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Numerical Simulation of Failure Process of High-rise Steel
Frame-RC Corewall Hybrid Structure

LU Tie-jian, XU Jun
(School of Civil Engineering and Architecture, Central South University, Changsha 410075, Hunan, China)

Abstract: The finite element program ABAQUS was applied to study the numerical simulation of
failure process of steel frame-RC corewall hybrid structure. The result shows that the concrete
tube bored most of the horizontal force at the elastic stage of this structure, but steel frame
carried most part of horizontal force once the corewall tube cracked. With the earthquake
intensified, the steel frame carried the more and more horizontal force, which acted as the second
seismic resistant system. Under earthquakes, cracks occurred firstly on the bottom of the
corewall and almost the whole bottom was involved with the accumulation of damage, as well as
the center of the floor cracked around the circumambience. The steel frame was on the elastic
stage under moderate and heavy earthquake, but plastic cutter occurred firstly on the bottom
column and then to the middle part of it under unusual earthquake. The remarkable deformation
and a lot of cracks on the joint of corewall and steel frame beam of the floor were observed under
earthquake. This structure in earthquake is a dual seismic resistant system.

Key words: high-rise building; steel frame-RC corewall hybrid structure; mechanical perform-

ance; numerical simulation

%5 B 89 :2008-01-05
BEE£mMB :EEKARBF=ESTH (50478092)
e B v Rl k% (1963-) . 3B R FH N, 4%, T2 1, E-mail : xj781112@163. com,



%18 Mk L5 5 B ARAE B4R A R B AR R A 45 M B IR A AR 0 B A L 33
0 3 = B A R, _
3 A 4 1 i B v L L

b 2 PR 0 FE O R  RA EHR R AT 5% ABAQUS i [ 1
EEBERANE R ERA T S EAZA T BTN ABAQUS HiF [
SIOBCEAERE AL B RRIOP W L R GRS . R A S 0 [ J
PEFH T J& M R W FO A 2 DL S il B HE 228 45 b 4R A% F ABAQUS e
KT HR S % . XA AT ) g, B ot (TR L
SR AR I R A AR R S A ko B L. T = ~un
FIREYE R G IR IR B A B O s 5 e b s | >
S b AR UL Y% ) i 2 0 VR L, B L3 i B £ ZRBG AT 2B T I L

HeAs 7w A b B R . AT A BR TR e X
IR FE NS SR AT = 4 (15 R I A A0 — b AR G 1) B
FEIT I AR —E AT B AT AR AU IR 5 I AR I
LR Bt . ASSCP £ M A ABAQUS B pF 3
B AE R -4 19 T o5 % O TRT TR 4 45 A AT 0l AR AL
W I 5 A R A5 R AT LR DA I 2R 4 4
F4 i 7= S5 AR AL o

1 SiriEE

1.1 ZHiEs

e 2 R BE L a5 MR AR ) JGT 3—
2002) ORI T — 15 RIRA4M . B2 )2 M4 m,
FOF T An 1 7 o G0 e v B 2 o Al R T B
L1106, 5h 8 HE 28 1 5% FiI A6 JE 0 1. 39 A R T
600 mm X 600 mm, %2R 400 mm X 400 mm, BE J&&
7520 mm, 9 #fi 1k B L B HRE 200 mm. 10@
150 L pia) W) e fif o ot 1 B J5 O 400 mm, @15 @ 150
XL RUZBC A . B Q235 . VR B 1 5 B S5
J3 C35. ABAQUS w = AL I 2 iR

__________________________________________________

3.4X6

3.4X6

1 ZHFE(RAL:m)
Fig. 1 Structure Plane (Unit:m)
1.2 MRAEHXR
HE T AT BR TC 73 M7 45 R B ARORT T AR A 5
BRI BE - 09 A 5% £ R AT ABAQUS Wil

