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EXAMPLE-2
7
> E=2%10 Knln'’
i=1

7
D 4,=0.05m"

i=1

Element X(@) m. Y(@) Z(i) XG) YG) Z(@) Modal

No displacements

I 0.00 4.00 0.00 4.00 8.00 0.00 1-0-0 2-3-4
I 3.00 0.00 4.00 0.00 4.00 0.00 0-0-0 1-0-0
I 3.00 0.00 4.00 4.00 8.00 0.00 0-0-0 2-3-4
v 8.00 4.00 0.00 4.00 8.00 0.00 5-0-0 2-3-4
v 5.00 0.00 4.00 4.00 8.00 0.00 0-0-0 2-3-4
VI 5.00 0.00 4.00 8.00 4.00 0.00 0-0-0 5-0-0

Vil 4.00 8.00 0.00 4.00 0.00 -4.00 2-3-4 0-0-0
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1. element's transformation matrix

1/V2  1/4/2 000 0.00 0.00 0.00
—1/J2 1/42 0.00 000 0.00 0.00
[T]= 0.00 0.00 1/V2 0.00 0.00 0.00
0.00 0.00 0.00 1/¥2 1/42 0.00
0.00 0.00 0.00 —1/V2 1/¥2 0.00

Z 0.00 0.00 0.00 0.00 0.00 0.00].¢
I=cos (a)=1/+2 - '
m=cos (f)=1/~2

n=cos (y)=1/\/2

I1. element's transformation matrix

—3/41  4/N41 —4/N41  0.00 0.00 0.00
—4/\41 =3/N41  0.00 0.00 0.00 0.00
[T]a = 4/N41 000 —3/N41  0.00 0.00 0.00

0.00 0.00 0.00 —3/\41 4/N41 —4/N41
0.00 0.00 0.00 —4/\V41 —3/N41  0.00
0.00 0.00 0.00  4/N41  0.00 —3/N41l.,

I=cos (a)=—3//41
m=cos ( B)=4//41
n=cos (y)=—4/+/41

III. element's transformation matrix

1/9  8/9 —4/9 000 000 0.00
~8/9 1/9 000 0.0 0.0 0.00
[Tln = | 4/9 000 1/9 000 000 0.00
0.00 000 000 1/9 8/9 —4/9
0.00 000 0.00 —8/9 1/9 0.00
0.00 000 0.00 4/9 000 1/9 |,

[=cos (a)=1/9
m=cos (B)=8/9
n=cos (y)=—4/9

IV. element's transformation matrix

1/¥2 —1/y2 000 000 0.00 0.00
/N2 1/42 000 000 0.00 0.00
0.00 0.00 1/V2 0.00 0.00 0.00
[Tlv= |0.00 0.00 0.00 1/¥2 —1/V2 0.00
0.00 0.00 000 1/2 1/V2 0.00
0.00 0.00 0.00 000 000 1/y2

6% 6
-

I=cos (a)=1/+2
m=cos (B)=—1/2
n=cos (y)=0.00
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V. element's transformation matrix

~1/9 8/9 —4/9 000 0.00 0.00
—8/9 —1/9 0.00 0.00 0.00 0.00
[Tlv = 4/9 000 —1/9 0.00 0.00 0.00
0.00 000 000 —1/9 8/9 —4/9
0.00 0.00 000 —8/9 —1/9 0.00
0.00 0.00 000 4/9 000 —1/9],,

[=cos (a)=—1/9
m=cos (B)=8/9
n=cos (y)=—4/9

VI. element's transformation matrix

3/\41 4141 —4/41 000 000  0.00
—4/41 3/V41  0.00 0.00  0.00  0.00
[TIvi= | 441 000 3/V41 000 000  0.00
0.00  0.00  0.00 3/V4l 4/J4a1 —4/41
000  0.00 000 —4/\/41 3/Y41  0.00
000  0.00 000  4/\4a1 000 3/\a41 |,

I=cos (a)=3//41
m=cos (f)=4//41
n=cos (y)=—4//41

VII. element's transformation matrix

0.00 —2/v/5 —1//5 0.00 0.00 0.00
/N2 1/42  0.00 000 0.00 0.00
[T]VII:

