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FLAT SHEET KE TAL GIRDES WITH VVRY HI
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! ETAL WEB*

By ierbert hagner

PART I

General Theories and Assumptions
Preamble

This treatise on sheet metal girders with very thin web is
the result of my activities with tlie Rolrbach Metal~Airp1anel
Company . .

'My object was to develop the structural method.of sheet
metzl girders and should'for that reason be considéred solely
from this standooint. The énsuing‘methpds.were based on the
assumption of the infiaitely low stiffness fh bending of the
metal web. - This simplifies the basis of the calculations to
such an extent that many guestions of great practical importance
can be examiaed Which.otherwise cannot bebincluded in any.analy_
sis of the bending'stiffness of thé buckled'plate; I refer here
to such p01nt as tbe safety in oucxllng of uprlﬁhts to the ef-
fect 01 bendlng flealb¢11ty of spars, to spars not set paral‘el
eto... C . '

. Tne aesunptlon of 1nf1n1tely low re51stance in bendlng of

the plate nroduceg errors whose lﬁuenolty and effect on the |
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‘cluding with -several rough technical computations. . -+ '

‘web," 8o as to p;oduce a diagonal tension field under stresses

oo,

3 I".A.C.A. Technical Memorandum Ho. 604 ' .

stress in the plate will be discussed in Part II. It becoies .
apparent that the formatlon of wrinkles 1nduces 1oca1 bending
stresses which are pronounced even in very.tq1n plates and which
also have a certain effeqt on the stress of the material, But
primarily, it should be noted that the ultimate load of a sheet
metal wall is always correctly 1nterp;eted by the subsequent
theory, hecause axter exceedlrg the yield limit the beading re-
sistance (almost) dlsappeams in comparaulvely thick metal plates.

Omission of the bending-resistance of the plate has practi-
cally no effect on the calculatioh-of-the;mean tension stress in
the_web and consequently on that‘of the epars and uprights.

The_Calbulation methods in this report are confined to flat
sheet metal girders because their derivafion and application re-
quire no eXpérimenfal'data; the curved sheet metal girders are
$0 be treated in a later report.

We beégih with the simple, so - to say, every-day applied cal-

culations, following with explanatory considerations, and con~

SN

ThlS report is qalte vo;uulnous, aﬁd it tne efore seems de-—

" sirable to start with the ran e of appllcabllluy of these calou-

lation.methods. ‘hether it is appropriate to'buildla sheet net-

al‘girder Withva shear—resistant web or with a "thin-walled"

(ouL ca;culaulon methods refer to the latter), depends on the in-
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ﬁensity of the.cross étresé ;Q wﬁtﬁ réspedt to tﬁe girder height

h. Theqe two Ouuﬂultleu ere best conblqed in an index value Ky

of the sheeu meual glrder

.
1l
»
Q_

By small Ky it is advantageous. to use "thin-walled" webs
(fields of tension diagonels), by high Xy shear—resistant webs.—"
) ’ 3 W

. For duralumin (there is no appreciavle difference for stecl or

et il R R A A

U ‘wood), the transition by, Ky values of about 2 or 3 kg, is
| z om™? | |
Let KW = g correspond, for example, to a girder h = 50
cm high, and which is to.be subjected to‘a‘oross.stréss
i Q = 10,000 kg (ultimate load). The chect metal web of such a
gircer ié of about 1.3 nm wall thickness; to make the web re-
sistant to buckling fhe spacing of the reinforcements must not
~exceed forty times the wall thickness, that ig, 50 nm. (The al-
‘1owable ghear stress then about equals the yield.limit -~ See 1928
s ' Yearbook of the JlSSGﬂSCh&LtllChen Ges chaft flir Luftfanrt

page 119.) It becomes obvious that thae relnlorcenents (uprlg 1t8)

RIS T/ LICT Gu F ST PV I

' . mast be alre@dy spaced close togethor, and that even with this

high KW it is of no advantage to niake the web resistant to

shear.

\ ’

The Xy values of beams in beﬁQ1ng in airplane construction

~are, however, "lmost without exoopt;on, mar“edly lower, and we

8

Ly
A

are forced (unless we prefer dlssaulsfactory structures) to(let

the web Form wrinkles.
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Yes, even if we Dlace whe uprizhts close enouwh so that ¢ 1
wrinkling is not very pronounced in norﬂal fllont SuIeSSGS (to %
ensure a smooth skln, as of a w1n@) it nevertheless Wlll be im- :
possible to prevent'the expre ed formlng o¢ the dlam01a1 ten-
sion field under higher streuses. B

This is the reason that practical 1y all sheet vetal zirders
ueed”in'airnlane constiruction are Iormed“and calculated as diag-
onal tension fields (unless’ oof;ugat d plates are used) llore~ .
over, bearing in mind tHat such ‘a-thect metal girder is generally
lighter and less expensive than a lattice C~1rder, it is entirely
justifiable to'subject-tﬁeSe problems to an eXhaustive investi-
gation{
| Various Honmathematical Considerations -  +

Assumptions

Let us ﬂaxe the Lollow1ng exper\nents.‘ Take a eheet of par
per or a thin metal plate (Fl 1a) w“len bends ehSlAy Now
fold it in oaral‘el unlform wrlnkleo or 1obes, as in Flvure 1b
While doing thls the two edges A come closer together (by A a), :
.uhe ratio of the depth of the width of the ernhlcs then depends
on the amonﬁt of this doproaoh This process of orlnglﬂg
edges A closer together is accomplished with p act;oally 1o
resistance, and the amount of compression exerted perpendlcular
to the edges A‘ is zero (or very nearly so) ‘- -

Now let a tep81on o be applied at th uooor xﬁd lower edge -

of the lobed shect (Fig. 1lc) wiile the dlSuence of the edges A

; L e A e e BRI s N ER
A it o e 4 s el v - n \ E
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; is to remain the same as in Figure 1lb. The sheect will withstand

considerable tension stresses in this direction without any appre-
: ciable change in the shape of the wrinkles.

If we applied tension stresses obliquely to -the wrinkles it

would neceséitate'thezprESGﬁoerof'outside“stresses perpendicular
to the surface of. the -sheet in order to preserve equilibrium of
the stresses and the stress components acting on a metal strip
perpendicular to the .surface of the sheet. .