BT RERERTRE g, —wmeen

%$§¢u’ﬁ:ﬁﬂﬁ 0~12 Fig.2 Three-dimensional
] 4% Ak, 0 AR 3R JC 1 15 T
2.1 AR RBHIT .
H ABAQUS J 4b B b 733 () 3 28 [ H {1 A1 23 A
00, AT LLURNIE TR BE - 8% Kk e Aoy A . IR T AR
BHELR BT A O 28R T AR U < BB AR Y,
Jit M5 B2 kg 235 MPa, 4R BE L 5 WA AR b2

Frame Structure

BOBUE T 2 B SCERE7 )L [8 1R AT SCRRL9 T oh s
1.3 BTk

PAHEZLAT  ZRE ] — R B2 50T B3, BRI LS &
& — R 08 46 B4 UL FE B 0T SAR . X 2 T
EHF iz ey m, Bl DUAE ABAQUS iy I 5
A =K i 2% o A .
1.4 PHEIEE

TESE PR o APBHREL 2 W E R R, B
et B e AR bR B, A E A
ABAQUS Wiy &2 4 BHLJE » BP X949 /7 18 #E + 5 8 4
o i R S A A p = Y SR Ef v ol
fJE C e, C=aM+pK xR JE I & =
§=EM o= 2bww;/(w; T w;) s =28/ (wi T w;) 5w
w; FEBL T AL 43 AT T RO R 0 A B, AR AR R T 4
b 0 i R 1 R M RN A B R LR S B . AR
X w;=4 Hz,w, =30 Hz, IBEE + 6=5% . 6=
2%, HULRTEL S EE AR S R AE Lo 0, JBT S BHLE
B /N F 8545 F 25 0 BHLJE BB, 25 4 43 BT I T AR
TR A LRERE.
1.5 BEEEHIRE

(D43 375 ABAQUS ) CAE gt 37 HE 42 1%
RO IR Y

() FE 23 [ B AT I 3 N EBIF 4 21—

()43 HITEIX 3 A EBAF LX) 43 A A% ] 43 B
T A 3% 2 0 1YY R X

(D) FEST A H R RBPIX 3 AFA = 8 1 i .



34 EHAFE TRFHR

PR HE SR L i o B ) PR e — R B L b
XTSI E oy oz Tl 34 H B . BARkSES
T BEDEAE— ik » e 1 b X1 AR 5E 6 4 A Hi L
BHE 2 i 8 5 RS AT A 8 BT AR AR BT O BHE L S0
EN N TR I = e

(SYFESL AT A5 - 1 FE SR M & IF AR 4l 23 A7 H 1
Ve pef b A . A SCHR X SR T AL O TR E
LA J1-(0 A% i R T B i R OR R AR . MR
2l 3 73 M v e P SR A i

C6) it o 2 55 25 1 5 1 280 AR SCHR AN 5 IR 2 4 b
FE 5 LA AR HAE L X A Z AL [ A
Sy Hr R BRI G 4R R 2 kPa. 3 7 40 B R T B R
WORE I 75 204 50 %6, B 1 kPa, & J143 4o 1718
B J3- {0 B iy £k 1T I BE L SCRRL 13 T b 2R AE TR i
INF=AE 205 mox JF RS 0 F1 . B 150 A g
B AESEF R o« J5 1] it i EL Centro ¢ F1 Taft .
FRIN 252 10 s, I ]I 2 0. 02 s, Hom R T oL 43k
L.

F1 EWMHEIR
Tab.1 Each Loading Case
T 1 2 3 4 5 6
HEW | El Centro | Taft | El Centro | Taft | El Centro | Taft
Qmax 0.47g 1.00g 2.00g
o SEEFMANE KT 9 HFEBHE IRT 9 BEFBANE

(7 FESTAEMY AR 0 M. AS ST 8 1 e M it
By 20 h s it B T4 R 10 h,
(&) PTG AL B, 3% B4 M 2

2 HESERSH

2.1 BAERSW

CEM TR AR R 2. 50 m B, 6 R 1 4 F
FETIFR Y 7 o IR AE 28 5 0055 65 %% A AE « J7 [l 19 S )
AT 435000 A 45 H AR 7K 7 HAE I 3 fiow .

