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Fig. 1. General view of semi-supported steel shear wall [15]
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9?F\*  (9?F\? :
- — o) . i
(0x2> * (6)/2) d0x? 0y? +3 6x0y> fy

Sl o b Bl et (B plralr bl
AT e ety (O) dlayl, )

(AY)

Fadkes Vo e £l L SSSW sl (sladute ) J s

Model b (mm) t(mm) Secondary Columns
1 2 2UNP80
2 3 2UNP100
3 2100 4 2UNP100
4 5 2UNP120
5 2 2UNP80
6 3 2UNP100
7 2400 4 2UNP100
8 5 2UNP120
9 2 2UNP80
10 3 2UNP100
11 2700 4 2UNP100
12 5 2UNP120
13 2 2UNP80
14 3 2UNP100
15 3300 4 2UNP100
16 5 2UNP120

Table 1. The selected SSSWs with h=2700 mm

g0l Nz Jo -0
3 ks ol L dse i sl edd O >
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Ol e wdin ol L SSSW e 3l el sl
CSL_*NJJ;,;‘_SL:,, YV Cu:)l hls ladue aea .ol ol
Y Sl g oo (JKLLIES Yoo KL e slls Lo
oslitul e b (slad y el SIS YEr st

dd)}_bcwj\ﬁ:d\ﬂchb&u&ﬁébbem

S SO s ks ol Y Jod>

1,, (cm*) A (em?)
Secondary
columns  t=2mm t=3mm t=4mm t=5mm t=2mm t=3mm t=4mm t=5mm
2UNP80 220.53 224.8 229.07 233.33 23.6 24.4 25.2 26
2UNP100 428.67 437 445.33 453.67 29 30 31 32
2UNP120 756.8 771.2 785.6 800 36.4 37.6 38.8 40

Table 2. The geometrical properties of used secondary columns
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1 200 174 149 16.46 159 35
2 302 270 11.8 16.16 16.4 15
3 398 367 8.4 15.64 16.5 52
4 553 530 4.3 15.17 16.8 9.7
5 226 210 7.6 17.66 16.2 9
6 350 318 10 17.36 16.5 5.2
7 452 440 2.7 16.9 17.5 3.4
8 628 605 38 16.48 17.9 7.9

Table 3. The comparisons between the results of analytical and FE methods
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Model ~ Vp, /A Model Vp, V¥, Vg
No. (kN) (N) No. (kN) (kN) ¥,

1 200 240 0.83 9 272 330 0.82

2 302 360 0.84 10 408 475 0.86

3 398 430 0.93 11 520 550 0.95

4 553 600 0.92 12 710 750 0.95

5 226 275 0.82 13 346 415 0.83

6 350 420 0.83 14 514 580 0.89

7 452 495 091 15 614 660 0.93

8 628 675 0.93 16 828 900 0.92

Table 4. Ratio of V,, to 1, for all models
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End of elastic behavior k

oy Uy w w (AN) k)
(kN) (mm) (mm) ‘\Mm
1800 266 1.79 1466 1486 305
2100 302 174 1616 1736 360
2400 350 174 1736 2011 420
2700 408  1.77 18 2305 475
3000 466  1.82 19 256 525
3300 514 182 188 2824 580

Table 7. The effect of the wall plate width on the shear
capacities and displacements of Model #10
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Vol el 5 e b (M) SS5s S 3k 0 Jpas

End of elastic behavior k
() Ny Gy o)
0 408 1.77 18.44 230.5 475
250 381 165 1768 230.9 460
500 352 1.53 16.9 230.1 420
750 323 1.4 16.09 230.7 365
1000 292 1.27 15.17 2299 320

Table 5. The effect of overturning moment (M;) on the shear
capacities and displacements of Model #10
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Fig. 8. The bilinear curves for Model #10 with different
secondary columns

