AE4520: Advanced Structural Analysis
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Learning Objectives

» Understand the assumptions of thin plate theory

= Derive the expression for the total potential energy of a thin
plate- also in the presence of inplane loads

= Derive and Apply the Navier solution of simply supported
plates

= Understand the phenomena of plate buckling

= Solve idealised problems using the Rayleigh-Ritz method
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Basic Equations
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The Plate Equation

e Equilibrium equations

|\/Ix,x + I\/Iyx,y — Qx
My + My, =Q,

Quu+Qyy+0=0

- Plate Equation D [W,XXXX + 2W,XXyy + Wyyyy} =(

= Simply-Supported boundary conditions
edge L x edge ly
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We=0 w, =0
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Navier Solution

e For a SS rectangular plate of dimensions aX b

Z A sin Lxsin%

m=1,n=1 d
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e The Fourier sine coefficients of applied pressure are

——Hqsm—sm by dxdy
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Navier Solution: inplane loads

e For a SS rectangular plate of dimensions aX b

MmzX . Nry
Z A sin—=sin—=
m=1,n=1 d b
- where
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= The Fourier sine coefficients of applied pressure are

——Hqsm—sm by dxdy
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Total Potential Energy

e Strain energy

U = %ﬁ D| W2, +W5, +2vw, W, +2(1-v)W’, |dxdy
00

= Potential energy of inplane loads

V. = %ﬁ[NxW,Zx +N, W’ + 2nywxw,y]dxdy
00

» Potential energy of external pressure

V, = —j' T gw dxdy
00
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Rayleigh-Ritz method: statics

N
- Assumed deflection W = Z Ad (X,Y)
-1

= The functions ¢, satisfy conditions on displacements and
rotations

 The mode shape and buckling factor come from:

(K-1K,)-A=0

« K is as before and, the geometric matrix is found from:

Kg—ij = _Ij NX¢i,X¢j,x + Ny¢i,y¢j,y + ny (¢i,x¢j,y +¢i,y¢j,x)dXdy
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Rayleigh-Ritz method: statics

N
- Assumed buckling mode W = Z Ao (X,Y)
i=1
= The functions ¢, satisfy conditions on displacements and
rotations

» The coefficents are determined from: K-A=f

K . j)‘j‘ D ¢i,xx¢j,xx + ¢i,yy¢j,yy +V(¢i,xx¢j,yy + ¢i,yy¢j,xx)+ dXdy
ij —
00 | +2(1_V)¢i,xy¢j,xy _
« Potential energy of externetl pressure
a
f. = j j ¢ dxdy
00
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