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NATIONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO, 848

NORMAL-PRESSURE TESTS OF.CIRCULAR PLATES
WITH.CLAMPED EDGES

By Albert E., McPherson, Walter Ramberg, and Samuél Levy
SUMMARY

A fixture is described for making normal-pressure
tests of flat plates 5 inches in diameter in which partic-
ular care was btaken to obtain rigld clamping at the edges,
Results are given for 19 plates, ranging in thickness from
04015 to 0,072 inch. The center deflections and the
extreme~fiber stresses at low pressures were found to agree
with theoretical values; the center deflections at high
pressures were 4 to 12 percent grcater than the theoretical
values. Empiriecal curves are derived of the pressure for
the beginning of permanent set as a function of the dimen-
sions of the plate and the tensile properties of the mate-
riale

INTRODUCTION

The normal-pressure tests of circular plates described
in this report are part of a program of tests of flat
plates under normal pressure that has been carried on at
the National Bureau of Standards for the Bureau of Aeronau-
tics, Navy Department, since 1927, This program was orig-
inally intended to study only rectangular plates of dimen
sions and materials corresponding to the plating used in
the float bottoms and hull bottoms of seaplanes. The ule
timate purpose of the tests was the derivation of a design
formula or chart for calculating the thickness of bottonm
plating required to resist washboarding due to the impact
pressure upon landing on and taking off from rough water,

The pressure required to produce washboarding 'was de-
termined in the laboratory by normal-pressure tests of a
large number of rectangular plates clamped at the edges
and of several plates whose edges were free to rotate
throughout the test, Results of these tests will be the
subject of a subseguent paper.
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A comparison of the obscrved deformations of the rcce
tangular plates with the deformations derived from availe-
able theories showed both systcmatic and irregular diffore
ences, These differenées were of sufficient magnitude to
make impossible the derivation of a useful and fairly gene
eral relation for the pressure at which washboarding in
such plates would become pronounced. It was not possible
to determine from the work on rectangular plates alone to
what degree the differences were due to a failure to sat-
isfy the theoretical edge conditions and to what degree
they were due to incompleteness of the theory itself, es-
pecially in respect to giving the stresses in the plate,

It was believed that more nearly ideal clamping con-
ditions could be obtained for circular plates. Further-
more, it was known that the theory of circular plates
with large deflections as developed by Stewart Way (refer-
ence 1) would give a rigorous basis of comparison with
the measured stresses.

A careful study of the deformation of circular plates
following Way's theory in the elastic region, it was felt,
would lead to a better understanding of the mechanism of
washboarding and might suggest a successful approach to the
tests on recctangular plates. *

-

SPECIMENS

The tests included seven matcerials as follows (sce also
table 1): .

24S-RT alclad aluminum-alloy shcct 0,0406 to 0,0832.
ineh in thickness.

17S-RT aluminum-alloy shecct 0,0211 to 0.0723 inch in
thickness.

175-T aluminum alloy shoct 0,0209 to 0.0627 inch in
thickness. ,

Lowestrength aluminum-alloy shcet of unknown composie-
tion. 0.015 inch in thiekness.

245-T aluminum-alloy shcet 0,0149 and 0,0184 inch in
thickncss.

18:8 stainlecss—stccl sheocet 0.0199 inch in thickness, and

EH magncsium-alloy shcot 0,0411 inch in thickness
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All plates had the same diameter for the circular
periphery along which they were clamped, that is, 5 inches.
The individual plates were identified by letters A to S.
(See table L.)

Tensile properties were determined on coupons cut both
longitudinally and transversely out of the sheet from which
the plates had been cut, Pairs of 2-inch Tuckerman opti-
cal strain gages were used to mcasurc the strains near the
center of the tensile speccimens, Figures 1 to 7 show the
resulting tcensilec stress-strain curves. The yicld strengths
(0.002 offsct mcthod) obtaincd from the stress—strain curves
arc given in tablc 1. Only the magnesium alloy .showecd prac-
tically the samec tonsile propertics in a longitudinal and
a transversc direction. Tho longitudinal tonsile yiecld
strengths for the other materials were from 10 to 26 per-
cent higher than the transversc tensilc yiecld strongths.

TESTS

Loading

In the design of the fixture for subjecting circular
plates to normal pressurc particular carc was taken to ap~
proach the ideal end conditions of rigid clamping along
Wilie: perdphery of the plate.

A scetional drawing of the fixturc is shown in figure
Bs A top view is given in figurc 9, The plate specimon
A (fig. 8) forms the top face of a chamber C to which oil
pressure is gpplicd through the line D; a dummy plate B
of the same dimensions and of thec samc material as the
specimen forms thc bottom face of the chamber. Plates A
and B arc clampcd botwcen the stcel rings E and G and
the spacer F by forces acting through the 16 symmetrically
placcd clamping bars H, The symmotrical arrangement with
two identical platecs A and B scrves to minimige rotation
about the circunfercnce of the clamping ring E by the hy-
drostatic load. An approximatecly uniform distribution
of clamping forcecs acting on the plates was obtaincd, in
a peripheral dircction, by tightening cach bolt I acting
on the clamping bars an approximately equal amount and, in
a radial direction, by letting the clamping bars act cen-
trally through the crown of the clamping rings E and G.
Metxl shims K (figs. 8 and 10) twice as thick as the test
plate were placed between the outer end of the clamping
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bars and the reaction ring L to level the bars H. A series
of concentric grooves 0,01 inch deep and spaced 0,05 inch
were cut in the contact surfaces of the clamping rings E
and G and the spacer ¥ to prevent slipping of the plates

A amd: By

An over-all view of the test apparatus is given in
figure 11, A hydrostatic pressure up to 600 pounds per
square inch could be applied to the plate through tube D
by means of the hand pump L. The pressure in the chamber
C was measured from an independent pressure line M by a
standpipe Y for pressures up to 1 pound per square inch, by
the U~tube N for pressures from 1 to 20 pounds per sguare
inch, by the Bourdon-tube gage V for pressures from 20 to
100 pounds per squarc inch, and by the Bourdon-tube gage W
for pressures from 100 to 300 pounds per square inch. The
error in reading pressurec was ostimated as less than 0,01
pound per squarc inch in the casc of the standpipe, less
than 0.1 pound pecr squarc inch in the casc of the U-tube,
and lcss than 1 pound per squarc inch in the Bourdon-tube
gages V and W. Approximatec valucs of pressurc above 200
pounds per squarc inch were obtaincd from the Bourdon-tube
gage X mountcd on the hand pump.