;* | "But since we dlsa1LOW the preqence of uuch stresses, the
uenS1on must be applled uhe dlrectlon of the wrlnkles. " Be-
sides, it is clear thau’6hiy’ténéibﬁ'stresséé'éanlbe applied =

in the direction of the wrfnkies; but'ﬁo'compréssion stresses,

because the 1nf1n1te1y tbl sheet is not buckling resistant

under comp;eu31on¢‘ B - B o ‘
Likewise it is pof'pérmiséibie to have shear“sffesses act’

at the edges in the dlrectlon of the wtinkles nor perpendlcular

to them, because of the 1nib111uy of ‘an 1n;1n1te1y thin sheet to

e AT AR Y R AR e M e e

‘ take up such shear StieSéeS'(it'would collé@Se'obliquely to the
shear stress). | e

' It might be inferred that; due to the curvature of the sheet

when ernkllng, it was neverﬁheless in the p081t10n to carry such

T beab vt st {4 foo il SMEAEA T

oy =

shear, or, compress1on stl sses aCulpg in the direction of the

»

wrinkles, but such is'not the case. The depth of the wrinkles
~and the induced curvature of the sheet’is infinitely small as'

long as A:é is of the order of an elongati .on, thet is, infi-

A A — > g OO 1)
-~
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hitely &nall infthe gense of the theory of elasticity..

~We therefore repeat that the solely applying tension stress
c is a principal stress.and that the sheet in Fipure lc is sub—
Jected to a uni-&kial stress attitude, that is,- that the prihoi—
Ppal stress’ ¢ ‘alone assumes sn appreciable value, while the.
othef printipal stresses are zero (or nearly so). The elongation

€ * induced by the tension -if

€ = "a(Efi'Young’s mOdﬁihS)-"i (1)

B9

It is ip the-direction.of principal stress 0 (direction of
lobes) and is the greatest positive elongation of,the_shéet.

It will be noted ,that no assumptions are made ;ggaﬁding the
intensity of bending stress which this wrinkling of_the_shegﬁ
produces. Later on we shall show that this bending.stréss is
very low for the considered very thin sheets. ’

.If we had observed the sheet very closely while tensioﬂ o
was -applied, we would have noticed a slight decrease in the 1ob§
depth, because the contraction in area induced by the tension
sligntly lowers the lobe-forming effect of the approaching edges

A. TFinally, we can allow o to become so high that the forma-

. . . . g > '
- tion of wrinkles stops (1n:whlch Case —m = %%), out we shall

disregard tnis in.the present report. We further assume that
the dqbe-forning contraction in area
. . AhAa
- GQ'—" o g

. no matter from what cause (for example, deformation of edge pro-—
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*

rfiles of sheet metal girder) is greater than the transverse con—
tfaétion due to fenéién;'éo that B - o

- €d - % >0 (m»=_txansversé»ébpﬁ?aétipnﬁfigure) (2)
We are always in a position to check;thése~qonditions which de-
pend on the type of consiruction and on.the applied stressés.

We now shall summarize the chief features of our discussion
thus far:

If-a very thin pla%e forms-wrinkles during deformation,
there is no normal stress perpendicular to the run of the wrin-
kles, no matter what value - eq.-may:assume.(prov1dea 1nequat{on
(2) is . complied with); consequently, elongation;c falling in
thegdirecfioﬁ of the wrinkles is affected by ¢ (equation 1) .
but unaffected by - €q- There -is no shear: stress in a section
. perpendicular or parallel to the wrinkles; 0 being a prineipal
stress the direction of. the wrinkles is in that:of the greatest
positive elongatlon €.

Before proceeding to. more general cases we examine the dis-—
turblng effect of the edge profiles.’ Assumlng our plete with
area a a 1o be bounded by four—edge strlps, WhiCh we load and
deform conformal to Flgu¢e 2 (while tne strips remain stralght),
the nlate edges become ‘deflected as in Figure lc. 3ut since
the plate edges must now remain flat, wh le the center of the
plate is pushed out of its-original plane (at-tnennlghest half
the deptﬁ of the wrinkle ¢{), © now must be -slightly higher -

(by Ac) than E ¢ . (e = elongation as secen from above).
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Now we shall indicete that this incrsase A 0 can be dis--

rations.

Aa
s |
lobe width to lobe depth. And it can be shown that the number

[6)

regarded in our consid

"By given '~ €q =~ and given O we know the ratio of

of lobes by given edge deformation is higherigg‘zﬁe plate is
thimer, and consequently, that the width‘aaé the depth'of the
lobes ¢ is snall in thin plates and pecowme iniinitely small
({—0) when the plate becomes infinitely thin (s—>0); put in
the limiting case of‘ 8 0 with diminishing lobc depth, Ao
equally epproaches a zero value. , '

Tius. we assume (the extent of these assuwaptions %o practi-
cal cases is given in Part II ~1H;A,G.A. Technical Memorandum

Wo. 605), the plate thickness s +t0 be such that lobe depth 4

is small enough to make A0 negligible with regpect to 0. This

-

eliminates the width and depth of the wrinkles from the consid-
eration, leaving, however, the direction of the wrinkles O, ¢
and -~ ¢y, respectively. The connections Detwoen these quanti-

ties and the deformation of the plate edges must te explained.
Exanple

Le: us teske o square panel a a formed of four perfectly

_rigld mewbers but with flexibly connected corners (Fig. 3a). To

‘make this panel suitable for taking up transverse stresses, we

Y
reinforce it with cross diagorals D, and D-. The stresses in

the diagonals (as long as D, does not buckle) are inversel
'6 : v 015 ] 2 »
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equiValent; D; 1is stressed .in compression and D, 1in tension,
But if the diagonals“cgnsist of_low'bsnding.resissant sections,:
any further increase in cros S, stiess,"P;AihQuces D to buckle
long before stress in it reaches_the yield.iimit of the material.
By furtlor 1ncrease 1n P We can assume that the stress in the
buckled D, remains constant but that thereby the tension in
D, raises twice as L&St, 80 tnat Ilnally the tension diagonal
D, transnlts the OTlﬁC;p&l po;tlon of the cross stress. During
this deformation the aqg%e formsdrbyvtne two dlagonals remains
rectangular. | w

But instead of ‘the oross diagonals we canfﬁse a solid web
plafé‘(Wall thickness =.s) - (Fig. 3b). The principal stresses
ol‘aﬁd O, slope,»as-we»know;nat:45° toward the direction of the
edge strips, and are of the order of + T.

