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Summary.—A theoretical investigation is made into the diffusion of symmetrical, concentrated loads into a long
stiffened panel having constant stress edge members and a transverse loading beam.

Both pin-jointed and clamped end conditions for the beam are considered. Curves are given for determining the
peak shear stress near the boom, the variation of this shear stress along the length of the panel, the proportion of load
transferred by the beam, and the bending moment at the ends of the beam.

1. Introduction.—It has been shown (R. & M. 2663)* that, in the diffusion of end load into a
panel lying between parallel booms, the shear stresses in the panel are considerably reduced
in the presence of a transverse beam attached to the free edge of the sheet and with its ends
fastened to the main booms.

Booms of constant cross-section were considered in R. & M. 2663', but in practice booms are
usually designed for constant stress, or nearly so. The purpose of this report is to consider the
effect of a transverse beam when the booms are tapered for a constant stress, and in particular
to determine the taper required and the stifiness of the cross-beam for efficient diffusion.

By combining these results with those of R. & M. 2663, it is also possible to obtain a reasonable
estimate of the stresses in the panel for a structure in which the booms have some taper between
zero and that giving constant stress.

2. Statement of Problem and Assumptions.—The problem is to determine the stress distribution
in a long, flat, rectangular, stiffened panel which is bounded on its longer edges by constant
stress booms to which are applied equal end loads. A uniform beam is attached to the free
edge of the skin and the ends of the beam are either pin-jointed or clamped to the booms.

Simple engineering theory is assumed for the beam, and its deflection due to shear is neglected.
The stringer-sheet method (R. & M. 2663,' 2618* and 2670°) is used to determine the panel
stresses.

8. Description of Results.—The complete stress distribution is shown to depend primarily on
one non-dimensional parameter § = £I/a%, and it is therefore possible in presenting the results
to include all practical values of structure dimensions.

* R.A.E. Report Structures 31, received 3rd November, 1948,
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Another parameter would be introduced if the shear ﬂex1b1hty of the ‘beam were included,
but as this would increase the computation considerably and as, moreovér, it has beéen shown’

(R. & M. 2663) that th1s effect is not of great 1mportance it has been demded to 1gnore the
shear flexibility. :

3.1. Boom Taper Consistent with Constant Stress Booms
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If the boom area at some considerable distance from the root, w}iere thé‘s‘fresé:e's.inr the’ sheet
have become uniform, is F,, the total direct load at that section will be 2f(F, + a¢). This
must also be the total load at any other section, and in particular at the root we have:—

2/(F, + at,) = ZfF
or F,— F, =

The variation of flange area between the two end values of F, and F, is shown in Figs. 1-and 2
for various values of the parameter . It is evident that this variation is independent of F, :
for if we increase the boom area everywhere by an amount 6 F, say, and increase the total load
by 2féF the stress in the modified boom remains unaltered. This means that the boundary
condltmns for the panel are unchanged although F_ is different.

" The beam 1tse1f transfers part of the load to the panel and i in order to keep: the boom stress
constant there must therefore be a sudden decrease in boom area from one side of the beam to
- the other.

3.2. Shear Stress Adjacent to the Booms.—A family of curves showing the distribution of shear
stress adjacent to the booms for various values of g is shown in Fig. 3. The beam is assumed’
to be clamped at its ends, which implies that there will be no rotation between beam -and boom,
$0 that the shear stress ad]acent to the boom will be zero initially.

- It will be noticed that the shear stress rises rapldly to a maximum value and then d1es away
in much the same way as if there had been no beam.*

The shear stress in the less practical case in which the beam is pm ]omted at 1ts ends is shown
in Fig. 4.

" * The following is a simple closed expression for the shear stress when there is no beam:—

g = gﬂ; coth~1 {"**}



3.3. Peak Value of Shear Stress Adjacent to Booms.—The value of the peak shear stress adjacent
to the booms is of practical importance and may be obtained from Fig. 5 where both clamped
and pin-jointed end conditions for the beam are considered. If the beam is pin-jointed its
- stifiness must be very high for the shear stress to be kept within reasonable limits, but if g is
not less than 0-002 clamping the beam reduces the peak shear stress to 0:8 %f (probably a safe
value, depending on the magnitude of ).

