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Abstract -

Shear wall with CFST columns and concealed trusses is a new kind of shear wall. In order to analyse its

seismic performance and seismic mechanism, experiments were carried out on three 1/5 scale high shear wall models.

Based on the experimental research, load-carrying capacity, ductility, stiffness and its attenuation, process hysteretic

property, energy dissipation and failure phenomena of each model were analyzed. The finite element analysis was done by

using ABAQUS. The results show that the shear wall with CFST columns and concealed trusses has good seismic yielding

mechanism, and the seismic performance are obviously improved compared to the normal RC shear wall.
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Fig. 1 Steel bar details of models
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Tab. 1 Mechanical properties of steel bar and steel

e Al 5i B/ A BR 8 B2/ GEfR o R x 107/

GRS MPa MPa MPa
3.7 mm B 312.33  417.77 27.50 1.91
12 mm B4R 365.70  536.37 29.17 2.11
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Fig. 2 Test setup
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Tab. 2 Experimental results of cracking load,

yield load and ultimate load of each specimen
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B aN ran PN D e
SW2.0-1 91.05 223.37  304.58 1.00 0.73
SW2.0-2 142.27 392.65 523.68 1.72 0.75
SW2.0-3 150.67 473.88  621.00 2.04 0.76
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Tab. 3 Experimental results of stiffness and its

attenuation coefficient of each specimen
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SW2.0 -1 140.21 47.58 22.89 0.16
SW2.0-2 186.30 66.43 39.54 0.21
SW2.0-3 199.26 90.34 46.69 0.23
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Fig. 3 Curves of “stiffness-displacement shift”
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Tab. 4 Experimental results of displacement

and ductility coefficient of each specimen
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SW2.0-1 2.19 9.76 34.19 3.50 1.00 1/43
SW2.0-2 2.14 10.29 38.01 3.63 1.04 1/39
SW2.0-3 2.04 10.49 47.19 4.59 1.31 1/31
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Fig. 4 Hysteretic curves of “load-displacement” of each Specimen
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Tab. 5 Experimental results of energy dissipation
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Fig. 5 Failure modes of each specimen
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Fig. 6 Crack distribution of each specimen



55111

WA . CFST JAE PBOHT 22 2 BT 1 s il g 5 4 BROG MY 111

3 BRTItE

ASCHIFH ABAQUS B %} CFST 1 HE P T 42
ST RS HEAT SR IR AT BRIT 3 A, AT 4 T A AR
JIHLEL,
3.1 AHXHR

T B A AN SCHE R BN R T Q235 4N, AN
RIS — AR O 28 MR — M ] by PR B SRR B
B B IR B O 5 MBI B RO R
FakA Ak

=}
=]
=
pd

E. e, e, =&,
2
- Ae. + Be, + C e, <é&, =g,
o = S/ g, < &, < &,
8' - 8'2
ﬁ.[1+0_6 : "] gp < &, < &,4
8(’,3 - ‘9(’,2

1. 6f, e, > e,
(1)
Arh, 6, =0.8//E,, &, =1.5¢,, £, =10¢,, &, =
100¢,,, A =0.2f,/(&, —-&,)’,B =24¢,, C=0.8f, +
Agl - Be,
TR PR AR 2 A5 B 517 R B R VR R A7, L ) -
A8 O ZR MR 5 R AN AR B, AR SR PSR [ 13 ] /Ay

N

O0=<e¢ =g o, = FE.¢,

B (2)
g, > ¢, o, = Af, - —

o

K of, ANAPTRIR IRGR L , &, X7 LU 1A% B X 7
FOAR B 2.5 x 10 7 A B kg MR 8 40 ity 7 Ao 38 56 T
FE A, AR A PR s B R A BT 025 ~ 1,125, B B
0.6,

SR SCHR [ 14 ] $2 15 5938 1T ABAQUS FifF
A BRI BT 1 B4 A% O TR RN Ty - AR
Fo HIETE LS A SR ABAQUS X TR & +
AT ERRIC 4 R ey Eak b, % B0 R BE 1 %7
B BN 2 AR A R A 3 e R A TR R e R A1
PITHEE BT AB IE T FRIREE - Bl i g - AR R il
2R AR IV A R T R B HH Y

