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Influence of D, on Response of a SS-SS Plate

Consider a plate of dimensions a X b in x and y directions, respectively, and
which is simply supported on all four sides.

Further, we assume that this plate has a symmetric.
— [B] =[0] due to symmetry

Here, we do not assume that the plate is specially orthotropic. Hence
terms D¢, and D,, are not zero.

Finally we assume that the plate is normally loaded as shown in Fig. 31.1 with

a load ’r tensity of g(x,y).
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Fig. 31.1



Influence of D, on Response of a SS-SS Plate

e For such a plate, the out-of-plane boundary conditions are:
— w* =0on all four sides.
- M?*=0atx=0,a0.
— M =0aty=0,b.

* As explained earlier, the governing equation for equilibrium for out-of-
plane direction for such a plate is decoupled with in-plane equations,

because the plate’s lamination sequence is symmetric. This equation is
reproduced below.

8% M, +9 85 My 8% My

Bx2 Bxdv By

+q=0 (Eq. 31.1)

* Also, writing expressions for M,, M,, and M, , we get:
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Influence of D, on Response of a SS-SS Plate

e Also, writing expressions for M,, M,, and M,,, we get:
M, = Dy oW p W op, T
dx* dy? dxdy
M, = Dy oW Dy 2p, T
dx? dy= dxdy
Myy = D 1 9, T 4 op, T
3 16 dx? 26 ﬂ}-‘g 56 dxdy

e Substituting these equations in Eq. 31.1 yields:
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Influence of D, on Response of a SS-SS Plate

e At this stage, we use Galerkin approach to solve this equation. Here we

assume that out-of-plane displacement is of the form:

MIX | NIy
w{x,¥) = TEw,,, sin - sin ; (Eq. 31.4)

e We chose such a form for w®, because it satisfies all the kinematic boundary
conditions of the system. Inserting Eq. 31.4 in Eg. 31.3, we get the error in
the equation as:
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Influence of D, on Response of a SS-SS Plate

e As per Galerkin method, the virtual work performed by this force error,
when integrated over plate’s area, should be zero. This is shown in Eq. 31.6.
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e Equation 31.6 involves summation over indices m, and n. In this
equation, constants w,, are unknown. When this equation is
integrated over the domain, we will get several terms multiplied by
w; coefficient of virtual work function, where i and j, are indices with
varying integer values.



Influence of D, on Response of a SS-SS Plate

Equation 31.6 gives a set of simultaneous equations which equal m X n in
number, where values of w,_, . are not known. Solving these equations gives
us the desired solution.

We have seen that in Galerkin approach, our choice of displacement
function requires only kinematic boundary conditions to be satisfied.
However, in this problem, the displacement as well as moment along all
four edges of the plate is zero.

While our choice displacement function (as defined in Eq. 31.4) ensures
satisfaction of displacement boundary condition, the same may not be true
of the following boundary conditions:

- M?*=0atx=0,a0.

— M =0aty=0,b.
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e Consider the expression for M.,.
5‘::4-'5‘_'_ . d%we d%w®
gx? 12 g2 dxdy

J.w:r =D 11

e Substituting Eq. 31.4 in this equation we get:
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* M, should be zero at along edges x=0,a. At x=0, that is not the case. At that
edge, M,, as calculated from above equation, is:
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Influence of D, on Response of a SS-SS Plate

e Thus we see that usage of approximate methods such as Galerkin approach,
generates moments at edges for certain lamination sequences, even if the
edge is simply-supported.

 This phenomenon is called the “Edge Effect”.

* Thus, while using such approaches, care has to be taken that these residual
moments due to edge effect are not significantly large. For this the
following is recommended.

— Find the maximum value of M, over the plate’s area. For a rectangular plate
which is simply supported on all edges and which is loaded with uniform load
intensity, M___ , may typically exist at the center of the plate.

max’
— Ensure that the ratio of “residual moments” at edges, and M., is small. Typical

upper threshold for this ratio should be 5%.
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* Like D4, D,¢ causes generation of edge effects along edges y=0,b.

e Thisis a limitation of all approximate methods. The extent of this problem
may be minimized by increasing the number of terms in approximate
solution.

e Such an approach drives edge-moments closer to zero.

e Similar issues are also encountered in other approximate methods as well,
such as the finite element method.

 Areasonably accurate and converged solution requires that these edge
moments must be minimized to the extent possible.