1/5 0.00 0.00 000 0.00 0.00
000 0.00 0.00 000 —2/V5 0.00
000 000 000 2//5 000 0.00
000 000 0.00 1/V5 0.00 0.00

=
I
|
2
o

m=cos
n=cos (y)=—1/\5
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I. element's global axis stiffness matrix

10 o0 2 3 4 |

12 1/2 000 —1/2 —1/2 0.00
12 1/2 000 —1/2 —1/2 0.00
[KIi= 1000 000 000 000 000 000 4E
~1/2 —1/2 000 1/2 1/2 000| 442
~1/2 —1/2 000 1/2 1/2 0.00
0.00 0.00 0.0 0.00 0.00 0.00l,,

‘-bwwoo—-‘

II. element's global axis stiffness matrix

0 0 0 1 0 0 -

9/41 —12/41 12/41 —-9/41 12/41 —12/41 0

—12/41 16/41 —16/41 12/41 -—16/41 16/41 0

[Klu= | 12741 —16/41 16/41 —12/41 16/41 —16/41| AE |0
—9/41 12/41 —12/41 9/41 —12/41 12/41 \/ﬂ 1

12/41 —16/41 16/41 —12/41 16/41 —16/41 0

—12/41 16/41 —16/41 12/41 —16/41 16/41 |, 0

II1. element's global axis stiffness matrix

o 0 0 2 3 4 | o

1/81 8/81 —4/81 -—1/81 —8/81 4/81 0

8/81 64/81 —32/81 —8/81 —64/81 32/81 0

—4/81 —-32/81 16/81 4/81 32/81 —16/81 ﬂ 0

[Klm = |-1/81 —8/81 4/81 1/81 8/81 —4/81| 9 |
—8/81 —64/81 32/81 8/81 64/81 —32/81 3

4/81 32/81 —16/81 —4/81 —32/81 16/81 |4 4

IV. element's global axis stiffness matrix

5 0o o 2 3 4 |

1/2 —1/2 000 —1/2 1/2 0.00
—1/2 1/2 000 1/2 —=1/2 0.00
0.00 0.00 0.00 0.00 0.00 0.00 AE
—1/2 1/2 0.00 1/2 —1/2 0.00| 442
1/2 —1/2 000 —1/2 1/2 0.00
0.00 0.00 0.00 0.00 0.00 0.00,,

[K]v =

AW O Om‘
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V. element's global axis stiffness matrix

Ali OZGUL 18.2.2007

0 0 2 3 4 -
1/81 —8/81 4/81 —1/81 8/81 —4/81 0
—8/81 64/81 —32/81 8/81 —64/81 32/81 0
(K], = 4/81 —32/81 16/81 —4/81 32/81 —16/81 AE]9 0
—1/81 8/81 —4/81 1/81 —8/81 4/81 2
8/81 —64/81 32/81 —8/81 64/81 —32/81 3
—4/81 32/81 —16/81 4/81 —32/81 16/81 4
VL. element's global axis stiffness matrix
0 0 0 5 0 0
9/41 12/41 —12/41 —-9/41 —12/41 12/41
12/41 16/41 —16/41 —12/41 —16/41 16/41
—12/41 —16/41 16/41 12/41 16/41 —16/41
K|, = AEIN(41
Kl —9/41  —12/41  12/41 9/41 12/41  —12/41 (41)
—12/41 —16/41 16/41 12/41 —16/41 —16/41
12/41 16/41 —16/41 —12/41 —16/41 16/41
VII. element's global axis stiffness matrix
2 3 4 0 0 0 -
0.00 0.00 0.00 0.00 0.00 0.00 2
0.00 4/5 2/5 0.00 —4/5 -2/5 3
(K], = 0.00 215 1/5 0.00 -2/5 —1/5 AE]4+/45 4
0.00 0.00 0.00 0.00 0.00 0.00 0
0.00 —4/5 =2/5 0.00 4/5 2/5 0
0.00 -2/5 -—1/5 0.00 2/5 1/5 0

All system stiffness matrix

Kii = AE*[1/2%1/4\2 +9/41*1/N41 ] =0.12267*AE
K, = AE*[-1/2*1/ 42 ] = -0.08838*AE
Kis = AE*[-1/2*1/ 42 ] = -0.08838*AE

