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ABSTRÄCT

The materiaL presented. herein Ís the result of L study

of the bucklÍng behaviour of stlffeneð flat panels, exeludlng

the case of plate buckling" The test proced'ure is described.

and. the values obtainecle eonsisting of ultlmate stress,

eritieal buckling stress, stress at aD arbitrary laek of

smoothnesse pln-end. length of the principal buckleu and. type

of instabilitye are tabulated. for each panel" fhese data

are lntend.ed. for use as a nore comp¡'ehensive e'pproach to the

d,eve3-opment of d.esign charts than has been evallabLe in the

past. ''

In add.itlon, evi.denee is submitted. from which the

followlng eonclusions are d'rat¡ßI'

1. , " . " " " Conventional nethod.S Of lOad ing wlth paralLel

platens cannot provlile unifor-m stress distrlbution ln

test panels"

8"o.",", Three separate regimes of buekllng exlst WithÍn

the range of ps.ne1s tested.'

õ. u n o ",, Initial lnstablllty was aLways in the fo¡6 of

plate buckling,
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CHAPTER ]

INTRODUCT]ON

The successful- structuraf deslgn of a modern aircraft

involves not only the provision of adequate strengbh and

stiffness, but also demands that these be obtained r¡rith a

mi-nimum weight of material-. In addibion, aerodynamic

efficiency at high speeds requires exceptional srnoothness

of all external surfaces"

Of particul-ar importance is freedom from waviness in
lami-nar fl-ow r,rr'ing construetion, fn present clay stressed-

skin design the compression load.s resulting from bending of
the wing are carri ed by the wing cover, which must be

adequately stiffened to avoid buckì-ing. ì,riing panels are

normally stiffened by longitudinal stringers of suitable
cross-sectionu riveted in place between transverse ribs

spaced at interval-s sufficiently small to prevent column

buckling of the panel as a uni-t. The problem of designi-ng

structurally efficient skin-stiffener' panels is a complex

one, both because of the extremely large variation in loading

conditions encountered with different aircraft " a-nd because

there are many panel proportions which meet th" design condi-

tions for alnost any particular application reasonably well.f

I Norris_F" Dorr, Design Charts for Longitudinallll
Stiff enSSL liling Compressi@ñ
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. Design- methods" There have been many attempts to
develop methods for predicting the strength of such,panels"
0f particuLar interest is the effective width concept of von
Karman which has been widely used,2

The purery theoreticar approach has been used. by a few
investigators. Generalry speakingo however, theories suffi_
ciently comprehensive to incr-ude more than narrowly restricted
ranges of panel proportions and types of failure have not yet
been evolved,3

The experimentar-r of possibly semi-empiricalu approacrr
has been far more extensÍveJ-y empl0yed than presently
availabLe theory" vast numbers of frat stiffened panels have
Þeen tesüed covering such a wide range of proportions, mare:
rials, and stiffene¡" shapes, that it has been possible to
produce desi-gn charts directly from experimental resur_rs.
The work of Dow and Hickman at Langrey lrier-d has been
pnenonenal in this accomplishmenb, ¿"rom these charts the
most efficient panel proportions may be selected to carry a
given load intensity over a given panel length with a siven
skin thickness"

2 Th' von Karmano E' E' sechr-er and L" H" Donnell,#ffi- r"g-ãielx 
¿i lur;;h";tð,i-p"Å:.ããä"",

NAOA-TN 1482offi'
ffivãmber IgLr.T ,

3 George L_" Gal_Iaher and Rolla B. Bousham"Ë.ffi." '
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Limitations of present design dgle" Unfortunately it

i s becomi-ng increa,singly apparent that most of the work of

Dow and ilickman and others falls somewhat short of providing

the designer with sufficÍent information. Practically all

of the design charts now available are based on loads at

failure of the panels" Little inforrnation is available on

the specific type of failure or the arnplitude and wave form

of the buckled sheet prior to ultimate fail-ltf€s At airspeeds

close to or above the velocity of sound, the accuracy of wing

profile contour becomes of great importance" A slight wavi*

ness resulting from buckling in its initial stages, which

would. not'be irnportant from the standpoint of adeouate

str.ength¡ üâT seriouslv affect the aerodvnamic characteris-

tics of the l,rinE. For this reason the critical buckling

stress \^fould seem to be assuming a posÍtion o-f greater

i.mportance than the actual failing load" Work on this phase

of the problem is in progress at the Natlonal fÙesearch

Council, Ottaiua; and at Vickers-Armstrongs Ltd., (laeybridge

Works), Messrs. Short Brothers and Harlanrì, and Flight

Refuelling Ltd. under contract to the lvünistry of Supply, in
England" It also forms a principal part of the investigation

on which this thesis is based"

'Ihe results presented herein are those which have been

obtained in connection with an assisted research project

sponsored by the National Research Gouncil at the Uni-versi-ty
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of ir,ianitoba." rn obtaining these results, an attempt was made
to record as many debairs as possibre concerning the buckling
behaviour of bhe panels tested, IÍore than ordinary care was
exercised to secure accuracy, with the thought in mind that
the results might be used at some future date a.s t,he basis
for theoretical design"



CHAPTER I]

STAIEI,TENT OF PROBLE}4

Behaviour of stiffened panels under foad" 0n

eompression loading of a stiffened flat panel along two

opposite edgeso the load being parallel to the stiffeners

as in Figure I, a state of simple compression eiists until-

a certain critical Load is reached. At this point the sheet

buekles, and further loading, by increasing the amplitude of

the buckl-eu will resul-t in decreased stlffness of the panel -

å.s a r¡¡hol-e" The axÍal stiffness of the panel now changes

eontinually with the load and an increasingly greater share

of the total load is carried by the stiffeners. As the

deflection of the sheet becomes comparable l^rith its thickness

both bending and membrane stresses of significant ma.gnitude

are developed 1n it, These stresses acting in both longi-
tudinal and transverse directions, irr general result in
iompound curvature of the sheet, fl-exural loa.ding of the
sfiffener at its points of contact with the sheet, and

tvristing of the stiffener. Finat fa.ilure oecurs rvhen one

or more stiffeners fail by some form of instability" Four

types of failure of stiffened panels are sketched in Figure
2 and may be d.escribed as follows:f

t tt'torris 1¡' Dowu Design_charts for Longitudinall-y
Stj.ffened Wins Compressiãã
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A, column bending, involving transla,tion of bhe entire

cross-section perpendicular to the plane of the sheet"

B. Local buckling, causing distortion of the cross-

section r,riithout translation oí Nhe corners of the plabe

e lement s "

C, Stiffener trvist, resulting in transl-ation of the

outstanding flange of the stiffener" lhis is primarily due

to col-umn faÍlure of the stiffener in a. plane parallel to

tha.t of the sheetu but, because of restraint of one flange

at the sheet, the stiffener twists and nroll-g ovêrrr.

D" Rivet or inter-rivet fail-ureu involvi-ng separation of

sheet and stiffeners "

In additÍon to the above the buckling behaviour of

the sheet alone may assume any of several modes' For

exampleu the sheet may remain i-n full contact with the

stiffeners but buckle in several waves between them" This

is actually a case of plate bucklingu but is more compli-

cated than simple plate buckting because of the assocÍabed

deformation of the stiffener. If the buckling pattern in

adjacent bays is symmetrical- with respect to the stiffener,

bending of Lhe stiffener will ensue. If anti-symmetrical, a

torsional moment will be introduced into the stiffener, Ihe

latter case is well illustrated by the photo-grid picture of

Panel 1B on page lIL" In either caseu the critical l-oad for

the stiffener alone is altered from its normal value by the



addition of either lateral loads or tr¡¡ist, due to buckling

of the sheet "

A second form of buckling urhich may occur at la.rge

rivet pitches involves buckling of the sheet as a fixed

Euler column of length equal to the rivet piteh,

A third form involves buckling of the sheet between

rivets, in such a manner that the deflectíon of the sheet is

alter.nately tovrards and a.way from the stringer in consecutive

riveb spaces

A fourth mode seems to consist of a series of buckles

pred.ominant,ly along the stif f ener, but not a function of rivet

gritch". This type of instability a.ppears to be analogous to

buckling of a sheet supported on an elastic foundati-on.

l,-/ith the exception of the first case of plate buckling

all of Nhese forms may be termed i-nter-rivet buckling" That

is, they involve buckling along the line of rivets as well as

in the plate between the stiffeners' Although the investi-

gation described in this thesis irtras concerned rnrith inter-

rivet buckling onlyl it shoutd be pointed out that it is

seldom, íf ever, that one form of instabitity occurs to the

exclusion of all others, On the contrary, it is in fact

difficult to ascertain j-n many cases which type of lnstabiti-

ty initiabes fa.ilure'

The problem investigated and herein presented under

the heading of ltfnter-Rivet Bucklingtt may best be described

as a stud.y of the buckling behaviour of stiffened flat
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panels, excluding the case of plate bu-ckling,

Variabl-es of tllg probl-eq. The main variabl-es

requiring investigation are:

âo Rivet pitch

b" Sheet thickness

c" Stiffener thickness

d" Stiffener form

€e Stiffener spacing

f, Rivet diameter and type

The major variables in the above list are ri-vet pi|ch and sheet

thickness. Sorne indication of the importance of the variables
c, d, e, and fu may be seen in bhe folLor^¡ing pa"ragraph.

It is reasonabl-e to assume that the stress at r,rhich

the plate buckles between the rive|s is a function of the

ratio of rivet pitch to sheet thiekness. considering a

narrow eLement of sheet between ri-vets, one would expect it
to buckle as a fixed ended strut having a length slightly l-ess

than the rÍvet pitch, because of the clamping actj-on of the

rivet heads" (Figure 3). Three factors tend. to reduce the

stress attainabl-e under this assumption, Firstly, it d.epend.s

upon the ability of the stiffener to keep the rivet head.s in
the initial plane of the sheet" secondly, strut failure of
the sheet midway. between the stringers may occur over a
length greater than the rivet pitch" Finaì-ly, the clamping

effect of the rivet depends upon the size and shape of its
head.
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Limitation of present inlrestiga'Þion, Because of the
large number of variabLes involvedu it .T,"/as decided to limit
the investigation to one stringer sj-ze and form, a seebion

of which is il-lustrated in Figure { on the previous page"

Al-1 rivets used vrere 1o0o countersunl< one-eighth inch
diameLer A17s-T rivets of one-o,uarter inch rength, specified
as AN-&26*ÃD*l+-l+ by the aircraft industry, The sheets were

of zbs-T Alcl-ad materlal, aÌl but a few being of ,oB1 inch
nominal thickness, The length of all sheets used in the
panels tested was thirteen and one-half inches" The rvidth
varied between fifteen and seventeen inches, The stringer
design was selected so as to conform with present design
charts, and its form was purposely chosen to coincÍde
closely iryith those used in other investigations so as to
permit of easier comparison of best results. Test results
for fifty-five panels are presented herei-n. '



CHAPTER TTT 
I

THEORETICAL CONSIDERATIONS

Although the approach to this problem was experimen-

tal with the principal aim of providing test results to be

used in the construction of design charts, the effects of
the variables may be better appreciated in the light of
general thin plate theory

Small- deflection tèeerÏ. Ref erring to Figure 5 u a

thin plate having deflections, v\r, normal to its planeu of
magnitude. much l-ess than the thickness, t, of the plate, and

subjected to a force per unit widtho Nxu applied in its
plane, will be in equilibriun if the follov¡ing relation is
satisfied;

V4w*Nxo
D

ð2w

a;z',
(1) 1

where ¡ = - i!-ry: the flexural- rigidity. This rel-ation is
12 (l-y ¿) --

derived from the conditÍons of equilibrium of any element of
the plate"

The axial load at which buckÌing of the plate occulis

will be the smaflest val-ue of liix which satisfies equation
( 1). The deflection, w¡ may be found directly as a sofutlon
of this eqr¡ation and the critical val-ue of lttrx deduced. The

defÌection, we must of course satisfy the bounda-ry conditions

ab the edges of the plate, Energyy or variational methods

may also be used to approximate the critical l-oad. By any
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one of these

the fornt

N*"t

methods the critical l-oad has been derived in

= Ktt T2n (t/u)z

1&

(z)

(lo )3

i..l

:1.ì

;itt

.rf'

.l

rz ( r-Yz )

where!s Poissonrs raLio and b is the width of the plate"

0r i^re mav write this in the form

f cr æ KE &/A)2

and t{# " (e-v)r*J - uo* # = Er

whereC"" is the critical buckling stress.

At the edges of the plate, restraint against bending and

torsion is provided by the stiffeners. The inposed condi-_

tions to be satisfied by the deflectionu w, àre of the form
r2 \2 r?t , 'a# "Y ffi = c 

ffi ror torsional restraint ß)z

)4w
à *J-

for restraint against bending along the unl-oaded edge" In
thls expressionú-x is the edge stress in the sheet, I the

moment of inertia of the stiffener and C the torsional
rigidity of the sti-ffener" Methods of calculating C for
conventional stiffeners attached to plates are given by

Lundquist and stowell.4 solutions of equati-on (l) Ín the

form (Z) for the boundary conditions (3) and '(4) have been

found for several particular cases. rt is common practice

1 S,, Timoshenko, Thp_AI:y of Elas_tic Stability-¡ page j37,
2 S.' Timoshenko, 0p, Cit,, page-783
3 S" Timoshenkoi E. ffi.;3 S" Timoshenko, Op. C-it.¡ page 3l+6"
/+ E. E" Lundquist and StoweLl" RestrRestraint Provided.a

by a Sturdy súiffier TToñãï-Eãsã
------

!-lat îìectangular Plate by a Sturdv Súif-ï@mrmffi*6ur71ffffi:
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to assurne that the defLection w e o aÌong al_l ed,ges, but it
is apparent that this procedure may introduce large errors
on the unsafe side, i{osb theoretical a.nd seni-empirieal
methods of design are ba.sed- on solutions to these equations,
As such the.y do not inelude the case of inter-rivet buckrlng
since there is an implicit assumption that the plate remains

in contact with, and fastened to, the stiffener continuousl-v

along its length"

Large- deflectiori theorv, Above the critica.l- load
equation (1) is not valid because it neglects membrane scress-
es which are not negligibl-e when the defrection, r^r, is of the
same order aS the thickness, t"

For large deflections of the above type the expression
v4w= ! (rvx#*2 Nxy#*Ny# ) (5)5

must be satisfied" Nx, Ny, and Nxy, are direct and shear

l-oads per lineal inch on elements of the sheet and d.epend not,

only on the external forces applied but also on the membrane

stresses,

These stresses may be found by use of the Airy stress
function" There is a function, F, 'such thata"*#

tv *,ffi
toy 

= = )21
Jxly

(6)

From the large defl-ection compatibility of sLra-ins with the

-% 5 S" Ti-moshenko. Theorv of Elastic Stability¡ page 321+.



above membrane stresses" it can be shown that
à?w ? Zvt ì
Tæ'æ)

1^

/Fr\u\{t

ì!

il

l

iìl

v4p=uIr*)'=
Funetions F and w which satisfy equations (5), (6) r and (T),

have been determined for only a few practical cases, such as

simply supported or cJ-amped square, circurar, and elriptical
prates" For inter-rivet buckling the probrem becomes non-

l-inear to a high degree and therefore hopelessly complicated,

rn addition, isotropÍc material has been.assumed in deriving
the above equations, whereas aluminum al]oys are definitely_
anisotropic¡ especiarly in the vicinity of the el-astic limit,

In applying any of the equations (t) to (7) to the
ñÉ^ô^h+Irr'eseftu Çase one has to face the difficult problem of
mathemat'ica.lly expressing the boundary cond.itions imposed b5r

the rivets. For example, with inter-rj-vet buckling,in
alternate rivet spaces the sheet is in contact with the

stiffener over one inter-rivet space, but in ad.jacent spaces

it buckles away from the stiffener at some short distance
from the rivet. This distance varies with the load on the
panel, and therefore introcluces a non.-linear variatlon of
the effectlve col-umn length of the gheet between rivets" rn
some cases bhis has a pronounced effect on the buckling mode

of the sheet" For example, the sheet may initially develop

anti-symmetrical plate buckring" As the amplitude of the

6 S, Timoshenko, Theory of Plat es and She]ls¡ page 3l+3"
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buckle increases the sheet ma"y begln to buckle between

rivets" Resulting membrane stresses modify the rn¡ave length

and rivet restraint rnodifies the form of the initial buckleu

which may eventually cause the plate buckling to be entirely
repl¿sed by'inter-rivet buckling. This is well itl-ustrated
by irigures/6 and77 of Panel- 18 on page 111"

'Ihe analytic sol-ution of the inter-rivet buckling
problem is obviousl-y not a simple one. An accurate knov.rledge

of the manner in which buckl-ing takes place v¡oul-d undoubted-

1v sive m:terial assistance ro any one proposlng to work oñÕ*' ' svt¿u vq¿¡gt

such a project " Data of this general nature have been

col-l-ected for the present series of test.s ancl Íìrê- in partu

presented herej-n"



CHAPTEiì IV

TABORATORY TECHiSIOUE

Co_nstruction of spec.imens, Ii[aterial for all panels

t esf ed was 24S-T Alcl-ad provided by Iv'IacDonald ilrothers

Aircraft Limited, l,iinnipeg" SheeN stock i¡ias inspected and

culled for waviness, after which it was sheared and the

stringers formed by the above company" One Étrip of one

inch width was sheared from the stock adjacent to each panel

for determination of physical constants" .[11 panels and

strips vüere numbered at this time for future identificaÈion"
Sheets. and sfringers were jig dritled for rivets and

a series of five-sixteenth inch hol-es was provided in each

endu for bond of the cerroirend caps" The rivet holes in the

sheet were countersunk to a depth euch that the rivet heads

protruded aboub .005 inches from the sheet, Riveting of the

stiffeners to the sheets was accomplished by assembling the

unit under the head of bhe testing machine and loading an

entire row of rivets simuLtaneously with a smooth steel bar"

Heavy flat springs were used between the bar and stiffener
to hold the stiffener and sheet 1n cLose contact while they

r/¡ere being riveted. A l-,oad of l-r900 pounds per rivet u¡as

f ound suiCable and was used in all cases. By this means

very uniforn ri-veting was obtained leaving the sheet free
from initial deformations v¡hich might have occurred if the

rivets had been hand driven one bv one.
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After riveLing, a cap three-quarters inch in thickness

of a low melting alloy known as uerrobend was cast at each

end of the panel using a pourÍ-ng Netnperature of 20Oo¡-. In

order to reduce warping from thermal- expansion, the panels

were clamped betlveen wooden bloeks" In spite of this, a

small amount cf curvature was invariably introduced, the

effect of iryhich was probably negligible"

After cappingu the panels \^Iere assembled in a fixture

clamped to the table of a sixteen inch shaper and the ends

were machined flat and parallel to r,vithin J ,OOl inches" -

Efectrical resistance strain gauges were then

cemented.to sheet and stiffeners at desired l-ocations usi-ng

Duco cement, The locatiors used in most cases were tl'le out-

standing flanges of both the extrerne and central stiffeners

aü mid-panel- length, and at corresponding poi-nts on the ouber

surface of the sheet " Additj-onal gauges were used in some

lnstances for specific purposes to be mentioned l-ater" The

gauges were wired- to a terminal block fastened to the cerro-

bend cap on the stiffener side of the panel, The outer sheet

surface v¡as then spray-painted w1th white Du-co, and the

rivets outlined with ink, making the pa.neÌ complete and ready

for testing,
:

Test ectui-pment" The panels \^iere tesied in a óOTOOO

pound hydraulic testing machine accurate to within one-half

of one per cent. To provide the necessary restraint against
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relative rotation of the panel endsu parallel platens,

il-lustrated in l'-igure 6, were used. The surfaces of Nhese

platens were ground ffat to within f .OO1 inches" Supports,

illustrated in Figure 7 u were employed to prevent premature

buckling a.t.the panel edges. By cl-ampÍ-ng in these supports

a strip of the sheet being tested, a cl_earance of "OO3

inches was maintained between the supports and the panel

edge, providing a condition closely approximating that of
simple support.

