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ON SYMMTRIC REINFORCEMENTS OF

CIRCULAR CUTOUTS 1

by

E. Levin
2

A slab with a circular cutout is subjected
to stresses in the plane of the slab* The
cutout has removed material which would
have participated in carrying the load,
hence the slab with cutout will fail under
the application of stresses which the com-
plete slab could have supported. In order
to eliminate at least part of this weaken-
Ing the slab with cutout may be reinforced
by the additton of material about the cut-
out. Such a reinforcement may, of course,
be designed in any shape. The present
paper is concerned with extending the re-
sults of' Weiss, Prager, and Hodge (1) for
a cylindrical reinforcement to a reinforce-
ment of arbitrary symmetric cross-section.
In particular, a method vill be described
for the determination of a lower bound on
the collapse load for a slab with circular
cutout and a general symmetric reinforce-
ment.

1. Intrgduction.

Consider a uniform plane rectangular slab with a centered

circular cutout of radius a. The cutout is reinforced by addition-

al material extending to the radius a + b; the cross-section of

the reinforcement is prescribed (Fig. 1). The slab is subjected

1. The results presented in this paper were obtained in the
* 'course of research conducted under Contract N7onr-35810

between the Office of Naval Research and Brown University.

2. Graduate Student, University of California, Los Angeles.

3. Numbers in square brackets refer to the ibliography at the
end of the paper.
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to arbitrary uniform tensions along its outer edges and the inner

edge is stress free.

The present paper is concerned with the determination

of a lower bound on those values of the loads which may be con-

sidered safe. In the next section, the physical assumptions made

in discussing the prohlem will be stated, and a precise mathemati-

cal problem formulated. In particular, a domain of safe loads

will be defined. Section 3 is concerned with the problem of equal

biaxial tensions. The next three sections are concerned with a

reinforcement whose cross-section is symretric about both axes

through its center and whose boundary in the first quadrant is

monotonically non-increasing.* Some general results are estab-

lished for all symietric reinforcements by approximating the true

interaction curve by a parabola. It is shown that the cylindrical

reinforcement, which was first solved by Weiss, Prager, and Hodge

[11, appears as a special case. An estimate of the error intro-

duced by the parabolic approximation is obtained fpr a quasi-

toroidal reinforcement. Limitations and conclusions concerning

the results are presented in section 7.

2. Statement of the Problem,

The analysis will be based on a limit thoorem of Drucker,

Greenborg, and Prager [2] which says that a given system of loads

is safe if stresses can be found which

1) are in equilibrium with the given loads, and

2) do nowhere exceed the limits sot by the yield criterion*

Non-symmetric reinforcements may be treated numerically The

method is illustrated with a bevollod reinforcement in [5].
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The slab and the reinforcement are assumed to be of a uniform

perfectly plastic material which sitisfies Tresca's yield criter-

ion (3).

Following '4eiss, Prager, and Hodge [1], the reinforced

slab will be regarded as consisting of a uniform part under con-

ditions of plane stress, and a hub which behaves as a curved

beam (Fig. 1c). Let the applied tractions on the outer edge of

the slab be Xx s and Xy s, where s is the yield strength of the

material in simple tension and it is assumed that the applied

loads would be safe if there were no cutout. It follows that in

the uniform part of the slab, the homogeneous state of stress

0x = S 0x, ay = Sky ) xy = 0 satisf'ies the two conditions of the

Drucker, Greenberg, Prager theorem, and transmits total loaws

of intensities hs\x, hsXy per unit length to the hub. The prob-

lem, then, is to find values of kx, Xy which lead to a safe stress

distribution in the hub.

It has prcviously boon shown [1, 41 that the safe states

of loading for the uniform slab without cutout may be represented

by the points on and inside a hexagon, and that any suich safeI state can be obtained from the stress-free state, the state of

uniaxial tension and the state of biaxial tension, by the follow-

ing operations:

(a) If Tx, Ty is a safe load, then -Tx, -Ty is also a safe

load.

