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Abstract : In this paper, a novel four-side connected steel plate shear wall (SPSW) with circular dents is proposed. The
hysteretic behavior of the SPSW with circular dents was compared with that of plane SPSW and SPSW with circular
hole through numerical simulation. The effects of dent diameter, dent spacing, dent depth, steel plate thickness, steel
strength and dent arrangement type on its hysteretic behavior were systematically investigated. The results show that
the lateral stiffness and strength of SPSW with circular dents are between those of plane SPSW and SPSW with
circular holes. By optimizing dent arrangement, the reasonable matching of lateral stiffness and strength could be
realized. The relative parameters, including steel plate thickness and steel strength, play a significant effect on the
mechanical behavior of SPSW with circular dents, and the lateral strength of SPSW with circular dents increase with

the increase of steel plate thickness and steel strength. The other parameters, such as dent diameter, dent distance,

M AE B #.2023-10-25
AeRA . BRAAAFEAE(52378173), 2 h EHFFRAARAMFHALEKRR A (17TKIA560003)
YEH R/
MRk A (1998—), B M E BT A, £ LM FMLEMILE S @ F L, E-mail: 402855887@qq.com.
iﬁF'f’F%'
H£(1978—), B, B+ #I¥x , E AN FHR A LS LEMRTEF @A A, E-mail:sungh-529@163.com.



70 H O R

527 %

and dent depth, play a certain influence on its mechanical behavior. The lateral strength of SPSW with circular dents

takes on the decreasing tendency with the increase of dent diameter, and the lateral stiffness and strength of SPSW

with circular dents exhibit the increasing tendency with the increase of dent distance. The lateral stiffness and strength

of SPSW with circular dents exhibit the decreasing tendency with the increase of dent depth, but its energy dissipation

capacity increase. The effect of dent arrangement on its hysteretic behavior, lateral stiffness and strength is not obvious.

Keywords:

WA 55 71 5% (steel plate shear wall, SPSW ) B 75 3¢ 1
WIBE K KR 3 & AR TR RE i S s, & = TR
HhE, HAr, E WA e EH B X R FEZEA SPSW T T K
EAR R T Y B A B OB L. CACCESE %'V 4%
B4 B0, SPSW AT 38 43 ) H 85 U1 i ith BT I8 B i hi7 7
B ok H A 7K P 7R 2Ry 2 A A2 g R 1 T R 4 il Ak
Sy AR . AN, SPSW R I TR B A A 1Y 2
175 T B DR IE 3 43 W BE 0 3, © A B 58 3R W A 1Y
25 Wl i SRR 1R 2 S EGHE SPSW BB BE K S AR 2 A fE A
Iy RAET . 52 MM JE SPSW T AR X JE 2 48 4 4R
HFE T . BRE MR IT R R SPSW IR IS IES: 7 H H A F4
S IV 1] 1 R RN R A i AR IR AR O (H AR R K . SR
AR 3 1o 35 A 2 1 e A ) SPSW Y th 47 kL 3
BT BN AR PR . ZHAO &Y QI &Y
WANG 21058 52t 7 SPSW B 1 XU K 42 42 1 ) 58 51
REE L B T H-IREE L& 57 i il g g5 R &
FH AR B 1) T 1 e A 50 ) s [l R AR (E i T AR
N BB, [ A o 7R W SPSW ORI % R g+
LSO, AT I T3 SPSW R 35 U i, £ 2 B
55 U1 i AR KRR PU e PR RE AR E o

AR FE B 5 A FLIR R — RO T AR
JF H pe g il AR A0 e th AR A R0 k. BT,
[ N A2 35 % 45 FhOE X T LT SPSW #E47 T R4t
2 RIE S, 9 G T R A R bR R R L
B LT 4 . VALIZADEH 438 31 T —Fh 21 78 4R
DA (B FL A SPSW, X 8 4] b 5l KAy 126 Al A4 1 47
TIE SR, 5 SRR VR R T, XA
SPSW A5 3 47 A2 22 (14 iy (811 fig , {H£L W (4 /7 7E 5 B0
U W i B R A, AL LA A B4 R B T 3 D 24 )
IO (4 B A . PURBA 25103t BLA7 B0 i 5 51 £L 1) SPSW
AT T A R THET , $2 1 T 28 FL I T AR PU BT 5 A 1A
253 I 5 FAH B SE0 3B FE AR R SE VAL B AR A E] BE
(%, EGOROVA 25 U1 i T —Fh 7 IR B SPSW,
R 7E AR b 82N SRR IR R A 2t ke B0 1 BT 22 38 5 1RDE 3
G T DR ) B ) R 2% i AR Y e it o 4SRRI 2 R
e X AR 2R 00 4 i S 5Kk ) 51k A X 2 A K A
LTI bR T BT 5K 135 07 1a) B R i n) 8, GiE B LR
R B B RE , HLRE AR AR RS B T G
VALIZADEH %25 8 7 — Fhor A9 i 0 T8 % 32

circular dent; steel plate shear wall; hysteretic behavior; energy dissipation capacity; lateral stiffness