Now a further incréase in stress P forces a comparatively
thin plate to buokie with respect to compression stress O,
(thissbuCkiing is of course soréwhat delayed by the contemporary
tsnsidn stress .0,); that is, the vplate wrinkles inlthe_direc— '

tion of principal stress o, (Fig. 3c). . Under continual rise of

P only 0, becomes materially larger and assumes, in the limit-

ing case, twice the value of the plate in shear. This means

that o, may be disregarded relative to 0, for very thin plates

" and cox respondlrgly high stress P.' We- say. the plate is under

ten81on, 1t forms a dlaoonal tension fleld. ‘~‘

Iu 1s easily shown that by the described deformatlon of the

e
*
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plute edges all flbers runnlng in the dlre0t10n of the wrinkles
undergo the same eWOngatlon ¢ (the edwe sections to be perfect-

1y rlgld, hence res1stant to bendlpg) 80 that q_ has a COﬁstant

“'value in the whole fleld The verulcal component of the stress

trarsmltted by the plate in cross sectlon 1 (Flg c) is calcu-
lated as*'
L N P .‘ o
0, —=. 8 8in 46" =0, ~—= =
'1, ‘\/2 ] ' 1
o o, = 3 -2.= 27,
~ T T a 8
'NQW'Wé'éésﬁﬁe'the plate, having formed a diagonal tension
fleld to be cut 1nto nunerous s*rlps parallel to the wrinkles
80 a8 to form vothlng but individual diagonals. This does not
change tae stress attltude in the plate. ~ Supposing-that this

raro

cut was made'prior $o loading and & streight line was drawn on
the-nlgléﬂEQer tiese separate dlagorals, we find that this line
ai%o‘féméiﬁ§“d’sfraight one after the deformation. This, how-
ver, Sil-épiiie7§: ¥iiat & ‘straight member; if flexibly attached.to
the edge strips can reiuain straight after the deformation and 13
not stressed laterally.. If we ‘pYace the plate parallel to the
rigid edge strips (Fig.-3d), so . that the distance of the ends

of the added;plate does not change darlng the deformation, this

plate is not saDJected to deforuauloa at all, the plate exertin

*It can be prove@ that tae traasversu ‘stresces in the two edge
strips et ‘section 1, ‘induced by the ouresoed skin, are ianversely
equivalent, so thatutue cross stress transmitted by the skin
must = P. T :
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no effect on the panel and vice versa. - It has no effect on the
deformatlon attitude of the sheet metal, nor on the direction
of the wrinkles and tension stresses, réspectively.

‘When the edge strips are rigidly comnected the direction of
the tension siress in the skin is unaffected by the distance of
the members. If the four rigid edge strips form a rectangular
panel or field the tension stress slopes at 45° toward these
strlps.

‘Differential Equation of t?e Diagonal Tension Field -

The Uni—Axial Pl ade Stress Attltude

In a plane stress attitude we generally'find in ‘every point
of the plane two.principal stresses at right angles to each
other and having a finite intensity, Accordingly, a stregs étti—
tude 1s unl—axlal when one of these principal stresses is zero
in every p01nt oE the conQ1dered part of the planec of the plate.
The stress traJecuoxles form that system of lines which pertain
to the principal sticsses which are not zero.

Now we prove: |

-Theorem 1, that the ctress tfajectofies in the uniéaxial

plane stress at tltuﬁe are straight lines;

Theorem 3, that tae 11e1d of the principal stresses is

frece of sources, i;e. that the distance of two
ad;aceqt stress traje ;torleo is inversely pro-

portional to the initensity of the principal

B Sl i et b e e AVRER R 0 D LRI e e et ¢ a0
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Before attempting the mathematical proof we check its acou~

racy in a simpler manuner. We exnibit in Figure 4 several stress

trajecteries. In conformity with ‘our assumption- the .second prin-

cipal stress is zero and, owing to-the'absence'Of'shear stresses
in the planes of intersection alongttheAStréGSftrajectories,
there are no stresses in the shadsd»part of the plate marked II.
Fromithe equation of egquilibrium for‘this.part of the plate it
follows that the two stresses acting on area I must be inversely
equivalent, that 'ig, in the same direction, and that the tension
stresses 0 (principal stresses) must be ‘higher as the two ad-
Jacent stress tragcctorles come closer toge her. This proves
the accuracy of thc above two stmtemcnts. o

WG see on I?‘wL'ux'x, 5 a vcry small trl‘mgular p;eco of the
piéié; Low lct o rop e'c t tho pr1D01pal "ElCSo which is not
zero"tnc secord DI 1nc‘bs1 rcss 1s to be zero, a to deno£e<
the olrectlon of the p¢1n01oul stress. Under thesc assumptions
we can compute tqc stress 8 ox, oy, qd Txy acting on the

plancs of intersection in dlrectlon of axes x and y, as

%x

. "

0 cos®a

J sinz a

oy
How we consider the principal stress ¢ and its directional
angle a a8 steady function of coordinates x and y. Noting

that the equations
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39y | BTy ‘doy | AT
+ i = M J + Xy =
o0x  Jdy 03 oy 9x 0

are valid in general for the plane stress attitude, and intro-
ducing the above values in these equations for Ox,'oy, and Txy»
we obtain the differential equations for the uni-axial plane
stress attitude. A partial execution of the differentiations

indicated in these equations, followed by transformation yields

vva—gcosa+-§-gisinazo=iqig§-+lqd—y.=-ag
ox oy ox dz dy dz oz

3(0 cos a) , 3(0 sin a) _ b
90X 3y

{(dz Ybeing a linear component of the stress trajectory in the
direction of a).

The first equation implies that a does not change from =z
in direction, that is, the stress irajectories are sfraighf‘
- lines. The second equation containé the dérivatives of the
principel stress-components 0 and expresses the nonexistence

of sources in the field of the principal stress O.
The Attitude of Deformation

‘Figure 6 shows various straight stress frajectories..‘As a
rule the stresses of two adjacent stress trajectories differ;
the shaded portion of the plate lying between both stress tra-
joctories is therefore more elongated by one trajectory than by

the one adjaceant to it, and its effect is to cause a slight
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curvature in the originally straight plate fiber g (as in an

arched girder). The radius of this curvature can be calculated
cched g > cas

from ' . :
o 1__.xag__8e ot i(g)
P E yn L |

on
where " n - is the direction perpendicular to the siress trajecto-

ry. This ‘curvature . 1/p is inversgely proporwional to the modu-

- 1lus of elastlclty E of. the material and accordlngly, to be

considered as 1nf1ﬁitely sma11 of the flrSt order 11ke all def-

ormations of an elastic body. -The plate fiber parallel to the

stress trajectory g, therefore, is straight even after the

Joading (dside’ from just this infinitely small quantity).

