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ABSTRACT;

The viscoelastic material was presented using Boltzman viscoelastic model and Shapery constitutive equation
for orthotropic material'with a multidimensional integral. Employing Prony series, solution of the time integral
was obtained in the form of arecursive-iterative approach that estimate the current time parameters based on
parameters of the preceding time. After finding the lamina properties, overall properties of laminate are obtained
with 3D lamination theory of Pagano. These properties are assigned to every integration point of the finite
elements. Since this material is,not available in standard finite element codes, viscoelastic laminated composite
system was developed for commercial codes.| The formulation was implemented into ANSYS USERMAT
subroutine which is applicable for 3D structures with only one element through the thickness. For instance,
buckling problem of a plate with a circular cutout was considered. Force-deflection curves of elastic material were
obtained with ANSYS and subroutine material and compared well. For viscoelastic response, creep buckling of
viscoelastic plate was obtained for various applied loads and imperfection. Long-term deflections and end-
shortenings versus time were illustrated for two different fiber orientations. The results show that critical time in

buckling of angle-ply laminate was much less than critical time.ofcross-ply laminate.
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1. Introduction

Time-dependent  properties of polymer-matrix
composite is basically due to the viscoelastic response of
the matrix material. When any structure made of these
materialsis loaded for a long time, different deformations
is observed that may be very greater than instantons
response of them, which will be a key parameter in design
of structures. Sawant and Muliana [1] developed a
recursive—iterative', algorithm  for  prediction of
thermomechanical viscoelastic response of orthotropic
composite materials andistructures. Schapery integral for
small deformation of orthotropic medium was
implemented .as ABAQUS UMAT. Creep buckling of
isotropic  viscoelastic®™ von |\ Karman plates was
investigated by the author [2] using nonlinear finite
element method. Le et al. [3] employed a 3D orthotropic
viscoelastic material model that”wassimplemented in
ABAQUS UMAT with _differential «approach for
buckling analysis of composite. Abuhamzeh et al. [4]
presented a model for small and“large deformation of
thermo-viscoelastic composite in Laplace domain that
was implemented in ANSYS subroutine” and used to
analyze the response of fiber/metal laminates. An et al.
[5] used multiscale method to find the behavior of
viscoelastic composite laminate. Effective orthotropic
viscoelastic properties was developed in ABAQUS by,
RVE and employed for panel structures by builtsin
functions and an updating process. Since the viscoeélastic
composite material is not available in commercial codes,
in this study a 3D laminate model, consisting of
orthotropic viscoelastic layers, was programmed for the
user-material subroutines of standard codes like ANSYS.
For instance, Creep buckling of rectangular plate with
circular hole was investigated and deformations are
plotted over time.

2. Viscoelastic composite

The viscoelastic model for solids under isothermal and
multiaxial loading conditions is in the form of Eq. 1 [6]:

g (t):Su,OUj (t)+j.ASij (t—r)&‘é*fr)dr (1)

ij=1,.,6
S0, instantaneous elastic compliance and 45, (¢),

transient creep compliance can be expressed with Prony
series to give total strain in the current time as Eq. 2:

G0= (8304 35,00, 351,400 @

where s, are Prony coefficients and 4, are stress-

independent reduced times. The Hereditary integral for
each term of Prony series at the end of current time t is
presented in recursive form as Eq. 3 [6]:

o 1-g " (3)
0;(t) =€, (t—40) + WY (Uj(t)—ffj(t—zlt))
By rewriting the equations above, orthotropic

viscoelastic constitutive equation is as Eq. 3:

(4)

1_g

& (1) =(S; +nZ:;Sij,n {1_ T })UJ ®

N
_z Sin {e“"”’q i (t—a1)—

n=1

=S{ (V) (6) - R, (1)

At

O‘j(t—At):|

n

where S5(¢) and R;(t) are coefficients of creep

compliances and hereditary creep strains, respectively.
Elastic behavior is assumed in fiber direction. Thus

Ri(t)=0 and ¢f , =0 . Consequently, the stiffness of

lamina in time t is obtained as [Cl, ¢ =[ ;(0]4.

Using 3D lamination theory of Pagano [7] and
formulations of elasticity theory with continuity of
interlaminar displacements and stresses and properties of
homogeneous material equivalent to laminated structure,
the in-plane and out of plane stresses and strains are

arranged as Eq. 6:
5] _ane[ [A] [B]r (€ {Cﬁ Cio} zn ©
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where h® is thickness each layer and h is total

thickness.’ Consequently, from rearrangement of Eq. 6,
the constitutive equation of laminate is {5} = [C iz}, with

{7} and {E} are total stresses and strains, respectively.

Using the presented material model, only one element
is required’ through the thickness of the laminated
composite ta'modelsthe structure as a 3D solid. Inputs of
the usermat3d Subroutine of ANSYS are number of
layers, fiber orientations,sthickness of layers and some
state variables including hereditary strains, total normal
and shear stresses and stiffness matrix of layers.

3. Results and Discussion

Material properties used [in the current study are
extracted from Luo and Schapery [8] for<glass/epoxy
composite. The creep compliance _coefficients and
reduced times are obtained with curve fitting“to given
material functions in [8] for 800 hours. With the
presented formulation, it is possible to model adaminated
structure with 3D elements. To indicate the"applicability
of the formulation, postbuckling of elastic “and
viscoelastic plate with circular hole and all edges simply
supported or clamped with in-plane movement is



considered. The edge at x=Ly is under uniaxial loading
2
of N, = NX_L; .
Eh
For“werification of the code, force-deflection of
rectangular elastic plate with imperfection and clamped
edges is obtained in Fig. 1 that shows good agreement of
the resultssof ANSY S material and usermat material.
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Figure 1. Force-Deflection of clamped plate

End-shortening of [45/-45]4 plate is plotted in Fig. 2
for different imperfections (imp) and load ratios (PPr) in
800 hr. The results indicate that imperfections are indow
significance. From the results of center deflectionsof the
plate with imp = 0.001 shown in Fig. 3, for PPr=0.7 the
plate has an increase of 0.05 in deflection before 10000
min. For PPr = 0.8 this time is about 550 min and for PPr
= 0.9 a sudden increase is seen. The above mentioned
times (10000 and 550 min) are known as critical time of
creep buckling of viscoelastic plate.
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Figure 2. End-shortening of [45/-45]4 plate

4. Conclusions

Any laminated composite structure can be simulated by a
3D  recursive-iterative  viscoelastic ~ formulation
implemented into ASYSY using material subroutine. To
present the applicability of the subroutine, postbuckling
of plates made of cross-ply and angle-ply arrangement of
fibers are analyzed to find deformations and critical time.
The results indicate that for creep bulking, imperfections

do not have significant influence on end-shortenings,
whereas critical time of angle-ply laminate was much less
than critical time of cross-ply laminate.
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Figure 3. Deflection of [45/-45]4 plate with imperfection of
0.001
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Table 3. Boundary conditions of post-buckling of plate
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Fig. 7. Deflection-force curve of rectangular plate
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Table 4. Final end-shortening (at 48000 min.) of [45/-45]4 plate
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Fig. 9. Dimensionless deflection curve of [45/-45]4
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plate under N, .. = 8.947
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Table 6. Final end-shortening (at 48000 min.) of [0/90]2s plate
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Fig. 13. Dimensionless deflection curve of [0/90]2s
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Table 7. Final dimensionless deflection (at 48000 min.) of [0/90]zsplate
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