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ABSTRACT
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In this paper, the properties of the material are proposed according to the
temperature and vary continuously in the direction of the thickness according to a
law of power, the distribution of the stress along the thickness for functionally
graduated beamwas studied, the choice of materials is taken according to the
demand of the industrial sector, the expression of the stresses has been studied
analytically, the effects of the material distributions are presented, The results show
that the previously mentioned effects play a very important role in the dynamic
behavior of the FG beams.
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1. Introduction
A new class of composite materials, which is known as functionally graded material (FGM), has
been drawn considerable attention. Functionally graded materials (FGMs) characterize a class of
materials where the microstructures are spatially graded to achieve specific thermal and/or
mechanical properties to suit the functionality of the structure [1]. Material properties are varied
continuously in the thickness direction according to a simple power law distribution. A threedimensional solid element is used for more accurate modeling of material properties and
temperature field in the thickness direction. The Green–Lagrange nonlinear strain-displacement
relation is used to account for large deflection due to uniform pressure and thermal loads and the
incremental formulation is applied for nonlinear analysis [2].
Structural elements subjected to high temperature, severe temperature gradient, and uneven
heating rates are unavoidable during the operation of gas turbines, nuclear reactors, castings,
forgings, radiant burners, pipes in heat exchangers, artillery barrels, etc. Sharp temperature
gradients in the structural elements arise due to sudden exposure to very large amount of heat
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which is observed during launching of rocket, space craft structural components subjected to
radiant solar heat [3] and [4].
Functionally graded material (FGM) is a new kind of inhomogeneous composite. It possesses
continuously varying microstructure and mechanical properties. The main advantage of FGM is that
no internal boundaries exist and the interfacial stress concentrations can be avoided. Furthermore,
functionally graded materials (FGMs) can be designed to achieve particular desired properties and
the gradation in properties of the material can optimize stress distribution. Nowadays, there have
been increasingly many modern engineering applications of FGMs, such as space shuttle, rockingmotor casings, and packaging materials in microelectronic industry [5].
Composite materials are those formed by combining two or more materials on a macroscopic
scale such that they have better engineering properties than the conventional materials, for
example, metals. Most man-made composite materials are made from two materials: a
reinforcement material called fiber and a base material, called matrix material. The stiffness and
strength of fibrous composites come from fibers which are stiffer and stronger than the same
material in bulk form. The matrix material keeps the fibers together, acts as a load-transfer medium
between fibers, and protects fibers from being exposed to the environment [6]. To overcome the
limitations stated above, a lot of research has been conducted to increase the thermal carrying
capacity of convectional heat transfer fluid and one of the ideal ways is to disperse nano-size
particles in to the base fluid [7].
The natural convection heat transfer is one of the classical heat transfer problems that can
narrate the development of modern understanding of heat transfer. Literature records include
research on such problem since 1969 [8] until today [9-11].
Most of the recent studies showed that, the enhancement of heat transfer coefficient can be
increased by adding solid metallic or nonmetallic nanoparticles with a high thermal conductivity of
the base fluid [12-14]. Nanofluids effects have investigated by many researchers in the
enhancement of heat transfer and the fluid flow [15-19].
The displacement field for this study, of which u and w are the two displacement components
of a point located in the neutral axis, φ is the rotation of the normal around the neutral axis,
expressed as follows:
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Fig. 1. FGM Beam
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u x ( x, z, t ) = u 0 ( x, t ) + zφ ( x, t ) − αz 3 (φ ( x, t ) + w0, x ( x, t ))

(1)

Reproduction of this equation in matrix form

u x = [1 0 − αz 3

(2)

 u0 
w 


z − αz 3 ] 0 
w
 0, x 
 φ 

The deformation-displacement relation is given by the following expression
(3)

ε x = ∂u x / ∂x

Substituting Equation (1) in (3) we obtain
ε x = ∂u x / ∂x = ∂u 0 ( x, t ) / ∂x + z∂φ ( x, t ) / ∂x − αz 3 (∂φ ( x, t ) / ∂x + ∂ 2 w0 ( x, t ) / ∂x 2 )

(4)

On the other hand the expression of the deformation in matrix form is given by

ε x = [1 z − αz 3

− αz 3

(5)

 ∂u 0 ( x, t ) / ∂x 


 ∂φ ( x, t ) / ∂x 
0] 2
2 
 ∂ w0 ( x, t ) / ∂x 
φ ( x, t ) + w0, x ( x, t ) 



The relation stress strain
(6)

σ x = Eε x − α∆T

For graded materials evaluated deformations expressions and Young modules is follows a power
law
E1



E ( z) = 
 h +h −z
 z − h1 
2
 + E 2 

 E1  1
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 h2 
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 z − h1 
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σ x = E1ε 1 +  E1 

(7)

(8)

(9)
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2. Results and Discussion
Consider a FGM beam, the parameter values used are
ε1=0.098799, ε2=0.074799, h1=1m, h2=1,5m, E1=204,04.109 Pa

E2=224,26.109 Pa , α = 4 / 3h 2

Fig. 2. Distribution of normal stress following z as a function of temperature

Figure 2 shows the influence of the temperature variation on the stress distribution for a
gradually evaluated beam, the concentration is very clear in the lower part of the beam, the stress
decreases along the thickness of the beam, the intensity of the stress decreases with the increase
of the temperature.
3. Conclusion
In this study, the effect of the temperature increase, is shown in the normal stress distribution
for a gradually graded beam, for this type of materials, the maximum value occurs only on the
upper part of the beam, the properties of the materials change through the thickness of the beam
according to the power law that gives a gap in the stress results, we find that the choice of material
is necessary in the construction of structures, the change in temperature makes material to expand
and if this expansion is restrained, stresses are induced which affect expected performance of
structure.