The next step would be to examine the propértiés‘éf'thefﬁ5

field of the transverse contractions = in ordér to ensure
) .

the properties “of the field 6f"élongati6ns ¢, -but for the time

being, we are only concerned with deformation attitudes in which

the “contraction in area -is constant over the whole Tange of: the

plate and leave these questions for later discussion.” Wé merely

state here that - €q.2 - as snow1, does not rep;esent the con-

tractlon in plate area due to pr1ﬂ01pa1 st"e 38 0 but pertains
to the ‘formation of wrinkles. Thus, when the ‘two plate portions,
1 and 2f(see'Fig?“?)*éftér'lbading”énd wrinkliﬁg~ere in the’high—
est p01rts (pOlnuB of culxlpatlon) -of two adjacent wrlnkles,
ed‘“ieprésénté'the'iatio-bf"the-distance of approach (shown
2 - t>’qq in Fig. 7) to width of wrinkle b; - ¢ denotes

the comparative (specific) approach of two culmination points.
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The comporative approach of BIO other 001nus is gencrally differ-

N

ent from - €qg. vt the fartner tne space of the two p01ﬁts for
glven W1dth of w;lnxle, the closer thelr specific poroach to

- €q- Consequently, the transverse contructlon - cq can ve

expressed as the specific transverse approach of two points, pro-

vided the two nointe are far enough aspart to be crossed by a
. P & 1 DY

large nuiber of wrlnﬁles. If, in the limiting case of the in-

flnltely thlﬁ plate,_ohe width, of the wrink}e is infiﬁitely

_small, tnen B eq ylelds preclsely taé transver e app*oach of

two points whlch are a. flnlte space from ea ch other.

One more ronark on wrlnkllpg, whlle 1gqor1n~ Lor tbe tine
being ithe appearance of a,tens1on stress 1n the plate. A very
thin plate can‘only be brought 1nto such a form (we 1gnore the
very slight stress in bendlna) which is redevelopable into a
plane without produc ng st;esqes. So the area produced by wrink-
ling must contain a sheaf of straight lines, the wrinkles mus?t
be straight. | ' o | -

. The‘simplidity of tpese considerations is based on thé for-
mation of straight wrinkles without resistanqg,iapd on the fapt
that wrinkling -in the very thin plate calls.for a uni-axial
sfress attitude, which yields straight stresg‘tfajeptories, 80
thétzthe principal stresses are able to follow the shape of thé
wrinkle at every point.

Our next problem will be to define the deformation attitude

of the plate when the deformation of the edges is given. Thus,

e e e tipe s SE—— e mn e el e g g pem e £ ot [ ine e e—e——a———— e 7 e
| TR PP 2 B e o IR T o NG 0 3 et o e 1o £ S R N R e ) :

i £



MR e 444 S SO, W g G4

Ranhamadt o o S0
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with equation (1), theorem 1, and theorem 2, we so choose a def-
ormation € due to 0 and deformation v~'§q that cértain limit-

ing conditions are complied with.

Rectangular Panel with Edge Strips Rigid in Bending -

Given Deformation of Edge Strips’

Now let us consider a rectangﬁlar ﬁanel with four flaxibly
connected edge strips (Fig. 8) and covered with a very thin skin.
Due to the 11tera0uloﬁ of out51de forces the eage atrips are sub—

Jected to le hgth cﬁanges. _But we assume that the length changes

Xx in the two St"lps parallel to ax1s x are eqaal and 11ke~

w1se that the leﬁgth changes Ky in the strlps parallel to axis
y are equal. VNow, if lx. and Ly is the lepgth of these

strips, the elongation in the directiOn of axés. x and y be- |
comes - | a

y ly . 75

. We further presume that the SbrlpS, due to’ the aoulon of

the outside forces, are subJected to a dlrectlon of ‘change at

~ang1e Y and Yy. The mutual angle formed‘by both éfripé after
~the deformation differs by Y = Yy + Yy from 90°. _In addition,

let us suppose that the strips remain straight by the deforma-

tion.
To calculate the direction of'the-énsuing wrinkles and the

tension stresses in the skin, we proceed as follows.

-



S —

oy e v

AT — s e V11 0 e R et o
.

N.A.C.A. Techaical Hemorandum llo. 604 17

- We assune the plate is resistant to buckling; then we draw a
circle with radius I around a point O while the plate is as
yet undéformed. -Now when -the. edge strips are deformed the plate
does 1ikewiée; and- the b&rcle becones an ellipse.: The.shape-and
position of this eliipsekié unaffected by the selection of point
0; the attitude of 'deformation is the. same in all points. The

directions of the principal axes presage the directions of the

‘. principal normal stresses. - Let us suppose . the deformation of

the edge strips to be such that one of: these stresses (the one

~falling in the direction of .the great main axis) 'is in tension,

the other in compression. Now, if the plate is.not resistant to

buckling it collapses under this compression and wrinkles in the

direction of the princibalitensioh stress. The position of the
'eiongation~éliipse-and'the amount of the elongation are kept -

perfectly -intact, provided the élongation ellipse was drawn

- largé enough t6 extend over several wrinkles. (Strictly speaking,

this statement applies only to the limiting case of the infinite-

1y fhin-plate, i.e., for infinitely small»wrinkles.). The elonga-

§ '~ tion in direction of tﬁe_large axis of the ellipse (thistelgngar

§ tion is called ¢) now corresponds. to the pripcipai.tension.‘

1 _ . . : ,

| stress O, which is the direction qf_the wgigkles. The elonga—

L ,tion}perpehdicular to i% is.our transverse contnaction - eé.'.

b This proves that the geonetrical relatioﬁs between the elon-
’ gations in a buckled plate are exactly like those in a nonbuck-
- * led plate. |

P SET— st e — e
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Now we would like to propose a somewhat clearer method for
; defining the direction of the wrinkles (Fig. 8a). Beginning
.+ ¥ith the.deformation of a thin plate, we assume an originally
fﬁflat npnstresged_thin plate to.be evenly deformed through some
.kiéuﬁsidevfprpes.so tha# théuparallel tension stresses. o,:'Whiéh
form an-angle o -with axis x; -elongate the plate evenly in’
the dircction of. ¢ %o the amount of €, and tﬁat owing to the
uniform wrinkling in the direction of ¢, the plate is subjected
iq‘angeguiva;ent,transverse contrection -~ €q perpendicular to
( !this,direetion.;3Ihe;quantities a, €, and - €q» which are-con-
~stant in the whole field, are agsumedly given.
Thus, when we draw two straight lines on the plate prior to
.deformation, one in the directiqn of raxis x, and the other:in
that of axis. y, .these lines undergo changes in length and di-
rection by this deformation. For example, pbinf Py, original-

.1y on axis: x.-.and having 1, a8 abscissa, changes its position.
- Y : - . . (= X 3

g
|
|
g
|

- The Components of its displacemcnt are:

r_ -- . . . L (.. . . . .. . . o L
Ay = Uy €4 = 1x(€ cosz a + €y sin®a) - in the direction of x,

“lg Y= lxsin a cos a (¢ Lféq) ‘in-the direction of y.

