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Summary.--A theoretical investigation is made into the effect of spanwise rib-boom stiffness on the stress distri- 
bution at a cut-out in the inter-spar skin of a stressed skin wing in bending. Both shear and bending stiffness of 
the rib-boom are taken into account, and at tention is concentrated on the case in which the rib-boom is built-in 
to the spar flanges. 

Curves are included which determine, for any particular case, the magnitude of the peak shear stress adjacent 
to the flange, the approximate spanwise variation of this shear stress, the proportion of load transferred by  the 
rib-boom to the skin and stringers, and the bending moment in the rib-boom at its points of at tachment  to the spar 
flanges. 

By suitable design of the rib-boom it is possible to lower the shear stresses adjacent to the flange with little or 
no increase in structure weight. 

Available experimental results for the peak shear stresses are in good agreement with this theoretical work;  
previously developed methods 1' a give over-estimates of the order of 100 per cent. 

1. Introductio~.--In the neighbourhood of a cut-out in the interspar region of a stressed- 
skin wing the end load due to bending is carried almost entirely by  the spar flanges. Beyond 
the cut-out, however, the sheet, by  virtue of its shear stiffness, distributes this end load so tha t  
it is eventually taken uniformly by tile sheet, stringers and flanges. This is a common load 
diffusion problem which has been considered by a number of writers 1' a. The effect of a chordwise 
rib-boom attached to the sheet at the end of the cut-out is ignored by these writers (in any 
practical case there will be such a boom), and the maximum shear stresses predicted are accord- 
ingly too high, in some cases being two or three times those given by available experimental 
results. 

The purpose of this report is to investigate theoretically the effect of such.a  rib-boom on 
tile Stress distribution and in particular on the shear stresses. 

2. Statement of Problem a~d Assumptions.--The problem is to determine the stress distribution 
in a long rectangular stiffened panel (length greater than twice width) which is bounded on its 
longer edges by  equal flanges of constant cross-section to which are applied equal direct loads. 
A rib-boom is at tached to the skin at the end of the cut-out and is regarded as a beam of constant 
section; at tent ion is concentrated on the case in which the rib-boom is built-in to the spar 
flanges, as this is closely representative of current practice ; both shear and bending stiffnesses 
of the rib-boom are taken into account. 

* R.A.E. Report  Structures 13, received 21st February, 1948. 
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The stringer-sheet method 1, ~, 3 is used, and curvature of the surface is neglected. Any rotation 
of the spar flanges in the plane of the panel is ignored though this effect (due to bending flexi- 
bility of the flanges) is considered approximately in Appendix II. 

3. Discussio~.--The presence of a rib-boom has an important effect on the stress distribution, 
especially on the shear stress adjacent to the spar flanges ; if the rib-boom is ignored the shear 
stresses have a very high value at the end of the cut-out- - the  stringer-sheet method of solution 
giving an infinite value and the finite-stringer method giving a value depending critically on 
the stringer pitch. 

Sheor 

S~res$ 

~ Strmger Sheet Solu~ton 

Solution 

Dtst once along Flange 

DIAG. 1. Shear Stress adjacent to the spar flange (no rib-boom). 

The effect of a rib-boom can be estimated by regarding it as a beam in bending ; if the beam 
is built-in at each end to the spar flanges its rotation will be zero and hence, if we neglect the 
shear flexibility of the beam, the shear stress in the sheet adjacant to the spar flange will also 
be zero to start with. Except for rib-booms with high bending stiffness the effect of a rib-boom 
is comparatively localised and the shear stress adjacent to the spar-flanges increases rapidly 
to a maximum value, and then dies away in much the same way as if there were no rib-boom. 

If the shear stiffness of the rib-boom is taken into account the shear in the sheet will have a 
finite value at the root and the distribution will be  roughly as shown by the broken line in Diag. 2. 

Shear 
Stress 

No R ib -  E~oom 

Bending and Shear Stillness o~ 
Rib Boom token i'n~o ¢]ccount 

Bending Still'heSS of Rib-Boom 
only token into account 

DIAG. 2. 

