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Assignment 1

Consider the truss problem defined in the Figure 1.1. All geometric and material
properties: L, a,E and A as well as the applied forces P and H, are to be kept as
variables. This truss has 8 degrees of freedom, with six of them removable by
the fixed-displacement conditions at nodes 2,3 and4 . This structure is
statically indeterminate as long as a # 0.
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Figure 1.1 Truss structure, Geometry and mechanical features
(a) Show that the master stiffness equations are
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In which ¢ = cos (a)and s = sin (a). Explain from physics why the 5" row
and column contain only zeros.

[Answer]

The elemental stiffness matrix in global form are
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Where s and ¢ represent the sin and cos of the angle S of rotation of the local
axis over the global axis.
From the problem statement and the choice of the local axis explained as B; =
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The assembly of the global matrix is the following:
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Then, we obtain the equation (1).

The 5" row and column contains only zeros because the interforce of member (2)
only have fore in y direction while there is no force in x direction. So, fx; = 0. To
assure it, all the 5" row and column must contain only zeros.

(b) Apply the BC’s and show the 2-equation modified stiffness system
[Answer]
Nodes 2, 3 and 4 are restrained with a fixed displacement of 0. The only non-
restrained degrees of freedom are u,, and u,,. Itis translated in the master
equations eliminating all equations but first and second one. Meanwhile,
eliminating all the unknowns expect u,; and u,,.As the prescribed displacements
are 0, there is no contribution on the force vector due to the displacement
boundary conditions.
The resulting system is:
EA [chz 0 ] [uxl] - H |
L 14 2c3 Uyl 1P

(c) Solve for the displacement u,; and u,,. Check that the solution makes
physical sense for the limit cases a —» 0 and a —» /2. Why dose u,; ‘blow
up’if H#0 and a - 0?

[Answer]
The result system is diagonal, so the solution is straight:
L H
Yl = A ocs?
L -P

YW1 T FAT+ 263
In the limit case when a — 0,
—P L

¢ > lands - 0,then uy; > o and uy, _)?ﬁ



In this case, the force H generate a moment around the coordinate origin node
(node 3). The reactions to that moment are provided by member 1 and 3. While
a — 0, the nodes2,3 and 4 are close to each other. This is reducing the lever arm.
For this reason, the axial force f( and f®) become bigger to provide the same
reaction moment which cause a larger deformation. So, while a - 0, u,; - .

In the limit case when a — n/2,
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In this case, the solution also tends to infinity for the same reason. The member 1
and 3 cannot compensate the moment produced by H. This is due to the fact that
while the length of the element tends to infinity, its stiffness is reduced to 0.

¢ > 0ands - 1,thenuy, — o« and uy, -

(d) Recover the axial forces in the three members. Partial answer: F®) = Ay
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P——.Why do F®) and F® ‘blow up’if H# 0 and a - 0?
[Answer]
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Element 3:
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While H#0 and a » 0, c > 1ands - 0. Then F - w0 and F® - —. The
reason is the same as the one in the question(c).

Assignment 2

Dr. who propose “improving” the result for the example truss of the 15t lesson
by putting one extra node 4 at the midpoint of member (3) 1-3, so that it is
subdivided in two different members:(3) 1-4 and (4) 3-4. His “reasoning” is that
more is better. Try Dr. who’s suggestion by hand computations and verify that
the solution “blows up” because the modified master stiffness is singular.
Explain physically.

[Answer]

The elemental matrix of elements (1) and (2) used in this problem are the same than
in the example. The matrix (3) and (4) are just the double of (3) in the example as the
elements are equal but half length. So, the global stiffness matrix is:

(K + KPy K + KD K Kiy 0 0 K Ky
K3, + K3 K3 K34 0 0 K3 K34
K33 + K K3y + Kb Kf K, 0 0
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33 11 34 12 23 14
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L Symm K3 + K45
Consider the BC, uy; =uy; =uy; =0
We obtain
Kz}a + K121 K123 K124 0 0 [10 0 0 0 0 1
K323 + K141 K324 + K142 K243 K144 | 0 5 5 -5 -5
K= K2 + K5, Ky Ky =0 5 10 -5 -5
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Obviously, the matrix is singular. That is mean the problem is not well posed.
Because the system is under-constrained. The bar element can only be used in full
triangulated trusses as they are not able to resist shear forces nor bending moments.



The physical reason for the matrix is singular is that the structure is unstable. The
following figure is the example that this structure is unstable.




