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Calculation of Stiffnesses Properties for Composite Box-Beams with Elastic Couplings

S. N. Jung*, K. M. Dong”

ABSTRACT

In the present work, a linear static analysis is presented for thin-walled prismatic box-beams made of
generally anisotropic materials. A mixed beam theory has been used to model and carry out the analysis.
Several different constitutive assumptions for the shell-wall of the beam section are assessed into the beam
formulation. Simple layup cases of box-beams representing bending-torsion or extension-torsion coupled
configuration have been considered and tested to clearly show the effects of elastic couplings of the beam. A
detailed finite element structural analysis using the MSC/NASTRAN has been carried out to validate the current
analytical results. Numerical results show that appropriate assumptions for the constitutive relations are important
and crucial for the accurate prediction of beam stiffness constants and also for the beam behavior.
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Fig. 1 Geometry of a box-beam.
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Fig. 2 Layup cases of box section.

Table 1 Material properties of a AS4/3501-6 graphite-epoxy
lamina.
Properties Values
Eu 1419 GPa
Ex 9.78 GPa
Gz 6.13 GPa
viz oo 0.42
Ply thickness (f) 0.127 mm

Fig. 3 2D FE meshes for NASTRAN.

Fig. 4% Fig. 201 dAE ] 1A AF g o
HAE AFZ g0 mWe B FIFHENY HHE
o

2 oru oy K J}E
A

A% Azelth. AF7e) Wshl e el FYIA

2342 2ol AT o 140, W] A HEF] 1

FYAYY W Ad §lee mAFET o B 4
3l

de 4AY wREd 45 L H9 wo] vl

FHNEL N1FEoE ME FEE ol FI(balanced) 7]
oz dddrt A&t Fig sv TASAAe 47 A
ol we FYF4 ¥IFE Usds idZselck o
Hol M od Bl dF ML HE9 Arle FAse 7t
3 1g o84 £ #¥EAs 3YAEE AR ZA
dEstn JomEd 122%), 7 29 39 B4

NASTRAN®] 239 sl4Zse} oAel Wold Nz 2

HEDE

110 T T T T T
[ 5 Anli-Sym §
r ~&— Anti-Sym il § 7
~Fl— Sym|
--%--Symll .
E ]
P ]
E 4
b ]
2
'
o u
£
k]
<
)
m
L M{I——.(
0 ] 1 I 1 !
0 15 30 45 80 75 90
Ply Orientation Angle (deg)

Fig. 4 Variation of bending rigidity with ply angle changes.
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Table 2 Sign of Ba for box-beam walls

Cases Top Left Bottom Right
Anti-1 + - + -
Anti-2 + + +
Sym-1 - - +
Sym-2 + - - +
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