AR TR R - AR SR I SR [ 15 ] 48t A A Y, A
RUFERLIAN A TR E AT RV AR BE A L BY Ty pl 2
B TG ROR, BB AR B, 38 F Y T 4%
W=
3.2 BEfiER

ARSCR B SR BE L ) S TR AR R R T
[i] R A R EI 6 7 1) (4 R 245 W R AR A o AR SCAN A5 TR 15
- AT ) P 2 i SR FH A 4 i, 22 ok B 50 A% 8 B T R

J3 P2 BTl Y TR AT LA SE 4 A ST () £ 32
B TARBE - 5 T D) 1) T UL SR FH %R BE SR T, B
T R LA 336 B 7 3 LR B T ik B P 7, PR
(B 7 A AR X 3 3, 1 2 o R S i O N R RO T
AL
3.3 BUTEBURRM@ETE

BE A TR BE L BRI BE - AV RIR T =
AESCIRF.O0 C3D8R. I 1A 73 I3l 4 s >R T = 44T #.00
T3D2 AR HI5E B0 SAR . AR MK AR 7 142k
WA
3.4 HEERSWF

IS AE SR A0 5E B S IR BE A B R
FATCIE OISR AR Tk R E , 71 CFST A A
2R B iR Ay A2 2 1AL T B AR
6 P A P [ g 2 M 2R by 2 MR A S i 28
F iR 2 40mm ({758 A1 1K 2 1/37) Rif, i1 1E G218 1
LRI PRNERL LT, PR I 306 BB [ 14 S5 00 R 2t £ A PR
TURLLL ) if 8% i R EAT X Lo AT DL, 3158 285
R LMEAT A B

T HEIESE CFST JHE A BT 2 i 5 3 355 4 1L
J1 AR SO 52 SRS TEAN [ B B 1) 26 R A% L, A 3C
BT 3 A IR RAAE R AT 20 A, 20 500 O - TR BE
A BRI A IR B A A, CEST U AHE A AT I AR
B 0 et e IO B S RO ) A, B A ok B A BR
67 F X BV PR A

CFST JIHE P T 2 o BT 7 35k 189 S92 0 - 53 i 28 A0
R BR AT 273591 A 150. 67 kN il 621. 00kN, 47 FRICAE Y
f149 T 22417 28R AR B £ 8070 31 0 149. 06 kN Al 615. 23
kNG 3 S 9MAT 5B

700
600
500
400
300 r
200 —T
100 — it

F/kN

0 . . )
0 20 40 60
U/mm

B 7 35S ST e

Fig. 7 Comparison of the result of calculation and test

i ABAQUS J5 b3 Z 48 v B2 A1 iy 3 9 P iy A8 O
a5 KT AT DU (U7 30 TR 56 - 358 i 24 58 1Y) o3 A I B JBE 4
IE o BY Ty R85 R A 32 5 R AR R e R L] 8 B
07 R R K B AR R i S B M Y AR B X A, TR R
T RBEARWIT 2, BEARUR TR AT e B 2 A, 7
X BER N



112 W5 ok 2014 4E45 33 %

— —— — HA ) 2% LD O, B ATT 40, B b 431 4
B | Qs |Bawes I B TR 1 ) 5 KR 7o Wb
= — — R B3 00 440 0 32 P AR A, 8 1 A 4
| ; 1 [« DA 013 s e 32 3 R e
Tl ks BRI A R A B
SRS |£HEHH A9 A 2 ST DU AR 95 248 2 90 04 1 7 R
W;;;;“ ICHIS 4352 1413 0 A 0 52 I, 0 4 0 1 22

S N B FEBR . AR P FC A 3 S0 o 0
o y:ffi” A3 2 LI 10,5 B A I B4 £
[RERE N EEeReN SOV TRLIGE 1 R IO A 7 0 K A0 0 0 44 B2 0
o I FEREE: n;ggpw 0 A3 A 48 5 4 B e 1 9