Distance along F'Iong ~ 

Shear stress adjacent to spar flange (with rib-boom). 
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If the rib-boom is not rigidly built-ill to the spar flanges but is intermediate between the 
simply-supported and built-in case the effect on the stress distribution will be similar to that  of a 
decrease in the shear stiffness of the rib-boom, and this, though, marked at the root, does not 
appreciably affect the peak shear stresses. 

4. Description of Results (For symbols see page 7).--Unless otherwise stated the rib-boom 
is built-in at its ends. 

The complete stress distribution is shown to depend primarily on three non-dimensional 
parameters, ~,/L 7- It  is therefore impracticable to present the results in such a way as to 
cope with all possible types of structure dimensions; however, it is shown that  the effect of 
7 (which depends on the shear stiffness of the rib-boom) is not important  so unless otherwise 
stated ~, has been assumed zero and the results have been plotted for various c~ and p. A few 
curves in which 7 is non-zero are given to show the general effect of this parameter. (c~ is the 
proportion of flange area to stringer-sheet area and ~ is proportional to the bending stiffness 
of the rib-boom.) 

4.1 Shear Stress Adjacent to the Spar Flanges.--A family of curves in which ~ = 1 (i.e., flange 
area = stringer-sheet area) has been drawn in Fig. t for a wide range of fl (the range covers the 
practical range) showing the variation of shear stress adjacent to the spar flanges ; and in Fig. 2 
similar curves have been drawn including the effect of the shear stiffness of the rib-boom: ~ has 
been taken to be given b y - -  

r = O. 04 ~12 ; 
I 

the reason for this  being that  for a given shape of rib-boom cross-section/~ ~ l 4 and ~, cc 12 where l 
is a typical dimension, and hence ;, oc ~ 1/2 provided the sectional shape of the rib-boom is unaltered. 
The constant, 0.04, is typical of current practice. 

The variation of shear stress for a particular value of/~ (i.e., a given rib-boom) for various 
values of c~ is shown in Fig. 3. If the flange load is kept constant the  effect of increasing tile 
flange area is to lower the shear stresses and to move the position of the peak shear stress 
slightly further from the rib-boom. If the flange stress is kept constant the effect of increas- 
ing the flange area is to increase the sheer stresses. 

The effect of varying the shear stiffness of the rib-boom is shown in Fig. 4, where c~ = 1 and 
/~ = 2 × 10 - ~ and ~ has the three values: 0.02 ~/2, 0.04. ~/~, 0.08/~112. The effect is pronoun- 
ced at the root though the increase to the peak shear stress is not important. The largest value 
of ~ chosen here is unlikely to occur in practice, and it will usually be sufficient to ignore this 
effect altogether. The value of the shear stress at the root may be obtained closely, but  indirectly, 
from Fig. 7 (see section 5.4) where the proportion of end load transferred by the rib-boom is 
given. This proportion, 6, say, is practically independent of ~, and hence the shear load in the 
rib-boom adjacent to the flange will be approximately ~f0F. This makes the shear stress in 
the rib-boom ~foF/R which must also be the shear stress in the sheet adjacent to the rib-boom. 

4.2 Maximum Shear Stress Adjacent to the Spar Flanges.--The value of the peak shear stress 
adjacent to the spar flange is of practical importance and these peak values can be obtained 
from Fig. 5 for any values of the parameters c~ and ft. The effect of the shear stiffness of the 
rib-boom has been included for the case in which c~ = 1 ; r has again been taken to be 0.04 fll/~. 
The case when the rib-boom is simply-supported has also been shown. 

4.3 Direct Stress in the Spar trlanges.--The distribution of direct stress in the spar flanges is 
given in Fig. 6 for various values of ~. Except for comparatively stiff rib-booms the distribution 
is much the same as if there were no rib-boom. This means that  simplified theories, such as 
that  of Ref. 1 may be used to estimate the direct stress in the flanges. 

4.4 Proportion of End Load Transferred by the Rib-boom.--Due to the stiffness of the rib-boom 
a proportion of the total end load is transferred immediately by the rib-boom to the sheet and 
stringers. This proportion is seldom more than 20 per cent and there is a corresponding decrease 
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in the spar flange stress just inboard of the rib. The effect of ignoring the shear flexibility of the " 
rib-boom is very small as will be seen from Fig. 7 where the proportion of end load is plotted for 
various c~ and ¢1 with ), zero and for a particular ~ (=  0.04 ~12) when ~ = 1. 