(b) If T' T and T", T are each safe loads, then[LTx' + (1 - L)Tx, pTy + (1 - 1)T" is a safe load for

any 0 L 1 e

For the roinforcod cut slab, the domain of safe loads will be



defined as the largest hexagon which may be obtained from the

stress-free, uniaxial, and biaxial states by these operations.

Hence the problem of determining the domain of safe loads is

reduced to the problems of finding lower bounds for X in biaxial

tension ( X = k= y and uniaxial tension (Xx = 0). 

The case of biaxial tension is fairly simple and may be treated

for all reinforcements simultaneously. Uniaxial tension is more

difficult and only symmetric reinforcements will be considered.

For a curved beam the state of stress in any section

is specified by a bending moment M and an axial force N caused

by tensile stresses, and a shear force caused by shear stresses.

The effect of the shear force is negligible for solid cross sec-

tions and will be disregarded in the subsequent analysis@

3. Biaxial Tension.

Consider a cutout slab shown in ,'ig. 1, and let A be

the total crocs-sectional area of the hub. In biaxial tension

the hub is subjected to a uniformly distri'uted radial force of

magnitude has per unit length of 1he circumference of radius

(a + b). To satisfy the equilibrium requirement, the stress

resultants in the hub must be given by

N = (a + b)hks, M = 0 (3.1)

at all cross sections. Such resultants are furnished by a uni-

form tensile stress of magnitude N/A. From the yield criterion

this stress cannot exceed the yield stress s, hence the axial

force must satisfy
N <As. (3.2)

LAff
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Combining (3.1) and (3.2) leads to the inequality

X < . A/[h(a + 6)]. (3,3)

Hence for the case of biaxial tension any value of X satisfying

Inequality (3.3) furnishes a lower bound*

4. General Synmetric Reinforcement.

The type of reinforcement considered here has the follow-

ing properties:

1) the hub is symmetric about the x and z axes, where the

x axis lies in the plane o' the slab and passes through the

center of maz-s or the hub and through the center of the cutout,

and the T axis is normal to the slab and also passes Lhrough the

center of mass of the hub, and

2) in the first quadrant the boundary of the hub, z = f(x),

is a continuous, single-valued, monotonically non-increasing

function of x (Fig. 2a).

To find liiiting combinations of bending moment M and

axial force N which the beam can support, i.e., which do not

violate the yield criterion, consider a fully plastic stress

distribution of the type shown in Fig. 2b. Part of the section

is stressed to the yield limit in tension and the rest in com-

pression. The absolute values of the bending moment and axial

force for such a stress distribution are
6/2

INI = Is(2 f(x)dx- 2 f(x)dx)l = 11+0 f(x)dx,

IMI = Is(2 J xdxdT - 2 xdxdz)l- 14s x f(x)dxl.

SJ 0J
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If N/s and 14/s are regarded as Cartesian co-ordinates

in a stress-resultant space, then (4.1) and (4.2) define an inter-

action curve in the NM plane. It can be shown that this curve

will be closed and will bound a convex, symmetric region which

will be defined as the safe reei. Any point within the safe

region represents a bending moment and an axial force which do

not violate the yield criterion. The boundary of the region is

described parametrically in terms of C and represents the limit-

ing admissible combinations of bending moment and axial force.

The exact safe region is defined by Eqs. (4.1) and

(4.2), which contain integrals of the arbitrary function f(x) and

xf(x). Therefore, it is not possible to obtain a direct limiting

relation between N and M. However, any region which lies wholly

within the safe region will itself consist only of safe stress

resultants. It will be shown that the domain bounded in each

quadrant by a certain parabolic arc is such a safe approximation.

From symmetry, it is only necessary to consider the

first quadrant. Here

MJs = 4 xf(x)dx, (4-3)

N/s = 4J f(x)dx. (4.4)

Define b/2

Mo/s = 4 xf(x)dx, (4.5)

0
~ 

N2

N/Is jf(x)dx, (4.6)
00
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where Mo and No represent the extreme values in the positive M

and N directions respectively. Thus the end points of the inter-

action curve in the first quadrant are (0, Me/s) and (No/s,O)

which correspond to < = 0 and C = 6/2 respectively. The approxi-

mating curve will be taken as the parabola

MIMo = I - (i/N) 2  (4.7)

which passes through the same endpoints with a horizontal tangent

at N = 0.

