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SEISMIC PERFORMANCE OF WALL-COLUMN TYPE SHEAR
ENERGY-DISSIPATION DEVICES WITH COMMON STEEL PLATE
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(1. College of Civil Engineering, Huagiao University, Xiamen 361021, China;
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Abstract: A new-style wall-column type shear energy-dissipation device (WCSED) is proposed in this paper.
The device consists of two large common steel plates welded at upper and bottom areas as the restraining
components, and one annealed common steel plates located in the middle area as the energy-dissipation
component. Quasi-static tests were conducted on eight full-scale WCSED specimens with different stiffening ribs.
The hysteretic curves, load-carrying capacity, and ductility of the test specimens were investigated to evaluate the
seismic performance. The results show that the presented energy-dissipation device has large initial stiffness, high
load-carrying capacity and excellent dissipation capacity. Changing the pattern and size of stiffening ribs can
improve the load-carrying capacity and stiffness of the device, and also postpone and reduce the pinching effect.
When the specimens lose the load-carrying capacity, the phenomenon such as fatigue cracking on some local
areas divided by the stiffing ribs, out-of-plane buckling as a whole, or split cracks at the corner of the annealed
steel plates can be observed on the annealed steel plates in the middle of specimens.

Key words: common steel plate; annealing; wall-column type; energy-dissipation devices; seismic performance
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Fig.2 Dimensions and components of specimens
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Table 1 Detail dimension of each components

HRR % S i 5
IR Q235B 1100 940 20
A AR-1 Q235B 1118 220 30
Ai-2 Q235B 940 220 18
ALK Q235B 1253 100 30
RIS Q235B 301 100 30
Rl AR bEP G GEEE] 564 564 6
i i Q2358 1200 220 30
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Table 2 Arrangement of stiffening ribs
S s
v

A BT s o
(JBExTEx ) (Ex 5 x )

YSP-NA — — —
YSP-MA — — 10x30x564
YSP-MSA-1-1 12x20x564 44 10x30x564
YSP-MSA-1-2 12x20x564 44 10x30x564
YSP-MSA-2-1 6x80x564 102.5 6x220x564
YSP-MSA-2-2 6x80x564 102.5 6x220x564
YSP-MSA-3-1 8x80x564 136.6 8x220x564
YSP-MSA-3-2 8x80x564 136.6 8x220x564
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FH HL i R FE iR 5 AN /NI 5 3) LTI FR YRR iR %
£ 50CHEL, BUHRMHFAEE=ER; 4) RIEER
Wi, 2 HIIRIR K 5 5 AR IR R,
AR 3; 5) MR H IR RO R il
JE B AR AN G P TR AR SR B, phR 3 U AT g 3
SR BB KGR 850°C Mt fEIR KR FE

IR K AR AR g 2 PR RE AR AR IL2E 1.3 715

£3 ERUREER

Table 3 Results of indentation method

R IR KIREEN(C) JEIR R /mm
1 750 2,501
2 800 2,555
3 850 2.602
4 900 2581
5 950 2.556
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Table 4 Experiment results of materials properties

J R PR S A R DT THI A

YL
o/MPa o/MPa EIGPa (%)  wil(%)
SRIE N 1 303.54 43853 186.74 3144  60.05
HRE] N 2 24484 39104 19575 3130  61.03
PSR 1 30354 43853 18674 3144  60.05
P nEh i 2 275.08 417.37 19011 3142  65.01
HPIMAEREAR (1R K AT) 303.54 43853 186.74 3144  60.05
1-a 23756 389.83 18293 37.68  76.22
1-b 235.81 37345 18047 3427 7493
1-c 23152 34990 181.68 3873  70.84
2-a 23867 37166 17757 3583  75.98
] 2-b 238.02 37157 191.67 3453  69.95
FEREAR 2-c 23828 370.39 191.58 3842  76.43
(BXJE)  3a 230.11 34253 19023 3453  74.93
3-b 228.08 34423 18969 3583  75.98
3¢ 21078 33455 18471 4396  68.76
¥iE 23209 36090 18561 37.70  73.78

BHRZFE 0038 0051 0028 0083  0.041
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Fig.3 Loading frame and layout of displacement transducers
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Table 5 Maximum value of out-of-plane deflection

AR ) FERE 2RI

YSP-NA 24 5

YSP-MA 15 2
YSP-MSA-1-1 22 1
YSP-MSA-1-2 34 1
YSP-MSA-2-1 30 1
YSP-MSA-2-2 29 1
YSP-MSA-3-1 30 1
YSP-MSA-3-2 15 2

TEG BRI, B YSP-MSA 53K 14 4b,
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Fig.4 Failure features of YSP-NA