I t  will be noticed that  over the prac~:ical range the proportion of load transferred by  the rib- 
boom is roughly proportional to {3 lj~ , i.e., to the linear size of the rib-boom cross-section. 

The proportion of end load transferred by the rib-boom may be related to the maximum 
possible load tha t  could be transferred by observing that  when the rib-boom is infinitely stiff 
this proportion is 1/(1 + c~). 

4.5 Be~di¢~g Moment in the Rib-boom at its E~,ds.--The bending moment in the rib-boom at 
its points of a t tachment  to tile spar flanges is an important  factor for two reasons; it is the 
greatest bending moment in the rib-boom and may therefore be a deciding factor in the design 
of the boom, and it will par t ly  decide the strength of the rib-boom-to-flange attachment.  I t  
will be remembered, though, that  one of the assumptions made was that  the flanges remained 
straight. In practice, the flange will rotate slightly and relieve tile end bending moment. This 
is considered in Appendix II. 

The bending moment is expressed in terms off0a2t, in Fig. 8. The line ~ = m drawn there 
corresponds to the case of constant stress flanges. 

The effect of the shear flexibility of the rib=boom is again very small. 

If we denote the bending moment (M, say) expressed as a fraction of foa2t, by A (i:e., A is 
the ordinate in Fig. 8), it N worth noting tha t  for the rib-boom 

M _  dkfo 

and, as A is rOughly proportional to/~3/s over the practical range, it follows that  for rib-booms 
of similar section the maximum stress in the rib-boom varies approximately as (a typical dimen- 
sion)- 3/5 

5. Agreeme~# with Experime~t.--Experimental results have been obtained from strain-gauge 
readings taken during tests of four aircraft components, all of conventional monocoque con- 
struction. The values of the peak shear stress adjacent to the flange were found in each case 
and have been plotted in Fig. 9a. I t  will be seen that  agreement with theory is good- - in  each 
case the theoretical value exceeding the experimental value by about 10 per cent. The previously 
developed approximate methods ~,a gave overestimates of about 100 per cent. 

In one case, there was considerable camber of the skin between the flanges and an estimate 
was made of an equivalent flat skin width ; a small change in this estimate made little difference 
to the corresponding theoretical peak shear stress. 

In Fig. 9b a number of experimental points showing the distribution of shear stress adjacent 
to the flange is given and agreement is again good, though in the actual structure the flange 
area decreased in a number of steps and the experimental points at some distance from the 
rib-boom have been factored to account for this. In practice, of course, the important  t h i n g  
to know will be the value of the peak shear stress likely to be developed and its approximate 
position. 

6. Example.--.The following dimensions specify the structure, which is representative of a 
large aircraft wing. 
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D i s t a n c e  b e t w e e n  spa r  f langes  = 2e 

A r e a  of each  f lange  = F 

Th icknes s  of i n t e r s p a r  sk in  = t 

S t r i nge r - shee t  t h i ckness  = t, 

Shea r  m o d u l u s / Y o u n g ' s  m o d u l u s  = G/E 

=~  100 in. 

= 4 sq in. 

= 0 . 0 5  in. 

= 0"08 in. 

= 0 .4 .  

T h e  r i b - b o o m  is d r a w n  be low (bending  a b o u t  t h e  l ine NN.)  

N 2 .8  ~l 

0.3" 
, J 

DIAG. 3. Section of rib-boom in example. 

T h e  m o m e n t  of i ne r t i a  ( I)  for  this  r i b - b o o m  is 1 .5  i n )  a n d  t h e  sec t iona l  a rea  (R) is 1 .5  sq in. 

W e  are  n o w  in a pos i t ion  to f ind  k, c~, ~ a n d  7- 

k =  = = 2 . 0 ,  
\ 0 . 4  × 0 .052  

F 4 
o ~ - -  ats-- 50 × 0 . 0 8  - -  1 .0  

kI 2 × 1-5 - - 3  × 10 -~, 
f l - -a~ t , - -50  ~ × 0 . 0 8  

EI 1 .5  
7 - -  GRa 2 - 0 . 4  × 1 . 5  X502 

= 1 0 -  3 ( =  O" 058 fll/2). 

