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Study on Seismic Properties of Single-sided Superposed
Shear Wall Based on Different Vertical Joint Positions
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(1. College of Civil Engineering, Anhui Jianzhu University, Hefei, China, 230601 ; 2. Prefabricated Building
Research Institute of Anhui Province ,Hefei,China,230601 )

Abstract ; In order to provide theoretical basis for the modular production of this kind of walls, the
seismic behavior of single-sided superposed shear walls with different vertical joint positions was
studied. Establishing the finite element model according to the former experiment, which can verify
the correctness of the model, and then the seismic behavior of one-side superposed shear wall under
low cyclic loading was studied. And the hysteretic curves, skeleton curves, concrete damage and
reinforcement of concealed column of single-sided superposed shear wall with different vertical
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joint positions are analyzed. As a result, the change of the joint position has little effect on the

seismic properties of the wall. With the increase of the axial compression ratio, the energy

dissipation capacity of the wall decreases. The calculation formula and construction requirement of

steel bar of concealed column at joint were proposed. Changing the position of the vertical joint,

which can realize the flexibly segment of the large-size non-standardized wall in the factory

according to the existing molds, reducing the cost of production. The calculation formula and

construction requirement of steel bar of concealed column at joint can be used in the designing of

the concealed column joints of single-sided superposed shear walls,and has great significance for

the promotion of the superposed shear wall used in prefabricated building.

Key words : superposed shear wall; vertical joint;seismic property ; finite element
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1E Mz S mlfnk
TRE I BHUE/ KN kI8 fH /KN ZA6/ % TRE I BRIE/ KN 7 IR E/ KN ZA6/ %
606 580 4.5 588 545 7.9
800 B
TR oz % 102200
600 |
400
200 |
z
& of
iy
-200¢ (a)DW-1(2)
-400
640 20 1340
~600 - 1'- ¥ 610@200
150 ||150 AZ 320 x 100
800 R . . .

-50 -40 -30 -20 -10 0 10 20 30 40 50
L F/mm

B3 i S Ll AR L L
Fig.3 Comparison between test and simulated

skeleton curves

2 BES T

R L AT AN R D7 X BT 15 AR
Y N AR RL I, 2B Bt 1 3 Fb
N[ B A i 4 B e A B A FROT
B B S0y A2 0oy th A AR
FIS I P Y i DR TR B 1 2 A, 3 A ok s
[ PRAE R ALY S AT ISR (LI 4) o

(b)DW-3(4)

o X g D 6w

4912, 910@200
(c)DW-1(6)

B4 iR

Fig. 4 Detail drawing of specimen structure



668 WHERKESMARBFR)

%38 %

TSP TR R Y D 55 Bl R L ny K
53 0.1 ~0.3, 5 ny =0.1 Fl ny =0.3
PP T, % PFAE 1 & 53R 6 ik EAT
FE(WFR3) o A HAB D R A5 il ik
ARORAR RS B A TR B o B S B Y
DW-1 H[F], 3 A BRA TR R >0

&3 X
Table 3 Sample description

RN A R Pragn e
DW-1 0.1
BEA 172 4b
DW-2 0.3
DW-3 0.1
BEK 13 ib
DW-4 0.3
DW-5 0.1
BERWI 1/3 kb
DW-6 0.3
800
600
400}
200+
Z
§ o
=
=200
400 |
-600 -
_80(-)50 40 -30 20 -10 0 10 20 30 40 50

A #/mm
(a)n,=0.1

2.1 iHEMHLZE

AR S i 2 an & S R
M LR AR R KR BT i
RO RE [0 il 2 PPt LS B M R ) )7 A 5
o g A T B B, i 2 gk
THFRIRIN a8 5 A AR R M C R 51K
T IR e AL RS N2k, 1 4 A 246 1 R4 ¥
R FERERE 1A T4t v, (H it 2 RS ] st
/N, 2R B D R b A R R 5 FE A
AR 2T RS SRR AR TR
N, 2 B FE BE AR 1l T8 1R 0
PGB 55, FESHE L ny = 0. 1, X Hoisk
1 DW-1 . DW-3 DW-5 A %1, = F i [n] i &
oL | 4 RGE AR — 3, [RIRE, 7R 40 B
n,=0.3 F,i{{F DW-2 DW-4 DW-6 [
[l il 2R TG, AR T BT AR — 3 (L (] £k