In order to prove that this curve is an admissible

approximation it is sufficient to show that for any given value

of C between iero and 6/2, the ordinate M/M0 of the approximate

curve never exceeds the ordinate M/Mo of the interaction curve.

In terms of , the ordinate of the approximate curve is

- Of(x)dx 2

M4/ll0 = 1- (14NN )2 =1 0 o(+8
612 f'(x)dxj

while the ordinate of the interaction curve is

6/2
xf(x)dx

M/Mo  2 * # (4.9)
xf(x)dx

0

Therefore for all 0 < l_ 6/2, it must be shown that

6/2 2

xf(x)dx [ f(x)dxl
g(t 2 1o + 2f J of .thap o

'0 L '

It is ovident f'rom the definition of the approximatet
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curve that g(O) = g(b) = 0, and g'(0) = 0. In the appendix it

is shown that g'(-) is equal. to or less than zero, and that the
2

equation g'(C) 0 has not more than two roots in the closed

inte-val 0 _ < C /2. Since g(C) is continuously differentiable,

it 'ollows that in addition to its extremum at C = 0, it has

only one relative extremum between zero and b/2. Since the slope

is non-positive at C = b/2, this extremum must be a maximum.

Therefore, Inequality (4.10) is valid, since otherwise g(C)

would have a minimum in the interior.

Thus the approximation is safe and the yield condition

for the hub may be approximated by

IM oM l < 1 - (NINO)2. (4.1)

Under uniaxial tension (Fie* 3) the stress resultants

M and N at any cross section Q of the hub may be computed from

equilibrium considerations to within a redundant bending moment,

X. This statically indeterminate quantity represents the bending

mo-mnt at tho cross section Q = 0 and from eqliilibrium is seen

to be the only non-vanishing stress resultant there. The stress

resultants are found to be

PT = F sin 9 = hs(a+b)sin 2G, (4.12)
a+b) sin 9

M = X + hXs((a+b/2)sin Q-y]dy=X+ .1 hXsa(a+b)sin Q,
2 (4.13)

orj
orN/N O = d sin2 

(4.14)

WM 0 Y + c sin 2, (4.15)
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where Y = X/Mo, c(%) = hksa(a+b)/2Mo > O d(k) = hka(a+b)/N o > O

The substitution of Eqs. (L4 .li+), (4,15) into the yield condition

(Nell) leads to
Y + c sin2 < 1 - d2sin'Q, (4.16a)

-Y -c sin2 < i<- dsin % (1 l6b)

These inequalities must be satisfied for all 0 < Q 1 i/2*
2

Let w = sin go Then (4.16) may be written

2 2
P(w) = d w + cw + Y - 1 < 0, (4.17a)

Q(w) = d2w2 - cw - Y - 1 < 0. ('+17b)

Here P and Q represent parcbolas concave upwards, hence a necess-

ary and sufficient condition that Inequalities (4917) hold for

all 0 < w < 1p is that they hold at both end points. Thus

- < Y (4.18)

d- c - 1< Y (4.19)

Y< 2 (.20)

Y< 1- c - d2 .  (4.21)

The actual choice of Y is immateriall provided only

that some Y exists which satisfies all of the above inequalities.

A necessary and sufficient condition that this be the case is

that each left hand sido be less than each right hand sides

Thus
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- 1 9<, (4.22)

- 1 - c - d2, (4.23)

d2 _ c - 1 < 1 - c - d2, (4.210

d2 - c - 1 < 1. (4.25)

Since c and d are positive, the above inequalities are equivalent

to d2 + c < 2, (4.26)

d < 1. (4.27)

In view, of the definition of d, (4.27) leads to

X < 4 f(x)dx+h(a + b) a X1 (4.28)

where X is defined in Eq. (3.3).