UNIVERSITAT POLITECNICA
DE CATALUNYA D E.T.S. dEnginyeria de Telecomunicacio

de Barcelona

\ 2 Il
(6 MCVO ; D E.T.S. dEnginyers de Camins, Canals
Titutacio i Ports de Barcelona
AESighTY D Facultat d’'Informatica de Barcelona
Cognoms Nom Pagina de
DNI $=| (=0
. —a ~ - h A ] N B
LI [ 1@ 3 l(y'.: [ &4 )I/ i ‘? <010
R T L 3 NN AREGEES 5
‘\\ Y L O 1)
0 1 1® [
£ s €3 i / . 7
BB ANY TR T e
< <triryrl1] J Y ol |}
a f.Z iy § = ¥ | L l
2 // (S| -4a | §=b c3d , ’ AN
’ i \ 7 N ) QAN T = |- e — ks B
::{ yal / S 7Y T D 7 S 7 _k__,. e ; .'1 z’, !
) 3 Al e [T T 1L [4s[]l] ool I A s |
L- - ‘.'L -_—— !
5 AR ¢ |
| L PR | - == m s - el |
=0 Az pCm P | g lale 7l ) .| 7]
1 i ] v . | /[ - 3 2 = 7
2 dssla ! o] ] Ml 4 /& Rl FARE ,
y L Ui | = 80 < A/ ) (f\ﬁ i 14'. J / I 3 .J—.). __iI
= > = |
g . B 1B 5; - 4=A N 7 __L |
T G TP e s P
T S e [ e T ]
7 \
4 Mo |’ - *\ o L= - T T T T = =M .
T BB e YR
el L B A =4 VA | S o S [ | (O [ i
5 A= ETANEER AN IEENEAENERE TS
e l“lJ / 5 ) F v U g
B T o ‘1*(_ = 3 U = OO0 —T T T I
. bl T T ANRARARE; -
- . U G 5 L
D bl 1T = | 0 . T T T 11T M,
B I I Y B N Y I i | W) Y| 4
it L e jHEEEEEEEE LA e
IS EE——— I | i 7‘2 I (| =\ 3
, ERNEN TT VYT OO TP Jd [Old 4
\ R NEd
= i - ’ U Q| O o | o] T oW A
5 S G 99PNy
. - ) e alll
4/ ) ) C ) ) n? e} 3y 4l A
o . + T Vo ¢ v
T, 94
BN il 1l RN
\\ﬁ df
iy
144




|
L

3 T ‘|: ll T

|4l | el ~ ~A ~ ~ N T <
HEREEERE T A= o O - S\
EXEE =] | S = = =
, 4 W , ,, ‘ h | ol g
| ] i T ; ]

[ T T =3 v

PN EIESE D 2 < i Jul
. - | =11 , : 1 L
: , ‘,.L ,\.../ - ﬁ\/,_ - |~ ,. 71J. - 1 4( ’ L
¢ | = o = e 1 T A A L
-1 _, _, 4 T
.| | [ | 5 2 4L
i RN % S >
, , _ :
| L | |
] _ [ ] - -l — ™ —
-] ﬁ [ D 3 e =4 , =
e _ e 1 ,, 4 | |
- W et | 1 B ,
9 | PEYEN i EEEEEEG |
| M Bl | ) | D i f, i
ESSN ] i [ | p=HiA S f
RYEES , |’ IS =\ : !
EERRG i i
| S |
| | , 4 ' , 2 i y P ] K}
| Sk B S S~ T |~ 111 \ |
W ] W i 1 A ] _
| ,, [~ 4 [ | , [ ./W [
ks Dl | 3 | <D D) Dl | VI udll ]
1 4 i .\_, = g | L ﬁ ,
7 =1 .
| | | , — . L i . nlJ 4 —~
[l | | (g (U [ [ ~
| | irw | . | ! | | | | ,
N PR ] St |
|| L1 ) | || = : e N I
N EUER 3] ﬁ ~T ~~J , i ? _
| A & XY = _ _ L NE | ,_
[ | ‘ , 4
| Pk [ N B Srilenrh: -~
| ® ¥ A aRa e = >v 1 <L~ =~
I i L5 \ | \ L~ S
A — , _ , f
|

-2




B 0 e

.....