BN Sl ERSE i R N A 2N
T0. 15 mf . 5 % JL-F- 54 16 W8S A K 4 T 48 K
WA B KTy . AETESAL RS A0, 22 mB, I K T
RBNRAA AT S 1 2R 7 AR KO R s, I
A A S S R A T LB R4,
A irn . WA REER ™ S T &= 4k
T AR5 DU HEBR R AH A K 38K, HOM e e
HOER S BRI —3., A% H0.50 m
B S S F2 g il 4 FF i P s Sk s 2R 5 1) B AE
Z IR T A i R 5 BB PE 48 J R B Bt T 4 A
) Ji BRI F3 5 FL 33k B 50 A5 K Y R 7 4E 200 MPaZe 5

2008
25r
Z 20p
2
N
= 10 J :@&i%
? / L
u L ————— e,
B st ;l ...................................
[ 7
e
| | I I * )
0 0.5 1.0 15 o .
T5 A4 B /m

B3 TRERML - AR R A1 B gk
Fig.3 Curves of Top Displacement vs

Bottom Reaction Force

0.9900
0.8910
0.7920
0.6930
0.5940
0.4950
0.3960
0.2970
0.1980
0.9900
0.0000

(0)T5 & A 7% 292.50 mi
0.9900
0.8800
0.7700
0.660 0
0.5500
0.4400
0.3300
0.2200

0.1100
0.0000

() TR B AL # H92.50 miT (GE8)Z HEAR 48 T K 84%)

B4 BAMERATIHRGEFSH
Fig.4 Distributions of Tensile Damage
Factors Under Static Force
ARIKFN e Sy o B 3% G I R ) 38 0N L THRR £
¥ 0 2. 50 m I AGHEZR N F1 23 A5 il 5 feos . Bt
HEZR I 35 8 5 T il 28 BE —F &5 1 TR £ #%
AWM B Ay R gk B TR A A O 2. 25 miR i
BN B I Ul W1 45 0 1 0 28 14 J5 40 JLAR TR PR RE
SRR b . BRRE SRS IR 3T BOKSF I 7506
R E AN W A AE 2 v 22 i JE B R 1 R ) 2% 1%
K AAF/NTF 235 MPas AR5 2 iV 77
FE TR AL HE R F 2. 50 muwf, 38 2o F fif 454 45 A
T IR AE A T R TR < S BT B2 L JER S 1Y SRAE AN BT
Ji o 28 5 SR 5 T8 o0 28 i 1 J 2 RS A Rl B b 38
7 71 790 5 0 % A A0 0 o B R BE L A AT 4 (b)) i
o MWREEII ARG W A S b B 2 AN XL B
JEER 1.2 2 X 12 JZLL Bk, Hodr .52 030719 85 )



% 14 Mhsk W, 5. 3 BANAE J2 40 Ah LB A0 1 IR A 4 M Ak IR i A2 6 B AR o 35
WHRGEEE SN
R GRS et o
Bea s 2 %, W TEESNe £
» G e ¥ 4 =
S BB 2 EEE T = :
B Br SRR UL Dy E T T :’
Ire e T \
I R r ST R
St — S B S T ~'“1i";*,;f=**ﬁﬁ —0.205 2.0 70 6.0 8.0 10.0
MO U LI PrerEitfar g2sexio s
k:té-#.’.}';*:qvﬁy- E 1.184X10° (a)El Centroi
sk [hetn ] —sonao
RETN L b T
DA Epﬁ;; s
e Fal!
7 BE H AR I &
) I]J_tﬂlf’ﬁ [[ig= =
W — TG WM. R S ®AERATH .

435 7E 6 000 kN £
fi. TETAR AL B8
2.00 m B, £ B —
TREEC it ABAQUS (4K il 1 g 25 5 R, e if
SO T AN A 0 i A . FE T AL RS 2. 50 min, 52 s
M A VR 35E 1 O 38 B B KR 7 IR R IR T R B 52
JEAE 2R 0.3, 2 IR 4 HF I th B, ko 72
Hh L ANE 22 500 A AR 2 B ] AR x5 ScEk[14 ]k
W R 8.

