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Analysis on Wind Resistance Effect of High-rise
Building with Damped Outrigger Storeys

WANG Mengfu', LIANG Xiaoting
(College of Civil Engineering, Hunan University,Changsha 410082 ,China)

Abstract; The three-dimensional finite element model of a 50-storey steel frame-concrete core wall
structure was established. The along-wind induced vibration analysis of the structure with/without damp-
ing outrigger storeys under the simulating wind load was performed, and the influence of the number and
location of the damping outrigger storey on wind resistance performance of the 50-storey steel frame-con-
crete core wall structure was discussed. The analysis results show that the rational number and optimal ar-
rangement of the damping outrigger storey can effectively improve the comfort level and wind resistance
performance of the tall steel frame-concrete core wall structure. If the maximum inter-storey displacement
angle or the peak roof displacement is taken as control objectives, damping outrigger storeys should be in-
stalled near the central structure so as to obtain better vibration reduction effect. If the peak roof accelera-
tion is taken as control objectives, damping outrigger storeys should be installed near the top of the struc-
ture so as to obtain better vibration reduction effect. Assuming that the total damping coefficients and oth-
er parameters of single viscous damper are unchanged, wind resistance performance of high-rise buildings
with different damping layers are compared, and the results indicate that the total performance of the
buildings with multiple damping layers is better.
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Fig. 1 Plane and elevation layout of the structure
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Fig.2  Structural calculation model
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Fig.3 The fluctuating wind speed curve and comparing

of auto power spectrum at 10" storey
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Fig.5 The fluctuating wind pressure time-history curves
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Fig. 6 Mode shapes of the structure
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Fig. 7 Roof acceleration time-history curves

2.3 SWFEEEN

NARERSE BE VM b i 504 3 R0 — S ek
TR PEEARIE 2 B R o, — 2 R XU A . 3R
FE RN 42 R 55 E AR R AR 1 Rhbm ot 1 0 1 ey J 2 2
SR EE TR A A5 AR v e L A E Y
10 AR AT ERVE R R - i B R A 150 mo = )2 SRR



%3

TEAS A 45 <47 (VR AT AR )2 13 2 45 M 0 XUBSOR 0 o

BE5H T N E LA 1 TO e e R B AN A Ao
0.15 m/s* Pt IRVE AL 0. 25 m/s". ARSCHT
R RS2 Ao e 2R @M. 3 WK XAER T X
S T JRL ) T A5, e KN B 414 0. 168 8 m/s” 0. 15 m/
s ANl AR RE K.

3 BEmikREEBRTRIERE

3.1 HENMEAFFEHERGE

AR AT SR DR 2 1 2 4 R R BT D 25 4 v A
TR AT AR R i B % R S B 1 R AT SRR
W, R 572 700 mm X 700 mm X 100 mm X 100
mm. &2 A0 E 16 4> R B e A% HBIe 8RR
Maxwell #5584 & 5 20 76 {8 M1 48 A i 5 o
HE ST (1] 3/ L8 1) A3 . 45 BEL S #1707 28 Dl i )2
A BB AN E 8 .
+

FUB %
fioeg
ke |

\l\

B8 WMRERKESRER
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Tab.1 Wind-induced response of single
damping layer structure

hi & Sp So Vx Mx A
/2 /em /mm /kN J(kNem) /(me+s 2)

HE 12.097 3.036 4119 420 367 0.168 8
5 9.254 2.390 2972 267 067 0.109 2
10 7.058 1. 846 2 246 213 200 0.088 5
15 5.901 1. 580 2 878 192 000 0.110 9
20 5. 040 1. 366 2754 174 067 0.1037
25 4.924 1. 420 2 594 174 700 0.1237
30 4, 881 1. 254 2195 174 900 0.1017
35 5.253 1. 381 2599 195 300 0.104 6
40 5.924 1.622 2759 220 033 0.083 6
45 7.470 2.054 2 877 267 100 0.081 4
50 7.710 2.109 3015 273 233 0.083 7
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Fig. 9 Displacement and damping force
time-history curves of the viscous damper



6 IR K 2240 A BR2E D

2018 4

IR I3 AT AR Un R 2 A ) 22 A T R B A
LA 6052 5% 3 R 45 #a) T2 A AR5 8% 454l H A » A5 BIL
JE A5 A B AE L AL T IR OR B s I SR 2 2
FEYET A2 1 R BE A » A5 AL T W AE i o 32 g 42l HL A
K BHL e 450 1 S AT BEAE R A5 A TR kAR A R A

4 ZERIRESHTIRMER

4.1 FWEBIRELSEN

A B WE R 2 A 3 T R B A
WR 2 AL B AE 5 2 LR R A FI A S 118
H A5 10 2RI 46 A1 L 25 S8 3 A 4B W 18 W4 )2 2 [H]
o LR B — PR )2 R R LA 2 GRS A
PR 2 B E A A 10 J2 K UL B &R 2 AL E A
TR BE By 5 )2 R TE Yl AR 2 1) BEL 2 5 550 A2 4
A5 3.1 WA, BHJE 75  BHJE 22 BRI B JE 78 2055
BRAE RSB ZRBHLE R B 6 000 kN + s/m,
KB 120 750 kN XA AR 2 B E T W
SERPEAT PR FE N AT A5 2] 3 W ik sh KUAE T
SERE) Xl TR 1 TO0 A5 A2 S ¥ S B K2 RIS 2
B Sy X [T BT S ¥9(H Vi JRI A S My AT
SRR EESE A Nk 2 R,

