
.: '.t 

'. 
~ • _. .J • ' 

':. ~ >' -~ •. ~ 

1 ~ • 

.. · .. 

'• 
" 

. "' .. 

, ··: 

'. ·-t::: 



INTRODUCTION 

A rather extensive treatment of the stresses in fuselage main 

bulkheads is given in NACA Technical Report No. 509. The Least work 

equations developed in the report are for the most general case. The 

examples given are for concentrated loads, which are in balance, and 

applied. at various points on a circular bulkhead. 

Now .. the shear loads which are transmitted by the skin and stif­

feners to a main ring exist in the form of a distributed load which 

varies around the bulkhead. 

The purpose of· this paper is to present an analysis pf a main 

bulkhead in which the wing reactions a.re balanced by a varying dis- . 

tributed load around the bulkhead. The shear distribution although 

not exaet because of the interaction of skin and stiffeners, seems 

however, closer to the actual existing conditions than would be a 

case in which the shear loads are treated as concentrated loads. 

To somewhat simplify the energy equations the bending and tor­

sional shears were treated separately, the work due to the shear and 

axial load deformations were also neglected. The error introduced is 

relatively small 0 

In the particu la.r airplane to.: which this solution was applied 

80% of the fuselage cross section area consisted of skin and the re­

maining 20% consisted of stiffeners. Hence the shear transferred by 

the sldn is of major import~nce. 

The case chosen as an illustrative example is an unsymmetrical 

condition since this is the most general case. 
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INTRODUCTION 

A rather extensive treatme:nt of the stresses in f'uselap·e main 

bulkheads i s iven in sev~ral Teehni_eal Note-s and Reports. In general 

all vertical shear loads .a.re t:r·eated as ·concentra.t·ed · exter~uu load.a., 

v1hi ~h a:re in balance# and applied .at vari01 s poirt!Js oo. the b ;1lkhe·ati .. 

The equations. o1rt~~d are v·alid ·ror this particular . t~'P.~ or° as~w:ned . 

lo~~?l$·..: Ho ev·eJ! they do not ~onsid'3r ~he f . ct th~t :the skin p,l:us ·-.:._~,. 
. . ~ ,.ts..;. 

stiffeners provide th~ e -x-t~rnFil r~~cti on .. 'Th. s re~. o.ti0n is_ 
1

obviou · ly · 

not cort:Mn ~At'i'd but · exists in the fbrm of a . distribut.ed load ~Nhi '9h 
I· 

V3rlM. arctnttd the bulf-..h-ead .. 

· Tb+e. purpose of this paper i $- to pr&sent a method of' ~ntlypi · 

in which the wing reac:bions ~re balanc~ by a varying distributed 

~' 

load ~o~nd the bulkhead. The shenr di~t ribut~on although no·t exact · .'· 

beeau•s.a. of the in:ber.~ ction of skin and stiffener .seems howe:ver, . olos.er 

to . the actual exi~i:ng condi tiollS tha.t'l the nethod of cot'oen.trate:d 

.·· ) 

-In the parti~u!ar airplane to which this- soluti0.n w~~ - appli ed 

. 80~4 ·of the fusel'8gS orosa · ·section area consi.st-e~ <?f skin ~nd t he ~~ . 

main.tag 20~~ o~nsisted of stiffeners. Henoe ·the method of 00.hcentrat·ed 

load:·S Would g~va a r~ther poor appro:d.mntitm of the. - ~~'.rttall'.:f · ttfplie~ 

loru! , . .-
. . . 

The ·ease chosen es 1':10 ·r lustr 9tive '3X'?mp l~ is M 

·, .. · . . .,. , " ... 
. ' ... 1 ~ 
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G3·. !SR AL DI3c1;.._ SI ON 

For the 10syrnmet ricd <?nnd i. tl,~. n 70·/', of th~ lo r;d is aoplied o n 

one wing 
..:, . 

and 100'. ? on the Qt .her. 

