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The Stiffness Analysis of Circular Plate Regarding the Length of
Supporting End Using Elastic Beam Theory
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ABSTRACT

This paper investigates the characteristics of deflection for circular plate that has same supporting boundary

condition along the width direction of plate according to the length change of supporting end. For two boundary
conditions such as simple supporting and clamping on both ends, this study derives maximum deflection formula
of circular plate using differential equation of elastic curve, assuming that a circular plate is a beam with
different widths along the longitudinal direction. The deflection formula of circular plate is verified by carrying
out finite element analysis with regard to the ratio of length of supporting end to radius of circular plate.
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A-ES1

AB = Numerical coefficients

R. = Length ratio of supporting end
D = Deflection of circular plate

Dy
D)’
Dmax = Maximum deflection of circular plate

= Deflection along to x-axis
= Deflection along to y-axis

Dymax = Maximum deflection along to x-axis
Dymax = Maximum deflection along to y-axis
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Table 1 Mechanical properties of mild steel

Items Symbol Value
Elastic modulus E 2.1x10° MPa
Poisson's ratio v 0.29
Yield strength Oy 206 MPa
Tensile strength O 519 MPa

Table 2 Dimensions of circular plate for analysis

Iterns Symbol| Value
Thickness of plate t 10 mm
Radius of circular plate r 100 mm
Length of supporting end a 0.1r~0.5r
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Fig. 1 Dimensions of the circular plate under the

distributed load
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Fig. 2(a) Boundary condition of free and clamped end
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Fig. 2(b) Boundary condition of roller and hinged end
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Fig. 2(c) Boundary condition of roller and clamped end
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Fig. 2(d) Boundary condition of both Clamped ends
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Table 3 Comparison of the results from beam theory
and FEA with respect to Ry, (BC : FE-CE')

Beam theory| Finite Element Analysis
R Dy Dirmer Do
0.1 0.8446 0.8779 0.8779
0.2 0.5000 0.4908 0.4908
0.3 0.2855 0.2735 0.2735
04 0.1518 0.1435 0.1435
0.5 0.0725 0.0682 0.0682

*FE: free end, CE: clamped end
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Table 4 Comparison of the results from beam theory
" and FEA with respect to R_ (BC : RE-HE")

R Beam theory| Finite Element Analysis
- Dx‘max Dx.max Dmax
0.1 0.0759 0.0784 0.1099
0.2 0.0477 0.0464 0.0630
0.3 0.0281 0.0266 0.0354
0.4 0.0152 0.0143 0.0186
0.5 0.0074 0.0070 0.0089

" RE: roller end, HE: hinged end

Table 48 HAHHEH {FH2LHHE 33 2
I xFy=002 et A= HA Do A @
Dimais 2 ©|E28& H8319 33 Ho XA g~
ABBAAE R=099ZA4 ¢ o AnBAS

Deflection [mm]

Fig. 3 Deflection of the circular plate with free and
hinged end when length ratio of supporting
end(R.) is 0.1
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Table 5 The coefficients with respect to the length
ratio of supporting end (BC : RE-HE)

D,/D, mx = Ay*+ By?

Rp 0.1 0.2 0.3 0.4 0.5
A |-0.03E-9| 0.58E-9 | 1.20E-9 | 1.87E-9 [ 2.63E-9
B | 4.02E-5 [ 3.07E-5] 2.17E-5 | 1.20E-5 | 0.18E-5
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Table 6 Comparison of the results from beam theory
and FEA with respect to Ry (BC : RE-CE*)

Beam theory | Finite Element Analysis
R Dmax D Dinax
0.1 0.0371 0.0377 0.0626
0.2 0.0221 0.0205 0.0334
0.3 0.0126 0.0113 0.0178
0.4 0.0067 0.0060 0.0090
0.5 0.0032 0.0029 0.0042
" RE: roller end, CE: clamped end
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ratio of supporting end (BC : RE-CE)

D,/Dy mx = Ay*+ By?

Ry 0.1 0.2 0.3 0.4 0.5
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Table 8 Comparison of the results from beam theory
and FEA with respect to R (BC : CE-CE*)

R, Beam theory| Finite Element Analysis
Dx,max Dx.max Dmax
0.1 0.0201 0.0197 0.0410
0.2 0.0115 0.0101 0.0205
0.3 0.0064 0.0055 0.0103
04 0.0033 0.0030 0.0050
0.5 0.0016 0.0015 0.0022

' CE: clamped end
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Table 9 The coefficients with respect to the length
ratio of supporting end (BC : CE-CE)

D,/D; mx = Ay*+ By?
Ru 0.1 0.2 03 0.4 0.5
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