18

Journal of Advanced Research Design
Volume 41, Issue 1 (2018) 15-19

Penerbit

Akademia Baru

References
[1]
[2]
[3]
[4]
[5]
[6]
[7]
[8]
[9]
[10]
[11]

[12]
[13]
[14]
[15]
[16]

[17]
[18]

[19]

Alshorbagy, Amal E. "Temperature effects on the vibration characteristics of a functionally graded thick
beam." Ain Shams Engineering Journal 4, no. 3 (2013): 455-464.
Kumar JS, Reddy BS, Reddy EC. Nonlinear bending analysis of functionally graded plates using higher order
theory. Int J Eng Sci Technol 2011 no 3(4):3010–22.
Yu, Y-Y. "Thermally induced vibration and flutter of a flexible boom." Journal of Spacecraft and Rockets 6, no. 8
(1969): 902-910.
Thornton, Earl A., Gregory P. Chini, and David W. Gulik. "Thermally induced vibrations of a self-shadowed splitblanket solar array." Journal of Spacecraft and Rockets 32, no. 2 (1995): 302-311.
Nie, Guojun, and Zheng Zhong. "Dynamic analysis of multi-directional functionally graded annular
plates." Applied Mathematical Modelling 34, no. 3 (2010): 608-616.
Reddy, J. N. "Mechanics of laminated composite plates: theory and analysis. 1997." CRC, New York.
Sidik, NA Che, and O. Adnan Alawi. "Computational investigations on heat transfer enhancement using
nanorefrigerants." J. Adv. Res. Des. 1, no. 1 (2014): 35-41.
He, Yurong, Cong Qi, Yanwei Hu, Bin Qin, Fengchen Li, and Yulong Ding. "Lattice Boltzmann simulation of
alumina-water nanofluid in a square cavity." Nanoscale research letters 6, no. 1 (2011): 184.
Munir, F. A., N. A. C. Sidik, and N. I. N. Ibrahim. "Numerical simulation of natural convection in an inclined square
cavity." Journal of Applied Sciences 11 (2011): 373-378.
Oueslati, Fakhreddine Segni, and Rachid Bennacer. "Heterogeneous nanofluids: natural convection heat transfer
enhancement." Nanoscale research letters 6, no. 1 (2011): 222.
Azwadi, Nor, and M. S. Idris. "Finite Different and Lattice Boltzmann Modelling for Simulation of Natural
Convection in a Square Cavity." International Journal of Mechanical and Materials Engineering 5, no. 1 (2010):
80-86.
Yu, Wenhua, David M. France, Jules L. Routbort, and Stephen US Choi. "Review and comparison of nanofluid
thermal conductivity and heat transfer enhancements." Heat transfer engineering 29, no. 5 (2008): 432-460.
Beck, Michael P., Yanhui Yuan, Pramod Warrier, and Amyn S. Teja. "The effect of particle size on the thermal
conductivity of alumina nanofluids." Journal of Nanoparticle Research 11, no. 5 (2009): 1129-1136.
Özerinç, Sezer, Sadık Kakaç, and Almıla Güvenç Yazıcıoğlu. "Enhanced thermal conductivity of nanofluids: a stateof-the-art review." Microfluidics and Nanofluidics 8, no. 2 (2010): 145-170.
Abu-Nada, Eiyad. "Application of nanofluids for heat transfer enhancement of separated flows encountered in a
backward facing step." International Journal of Heat and Fluid Flow 29, no. 1 (2008): 242-249.
Al-Aswadi, A. A., H. A. Mohammed, N. H. Shuaib, and Antonio Campo. "Laminar forced convection flow over a
backward facing step using nanofluids." International Communications in Heat and Mass Transfer 37, no. 8
(2010): 950-957.
Saidur, R., K. Y. Leong, and H. A Mohammad. "A review on applications and challenges of nanofluids." Renewable
and sustainable energy reviews 15, no. 3 (2011): 1646-1668.
Mohammed, H. A., A. A. Al-Aswadi, M. Z. Yusoff, and R. Saidur. "Buoyancy-assisted mixed convective flow over
backward-facing step in a vertical duct using nanofluids." Thermophysics and Aeromechanics 19, no. 1 (2012): 3352.
Sidik, Che, Nor Azwadi, Chan Shi Wei, and Alireza Fazeli. "Computational Analysis of Nanofluids in Heat
Exchanger." Applied Mechanics and Materials 695 (2014): 418.

19

