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Technical Comments.
Potential Energy of a Normal Pressure

Field Acting on an Arbitrary Shell
IZHAK SHEINMAN* AND YAIR TENEt

Department of Civil Engineering, Technion, Israel Institute
of Technology, Haifa

A PROOF has been given by Cohen1 that a nonuniform
continuous normal pressure field acting on an arbitrary shell

has potential energy if, at the edge of the field, some con-
ditions are existing. The purpose of this Note is to show that
there is also another expression for the potential energy n, con-
sistent with the variational expression given in Ref. 2.

The pressure field shall be defined by the function p(xl) where
x1 and x2 are curvilinear coordinates of the undeformed shell
reference surface s, and x3 is a normal coordinate measured
from s. In the notation of Ref. 1, the virtual work of the pressure
p per unit deformed area is given by

A = -J J,{mW" + l>(l + O + "ap;a + u3p>3]^3}^5 (1)
where

Applying the divergence theorem for a smooth surface one has

ds+-if f .{(P"3);̂
#r(pu*dif-pif8u*)naidr (3)

Where F is the edge contour of s and na is a unit outward
normal in s to F. Substituting Eq. (3) into Eq. (1) and making
use of the symmetry of b^ gives the result

6A = -Sn-^^r(pu3difi~pucldu3)nlxdr (4)
where

7r = iJJs{m«a-h[p(2 + O+^p;a + M3p>3]M3}Js (5)
Therefore, the conclusion is that if the expression ifr(Pw3 dtf—
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pifdu3)nxdT is zero, then the pressure field has the potential
energy n.

The difference between the functional n of Eq. (4) and the
functional given by Ref. 1, Eq. (6) is

-if L(p"V);a ds = -ifr(P"3"aK dT (6)
In the special case of a pressure field on shell of revolution with
a coordinate system of Ref. 2, Appendix B, Eq. (5) reduces to
n = i JJ0 {P</>£ n« H- p(j)e ud + [p(2 + ̂  -h ee) +

(dp/d^u^(dp/rd0)u^w}rd^dO (7)
where <f>^ 00, e^ ee, u^ ue and w are defined in Ref. 2, Appendix B.
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