The loading fixturc was proof-tecstecd by subjceting a
palr of 0,06-inch aluninun-alloy plates to a pressurc of
600 pounds per square inch. This pressurc was sufficient
to "dish in" the plates far beyond the elastic range; ncver-
theless, therc was no sign of slipping at the cdge and there
was only a nogligible anount of lcakage. The pressurc could
be maintained with a small anount of punping after the creep
due to yielding of theg plate had becone snall,

If slipping is neglected, the principal deviations
from the conditions of an ideally clamped flat plate are
probably due to one of the following effects:

A, The setting up of initial tension (or compression)
in the plate during the clanping in the fixture.

B, The rotation of the clanping rings E and G iy
8) caused by the bending nonents set up at the periphery
af the plate due to the normal pressurec.

ot

Ce Blo contraction of the diametor of the clanping
rings by the nmembranc tension prescnt in the platc under
Yoad.

Diy " Deviations fron flagbtness at no leads
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; fhe effect of the . fimst.three deviations fron ddeal
eondlitions on the centier doflection of the plate is dis-
cussed in appendixes A, B, and C and, on thec basis of
these discussions, three "deviation indices" are derived
for the relative deviation from ideal behavior. Devia-
tions fron flatness are discussed for the special case

of initial bowing into a spherical surface in appendix D.

Effect A will cause a decrease in center deflection
at  low loads, (wo/h < < 1) given approximately by equa-
tion (A7) in appendix A:

Aw Oua”
o ls Y e (1 D (la)
Vo 07 Eh”
00°A ahn
where
bwy Wo = Woq
W, center deflection with a uniforn nembrane tension
Oy due to clanping

w,, center deflection for ideal clamping (oy = 0)
B Young!s nodulus of plate material
1 Bongseonls ratie of plate naterial
a radius of plate
h thickness of plate

Effect A causes a decrease in center deflection of an
elastic circular nenbrane (i.e., circular plate with large
deflections before yielding) given approxinately by equa-
t4en’ (&21)1

Aw 1l - po 5"
-2 - o i
WooA 2 Wo

that is, the effect decreases inversely with the square of
the center deflection.

Effect B will cause an increase in center deflection
given approxinately by equation (B10)
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(2)

< AEh3

2
¥oo'p 3 (1 - p%)a
wherc

A rotation of clamping ring due to unit moment per unit
length of clamping edge

Effect C will cause an increase in center deflection.
If the plate behaves like an clastic mcembranc, this incrcasc
is given approximately by cquation (C14)

( KhE

= . smdccts (3)
3 s s il

where

X' speeifiec contraction of diameter duc to unit radial
force per unit length along clamped edge

The effect D will generally cause a change in center
deflection of the plate as an elastic membrane. It has
no effect on the deflection due to bending which predomi-
nates in the Kirchhoff range (wg/h < < 1). If the plate
is initially bowed into a spherical surface with center
deflection w3, the increase in deflection as an elastic
membrane (w,/h > > 1) 1is given approximately by (D6)

AWO) E . Yy ”iflg (2)

00 3 w, g "hEsh

‘ Initial bowing into a spherical surface will have a sma2ll
cffect on the deflection as an elastic membrane, provided
that the initial center deflection is small comparcd with
the thickness of the plate. It is belioved that this cone-
dition was satisfied by most of the plates tested. The
cstimated initial ccenter dcflection is given in the last
colunn of table 2. It was loss than 10 percent of the
Siato thickness ¢xcopt fer plates K, M, 0, P, and R

f The spring constants A and K arc charactoristics

of the test fixture., They worc determined cxperimentally
as decscribed in appendixes B and C with the result

1.3 x 10°7 (f;)
5% 107™° ( >

A

11

)
)
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Substitution of these values in (2) and (3) gave the

Bw, Bw g G
values of > and = listed in table 2. The
00/p 00/g

effect on the center deflection is less than 1 percent in
every case, It may be concluded that the fixture provides
a close approximation to rigid clamping.

Two methods were used for computing the relative in-
crease in center deflection (la) due to membrane stresses
set up by the clamping procedure. In the case of plates
with thickness above 0,04 inch, the deviation (la) was
computed as outlined in appendix A (discussion of equation
(A22)) from the initial slope of the deflection-pressure
curve and from the known valuc of A. A different proce-
dure was applied for plates of thickness less than 0,04
inch because accurate values of initial slope were not
available, In the case of these plates, the effects B and
C were neglected and (la) was taken as the devi.tion from
the theoretical deflection according to Way's theory for
an ideally clamped circular plate (reference 1), The re-
sulting deviations in the Kirchhoff range (wgy/h < < i
are shown in the third column of table Z2.. They ranged
from ~48 percent to 50 percent. The deviation was less
than 10 percent for only 8 of the 19 plates tested. The
formula indicated an initial tension (Awy/weel), < O in
13 plates and an initial compression (Awo/woo).A = O 1

3 plates.
Deflection

The deflection of the plates was measured relative to
the "strain free" circular reference frame 4,  (fig. 12)
by means of a dial .micrometer 3B,. The helical plunger
spring was removed from the dial so that the force on the
plate was little more than the weight of the plunger and
ball-pointed extension, The dial was mounted so that it
ecould be located along any diameter in steps .of 1/20 inch
by means of the circumferentially notched bar E; in the
V-notched support I, and indexing rings G; and G2,
The outer ring G, was supportcd on three posts D, E;,
F that rested on stcel balls whose sockets constituted

3
a point-line-planc support.

The smallest subdivision on the dial gagce indicated
l/lOOO inchy Readings on a given plate could be repcatecd
within this value., -The error in roading causcd by the
fact that the support points of theo reference frame were




8 NACA Technical Notec No., 848

at Dyy By, and P12 (figs. 8 and 12), instead of at the
rim of the plate was estimated by observing the deflec-

tion of the rim with increasing pressure. A deflection of
less than 1/1000 inch was observed on an 0,050-inch aluni-
num-alloy plate at a pressure. of 300 pounds per square inch,

As the pressure increases, the shape of the deflected
surface changes from that typical of a heavy clamped plate
with zero slope at the edges to that characteristic of a
i n slsia s WS eT tiean st tien 1s brought out eclearly in the
plot of figure 13 giving the ratio of the measurédd deflec—
bioen Go [fhe center deflectlion Tor plate M at pressures of
2 and of o0 poundes por. squarc inch,

In the case of mogt of the circular plates tested only
the variation of ccnteor deflcecction with pressurc was mcas-—
urced, After cvery sccond or third rcading of ccnter deflcc-
tion, the pressure was roduccd to-a low initial valuc and
the permaneant sot at the centor was measurcd. Figures 14
to 20 show curves of total dcflcection and of permancant sct
atfthe conver: obbtained, in this mannor for the 19 platcs
tested,