In the ca.se of Panels l- and ?þ buckling of the sheet

between rivets ï\ras measured with the dial- gauge assembly

shown in,.Ì'-igure 8, the fixed points being placed on the

sheet adjacent to a pair of rivets " The i-nstrument was

initially adjusted by ptacing it on a surfa,ce plate and

rota.ting the bezel until- zero reading was obtained.

In all subsequent tests the defl-ection surfaces of
the panels were recorded by means of the photo-grid method,

shown in Figure 9" rn this methodu a grid of parallel black

threads, accurately spaced in a plane parallel to the panel

surface, is praced as indicated. An arc lamp and condensing

Ìens il-luminated the paneì- and grid, shadows of the thread.s

hrere ùhus cast upon the panel" A camera photographed both

the thread's and their shadows from the position shown in the

sketch. The relative spacing of lamp, grid., and panel, were

chosen so that shadows at one-q.uarter inch spacing \^rere
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Figure B.- Dial gauge used
for measurement of inter-rivet
buckle displacement.
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produced on a perfectly flat panel" Viewed from the camera

location, the shadows l,irere displaced one-bi¡rentieth inch to

the left of the threads. Any deforrnation of the panel

towards the grid resulted j-n an equal movement of the shadows

to the right, and vice versa" A single photograph thus

recorded the buckled form of the entire panel at any desired

load" Deflections of the sheet at any point were subse-

quently determlned by measurernent of the shadow displacement

recorded on the film" In the present investigation a thirty-
f Íve millirneter camera l-oaded with micro-file film was

empLoyed, and measurements of the negatives were aecomplished

with a microscope, using a thirty*two millimeter objective

and a fil-ar micrometer eyepiece, By suitabl-e choice of

camera and Ìamp positionsu a calibration factor of "002

inches deflection per micrometer division r,rras obtained. The

aetual dimensions used are indicated in !-igure 9, Calcula-

tion of these distances Ís incl-uded in Chapter VI"

Considering the small size of the image on the film,
which was less than one-twentieth of the panel sizeu the

accuracy and s.ensitivity of the method was amazing. Panel

deflections of "OOl inches could be detected easily" The

results of a calibrati-on test of this equipment are given

on page 30 "

In some cases, dial gauges v¡ere used at the four

corners of the platens to measure the over all compression

strai-n of the panel. fn one case, the fateral movement of



the top platen relative to the lower one

with a dia] gauge to check the fixity of

a. ssemblY.

The el-ectrical- resistance stra-in gauges used were

connected tO a Bafdwin Type K Strain lndicator through a

twenty point switching and bal-ancing unit constructed for

this particul-ar proiect 
"

Tension and compression test specimens from sheet and

stiffener stock were tested in a I0?000 pound Tinius Olsen

testing machj-ne¡ âCcurate to l-ess than one-half of one per-

eent, Strain readings were made with a pair of 'Iuckerman

strain gauges having a certified- accuracy of one-benth of

one per eenË e ând a read,ing sensitivity of two micro-inches

on a one inch gauge length. The Tuckerman gauge is well

described by B" L. Wílson, National Bureau of Standards,
't

]rüashingtonn¿ Compression tests of the sheet stock were

accomplished with the use of a guiding fixture constructed

especially for the work" The design of the fixture was

substantially in accordance with one developed by the U" S"

National Bureaü of Standard.s.2 The device, with specimen

and strain gauges attachedo is shown in -L'-igure 10"

was

+L^UIIE
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also measured

entire loading

1 B, Ln \nliÌson,
Qag_9., As'livÍ Proceedings,

2 0p" trt " ¡ page

of the Tuckerman
îp"e* ffi

Strain

683 "
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Test procedure" In general, the following sequence

of operations was performed in testing a completed panel.

The panel ends were first carefully cl eaned- and lightly

scraped to remove accid.entaf burrs or foreign matter

adhering to.them" The platens were bhen placed around the

panel and the edge supports assembled, after which the

entire assembly r,vas centred in the testing ma-chine" The

electrical strain gauges t/\Iere then connected, bal-anced to a

predetermined initial reading and an initial load of 2r000

pounds was applied to the panel through a spherical loading

head, Strain gauge readings were recorded at this load and

at loacls' of 41000 and- 61000 pounos" At l-oads of these

magnitudes the strain readings should have indicated a

condition of pure compression; that isu all strain readings

shoutd. have been identical, Some adjustment of the panel

l-aberalLy or front to back was usually necessary before

unÍform strain readi-ngs over this range of load were closely

approached" i,{hen a satisfactory condition of uniform

load.ing was attained, the photo*grid was fastened to the

panel with rubber bands and the test proper rûIas started"

Strain readings., dial gauge readings, and phobograPhs, were

taken at 2r000 pound increments or less until- the panel

failed, The failing load and an¡r þecuLiatrities noticed

during the test hrere recorded" .{fter developing the fiì-mo

the displacements of the sheet between rivets and
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occasionatly at other points, were measured using the micro-

meter eyepiece of the microscope'

Stand.ard procedure r¡Ias followed in testing the

tension and. compression sampl-es for determining physical

properties óf the sheet. The speeimen dimensions for these

tests are shown in Figure I1"

Suitability of labora.tory methods. The test equip-

ment and laboratory technique which have been described were

norof,,11rr f.hnsgþf out and thoroughly checked before actualre c¡,Á ç'¿ u¿¿J vr¡v uórr v q¡¡u

testing of panels l^JaS begun, ConsiC.erable time, skill, and

care, were required in the preparation of test specimens,

l¡or this reason alone, a procedure of testing i,thich would

adequately anCL consistently produce all the necessary dafa

was absolutely necessary in order t,o avoid waste of time a-nd

material in the event of unsatisfactory behaviour of equip-

ment during an actual test"

No difficul-ty resulting in invalidation of the test

data was encountered in any test with any of the equípment"

It can therefore be saidu without question, that the equip-

ment and technÍque used were entirely satisfa.ctory at all

times, The *"ättf, of data a.ccumulated, part, of i^¡hich is

given in Chapter V is a confirmation of this statemenf.
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CHAPTER Y

RECORDED TEST DATA

Organization of material-. As many as possible of the
experimenËal test data are presenLed in this chaptero in:
cluding a cal-ibration check of the photo-grid equipment,

strain readings of the electrical resistance gauges¡ ê.s well
as dial gauge readingse ârê given in tabular form¡ so thab
future investigators may use them directly for various
determinations not incruded in the present work" Resulbs oi
tension and compression tests of the sheet stock.are given
in graphipal- form. Because of the very large number of
displacement readings from photo-grÍd measurements, these
have been omitted., and this phase of the u¡ork is covered by
only a few examples presented graphically. rL is inüended
to file the micro-file firm records along with this thesis
so that a complete record. of data wil-l be avairable to any
one interested. r

Photo-grid cal-Lbralion, The photo-grid equipment l^¡as

calibrated by photographing a spray-painted sheet of plate
glass in place of the usual test panel, Glass was used

because of its superior surface fl-atness and rigidity,
shims of various thicknesses iùere placed under the grid
registration points to displace it definite amounts from
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glass surface. Photographs were taken rn¡ith ea.ch set of

shims in place, and without any shims" The shim thickness

was then compubed from measurements on the film negatives

and. compared rn¡ith the actual- val-ues obtained. by direct
measurenent, In additionu the grid spacing v¡as determined

and compared with the theoretical- spacing. Fil-m measure-

ments were made ai five points in each case, The resul-ts

obtained are given in TabLe f.

IÀBIE I

n^Ï TAP^ÎPTfìNT nLa ÐHfìrP^ /I]ìTIì Tl/ìTTTpl,lE]\TriìvålJUrLtlIf vMI I llVl,\J-UtlLIlJ !J\¿UII I'II!I\ ¿

It can be seen from the above

of grid measurements is of the order

A eheck of the grid spaeing at

reading of 0,21+9 inches compared wibh

O ,25O inches "

Ta.bfe that the accuracy

of ,0Ol inches.
f.: r,^ ^^.i ñ+ ^ æ.rl-ve por-nus gave a mean

a theoretical value of

Point

I
3
+
q

Mean
Reading

Actual-
Value

oines
No. l

for shims
No" 2

.o3 55
,o3 57
ov) )Ö
"o3 57
,o373

"UJOU

"O3l+3

l-n i nohoc

Non 3

.aL3 5

.oL37
"0153,oL57
.of 43

,014 5

.oo25
"oo32
"0038
.OOl+2
,00 53

,0038

.0039

@oo

09e "0138
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StEAin and dial gauge readings-" Tables II to IVI
contain the el-ectrical resistance strain gauge aird dial
gauge readings, and dimensìons of ea.ch panel tested. The

gauge posibions are given by reference to the appropriate

skebch shown in l'igure 12" Terminology for panel dimensions

is as follows:

t @ sheet thiekness
L = rivet pitch
b = stiffener pitch
'úf = panel width
N s number of stiffeners

AIl dimensions are given in inches, loads in pounds, strain
gauge leadinSs in rnicro-inches per inchu and dia] gauge

readings in inches. The strain gau-ges are designated by

number and dial gauges by lower case letters,
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o
L28
zt+8

l,'74
606
"l cl,
B4,B
970

Log5
l-222
L3 5L
Lt+96

¿.+)

&88

748
rl70
007

TL37
L27O

>oJ

0
2000
4000
6000
I 000
0000
2000

r &000
L6000

Bo00
20000

2000
¿à000

2t+650

0l 0l o
11Bl 1171 Lzo
2461 239|1 zt"L
3631 357lt 360
r rlnl l ncll | ñF+ö(t +(öt +()
6zo1 6171 599
7531 7r+91 7L5
8911 8811 832

I030f 1015| 9Lþ2
LLT6lttszl ro+l
r3z}ltz9z I rr3e
rl+98 | 1&20 lrzl'z
L7t+SltS+zltSzz
U1tímate load

0
107
2?2

l+l+7

590
73t+
882

1015
ILt"3
L277
1l+11
L527

i-31
¡rò¿)o
38t+
5Ll+
666
811
960

1091
LzL5
L356
1508
167r

0
L2l+
2)"/
3l+2
t+74
6zt
,-7 17 l\

9rz
LO23
LIt+7
l-3ok
L450
:,634

0
77

t67
254
358
480
a k'{

703
8zo
9l+2

1060
LI72
L2.62

22

TABLE I]

STRAIN READINGS FOiì, PA}JEL 1

Ë "0830 in, L e 2,00 in' b - Ål"00 Ín*
=16i-n" N=3

Gauge arrangement A! Figure Lz

Gauge readings in micro-inches per inch

0
LZIþ
250
367
t+91,,

632
762
895

1021
LIt+6
L27I
l-387
l.4öJ-

-0
L26
253
378
506
ó&B
7BB
a2R

1071-
L2L3
l-360
T)¿U
1?1 ?
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TABLE II]

STRA]N RBADING FCR FANEL 2

,0820 in" L * 2"5O j.n" b = 2,50 in.
L5 j-n. N= 5

Gauge arrangement
Ga di

nu9

ml_

Figure Lz
ro-inchese reao]-ngs r-n ml_cro-r_ncnes per nc

Load I I+ ^
rì

2000
l+000
6 000
I 000

I 0000
1.2000
r&000
1 6000
18000
2 0000
2?OOO
2 /+O0O

2 5000
2 6000
265OO
267oO
27000
27 500
2 BO00
285OO
29OOO
29300

o
9t+

2L2
?22
l+l+L

554
67t+
782
887
Y(l

LOTt+
't 1?2
LL3z
L08¿r

9oz
5L?
260,

-r3 fia
-1413
'3t+5O
-4113
- 5Io3
Ultima

106
/.+v
362
492
6zo
722
832
960

LO7 5
1138
1130

950
,7 l. E,
I L+./

-t+58
-'l1 4)
*287 5
-3625
-44t+5
-&901
-5720
e load

0
107
?28
343

)oÕ
4,7?.

776
880
973

ro&6
1100
110t+
l-070

97c
800

-LÖ¿
.ÖL¿

-1[87
-1992
-3022

0
l-30
245
Jo>
tnñ+t {
59o
7a3
Br5
935

l_060
1160
L283
1&30
L505
L57 5
r_ooJ
17 zo
1 AQ7-/ / |

))Q?
2605
¿ö ))
3625

c)

1¿&B

262
3B?
49b
6r_0
730
0)u
970

]090
L202
1330
Lt+78
]-565
L6g2
18l}9
Lggo
?51,,8
3015
t )¿o
4110
ovi)

0
r53
260
373
500
6oo
705
817
9L5

1020
1113
I2T7
13 5o
r4zo
1500
L5B7
L667
20o3
2204
26LO
29rO

a lilegative readi-ngs indica.te tension strains.
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TABLE IV

C11Þ ATl\T Þ!'ANTNT¡J 1I-LÂI i\ lLljJlIJ JI.'I \J FOR PANEL 3

,0830 in" L = 2,00 in" b s 1"20 in"
16in. N=b

Gauge arrangement Ce Figure 12

Gauge readings, in micro-in.ches p.er rl9¡

!t/=
\r/ s

Load t ¿ 'f l+
ñ

Èt

n
2000
4000
6000
8000

10000
12000
I 4000
l 6000
18000
20000
22000
2r+000
26000
27000
27 5OO

ntYI
108 

ì

^ôt I¿)t+. 
I

34s 
1

LA'7 1htv I I

)öo
Iv/

821
939

ro55
LT66

I33Iþ
1??Á
III'O
Ultim

0
114
2!þI. ?11
/, o(
6L6
7 b!+
ÊÁô-Y-I ORl| /-*

I Lo97
I L¿v)
| 12A7
| '- / t

I L347
| 12t+5
I Êqo
ate Lo

lq
| 1oB
| 2?5| *¿ /.| 3rB
| &80
I 603
| 712
I t.¿ -

| 854
| 982
I r r nr
I rrrJ4
I L222
I t3zo
I ri8l
| 1307
l 990
^,t

U
t f t¿

2L4
?'ì Ê
+¿L

AcÈ,
.1)È,

ó¿ö
o:Ê

IO}B
1090
r 1?R
I 1 a\rtrrv /

1ì^

)1Q
< <t I

4t+3
// I

^,7'7rl ol,( ./ry

1034
LL59
TzVB
I4og
r)ou
I A"lo

0
130
2l+l+
)/4
503
o¿o
.l tr,À

LO22
't 1 ({
1 ?q2
Lt+26
L57 4
17 53
1 AO?

U
l-20
250
384
412

qA,l
,QO?

IO23
LL62
1302
Ll+l+2
I (On

L766
1900

l-2l+
2l+B

"Aot+81
59L
709
Êrz

ro57
It7q
1300
It+28
r <Áo
l.654



TABLE V

STRA]N READIÌ{G FOR

tã.oB30in. L=2"5C
Wæ]6'in. N=3

Gauge arrangement B,

PANEL ¿}

A."OO in"

Gauge ¡ssdi ngs in micro-inehes per inch

in. b

Figure 12

0l 0 | 0
2r5lL92l12o
5t+o I szo | 386
B75l 86t 167l-

Lo25 lrorz lzga
rL25 lrLz3 | 861
L565 lL27o I glt
r86s lt6ts I ---

0l ol o
268 lz+S l23o
5Tolszelsoz
795 NZtt lZlo.7^^llcel'7'7ñ
I vv g I þ./ | r | "

-3ó0" l*gt*z
Ultimate Load

650 | fUo lZt+o
39o^l L63 | 620

0
5000

10000.
r5000
17000
18000
19000
20000
23360

a Negative readings indicate tension strains
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TABLE VI

STRAIN READII\]G FOd, PANEL 5

"0810 in" L = 3.00 in" b ã 2,5O in"
L5 i.n, N æ 5

Gauge arrangement D, Figure 12

read"ings in micro-inches per inchGauge

Load 1I 2 LAE 6 7 B 9 10 tl_
1000
e000
3000
1+000

5000
6000
7000
Sooo
go00

i-0000
l-1000
l_2000
l_3000
1l+000
I 5000
16000
1 7000
I 8000
I 9000
20000
2 1000
22000
23OOO
24000
? 5000
?9780

\J

46
101
1¿|1
188
22l,
)'71
er i) -L+

356
396
436
t+7I
)L+
^( 

I

59L
626
o)o
70L
73r
766
79L
ÕU¿+

796
76L
66L
utr:

0
5O

105
l_ou
2L5
270
332

'v)J
5j.5
550
640
700
765
R?n
B9o

t0l_0
1070
LL3 5
1185
L21+O
L295
L3b5
L3go
mate

n
AJ

r¡o
250
300
JOJ
420
| ñF
L+I )

)JU

6uo
695
71+5
800
r| rn())u
óY>
945
987

LO?5
Lo57
Lo77
1o9o
1087
1065
Load

ô
(v

130
180
1)¿
280
a, /\)+v

)+tvB

500
555
605
o))
(v2
755
803
}(htl

905
955

1010
LO65
1r07
1160
L2LO
L?65

o
lu

140
188
2?8
t'7 ñ

?42
+/u
5l+o
630
69o
730
770
800
Bt+8
>av
985

1070
1128
1180
l-2l-5
r?60
L30?
r378

o

l-20
L65
205
245

3go
4¿þ0
490
535

63o
at)

773
822
870
9L7
967

1012
Lo59
1r07
1'l \7

U

7/

100

2L9
27?

aAz
/- I

44.0
500
cl,n
CIl)
oc)
i¿J
Iv/

s'40
cin -a>)
a/, {

1^/ìr\
10¿uO
1 t / -.

11 
^a

i-4)t.)

0
OU

110
160
205
2Ë,q,
11 r

375
4.30
t+B 5
5t+5
595
o))
7ro
(o)
Reo
È!7 tr,

YJ'
o.qR

1045
t_l00
1l (i
L205

j-3os

0
l, tr,
7/

95
140
175
220
2'7 )
322
375

+t )
525
576
o¿v
4.7ñ
'72 )
,7È,^

B3z

935
q9o

I /ar nIU+U
1098
LL!5
l-¿L5

U
i,R

108
l7ô

ancÌ
¿, la
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lt fa <avJ

526
Ãon
o4rJ
718
.7',7 R
t te
dl rì
Õ4C)
ql?
a.7A

1043
llr?
1178
12¿tB
l2ì Á.f J J-rJ
1?O1
t t. A-tÅa{,V!

