Bending of an annular
plate

For questions, please use contact form
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Model Description

» Deflection analysis of a beam is based on

example question 2 documented in page
430 of the following book :
* J.Souza, Roark’s Formulas For Stress And Strain-.pdf.
[Online]. Available:

https://www.academia.edu/37205286/Roarks Formulas F
or Stress And Strain pdf
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https://www.academia.edu/37205286/Roarks_Formulas_For_Stress_And_Strain_pdf
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Model Description

Young’'s modulus - 68.947 GPa
Density - 1000 kg/m3

Poison’s ratio - 0.3
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Model Parameters

Solver Altair SimSoild Analysis Type Structural linear
Version 2022.2.1 Unit System b, in, s
CPU Intel(R) Core(TM) i7-
9750H CPU @ 2.60GHz
¥
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Analysis Setup

Annular line load
e 40 lbf/in
« Downward

Simple
supports
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Analysis Assumptions and Limitations

» Thickness of the plate is assumed as 0.5in.
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Hand Calculations

For this calculation, case 1c of the table 11.2 should be referred.
For this problem,

a-20in b-5in ro-10in, w - 40 b/in A S
qt\l\D ey
b rb Q b a

E - 1077 psi, v - 0.3

Initially following coefficients are determin

1+4vbhb a 1—v/a b Figure - From above
¢, = —In— ———]=0.881523  book
! 2 a "D i 4 \b a

C—b b2+1_1a+b2 1; = 0.03346
3 4all\a rlb a e
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Hand Calculations

1 a b
— — — 2 — —
C, = > (1—v )(b __a) = 1.70625

A LR 1_V-1 bY" = 0.266288
°= 3 2 b 4 a -

r0 _ r0 : a (0 2" 1
Ly =—]|l—| +1|In—+|—| —1;=0.014554
4a a r0 \a |

r0l1+v a 1-v

27
0
Lo = In — 1—|— = (0.290898
? a 1 2 nTO T 4 a) }
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Hand Calculations

From case 1c,

Yo =0, My = <o w
_Waz C3L9 — CgL3 —527.8 l
Uy = = rad
D C;Cq—C3C, D
CiLo = CyLs . |
p =W = §52.15 lb/m Figure - From above
C]_Cg — C3C7 book
Substituting above valt%es to follo;/ving equgtion,
r r r
y =Yp +UprF + My EFZ + QbEFB — WEG3
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Hand Calculations

Therefore,

527.8r 52.1573 40713

Expressions for F;, F; and G5 are as follows,

F_1+\)b17"+1—\) r b
1= 2 rnb 4 b r

S [N Py )
S 4r ||\ r rlb r

G_rO r02+11 r_l_ 0\’ ,

3 4y T nrO T
To reduce the complexity of the calculations, evaluate y at specific values of r,
then an excellent approximation to the maximum deflection can be obtained.
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Hand Calculations

From the table mentioned in the page 431 of the book, maximum
deflection is located at a radius near 11.25 in and has a value

approximately,

—1900
D) =
y(D) S
Here,
D= Et3
Therefore,
Maximum deflection = 0.01656
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Hand Calculations

Maximum bending strest is developed at a radius of 10 in.
M‘I‘ — 19b 7F7 + MTbFS ~+ QbTFg — WT‘Gg

For this,
F, = 0.6825
Fy = 0.290898
Hence,
M, = 115.451b — in/in
Therefore,
Maximum bending stress = 2772 psi
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Analysis Results

Deflection Bending stress
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Analysis Results

« Maximum Deflection
Based on hand calculations - 0.01656 in
From the simulation - 0.01654 in

* Bending stress
Based on hand calculations - 2772 psi
From the simulation - 2705 psi
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Conclusions

« Deformation analysis of annular plate is conducted using Altair
SimSolid based on the book listed in slide 2.

» Results of the simulation correlate well to the expected hand
calculation value.
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