At lov loads thc center deflection was found to in-
crease directly with the pressure; it increased more slow-
ly as the: membrane stresses became important and it ap-
Proached a linear wariation with pressure as yielding in
the plate became pronounced. The permament set at the cen-
ter increased at an increasing rate and, except for plates
0, P, Q, and R, approached a straight line that was nearly
parallel to the asymptotic straight line for the total de-
flection at high pressurecs. The intersection of the first
straight line with the horigzontal axis dcfines a precssure
that has been suggested by Commanier R. D, MacCart as a
convenient measure of yilelding in the plate. This pressurec
ig.rcferred to as tho *Navy yicld pressure.,' Tho permanont
set corresponding bto this prossurc was found to rangoe: from
0.002 to 04009 inch., The Navy yicld pressurc was in no
casec grcatcr than the pressurc corrcsponding to a pcrmancnt
sct «of 1/500 tho diamctor ,of tho plate (0401 in.). This
pressure and the pressure for a set of 1/200 the diameter
(0.025 in,) are also given in table 1.

Strain

Surface strains were measured on the. 0,032-inch 175-T
aluminum-alloy plate M with l-inch Tuckerman strain gages
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placed directly on the surface of the plate (fig. 21). The
strain readings were corrected for the apparent strain due
%? b%wgng of the plate between gage points by adding a term
24 \r
the average radius of curvature of the plate between gage
points (obtained from the deflection curve of the platc)e.
A derivation of this correction will be found on page 7 of
reforenco 2.

where | is the gage length (1 in.) and r is

Figurc 22 shows the average radial strain over a 1-
inch gage lcngth at a point 1,5 inches from tho ecenter of
the platc as a funetion of the pressure for a diameter in
the direction of rolling and a diameter at right angles to
that direction, The strain in the direction of rolling
was found to be consistently smaller than that across the
direction of rolling, the difference between the two reach-
ing about 5 percent at high pressures.

The surface strains shown in figure 22 are average val-
uelsilover 2 'gage length of 1 inch, that is, over a length
that was 40 percent of the radius of the plate. Local

values of radial strain on another 0.,032-inch 17S-T aluminum-

alloy plate M' were obtainoed within the celastic range by

mecasuring average strains on overlapping gage lines and then

applying the rclations derivecd by Greenspan (roference 3)
for detcrmining a function from a sct of mcasurcd mcan val-
uvos of that function,

Bigure 23 shows the distribution of radial surface
strain in the plate for a number of pressures within the
clastic range. The curves show that, with increasing pres-
sure, the point of inflection marking the transition fronm
tensile to compressive strains moves toward the edge of
the plate,

Strains over a O,l-inch gage length at the center of
the plate on another 0,032-inch 17S-T plate HN" were meas-
ured by a ileisse transfer (reference 4) combined with a 1=
inch Tuckerman strain gage. The results are shown in fig-
ure 24.

Figures 22 and 24 both show that the strain, like the
center deflection, increased at a decreasing rate as the
pressure was increased up to pressures sufficient to cause
considerable yielding of the material; from this point on
the strain incrcascd more rapidly.
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ANALYSIS

Deflection

The shape of the curve into which an elastic plate is
deflected by normal pressure changes continuously as the
plate passes from a condition where practically all of the
load is carried by bending to one where prac tale adiliyi=ClL e
the load is carried by membrane action. The ratio wy/h
of center deflection W, to plate thickness h can be
used as a parameter to describe the change in shape of the
deflection curve. If wy/h < < 1 the deflection is that
for a Kigschhoff plate with clamped edges (c.g., refecrence
Dy Pie D6

w 218
T Ll 3 C§> ] (5)

-5

while if w,/h > > 1 the deflcction is that for a thin

skin whose shapec is according to Honcky (rofercnce 6), for
LS =e 0, 35

4 6 <]
Sl i eugaes TN Ligitee ' EL. Wolood B L0006 TS UV W)
w o ag a4 a a 8

The deflcetion curves corresponding to these two cx-
treme cascs arc shown in figurc 13, together with cxperi-
mental valucs for a platc without appreciablec permancnt
sot at the contor and with ratios wg/h = 0.72, wo/h = 3.12.

There will be a further change in the shapc of the de-
flcection curve as yiclding becomes apprieetablicny I Etho
vyiclding is localized ncar the cdece of the platec as in a
relatively thick plate (h/a > 0,025), the shape of the
defloction curve will approach that of a platec with frcely
supported edges (see roference 5, p. 57):

2 4
— =1 -1.245 I +0.2¢5 I (7) -
Wo 2 a a
In a very thin plate the yielding will quickly spread over v

the entire plate, which will then tend to go into a spher-
ical surface like a membrane under constant tension. The
shape of the deflection curve is givien Sbar:
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W r?
. & = (8)

Both these curves are shown in figure 25 together with ex-
perimental deflection curves for a thick 175-T aluminum-
glloy plate (h/a = 0.0356, wo/h = 1,813) and for a thin
plate of the same material (h/a = 0,0128, wo/h = 5.01).
Most of the plates tested for the present investigation
approached the condition of a membrane described by equa-
tion (8) as the pressure was increascd.

The relation between center deflcction and pressurc
for an clastic plate of mecdium thickness with clamped
cdges has bcen investigated by approximate methods by a
number of authors. Nadai (reference 5, p. 297, cquation
(57)) derived the rclation

4
P ra 2
I <-£1.> (1 - p™) (8)

w

W & 3
(o] (o}
— 4+ 0,583 ___> - e
h h

L&

by ssollving the "differential cquabtion for a plate with Large
deflection subjectecd to a ncarly uniform pressure distribu-
tion. Timoshenko (reference 7, p. 319, equation (219)) de-
rived

w W \° 3
i e

- <i> ol (18]

on the basis of an assumed radial displacement combined
with energy considerations. Federhofer (reference 8) de—
rived

- 3
Wo 4 (19 - Sw) (1 + p) (o) =_3-_11<_) (1 =t )
h 40 11/ B

from the differential equation of the problem together with
a suitable assumption for the radial distribution of mem-
brane tension., For u = 0.3 the coefficient of (wg/h)
becomes 0,529, which is between the corresponding values of
equations (9) and (10). A procedure ahalogous to Fdppl's
solution (reference 9, p. 230) for the center deflection
of a rectangular plate (appendix E) gives

W 1 < b 3 ‘g, \4 2 .