L4 AN FERERE I FRAIC,
800
600 -
400}
200
' -200}
-400}

-600 |

_80(-)50 40 30 20 -10 0 10 20 30 40 50
A B/mm
(b)n=0.3

I R O]

Fig. 5 Hysteretic curves of different specimens

2.2 BREMZ%

BRI B AL 6 Fin, M
Il LA W i DW-1 5 DW-3 DW-5
LI Mk DW-2 5 DW-4 DW-6 Y-8 28 i £&
ERIEAR—F, FEbER B, B e i 26
SEERPEIC R LI W R S AR b 55
N HE AR B B, it Aot 3]s 2 B A
DAL RIS 0 0 ] S5 T R A 5 A 0 i 2K
Jei AR A3 DX s R i AR K 3 B
SRR WIRE KRN, B A A 58 e IR

Bifi 5 A R LT KT AR R T AR R
R W EE 5% e #5/h, f T il DWS3
DW-5 DL il DW-4 DW-6 Pf 4% 1% & 45 {4k
32, AT s A A — i B 2 AR
AT JHE KB PR AR 288 77 gt e T DW-1
DW-2,
2.3 RBELIZERG

R BRRAS T B S PE 40 = R an & 7
frw, MWE H Al LLE i DW-1 5
DW-3 . DW-5LL J i £ DW -2 5 DW -4 |



55 4 1) Ly A T[] et e B A3 ) BT R 3 AR Y R R MR REDF S 669

800 —# DW-1 8001 —=~ DW-2
—e— DW-3 —o— DW-4
600 —— DW-5 600} —— DW-6
400 400
200+ 200
z z
= 0 = 0
® i ® i
= =
-200 -200}
-400| -400|
-600 -600
—800 PR T S T S S R ~800 PR S S T S S R
S0 40 -30 20 -10 0 10 20 30 40 50 S50 40 -30 =20 -10 0 10 20 30 40 50
i #/mm A /mm
(a)n=0.1 (b)n,=0.3

56 AR

Fig. 6 Skeleton curves of different specimen

] [
| By ; o

L=
A
| 51

I

+9619x 107 [ +9.619 x 10° +9.619 x I(T
+8818 107 +3818 X 10" 48818 10"
+8016 x 10* +8016 x 10 +8016 x 10°
+7214 x 107 +7214 x 107 +7214 x 107
i s e
X X X X
+4.810 x 1 : gl(]xl 10x1
-+4.008 x 10 x10% x10*
+3206 x 107 +32m x 107 +3.206 x 107
+2405 x 10, 42405 x 107 N +2.405 X l(T
+1.603 x 10 +1.603 x 10 +1.603 x
+8016 x 10* +8016 x 10* +8016 x 10"
+ + +0
HHHH i HHHH T H
I ! — H
HEHH I [E{ataitsls] O |
(a)DW-1 (b)DW-3 (c)DW-5
| [ I
1 | |
EEEEEEN I I
788 7 7
g g g
X X
+8016 x ll)' +&016 X 10': +8016 x 10':
+7214 X 10% +7214x 10% +1214 % 10%
+6413 X 10* +6413 X 107 +6413 x 107
+5611 x 10% +5611 x 107 +5611 x 10%
+4.810 x IU +4810 x 10, +4810 x 10
+4.008 x 10 +4.008 x 10 +4.008 x 10
+3206 x 107 +3206 x 10% +3206 x 107
+2405 X 10* +2405 X 10% 2405 x 10°
+1.603 x 107, +1.603 x 107, +1.603 x 107,
+sme x10° +8016 x 10° +&016 x10°
1 1o
S mEmEEmEE; i m | i i‘ i H
A EESana===sgpEusE: \ f o HHH
(d)DW-2 (e)DW-4 () DW-6

7 R A
Fig.7 Plots of compression damage of different specimens
DW-61ii i FIEAMANE IR BELZ R id B B I iR,
B BT B b, SR Ut A ) BRI F) i/ DW-1 5 DW-3 DW-5 Hi I, E 4%
IR 2w Fj/}’vﬁ?jﬁ Bz h%ﬂlli A% , (HIE SR A T PR FE X FR TMJJIZ
IS A B, e S B Ak R B+ 32 SEARL, R X S A 40 77 AR B R iy, ik