TETFRA A R 0. 50 msf  BEAR 1508 4 U J I 4
IR RLGE B S RLEBE R KT 2 AR AL #8 Ry 2. 50 m
BF 0 TN A ) A TR A A A IR B
B AR AR TE L A 4 (o) iR o
2.2 BHAOHHER

G540 H RSN R AR 2 PR

F2 SHHBEIRME

Tab.2 Self-vibration Frequency of Structure

HEZR B 71 (B2 4L : Pa)
Fig.5 Stress of Frame Under
Static Force (Unit:Pa)

i %5 1 2 3 4 5 6

Wi /Hz | 4.79 6.51 7.61 15.90 | 24.60 | 27.70

El Centro 3% 3 Ff' T3 F i T B A2 45 WA 6 ()
fis . 3X 3 Fp 00T W05 KA B ¥ & AE#E3. 8 s
oAy VEEMBE B 0. 47g. 1. 00g T80 T e KA 8%
B0, 22 m, W (E B BE Dl 2. 00g B, TR fie
KAL# K0, 29 m,

El Centro i W {E Il 3 B 2 0. 47 g B, HE B2 5 R
IR FR 3196 (9 B K Iy o e i S D AR T 69 %6
4 K 3 G 4 B [ S R AR 4H 80 26 DA 1 i L K
I3 I T s . W R I BE A 1. 00g I HE 4
AR K J7 f KB B K- F1 0 45 % Qe 7(b) i
TN WA IR BE Ry 2. 00g B o K 43 b 72 A F B[]
Hh R FH ) KT g CR8 2 S e AR Y KO g H
AR K T B 18 E] 60 Y0 . A E 7 (o) TR

s
(b)Taftii

B 6 TouER{ - I8 # 2%
Fig. 6 Curves of Top Displacements vs Time

El Centro I W {H Jill 33 B 0. 47 g I}, 18 32 $i i
1453 1R 743 A3 1 N Mise J37 3 AT 0L B 108 T S 34
R F1 Yy s2 B F A SN HA AL R AL T B B
WAL I3 J3E O 1. 00,g Fif 85 i Ji 0 O 4 1 B UK P 2
B MESRAL T A B B s ELN BN . WEEIN B
2. 00g I+ HEAS I JZ 50 fa7 7 M 72 1 52 A F R A8 i 3
RN 8O PR . MRS, 8 sf  HELE HE
KB e KN T3 229 MPa H/N T8 IR J1 235 MPa,

Taft % 3 Ff THLT A THERALF2 4N 6 (b) Fir /s
RN R T s Iofh . WEAE N N 2. 00g
IS 00 f5e KAV A% 35 3 0. 96 ms JKHR 23 1 [8] v, AfE B2
AR 8096 LA E Y B OKF J1 s G 7 (D) R 5 o
#lS B b 305 AR AT 3 A0 3 T 2L AL 8 (b)) J s s A
DRSBTS AR 5 0 BRI b AR R TT iR JE IR
HR I3 o3 A5 e 9 Fros . HUR AR G 0, AR T
FUE L U R AR SR AT AT R WAL 8 (o)
Firs o HELE 8 Ca), (h) m RN, 3 52 3 A [\] L 588 4 1Y
BRI BE R AN AT )

LR MR 6 A Lo WD BIRE SR E W55
A H BK P 255 AR} 2R 5% L BAE S8 5 TR 5 L 1 A4 i
P AL BBE /D RS A HE SRS b AL T SR By
Be AAER R T OLT AEZEA TFUG JE i . &G
R S TE AR A+ RIS A TOUER A2 A% 18 31 v 2
g 1/62 i TH 8RB AU W S5 M OF B A
KA AR B R SRR E . X
5 3CHRLO T A6 25 Rt 2 — B0y