Lr40

0
-10

A
_?n

rd

*60
ry1

->v
-110
-l 16
-1 ?2
-150
--LOU
-208
-23 5
-¿a¿
-1öI
-302
-320
*340
-362
-? Ê2

| 
^F1

-4J ¿

-t+67
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TABLE VII1

STRAIN REA]JING i¡OR

,o8ooin" L=2"00
15 in. N* 5

Gauge arrangement Bt

PANEL 7

in, b 
=

Figure Lz

2"50 in,

rn m]. inchGauee read Ln cro-].ncnes pe nc

Load I T ) 6

o
2000
&000
6000
8000

10000
r2000
r4000
16000
18000
20000
22000
2/+000
26000
28000
30000
3 2000
332OO

115
?30

430
518
/11oa4
7Il+
807
880
a?2
980

]012
962
B6l+
871

r0l+ó
load

ol
115 I

zt+o I

37o It+95 |<oÊ I//v I

72t+ I

8¿,.8 t

980 I

1r2o Ir25o IL382 |
L522 I

L655 I

1795 |
L955 I
?aLO I

Ultimate

0

20l+

t+3 5
560
oy)
ó¿)
860
onÃ

1030
II.O\J
L285
f.t+L5
r5&o
L657
L7 55

\J

"Ê
206
???
r rA+)ó

'11 
'18/+8

TJ>( }(

1120
12 \?
13 88
r )ro
L652
L790
rgr0
2003

0
102
210
'¿.t)

4-t+b

560
679
790
Yv)

1020
tL27
I2?Ê
1340
Lt+52
u60
L657
L765



,IABLE IX

S'TRATN IìEAIJII\üGS FOR PANET 8

,0665 in" L = 1"5o in.
L6 in, N:&

Gauge arrangement Ce Figure

Gauge readings in micro-inches

+
l¡Itv=

= 3 '24 in'

L2
ñ^e i nal.r
Pç¿ Ir¿Vt¿

Load

1000
3000
5000
7000
90oo

1r000
13000
15000
17000
19000
20000
21000
22004
26050

o
150
29?
4.IU
)+l
680

ncI r

1l_4r
1300
1380
Lt+O¿
L555

tl

Il+2
a ¡J¡LOa
42r
)oo
702
.I1 ry

at, ,7++
to82
L222
't ?oÃ
L377
L4ÓJ

U
rt+6
aclr<.o+
t. cl,
c"71

'712

1010
LL65
11.)'/
1.105
Ll+g/.+
l'605

\J

1/+O
280
t+L7
552

È2i
Y) (

r090
I?20
1288
L358
r/,oo

0
L39
2Rq
+4v
//t
Ao^
rlr r

oRq
1116
l256
L322
L385
L5t+6

0l ol o
Lt+3 | I&1

440 | t+3o
/ aa t rr\¡ouj I )ó¿
776 t 722

1ol1 llo43 lgl*o
1160 | ll¿uol1057
L3o5ll,258l1l3r
L3B5 | r:re 1L254
rt+55 t r¡to l|L263
L55s I rzee 1l253
Ultimàte load
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TABLE X

STRA]N READ]NGS FOR

bã "O6t, in" Le2ê00
n/i{=16in, N=4

Gauge arra-ngement C,

PANEL 9

in" b

Figure

3,? in"

hê 7.êâatìnøs lll cro-inches per i-nc

Load I 3 + 6 7

1000
3000
5000
70oo
9000

1Ì000
130Q0
15000
17000
18000
190oo
20000
2307 5

n
IJO
2',7?

bo9
5t+5
t+7 5
810
960

1L¿¿.0
1288
L560
IBSO
UItin

| 0i
I L321
| 26el
I 403i
| 5t+2 \

| 678
| 825',
¡ ^^r¡ vv/ l

| //l
| 'ìl?? 

l
| ù&//

I L336
| 1646
| 2018 l

ate l-c

0
U+l+
28B
t+28
569
710
870

1ôq?
11gB
1¿,.1-2
L703
2063

ad

0
r)ó
310
458
OUö
l)ö
a2?

l_r0B
L23B
r443
r7o8
2LT3

0
l-39
?83
+¿+
570
707
B 5l+

IUUO
1r48
1 22?
L¿Ó)
L373

0
138

/,1 't

fl+B
oö¿
820
oÁo

rr06
LT76
L242
L337

^
1r/+
¿40
a.7 A

¿1.80

60]
t1a ãt) {

101¿å.
LOTg
113&
L220

0
lto
2b6
401
r rc\

7L?
878

l0/+5
1200
t270
]-340
1/+30
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TABLE XI

STR,AIN READ]NGS FOR PANEL ].0

"0650 in, L = 2,5o j.n" b = 3'20 in"
16 i-n. N=4

Gauge arrangement C, Figure 12

micro-inches Per inchGauge readings in
Load I 4 5 6 t

o l ol o
L5t+ | L?3 I 117
295 | 253 1 2b5
Lþ25 I ¡e0 | ll s
552 | ltol tosz
652 | 6t+5 I 601
684 lZSrl nz
6L5 lB5rl Bo5

I 9j5 | 895
lro+ç I 103&
ltzzo I l237
I r+tr fl 1485
Itogl I rsr5
ItggO | 2L67
lz384 | 2575

0l 0
109 I I13
22s | 233
356 | 473
t+7L I 613
ó0s | 755
75L | 906
827 I 985
g2r- | ].o8o

ro5l- [ rr97
L24L I L387
r4s1 I 1630
L76L 1L745
2LO6 ||2074
?668 | 2570

1000
3 000
5000
7000
9000

r1000
13000
1/+000
15000
16000
17000
18000
19000
20000
21000
2L7 50

o
l-32
262
362
440
l+7L
Lþ52
lt00

0l 0
1&1 | 141
273 1 z7j
40I I t+o7
520 | 5?5
6a9 \ 6L5
608 I 6rr
5L2 | So0

Ul-timate load

i-*lË*re,effi\/
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TABLE XII

STRAII\] READ]NGS FOR

"0655 in" L = 3,oo
16 in" Nsl+

Gauge arrangernent C,

PANEL 11

in, b = 3,20

Figu-re Lz

Load I ? 6 7

r000
2000
3000
/+000
5000
6000
7000
8000
90oo

10000
11000
12000
13000
18000

n
o)

130
20t
267
333
)YÖ
.+-/|
tr,(\.7

5Lv7
570
553
))óulri

lo
l68I r32
I 290
| 265
I lzeI sgo
[ ¡*¡o
I t+98

lrt
1 530
| ¿u¡o
f -Boa
nate l

U
r\w

t1/
¿uo

??o
+\./t-/
l. Er7Lv) |

)u()
532
530
JÓJ

-260
ad

U

L35
,n?
?71
727
)tö
hrZ)
40J
l+83

362
Arl
vt

ô
ol-

140

)v>
?on
t+62
539
6L7
ovy
769
Blr
954

\J

78
Lt+2
209
280

t, ?,7

5L9
6oo
688
765
8¡o

U

t)
LÌ+h
206
lILþ
3+r
| ìa
+&)
486
>)o
o¿o
69t+
771''

r\
71

11n4tI
iq5
256
32L

t+7O

633
711
An1

a Negative readings indicate tension stralns'
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TABLE XT]T

STRAIN READINGS FOR PANEL L2

,O&03 in" L = l-"00 in. b = 3"20 in"
l_o l_rf. N=4

Gauge arrangement Cr Figure Lz

Gauge readings in micro*inches per inch

0
76

160
¿40
3b3
t+39
55t+

Bt+6

n
90

¿v)
310
L+aw

527
6t+O
769
\-lt <

U

77
r rin
LÖ /,
28]-
?Ê"
500
or4
t+>
881

o
10r
?-05
302
402
Ãar?

oJ+

r]-14

rl
on

182
270
<rì <

404
,'/ö
oyo
816

0l 0l 0
96llo&lros

L92lZOSl2L2
2821 loslltz
377 1 407 14.r4t+6gl508 | ¡og
557'|6?31¡so
66?1 9?5 | sas
?52 11165 I 6rt+
Ultimate loa.d

1000
2000
3000
4000
5000
6ooo
7000
8000
9000

L897 5
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TAtsLE X]V

ST1I,AIi'T READINGS FOR

"oB2in, L=1"50
15 in. NË5

Gauge arrangemenf B,

di in micr

PeillEL 13

in" b =

I'i orlro 12

o-inches

2,50 in"

.i -al-'yvr -LlrurrGa eaOl-flgS l-Il l¡ll- UI't.¡-J- Ij

Load T I
Y Ã 6

lOOO
30oo
5000
7000
9 000

11000
13000
1 5000
17000
r- 9000
21000
? 2000
23000
2 ¿+000
25OOO
26000
27000
28000
29OOO
3 0000
3 1000
3 2000
3 3000
3 &000
3 5000
3 6000
37Ooo
3 80oo
3 9000
/+0000
¿Ll0B0

0
101*
722
??q
ry/t
Ë,.7'l

oÕ4
806
9lz

ra42
TL62
L22L
L?82
't ??o
1L0r
l.459
L5zz
r5gL
L6t+?
L7L2
L770
1830
r898
rg62
203?
2O92
2l-54
22)2
229t+
2??',7

o | 0l
r15 | lls I

233 l 240 I

352 | 365 l
1+64 | 485 I

575 I ó02 I

687 | Zzt I

795 | 8/,.8 I

910 | gzø 
|

1or8 I 1094. I

LLz? | L2L3 [rr79 | L?76 |
L?38 | l]..37 |

r7gt+ | ]-396 |

r3t+7 | r+¡e I

L39t+ | 1516 |
1i+50 | 1579 I

15or I 16&6 |

L5t+6 | L703 I

1600 | L769 I

L6t+4 | 1828 |

7750 | 1888 I

L79o I l-952 |

183/+ | Lg?3 |rBTz | 2075 |

L9o5 | 2r3L I

L927 | 2193 |

Lg3t+ I 2?b8 |

L934 | zloz I
190/+ | Z33Z ü

Ultimate load

0l o
108 | 115
232 | 235
37) | tts
508 | +Zo
647 | sez
792 | 7o3
938 1 Bz3

r-1oo | 955
L2tþ2 | 1070
1393 | LL77
14.68 | L234
1541 | 1292
I6L9 | L3It 5
L696 | li+oo
L76B I Lt+57
LB37 | r5o5
L9z3 | L563
r99o I rór5
zo73 | L67j
2Lt+3 | 1-730
2217 | rzei
2298 | 181+5
2377 | rgoo
?458 | tgto
z5j3 | zozT
2603 | 2083
2639 | 2r3tþ
2763 | zLgj
?853 l ?273

sudden failure

o
90

205
321,
t+4ö
)(>
722
867

1020
,1L60
13i-0
L3Bt+
1458"
r53 5
L606
16Br
L7¿+5
L829
L899
L97 5
z)t+5
21 20
2I9t+
¿¿oo
?340
24Lb
2,t90
25t+7
2620
26gs

I



TABLE XV

SIRAII\I READINGS FOR

t='0810in, L=2'25
ld = 15 in, N = 5

Gauge arrangement B,

PANEL 14

in" b=2,50in'

Figure Lz

hGauEe readines n micro-inches Pqí
Load T 12 t+ Ã 6

1000
3 000
5 0oo
7 000
9000

11000
13000
I 5000
17000
I 8000
19000
2 0000
2r000
22000
23000
2l+000
25000
26000
?7000
2 8000
29000
3 0000
309bo

I

ol ol ol
r2o ! rzo I 113 I

Ð+o I z+z | 233 
|

357 1 totl tso I

b7o I aoe I aee I

585 t SZo I ¡eS
7oL+\ 665 I 7LBBzol ZzZ I 8eB
935 | Brol g6e
99o | 9o4lro3o1071l| gSz i ro93

11211 geçlttsz
LL75 I ror8 | ntz
L225 i10l+6 lre6eL267l1069lr¡re
130811099l|l.373
L3Lþ5 lttzZlrçzr
1375 l nz9 l r+oo
rl+oolIl39lr+98
L3g5l1108lL5a2
L36911017|-L357
Ì3ool 829l|L263
Ul-timate load

n
100
215
342
363
45b
51+3
67 t+
808

9t+z
999

IOt+7
1107
LI6 5
7230
1300
L365
L430
1/+98
L570
l.6t+5

0
101
220
335
t+53
570
oyet
Ê??

9t+8
1010
Lo77
1138
l'206
L267
l-325
a â.Ìaìrr()()
l:_ 56
Ll+28
I¿r.Õtl
r-ooJ
L7+8
r ,q/, R

U

119
248
369
+Yo
62t+
759gol

ao29
LOg6
116¿!
L232
L302
L367
Lt+29
Lt+97
L56t+
L63t+
r697
L767
r849
L929
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TABTE XVT

STRAIN READ]i{GS FOR PANEL 15

ñ "0820 i-n" L * 2.00 in, b s 2"00 in"
=l.6 ín. N=7

Gauge arrangement Cj Figure 12

Gauge readings in micro-inches per ineh

Load I ? ..P o 7 ö

1000 I

30001
50001
Tooo I

90oot
I 1000 |
13000 |

r 5000"I
r7o0o I

lgooo I

? 1999 |
¿ JUUI.J i

2 5000 I

27000 
i

29ooo 
I

3 1000
3 3000
3 5000
37oOA
3 9000
/+1000
/+2000
/+3.000
4&000
¿,.5000
l+6ooo
l+7000
/+8000
/, RO qrl

0
YY

2L7
3L9
t+O9

506
c,Qo

675
.74^
cl¡ na+4
Q)2

r_031
1119
Il-92
r287
L37t+
It+57

1609
r684
17 5z
L792
180¿f
LB42
1871'
T9I?
L950
t967
ulri

0
r09
2Ll+
3L2
l+L5
5L5
6Lz
712
Õr)
910

10r 5
rrr3
1210
L305
1l+00
r496
L595
1685
L7B2
L877
r973
2010
20b6
2O9t+
2't 2Q

2r69
2?O2
223t+

ate 1o

U
oÊ

1q?
¡ørJ4(o
JOÕ
l+L+3
q?o
/1/
oJ_o
oY)
't^1
840
gr8
98I

1060
TLz6
LLg5
L268
tJ to
L39B
Lt+63
1508
l5zoI Ã?7
l-555
L564
1 tr.^A

L5t+8
r488

ad

o
103
200
29o
)Õ¿
467

632

BO2
BB9
Yl¿.

ro52
111+2
1210
L2B7
l-363
r433
L502
r569
l'624
16t+7
l.662
167g
L6B6
1677
L650
L57 4

I

57
Il+Z
2t+5
353
L Ë,r7+./ I

)o)
664
I l¿,
872
980

1085
1187
72gO
L39t+
Lt+96
1600

I L697
| 18oo
ILBg5
I L995
| 2034
| 2078
I ztzz
| 2L?7
| 22LO
|l2252
I zzgt

0l
)öl

138 I

27o I

? ??l4+) l
552 |

657 |

77o I

B6e I

es7 
tr

1098 
|

L2o5 
|

L3L2 
I

Ll+2O
L530
16t+3
17 50
1860
L970
?o87
?127
2180
2230
?295
¿)+v
27Q?
?437

0
(¿

161
25L
350
449

778
880

t100
t2IO
1318
1 /. ??

L5t+O
L657
L767
1 È,'7'1tvI I
1 ooA
2r18
2L60
2220
2?80
2347
zt+o5
2t+7o
2530

ol
73 1

1Ê? I_"s I

297 l
l+13 

|
Ã1 Ql
)La I

628 
N??? |

Í JJ I

Õ4Õ 
{

950 
¡

10t? 
I

1168 I

L¿Oy
L373
1&81
L578
IOÕ2
L7B5
r883
L99L
2073
?ro5
2r32
2L63

"i 
7È

2l q?
2208
2212,

.- 
"'' 

, **"*.*' *.*'- 
'8 

8
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TABLE XV]I

STRAIN READIIrIGS FOiì PAt'lEL 16

'Ol+05 in" L = O"75 b 3 3'2O in"
L6 in. \l = l+

Gauge arrangement Cr Figure Lz

Gauge readings it_.i.I.9,-l1th.? pæ inch

1Load | 1 ry 5 i6 Fl
I

looo! ol ol o
2oool 7t+ I 86 I 94
3ooo ! tll I reel L99
looo 1 z68 i 2851 299
iooo i 3ó8 I 3951 +o?6ooo\UAz l¿u6ol fzU
?noo h ¡Br N 504. I 79L
75oo 'l 6ie \ nl I 8/+3

Bôoo I z+o I rusl e49
r B5oo I ere [ 580 ¡ 1056

I zoszo I urti*4"_lg3s_

0
98

205
305
t+L3

495
540
590
oJ+
647

o
r\/

L55
z6z
JJ (
fñl>(+
787
ànE

9t+5

U

60
L5t+
252
36r
4.0)
575
oJl
689
'761

^l
7"5 

I

170 l

263
)o>
t+73
603

| 67e
| 7t+3

ï 822
I

U

90
IBg
292
l+o7
52t+

y 657
| 7?2
I t ¿-i 793| 865
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TABLÞJ XV]II

STRAIN READING FOR PANEL L7

,0&05 L s L'?5 in' b -- 3"?O in"
16in"N=4

Gauge arrangement C r Fi-gure L?

Gauge readings i-n micro-inches per inch

Load I 3 4- 7
a'>

r000 
I

2000 l
3oool
l+ 000 |

5000 |

6ooo 
I

7000 |

7500 ì

8000 
l

90oo
I r 0000
I l1ooo
i t 2000
I l3ooo
[1r+000
I I 5ooo
I r6&90

102 | lro I 105 |L95l 2o5l 2oBl
289 | 3o5l 310 |

378 | /+03 | 4oti I

Iv77 | 5o5l 52t'
627 | 59Bl 6o3
700 I 6601 743
Tbol 71Bl 813
876, 853|| e63

Lo33 I ççsl LL23
tL92l rr¿+o I r¡os
Lj6B lrzerl L5t+3
15So I Lt+23 1 L732
18151 15981 r9oo
2a47 | L852'|- 2343
Ultiniate l-oad

o
r09
206
3Ol"
40?
5l6

757
A/, o

IO5/+
L?79
Lt+79
l'689
1889
1993
?28L

0
öo

r78
)11

)+66
)t¿
oJo
696
Bt8
956

L9B2
L23O
L372
T53T
169tþ

0
,qn

1'.7?Lt/

?68
)o)
)+7L
580
o4J
708
ó+)
995

L]-t+3
T29B
Lt,.b5
L598
17t+5

I

O

92
200

Jyo
50l+
OL¿
a/)
736

1020
r160
130/+
Lt+53
r6L9
L772

0
Bl+

L77
267-
369
l+o,
567
627
682
805
9t+O

IOT t+

r1B7
13r0
1428
L5t+2
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TABLE XTX

STRAIN READINGS FOR

t="0405in, L=L,75
V/ = 16 in, N = 4

Gauge arrangement C,

PANEL ]-B

inn b = 3"2O

Figure Lz

in"

Gauge readi-ngs in micio-inches per inch
Load I { 4 6 11

B

1000
2OQO
3 000
&000
5 000
6 000
Á <nn

7 000
7 500

16200

TJ

102
LY(
293
?42
5lr7
705
Br6
9L5ulri

ô
109
206
299

I 3so
I t+I5
| +ro
I tnn| +4(
| +oo
nate I

0
10r

I 1?5
i zeu
| 3lt
I t+5I
| )+)
I 640
I zlz
-^^JÓg

n
10I
L94
1íâ
35r| ^è"+¿ö
476
)¿L
578

0
17 tr,

L62
260
)o¿
401
!r <{ }

Ãon
652

0
77

rÁa
21q
a,l ç
/+86

Eo^
1 rao)¿

0
B1

183

?02
50t+
)oo
o¿o
686

0
aa

L69

3t+9
t+37
48¿F

59L



TABLE XX

STRAIN READ]ISGS i?OR PAI$EL 19

t = ,0800 in" L = I"75 in" b = 2"50 in"
lv = L5 in, N æ 5

Gauge arrangement B, !-igure 12

Ga d.ings in micro-inches Per inch

Load I 2 1 4 6

2000
/+ 000
6 ooo
B 000

10000
r2000
f.i+000
I 6000
T BOOO
20000
22000
2l+000
26000
28000
3 0000
3 1000
[3 2ooo
l3 ¡ooo
l3 l+000
l3 50oo
l¡ 6ooo
I 3 7010

U

131
¿)o
377
496
Á1 ?

