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Investigation into the mechanical performance of prefabricated angle
steel-constrained shear panel dampers
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Abstract: To address the issue of brittle failure induced by welding residual stress and inherent buckling failure of
thin steel plates in conventional shear panel dampers (SPD) , this paper proposes a novel prefabricated angle steel-
constrained shear panel damper ( PASPD). The structural configuration, operational mechanism, and distinctive
features of the PASPD are comprehensively elucidated. Two prototype specimens were designed and manufactured
for experimental investigation. Quasi-static low-cycle reversed loading tests were performed to evaluate the hysteretic
behavior, energy dissipation capacity, and failure characteristics of the PASPD. Experimental results demonstrate
that the PASPD exhibits stable hysteretic performance and superior energy dissipation characteristics. The study
reveals that increasing the web plate thickness can delay the initiation of corner cracks but does not alter the
fundamental failure mode of the PASPD. Appropriate boundary constraints using angle steel significantly regulate
the stress and strain distribution within the PASPD, concentrating the deformation and energy dissipation in the
central region. Compared with the traditional steel plate shear dampers, PASPD exhibits superior ductility
performance and higher cumulative energy dissipation. The finite element simulation analysis demonstrates that the
synergy between the flange connection plate and the side angle steel can optimize the shear force transmission path

of the PASPD, guide the stress and strain distribution of its web to be more uniform, and form an ideal web shear
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energy dissipation mechanism, thereby enhancing the stability and hysteretic energy dissipation performance of
PASPD.
Key words: Shear panel damper; metallic damper; performance test; failure characteristics; energy dissipation

performance
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Fig.2 Schematic diagrams of specimens
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2.2 HrEEsERIE
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Table 2 Material properties of specimens

P2 PR E/GPa Ji AR5/ MPa i PR &/ MPa JEAF /%
0235 212 310 418 25.03
0345 202 390 544 19.17
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Fig.3 Schematic diagram of test loading and DIC measurement area
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Fig.4 Displacement loading protocol
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Fig.8 Deformation and failure states of PASPD
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Fig.9 Hysteretic curves of specimens Fig. 10 Skeleton curves of specimens
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Table 3 Mechanical parameters of test specimens
KOs g WIIRWIEE &/ (KN/m)  JERGRETT F kN BORORET) F /KN JEIRALF w,/mm WA ARG w,/mm
PASPD-T6 1E 145.10 240.82 338.39 1.99 31.81
1 ) 145.10 254.23 358.29 2.41 31.92
PASPD-TS8 1E ) 156.62 317.17 489.22 3.04 31.92
1 [ 156.62 321.85 485.05 2.74 31.88
SPD 1E T 258.49 278.99 387.65 1.33 25.89
pil| 258.49 280.85 381.14 1.29 26.08

L5 LRIk, PASPD FOHI UG I BE B A A& SEAR 12 0 BT VT AR B2 45 (2. PASPD B HHAT A0 53 14 S 1 A A2
JERE T, Beil o B U AR HOE Z 19Rg i, Pt PASPD B8 FERE I 19 4 A0 ARG BHJE LU SPD iU A b
1, (HEE 575 B R SR SEPEFI AL BE ) B $2 71, B BUBHLE 2 OB AR AEREVERED BA B AL S

5 BARTOH

FHI ABAQUS $1f , HTA3C PASPD iR a5 458 , 157 PASPD A5 A1k 43 A FROTHLAY
5.1 BTERSHMEXS

MR PAPSD & 2H 873 14T i Re A AR A B e Al R D) e b R Sl SR FH = 4E S A
FATTHEST , FRITIAR N SN AR APE SR AR 4 590 (C3D8R) 4L,

WA IR RS R K L A2 S MR ASEAEL A3 BT () T B3RS B2 AN BB s BB A% R /NER 6 mm, LA | A 95 3 2%
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ARG TE [l i 2 50000 5 68 PR B i A 5 5 1T Q345 A4S A AR SR XU ER A 7Y | iy Q345 MM PEIR IR
T3 f,= 390 MPa I f, =544 MPa, PIFHEIHT G SPERTEE £=2.06x10° MPa AVARA L v =0.3,
5.3 EMEX

TCIE A2 Uit M A 2 38 % HEE A, 5 A P 2 1 R FHR A A 3442 , 50341 PASPD BHJE 23 PR T RLR:
JFH 2 1A 55 2 1 sy, G ik G R TR A Ry 2 Al T A9 9 1 R DD ) 2 AN 3k ) A i SR B 42 fil (hard
contact) , ZIFENR ST EE IR A 32X (penalty ) FE Ml e VI [n] R PEAR EE 62 | RSB 200K 0.3,
5.4 SHREGFMETE

7% [ 3 PASPD 7EHRAEHI T 32 28T YIS IEAE T, IS sl 1 Tk AR & 275 s e 2 e, 29
PR FNFE F 6 A J7 Y 1 PR R 5 TR v A T 1A w0 i 3 16 ¥ 2 2% SR R & 290K (coupling ) , 7E5 % 55, Lt
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Fig.15 Comparison of test deformation and finite element model deformation for PASPD-T6(32 mm, first negative cycle)
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