53/58:153 Lecture 24 Fundamental of Vibration

Lecture 24: Finite element method: Beams and Frames

Reading materials: Section 9.3

1. Beam element
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« Nodal variables
Nodal loads: vertical loads and moments
Nodal degree of freedom: vertical displacements and rotations
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o Kinetic energy

Kinetic energy due to the distributed mass
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Kinetic energy due to the concentrated masses at nodes
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<& work done by external loads

work done by the distributed load
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work done by the concentrated loads and moments
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< Equations of motion
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md(t) + kd(t) = r(t)

<« Example
g
é o o
— L ———f— 1 —
Vi V2 V3 Vy
6 r’[ 6 rl b & r{
< 1 N v 'u N
1 3 5 7
2] ' o] s8]
N N e N



53/58:153 Lecture 24 Fundamental of Vibration

Element 1
1 [1.1] [1.2] [1.3] [1.4]
_ 2 ) [2.1] [2.2] [2.3] [2.4]
Element vectors contribute to and matrices to
3 [3.11 [3.2] [3.3]1 [3.4]
4 [4.1] [4.2] [4.3] [4.4]
i
“'1
él w1
0.00156 0.022 000054 —0013 0 0 O 03 ) 120 G000 —-120 G000 0 0O 0 0 81 0
0.022 04 0013 -03 0000} w2 6000 400000 —-6000 200000 O O O O ) 0
0.00054  0.013 000156 —-0022 0 0 O 0 . =120 —-6000 120 —-6000 0 O O O w2 0
-0.013 -03 -0.022 04 00 a0 6‘2 . G000 200000 —-6000 400000 O O O O '52 _ 0
0 0 0 0 0o0o0o0fL 0 0 0 0000 O0f%| |o
0 0 0 0 00 a0 0 0 0 00000 _53 0
0 0 0 0 00 a0 " 0 0 0 00000 0
33 wy
0 0 0 0 00 a0 \ 0 0 0 00000 0
6y
“4
g4
Element 2
3 [3.3] [3.4] [3.5] [3.6]
) 4 ) [4.3] [4.4] [4.5] [4.6]
Element vectors contribute to and matrices to | o _
3 [5.3] [5.4] [5.5] [5.6]
6 [6.3] [6.4] [6.5] [6.6]
Wy
51 Wy
000156 0022 000034 -0.013 0 0 00y 120 6000 -120 6000 0 000y, 0
0022 04 0013 03 0 0 o0o0|™ §000 400000 —-6000 200000 0 000 wl 0
0.00054 0013 000312 0 0.00054 —0.013 0 0| - ~120 -6000 240 0 -120 000 0 of 2| |o
0012 03 0 08 0013 -03 oo % 6000 200000 0 800000 -6000 200000 0 0 f %2 | |o
0 0 000054 0013 000156 —0.022 0 0 | o B 0 120 6000 120 -6000 O O W3 |T|o
0 0 -0013 -03 -002 04 00 0 0 6000 200000 6000 400000 0 O || g 0
0 0 0 0 0 o 0o 0 0 0 0 0 voof 0
0 0 0 0 0 0 00 0 0 0 0 0 oooll ™| lo
Wy %
.54
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[5.5] [5.6] [5.7] [5.8]
[6.5] [6.6] [6.7] [6.8]
[7.5] [7.6] [7.7] [7.%8]
[8,5] [8.6] [8.7] [8.¢&]
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Element 3
5
) 6 )
Element vectors contribute to . and matrices to
8
0.00156 0022 0.00054 -0.013 0 0 0
0.022 04 0.013 -03 0 0 0
0.00054 0013 0.00312 0 0.00054 -0.013 v}
—-0.013 -03 0 08 0.013 -03 0
0 0 0.00054 0013 000234 -0.0165 0.00027
0 0 —-0.013 -03 —-0.0165 045 0.00325
0 0 0 0 0.00027 0.00325 0.00078
0 0 0 0 —-0.00325 -0.0375 —0.0055
120 6000 —120 G000 0 0
6000 400000 —6000 200000 0 0
120 —6000 240 0 —120 6000
6000 200000 0 800000 —6000 200000
* 0 0 120  —6000 1080. 18000.
0 0 6000 200000  18000. 12% l[TIllj
0 0 0 0 —-960. =24000.
0 0 0 0 24000, 400000.
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Boundary conditions

Node dof Value
1 Wy 0
64 0
2 W1 0
W3 0

Remove {1. 2. 3. 3} rows and columns.
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2. Plane Frame element

Local element coordinates
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Global coordinates
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