~page | Review — General FEA for linear elasticity

* Goal: set up and solve system of linear equations for

unknown displacements at nodes K, Aul =R + E° s
IR, V1l

&N (x) N7 (x) 0 N7 (x)

Kapk= ). IC;_-;;;; & &, v R'=- _[crl, , av ﬁ-"=er:N"(x}d4 ¢,

elanents 0 J elements 0. Jaces 5
4

To assemble [K].R : Loop over elements

2. For a generic element:

- Initialize integration points and weights w;.g; ;

- Loop over integration points: for a generic integration point:

— Calculate shape function derivatives N

-
U%EI

., eN®
— Calculate the Jacobian matrix ; =% ;_ 0
: >J 2 N  aN“ og;
— Calculate the spatial shape function derivatives i
— Assemble [B] matrix NINTP I
— Add contribution to  [£"1= Y w[BE)I [DIBGE)IE,)
NINTP

=— Z w[BEN)] anE))

« Add element stiffness to global stiffness
—-page 1 — Solve  [KJAu=R+F
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Topics for todays class

* |llustrate 3D linear elastic FEA as an ABAQUS UEL

* Brief look at HW3

* Accuracy and convergence of FEA for linear elasticity
* FEA as a Galerkin method
* Example of Galerkin method for solving beam equations
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(oding_an_element as an FBAOUS ({2

SUBROUTINE UEL|(RHS,AMATRX,SVARS,ENERGY,NDOFEL,NRHS,NSVARS,

PROPS , NPROPS , COORDS , MCRD, NNODE , U, DU, V,A, JTYPE, TIME, DTIME,

KSTEP, KINC, JELEM, PARAMS , NDLOAD, JDLTYP, ADLMAG, PREDEF , NPREDF,
LFLAGS ,MLVARX , DDLMAG, MDLOAD, PNEWDT , JPROPS , NJPROP, PERIOD)

INCLUDE 'ABA PARAM.INC'

DIMENSION RHS(MLVARX,*),AMATRX(NDOFEL,NDOFEL),PROPS(*),

SVARS(*),ENERGY(8) , COORDS(MCRD, NNODE ), U(NDOFEL),
DU(MLVARX, *) ,V(NDOFEL) ,A(NDOFEL), TIME(2) ,PARAMS (*),

JIDLTYP(MDLOAD, *) , ADLMAG(MDLOAD, * ) , DDLMAG (MDLOAD, *) ,

EXITIIEEISE

PREDEF (2, NPREDF,NNODE ) , LFLAGS(*) , JPROPS(*)

Duépm’ Vaqabls - RHS (T, 1) = Ra.

AMATEY (T,T) = Rais

— Optiony]: SYARS (T) = Shee mt pF datn

ENERLY ~varous ene@y rigasuses
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Eve\@/}a}@ else i ;'wfm'- - &9 U (T) of:sbfa(-em#

® ‘end 0; (ne

DU(T)  change in

i I}HQ

othes yars availahle ﬁ:r‘ info

Samble Liles are  povided on GNLIG _FEA

G ¥ hyb 'ffpa.ﬁ'/om_. !

You caun tesh a UEL u.r/m A/ % C&E, o)

omd_+hen un with  REAUS

See. (oyudqe  ylebsrte ;éc yth 7ol
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-- Loop over integration points

do kint = 1, n_points

call abq_UEL_3D_shapefunctions(xi(1:3,kint),NNODE,N,dNdxi) -q— 39‘,{'\ N &J dﬂa/d{j

dxdxi = matmul{coords(1:3,1:NNODE),dNdxi(1:NNODE,1:3))

call abq UEL invert3d(dxdxi,dxidx,determinant) E ~ L ax_" /J {Jl

dNdx(1:NNODE,1:3) = matmul (dNdxi(1:NNODE,1:3),dxidx)

B = ©.do | ~ G a a
B(2,2:3*NNODE-1:3) jﬁ:éi:ﬁ:,;; 4N /0{]61’ = dN /dfé. gt/é)(‘;i

B(1,1:3*NNODE-2:3)

B(3,3:3*NNODE:3) = dNdx(1:NNODE,3)
B(4,1:3*NNODE-2:3)
B(4,2:3*NNODE-1:3)
B(5,1:3*NNODE-2:3)
B(5,3:3*NNODE:3)
B(6,2:3*NNODE-1:3)
B(6,3:3*NNODE:3)

matmul(B(1:6,1:3"NNODE),U(L1:3*NNODE)) & 6 - EBS M

stress = matmul(D,strain)
RHS(1:3*NNODE,1) = RHS(1:3*NNODE,1) NIAIT]
- matmul(transpose(B(1:6,1:3*NNODE)),stress(1:6))*

