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Development of Steel Plate Shear Wall Using High-Strength Steel
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Abstract:

Steel plate shear wall restrained by stiffeners is used to improve the stiffness and reduce the deformation of
building structures by seismic load. However, the difference of material strength is not considered in the design. In
this study, a new rational design method has been proposed for the standard cross stiffening type aiming to
demonstrate effective use of high-strength steel. Non-elastic buckling load and plastic deformation have been
investigated by FEM analysis. The results showed that these characteristics can be evaluated by the generalized

width-thickness ratio of the steel plate. The design method has been proposed based on this ratio, and their validities

have been confirmed in loading tests.
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Fig.1 Steel plate shear wall
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Fig. 2 Elastic buckling strength with stiffener
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Table 1 Geometric properties used in FEM analysis

Series Ec())rlllcrillctllacfg O'y(N/mmz) grlgrtnh) g&iﬁ; Aspecot( ratio leli?f?ir()f Wldthrsglgkness Heig};ltv((r)rt;ri;iffner
Fig. 3 & 7 X 1p blt ’
-Fr00 1700 1700 0x0 0
-Frll Free 1200 1200 1x1 67 0, 20, 40, 50, 60, 70, 100
N -Ff33 425 2400 2400 10 3x3 40, 70, 100
-Fi00 1700 1700 0x0 67 0
-Fill Fix 1 200 1200 1X1 38, 68 0, 20, 40, 50, 60, 70, 101
-Fi33 2400 2400 3X3 67 40, 70, 100
-a1.50 2160 3240 1.5 5X3 60, 68, 85, 108
B | -02.00 Fix 325 1 620 3240 2.0 5X2 45, 67 45, 53,70, 108
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Fig.5 Comparison of estimated and analytical values
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Table 2 Geometric properties in loading test
. . . . Number of Plate Height of
Width Height Thickness | Aspect ratio stiffener slenderness stiffener B(F)
B(mm) H(mm) f(mm) o v bt I
-01 55 0.56
-02 9 67 30 0.73
AT 1200 1200 1.0 X1
-03 80 0.50
-04 6 100 70 0.73
-01 6 67 45 0.57
BT -02 1200 1200 9 1.0 2X2 45 35 0.52
-03 6 67 90 0.57
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Table 3 Results of material test

Steel t oy Ou YR | &y Specimens
grade |(mm) (N/mm’)|(N/mm’)| (%) | (%) P
284 427 67 | 42 | A-01, A-03, B-02
SS400 9
297 436 68 | 41 | A-02
348 455 77 | 41 | A-04
SS400 6
376 470 80 | 38 | B-01
SN490B| 6 395 546 72 | 31 | B-03
1.8
1.6 AT-03
. Parameter /2, (=0.55)
14 AT-01
1 %1 Standard (f=0.61)
1.2 V
¢ _:.*"':_’://_' —
% 08 AT-02
Parameter /1, (= 0.83)
0.61f Ar-04
04 Parameter b/1 ($=0.92)
0.2
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(a) A series
1.8
1.6
BT-03
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bi 1 .'f K
O 7
s 081 4 BT-02
0.6 Parameter b/ (8 =0.57)
BT-01
0.4 2% 2 Standard (3=0.73)
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0 1/100 1/50 3/100
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Fig. 11 Contours of displacement in off-plate direction (FEM,
R =0.02 rad)
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Table 4 Geometric properties in loading test

Tmax(KN) Ruax(rad) Material test Grade
Experiment | Calculation | Experiment | Calculation 0y(N/mm”) A Estimation Experiment
-01 (1.839) 1870 (0.05) 0.0065 284 0.61 il < I
AT -02 1679 1741 0.0194 0.0011 297 0.83 v < I
-03 (1945) 1930 (0.05) 0.0100 284 0.55 I < I
-04 1177 1274 0.0093 0.0022 348 0.92 v < I
-01 (1273) 1501 (0.05) 0.0029 376 0.73 v < I
BT -02 (2 000) 1897 (0.04) 0.0086 284 0.57 I < I
-03 (1812) 1731 (0.05) 0.0083 395 0.62 I < I
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