68 1.60 0.9598 0.9321 0.9193 1.04 1.01
55 0.6943 0.6521 0.4277 1.62 1.52 0.9337 0.9279 0.9046 1.03 1.03
60 0.8432 0.7855 0.4982 1.69 1.58 0.8412 0.8176 0.8029 1.05 1.02
65 1.1004 1.0127 0.5594 1.97 1.81 0.7987 0.7543 0.7321 1.09 1.03
70 1.2862 1.1787 0.6169 2.08 1.91 0.8308 0.7818 0.7531 1.10 1.04

F 4 HAFEER AZHBEENRR) S TR L% B g B i s RE R R, iU ER
FRAT I b R M B R X S R TR AL L om e 7 Y R R B L B 5 M JE R 3 (D R
A AR R R0 AL 2 A KK R M EE A S BEERANE Rbg R, BBMEIEME,20 BSH
AL B BB K (L HG O P R T B (52 B8 B KB K 14.6 % , % SR & 1 R B A0 88 3 DR L ) 1 R R ) 2 B B K
A 12.9%, T REBBEEANCBRERELSEHEFERNABERENEKT 1.49% WXt 70
R — R RIEE NI AT X2 9.12% . W] A5ty B i A B 1F A VRB - FF P X 5L 7 o 107 A 32 it K
X0 S FEE W 7 54 W 1 DL R R L (EHR BE B D
3.5 S54afH e HI R I

Tab. 5§ Maximum value of the structure response with different damping ratio

R®5 AFEIERELL R G400 R R KM Bx

HEH MNBRAE MBEKM MBRAME A HE DHEEEKE NEERKMAE WMEESRKME 0 HKE 0 KE
(BIBHE  (FEES WHEERD UJ/Us; Uy/U; (BERHEE CEREE (RIBERR) ay/a;  ay/a3
e U, YERD Uy U, e ay e a, a3
0.01 0.5369 0.5187 0.6537 0.82  0.79 1.6937 1.54 2.1493 0.79  0.72
0.015 0.5126 0.5065 0.5479 0.94  0.92 1.5649 1.444 1.7329 0.90 0.83
0.02 0.4612 0.4556 0.4903 0.94 0.93 1.3987 1.304 1.4936 0.94  0.87
0.03 0.5429 0.5258 0.4254 1.28 1.24 1.2438 1.2391 1.2194 1.02  1.02
0.04 0.6072 0.5788 0.3829 1.59 1.5l 1.1336 1.0848 1.0608 1.07  1.02
0.05 0.5889 0.5612 0.3509 1.68  1.60 0.9598 0.9321 0.9193 1.04 1.01

S RMEEZEX-EH- L BEEREREK, R 5 FA KA R H w254 505 | n s &
ma R B KA b . TR EXHARAE R AR 0.02, X% 49 A5 1R BE L 25 H % B 0. 05, A SCAE R BB 5% , L JE LU W
{H i 0.01 4L 3] 0.05. XEEHWZHAM 50 2, it @ K, B2 B/ GHER DY €<0.027), % &
L EAE A A SR LB B 2/ T Wt Ak 0 R 0 8 o R R L S B 5 FR A L R B R i R D T S A
B.HY €>0.027 5, HHA MMM B A FRIMELE. S5 —RBME R KB, XMk REAIEHR
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B BHE KN 0.01 B, B IEBAFRANSHTEMBBRNESEEMEFRAMNGEBTENB LB RR
B 5 W LRl A HU (BS540 0.79 70 0. 82, M BB He O 0.05 B, X —HAEAEy 1.60 F11.68,
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Tab. 6 Maximum value of the structure response with different structural stiffness

RiE MBRXE MBRKE CBRAMAE WE 0 LKE WEERKE WEERKXE WEEEXE WHE  LE
A% CEEME CHEEEe MiEEsD U/U; U/Us GBIBME - CEESEE (HHEERD a/a;  az/as

fERD U, R U, U, {ERD ay fERD a, a3
0.5 0.9043 0.8264 0.7126 1.27 1.16 1.1523 1.0673 1.0436 1.10 1.02
0.7 0.7812 0.7225 0.4998 1.56 1.45 1.0927 1.0247 1.0125 1.08 1.01
0.9 0.6749 0.6335 0.3915 1.72 1.62 1.0453 0.9922 0.9886 1.06 1.00
1.1 0.5213 0.4945 0.3234 1.61 1.53 0.9998 0.9602 0.9587 1.04 1.00
1.3 0.4535 0.4386 0.2763 1.64 1.59 0.9779 0.9491 0.8929 1.10 1.06
1.5 0.3997 0.3882 0.2431 1.64 1.60 0.9642 0.9441 0.8734 1.10 1.08

K 6 BTN 9 D G5t W BE AR AL B 5 4 o 0 B B E R O R KB EL B X LS M Z BT IR 50 J2 L 45
W B9 2R AT SR R K J2 (BT W BE S LA — R B9 T 36 RECM 0.5 R4k # 1.5, bl B3RP, RIERK
B FEAE R AR D R R MO 0.5 B B BB S MERME M IZ LB B K IE 5% IEME R
MM TURM BB RE SRR EA 30 1.16 F1 1.27, YR BEEBIASCY 1.5 6t X B A LA
25 1.60 1 1.64,
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