3.4. End Load Transferred by the Beam.—Owing to the stiffness of the beam a proportion of
the load which the sheet and stringers will eventually take is transferred immediately by the
beam. This proportion is plotted in Fig. 6 where it 1s seen that if, for example, g is equal to
0-002 and the beam is clamped, 32 per cent of the panel load (s.e., 2fat,) is transferred to it by
way of the beam. As the total load is equal to 2f(F, - at,) the load transferred in this case
by the beam will be 32/(1 + F,/at) per cent of the total load. If the beam is pin-jointed,
however, only 9-7 per cent of the panel load is transferred by way of the beam for the same
value of 8.

3.5. Bending Moment at Ends of Beam.—It has been shown that the clamped beam reduces
the peak shear stress in the sheet to a much greater extent than the pin-jointed beam. This
clamping has the disadvantage however of causing a relatively high bending moment at the
ends of the beam. This bending moment, expressed as a fraction of fa%,, is shown in Fig. 7,
Wl/lere it will be seen that over the practical range of g this fraction varies approximately as
ﬁs 9_

This means that the bending moment varies as @ (with other dimensions unchanged), and
for beams of similar cross-section the bending stress in the beam varies inversely as (linear
dimension of beam section)”.

4.1. Example 1—A Design Problem.—A panel has the following dimensions:

F o
2¢ = 30 in. X l J/
t = 0-051in.
£ — 0-08 in. r
F, = 1-0in2 o oow b S
GIE — 0-4
G|

There is a rib-boom of approximate area 0-7 in.? which is built-in to the booms and may be
regarded as a beam. ‘

Required to find moment of inertia of beam so that peak shear stress in the panel will not
exceed 13 tonfin.* and the boom area and taper so that there will be a uniform stress in the
booms of 20 tonfin.2. The total end load is 88 tons.

" . . el Joax _ 13 —0-
k and k are equal to 2°0 and 0-8 respectively, and hence W 08X 0-81.
This implies, from Fig. 5, that g(= %I/a%) « 0-002, giving
I < 0-002a%,/%
< 0-027 in.*

This value of g determines the bending moment at the ends of the beam, and from Fig. 7 we
have
bending moment = 0-0375fa%,

= 13-5 ton in.

(22738) . A



If we limit the maximum stress in the beam to 20 ton/in.? the permissible depth of the beam
may be found from ordinary engineering theory: ‘

2 x 20 x 0-27
13-5

total beam depth =

= 0-8 in.

If we take I = 0-27 in.* this restriction on the beam depth necessitates a beam width of at
least 6 in., which is clearly out of the question. But suppose that we have a varying rib-boom
“moment of inertia, such as that depicted by the broken line below:

<[ 4
= .
A (b} (a) = constant beam
/e (@) : section scheme
I
PROPORTIONAL V| (b) = variable beam

TO I OF BEAM \ :
: > section scheme
\

N\
~
~

e )

From physical considerations the bending moment at the ends for case (b) will not be appreciably
different from case (a). (In fact there are many forms for case (b) which leave the end moments
unaltered.) :

There is now greater freedom in the design of the rib-boom. A suitable cross-section for the
beam at its ends is that drawn full scale below:—

AXIS OF BENDING

~ which has a section area of 1 in.%, a depth of 2 in. and a moment of inertia of 0-67 in.* (¢f.
0-27 in.%); the greatest direct stress due to the 135 ton in. bending moment is again 20 ton/in.”

It is suggested that the beam should be tapered down to the value of 0-27 in* at a distance
of about 1 panel width, 7.¢., 5 in. from each boom, and then tapered down to some smaller value,
say 0-17 in.* at the centre of the panel. This tapering of the beam may be conveniently done
by machining off the requisite amount of beam flange. In the present example this would imply
that at the mid-point of the panel the beam would consist of the original beam web alone, and
it would therefore have an area of 0-5 in.%

The semi-load transferred by the beam to the panel is, from Fig. 6, equal to
0-325fat, — 7-8 tons. |

The boom area at the root is (F,, + af) = 2-2in.* and has a value just inboard of the beam
(see Tig. 1) of .
F, 4+ 0-66af, = 1-8 in.?
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The variation of boom area 1s completely determined from Fig. 1; for example, at a distance
from the beam of 0-4ak, 7.e., 12 in., the boom area is

