MEC-E8001 Finite Element Analysis; Formulae collection

GENERAL
Displacement: G =uy I +uy J +uz K =uyi +uy ] +u,k =ui +vj+wk

Rotation (small): 0 =0y 1 +& J+0,K = 0,0 +06,] +0,k =¢i +0] +yk
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Coordinate systems: {jt=|jx Jy iz |<J
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Stress-strain: <oy c=[El{&yy 1) 10y 1 =617y
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Elasticity matrices: [C]=[E], [C]. =[E]., G =
y [C]=[E], [C], =[E], 20+7)
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Strain-displacement:

Eo| [&x (@u/ &x)% + (ov ] 6x)% + (ow/ &x)?
Eyy =y 5100l 9+ 00137+ (] o)
Ey) ez (0uldz)? +(ov/02)° + (0wl z)?
Exy Vxy (6u/ x)(Au / dy) + (v 1 ox)(ov | By) + (ow/ dx)(ow / dy)
Ey, =% Vye [+ (Ul dy)@ulaz) +(ovi dy)ev/ z) + (ow! oy)(ow! &)
E Yo (ou/oz)(oul ox)+(ov/oz)(ov/ox)+(ow/ oz)(ow/ ox)

PRINCIPLE OF VIRTUAL WORK



awzzeeE W =0

voa, oW :IQ owdQ

Bar (X): swint = _ U AU s, &= suf,, oW =—dup Aa—“ swP! = LELRIVWN:
OX OX ot? X
1 du,, 1,dv 1 dw
Swiht = _SE,, A°CE,, where E _u (= el Ll i
XX XX XX — Z(dX) Z(dX) 2(dX)
SWEE = A°po(Sug, +6vg, +5Wg,)
5p}2‘_——d:‘9 kA?j—‘g spet = 695
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Torsion (X): Wit =— a§¢GI o L WSt = spm,, SwiteE = 5¢p|rrz¢
t2
2 2
Bending (xz): owit = 0 52W EIWa L SWEL = sw,
OX ox?
2 2
SW, 'ne——éw,oA8 W_85Wp o ow , SWER — _dOW N W here N = EASY.
a2 ox W ox’ dx  dx dx
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Bending (xy): swit = — %EIZZ%,é wekt = v,
X X
. 2 2
SWEE =6V Aﬂ—@ ZZ@_@, 5W§§a_—@Nd—v where N = EA3Y
o’ ox ot2 ox dx  dx dx
Thin-slab (xy):
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ddu | dx 1 - 0591 ox 091 ox

5w§§' = B A9 , Spat=— tk , opSt =595
osvioy| 1-v 1 0691 oy o91dy

Bending (xy):

.
025w/ ox? , 0%w / ax?
switt = —1 225wl oy? ;—Z[E]G 2wioy? L, swd = s,
20%5W 1 xdy 20%w [ oxoy
T.3 2 2
: oow/ o ow/ o
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oswioy[ 127 a2 |ow/ ey ot
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Solid:

osulox)t (aulex) [asuley+asviox)'  [(euléy+aviox
SWht=—lasvioy s [E]dovioyt—daovioz+oswioyt Glovloz+owldy
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APPROXIMATIONS (some) u=NTa, & =%

N [1-3&+2&2 Uy
Quadratic: N=¢Nj, =< 4£(1-¢&) ¢+, a=qUyp o (bar)
N3 §(26-1) U3



N| | L-6)7E+28) ) [ ua
N h(l-&)? u -0
Cubic: N=J-2Ll— d-ere , a=q-L (= A beam xz-plane bending)
N2o (3-28)2 Uo Uz
N u -0
21 hé‘z(é’—l) 21 y2
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. 1 1 1 1 1
. 1 1 1 1
. 1 1 1 X Xo X3 Xy X
Linear: N=  N=| X X X3 Xp, N=
X1 X2 X Yi Y2 Y3 Vs y
Yi Y2 V3 y
Zl 22 23 Z4_ Z
42
VIRTUAL WORK EXPRESSIONS a=d—2a
t

T T
ouxy| |FEx 00x1| |Mx

Rigid body/point force: SW¥' = suy; + { By t+4 561+ { My
duzr] (B2 ) (6671] (Mg

T .
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Bending (xz):
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Bending (xy):
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Frictionless contact: fi-la =0
Joint: Ug =Up

Rigid body (link): Tg =Ua + 6 x Spag » 05 = Op -

MATHEMATICS
Polar representation: e =cosa +isina, sinia=isinha, cosia=cosha, i%=-1
Eigenvalue decomposition: A = XAX?

Matrix function: If A=XaX1, then f(A)=Xf ()X

aR(a))

Newton’s method: If a=a—( 1R(a)sG(a), then R(a)=0

n _
Taylor series: f(x+a)=)_ %(a%)' f(x)+L f D (x)a™  xe[x x+a]
i-0 "

(n+1)!

TIME INTEGRATION (free vibrations)

(i+1) -1 (i)
| —1/2 | 1/2
Crank-Nicholson: % = / / % , (l=|\/|_1KAt2
alAt al/2 | —a/2 | alAt

(i+1) -1 (i)
|l-a/2 |
Disc. Galerkin: % = ¢ of 0 % , o= MK At
alAt —l-a/2 al/3 -1 - alAt