Jde gl 5 i S b o b S0 s daie 30 g
o

. End of elastic behavior k
Section of kN v
secondary Viy Ug W, (_) (k?V)
columns (kN) (mm) (mm) mm

2UNP100 408 1.77 18.44 230.5 475
2UNP120 430 1.86 18.45 231.2 540
2UNP140 453 1.96 18.66 231.1 580
2UNP160 468 2.03 18.71 230.5 640
2UNP180 480 2.08 18.72 230.8 680
2UNP200 490 211 18.65 232.2 740

Table 6. The effect of secondary columns section on the shear
capacities and displacements of Model #10
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Model _ h Ly
No. "=b (em®) 1, =02 A, = 0.427 A3 = 0.596 Ay = 0.821
1 257.1 5.795 -76.81 204.89 -372.65
2 1,286 408.543 12.307 -163.13 435.16 -791.49
3 ‘ 418.361 28.489 -377.61 1007.29 -1832.09
4 672.09 34.636 -459.08 1224.64 -2227.42
5 257.1 3.921 -51.98 138.66 -252.19
6 1125 408.543 8.329 -110.4 294.50 -535.64
7 ‘ 418.361 19.280 -255.54 681.68 -1239.86
8 672.09 23.440 -310.68 828.77 -1507.40
9 257.1 2.788 -36.950 98.57 -179.28
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Abstract:

Semi-supported steel shear walls (SSSW) are a new lateral resisting system whose plates do not have any
direct connection to the main columns of structure. Instead, they are connected to secondary columns which
do not carry the gravity loads. The applied lateral loads may create overturning moment on the middle
storeys. The ultimate shear capacity of the SSSWs in presence of the overturning moment has been
reasonably determined with an analytical procedure. It was finalized with some applicable interaction curves
between the ultimate shear capacity and the overturning moment which can be used for analysis and design
of this system. In addition, some experimental studies have been conducted to find an insight for the cyclic
behavior of this system. As the elastic buckling of wall plate always occurs at the low levels of lateral loads,
the system stays in a relatively large region of elastic post-buckling. In this region, the geometrical
nonlinearity with linear material behavior appear in the wall plate. Thus, the storey shear force has a linear
variation versus the lateral displacement until the first point of wall plate is yielded. Perhaps solution of the
Von-karman plate equations is the best approach to find an analytical vision for the elastic stiffness of the
SSSWs. These equations are described with two coupled nonlinear fourth order differential equations. The
mentioned equations have been widely solved for many plates which are under combinations of different in-
plane and out of plane loads and various boundary conditions and imperfections. In this study, the Galerkin
method was employed in a semi analytical procedure to solve the VVon-karman plate equations for the wall
plate of SSSW system in a middle storey. This solution leads to achieve the displacement field of the SSSWs
at the different levels of lateral loads until the first point of the wall plate is yielded. Thus, the linear
variations of the in-plane displacement versus the lateral load will be obtained. Since the ultimate capacity
has been previously measured, then an ideal elasto-plastic curve can be obtained for this system. The wall
plate is supposed as a thin plate whose parallel edges have two different boundary conditions: two simply
supported and two stiffened free edges where the wall plate is connected to the storeys beams and the
secondary columns respectively. A sine monomial is considered as the deflection function which is satisfied
the boundary conditions. Then, an algorithm is analytically developed to find the out of plane deflection of
plate and the two-dimensional elasticity is used to determine the in-plane displacement of plate. The obtained
results are compared with those of FE analysis and the suggested algorithm can be programmed in usual
computers. The results show that some parameters such as the wall plate dimensions, the geometric
properties of secondary columns (i.e. cross sectional area, moments of inertia), the storey shear force and
yield stress of wall plate effect on the end point of elastic post-buckling. But, the slope of this region is
independent from the variation of overturning moment and section of secondary columns.

Keywords: Semi-supported Steel Shear Walls (SSSWs), Elastic post-buckling, Elastic stiffness,
Displacement field, Von-Karman plate equations, Galerkin method.
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