F, -+ 0-4lat, = 1-49 in2

4.2. Example 2—Stress Determination.—The full line in the diagram below represents the
variation of boom cross-section in a particular design. The boom area at the root is 6 in.?
at, = 4in* and § = 107% It is required to find the peak shear stress in the panel in terms of

the direct stress at the root fo
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BEAM DISTANCE ALONG BOOM

The top broken curve corresponds to the case of constant boom area treated in R. & M. 2663".
The peak shear stress is 0-6f%. :

The bottom broken curve represents a constant stress boom corresponding to the same value of 8
and with F_, chosen to make the boom area 6 in. 1nboard of the beam. For this case the peak
shear stress is 0-9 &f, which may be written as

0.9, <§+—G——m) — 0-76fF.

It is obvious that the actual peak stress will be about half-way between these two values, say
Gronx, = 0-68f,%.

5. Conclusions.—The diffusion of symmetrical, concentrated loads into a long stiffened panel
bounded by constant stress booms and a transverse beam has been examined theoretically.

Information relating to the loads acting on the beam and the shear stresses adjacent to the
booms is given in graphical form. Using these graphs it is possible to design such a diffusion
structure with reasonable efficiency; and by combining the results presented here with those
of R. & M. 2663" a fair estimate may be obtained of the stresses in a panel bounded by booms

with any degree of taper.
If the ends of the beam are clamped to the booms the peak shear stress adjacent to the booms

is considerably smaller than when the beam has its ends pin-jointed. For the clamped case,
however, there is a large bending moment at the ends of the beam which necessitates additional

strength in this region.
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LIST OF SYMBOLS

Width of panel

Thickness of sheet

Thickness of stringer-sheet

Cross-sectional area of each boom, = F(x)

Cross-sectional area of each boom at root

Cross-sectional area of each boom at a considerable distance from the root

Moment of inertia of beam (bending about a line perpendicular to plane of
sheet)

Elastic moduli

Direct stress in booms
= (EtJGH*?
= (Gt,|EH*?
= RkI|a’,

non-dimensional parameters

Additional symbols used only in Appendix

Ox, Oy
"

uy

o, T

n

%

Orthogonal axes, x measured along the panel
Displacement in x direction

Displacement of beam in x direction

Direct and shear stresses in panel

Positive integer

Summation for #. (It is shown that odd values only of # are needed).

Other symbols introduced where necessary.

No. Author

1 E. H. Mansfield

2 M. Fine and H. G. Hopkins

3 E. H. Mansfield
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APPENDIX I

,

~ 1

Let f be the stress at a section where the stress distribution has become steady; then a suitable
form for the displacement # will be given by

Eodu o
foax f

Equation (1) satisfies the differential equation for #:

=1—2D, sin (nay|2a) exp (— nnx/2ak) . . . (1)

1w
R 3y*
where 2* = Et,/Gt, '

and the conditions at y = 0, 2z (where o, = f) and the conditions a long way from the root
(where the stresses are steady).

=0

Integrating (1) gives

? x + ga_k E — sin (mzy/Za) exp (— nax[2ak) . . . . (2)

+ a function of y alone, which will be zero by virtue of the end conditions.

Considering the beam in bending we may write:

84%(,_._0'2&3
B
t, ou
Té—tx—-O
:%{1_2D,zsin(my/2a)} O < )

Integrating equation (3) and using the condition of similarity of the displacements about the
centre-line of the panel and the fact that » is zero at the two ends gives:

Uy l];rt] <(y — g}l — -+ Cay(2a — y) — 16a D (mzy/Za)) T .. (4)

where C is a constant dependent on the degree of end fixity of the beam, and » has all odd
positive values.

Also from eqn. (2)

Zgif Y Zsin (nay/2a), .. .. .. .. .. . . (8)

since the deflection of the beam is the same as the deflection of the end of the panel.
7




8

E quating equations (4) and (5) gives an equation for determining the D,.