As spec.ifi'ed in D. C. Bulletin 7A a nd 26 1 t~e res' J.1-:ing un-

. balano6d n;omerrb ~.11 · ~e _9 0.lanc~d by th~ 1.n~rtia. of the wi ng s and 

·such masae.s_. . l<)ca.~ed. in o.r :on . ~he_ wing, whioh ' may b.0 as·sumed' .con­

· o:e-~t.r.,e.~~ ~t·- ~·he 'tt>~otis pointtJ : ~i lec>e.tie-~ ~he mo.ment absorbed by 

·. ~ao}! ei~~nt beil'lg ... 'J?~oporti.~n.al to its · di$iz-ahee · ~r-0.m ·the --tat~-n! 
' { 

-~~~,i.;,,p~,~~ ti~?,'l~~r." j;~. ·a~tph.'ne~ '. The reau!·b is; 'bher~ vrill e}d.st a 
."'} •' .r • 4 ~ .. f' - ' .~ . . : 

'.td~si-.onal me$etxb i~ t .he fuse1ag·e due to ·bh0 inert.ia of the fuselage . , 

and ' such ·l!1!1S'.ses· as the tail surface s· which are -atta9hed to the £.us-

. ~ .. 
' ,.~ . The ·externai ~pp lied lqacl~ ;l n th~ bulkhead. will then be• ·· 

t}?.e .wl_~·· r_eaotion~" at thE~ points of ~ttaehment to the main t.t.ng '. > 
b~am· (as'S'.nning_ for..t.~Jroplicity a m·ortospar o·pn:struction) and a tor--

t ·• 

' · 

.-

. ;, 

'~. ' . 

·Ea~.lt ·)o·~~i ng vrill _be tre-a-bed sepllrately and the r ·esul'ti n:; 

· i'or~~~ in.. ~.: i;;}.~~ ad added algebr aically• . . . 
• • :·~ • • .. ~ ).'~ ' 1_. ... • ~ . / • ' , • "# 4 ~ \. ... • 

'_·.·.·:;A:· o.f r;,·ff_s sect.ion vievr" oi' the fnselag6 for· which t he "·s~ltrblon ...... , . 
·. · • . . , ~ ~ · . · ·... · .. : , - · 0 &IC w · . ...:..\,Cu;,, r :' · · ~- ·1 ·~,~. " ·:~. "''·~ ', .'~ !;~·;! 

_'· ··-~ J:s w()~~it<:. ·Oit ~ iu :.de'beil ls - ~hown ~ t~ ·&!J_~t ~ pa,.,.; Th~ ··'eircul~ . and::· :">::">,..,. \~ 
1 

I\ ' ~ ~ • • • • ,. •• • • , • • , ~. • • ' , { 

• "· .. 1>. ·: 

ae#u~~ ·8na~e . · ' .. ·· 
'. 

"t1~ v r:t.i.:?~. po.rt~~~s ar-e . ~; .. ~c~~~b· ·~Pef~xl$~taqa: of th~ 
o~. the ·ru.$~l~e. ". -. .\ . 

With . ~ sli ·~~ modi.fioati.on th& sohi:ti;tob. Can be 
. . ! t 
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caoss SEC~l0N VIEW OF THE FUSELAGE A1 1'HE' .lLUN BTJLKlIEAD 

\': #' • 

. ;" 

: ·:: ,::/ :· ' . ?Xl. or.~er th.at a: reasonable s'olution for . the moments, shea.rs .. an~ 

. axia.i loa,4s i:q.··'_~he bulkhead mAy be arri~d at the following assulnp-_ 
.. 

·t'ions will be. Jnade.-

l. Sitlc-e tbe m0mant .of Inertia of the lM.in beaJn. in of the order 
-e"" "• 

of 1000 times tha:t of the bu~hee.d ~t nay readily be assumed that 

·the buikhei\d is attaehed to _a member of in.finite rigidity. Hence 

in the energy equations only the bulkhead.Will be considered. · 

2. The tQrsiona.l moment in the fuselage will be assumed tr.a.xw-. . . 
mitted through the skin to the bulkhead by a uniform shear as shovm 

Ra~r 
in th~ sketch en; p 0 &e • The rnagni t ld~ of .~ho unit shear being 

.... ( 



w = Yi..c/2A (lbs/in·. ) \__l ) 
· 1/foere 
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Mt ::; Torsion.a l moineut 
A = Total G~OSS. sectio:r..al area of the fuE;elag.e 

3 •. The reaot:io:ns f2a (se6.: . Gketoh below) are ea~sed by the vertical shear in 
l 

. . s-tifferwr~h The di$tribu.t~on · being 'as fo llow:-s • .. ·' . . . 