With the aid of the definitions of d, c, and k1y to-

gether with D = 4Mo/No, (4.26) may be written

F(X) = X2 + (2a/D)\XI - 2X2 < O. (4.29)

F(X) represents a parabola concave upwards, hence (4.29) will be

satisfied for all X between the two roots of F(M) = 0. Since

the smaller root is no' ative and X is positive, the restriction

on X becomes
X < x2 . Xl J2 + (a/D) 2" - (aiD)]. (4.30)

Thus any value of X satisfying both (4.28) and (4.30)

furnishes a lower bound for uniaxial loading. It follows from

(4.28) and (3.3) that if X is safe for uniaxial loading it is
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also safe for biaxial loading. Therefore, the domain of safe

londs is fully defined by

X < min(%,, %2), (4.31)

where X is g.ven by (3.3) and X2 by (4.30). In particular it

may readily b3 shown that (4.31) is equivalent to

(I

<X lif a/D < I
2 (4,32)

X< X2  if a/DO .

5. Cylindrical Ring Reinforcement.

The results of the preceding section are readily appli-

cable to the case of a reinfiorcement consisting of a hollow

cylindrical ring about the cutout (Fig. 4). The hub cross sec-

tion is now a rectangle and z = f(x) is a constant, H/2, where H

represents the total height of the reinforcement. Hence
Hb
1I = , (5.1)

h(a + 6)

D 6 6, (5.2)

H-<-, if (5.3)
- h(a + b) 6-2

X <~ VJL~y 1+ 2(6/a) 2 - 1 I if .~Z 5,4+)

For a "full strength" reinf'orcement of this type)

X 1, and thp ring must be so designed that

Hl/h + WA) if (a/) , (5.5)

+ 2(b/a)- 1

t'i . . .. . ... . ... . .3' ' . ... +
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These results coincide with those obtained directly by Weiss,

Prager, and Nodge [1). The exact agreement is accounted for by

the fact that for this case only the actual safe region in the

stress resultant plane is bounded by an interacting curve which

consists of porabolic arcs. Hence the parabolic approximation

used in section 4, coincides with the true interaction curve.

6. Quasi-toroidal Reinforcement.

Consider a reinforcement of the type shown in Fig. 5

where the boundary of the hub cross section is an arc of a circle,

f(x) = Vr2 _ x2. A lower bound may readily be obtained from

Inequalities (4.28) and (4.30). Further, an upper bound may be

obtained for the error introduced by approximating the true

interaction curve by a parabolic arc.

It can be shown that the interaction curve in the first

quadrant is given by

o vl 1/3 1/3u = cos Vl) (Vl)2/3 (6.1)

where ui = N/sr2

and v1 = M/sr3 + (h/2r)3.

The appropriate parabolic approximation is

(v/vo) = 1 - (U/u0) (6.2)

where

V = Wsr3 = [vI - (h/2r)3 ],

3 31
v 0 = Mo/sr = [1 - (h/2r)3],0; 3

2 l2
=o No/sr 2 2 [cos l(h/2r) + (h/2r) 1 - (h/2r) 3

A-i
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The curve (6.1) may be plotted in a uvI space. However,

the parabolic prroximation as well as the actual position of the

u axis depends upon the ratio h/2r. To obtain an estimate of the

error made by using the parabolic apDroximation (6.2), a second

parabola is passed through the points (u =O v 1), (u = Rt

v 1 =0). Such a parabola is

vI - 1 - (u/). (6.3)

It can be shown by methods similar to those employed in

section 4 that the limiting parabola (6.3) lies below the approx-

imating parabola (3.2) for all values of h/2r, so thatt independ-

ently of the dimensions of the reinforcement, the approximating

parabola must lie between the limiting parabola and the interac-

tion curve. As may be seen from Fig. 6 or Table I the approxima-

tion is a close one. The dotted curve represents a typical

approximating parabola for the case h/2r = .5.
- At least for this type of reinforcement (and of course

for the cylindrical rings of section 5) the approximation appears

to be ve-y satisfactory. In view of the rathnr drastic physical

apnroximations vhich were introduced in sutting up the problem

in section 2, it appears entirely reasonable to adopt the para-

bolic aiproximation to the yield condition.

