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W = a; + a,X + azy + asx2y? + agx> + agy® + a;xty + agxy* + agx* + a;oy*

+a11X3y + 312XY3 Y-0
: ,s & e‘yn

-1

N1 :E(X“Y— 3X*— 2X3Y + 8X3 — X?Y 2+ XY*— 2XY 3 — 3Y* + 8Y% — 16)
1

NZ:E(Y)(X“ — 4X 34 2X%Y — XY3 +2XY 2+ 4Y3 - 12Y 2 + 16)

1

N3=—1—6(X)(X3Y— 4X3 —2X%Y 4+ 12X%?—2XY?%— Y* + 4Y3 — 16
1

N4=1—6(X)(X3Y— 3X3 —2X?%Y + 8X?— XY 2+ Y*— 2Y3)
-1

N5 = E(X)(Y)(X — V)X (X%+ XY — 4X + Y2 - 2Y)
-1

N6 = E(X3)(X -2)(Y - 2)

-1
N7 == (0)(X>=2X? =YX+ Y* —2Y?)

\00



N8 = = () (¥3)(Y — 2
= = (O -2)
N9 =~ (1Y (X)X — 2

= = (K - 2)
N10={%OO(X4—2X3—-X4“+XY3—2XY2—-3Y3+8Yﬂ
N11 = —2 (r3)(X — 2) x (V — 2

=X =D X (¥ -2)

N12 = %(X)(Y)(X - Y)(Xz + YX-2X+ Y% — 4Y)
K = K11 X Dll + KZZ X D22 + K66 X D66 + KlZ X D12

1wl ).’) L.SLQL)“'")"LA Q)}.a Le K12 9 K66 ‘K22 ‘Kll QT o aS

K1 =
[ 18/10, 2/5, 29/12, -1%/10, -2/5, @83/e0, -4/5, 0,  3/4,  4/5, 0, 17/20)
[ 2/5, 2/s, s/&, -2/5, -2/%, -1/30, -1/, 0, 1/i0,  1/5, 0, 3/10]
[ 29/12, 5/6, 11/3, -29/12, -5/6,  71/6, -53/6€0, 0, 7/10, 53760, 0, 16/15]
[ -18/10, -2/, -29/12, 1%/10, 2/5, -83/e0,  4/5, 0, -3/4, -4/5, 0, -17/20)
[ -2/s, -2/s, -5/6, /s, 2/s, 1/3%0,  1/5, 0o, -1/10, -1/5, 0, -3/10]
[ 83/60, -1/30, 7/6, -83/60, 1/30,  &/5, -43/60, 0,  4/5, 43/60, 0, 19/30]
[ -4/5, -1/5, -53/60,  4/5, 1/5, -43/e0, 13/10, 0, -27/20, -13/10, 0, -5/4)
[ 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
[ 3/4, 1/10, 7/10, -3/4, -1/10,  4/5, -27/20, O,  &/5, 27/20, 0, 11/10]
[ 4/5, 1/5, 53/60, -4/5, -1/5, 43/e0, -13/10, 0, 27/20, 13/10, 0,  5/4)
[ 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
[ 17/20, 3/10, 16/15, -17/20, -3/10, 19/%0, -5/4, 0, 11/10,  5/4, 0,  7/5)

AR



K3, =

[ 18/10, 29/12,
[ 28/12, 11/3,
[ 2/5, 5/8,
[ 4/5, 53/60,
[ 17/20, 18/15,
[ 0, 0,
[ -4/5, -53/60,
[ 3/4, 7/10,
[ 0, 0,
[ -18/10, -29/12,
[ 83/60, /8,
[ -2/5, -5/,