— +0.588 (2) === (2) (1-n") (az)

Boobnov (reference 10) solved the differential equation
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of a circular platec of medium thickness with clamped edges
upon the assumption that the membrane tension is constant
throughout the plate. An "exact"™ solution of the differen-
tial equation for a circular plate with clamped edges was
first obtained by Stewart Way (reference 1), Way's solu-
tion as well as the approximate solutions (9) to (12) and
Boobnov's solution are shown graphically in figure 26 for
The speciedi tase p = 0.3, The six curves differ from
each other less than 6 percent, Observed values of center
deflection are shown as open points for pressures at which
the permanent set was less then 1/500 the diameter of the
Plate and as solid points for greater pressures.

It is seen that the experimental deflecctions consist-
ently exceed the theoretical values by 4 to 12 percent for

pa™/Bh* > 18, At low pressures the theoretical curves and
the experimental points arc in agrcement.

Stresses

The stresses in a circular plate with clamped edges
under normal pressure have been evaluated from the theory
by Way (reference 1) for center deflections up to 1.2
times the thickness of the plate. An extension to greater
values of wo/h seemed desirable since some of the plates
tested at the National Bureau of Standards (e.g., plate K)
were still nearly elastic, that is, showed negligible per-
manent set, at wgy/h = 4. It was decided, accordingly, to
extend Way's solution, but this extension was not carried
beyond wo/h = 1,5 YDbecausc of the excessive amount of con-
putation involved,

It appcarcd nccessary to resort to onc of the approx-
imate theoriocs c¢ited im roferoences 5, 7, 8, 9, and 10 in
order to cstimate the stresses for wy/h > 1.,5. Exanina-
tion of these approximate theories showed that only Nadai's
approximate theory gave stresses in close agreement with
the values given by Way's theory. This result was to be
expected since Nadai's theory is the only one of the ap-
proximate theories that gives a solution of the differenw-
tial equation for a plate with large deflections. It difw-
fers from Way's solution only in assuming a convenient bdut
not quite uniform pressure distribution while Way solved
for a strictly uniform pressure.

The calculations by Nadai's theory were accordingly
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extended to values of wy/h = 4. (At wo/h = 4 the assumed
pressure deviated from its average value about 25 percent

at the ceanter and about 5 percent at the edge.) The result-
ing prossure deflection curve is shown as curve F in figurc
26. It agrees with those given by equations (9) and €197 .
The extreme-~fiber bending stresses and the median-fiber
tensile stresses in a radial direction for the center of

the plate and the cdge of the platec are plotted against the
center deflection in figure 27. It is evident from figure
27 that Nadails and Way's thcorics arc in good agreemcnt,

The plate with large deflection just as the Kirchhoff
platec is most highly stressed along the clamped edge, the
maximum radial stress being about three times as large as
the maximum stress at the center for w,/h = 4. The median-
fiber tension at the center exceeds the extreme-fiber bend-
ing stress for wo/h > 2, At the edge the extreme~fiber

bending stress is more than five times as large as the me-
dian-fiber tension even for wy/h = 4.

Radial strains ¢, calculated from the stresses ac-—
cording to Way's theory and according to Nadai's theory
(T2, 27) by substitution in -

2

& Op = b 0y)

€r=

where . the tangential

i
stress, are compared with measurcd strains for plates Mt
M®, in figures 23 and 24. The theoretical strains ex-—
cecded the observed strains for plate ' and they were
less than the observed strains for plate MN", The differ-
cnces may be due to differcnces in clamping conditions.
Curves of centor deflection against pressurc from which
such difforences could be cstimatcd werc not obtained for
these two plates becausc the strain gages interfered with
measurement of the centcr deflection,

is the radlial gtress and 0¢

Permanent Set

Theoretical values for the pressure at which permanent
set at the center became noticeable were derived as follows:
It was assumed that the beginning of permanent set would De
associated with yielding either along the edge of the plate
or at the center of the plate and that this yielding could
be computed from the theoretical stresses upon the assump-
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tion of the von Mises-Hencky theory of plastic failure, Ac-

cording to this theory (reference 11, p. 73) plastic action
will begin under the action of principal stresses o,, Op

0z when

2

Cioy = 62)2 S, 0 )T 01)2 = zoye (13)

where Oy is the stress at which plastic action begins in
simple tension.

At the edge of the plate

Oy = Orgsy Uz = Opg = WOpes Oy = O (14)
where
Ore extreme-fiber stress in radial direction at edge
of plate on concave side
°¢e extreme~fiber stress in tangentiai direction at

edge of plate on concave side

The value of Ope must be equal to WOre since the tans

gential strain (O¢e -~ BWOpe)/E is assumed to De zero for

perfect clamping. Substitution of equation (14) in equation

(13) gives with P S

o
Gon, = b  sikale oy (15)
U s :
It follows that
oy a® o a2
-~ __ = 0,89 =2 — 16
s e (16)
; Ope a°
Aeeording teo figure 27, T L® ig a function of the cen-

ter deflection ratio wy,/h and hence, according to fig-

4
ure 264 a funetion of the pressure ratio z @;. The rc-
o‘yaa a4 T

sulting relation between == ang Ts pillotted as
E E n? Eh? i

curve A to log=log scaleg in figureés 28, 29, and 30,

The theoretiecal pressuroc for yiclding at tho center
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may be computed in an analogous manner, The principal
stresses in the plane of tho plate arec cqual at the ccnter
so that cquation (14) should bc rcplaced by

Oy 9s,n 95 = O B 40 )

where Op, is the extreme-~fiber stress in a radial direc~-

tion at the center of the plate, on the convex side, Sub-
stitution of equation (l?% in (13) gives, in place of
equations (15) and (16)

() T ek

ro vy
2 =
b ST S (18)
2 2
E h T e

oy a2 pat

The corresponding relation between T e and TR

is shown as curve B in figures 28, 29, and 30,

A comparison with the experimental yileld pressures
given in table 1 was made as follows: The stress Oy s

that is, the stress at which plastic action begins in ten-
sion, was replaced by the average of the conventional
tensile yield strength in a longitudinal direction gnd in
a transverse direction (table 1). The pressure for the
beginning of plastic action was replaced by the Navy yield
pressure in figure 28, by the pressure for a sect at the
center of 1/500 the diametor in figurc 29, and by the
prossure for a sot at the centor of 1/200 e tdilameter An
Floire 50,

The obscrved points for thc cight 175-RT plates fall
closcly on a singlc straight linc. If the obscrved points
for the other plates tested arc also included, they may il
be roprescntcd approximatcly by a straight linc G that¥diocs
botwoen the thcorctical curves for yiclding at the cdge
(curve 4) and yiclding at the conter (curve B)., Examiga-
tion of figurcs 28 to 30 shvws that for valucs of Oya” /Eh
up to 80 the linc C gives the measurcd Navy yicld prossurcs
within ta3 percont, tho pressurc for a sct at the centor of
2a/500 within *34 percent, and the pressurc for a sct at the
conter of 2a/ 200 within 42 porcent.