T h e  p e a k  shea r  s tress  (qmax) is f o u n d  f r o m  Fig. 5 w h e r e  we h a v e  

qraax ( G~s~ 112 
fo \ E / /  = 0 . 6 8  if we ignore  t h e  e f fec t  of  7 ,  

or  0 . 8 0  if we inc lude  the  ef fec t  of  7 .  

N o w  

a n d  hence  



The position of this peak, obtained approximateiy from Fig. 1, will be 0- 05 × ak, i.e., 5 in., from 
the rib-boom. It will be further noticed that  the shear stresses are appreciable (80 per cent of 
tile maximum value) up to a distance of 15 in. from the rib-boom. 

z 

The proportion of load transferred immediately to the skin and stringers ~s found from Fig. 7 
to be 13 per cent. This means that  the direct stress in the flange just inboard of the rib-boom 
will be 0"87f0. 

The shear stress in the rib-boom at its ends, which is also the shear stress in the sheet at the 
rib-boom flange junction, is 

0.13 × fo × 4  
2 . 5  = o .  aS/o .  

The bending moment in the rib-boom at its points of at tachment to the spar flanges is given 
in Fig. 8 where we have 

M = O" 008 foa2t, 

= 1 .6fo ,  

which implies a maximum bending stress in the rib-boom of 

1.4×2.51. f0, (i.e.,p_My) 
= 1 . 5 f o .  

If we wish to limit this stress to f0 (in practice this stress will tend to relieve itself due to rotation 
of the flanges. See Appendix II) we might increase the linear size of the  rib-boom in the ratio 
(1.5 : 1) sI3 , a result which follows from Section 4.5. This means nearly doubling the size of the 
rib-boom; but this is clearly an inefficient way, from the weight of view, of distributing the 
structure material, for that  part of the rib-boom in the centre region of the panel does little 
work in relieving the high stresses at the ends of the rib-boom. A far more efficient scheme 
would be to have a tapering rib-boom with a moment  of inertia at each end designed to take 
the original maximum bending load (i.e., 1.6 fo) and tapering to a much smaller value so as not 
to increase this moment.  Such a scheme would suggest an I at each end of 

( 1 . 5  '/3 Io X \ ~ /  = 1"7 in. 4 

tapering to a value in the centre of, say, 0.8 in. 4 

7. Condusions.--By taking account of the spanwise stiffness of the rib-boom, an accurate 
estimate can be made of the stress distribution near a cut-out in the interspar skin of a stressed- 
skin wing. The previously developed methods (in which the rib-boom is ignored) give much 
the same values for the direct stresses in the spar flanges but overestimate the peak shear stresses 
in the sheet by a wide margin. 

Curves are included for determining the shear stresses in the sheet and tile principal loads 
in tke rib-boom. 

The method of analysis given in the Appendix lends itself readily to the solution of problems 
of this type ~, though some of the series involved converge very slowly. 
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Width of panel 
Thickness of sheet 
Thickness of stringer-sheet 
Area of each flange :,, 
Moment of inertia of rib-boom (bending about a line perpendicular to ~/he plane of 

the sheet) 
Effective area of rib-boom (for estimating its shear stiffness) 
Elastic moduli 
Direct stress in flanges at rib (i.e.; stress applied to flanges) 

Ets/G  7 
F/at, I 

Non-dimensional parameters 

EZlGR  J 
Additio~al symbols for use iv Appendix 1 

fl  Direct stress in spar flanges immediately adjacent to rib on the side of the rib attached 
to the skin 

f Uniform direct stress in the flanges and sheet at a considerable distance from the 
rib 

Direct stress in sheet parallel to length of panel 
r Shear stress in sheet 
u Displacement parallel to length of panel 
x Co-ordinate measured along length of p a n e l  
y Co-ordinate measured normal to length of panel 
Suffices F and R refer to the flanges and rib respectively 
Suffices x and y denote differentiation with respect to the variable 
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APPENDIX I 

Detai l s  o f  A n a l y s i s  

Stress 

applied to 
Flanges = fo ~ x , u 

A \ 
Rib- Boom 

She¢t 

Spar Flanges 

DIAG. 4 

B 

U n i f o r m  

Direct .  