SPSW , B A 6 Az | 3% & 41 FE % 3% 4 3 5 3% FF 19 0 59
SiR SR Afy S L R 2R LR I AE R W] A LA S 80T
FIT 4B SR . 450 20 8 % B 00 i BRAR S
P 1) 2 A B B 5 R EE M L (EL X AR R T T RSy R B
W55 1 12 b et R e il R L R A a1 R
TE LR K 1 55 SPSW R BT 62 77, DA 8 2 1 52 £ 20 =
B 5% B RS A 4 2 TR Ak AR T % R A 1 Y R

BRAE SN AR b 5] AL Ab |, Sk FH B30T 9 B8 204K A
SR 00 o B A T A AR TR B T SPSW M RE 19 AT AL I
QIU 212 JF & 7 9 80 SPSW B AH SERIFFY L i T i S0 A9 A
1) JLAR g 3 A — a2 R LR B T #h i i Ve Bk A T L
PEAERE AR AR B A AU D T R BB AR I ) AR T ()
WEN %55 e 50 SPSW AU 3% 570 18 o6 4 P i 20 3 b 1
IF AR B R VPOAFR Fo 3 e R R . R0 45 SRR iz L
SPSW A B A 1 ¥ [l Pk B, B IR B 1 B K2 I B
FALIN 296 o il 4 A 270 A8 S T 4 R B AR T — o g R
TR 9 SPSW, bl i 2 T TR 09 7 oc il 5
- SPSW AH [, 4 P AT IR SPSW H A #5 I 1) 4 1 , HL 9
BT F ST IR AL R R O T KR A i i

PITERYBIFFE 2 A, 7E BB - 51 A LI BE B8 10 i 409 4 114
T AN AR TE |, AH £ 503 W AR B0 M A 798 B0 far 2800 R B BT
DRI AR BR 7 48 Ty o FE UL LR b AR SCHR T — oK P
R 7 K AT KB AT 1 B IR SPSW, B X # SPSW
W BAT — @ W TR o 3 TR AL BUE B Je 28
AEASHFVEAS 1A R H R SPSW G [m1 PR BE , WA 1 5 IR
LR RIRALIE RIR TR AR B A SO0
T 0P R 0 S M KL , 1T S SR AR N 4R I S

1 3FhE A SPSW 4% B Bl ¥ [o] 14 B
1.1 EFIERSPSWHRH

i o 75 SPSW A L % — R 81 KL HE 51 1 [ B
IR, E — 8 BB L B 4 i R b 7R A5 A A A 2
LAY R S R g ST I BR AR R T . [RIRL A
IR A J5) 36 7] £ B ) SPSW Y /K S AR 48 J1 K Bt il W
JE o BB IR SPSW I HARF & an 1 17 .

1.2 3FhBaE SPSW & B 3 [E] 45 4E
PASCHR 27 v i SPSW i 4 T-16 Jfy 3t i 54, L



5543 VU 343 3% 422 B0 D% s IR B9 Al 5 g 35k i [l 44 e 43 A 71
KA
Join— g —
Beam
BT IR
Ak O HH(S4R) (54R)

1 ERJERSPSW i
Fig. 1 Details of SPSW with circle dents

fal ROSFan &1 2 e s o Hev 408 s B R 5 B 1ok 711.2
mm, & N 1.47 mm, 5 & R 480, s PE B & E N
2.02X 10° MPa, Jifi i}t 3% Jif £, i 388 MPa, #ii fit 38 J& £,
450 MPa.

