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Finite element bending analysis of square microplates with circular hole based
on the three-dimensional strain gradient elasticity theory
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ARTICLE INFORMATION ABSTRACT

Original Research Paper Experimental studies indicates that the mechanical behavior of materials at micro and nano scales are
Received 10 February 2018 size-dependent. Since the classical continuum mechanics theories cannot capture the size effect,
Accepted 08 April 2018

employment of different non-classical theories has received a considerable attention among researchers.

Availzble Online 11 May 2013 In this study, the finite element formulation is presented to investigate the bending of square microplates

with circular hole subjected to uniform pressure based on the three-dimensional strain gradient elasticity

Keywords: = : B S g G .

Finite element theory. For this account, the 8-node C' continuous hexahedral element is introduced in which, in
Bending addition to the values of displacement components, some related higher-order mix derivatives are
Microplate with circular hole further considered as nodal values. The governing equations are derived based on the strain gradient

Strain gradient

3 . theory and three-dimensional elasticity model and the finite element formulation is presented using the
Three-dimensional elasticity

introduced element. Note that by considering some specified values for coefficients of strain gradient
theory, the numerical results can be obtained for modified strain gradient theory and modified couple
stress theory. To demonstrate the efficiency of the proposed finite element, the convergence and
accuracy of the results are firstly checked and then the impacts of geometrical parameters on the
bending of microplates with circular hole are studied. The results show that the increase of the diameter
of the hole decreases the maximum non-dimensional deflection of the microplate. In addition, one can
see that the position of the hole plays an important role on the bending behavior of the microplate.
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'" Generalized differential quadrature method
'? Kirchhoff plate model
" Extended Kantrovich method
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! Nanoelectromechanical systems (NEMS)
* Strain gradient theory

* Couple stress theory

* Modified strain gradient theory

* Modified couple stress theory

© Dilatation gradient vector

" Deviatoric stretch gradient tensor

# Symmetric rotation gradient tensor

* Euler-Bernoulli beam theory

' Timoshenko beam theory
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? Single-element test

* Refined non-conforming quadrilateral element
* Hermite
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Fig. 1 Schematic view of the geometry of micro plate
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Fig. 2 Convergence study for maximum non-dimensional deflection of

clamped square microplate with circular hole (h/l = 2,d/a = 0.2)
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Fig. 3 Variations of maximum non-dimensional deflection of clamped
square microplate with circular hole versus thickness-to-length scale
parameter ratio for different hole-diameter-to-length ratio based on the

modified couple stress theory (a/h = 10)
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Table 1 Comparison of the maximum non-dimensional deflection
(100ER3u®* /qoa*) of simply-supported square microplate without

hole based on the modified couple stress  theory
(E = 14.4GPa,v = 0.38,F = 1.44 GPa)
a/h=5 a/h =10 a/h =20
&y GeS &> Geid &y GRS I/h
[29] Sal> [29] ol [291 Lol
0.515 0.546 0.442 0.446 0.423 0.422 0
0.448 0.437 0.384 0.377 0.368 0.363 0.2
0.325 0.314 0.028 0.270 0.266 0.260 0.4
0.227 0.228 0.191 0.186 0.178 0.178 0.6
0.163 0.175 0.134 0.132 0.123 0.124 0.8
0.123 0.142 0.972 0.098 0.091 0.090 1
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Table 3 Varations of the maximum non-dimensional deflection of
simply-supported square microplate with circular hole for length-to-

thickness ratio and thickness-to-length scale parameter ratio based on
different theories (d/a = 0.2)

CT MCST  MSGT _ h/l a/h

6.024 1.301 0.899 1

6.024 2.543 1.780 2

6.024 4.543 3.683 5 5
6.024 5.438 4.930 10

6.024 5.836 5.614 20

5.066 0.891 0.547 1

5.066 2,142 1.361 2

5.066 3.998 3.321 5 10
5.066 4.710 4.410 10

5.066 4.966 4.868 20

4.902 0.831 0.462 1

4.902 2.079 1.290 2

4.902 3.904 3.270 5 15
4.902 4.582 4.323 10

4.902 4.815 4.736 20

B O YT J T, VR CP PRSP TE R JPUPCHI POy PP
(d/a=02,af/h=8)dlxs sla 5,55 oluly Jo,.5
Table 4 The effects of hole position on the maximum non-dimensional

deflection of clamped square microplate based on different theories
(dfa=02a/h=8)
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Fig. 4 Variations of maximum non-dimensional deflection of clamped
square microplate with circular hole versus thickness-to-length scale
parameter ratio for different hole-diameter-to-length ratio based on the
modified strain gradient theory ( a/h = 10)
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Table 2 Comparison of the maximum non-dimensional deflection

(100Duf™ /q.a*) of square plate with circular hole based on the
classical theory (a/h = 100,d/a = 1/6,v = 0.3)

Qe [42] a0 [l goe g5 Wil
0.001313 0001339 0.001296 e
0.004495 0004492  0.004488 sl
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