Stress = f 

The notation is given on the previous page and the above diagram shows the general layout. 
The panel is taken to be indefinitely long but  for practical purposes it is sufficient if the length 
of the panel is greater than about twice its width. At section AA the spar flanges are subject to 
a stress f0 ; across a section BB, sufficiently far  from AA, the stress distribution is uniform, the 
direct stress in the flanges and the sheet being f ---- f0 (1 + a t s / F ) - I  and the shear stress zero. 

The longitudinal displacement (u) of the sheet satisfies the equation 1, 

u= + ( ~ - - ~ - ) u y y = O , k  e - E t "  . . . . . . . . . . . .  (1) 

where a suffix denotes differentation with respect to the variable ; the direct and shear stresses 
are given by 

---- Eu~ and T = Guy . . . . . . . . . . .  (2) 

The most general solution of equation (1) satisfying 

and 

is 

(i) u = 0 a t x - - - - 0 ,  y =  4 - a ,  

(ii) u ( y )  = u ( - -  y ) ,  - -  a ~ y ~ a ,  

(iii) (~)~ = ~ = (Eu~)~ = ® ---- f ;  - -  a ~ y ~ a ,  

(iv) (T),=. = (Gu, ) ,  =. = O, - -  a ~ y ~ a ,  

+ 4 . . . . . .  

where the A ,  and r~ are to be found from the equilibrium of the flanges and the rib-boom, and 
the continuity of displacements of the sheet, flanges and rib-boom. 

For the equilibrium of the flanges we have 

E F  ( u F ) = =  t . ,  y = + a 

= tGuy,  y = + a 
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- r i x  t Gkf  E A ,y .  sin r.  exp a ~  
E 

and the solution of equation (4) satisfying 

and 

is 

where 

(i) UF -~0 ,  X = 0  

(ii) EUF, = f~, X = 0 

(iii) Eu~, = f ,  x = oo 

Iak I l - -  exp  ( - -  r"x'~ ~ ] E F u F  = Ff~x + fat ,  F.A,~ sin r,~ ~ k , ~ - - ] ]  - -  x 

fl = f + ~ EA,, sin r,,. 

(4)  

. .  (s)  

The displacement of the flange is the same as the displacement of the edge of the sheet and 
hence, from equations (3) and (5), it is found that  the r,,'s satisfy the equation 

- -  F r , ,  
t a i l  ~',~ = - - -  

ats 
= - ~ r , , .  . . . . . . . . . . . . . . . . . .  ( ~ )  

The summations in the equations, therefore, extend over all positive values 5 of r,, satisfying 
equation (6). 

In considering the equilibrium of the rib-boom it is convenient to regard the rib-boom displace- 
ment uR as being made up of two parts, uR ~ due to bending and uR s due to shear displacement. 
We can then write 

(URb)Ym-- EI  

- -  a t s  

( u R ' ) , , -  G R  

a t x = 0  . . . . . . . . . . . .  (7) 

and from equation (3) we have 

Substituting equation (8) in (7) and integrating gives 

uR~ EI {y4 24 + Ca2(Y2 - -  a2) - -  a4x r,} . . . . .  

where C is a constant determined by the end fixity of the rib-boom, 

_ + _ 

uR" GR 

If the rib-boom is built-in at y = 4- a • 

(URb)~=0 at y =  + a  

. .  (~o)  
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and hence 
C 1 ~zA, ,  

- -  - -  - - - -  C O S  ~ ' n  ; 

12 2 r,, 

" L 

(11) 

and if the rib-boom is simply:supported 

(URb)yy=0 at y = ±  a: 

i.~., - c =  k + ~ x A " c o s ~  . . . . . . . .  (19,) 
~ n  ° " * " " " 

The displacement of the rib-boom is the same as the displacement of the edge of the sheet, 
and as the rib-boom and sheet displacements are already zero at x ----- O, y = -}- a, this will be 
the case if 

