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Geometrically Nonlinear Analysis of Laminated Composite Shell Structures
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Abstract

The finite element analysis of plate and shell structures has been one of the
major research interests for many years because of the technological importance of
such structures. Quite often these structures are constructed by laminated composites.
This is due to the high specific stiffness and strength of composite structures.

The main objective of this paper is to extend the use of an improved degenerated
shell element to the large displacement analysis of plates and shells with laminated
composites. The total Lagrangian approach has been chosen for the definition of the
deformation and the solution to the nonlinear equilibrium equations is obtained by the
Newton-Raphson method. *
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2 dFoA Arg" MAE 2HE7 (degenerated) D84y AW F<E(shear locking)
S AA 719980 713 EAA QA hA AHH E A (shear strain fields)E AHE-3h3,
HYEA ZAAHE7IYE AHEF 22 A 27 & (membrane locking) #4& AlAHH,
84 AAY AFE FIsA s8] AT AHNE L AddHo 2 FI19 o9y
ME dose A& Bp&ddo] AAHY, AL7153 AR FAURR=
(commutable spurious zero energy mode)E WAIE A gton @A Yz

£ d7oMe SR AN 58 A9 RAFE MY A fI84AE B
FHSE e 729 7y vdgay BAdE 2 HLE98 FAstnA o
71353 Wl d¥AF S total Lagrangian FA3E AMgstx, HIAY FAHA
Newton-Raphson RFES|H 2 A8-sfo] do] u] iy sf4g o)

flo & 15 ppd

dase AYsole MY 3749 g (uv,w) 9 2749 I

2.1 2ol g

f29 HAZL THAA AN Fzte] AN AAIEA Lo AAAFE}
o] FH¥el Zzte] YA Fode AHAFAC B HAJAFES 25 5749
FHARE=ZA OF3 2o BEY & Uk

u U
[U = z:lNk (& n) §[ Vg + Z:lNk (& 0 by ()
w We | mud
A71M e HNHFE S n3 I H8 b & IS 2ol xdIG
b, = % [sinakcosﬁk—vlk— sian;Zk + (Sinakcosb’;,~1)_vgk ] (2)
y
(a) *
Fig.1 (a)global (b)nodal and curvilinear Fig.2 Geometry of laminated shell element

(c)local coordinate systems
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THFFE AN & Green-Lagrangian HEEE o7 go] Bd & & 9o ¥

e=¢eg°+ ™

I u %[(u'.,')z-i-(v",r)2+(w'_1')2]
vy T P+ (0 )+ ()]
e=u 4+ , |, eM= Wt gy + VU, W Wy, 3)
u',z'+ w',x' u’,x'u',z' + U’,x'v’_z' + w’,x'w',z'
U,,z’“i‘W',y' ] u'-y'u’.Z' + U’.y'v’.Z’ + w'.y'w'.Z'
T3, Green-Lagrangian WEEE W9 v2goz Ugd 4 ok % E & 474
ol A ojsat.
E=[E. E.; E,]"
Ex'=[u'_x',v'_xr,w',x']7Ey'=[u"y',v"y',w',,']TEz'=[u"z',v'_z',w'_z']7 (4)
v h]
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#19] Green-Lagrangian ©& &9 43§ uwdg 2xo g HES FHed oo
Zr}
de =de’+de™ = HIE+AdE = (H+ AG du = B du (6)

23 5% BE YHA

BHe A 3 ¥4 4 (equation of static equilibrium)& et gol Jed 5= g
1—;}}4,9]

T= R fVBTa dV=R—P 7)
A7 ZelA ¢ = BYFYR] AFE WAGe DBA] g AHHoz B
e, R & 9o 8 BHYoIth A9 A WAME u o Bs) YPgHoz E &
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d¥ =dR — fv dB o dV— fv BTde dV
=dR —fV BTdo dV— fv GTdA o dV— fV dGT[H+A 176 dV (8)

=dR —fV BTDB dV du -fv GTSG dV du —deGT [H+A 176 dV
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T @ dol.
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-N1=5(1_52) , TV2=77(1_772) , TV3=577(1——52)
Ny=&y(1—7%) , Ns=7(1—)1—74")

(10

7}245‘ H o) o] LAY FAYSEF AEH P EH(shear strain field) 2o} F-24
Fo AW AGHIERS JHAstd FANSE AGFAAPP Y ANA AMLEe W
o2 gH AGHIFEARL Mt Wi et 3A TR FSE ERFE £ Aok

A Wygo] At HPES o] &3l Wela, EAe #ANAY FAETFE A
He AR 52 A4E VMIARES °17l°ﬂ 5‘1‘:"5} FANE A¥E +&524d
(shear strain constraint)®& 7} 38t o] ZAE THE3F HEEAS FTAS= Whyol
Atk B AfelMe Aol Mo 2 Hintond Huang[SJO] AAG A DGR EFS

%’_— %E—Er-‘ﬂ 7H}d dose] 72AGE Adys djdd ¢58 d3dE 2 WA A
HHPERS AHsta, H7ERAE AAsrINE BHW WY FAEA FRAHES

Yo, WorAAe] AFS BAsIs nHF BAPe MEHeE Frleke Rolnt

AollX dEF A aF4FHA FI}E 3l HA 249 ZAAHE FAW HE
(in-plane part)?®} HAY K E(tansverse shear part).2 UFEth(FHHY REd+s 9
(membrane)® & & (bending)e] EH7F E£3E A}) AW HBEL £33 FHEA A
T& 84S F3VI9E] HEHXNE HdE AxolM 2x3/3x2H S Fsln, FHY R
ZAAE02x2)E B5iH, RERE| ) v HAY S AgHog Fr3in
FEHY vlEX 7-?:”&-949}«] HAe g7 2ol BEE 4 ).

Gy
du + Z__
G,

du (11)

53?

A 71X du=[du,dv,dw,dae,dB], du=[du,dv,dw,0,0] o]t} G= ZE HAYHSY HEX S =
99 @AY EY, Gov HXE SE AGHY HEXS ZEWS #BAPHoln, G
¢ G= T8 uAFE HAEe He] WEXS ZE v HAuF e Wl AAPH
ojt}.

B AFodA AAjg fad dasre] BEE 7o HEAL Polry] 3 o

S 9tk vlAE sA Aol Newton-RaphsoniFEH & Algslgom, 439
gL = W9 Euclidian norm th 2% #9 9 Euclidian norm® Hl7} 1.0x10* X2
oz 3 sddn #AstHTh
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h=0.096in, E;=1.828x10%psi, E2=1.832x10%psi, G12=G13=G2=0.3125x10°psi, v=0.23949. &
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DEFLECTION DISPLACEMENT (W)
Fig.3 Load-deflection relation for Fig.4 Load-deflection relation for
[0/90/0/90] layered plate [0/90] layered cylindrical shell
HeES te Sy SENE o
2 AAE SEEIFTE Be 2 HF [0/90] ¥ 2AAA 9EF 49 758ty wlA
FalAE gt} 12ish A5Y Ao FAArd AREANFS C}%ﬁr 2t} R=2540in,

L=508in, h=254in, a=0.1rad, E;=25x10%si, E»=1.0x10° psi,  G12=G13=0.5x10%psi,
G5=0.2x10°psi, v=0.25. AR A2 WF o] s LEF o] 1/4 & 4x4 = 23
o A F49 A SEX 859 Av|%e] #AE 39 4 o Yehidem Reddy™
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