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Fig. 10 Structural plan (Unit:m)
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FDRCT 45 #y# # 2( FDRCT2) M| & /£ FDRCT1 %
fithh 22 b 398 KT 0 A $ 450N T 1) A1 8 1) BE JEL 43 AT 4R
L E 50 oy 419, FCT 454 .
FDCT 4544 F1 FDRCT 2 45 44 A A4 44 RO & 1 fr
N o KRB YN G — & F HRB400, Ji ik 58 FZ N
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Tab.1 Sectional dimensions of main components
‘ \ ‘ ‘ ‘ FOT 00 FDCT FDCT FDRCT2 FDRCT2
B R/met R/ met GEZ T RO AN AN Sy s
BE R /mm BE AR /mm BE AR /mm W& /mm
HNEIZE 250X 550 1~7 750X 750 1~7 500 350 350 350 1000
A% 400X850  8~16 700X700  8~16 450 300 300 300 950
HNZE  250X500 17~25  600X600 17~25 400 250 250 250 900
HERGE 300X700 - - 5 N 1 250 250 250 250 250
B BRI X 1200 - - - - - - -
77 P 8 TS T R A ) 2 532 118 sty 1 b 18 I B
B E AT E AL B WE 12(a) R, 2% SCHk[16]
H T 7N (10 45 452055 TR A S D B Sk [ 22 ] TR 1 S
i FE BB B, B2 TF T AR SC b 43 A B 432 505 6 B T 48
P18 XS i) 7 2HR 458 S A RIS e Y a5 T A I S e e
A3 AN & 12(b) A 12(c) T 7m o % D A 445 44 A5 7Y 3
A2, RIS Fe dn 36 2 fr 7k o AT D O 45 4
_— B P, — 4R BB AE AL, FDCT 4544 1 FDRCT 45 44 Jf 1%

K11 FDCT 4544 FROCAE A
Fig. 11 Finite element model of FDCT structure
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(a) Hinge joint location
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(b) Base hinge joint installation
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(c) Joint hinge installation
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Fig. 12 Schematic diagram of hinge joint location and installation

xR2 HFHMERETERH
Tab. 2 Fundamental periods of the structures
W & S /s fr A
FCT FDCT FDRCT1 FDRCT2

1 1.63 2.02 2.55 2.72 F-5h

2 1.62 2.00 2.52 2.67 3

3 1.28 1.73 2.09 1.89 5%

4 0.49 0.56 0.65 0.59 3

5 0.48 0.56 0.65 0.59 -3

6 0.43 0.54 0.63 0.51 A%
4.2 HBFE T 45490 Rz X EE 55 K 75 22 18 M 72 R0 5 08 R I % 2y g o 7 M R B
e 1T 3 20 K AR Hb 72 Sl AR S B A 0D o3 A o A A EEAE BN R 3 s o Fir e i i 2l vh A I 7E 454
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Tab.3 Information of ground motion

sy PGA/(m-s %)

o2 s I vl

XJ5 1
2.10
1.53
1.33

Y 5 ]
3.42
1.76
1.37

Z 77 i)
2.06
1.03

—0.87

S1
S2
S3

6.5
7.2
8.1

Imperial Valley El Centro

Kern County Taft Lincoln School

Michoacan Caleta de Campos

0.25

F 2 B B 5 i o T WL, AR 2 B AR R
FDRCT1 45 12 DI v I A 58 2 K (H L
FIIE M A DR RO . T B R R o A BRI
AP AEAS B K &%, FDRCT 1 457 4 6 2 )2 1]
AT B R ¥ Y AT A ARk G v 55 2 A BT AT 4R A
SERIE PR . Xl FDRCT 1 45 # F1 43 A5 4 43
R K FDRCT2 45 , fE £ B E T,
FDRCT2 4544 2 [8] 25 J8 23 B34 57, 3¢ B 18 K43 A
AU 7 10 I A W a0 — 20 R 4 4 ) 1 1 T R
A . X T FDCT 4589, A #2421k & 11
FDRCT 45 #4 H & H &k iy PE e . M HL AL 580y
2R T FDCT 45/ F1 FDRCT 1 4544 )2 8] {7
B AR SR AT BT 3G K, Joe K2 B 52 8% A 24946 43 1 38
T 32.9% M126.6% . b4 H 5w SC S o b 4k B
FEARW A B A BR OB R 0 0 R AR 25, R
SR B R S OB R A X R K A R B IR 2 R AL A
Mo RE S AR Rk R, ELRR T TR SR R A, 52
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Fig. 13 Comparison between selected ground motions spec-