·&J.~ the. 8..D@;l-e cJ , .,. where ~ . is metJ:~ured from t}2.e ~etti-e$!l centre ~ine el: 'the 

. · ~~a~ •. ' ?he lllllgnitud& of the Ullft . ~ent'id a~u- being q = f"i.~~ . {#/)'() '. .· 
< " .. ' , • • • · .. • 'ff .Ii!!!!': . ' . . . . . ,. ~-

h~ d~ieti f!e<r •M!i ftlee e.t'1l1tU. *8 ehii!!)'tl; ~ l>~ . {~ u Se ;,.':y;~•6:t~Tl) . , ~· 
-~:~<,~·:-<_ :.'.";. _,,~ ... , ':." ·! :-1: : ·•. .. .... , .. .. J. • ' · • •. :; _ .. ·: .!·"::· .'~ '~/<_·,.· :.' .... ,. . .. 
~ .-~ .. . : ~· :_· ·~,: L ~ . 

• • i 

. ~~':tf(s/i'Y? : ::,· 
.. .t ~ .. - .:·~~ . ~~,: :.». ·; . ·~ 

' . -
"'' 

. , . 

. . / ,, . ~: .··, .:/.' ' 
~·. '~ . . . 

. • 

1 · .. 

,• :-· .. · 

... . 
_:f<~ ·: ;'. 
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po et ::or.1. l s 'J •• l f or m a.nd of t he mag:n i tad e q - Po 
- rr t< 

cu l a t e a.n equi" eic3n~ V'$.lue of l 
0 

in o.rde tht t h e t;:>t a l vert ·· os.l sh~ar 

oalcu .a.tea on the bets i s o.t" q -::;: R 6 llY~ will equal the sux1i- .of the var-
tr R 

on th~ folla-Ni~as~t.unpti1ns: 
.... 

a · 1'1.at ·the s kin •vh ~ah lies ~etw'een tii!fe longitud .t:rua.l stifi'"ell$rS vtil 

oeha~e as a shear web n a d$ep thin webbed beam, i~ .1vhic~ . th~.$tiffen~rs 

a.et 1t$ :fl n&es 1 and th~t an .element o.f' ski~ adjacent t ·e> th~ ri~tg "will 

o~.?!ry a shear load proportio.rit\l t o its stat~o moment about the neut ral 

. ( 2) 
. Ul.:S • 

b ) That even .after buckling the skin will ~ontlnue to tra.DBmit 

to the btckli!lf; stress, n direct shear and the pr~portio~ e~ending. 
. . , .. . I . 

bey.on~ the .buek~ing · 1oa.d, i~ t .nsion. \3 >, 

proportion o~ the .total. she~"' :b<?.: .. · 'be -·~pf ~iftd . to. 'th~ v-er.tioal a;nd. ~.ir .. 
. . . .. . .. .-

oular sa(}tion. ~ ./ .. 

·-
"', J ."' ·'' 

. ..~. ~- :,_ . . 

( 2.) Herbe~ nai:tn:ei .1 ~ - -Fiat -s~eet M~tai · Gird~»; With rery Th.in Msttil 
'llebs: .. Part · ! a.nd II-~- N . G.~. _ T~cb.nj.oal Memo~SJldum l~o · 604 ,and 

(~) Her~rii lVe.gnez- aM "w~ ~l.ler5t.lldt1 _it T.el'lS'l.o.r.t Fi~ld$1-b' Originally 
Curved Thin Sheetb dti1~ing Sh~~ring St~~sefi-' . Teehn:i~l. ' · 
Mem.or~b.dum. Uc . 714 · · ,. · , · 

·,:: 
; .. 
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SHE.1.~ DISTRIBUTI 8U OVER A UWIFORM CIRCULAH RING 

1-AM 
D 

d 

Th~ ~ad e:n .tn~··' .. di!f.~r~nt-5,i~l · l~ngth Rd¢ i s: 
'-to ·• ·.-/:;;._·. ~ ~· · ;jy~· t.c /f.d. ¢ ..... 
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-. .., z · . . 
Th~, force' ;;,n.· - ~l~ -e.i~~;.lv : ~rc··~ .. .rr~ ; . .:;; ". ~o .. te '/J = 9 is t . · ,,. · . ._ 

" • 1 ' ' • ~ • ' • ' ' ' :• ' • ¢ • ' ' , v' . • :, ~ ;"r· •. ( \ •: ./ f, . ; • 

'. . · .. :. :.:·,. ? ~ ~0j ~- £?~ ~ : .<' J f . ~.·f~°.f ·¢ ,:. ~·':·> t:} 
.. ·· . . , : .. . ;;. " >i" ·e~tP$-¢' d~ .. "' Ml .:e-2~. ;..;~;:; ,> 

Tli;ip h . th&·totl\) ~·~~ :~ ~t : ·" ~:~·~::~<< ·~··.·· · -.,i ~. : ~:,\· '· ·:: ~' ~>;, 
;":· 

He~:.·'.··.· 
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If nq ~ is the horizontal she!\; in lbs per inoh 

Then .4-4 ~ = .Po R 2 ~ .::f /N¢ .2fL 
./.-i h -I . 