36 EHAMAFEE TR 2008 4
6_
0.990 0 0.990 0
z =z 0.8663 0.8663
™ 22 0.7425 0.7425
= 0.6187 0.6187
R 0.4950 0.4950
1 0.3713 0.3713
B 3% 0.2475 0.2475
® - 0.1238 0.1238
=z 0.0000 0.000 0
_6 1 1 1 1 ]
0 2.0 4.0 6.0 8.0 10.0
i [/ y
(a)El Centrodi(a,, =0.47g) ‘[<’,: T<’,i
100 02 2

J&#B R J3/10°N

. I [ /s .
(b)EI Centro(a,, =1.00g)

J&#B R J3/10°N

Cms
(c)El Centroi#i(a,,, =2.00g)

— A
15 """" ‘/E‘/%%j:f%j

JEH R 1/10°N
|

—25 2.0 20 6.0 8.0 10.0
i 16]/s
(d)TaftPi(a,, =2.00g)

7 JREB F1-B A B 2%

Fig.7 Curves of Bottom Reaction Forces and Time
3 & iF

(D S5 FE A B B » ol Tt i AR FH 28 R 40 ok
T, — BT IR R AR BT 4R R HH R B 2 K F
T3 HEARAES VR AR L B8 = AR TR R
FHEC A B3 K Je i 35 B 8000 . ARAEZLE B T i
RS 2 EPT LR E .

(2) YR BE B faT 1 S e IR ™ AL TP 2 e M AR A
STAERITR B 150470 9 A BT AR 3R L SRS AN W7 4 J R
JE L AR IT 28, i B 2 I o e T i R 2
HIT 25 7 B0 A A A WEPE AR » Sz BIGR H A it
YR T 2R 7R A 7K g 5 T 31 oA RIS I A D e

(b)Taft#(a,, =2.00g)

0.990 0
0.8800
0.770 0
0.660 0
0.5500
0.4400
0.3300
0.2200
0.1100
0.000 0

(c)Tafti(a,.=2.00g, F8/Z MR & T 5 K8f%)

B8 MEERATELARGAFLH
Fig. 8 Distributions of Tensile Damage Factors

Under Earthquake
AT IR T HE. 5
HM LS S D e

AF B ERER et
PSSR P S ASISSe
B FIMERTERE el
SRBEM T oiatst e
THENE, wf ok i
REAMT BRI (B 0 e
st bt B
B2 L SR |

£
sorim e | H T o<k
ML Nk

(3) T HE A HY wEEATH
R A HEZR AL (B4 Pa)
A PERE M B o2& Fig.9  Stresses of Frame Under
SOBRARMH TR K Earthquake (Unit:Pa)

(2 [ S AE AR AR R ™ A TR AR TE A S
N ERAIE TR ke A R N S PN €

S & k-

References:

CL0 WRaliA B 30 Al e J= A e J2 HE 22 AT A 0 5
Zikgr B o PR 3 AT (D). A SURL 2 5 R A
2007,24(3) :19-24.

SHEN Pu-sheng, CHEN Yu. Free Vibration Analysis

of Tall Frame and Changed-section Core Wall Struc-



] EE7 QN

2 AR R A R B 2 A8 1 R A 45 M Ak SR AT AR 49 S AL 37

[4]

[5]

L6]

[7]

tures with Outrigger[ ] ]. Journal of Architecture and
Civil Engineering,2007,24(3) :19-24.

WA A AT SR TR B AE S - 5T ) BT A %
A E Mo ] 3R 5 TR %R, 2007,
24(3) :56-60.

LIN Hong-wei, SHI Zhi-fei. Mechanical Analysis for
Non-planar Reinforced Concrete Frame Beam and
Shear-wall Joint[ J]. Journal of Architecture and Civil
Engineering,2007,24(3) :56-60.

VLT AR e e . A £ 445 A4 4% A AT 26 T BT ) i d b
HE B B LT ] AL 2 5 LA 2 4R, 2005, 22(3)
16-19.

