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F1c. 8. Pressure distribution about the nose region of a blunt
flat plate.

little dependence of the nose pressure distribution upon the after-
body shape for the conditions tested.

REFERENCES

1 Qliver, R. E., An Experimental Investigation of Flow Over Simple Blunt
Bodies at @ Nominal Mach Number of 5.8, Journal of the Aeronautical Sci-
ences, Vol. 23, No. 2, Feb., 1956.

2 Gregorek, G. M., and Korkan, K. D., Experimental Pressure Distribu-
tions about Cylinders and Spheres in Air at Mach Numbers 8 io 15, TN
(ALOSU)262-1, Sept., 1962,

3 Thomas, R. E., and Lee, J. D., The Ohkio State University 12-inch Hyper-
sonic Wind Tunnel, TN(ALOSU)559-2, July, 1959.

¢ Tewfik, O. K., and Giedt, W. H., Heat Transfer, Recovery Factor and
Pressure Distributions Arvound ¢ Cylinder Normal to a Supersonic Revefied
Aidr Stream Part-I. Experimental Data, University of California Tech Rept.
HE-150-162, Jan., 1959.

5 Gregorek, G. M., Nark, T. C., and Lee, J. D., An Experimental In-
vestigation of the Surface Pressuve and the Laminar Boundary Layer Over a
Blunt Flat Plate in Hypersonic Flow—Vol. 1, Surface Pressure Distribution,
ASD-TDR-62-792—Vol. I, Aug., 1962.

+
h g

Euler Load of a Stepped Column—An]Exact
Formula
G. Sri Ram
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September 19, 1962

SYMBOLS
E;I; = rigidity of ith section

l; = length of #th section
ki = P/E]I;

S; = k; tan kgl

T; = tan kil;/k:

HE BEULER buckling load of the uniform column with the end
conditions shown in Fig. 1is the (lowest) root of the transcen-
dental equation!

T=1 (1)
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The method! can be extended to the case of the stepped column
shown in Fig. 2. For 4 > 2 the method is laborious. However
it is possible to obtain the corresponding transcendental equation
for general n; viz.,

n

I L@

1

=(l—ot o — ..
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where

osrr1 = 2TsSiTh. .. SiTm 27 4+ 1 factors

1<j<kL . .. <I<m
and

gor = ZS:iTj... ST 27 factors

i<G<. .. <k<l

Eq. (2) may be solved numerically with the aid of tables of the
tangent function.

By this method we obtain the Euler buckling load without, in
effect, solving for the buckled shape of the column. Again, we
obtain the “exact”’ Euler load and, lastly, the form adduced in
Eq. (2) is general. All these are advantages over any energy
method.

When # is any specified integer, direct (and laborious) extension
of the method! can be shown to lead to Eq. (2). However eq. (2)
is true for general . )

9

L Fic. 1.




212 AIAA JOURNAL

Fic. 2.

REFERENCE

1 Timoshenko, S., Theory of Elastic Stability, p. 88, McGraw-Hill Book
Co., New York, 1936.

+,

A Formula for Certain Types of Stiffness
Matrices of Structural Elements

G. Best
September 24, 1962

HE LINEAR THEORY is assumed throughout. The procedure
is outlined for the three-dimensional case. Let
k col (kl, kz, ey km)
¢ = col (a'x, Oys Oz Tays Tyz sz) (1)
€ = col (e, &, €, Yoy, Vyor Var)

It

where %k is a vector of constants, o the stress vector and ¢ the
strain vector at some point P in the element. The stress and
strain vectors are related by an equation of the form

¢ = No (2)

where N is a nonsingular symmetric matrixi nvolving Poisson’s
ratio and Young’s modulus, We let

o= Uk (3)

where U is a matrix whose elements are of the form x”'y**z" with
the »; integers or zero, so that each stress is assumed approximated
by a polynomial whose coefficients are components of the vector
k. The polynomials are chosen to satisfy the differential equa-
tions of equilibrium and compatibility.

Following somewhat the general plan of Refs. 3 and 4 the
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stresses are integrated over the surface of the element giving a
relation between the applied loads p, the resultants of these
stresses, and the vector k.

p=Vk (4)

Since the stresses satisfy the conditions of equilibrium the element
is also in equilibrium under the loads . The case discussed here
is special in that the applied loads are assumed to determine the
vector k£ and hence the stresses and conversely. Hence rank
(V) = m.

For convenience of notation the first m rows of V are assumed
linearly independent, hence a partitioning of Eq. (4) gives

B\ _ (%
<P2> - <V2> g )

where V) is nonsingular. From this one obtains
b= Vik b2 = TVok (6)
giving
k= TViip (7)

Hence p, alone determines & and the components of p; may be
taken as independent variables. Fixing the displacements
corresponding to p; the element becomes supported.

Now consider the flexibility mattix of the supported element.
In Ref. 1 the following formula is given:

foi = [, moav (®)

where € = the column strain vector at point P in the element of
volume V due to a unit load at coordinate 7. €7 = the transpose
of €, o; = the column stress vector at P due to a unit load at j.
Combining Eq. (3) with (7) and letting ¢; = a column vector with
1.0 in the jth place and zeros elsewhere gives

o = UVl (9)
from which by use of Eq. 2 one obtains
&’ = (No®)¥ = ¢'IN = ¢V, TpTN (10)

Inserting in Eq. (8) and noting that only the components of the U
matrix are affected by the integration gives

fi,;,' = eiTVl_lT (fV UTN[]dV> Vl_lej = eiTvl_lTle_lej (11)

where
G = fv_ U'NUdV (12)
But (11) amounts to the matrix equation
F=(fi,) = " 1TGV,! (13)
We now show that the matrix G is nonsingular. The energy
stored under any loading is, by Ref. 2,
U=1/ fv efodV (14)

which by use of Egs. 2 and 3 becomes
U =1/ fV oTNedV = 1/, fV RTUTNURIV = 167Gk (15)

Now stored energy can be zero only if the loading is zero, which
implies that the vector % is also zero. Otherwise it is positive.
This amounts to saying that-G is positive-definite and hence non-
singular.

By the inversion of Eg. (13) one obtains the m X m stiffness
matrix of the supported element

S = V]G—7V1T (16)

To obtain the unsupported # X # stifiness matrix S we define the
load transformation matrix H to satisfy

b
2 = Hy 17)
(5) - <

so that