~CD 

- F1'1 lD 
For ~ uni f<?lT.: eireula.r rillg as · shown o.n· tae ppee .e~btg ~age we h~i 

z " z/7L~ec/¢ . ~ 2 ;·ezec:s;!~ ~0 l?d¢ 

= 2 toe$ (ft .,,. -L _; /Ns) ·Fr ~ TC.,~ 
. , .t "fl. /o 

Substi~uti~ in .equati0n (!) 

.i ,; • '~ I 

f; .:f Ill (J 
Unit -Te.ng;el1tia·l She~~ Unit -HoritQntal- S~~ = ·q = ~~ 

. ~'h~ ~0 · = ·tpta). S.heAr 

beam equation.~ 

.Hor ,,.£-0ntal &he~ = VO.,/l·t . { l\'~/sq ~kl.)_ . 

or: q = VQ/I { 1bs/1~.) 

WneJ"e Q = Ste.tic msment 
·· · t = T~iekness 

V ~ Total varl10>5ll shear. in 10s :::- --~ 
q = Sh~r~- · in . ~:~a/it.t. 

. ~ . ., 
. ~ 

'f., 

" . .. ~ 

. \, . 
{\ ' , . ' . "· ' • t 

.,,.'' 

/ 

... 

~, - ~// ,·. ~" .• ·· !" . 

._ !TR.' ~-. 

-~ · 

• J 
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SHEAR DI STRi BUT-I OR 

For the determination of t he shear carried by the ourvad porti on ~£ 

the bulkhead and the vert~oal po1~:tion th~ assumption was made that: . . . . 

At the poilrt.s . J3 . and D the value of the unit vertical shear "' qv"' :R__O.bll/in~ 
: . . ... - . . 

I t is then .. assumed that the . "<1a.lue ~f the unit v-ertioal shear along . the 

straight' po.rtion .Yrill be uniform and ef' the ma.gnit.ude q ::: Po Qobs/in~ 
. v. 1T~ . . . 

Bel9w i's sho;N'ti a..J·e~ for the ve:rtica.1' ·shear· ever _half. the :bulkhe·ad. The, 

, unit vertieal shear. ov.er .the curved. pertion. b~i~ ?f t _h.e· -.g~itudei~v~ ~~JN z.¢> 
. . . - . 1r·r;;;:ir 

t 
. . . . ~ ,.... . \ ~ ... 

. ·_ Is. -.·. £?, S IN l lJ> 
-~ · . --- -- . y ·. 7( ff:: . ·< ~ .. ,· 

. ... 
. ... ~ . '. . 

~ ,· . . . . .. ,.. 

Whleh is h~l:f the valne :of the unit· ·shear .. over·· the· str.Sl.ight· po'fti.~n: .. · 

The :bo-tal area· under the &b.~.e\t_l~ ~'h. 

v -= , w L · + ·zr: e ~ 

F? ., 
if . we;. As~~~ ~; ·~ unit; -~~·-; . TT R 
, ~ .· w{ i.> + ff: 12.)· -

s .2. " 2 . ·4 , .' 

Uow· V8 is the total vertie.a.1 she~ over op.e half t he· ,l'Usel~g.e- and '_ equ~ls ._ · · 

t he. reaeti.C?>n F,_ /f Pe>~o • ) f! 6,JZ" :. . . . -,. · 

Renee w :%. ·- ;;: · 
1 L + ·. IL .I<. 

. " A-. . . 
New the total vert ica.1 sheS,,r. OV0l" the curved portion ,·w;til .be: 

Substituting the ~'bo~e v.a.l}te ·0t'w' 

- P ' ~ ··R · 
(~:+ 1C R: ) . ' . -. 4 . 

. ' ~ . 
# ~,. 

TT R 
4 

,, 
" 

. ff IC p 
- . . - I 

4_( L +ft. .D) 
. . 4 IC-. , 

I . 

, • .. , 

. '' 

: ·'" 



....... 

. L' 

It was shcn 1n on the preceding pnge th~t P' = P c/4 

H~nee the equivelent P0 is: 

Check 

' 

~ ~ 4 P 1 = BIT~ 
L+Lrf(! 