Now, _
2y(2a — 3) — 3_23 g 3 Sin (mzay/Za)
T 7 odd n.
| 192a* 8 - in (nxy/2a) )
—oa)t gt = 24 S q)Sn \myjad)
and (y — a) @ — "Ed < (i 1) o

Equating the coefficients of sin (nmy/2a) in equations (4) and (5) therefore gives:

i [§_6_li (i . 1> 32a'C 16a4D,,} __ 2akfD, 7
ET \a*n® \nn? T atnt | Ean e L " o )
Re-arranging, and writing g = i
4an ' 8
Dnzm(zic_urm) O 1|
Deteymination of C ‘
For a clamped beam
8%,, _ .
By Oaty =0, 2a
and hence
’ 1 4 D,
And for a pin-jointed beam
82%,, _ .
_3?})_2— = 0 at y = 0, 2a
and hence c=1/4 .. . .. .. .. .. o (109)

Confining our attention to the clamped case, and substituting in (8) and simplifying gives

. 4n[m )(1_ S) ‘
Dﬂ_(m‘?{/—g nz“’—‘? « .. .. . . o-' > . (11)
where
1

S = En(l Fpn*n?[8)
(12)

T3 "

(1 4 pr’=°[8) * |
For the simply supported case:
D, 4 13)

- na(l + pn’® #°[8)



(Boom AREA ~Fe) Jal;

/

‘\‘ \\/

- RO
\(

ot - R \k

oo 0y
o
)
o

NV ¥
PP

o ) 63 G 0.8 -0 153 a
(ISTANCE  FROM 8EAN) /at

Fic. 1. Boom taper consistent with constant stress booms (beam clamped).

07

(Boom azea —Fm)/aQ

T
v
TR
53

S

< o-2 . oa o6 o-8

10 12 14 e
(oisTance From BEAM)/o.Jg

F1c. 2. Boom taper consistent with constant stress booms (beam pin-jointed).




Gts
SHEAR STRESS ADJACENT To Boom /f/Fe-

&
SHEAR STRESS ADJACENT TO BOOM / F gt"

VA

W

\
N

TV PP PR VT
"

NV

L
I
4

|

I

!

%

0.4
I S
0.2
© 7o e 03 0-4 o5 | 06 01 08 ) 1-0
(DISTANCE  FROM  BEAM) /a.fi
FiG. 3. Shear stress adjacent to boom (beam clamped).
3.0
2-5 I S — °
—— rp= 10
-p= 107%
Bl
p= 1072
2.0 \\\< /
5 <
e \\
\% )
o.s \
\
— ]
° 5 o o-2 0.3 o4 o5 o 08 09 )

0.5
DISTANCE FROM BEAM /mﬁ

F1G. 4. Shear stress adjacent to boom (beam pin-jointed).

10



n
o)

PEAK SHEAR STRESS/ fjg—fa

d v a4 OIE

PERCENTAGE OF SKIN LOAD TRANSFERRES RY BEAM
w .

~_
\\ P[N_‘J
O'NTE
D
\\\
\\\
I
B
\\\\\ CL
\ AMPED
) ’\5 Ean
i
P~
\\
. \\\\\\
. z 5678512 2 - €788 =3 2 .3 4 5 673 CERR
: p=41 / al
: F16. 5. Peak shear stress adjacent to a boom.. ‘.
//"‘
ke
/
. o) / -
- i cMﬁ/
. b;ﬁl‘" //
! . . ////r
- / , B
LT -
<20, ]
.30V
o
et
- LT L =
L )
]
L+
—
Z s 7889 o= 2 ¥ 4 5 8 788 o3 ] 3 4 5 & 71809 on2
p=A£ I/a.si:,,

Fic. 6. Percentage of skin load transferred by beam.

11




10 1
af
{ L
sk
o 1
st -
5
4
~
] /
=N 3
™~
z P
. i)
d A
a L]
; -
3-2 /
ol
'S 8
3 8
0 7 Ps
Z s
v | -
< 5 e
5o =
wl
3
g 3
g g
Z /
& 2 :
w
[ |
1601
g 2 2 4 5 6 1891 _g 3 4 5 6 1B9Il z a 5 & 1809|
10 10 p* AXfadty, 10 o

Fic. 7. Maximum: bending moment in clamped beam.

