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Abstract: The tension field of steel plate shear wall has an adverse transverse effect on the frame column, which is easy to lead

to the advance failure of the column, and the steel plate has an embedded effect on the bending deformation of the
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frame beam, which makes it difficult to develop the plastic hinge and implement the "strong column and weak beam".
To solve this problem, a steel plate shear wall structure with external strut is proposed in this study, which is
composed of strut, inner frame and steel plate. The inner frame and the steel plate constitute the steel plate shear
wall unit, which is connected with the main frame through the strut to form the lateral force-resisting structure.
The tension field of the steel plate shear wall unit is used to provide the main lateral stiffness and bearing capacity,
and the force of the tension field is directly transferred to the beam-column joints of the main frame through the
strut, thus eliminating its adverse influence on the frame column and avoiding the embedded effect of the wall
plate on the frame beam. Based on the mechanism of the structure, the formulas for calculating the shear capacity
and the axial force of the strut were derived, and two steel plate shear walls with external strut and one
comparison specimen without wall plate were designed. The hysteretic curve, skeleton curve, characteristic load
and displacement were obtained by quasi-static test. The ductility, energy dissipation, bearing capacity and
stiffness degradation were analyzed, and the yield sequence and failure mechanism of each component were
determined. The results show that the new structure has better hysteretic performance, and the global instability
will not occur during the whole loading process. The crack penetration of the steel plate under the cyclic load

controls the damage of the strut. The formulas for calculating the axial force of the strut and shear capacity are in
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good agreement with the test results.
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Fig.1 Diagram of the steel plate shear wall

with external strut

TeASF 50 () BF £ 4T 1) 7 3 0 g ] e [ R B i A
J N AR SRAE BN . AL MHESR R A AR S 1
PERITR B 5 8 1R 25 il AR 2 AT FE RO AR R, X LA A1)

(2) &5t i s M 5 EAE JL R A B A LA i, G
ELRE A, P S AE S04 32 3 AL 5 i AE 2R S A A
(32 S AL AL, 5 A 55 S " e i H b 5 S 81

(3) 4 5 3 35 BT AE ST 30K ) B9 TR AR 32 5
THER, BA BRI fE 1, HRE 1R Ik 5 19 B2 TE
T P A AR A R 3D o PR AT LA R E A9 A
M J13F B S it 3 0 AT 5 B G S0 A nT AR e 4
FRAEZ il e v AN R e R A, $E AT RE AR 3t 2 it i 1)
RE T, W/ FEHESRAT B 5 IR T o

LA, 52 B R I 2% 245 440 B4 80 Al B g 35 BTl A T
J7REAT ANt B U R e AT S AR AR I
FHT AP PRI 45 R 1) 2 RT3 i R B O i B TR
B Al A 7= /b A G A Al B g i 45 A R R R A 0 AR
HE 2 BG4 R 2 Y AR A

1.2 ZHNEERERAEKS
SR B A B ) 38 0 AR AR AT A A A 2R A T A
B A FH 35 3 1 28 o FG rp o SRR TS 3 72 K- VR
T, Y TE B 2a) T s 0 B8 PR B8 A A B S R 2 iR R
Ao WU 2b) R 0 B8 B3 SR OCIHEAT 32 01 43 A S MEAT B 4
T v 8 5 R il s g Az 3 o
Ny, = V.sin0+ V, cos @ (1)

Koo v, — M Ma v gy e

LV oMV _z
hc - . b Zpb

.
R T A HE 20057 90 S 090 £ 9 ) L R v K F 4
T TR 59 F1 Vo AV s Hoh M = W, f, Rl M, =
W o £, 5 hKE R 1 4 BT YA B 25 0 o A L, 53 0
I B 5 0 e ) O B 5 W R W, 4 )
B ARG T A6 5 0 R B 0 F . R HE 42 B R A1 O
YRS N

b) RHREERSZT)
B2 ERBIZNATE

Fig. 2 Diagram of the force on the frame part
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Fig. 3 Stress state of tension field
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Fig. 4 Force diagram of frame beams and columns
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Fig.5 Force diagram of brace strut
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Fig. 14 Hysteretic curves of specimens
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Table 3 Characteristic points of skeleton curves