A larger scatter was found for the very thin platos
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2 2
(Gya /Eh” > 80) in which the initial tension due to clamp-

ing and the deviation from perfect flatness are likely to
be largests A large scatter is to be expected because of
the use of the tensile yield strength as the parameter char-
acterizing the beginning of plastic action of the mater2al
in the plate. This result leads to a particularly large
error in the case of the alclad material, in which yield-
ing on the surface of the plate may take place at rela-
tively low pressure, although the "average" yield strength
as detcrmined by the tensile test may be rclatively high,
This view is supported by a comparison of tensilc yield
strengths and pressures for yielding (table 1) for the
24S-RT alclad plates and the 17S-RT aluminum-alloy platcs.
The tensile yield strengths of the 17S-RT material arc
about 9 pecrcent lower than thosec of the 24S-RT alclad ma=-
terial and yet the 1785-RT plates have yiecld pressurcs that

excced thosc for the 245-RT alclad platecs by amounts up to

23 pcrecnt,

Another description of the cxporimental data in fige-
ures 28 to 30 was obtaincd by making usc of thec cxperi-
mental result (figs. 31 to 33) that the yiclding began
when the conter deflcetion of the plate recached a valuc
which was roughtly indcpcndent of the thickness and of the
matorial of tho platoc. This valuo was about 0,11 inch for
the Navy yicld pressure (fig, 31), about 0,12 inch for tho
Pprossurc corresponding to a sct of 1/500 the diamctoer (fig.
32), and about 0,14 inch for a sct of 1/200 thc diamoter
{fies 33).

The forcgoing oxperimental result may be mathomatically
cxpresscd by saying that yiclding began when the ratio

w
z% = consh (19)

Examination of figurc 27 indicated that a rolation of
this typc should hold approximately at large conter deflccw-
tions Dboth if the yiclding is assumcd to6 begin when the
median~fiber strain at the ecnter rcaches a critical valuc
and when the extreme~fiber bending strain at the cdge
reachecs a critieal wvaluc.

A rolation between yiclding prossurc and plate thicke
ncss may be obtaincd by inscrting cquation (19) in the rola-
tion between pressurec and center deflection. This center-
deflection relation is, according to cquations(9) to LLBl,
of the general typc
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2oy () [horm ()] (20)

where k; and kz arc constants. Elimination of wq
from (19) and (20) gives tho desired relation:

T BN
AR i

vhore k, and k, arc again constants. A determination

of these constants by least squares to give the best fit
to the observed values of p/E gave:

For Navy yield pressure

h B
ol <1oo €> + 0.274 <1oo g) (22)
For pressure at set = 2a/500
h h \3
12 - 2,78 (100 —> + 0.226 (?oo-—) (23)
; E a a
For pressure at set = 2a/200
6 P h HE
10° 2 = 4.45 (100 g> + 0,190 (100 E) (24)

Equations (22) to (24) are shown together with the
observed points in figures 34 to 36, The scatter is of
the same order as that for the more rationzl curves given

in figures 28 Lo 30.

The principal difference between straight lines [0 SO 1 o)
figures 28 to 30 and the empirical relations (22) to (24)
is that the empirical relations do not involve the yield
strength of the material., Their applicability to the pres—
ent serics of plates is explained by the fact that the
strain defined by Oyield/E is roughly constant, about
0,005, for the matcrials investigated {tabie 1). 1T the
points for plates O and S, which had values of Gyield/E
of about 0,004, are omitted, the scatter is reduced. It 1s
safer to use the straight lines © figs. 28 to 30) in
the cases where oyje1q/E differs greatly from 0,005.
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The polnts Cor plates. @, My .0, P, Q, and B that had
deviation indices greater than 20 percent according to
table 2 are labeled in figures 28 to 36 for comparison
with the points for the rest of the plates. It will Dbe
noticed that the scatter of points about a common curve
would have been reduced by leaving these points out of conw
sideration.

National Bureau of Standards,
Washington,.D. C.,, October 10, 1941.

APPENDIX A
DEVIATIONS FROM IDEAL CLAMPING DUE TO INITIAL

TENSION (OR COMPRESSION) IN PLATE

The plate may be in a state of initial tension or coms
pression due to the clamping procedure or due to differen-—
tial expansion as the result of temperature changes.

Initial tension will lower the deflection of the plate
in the Kirehhoff range, that is, at sufficiently low loads
to make wy/h > > 1, .by an amount that may be estimated
from Nadails analysis of a plate under normal pressure D
and under & uniform Tompredgsion,of n wunits of force per
unit length of cifcumference, The deflection at a point a
digtance r from the center of such a plate is, accord-
ing to Nadai (reference 5, p. 255):

3 pE® (2 [Jo(ar) - I, (aa)] o (A1)
W oes % - 1 + o5 ; Al
4a® ¥ L o a Jy(aa) a j
where
jo) normal pressure
«® n/M
N flexural rigidity of plate [®h3/12(1 - u°)]

E- Youngl!s modulus of plate material
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W Poisson's ratio of plate material
h thickness of plate

and J, and J, are Bessel functions of the first kind
given by the series expansions:

4 " 52
J o= l )'— <—"> + * o0 A
w5 = = = 15 (a2)
T :
1 /3N )
Sl L [1 < __@.“) +__.1__._<E) vl (43)
3 PRSND IX2X2XE \2
Substituting
n o h
e : (a4)
N N

where oy 1is the initial membrane stress, in (A1) and
carrying out the series expansions (A2) and (A3) leads to
the following approximate expression for the deflection
in the Xirchhoff region:

a 2 S 2 2 4
e ( z > nga < ¥ B rs\]
= 1 = 1 e . 0 A e B e DELNS )
4N L\ a® 72N\ a® a® 2%/ |
The center deflection is
11 n.a®
By
e B w0 - (A6)
gt W0l 64J T,

I Wy, denotes the center deflection in the ideally
clamped plate (ngy = 0) the relative increase in center
deflection due to initial tension is given by

2 2
w W - W ST T 042
<A°> B i it o o N e
Yoo Ws'o T2 N Bl
A (A7)

