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Slide 324
Truss Example: Axial force and element local forces

Support forces:
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Truss Example: Reaction Forces
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@ First, we compute reaction forces by adding up forces from individual elements
that contribute to reaction forces:

R} = f{* + f{? = 0+ 0.5715 = 0.5715

RI=f3+ fi* =0+ —0.5714

= —0.5714

R = f5' + f5° = 0.4285 + 0.5714 = 0.9999

Not needed but for checking our solution:
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Truss Example: verification of forces at free dofs

= —0.5714
f3* = 05714
—=
'_{1-'_ 0.4286
-
fi* = -0.57156

- i =0.5715

@ Also, if we want to double-check our calculations on free dofs. This step is not
needed and it may be done as a verification for hand calculations:

F{ = f52 4+ f§* = —0.5715 4+ 0.5714 = —0.0001 (398a)

F} =4 f{® = —0.4286 + —0.5714 = -1 =F (398b)

R3 = f5' + f52 = —0.4285 + 0.4286 = 0.0001 (398c)
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Truss Example: Direct solution method
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@ Since this is a statically determinate structure, we can easily solve the forces and verify our FEM forces.

YF=0 = RI-F=0 = Ri=1 (399a)
2 2 4
IMny =0 = 28R]-16F=0 = Ri=_=05714 (399b)
2 3 3 4
ZF1=0 = Ri+R}{=0 = Ri=--=-05714 (399¢)
2, 4. . . 5
YFy =0(@n2) = Ry + E’I 2=0 =T2= — = —-0.7143 (399d)
o 3 - e 3
IF2 =0(@n3) = T°1+-T2=0 = T*1=_=04286 (399)
EF; =0(@ny) = drea_ Loeazo = rea=3v3=0s081 (399f)
3 n _— 2 - — = 3=— =:0.
' ) 5 V2 7
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Please read these slides:
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Assembly of free + prescribed dofs vs. free only

Assembly of free + prescribed Assembly of free only
Us=0
Uy =05

’ ’Ilg l'.i:“

@ All we covered so far was the assembly of free dof only.

@ We can assemble all dofs (free + prescribed) as shown in figure on
the left.

o The numbering of dof when assembling free + prescribed dof is
exactly like before with the difference that
we first number free dof followed by prescribed dof as shown in

the figure. For each group (f & p) we start from node ny to n,, .
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Truss example: Assembly of global system (f + p)
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Truss example: Solution of global system (f + p)

@ The global system is,

KU =F where

- 05410 0.019  -024 | -0.32 -0.221  0.221
0.019 0401  —0.18 | —-0.24 0.221 —0.221
K= |-—024 -018 05371 | 024 0 —-0.3571 | [ Ksr | Kyp }
| -032 -0.24 0.24 0.32 0 0 T | Kps | Kpp
-0.221  0.221 0 0 0.221  —0.221
[ 0221 —0.221 —0.3571 0 -0221 0.5781
rFy 0
F| [—-1
R 0 F
F=1r Hi "[ Fp ]
Fg| |R
Fo) LR

@ The unknown quantities F;, and U are highlighted.
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Truss example: Solution of global system (f + p)

@ To solve the system in previous slid, KU = F, we observe,

F[ =K/f”,‘ +Kfl)Ul7 (4003)
Fp= KPfo +KppUp (400b)

@ Sizes of these matrices and vectors are:

Fj:ingx1 F,inpx1 @\(‘NM

Kyr:ng Xng Kyp:ng Xnp K,s:np X ng Kpp : np X np
Uj:ng x1 Up:npx1 ‘Q‘/ﬁg\
ng = #free dof np = # prescibed dof

@ In this particular problem ny = 3 and np, = 3 but clearly they can be distinct

@ To solve the unknowns IT‘ and F, in (400) we first solve for U; in (400a).
Subsequent 7 :

=Ky~ (F(=K,Uy) step A

F, =K, Us+Kp,U, step B (401b)
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Beam problem: FEM formulation o) &S

- Higher order differential equation.
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We'll do this for N1, N3, N4

FEM formulation of beam elements: Shape functions
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