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Seignic perfomance evaluation using nonlinear tme history
analysiswith three-dimensional structural model for
a hybrid frane-core tube structure

M RO Zhiweil', WU Yaohui, MA Qianli, LOU YU, YELieping, LU Xinzhend
(1 Deparment of Civil Engineering, Tsinghua U niversity, Beijing 100084, Ching
2 China Electronics Engineering Design Institute, Beijing 100840, China)

Abstract: Accurate prediction for the structural nonlinear behaviors is important o the structural safety assessnent
against earthquakes Some new models, which are used o establish three-dimensional structural model for nonlinear
time history analysis under strong earthquakes, are presented In these models, the material stress-strain relationship
can be connected directly with the force-digplacament behavior of the structural elements, such as beans columns,
shear walls and core tubes, @ that the complicated coupled axial force-bending mament-shear force behaviors, aswell
as the correponding cycle behaviors, can be properly smulated W ith the secondary development user subroutines,

convenient pre and post process functions and extinct nonlinear cgpacity of general pumpose FEA Sftvare of M SC

MARC, the gatial sisnic reponds of structures can be smulated in detail A practical hybrid frame-core tube
structure was analyzed with dynamic time-history analysis based on these models and the camplicated sisnic behaviors
of the structure were smulated A ccording to the analytical results under ground motionswith different intensities, the
exterior frane and the core tube made up of four sub-tubes in this structure can fom effective dual sisnic resistant
gystam which has three sisnic fortification lines coupling beam, sub-tubes and exterior frame

Keywords hybrid frame-core tube structure; fiber model; multi-layer shell element nonlinear analysis seisnic
performance
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Table 1 Parameters of structuralmembers

RC

RC

RC

b, xh, xh xbxdxt

b Xxhe Xxh xbxdxt

b, xh, xh xbxdxt

mm
mm mm mm
1000 x 1000 %500 1000 x 1000 x 500 500 x 750 %500
1 500 C45 C50 C50 C35
x 350 x 25 X 36 x 350 x 25 x 36 x 250 x 20 x 30
900 x 900 x 500 900 x 900 %500 450 x 750 %500
2 3 400 C45 C50 C50 C35
x 350 %25 x 36 %350 %25 x 36 x 250 x 20 x30
800 x 800 x 450 900 x 900 %500 400 x 750 %500
4 5 350 C45 C50 C50 C35
%350 x20 % 30 x 350 x 25 x 36 x 250 x 20 x 30
800 x 800 %450 900 %900 %500 400 x 750 x500
6 14 350 C40 C40 C40 C35
x 350 x20 x30 x350 %25 x 36 x 250 x20 x30
700 x 700 %350 900 %900 %500 400 x 750 x500
15 18 350 C40 C40 Cc40 C35
x 350 x20 X 30 x 350 x 25 x 36 x 250 x 20 X 30
b ; he . h b o d ot ; Q345
900 x 300 x 16 x25; 400 x200 %8 x 14; 750 x250 x 14
x20; RC 300 x 750; Q345 C35
Fig 15 Plan of structure
(1) , 16 (1-1)
) Fig 16 Profile of structure(1-1)
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, (3)
- , 4
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2

Table 2 Displacement responses and members state under earthquakes

mm ( )
Y 60 1/1040
X 31 1/2015
Y 131 1/446
X 110 1/582
Y 289 1/230
X 210 1/314
19 Y 21 X

Fig 19 Tme-hisbry curvesof structural
top diglacenent inY direction

20 Y
Fig 20 Stborey drift distribution at tme of
peak top digplacement inY direction

23 , :
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40%:; Ve IV 60%
75%
24 X ,
VeIV 24 :
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Fig 21 Tme-hisbory curvesof structural
top digplacament in X direction

22 X
Fig 22 Storey drift distribution at time of
peak top digplacement in X direction
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Fig 23 Shear-bearing ratio of frame in each sorey

in'Y direction
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Fig 24 Shear-bearing ratio of frane in each sborey

in X direction
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Fig 25 Crack contour of tube at tme of peak top
diplacament under severe earthquake in Y direction

26 Y

Fig 26 Campressive strain contour of tube at
tme of peak top digplacenent under
severe earthquake in Y direction
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