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Summary --s-- 

This report is based upon the work of 
W. J. Goodey(’ ). It explores the variation of shear 
stress distribution at a loaded frame in a reinforced 
circular cylinder, consequent upon the variation of 
several geometrical parameters such as frame stiff- 
ness, skm thickness, siringer suacing, etc. The 
results are given in Qigures 5-17 which indicate the 
shear distribution around a frame for a single con- 
centrated radial load of 1000 lb. The parameters 
chosen are those common to aircraft design, and it 
is possible to obtain a reasonably accurate shear 
distribution around a frame from the data supnliea, 
without doing the actual lengthy shear CalculatlOn~ 

The work is confined to the particular case 
where the loaded frame is removed from the end Of the 
cylinder (see Figure 1). 

Indication is also given as to when the 
beam theory distribution of snear can be used with 
a reasonable de,Tree of accuracy 

The .Q?endix gives the method of obtaining 
the shear l.oad due to a tangential load and moment 
from the radial load ex-sressions. 
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FIGURE 1. 
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?OTAT 101 

The notation user1 is: 
R = the radius or the f’r~ne zt the skin line. Ins. 

t zz the actual skin thickness ins. 

yr = m&lom~~tcp F lncrdtl? 017 the 3dJacent Trames~ 
s ~p.r~lltl to the skin line ins. 

31 = the inomcnt of Inerti of the loaded fru e 
@ 

about 
2 an axis parallel to the skin line ins. 

L = frame spacing Ins. 

V = Polssons rctloj vllue taken as 0.3. 

N x0 = shear per Ins in the; skin. 

0 !Y 3J ‘2 kx(l + v)- V’ 

P, = “3ky t 

If 

c = Gm 3# 

kx ratlo of i:quiv:>lcnt skin thickness to actual 
skin thlckncss, set fig. (2) 

Fig. (2) 

If tine skin is not buckld kx = (A3 + bt) 
bt 

If thL skin is bud&d and the 
effective width of skin is b: k, = (As + b’t) 

bt 



Introduct ion - -.------ 

The problem considered is that of the shear 
distribution around a non-rlgld frame of a reinforced 
circular cylmderp 1Vith the loaded frame at a distance 
away from the ends. The riletilod of ,zolution is 
obtalned b,y superimposing tile results of the two cases 
mdlcsted below and shown in Figure 3. 

Cases: --... (i) ‘1 long circular cylinder with the loaded 
frame at the middle, 

(ii) A long circular cylinder with the loaded 
frame at the free end. 
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Solutions - -_--__ 

The solutions contained in this report are 
for the cases (1) and (11) above, and the expression 
for the shear in the skin at the loaded frame9 due to 
a radially applied load 11, is given by -- 

Sin i-B 
N 

(X2+1)(X1-1)2-(X,'1)(h2-1)23n 

X8 =zQ-J w ‘! i. -- -- --- 

(X,+1 ) (h,-1)2(11 +2-r)-(X,,+1)(X2-1\2(~ +2-r) 
Xl x2 

I 

rii 
+ 27~R 

- Sin 0, . . . . . . . (I) 

OP - i 

N = !!& E ---.A ____._ -.-. aEa2Sin 2Y+aQ 2)_SinY a SinP]-nzin n0 I --..-I--.- 
1 

X0 
n=l _SinY{2a2(a2+2a Cosilc- 3)-r (a4-6a2+1 )-2ra(l+a2)CosVj1 

+ -lK-Sin 0. 
2nR 

. . . . . . . (2) 

The above exoressions for 11x0 are given by Goodeg where, 
for the loaded frame) k = I. 

In expressIon (I) above A, and x2 are 
obtained as shoain below. 

Solve the equation 

x2+ux+v = 0 
where 

u= 
“n2(n2-l)2(n2-2e) 

i 

1 
C 

....... (3) 

....... (4) 
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v = 4 I1 +n2(r,2-l~2 (d+ckj ------- ------ (5) 
\. 

The roots of equation (3) are Xl and X2 

Next solve the equations 

A+ 1 = x1 and /‘. + & = X2 ---------------e(6) 

i ’ b 
The roots of equations (6) are;< land;\j p and,k2 and 

Jy+ respectively, ivhere/,l= $ and)-2= 1 . 
/\ 3 “4 

The values of;I. used in the expressJon (1) for NxB 

are those loss than unity, 

If the roots Xland X2 of equation (3) are less than 2.0 
then we use expression (2) for N,@. 

