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ABSTRACT

An experimenta investigation as well as nonlinear analysis is carried out in this paper
to study the behavior of polymer members (Epoxy & Polyester) under direct tension. The
ANSYS mode accounts for nonlinear phenomenon, such as, Tension Softening Material
(TSM) and Enhanced Multilinear Isotropic Softening (EMIS) models. The polymer
specimens are modeled using PLANES2 element — eight node plane element — eight node
plane element, which is capable of smulating the failure behavior of polymer materia
members. The intention of this paper is thereby to discuss the proposed softening models to
validate the complete Stress-Strain and Load-Deflection response of prismatic specimens
subjected to uniaxia tension. The outcomes from the verifications of both modeling
techniques have shown good agreement with the experimental results obtained from
literature.

KEYWORDS: Nonlinear Materia, Finite Element, Epoxy, Polyester, Tension Softening,
and Enhanced Multilinear Isotropic Softening.

1.INTRODUCTION

Most polymers behave as viscoelastic a any condition and at a wide range of
temperatures such as, whereas some of the engineering materials exhibit viscoelasticity, such
as most metals, only when temperature increases to permit material nonlinearity.

Most materials which have viscoelastic properties are solved linearly if they show small
deformations, otherwise, they are solved by the non-linear solution.

In metals and non-metals materials, the time-dependent response is required to anayze
problems in important areas of engineering such as the problem of solid propellant rocket
fuels, the problems of turbine blade, and soil mechanics which require analysis taking into
account viscoelastic , viscoplastic or creep response under varying time, temperature and
loads histories. In fact, the activity in this field is primarily due to the large-scale
development and utilization of polymeric materials. Many of these newly - developed
materials exhibit mechanical response characteristics which are outside the scope of such
theories of mechanical behavior as elasticity and viscosity Thus, the need for a more general
theory is quite apparent.

The basic objective of the present paper is to present a mathematical model suitable for
the nonlinear analysis of polymer members under monotonically increasing loads. This model
incorporates the material nonlinearity due to the deformation in material particles.

The main obstacle to finite element analysis of polymer members is the difficultly in
characterizing the material properties [1], [2]. Much effort has been spent in search of a
realistic model to predict nature of polymer (Epoxy & Polyester) material for which proper
modeling of such members is a challenging task. Despite the great advances achieved in the
fields of plasticity, damage theory and fracture mechanics, among others, an unique and
complete constitutive model for polymer material structuresis still lacking.
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2.EXPERIMENTAL WORK
2.1 Manufacturing Procedures
Fig (1) shows all parts of the mold which is used to prepare the specimen; these are:
1. The upper glass. It is apiece of glass of dimensions (200x200x6mm)
2. Thelower glass: It is exactly the same as the upper glass.
3. Therest: It isthe part on which the upper and the lower glass rested.
4. The arm: This is used to apply a suitable pressure on the surface of the upper
glass.
5. The wax: It is used to paint the upper and the lower glass to avoid the
specimen being adhered to the mold.

2.2 Preparation of Material for Manufacturing

The preparation process included mixing of the resn polyester with (0.2- 0.5 %
polyester) cobalt and (1.5-2 %polyester) hardener, or mixing the resin epoxy, in addition to
performing the necessary measurements.

2.3 Description of Tensile Test

The length and width of the tension coupons used in both the experimenta and
numerical evauations are in accordance with ASTM Standard D3039 [3]. The specimen is
(110mm) long, (20mm) wide and (3.5mm) thick. The tabs were (37.5mm) long, (20mm)
wide, (3.5mm) thick as shown in Fig (2) with ataper angle of 20° smoothly curved. The set
of dimensions are the effective length of specimen Le, the tentative length L, and width of the
specimen W [4].

2.4 Tensle Testing Apparatus

The apparatus of tensile testing used in this study is shown in Fig (3). Experiments are
carried out at the metda laboratory, in the Speciaized Institute for Engineering Industries in
Baghdad at laboratory temperature and with aload application speed equa to (0.2 mm/min),
the tensle testing machine comprises the following:
1. Two movable members, each of which is carrying one grip.
2. Grips for holding the test specimen between the fixed member and the
movable member.
3. Drive mechanism for imparting to the movable member a uniform, controlled
velocity with respect to the stationary member.
4. Load indicator with suitable load indicating mechanism capable of showing
the tendle load carried by the test specimen when held by the grips.
5. Extenson indicator which presents a suitable instrument for determining the
distance between two fixed points located within the gage length of the test
specimen at any time during the te<t.

3. EXPERIMENTAL RESULTS

In this work, two types of resins are used the properties of which are shown in
Table (1). Fig. (4) Shows photos of the specimens used in this work. Table (2) illustrates the
different responses of deflection of both polyester and epoxy resin for the same type and
amount of fiber and with the same load and time.