The relative increase in radial bending moment at
the edge of the plate due to the tension =ngy may be cal-
culatcd from (A5) as follows: The radial bending moment
&t oiny poilnt in the plabe is (refecrence 5, Dp. 57)

2
ol o5 Bl (.g_g e (48)
)i &
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Substituting (A5) in this equation gives: °
2 22

2
Bp(r) = = pa {- 4(1+u) + 4(3+p) -"2' - Illg; [-— 6(1+u)
+ 9(3+u) = 12(5+u) ——] } ' TRele)

The radial bendln moment at the que is

' pa® " ) nga?
Sits S b fause (g3 b B (A10)
n, n,.(a) 5 [ gz ( B ¥ ]

and the relative increase in radial bending moment over the
bending moment m,, for an ideally clamped plate (ng = 0)
becomest . i 1§

2

Am m nia
( a) R N X (18 + 3u) tN (A11)
a0 a0 48 ;

The effect of the initial tension 0y 1in decreasing

the center deflection at high pressure for which the plate
approaches the condition of a circular membrane is given
approximately by substituting Oy in ((Ca):

2
Wo = kR (A12)
4ho
-where
G = e . D (413)

is the membrane stress in the vrlate at the deflection cone-
sidered, consisting of the membranc stress Oy ~due to the
deflection Wo at the center, and the initial tensiom Oy »
The relative increasc in center dcflection over a membranc
with zero initial tension is then given by

B o Fg ol . iy i, G

= o] £ HEO +~. o (_A_14)
& ‘Gw Oy

Yoo

An approximatc valuc for thc moembranc tension Oy is ob-
taincd by considering the membranc to deflect into a sphere—
ical surface, This su¥face coincides, for ratios

wo/a < < 1, with the parabolic surface
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2
; 2
w=w0<1——2> (A15)
a

The bowing will set up an avcerage teonsile strain

i S
1 : il ’
€w = — / (ds -~ dar) = — /P ( dw™ + dr™ = drj
a R e’ ~
r=0 ' r=0
a
2 - °
i dw 2
= Ea- ‘d—_:> dr = ;‘ ;2 (AlB)
o)

This strain corresponds to an average tensile stress

Uw S — : 0 (.A-l?)
B 1 =i o

£n particular

2
2 E W
o, = — 2% (A18)
S I
so that
W.\2 Aw_ P
Oy = O < °> = 0, [1 + O] (A19)
Yoo Woo,!

Substititiom pfthis expression in equation (414), assuming
that (Awo/woo)a < <1, gives an equation that may De
solved for Aw,/w,, with the following result:
& .
i el L (A20)
0, + Oy

Substitution of (A18) in (A20) givess:

ae
(A21)

= e

= =
w 2 E wo~ 2 & e

AW ind o}

ko g i 5, 01w
00 1% 5
l—-uGta

The relative effect of the initial tension on the center
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daflection decreases with the inverse square of the center
deflection. '

An estimate of Ty = Oth was obtained from the ob-
served initial slope wy/p of the curve of center deflec~

tion against pressure upon the assumption that this slope
would be cqual to that for an ideally clamped plate ex-
cept for the correctign due to rotation of the clamping
edges and due to the initial tension. The initial tension
per unit length =ny is then from (B16):

72 C4NF B4N w, X
IS
where w,/p demotes the measured initial slope of the

curve of center deflection against pressure,

The values of =ny derived from (A22) were substituted
in (A7) to give the deviatiom indices (Awy/wy,), that are
listed in table ™.

APPENDIX B
DEVIATIONS FROM IDEAL CLAMPING DUE TO ROTATION
OF CLAMPING RING

s

Rotation of the clamping rings- E will have the

.8reatcest percentage effect on the deformation of the plate

at low loads for which the Kirchhoff thecory holds. The
effcct bagomes negligible as the plate approaches the con-
dition of a membrane at high pressurcs.

The defleetionr w(r) .of a circulzr plate clamped in
torsionally clastic cdges may be considercd as the resulte
ant? i

W= iy, + Wy : : (B1)
of the deflection w, of a plate with rigidly clamped
cdges (refercnce 5, pp. 56-57):"

2

PR U SO (32)
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and of a plate with simply supported edges?

P
S el ®ic i taEn) &Y e g (BY = Fer® 2 (8 e
8 64N (1+p)|: il * "
B3)
where
P, partial pressure required to produce deflection w,

o partial pressure required to produce deflection wg

P total pressure (p1 1 pg)

The pressure p,; will produce a radial bending mo-
ment m per unit length of clamping edge:

a
my, = mr(a> = - ptfz (Ba)
which will cause a rotation of the clamping ring:
Am, = = éggiiu (B5)
where
A rotation of clamping ring (radians) due to unit moment

per unit length of clamping edge

The rotation of the clamping ring (B5) must be cqual to the
slope of the plate at the clamping edge, which is from (B1)
and (B3):

1 ppa’

8 (1+p)W o

w'la) = wi,{a) + w'la) = w'la) = =
.
where primes denote differentiation with respect to r.
Setting this expression equal to (B5) gives:

s 1 egl®) Bl (37)
o,

e}

1

The centor deflection becomes with (B2) and (B3)

FYSHE TR R Rk NJ (88)
-

=
i

o]
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The center deflection ¥go for rigid clamping follows fron

(B8) with A = 0. The relative increase in center deflec-—
tion for a givem total pressure p = Py + Py is, there-
fore: E

A 4NN

w w

(w °> e L a (39)
oo Yoo 1+ (1) A

AN
a

for sufficiently small wvaluos of A <

< 1>, this ex-
pression 1s approximately:

— = - (B10)

Awo> L AN AER3
B B Ben” )4

WOO

The bending moment at the cdge is from (B4) and (B7)

. Baals pa® o 6
ma=u :_————-—(l”._.__.__.
8 8 Tl S M
3
=] 2
. . De E-“ (1+p) A T/a ] (311)
8 1 + (1+p) A N/a |
and the relative increasc in bending moment over the momont
B, tor ripld clampisze (X = 0). st
Am ' (1+p) A
< a> Tl (L+p) A N/a (B12)
Mao /3 1+ (L4+p)A X/a
o for BNin £ < 1a
A \T
. mma> A %? (B13)
aoB