$1, .I ri a I’ and ‘b are ohtained as shown below. 

Y’-(V+4)Y+ u2 = 0 ----.-- -_-_-------- (7) 

where U and V are given by expressions 4 and 5, 
The roots of equation (7) arc Y and Y where one 
root 1s greater than 4.0 and on & 2 less han !+.O. 

Let Yl be the root greater than 4.0 and Y2 
the root ltss than 4.0, WC then solve the equations 

(a + I;) = +/T1 and (2 Cosg-)’ = Y2 
a 

The values of ” a” found are al and a2 r?here 

and the value of Ii a” used in the expression 
&x3 is that which is less than unity. 
The value of ’ ;,:‘I used in the exgrcssion (2) 

--- (8) 

al=1 
a2 

(2) for 

for Nxt) 
is the value ,givin by Y2 which is of opposite sign 
to tt IT” 3.n expression (4). This is sop because 

- U = 2(a+l) Cos at,r 
a 

the term (a+&) is always +ve hbnc,e Cos;:must be -vep 
i.e. the sign of ‘I #” must be opposite to that of ” IJ” 

The exarcssion for NxO can be written in the form 
‘i.2 

81x4 = w ‘i-‘F(nlh2k,r) n Sin n3 + z Slrl 0 -----(9) 
xg i..r 

n=l 27t.R 
Or Or 

N N 
XB XB =ng .g E( =ng .g E( a9Y’,k,r) a9Y’,k,r) n Sin n3 + n! n Sin n3 + n! Sin 6 Sin 6 ----- (10) ----- (10) 

n=l n=l 2xR 2xR 
In both expressions 9 and 10 the value of P(----) In both expressions 9 and 10 the value of P(----) 
n SLn n0 for n=l is equal to Sin 0 n SLn n0 for n=l is equal to Sin 0 

2 2 
For practical purposes it is sufficiently accurate to 
take the -2 

n3 
term u-? to a value of n=6, hence the 

expression for shear can be written as 
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N X8 
= W Sin0 + F ‘) 'F( ----)n Sin n0 ----___-- 

RR XR i-r (11) 
n=2 

The curves of figs, 5-20 were obtained by putting 
numerical values in the cxprezsion (11) above, The 
parameters for each particular case are given In the 
accompanying curves. 

I am indebted to Dr. Klrkby and the com- 
puting section of the Aerodynamics Department for the 
valuable aid given in the computation of the numerical 
examples. 

Conclusions 

1) The distribution of shear around the frame is not 
sensitivo to variations in values of 'I q' the results 

show a maximum increase of 7% in value of NxO at 

30' (i.e. maximum vnlue) for a lOOoh lncrensc in 
value of kx9 see figs. 15> 16 and 17. 

2) The distribution of shear around the frame is not 
sensitive to variations in skin thickness " t", In 
aircraft structures going from one 
is approximately an Increase of 30 

yuge to the,next 
0 and for this 

incrense In skin thickness the nverng& percentage 
decrease in maximum vzlus of NxB is 4/o. This IS 
assuming that k, remains constant. 

3) The distribution of shear is not sensitive for 
rcnsonably large? v:lrintionn In the moment of inertia 
of the adJaccnt frames, and to t?kt: a mean value of 
If is sufficiently accurate for the results, The 
effect csn be obtained from fig. (5) where It 1s seen 
that increasing the stiffness of the adjacent frames? 
the loaded frame remnining constant Increases the 
maximum value of N 

X0’ 
For the parameters chosen it 

is seen thstothe avergge oercentn 8 e increase In vnluc 
of NxB at 30 is 0.12/o f&r n l.Ob incrense In vdue 
of If' 

4) The distribution of shear is not sensitive for 
reasonably large vnriations In the moment of inertia 
of the loaded frcme, 2nd 3 mean value is sufficiently 
accurnto for the results. This effect can be obtain- 
ed from figs. 12, 13, 14, 18, 19 2nd 20. 