7. Conclusions and Limitations.

The results in section 4 for a symmetric reinforcement

provide methods for obtaining an apnroximate lower bound on the

collapse load. The principal approximation made was that of

treating the hub as a curved beam with no shear. Although this
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has proved successful in the elastic range [61 certain limitations

must be observed when applying the results. If the maximum

thickness of the hub is much larger than that of the slab, the

question of the carrying capacity arises. If & Wie other hand,

the width becomes too large in comparison with the inner radius,

the entire concept of a curved beam becomes questionable* Buck-

ling in compression is not considered and must be treated sep-

arately.

The above approximations tend to prodict an optimistic

load capacity. On the other hand, the assumption of perfect

plasticity which neglects strain-hardening will make the estimate

conservative. Also, the slab was regarded as being in a homo-

geneous state of stress and no stress concentrations in the slab

were considered.

At present there is insufficient experimental evidence

available to detormine the extent to which these various in-

fluences tend to cancel.

Aflpefli.

The differentiation of Eq. (4.10) with respect to

leads to C

U2 0 f(x)dx
-/ ,A /2 21i21

xf(x)dx f 2 0 (x)dx), 0 0 "

and f(L)32s2 b/ 2  b- 6 2 xd

9 xf(x)dx r f(x)d (A2)M°J°0 ".0

The sign of g'(k) will be the same as the sign of the bracketed
2
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expression since the factor outside the brackets is always

positive. 3y combining the two integrals Pnd performing a change

of variable, t = (x - 5/t+), it is found that

gl(b/2) = /2)I2s 2  tf( + t) - f(b/+ - 0) dt (A3)
0  LJO

But throlughout the range of interration f(6/1+ + t) < f(b^ - t)

since f is monotonically non-increasing. Hence the integrand is

non-nositive throughout the range of integration and

g,(6/2) < 0. (A4)

In fact g'(b/2) = 0 c'n hold if and only if f(b/+ 4- t) = f(b/4 -t)

for all 0 < t < b/4+, i.e., f(M) = c and the hub is a rectangle.

For this case the interaction curve is itself parabolic and

g() = 0.

Consider the number of solutions of g'(C) = 0. Oince

f(%"') 0, the problem is to deternine the number of solutions of

h() KC - If(x)dx = 0, (A5)

where K = f(x)dx/2[ . The umber of distinct

zeros of h(C) may exceed by one the number of sign changes of its

derivative

h'(C) = K - f(C). (A6)

Since f is monotonically non-increasing and X is constantl

h'(C) may change sirn only once. Therefore h(C) and hence g'(C)

havo at most two distinct zeros. 3ut g'(O) = 0, thus there is

only one extremum in the interval which must represent a maximum

since g'(b/2) 0 whenover g(C) j O
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T~kble

v, ;u, interaction u, typical parabola u, limiting parabola
1.00 0.0000 o.ooo0.0000

0.95 0.7287 0.7077 0.7025

0.90 1.0299 1.0009 0.9935
O. 8 5 i 1.2595 1.2057 1.2167

0.80 1.4521 1.41)-4 1.4o5o

0.75, 1.6211 1. 5824 1.5708

0.70 1. 7730 1. 7334 1.7207

o.65 1.9118 1.8724 1.8586

0. 60 2.O O4 2.0016 1.936

0.55 2.1606 2.1230 2.1074

0.50 2.2735 2.2378 2.2214

0.)+5 2.3801 2.3471 2.3299

0.140 2.+812 2.4515 2.14335

0.3r 2.5775 2. 5515 2.5328

0.30 2.6(93 2.61+80 2.6285

0. 25 2.7571 2.7408 2. 7207

O.20 2.8411 2.8307 2.8099

0.15 2.9215 2.9178 2.8964

0.10 2.9985 2.9804

0.05 3.0720 3.0621

0.00 3.14+16 3.1416
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Halls Ferry Road Portsmouth Naval Shipyard
Vicksburg, Mississippi Portsmouth, N. H.
Attn: Col, H. J. Skidmore (1) Attnt Design Division (1)