M
i

Likewise, for point ' Py ~on axis 'y (3a)

—— N

Ty Yy = pyfsin:d cos ale ;“cq) in the direction gf X,

ny = ly €y = Iy“(e-sih? ot ey cos? a) in the d{reCtion of y.

[

Consequently, Lo
€ cos® o .t €g_s8in® a

.

.
L
sy e 3 e (o e Ao 1

Bt

€y = € sin? o+ eq cos® O | N {3v)

Yo+ Yy =Y = 3 sinacos & (¢ - €q)

- fai s Tiwe w B A P X
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Now let us arrange on the plate, prior to deformation, .four
flexibly connected members, forming a rectangle and parallellto

the axes and then subject the plate again to the previously dis-

cussed deformations a, €, - €q cand at the same time change the

length and direction of the four members as outlined in (3a) and

(3b). The connection between sheet. and nembers. remains intact

over the entire sheet length, providing we force the plate,

which. likewise has moved on both members to the depth of the

‘.wrinkles from_its original plane, back to its initial plane on

the members, as in Figure 3. If the plate is veryAthin and the

wrinkles are, accordingly of very small width and depth, this

forcing does not change the stress atititude of the plate appreci-
ably. Equations (3) also indicate what the deformation attitude
the edge members running iq_the direction of the axis must be, if

the plate deformation (o, e;- qq) is given. Resolving these

eduatidns according to a, €, €q that is
) t ) y 4 , ( _
an 3 a = GG 4a)
¢=Lext e+ (xm gl v (a)
, , _ 2 :
€q = % (ex + €y) - %A//(cx - €y) + Y? .(4c)

" these equations yield

(ex, €y Y) at least

Equation (4a) is

of the wrinkles is 45°

bers are not elongated or else have the same elongation by an

for given deformation of edge members
a feasible deformation attitude of the skin.
quite simple. I+ shows that the direction

in a rectangular Tield when the edge men-

'
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aﬁgularlchange Y betﬁeen ﬁhese members. In case the vertical
edge memoers are under a slight tension or ‘even compression the
wrinkles run at a*élightly smaller angle to the horizontal. If
the‘cbmpreSSion; for -example, in the vertical edge‘méﬁbers is
lower than in the horizontal, the wrinkles are in more of a ver-
tical direction.

| Equations (4b) and (4c) are out of the discussion inasrmuch
as they are not used, at least for the conventional calculations
of sheet metal girders. After defining angle o the tension
stress 0. is more easily determined from the outside stresses of
a girder.

Now we must prove that - ¢ - >0, otherwise our consid-

£
n
erations have no real meaning.

Adding (4b) and (4c) we obtain:

€ + €q= €x + €y

€

For - & "R >0 it follows from the last equation that

this condition can also be expressed by

. - |
- (et @) >0 - (44)
Since in sheet metal giiders it 1s exclusively the case of
6.5:0, and e% + ¢y <0, our method of calculation is always
applicable in normal cases. In abnormal cases the validity of

(4d4) must be proved, which generally is easily accomplished.

Lastly, by certain deformations of the edge strips, that is,

LR T S,
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by 1arde neoatlve €x and ey by small andle of dlsplace—

ment ¥ (Compare equatlon 4b) 1t mey happen that both €q and

i'£~ are negative. In that case the whole infinitely thin plate
; 1s Wlthout st*ess, 1or compre981on 1p both dlrectlons is impos-

.81b1e. however, such cases do not occur when the fleld of bend-

ing resistant edge members have to take up and transmit cross
stresses; consequently, in sheet metal girders with bending re-

sistant spars, o is always a tension stress, when cross stresses

. occur.

Given Stresses

We rewrite equations (4) but in different form, because a

sheet metal girder is usually given With_thevallowable compres—

‘sion stress o, of the uprights and the allowable tension stress -

y
o in the metal skin. To save weight, we dimension the members

and the metal skin so that .he streéses“at failﬁie underlloadinge
always reach the maximun qafe value (for example, the yield .lim-
it). Ve will also show that the stresses existing in the two
spars in practical‘eeses'have no appreciable effect on our prob-
lem, and that this stress o, on the average ¢an be expressed
-5f a small compression stress, namely, the meaﬁ stress, of both
spare.'»TheFanglefof displdcement Y is usually not given and
must be computed from the given quantities. Se we assume . that

Oy, and o, respectively,

5 SRR e sy T

b L T
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‘are givén, and wé obtain from equation (4) by transformation

C— Oy €= &

: ta.n20, =.G_... Gy = ‘E-—— ey - R (58.)

0 ='§.v/(c _'ox)j(c -'cY)'z 29/—15 - ci)‘(é - c;) 'ﬁsb)

™

.. T Q= €~ &x - &y o . ;"'(5G)
Lastly, we ocompuie Y by given a ¢, €x. We obtain.

- ¥ =23cotia e - ex) S .(67

Wow we work out a simple example. The compressioﬂ Oy in
the uprights is (in order to avoid buckling or wrinkling) to be
slightly 1ower than the tension in the metal skin, and we carry

our example through for three values

. Oy ) « -
""X = - 006’ b 0-7, hd 008
0 .
For oy we write - 0.3 0, and for a we find
| 400 50!

409 00!
390 151

muu

e

From thls we can oonclude that ;or practlcal cases angle o caﬁ
nearly always be assumed at |

o= 4o° i'v  ' — (7

PR B : - P

A‘unless it is a question of. absolutely correct calculation. This

simple result is the most important feature of our considera-

vtions so far.

ey
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For Y we obtain

Y=23.76 ¢, 2.84 €, 3.946 .

The angle of. dlsplacement is approx 1mately correct 1f expressed

at ' - o _
Y =2.8¢ = 3.8 T (8)

For :'(—-cq-ia (Compare equation 2) we obtain with m= 3.3
1 Lo €\ i - v o
2 (:,gq,_ Sy=+ L5, +16, +1.7>0

Wrinkling acfually odcurs in all these cases.” *

The conditions existing after the 'yield limit has been ex—
ceeded will be discussed in Part ITI (I.A.C.A. Technical Memoran-
dun No. 606). |

. Sheet. Metul Cirder with Spars Re81stant in Beddlng -

S*“e°s Calculation

Figure 9 shows a sheet metal girder p1n~endnd at the right

81de. We assume 1ts spars to be contlauous and very (1nf111tely)

Arlgld 1n bendlng, und all upllghts p1n~301nted to the spars.