728
B¿l4-
yoo

l-o82
L207
r arA
141+/+
l Ão?
17'l 5

L778
rÊÃ(
rg30
20L7
20gg
zTL2

ol 0l
rlo I rI5 |

?r7 I z¡o I

32t+ | l+o ¡

432 | t.t5 |

5ba | 567 \

6L+2 | 675 I

74e I Zlo ¡

Bug | 11oo I

9t+7 | t0I5 |

lo5o I 1133 |
1150 | L25o I

Lzt+g I rr6e t

L342 | yi95 
|

Lt+35 | L62o I
r¿r8o I 1688 I

L532 | L762 |

1580 I r8ço I

L6zj I tgzí [

L666 I zorz ¡

L7L5 | 2l-55 r

Ultimáte Load

0l 0
95 | rr0

2o5 | zlt
323 | lrz
t+t+3 | b77
563 | lgg
6s3 | lzt
Bgj ¡ BL5
93L I gzE

1048 I ro98
LL75 ! 1230
r3o4 I 13qq
LLvZLy I t/+88
rjjj I 1627
L673 | L755
L733 | 1820
tBgI I LB95
1863 | L965
1925 | 2o3r
r9B3 | ?o9o
?ob3 | ?Lb7

0
L22
248
382
5L9

741
q?o

Lo77
L2L3
1360
L5o7
L639
L767
L897
Lg62
?o28
2088
?.L45
2r9o
2230



TABTE XXT

S'TRAIT{ IiEADINGS FOR PAI'{EL 20

t æ "0815 in. L = 2"5o in' b = 3"00 in"
!'il s 15 in" N æ 4

Gauge arrangement C, Figu're Lz

Gauge readings in micro-inch-es per i19h

o
112
222

/, Ã4n//
rd^)o /.
7r0
n"7^t tv
828
895

10r5
1079
lLI+2
r-210
12'72
L33z
r aoÁ
r+o)
L525
r597
t660

0
1r&
279
JOU
+ö ¿.

609
739
802
862
93L

1051+
1120
118/+
t255
L3L9
L382

L5L9
L583
L66z
L73 5

0
L22
2l+8
JOö
l+92
6rB
ñtl
( t++
807

92s
990

Lo53
Ïll?
TL77
L245
130r
t_Joo
It+33
1 Ãn.l
-t <Ác
a63B
L703

U

LL7
244
362
+Yá
o¿/.
762
È?"
RO?

965
ro3z
1t00
1170
L2h,O
13L2
L3B2
1'.'.OL++ /
r522
r597
L667
L7 50
L832

n
L20
¿J+
3t+2
l+52
Èìf \ I

670
.7c â

774
831
È,xc
q?'2

981
103r
r0B1
LL27
llrT^IJ/v

I21t
L25L
I?8?
13rq
1318

Lzgl L22N 1r7
2521 2)7 | 23:?
37t+l 355 I lçe
496| ¿*70 | tr57
6rel 589 I 576
74tl 7o7 | 686
8o1l 7671 747s59l B22l 797
9221 883 | 857
979\ 938 | 9rI

Lo37 1 ggl | 96,
Logz I roA5 [ r0r7
1149 11roo Iro0s
12ol I rLfi lLrzz
L256ll r2o3 | 1171
L3O1+l L245 l12r/+
13t+7 | rz8i.{. 1L254
1384 | r¡r5 lL?89
1/+oB I L332 lr3L4
L396 | 1315 lL3L3
L3o9lr23olL279
Ultinïate loäd

2000
4 000
6 ooo
B 000

10000
I 2000
14000
I 5000.
I6000
17000
18000
I 9000
20000
21000
2ZAOO
23000
2 r+000
2 5000
26000
27OOO
2 8000
2 9000
30750



q?

TABLE XXII

STRA]N READ]IüGS ¡-OR

ts,0800in, L=3.00
!,I = L5 in" N * /r.

Gauge arrangement Ct

PAI.üEL 2L

in" b = 3,00

Fignre L'¿

in,

Gauge readings in micro-inches per inch

Load I 2 J,- 6 7 d
Õ

2000
4000
6000
Sooo

10000
1 2000
1/+000
1 5O0O
16000
1 7000
I 8000
r9000
265OO

0
r2g
¿40
<^ <

t+76

ottY
7?1
769
öUI
816
792utrl

0
L25

355
l+72
587
697
7t+3
7È7
| -l

819
83t+

I 80i{.
nate l-

0
1 'tq
2?7
350
462
569
677
720
757
786

I tY/.I zoe
cad

0
L20
¿)¿
)+É
t+b3
537
o¿+
oo¿
69t+
722
7L9
708

0
67

190
309
+)Í
)ö(
rl^IL¿
795èrn

9?B
100&
1085

0
yo

220
345
l,'7 IryI /
609
7Lv6
xt h

ßn5
g6L

'r ô?"
1113

n
¿\J'
2?1+
)>ö
i, o1.+ /*
6zz
75s
Ê,2'2,

Roe

960
LO26
1102

0
tl0
2?ñ
359
4óL
610
7bo
805
875
o?1

1010
roB0



Gauge arrangement E, Figure Lz

Gauge readings in .Inicro-inches

o

L6l+

37L
b76
)ö+

806
9L9

1036
I1¿'.3
L259
1 ?72
r LgqLA- /

1600
L725
183r
lo/,o
2063
2L6g
2283
¿)+L
2?98
2t+54
2509
2567

o
aa

14r
22L
atA
&01(<Â

76L
978

LO??
rrÁa
L202
L22B
L445
L3t+5
L37L
L47 5

-l A,lc
L778
1878
L97B
2033
?o8t+
21?3
2L9O
'2225

0
90

2O?

)¿ö
rcla

747

Yo)
1093
I218
1?,|,Ê¿J'f v

LbTa
L593
L7?3
18&3
rg68
2078
?2L3
¿)+Y
2l+82
26L5
¿o t+
27t+3
2792
¿óoo
ro (Q

0
.Rô

lB2
)a?
[08
52L

870
985

Ir05
L222
}:38
1t ra|L+)ö
L5B3
T69B
I aì^ -LÖ',)
l-942
2067
zLg7
2?)2
2L+l+8
25t8
¿)ö |
2663
27 4B
¿ö)¿

0

:163
24L

?o"
t+61+
Ã/, ?

6zt

770
ö+)
920
993

1068
LL33
L203
L27L
L336
L399
Lt+56
r503
L52B
r548
L)o4
L579
1588

9l+N IrBl 96rilal zr5 l tgz
2?o\ 311+ | 277
35t+l ¿þr1 I 388Lrrl 5oBl 462
527 1 59t+l 550
6L6l 685 | 648
ToLvl 767 | 74t+
7B6l B5r | 837
87?l 935 | 932
9561 1016 | Lo27

10381109411119
11211 11741 1211
L2O3 l L?5t+ 11307
Lz7sl tlzø | L395
L3551 1397 I 1&87
u,?6 luo6zl1577
rt+96 1rfiLt \L666
L56o I tsg6 | L7 5b
161r+ | L65L+ | 183 2
164s I 1697 lr9oz
L66t+lt7zzlL936
L657 1 l-733 l'l-959
L626l1733lL97r
L564 I rZoS I rçoe
u+t+6 | 168r lL9L,2
Ultiniate load

2000
/*000
6 ooo
B 000

10000
12000
1&000
16000'
I 8000
2 0000
22000
2 &000
26aoo
28000
3 oooo
3 2000
3 &0oo
3 6000
3 Booo
¿10000
¿'"2000
Ir+000
4 5OOO
¿¡.OuUU
l+7000
4Booo
r+9000
50000

TABLE XX]IT

STRAII{ READI\]GS FOR PAI{EL

.0810 inn L = L'5O irr" b
]6in" NË7

¿a

,) ñô i¡
= 

4gvv ¿¡re

inch



TA,BLE XX]V

STR.AIÌ{ RBAUIi\trGS ¡'OR

t ="0810in" L-2,5O
lrV = f5 in" N s 4

Gauge arrangement Ct

PAI\IEL ?3

in" b=3'00in'

Figure Lz

Gauge readings in micro-inches Per inch
T ^^,t!vd.\-¿ I e l+ 5 ö

0
1 rìaì

21?
1t1)+L
t+73

'1? 4
ÈÁo

1000
LL35
T2L3
L2B9

!221.

0

lal
3oi+
¡al.+¿L
127
ô4ö
765
ööo

r013
1078
rr&3
t2L3

2000
&000
ó 000
I 000

10000
I 2000
1/+OO0
r6000
18000
20000
2 1000
22000
23000
24000
26280

t-,
at IL+)
?60
{ <t I

t.2'7
+Jt

)Ll )

650
r7 tr,^

ö¿v
ÕÕ2
902
890
802
?OR

ulri

| 0l
I r35 

|| 258 
ìltsziI ¡rel

| 6¿ù0

| 768
| 890
I qq1

I róá5
I r1o4
I ro85

I rio
,{',"tã-ro,

0
12?

l,'1?
<rl a
ry^^
807
Êo1

oRi,/vr' 981
I O1 Á
I t*"

rì

0
BB

L97
3zo
rr\ r

725
Êca
YÓJ

1r13
rr85
L260
L3 53

U
o/,

2L2
344
t+73
6Iz
ryaA

öot1
1000
11Ã/,
1 22Q
13g2

:::1

- .* "r -r6w6r e$ w¡
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TABLE XXV

STRAIT{ }ìEADINGS FOR PAI''TEL 24

.oBO5 in" L * I"75 in' b = 3.oo in"
L5 in. N*l+

Gauge arrangement Ce Figure L?

Ga.uge readings in mi-cro-inches per inch

Load I
I+ Ã 6 7

2000
&000
6 000
I 00c

I 0000
I 2000
t/+Q00
r6000
18000
20000
2 2000
2 4000
2ó000
2 8000
2 9000
3 0000
3 1000
3 2000
3 3000
3 ¿,.000

34350

0l
L36 |

Òctr, I

?R/, ir"a 
I

5Lt+ I

6bL 
I

7'oj+ ì888 
I

1026 l

Ltro
Lzg3
rb33
r576
L73 5
I821
rg27
2039
2L87
?3L6
2558
Ultim¿

ar

1?r^)

250

"'76503
628
75L
873

1008
113B
L¿ (v
1405
L5)+O
16go
L768
L856
l-9t+3
20t+8
2L66
2383

te loa

0
Lzg
244
Jo4
¿{.ÕO

608
726
8t+3
471

I0gó
L?L9
1341
ti+68
1600
166B
1749
1821
L9L2
2024
227l.

0
L36
)4Q

Fi al

o+y
776
RO7v/ I

ro3z
rt_o4
1288
l-420
l-556
a693
L7 59
L827
1886
L9t+3
r ooÁ
204t+

o
1?R
265
396
528
a)Y
795
918

JU)Õ'ìl05
t723
L!+5L
r cÂc
r71B
L7B?
1848
rgo4.
1955
L993
2000

o
LL2
^a 

t'7

JOtt
500
63L
'7 

^'ltvl

891
LO32
lLT t+

l-307
U+40
L5g2
L725
L792
L862
L926
L987
2035
20t+4

0
97

208
336
40Y
6oo
'7??I2/

860
1002
1148
r?79
Ll+L6
L560
1703
I77t+
1B5o
142 4

2000
2062
¿t-uC)



)o

TAtsLE XXV]

STRAIN READIiVG FOR PA}JEL 25

+

!{. =

aAn rouöu) aftn
L5 in.

L = L"75 i-n.
N=4

b = 3,OO i-n.

Gauge arrangement C, Figure L?

Gauge readings in micro-inches per inch
T^^,¡!udu 1 ¿

I+ 6 7

2000
¿þ 000
ó 000
B 000

10000
I 2000
rl}000
16000
I 8000
2 0000
2 2000
2 3000
2 4000
2 5OOO
2 6000
?7000
28000
2 9000
3 0000
,3 0000

n
120
¿J)
337
4t+8
55t
A q,,7

'76L
óo¿
Y)>

LO62
r107
1150
1198
Lzt+8
-l )Q'7
tJ )o
Ir+16
1.553
ulri

qt
118 

i

??9 i)40 |

552 

"

6tþ7 |

746,I B&0
I v/<

| 1016
I t 1aìÃ
I r--Lv )
| 1rl|4
I 1r85
I L228
I L272
I r¡r3
I tt6z
| 1412
I r)40
rat e lc

0
L25
)\7
)()
502
6zz
748
870
>> ¿.

LL3z
L27 5
L3 52
L43z
r ÃnÊ

r598
L69z
l-783
LöY)

"ã---

L?2
?l+9
363
l+9o
606
r7a,^

967
1100
'l 2?l
Lzg5
L363
r438
L52L
L6r3
L722
L839

n
1nÃ
22q
35L
/+68
581
ó8r
786
AoÊ

ro25
TL47
11 0?
121,Q
1306
L33L
1381
Lb53
1511

U

111

J)ó
+Y¿
ó18
748
ó(Y

101-t
1r43
L277
I ???
'ì ?oÃ
rb64
L532
1603
roo)
L736

n

,/a\ I

3Bt+
52r

789
925

LO66
1200
L3t+B
Ll+Lz
Lt+85
r56b
IO¿pU
LTzt
L794
1885

U
T2T
) 1.1

JOU
L+9?

7 t+7
880

1019
1151
L?L2
t) >o
Il+?5
It+96
L)o>
l'637
L706
L77b



>{

TABLE L"'VII

STRi\IN READIT{GS FOR

,o8toin" !=\"75
L6 in" ttl = 7

Gauge arrangement Et Figure L2

Gauge readings in qtcrg--iryhÎPJ9r,in9t

PA}iIEL 26

in" b=2.00in"+Uã
\r,l' -

Load

2000
,t 000
6 000
B 000

10000
r 2000
14000
16000
I BO00
20000
22000
24000
26000
2 8000
3 oo00

n
117
zLO
300
?a?
)+79

bou
75)
628
,qo7
o,q-r

LO7 6
rr64
L?56
L3 5)
Ll+l+l+

1 Ã70
LO¿ó
L673
L7?O
L776
L826
L97B
203)
?agB

o
9L

L75
?5t+

4r0
Ãn.Q

578

753
Èt.nv+t

9t+5
r015
LOg?
Lt76
L202
LL72
1?1q
L33)
v67
r40l
L4to
Ll+29

o

L96
2Q1

tñòt+(o

1n^o{4
.7 âz
Iv/

861
959

1054
LL5t+
L?Lt6
L3l+l+
1?Ão
L330
Ll+2L
L466
L5L5
L559
L6Or+
L6t+9

o
oo

tñ2
?ô1
/, o1

4ì \-t I

ogo

"AOÈtyu
99t+

Log9
1200
1300
r403
r508
I608
1r7nÃ
17 q7

IöU)
TB5T
1893
1938
1986
2O2l+
2055
2079

n
o,,

IB6
267 _

l+32
5L9
or/
707
799
89t+
Ç42

Lo77
LL69
L?67
L35s
LbbT
L>to
1577
L6L7
LOO'l
L697
L737
L779
1R'lÃ
1850
I RA2

3 2000
3 i+ooo
3 ó0oo
3 70oo
J ÖUU\J

) Yvvw
t+ 0000
l+I000
¿'.2000
43000
/+/+000
r+ 5000
t+59OO

ol 0l 0
LzLl 104 I 1r8
rs+l 1931 220
2771 ?B2l 3\7j66l 372 | t+L7

l'+of t+5t+\ ,99iiçl 5t+zl 606
6oz1 63L | 7.o7
6'71"1 7L6 \ 80&
7 5el qoz I eo2
BLll 89ol roo3
sLsl 9?3 \ tt00

looll roórlL2o2
lozgl rr¿'olrzls
1164ltzz|lL395
lãLäl r¡r5 | uB5
L)261 r¿'oz I itqq
lLozl r¿uee I t69r
L4421 rrze I 1749
rLer\ vzzl val
ltztr! rezolrq22
Úrr l rozo l rBB5
L599\ L6t+9 I r?&9
L6t+bi tog6 | L9t+5
t677 I 175q | 

"922
!7,2?,1 i8îi Iïi'uZ

IOyO
T7t+L
L779
r Èrl

Uftimate load
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TABLE XXVIII

STRAII\] READTNGS FOR PAI{EL 27

,0815 in. L = 2.5o in" b = 2"286 in"
L6 inn N =6

Gauge arrangement Cr Figure L2

Gauge readings in-miclq-inc¡9:-pel i*nqh

6 ILoad I ¡

+ 5

2000
¿l000
6 000
I 000

10000
I 2000
1 4000.
IóOOO
l 8000
r 9000
2 0000
2r000
2-2000
¿ J|'J!-]U
2l+000
z5OOO
26000
27OOO
2 8000
2 9000
3 0000
332LO

#î;1 1,3 l-3
î3"T 3i\ly,riltzi

lrr)ziirli,, t\'î

îå\.\î#\,,1i

rll,ï Ëg1 \z#ï Ëat
LLt+? i 883 | gro I gro

iiqi T iiä l'ziil\iâ
Ultimate load f

0l
88 

1

rB9 i
zg3 

1

4ol I

ro¡ I

órr 
I

'71'/ |,\iå IÒrq I

sze I

918 |

s66 |

1020 i

Lo67 i

1120
LL72
L22L
L27t+
t3zb
r3Bl
rL3s

ol
szl

r8z I

zst I

38t' I

/+80 ftrzq I/r / |ott 
A

z6z I

eo¡ |.lr a !C)4r I

880 |

Y4) 
\

962',
r007
r04-g
1 C)79
t12l
r16r
L203
f Z¿r.B

0
9B

¿v+
3L3
1,2?

523
629
7?1
I /-

BB/*

YÓL
ro3B
I UCt4t

TL77
11 A2
L23g
Lzg2
latlL)++
rb03
I40o

ö¿
t7L
¿oL
? Ã't

Lþ31+
F^a
)¿L

o/o
,1 î\ 11

.7 I )(++
Y<> t
*:) L

öo4
ao2
ot, L/aa
o,Rn

1021
t nAt,¿vval,

r103
rrr.Êf rr+v



IABLE XXTX

STRAI\I REAIIINGS FOR PAt'lEL

t = ,0805 in. L e 2"00 in" b
-/ a /lï'æ IO l-flu I\ = O

Gauge arrangement C, Figure

2B

ã ?"286 i-n"

L?

GauEe read in micro-inches per inch
LoacÌ I ¿ ? Ã 6 7

.I

2000 !