-lff 

The verti·oa.l shear over half' the bulkhead 1s , 

+ 

· Subst·itu.tiDg the equ-ivelant value of P0 

J 

,• 

vtt.~ · A1re.L . 
(L.. + .![ e) rr e 

+ 

= /f [L+ :f] 
L+~, · ... 

4 . 

-P, rre:_ 
{L~f R)4· 

Ff 

·' ' 

P!:tge 9 



p 

a.bout the ver t i col cf?ntrr-i Un~ , the 

b1l l <:head vtil 1 be cut ~1t the po1. nt C ~ 

The loads on each half w'ill be 

ident icA.1 .. 

Ji'rom the symmet r-; of the bulkhead 

f~nd the loa.d it is obvious that t he 

ver1.1:.c~l sh<?ar :~ t the poiilt. C will 

be zero. 

In the above cnse the unit tangential ·she:lr lond 

over the c;.r~ulqr portion is q = ?J//Y?;.4,e> • C~;er the straight por ·t.ion 

the unit ve1 ;~ i.cal Bhear is q = 11T~, 

~:: 
,.r.· ; :? 'V' 
" i!llfl _,.1:.,.. 

- /Te~ 
H., I 

l.. 



Annl :,r1 ng C astigli ano ' s theorem: The Pri.tici pl.e of Le ast Work. 

The ener ?;y f.r0m C to ~~ is t hen 

To determine the unknown qiHtnt'l.Hes t~k~ tha pro-ti.al d~rivat1.ve ·uith respect 
~ . 

y~.sv/c;1 '"9 . . 
to each unkno111n and sat +:.hf-l MH~kr: ~~n ~ti. on ~~11P.l t o z~r9 .. 

Note~ When int.egrntin;=> t he above ·ax1'ression Rdswill become E?cle when 
. I . 

opar ,qt il1g on t he term f: l2~-·C".:;1;J-fi.:1i1V~, this ··1.ll tab~ 'int.~ ac,count 
IT .t . 

the eccentr~ .ity.., . I11 ta.king the 1?~u:tial with respect: to .P tne .resnlt ing Rl 

wi). l :rnu,tiply through as srn~h · The moment of. Inertia will he c·enside.red 

c o.nst nt,. . ?j" · · . 

= j[/"/-1- P-£; f- CO.;SS>j-~(/-C0.$8 ~1 ~.h-vct!l A?,, d~ 
. i.. 

t- j[I? r P~ -1l_/T~(//-~) . - :f'~ · -rL F'x-£-l?xJdx =-O 
~ . ~ ..Z/7' /T~- r 

Integrating, col lect ing terms a.nd simplifying 

. J l/. = 
~ p 

. " . ; . . 

t1 ( f ~ t-L) t- P(lP . .S7~<?1C: . . ;;.L';L. +~) -;1<1.?01£' 

+ELz.) 
,ze 

ft). 

. l'C-z 

. /!_#t-.P,e;(/-t:d:SB) - 8?//-C;:JSS -1 :$/NaJ]f-co$e)E; t;ds 
/ei . i. . . 

+- /J!v;.;n; -~K (!-LZ) -/llf:... f Px -~. ~.J·"/KY-.X)dx ::0 
4 !.. , Ji 4 ~ /r // 

I 

I n-t;es.ratiri~ , co11 ,~0tonc terms e.nd s~plifyj.ng 

:?UC ::. /"1p,s7 0 . E;1+ L (e, +'-7zJ]1- pf sstP' t€;
4
r-R; L. /IS r-l..) 

JP 

f i.~3] - fl. f;.os.zsse 2,e1 + o.219'b;f?tf!';Lt-£?,L
41L+.:f.) 

rr L- C~ 2 e · 

f O. / nJ RL
2 

+ L:!,('/~ + %.e) 7 ""'0 @ 



Sub .~U tuting t.he va.1.u~e for the cc:cste..nts in ecu.D.tions@ r..:.... r: c~ 

r oll.mifi ng • 
69 1 M 1050 p 

Sol T/ tn~ s mntaneous1y gbtos 

tice.l shear , tlS it will f'acilitat.e th~ che~.;i.d_ r;.0 CJ l o~:. (ls in thr:' bulkh~aj 
I 

tor changes in w~igh · ~ 

moment equation 

o . ~~ } 9 .P 
. '" 

Suhst.i ~U -ing i.n eq. @ +he valur::. ~ obtalried.- for M an-. P .,ives 

'· . 