711.2

B2 R T-16 LM R~F(£A: mm)
Fig. 2 Geometric dimensions of specimen
T-16 (uint:mm)

VA B R R 5 T35 B 6 v SPSW A 1144 B 1Y
S, 3 T SCHk [ 27 ik F T-16, 3R FH ABAQUS #f4F 2
ST A BRI AR L K JF L SPSW A A T-16-HOLEs Al
JEJE SPSW K%l T-16-DENTs, JF fL B 42 4 40 mm, fL.0»
524 o8 80 mm, WX AR JE B A5 M 1.47 mm, Hop, B3
T-16-DENTs W& 3 Fr 7R o 5 J3 5 i R ] SAR 52 5 JT AR
0, 8 A 54042 R H] Beam UL, 4 T g AE (A] 3%
2 , >R H Join D) B R A DL BEHE FRAE . WIM AR R R
FH XUV Bl 3y i b 48 Y 2% J8ORE R 09 £ 97 B RN, SR
von Mises Jif i 1 W] 25 J 4K 44 (4 S8 P47y, B9 b T AR I 1)
Lt E=0.01E, 5| A5 J7 55 M i — B B 25 ok % J& L
46 JUART e B, e B M (B B H /1 000 CH A iR = ) o

El 425 T 3 SPSW A ) Mises b, 714375 o &l 5
5T 3B SPSW B ALF] — 1 AR R Sy Bk . R A TT
AR AE T-16 BB ZE R 5K B v & B4, BIEEm
i SPSW & Az T AN il Y B A hr Sy . AR A
T-16-HOLEs /) 8 Jy 5 Mr 3% & T — R 51 BIE FLIR , B
Wr 5By 37 (0 A% 3, 3 A60AR AT I S BRORT A 5 ) a3 A

Join [
B3 BAEK4 T-16-DENTs KM B RTEE
Fig.3 Refined FEM of typical specimen T-16-DENTSs

(L7 15 L 0 90T e S A R B B IR A JF S 8T R
S . BB T-16-DENTs 5 T-16-HOLESs B Mises
VL 3 53 A 4 AR AE H IR O AR 58 4 BH T 89 Al B g 4 1
ik, FoAE AL 1 B A% L AR R A XS T 3 T AR T, w]
E— B R TR EEH TR s, &7t
TEMMAERRE T . HE ST LLE A T-16-HOLES
14 BRI g A8 Ak e W] s TABEAY T-16 . T-16-DENTs
14 B 557 7 AR AR MR AR L T 2 2 LB R /N T 200 B R
T-16-DENTs 5 T-16 [ . gi N /7 28 fb #a $45 He A — 34, B
MZEALFE A 206 5, B AL T-16-HOLESs By 5 5 b
1A B IR IR 20% . ZF ATk LI AR 2
e B4 A 7 52 0 9T R) s A Sy Y A ) AR R A TR
FHIBIE HIR i 7 5, 2 2 B2 88 f /N T 296 B, JLF AN 2
SR Sy s Y2 LB R ik 296 Z )5, R ) 4R v B
G B X R A AR B TR G

+4.317e-26

b) R{FT-16Mises/i; /7 (B : MPa)

a) IAFT-16i 25 7

SISO

momoadaA
2E9E

aFega

ShRALEELLR L = E

Ao
&80
BESSE

b) fiEIT-16-HOLEs Mises) /]
(BAfi7: MPa)

d) BEEIT-16-DENTS
Mises)v/ /]

4 37 SPSW i) Mises iz 715> %5
Fig. 4 Mises stress distributions of three kinds of SPSW

3l SPSW AL 7Y (i i ] flly £& W &1 6 s . &L 6 1]
LR T-16 RIS R 5 I 85 R & RA4F, Ui A
P 70 A AR T A 2850 T I i [ AR AE R KPR 3 Ty . S A A
T-16 A o , #58 T-16-HOLEs A9 il €& 5 o 101 3 , ¥ [0 4



72

H O R

527 %

550
——T-16

—o— T-16-DENTs
——T-16-HOLEs

500
450}
S 400 |

350 +

300
0
o/%

5 3T SPSWREIE—T AN A1 THITLE
Fig.5 Comparison of stress variation at the same

nodes of three SPSW models

REfS 8 T o (AR PRI AR T 29 20%, KA
T-16-DENTs B IR /9 53k 177 PR 55 7 R 4 /9 i Il M e
HK 7K B AH e TR T-16-HOLEs B9 7K K 4% 7,
P T2 10% , Uil P REA TR T-16 Al T-16-HOLEs
Z I,

300 -
200 |
100 -

P /kN

0F

—-100 +

—200 +

] S S S
=5 -4 -3 2 -1 0 1 2 3 4 5
0/%
a) IFT-161 90 AT BROTES A Lt
--- T-16-DENTs

-= T-16-HOLEs
— T-16

300

200 -
100

0F

P/kN

=100 -

=200 -

=300 R ——
-5 -4 -3 2 -1 0 1 2 3 4 5
/%
b) 3FhSPSWiF [l il £k X} He
El6 37hSPSW A= E! i B fh £k X Lk