K = AE*[0.00]= 0.00
Kis = AE*[0.00]= 0.00

Koo = AE*[1/2*%1/432 + 1/81%1/9 + 1/2%1/4\2 + 1/81%1/9 + 0.00 ] = 0.17952*AE
Koz = AE*[1/2%1/4\2 + 8/81%1/9 - 1/2%1/42 — 8/81%1/9 + 0.00 ] = 0.00

Ko = AE*[0.00-4/81*1/9+0.00+4/81*1/9+0.00]=0.00
Kos = AE*[-1/2*1/4\2] = -0.08838*AE

‘oomooo‘
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Kas = AE*(1/2%1/4\2 + 64/81%1/9 + 1/2*1/4\2 +64/81*1/8 +4/5%1/4V5) = 0.26869*AE
Kas = AE*(0.00 — 32/81%1/9 + 0.00 - 32/81*%1/9 +2/5%1/4\5) = -0.043070*AE
Kas = AE*(1/2*1/4\2)*AE

Kas =AE*(0.00 + 16/81%1/9 +0.00 + 16/81%1/9 + 1/5%1/45) = 0.066256
Kas =AE*(0.00)= 0.00

Kss =AE*(1/2*%1/4V2 +9/41*1/\41) = 0.122670

All system global displacements:

[K]iD} = {P}
B 2 3 4 5 ] D
0.122760 —0.088388 —0.088388  0.000 0.000 1 Dl 10.00
—0.088388 0.179250 0.000 0.000 —0.08838 g . 0.00
—0.088388  0.000 0.441802 —0.04307 0.08838 % D, _1—30.00
0.000 0.000 —0.04307 0.066256  0.000 4 D, B 0.00
0.000  —0.00388 0.088388  0.000  0.122670 s, |3 D |s. ~10.00),,

System displacement:

D, =+42.30/AE = +42.30/(2*10E+7 * 0.05) = 0.4230 E-4 metre = 0.042 mm
D,= 0.00

D; = -54.444/AE = -54.444/(2*10E+7 *0.05) = -0.5443E-4 metre = -0.054 mm
D, = -35.380/AE = -35.380/(2*10E+7 *0.05) = -0.3538E-4 metre = -0.035 mm
Ds = -42.300/AE = -42.300/(2*10E+7 *0.05) = -0.4230E-4 metre = -0.042 mm

All system deformation shape
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All element's global node reactions

I. element's global node reactions

R 0 o 2 3 4 | -
/2 1/2 0.00 —1/2 —1/2 0.00 1
/2 1/2 0.00 —1/2 —1/2 0.00 0
[Pgli= 0.00 0.00 0.00 0.00 0.00 0.00] A4E | o
—1/2 —=1/2 000 1/2 1/2 0.00] 42|,
—-1/2 —-1/2 0.00 1/2 1/2 0.00 3
0.00 0.00 0.00 0.00 0.00 0.00|4.¢ 4
II. element's global node reactions
o 0 0 1 0 0
9/41  —12/41 12/41  —9/41 12/41 —12/41
—12/41 16741 —16/41 12/41 —16/41 16/41
[Pglu= | 12/41 —16/41 16741 —12/41 16/41 —16/41
—9/41  12/41 —12/41  9/41  —12/41 12/41
12/41  —16/41 16/41 —12/41 16/41 —16/41
—12/41 16741  —16/41 12/41 —16/41 16/41 |,
III. element's global node reactions
\ 0 0 0 2 3 4
1/81  8/81  —4/81 —1/81 —8/81  4/81
gl _ | B/81 G4/81 —32/81 881 —G4/81 32/81
[Pelw= | 481 —32/81 16/81 481 32/81 —16/81 AE
~1/81 —8/81  4/81  1/81  8/81  —4/81 | 9
~8/81 —64/81 32/81  8/81  64/81 —32/8l
4/81  32/81 —16/81 —4/81 —32/81 16/81 |
IV. element's global node reactions
\ 5 0 0 2 3 4
12 =1/2 000 —1/2 1/2 0.00 z
—-1/2 1/2 000 1/2 —1/2 0.00 o
[Pely = | 000 000 000 000 000 000 AE ||
—1/2 1/2 000 1/2 —1/2 000 442,
12 —1/2 000 —1/2 1/2 0.00 4
0.00 0.00 0.00 0.00 0.00 0.00 . |
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—1.4502