M: .... ·- o. ;. ., o P
0 

._ c . 41 16 P ==· - 0 ,, 0 4- H> P_ -'· ;.. (_l - _.., _____ ,_; 

'.'then X -::::. 11.~ 
- - -- - ---··--- _f -~ (; . :; 7 J p ..... 

7. 'l..J 

I. ~ 864 6 ~;ri 
-~ ... ·------·- .... . 



SHEAH T RI";rl A.HG L;:~ TO ?rlE NEUTR:~ AXIS -----------------------------------
Fron1 the fo 11 1ing shear mome.nt eqtta. io 

• 
l I 

d_tl 
de 

de 
d~ 

(tiiven in ~ Strength of Me.teriab) 
Text 

s~ ~. · -1dti 
e : d9 .. dQ 

·$e: dl:f. 

equat on 

d .9 

@ page 10 ~ 

ciJ1 = . s;!"[-M +PR, (1-cos s)-Po F::(;-C0$9-r$NISP 
d s. ds .. 7T · "!..1 

; ~ p f2.. SJN 8 - · fa e. (~I ti& - 6 .CCJS 9 - .1. ::f//'Y'tJ) ' --rr- ~ 2 '/. 

=. Pre, :S1Ne - Poe( SIN$ - eeose) 
2 rt 

P~ ,099s Po 
. '7999 f; ~IN(f) - Po (Sl/Y$ -· B(f0~8) : 

2 IT . . .. 
Note: The radii have been assumed equal in the above derivation. Since the 

the ratio R/R1 = l.03,the above result is o ose enough for practical 
purposea. 

EV.AllJ 1~TI1 G 
1
rHE TERMS IN THE A.BOVE EQUATIOli FOR VA.WES OF tl- FR0·~1 & = 0 TO 

e- . 0$ s s Po.:51rte ,f? (.j.11Ye-eco.s~ 
3/'I 

~ 
_..... .. - , __ 

ff- .OZ588 P0 -.0009 P
0 .0249 P

0 12 -
Jr .0499 P

0 -.non P0 .0426 P0 (, 
~-~~.....__~ 

IL .01oe p 
0 -.OZ42 P .:>464 ~o 4 0 

i--·-...--
. ___ ,,... ___ _ ... _. __ ,. ___ 

fl . 08£'5 P0 -.0546 p 0 .0319 .p 0 ..3 

at .:-l965 P0 -~1003 P0 -.0038 F · 
0 

,1 

·1 ;!.. ___ ... ~ _ ... ....-..---~- ~ 
_......_, ·--

!.Z .0999 po 
1 

_-.1590 F0 -.0591 PO 
cF~ is Sl'tlflll and may be neglected ff . . . 

,,2'. I 

i --- henoe the shear Will be 
constant and eouH..l to the shear 
at 6 =- ~- · 



- AXI~ LOAD at .a.ey point 

. . on. tP.$.· 1,ulkhead. 
. •I .... 

Due to the S"j!Iml$try _ 0£ the bulkhead s.nd 

tha· "~·oad: og, the · axial loads. i n . the · 1~tt 

half· .of,. the bulkhead will be equal to t he 

,~i.al. loads· iJl ~~~. M.g~t -"h~f. 

I • , . , _ . . ... t • 

• . ·" . For esu ililnf um : .. , . . . . . 
I : •• '.. ••• ·; · - •• ' \. •• : • • " K . . , '.·· . .. . ~-,. . .. ,'.. • • . < • 9 : . > ... 

'..~:.: ~~ ,;, : ft~:,R-i!. + /}>If~ ~ ..., , Ji? jB -Y<N¢ l?d¢ .,.. O · . 

· · ·~._-:·~·<< .... <· ./~.\· ,: . ·1<~·\.: · ·. t':',' .. , , ·:· · .. ,: "., c_ . IT R . ._ 
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M:01~ENT .A.Nu SHF.J\..1{ DI .\GRAMS 
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Me~nt diagram for vertical shear. Moments a.re plotted on 

Con press i~.n side. S-';'ale .in = .P 
0 

~ ·sh.• · ~a~ .for wrti_eal ·a~~. She~· perpendiou~r . 
\. . ... . \ -· . ' ' . 

to neutt-al-~is• Sea.le.·. i» =· 04. P-0 

~ . 



· Page 

AXIAL WAD DIAGRF'~ 
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Axial load diac;rrun for ve.~tical sheu.r . Compression is plotted 

on the 01itsid~9 • · 
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TORSI.ONAL SHEAR 
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In the above oase the torsional ~t in the f)lsela.ge introduce 

a. uniform torsional s.hear tti;rtt around the f\u~elage ( VJ = M.t/2A ) . 

