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Research on seismic performance of prefabricated steel
plate-concrete combined shear wall with inner steel pipe

XIE Zhiwen, WANG Xiaoping, WU Hongrui, WU Hanbin
(School of Civil Engineering and Surveying & Mapping Engineering, Jiangxi
University of Science and Technology , Ganzhou 341000, Jiangxi, China)

Abstract: In order to meet the needs of high-rise prefabricated buildings,a new type of prefabricated steel plate-concrete
combined shear wall with inner steel pipe is proposed. The shear wall not only has excellent seismic properties,but is also
easy to transport and assemble. The finite element software ABAQUS is used to conduct numerical simulation and
comparison analysis of the prefabricated steel plate-concrete combined shear wall and ordinary double steel plate-concrete
shear wall of the inner steel pipe,and the influence of each parameter on the seismic resistance of the prefabricated steel
plate-concrete combined shear wall of the inner steel pipe is studied. The results show that: 1) Compared with ordinary
double steel plate-concrete combined shear walls, the horizontal bearing capacity of the prefabricated steel plate-concrete
combined shear wall (CSW3 specimen) with inner steel pipes is increased by 26. 9% ,and the energy consumption capacity
is increased by 28. 6% ,which has higher bearing capacity and better seismic resistance;2) Under the high axial pressure
ratio, the new shear wall still maintains a good horizontal bearing capacity ;3 ) Reducing the steel pipe spacing can improve
the energy consumption capacity of the new shear wall ;4 ) Reducing the shear span ratio can improve the load capacity and
overall stiffness of the new shear wall, but the energy consumption capacity has been reduced. The results can provide a
certain reference for the construction and development of high-rise prefabricated buildings in the future.

Key words: prefabricated steel plate-concrete combined shear wall; inner steel pipe; seismic resistance; low-period

reciprocating load; finite element simulation

KRS HHEE: 2024 - 06 - 03
EHE R BHESC(1998—) B A+ WF5e A , N B S PUR A BT



2025 4E55 3 1

PGS, e WERE IR RGN - REELALS 09 ) TR TEREDT T 39

) — TR 2 A B S e — FORT BT T4
PERGERR . BER Y Iy Jik i 22 P AL 1 55 TR Bk - 4
A, 2R, Ba il Gy
FE AR E Ty, 2 BORC T  A  TR Y
BV SRSk, BEAVEZ RSN T W - IR
FALG LR, HAT LR R I R
B A AR A AR S U B AR ) A AR TR
LAY L LS AE A TR B TR
B B A K HE BT B B TR B AL 8T
B SRR RS TR R A IR B AL Y
JIRSEATRR LT B PERE, e BT L BT ) 45
B IOPRERE s RIS Do TR 7E 5
T AR RHEAE T, B2 T — R A R
e LA 9T s, R P s R, x0T
TIRERA VS PURIERE, HEEHE RS A3 R,
FOTa WA P e, (HRERE N B 2P g
BRAE RS TR S B AU B IR R LG Y
TIREPURIERE, ABHSTRIERE RAr, Hizpril
ey 2 AT AR 0 B T BRI R A s AR AR
PSS T R A A 2 e ST B8 0 e S R e,
KB ELGE BT AN, HYUR Tk R A P e
Fis GUO % BHe TRl AOP-1 7 IR A A TR 5+
HEAMUAIN IR BE 5T T A PURRTERE, K BLIXKE
FRRRA R R BT AL B T, A SR
— T I A A R B U AR — TR B R S 5T
Jikido KA FROCHE ABAQUS X i B4 B9 ) bt
5 U A — TREE 8T B AT T BB AR
For A, JEOTIE T 4S80 B R8T I BE iR T g
FRsN, DUSHT A g 2 2 I O SR A B R R R
f—EWZS%,

kO I
(R £ L S—

WA FRAR AR

-[Q) @ O

| KE |

1 AERERREXNRK - BRLAGH
NIEHIE R L)

A R Fe AN R - TR BE 415 5Y T 4%
T 3 P S ) o A R B AR 1 O O — R
JE b R T A% G 2 i X 4 R A A 3 R v )
[, e its T o i ik, HEA R A7
(7R RE . 12081 B BY I 55 ph 320350 14 i R AL
PR LB, Z544 R AT 3 B I X2 AR . 7E
MUZBAMR A b 22 e )2, JE A h a2y
SR E NIEIREE LN, 5 RUZ AR E
AR R AR [ T . FENEIRBE AN,
W — g ] b A BBk, P s A7 T 3R
TREE L, W0 R rp AL R 4 5 B 3 T
REEL, Lo U8 s —%1k,