¿p 000 i
Á. n^^ Ivvvvl
80001

10000 
ì

1 2000 l

f4000
1 6000
1 8000
20000
22000
2 &000
26000
2 8000
3 O0O0
3 2000
33000
3&000
3 5000
3 6000
37000
37950

l-)

o1
1'70
261+
?i, a¿-/
t+)j
5L5

. 599
oÕ)
,71 r\
I tv

ö)o
Y+¿

ro29
1r18
L2O7
ì ^aìõLlo I
L32A
t360
Lt+o5
1¿¡.50
r503ulri

oiI roeI
| 21Al| ;;61| /*/ || ++r¡
| 553i
i 66rl
| 77t+ i| 8B7i
I r_000 l

I rno
| 1))'.l
I l.342
I rb59
I r rclri r2()r
| 1710
I L776
i r8¿'.9
I L929
| 2oo9
I ?LL?
late lc

o
LO7
2l.l+
7,)1,

b3L
539
64t+
v7 F1
l)!

oÁo
1o7I
1181
Lzgo
1?07
r 2uc)
L629
1óBB
L7 t+9
IB2T
lgog
2043

ad

0
108
2L6
324
4r1
t+77
rA-t

657
753
851
940

1039
LL35
1 22Q
L3zz
Ll+?2
Lt+77
L53L
r Á..l'ravvl

L69z
L7 50

0
94

lgB
303
406
51]
6tz
7Lt+
Br6
Q2l,

1020
LL26
12?l
L332
1 l,2.r7L+J I

I54t+
1 ÃO?

LO+)
TOY )
L7t+6
rBo¿*

,o
r03
20Ì+
?1',
+))

678
B0I

LO52
LL72
1300
Lt+23
L54b
167L
l.789
185r
1go5
L957
2010
2057

0
ìno
2L9
??n
l+Lþ5

578
7Ol+
ó¿Y
Y)Y

IUIJ4
1201
1 ??n
U+55
L579

r83z
1,*o?

2000
¿v)v
2O9O

0
o,4

L95
>ào

518
641+
nn^
897

LOz5
1150
1281
r41r

L671+
1804
18ó¿F
Lg29
L99t
205LÞ
zLtb
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TAI]LE XXX

STRESS READI}IGS FOR PAÌ{EL 29

"0825 in L * 3"oo in" b æ 2'00 in"
L6 in" N=7

Gauge arrangement Er Figure 12

Gau-ge readings in micro-M

0
A.A

LÓJ .

275
2.n2

Lþa )
)o+
oo)
,7 41,

860
952

r0&6
11L3
I¿)Ö
r33z
L420
rrÁ.d-L+Vv
L5L3

(l

oi,/a

rg0
?95
t+o5
cnQ

6t7
725
830
o?1

LO33
LL3 5
L23g
1??O
Lt+3 5
L525
L573

*::

o
98

)oq
302
+L/

5L5
6r8
723
È,cz

Y¿)
LO?3
LLz4
L2?6
L323
Lb22
15r8
L569
1A1 E
J\JL )

nlvl
103
2L6
?'l R

l+?3

r\) r\
.l cg,
ó¿o
nac)
Yao

LO27
1l-28
L226
L32L
Lt+?5
1 Ã2n
L576
T63L

2000
t+000
6 ooo
B ooo

1 0000
I2000
1&000
16000
1 8000
2 0000
2?ooo
2L0oo
26000
28000
3 0000
3 2000
3 3000
3 /+000
3 5000
36460

o
orl

200
2Q2

395
rèrl
)al

ryrt A

öt+
966

1060
LL55
L2b2
13l+0
L. {h

LL*9O
158¿Þ
Lt+50

0l 0l 0

r77l 182! 2o5
26Ll 27o | 310
^, ^ I a/ a I r a I)4Yt Joul +L)
t+zg l 4i?l ,L5
5o9l 543lì 620
5Be 1 635ll 727
669 1 72t+l 829
7t+51 81B l 935
Br7 I go3 lLot+z
8s7 I 995 lLLt+5
954\ ro8o I L2t2

1oi6 N tl.'zl L363
106ll tz+g I r+ss
ro8,rfurlIrtgs
ioeolr¡tfllr00o
ro73 I r¡erlL737
ezel 75?\L333

Ultimate load
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IABLE XXXI

STIì,ATN READII'JGS FOR PANI}TL

t = ,0815 in. L * 3.00 in. b
I¡J*L6 in. N=6

Ga-uge arrangement C, f-igure

readi in micro-i

{t I

L2

^L^9rlç

2,286 in,

rv- hauge J'ea s l-n -r-ncnes per ]-nc

Load 1 2 .{ t.+ ö,',

2000
l+000
6000
B 000

10000
I 2000
r 4000
I 6000
18000
2 0000
2 1000
22000
23OOO
2l+000
25OOO
3 2400

0
rr&
230
JJO
b42
550

757
862
967

1012
ro53
I rìO?

r-l- l_ l_

LOg6
Ulbimi

0
LL2
22L
725
f+20
520
6zo
7LO
I+-/
öoo
BB9
RO',7

890
8ì+7
729te 1o

o
I ro8
| 2L2
| 3r5
I i*ra
| 509
| 607
I oyo
I ztz| 8r4
I e81
I OOR| / /"
| 1004"

| 27e| ,ROq

ad

0
o?

| )<¿\

¿lo
Jo+
att

)L+ -)
n< <

721
813
ör'/
90z
9|+L
981

l-009

U

93
L94
307
425
5l+l+
ooJ
ñaJ1
/öL
B9Lv

1012
1071
TL29
Ir-ö )
l.2t+7
L307

0l 0l 0
1o3l IOrl 89
2r7l 2L5l L97
33el 3361 308, -/ | ' -^ I

\29 | +221 4I5
5761 580i :fi
70ol 7Vl '.:,1:,8?.?l Szzl '7'¿,;,

939 1 9351 8't)
Lo62 | 1058|| gl¡
LL23 l1118l gZt
rl8olrr7g I ro41
L?t+olL237 lrosgL3o5lL298lL\42
L37t+ltl6z l1199



Gauge arrangement Er Figure LZ

Gauge read.ings in micfo;ilcþ.9P

0
o6

200

t+I5
61q
a¿)
'/ < |

ó))

1043
1r43
t253
ú58
1404
l.t+50
1500
L5t+7
1 ÃO?

L637
1677

o
to8
1./-L
??/,
Ì+52

783
Ao4

l-006
1r17
I?25
L34T
rbbT
r500
L55b
L606
LO+Y
1690
L7L5
L73L

ol o
109 | L22
2o9 | z3o
3o7 | llt*
404 | t+37
t+gt+ | ilr
584 \ 6t+2

/ñt I õl -olL+ A {+1
766 | B¿l5
856 | 9t+S
gt+B ! 10/+4

LO3t+ | 1147
LLzr+ 1L259
r?L3 | vaz
L259 | r¿+r0
Lz99 | ttu6Z
L3t+3 I 1519
L3B5 | rl6e
Lt+29 I 1613
Lt+74 lL6r+7
r5r4 |l675t552

0
97

lql
281+
378
+o)
554
6r+2
73t+
8zz
9L6

1002
r096
rlgl
L?3L
12',72
1319
1 ?Áo
1/. 10LryL /

L+77

7sl to6 | 108
L53l 2oB l 2L3
2261 3o9l 3zo
298|| ¿llo I b?7
366ll ã04 | 

'?2
lto\ 6ot | 6zB
qnai '7n2 1 '7?o)v) I (vL 1 t,)v

57Ll Bor | 83¿'"

638l 90r¡ %9
70sl lootl r0þ2
77zl IroI I 1149
B39l 12olll]-259
9o2l r3o9 | L379
92Bl t355 i 1421
956t L4o2l r4B5
989 1 ri+61 lLr55-rórtilrirglL6z5

lo5rl 15851 r7o8
roâ}l tøltl r82o
rlrg I l-7}9t L97o
Ul-timate load

2000
4000
6000
I 000

r0000
1 2000
l/+000
16000
18000
20000
22000
2l+000
26000
2 8000
2 9000
3 0000
3 10oo
3 2000
3 3000
3 4000
3 5ooo
3 5720

TABLE XXXTT

STRAIN READTNGS F'OR PAI\EL

"0615 in" L = 2'5o in. b

L6 in" N=7

{t

. 
^n 

ing Á,oVV Jf¿6JU=
!ú*

inch
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TABLE XXX]II

STRAIIS READIIiIGS FOR PAÌ{EL 32

t = "0825 in. L æ ?"25 in' b s 2'00 inu
-/. 1fñ.,ù{ 

= l_O l_fl , I\ = |

Gauge arrangement Eu Figure Lz

Gauge readings in micro-inches per j-nch

Loadl t fi z I I I+ Ã 6 n
I

--roo0l
i+000 I

6ooo I

Sooo I

10000 [

r2000 |

1/r0oo I

l6ooo'l
18000 

|

20000 
I

22000 \

2i+000
26000
28000
3 0000

I 3 2000
| 3¡ooo
I 3 4ooo
I 3 50oo
| 36000
i ¡ zooo
I 3 sooo
I 39000
i ç oooo
I 4 0900

ol ol ol
92it torl 97l|

L77 | 2o2 I 196 I262 3o4l 2921
336 I /+or I 398 |

)+zB | 5rr [ +93 |

5Lt+ l. 61/+ I 587 |

5e6l 718 | 67el
680l 8211 7691
76t+ | 926 | só[ 

I

8+z | 1012 I lOr 
1

9?t+ | 1098 I 1060 r

10071119011150
1o8B I rzgo 1L257
1170 1r¡s3 lL35t+
LzU5 | ri*e0 lU6r
L?àt+li-53t+[1501
L3L5 l1585 lr5¿Þo
L353lt6l8l160r
1388 | L693 '.L664
l]+28 | L7Lt7 L732
Lt+6Llr8l9 lr8rz
15rr I 1846 |tL925
L57o | 2oo5 tzo76
Ultimate load

0
97

lo?
288
386
), E'7ry/t
)ö)
675
767
ö)Y
95L

l-ol+8
I}L8
L248
L3l',O
1/+38
'r /. ÊÁ

L)JO

L6t+3
r?00
176?
L52B
1886

0
88

18r
27L
373

557
6t+B
7l+!+
840
Y)l

t03s
r133
r230
t32B
L423'tt AnL+w t
L509
L555
1601
16t+9
L697
I 

"?Rr786

U
OR

L99
307
l+20
))v
o40
| )/.

Y(ö
1094
L2O9
1 ?))
rrúu
L5t+9
LOrg
17IB
1767
1820
r877
r933
19BI
¿v ¿<,
¿v)ó

I

o
105
2L1,,
1,)O

41+5

5l+O
678
ñòn(ö(
90l+

1017
113&
L2t+9
1 

"6?L¿+7?
r587
LOY )
1',7),O

1798
t r\t,'t
1898
L9r+5
I OÊ7
L/v I

20r5
203 5

0
9r

r9r
¿Yl
)+o6
5tl
6l6
7L2
819
o1 0

LO?l+
LL?5
l-225
r325
l.t+27
L522
t572
r6Lt+
L66T
1710
1 17 tr.n¿l-,tl

1801
Ls39
r879
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TABLE XXXIU

STRAIN READII\üGS liOR

"o8loinu L=2'oo
J-) IIlo N =3

Gauge arrangement B,

PAi,tEt 33

E

T2

t,=
W*

in. b

l'igure

inches

3'75 in"

Gause readings in mic o-l ncnes per' l-rlu

Loadi r I z j_3 el 5 L==g
2 000
4000
6 000
BO00

10000
I 2000
I 4000
I 5000
16000
I 7000
I 8000
I 9OO0
20000
2 1000
22040
23000
2&000
2t+3oo

0
L22
-, -l
/,+J-

I r'1 t1t+t (
E.n L

)IL+
17^Q

755
8L2
çà" 1

Q2Q
oQ2

ro5?
tr19
LLY¿
L¿Ó /.
L689

vl U

130
255
375
500
o¿)
t+)
800
BóO

1058
LL32
L?T3
13r0
r430
1838

'ì ?1
)qQ
38r
510
Á?o
76L
BI2
R'/2
v¡Ê

o? /,/)a
1002
r070
115f
L232
L)28
r470
¿UL¿

Ultimate l-oad

ol 0
r3o I L29
280 | 275
429 I Azo
585 | t7)
735 | 6lq
BBB I Zoo
968 I 8+r

1049 i gra
LL36 | ggt'
r21B i 1o7o
L297 | r1¿þ9
L37o I r2L9
r&5\ | L397
151+0 | Lt+72
L637 | L559
1903 | L77h

U
r l,Ê
?n?

608
()Õ
oôo
Yo)

1068
LLt+7
L23l+
L3L5
l-397
1487
L)ó )
'r ÁÊo
IY¿ (



Ê\ al

+v=
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TABLE XXXV

STRAIN READ]}IGS FOR PAi\EL 34

.o83o in" L = 3"5o j-n" b = 2"oo in'
L6 j_n" N =7

Gauge arrangemenË E, Figure L?

micro-inches Per inchGauge readings in

2000
¿,.000
ó ooo
B 000

10000
r 2000
14000.
16000
18000
20000
22000
23OOO
2&000
3 t+?oo

a Negative value incicates tension strai-n

0
].or
t1J,
J)o
4L+8

o)Õ
766
87)
978

lOBB
114.1r
1210

0
77

L59
¿4)
350
l+61+

58t+
Áoo
806
01 ?

1080
1020
118&

L69 N rS¡ L9z I L73
277 | 2t+2 zt+B I zzt zgt+ t 257

J56 | llt+ 346 | 3lt 3s5 | 356
t+24 \ 4?5
b92 \ 520
557 | 6rr
618 | 6s9
675 | 737

7r2 | sÈr
680 | 295
Ultimate

54t+ \ +gz
638 1 tSO
7LL, Ï órr
7t+r | 6trz

416^ | rl'r
-t+6"1 lzs

55a i 575
630 | 688

g2o I Lo97
965 | l-161

7Lz \ 805
79t+ | 9r8

6L9 | Sçs 879 | ro37



66

TABLE XXXVI

STRAIN READII\TGS FOR PA}iIEL

,OBo5 in" L = l"0o in. b
.rTl

L, l-ÍI o l\ = 
t*

Gauge arrÐ.ngement Cr Figure

Gauge readings in micro-inches

LrE
\¡I

I 
^^ 

i6

= 
)o\JV rllê

t/

nôP i noh
-yv'

T ^^^LJL,/ d. Lt t { 4 I I

3999 I4uuu I
/aaalouuu I

Sooo i
10000 I

12000 ì

14000 
|

16000
I 8000
20000
22000
23000
2¿+000
2 5OOO
26000
27OOO
28000
2 9000
3 0000
3r0oo
3 ?OOO
3 3000
3 þ000
3 5000
3 6000
37oOO
3 8oo0
3 8500

7 50'
873 

1

ee6l
Ilt¿þ r

1)t,)
Lzgg
L3 59
Ll+2L
I4B4
l-542
L59B
L659
L7 20
L779
LB39
rB99
tg)ó
20L7
2087
2L9T
2L+54

ol ol o
r21l L27 | L23
?t+71 257 1 2t+9

3721 386 | 375
5001 516l 500
6221 639 \ 620

767 [ 7L+z
892]T s64
919 I 986

1041 I II03
1168 | tzzj
L226 | L?79
r2B7 | l 37
135L I L395
r¿,.16 \ Lt+57
L57t+ [ 15rl
L63z I L56Lþ
1698 I 16zo
L765 | r6er
LB?5 \ L737
1887 t l-793
L955 | rs50
7023 | 190?
2095 | L96t+
2L85 1 2O?5
23?L \ 2Lo2
2627 l 229i

Ultimate load

o
I20
2l+O
<n I

I 17n
+t I

587
OöO
798
ono

to2B
LL36
1186
L229
L?9L
lj46
r aoÊ
Y+l+2
Lt+g3
I54t+
L589
L632
L672
L7o5
L7 52
1804
i al 11

Lg23

v
L?9
¿. {v
| lC;

+.LÕ
Ã,. o
677
.Ìa -

963
LLz5
1 )À2
Lt+59
L5t+9
L63 5
T7L}
1 AqÁ
LB77
L945
2028
210r
?r72
2252
^1 

ô,á).+
2)+o2
'¿4ó ¿
2560
263t+
2687

n
IrO
?40
l+03
5t,,8
678
789
958

IOBB
L235
14r0
148¿{-
L56L
L6?2
1680
l-736
1B0l
1898
10,7L

2063
2L58
2224
2?98
)t,11
2l+91',
2556
2t+73

0
131
1)l
390
52q
4,71

810

LOgT
a 

^l 
IL¿+)

L385
L453
L53T
1600
L676
17 52
1Br6
rB99
L97L
¿v+á
2L2l+
2r97
a<.t+
23 59
24t+L
25L3
251+I

U

L25
2t+5

&88
oro
t+2
ól)

r005
rr4r
L27L
1333
rboT
Lt+7I
L5t+L
r6o9
l-o /r
ttt.ç\,Ltav

1813
r881
L956
?o27
?oQ1
2181
226?
23 5'6
zkt7
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TABLE XXXWI

STRAIIr] RE,,\DINGS FOR PAÌ{EL 36

,0830 in, r, * 3 '25 in" b = 2'00 in"
f6 inn Nã7

Gauge arrangement Ee I''igure Lz

Gauge readings in mlcro-inche:-Per *inch
T ^^^!u4g I ?

I4 5
17
I

2000
4 0oo
6 000
B ooo

10000
12000
1&oop
I 6000
18000
20000
22000
2&0oo
26000
z7OOO
2 8000
3 6180

95 I 10¿*
L95 \ zo9
286 A tog
3Bo ! &15
t+73 | 52L
562 I 623
6t+7 t lz8
731+ i Bzr
821 i 9r9
906 | 1014
986 { 1099

loto | 1oe6
g7t+ A go3
813 I ó&0
Ultimate

rgl
28L
38r
4t/-
))ó
o4r
(¿)
BOI
876
945
o1 Ã

805
), ),?

^^du

o

1',7?

256
343
423
l, oÊ+/v

575
04l
7L8
ryA,Q

ót4

f¿'7'lvt I

793

aì

on
L95
30r
l+I7
530
Á?a
753
869
977

1089
L2O7
rSrg
L366
LUt+3

YY
2no
¡r rl
JJ.ó
i, ??

nnQI Iv
.\ .Ì .I
ÕÕ()

1002
1r1B
r rqg
IJOY
1450
1Ã/,R

101
206
311
I 

^l+<.+

o4J
'7 Cât/v

öor
yo>

LOTL+
rlsB
T3L6
l-392
1'Fld.L+/U

o
187
r87
281+
)ö)
485
580
6Bo
779
878
980

l086
LLg6

].325
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TABLE XXXVT]T

STRAII\I REA]J]i'üGS FOR

t = ,0830 in" L = I,25 in" b =

Gauge arrangement BF,

Gauge rea.dings in
rni-cro-inches per inch

PAi{EL 37

2,5O in. T,^l = L5 in. N æ 5

!'igure 12

DiaI readings 
,in inches x 10-a

Load 1I - 1 6 a b
c'\

d

2000 |

/}ooo I

Éeee IÖuuu 
I

10000 
|

r2000 
i

I¿ÞOOO 
i

16000 
I

18000 
I

20000 I

22000
24000
26000
2 8000
29000
3 0000
3 1000
3 2000
3 3000
3 &000
3 5000
3 6ooo
37000
3 8O0O
3 9000
t+0000
l+r000
l+ 2000
4z68o

0
103
2L4

E,ì,2

,lA¡

o8ô
1oB5
1200
'l ?n?
I4L7
1 t,.7^

L533
15go
L6t+6
L705
L766
r825
r885
L9b7
2OL7
20B3
21 \5
??t+5
/<<1

ul-ri

01
L?3 ,

260
388
509
6r1

| 691þ

| 775
I 890
| 1026
I 1138
I L253
I 1377
I Lt+93
I L539
| 15Bo
I L62?
I Loç'/
I róBz
I L729
| 1791
I 1868
I re48
t 2033
I ztzo
I zzro
| 23t+Ol zt+96
rat e lc

12?