5 T O 8 R S e o o o W s Y
, R | N 15 >3 I e I 5 N S B A 55 ,
I”II/\%\[W ﬂt,“, | 4‘ | 7 , | ‘P“ IYT‘]I.]. ‘\,il, O x,.r.. \”\‘\,[P I's v,l Hlll wg‘\‘WL‘\T.‘W,‘\I oy masuni \!,l’[ 1] | ,

|

B 486 M T AN TN
T

=l ERRN

,,,,,,

mL=== - = i :

4e | L 1 1 L 1




1 T

| 1 1

; ; : " g ._l,'A " » " 7 ! | ; . o = = .,,.y ._,x:,\ .R,x._,j.bﬁ ‘h«v? v.,r!_w.,-w ™
L bl ] 2 Sl = .m»m~: e HEEREREERVE EEE-TEESEETS
% , K v ! | > b 4§ , | | | ﬁ H,a.U ,.ly_ Wlliv, | = i‘.M_l |
i MENE (o = ) > - | & 1] A ] M HESRFIBASEEE S g1 |
| [ ] = jrd o M = | _ , ] BN 41 1 1 Tl T |
- —= ; £ 1o > 1 | (L] ] || [ | [ ] , ﬁ , st | A =4 \ww 7 [
] 2 q b ey - S (T [ (X T O [ | | | , ﬁ nEEREEh L (43
7 2 E o - - HEEEN | 44 ﬁ || YERERELTIE R
) i L "TT T 11T 1T 1] v | PEEEEEEEI'EREENEE
- B ~O — ) - 2. | 7 | | ] s | L | \M | { 4
o (e \ S fivs T T T 1T 111 T T T 1T 1] EENEEYTREERE LR T |
~ ¥ N oy T = i
= = r , f | | | | L 1] Il T |~ | | ENR
TN 1 i = i | | W , [ , [ | EERE [ ] T —n
A ‘ ! L ¢ N @ | | | ] W _ HE=EEENEE ~ |
< T E R T EEREE EEBEERESREE R IEE
e y =2 ~ — mwn MU ﬂ | ] | | [ | in-- HEEREER T | |
Y [ > —+ REESEEEER 1] ENREPEE- RO EENEE N
~ ¥ [ | ] | -4 [ ] Ll L fed I =] ENESE=200
¥ T2 e -~ | | | | | || | | RN BEIEEEAREINY
I I = tn w InEES Gl 1T T[] " | | ] f % | | BT T T 1T T 1T 1T 1=l T[]
B =N T N . 5 NEED | ] | ] | | ] , N | EElE=REINE
™~ ~ > i | || el | | | h N T 7 " ] | ]
ME ! = | ] U EEEER ﬂ EREEENEEE R
~ o e f R ” P A 41 k [
Sk I N iy w4 T HEENEN _ W EIHERAER , W ;
n MJ p e ,.q .’u.! (SN \.UUU J | m " , “ W | , W [0 §_,/ , W f IJH, | HHJJ i v, mnuv |
» - & 3 = | [ | | | | , ,, Y 1 | O | i | , |
T T T g | EEEEE | EEN s |
! ﬁ | | | P P | ] | ] IHEE) = TR a4 AT
— 9 i > L i | | |- il \\ Ll | HENEEN 1T +rEEENNIER
b 1o [t SRR NS anEMEEEREE HEEAEEN SRR S-SR
TS . L -~ ¥iF] R b L L] A [ 4] N | #] R:IBRLCEEEEE [ ] ~ |
3 LANCINEN - (™) v HEEZEE=NNIETECEEIECEE EINRSURrEENNE
B R T T ( HEREE SRS IE-E- =N YEREERR NFEEENER
F I _ i o] R | [ [ R ’ |
N , | \— e 1| | | v | T4 ] L3 ]
< <t | . mEEn | ] || , L = S
_ 41 ||| ENEEEER - 4] 4] -
"t " - ot W s m , HEER | ] ;, 7 BEEERE
| » \ HE _ AREENERERPREEEREENNRE
~3] | —— v \ — _ BERR ] % | 1]
L _ .. || .= — g ~ N\ 7 ~ "= o , [ | .l W , [ , W
13 e e [ ol 3 AENNNEENE 1]
b | v i e [ B =2 { \ ENEERE ] Nl
S , b3 , f T[] ] BN
B ) —— o | , | | PR N NG W OO s
L HENEEEREEEENEESEN
| | HEN | | 7 | =N
| | | | m | | W W [l
H | W | | | |
_ ‘ “ | | 7 | T o ﬁ




{

3 h
A
& -
=2 e
\ e o
: e
N ~N\
\ o En ? |-
e 2
: [o—
) i
M
i i ~
oo
w5 >
- » > J
wun e N -\1"
1 [ e
AL & -~
o " ™~
f !
b -
—
Vb ;
\ g £
/4 .
AT " bovd 2
v -
LT T "
&
¥ B
s - o £
L o : =
ol = o2 5
0 &= . :
| NS : :
7 -&aw
/ i
-
e
l\.Q
~ {
Y
*
W }
A ‘

K AC

L
A