I T AN ENE 1R LN AR - TR EE
AT IR (CSW1 ~ CSWT) Fl 1 />3 58 XN
Mr —IREE TG0 AL (SWL) , WA 1 R,
SRIREE 55900 C30, MMl Q235 IS4
mE 1 pim.

i REE 451 yE) (GB 50011—
2010) ZEK, BY iR AR LG 0.4 ~0.6,
R A M R BN R EE S, BE R R HE
0.2, 0.4, 0.6 FATHALGY S8R PEAL . 44 ] R
3l E Ok 450, 600, 750 mm, DL AR AN
BRI, BE 3 FhBT s LL (1.2, 1.5, 1.7),
R CSWI1, CSW2., CSW3 %l JE H 43 B He 0.2,
0.4, 0.6, HATEEA (CSW4 ~ CSW7. SW1) H
0.4, T CSW3 ~ CSW5 i) H 40 %% (] 1 43 1) B
600, 450, 750 mm.

(b)

MR R

| KIE |

(a) WENERREEAME - RELHGI 5 (b) WU - REE 2557 /1w
Bl AREERALNEENHE



40 T #® K H5148% B3
®1 FREEESH mm
A G5 [5]:3 19: JE R L ) Y ) SIS
CSW1 2025 1350 150 0.2 3 600 1.5
CSW2 2025 1350 150 0.4 3 600 1.5
CSW3 2025 1350 150 0.6 3 600 1.5
CSW4 1575 1 050 150 0.4 3 450 1.5
CSW5 2475 1 650 150 0.4 3 750 1.5
CSW6 1620 1350 150 0.4 3 600 1.2
CSW7 2295 1 350 150 0.4 3 600 1.7
SW1 2025 1350 150 0.4 3 — 1.5

2 ETEOIREERYS T

2.1 REEE

FAA RoTi A ABAQUS HEAT A BY 2 M 45
H, TP, BT WAL E R, R
SRR, D] I R FHOSUAT il e A R ke i ik H
J12EERE s R T B PEA A5 A B R R TR B 1 A )
AT R X TR, SN s fiR e+, fif
FHS S48 B 53 9 52 AR 5100 C3D8R AT #5241 .
TEFEME 7T : Bt 5 50 A8 =2 [8] SR FH T o) T 1Y)
Fefdoe SC, VImEEEEREON 0.3 Mt SR EE %
FHTETH 42 ik, D)) R4 RO 0. 6, 3 ] R IR 422
fil s AR SR 8], DLCANAR 5o m S 2z 1l ok
HERE AW FED AT 7855 77 5% TEER A
JEHER A M S 4 XS 75 5, JF 50 R TG
JCHB IR B A [ 2 o5 TOUH e in b KT 2K

BERUMAGE TR . 1) AR5 5 TER it Jn 355 1)
WIIFORAIEE 5 2) FEON i i e 7 7% 4 i A9 1%
JAMIAE S far s 3) MR8 Af 43 S 171 000,
1/5000F , &G ¥ 1 1;4) ZEALF% #1171 000,
1/500.1/200,1/150 ,1/100 .1/75 .1/50 ,1/40 .1/30
MTEOLT , BHRIGFRPIK

DRASI o ALY i AT AR X R SEARER AR, A
W BT A A 34 00 53 S T AR A% AR 5 TR BE 1
KT A sy, AR 2T, TREE LA A
2.2 SWI, CSW3 &%tk 45> 47