4. MATERIAL MODEL

The finite element code ANSYS, Version 10.0, has been used. Its polymer materid
model congsts of material model to predict the failure of elastic materials, applied to a two
dimensional PLANE 82 element. The material is capable of plastic deformation. The tension
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softening is determined by failure surface. Tensile failure is defined by the maximum tensile
dress criterion, a tension cutoff. Unless plastic deformation is taken into account, the two
material behaviors are linear and nonlinear eastic until failure.

5.DETERMINISTIC FINITE ELEMENT ANALYSIS
5.1 Mode Overview

A 2-D solid mode of the actual test specimen is built using ANSYS 10.0 software
package [6] using the PLANE 82 element. PLANE 82 is an 8-node structura plane element
designed to model plane stress invariants [7]. The element is defined by 8 nodes having two
degrees of freedom per node: trandations in the nodal x, and y directions. The X-direction
corresponds to the longitudinal direction of the test specimen and the loading direction. The
Y -direction corresponds to the lateral direction of the test specimen. Convergence studies are
conducted to evaluate the proper mesh size for the problem at hand. It is determined that (72)
plane elements are required as shown in Fig. (5).

5.2 Model Restraintsand Load Application

The model is composed of two different components: tabs, and adhesive polymeric
matrix material. The bottom tabs are restrained on their outer flat area in the y-direction (Uy
= 0), whereas the upper tabs were subjected to uniform displacement applied to the outer flat
area. A uniform pressure is applied on the flat tabs area to simulate the actual experimental
grip pressure.

6. ANALYSISRESULTS

The linear and nonlinear finite element solutions are done using ANSY S 10.0, the small
displacement static and line search nonlinear options are used. A 20" is number of sub-steps
with 10 value of tolerance. The results of nonlinear solution iterations for every sub-steps

7.POLYESTER TEST

From experimenta results, a load-extension relation is shown in Fig. (7), including the
solution of linear and nonlinear finite element anaysis. Good agreements of numerical and
experimental results. Finite element solutions (linear & nonlinear) initidly have
approximately the same values, but the nonlinear solution is closer to the experimental
results. Accordingly the polymer member behaves as elastic nonlinear material, according to
the tension softening model issued in finite element analysis. Fig. (8), shows the stress-strain
relationship of experimenta results and finite element solutions. The polyester members are
tested and modeled using finite element method an shown good verification in this paper. The
contour results of stressin linear solution are shown in Fig. (9).

8. EPOXY TEST

In epoxy test, the two epoxy resin members are tested in laboratory, and the finite
element solutions are done for linear and nonlinear behavior. Fig. (10) Shows the relationship
of load- extension. Good agreement is shown, and nonlinear solution has close results with
experimental outcomes. A stress-strain relation is explained in Fig. (11), the nonlinear
materials finite elements are done and compared with experimental test.

Good agreement is shown. The Contour results using ANSYS for nonlinear FE
solution of stress and strain are shown in Fig. (12).

9. CONCLUSIONS
Based on the comparison of the predicted results of polymer (epoxy and polyester)
members with corresponding experimental data, the following conclusions are drawn:
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1. The predicted strength of polymer member at various stages is found to be in good
agreement with test data, especially for non-linear finite element solution.

2. The proposed model predicted dightly softer results in non linear material of the load
deflection response of polymer members.

3. From all vaidated test cases, the tension softening material (TSM) model proposed herein
has been proved to be able in determining the complete stress- strain response for specimen
of various geometries.

4. Finite element models constructed in ANSY S V.10 using the dedicated element (2D plane
element) have accurately captured the tension response of these systems up to failure.

5. It is expected that the modeling strategy for finite element analysis proposed in this study
is useful for analyzing polymer members.
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Table (1): Mechanical Properties of the Resin used in Present Work [5]

Young modulus | Shear modulus | Bulk modulus | Poissonsratio
Resin type E (GPa) G (GPa) K(GPa) u
Experimental Experimental Calculated Calculated
Polyester 1.0602 0.384 1.478 0.38
Epoxy 0.333 0.127 0.295 0.312
Table (2): The Composite Responses to Deflection
. Applied Load Deflection
Resin type
P (gm) (mm)
Polyester 714 1.79
Epoxy 714 2.62

.
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Figure (1): The Mold Components
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Figure (2): Tensile Specimen Geometry
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Figure (3): The Tensile test Apparatus.

(©)

Figure (4): (a) Epoxy before test. (b) Epoxy after test
(c) Polyester before test (d) Polyester after test
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Figure (5): The PLANE 82 Element Simulations
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Figure (6): Results of Convergence for Nonlinear Solutions
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Figure (7): Load-Extension Relation of Polyester Specimen
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Figure (8): Stress Strain Relation of Polyester Specimen
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Figure (9): Stressin Polyester using ANSY S Contour Results
for Linear FE Solution
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Figure (10): Load- Extension Relation of Epoxy Resin Member
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Figure (11): Stress Strain Relation of Epoxy Resin Member
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Figure (12): Contour Results Using ANSY S for Nonlinear FE Solution
(a) Strain Plot (b) Stress Plot
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