670 Tk B SOR S e AR (A R R SE R

4 DW-2 5 DW-4 DW-6 H Lt , 55 14451 147 &
XPFRARAS 05 AR L, (H iy T DFE RS A 1)
FEAE iR DW-6 BY7K-F- A 80 HE J1 38 hn , 3 4
IR A A, AT UL 7 /N E R
T, PR B AR XA AN B
BE RS T PR AN A Wk S
0320 B 4 198 3 A2 =2 4 493 DX 3 e B 34 o B
2,
3 WEAERCAR

T ABAQUS £ BRIt /3 Hr 15 i A [R] Df
HEAL B RE R N I EBAR BT ARR)Z
AN S 532 97, T L RN A RS
GOIREE 12T B BY 5 R AT A Y, 3l 2t S
Hik[22 —23 T 5 A A7 31 5 A7 1) 2 =3
o

H T I -5 395 A B R 4 () VR 2 ()
BB, AT LA R R 5 G A Ak, 45
WA E  OF Bk R SRR 2
A TR 52 B 12 A6 IR . KA )5 32
BB H W TR N/A,— A KT
VAR PR DL 8 b B R X
sy, B d &SRy ka2 ke
(AR + SRR L2 ) B L N &AW
BT I8 B H O & G a8 ) B
JE 5 b Sy W A SO A IR 9 (O BRI A 4R A P AR
Tf) 5 h A BE A A =
3.1 EEHMNHHE

F T SO R AR S T B AR 2 R B
MIBT R E TE I (AE 2 1) , A e TR
- B 58 AT A P, 32 R B R A A
BARMER T AR FH ; TRIAE B 2 A5t EL A 2% g
VR . AR AR STk [ 20 - 21 ) B0, TR
i w131 Lo [ e T ) T R L LI () T MR
BAE/NT 10 mm; B A 55 AR 8 ) i $2 4K
A ELARANEL /N T T S35 A 94 58 1) A 4 7
B, P, W R 80 B4R nT DR HEAT
TEEA SR RLAS [ 52 7 T3 46 335 Al v 18 1) 43+ A
B HA/NTF 10 mm,

(@F N H I ERERTE
N/A

Fhddy by,

_

L H i
ORI EEER A
B8 AR
Fig.8 Schematic diagram of calculation model
3.2 BWHEEITHE
LUpARE L UR7 DAy N IANES N =3 = o e
Sy 3 vl B YN AT X A AR A

¥

vV’ =f17'dy. (1)

TV , H SR AL 0 7 7
SR RE I i 7, AT H R R ARG B
AT (E T G U Sl 5 (1) T8 Ak
Uy

V' =7 bh. (2)
(A
=T (3)

N AW, A EIREE L BUBTAEHT, 2
Al faj e

A
Vi =fo—hy=V'. 4
cs fyv s 0 ( )
A
== 5
pSV bs ( )

A ST Rz IR ERTE b o, Fr e LR LU
GRS B4 BN v P A B4 R 5 VR AR R



4 4

Ly A T[] et e B A3 ) BT R 3 AR Y R R MR REDF S 671

AR VARSI LT hy bR S 4
SRS HE 3, hy 06405 i PSR B R (5 A, 4
T ) — L 4 0 4 L 0 S TR
SRR K7 1) 40 5 0 0 B o, 5
OIS

B9 HEAIYN K
Fig. 9 shear stress diagram of wall
H1 T8 0 55 57 ) 35 2 S AROK P K
FH, WA 30 A5 96 A2 R YO 3 R Y [ I,
ARG A3t T FH 55 89 7 Sk K P A () B, A
T AT AT . AESEBR R R, T AR
AR BRI L, b PR A LA 7 =X

4 75§

(1) X FREIRIE AR, P42 (07 A%
SIS ATRR P RE R M AL/, B iR LE Y
WK HRRFERERE JT Ak ELAE A [ b s L
AN TR 5 1] BF 4% o7 10 R S A A BT
IEAERERE S EEAAAIA]