K¢ =

37/45, 197/180,
197/180,  49/45,
197/180,  94/45,

-13/18, -1€1/180,
143/180, -22/45,

28/45, /36,
-1/20,  -1/10,
-1/20,  -1/10,

275,
5/6,
275,
1/5,
3/10,

-1/5,
1/10,

-3/,
-1/30,
-2/,

197/180,
94/45,
49/45,

-71/130,

-22/45,
-1/10,
/36,
-1/19,
-1/10,

-13/18, -71/180, -161/130,

[

[

I

[
[-
[ =120, -1,
[

I

[

[

[

-1/20,  -1/10,
[ -143/180, -22/45,

Ki; =

[ 524/315, 509,

[ /s, 8/83, 8
[ s/3, &/315, @
[ -524/315, -5/3,

[ -5/, -88/63, -8
[

-1/10,
-22/45,

4/5, 17/20, 0, -4/5,
53/60, 16/15, 0, -33/60,
1/5, 3/10, 0, -1/%,
13/10,  5/4, 0, -13/10,
5/4, /5,0, -5/4,
0, 0, 0, 0,
-13/10, -5/4, 0, 13/10,
27/20, 11/10, 0, -27/20,
0, 0, 0, 0,
-4/5, -17/20, 0,  4/5,
43/60, 19/30, 0, -43/60,
-1/5, -3/10, 0, 1/,
-13/18, -143/180, -1/20, 28/45,
-161/180, -22/45, -1/10, /36,
-71/180, -22/45, -1/19, /36,
28/45, 107/180, -8/20, -47/90,
107/180,  -1/8, -9/10, 18/180,
-9/20, -9/10, 0, 920,
-47/%0, 19/180, 9/20, 18/45,
Y0, 118, 0, -11/20,
120, Y19, 0, -11/20,
28/45, 17/180, 1/20, -47/90,
1/20, 110, 0, 9/,
17/180,  -1/3, 1/10, 18/180,

/9, -524/315,

1/7, 2/35, -2f3

[ 524/315, 5/9;
[ -1/7, 2{35, -
[ -1/7, -2/35,
[ -52¢4/315, -5/%,
[ 1/7, -2/35,

[ -5/8; -8/315, -8

-5/9,
-5/8,

-5/9, 524/315,

‘1/7'
5/8,

-5/9,
-88/63,
-8/315,

5/9,
88/863,
-2/35,

-5/9,

-2/33,

2/35,

5/3,

2/35,

£/315,

1/7, 524/315,
2/35, 5/,
-2/35, 5/8,
-1/7, -524/315,
-2/35, -5/9,
12/35, /7,
1/7, 524/315,
g, -1/1,
-12/35, -1/17,
-1/7, -524/315,
0, 1/,
2/35, -5/8,

VoY

3/4, 0, -19/10, 83/60,
7/10, 0, -28/12, 1/,
1/10, 0, -2/5, -1/30,
27/20, 0, -4/5, 43/60,
11/10, 0, -17/20, 19/30,
0, 0, 0, 0,
-27/20, 0,  4/5, -43/60,
8/5, 0, -3/4,  4/5,
0, 0, 0, 0,
-3/4, 0, 19/10, -83/60,
4/5, 0, -83/60,  8/5,
-1/10, 0, 2/5, 1730,
1720, -1/, -13/18, -1/29,
-1/18, -1/10, -71/180, -1/10,
-1/10, -1/10, -161/180, -1/10,
1/20, 11/20, 28/45, 1/20,
1/10, /10, 17/180, 1/10,
5, 98, ym, O
-11/20, -13/20, -47/%0, 9/20,
9, 1, 1/, o
1, 8, ym, 9,
11/28, 1/20,  28/45, -9/29,
3, 9, -9/20, 9,
1/10, 1/10, 107/180, -9/10,
/T, -1/7, -S24/315, /7,
23, -2/35,  -5/9, -2/35,
-2/35, 2/35, -5/, 2/3,
Y1, 11, s4/35, -7,
-2/3, 203, 59, 2/3,
5, -12/35,  -1/7, g,
Y1, U7, -524/315, 47,
12/35, g, 11, -12/35,
0, 12/35, 11, 0,

11, 17, 54/315, -7,

-12/35, 0, -1, 12/35,
2/35, -2/35, 3/8, -2/3,

-2/5]
-5/6]
-2/5]
-1/5]
-3/10]
0]
1/5]
-1/10]
0]
2/5]
1/30]
2/5]

-143/180]
-22/43]
-22/45]
17/130}

-1/9]
1/10]
19/180]
1/10}
1/10
107/180]
-3110}

-1/9}

-3/9]
-8/315]
-28/83]

5/9]
8/315]

2/35]

-3/9]

2/35]

-2/35]

5/9]
-2/35]
88/63]
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0.6

0.6

oo s 2l

W = a; + a,X + agy + ayx?y? + agx? + agy? + a;x%y + agxy? + aox> + ajy°

+a;;x3y + a;,xy3 £-0
. 's & é-g‘gi’

-1
N1 = (5X = 3)(5Y — 3)(50X — 25XY — 15X + 50 * — 15V —9)

