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Closed-form solution of circular and annular plates with elastic boundary
conditions under non-uniform normal and shear loads
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ARTICLE INFORMATION ABSTRACT
Original Research Paper In this study, a simple and efficient closed form solution for bending and stress analysis of functionally
Received 17 February 2016 graded circular and annular plates with elastic boundary conditions is presented based on the first order
Accepted 01 May 2016 shear deformation theory (FSDT). By using the presented solution procedure, functionally graded plates

Available Online 11 June 2016 subjected to arbitrary non-uniformly distributed normal and shear loads may be analyzed and all of the

stresses components can be accurately achieved. Shear loads may be imposed on the top and bottom

Keywords: . I . ) .

C,Zsed_fmm Solution surfaces of plate. By using the constitutive equations based on the first-order shear deformation theory,
Bending the transverse shear stress components cannot be obtained correctly and constant through-the-thickness
Stress distributions will be extracted. So, to achieve the transverse normal and shear stress components in the

Elastic edges

Functionally graded plate proposed solution procedure, the three dimensional theory of elasticity is applied. To establish the

accuracy and efficiency of the proposed approach, the obtained results are compared with other
available published results and results of the three-dimensional theory of elasticity extracted from the
ABAQUS software based on the finite element method (as the most exact method). Comparisons show
that the obtained results are very accurate, while it is computationally much more economic than the
three-dimensional elasticity approach. Also, transverse normal and shear stresses boundary conditions
on the top and bottom surfaces of the plate are exactly satisfied, even for a complicated loading, when
the non-uniform normal and shear loads are imposed simultaneously on the top and bottom surfaces of
plate and transverse stresses boundary conditions on these surfaces are non-zero.
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! Differential Quadrature Method

2 Functionally Graded (FG) Circular Plates

® First order Shear Deformation Theory (FSDT)
* Power Series Method

® Clamped

% Simply-supported

" Free

® Elastic boundary conditions

30


https://dorl.net/dor/20.1001.1.10275940.1395.16.6.3.6
https://mme.modares.ac.ir/article-15-1461-fa.html

[ Downloaded from mme.modares.ac.ir on 2024-04-19 ]

[ DOR: 20.1001.1.10275940.1395.16.6.3.6 ]

IRGleMe Joxo )29 53908 AIYIS kSl 1 T Sl GBS by Seila 9 Slo IS Sl G)g Al pxd
h 1
+ S + Ty (16w, da (6) I a©
1
2 o0)ly sy 2y To(r) 5 TN wilise o50e 55 A(F) I 0 7 e
. R s . . 1 : 2 ¥
s oo 4 Lol Culle gz oS il o0 B9 () 5 Ome) ToRe 9, 1 3
. ool e i L . [ &)
Ol shils alie ol po oas Il (g, ol oals a8 F LLa3 8 5,9 > [ |]-\/W VV\’ll
Ly g 6090e lag s Cod (gl g Glopls slodyg 45 ol 2oLl ¥ i B
a5 ooby les g9 e oy Lol asles Judoo 1) olgzds cslens us &9 : o Tb P
1
- k
Sl Wlie Sy o ol @l o5 8,5 5 o gy @y e : Ko "
|

ilonds a1 5585 )0 (ot D50 4 sl bl sed
q(r) = Gy + yor + §p1?)
Ty (r) = T, (A5 + yir + §ir?)
Ty (r) =T, (22 +y2r + £217%) ()
G axg b oS e alsds Culg & gy A T Ty o layally
53,5 (0 a9 Jloel (SR
Cwbes sl 5o JIR0N 93 & e 02> (53, 6N fas b
5310 6551 {6) 5(5) Laly, 5l 232 4 w52 (5SS s § el
B39 o 5 0> Sy JSE 93 Dygo @ Gl |y (2B slag s IS
25 il

v= .U-_i{_ (0” * %) 8(ug + zipy) + %5(110 +z21,)

+7,,00, — (‘L'TZ'T + Trﬂ) 6W} dz dA
+ ff{ar §(uy + 2y, )+1,,6wirdodz
5 (8)
oW = [ta@)ow +[1.0) + T, (),
+ S0+ T,0)op, aa ©

stly o SISl (4) abaly o (9) 5 (8) Laly, s NS> L
aalys cewdy (10) abal, (25 glaasie wlol p o] (xies 5 cwlis

el

N, — N,
JHE=2 4 b+ 1)+ 7)) 8
M,—M, h
[E2 s, -0, + 20 6) - T oy,
Qr
+ [Qm +t— g +yr+ frz)] Sw} dA
h
— [J2dN,.6ug + M8, + Q.6whrdd dz = 0 (10)
2
Dy oo e (11) abaly & g0 4 25 glaaxie
h
Ny = [h0.dz = A (o, +2ue )+ B (¥r, + 21, )
ZE 1’[)
u
Ng = f_iagdz =A (70+ vu0,r> +B (Tr + m/)m>
B
2 v v
M, = __hO'erZ =B (uo,r +;u0> +D (wr,r +;¢r)
22 1’[)
2 U,
My = f;hagzdz =B (7°+ vy, ) + D (Tr + mpm>
< (1-v)
2 %
0 = [tz = k=52 A0+ w,)
T (11)

g e oot (12) A, &y90 4 55D 5 BA ol

31

Fig. 1 Model of a circular/annular plate with elastic boundary
conditions under non-uniform loads .
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Fig. 4 Stresses of clamped FG circular plate under non-uniform
normal load (a) radial stress and (b) transverse shear stress
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Fig. 3 Deflections of clamped FG circular plate under non-uniform
normal and shear loads
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annular plate with clamped boundary conditions under non-uniform
normal load
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Fig. 9 Deflections of FG annular plate with clamped boundary
conditions under non-uniform normal and shear loads
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Fig. 12 Transverse shear stress of FG annular plate with clamped

boundary conditions under simultaneous non-uniform normal and shear
loads on the top and bottom surfaces
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Fig. 13 Deflections of FG annular plate with clamped-simply supported
boundary conditions under non-uniform normal and shear loads
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Fig. 11 Transverse shear stresses of FG annular plate with clamped
boundary conditions under non-uniform shear load imposed on the (a)
top surface and (b) bottom surface
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