We use the follow1nr symbols:

§ = wgll thickness of web plﬂte
'h ﬁé*ﬁglldnr heis sht ;rom u.G "fo C.G. of spar.
‘Fﬁo'=:£croqs-se0ulonal area of upner soar
‘FHu:= cro s~pectlona1 area of 1ower soar.

t = Soc01ng of +wo uprlﬂhus

Fys Jy, iy = crOSb—oectlonal area of an upright and 11ert1a
noment end radius of this aTea.
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i A

e = distance of the C.G. from the cross section of the
uprlght Yo the ueb plate

B = angle of uprlght and spar.

x ="' dlstance of a polnt on tne plate Wall from the line

of action of st;ess P.

= Cross stress to be transnltted by the plate wall.

v
e~ w18 e b o Skn s

pr1nc1pa1 web tension.

f
It

angle of dlreculon of thls tension w1th the spars.

= principal elongatloﬂ in the plate Web

n
I
I.-'-.‘ll Q

Hy, Hy = longitudinal stresses in upper and lower spaTs.
Qqos @y = (1ocal) cross stress in spar.

(1ocal) bending moments in spar.

it

Mro, Mypy

-~

HO ‘ Hu O~ . Oxu

o) = —X. 0 = —— ! = € = X 10néj_ tu-—
X0 xu < 3 » &€xo0 » €xu )
Fao Fgg T T E E
dinal stresses and e‘ongatlono in the spars (spars
parallel). . _ ,

€ = %'(exo + €xu) mean elongation of both spars,

-V = conpve881on 1n uprlbnt
oy ‘
Oy = %%' €y = T¥ =“'stress and elongatlon in aq upright.
= elongavion perpendlcular to spars (1n uprlghts

ey = ev

Now we subject the girder on the left side to cross shear

Q; so that the web plate forms a diagonal tension field. We

" assume the dimensions of the sheet metal girder to be such that
the direction of %the tension stresses O is constant in the whole
range of the web ﬁlate' (¢ = constant) . Then we .compute O ..

The tension stresses O of the web plate act at angle a on

, B s
L ST N - - R
{:. O e - Sl - - .
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the spars, and the ensuing siress p per unit spar length is
(Compare Fig. 9)

p=1lsina so
Now we divide this stress into horizontal and vertical compo-
nents., It is

0 8 sin O cos

i

P Cos-Q

Px
Py = b sing

C 8 8in2 a

Stress p, acting in the spar direction effects, for example,
an increasc in its longitudinel stréss Hy on the upper spar.
dH

i " Px

Due to cross stress Q at a point x, the whole girder is
subjected to a bendinc.moment Q x. As a result, the longitudi-

nal stress Ho in the uppnr spar nust reisc when X increases

that is
dho_d(g'—l 9
dx d X 7
"'A comparison with the above eqqation yields , a;fg
dH _Q _ N - S
R =5 =‘px =0 s sino cosAa, o
consequently,

" hs sina cosa

jag Eav)

g 1 o (9)

sin 3 a

The stress Py pulls both spars uouard the web; the uprights

prevent both from approach, but in doing oo, must take up a con—
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pression of the order
-V = pyt=081% sin®a.

Compared with equation (9), we have

—v=q.}’§.tana 4 - (10)

and the compression stresgs in the upright is

- t - ;
Oy = - é% T tan a = oy . (102)

 ‘The stress py produces local cross stresses Qo and

" Quu and local bending moments Myp and Myzy in upper and lower

spare. The spars being continuous, the bending moments are high-
est at the point of attachment to the uprights, and this applies

to both upper and lower spar

(11)

l—'lcg .

T

. _Vt_Qa.
,MH max =13 " 1 tan o

Now let us imagine at boint x a cut parallel to the up-
rights (parallel to Q) through the sheet metal girder and bring
the outside siress Q " into balance with the inside stresses
transﬁitted at the interéection; The latter stresses have been
included iﬁ Figure 9. |

The tension
Z2g =hcosasa

transmitted by the web in the direction of o is now divided into
" two components
X3'= hcosa o s cosa

Qg = hcosa 0 5 8in1

P L]
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Notingﬂthat_the Cross étresses Qios Qqus and the bending
monents Mﬁo and Myy caused by the spars are inversely equiv-
alent.én upper and }Qwermspar?_tpqt is, in balance, the equilib-
riun of fhe verticsl sfress components yields Qg = P, . which
brings us back to equatién_(Q}. L ‘_

. The equilibrium of the horizontal stress components and fhe

.moments yvield.

. ’ ... Hy = 8% _Q gota .
s : h 2 _ .
‘ . - (12)
. e N - _Qx _ 1 : L
: ‘ - Hy = Q%f 3% cot a‘} o .

and Gyp . and, Opy. If, for example, the crosc-sectional.areas
Fyo and. Fyy of both spars are the same, that is. Fuyg = Fyy.=

Fy, then. the mean stress of both spars is

Oug + Oy Q » .
UH mean = 1'108 Al = e -ﬂ_‘: cosv - - ' o (123.)
h

* This stress is usually very low, because the cpars must have a
large cross—sectional area for taking up the outside bending nmo-
ment Q x.

So, when o is known, all stresses are known; a can either

§ ' be calculated, or, estimated at about 40-42°, which suffices for

- structural purposes. With these figures the equations advisable

3 for structural purposes are : | \ '

| c=22 , * (132)
{ ns : e

B ~V==0 By =09Q¢ (13b)
o X =2%F-060Q | | (13c)
N e SRR K ot bt 3

e - SRR o R
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When the designer builds according to these formulas, he is almost
always on tle safe side. _ |
We have seen,that:the tonsion (py) in the metal skin can

produce bending moments in the spars with a resulting deflection

- between two uprights. This is followed by irregularities in the

stress distribution over the web plate, 0 and even @ are no
longer perfectly constant;._But an approximate'calculation of the
effect of these deflections proves it to be only very slight in
correctly chosen construction,vso that 0 and a are actually
nearly constant _

Lastly, we discuss the case of uprlchts eccentrically are
ranged with respect to the plate wall. If iy is the inertia
radius of the cross éection of an upright, e the distance of
thé C.G. of the crcﬂs section of the upright from the plane of
the web plate, and when we note that stress V, to be taken up
by the uprlght acts in the plane cf the plate wall (This is val-
id for a case when the wall has a pronounced curvature due to

bending in the eccentrically arranged upright); the stress Oy

. in the upright in tle plane of the plate Wall is

V e

N Y " (140)

v A') e?
OV =~—-—-+ A =—~—( +--2-‘
- Fy F iy Fy 1 Fv red
e
whereby
. , g
Fy red = — (14b)
. 1+ g

B B D e L P ket B T TR L e R T e

T g
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Direction of Wrinkles by Given Dimensions

To establish the dimensions of a sheet metal wall we -usually
pr6CEed"as follows? First, we estimate angle o at about 419;
‘next, hake a first estimate of the-allowable stresses in the up-

rights! tﬁén'éét‘thé’dimeﬁsiohé»of’Spars;'uprights.and sheet

- metal wall according to formula (13).