The Commanding General Director, Materials Laboratory
Sandia Base, P. 0. Box 5100 New York Naval Shipyard
Albuquerque, New Mexico Brooklyn 1, New Yor, (1)
Attn: Col. Canterbury (1)

Chief, Bureau of Ordnance
Operations Research Officer Department of the Navy
Department of the Army Washington 25, D. C.
Ft. Lesley J. McNair Attn: Ad-3, Technical Library (1)
Washington 25, D. C. Rec, P. H. Girouard (1)
Attn. Howard Brackney (1)

Naval Ordnance Laboratory
Office of Chief of Ordnance White Oak Maryland
Office of Ordnance Reseerch RFD 1, Silver Spring, Maryland
Department of the Army Attn, Mechanics Division (1)
The Pentagon Annex 772 Explosive Division (1)
Washington 25 D C. Mech. 7valuation Div. (1)
Attn: ORDTB-PS (1)

Commander
Ballistics Research Laboratory U.S. Naval Ordnance Test Station
Aberdeen Proving Ground Inyokern California
Aberdeen, Maryland Post Office - China Lake, Calif.
Attns Dr. C. W. Lampson (1) Attn: Scientific Officer (1)
c) Navy
Chiea? Naval Operations Naval Ordnance Test Station
Department of the Navy Underwater Ordnance Division
Washington 25, D. C. Pasadena, California
Attn: OP-31 (1) Attnt Structures Division (1)

OP-363 (1)
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v (cont.) d) Air Forces

Chief, 3ireau of Aeronrietics Comilanding General
Department of the Navy P.S. Air Force
'asington 25, D.C. The Pentagon

Attn: TD-4l, Technical Library Washinzton 25, D. C.
(I) Attn: Res.e Development Div.(1)

Chief 3ureau of S"ips Deputy Chief of Staff, Operations
Department of the i1_vy Air Targets Division
Vss'iin-ton 25, D.C. !eadquarters, U.S. Air Force
Attn: Code "-314 (1) 1'as'Angton 25, D. C.

Code J-313 (1) Attn: AFOIrT-T/PV (W)

Officer in Charge Office of Air Research
Na'al Civil Engr. Ptesearc'i & Vri-ht-Patterson Air Force Base
Evaluation Labor-tory Dayton, Ohio
Naval Station Attn: Chief, Applied Mechanics
Fort Uueneme, '-lifoynia kl) Group (1)

Superintendent e) Other lovernmentqne.e
U.S. Naval Post '.radvate ci',ool
Annapolis, 'taryland (1) U.S. Atomic Energy Commission

Division of Research
Was'ington, D. C. (1)

)irector, National Bureau of
Standards

Washington 25, D. C.
Attn: Dr. W.H. FRamberg (1)

Su3lcent~a~ry Di-Itribution_ I.st

Addressee No of Conies
!nclassifet-... Cla'sified

epo~rt5s oirt

Professor Lynn Ioedle
Fritz Enginering Lpboratory
Lehigh University
Bethlehon, Pennsylvania

Professor R.L. Bisplinghoff
Dept. of Aerontutical Enginocring
Mlassachusetts Institute of 'echnology
Cambridge 39, i.assachusetts 1 1

Professor Hans Bleich
Dept. of Civil Thzgineering
Columbia University
Broadway at 117th St.
Now York 27, New York i 1
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Addressee Unclassified Classified
+ Reports T1ejorts

Professor B.A. Boley
Dept. of Aeronautical Engineering
Ohio State University
Columbus, Ohio

Professor G.r. Carrier
309 Fierce Hall
:arvard University
Cambridge, Massachusetts

Professor R.J. Dolan
Dent. of Theoretical c Applied
,'ecbanics
University of illinois
Urbana, Il1!rois

Professor Lloyd Donnell
Deprartment of V ,chrnics
Illinois Institute of Technology
Technology " .nter
Chicago 16, Illinois