2 EIR R 5 XUB O R

Tab.2 Wind-induced response of two
damping layers structure

i & Sp So Vx Mx A

/2 /em /mm /kN /(kNem) /(mes ?)
10,20 5.538 1.462 1831 171 690 0.085 2
10,25 5.221 1. 356 1853 166 163 0.087 1
10,30 5.172 1,314 1803 164 233 0.082 7
10,35 5.270 1.337 1900 171 767 0.0755
10,40 5.485 1.429 1983 181 333 0.080 8
10,45 5.828 1. 541 1851 190 400 0.069 6
10,50 6.018 1.594 1908 195 567 0.069 2
15,25 4,869 1.283 2217 165 833 0.086 1
15,30 4,802 1.227 2216 163 760 0.082 5
15,35 4,818 1.230 2526 166 393 0.099 8
15,40 4,946 1. 286 2 368 169 933 0.083 5
15,45 5. 205 1. 385 2 256 175 733 0.069 2
15,50 5.355 1,434 2218 180 067 0.071 4
20,30 4,683 1. 201 2 205 165 900 0.090 8
20,35 4,664 1. 165 2 326 165 333 0.084 9
20,40 4,705 1. 201 2 296 167 500 0.077 4
20,45 4,931 1.318 2 317 173 333 0.068 5
20,50 5.104 1.382 2 387 176 867 0.069 1
25,35 4,654 1. 145 2 059 168 867 0.079 6
25,40 4,653 1.166 2166 168 767 0.0819
25,45 4,901 1. 267 2125 172 500 0.068 4
25,50 5.068 1.333 2183 175 133 0.069 7
30,40 4,881 1,238 2105 175 033 0.078 4
30,45 5.032 1. 283 2091 176 800 0.067 5
30,50 5. 140 1.312 2 154 179 367 0.067 4
35,45 5.543 1. 475 2222 200 300 0.070 8
35,50 5.619 1. 490 2 220 200 900 0.068 5
40,50 6.642 1,812 2525 237 833 0.068 8

H1 2% 2 A1 A B 2 T8 (VR AT SRR 2 B L 254
T00 g AV % )22 1) e KA A% el /N R B IR AR AL T B 1
AR JZ AR LU 25 6 TO0 A 6 B8 )22 () o KA 7%
()75 Ak R A AR AFAR - 28 L R S A% PR TE VAR 2 IV 4
Fa W o) 0 BN [ T & AR TR B AR AL 24 2 38 DR 2 D
B F 20~35 JZ I, X 4544 o a5 A7 8% 12 8] 5 KA
B 1) 98 /A R AR T G A A B 5 3 Rk Bl IXUAE
FF W/ B H43k 45 %60 LA L.

[ A 24 4 2 38 DR PR 2 B 25 M R BT ) LR
1S A5 R T A1, e R R 114 AR Ak kA B B AR 27
5 6 T W A o o 38 X (L B AR JR AR R /N T A AL
IR )= B I B2 AR ] LA AR ] — R A
T G G5 AR TOU A5 T R 0 34 35 /N T R T
S I BRAE W 2 A 38 B R, M5 2 JE AR Z N T
A5~50 JZ I Xof 25 ) T A5 fin 30 B 42 i) AR T At A
BT A BN E IR E LT 40 2,
55 2 EIIRIZ O T 5 50 2.3 Mk XAE R R B AIG
MR R 3 15 3 5120 LA b L 98 S50 AT W

SRR U X A B 2 T8 DR 2 B 45 A8 A T XU
RELR G 8 bn 20 T PR TE Bl Bk J2 45 4
4.2 JHERIRESH

Wt 3.2 A 41T O R R 2 AR A AR
AT DR 2 7 T 45 40 L) 5 4 19 B RV fig
B NI B 3 IR Z RS 1 GE R 20 J2HF
WAE MERES 4.1 THE. BRI ELE
ZHHL 4 000 kN » s/m, i Kk it H J1 4 500 kN,
HoAth Z BOAE A S W IR JZ 14 %8 ) A5 B 26 S A
N ZE R FE 3 U bk st KA 22 X 1)/ I S 465 44 1) 00
R YIE So B KIZRIAL BB BIME So X 1] JIEHF 5T
JIE Vi SR HE A M R IO f R 3 2 1
H A a1 3 iR,

R 3 3EBIRE S KB R
Tab.3 Wind-induced response of three
damping layers structure

& fbﬁ/ﬁﬁ Sp ’So Vx ’ Mx ’ A »
/2 /em /mm /kN  /(kNe+em) /(m+s ?)
1 20,30,40 4.647  1.150 2122 165 367 0.072 9
2 20,30,45 4,703 1.184 2050 165 967 0.066 6
3 20,30,50 4,755 1.208 2024 166 833 0.064 8
4 20,35,45 4.784 1.225 2176 168 967 0.065 7
5 20,35,50 4.841 1,241 2136 169 567 0.064 9
6 20,40,50 5.093  1.340 2 205 177 767 0.064 8
7 25,35,45 4.777 1.208 2047 169 600 0.064 9
8 25,35,50 4.833 1.220 2012 170 167 0.065 4
9 25,40,50 5,100 1.324 2122 178 733 0.065 6
10 30,40,50 5.275 1.369 2076 192 133 0.066 2
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