N w**g; I P AR 2 T

i H SRRV M AT , 5 - %
/ 2 0 5 E T 2805 B 7K A L S, S ey 24
@ R T SEAWEN 2 , BRI 0t U R, 50 S HR0 50 A B A 1
R M K, BRGS0 P L 90 5 1) 90 3 4 1 )
B8 SW2.0-3 i RN R R R DR AR I 57 97 , 150 50 S 438 3k EC 9 0 A 30
Fig. 8 Principal plastic strain figure of SW2.0 -3 ﬁ%g i‘gﬁT?g)‘J Bﬁ*%ﬁ'éﬁ%jj , Iﬁjﬁj‘ﬁﬁifi‘mj”fﬁ?‘] T?‘I’

5, 511 ! | 5. 511 (Avg: 75%)
rew) | (Av: 75%) 450D +02 il
+2.B08e +D1 | +1.B552+02 +6.7952+D2 |
+1.766e+D1 | +1.208¢+02 +5.5E]e+D2
172472400 | +2.740e+D2 ¥ +4.172e+02
i Eae 00 +2.182e+02 +1.16De+D2
-1.358e+D1 +1.625+02 . ey L fEEEE-
2.4DDe+D1 +1.067e+D2 +7.168=+D1
J.d442e+D1 +5.09de+D: -4.74Be+D1
daEh — i Laeit
-1.164e+D2 4.11De+D2
‘;ggg:jg{ i -1.721“52 ~ $.321e+02
-B.6d%e +D1 279e+02 -6.513e+02
-9.691e+01 ZB]7<+DZ
- ! "l -
il |
il | |
| ] " !
\ [ \ 1T
‘ mld ! I |
| |
e ik
(a) ¥R (b) JafR (c) HRFRAar
19 SW2.0 -3 ifi i = &l
Fig. 9 Bars stress distribution of SW2.0 -3
S, Mazes "
S, Mises SNEG, (hactan = -1.0) zh"m",'[’..m-.,. =-1.0)
SNEG, (hactian = -1.0) (Avg: 75%) (Avg: 75%)
(Ava: 75%) +1.125e+02 +4.611e+D2
+1.5)de+02 +2.8682+D02 +4.252e+02
+1.4D7e+02 +2.612e+02 +1.E71e+D2
+1.280e+02 Ii Jsu:gz 1.4%4e+02
s Irsaein: iPhEin
+3.000e +01 1.886e+02 +2.157e+02
+7.71]e+D1 +1.129e+02 +1.978e+02
+6.4652+D1 1.07Je+02 +1.60De +02
1972401 +E.161e+D1 +1.221e+D2
1193040t S.596e+D1 +E.d41Be+D1
.Bb2e+ +1.011e+D1 +4.62%+D1
+l ]95:*51 6582 +00D +8.137e+0D

(a) W1 (b) JEAR (c) PRz

E 10 SW2.0 -3 HHT4EN 1 =
Fig. 10 Truss stress distribution of SW2.0 -3



55111

WA . CFST JAE PBOHT 22 2 BT 1 s il g 5 4 BROG MY 113

PLAEIIT S o0 A1 5 Z ), B TS VA0 L 0 4R 38 K, St
MR B + AR AR 20 e Jie , S IR R R T e B4R 52
i, 52 1 X BE A8 /1N, 22 HE 5 1) A 59 5413 52 3 i Al
2 08 1] 3 A7 09 737 32 T st I, B9 g s ) 7R 387 3K 2
WEEEAR S , 52 s M A9 R T B s sy, SR ) BRUE
BLGR, AT I3 ha A T8 U A {EL Ay 2805, BT T4 S B
HRETT T RS, 5 NI IR AL P12, A B i 3
P, By AR 2 B i AR RS

4% #

(1) CFST 1 HE PN T 28 o 5 ) 58 19 K 3807 | AE
PEFERERE Ty LS @R BE 1 s 3T ) B A R, 1
CFST JHE s 99 )5 ] B4R . CFST JAE PN B0AT 28 55
BT B W EE IR ARSI IR RE R, WA )

(2) CFST Ptz Py st 28 v 57 7 5 i il SR A ¥ e
e YR BT - B H KSR CFST JIe o5 37 Sy il i, 2%
A LR ISR S | 5 1 B K S a5 BRI
TR

(3) HERIC /AW, TR BE 4t d 9S4 N
IREELAE 73 WA A PURR BTk, 325 1 BT J) 4 i) B
PERE

& % x o

[ 1] Astaneh A. Seismic behavior and design of composite steel
plate shear walls [ R]. Steel Tips Report. Structural Steel
Educational Council, Moraga, CA, 2002.