Fig. 6 Comparison of hysteretic curves of
three SPSW models

1.3 37ELE SPSW R B Hiu Ml [ B Xt bk

3P SPSW AL LG M 4 %t 1 7 i . L7
AN A T-16-HOLESs # F FL 1R /) A7 £, #5141l 55
) 1 A0 O R 242 80 kN-mm 1, FL AR ) T-16 f9 AH I 24
2530% . R MR T-16-DENTs (4 4 Bt Ml )i 2

255490 kN-mm ™', LAY T-16 A9 A R LAY 21 % , LSt
A1 T-16-HOLEs YA N {8 55 20 12 %, {H 78 50 By B, Hot
) O 2 o AR R B K AR L TE I I R AL 2 R
IR, ¥ 2 BRAR B g 1% Al A% K S AR 3 0 A O B

- o T-16-DENTSs
I - T-16-HOLEs
= k20 —— T-16
=
£ 90 l:!<>
Z o
= 60 “go\
& B
30 o
0

E7 3% SPSW A& B 5 M MY & Xt
Fig.7 Comparison of lateral stiffness of
three SPSW models

1.4 3FEE SPSWiREIFERERE 1 xTLE

3T SPSW 5L 7 45 2% b ¥ BELJE LU (% % L 1 ] 8 B o
i &1 8 T 241, A4 T AR T-16, 85150 T-16-HOLEs 7£ 3% J
039 45 A0 Ak v L@ L TR K, RE R AR D AR B T ek HBEA
IIPESZ 1 B B L A RO A LS Lo e 2229 1506, FEREfE
JIR MK TR T-16 B FERERE 1 o BE7 T-16-DENTSs
BB IR G, 7532 01 W13 00 55 25 Rl i BELJE LU AT i s T
RUT-16 A W AH , BLJG SERERERE ST R A T B, I &
R E L 25 %

40
30 +
=
~ 20} ! o L e
'lo‘ --0--T-16-DENTs
10 & - o T-16-HOLEs
—o—T-16
(Ib/ 1 1 1 1
0 1 2 3 4

/%
B8 37 SPSW < E & %0 7h it BEL e b Xt Bk
Fig. 8 Comparison of equivalent viscous damping

ratio of three SPSW models

1.5 Q3FhEE SPSWEEIFEIME R ITLE

3P SPSW U 7 2 ] {37 #% 1 S 4 %6 B (1) 167 41 25
XFECAN 9 Fiam o 9 ml A, 3 SPSW B AU (1% 1 A1 ™
BN NE= 1 N T R R S N e VA e L R |
T-16-HOLEs [1 H [8] 2% 71 18 4 % 29k 25 mm, 4% T-16
O SV e NEA IS 8 N (S = O s T NG 23



5 43

DU 320 32 5 58 2 T 9 9 i 5 ) 45

5t 0 ] 4 R 43 A 73

SPSW (¥ 1 AN E T $93/N 2 29 % . 7EAEH T-16-HOLES
(R At b R T-16-DENTs il i FE IR (9 1, i 45 T
St I T AN T A5 8] T R AR ek | T AL RS iR T 1
WNA T, BARBE T-16-DENTs H 1] 454 #Y 1f 4h 728
TEATy L A5 7Y T-16 A AH I A 5 29 1026, FEE AR | IR Y
FE R AT 25 5K A 1) B A T A1 A8 TR 08 /N2 32 %0, B8R T AN
M 26 1 5 7 20 FH T 0 R S 24 R

U, us u3
+1.740e+01 +1. 202e+01
+8. 854e+00
+5. 688e+00
+2 522e+00

3 811e+00

-2.597e+01

b) T-16-HOLEs

-1.959e+01

a) T-16

us
+1.189%e+01

-2.367e+01

¢) T-16-DENTs
9 3% SPSWHEAESMNER XF L (AL mm)
Fig. 9 Comparison of out-of-plane deformation of

three SPSW models (unit:mm)

2 EFLEIRSPSWHIEIEZE S
2.1 &gt

SR G B A [ fL IR B9 SPSW ZE R RS L T~ /Y 3%
TitERE R T S8 . BB RSB ERALE
d JEIRALEE D HIR TR BE o, WA BE ¢ BINR JEE f, R IR
KAV L, RS HOR EWE 10 s . S8
i) 1) B B an 2% 1 7R .

-
,53(38{)&}81}&\,!2\
jolE QS o R > S o1
g o @ e
o e @ o w [zt
Cw wde w4
o o xzsiss
xxszzma
zxf?s()xf

[

~

,l
E10 SHASWEGHILARE

Fig. 10 Geometric illustration of parametric

}

analysis examples
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