Then we ascertain whethei fhé.éétimated stresses are really
coifdrﬁél to the chosen dimensions or whethér dimensional changes
arc necossary. ‘Under certain circumstarces. it may be advisable
to check so that the estimated direction of the tension stresses,
that is, angle «a, actually corresponds to the-dimensions, For
tﬁis’purpdse'Wé now calcilate "o with respect to.the dimensions,
‘but essume that ?ﬁ0'£ f§3'= Frp. -0 -

' We introduce the values acCOIding"tQ;§9),,(1ga), and (10a)

for O, Ox; Oy, = Oy into-quati9n~(5a)3 50

9 3+ 8 cota
. : h s sin acosa 3 Fyg S
an a = —— —
g S — + 2 3 tana
h s sin a cos a Fy h

Now that Q . is eliminated, we resolve according to sin a and

% find - L T a

3 sie o =+, /a2 +alea” " (15a)
_f whereby ‘ : L

A A7 %8BS | )
¥, - @ Fg

. .
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IT tne uprlvnts are eocentrlcwlly arranwed we substitute
Fy reqa for Fy conformal to (14b). We wish to point out that
the direction of the wrinkles is unaffected by the stress.

"' It'alse should be noted that we made Oy = Op peap thet is,

"“fhe'meahfétfe 88 of the spars. The @ccuraoy of this is proved in

equatloﬁ (55¢) (Part III - Technlcal ‘Memorandum Ne. 606)
.Examp l.e

Let Q'= 8000 kg, h =60cu, and t = 35 cm - which is
the spacing of the uprig ghts centrical to the plate wall. We
further ‘assume the spar dimeﬁs;ons‘established qu =Fgy = Fg =
23 cm=2. o | i : l} ) . e

Now we cstlmate the allowable stresses in the plate wall

- We take, at random, = 2800 - Oy = 1700; then? with the above

figures, equatlon (13) vields

R

s " F h 5806 x. oO 0 095 cn about 0.1 cmf

1 At e - .
.VFV—-U;O.Q:Qh l,moxosxsooo = 1.76 cm

m!m
oi; -

\ow we dinen31on tne uprlghts We assume Fy = 1.76 cn®,
and compute the direction of the acuual wrinkles as

hs - - 60 X 0.1 _ 0.13‘ . 0.1 x 25

/)

Z2Fg~ S X 83" R T T T.ve T 48
g0, according to (15)
| 1+ 0.13
a = 0.875
7 1.42 - 0.13
T
Sl.qz G' = aE.‘ + a- - H T OnOt)6




ot LMl e A tadi i

e

o

¥.A.C.A. Technical Hemorandum No. 604 - 31

Since sin 3a= sin 79° = 0.98 (instead of 1 as assumed )

the skin stress is sbout 2% higher than equation- (13) calls for;

but, having rounded off the wall thickness from 0.095 to 0.1 cm

and the calculation not being very exact, it is of no particulaxr

importance. Since: tan 39150 = 0.81 (1nutead of 0.9, assumed

in (13b) ) the unrlghts cah be 11ghuened about 9 per cent.
Having sclected the allowable stresses at the beginning,

we naturally are able to compute- angle o at 39° as soon‘as we

estimate 0y according to equation (5a).

Oblique "Uprlght""; Stiffness

Structural ruoulrements may nake 1t reoessary to set the up-
rights obllqaely to tne spars. (Flg. 10) The angle formed by
the uprights and the spars (900 if the former are perpendlcular),
is deolgnated by B. . -

~We begin by calculethg tne direction of the stresses in
ten31on, tnat is, angle a._ We assume as known the allowable
ten81on stress 0 in the plate, the al]owable conpr3031on st reéé
Oy in the uprights and the mean stress of both spars; ¢ and
the respective subscripts to.denote the corresponding. elongations.

As prefiously shown, we take one component of the web plate

(Fig. 11) which wrinkled, and calculate the'respective elonga~
tions ex and -& for a, €, and €q- As will be seen from

Figure 11 (Compare also Fig. €a), we obtain for:
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- lx €x = lx [€ cos? a +-¢y sinza]

S

'1v [e cos® (B - a) + ¢q sirz (B - a)].

Now abbreviate by "Iy and l,,” eliminate €¢q and resolve accord-

e et AT TS B e .

R e LT L L L S

ing to 4, yielding -

H L . : L.

ot a =

(¢ 3N3

”+'c'osa}""' " (18)

Instead of the elongations - we can also insert the corresponding

stresses. For - B.=-909 ‘this equation becomes (5a).
P In the special case ' €y = €x, or, for infinitely stiff up-
rights and spars (e¢y = €x = 0) equation (1t) yields

3/3 ' ‘ (16a)

If the up"lwhts a*e oo’1qu°1y arrenwed the tenplon 8u*esse° even

S—

in iﬁ uely 1~1d upV1vnts aTe No 1onger a 450 but halfway be-

tween uprlrnts and spars.
P With the QlIeCIlOD or *He ten81on ctresseo known we calcu—
late uhe an°1e of dlsplaceaent/\accordlng to equation (6))

which the elongatlon lev of the uprlﬂhts does not appear. Thus

Y =ﬂz,cot o (e - ey) S (17)

o

which yields & with respect to the stresses in the individual
. components of the sheet metal girder. KFow we must calculate

the stresses in these components. (uprights, wed and &pars), if’

W

cross stress Q is given and angle-a is known, This is bes%

done as follows: Figuré 12a depicts a Systen of merbers having

two parallel spars and oblique uprights. In addition, the panel

T R et A R T i ey e e S Y e s e e e T Pt Al L I . "E R
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points between the spars and uprights-aré-Conneétdd.by diagonals
which form an angle « with the spars. = KNow ﬁe compare'this sy 8-
tem with that on Figure 129, which has perpendicular uprights,

and chpute the spacing,5as>.'

;
!
o " . . %'=h (cota -~ cotB) for Figure 13a,

é : S5 by =heot o oo o 123b.

f

i . Bgth systems are to be loaded ‘with the same cross!stress Q,

i
1
!
t
1
i
!
t

so the stress in the diagonals is identical in"both systems.