Professor A.C. rinren
Illinoiz Institute of Technology
)epartment of Nechanics
Technulogy Center
Chicago 16, Illinois

Frofessor B. Fried
Dept. of Mechanica) Engineering
Washington State College
Pullman, V!3shin-ton 1

Mr. Martin 'loland
Midwest Research Institute
10+49 Penns,,lvania Avenue
Yansas City 2, Missouri 1

Dr. J.N. Goodier
School of "ngineering
Stanford Univer'sityStanford, California 1

Professor r1.11. Termes
College of Engineering
University of Santa Clara
Santa Clara, California

Professor R.J. Hansen IDept. of Civil e- Sanitary Engineering
Massachusetts Institute of Technology
Cambridge 39, Massachusetts 1
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Addressoo Unclassified Olassifiod
Renorts_ B£ t

Professor M. Hetenyi
Walter P. Murphy Professor
Northwestern UniversityEvanston, Illinois 

1

Dr. N. J. Hoff Head
Department of leronautical

Engineering & Applied Mechanics
Polytechnic Institute of Brooklyn
99 Livingston Street
Brooklyn 2, New York 1

Dr. J. H. Hollomon
General Electric Research laboratories
I River AoadSchenectady, New York 1
Dr. W. H. Hoppmann
Department of Applied Mechanics
Johns Hopkins University
Baltimore, Maryland 1
Professor L. S. JacobsenDepartment of Mechanical EngineeringStanford University
Stanford, California 1
Professor J. Kempner
Department of Aeronautical Engineering

and Applied Mechanics
Polytechnic Institute of Brooklyn
09 Livingston StreetBrooklyn 2, New York 1

Professor George Leo
Depirtmont of Aeronautical Engineering
Ronssalaor Polytechnic InstitutoTroy, Now York 

1
Professor Paul Lieber
Departmont of Aeronautical Engineering
Ronssalaer Polytechnic InstituteTroy, Now York 1
Professor Glen Murphy, Head
Department of Thooretical &

* 'Applied Mochanics
Iowa State Collego
Amos, Iowa

Professor N. M. Newmark
Department of Civil Enginooring
University of Illinois
Urbana, Illinois 13

i,
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Addressee Unclassified Classified
Reports Reyorts

Professor Jesse Ormondroyd
University of Michigan
Ann Arbor, Michigan

Dr. W. Osgood
Armour Research Institute
Technology Center
Chicago, Illinois 1

Dr. R.P. Petersen Director
Applied Physics Division
Sandia Laboratory
Albuquerque, New Mexico

Dr. A. Phillips
School of Engineering
Stanford University
Stanford, California 1

Dr. !'. Prager
Graduate Division of Applie' Mathematics
Brown University
Providence 12, R. I. 1

Dr. S. Raynor
Armour Research Foundation
Illinois Institute of Technology
Chicago, Illinois 1

Professor E. 7"eissner
Department of at'enatics
Massachusetts Institute of Technology
Cambridge 3Q, 1assachusetts 1

Professor M.A. Sadowsky
Illinois Institute of Tec'.nology
Technology Center
Chicago 16, Illinois 1

Professor V.L. Salerno
Department of Aeronautical Tngineering
Renssalaer Polytechnic Institute
Troy, New Yor i

Professor 1i.G. Salvadori
Department of Civil Engineering
Columbia University
Broadway at 117th Street
New York 27, New York 1

Professor J.". Stallmeyer
Talbot Laboratory
Department of Civil Engineering
University of Illinois
Urbana, Illinois
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Addressee Unclassified ClassifiedR e p o r t s oe.rto__

Professor E. Sternberg
Illinois Institute of Technology
Technology CenterChicago 16, Illinois1

Professor R. G, Sturm

Purdue University
Lafayette, Indiana I

Professor F. K. Teichmann
Department of Aeronautical Engineering
Now York University
University Heights, Bronx
New York, N.Y. 

Professor C. T. Vang
Department of Aeronautical rngineoring
Now York University
University Heights, Bronx
New York, N, Y.
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