5 YSP-MA WA RS
Fig.5 Failure features of YSP-NA
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Fig.6 Out-of-plane deformation of YSP-MSA-1

K7 YSP-MSA-1 IR
Fig.7 Failure features of YSP-MSA-1
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K8 YSP-MSA-2 Wi &
Fig.8 Failure features of YSP-MSA-2
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Fig.9 Failure features of YSP-MSA-3
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Fig.10 Load-displacement hysteretic curves
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Fig.11 Skeleton curves
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Table 6 Feature points of skeleton curves
e - J IR A VAR 5 R PR s HEPE R EL
&/mm Py/kN & Sm/mm Pn/kN 6 a/mm Pu/kN 6 H=8 6,
i3 411 34363  1/681 4.43 34891  1/632 3124 29657  1/90 7.60
YSP-NA EDA 2.22 32178 1/1261 2.86 34939  1/979 3482  296.98  1/80 15.68
ol 3.165 33271 1971 3.65 349.15 1/806  33.03  296.78  1/85 10.43
e 3.76 367.43  1/745 4.73 40354 1/592 1645 34301  1/170 4.38
YSP-MA EDA 1.96 33367  1/1429 5.27 37322 1/531 1488  317.24  1/188 7.59
ol 2.86 350.55  1/1087 5.00 388.38  1/562 1567  330.13  1/179 5.48
e 433 36410  1/647 1132 591.34 1/247 3339  502.64  1/84 7.71
YSP-MSA-1-1 i 2.77 466.78  1/1011 1201 62023 1/233 2453  527.20 1/114 8.85
¥IE 3.55 415.44 1/829 11.67 60579  1/240  28.96 51492  1/99 8.16
il 394 40205 1711 17.60 52095 1/159  43.68 44281  1/64 11.09
YSP-MSA-1-2 i 3.21 41062  1/872 13.06  560.34 1/214 4102 47629  1/68 12.78
¥IE 3575  406.34 1/791 15.33 540.65  1/187 4235  459.55  1/66 11.85
il 3.89 40220  1/720 19.95 60061 1/140 2846 51052  1/98 7.32
YSP-MSA-2-1 EiA 2.99 41500  1/936 19.72 59596  1/142 2622 50657  1/107 8.77
B 344  408.60  1/828 19.84  598.29 1/141  27.34 50855  1/103 7.95
HE 6.26 55021 1447 2288 59594 1/122 2592 506,55  1/108 4.14
YSP-MSA-2-2 Eia 2.57 404.88  1/1089 16.89 61649 1/166  28.36 52402  1/99 11.04
B 4415 47755  1/768 19.89  606.22 1/144 2714 51529  1/103 6.15
HE 3.65 402.88  1/767 2229 62047 1/126 2722 52740  1/103 7.46
YSP-MSA-3-1 EDA 2.68 40033  1/1045 2350  619.54 1/119  30.37 52661  1/92 11.33
o] 3.165  401.61  1/906 2290  620.01 1/122  28.80  527.01  1/98 9.10
i3 6.54 53258  1/428 2191 61654 1/128 2659 52406  1/105 4.07
YSP-MSA-3-2 EDA 2.47 40257  1/1134 2293  623.00 1/122 2874 52955  1/97 11.64
o)A 4505  467.58  1/781 2242 61977 1/125 2767 52681  1/101 6.14
34 FIREEERK RTFHRRERN
FEREME AL R B SRR B R e i RE . B Table 7 Mean value of energy dissipation
A, oE BT P O RE R P R (R AR 22, 0L RS il
Ha AT PRI RE AL R AR AR R B0 SRR N, g
JE ZEEE . EROHR B JE R BUS WL TR R — 20 YSP-MSA-1-1 15.41
AN 0 FERE HERE AR LA 0 TIPS HERE R BN YepASA L2 Lo
NEARAE AR 5 AR FERE 1 RE - VSP-MSA.2-2 15.42
ARNGEFE VI FERE R B e=Esum! (ME) K PEAG YSP-MSA-3-1 15.38
YSP-MSA-3-2 14.13

