Journal of Applied and Computational Sciences in Mechanics.
DOI: 10.22067/jacsm.2022.76213.1113

1 Vol. 34, No. 2, 2022. (1-14)
https://mechanic-ferdowsi.um.ac.ir/?lang=en

The Effect of Material Degradation on the

Bending of Laminated Plates
Research Article
Meisam Mohahmmadi' Mojtaba Mahmoodi?

1. Introduction

Due to the development and advances in various fields of
engineering,  applying  materials  with  special
characteristics is considerable. Low weight, different
mechanical, chemical and physical properties of
composites in comparison with the isotropic materials,
leads to wide utility of composite materials in industry.
Environmental conditions affect the composite products
and therefore un-expected behaviors are seen.

Moisture, heat, magnetic field, X-rays, infrared rays,
UV rays, flams etc. are some of the important
environmental parameters. In marine and aviation
industries, heat and moisture are some of the most
important environmental conditions that affect the
efficiency of structures. Thus, study of the variation in
behavior of composite structures in hygrothermal
environment is evitable.

In the present study, using the available model of
material degradation in the literature due to the
hygrothermal conditions, bending of lamented plates is
investigated. Variations of elasticity modulus and
coefficient of thermal expansion due to the heat and
moisture are considered in the used material degradation
model.

2. Equilibrium equations
In order to derive the governing equilibrium equations for
bending analysis of laminated plate, classical plate theory
is used. Based on this theory, the components of
displacement field are
ul(x! Y, Z) =u- Z\N,x
_ 1)

Uy (X, Y,2) = wW(X, y)

In equation (1), u;, u, and u; are components of
displacement field in z distance of midplane in x, y

and z direction, respectively.

Using the principle of minimum total potential
energy, the governing equation for bending analysis of
symmetric laminated cross plate is obtained as

UZ(X’ Y, Z) :V—ZWX
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In the above equation, q(x,y) is the distributed load on

the surface of plate and D constants are the equivalent
flexural rigidity in various directions.

3. Material degradation in hygrothermal environment
For studying the effect of environmental conditions on
the mechanical properties of composite plate, the
experimental model proposed by Chamis is used.
According to this model, the elasticity modulus and
coefficient of thermal expansion are affected in
hygrothermal situation.

Therefore, the degraded elasticity modulus is

(Tew -T)
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In which T denotes temperature and the subscript GwW
and GD show the glass transition temperature in wet and

dry states. The glass transition temperature is related to
the moisture content through the following relation

Tow =(0.008M7 —0.1My, +1)Tgp ()
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In equation (4), M,, is the moisture absorbed by the
polymer composite.

4. Exact solution

Levy solution is used for determining the exact solution.
According to this solution, it is assumed that plate is
simply supported along all edges and double series
solution is applied so that the deflection of plate is
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5. Numerical results

For numerical study, it is assumed that laminated plate is
composed of epoxy and graphite fibers. The material
properties are tabulate in Table 1 as [1]:

mn

Table 1. Material properties of Composite

Fiber Density 1744kg/m3
Longitudinal modulus 0.21GPa
Transverse modulus 0.014GPa
Shear modulus 0.014GPa
Poisson’s ratio 0.41

Matrix | Density 1273kg/m3
Elasticity modulus 0.0034GPa
Poisson’s ratio 0.44

*Manuscript received: 16 April 2021; Revised, 08 May 2021, Accepted, 30 May 2021.
! Corresponding author: Assistant Professor, Department of Mechanical Engineering, Vali-e-Asr University of Rafsanjan, Rafsanjan,

Iran. Email: meisam.mohammadi@vru.ac.ir.

2 Assistant Professor, Department of Mechanical Engineering, Vali-e-Asr University of Rafsanjan, Rafsanjan, Iran.



https://mechanic-ferdowsi.um.ac.ir/article_42369.html
https://mechanic-ferdowsi.um.ac.ir/?lang=en
mailto:meisam.mohammadi@vru.ac.ir

Meisam Mohahmmadi - Mojtaba Mahmoodi

In Table 2, nondimensional maximum deflection

= WEg; | . :
W_P—b is presented for various parameters.
0

According to this table, it is seen that increasing the
volume fraction of fibers increases the nondimensional
deflection. While increasing the volume fraction of void
decreases the nondimensional deflection.

In figure 1, variation of nondimensional deflection versus
the change of temperature and moisture content is plotted.
According to the figure, increasing the temperature
severely decreases the nondimensional deflection.

Table 2. Nondimensional deflection of laminated plate

(0/90/0)
(T,RHR%)
a1 vi% | v, %
b — a @ a
o o o o
(=) = w ~
~ N—r 8 N—r
30 0 176.8 179.5 180.4 182.2
05 5 177.6 180.3 181.2 183.0
' 70 0 79.41 | 79.89 79.96 | 80.11
5 79.64 | 80.09 80.17 | 80.32
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5 1035 1053 1056 1062
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Figure 1. Variation of nondimensional deflection versus
the change of moisture and temperature for rectangular

(a/b=0.5) laminated composite plate (90/0/0/90)

Also, increasing the moisture content leads to
increasing the nondimensional deflection, which is due to
the growing up the weight. Numerical results show that
increasing temperature and moisture content significantly
decreases the bending stiffness of laminated plate. In

addition, the effect of temperature is more evident in
comparison with the moisture.

In Figure 2, the wvariation of nondimensional
deflection versus the change of void content is depicted.
It is clear that the deflection increases as the void content
increases.
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Figure 2. Variation of nondimensional deflection with
respect to the void volume fraction for square laminated
composite plate (0/90/0)
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