SHEN Pu-sheng, MENG Huan-ling. Reasonable Sec-
tion Height of Beam and Column Based on the Mini-
mum Shear Lag in Framed Tube Structures[ J]. Jour-
nal of Architecture and Civil Engineering, 2005, 22
(3):16-19.

AP, EEH T A5, ISR BE LA S A B
BRI BF I [T, SRR 2 5 TR 2 4. 2005, 22
(4) :45-49.

GUO Jun-qing, WANG Xue-yun, LEI Zi-xue, et al.
Experimental Research on Limit Value of Axial Com-
pression Ratio for Concrete Frame Columns with Cen-
tral Reinforcement [ J ]. Journal of Architecture and
Civil Engineering,2005,22(4) ;:45-49.

KGR I S S WN-REE LA A BT
e DR AL B R AR R R 28 3 [T, b [ 4 % 2 4. 2007,
20(1) :85-90.

ZHANG Qing-hua, LI Qiao, TANG Liang. Fracture
Mechanism and Ultimate Carrying Capacity of Shear
Connectors Applied for Steel-concrete Joint Segment
of Bridge Pylon[J]. China Journal of Highway and
Transport,2007,20(1) :85-90.

WEME, T R W IR BE 4 R S AR R ) AR K
[T, o E A B E R 2006,19(5) 1 46-52.

CAO Guo-hui, FANG Zhi. Mechanical Behaviors Test
of RC Continuous Box Girder with Wide Flange[ ] ].
China Journal of Highway and Transport, 2006, 19
(5):46-52.

E 4 & BRuUIF. ABAQUS e oA TR b f bz
[M]. A < W7 VLK 2% A 5 2006,

[8]

[10]

[11]

[12]

[13]

[14]

WANG Jin-chang, CHEN Ye-kai. The Application of
ABAQUS in Civil Engineering[ M]. Hangzhou: Zhe-
jlang University Press,2006.

B VUM, A D, R TR.  TR BE LA AR LA R
JCELIE 5 M. b i« [R) 5% 2 A . 1997,

LU Xi-lin, JIN Guo-fang, WU Xiao-han. Nonlinear Fi-
nite Element Analysis Theory and Application to RC
Structure [ M ]. Shanghai: Tongji University Press,
1997.

K /INIE B S A5 VR R A0 A M A2 ) M e 1
e A BRIT /AT (D], K 70 1 m K%, 2006.
ZHANG Xiao-qing. Nonlinear Finite Element Analy-
sis on the Mechanical Performance of Steel Frame-RC
Corewall Hybrid Structure Master [ D]. Changsha:
Hunan University, 2006.

k3ot ABAQUS ) Jy %A B oo 4 #r 45 mg (M. b
St o R PR S ) AR 2005.

ZHANG Wen-yuan. ABAQUS Dynamics Finite Ele-
ment Analysis Guide[ M. Beijing: China Book Press,
2005.

ek WA W ARV A R OT A M 5 Sk
CML b5 B2 AL 2005,

ZHUANG Zhuo,ZHANG Fan,CEN Song. Nonlinear
Finite Element Analysis and Example[ M ]. Beijing:
Science Press,2005.

XU A LA Dy . S5 A8 3 Jy 2 LML AE 5T HUAR Tl
M4t . 2005.

LIU Jing-bo,DU Xiu-li. Dynamics of Structures| M ].
Beijing : China Machine Press.2005.

SRIFAE BB T IR BE LR A SR R
BB L)) R HRL 1994, 10(1) - 10-14.

GONG Bing-nian, HAO Rui-kun, ZHAO Ning. Ex-
perimental Investigation of a 23-storey Steel-RC Com-
bined Structure Model[ J]. Building Science, 1994, 10
(1):10-14.

TE 1 DHE SRR3R B ORI 5 5 A P RE iR Bl
BT FE (D], 14 % . P44 #l R4 R, 2005.
LIANG Bo. Shaking Table Test of 1/10 Scale Model
of a 12-storey Steel-RC Hybrid Wall System [ D].
Xi'an: Xi’an University of Architecture and Technolo-

2y,2005.



