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3 Nichtlineare Finite-Elemente-Analyse

3.1 Lagrangesche Bewegungsgleichung

Newton-Raphson-|teration:

- Geometrisch und physikalisch nichtlinear
(t+A(§ K(Ii-J) +t+ABK f\ilLl))AU(i):HAtR_ t+AgF(i- 1)

Modifizierte Newton-Raphson-Iteration:

- Geometrisch und physikalisch nichtlinear

(oK L+oK )aU =R FEY

- Physikalisch nichtlinear
tK AU(i)=t+AtR_ t+AtF(i-1)
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inkrementelle lineare Steifigkeitsmatrix,
die den Anfangsverschiebungseffekt ent-
halt

inkrementelle nichtlineare Stei-
figkeitsmatrix, die die
Geometriednderung und die Anfangs-
spannungen berlicksichtigt

Vektor der aulderen Knotenpunktlasten
zur Zeit t+ At

Vektor der zu den Elementspannungen
aguivalenten Knotenpunktkréfte

Vektor der inkrementellen Knoten-
punktverschiebungen

lineare Steifigkeitsmatrix, ohne An-
fangsverschiebungseffekt



oKL = (pBL oCoB dV
Ov

oK = dBTNL (;S(t)BNLdOV
OV

5F = (BBl ¢S dV
Oy

'K =(BLCB aV
Vv

'F=(BL = adv
\Y%

- lineare Verzerrungs-V erschiebungsmatrix

te _t t
0BL=0BLot0oB L1

- nichtlineare Verzerrungs-V erschiebungsmatrix

t
OBNL
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- inkrementelle und gesamte Material el genschaftsmatrix

C, C

- Vektor der zweiten Piola-Kirchhoffschen Spannungen

" =[6S« ¢Sy ¢S. ¢Sy oS, 0S|

- Matrix der zweiten Piola-Kirchhoffschen Spannungen

gésyxls 0Syls 53&38
ct)SzéotSyxls otsyyls ot%zlau

E0Sxls 0Syls 0Sulsf
- Vektor der Cauchyschen Spannungen
teT | t t t t t
2 —[ Ow Oy Oz Oy Oy
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3.2 Newton-Raphson-Iteration

| A
Load t+ t+Dt () Loaj t+ t+Dt )
t+DtR _t+DtF(O) D[R- F t+DtR _t+DtF 0) DtR_ F
I+DtR / / HDtR / /
\ V V
Y T~ Slopek® )/
\
\\\ Slope™"K? N Slope K=K
R R
o | D D" |y
> . >
u "y Displacement i "y Displacement
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3.3 DieElemente BOX und PIPE
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3.4 Beispiel

Gravity

Node 4

Clamped

Supported

Clamped Clamped

Clamped

ﬁ N
<
X
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34.1 Struktur

PreSLang file
Halle.s

* NCDE DATA
NCDE ALLOCATE, REPLACE, 66,/
NCDE CREATE, THREE D, 1 0 0 O,/

* NCDE RESTRAI NTY
NODE MXDI FY, RESTRAINTS, 1 3

oNoNo)
oo
oOr o
OO

!

* NCDE CONSTRAI NTS/

NCDE MODI FY, CONSTRAINTS, 26 3
013100

013

1
13010
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013001
, !

* ELEMENT | NC DENCES/
ELEMENT ALLOCATE, REPLACE, 64,/
ELEMENT CREATE, BOX 1

126,/

* GROUPY/
GROUP ALLOCATE, REPLACE, 3, /
GROUP CREATE, ELEMENTS, 3 64 1 2 3 4

61 62 63 64, Al H enents/
GROP CREATE, NODES, 1 34 4 5 8 12 13 14

57 58, roof/
GROUP CREATE, NCDES, 2 6 2 3 4 35 37 39,
front/
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* ELEMENT DATA/ ELEMENT MODI FY, NATERI AL_LAW 1
CBJECT CREATE, REAL VECTOR REPLACE, 3, LI NEAR 1D, /

MATERI AL_DATA/ ELEMENT MODI FY, MATERI AL_DATA, 1
CBJECT READ, , NMATERI AL _DATA MATERI AL_DATA, /

7800 2. 1le+11 0.3 ,/ ELEMENT MODI FY, PHYSI CAL_DATA, 1

CBJECT CREATE, REAL VECTOR REPLACE, 4, PHYSI CAL_DATA, /

PHYSI CAL_DATA/
CBJECT READ, , PHYSI CAL_DATA

0.5 0.5 0.007 0.007 ,/ * LOAD CASEY
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3.4.2 Nichtlinear e statische Analyse