BT BB I 5% 5 38 SN A — TR EE 4 A Y
JIE A TRME B AT
2.2.1 A&

PIREE R JIT R e i 2R 2 an 1 2 s . |
2 AT PR AR 7R AT o7 2804 FH T 35038 3 iF

NIBPERY B o AR/ ERT, RR SR i) 7k 4R )
A, Rl AR R B R0 S Bl Ay 2
B, WAL A YE R B, Hoh CSW2 1
7RI F SWL il 7EmEk/E, 5 SWI A
b, CSW2 AE IE K EALES N IR B 3 T 43
PR T 26.9% . 19.2% , XN N R A7 A5 43
h67.5, 64.0 mm, T PR A BE AR T A,
BRI T AN A AT N BB TR 0 29 SRR A
PR T IREE = X R R T 1 Tk, R R B+
AP PN TAE o 3K 18 B ARG 3530 BU A - TR
e AL BT 8%, B AL BY SR HA KO R
L=

2 000f Y
1 500F P
1 000F ol
z 500t ’F‘
S~ /
® O J 2 1
& -500f »
-1 000f et
-1 500"~
_2 000_ 1 1 1 1 1 1 1
60 -40 20 0 20 40 60
AL/ mm

1—SW1; 2—CSW2,
B2 SWI1.5 CSW3 BZaLsitt

2.2.2 ArElWRBRALRRE I oAT
PR 735 %) s [ th Ze FnFErg th £ an &l 3
No B3 Al R1: TESNEGE R, IR B
THEREZ W K. TEWIIBY Br, PR B AUFEREfE
JIREHY; BhlG, CSW2 i fruAERERE 1134 K
FRT SWI R fF; e, 5 SWI A
b, CSW2 i { A FERERE JI38 K T 28.6% , ULHY
TR FE A 67. Smm,, Z5 [, AHXT 530 BN AR -
TREE 1 2 & 57 7 5, B R8T g B ] D 2 R



2025 445 3 1]

PGS, e WERE IR RGN - REELALS 09 ) TR TEREDT T 41

2 000t
1 500
1 000}

500F

. /N
(=]

60 40 20 0 20 40 60
fN#E AL/ mm

06k ®
_g 0.5¢
Z o4l 2 , -
S / pd
) / e
J03f 1 \ Val
= 0.2} _rd
=] e
o1l A
° o
0 /-C"’/l. 1 1 1 1
10 20 30 40 50 60
SN AR / mm

(a) Hirmlghzk; (b) #ERehzk
1—SW1; 2—CSW2,
B3 SWI1 5 CSW3 #EIfZ&miEsEis:

RFERERE T -
2.2.3 R EiRAL

Bl 4 S PR EY T hs NI BER A 2. H & 4
AT B R R, PR R Y NI R A A
R SWI 3K 1 1y ) 46 W BE L CSW2 31 5 24
25% ., W1, SWI1., CSW2 {4 i) M EE iR fb R 55
R, MiEET VS, 25 67.5 mm BRI
e, 5 SWI1 R FAE L, CSW2 314 it 78 43 Wi
PEm 1 28.0% o FHILAT UL, BT 78wl A s
e S5 A ER ) e ) RN D

200
180[ 9
160 ]
&
£ 140 [
Z 120f 1 Z/ \;
Z100f 2 &
5 80F \ i
= L i/ N\
o
w0 S
[0 1 ! L 1
60 -40 20 40 60

200

T ARS /mm
1—SW1; 2—CSW2,

E4 SWI1 15 CSW3 RIEiR{L g4

3 SHXHEE NSRRI

FER T RN AT AL AR, @it ek
AR R B R Bl L B T R B 5 L S K
As i, WRFES S EOHLET B R,
3.1 HELE

P BY 5% 00 HoAth S B AR, TH0S it i %l
(R F A BIE 0. 2, 0.4, 0.6, 78T 77455 (1 il
JEHCR A (B IRE LS A HESHEARMA)
(T/CECS 188—2019) #&H it 5,

1.2N,

MTLA A f A (T+1.88) /14 +f,A /111

(1)

Kb ng R N, J9bihm gy, Ny & i
IRIREL; foo v oo 53 50 A0 TR BB A RIS T 05
T B s v B, MPag £ O 8N Al B9 T AR TR RS,
MPa; A, A, . A, 53 iR G+ TR EE L
BRI AN, mm?

