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strain gradient theory, In this article bending analysis of composite Euler-Bernoulli micro-beam made of
Functionally graded material, functionally graded materials resting on elastic foundation by strain gradient theory has
elastic foundation. been studied. The material properties of structure have been assumed by Reddy’s power law

model such as the bottom layer and top layer being ceramic and metal material respectively.
At first, by using the assumptions of elasticity strain gradient theory and calculating the total
potential energy of system after determining the work of external distributed load by using
the Hamilton's principal the equations of motion have been derived. Note that the work
down by the Winkler elastic foundation is considered. Because the solutions of mentioned
equations are not possible by analytical method, the equations have been solved by
generalized differential quadrature method in simply supported boundary conditions. By
comparing the answers of problem with other published references, we confident form the
obtained results. At the end, effect of material length scale and power law index coefficient
of functionally graded materials and stiffness of elastic foundation on deflection of micro-
beam has been studied.

Extended Abstract

1. Modeling of problem and governing differential equations

Suppose that, as shown in Fig. 1 micro-beam under distributed force q(x) resting on elastic foundation is located in simply
supported boundary conditions. The main problem is determination of beam deflection based on Euler-Bernoulli assumptions
and strain gradient theory. For this purpose the equations of motions have derived by variational method and Hamilton’s
principal. At first the total energy of system is written as equation 1.

= o TTTTTTTIITld lTT*h\l .
= ‘

L |

e

Figure 1. micro-beam under distributed force q(x)
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In which, o is Cauchy stress tensor, € and m are strain and couple stress tensor respectively. Also, x and P are symmetric
part of rotation gradient tensor and higher order stress tensor. y is the dilatation of gradient tensor. After calculating the
mentioned parameters the final relation of total strain energy can be written as:
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Now by applying the basic theorem in calculus of variation or Euler-Lagrange equations to above relation, the equilibrium
equations of system in terms of displacements are:
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Since, solving the above equations in simply supported boundary conditions by generalized differential equations
quadrature method the deflection of micro-beam has determined.

2. Conclusion

Due to the lack of material length scale parameter in classical elasticity theory, this theory cannot interpret the size effect
in micro-scale. Therefore we have to use the higher order theories such as modified strain gradient theory or modified stress
theory. These theories contain the material length scale parameters in addition to the elasticity constants. So that, the strain
gradient theory included the three additional parameters and shows the dependence size of structure.

In this paper the effect of material length scale parameters on the deflection of smart Euler-Bernoulli micro-beam has been
studied. Solving the problem leads to the following results:

1- Increasing the stiffness of elastic foundation, the deflection of micro-beam decreases. Because the stiffness of
structure increases.

2- In the non-classic theory of elasticity, when the thickness of micro-beam is closer to the material length scale
parameters, dependency of size effect becomes more important.

3-  With increasing the material length scale parameter the deflection of micro-beam increases and finally reaches to the
values of classical theory of elasticity. This phenomenon is due to by increasing the material scale parameter the
dimensions of micro-beam are closer to the macro-scale and the results of micro and macro are closer to each other.

4- By increasing the power index coefficient of functionally graded material the deflection of micro-beam increases,

because the stiffness of structure increases.
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5- Obtained deflection based on the classical theory is more than obtained deflection from the couple stress theory.
Also, Obtained deflection based on the couple stress theory is more than the obtained deflection based on the strain
gradient theory. This difference of the results increases by increasing the non-dimensional parameter h/I.
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