---=uy at x = O ,  - - a < ~ y < ~ a .  

tS i.e., --kXA,y,, sin ( ~ )  = f  {~_ + 2a2yC + aaX .~2 sin ( 7 ) }  
U 

E t s  
(13) 

The integral 

Iisin ( r y )  sin (r-~)dY 

has the value 

a(1 + ~cos2r.) 
2 

if m = n, and is otherwise zero. Using this relation, we obtain from equation (13) 

A .  = - - s i n  r,, ~ ) ( C  ~' 1 2(1 + ~) -{4(1 + - - ~ )  + ~  + ~ - -  } 
- 7 n 2  " . 

where 

..  (14) 

D. = (1 + ~cos 2r,,)(1 + yr,~ 2 + flr. 8) 

and 

kI EI 
fl aa~s~ Y - G R a  2 

Equations (11), (12) and (14) suffice to determine the coefficients A,,. For the built-in case 
we have: 

__= { ~ 1) A. 2(1 + ~) sin r.  $1 + ~ + (15) 
~Do 3(1 + ~) ~ . . . . . . . .  

10 



where 

81 
~DU-. ~' 3(1 + ~) + 

1 --  g c°s2 r _ .  
2o¢(1 + c~) D. 

(15a) 

If the rib-boom is simply-supported: 

A . -  2(1 + ~ ) s in r .  ($2 + ~ + 1 11 . . . .  (16) 
- -  ccD,, 3(1 + c~) +~,~'2} ~ 7" "" 

where 

_ E cos2r,~ { 1 1} 

$2 = --D'~- y +  3(1 + ~) + @ . . . . . . . . . .  (16a) 
1 + ~ COS 2 r,~ 

2(1 + ~) D,, 

The complete solution to the problem has now been obtained and expressions for the stresses 
can be written down. But equations (15), (15a), (16) and (16a) are quite unsuited as they stand 
because of small differences which occur in the computation which necessitate extraordinary 
accuracy. However, by using the identities given in Ref. 5: 

1 1 + 3 e  l, 
E r.2 6(1 + ~) 

I 

(1 + ~) = Z(1 + ~ ) ' I  
\ ~ 1  + r'2 

J 

(17) 

we can transform these equations and make them suitable for computation, as well as simplifying 
them. 

I t  is convenient to introduce the following additional notation: 

T = Xr"s in  2r.  
D~ 

U = X. sin2 r,, 
D. 

V = Z sin2 r. 
r,~D. 

W = X sin2 r .  
yn2 Dn 

O~ 
- 2(1 + ~) 

fiT - - y U ,  

. .  ( is)  
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XI = $I + Z -- 
0~ 

3(1 + ~) 

1 

3(1 + ~) 
X2 = $2 + 7' + 

-Expressions for the X's now become 

~V X1 = 7 
~,U + /3T' 

= - - : V / T  if r is zero, 

and 

1 

I 
J 

constant terms 
occurring in 
equations 
(15) and (16) 

. .  (19) 

. .  (19a) 

X 2 : y  + ~ v  
a2 . . . . . . .  (19b)  

+ W  . . . . . .  
2(1 + ~) 

These expressions for X1 and X2 do not involve small differences of relatively large numbers 
and are, therefore, not sensitive to small inaccuracies in the r, (or allied functions). 

The direct stress in the spar flanges is now given by 

a e  1 + 2(1 + e) X sin2r'~(IX+ 12lj exp(--r '~x '~ 

and the shear stress adjacent to the spar flanges by 

T 

do 
2(Gt@/~X r" sin2r'~ IX + 12} exp (--_r- x.) 

\ E  t /  D,, \ ak " 

If the rib-boom is built-in it wil! be found that: 

the proportion of total direct load transferred by the rib-boom is 

L~{T+ u v  l, 
fiT + rU) 

the shear stress at the root adjacent to the spar flanges is given by 

- - z  2), (Gt,~/2 [T + UV } 
fo \ E t /  ~T + ~,U,' 

and the bending-moment in the rib-boom at its ends is given by 

M __ /~V 

foa% fl T + r U" 

If the rib-boom is simply-supported: 

the proportion of.total direct load transferred by the rib-boom is 

'12 



2~ ! T UV --  ~, 
~ - - - f l T - - r U J  ~[ 2 

a n d  t h e  shea r  s tress  a t  t he  roo t  a d j a c e n t  to  t h e  spar  f langes  is g iven  b y  

- - * - -  9.(Gt'~ 1/~ i V  + ~T q f lTV 1 
fo \ ~ /  ~- - aT  --  r U  I L 2 

: 2 k ~ /  _ _ _  if p is zero. 