[ 2 ] Qiuhong Z. Experimental and analytical studies of cyclic
behavior of steel and composite shear wall systems [ D ].
Dissertation for the Degree of Doctor of Philosophy.
University of California, Berkeley, 2006.

(3] VS, #OBAE, nhaf, 45, v 2 RE R AN TR e -+ 57 ) Ji
ZHPERERIR AT ST [ 1], A A4, 2010, 31(11) .
83 -91.

FENG Peng, CHU Ming-jin, YE Lie-ping, et al.

Experimental study on shear behavior of cold-formed thin-

walled steel reinforced concrete shear walls[ J]. Journal of

Building Structures, 2010, 31(11) ; 83 -91.

[ 4] Dan D, Fabian A, Stoian V. Theoretical and experimental
study on composite steel — concrete shear walls with vertical

steel encased profiles [ J]. Journal of Constructional Steel

Research, 2011, 67(5) : 800 —813.

[ 5] Zhou Ying, Lu Xi-lin, Huang Zhi-hua, et al. Seismic
behavior of composite shear walls with multi — embedded steel
sections[ J]. Structural Design of Tall and Special Buildings,
2010, 19(6) : 637 -655.

[6 ] Liao F Y, Han L H, Tao Z. Performance of reinforced
concrete shear walls with steel reinforced concrete boundary
columns [ J ]. Engineering Structures, 2012 (44 ). 186
-209.

(71 MR, 3T, B VUK. v o7 e 40 AE S 8 3 PR i 2

SRR IR 3h s s [T ] Ikgh S e, 2013,
32(21) :142 —149.
WANG Dong, LU Wen-sheng, LU Xi-lin. Shaking table test
of a high — rise frame — supported shear wall structure with a
high transfer floor[ J]. Journal of Vibration and Shock,2013,
32(21) 142 - 149.

[ 8] QianJ, Jiang Z, Ji X D. Behavior of steel tube — reinforced
concrete composite walls subjected to high axial force and
cyclic loading[ J]. Engineering Structures, 2012(36); 173

- 184.

(9] Bk, £8, E4E 5. bl N E IR EE - RELH

AU URE RIS AT [T ). MR TS TRk,
2008, 28(1): 85 -90.
CAO Wan-lin, WANG Min, WANG Shao-he, et al. Seismic
behavior research on composite shear wall with concrete filled
steel tube columns in high axial-load ratio [ J ]. Journal of
Earthquake Engineering and Engineering Vibration, 2008, 28
(1).85-90.

[10] Cao W L, Zhang Y Q, Zhang ] W, et al. Study on seismic
performance of shear walls with concealed steel truss[ ] ].
The 14th World Conference on Earthquake Engineering
(14WCEE) , Beijing, 2008 ,05 —01 - 0553.

[LL] EOTRR, SR, 451 2. DN JBOHT S R 05 L 43 (BT

FkEikEe (1], A Rk (B AR Bl , 2007, 37
(2):195 -200.
CAO Wan-lin, ZHANG Jian-wei, TAO Jun-ping, et al .
Experimental study on low-rise RC shear wall with concealed
truss| J ].
Edition) ,2007, 37(2) ;195 —200.

[12] ki, MEIREE L Z5M—Ie 59k M]. deat: Bl
H R, 2004,

(13] mesCil. e T W i A e 409 751 1 1 06 - 52 2540y 1 A i
A S MR ()] BRI R, 1982, 15(4):
1 -10.

CHENG Wen-shan. Cross-section moment and curvature

Journal of Southeast University ( Natural Science

analysis of concrete {lexural members that applied no obvious
yield point steel [ J]. Civil Engineering Journal, 1982, 15
(4).1-10.

[14] XEL. TR EE L )RR T i) TAEPLBRRESE (D], 48
MR R 27,2005,

[15] Attard M M, Setunge S. Stress-Strain relationship of confined
and unconfined concrete[ J]. ACI Materials Journal, 1996,
93(5): 432 -442.