5) The distribution gf she,qr is not sensitive for 
moderate variations in frame spacing, For a frame 
radius upoto $0') 
N xe at 30 

&he averege increase in value of 
is 0,4/b for 8 1.09; increase in value of 

"rn" and fgr a rod.lxs of 60" th& increase in value of 
N xe at 30 is 0.22/o for a 1.0/o Increase in 'tn" . 
This effect cgn be obtsined from figs. 18, 1g9 and 20. 

6) The beam theory distribution of shear is suffic- 
iently accurate if the value of rIf lies above the 
line of fig.21, This curve 1s obtained by extra- 
polstlon of the curves figs. 12, 17 and llr, and is 
intended to give the lovuest value of rIf for which 
the beam theory is a reasonable spproximetion. 
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7) The shear loading on i'rumes adjacent to the loaded 
frame can be obtained with sufficient accuracy for 
nractical purposts by InttrixCtstlon. The shear dls- 
trlbutron on a frame 2 frame spacings distant from the 
loaded frame can bc taken as that given by thL beam 
thcorg andintcrm~diat6 frzmcs can be obtaIned by a 
stPalgl?t line intzrpolation betwut-n the f'ramcse see 
f1g. 4. 

(1) Royal A:,ronautlcal Society Journal Nov.1%6. 
" The stresses in a circular fuselage"by W.J.Goodcy. 
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APPENDIX A 

Derivation of the shear load 3uc to tangential 
load and moment from the radial load ex~resslon. -I- I 

Goodey In his work indicates a method by 
which the sheer load for a rad~.al load and moment 
Krdy be obtained from the exoresslon for a tsngentially 
aooliod load. 
obtaining the 

Here the compl.&solut3on is given for 
shear load due to n tsngentlal load and 

moment from the radial load ex-orcesions. 

Let (Xx0) 
T 

= shear 10~3 duo to a tangentially a?plled 
load T 

This will be a function of T 2nd 8. 

@Txe)r = -Tf(O-a.) = -Tf(B) $ T&'(6) 

when a is small 

Ta = W :lnd T = T Cos a. 

.'.L2(Xxe), = Tar'(@) = W"(O) = (Nx&, 

. *a (NxO)ic = d W 
(=g T' ('Jx& 

(Nx'3), = &,) ' + ; " (Nxe)w d4 
r.'*=. Jo 

------ (12) 

where the torm 
;(NXf3)l,~o is a constant of integration 

and can be evzlua'ted by corisidesing the equilibrium 
of the frame. 

:2T 
- TR =J” (Nx0),R2 fJfJ* 

-271 

= ,(Nxe)j 0=02~R2 + ; R2; 
L 

10 i Jo ” 
(N&(QoW 28. 

c 27c 
= 

27tR2 /(Nxe) 1 

T)kO 
+ $ R2 / (2n-p3(Nxe)w(~)d@ d0 

Jo 



the constant OP Integration for (12) above. 

For the case conslderecIs of' a lokkd frame along 8. 
cylinder 

(Nxe),, = v;! I‘T(----)n Sin no + V& Sin 0 
5.R g$j. 

= WSinO + \J 
7G ',KK 

f F( ----)n Sin nC3 
&2 

-2x 
= 2z2R ~SUI 6-0 Cos 8 d-n@ COS nt?: 

n JO 

6 
=‘P ; 

-I -““X 
- 27c! + T2 ‘: F(----) ;- 1 

27% : , 2% R ;='i 27cn ;2- ! 

6 
= - " - T ,-i; (---) . 

42 7s & 

substitilting in equation (13) 

,0 
+ ;;o(Nxa)w da 

6 ‘,- ? :;i? 
= -& --;$ ,;: F ( 

<*iZ 
----) 4 $; $SinB d0 

iL '0 
6 

+” 
7cR 

,,>I%(----);~'n Sin n3 da: 

IT=:! '0 i 



x- ,iJ cos0-T_ 
6 F(----) Cos no. 

27cR OCR XR ;& 

6 
zz 2 1 r - Cos 8 - 3.' F(----) 

A& 
Cos n6 i ----l--lr- (14) 

XR i'F 

O- 

Let (N,$> = h s e?r load d~16 to an aplied moment. 

Oqxe),.< = 3 /f(e). + a*r(el;~ 
do2 

where r(e)7 is the shear due to unit tangential load. 

!5_ i 
f(B& = l-cose- a ' F(----)Cos n 0; see (14) above 

&2 r' 

,ooooooo+,-.- 
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