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Nonlinear Numerical Analysis and Experiment of Composite Laminated Plates

Won-Man Cho, Young-Shin Lee and Sung-Kie Youn
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Abstract

27

A finite element program using degenerated shell element was developed to solve the geomet-
ric, material and combined nonlinear behaviors of composite laminated plates. The total Lagran-
gian method was implemented for geometric nonlinear analysis. The material nonlinear behavior

was analyzed by considering the matrix degradation due to the progressive failure in the matrix

and matrix-fiber interface after initial failure. The results of the geometric nonlinear analyses

showed good agreements with the other exact and numerical solutions. The results of the

combined nonlinear analyses considered both geometric and material nonlinear behaviors were
compared to the experiments in which a concentrated force was applied to the center of the

square laminated plate with clamped four edges.
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Table 1 Degradation factor (DF) values based on matrix degradation
Properties Material Carbon T300/epoxy E-glass/epoxy
DF (Ex) 0.20 0.10
DF1(E#) 0.31 0.14
DF2(Gg, 0.27 0.11
DF3(v) 0.20 0.10

% Means degradation from intact to degraded matrix
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Table 2 Nondimensional central* deflection value in the clamped plate under uniform transverse load

Mesh number L/t Full(3 x 3 Gauss) Integratioin Reduced(2 X2 Gauss) Integration

50 0.9210 1.0127

3X3 100 0.8404 0.9746

200 0.6801 0.9643

50 0.9811 1.0225

4X4 100 0.9561 1.0145

200 0.9147 1.0122

%* . .
Nondimensional value=

Present solution

Timoshenko’s solution'®

Table 3 Comparison of results in the thin walled isotorpic pressure vessel under internal

pressure (Pi=4.9 MPa)

Present solution Theoretical®®

1 Element 6 Element solution

Radial displacement (mm) 0.1511 0.1144 0.11255

Circumferential stress(MPa) 408.505 408.877 408.829

Axial stress(MPa) 206.7835 204.4308 204.4146
o) 7stetE FAlwstel] olsle] obrlE|E s|stebd  method)l A& 7 AFFENAM 2FH {4}E ¢
HAYAEL 77 }giu} H]/Haﬂ EAe #HE o N7l A& HAA {a}E T34 =Hd, o 7 3}
7 el 2RAoE APFA7 AdwAe FEEFE 2U(FoE do £ wA A

G4dos dds, Gedos FE/MAARE A 9,

ANA Aot ol ﬁaég *4-3— A%3 432 4+ 4 AF3EY A4l e
gdow A 2AE2H ()7} 2A5A =HY, = 7 AU+ 24, 34327 (force convergence

A ATBXAA AR (98 A5 A
WA {a}e} ool -3 §HA {15 2717
Qe BAALRAE +Ashe, =@ AL A
8o A kA A4 e,
¥ AFelAE 4h4ol 3
e Agsiges, Wi
gAlo A,

{da}s=—[Kr 3] )i
=—[Kr 1) (P = (P} 27)

A7 A [Kr )& ;A 33 Aol A
A" AARAGAels, HFL (P =

[Blc1avels.
SELEEC PR

£ Newton-Raphson
A

SPEREEEERS

Z .35 49} (incremental load

A ol gort, & ATl
Euldy Tz FEsEuel 23] A%
g1 9t Y4z AozA, A(28)0 A =
o} o] wlElFZE R Aol A s whEA Aol A
o ZAFH e normel A, A5UEAALS £
Ao k-1l ARHYE normef el st
0,001l HZ 3halet,

‘/[2@5)] —/ (&)

[ £ 6v7]

<soz (28

o714 (¢1)* AA dHEA ARG A
Halg norm, j—1, j& 5SS, me FIA

% epds,



Bapl Baaael Ag £AN4 3 4y

4. S804

Ll YHBE L= SUY B AR o
s vl 4¢ %rhssl Asted
4 F¥E Y3 —’:—% B SHY WA BEAA

19752 453

rﬁ:
:.:.
2
ol¢

G0
g
L
0 L/t =100
. BCISS
= =0,316
3 v=0;
€
2
] linear
3 ,
< ‘geo. nonlinear
E]
<%
% ]
[5]
° :Ch'u[ )
A Tmoshcnko[m
—— Present solution
0 40 80

