3 —Direct method

3-’) Q> Dertve Lhe stiffness mateix for oo spring with st ffness K.
Spring eq. [F-kd |

k
p=-F=-K{Uu,-U,) L.O_/\/\/\/\/\ P, _
u,

Dy=F=K(Uy-UU,) R
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b)De_rTve Lhe global stifness mateix K {or 1he Bbaing =system:

We olready have the eloment " —/\/M
stiflaess moteix (o one spring) Z_J\W\/\ e
ks-o ] ANRAA
; i F, F,
To get K, we need Lo describe  u_ u, u, u,
how the springs aktoch 1o each other by vstng Edof.
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Edof = é i TAR we Tnsert  Cwe K, according to Edof.
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—KI +Kg. :K,', - Ko \ O
= K = -K, K,%J«Kq Ky J -Ks
_ KL - Ky Kz*Kq*' Ks - KS
L O | -Ks -Ks Ks+Ks

C) Give the Phys?c&l Tokerpretalion of det (K)=O

det(’k)”Oé) k is not Trwerkible & There s no un;qpe soluktons to }KX:Q _
<KQ\/1 Apparently this weans thet "rigid body mokTon'
d) Colevlate U, , hy, F, and Fu. s nok prevented, all extensions are reloktive to
eoach other, No boundry conditions)
U=1, Uy=0,F,= 0, F3=20 , ki=kozks=k y=ks=8

2z -l -1 ol F 2-U,-Us =F —
- 3| Sl j’ Wal| _ So s )~ 1#30-us =0 5| U= Or8lwn Ug= 14 Hmm
-1 -1 3 -l{|kg — -Up#d0s =20 Fa2 N, F‘1 8N

0 -\ =1 2{| 0 Fy -Up-Us = Fy



3.2) ®)Derlve Lhe element stiffness makeix.

Same method as W 3\ o) F, > k F, >
— NN
k7=L k‘] s k-.og-fnt u u;_
b) Derive the globol load-displacement Gor the assembly below.
F, F, F,
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Edof= ):‘ n 3 q] = - —

Ktk +Ky
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) Decive blabobla. for F=0 .. ete.
No.
d)Find an a=0 such that N Ko=0
(leitkarky) o = (kitkg) 0u-kys= 0
~(ktkg)a (kb a#ks) o - kg0 = 0 , olovioss solvtion:au= ¢ [I | 1", ¢ s o constant.
—kyon - kaQgtlkstke)Og =0

55) Assembly 6f electrical resistonces.

Ohms LQUJ Node 4
I —\
B B
I.e =E -1 / \l; 3) i
> I-% Node2 |, 73
\” 2 - =3 Node 3 I Te
Estoblish an equotion system Ko={
T
g 3 3 4.4y T Ndll
Edof-|! | 2 2 % S fA - L,V;
| 2 2 4 § I, =
X

=== y=5=0C S'Nes the Qo“ow?ns moteix:

Solve the equation system .

-1 0 Remember  [near o\l\ojebro:?_

- Qood, here s the answer:




BLD SE1ffres matrix for o bor
,777777777777”/
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( ’ Ke— A7E sin ¢ cos ¢ sin? ¢ — sin ¢ cos ¢ —sin? ¢
L —cos?p  —singcosd cos? ¢ sin ¢ cos ¢
—singcos¢p  —sin?¢ sin ¢ cos ¢ sin? ¢

cos? ¢ sin ¢ cos ¢ —cos’¢p  —singpcos ]

Use +£his resulk Lo establish the alebal stffness motrix for the
Ts the

_AE

svstem  below. Assume

same for oll +three elements.
Let us begin by determining Lhe element
748 ress Mmatrices for A,B omd C.

n
yAY

) gL %
Bor A ((D=O o cosd=1 , Sin (D—O) %@ pay @l_‘ .

[ us
%
cos? o) sinOcos© — cos?D —sinOcosO l O - ( O
KO | 2000 e i anteme = K[O 0 00
?J —sinOcosO  —sin’® sino cosO sin% -1 0 i
o 0 O
We do Lthe soawme thing to get k® ond K¢
~ K ¢ K ' K chn \&“chi
1 0|-1 0 1—1\—11 1 1(-1 -1
A 0 0 0 0 [g_k —1 1 1 -1 C_k 1 1/ -1 -1
k_k—10 10’H<_5—1 1{1—1’H<_§—1—1)11
0 0 0 0 1 -1 |—1 1 -1 -1 1 1
¢ <
T ANk VKL N TKa Ak

Now we wont to combine these three makrices, we do this by dividing
Lhem Snto 2x2-sTzed submoatrices (as indicoted obove) We con +then construct
0. Edof wmatrix which telle us how to oarranoe our stbmatrices. We coll the

nodes 1, 2, % and 4.
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which bor
Al 3
C>H4
N chowm O B
T 20 0 0 -2 0 0 0]
00 0 0 0 0 0 0
A A
Ka BO ',ém | O 00 1 -1 -1 1 0 0
= k-l 0 K -Ki O |lk| 00 -1 1 1 -1 0 o0
& ALwd e | _KS V72120 -1 1 4 0 -1 -1
_K';I \"K-zr KL'L+ m_+l<u KIZ 2 00 1 -1 0 9 1 —1
o o | k¢ ‘K; 00 0 0 -1 -1 1 1
! . 00 0 0 -1 -1 1 1|