trum and designed spectrum
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Fig. 14 Inter-story drift ratio of structures subjected to frequent earthquakes
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Fig. 15 Inter-story drift ratio of structures subjected to rare earthquakes
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Fig. 16 Displacement time history curves of top story of structure subjected to rare earthquakes
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Fig. 17 Inter-story acceleration of structures subjected to frequent earthquakes
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10% .55% F135% ; F i b 73E F FDCT 454 0 9%,
41% M50%, FDRCT1 454k 19% ,54% 1 27%
fE FDCT 254 v, 43 A oth 8 7K 52 7 38 2 1Y 5RO 3
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O HEZR A B4 . fE FDRCT145 M, i F
S3 A FEAR U T A H R AR R St AR RS P
DIATS Al LAk 55 — B B2k . FDRCT1 4589 78 55
8 4 5E R A A PR AR TR B BT 1 A0 AR L T 22 0 M
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f s FDRCT 1 25 #8) v HE B2 58 43 A& 0 1 b 52 07 AH X4
R, 33X AL AT DA B G A B 42008 B 00 7 78 A HE 22 mT L)
Gl AR = B R VR .

IR BF ST F W FDRCT 45 4 (1 1 B 35 o 1
AL AR JHE 28 5 80 4 AT HE — 20 o A o AR X T
FCT 45 #4385 0 (4 i AR DL B 3R A5 ) T 22 1 &5 4 1 4%
VR A BB B b . 6T RS A, D

A R IT o7 BT A A 25 M B8 FCT 2549 .FDRCT1
S5R A FDRCT2 8544 g 5], 153040 B ) #4 E FH 6 LA
T HE B30 43 1 B 25 o AR Y A T S M A AT LN
A ECR 5000 76 /W, YR EE + 8 500 I8 /37 KRR
2000 T /A, 43 A7 $2 428 005 17 B8 i 45 32 A8 100 5 T/ 4
MRS SN N 5T 06/ ok, AT AR E ST
BRI FCT 458 M FDRCT 45 k) a3 4K il & 1 ALY e
THEAA5 B HAE 4295 43 18 AL 43 501 2 30000 m® il 32800
m’, B & A AL . FCT 454 . FDRCT1 4544
FITFDRCT 2 25 44 T 75 (4 2 500 h At L SR A4S DA
Mol #5 1 o0 2 4 F005 BT s o &5 R A,
FDRCTI14 1 FDRCT2 45 #34 nl $2 85 FCT 4544
M2 55 325 , FDRCT 2 45 44 i 38 570 W AR 1) 386 Jin 43
fdi i 25 3G K g /N T FDRCT 1 4544, {H 2 7] L) 3575
TN PR A PR R BE , SE PR TR AT AR 4l TR oK
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Tab. 4 Comparison of structural materials consumption

BEy A B/t IR %1 /m’ BRRL /A B /L
FCT 2900 17043 0 0
FDRCT1 2980 19287 1200 4
FDRCT?2 3628 29608 1200 4
RS5 SRR TIYEEITEE
Tab.5 Comparison of structural costs and benefits
SR WM A/ JToe B A/ T oT BENLE/ 5ot &1/ J1C Wets /01 o0 s/ %%
FCT 1450 852 2302 150000 -
FDRCT1 1490 964 640 3094 164000 8.81
FDRCT?2 1814 1480 640 3934 164000 8.25
Sy A FEAE IS FDRCT 4548 1T LA 280 B AR 45 44 11
5 & i Bl N, BAT 35 R IRE RE )