(2) B HESZ J7 3 M B0 (T H R (E - B 1A
(1952 FIPEREW) & R4, Fi 17 1C A5 3 5 05 A 2
HR P o 1 P L R O 5 o B T B A )
Br e TR R A R

(3) 3 2 15 i) PR EE A7 B A9 A, Al DX
B A AR BT et AT RAE ) A AT T
IR E A B AR T B A sy g i v i
BAR IR A7 RORRRAR TR A, oAy A
TR 50 R G, BA B
TSRS

S 3k

[1] FRANKL B A,LUCIER G W,HASSAN TK,
et al. Behavior of precast, prestressed concrete
sandwich wall panels reinforced with CFRF
shear grid [J]. PCI journal ,2011,56(2) ;42 —

[2]

[10]

54.

INSUB C, JUNHEE K, HO-RYONG K.
Composite behavior of insulated concrete
sandwich wall panels subjected to wind
pressure and suction [J]. Materials, 2015, 8

(3) :1264 - 1282.

Pl 0 G5 I, A5 KT DA% I 19 R
S R URERE RO T]. TR
2#,2018,35(4) ;107 - 114.

(CHONG Xun, WAN lJinliang, JIANG Qing,
et al. Experimental study on aseismic
performance of superimposed RC walls with
enhanced horizontal joint [J]. Engineering
mechanics,2018,35(4) :107 - 114. )

BEFR IR AR FE AR T, 45 20 o YR 5 -
TEALLR IR I 0 558 1A T e R BT RE T 5

(7], iREE 5K UEH] i ,2013(8) :55 -57.

( XUE Weichen, XU Yaling, ZHU Yongming
et al. Development and thermal performance of
new precast concrete inorganic insulation
sandwich wall [ J]. China concrete and cement
products,2013(8) :55 -57.)

BERE, T ARRK ARERLR S5 WU B 5 09 14 s
EPERE AR AL [T ] AL Tk R
#%,2020,46(8) ;851 - 860.

( CUI Yao, WANG lJinggiu, YU Yinquan,
et al. Numerical study on behavior of double-
superimposed RC shear wall under axial
compression and bending combination [J].
Journal of Beijing university of technology,
2020,46(8) :851 -860. )
ha, Bodtte BN, S B YA DRt = ST
By R R [ T]. AR
Bh,2021,37(9) .73 - 79.

(MA Wei,DUAN Jianhua, LU Shiyuan, et al.
Experimental study on seismic performance of
new single faced superimposed slab shear wall
with insulating layer [J]. Architectural
science,2021,37(9) :73 -79.)

Bt B S S AR BT ) e M R
FE[D]. A A REEHIR 2021,

( DUAN Jianhua. Experimental study on seismic
performance of single faced superimposed slab
shear wall [ D]. Hefei:Anhui Jianzhu University ,
2021.)

HYUN D Y,SEOK J J, YOUNG C Y. Direct
shear responses of insulated concrete sandwich
panels with GFRP shear connectors [J].
Applied mechanics and materials, 2012, 1975
204 -208.

GREGORY W, MARTIN N, AMIR F.
Experimental and numerical investigations of
thermal properties of insulated concrete
sandwich panels with fiber glass shear
connectors [ J]. Energy & buildings,2017,145;
22 -31.

VLN, Th8, WA o, A B R BE L hi AR

] PrAEIE PR MERE I AT S [J]. AL T
P22 4R (1 ARREE ) L2010, 33 (9) -
1366 — 1371.

( SHEN Xiaopu, MA Wei, CHEN Xintang,
et al. Experimental study of the seismic



672

Tk B B OR E eE R (A SRR )

%38 %

[11]

[12]

[13]

[14]

[15]

[16]

[17]

performance of the vertical joint seam of
superimposed concrete wall panels [ J]. Journal
of Hefei university of technology ( natural
science ) ,2010,33(9) :1366 - 1371. )
Vo/INBE, JAR P 8 [ P 4E & 5 A TR BE 1 9
1A BRI T[], PR BSR4 (A
SRBFAAR) ,2010,26(5) 1905 - 912.

( SHEN Xiaopu, ZHOU Honggeng. Finite
element analysis of superposed concrete wall
panels with the vertical seam [J]. Journal of
Shenyang jianzhu university ( natural science) ,
2010,26(5) :905 -912. )

JEl 2 R B MR B 0 B ) it 5 1) BF 4R A
R I W (3], 0] SRR 2 Y
2013,39(1) :39 -42.