B IFERERE ). o, Eqm A& IRIEIR HIFE
Rei A, o LAE i [l 2R T AR R 1S s m MRS
G IREL: By v SUBYERE R, E=Py&l2. &1t
B, &SNPk R REULR 7. R ATH,
T08 0 30 1 ot 42 s i A4 %) FE BB RE 77 B 38R B B
o X HAMENET7 B AE(YSP-MSA 2K),
ARG 00 2 W () RSE 5 3 il AR i AR 3 B
KEEmr, EHHR S AF B AR FE eI RE I S2 M AN K
B
35 FEBINBUERK

s CERFPUR R TEFE) (G 101-96),
R FH A 3 7 1B A B R SR AL S5 1 47 B R K
WARRENE R 8 A T i R E IR R AL

M 8 TTA1: 1) YSP-NA R 1R 1Bk A5
BUN, BLAFEITRUMECE; 2) YSP-MA KAl
YSP-MSA-1 AR A& 2 1B R BUERTDN, i
B # TR AL IR, 31X B A IR BN Eh
TR A /S, 0k H B REAR AT THT A1 e 1 20 AN,
e H (] HE B AR I L il R AR R AR s 3)
YSP-MSA-2 41} YSP-MSA-3 4Hik {4+, 7 46, LART,
AR 1EB A RBERYEREE 0.96 LA L, AT LLACAZRE
JTVFEA BRI, BB, AEKIBIR
BN . TERIGEE R, ARE IR R K
T 0.74, ViR R E R, AR RE
TSR R EIR
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Table 8 Load-carrying capacity degradation coefficient

ENGs YSP-NA YSP-MA YSP-MSA-1-1  YSP-MSA-1-2  YSP-MSA-2-1 YSP-MSA-2-2 YSP-MSA-3-1 YSP-MSA-3-2
15, Vo 0.8027 0.9199 1.1001 0.9738 1.0211 1.0567 1.0813 1.0676
A2 — — 0.9480 0.9074 1.0171 1.0131 1.0075 1.0016
2, Vo 0.8173 0.8017 0.9870 0.9918 1.0004 1.0338 1.0238 1.0455
A2 — — 0.9733 0.9523 1.0064 0.9999 1.0198 1.0001
3, Vo 0.9590 0.8939 0.9622 0.9709 0.9931 0.9972 1.0013 1.0160
A2 — — 0.9607 0.9596 1.0113 1.0007 0.9954 0.9949
1, Vo 0.9376 0.9200 0.8274 0.9731 1.0006 0.9899 1.0041 0.9934
A2 — — 0.9063 0.9617 0.9926 0.9985 0.9996 1.0030
59, Vo 0.8963 - - 0.9175 0.9612 0.9869 0.9971 0.9711
A2 — — — 0.9245 0.9290 0.9445 0.9739 0.9933
65, Vo — — - 0.8914 0.8450 0.8735 0.9011 0.9483
A2 — — — — — 0.8558 0.8388 0.7448

Ve A NHE— R IR R INE G T 28 2 PRV B n ey AP S5 205 1 B3R s AR AL AT BU AL Ao 9 — S IRAZ RS AR T 35 3 A 3R B i per 4B 5 25 2

PGV AR A5 A AR A LA
4 #ZEip

I8 Q235 M H &AM BB KA, ##
T PR B R A Y BT ) A R R AN AR B )
B JEREXHZE B A ) B KA EAE AR ARG
7, BHLLTES R

(1) ZI8 KB B H AR SAF IR E IR AV
NFERETCAE R ATAT I . 856 A 52 %8 Q235 X
Mok R Q195 A4 I e 1R K Il 4 850°C

(2) BrfY s AE B B V) FERE 26 B K 2 DU e
RE DX B 1) JR3 0 /I DX AR 97 57 288 L A tH B T
AME R BRI IR S A AR BT RR

(3) HHIEFEREIX BEAR _Eni inshh i keneds &
MRATET: @) BAFHIEd:, M RECI KT 6.1;
b) FauE BIAE ST, RIS BRI REAE 468, LLATZE
FF7E 0.96 UL L, FEZRIIKT 0.74; ¢) #EREME
BER AP, “FIkERE REIY KT 14.0.

(4) BT H A0 v T8 B i s A B AN AR BT 7 85 1)
Wit gk, FEFASOR U E SRR IR 5 R, W)
DAE 3 0 20 Jo F A 3 i R IR 1% R B AR RE 2R B R
A RIFMPUENERE: S % B L n i i 7E
33~36; HAIINENNN B IR LA KT 155 HrlElnEh
BRI ISR LA /N T 1005 o £ & kgis B SR
[N, 7 fe fRUELE AR AR /N R FE REAR b A
A RS AR TR R U AR RE T B

BT SR I0EE A PR, ASCOURTE I ARG
RIS HEAT T WA B BT ) FE R 3% B 1 BU R MR RE I 5B
PEITHT o A5 BETE AT RO AR SCHE H (1A 2 B )6
RE2% B AT E BRI AL PERE VAN, R — 25T
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