BE XS AL 58 FCT 25 4 8 14 [l A T AR R 3 il iy 28
TEHEA R AR T A ZHEBE LA FDCT
SEFIIR R A T U FDCT 45 44 DRI 1) 55 10 1 B
B 45 ¥4 PR BE 1 T R B ) R, 3k — 2B B T B n %
AR R W FDRCT 45 # . # 52 FDCT 45 #4 1
FDRCT 45 #4) 1) {7 4k 2l 7 #85 R0 , X6 e i 47 17 38 BRh
T DL K M 5 B B R A AT, A SRl 2 b X
FDRCT &5 ¥4 11 47t 7% W 7% P g DA 2 28 9% M F 47 0F
FTo MmN .

(1) 3 F FDCT 45 % 1 FDRCT &5 44 1 a7 1k 3h
JIRERY MG T AR A ) ) T R LA A (R4 ) B
FH OGS B0 A5 ik R A7 L T 3R R0 T 285 44 1 i) S8 43 A
o AE 52 BT 25 0 S AR B AILER 3h 23 BT, 2% BH A
FCT 4544 , FDCT 25 A4 Ul 72 %50 N B 42, 1 B

()X EFCT 458 FDCT 454 . FDRCT1 %54y
M FDRCT2 25 A R e or BT 45 R, M T FCT 45
1, FDCT Z5 M50 68 1 230 T T B, 2 12K &
() FDRCT 1 45 44 A3 B i 13 A5 7 38 A, 90 Jon sk 3 g
N2 BEAR B R AR IR TS 38 5] o 3 A B 42 008 1 v 45
) 235 e B A5 P A 2 DR R 55 ) IR 398 R A3 HE 4R
O B T A AT 5 A AR TR I A

(3 Z B FE T, th T 1B AR 1/ e fili 745
KRR RAEAER R T, o0 A PR 1208 1 T
F P& FDRCT 4540 i i &R, HER B K R0 7
O3 fith Sz 25 30— 25 AR 2 0 1 I, B K 55 44 R 40, U
INEERAE MR T B I N o A3 A (BRI AE N
SR OB G 0 — I BURE B, T AR S FCT 45
A W Ao AR el A A e AR (A R A2 R A
Sy AR AR PR BE ) B, FDRCT 4544
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Damping mechanism analysis and application of frame-distributed
rocking tube-core tube structure system

CHEN Yifei, HE Haoxiang, WANG Bao-shun, CHENG Shi-tao
(Beijing Key Lab of Earthquake Engineering and Structural Retrofit, Beijing University of Technology, Beijing 100124, China)

Abstract: The traditional frame-core tube (FCT) system has limitations such as inflexible layout and insufficient economy while
ensuring seismic performance. A new high-rise structure system of frame-distributed tube-core tube (FDCT) is proposed, which
has three seismic fortification lines. In order to coordinate and control story drift, it is further improved into a new type of high-rise
structure system, namely frame-distributed rocking tube-core tube (FDRCT). The dynamic models of FDCT and FDRCT are es-
tablished, and the main parameters that affect them damping effect are explored via the frequency domain dynamic and ground mo-
tion random analysis, which is proved that FDRCT structure has better damping effect than FCT structure. The typical FCT struc-
ture is designed and adjusted to establish the corresponding FDCT structure and FDRCT structure, and the nonlinear time history
analysis is carried out. Compared with the traditional scheme, the displacement of FDCT is increased appropriately due to its small
stiffness. Although the maximum story drift ratio and top displacement of FDRCT structure increase slightly, the distribution of
story deformation is more uniform, which prevents the appearance of weak stories, and the structural acceleration response decreas-
es. Appropriately increasing the mass of the distributed rocking core can make the structural deformation more uniform. The eco-
nomic analysis results show that FDRCT structure can not only improve the economy, but also has better seismic and damping per-

formance, which has excellent engineering application value.

Key words: frame-core tube structure ; distributed tube ; distributed rocking core tube ; deformation control ; seismic mitigation ;

economic efficiency
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