Tables of T, U, V for various c~, a and 

ot-£ 
10 -5 5 X 10 -5 ~ X 10 -4  8 X 10 -4 32 X 10 -4  

825 280"4 109"9 42"49 16"09 

16"97 9"508 5"670 3"282 1"818 

0-9707 0-8004 0"6559 0-5148 0"3804 

¥=0.04fl~/2 

5 X 10 - s  2 X 10 -4 8 X 10 -4 32 X 10 -4 

264.4 105"9 42 .12  16-56 

9 .414 5 .827 3-563 2 .099 

0-9473 0.8054 0.6648 0.5253 

5 × 10 - s  2 X 10 -4 8 X 10 -4  32 X 10 -4  

282"5 111"7 43"93 17-14 

y : O  

a = 2  

y = O  
~ m  

9.962 6 .104 3.681 2-167 

0 .9718 0.8255 0.6801 0-5370 

5 X 10 - s  2 × 10 -4 8 X 10 -4  32 X 10 -4 

283 .2  112"3 44"47 17-58 

10"20 6 .337  3 ' 905  2 .377  

1"105 0.9577 0.8111 0.6651 

13 



APPENDIX I i  

\ 

Effect of Rotation of the Spar Flanges 

When the rib-boom is built-in the end-moments will be slightly relieved due to the rotation 
of the spar flanges. This reduction in the end-moments may be estimated by  the following 
analysis. Throughout ~ is taken as zero. 

The rotational stiffnesses K~ and KR of the  spar flange and rib-boom will be determined. A 
pin-jointed connection between rib-boom and spar flange is assumed and the spar flange is 
treated 'as a beam' on an elastic foundation. 

The following additional notation is employed: 

7) 

EIF 
t, 

F~ 

K~ 

KR 

From symmetry,  
unit length applied 
wri t ten 

Deflection of the spar flange in the y-direction 

Flexural stiffness of spar flange 

Effective thickness of skin and ribs in carrying direct load in the y-direction 

Section area of rib-boom 

(t,/4aI~) 1/4 

Rotational  stiffness of the spar flange, i.e., 

Moment required to produce unit  dv/dx of spar flange 

Rotational  stiffness of the rib-boom, i.e., 

Moment required to produce unit  du/dy of rib-boom 

v is zero midway between the two spar flanges and so the lateral load per 
to t h e  spar flange is Evt,/a. The differential equation for v may now be 

~4 v 
d x  4 + 424v : 0 

so tha t  the solution is of the form 

v ---- e- ~" (A sin 2x + B cos 2x). 

A relation between A and B is found from the condition of equilibrium of the spar flange and 
thence it is found tha t  

(t~ + 22FR'~ (20) K F =  ~EIF t, + ~FR/ . . . . . . . . . . . . .  

KR may be found simply by observing that  the end-moment obtained for the built-in case is 
just  sufficient to cause a rotation equal to the shear strain for the simply-supported case, so that  

Due to the rotation of the spar flanges the bending-moment for the built-in case will be reduced 
in the ratio 



KF : (KF + K • )  . . . .  

F o r  e x a m p l e  w i t h  the  s t r u c t u r e  as in Sec t ion  6 if we  t a k e  

t~ = t = 0 . 0 5 i n .  

i t  w i l l  b e  f o u n d  t h a t  

so t h a t  

IF  = 25 in. ~ 

2 =  0 . 0 5 6 3  

K~  --~ 2 . 2 9 E .  

F r o m  e q u a t i o n  (21) KR ---- 0 . 5 5 6 E  

T h e r e f o r e  

KF  - -  80 pe r  cent .  
K p  + K~  

. .  (22) 

• 15  
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