13
Uniform lateral load(%0 L/a" )

Fig. 3 Load-deflection curves for large deflection of
the simply supported isotropic plate under
uniform lateral load

%
Lﬁggzt’
15001
Ln=12015
BC: Clomped |
(245707245 790))¢
<
o
*\.# 1000 geo. nonfinear
'§ tinear
500
o  Saigal ard Yang!:”
Present solution
) 05 10 15 20

Deflection(w, /¢)

Fig. 4 Load-deflection curves for large deflection of

the 16-layer graphite/epoxy plate under uni-
form lateral load

2921

o}, ZAe 27 Y EAoRZE AHo[(L)sl 152.4
mm, A ()7 1.524mmE A L/tzke] 1000} =

ELA A4 (E) & 206,85 GPa, Fol4u] ()& 0,316
ol Awty HAAd TEEZ AT ()T 0.8274
MPa #A&A4E& , 35FF 9AE AR

el siAstgion, FALAA Y-3F 4
A 35 Chiagl FFalol o8 FaUgs} vas}
o] Fig. 3ol #AA]3tet.

Fig. 3o 2+ wist Ze] Chiasl o FF3Hot

Z 4AFE & 4 glen, AHAAH Ads
Timoshenko"? & Chia9] 399} & =3l 9
o},

4.2 358 e HEFune ity

vlgle] A= 16% #HEF CFRP AyaAlel &
o yatzo| ALdae AY o AL 4
gatdch, BEFTAHE [45/0./£45/90:)s014, A&
42 Ei1=131GPa, E»=6.41GPa, ui;=0,38°]
o, 125KPa ¥9435¢ 715be] 32 FAAZ &)
Aetgor Fig 4o] 2ol vle} o] Saigale] %
2a@9} vlamslglon, & dAsta gl

oz A vdy W S =AY
FA8 vy o f4A A5 A v
Slgenz AgA el wlwsigdet,

5.4 o
5.1 AlH Xz

A& AHe zejzd(prepreg) S Usle
7T 2 #HZ35 0] autoclaveo|i] Fig. 59} 7to] o

A Frle 2x9 tdoz YA, ASAE
Terrp. increasing rate:1-2C/min
Terrp. cooling rate:-4 Clmin
130
. g
o 80 \ 7l(glcm2 a
=3
g &
RS
o} . | — 760mmHG
(Vacuum)
los|_ 15
Time ( hour)

Fig. 5 Autoclave curing process of laminated plate
specimen



2922 284t - olod Al - 437
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Table 4 Composite properties of laminated plate specimens

Material Carbon T300/epoxy E-glass/epoxy
Properties (HTA12K CUI125NS) (GU450NS)
E.(GPa) 135.4 38.6
E:(GPa) 9.6 8.27
G2(GPa) 4.8 4.14
Viz 0.31 0.26
F.:(MPa) 1933.0 1062.0
Fc(MPa) 1932.3 608.1
Fr (MPa) 51.0 31.0
F1c(MPa) 51.0 118.0
Fs(MPa) 84.0 72.0

Table 5 Size and laminated angle of laminated plate specimens

Material Laminated angle Size (mm) Thickness (mm)
Carbon/epoxy (0/15/-15/90Ts 150 X 150 1.0
Carbon/epoxy [03/152/-153/905]s 150 %150 3.0
E-glass/epoxy [0/15/-15/90]s 150 %150 3.0

| [
oo oo

{7 LOAD auplifiefgg}——————————————
plate

specimen. [

Bz 1

dial /A TL

gage d Vot ]
X-Y

—1 X-Y

A.E. amplifier | 5— recorder

1' LVDT amplifier IL \f recorder
{Dial gage alplifierJL >— X-Y
recorder

Fig. 6 Block diagram of experimental measuring system for laminated plate specimen
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present FEM analysis and experiment in the
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