Si.uae the bn hes.d is symmetrical about the vertical ' o.entr~ line, 

the bulkhead w'ill be eut a.t the po:tnt C. The loci.ds in the left half 

wi 11 be eqµ.a.l in magnitude to those in t e r:i.ght half but of' opposi'te 

?rom the -s~innetry of the bulkhead it oa.n be seen that at C there 

will ~ a. -point o;." infle<)tion lieno.e the moment at C 'Will be zero. 
Jt co;, IJ/.to 6d .$h"wn rhal- ~he a;oo/. /e;pd 4/- " 

~~~04~~·.a-.r-~~~+i-~~~O-'i~~ 

.. d /~ 71,'YO 

Tae mom.ant due to the u 1it shea.r n.wn :li; any point on the cir-·- . . ::: 

oular portion i.1n G 

11,.,..,J " jweft- e.o:s(e-¢)Jd<P_ 
6' 

= /wR,e (/- C:O.:'>B e'0,5,.,,_J//l'B .f/N ? )d</J 
0 . . 

'-<-' R 2 ('1'- c:!O.S Ii; 5/#¢- ::f //l'~ C O$¢ )/o"' 
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The moment ·at · ~y point on 'l~he ouri.red ,sur-~a-e l$~· . ~ .. 

· !Y9(Tj "' ~PK: .f'/nd'} ~ -w e 2(9- :;.,,,,.,...&) fl@ 
t', 

'Where R1 = distance to the neu~ral axis 

R = distan.0.~ t~· ·the· 0ut$r stu:~tao:e; ..... ··;: '.>, .. 
Whan e;.;, a 1 :tcv " -Pe, ,--':" w~Y £ :/) 

.• 3 • ' ,. • ' I 

The hori.z0ntal_ shear ~t .e~ JI. -181. '_·~ .. ~, · J· · ~ ·" .. -b, : d · 
", - . . .. ·- .. a . -. ·-. ·~~,_. -= · ... ~.~ ~ '?~.s e 

' . , . , , ,. v·: , .. ...,. I , : .. - .' :: ,. . . ., .· ,,_!·; . . • 0 . . - . . ~. . 

. ". :-..~ 'i. . . . .. . ';~ · =r:. W . e ·'6 .j N ~ j o. .a. .,. W J2 . 
• • • ' ;- ... • • ·, , ~ t .. .t i) . II. ·~· '' 

The , mt'll~nt along the. y-Gl"tica.-l ·pe:rtt&:n: :at a distM6e x · .tro:m D i~t 

\, 

·-I' • 

.... M = H'f ·+ :;.,(~ : ~ -;f w x '.: · · · /.· ._. 
.' . . 1( •. , . >. • -. ' • 'i :;'-, . ' .. -... . .. - ' . "' . .. .. (. 

'· · =-Pre,· ~u> ·:e .. Cli ·~ 1) -. - we~ ~ .e~ x. (i) 

'· 

Whe~e ~.J )( is the ~eentrie moment due ·to a.n -~oei).trieity £ ( £· = R .. R1) 
• ~ • .. ( w . ' I . 

·•"' 

for the ve~tiea..l shea.F oond;it'ion •. ~~ ha: -~ . 
· .. •-..·. 

The total energy from c· tQ E ~s ·1 _ - _ . . . 'J.. . _ 

/,( = ..;..L. . /f. Tpe, '!;M/~ + W !:'{;; -.::S//Jl'~!f K:ds - ../... /j P~ 
.. ;;-£ 4 L' - .' ... ' " .. · . . 2£".J' lo L I 

. . · ·· _: . f :tile~(f·-.->J~wex~.r-~w~ .z~" . · 
Takixig the pa.ctia.1 derivative .trttlr re~peo~ to P a:nd iwting that 

,;I"'. • .. • ~ ~ ... . . 

R1d9 beo0lll6s Rde .When ,oPer&tillg .on the term tV eye·~ S1·r18) in &rd8r _ -
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.2 . 4 · ·. ' . . . .z .r 

-f- .L ..::f //Y;~ 7 /~ -r/-;::'t:; X -t: w lf!'e; ·x(E -I) + we 2 1 X Z. 
4 . :; lo ' . .t 2. 

... . . . . L. 

+ c ~ -ex± 7-/ . . . ~ .lh 
= i1:e/5

+w ~~~. (/~/+ P.t;'i-,. w £~L ( f ~~) 
~ .. ' 4 

· · .. . ~.-+ .!d:!.. ·e R;.L + .£. W ~IR; 
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; . i : ·. :. ~. ;< . · i1(~!~·+i) [ ~~ i?(~~.f' ~. ~+-s7o8e~ ;r41(-~Cw~·~·: 
. '_ .. ·a~bati~~i~ · ~~ ·~l\ies· ~()~ · the 00.\1at~hs in the abo~ · eqtiation · .. ·, i 
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R = 33 .s n R = -32·.S u- . L = 1S 11 
