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3c. Bar elements for 2D frameworks

Consider a bar element with orientation 4. In 2D the horizontal and

vertical displacements are u and v.
U2

DOF
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Only displacements parallel to bar axis cause extension/compression

Uq cosf + vy sin b U, cos 8 + v, sin 6
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3c. Bar elements for 2D frameworks

Elemental strain energy
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3c. Bar elements for 2D frameworks

. 1EA ,
u =§T(u2—u1)
1EA . .02
€ =ET(u2c039+v251n9—ulcose—vlsln9)

1
Ue =E£. [ke]. d®

We wish to consider the four nodal DOF separately.
It is easy to show that U€ is the same with
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3c. Framework Example

Using two linear bar elements, find the unknown nodal displacements
and forces, assuming E and A same for both bars
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3c. Framework Example

Displacements Forces

v1=0 %)

|

Unknown DOF in red.
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3c. Framework Example

Element (1)
Uq Ry
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3c. Framework Example

Element (2)

d?) =

Element 2 (6 = 45°)

cos2 45° = cos 45° sin 45° = sin? 45°
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3c. Framework Example

Assemble global matrices
ul V1 Uy Dy
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3c. Framework Example

Assemble global matrices
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3c. Framework Example

Solution
ke 0 ki 0 0 0 770 7R
0 0o O 0 0 0 0 |1|S;
Kld=f| = —k; 0 kitky ky —ky —kallu,||O
— O O k2 k2 —k2 —kz ’UZ B —P
O O _kz _kz kz kz 0 R3
_O O _kz _kz kz kz | —0 _53

Partition out 3" and 4t equations where forces are known.
e el =5
kz k2 U3 —P
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3c. Framework Example

Solution
HE 1 A |
Val (kg + kp)ky — ky? L=k2 ko + ko] 1P
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3c. Framework Example

Solution

Substitute known displacements into remaining equations to find
unknown forces.

Node 1

1 0” ]zllsill [ ] [ 8]'P 1k1 1 zplall

~ky —kz“ [ ] =>[ ] [ —kzl'P _(kilJrkiz)_:P[l
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3c. Framework Example

Displacements

Forces
P
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3c. COMSOL Practical #1

(1) Solve this example and check solution is the same
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Line: Local axial force (N)
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(1) Explore the effects of changing the angle from 45° using a

L parametric analysis.
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3c. COMSOL Practical #1 (continued)

(3) Solve the examples in Exercise Sheet #3 and check results using
COMSOL.
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3c. COMSOL Practical #2

Design of a truss bridge

L

[T
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Next section...
(4) Beam ‘Elements