332
t+49
56È
690
ÕUÕ
o?2

Lo55
TL77
L7g6
't ?l ?

l.t+36
L506
roo)
L723
1788
l,qqn
19lB
I9B5
4v+Y
2r-18
¿LY )
2260
23LB

I 2&18
| 2528
ad

U
Qr7

310
t+3o

o/u
nc¡nlol
9Ll+

to33
LL55
L27 5'l ?o,,
L5t7
r)()u
LOJ J
1 6a2
L7 5t+
1807
ß65
IQIQ
't o?14/l¿

2023
2070
?LT4
2LL+.3

2L5B
4,Lt+v

It

öö
L7L
r<Ê
3t+5
/,?o
54r
6t+6
/o+
,R7?

vvt
1102
L216
r334
l?Ão
l-.4l+2
1500
1ÃÃQ

1609
L663
T7L9
1770
1828
LÖ (Y
I q?1

L97L
20L3
¿v)L

U

16
?ô
4L+
E,N

n1lL
B4
(\ 17

110
l-24
L)l
16n
L66
lBl
176
tqÃ
/l | /

2LO
2r8
/,/(1

2l+O
2l+7

./(\ <

?70
278

LJ

33
4l
o_L

73

LL2
12q
'?,^
¿ÁÌ,\J

L55
L70
r Ê,.¿v+
r87
tvv

206
)1 L

22L

2+3
2t+o
256
261+
211
279
287

^
IO
2Q

k3

'7^
êT

/-
r-06
L22
L36
r52
-t A.l
t-Bo
L92
l-9t+
201
2nq
/t\

??2

)2, tr,

2l+3
250

¿o+
211
lla

U
1'r-+
26
37
5l

61,
,74
al't

103
11?
131
1i,?

17ñ
188
L82
lÊq
L95
20L
208
2L5
222
¿¿ö

/.+¿
250
257
áo)



U

20
36
5l+
71
B6

a 
^t.f-(JAL

IIO
I ?/,L/ry

l.t+9
158
L65
172
tB0
1 e',ñLÕ(
Lg5
20l+
¿oo

0
LL7
2?1

)+(
)+57

.70?

906
1þ11
107rl]z
rr83
L2l+

12^
Il+3

o
I 15

260
JöO
500
ot_y
737
B5o
o40

LO72
tL3 4
11Bg
l-250
]302
L36L
14-30

:122

0
lIB
¿,)Y
360
t+7O

)ö)
702
ÓL¿
927

ro37
1o9B
1151
L2L2
L¿O)
L320
r37 5
Lt+Z5

0l 0i o
rlol 1r9l rLz
2r8l 22Bl 2L7
3261 3371'328
t+28| 44r I ßr
533 | 51"71 53 5
6381 648i 640
753 7b9i 7t+?
B58i B&91 8l+B

957i e+41 95'
10021 987 ! 1013
1olj.3 i ro3rÍ 1068
ro8ol 1oB1+lrrz8
tlrol lL3i+l Ir89
rr2xI 11761L253
r128l LaLzi 1330

Ultimate load

Lo291 10881 L395

rìv

- TABLE XXXIX

STRAI\] R,EAD]i\IGS FOR PAi$EL 3E

,0825 in. L = 2"75 in" b æ ?,5o in'
L> 1II" i\ = )

Gauge arrangemenb BF, Figure Lz

Gauge readings Tìicl r^oqrìincrcvLsL . -***..Òi I

in inches x 10-armicro-inches per

+U=
\il-

in
ì *nl.rII¡VI¿

2000
4OO0
6 ooo
I 000

10000
1 20Q0
I &000
16000
I 8000
20000
2 1000
22000
23000
2 /+000
2 5000
26000
z7OOO
28000
29500

0
rB
?(
5o
64
nry

a1

ro¿{.
LL7
130
L)O
Ll+3
1l+B
1ÃÃ
L))

t62

175

310

0
l1
^,<.+

4O

7o
ó¿

104
tlI
rt_o
r23
L?9
1?<
't,1
-L+1
I4'O
2L5
zgo

o
LO
2L
?i,
JN
/,o
o)
,7^

ON

105
L20
L26
L3b
LLÞ2
150
L59
1AE
172
¿+)
?1 5



lv

TABLE XL

STRAIN READINGS FOR PAN]EL

"o84o in" L = 2"75 inn b
l.o l-n "

aT r7

Gauge arrangement DF, Figure Lz

Gauge readings in
inches per i

lv

2"00 in,+
i¡lvce

Dial readings ,

in inches x l-0-+rflicro-Lncnes pe
cldLoad r | ? I 3l &1_t 6 11

B ^lr^é-lu

2o0ol ol ol 0
&oool }rol logl !a2
6000[ 2001 zLhl 20]
Boool 2951 31Bl 303

t-ooo0l 39ol /+211 40r
r 2o00l ¿,.851 526|| 499

16000i 6791 733i' 684
r8oool 77Bl 81+o l 779
2ooool BTzl 9I+31 874
2 zooof gToll-ot+6| g0l
24OOON LA66l r145 tlL]t+z
26000 I LL6?l- L2t+21 11 20
28oool L257 lr¡¡olLL79
29oool 13rolL366 I rr95
3 oooolL352lL399lL?o7
3 loool 1402 1L396 | rr8l
3 ?OOOIttotoz I 13 2r I 1O9r
3 3ooo[ 1&45 ! 1053 ¡ 813
3 4ooo | ---- I ---- I ----
3 5oo0l ---- t ---- ¡----
3 59701 Ultimate load

-ol oi
eol e7l

L7 51 186 i

262]1 27t+l
3t+61 3591
rú21 4t+3i
5L9l 530
6o3i 611
6901 69t+
777\ 7BL
B5Bl 862
9b5tr 9t+z

Lo?511016
log8l 1087
r1351 1130
11661 LLTL
rl8ol L2o9
r17BI L250
Lr25l rror
____l:__:

I

ol 0l
rrz l r15l
227 | 22t+l
337ll 334¡
42BI t+39
ç85 | 5t+8
561þ1 657
6r-r | 762
72ol 879
8381 994
95r | 1107

roTo I 12r8
1183 1L337
L296llt+t+7
L36o 1r509
Tt+z51L567
ri*86 lL63 5
L55911704.
L659 I 1784

t----

ñ¡l

^xtyótl
le5ll
29111

3B3ll
t,zAllTt-¡l

5781
67Ll\
nñ1 |
| | Ll'

I 8zrå
I gotl
I ro6ri
Iu6:l
Itzs6i
I r:ozl
lL3 531
l1/+011
lLt+49
I r5or

ol
-^lávl
21, t)'r I
t. Q-l
)^lo¿l
'l tr,ir /l
Ral-/ 1

ro? |

118 ifa^lI a/ |

i-40l
r60
l-74
10n
L./v
r nc}L>o
?o3
zLO
218

23t+

q'7 ),

0l
1&l
26l|
36li
t+91
601
n1 |l.* i
F12 |

_etl
rvY Irr8I
13o 

I

Ll+Z1
I A|1t

161
ro)
L7L
L76
183
19r
1.++
36t+

0N/tr
v!

r <l_tl

?\l
JJI
, /'\l
¿J-v ì

)qil
5Bt
//loÐl
7.51
831
vt r

100
't ôo
115
118
L2l+
128
L33
1l+0
208
?,. rì

c1/
18
30
/, 'ìr+

o)
/o
rI ¡l
ÕÕ
('\ t1YI

r09
120
I ?1

l-t+2
r4ö
L52
1tr'l
l-62
tAo
L76

rr cl)+ö



TABLE XLT

sTi¿AIN REAIjINGS FOR PAi\EL ¿'.0

t= "0815 in" t= 2"Oo in" b= 2"66 in" 'f'/ = 15'95 in. l\-= 5

Gauge arrangement BF, Figure 12

n^..-^ -^^,t.ì ñôõuc1 t¿E!tt I Cd.uaIrÊ1 È

micro-inches per
Tli rl rarrìi nøc- -***.-oJ rin inches x 10-+

in
Ínch

Load

'l ,7

?a)
,+̂v
r11l

ñ<

RO

101
rnA
1l q

l.22
'l 2n

LJO
Ll+2
1/, A
'l 5?

L62
I f\U

r/o
IatJ
l AC)

roÁ
203
210
2r8

o
l0
2L
<l

41
tr2
ñ,{
n2.

Êr
BB
(J{

oo,q-

103
1n,q

LLz
118
I 

^'Lt-+
130
aJo
1t,"
r¿r.8
t53
160
L66
1'.7 )
¿t./

t
,1

2A
.t{

+)
)(
oY
ôaOI

o,q
1ô?
ro7
112
IIiJ
f 

^1| /1
r nc}t/õ

l-34
1?O
lr.Ã
150
r55
160
L66
L72
l rlà
J/v
IXA

0t 0t o
96lt 1o7l 110

2001 2111 r9g
3o7l 32tl 278
4o7 | t+22]r 397
-¡ - I ea /i ¡n¡\)r)l >)oI )uö
62211 65Ll 638
7L2l 75611 7t+3
807 | B6&1 880
852|I gool 97?
910 I 9órl 1019
960l 10151 lo82

10lllro6zl LL45
Lo63 ll1rçl 1218
1113 l1175! L2B7
Lr66 lre¡r[ 1340
L22r112881 r4O7
L273 ll-346l L462
L33L lll+121 L5L5
1392lt+gzl u9L
1451 ll-SZtl L653
r5L3lL66t+l 172B
158r lV0zl r80B
L655 llBó21 r9o3
LT3gltgtuzl ?026

Ultimate load

0
110
2L2
3L2
L+)o

525
6zt
tlY
-l QA
rt¡ rI

I04l+
r107
LL57
LzLO
L267
L323
L37)+
L+¿¿
Lt+87
L539
L19c
r6&8
1706
17 q?

115! 115 ii 14
23o! 2r5 ll zB
3091 3 r8 ll +z
¿þ381 423 ll 54
5371 5r9 11 67
6591 626 ll Bo
7771 726 ll gt
93 5l B+r ll 107

103ó1 891 ll 11A
LL26l 91+2 ll rzr
L2t6l ggs ål rz8
L3o3l 1056 ll 13/+
138oi1ro8 ll 1&r
L3 531 rr¡8 [l r¿,s
L525|.l'2l-3 il 15¿r.
1óogl rzer l¡ 162
167311326 l[ 169
L728 | r¡Bo l! tl s
L795lLt+37 il 182
L965lt+gz l! rs9
L9r9lr5b4 ll 196
L9$6lr6o¡ ll zol*
zot+rlr656 i[ 21r
2o95lr72r ll 2L9
2I0l lL77t+ l\ 227

2000
&000
6 000
B 000

l_0000
1 2000
I /+000
16000
18000
19000
2 0000
2 1000
22000
23000
2 4000
2 5000
26000
27OOO
28000
2 9000
3 0000
3 1000
3 2000
33000
3 /+000
3 5000
) )o)u
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lj
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B
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I

S
T

R
A

IÌ{
 R

E
A

D
IN

G
S

 F
O

R
 P

/T
I\E

L 
Iç

]

Lo
ad

20
00

4-
00

0
60

00
B

 0
00

10
00

0
12

00
0

1&
00

0
r6

00
0

18
00

0
20

00
0

22
00

0
23

00
0

2 
i+

00
0

) 
¿

óu
v

94
 I 

rr
8

r8
3 

| r
ge

3 
"2

5 
in

. 
b

ar
ra

.n
ge

m
en

E

27
6 

| 
26

r
37

8 
| t

's
57

5 
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58
1

in
 m

ic
ro

-in
ch

es
 P

er
 in

ch

\J

III 22
0
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9

4J
Ó

oo
/

77
L

Ê
"'ì

66
7 
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88

75
o 

I z
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=
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,IABLE XLII]

STRAII\Í READ]I\GS i¡OR PAI\IEL Lþ2

"0815 Ín.
L4.97 in "

Gauge arrangement BF, Figure L?

Gauge readings
rni cro-inche s

n

l+5
OUñ^l(.
'7 f<

ftq

'ì n?
aa ILL)
L20
t+50

? Ãn in h - 2"5O in") o )v rrr€
q

DiaI readings ,

in inches x I0-+

0i
I

L51
¿>
tl++-(,)o

108
l-ro
12t,
455

1n
inn!rt9

2000
&000
6 ooo
8000

10000
1 2000
13000
t¿þ000
r 5000
16000
17000
r 8000
r_9000
2 8000
28950

1l*
25

'7ñtv
rynII
¡Ìr
Õr}
oar

YI
10i+
1t?
1."7 qry! /

tl

1)
75
JY

r)5
f7^

.Ito+
on
9f-l

LO2
111
J. RN
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TABTE KLIV

STRAIi\ RE.¡TDIi.ìGS i,-OR PAÌ\EL ,,+3

,0825 j.nn L = 3.25 j-n. b = 2"5o in.
L5 in. N = 5

Gau-ge arrangement BF, tr'igure Lz

Gauge readings

rì

120
aa¡)¿<,o
??n
t,/^\++v

oJ4

707
745nc\¡
10\J
7Q2
ryr1/\

681
440.ì^-oy

n
12?
)1 "7

?n?
40b'
5?O

04)
Áo,R
,7 ), É,

,7*tr,
¡Ir r

742

^'7È,
vIv

l+O7

rl
12?
*tt

!+69
)ö+
ÁÃo
'7ñO
,7^A
tv/

881_

946
1001
IUOO
11n^+¿lv

l:il

U
vl

tal
2QQ

+v)
5L9
/I /

OJö

^ar\
ul-b:
öö4
o/, I

lnl?
1091
LLÓ J

U
tt̂!t

?/,
hfl

o)
tv

i{q
vl

oo
I f )\

1l_1
119
| /1
12'tL)L

1"^
rbb
3Lz

0
17
3l+
t'ì+L
/,1

qo
o,q

l-UO
aa -ttl

L22
130
I {¿^r

| \/,

?6)

0
1¿r
¿o

q1

6Lþ
..7 ñ
,74

B¿'.
qt

100
108
115
tôô
L¿¿
1aô| \/
r4z

74

rì

Y

LL

l+k

^,7
vf

'7'7II

/^f

100
t atÃ

110
280

micro-inches per
Tli ¡l ro¡rìi no'.=,***.rð'5 l

in inches x 10-+
l-n
inch

Load

2000
&000
6 000
B ooo

I 0000
1 2000
13000
1&000
I 5000
I 6000
l- 7000
18000
r 9000
2 0000
2 1000
2?OOO
2 9000
2 9810

Yo
1/-)
/r/
bLe5

623
o/o
nQ,7
Q,. rr

o'l I/l /

Yo)

1::
Ultimate load

It

118
¿)(
zÃo
l,'74
'+1./
6QA

o/o
73t+
'7AaI /(

v/I

o,co
l-O5)+'ìt?1
T2T2

!3_:2



TABLE XLV

S']]i¿AIi\,i READINGS IÍ'O¡¿ PANEL i+4

t@"OBl-5in. L=l.O0in. b=2"5o in" I,ti =a5 in. Nã5

Gauge arrangement BF, !-igure Lz

Gauge readÍngs in
micro-inches per inch

I)ì e I rea cl i ns'S I

in inches x Í0:+
Load

2000
& 000
6 ooo
8000

10000
t 2000
14000
16000
18000
2 0000
22000
2/+000
26000
2 8000
, oônn
3 O0O0
3 ro00
32040
33000
3 /*000
3 5000
3 6000
37OoO
3 Sooo
3 9000
i+ 0000
4r000
& 2000
þ3000
&4000
4/+000

n
76

t59
2t+6
))o
4¿Oqla
ol_o
ñ1 

^lLv
805
Ao(
937

}OBB
1187
1 t?Q

1325
12.7 q

ILl-¿o
-l 1..74ÀLl. I v

T52L
L565
r Áôo
L6t+9
L697
l-726
L7 56
r77 5
1788
L723

o
97

]97
2AÅ
i+oB
Ã't /,)!ry

629
l+v
858
967

1080
1190
1310
L1+2L
1t,È)
L529
'r ÃÊ1
l Á??
I-Oöö
17t+O
l-790
tx<h

1885
Lgz4
r974
2000
20L6
2026

10_22

0
B1

t7z

37t+
+1./
Ã,R1

680
nò-lo(
6Ub
993

1093
L202
130r
L3 57
r402
Lt+55
L5O2
L557
1603
IhA¿

r Áoo
L7 5L
L792
1844
1883
1427
L956
L99t+

'tÃ

bb
')ó
Ao
B2
93

t0B
LL7

Ll+3
L55
168
L7 t+

180
187
lq?
1c)0
205
zLO
2L6
)2?
229
caA
) 1,2,

25L
?55
¿oJ

116 lr-ool 93
?L7l 2o2l r9o
^r-l^nrl¡n/JIri ¿y)l ¿lo
/,151 ?SSl 76l-
'+t) | )vv I

5r4 l 477 1 bt+6
óo¿l¡ 57ol 53L695' 65Bl 6zt
7$5 1 7t+2 1 7O4s67l SzSl 7sz
9fi1 897 ¡SSto

10481 çsrl glz
rL42 ¡ 1071 I 1014
L234 I 1151 | ro81
L2B3i]t8ol1121
1327l120slLr52
rjT3ltz3plLLBT
1r+18 1 L265 1L223
1l}68 I r¡oo l|L263
L523iú35[1301
L573113611l-337
L63ol1390l1372
L69Olr¿+ee!1410
L7 b5 | Uaz I Lb43
lsozlrag8lr+e0
L857iL532 lLt+?z
L955ltSçzlr&64
2oo5 lL62glr¿,9r
2Lo5lL702lL539
2325å188rË1616
Ultimate load

0
1B
?2
¿{,O

59
74
öö
9L

116
1)8.
138
Il+7
161
1',7 2

176
182
r87
'r oo
?o4
zLO
¿t)
220
22q
230

2l+3
¿40
252

o
30

71
on

1 ñ.7

LÐ+
a¡^

r59
1 ',7 ç..

2rb
23?