N2 = ;—71(Y)(5X —3)(5Y — 3)(5X — 5Y + 3)
N3 = ;—71(X)(5X —3)(5Y — 3)(5X — 5Y + 3)
25
N4 =2 (X)(5Y — 3)(10X? — 5XY —9 X + 10¥?)
25
N5 = ——=(X)(Y)(5Y = 3)(X —Y)
27
N6 = 2 (X2)(5X — 3) x (57 — 3
= o (A (X = 3) X (5Y = 3)
—125
N7 = —=(X)(V)(10X* = 5XY = 6 X + 10Y* — 6Y)

_25 2 5
Ng = Z(X)FHEY - 3)
Vo8



N9 = 2 (v)x?y(sx — 3

=57 MEHGX -3)
25

N10 = == (V)(5X = 3)(10X* = 5XY =9V + 10Y?)
-5

N11 = —— (Y2)(5X = 3) x (5Y - 3))

Nuzggaxn@X—sxX—Y)
K = K11 X Dll + KZZ X D22 + K66 X D66 + KlZ X D12

1wl ).’) L.SLQL)“'")"LA Q)}.a Le K12 9 K66 ‘K22 ‘Kll QT o aS

K1 =
[ 310/27, 2/9, 23/6, -310/27, -2/9, 55/18, -140/27, 0, 25/18, 140/27, 0, 31/18]
[ 2/9, 2/15, 3/10, -2/9, -2/15, -1/§, 2/9, 0, -1/s, -2/8, 0, 1/30]
[ 23/6, 3/10, 9/5, -23/6, -3/10, 1/e, -1/8, 0, 1/8, 7/6, 0, 8/15]
[ -310/27, -2/9, -23/6, 310/27, 2/9, -55/18, 140/27, 0, -25/18, -140/27, 0, -31/18]
[ -2/9, -2/15, -3/10, 2/9, 2/15, 1/8, -2/8, 0, 1/8, 2/9, 0, -1/30]
[ 55/18, -1/6, 1/2, -55/18, 1/%, 4/3, -35/18, 0, 2/3, 35/18, 0, 1/2]
[ -140/27, 2/%, -1/6, 140/27, -2/9, -35/18, 310/27, 0, -65/18, -310/27, 0, -59/18]
[ 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
[ 25/18, -1/6, 1/6, -25/18, 1/%, 2/3, -&5/18, 0, 4/3, &5/18, 0, 5/6]
[ 140/27, -2/8, 7/6, -140/27, 2/8, 35/18, -310/27, 0, 65/18, 310/27, 0, 59/18)
[ 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0, 0]
[ 31/18, 1/30, &/15, -31/18, -1/30, 1/2, -59/18, 0, 5/6, 59/18, 0, 17/1%]

VoV



310/27, 23/6, 2/9, 140/27, 31/18,
23/6, 9/5, 3/10, /6, &[5,
2/9, 3/10, 2/15,  -2/8, 1/30,
140/27, /6, -2/9, 310/27, 59/18,
31/18, &/15, 1/30, 59/18, 17/15,
0, 0, 0, 0, 0,

[ , -140/27, 25/18,
[

[

[

[

[

[ -140/27, -7/6, 2/9, -310/27, -59/18,
[

[

[

[

[

, -1/&, 1/8,
, /3, -1/%,
, -310/27, 65/18,
, -59/18, 5/,
' 0, 0,
, 310/27, -65/18,
, -63/18,  4/3,
1 0, 0,
, 140/27, -25/18,
., -35/18,  2/3,
, -2/9, 1/8,

, -310/27, 55/18, -2/9]
. -23/6,  1/2, -3/10]
. -2/8,  -1/6, -2/15]
, -140/27, 35/18,  2/9]
. -31/18,  1/2, -1/30]
, 0, 0, 0]
. 140/27, -35/18, -2/9]
., -25/18,  2/3, 1/6]
. 0, 0, 0]
. 310/27, -55/18,  2/9]
, -55/18,  4/3, 1/6]
. 2/9,  1/6, 2/15)

25/18, 1/6, -1/6, 65/18, 5/,
0, 0, 0, 0, 0,
-310/217, -23/6, -2/9, -140/21, -31/18,
ss/18, 1/2, -1/6, 35/18,  1/2,
-2/9, -3/10, -2/15,  2/8, -1/30,

