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Analysis of damping effect of super high-rise frame-core tube

structure with viscous damper
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Abstract: Based on the actual engineering background, the elastoplastic model of the frame-core tube structure with
viscous damper was established. In order to study the influence of different seismic peak accelerations on the energy
dissipation efficiency of viscous dampers and the variation rule of structural damping efficiency, the elastic-plastic
dynamic time-history analysis was carried out by using 7 seismic waves to adjust the peak accelerations. The
changes of floor shear force, overturning moment, inter-storey displacement angle and the energy dissipation of
each part of the structure were discussed with the increase of the peak acceleration. The results show that the
damping amplitude of structural response is the largest in frequent earthquakes, and decreases with the increase of
seismic intensity. The energy dissipation of the damper increases significantly with the increase of earthquake
action, but the ratio of the energy dissipation of the damper to the earthquake input energy decreases continuously,
which leads to the decrease of the damping effect of the structure. Under the action of earthquake, viscous damper
provides energy dissipation for the structure, reduces the hysteretic energy dissipation of the structure itself, and
plays a protective role for the structure.
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Fig. 1 Structural plan and elevation layout
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Fig. 2 The arrangement of dampers
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Fig. 3 Contrast of standard spectrum and reaction spectrum
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Tab.1 Ground motion basic information
Ut E TR H 7= B 44 R WA N L /gal P /s Tg/s
GM-1 ArtWave-RH1 70 40 0.4
GM-2 ArtWave-RH2 70 40 0.4
GM-3 THI1TGO55 130 40 0. 55
GM-4 Landers _ NO _ 854 52 44 0. 37
GM-5 Hector Mine _ NO _ 1786 76 60 0.62
GM-6 Imperial Valley-06 _ NO _ 172 140 40 0. 39
GM-7 Chi-Chi, Taiwan _ NO _ 1184 173 100 0. 47

2 EBHEZHARES R

Sh Y WA 2 2R i L 2 e R X R e 2 HE 4 -
A% U 57 85 ) b 8 W0 7 ) 2 S SR, W RITSREK) 7 S
U AR 0GR N BE 4 ) AR & 70 gal . 200 gal,
400 gal, XFRZJ\JE XN % @ ML 5E, BB L= Rl %
TR, o3 A 4R S5 ) (RO 48 B 32 i BH Je i
REM AR, LU 2R B 45 45 b (HL 1R 48 6 3 i
BHLJ@ (Vi B 254, DL 25 ) #8473 Sy i AR 4
K 7 4%k B TS S BCT Y {8 3 AT X H A
2.1 B0 A0 Rz X Bk

SR BT T BEL JE 25 o R Xk 435 A b 5 ) 7 14
il 3850 SR Bl b, 7 i B B N AR AR R . X iR A
FTCHELER X PR 280 ). s S5 &
KRIZMNLEE fdh ZeBEAT AT HG, il 4 Hh(a) . (b)),
() PR,

of A ¥ 45 W 5 0 ¥ 45 F AE 4% o b FE A
THy N N 0T LLE t, 7E 2 B LR T R B e
e MR ZE A RS 28T 0y U I AE . k2 )
LA f M IR B0 B2, AR 28 Tk
PR 14 %0, (6B AR R A 1300, dR K2 1)

60 \
—A— H5-70 gal
so b —>— I#H-70 gal
—— 15-200 gal
40+ —*— Ji-200 gal
¥— H#%-400 gal
1 - —0— J5-400 gal
20 1
101
0 . . . . . A X 10
0 2 4 6 8 10 12 14 16 18

28T /KN
(a) 287 1%t L &

—A— -70 gal
—X— JodE-70 gal

50 —— 5-200 gal
—*— JE4%-200 gal
40 b K= A $5-400 gal
—O— JFEH5-400 gal
¢
2 30
20 +
10 b
0 x 10°

0 2 4 6 8 10 12 14 16 18 20

{517 J1%/MN + m
(b) 16U J 500 He &

—A— A¥E-70 gal
—— JofE-70 gal
—o— %5200 gal
—k— Jof5-200 gal
—— H¥E-400 gal
—8— JC{£-400 gal

o 1 2 3 4 5 6 71
IR
(c) H AR 7S fi Xt

B 4 i 7E fm Sz XE bE B

Fig. 4 Comparison of seismic responses

LR IR A 2400, FMHME FHELSHN ST
PELE AR BORE )2 BY 7 ih 2 A IBUBE 0 h L P 45,
2 RS A il 22 22 e B . UIET 4 (o) T B
i, FHEMET B T4 BN LRSS
BRI EE s, )= AL HS A B TR AR K A T
B,
2.2 ER-ZOEHEITIENRm
2.2.1  XIHESRAERY 10 0