T
w(kint)*determinant S .@ - él Egj g W‘:ﬂi
AMATRX(1:3*NNODE,1:3*NNODE) = AMATRX(1:3*NNODE,1:3*NNODE)

+ matmul(t (B(1:6,1:3*NNODE) ), matmul(D,B(1:6,1: 3*NNODE))) 3- 7
rermreneRese e *w(kint)*determinant ﬂ_ Ck - é@rsz [.53 u’l. ,-_]1

ENERGY(2) = ENERGY(2)
+ 0.5D8*dot_product(stress,strain)*w(kint)*determinant | Store the elastic strain energy

dNd>x (1:NNODE, 2)
didx( 1:NNODE, 1) I: ES:S
dNidx(1:NNODE, 3)
dNdx(1:NNODE, 1)

dhdx( 1:NNODE, 3)
dNdx( 1:NNODE, 2)

strain

if (NSVARS»>=n_points*6) then ! Store stress at each integration point (if space was allocated to do so)
SVARS(6*kint-5:6%kint) = stress(1:6)

end do  Thase are olefined for }J/oﬂr};ji
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-1y FEA ac a Galerkin mettod

FPD & J_ ¢ CW_E)LAQ;B’)—:LLE@AAAMHW)
ax ( ¢ 2 x ;

C—‘\

¥

£;£ — (:;“Q{ 3142‘ r1 5O ('f?hzwﬁéh }512) degi

oX¢

U = U, ¥ on S

O Weab fom " of PDE Kol 7. be, o test fometn,

Wit M:Oons;.’ﬂ;en

~ ] (L Ciee iy N . —
_,..._--'": gu J L ) )xe L

2 24° s,
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Intesrate fresk Feom by pack

Note Cc“,aw
Rt A 7R -

( 2% !,
J

L™

r

,
)

N .

— Cgée_d%p 07 '”r

no o ) - N
: - A ]
Recall _;_9_\2 QS& ol = | ij H\E o |
RN S ( Note alo 7. =0
. OnS, ) ¢
Hence becomes /
-~ x4 , ¥ ’
- (——l:r'g_g U Ne dV + t, '7]I' 0//9 =0
d% v ??.’ Jg
s J 2 JZ’I‘ | | . "
_page? Weik Joow ~  must hold T odmia 7;




~page 8 Intoduce In tﬁegf)a/ﬁvgm :

a:s VU 7. = Y 4}?{.:‘

Put b pweak ;/%ma
\

[ L Vo, P
(= Rais U+ fai ) 7> =0 #adws

'

/I L
-’Qaiéa, . Ao are  Uugl FEA .S‘zzg:é‘ne-rj

amdl _ext force

Usuaql &r@umfnf Jead B FEA 6’%47;/;1.3

We can yse THa Vo Solve Meny PDEs or 0D Eg
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~page 9 Evample < Enler -Beenoulll_beam

Eanatims . CIAW  ~4.(¥) = O
' Av¢ 7

A

Galeckin - Kot 7{7r'>z) be o fet _,7?;)74:75

MLA{_Q/?_*:O_?{Z =0 __on_ cowhrained enols
.4
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i

L. -, A
[ Er d% _j,(x)\'ndx - | M* = EXd |dy
J\ Ax% v \ aAx, Ay o
O ~\ A — 0 - . >— )
ji}-ezﬁgfg by fﬁWﬁ - ‘(V + SRR =0
twreg = 0
- ) .
Udv> Tv] - | VvAu
J 0]
L.f - ) LY . . Y 4
= JEL JW Ay — g \olx — | M oy " nl =0l
§ 7)%{ Ax=__ ') AN o
‘0 o
vV admil 4?
Infoduce FC mkcﬁa/m‘ﬁz
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W = _N? 7y, 4}4 _ /V‘-i 415]
("Jj< A a 5 \ &
L ab_ W + - 1 Y
DL”
J, A x
ra) ) £ g D\ ] P ¢ — 7L7
to = NN "olX I/”IW o AV
' i, L ﬂ{xtg L-' d
Witk conshomb /V“"n/ =W 0 on pondramid
,/EL > “(9"‘L S QMO{J
X .
,j{: W - ‘ij, & FE eguations

we have

_page 11



	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11

