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Abstract — In this study, a finite element(FE) analysis was conducted to compare the hysteretic behavior of steel plate shear walls
(SPSWs) with and without openings, including central and side openings, as well as varying shapes and positions of the
openings. The target models consisted of a single-span, three-story frame steel structure, and a total of six models were planned.
According to the FE analysis results, the SPSW frame with a central opening equal to one-third of the total width showed
strength, initial stiffness, and energy absorption capacity that were 75 %, 72 %, and 74 %, respectively, compared to the SPSW
without openings. In the case of the SPSW with side openings on both sides, these values were 87 %, 90 %, and 97 %,
respectively. The complex model with openings placed alternately in the center and at the ends exhibited strength, initial
stiffness, and energy absorption capacity 10 %, 33 %, and 20 % higher than those of the SPSW without openings. This
improvement was attributed to the mitigation of stress concentration in the steel plates and sufficient plastic deformation in the

beams.
Keywords — Steel plate shear wall, Finite element analysis, Ductility, Energy dissipation capacity, Opening shape, Opening
location
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Fig. 1. Shape and geometry of column and beam (Unit: mm)
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Table 1. List of specimens

Specimen Steel p %ate Thickness Parameter
material t(mm)

SPSW-O I\(Ig;’f;fgﬁg
SPSW-CO Center opening
SPSW-SO SS275 3 Side opening

SPSW-QCH Opening shape
SPSW-C-1 Complex
SPSW-C-2 Complex
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Fig. 2. Shape and geometry of specimens (Unit : mm)
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Table 2. Mechanical properties of materials (Shin and Kim!'")

Elastic Yield Tensile |Elongation at
Steel grade | modulus | strength | strength fracture
E(MPa) | o (MPa) | o, (MPa) EL(%)
SM355-20T | 194,305 | 390.95 | 530.90 27.28
SM355-25T | 201,233 | 358.52 | 523.01 27.82
SS275 205,095 | 293.45 | 423.18 34.76
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Fig. 5. Load-drift ratio curve of specimens
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Table 3. Analysis results
Maximum strength Initial stiffness
Specimen P,,(kN) K; (kN/mm)
Positive(+) | Negative(-) | 25, /Pl o | Pu/Prvo | Positive(+) | Negative(-) | K/K', | K /K,
SPSW-0O 2819.13 2832.27 1.00 1.00 86.53 86.53 1.00 1.00
SPSW-CO 2123.23 2136.27 0.75 0.75 61.83 63.23 0.71 0.73
SPSW-SO 2408.87 2508.68 0.85 0.89 77.41 77.85 0.89 0.90
SPSW-QCH 2318.00 2320.90 0.82 0.82 64.72 63.68 0.75 0.74
SPSW-C-1 3114.79 3152.90 1.10 1.13 116.31 117.09 1.34 1.35
SPSW-C-2 302237 3056.08 1.07 1.08 114.04 115.35 1.32 1.33
FE(e)oA HAHBE(0./BH)Z TAT 2AHIE  713AY(K /K )= 0.71-1.35 HYE SPSW-C-1 &
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Specimen dissipation | (CED/
5 Story 5 Story | Positive | Negative | Positive | Negative CED CEDy)
7 o drift & ve | drift | loading | loading | loading | loading kNm
W | m) | Gy | 6 Jem)| gy | GE )G S o
SPSW-O 2286.59 | 26.43 | 0.61 |2237.60|25.86| 0.59 | 1.23 1.27 7.94 8.00 3122.25 1.00
SPSW-CO 1639.87 | 26.52 | 0.61 | 1615.74|25.56| 0.59 | 1.29 1.32 7.91 8.08 2300.60 0.74
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SPSW-QCH | 1900.17 | 29.36 | 0.67 | 1876.11 [29.46| 0.68 | 1.22 1.24 7.14 7.01 2530.77 0.81
SPSW-C-1 2548.15 | 21.91 | 0.50 |2485.57 |21.22| 0.49 | 1.22 1.27 9.34 9.75 3725.50 1.19
SPSW-C-2 | 243439 | 21.35 | 0.49 |2423.03|21.01| 048 | 1.24 1.26 9.30 9.53 3759.24 1.20
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