Sk BE 5 i BEL J& 2% 0 SIMHE S8 A% BT B 5



24 [N S A S s PN

¥ MERPHEM) 52 %

XA LR AR A A 2 B, PR
A MR AR T & EHESRAESY ) 5 IR BT )
FEEREAT X b, i 5 Bron. HEZEAERY ) 52k
F&ﬁ"ﬁiﬁj}thfﬁ,‘é%%ﬂ!tﬂFiﬁ%’fé’?)%’i%%%i'éﬂﬂ

G N . HERAE T, 18, 28, 37,
5 FRIEE B9 H S B L T
AR A
—A— f715-70 gal
o0r > 570 gal
—— £ -200 gal
0T —*— JE#E-200 gal
—K— F¥5-400 gal
=0 —e— JE47-400 gal
%30—
20
10+
0r % —0

00 01 02 03 04 05 06 07 08
B

Bs BESNSEERNALE
Fig. 5 Ratio of floor shear to base shear
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Fig. 6 Overturning moment distribution relation
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Tab. 2 Overturning moment of core tube and maximum tension of bottom shear wall

70 gal 200 gal 400 gal
b, 5 W {3
OB 15E/MN - m 2 585 3 054 6 100 6 576 9 158 9 181
B / 15. 34 7.24 0. 25
A0 IR ER BT Sy 85 i Kb S /kN / 1712 2 437 5 588 5729
R/ % / 30 2.5
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Tab. 3 Structural response attenuation under different peak acceleration
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Fig. 7 Comparison of damping efficiency
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Fig. 8 Viscous damper output
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Fig. 9 Maximum deformation of viscous damper
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Tab. 4 Calculation of additional damping ratio
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B pRL 2 Lk / %% 1. 90 1. 64 1. 46 1. 33 1. 24 1.19
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Fig. 13 The energy distribution of each part of the structure

MR LU Y, T R B e g o R
e ds, 12 B MR T e & B wl L8 4E M, 7
AERGRHY B JE J1 R AE Bt R i A\ 45 i B RE . b
e W (T I 3 38 Y 200 gal B, BHLJe 25 ) KE AE it
—BHEIN, AH I B 25 A TR A7 98 AT ] RS BE X R
gy, WA RS (R 2 B L RR A DL RR T AL T
SRR TARIRAS, S5 IO AEAE T 24K 5E R A B JE 2%
FERE TN 25 1) 04 [ A B R AE RE, 1o I 38 i BHL e
FE—EPURD LB N, MFERE S i ERE,
Rt BELJE & vl LLGRIE S5 4 38 B R AR, MR
5 B INE] 300 gal B, 4544 [ul #E RE i 0 390 %)
300, ULWIZEMIFAG H BLIRAG. 2 M 5 0 (e
WEINE] 400 gal I, i [ul FERESE MIBA S, 455 1ol FERE
B E 22 400 T 2 i PH Je 3 AB AE. M MR I (E
IEE BEHG MIE] 500 gal B, Z5H BT E— B K e,
LG IS 0 o] 6 R HO) L 51 8 2288 1 2 i BEL 2 s AR RE Y L
o, ARFIEHFE T, A FERE L B I ALE 3005,
Fhdn PR S FERE HELAARA 1606, BEMAAR I M

HUFR U AR gal

B 14 FEMERMGFRESLL
Fig. 14 Energy consumption proportion of various

structural components
14 S0 5 2 A B RE RE ot HL B L 72 3 51k B2
BlrR A M2 WP AT LI, HOREH T
T BHL e % 2R ST AR RE IF A 25 4 B R SEREREAN 1T,
%2 BRI RO B SE M AR TR R FERE. TR
B HbRE T 4544 99. 700 i) FE RE di PHL B R R 4H, H AR
0. 3 PR REREHIER, . O RSFMRIE, %
B HFR AN BB R T 45 4 2 A4 A B AS A0 T i AR
KA. FlE R 0 B i S, R AR RS TR
WIS SR 5 FERE 2 . RGP e 2R AR RE T
ob o B8 7 S T e 4 T i SR R E L AS I .
TEPE 14 Ha] DLBH JE & A58 52 B0 & RE Hh 2 77 7 I 5
(#7450 gal), TEZALZ TR E 2500 FEHE L 2 2
By, TR Z R ER R RS T 5
VEM. TR FE, BARAZ O f7 00 3R 43 18 o & AR JF
FPEE TR FERE, HARRE M HL AN 200, HESLEEA
45 48 v ) SRR AR T AR R o Hl AL RE R MR 0 B 4
IR HTE KB 306, T UL, LI FERE A 45 1
Hh i B S AR T RERE.
4.2 FIFHEBHRIEZRFEENIN
SRR 5 A it BEL JE R b 3% B £ 97 4 Y A2 Ak
MU, T3R5 WA T AEA ) R B IE E A
P B AL RN JC 1 45 ) 1 5 ) FEHE R B
RS ERFEXL

Tab.5 Comparison of energy consumption of continuous beam
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200 225 1218 82
300 12 123 21 442 43
400 51 174 70 430 27
500 107 420 131 690 18
580 156 410 183 000 15
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