R Al AR B

E# mEFE s
P,/kN A,/mm 0, P,./kN A, /mm 0 P,/kN  A,/mm 0,

EE 125.94 27.35 1/73 189.56  139.25 1/14 170.10 150.58 1/13 55 151
KlJ FEAD | 134.36 26.66 1/75 197.45 138.84 1/14 170.02 142.69 1/14 54 147
F 3 130.15 27.00 1/74 193.51 139.05 1/14 170.06 146.64 1/14 54  1.49
& 516.18 24.10 1/83 718.56 80.54  1/25 228.66 105.91 1/19 44  1.39
SPSWB-1 FeA0] 510.46 24.42 1/82 737.06 75.78  1/26 225.96 103.40 1/19 4.2 144
35 513.32 24.26 1/82 727.81 78.16  1/26 227.31 104.66 1/19 4.3 142
& 535.27 24.74 1/81 722.03 81.99 1/24 426.17 104.79 1/19 4.2 1.35
SPSWB-2 EEAD | 520.21 25.58 1/78 722.62 77.99  1/26 441.06 100.86 1/20 3.9 1.39
F 3 527.74 25.16 1/73 722.32 79.99  1/25 433.62 102.83 1/19 4.1 1.37

R P A0, B R BRI AL A2 AP A0, B AR A2 AP A,L 0, B R AR LA 25
s B A SE M R B0 0 R B AL R
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Fig. 17 Energy dissipation of specimens
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Fig. 18 Stiffness degradation curves of specimens
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Fig. 19 Bearing capacity degradation of specimens
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Fig. 21 Axial force of specimens
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Table 4 Axial force of specimens

A 45 71 /KN &b & 71 /kN
KAF
HHAMA MBS/ AL MBME BN
KJ 93.9 1042 —99 939 1055 —11.0
SPSWB-1 608.8 571.5 +6.5 100.1 111.4 —10.1
SPSWB-2 7529 728.6 +3.3 140.2 1589 —11.8

Ep A N LS m AL e AA xR £ p ok A E A AT A
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Fig. 22 Plastic hinge position of the specimens
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Table 5 Calculation results of bearing capacity

N J R AR A /KN IR AH H /KN

i WAL RIAA B/ U EAA R B/ Y

KJ 132.8  130.2 +2.0 — — —
SPSWB-1  501.3 513.3 —2.4 692.3 727.8 —4.9
SPSWB-2  578.6 527.7 +9.6 861.4 722.3 +19.3
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18 5 ) A4 69 A8 2t iR £



14 H O R

527 %

5 #it

(1) A1 T 40 0 3 8% LA B 9 0 000 W1 2 A 7
7 L B 7k FRE RERE F . 306 1) 068 {0707 28 1 %9
(52 180 32 8% 1 24 9 1/25, 4 B2 1 12 %% 0 24 8 1/19, B
1 RAFHAETERE

(2) FEAS S 37 50 0B 1 8% 358 1 50 Jet FR U 249 K
10 5 45— A 0 A — AT A 2 B e
SO L WEYR BB L4 A T IR O S Ak, R
SIS R P AT B 4 e R

(3) W 5 B 2 O 5t (1 0 000 9 38 4, R B o U Bz g
B AT RO B T 29755 M R AR AR T . A R
5, SR B T A 33 AT 1 Rk R 1, 7 2R
A3 8 o A 56 0 A oK 2 R

(4) T SN2 FF 50 B B 9 55 59 50 B R 48 1 314
ARIBERFA 15 T4 S S IR 45 R A B

(5) S¢S Aok 2 485 10 1 2 0 9 ek SR AT T AR R
e, ok % B 5 A A 2 ) 0 T B R, %07 T8 A
B BT

5% CHk

(1] SRR FESH. A9HRET by A e ST BRI ] #945H , 2005,
20(1):1-6.DOT1:10.3969/].issn.1007-9963.2005.01.001.
GUO Yanlin, DONG Quanli.Research and application of steel
plate shear wall in high-rise buildings[J].Steel Construction,
2005,20(1) :1-6.DO1:10.3969/].issn.1007-9963.2005.01.001.
(in Chinese)

THORBURN L J,KULAK G L,MONTGOMERY C J. Analysis
of steel plate shear walls[ C]//Proceedings of the 4th International
Conference on Steel & Composite Structures.Edmonton, Alberta:
Structural Engineering Rep.No.107,2010: 46-51.

[3] LUBELL A S,PRION H G L, VENTURA C E, et al.
Unstiffened steel plate shear wall performance under cyclic
loading [J].Journal of Structural Engineering, 2000, 126 (4) :
453-460. DOI: 10.1061/(ASCE) 0733-9445 (2000) 126:
4(453).

