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Types of simple Plane truss

@ Trusses are 2D or 3D ensemble of bars.

@ The main load transfer mechanism of these bars is axial force as the hinge connection at
nodes prevent generation and transfer of moments.

@ Although in bar elements we could have body force, in trusses we do not apply any type
of load between the nodes (except the weight of bars themselves which may be neglected
in many applications).

@ Generally, top and bottom bars carry the moments and middle diagonal and vertical bars
carry shear forces if we think of truss as a big bar.
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New concept for trusses: Coordinate transformation (rotation) between
element and global coordinate systems
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Goal: Obtain the element stiffness matrix in the global coordinate system
Basically truss elements are bars that are arbitrary aligned in 2D/ 3D

N oA SR \J?j
T \(L /ﬂ \0(0& Cw(é\ns\)“\ \/Ow\\)‘i" s \

UAX - C (oo <\)V\ ) %
B A
Us (et L)

L\ g < \AU
ek V€ e el (1@ U j = { <\< T,U)U @
A 0L Wy \‘(w\SfM Prom (D Acu
N
F = ";{% g foann & Ot ot : f{:j@g <(F1€k | \)5

—T_\/U =7 T /%\ “\\ms S\ pe €
(‘)} »—ﬁ /%’L M~ G]O\bae

Q UQ X Coo rdinahQ %YQ’W\’\
0,) o 1< Us . Ges(6)
2| @ \\/ ot d :g\“ge\
L}_
//(TU_UM N
(—r@

400 5 f

Cr oA

MES517 Page 2



?\ (¢ Q) jf—\
Q% - > f;(
1o fl
= [o B
\K\Jél_xfl +
O T - ()
Pug  Tob (4 D)X Tre 0@ we N e g
ki | —p
LO C:é cS
K e N
L / \o 20 <3 $
_[K "
0 7/@ i
Compoe Mo oh < 7 ?g@’g
N
T e hE g / ©3,
- %
Vm 032 o\se \\\U/ Ao o 1)V \/Q\\T‘L <«£ ?i ( O\U‘&Q \fvfdv) <> QL
5 U‘ \)ar;\_é;
Q(\ C(J U’L zcv\ @ (/g
QL\ - <l<>m ()U s a\or W
X U
U“X o
€7 v

0. ¢ . &Z}(q Us-U) (U h)




There are cases that the angles at the two ends are not equal (we don't have the same "global coordinate
system" at the two ends of the truss element

Truss element /two different coordinate systems

e

@ In some instances we need to employ two different coordinate systems at the end points of
a bar or in general coordinate system(s) that are not aligned with global coordinate
system.

@ For example the support highlighted in red in the right figure, do decouple displacement
at the support and set the normal displacement to zero (Dirichlet BC) and tangential one
free (Neumann BC) we need to employ the rotated coordinate system X ], XJ.

@ We have two different angles, 6, and 62. We define,

c1 = cos(6y) sy = sin(6y)
co = cos(62) s9 = sin(6s)
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Truss element /two different coordinate systems
|
@ As before T := Ty = T'gr and in this case is given by,
_ et s 0 0
T= 0 0 e s (393)
@ Accordingly, from K = TTKT we obtain,
c% c181 —C1C2 —C182
K — -1_E c181 s% —-ngsl —5152 (394)
L —cicg  —C281 c5 289
—C189 —81892 c989 S%
@ Finally the axial tensile force in the bar, which is the second line of kT ;;; = kT is
(compare to one global coordinate in (387)):
‘ T = AE/L (—c1Uy — 81Us + caUs + saUy) (395)
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Figure 2: 3 dof truss with an angled support
Don't submit this problem in HW4

Truss example
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Element 3 calculations:
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Truss Example
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@ Table below summarizes parameters for each element:

e Le ) c s Mg
el 2.8 90° 0 1 1 3 2 3
P 2 tan—1(3) | 0.8 | 06 s T
es | 1.6/2 —45° VL, -1 < K TE W
@ Local stiffness matrices are given by (390):
C2 cs —(.‘2 —CS§
AE -k, 2 cs AE 1 cs  s2  —cs —s?
& A, - o Rl
= L [ ] ky [c s2 i K L |-c2 —es ¢ cs
—CS —82 cs 82

@ As mentioned for trusses generally f¢ = 0 (no body force), similar to bars we lump natural
BC into nodal forces, and finally ff, = k“a“.
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Truss example: Assembly of global system
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Post-processing:
Axial forces
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Truss Example: Axial force and element local forces

ey €,
ug=U;=0 U
0 LA Pk . erar

'-—bf.;} ey = Uy =05 /l-
-

€1

=10 = N
Tle=0
=1

uy =
Wi' 4
Cose |
0 0 &
ue |12 =iyl :
0.5 —0.21283 =y
0 —3.2080 08
e e 1 X1 e 1X1 e 1‘)(1 1
Te T8 =ﬁ{oX(o.5—o)T 2 =T{o.u)<(—o.2n:—0) TCs - = ’{7; X (—0.2123 — 0.5)
+#1 X (04 1.2)} = 0.4288 40.8 X (—3.2928 4+ 1.2)} = —o0.7128 —#t; X (—s.2m8 — 0)} o 0,804

e _—a

Please read these slides:
Assembly of free + prescribed dofs vs. free only

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

J3=05

U, =05

l}.(rl =0

@ 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.

@ 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 n1 to ny,.
329 /456

To slide 335

ME517 Page 9