The spring constant A was dctcermincd cxperimentally
as follows. 4 pair of rclatively thick aluminum-alloy
plates (h = 0,0627 in.) wecre elamped in the test fixturec.
A sct of small prisms (M, fig. 10) werc thon fastcned to
the clamping ring to mecasurc the rotation of the clamping
ring out of a horizontal planc, by mecans of a Tuckecrman
autocollimator. Normal pressurc was applicd to thec plate
and both the rotation W'y of the prisms and the center

deflection w, of the plate worc measurecd at a numbor of
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pressures p. The resulting values were found to increase
linearly with the pressure so that a straight line could
be drawn through the points., The slopes wo/p and w's/D
of these two straight lines were used to determine A as
fol Lowss ‘

If it is assumed that the plate -behaves like a rigidly
clamped Kirchhoff plate except for a uniform initial tene
sion n; and a *ot%tlon of the end clamps, the slope of
the curve of center deflection against pressure curve 1is
given by

- T + (Awoh&-+ (AWO)I3 e [1 . <Aw > <__‘2] o

p D p

where (Awo/woo denotes the deviation for initial ton-
sion (A7) and fhwo/woo)s the deviation for rotatiom of
the clamping rings (B10), Substituting these deviations

together with the center deflcction for the clamped plate
(sce B2) »

- pat (B15)
w =
s 64N
gives
7 2 N
TR T Gt (B16)
D 64N | va., W a

for the initial slopc of the curre of center dcflection
against pressurc. The initial slope of the curve for rota-
tien of the clamping rings ﬁgalnot pressurc is given by

1 1
w!, . wh(a) P Am,

P I

(B17)

where m_. 1is the radial bonding moment at the cdge ofgubhe
Lw
platc, This cxprossion may be written in analogy to cqua~

tion (B1l4) as
n m bl &
B oo rl + < 2) 4

" i
P r L o4 N Ta

Zz} (B18)

where (Ama/mao)A is the relative incrcasc in edge bending
moment duc to initial tension given by equation (A11), and
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(ma/mao)B is the relative increase due to rotation of the

in (B18) gives:

! 2 A
e iw.  Jo T R P R L WP (B19)
P P 8 48 N a

Elimination of ny from equations (B16) and (B19) gives

|
|

’ edges given by equation (B1l2). Substituting these values
\ the following equation for A:

w!

o>

.3 N
o i [1 w29 (18 + 8u) (1 . w°> g Ll 2‘33] (B20)
g 52 .

|
\ P a4p didl:
\ Measurements for plate 0 gave
“ WO ' w'a -7 .
5 = 0s00250 cu in./1¥ and  — == 1077 sq in./1n

|

| e

| Substifution of these values, together with the constants =
‘ a = 245 inches; h = 0,0627 inch; E = 10,5 x 10° pounds

| per sguigre Phehdy  and gli= 1/3 - in equation (B20) and

| solving for A gave

& e Bath e tE . ™)

APPENDIX C
DEVIATION FROM IDEAL CLAMPING DUE TO RADIAL

CONTRACTION OF CLAMPING RING

The clamping ring will contract under the action of
the membrane tension set up in the plate at high pressures,
and this contraction will reduce the tension in the plate
and will increase the center deflection corresponding to a
given pressure,.

An approximate cstimate of this effect was obtained
by replacing the plate by a membranc under uniform tension,
which bulges into a spherical surface with center deflec-
tion wgy. The deflecction of the membrane at a distance r
from the center is ‘then

r
W= W, <} - S (c1)
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The curvature of the nembrane is

2
d 2 '
= el = - WO 7 . (02)

W=
W
v

For equilibrium between the uniform tensile stress o0 in
the)plate and the exfernal¥pressires p (reference 12, D.
511

2
e pa (63)

so that the center deflection is given by

=
Wo = zig (ca)

The membrane stress will cause an elastic contraction
of the clamping ring given by

2o~ B = BgiRoo.h (€5)

where K 1s the specific contraction alpng the diameter
of the membrane due to unit radial tension per unit length

of clamping edge. .

The center deflection w,, for an ideally clamped
plafe of thickness h and of radius a, subjected %o
pressure p 1is, according to equation (C4),

<}
R = =2 (cs)
4h 0,

The correction in center deflection is, therefore,

A w 8 % (o]
GRS g = __~> (.E) £ {67)
Yoo ¥oo &, o

The membranc stress o 1is related to the membrane strain Dby

Lo c8
O_'—l—'-:.—lIE ( )

The value of ¢ is given by correcting equation (A16) for
the change in strain K h 0 due to contraction of the
clamping ring:
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2
w
e = iflo)osipd o (09)
3 \a

Substituting (09) in (08) and solving for ¢ gives

2

s 1 2 Kﬂ) (010)
Kh = 34 -_E 3 a
B

The stress o, for a rigidly clamped plate is derived from

(C10) by making & = 0. It follows that
2 2
o z W
o <1 + nﬁ) ( °°> <ii) (c11)

The ratio a/a

5 is, from (C5)

afag = 1 = gho (c12)

Substituting (C11) and (C12) in (G7?), expanding, and neg-
lecting terms that are small of higher order gives

Aw B Aw
i R 0

- 4Kkho (013)
Yoo L5 Woo

The 1ast term on the right is negligible compared with the
first term since 0 < < E so that, in first approxima-
tion

(C14)

An experimental estimate of K was obtained as fol-

lows: A pair of relatively thin plates (h = 0,0209 %)

was clamped in the fixture. The center deflection wy of
the plate was then measured as a function of the normal
pressure in .a range where the plate approximated & tautb
membrafe h% > 10 h, permanent set at center greater
than 4h). The values of W, thus obtained were substi-

tuted in (C4) to estimate the membrane stress o, The

contraction in diameter R2ay - 2a of the clamping ring

due to this memdbrane stress was measured by a Tuckerman
strain gage (T, fig, 10) with a 5~inch gage length, Sub-
stitution of the measured values of ag - a and of O

in (65) gave six values of R ranging from 1,9 X 107% to
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2.2 X 1072 in,/1b. An-average value K = 2 X 10 ° in,/1D,
was substituted in (C1l4) to obtain the deviation indices
(AW@/Woo)c given in tahle 2.

APPENDIX D

EFFECT OF INITIAL BOWING ON CENTER DEFLECTION

OF CIRCULAR MEMBRANE

Let it bPe assumed that a membrane of radius a is
bowed into a spherical surface with center deflection wy

a2t mo loads o slhesinecreage L in center deflection due to

a normal pressure p 1is then approximately, according to
equation (A12),

2
Wo = zic (D1)

where o 1ig the tensile stress corresponding to the strain
€ required to produce the center deflection w,. Accord-

ing to equation (416)

W, + wy P Ws W ] W
B o {(.3___"£> - <_£> w <_2> i od D e (D2)
3 a a 3 a Wo
The stress correspondihg to this strain will be

e 7 w 2 W
0=___-_=-2-—————9-—[1+2—i] (D3)
a w

Substitution of equation (D3) in (D1) and solution for w,
gives

LD e T/s (pa)

0 8 Eh Wy
1+ 2=
WoJ

The corresponding center deflection wy, for an initially
- flat membrane would be, with wy; = 0,

A /i
3(1 ~ p) pat
Moo = [ . - J (D5)
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and the increase in center deflection due to bowing is
Aw. W 1/3 W
o 0 (1 s ____> = .g. = (DG)
Woo 3 Vo

Initial bowing into a spherical surface causes a decrcasc
in center deflection inversely proportional to the ceanter
deflection due to the load and direcectly proportional to
the inifial bowing at the center.