—1.9337

—1.9337

42300 8.5498
0.000 8.5498
0.000 0.000
* | —54.444 [E _ —8.5498
—35.380 —8.5498
—42.300],., 0.000 |,.,
0 0.000
0 0.000
AE | 0 0.000 |
Var | 1] * |42.300 =
0 0.000
N 0.000 |,.,
0 0.000 0.4031
0 . 0.000 3.2251
2 0.000 IAE —1.6126
0.000 —0.4031
3 —54.444 —3.2251
4] |-35380)., 16126
—42.300 —8.5498
0.000 8.5498
0000 | . _ 0.000
0.000 8.5498
—54.444 —8.5498
—35.380],., 0.000 |,.,

1.9337

1.4502

1.9337

6%1

6%1
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V. element's global node reactions

0 0 0 2 3 4
1/81  —8/81  4/81 —1/81 8/81  —4/81
~8/81 64/81 —32/81 8/81 —64/81 32/81
[Pglv = 4/81 —32/81 16/81 —4/81 32/81 —16/81
~1/81  8/86  —4/81 1/81 —8/86  4/8l
8/81 —64/81 32/81 —8/81 —64/81 —32/81
—4/81  32/81 —16/81 4/81 —32/8 16/81
VI. element's global node reactions
Lo 0 0 5 0 0
9/41  12/41  —12/41 —9/41 —12/41 —12/41
12/41 16741  —16/41 —12/41 16/41 —16/41
[Pelvi= | 12/41 —16/41 16741 12741 16741 16/41
—9/41  —12/41 —12/41  9/41  12/41 —12/41
—12/41  16/41  —16/41 12/41  16/41 —16/41
12/41 16741 —16/41 —12/41 —16/41 16/41
VII. element's global node reactions
2 3 4 0 o 0
0.00 0.00 0.00 0.00 0.00 0.00
0.00 4/5 2/5 0.00 —4/5 —2/5
[Pelyu= 000 2/5 15 000 -2/5 —15| AE
0.00 0.00 0.00 0.00 0.00 0.00 | 445
0.00 —4/5 —2/5 0.00 4/5 2/5
0.00 —2/5 —1/5 0.00 2/5 1/5 |o.q

All system free rigid body effects

Y
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0.000
—54.444
—35.380

0.000

0.000

0.000

0.000
0.000
0.000
0.000
—54.444
—35.380

0.000
0.000
0.000
—42.300
0.000

0.000

61

|AE

6%1

[AE

6%1

0.000
—6.4502
—3.2251

0.000

6.4502
3.2251
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—0.4031
3.2251
—1.6126
0.4031
—3.2251
1.6126

6%1

1.4502
1.9337
—1.9337
—1.4502
—1.9337
1.9337

6x1

6x1
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Node equilibrium method

IV node point

1.9337

1.4502 +8.5498 =-— 10.00 (out force)

t 6.6161 (support)
8.5498

I node point

5.1588 (support)

/.5433 (support)

0.4031 —» 1.4502

(1.6126+1.0397) u
1.9337+3.2251

V node point

3.2251 (support)
1.6126 (support)

0.4031 —» G | 4502 (support)
1.6126 l
3.2251
Support effects

I node point
(1.9337+3.2251)

l l (1.6126 +1.9307)
0.4031 ‘%

4502
1.0471
7
1.9307
5.1588
II nolde point
(1.9337+3.2251)
M/(1.6126+1.9307)
1.4502 0.4031
p 1.0471
1.9307 I

5.1588
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VI node point

1.9337

1.4502+8.5498 * 10.00(out force)
6.6161 (support)

8.5498

II node point

5.1588 (support)
/3.5433 (support)

1.4502 0.4031

—
P
(1.6126+1.0397) = l

1.9337 +3.2251

VII node point

6.4502 +10.00 (out force)
3.5433 (support)
0.4031 é 0.4031
8.5498 =, 8.5498

(1.6126+1.6126) /
2%(3.2251+8.5489)

IV node point

8.5498 | ,1.4502
(out force)10.00 Kn « 8.5498
v 1.4502
7.0996

VI node point
8.5498 1.4502

T

8.5498

10.00 Kn
1.4502 >

(out force)
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All element's local edge node reactions