(22738) Wt, 15-680 K9 4/53 F.M.&S

12

PRINTED IN GREAT BRITAIN



R. & M. No. 2729
(11,885)
AR.C, Technical Report

Publications of the
Aeronautical Research Council

ANNUAL TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH COUNCIL
(BOUND VOLUMES)

1936 Vol. I Aecrodynamics General, Performance, Airscrews, Flutter and Spiuning. 40s. (40s. 9d.)
Vol. II. Stability and Control, Structures, Seaplanes, Engines, etc. 50s. (505, 10d.)

1937 Vol. 1. Aerodynamics General, Performance, Airscrews, Flutter and Spinning. gos. (40s. 10d.)
Vol. 1L Stability and Control, Structures, Scaplancs, Engines, etc. 60s. (61s.)

1938 Vol. L Aerodynamics General, Performance, Airscrews. 5os. (51s.) '
Vol. II. Stability and Control, Fluttcr, Structures, Seaplanes, Wind Tunnels, Materials. 30s. (305. 9d.)

1939 Vol. I Acrodynamics General, Performance, Airscrews, Engines. 50s. (50s. 11d.)
Vol. I Stability and Control, Flutter and Vibration, Instruments, Structures, Seaplanes, etc.
63s. {64s. 2d.)

1940 Aero and Hydrodynamics, Aerofoils, Airscrews, Engines, Flutter, Icing, Stab1hty and Control,
Structures, and. a miscellaneous section.” 50s. (51s.)

1941 Acro and Hydrodynamics, Aerofoils, Airscrews, Engines, Flutter, Stability and Control, Structures.
63s. (645 2d.)
1942 Vol. 1. Aero and Hydrodynamics, Aerofoils, Auscrews, Engines. 7ss. (76s. 3d.)
Vol 1. Noise, Parachutes, Stability and Control, Structures Vibration, Wind Tunnels.
475. 64. (48s. 5d.)

1943 Vol. L (In the press.)
Vol. IL. (In the press.)

ANNUAL REPORTS OF THE AERONAUTICAL RESEARCH COUNCIL—

1933-34  Is. 6d. (1s. 84.) 1937 2s. (25. 2d.)
1934-35  Is. 6d. (1s. 84.) 1038 15. 6d. (1s. 84.)
April 1, 1935 to Dec. 31, 1936. 4s. (45. 4d.) 1935-48 3s. (3s. 2d.)

INDEX TO ALL REPORTS AND MEMORANDA PUBLISHED IN THE ANNUAL
TECHNICAL REPORTS AND SEPARATELY—
April, 1950 - - - - R. &M No. 2600. 2. 6d. (25, 73d.)

AUTHOR INDEX TO ALL REPORTS AND MEMORANDA OF THE AERONAUTICAL
RESEARCH COUNCIL—
. 1909-1949 - - - - = R, &M. No.2s70. 155 (155 3d.)

INDEXES TO THE TECHNICAL REPORTS OF THE AERONAUTICAL RESEARCH
COUNCIL—
December 1, 1936 — June 30, 1939.
July 1, 1939 — June 30, 1945.
July 1, 1945 — June 30, 1946.

& M. No. 1830, 1s. 3d. (1s. 43d.)
& M. No. 1950. 1s. (1s. 13d.)

& M. No. 2050. 1s. (1s. 13d.)
July 1, 1946 — December 31, 1946. & M. No. 2150. 1s. 3d. (15, 43d.)
January 1, 1947 — ]unc 30, 1947 & M. No. 2250. 1s. 3d. (15, 43d.)
July, 1958. - - - R. & M. No. 2350. 1s. 9d. (1s. 104d.)

Prices in brackets include postage.

PRPPRR

Obtainable from
HER MAJESTY’S STATIONERY OFFICE

York House, Kingsway, London, W.C.2; 423 Oxford Street, Loudon, W.1 (Post
Orders: P.O. Box 569, London, S.E.1); 13a Castle Street, Edinburgh 2; 39 King Street,
Manchester 2; 2 Edmund Street, Birmingham 3; r St. Andrew’s Crescent, Cardiff;
Tower Lane, Bristol 1; 80 Chichester Street, Belfast or through any bookseiler.

" S.0. Code No. 23-2729