· £ = l 14 ·. ... . ·' .. l . . ., ' ' 

. ' 

. P= ~~ ·_$ ,? •. ~ 4: ,e f;.-? ~I . ..,. .. .;! ii'"" Is +I G zj_ - ~ .!!1-? 5 '::!:!. 
. · · · · .' 46. o~o · . . · · . . . 
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f40}.S!IT 1441,..0NG THE VERTICAL PORTIOM 

li.x =- - -P/C, - w !=' z.(:.tr .... 1) 
. . . . . 2.. . 
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When X = 6 
. l~ =-~1.4 · ~' ~ 261_ lt._ .... 6 w . ==- 200·. ; .. 

When X = 12. 
Mx =-ei.4 w -~ ·~? ~- .. ~:·:!? ~ --~~4Y.s . w..· •'' ·~ .. 

I • • .: ' \}t~, • ••. ;.c ., • • .-.~~, • ·;.~'. •• • 

V{hen X = 18 · -· ·· · . · · 
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.Axial 1~ at atr-J point on 

the bulkhe f' d .. 
The axial loads in the lef't ha:lf of the 

bulkhead will be eon~.1 to the axial loads 
in t he right half but opposi.te in sign .. 

For eqdlibri~ 

t I 

For t he st raight p0rtiont 

Eva:luat · ng Pl,. for v a.r i ous Vf-llues of -6-

tr 
12 . 
.lf e;· 

5' .1 # 3Sw d n e p 

--~-··-- ----·----~--- • - · ---- - · - --...--- -r 
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For the straig]1t porti.oa: 

'' . 

· ·F:or ~· '= 6 
.. pl = .+57t35. w 

~c)r x =12 

For x = 18 
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Moment dia.gra.ro. for torsional sfiea.r. Yoments are plotted on 

oompress.ion ~de., See.le l" = 1000 w 
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.AXIAL. I.DAD DI AGRAM 
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. V'&RTICAL . SHEAR- S.OL~TION roR .,.. . CIRCU'tA.R BULKHEAD • . 

. . 
he v~ tloal sbea.r (\lution gi 1l'eri OR; ,.e.~ee 1'9 tq K · for- the non-

oir .ulal:" bulkhead can · b'tl'. ~ . ~t ro: a. _ei cttls.r bulkh~ad :, as shown in the 

figure , by letting L ~ O~ : 

· The momer ":. ~quation wi.11 .,hen bet 

!}10 : ./>/'r-P£; (.t - c o.:;t?) . - ~~ (/ - C~.$~ :-~ . :=r*/N9) 
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t_h~ - c3;r~~1ar .. bul~1,~~4 .. ; . .' as sh·O'Wn · in the figur.~·, ·oy_ l~t~ihg ;._, = o 
; •. 
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The .. moment ~uation will thenbe :-
. . r. . /1s : -Pf} :5/lY.e ~ e.ve· (.& -: ~1,,,,.9) 

And 
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::: - 9, 72 .w R : 
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CONGWSDNS 

po .int . 

I c may b~ of int~.res·t t_ r.:.ote tha~.: wben s. str9.i ght ceotton is 

a.:ided t·:. t 1e e ~c t 1 1~ sec:ti :>n the lo~3.J.: .L.icreaae r ' th.et' rapid .. y . 

fo ... a sob """on of th ... s tyi:e, deallru-..:; with a ~pscifi.:! design probl'9r.~ 

and yst genar9.l en.out~h si:J thn.t '-)y a s H r-;M; !n!::>dif1oe.tion. it nlf..y be 

U.l';?lied to ·pro l2m1.. of si11ile.. IJ:'turo . The rei:r senta:tlon of a nu.ml>er 

of atstra.o~ i\;;rmLt b.e a.no .,,quatiorm lead · too of'ten to mieintarpretatio11 

and eon.f\ s ion . 
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