PRITH BT 7 5 A [ it e LU i P, 45 2R A
KIS fise B S al Al 2450 K Fb g i3 i,
AN SRRt N & TP | =R VA > A
13.5 mm B, Bl 5l G A 3G O, X o A5 7R g 7K
BN PIHER . CSW3 AR PRk b CSW 3
PFHER T 10. 9% o SR Hl R LU RIEE (R 2 45 /)N
BRI, CSW3 iR pI a6 NI t CSWT /442
T 13.6% , T fE i A N 67.5 mm B,
CSW3 iAW BE A H CSW 48 T 11.3%
F2 MR GAERETE AL, R 2 AT SUERE
FLXTBY 158 B AERERE 12 AN K. 5 CSWI {7
FHLG, CSW2 X SAERERE J1 88 T 6.4% , 1M
CSW3 i B FERERE 3R T 14.9% 25 |, il
F X NSNS I e Bl U A - TR BE AL 57 )
Bl R AR 1A ) e A PR, 2 B i il e
T, IR m AR

T2 EWREIZEAER 10° kKN/mm
CSW1 CSW2 CSW3 CSW6 CSW7
1.41 1. 50 1.62 1.47 1.57

3.2 NEIEEE

SIS B0 A TR AL BT ) B A R ),
P A 2 O A, S o) 1A TR B R 450
600, 750 mm, ZEFHIE 6 s, tE 6 al M. [l
EWERIFEARIN, A EERE . CSW2 iK1
MYARZR AL CSW4 14 1 27. 8%, 1 CSWS



42 T "

B5TE A3

2000t
1 500
1 000

500F

i 3% /kN

-500F
-1 000
-1 500
-2 000

60 -40 20 0 20 40 60
INERALE / mm

60 -40 20 0 20 40 60
IMEALFS / mm

(a) HZMLZ; (b) NIFER{bMIZ
1—CSW1; 2—CSW2; 3—CSW3,
E5 CSWI1, CSW2 #1 CSW3 22 th 26 fn N iR 1L gh &

2500

2000F
1500F
1000F

> 500}

< ok

&

&= -500¢
-1000}
-1 500}
-2.000
-2500L

20 40
AR / mm
(a) HEEMhZ: (b) NIERfLHiZ
1—CSW4; 2—CSW2; 3—CSW5,
E 6 CSW2, CSW4 F1 CSW5 iy &2 i 2k Fn R EE iR 1K ph

1 1 1
-80 -60 -40 -20 O

KB AR L CSWA R4 5 T 45.4% o 1K
AR 1) BRI BE QSRR /DN, 3 R A [ B A6
TR 8 2 i [ EL BB S A R

A A S5 R R i BELJE R KR 02 A% 1 72 1k ok
FUET oo T AR BN 14
K, HETRGER e R it m, HRHN
AR AZ S o, CSWA 1R i) S 300 i
BHJE 22 B dne K, T CSWS IR 18 25 55 b i BHLJE 7 %X

0.5
04F e
ﬁ ’ /r"‘.’, "/’\
W » A
N o3f /$X< Q\\ P
= ¥ K 3
3 1
o2 J//
¢4
S
o1k /)
//
7
0 1 1 1
20 40 60 80
f#ALES / mm

(a) HHMZ; (b) WIBBhZ
1—CSW4; 2—CSW2; 3—CSWS5,
El7 SFER RS - MBI Lk

1
60 80

200 (b)
180}
160}

Z 140t

£120F

Z100 !
mosop ! \
= 60 g

AT

40F 0

e

20F

0-80 -60 -40 -20 0 20 40

TN ALES / mm

60 80

Ll

He/No 2, DBV TE) B AT DR R BY S B
FERERE T o
3.3 BIEtEE

SHBIRSE BY  EL G BT R B T 85 s, s ]
MWMSHARA, il Es Lty 1.2, 1.5 f 1.7,
5N 8 Fin. MR8 Al R [EHRE Y 4R
B ASALAR L, CSW6 a1 i d5 KR 2 77 B CSW7
WL T 16.3% , HATGERIEE L CSWT i {442
1 98.43% , WA AL RN, CSWT 3L
AIRIEE R T CSW2 3, H#& KT R B2 4K
H12¢ 2 v . Rl YIS L3 K, BY % FERE
Re 1A it m . CSW7 il M FERBAH b CSW6 i
R T 6.8% . 25 1, BRARBY I T LS = Al
BY I8 R B BE ) FORE AR NI, (A S FERERE A
P B