SLang file
FE_nonlinear.s
#include Halle.s

Build the gl obal |oad vector
(t+delta t)
R (l oading is defornation-i ndepent)

obj ect create, real vector, 15, any_gust/
object read, , any gust 1 3 5 9 10 11
12 12.4 12.5 11 1052 1 0,/
obj ect operate, \mul, any_gust 9e3,/
object create, real matrix, 15 2,
di spl oad/
obj ect assenbl e, col um, any_gust
di spload (2),/
obj ect create, real vector, 3, direction/
object read, , direction 0 0 1, /

node accel eration, translate inerti al
total init, -9.81 direction,/

| oad al | ocate, replace, 3,/

el enent build, total nass,,/

| oad build, elenents total accel erations,
1, deadl oad/

| oad build, group, 2 front

1.3 0 0 0 0

0, wi ndl oad/

c b

_|
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stress § _ _ * o
Nonlinear Material Law .
Load variation
________________________________________ /
<o a #| abel gust
object nodify, add, i 1,/
gl obal vector, replace |oad, 2
deadl oad 1 wi ndl oad any_gust (i),
glob |/
control gosub,, iterate,/
control if,less, i 15 gust,/
—>
strain #l abel iterate
*
H e m e 1 (0) 2 (0)
Material properties F, Fo.o..,
---------------------------------------- / 0 0
object create, real vector replace, 5 = e /
mat eri al / el ement build, res force total,,/
object read,, nmaterial 7600 2.1lell 0.3 gl obal vector, res force, |,
2.4e8 0.0,/ ol d_resforce/
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t+Dt

K"
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linalg linconb, ,2 glob | 1
old resforce -1, force diff/

0 0 1 1
K +K , K K ,

OL ON OL ONMN
____________________________________ /
element build, total stiffness, , /
gl obal matrix, stiffness conpact, |,

com k/
conpact factorize, , comk, glob sky/
conpact sol ve, replace, gl ob_sky

force diff, disp diff/
*
1 (00 0 2 (0 1
= U U = U,
____________________________________ /

node extract, doflist displacenents
repl ace, ,old disp/

node extract, total displacenents
repl ace, , save disp/
linalg linconb, ,2 disp diff 1
old disp 1, new disp/
node nerge, doflist displacenents,
new di sp, /

el ement build, stiffness total,,/
gl obal nmatrix, stiffness conpact,,
com k/
conpact factorize, , comk, glob sky/
node nerge, total displacenents,
save_di sp,/
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____________________________________ /
#l abel newt on
K o o e o e e o e e e e e e e e e e e e e e e e e e e e e e e e
1 =1,1 =2,
____________________________________ /
obj ect nodify, add, iteration_count
1,/
control if, integer equal,
iteration_count 30 failure ,/
K o o e o e e e e e e e e e e e e e e e e e e e e e Y e Y oo
-1T -1 -1
Static analysis: U=L D L R
cal cul ated: increnent displacenent
vectors
____________________________________ /
conpact sol ve, replace, gl ob_sky
force diff, disp diff/
K o o e o e e e e e e e e e e e e e e e e e e e e e Y e Y oo
Build the ol d di spl acenents vector
1(00 0 1(1) 1 (2 2 (0 1
u = U U , u,..., u = U

dof I'i st di spl acenents
repl ace, ,old _disp/

control if, integer |ess,
Iteration_count 10 go_ahead,/

obj ect nodify, set, disp factor 0.7,/

#l abel go_ahead

node extract,

1(0) (1) 1 (1)

U + DeltaU = U :

1(1) (2) 1(2

U + DeltaU = U
____________________________________ /
linalg linconb, ,2 disp diff
disp factor old disp 1, new disp/

node nerge, doflist displacenents,
new _di sp, /

Institut fUr Strukturmechanik




Build the increnment restoring force
vekt or

Build the old restoring force vektor
Bui | d the out-of -bal ance | oad vekt or
Cal cul ated the secound vector norm
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obj ect nodify,, convergence
(iteration_count) diff_norm/
out put view, axes all_points
title, convergence convergence
"[TRFE T IR

|11 1 (1) | |11 1(2) convergence of iteration procedure
|| R - F I IR - F
|l 0 N 0 3.0E4
------------------------------------ / 25
el enent build, res force total,,/ T
gl obal vector, res force, , old resforce/ 201
linalg linconb, , 2 glob | 1 old resforce 151
-1, force diff/ 104
linalg norm replace, force diff, 05
diff_norni 0.0 . . . . .
* I 1 1 1 1 1
lteration break off 0.0 0.5 1.0 1.5 2.0 2.5 3.0E1
________________________________________ /
linalg norm replace, glob_l, control if, real less, le-2 diff_norm
glob_| _norm new on, /

obj ect operate,\div, diff_norm

glob | norm/
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