APPENDIX E
APPROXIMATE RELATION BETWEEN CENWNTER DEFLECTION AND

PRESSURE (FOLLOWING FUPPL'S- PROCEDURE)

Foppl (reference 9, p. 231) derived an approximate re-
lation between center deflection and pressure for a square
plate of medium thickness by assuming that the bending of
the plate was proportional to that given by Kirchhoff'ls
theory while the extension was proportional to that for a
membrane, so that the total pressure p was the sum of
the pressure py resisted by bending and the pressure pg

carricd by membrane action:
P = Py + Py (E1)

Applying this proceduro to a circular plate gives for the
deflection as a Kirchhoff plate (refercnce 5, p. 56):

w 3 p 4
__9=___P_<:'i) 1 wud) (E2)
h 16 E h ( e

The center deflection for a circular membrane is, according
to Hencky (reference 6), for p = 0,3,

w 3
0k od8E 26, Ppa (£3)

Sdlving equations (E2) and (E3) for -py, and py, Tespec-
tively, and substituting in (E1) leads to the desired re-=
lation:




NACA Technical Note No., 848 £ )

4

: 3
w W Sl /8 3
—2 4+ 0,588 <—2> . ~_.—.<_ L
oh. " h 16 B h) (1 2 ) (4)

National Bureau of Standards,
Washington, D. C., October 10, 1941.
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TABLE 1.~ SUMMARY OF NORMAL-PRESSURE TESTS OF RIGIDLY CLAMPED CIRCULAR PLATES 5 INCHES IN DIAMETER

Tensile yield strength Pressure fo:ﬁg}ven set
Thickness, Yo 's N
Material Plate h mogﬁgua Longitudinal Transverse ;:gsgﬁgid dismeter diameter
(in.) (kips/sq in.) | (kips/sq in.) (kips/sq in.)| (1b/sq in.) 300 500
(1b/8q 1n.)|(1b/sq in.)
.06%2 10,400 62.6 2.0 96 107 159
24S-RT alclad : . 058 10,100 .8 ; 3 120
aluminum alloy c '020% 10:&00 23.2 ég.g h% g% 91
D .072 10,300 . 6.6 13 9 191
E .ong 10,200 ??.3 ha.e 102 %&9 157
Bl | 3 | u | B3RO B3 | BT | £ | 7 | M
aluminum alloy 4 10387 10,300 5.2 hZ.é g).é ZB 6
I .0300 10,300 50.1 u%.o L8 9
J .0257 10,300 52.3 L46.9 23 38 59
K .0211 10,300 53.9 L8.2 28 35 50
T, .0627 10,500 0.2 N1 o7 81 2 12
178-T M -0320 10,100 . ! 23 6

sluminum alloy | .0209 10,500 E?.? ‘;3.8 21 5% 62
Aluminum allo¥ 0 .0150 10,500 3.5 31.2 5 7 12

2hs-1 P .0184 10,500 551 48.0 21.5 23.0 25.0

aluminum alloy Q .0149 10,500 50.8 L6.1 22.0 23.5 25.7

'ta‘igzgs stept | R 0199 | P28,000 177 161.0 33.0 34.0 38.0
magnesium alloy S 20411 6,400 25.7 25.6 2l 2l 31

8%8 °ON 930N T®BOTUYOSL VOVN

8No transverse test was made for specimen N.

specimen M, which

bAverage.

The value given

was in the same shipment of material,

was arbitrarily taken the same as that for
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TABLE II.- INDICES FOR DEVIATION FROM IDEAL RIGID CLAMPING
Relative increase in center deflection
Kirchhoff plate wy/h<<l Membrane wg/h))1
Plate|Thickness, | Initial tension,| Rotation of edges,| Radial contraction | Initial deflection
h equation (1la) equation (2) of clamping ring, | per unit thickness,
(in.) (A"o/woo)A (Awo/woo)B ec(n;:t}on §§) _ wy/h
o/ Voo'C

A 0.0632 0.00 0.0000 0.0066 0.00
B <0 o% - .0000 .0052 -.03
C .0 O -015 .0000 .00 3 -.020
D .ozzg 013 .0000 .0026 .001
E .065 -.01 .0000 .0069 -.003
F .0525 -.03 .0000 .oozg -.006
G 053 a-+02 .0000 .00 -.009
H .0387 a- 27 .0000 L0041 -.049
I .0300 a=+0 .0000 .0031 0l
J .0257 a'.l 00000 00027 ".00
K .0211 -.08 .0000 .0022 .109
: 0627 22 sl .0000 .0066 -.001
M .0320 520 .0000 .003, =150
N 0209 .00 .0000 .0022 -.079
0 L0150 % 50 .0000 .0015 -.500
P .018l aSET .0000 .0019 -1
Q .0149 -.32 .0000 .0016 .038
R .0199 Sl .0000 .0057 .136
s L0411 *opk .0000 .0026 .083
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NACA Technical Note No. 848 Figs. 1,2
Figure |.-Tensile Stress-strain curves
24SRT alcloa aluminum alloy
used In plates A,B ond C.
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Figure 7.=7ensile stress-strairn curve of
EH magresium alloy
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Figure 9.- Top view of plate fixture..
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Fig. 11

Figure 11.- Plate fixture, pump, and pressure gages.







‘918[d JO UOT309TJOP JO FUSWSJINSESH —'gT oIndTd

e 12

NACA Technical Note No. 848







NACA Technical Note No.848 Figs. 13,14

Figure 13, Change in shape of aeflection curve with
pressure /n the elastic range
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Frgure /5.~ Normal pressure fests of
17SRT aluminum alloy plates BEEGH LUK
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Frgurel/— NMormal pressure test of
(75T aluminum dlloy plate N and
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Figure /19~ Normal pressure test of
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Figure 22-0bserved strain on plate M
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Froure 24 .~ Raadal strain rear cenfer
on j&in. gage length
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