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ARTICLE INFORMATION ABSTRACT
Original Research Paper A finite element formulation for bending analysis of isotropic and orthotropic plates based on two-
Received 22 September 2015 variable refined plate theory is developed in this paper. The two-variable refined plate theory which can
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Available Online 30 November 2015 be used for both thin and thick plates predicts parabolic variation of transverse shear stresses across the

plate thickness and therefore, it does not need shear correction factor in the formulation and the zero
stress conditions are satisfied on free surfaces. The von-Karman nonlinear terms are considered in

Keywords: . . . . . . . . L.

Finite Element Method strain-displacement equations and governing equations are derived using the Hamilton's principle. After
Non-linear bending constructing weak form equations, a new 4-node rectangular plate element with six degrees of freedom
T\é\/O;(Valriable Refined Plate Theory at each node is used for discretization of the domain. The non-linear coupled governing equations are
Thick Plate

solved by Newton—-Raphson method. The finite element code is written in MATLAB which can be used
for analysis of thin and thick, isotropic and orthotropic plates with various boundary conditions. Some
benchmark problems are solved by the developed code and the obtained displacements and stresses are
compared with the existing results in the literature which show the accuracy and efficiency of presented
finite element formulation.

Newton—-Raphson Method
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Fig. 1 Rectangular plate element
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Table 1 Convergence study for normalized deflections and in-plane

normal stress for simply supported isotropic square plate subjected to
uniformly distributed loading (h/a = 0.1)

o'x* w* A ojladl
0.2703 0.0455 4x4
0.2822 0.0461 6x6
0.2864 0.0463 8x8
0.2884 0.0464 10x10
0.2894 0.0465 12x12
0.2898 0.0465 14x14

- 0.0466 [18] &8s U

038 )b ot Sag ol (e B9 S e S 5 S dwalie 2 Jgux
Table 2 Comparison of normalized deflections and stresses of isotropic

square plate subjected to uniformly distributed load considering
different thickness ratio

Tag 0" w* b h/a
o an 0.2
0.4695  0.2939 0.0535 rEE SRR
- 0.2873 0.0444 [18] XS (5,9
0.3928  0.2873 0.0536 [19] Js! a5 o iy 555
0.4840  0.2944 0.0535 [19] Vb a5 0
e NS NCPL
04718 02883 00464 i 0.1
- 0.2873  (.0444 [18] Seudls’ (9%
0.3928  0.2873  0.0467 [19] Jsl a5 e o0 5955
04890 0280 O0ET (1], i o5
' [20] .3 J>
04715  0.2869  (.0449 ol Ghogs, 0.05
- 0.2873  0.0444 [18] <SS (5%
04702 02865  0.0443 rol= sk 0.01
- 0.2873 0.0444 [18] SdS (5,55
0.3928  0.2873 0.0444 [19] Js! 4o iyt 555
0.4909  0.2873 0.0444

[19] Y a0 (2 5555

355, Sl ol 3 Jgur

Table 3 Material properties of orthotropic plate

EV/E; GulE; GuilEs> Ga/Er Uiz oole
25 0.5 0.5 0.2 0.25 1
1.904 0.558 0.339 0.566 0.44 2

St Sgs 55| smp Byg Sl e Gl S 5 5 2l Sen w4 Jeu
(M/a=0.1,g = 1) cole slealBaSs L csless o85S L
Table 4 Convergence study for normalized deflections and stresses for

simply supported orthotropic square plate subjected to uniformly
distributed loading (h/a=0.1,g=1)

Toz Oy Oy w A ol
0.38462 0.19953 0.32433 0.03131 4x4
0.40418 0.20363 0.32899 0.03176 6x6
0.41094 0.20648 0.34414 0.03192 8x8
0.41412 0.20780 0.34653 0.03200 10x10
0.41586 0.20852 0.34783 0.03205 12x12
0.41691 0.20895 0.34861 0.03207 14x14
0.41760 0.20923 0.34912 0.03209 16x16
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oo N = 2000 eeea- Exact [22]
« = DR method [21]
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Fig. 2 The variation of 7,, a cross thickness for a simply supported of
orthotropic square plate (7 = 1,h/a = 0.1)

s S99 Gyg Slp Sl Sbily o by 15 Hloge dmlie 2SS
(q =1, h/a = 01) ool slaolFass L

Aol eeor lp sl a8 S 1E ) 9)90 dma (S
2t ol b Jdos cpl o ol ool solitul 2 g pgi,l sole olgs
3 g &S o pess 50 U 10 SIE/E, cons B, =10°%(Pa) o,
R ol A Wb GRIB Gy e g9 S Gl L e
L5 alide glo i Olhsd Wy, clly wales o 0 1) By Sl
A5l (oo HURDT BB 09565 )] Coad Dl yasS 0950 4 Az g8

éﬁ&iﬁ“ﬂsfns;lﬁ}ﬂ}ﬁs‘éﬁ)l%ﬂjusﬂﬁ@g IS e
il oS phlen .l o aisls, 1 gy oole 5l o ai3le oy jigiy
55 o Ly I3 39 o 3o st Lol e il 090
s S bl slans e plae S (slaplSepmis
s 50 9 95 ORIPBIL Ll ol (s e s =g alal) g anils
oy akuly g llS 56 et s ey Bas S S oA
238 o (bt 55 ol

S 5 4o -6
O s Gl y Sgazme lizl Ganse B Gl 4 G cnl yo
F958) 5 2oignl Glo@yy bty e Julx jshale 4 0 paiegs
5 Sl Jsome sl 90 Jold el oyesin 99 (LB (695 0D wiSly
S R ot Dy & Caoled dlaial o ) azas Sl g b S

a5 b G5 sl dn 2 GG 5 525 (595 2 2955, GBIl 6 T Jgax
(g =10,h/a=0.1) ool
Table 7 Effects of orthotropic for normalized transverse deflections and

stresses for simply supported square plates
(@=10,h/a=01)
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Table 5 Comparison of deflections and stresses of simply supported

orthotropic plate subjected to uniformly distributed load considering
different thickness and aspect ratio (g = 1)
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Table 6 Comparison of normalized deflections and normal stress of
orthotropic square plate considering different applied load and
boundary conditions (h/a = 0.02)

Oy w o5 4SS g4 &b q

Tyz oy Oy w EJ/E;
1.802 0.7644 6.8441 0.0326 10
1.0406 0.3839 7.3245 0.02698 20
0.7243 0.2337 7.5935 0.02462 30
0.5521 0.1559 7.6920 0.02334 40
0.4417 0.1099 7.7215 0.02254 50
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Fig. 3 normalized central deflection obtained for different plate
normalized load for a simply supported of orthotropic square plate
(h/a =0.2)
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