[4] CHOIIR,PARK H G.Ductility and energy dissipation capacity
of shear-dominated steel plate walls[J].Journal of Structural
Engineering, 2008,134(9) : 1495-1507.DOI:10.1061/(ASCE)
0733-9445(2008)134:9(1495).

CACCESE V, ELGAALY M, CHEN R B. Experimental
study of thin steel-plate shear walls under cyclic load [J].
Journal of Structural Engineering, 1993, 119 (2) : 573-587.
DOI1:10.1061/(ASCE)0733-9445(1993)119:2(573).
TRBRG , SR AR 0y, S5 2 M 3 0 A E R - B A 0 ) Bk 4
F B s e Re g BF 5 [T ], S 45 # 2% 4z, 2011, 32(2) + 33-
40.DOT:10.14006/].jzigxb.2011.02.006.

HAO Jiping, GUO Hongchao, XIE Qi, et al.Seismic performance

[6]

of simi-rigid composite steel frame with steel plate shear walls[J].

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

Journal of Building Structures, 2011, 32 (2) : 33-40. DOI:
10.14006/].jzjgxb.2011.02.006.(in Chinese )
XUE M, LU L W. Behavior of in-filled steel plate panels
subjected to cyclic shear [J]. Computational Mechanics in
Structural Engineering, 1999: 281-293. DOI: 10.1016/B978-
008043008-9/50060-0.
AR . 20 M AR AR B ik S 206 B S SRR M REF XD .
WA R < WA KT Dl R 22, 2009.
MA Xinbo. Seismic behaviour of steel plate shear walls and
composite shear walls with two-side connections[ D |.Harbin:
Harbin Institute of Technology,2009.(in Chinese )
2 7% Pl RO IR, R TR . P 30 e v B AR B Ty S ) o
RERF T [T]. dE S5 24, 2021, 4238 T 1) : 260-267.DOT:
10.14006/].jzjgxb.2021.51.0029.
LI Fengge, ZANG Shuaicong, XIANG Zehui. Study on
lateral force resistance of thin steel plate shear wall connected
on both sides [J]. Journal of Building Structures, 2021, 42
(Suppl. 1) : 260-267.DOI: 10.14006/j. jzjgxb. 2021. S1.0029.
(in Chinese)
HITAKA T,MATSUI C.Experimental study on steel shear wall
with slits[ J].Journal of Structural Engineering,2003,129(5) : 586-
595.D01:10.1061/( ASCE)0733-9445(2003)129:5(586).
A MBS, EAAR S T AE WA AR 0T ) B AR S 2 A
AR B O [T]. V2 @ HURHE A 4R CH AR L 2008,
40(1):46-52.DOT1:10.3969/j.issn.1006-7930.2008. 01.008.
CAO Chunhua, HAO Jiping, WANG Yingchun, et al.Cyclic test
of thin steel plate shear wall with slits[J]. Journal of Xi’ an
University of Architecture & Technology (Natural Science
Edition) , 2008, 40 (1) : 46-52. DOI: 10.3969/j. issn. 1006-
7930.2008.01.008.(in Chinese)
020 B E AN, 9K R A 3 O A AR M 5 O 8 Y
WroE[ 1], TR %% ,2012,29(3) : 133-142.
GUO Lanhui, MA Xinbo, ZHANG Sumei. Experimental
research on steel plate shear wall with slits [J]. Engineering
Mechanics,2012,29(3):133-142.(in Chinese)
W5, E TR AT GV R T AE 28 - T 4 9 AR 5T ) 5%
T e WE T [J]. AR J1 %%, 2020, 37(11) : 156-166.DOI:
10.6052/j.issn.1000-4750.2020.01.0005.
YE Lu, WANG Yuhang, SHI Yu, et al. Study on the
mechanical properties of cold-formed steel framed shear wall
with slits[ J].Engineering Mechanics, 2020, 37(11) : 156-166.
DOI:10.6052/j.issn.1000-4750.2020.01.0005. (in Chinese )
TSATK C,LICH,LIN C H,et al.Cyclic tests of four two-story
narrow steel plate shear walls: Part 1: Analytical studies and
specimen design [J]. Earthquake Engineering &. Structural
Dynamics, 2010,39(7) :775-799.DO1:10.1002/eqe.977.
LI C H, TSAT K C, LIN C H, et al. Cyclic tests of four two-
story narrow steel plate shear walls. Part 2: Experimental results
and design implications [ J]. Earthquake Engineering &. Structural
Dynamics, 2010, 39(7) :801-826.DO1:10.1002/eqe.964.
(THE63TT)



