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ized) loading and displacements.
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This is a four-node, thick-shell element with global displace-
ments and rotations as degrees of freedom. Bilinear inter-
polation is used for the coordinates, displacements and the
rotations. The membrane strains are obtained from the
displacement field; the curvatures from the rotation field.
The transverse shear strains are calculated at the middle
of the edges and interpolated to the integration points. In
this way, a very efficient and simple element is obtained
which exhibits correct behavior in the limiting case of thin
shells. The element can be used in curved shell analysis
as well as in the analysis of complicated plate structures.
For the latter case, the element is easy to use since connec-
tions between intersecting plates can be modeled without
tying. Due to its simple formulation when compared to the
standard higher order shell elements, it is less expensive
and, therefore, very attractive in nonlinear analysis. The
element is not very sensitive to distortion, particularly if
the corner nodes lie in the same plane. All constitutive
relations can be used with this element.
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Md+Cd+Kd=f(), d=d(t) (210)
Mgi + Cri+ Krr = fr(t) + ATR(?) (211)
R
{Mg, Cr,Kr}=AT{M,C,K} A
fr@®)=A" (£E0-MA-CA-KA)
£ty = 1 +2f*€_jwt = Re(fel!) (212)
f(t) = £/ (213)
Re(fe/") = Re(f) coswt — Im( f)sinwt (214)
d(t) = de*t (215)
(M +jwC + K)d = T 210
(—w’M +K)d=0 (217)
(MK -w’I) d = 0; (218)
mi=d;Md;=1 (219)
% (1) = ad sin(wi) (220)
f(t) = f cos(wit), (221)
(—w?M + E) d;a; sin(w;t) + wia; C dicos(wit) = f cos(w;t). (222)
=0
“= Wi adTTCf d; (223)
ﬂ; M d;= m;0i; d}g d; = miw?d;j (224)
E=[d - dy oo dul, (225)
d=E¢ (226)



» c yoa i 4 b
dirpmt pedi < ¢y Cp " ; 0 0 : :
if not =0 . . i |+g| |+g +s +q
elsewhere : : =g ig i “q
5 2 0 0 .
¢ #ooooooo +cj - —¢j J'10 0 +r +p
djr LT-di 4 E - . I : .
\/ j” ........ cj-+e; oo j” 0 0 +r -Pp
M——»dk 0 0 . .
o . . . . .
S 2@y k|0 0 |+ o0
7 i I A S ) B
; ) A
9.7 0 4
pll=y
fA H/fB d27 w2
v v v v
applied loads <d27 f A> =29¢>0
f,(t) =Re (i_Aejwt) <d27in> =0
50 =1 () (1) e+
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[1[1]

&(t) = Re(§) coswt — Im (&) sinwt
= |&| cos (wt + by — ¢1)

al:1—7“12 by = 2 rl:%
@l 1
&) =~ ——
i \/m
Yy = arg(qp)

¢ = arg(a; + jby)

— ial Re((jl) + by Im((jl)

R =
3 1 a;Im(q) — by Re(q)
I = — )
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=

EJ
C B
l
_ _F
Nap =Nca=+5
Npo=—57 moltepl. 2
Nerityg = — 0B minimum ); in absolute value minimum \; > 0

=0d (K +AKg) d +0(d))
(KM+XK®) 4d = 6F (232)
(KM+XNK®) 6d; =0 (233)
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[iT (Ei)]lm
[35],,,= o

_ryi1 = 9
- [i'f‘]lm_ aum u:3i7 lam
=361}
i afi
o [if}lm:% .
i:‘ (EH_l gi) £(Ez)
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