I. element's local axis edge node effects

[Pl =

12 1/42 0.00 0.00 0.00 0.00 8.5498 12.0912
—1/4/2 1/42 0.00 0.00 0.00 0.00 8.5498 0.000
_| 000 000 1/y2 000 000 000/ . | 0.000 _ | 0.000
0.00 0.00 0.00 1/y2 1/42 0.00 —8.5498 —12.0912
0.00 0.00 0.00 —1/v2 1/y2 0.00 —8.5498 0.000
0.00 0.00 0.00 0.00 0.00 0.00},, 0.000 ., 0.000
II. element's local axis edge node effects
—3/41  4/N41 —4/y41 000  0.00  0.00 —1.4502 3.0954
—4/N41 =3/V41 0.00 0.00 0.00 0.00 1.9337 0.000
4/\ 41 0.00 —3/V41 0.00 0.00 0.00 —1.9337 _ 0.000
0.00 0.00 0.00 —3/\41 4/N41 —4/N41 14502  |-3.0954
000 000 000 —4/Y41 —3/V41  0.00 —1.9337 0.000
000 000 000 4/N4l 000 —3/V41., 1.9337 |, 0.000 .,
II1. element's local axis edge node effects
1/9 8/9 —4/9 0.00 0.00 0.00 0.4031 3.6283
—8/9 1/9 0.00 0.00 0.00 0.00 3.2251 0.000
4/9 0.00 1/9 0.00 0.00 0.00 , |—16126]  _ | 0.000
0.00 0.00 0.00 1/9 8/9 —4/9 —0.4031 —3.6283
0.00 0.00 0.00 —8/9 1/9 0.00 —3.2251 0.000
0.00 0.00 0.00 4/9 0.00 1/9 |, 1.6126 |, 0.000 .,
IV. element's local axis edge node effects
/N2 —1/42 000 0.00 0.00 0.00 85498 12.0912
1/2 1/V2  0.00 0.00 0.00 0.00 8.5498 0.000
0.00 0.00 1/y2 0.00 0.00 0.00 . | 0.000 _ | 0.000
0.00 0.00 0.00 1/v2 —1/y2 0.00 8.5498 | -12.0912
0.00 0.00 0.00 1/V/2 1/J2 0.00 —8.5498 0.000
0.00 0.00 0.00 0.00 0.00 1/2]|,, 0.000 g, 0.000 .
V. element's local axis edge node effects
—1/9 8/9 —4/9 0.00 0.00 0.00 —0.4031 3.6283
—-8/9 —1/9 0.00 0.00 0.00 0.00 3.2251 0.000
4/9 0.00 —1/9 0.00 0.00 0.00 . |—161260 | 0.000
0.00 0.00 000 —1/9 8/9 —4/9 0.4031 —3.6283
0.00 0.00 0.00 -8/9 —1/9 0.00 —3.2251 0.000
0.00 0.00 0.00 4/9 0.00 —1/9|., 1.6126 ., 0.000 |.,
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VL. element's local axis edge node effects

3/Va41 4/l —4/41 000 000  0.00 1.4502 3.0954
—4/\41 3/J41  0.00 0.00  0.00  0.00 1.9337 0.000
(P, = 4/J41  0.00 3/41 000  0.00  0.00 L, |—1.9337 _ | 0.000
0.00  0.00 0.00 3/V4l 4/V41 —4/\41 —1.4502 —3.0954
0.00 0.00 000 —4/V41 3/V41  0.00 —1.9337 0.000
000 000 000 4/J4l 000 3/V41 |, 1.9337 |61 0.000 |4,

VII. element's local axis edge node effects

0.00 —2/v5 —1/3/5 0.0 0.00 0.00 0.000 72116
/N2 142 000 000 000 0.00 —6.450 0.000
_ 1/V5  0.00 0.00 0.00 0.00 0.00 —-3.2251 _ ] 0.000
[PL]VII - * - _
0.00  0.00 0.00 0.00 —2//5 0.00 0.000 7.2116
0.00 0.00 0.00 2/v/5 0.00 0.00 6.4502 0.000
0.00 0.00 0.00 1/v5 0.00 0.00],, 3.2251 [ 0.000 Js.,
Element No  Local Element Force Type
I 12.0912 Pressure (-)
II 3.0954 Pressure (-)
I 3.6283 Pressure (-)
v 12.0912 Pressure (-)
VvV 3.6283 Pressure (-)
VI 3.0954 Pressure (-)

VII 7.21156 Pressure (-)