4 & it

(1) 5 SWI il (38 WU b - TR & 415
57038 ) AHEE , CSW3 L (P9 & #9810 % i U



2025 445 3 1]

PGS, e WERE IR RGN - REELALS 09 ) TR TEREDT T

43

W J8 / (kN-mm™)

300} (b)

1 1
20 0 20 40 60

INERALES /mm

00 20 40 60
I ALES/ mm

(a) HHMZ; (b) WIBB L
1—CSW6; 2—CSW2; 3—CSW7,
B8 CSW2, CSW6 F CSW7 B %2 i £k #0 R LR 1L i 2%

Br - R &E G 15 KRR e T
26.9% , FEFERESIRTF T 28.6% ., X #£H] CSW3
A R M A bR AR, fE
A BAA 355 A e ot

(2) TEEHELET, NENE R
XM — TR EE 205 59 T 8R RE PR 47 R 4 i K P
RETT .

(3) i@t X CSW2, CSW4, CSW5 A5 7l [ %f
LA, R B/ N A o] B AT DS B B AN A 1
R INAR — VR BE 205 5 IR RAERERE ) .

(4) 3L xF CSW2, CSW6 ., CSW7 H 7% [,
3H, R BREAR BT B b T LUSR = N B A 1 e e
AR — TR BE 20 5 BT 7 5% (%) AR B RE 0 AR AR NI
B2, (HHFERERE I A T TR

S 3k

(1] RmE, Pesefr, e, 55 . DU - TREE 41457
TR RE (T ], L5 ,2011,41(12) ;52 - 60.
TR, KB4, K ELVE . AR - TREE 415 BT b
FE[)]. T 5#%,2016,30(2) 155 - 157.

WOTH IR, R4, 45 . B SERAN A A AT
PR SGRIRL)]. dEAmaitiE,2021,23(12) ;1 -15.
TRANR L SRIRSC, RIS, 4 . BRSSO SRR T
HISCHER ARG [J]. BEHIESHS 2021 ,51(13) ;22 -27.
FRIRSC, TR AL, &5 . HE A AR IR -5 )
RECAEREE LY SR R RO )]
FLE R 2023, 44 (BT 1) 1274 - 281.

(2]

(3]

(4]

(5]

(6]

[11]

[14]

MR, TR, Stttk 45 . WSO IR BE L 20 5 5Y
JIEEHURTERE RS W T [T, HUEEH 24, 2022,
43(10) :199 —213.

SRR A, E RN, S . SRR A U
MRIREE T A T I hE U=t REAT ST [T ], L2
H%,2023 44 (HEF] 1) 192 - 100.

Ay . AR - BRHEB A IR BE R 2 Y s [
- BB P T K%, 2016.

ROz, TRL, MU, 55 . PR M A TR BE 41
BE ORI (1], @A =R,
2022 ,43 (4] 1) 186 — 195.

K%, BRI, ZRIGUX, 45 . () 5 B9 VR 05 b 45 B g i
PR I BT (], 2 3045 # 2= 4k, 2020,
41(11) .51 -60.

KM, BT, e A L SRS I 1S R R BE
THER PR TR[)]. @HEH,
2020,50(5) :109 - 115.

RBAN, SR A, A0 5 . RGN E BN E IR EE
HEFT M EEaRRRER ()], L ARIRY
J%.,2021,54(4) .8 —18.

IR UBK, B SERK, 55 . BT B A A 1 e i =X
REET BT R HUR M REAT T[T ], M AR, 2023,
52(20):122 - 128.

GUO D W,MAY H,ZHAO G F,et al. Seismic behavior

Dl -

of steel-plate encased concrete shear wall with paralleled
circular CFST columns: Laboratory test and numerical

simulation[ J ]. Structures ,2023 ,49 :240 —255.