262
?70
28r
zgo
JUU
310
320
)¿Y
3l+o
?(n
1.4'l

37L
"È,.1394
4rJO

o
2L

45
11'l
(J-

Bó
tttl

trT
I <5

t/+O
aoj
ttY
194
2L2

229
238
¿+o

264.
273
?8L
29o
299
308
3L9
?2Q

3Iy
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TABLE XLVT

S'IRATi{ R,EADTI\GS I.-OR PAi\iEL 45

L = L,25
N=7

+

v'tl

^.\^ 
F

= "Uó J ) l-fì. ,

= 16 in"
Gauge arrangement EF,

Gauge readings in
micro-inches Ðer inch

in" b=2"00in.

tr'i orlr-o 12

Dial readings lin inches x 10-+

2000
1' 000
6 ooo
B 000

10000
l_ 2000
1/+000
I6000
18000
2 0000
22000
21,000
26000
2 8000
3 0000
3 1000
3 2000
33000
3 /+000
3 5000
3 6000
3 7000
3 8000
3 9000
40000
¿|,1000
t+2ooo
4 3000
44000
4 5000

-l+^6ooo

0
I I tì

r,Qo

275
?(<
.431þ
511

oo¿
n t.1I+L
Bt3
883
955

LO32
1102
rLuz
116g
1202
r236
L?72
L307
L33b
1 2'7n'

l]+o3
r439
I1+7I
L504
'l {?o
L570
1600
163z

n

9z
182

b6z
l+51+
Ã/, I
627
7L8
810
899
YÓLþ

I012
LL65
L25l+
1?n]
l-3bo
1383
Lt+zt
Ll+61+
L5L2
I ÃÃaì

L59B
L637
L6B7
1'l?L
L777
1831
1882
L934
1985

U
LO2
201
¿YÖ
?o?
+> /.
rò r

o/ó
| /)
B7t+
yoo

ro58
IL53
L25t+
13¿rg
1397
l]+42
'ì ,, ol
r <a,4

I 583
TOJ J'l A,l çI

L73t
1779
1831
1881
1930
'r aÊ2
2a38
¿vYL
?L5I

n

t7o
)),?

40Õ
)JÖ
of)
lrOZ

ttv
Õ4U
910
990

IUOJ
1109
TT42
1178
LzI2
L2t+8
12Êq
L3L9
13 58
L395
LA23
It+59
I1+93
| 1l I

1 tr,"|x,

t_óoB
r_o4Õ

fI

ll

4
5L

703
801
Õyo
99L

l-
1201
r2g3
L3l+
l-/+01
Lt+53
'ì ÃrìA

L55L
L5
LO4¿
L703
L7 52
r803
IX\

1 RO?

T9 5T
2006

\_i

\/
11'7
4v+
29t+
)o¿
40Õ
,,,I
o¿+

'/o,
xf <

B7t
977

1068
1r17
IIC4
1207
L257
1)Q',7

l-3t+7
13Bl*
r430
r47z
L5L6

160à
L6b7
l Á. çiç.l

a /rC)
1 "l tr,1.4t )+

aì

OJ
| /1
'l qo
263
r¡ ci))o
t+Ig
t+94
)o4
o)u
l¿0
807
887
979

1058
rl08
LL4,5
1 a .ìaII-ÕI
L224
l-257
1300
L3?B
'l ?7r,)
1408
1&/+B
1488
r5z8
L570
L607
1639
l.672

/ ('\

t')
AJ

81
ô,
/a

l_08
Ir8
13r
l.bt+
r57
r69
r .4e

L96
207
2LL
^111áLí
22),
230
¿,tö
2t+6
?54
26r
268
276
283
2Q1
200
l( t'ì

?12

^

40

nn
/I

-l n-l
^¡- \, J

115
L27
1t+0
lJl',
roö
LÖ¿
't o/,

207
zLT
217
2)t,
230
)?,7
ôl a

250
257
26t+
272
).1È.

JUO

l5
ncI
¡ci

t+ó
rci

60

88
/t

106
tJo
L26
l'1 r.

f.t+4
r53
L54
I'ó
ro4
168
't 72
177
182
1 Å'7

lgr
1 ñ¡7

202
207
21?
¿L(

rì
tt

¿o
-( rl
46
)o
,t È.

RO

t00
110
121
1?1
141
L5t
L62
L63
1 

^'717?
177
182
1 .\nL0 l
LY4
1q7
20r
)^a
zLL
217

?11
i¿v) )
I 
zo6B

I
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TABLE XL\ru (continued )

Gauge readings in
micrõ-inches Per inch

Dial readings t.

in inches x lQ:i
Load I ¿ L+ 7 b u

47000
¿P8000
l+9000
50000
5 1000
5 2000
52760

lt659
t 6qt
L723
L7 55
r78B
1828ulri

l22LL
| 22BL
l|235L
| 14))
l ¿)¿)
I 2650
load

rn? 1

2O8l+
12L39
12202
l2?7O
i?367
tdvç

L6s5
1709
L71+l+
1 7An
TÕJC'
1900

/.Lv+
ZIOO
¿¿¿v
2276

2352

1780
1Br6
r.J.r rLÖ+)
ß66
I Ê7Ã
LvÍ/

1 R ),'7

lB00
L736
r770
1807
IÕ4U
r876

3L9
/È I

31,,1+

?Áat

3Lt+
?21
r nc)
)10
<.{5

J4+
?51

1¿{

¿)ö
^t a

7l+9
25b

¿JO
^t a14L
) ),'7
¿)v
c<A
26r



ml- c "o-].ncnes r l-n

Load I l+ 6 nI
1^U d

2000
4000
6 000
I 000

10000
I 2000
l¿Þ000
I ó000
r7000
tBo00
19000
20000
21000
22040
23OOO
24000
25OOO
26000
z6620

ôlvl
103 r

202
2A6

Lþ83

"al,qI vv,lt.A
! ,vv

783

909

01Á
È:lovt /

u1r

o
106
?L4
< t^

t+2L
)¿(
,ll A
7RO

837
r\¡Ì ¡

Q) t,

Y(+
101¿+
1049
LO72
ro76-t^J.^

mate

0
I ?'l
26?
388
505
OJI
| )(.
ö()
938
997

1061
LLil+
1]82
12t+3
1310
13 8¿F

r_4oö
L))o
J(/d.r-t

0
I ?r-t

/. )L
368
&81
596
708
816
öoy
o2ñ
976

t02B
r07B
1128
r1B4
L23)
1303
Lt+o5

o
.ìry0l

183
289
JYO
Ãôo
OJ¿
756
8eo
880
947

r014
ro77
LLLrz
1 217
1280
L3 50
Lb3 5

o

lAo
3ol+
+¿v
hr. I

'7È?
ó+)
añ'7
/v a

oÁ?
l aìr'l
l n70
LL39
LTg9
L¿44
1)Ql,
1? Ãl

tl

66
r/,o+n/

260
aryA

t+87
ÃoR

lv()
772
ÕJO
,qo2

1017
10Bo
| | /,Ll

LzI3
L270
LJ40

\J
2?
?o

f7^

òr

10r
rl_Õ
1 -r7Lá. I
L35
ìt,LL++
r52
ró0
TOö
4rv

rB3
10n
200

ar|

ta

,11

o/,./ 't'
r'1 I.LI+
| {h

r)o
L66
L78
TBB
lgB
208
2t7

)?Q
2l+7
258

0
¿v

54
17^

èr

orl
11<
LzL
130
LJO
1/.?++)
150
.L.)\J

tr)l
170
1 "1^
l>(Êr

0
11
20
<l

+d.

o4
r7L
tL+

B5
RO
r'ì I

lo0
105
rt0
115
120
L25

Lt/g
iÀl -

TABLE XLVII

sTRAIl\l iìEADri'ùGS l'-OR PA}trEL 46

"o82o in" L = 2"75 in" b = 3'oo in"
. nf15 inn I\=4

Gauge arrangement CF, l-igure Lz

readings in
hes per inch

?8

Dial- readings ,

in inches x l-0-+
Gauge

i cro- i

l+6
X<
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TABLE XLWI]

STRAIiü READTI',IGS ITOR PANEL 47

"0820 in" L = 3"5o in" b = ?"286 in.
16 in, I'J = 6

Gau¡"e aTT'ansement

Geu c'e ree rJi nns in

CF, Figure Lz

micro-inchres per in
n.i ^'lULAL

in inc
rarrìi nc¡q,¡ vs*+¡¡Jv I

hes x I0-+

2000
&000
6000
I 000

10000
I 2000
1/+000
I 6000
17000
I 8000
19000
2 0000
2 1000
3 1000
3L960

186 I 181
2B5l L76
3so I 267

608 | 3Bz
601 I 336
55?l 2'ó8
e38l LÞl+

210 l-t+ZL
-røt--r¿É--

Ultinate load

ar

/t
TY¿

a çin

462

))ö
528
t.cA
¿4¿
l?Ã

aì
¿ìn
Ètu

l-70

"it.A| +\l
799
öO¿+

932
l_002
ro89

tl

101
10R
¿Yl
4UO
5L9
d,aÈ

/ oct
Rlo
BBO
oqn

LO26
l_111

ô
110
¿t(
??-l
k5r
)t+
680
8r5
È,"71.

934
1001-
1070
LL57

aì

'l'7tl

L47
22 t,

304

l,'l A

>'/o
L1nwJ- |

n r\r1

Q1 n

0
2Q
to

tá
90

108
L26
n5
L44
r55
fo)
L76
421+

tl

Ib
?n
AJ

54
oo
77
Ol^ì

yo
100
LA7
LLz
ita
)7?

70 lr03
7t+ iLl-?

225 137 5

a Neeative values indicate tensi-on sLrains '
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TABLE L

STRAIIù ßEADI¡JGS FOR PANET &9

t e "0815 ino L = l'50 in' b = 2"2ô6 in'

Gauge arrangement CFo Figure

Gauge readings in 
.

microlinches Per inch

8r

i¡,I = 16 in' l'{ E 6

T2

-Dial readings r

in inches x I0-+

Load

2000
/ù 000
ó 000
B 000

r0000
I 2000
1/+000
I 6000
18000
2 0000
22000
2 4000
26000
27OOO
2 8000
2 9000
3 0000
3 1000
3 2000
3 3000
3 4OOO
3 5000
3 6000
3 7000
3 8oo0
3 9000
40000
i+ 1000
¿12000
4 3OOO
&b000
l+ 5000
t+6o50

^
L67
2l+O

303
JOÕ
Ì+3b
4Yo
,ou
623
oÒ/
750
8zo
855
880
9L5
\JAr<

985
LO23
1o6l+
1 rìoÃ
1rl+o
1r78
L220

Lzg6
L3b7
1388
r43 5
r&80
L523
1 Ã?n

¿+0

t^2
27L
280
288
295
344
311
?'l Q

325
aaA

-) ,+ .,/

353
2.^1

)lu
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171
l-L
8r
9o

100
110
LL7
L22
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LJL
lal^
r41
L46

o
U
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/+l-

50
6t
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100
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r10
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1ÁÃ
170
L76
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^t 
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1Q2
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b/+ö
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n^l( (,+
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79L
ó¿¿

JÖU
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208
2L3

U
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40Y

At. ñvqv

72L
'7ARI /-

o'l 6
oÅ2
o07
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L263
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1r3 I
1r71
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9t+5 |
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1089 I

Ultimate
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Buckled form of stiffeners" Figures 13 to 67 inclu*

sive show the stiffener sicLes of each panel after failure

and removal of the load" The form of stringer failure is

clear'ly indicated, ando in practically every case involved

torsion or rolling over of the outstanding ilange" Local

failure of the stringer tip at the rivets adjacent to the

principal buckle will be observed, bu.t in all cases this

occurred. after the primary faihiÍê' 0f pa.rticular interest

i s the similarity of the buckfed form of each stringer in

any one panel,

Control test data" A few representative stress-strain

curves for tension and compression conLrol best specimens of

the sheet stock are given in Figures 68 to 7L inclusive.

The values of E, the modulus of elasticityr are r¡Iritten in

on each curve" 'lhe curve numbers indicate the eorresponding

panel, and the letter S signifies stringer stock. The ordi:

nate at the intersection of the dashed line r'iith the curve

gives the o*2 per cent yietd strength" It will be noficed

that a1l- of these curves have a steeper slope up to toeo0o

pounds per s-quare inch than beyond this stress' This is due

to the îa"cl that the pure al-uminum ÎîAl-cladfr coating

approximately "OO3 inches thick rea.ches its elasiic limit

at, about 1O9OOO pounds per souare inch, and the coating
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101

thereafter deforns plastically at inore or less constant

stress " The modul-us record-ed is tirat of the second part of
the curve and is Ìrnown a-s the secondar.y value, Since the

aluminu-m coating 1s the sane thickness for all sheeb sizesn

the secondary modulus is lower for ihe thinner sheets,

Average val-ues of E in tension were found to be 9,913, 9"88u

9 "65, and 9.33, million pounds per square inch for sheet

thicknesses of "081u ,O66u "040, and ,O32, inches respective-

ly. The modulus in compression v¡as in general about four
rì^ra nanr hi ryher tha.n the tension value" Average value ofyÇr uü1¡u rra¿irrçr u¡rø.11 Lrrtti uvtlÞ¿LrIl vctIL¿g o

the O"2 per cent yield strength uras l¡8r500 pounds per square

inch in tensi-onu ano 45e000 pounds per square inch in com:

pre ssion "

Çqa,4 ùi-spl-e q ç!1-ç+! {:eq=-dirsE. "
/ì i- -r^ì n^'l aa4- nf nln^+ ^fr vJPfud.J Þvu \Jl- Prrvut,-

grid readings j-s plotted graphieally on Figure 72. This

shows the -¡ertica.L profile of the sheet at each stiffener,
Horizontal dashed lines indicate the riveL locations" From

simil-ar curves the pin-end length of the major buckl-eo the

number of half-r^raves, and the type of buckling were deduced

for each panel* Data- for determining the critical buckling

stress h,,ere also obtained from the displacement readings.

Figures 73 and 74 show sheet profiles at stringers and

at lines midway betrveen stringers for one of the panels

tested. rt is apparent from Figure 73 that anti-symmetrical
plafe buckling has taken place to a small- degree et the
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lower load" At higher loads this has disappeared, and ha.s

been replaced b]t inter-rivet buclcling as shoi,r'n in Figure 7Lþ"

The amount of pla.te buckling developed in ihis and similar
panels .08I inches thick is so small -r,hat it could- not be

deùected except by precise measurement. This phenomenon r.,¡as

observed in many of the panels tesfedu and will be considered

further in discussion of test results"
The effective hray in v¡hich the photo-grid m.ethod

delineates bucklÍng behaviour is il-Iustrated in Figure 75"

It should be pointed out that this photograph vras taken at

failure, and that the second l-ine of rj-r¡ets had pulled

through.the stiffeners, This explains the large wavelength

of the principal buckle" Figu-res 76 and 77 again illustra.te
the transition from plate buckling to inter*rivet buckling

for increased loads" In thls caseu however, the sheet

thicl<ness was only "0&0 inches, and the panel design was

such that rvell--developed plate buckling was to be expected"

'fhe general arrangemenb of phoEo-grid equipment is

i llustra.ted in l'igure 78 u which shows a panel set up for

test" The arc lamp may be seen supported on a bube clampecl

to the right-hand testing machine col-urnn. The bube fixed to

the left*hand column is the camera supporL. 'lhe method used

for carrying the larnp and camera was necessj-tated by the

fact that the testing maehine table rises as load is applied,

In order to .obtain pietures from a fixed position relati-ve
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Figure 77.* Panel 18
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E.\rlgure lö.- Panel set up for test' The
^f ^ To-^ rncrr þg seen at the extreme Íight.d-L \, ¿dlllav 1r¡eJ t

The end of the carnera support tube appears
at the lower }eft corner of the pe.nel"



ii vlas therefore necessa.ry

the machine columnsu which

J- ^ ^'.nn¡rl. l- l¡ at/L,, ÞUyrvvl v ur¡v

are attached to

l-13

+hn

å ^ ..t-!.^ ^^*^'ìU U t/1I\i Pd.rrE¿

e quipment on

t able "



CHAPTER VT

CALCULATIO}.TS

Ð e! e,r4inqt-isA of- ptlo-t-'o-:årid 4ip-e4's-l-qrlE " rn de signing

thephoto-grid.eqrripment,itwascleemedd-esir.alrletosetit

upsothatread.ingsofpaneld.eforma-tionscou-ld.betaken

directly without the use of one or more calibration cons-

tants. A reading sensitivity of at least "OO2 inches was

required-. Because of the large number of photographs

involved.,theuseofa35millirrretercamerataking36

eXposuresononeloadingwasconsid.eredforobr¡iousreasons"

On account of the slnall negative size ' a microscope wâs

necessaryforreadingtotherequired-sensitiviiy'Prelirni*
nary investigation of images on micro-file film showed that

a visua] magnification of about 6OX was most suitable'

becauseatthisvaluethefullreso}utionofthefilmwas
clearlyread-able"Atgrea-termagnifications,theindividual

6;rainsinthefitmbecameobjectionably}arge,inter.feritrg
witheaseofread.ingirnagedisplacenent"Filmsoffinei.
grain and greaLer resolution than micro-file have not yet

beenproduced.ABauschand.Lombmetal}urgicalmicroScope'

f itted with a 32 millirneter objective and bí-fifar micro-

meter eye;oiece, was selected for film measurement' This

eyepieceand.objectivecombina.tiongaveavisualmagnifica*
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tion of 5Bx"

Thefirststepinclesigningt}reequiprrrentwas|o

dete::rnine the calibration constant for the eyepiece' using

& stage micrometer having "ol- millimeter gra.du-atiol'Lst the

eyepiececonstantwasfoundtobe4"2ld.ivisionsfor"0l
millimeter image disPlacement "

That is I division s 
d3+ = .oo2375 II]n'

!.or one division to be equivalent to "oo2 inches panel dis-

placement, the film magnification must be

_=#2377_-, = _+1
"002 x 2r.4 1r.4

The càmera, a Kine Exactae was equipped r¡dth a'llessar type

lensof5omiltimetersnominalfocaltength.,l.heoptical
properties of a simple fens systern give the follov'ring

r elations :

and1'l 1

-*+-*s*.l. at Ts1

do-1
äT-m*l-

lvhere di and

nodal planes

n ification "

,.1uo

OI

al:e image a.nd object distances from the

the lens respectively, and lt{ is the mag*

Henee on substitution we ha-ve

l+-l=-Å
di do 50

fr = ?L.u
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The ciistance from

to the face of the

inches "

Ashad.owSpacingofone-o'uarterinchwithshadows

appearingone-twentiethinchtotheteftofthegridthreads
1nras selected as being most suj.tabfe' Referring to Figure 9,

on page 23, bY similar triangles

9-152 = -- -Y-- *-m;Ï-u-J-v
f ronr which the grid distance, f æ 0"51"3 inches"

Al-so å*4#\=r=Ðr;5QJ-vç) yyo¿ 44"L

f rom vrhich S æ ,4933 j-nches " The grid spacing

i nches.