S00/81, 125/54, 125/%4, -500/81, -95/5¢, -5/18, 500/81, -5/18, -3/18, -500/81, -5/18, -95/54]
125/34,  5/9, 14/9, -125/54, -2/8, -1/6, 35/, -1/6, -L/6, -35/%4, -1/, -2/9]
125/34,  14/3,  5/9, -35/54, -2/8, -1/6, 35/, -1/6, -L/6, -125/%4, -1/, -2/9]
-500/81, -125/54, -35/54, 500/81, 95/%¢, -25/18, -300/81, /18, 3518, G00/81, /18, 5/34]
-95/34,  -2/9,  -2/9, 95/54, -1/9, -3/6, -3/, /6, /6, 5/, 1/6, -1/9]
-5/18,  -1/6,  -1/6, -25/18, -5/6, 0, 25/18, O, .5/, 0, 18
S00/81, 35/54,  35/%4, -500/81, -5/5¢, 25/18, 500/81, -35/18, -35/18, -500/81, 25/18, -5/54]
5/18,  -1/6,  -1/6, /18, /6, 0, -3/18, O, ., 35/18, 0, 18
-5/18,  -1/6, -1/6, 35/18, 1§, 0, -33/15, .58, 0, 18
-300/81, -35/34, -125/54, 500/81, /%4, 5/18, -500/81, 35/18, 518, 500/81, -25/18, 95/%4]
-5/18,  -1/6, -1/6, /18, /6, 0, 25/18, O, . -15/18, 0, -3/6)
-95/34,  -2/8,  -2/9,  §/%4, -1/8, /6, -3/%4, /6, /6, 95/%4, -5/, -1/9]

(=]

b
-
] =

]

VoA



[ 1360/81, 38/27, 38/27, -1360/81, -38/21, 2/3, 136081, -2/3, -2/3, -1360/8L, 2/3, -38/27)
[ 38/27, 44/45, 4/9, -38/27, -44/45, 0, /2T, 215, 0, -38/27, -2/15, -4/9]
38/27,  4/9, 44/45, -38/27, -4/9, -2/15, 32T, 0, 2/15, -38/21, 0, -44/43]
S1360/81, -38/27, -38/27, 1360081, 38/21, -1/3, 136081, /3, /3, 1360/8L, -2/3, 38/2T)
S38/27, -44/45, -4/9,  38/27, 44/45, 0, -38/2T, -2/15, 0, 38/, 215, 4/9]
203, 0, -215, -3, 0, 815, 23, 0, -8/15,  -2/3, 0, 2/13]
1360/8L, 38/27, 38/27, -1360/81, -38/21, 2/3, 1360/81, -2/3, -2/3, -1360/8L, 2/3, -38/27]
203, 218, 0, 23, <18, 0, -3, 815, 0, 23, -8/, 0]
203, 0, 215, 23, 0, -8/15, -3, 0, §/15, 23, 0, -2/18]
-1360/81, -38/27, -38/27, 1360/81, 38/21, -2/3, -1360/81, /3, /3, 1360/8L, -2/3, 38/2T)
203, -2/15, 0,  -2/3, 21, 0,  2/3, -8/15, 0,  -2/3, &/, 0]
S38/27,  -4/9, -44/45, 32T, 4/8, /15, -3/2T, 0, -2/15, 2N, 0, 44/43)
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Abstract

Using steel shear walls which is more advantageous than smooth plate shear walls has
been discussed recently and its advantages are (1) higher stiffness out of the load plate
compared with non-harden state; (2) reducing the cost compared with hardened state.
Most researches of corrugated shear walls, whether in experimental or numerical, have
been conducted on two-dimension one-floor frames. However, this is not practical. The
main reason of conducting research on one-floor corrugated shear walls is numerous
elements for modeling wall corrugation. In this study, it has been attempted to provide
the matrix of corrugated element stiffness and write finite element program for using it
for the first time so that the range of numerical operation and computation running is
reduced. In order to obtain the matrix of corrugated element stiffness first the bending
elasticity matrix should be determined using Yaeo Aoki and Valdemar. Also, shape
function was obtained through fitting curve method but shape functions vary by
changing corrugation geometry shape, support and loading conditions. It is attempted in
this thesis to suggest two methods for removing this weakness and corrugated plates are
analyzed based on these two methods and compared using ABAQUS software. We
concluded that both methods were acceptable. In addition, smooth plate in-plane
isotropic elasticity matrix was used instead of in-plane orthotropic elasticity matrix to
study the behavior of corrugated steel shear wall because the latter matrix did not exist.
Fitting curve was used to obtain the field of displacement for in-plane behavior of

corrugated shear wall and results were investigated using ABAQUS software.

Keywords: corrugated steel shear wall, elasticity matrix, bending, corrugated element,

shape functions, method, orthotropic, isotropic
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