(ZHOU Honggeng. The experiment study on
structural measures of the vertical seam of
superimposed concrete shear wall [ J]. Sichuan
building science,2013,39(1) :39 —42.)

JEI BB ey TR B - Y ) 355 - T N 5 )
PRAER T H I 5T [T, KR 5 50 TR 2
#,2012,10(1) ;95 -99.

(ZHOU Honggeng. Study on structural measures of
vertical seams in superimposed concrete wall
panels [J]. Journal of water resources and
architectural engineering, 2012, 10 (1) .95 -
99.)

RN, oI, 22 2 . Bl e 0 B T i 2
HBURRYERERT L[ V] . tE BE5 241, 2020 ,41

(9):56 —67.

(XU Gang,ZHANG Ruijun,LI Aiqun. Seismic
behavior of precast sandwich shear wall
structure [J]. Journal of building structures,
2020,41(9) :56 -67.)

MA Wei, XU Kai, CHENG Baoquan, et al.
Experimental study on the seismic behavior of
a new single-faced superposed shear wall with
the concealed column [J]. Structures, 2021,
33,4446 -4460.

g PR, B, 217 AL DF 4% i 5 &
A TR R SR ST [ T]. W P 5T
Refredle (A ARBRRR) ,2021,37(3) 2427 -
436.

(MA Wei, XU Kai, HUANG Xuhui et al.
Experimental study on the seismic behaviour of
a single-faced superposed shear wall with the
concealed column Joints [J]. Journal of
Shenyang jianzhu university ( natural science) ,
2021,37(3) :427 -436. )

TREIL. B AL B S BT I ER TR RE XS L
W5E[D]. AL ZRUEFI:,2021.

[18]

[19]

[20]

[21]

[22]

[23]

[24]

( XU Kai. Comparative study on seismic
performance of new single-sided superimposed
shear wall [D]. Hefei: Anhui Jianzhu
University ,2021. )

JUHE R BRRAL R S AN AT R BE L
B35 ZM. H S5 RBFFE[ 1], #2545,
2019,49 (#5H 2) .522 - 525.

( YAN Han, HAN Zhongmin. Research on
modular assembly superimposed reinforced
concrete shear wall ZM. H structure technology
[J]. Building structure,2019,49 (S2) :522 -
525.)
ke N REFNE A 5 Ik & A e, TR BE 1
ZERIRETH LT . GB 50010—2010 [S]. db 5.
P [ A Tl A R 2010
(Ministry of Housing and Urban-rural Development
of the People’s Republic of China. Code for
design of concrete structures: GB 50010—2010
[S]. Beijing: China Architecture & Building
Press,2010. )

TR TR, B G R UR B 13

1 4% 45 K9 R MR DB34/T 810—2020
[ ST Abat: i S Tl Hh Ak, 2020.
(Anhui Market Supervision and Administration
Bureau. Technical specification for
superimposed slab  concrete shear wall
structures ; DB34/T 810—2020 [ S]. Beijing:
China Architecture & Building Press,2020. )
ke N RLFN A B FIR & 8. A S
EEHE . GB 50011—2010 [S]. dt5t. i
Pl 50 Tl At 2016.

(Ministry of Housing and Urban-rual Development
of the People’ s Republic of China. Code for
seismic design of buildings; GB50010—2010 [S].
Beijing: China Architecture & Building Press,
2016. )

ZRRE RSB R B [ M]. Jb st b

Pl 50 Tl A, 2015.

( LI Aiqun. Design principle of concrete
structure [ M ]. Beijing ; China Architecture and
Building Press,2015. )

INNITDT D72, Rk 2= pRE 7 [ M. L
A RO AR, 2000.

( SUN Xunfang, FANG Xiaoshu, GUAN
Laiqin. Mechanics of materials [ M]. Beijing:
Higher Education Press,2009. )

AEFT REE AT M. deat dbat R
2= RRAL 2012,

( XIONG Dan’ an, Concrete structure design

[ M]. Beijing : Peking University Press,2012. )
(DU kA P3O XK EE)