These distances were used' in all panel tests" ft

should be observed. that the camera was focused on the plate,

and" that the grid th.reads appea.r at one-quarter inch spacing,

asdotheirshadowsratthisl-enssetting,inspiteofthe
fact that they are acbually spaced at less than one-quarter

i nch,

2\_,k
Áuo

+-*L= ].
AtrAu^ lt,v

d.o = 1I2O mm' or 4d''.1

the front nod.al plane of

panel v¡as thus fixed in

inches

the camera l-ens

all tests at 44."1

q
-ã- "21+67

Bi¡l:end Js.nåUs."

length bett'¡een inflection

measured and record-ed as

Frorn the photo-grid negatives r the

points of the principal bu-ckle v¡as

the pin-end. Iength' This informa-

*
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t ion will be of considerable valu-e in checlting the validity

of any theoretica'] method of design r,',rhich rnay be developed"

The figures tabul-atecl in the sumrnarv of resr-rlts are the best

approximations that could 'be rnade of this parameter a't loads

cl-ose fo the critical bu'ckling r¡alue" Great personal error

i s involved in the pin-end length cÌetermination because of

the small amplitude of the l^/ave form, and the fact tha't it

varied J-n nragnitude across the r,vídth of the panel, The

values reported are the average of measurements rnade at each

stiffener location" Any measu.rements whiCh appeared inconsis-

t ent were disregarded.

Qe-? ger- g-eqg þgçlclç- ggp'låLlids" 'rhe importa'nce of r^ting

smoothness has been previously rnentioned" An obvious

criterion of design is therefore the stress belton¿ which an

arbitrary acceptable buckling amplitude is exceededn A

buckling anplitude of o.? per cent of the rivet pitch wa-s

chosen as a reasonable upper limit" The stress at this

Value rn¡as deterrninecl frorn the photo-grid measurements and

will be found in the tabulation of results" Á'gain, some

personal erï.or is in-¡olved in its determination" It is not

surprising to find that the value so determined was close to

the critical buckling stress"

gr.1;t..rgA} bPckliqå

critical- buckling load,

stress. The value of Pçy, the

1r¡r ihrpe di f f erentvJwas determined
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methods as foll-ows:

I, The loa.d wa.s plotted against the reaCings of the

strai-n gauges attached to the sheet at micl-panel length as

shouin in Figure 79. The ordinate, a.t the point of inier-

s ection oí the initial straight-l-ine portion of the curve

in¡ith a. tangent to the curve at a point just beyond the knee,

was taken as the critical buckling load. The val-ues for

each gauge r¡iere averaged and divided by the cross-sectional

area of the panel io obtain the critical buckling stress.

This method is very satisfactory r¡¡hen the principal buckle'

oceurs in the zone of gauge attachment, but rnay give inagsu-

rate results if the buckle occltrs ou.tside this area"
1

2" P", vra-s. determined- by Southu¡ell?s* methodu This

mebhocl a ssumes a small initial curvature of the panel- under

a load below the critical value" A general expression for

the column deflection in the form of a trigonometric series

i s employed, the first term of which is predominant at loads

close to the cribical- va.lue, Assuming that the deflection is

given wíth sufficient accuracy by the first term alone v¡e

have

5 = -** 1f=-**--î
\rcr / y) l-

in which 6 i" the deflection, a, the initial deflection, and

F the load on the panel, Reai"ranging terms rn¡e obtain

P.* -l = a15
nr

L V6
t n¡ /nl.rj- t LY)A t

T imo shenko, Tþ_e_o_qy-
page L/ /,

o.å HlqËlig $!.eål_li-ty, I'IcGraw
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This indicates that , it 6 /e is 1:lotted against t tne points

wifl fatl on a straight line, Ihe equation is nov¡ seen to be

that of a str"aieht line in terms of the j-nverse slope and x

i nï opnonf. 'lth^ v 'i-nt ar¡onl- -'i r'^- ^ ^^'l Þ -! o '{"nrrnrl AS theIflUgI'UeÍ)U ø f llu /L l.ttLitjJ. çeyu ÈlJVUÞ d-lt d'IIu a CTr rù rvqrru

i-nverse slope of the line"

fn using this method the displacements at the centre

of the principal buckl-e were measured from the phofo-grid

negatives, and plotted. as il-lustratecl in Figure 80, for the

sheet at each stringer }ocation" The average value of the

inverse slopes was dividecl by the panel sectional- area, and

recorded as the critical buckling stresso
''Ihis 

method is always applicable except that in a few

cases the points do not lie on a straight llne, due possiblSr

to initial l-ack of straightrlesso

3 * The thlrd method employed consisted of plotting the

load against the deflection at the principal buckle. This

curve, theoretically, should have a sharply defined knee at

Þ Anl-rrc'l''ì ., fnr r¡¡-¡jnrr +h? knee is ngt shafp.f Cf'u 
jl'UULTAJIy, l-Uf Vd-I IULrÞ ¿ €d-Ðç,'I!Þt vrrç

The curve is therefore idealized. by proiecting a tangent to

the second part of the curve backward to interseet the loa.d

axis. The ordinate at t,his point of intersection was taken

as Ps¡ and the values so obtained tr\rere converted to the

critical buckling stress as in the previous methods" A

typical curve illustrating this method is given in Figure

81.
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4-{4f!"f-qqa-} -ç-a}-cul-a-tigqq " Values of Nhe non-dimensio-

nal- parametersr R"r"/nt (stiffener area over sectional area

of sheet between stif,feners) anò' Lft' (rivet pitch over sheet

thickness) were calculated and' have been recorded' These

valuesarecommonlyused.forgraphicalpresentationbyobher

investigators,and.havebeeninclud.ed'forthisreasononly.



CHAPTER VII

PIIESENTATIOh] Ai\D DISCUSSIOI{ OF RtrSULIS

Brggg4UA!'i-q'q'" A tabulation of the resulbs obtained

fromthefifty-fivepanelsl.-estedisgiveninTableLVII"
fn a. fer¡,r cases it will- Ì:e observed that some of the values

have been ornj-tted' In these iustances it was not possible

tod"eterrninethefigurevlitklreasonablea.ccuracy.Included

lnthetableareva}uesofthenumberofhalf\,..lavesinto

which the panel bucicled, and- also the type of instability"

Withrespec!tothenumberofhalf\^faves,itshouldbe
pointed.outrhatitisincorrecttoa-Ssumethatthesev¡ere

ofuniformlength',Iherivetspacingse}ciomcoi.ncided.¡¡ith
thehalf-wavelengthsandthiseffectrtogethervriththe

necessarilysna}}buckleamplitudetowarc.thestiffeneru

caused differences in the lengths of each half wave'

The type of instability is indicated by letter as

follows:
R-inter-rivet buckling
P-plat*-ulrårtiitg ;i ui,tn magnitude as to be

clearry visibÍe to the unaided €$en

r,,.*wrinkling of the "nu"i 
itai. rive_g" more half -

\dâv€so Ín this tyPe"óf-iaifure tþe half-
wavelens;Ë ;ó¡;ttäd-tã-nã independent of rivet
pitch,ii'äîãñ-;i-iåËtã¡iritv'beingsomen'hat
a-nalogoú=-tã sandwich buckling"

PR-ptate buckli"g i:ilially' follor'r'ed bv j-nter-

rivet ouckl-inf at f ailure "

Thecriticalloucklingstr.esstabulated.isthatvalue
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which was thought to be the most reliable from the

methods used. for its determination' In nosf cases

values r/,rere in close agreement ' For the f ew panels in which

inconsistencies occurred, there vùas usualty at least' one

value r¡rhich appeared' to be well-defined"

The urtirnate st,resses for paners of nominal thickness

"o8linchrr'vith4r516rand7'stiffeners'areshownprot*
tedagainstL/EinFigureB2"FigureS3showsthevariation

of critical bu.ckling stress v,iith rivet pitch L, for panels

having 4-p 5, and 7u stiffeners' In the latter case' the

tabu.la-ted.criticalbuck}ingstressvalueshavebeenadjusted,

to compensate for variations from the nominal "081 inch

sheet thickness' The curve for =:" stiffeners is of similar

shapeo but has been ornitted' for the sake of clarity'

DISCUSSION OI+ RESULTS

i,-q.ad digt-¡:ib,utio4" Trustworthy laboratory result s

fromaninvestigationofthisnatured'ependprimarilyonthe

attainmentofuniformloacld.istributionattheendsofthe
panel. In compression testing of a.ny type, this requirement

isdifficulttosatisfysinceasma.llecceniricityofload

apptieation causes bending of the specirnen' which' in turnu

increasestheeccentricity"l'trearlyallpanelbucklinginves-
tigatorshaveemployedsometypeofslid.ingpara}lelplaten

arrangement similar to bhe one shor,vn in Figure 6, and have

a 
^ci| /r\

three
+1^^ .i-]¡¡ac
UIIÇ U¡r! Vv
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attempted to obtain uniform l_oa,d distribution bv pro-
f¡irìind â^^rrFôj.^11, m^;1.r-in^-l î1 ^+ ^ñ.1v rurrrË d.uuu-l q voLJ rrrcLvrr¿rrÇu r !qv er¡u }Jcr¿ a1]-el 

=r"rr 
aUS at

the panel encls, lVlany reports have been pr-rblished in
r"rhinlr Áì^l ^+ +'t-^ îr/rrru{r crrar ÉSauges au ufte lour corners of the platen, a-s

in Figu-re l2F, were used as an inclication of uniform
loa.ding" rn these cases, the panels l^/ere foaded so that
all four cÌial-s gave the same readÍng during the test,
that is, the panel ends were, at all times, para]_lel"

This method does not result in uniform stress distribu-
tion ai any point in the panel. The reason for this i-s

due principally to the large vridth of the panel relatj_ve

to ifs length" Considering, for the moment, the sheet

alone, it is evident that its ends are armost completely
restrainecl from lateral expansion in accord.ance with
Poissonrs ratio by the cerrobend câp¡ a.nd by frictional
resistance to sÌiding at the pì-aten surface" The usual
practical interpretation of St. Venant ? s principle
indicates that the effects of this end. restraint should

die away more or l-ess completely ab a distance from the
end of about hal-f the r^ridth, that is, about eight inches

in the present case " Since the paneL length is only
twelve inches, no part of it v¡il-l be free from the ef.fects
of end restraint" I'or complete restraint the effective
valu-e of the modulus of efasticity in compression is

tr--"- -,, " It may be stated, then, that the compressive
1-l/"
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stiffness varies fron o-*E-==, at the ends, to appro:limately
l. _)r_

tr .at r¡i d-1 on c¡t 1r fnr, f ha oheet al.one " Thi s , of course , rvillJ-:+v_ Àvr¿Õv¡: t

r esult in a" corresponding va.ria.tion of the unit strai n

¡ -ì n¡æ 'l-1-'^ h^-^1 "l 
^- -+l^a rvrlÈ; vlf tj Pctllcr rc:rtÈ{ urr o

Considering the stiffener a.lone, it is logica\ from

the above di-scussi-on, to expect that the effecbs of end

restraint should disappear at about five-eighths of an lnch

f rom each encl" In oNher t'rords, the effects of end restraint

on the stiffener al-one are negligible, and its effective
coiapression sbiffness is E for almost its entire lengtLr.

lrrihen sheet and stiffener are attached" and considered as a

unit, ít is apparent that there ',.,.'i11 be incompatibility
betrnreen the stiffener and sheet stresses or strains" or

both. ff the platens remai-n parallel ou-ring loading, then

the stress in the sheet will be hiEher than that in the

stringer at all points, since the average effective rnodulus

is higher"

litore recent investigations have employed r"esistance

strain gauges on the sheet and sti-ffeners, and have tried.

to establish uniform stress distribution across the mid-

panel section. This was the procedure follovrred in the
*ø^^^-{- ^^¡'i ^s of tests. ff uniform stress in stiffenersIJr UÒçIrU ÐçI ¿úÐ vI uÇÞuÞ o JJ- L,l'll-L-l-LrI ll-t Ðþl- riÐÐ III ÞUIIJe:.

and sheet are maj.ntained during loa,ding, it is obvious from

the previous discussion that the panel end-s cannot remain

parallele but must approach each other more rapidly on bhe



ì

stiffener side of the panel" lhere

panel ends, resulting in bending of

hetrce the Panel as a whole'

onemoreeffectshould.betnentioned.Theedgeoft,he

sheei¡ sâY up to the fii'st stiffener' is not so greatllr

affected.bytheencrestraintasisthecentralportion.
lhisispart}yd-ueto.bhefactthatthestifferrer.sruechani-

callyanchorthecentralportionofthesheetintheceT'ro-

bend câpu As a result, the stiffness and therefore the

stresses in t,he end. bays of the sheet' may be elepected to be

l-ower than in the centre'

Dlfficul-ties in obtaining

rotation of the Platens has been

it is believed that the above is

nation of the Phenomenon"

As a check on its va'liclityt several transverse

gauges were installed on panel llo' 5t+' An examination of

TableLV.¡¡i}lrevealthefollowinginfornta-tionuallof

which corro.borates the above analysis' 'fransverse gauges 9

and l1' near the panel end's at the centre line' gave very

low readings, ind'icating nearly complete fixity at t'hese

poinLs" Gauge 7 o also at the panel end' but at the eo'ge in-

steadofthecentre'gavernuchhigherreadings,indicating
thatendr'estraintrvasnotaseffecti.'¡eintheendbays.
Gauges I and 10 at panel mid--length showed' the highest

L33

is thus roiation of the

the stiffeners and

u.niform stress r¡uithou't

frequ.entlY rePorted, but

the first reasonable exPla-
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readingsu approximately thirty per cent of the longitudinal

strains at the same points, Since Poisson?s ratio is 0"30,

this incìicates that the horizontal rnid.-section of the panel

vras pr.actically free from the effects of end restraint"

Further, the dial gai.Ìge readings a and b, ort the sbiffener

side of the panel, are larger than c and d, on the sheet

side, indica-ting platen rotation'

one of the best panels from the standpoint of strain

distribution rr¡as panel 55, A glance at the gauge readings

of Tabte LVI will shorv the readings in the end ba-irs to 'oe

lower than the centra.l read,ings" This condition, a-s well

as platen rotation, r¡Iâ-s evicient in nearly a'l-l- tests"

A conclusi on r,,¡hich inay be drawn from th'e above is

that it is nob possible viith ftat ptatens to load a stif-

fened panel in such a way as to obtain either a condition

of uniform stress or strain"

since failure of the panel usually occurs at mid-

length, it is believed that the closest possible approach

to uniform strain at this position is beiter than maintai-

n i nrr narafl-elism of the platens 
"¿¡ !r:¡r

Hn:egdlsng-tþe.Thepin-endlengt}rsofhalf-WaveS
íncluded 1n the sl-lmmary of results shoulcl prove to be of

value iir developing and checking theoretical aspects of

this problem. A few observations are of interest" Consi-
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i?q

Ä arì¡æ r-r¡n n8l inch pa.nels, it wiJ-l be noticed Nhat inU EJ -LrIÉ UIlt:; g\-/U! ¿f!vrr yclr¡v¿u, '!v

those panel s \,ühich fail- by wrinkling, the pin-end length is

aporoxinately 2,OO inches, regarclless of r.i-¡et pitch,

st-i l"fonor nitnh or nrrmhpr of stiffeners" tírinkline didOvI¿!çl¿E¡ YJverr, v¿

noN occur at rivet pitches gi'eater tha.n ?"50 inches" At

rivet nitehes ..F^.rar l-hcn 3,00 inches, the pin-end lenglh¿avçv yruvrrçJ È;1 YÚ-uçJ vrlarr )øvv !r¡v¡rur,

l.ra.s about half the rivet pitch, the sheet fa.ilins likc a

f ixed lJu-lor column betv'¡een rivets, as in I'igure 3" At

rivet pitches between 2.00 a.nd 3"00 inches, the pin-end

len¡çth lr'as nearllr equal to the rivet pitch " 'rhis, of cou-rse 
e

involves d.istortion of the i'ivets and sbiffeners'

lli!Ågggg -F*-!å-e-F-ç-ç1¡-" These values, plotted on '+i-gure

82, have been checked. as far as possible with other rlatau

and have been found to be in clcse agreemeut, especially a.t'

t,ho hi øher .st*oôÕôo rìr.nl i e¡f. o nsno'l . ìr""U teSteCl in a- fef,¿
- -t C¡ÞVÐ o iJU'Ptr!,d-uç JJC'IIçJÐ v

^ ^ õ^o onÄ r^rì I ] þg f ound- in Tabl_e LIII . 'l'he resul t SçdÐçÙ 9 OIIU V!!¿! vV IvuIIv- !rI !QUrv !v:r o

checked rema-rkabfv l¡ell- r¡¡ith the original va.lues,

Çr-itic+À gug}l-ll].q -Fi-{.ç,4-g.9q." I'-igu.re 83 shows curves

o f some of these value s " The most striking par-t, of these

curves is the appearance of cusps, divid.ing each curve into
'i- lr-¡aa 'nnpJ- c r[r].i c orr n'n'a o l- g that [hef e A1. e f,h1. ee bUCklingtrl-L¿'ej(j -[-]d,l. tuÞ+ rI:IÐ ùuÈi¿i)ËÐv

r^ry-i.¡a- Äanandinc'r'ìì1 rirrot, -nif.nh rnrl tLfiS iS bOfne OUt b,yI lJËJ:lrCÞ Uçygrlurlr¡l vr¡ r ¿ v uv I ur¡q

the three varieties of pin-end, lengths previously mentioned"

Curves of this nature ha.ve not been previously reporteci, a.nd
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are definitely of interest from the theoretical sta-ndpoint"

A great deal of tirne has been spent on photo*grid readings

in an atfernpf No find some definite type of buckling corres*

ponding to these regìnr3s, but without success" About all
that can be sa.id at present is that they correspond v¡ith

the pin-end lengths associa.ted with v.rinkling, Euler sheet

buckling, and Nhe phase in between these two" Ät the peaks

^+- +''^ bhe critical stress wi-Il- be found to be veryV I V¡l\J V L JJÞ , UI1ç UJ I IJ I \/C1-L ì

close to the ultimate stress.

.Q*? p"Sq çee-!_ ! Þgç_ktg e;æLf_!gdg" The smoothness

criterion of specifying critical stresses will be seen to
girre results which are close to the critical buckling stress,
but which are in general so¡nei,vhat lower" This is an indi-
cation that if a high degree of skin smoothness is desired,

even the crj-tical buckl-ing stress is on the unsafe side, If
this statemenf is accepted as true, then no theoretical
sol-ution to the problem is possible by existing methods,

since all of these methods involve determinations of P^-"

Plaf ç bqc_kling, According bo publlshed data_, panel

79 should have failed by ?lpure inter-rivet bucklingr?, unaf*

fected by plate buckLing" It is difficu-l-t to visualize just

how the sheet coul-d buckle between rivets before buckl-ing

between the stiffeners, but t,his has been presumed No be the

case by most authorities" Careful measurenient of photo-grid
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L37

negat j-ves ha,s revealed the f a.cL that panel L9 devel oped

slight u but well -CrefineCu anti-symmetrica"l- plate bucl<ling

initially, after r^¡hich inter-rivet buckling occurred,

n:¡qi ncr d'i sanllearance of the plate br-tckf ing' 'Ihis is ill,us-
vuse4r:¿l

tratecl in Figur"es 73 anl 7\' This condition t'r¡as observed-

in many of the panels tested, a-nd is bel-ievecl to have

occurr"ed in all of thern"

The ori-ginal problerne namely, buckling of stiffened

panels excluding the case of plate buckling is, in the above

light, â0 impossibility" '.1ìhe difference between thin and

thick pa.nels in this regard appears to be onllr 6nç of

degree, the plate br-rckling in the lat,ter case being of such

sma.ll amplitucle a.s to have esca.ped. notice. Thi-s perhaps is

e statement which wou]d only interest the theorist, because

the amount of plate buckling is so small a's to be practical-*

1y negligible"
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