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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 a recursive-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
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buckling of angle-ply laminate was much less than critical time of cross-ply laminate.

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 materials is 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 and structures. 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 was implemented
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 built-
in functions and an updating process. Since the viscoelastic

*Corresponding author’s email: falahatgar@guilan.ac.ir

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]:

t 0.
&(1)=5,,0, (t)+IASi/ (t—r)%mdr ij=1,.,6 (1)
° T
S, 0, Instantaneous elastic compliance and AS, (¢)

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

&)= (S0 + Z Sn)o ()= ZS,»,;,ZCI_,;,, ® 2)

where S, are Prony coefficients and 4, are stress-
independent reduced times. The Hereditary integral for each
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term of Prony series at the end of current time ¢ is presented
in recursive form as Eq. 3 [6]:

v

W) =e g, (- A+
q,,@) q,,(t—A41) P

(o,0-,c=a0)  (3)

By rewriting the equations above, orthotropic viscoelastic
constitutive equation is as Eq. 3:

— At

N 1—e
D=, +> S [1- (t
&,(1)=(S,, Z { T })a,()

N gt
s, {e}'"‘"qm(t—dt)—ljzta/.(t—At):| )

gn
n=1

= S0, (1) R, (1)

where §;(¢) and R;(¢) are coefficients of creep
compliances and hereditary creep strains, respectively.
Elastic behavior is assumed in fiber direction. Thus R,(¢) =0
and ¢;, = 0. Consequently, the stiffness of lamina in time ¢ is
obtained as[C] = [S; () T )

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. 5:

where £*) is thickness each layer and /4 is total
thickness. Consequently, from rearrangement of Eq. 6, the
constitutive equation of laminate is {5} =[C ]{Z} , with {5}
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 to
model the structure as a 3D solid. Inputs of the usermat3d
subroutine of ANSYSS are number of layers, fiber orientations,
thickness 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 a laminated 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 considere;d.
NX LX

The edge at x =L _ is under uniaxial loading of N, = -
E,h
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Fig. 2. End-shortening of [45/-45]4 plate.

For verification 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 results of ANSYS
material and usermat material.

End-shortening of [45/-45], plate is plotted in Fig. 2 for
different imperfections (imp) and load ratios (PPr) in 800 hr.
The results indicate that imperfections are in low significance.
From the results of center deflection of 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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Fig. 3. Deflection of [45/-45]4 plate with imperfection
of 0.001.

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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one layer .
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Table 2. Constants of Prony series for creep properties

of glass/epoxy
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Table 1. Elastic properties of glass/epoxy composite.
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Table 3. Boundary conditions of post-buckling of plate.
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Fig. 4. Sample meshing of square plate by only one ele-
ment in thickness.

slyre cas bl d)lﬂ Y oS o uly cwl TilaY
O.)LO C;)ya.g Q‘.o” ‘_535)5 L)019'> .[Y":I CAM)‘ X W) 4.:5; )Jé.; ).) C)LMLA" >
et SVl glojls odle Jao Lisy 50 SVl colb A L g gy
Dy g e [V ]
S kS gy JoS geaY50,8 B> oy sl It
Ol 5 )l58le 5 oole duglie Laad Bun dls o pl 15 25 0 pl]
Gdgis ]l edlatul pail > > g gilw Jde Goles &S ol
Ognle jloslitel )3 anghie cpl 4 5l pae g )l53le 5 oole (6l

e o s )

3. Layered solid
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Fig. 3. Plate for present problem with 3D geometry
under in-plane pressure
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Fig. 6. Deflection-force curve of [0/90]2s square plate
without hole
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Fig. 7. Deflection-force curve of rectangular plate 1.5
with clamped support.
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Fig. 5. Deflection-force curve of [45/-45]4 square plate
without hole.
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Fig. 8. End-shortening of [45/-45]4 rectangular plate
under Ny, = 7.648
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Table 4. Final end-shortening (at 48000 min.) of [45/-45]4 plate
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Fig. 10. Dimensionless deflection curve of [45/-45]4 rec-
tangular plate with imperfection of 0.01 and

Ny = 7.648
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Fig. 11. Dimensionless deflection curve of [45/-45]4 rec-
tangular plate with imperfection of 0.1 and

Ny = 7.648
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Fig. 9. Dimensionless deflection curve of [45/-45]4 rec-
tangular plate with imperfection of 0.001 and

Np. = 7.648
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Table 5. Final dimensionless deflection (at 48000 min.) of [45/-45]4 plate.
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Fig. 12. End-shortening of [0/90]2s rectangular plate
under Ng, = 8.947
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Table 6. Final end-shortening (at 48000 min.) of [0/90]2s plate
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Fig. 14. Dimensionless deflection curve of [0/90]2s rec-
tangular plate with imperfection of 0.01 and

Noo = 8.947.
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Fig. 15. Dimensionless deflection curve of [0/90]2s rec-
tangular plate with imperfection of 0.1 and

Ny = 8.947.
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Fig. 13. Dimensionless deflection curve of [0/90]2s rec-
tangular plate with imperfection of 0.001 and

N = 8.947.
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Table 7. Final dimensionless deflection (at 48000 min.) of [0/90]2s plate.
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