D’-# ____Q.,_

sin o
Jow we consider the diagonals as relatively thin-walled but
wide bands or Stfipé;jﬁﬂfii:éf iast we can choose the diagonals
so wide that two adjacent strips touch each,othgr,vin'Which cage
the width of the diagonel strips is .

b =% sin a, for system Figure 13a,

;bl~ = ﬁl gin a, " . " “ 120,
é With_ 5 éé wali‘tﬂiékﬁéss of théidiagonal béhds;‘their stress
§ - Cre S . o _ ‘
l .= si:Qfa _. -s*cllj-_sina ’ " i 13b>.~
L : .
§ If we neke these diagonals wide énough so that two adjacent bands
é touch cach other, we consider them simply as a continuous skin.:
z' Thus; the skin stress bY'dbliQue uprights_is, according to equa-

tion (9)
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t hs sin33cac ¢

-2 __1 _ 1
hs sin 3 & 1 - tan a'cot}? (18)

Now, of course, we can select the spacmng of the uprights
at random without 1nter;er1ng with the skln stres s; and equation
(18) is valld for any spacing of uprights, provided the effect
of the spar deflectlon is negll;lble. k | |

The stress V in an uprzght is

V= ET%-E Q %'tan-a‘%i

hence

_ 1 .t 1 | |
V= 5 Qy tana - (18a)

sin 1~ tan o cot B

The spar stresses are

| Hpy = & QE?E - % (cot @ +cot B) (18b)

The last equafion is Galid oﬁly foi very (infinitelY) closely
spaced uprights. If spaced farther apart they indicate the-épar
stress in the center between two_uprights very accurately; the
slight disorepanciés'at‘other poihts'are'easily calculated, but
are as a rule ignored. These discrepancies are due to the fact
that the upright at its point of ath achment to the spar exerts
'a stress on it in the 11;ecu10n of the spar, S0 that the Spar
stress makes a Jump at tnat point. |

We can calculate the direction of the tension stresses by

given size of the oblique uprights, but the calculation yields
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an equation of the fourth order for sin® a, - so0 that a cannot
be shown in precise.form. To-be sure we .can drawvcurves fronm
which a can be rcad off but we shall forego this step, -because
the allowable stress is. glvbn,.as a:rule.

Now we discuss the effect of oblique uprights on the re-
quired amount of~sfruétUrélﬁmatéri§i‘énd éﬁ‘fhe stiffness of a

girder. Comparison of material requirenent is confined to up-

-rights and web,'since:it‘is“not'feasible to include the spars

whose requirements are materially affected by the amount and
directional change in bending moment with respect to the cross
sfress. | _

With o as allo&able tensionfsfiéésfiﬁ-the web plate, ité

cross-sectional area’ fg.= h's becomes, according to (18)

® 0/2 2 sinz a cot a - cot B

As avetage structural material per unit girder length, we have

for the uprights (according to 18a) -

£.. = volume of one upright = ¢
. spacing of uprights: :

i 8in B Oy _ __Q_ 1 1
.t . 9% 2sin? R cota - cot B °

2
The total average.stiuéfufél materidi':eqﬁipéd'ﬁé: unit girder

length is then f = fg + fy.
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F¥ow let us compare the amount of’material for a platé wall
girder (spars excepted) with that for a web plate which transmits
the cross stress to shear and whose allowable shear stress is
T = % . . The materlals required .are 3%5' - The gomparatlveAre-

quirements for the plate wall glrder.then-ame.'

o=t ta[dtty (-0t w
I3 15 I3 o

.Here, ?S' and @, denote the relative requirements for web ﬁlate
and upfights, |
'Esefpre making any mathematical comparisons regarding the
stifiness of such plate wall girders; we wish to staté that the
stiffness of such girders which form a diagonal tension field,
is in every case just as high as that of a conveﬁtgonal struc—~
ture With upright and tension diagonals, when both are in the
same direcﬁiénfénaﬁfhefmaterialsiusedlin both are the same.
Moreover, we WaQu 1t to be noted that the comparlsons wnlch fol~
low pertaln prlnarlly to glrders used as wa’l of a tor81on box,
for in sucn the web Sulffness is paramount' in 1onb fleAuLal
girders the deflection (that is, the spars) takes;preference
over the displacement due to cross sitress (thé Weﬁs).A
The comparative stiffaness of a piatg wall girder under shear
gtresses ié eiprésééd b}'the angle of diéplaéement Y with re-
spect to the angle of displacement T/G of a web plate subjected

to shear, g % . With (17) we ‘have:

4t g e e i g e s sy ARy WAL . e om e 1

Sl e

b ey



s o T e 4 e

RIS A RN T Y

Y

R <y

OIS G 1.0 e R

K.A.C.A. Technical Hemorandum To. 604 37

F

cot @ 1o be defined according to (18).

4G X
= cot « (1 - ?—>,

Figure 13 shows the comparative material requirements for
plate wall girders with different settings of the uprights; we
asswined

€y = - O.S cl €y = = 0.3¢.

Ordinarily the allowable compression stress in the uprights}is
higher than half the allowable tension stress in the web plate,
so to keep on the safe side the ﬁeight estimates should follow
Figure 13. The selection of ey hae no appreciable effect on
the weight 0¢1culat10n and stifiness.

It becomes apparent from Flgure 13 that - by given cross
stress - a minimm amount of material is needed when the uprights
are set at about B = 90° (that is, perpendlcular uprights); it
represents 90% of the web materials. At other angles ‘B the ma-
terial requirements for the uprightstare higher, although not
very markedly so. The effect of B on the arount of material
for'the web is very considerable; it raises when B increases;
for B = 90° it equals the amount used in the shear plate. Ther
totel minimum requirement is at B = 130°; in round numbers it
is 1 63 tlmes as high as the materials requlred for the shear
plate. For B = 90° +the total requiremente are about 1.9 times

that of the shear plate.

kg
} 3
3

g A P PN . D R T RTINS A L e Cotegmrme st
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v
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Another Teature of Flgure 13 1s that angle B must be
. changed in 180 - B by a reversal of the cross stress directions.
1f, for example, the Web is .given the dimensions for B = 120°
and a Cross streso Q’, 1t Carrles in the oppOS1te direction

(that 1s, f01 B 60°) onTy a Cross stress (- Q) of thé order

| (- Q) = & - 0, 34 Q, oecause the material used for the web plate
at 60° is, according to Figure 13, 1.72 Q/;, but only
o]
3 | O 58 Q/— for 190 Tue raulo of both then yields O. 54._ The.
{~ )

valuvs for dlfferert B are also sHown on Flgure 13.

For Pa*t II gee_H.A.C.A. Technical Memorandum,No. 605,

'whlcn ;qllows._

Translation by J. Vanier,
National Advisory Comaittec
. foxr Aeronautics.
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Figs.4,5,6,7,8
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