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DESIGN FOR MINIMUM WEIGHT. COMPRESSION PANELS WITH UNFLANGED
INTEGRAL STIFFENERS HAVING DIMENSIONAL RESTRICTIONS

1. NOTATION
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stiffener pitch m in
(Npb)/(Npoby)
Young’s modulus of panel material Nfm  Ibf/in?
tangent modulus of panel material at stfess N/m? Ibf/in?
average compressive stress in panel at failure N/m? Ibf/in?
(Maof)/(n5fo)
overall buckling stress of panel N/m? Ibf/in?
local buckling stress of panel N/m? Ibf/in?
stress at whiclE, = %4E  (see ltem No. 76016) N/m? Ibf/in?
depth of stiffener (measured from skin centre-line, see m in
Figure3)
(Nph)/(Npoho)
equivalent length of panel (see Data Sheet Struct. 01.01.01) m in
material characteristic (see Item No. 76016)
compressive load per unit width acting on panel N/m Ibf/in
thickness of skin m in
(Nat)/(Ngoto)
thickness of stiffener m in
(n ats)/ ( n aOtsO)
mass per unit area of panel kg/m  Ib/in?
(NaW)/ (N 40Wp)
(Ngn I_)”4 whenng and) are calculated at striefes panel
of least weight having dimensional restrictions
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1/8
Ny (né/n L) Whenng andy are calculated at strefs
panel of least weight having dimensional restrictions

Nao» Npo  Plasticity correction factors at strefg$or panel of least weight
having no dimensional restrictions

Neg plasticity correction factor for overall buckling

n. plasticity correction factor for local buckling

P density of panel material kg/m® Ib/in®
Suffixes

0 suffix added td, f, h, t, tyandw when they relate to panel of

least weight having no dimensional restrictions

e suffix added t, f, f_, fg, h, t, tgandw indicating that they
are calculated on assumption that panel is elastic

Both S| and British units are quoted but any coherent system of units may be used.

INTRODUCTION

This Item gives the cross-sectional dimensions for minimum weight of uniform compression panels having
unflanged integral stiffeners. Data are also given for determining the dimensions of the panel of least weight
when one or more of the cross-sectional dimensions is fixed or restricted. An allowance is made for the
effects of initial irregularities and plasticity correction factors are included.

The lower off, orfg has been taken to be the limiting stress and, if no restrictions are imposed and no initial
irregularities are present, the least-weight panel is found to occur when the local and overall buckling modes
coincide. In practical panels approache§ the presence of initial irregularities considerably reduces

the overall stiffness of the panel. This effect has been taken into account by reladtimd.6E/(f/f )

for overall buckling whei®.6 < f/f, < 1.0 . BeloWf, = 0.6 the effects of initial irregularities on panel
stiffness are disregarded. These assumptions provide a satisfactory representation of the panel behaviot
if irregularities typical of aircraft construction are present and result in a family of panels of equal least
weight withf = fg and0.6 < f/f <1.0.

For panels having dimensional restrictions the condifion f < f,  will usually provide the least-weight
panel. However, ifi is restricted to a value aboligthe least-weight panel may occur when f, < f

The panel is assumed to be sufficiently wide for the effects of the side restraints to be negligible. Provided
that the panel width is at least one third the panel length no significant error results from this assumption.
Allowance for the type of edge restraint acting at the loaded ends is made by adjustment of the length as
indicated by the table on Page 2 of Data Sheet Struct. 01.01.01.
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In determining the local buckling stresses full account has been taken of coupling between the skin and the
stiffeners. The effect of shear deflection on the overall buckling mode is negligible and is therefore excluded
from the calculations. Poisson’s ratio below the limit of proportionality is taken as 0.3 throughout the
calculations; likely variation will not significantly alter the weight of the optimum panel.

3. THE PANEL OF LEAST WEIGHT HAVING NO RESTRICTIONS ON CROSS-SECTIONAL
DIMENSIONS

Table3.1gives expressions fdg, Wy, tg, tsg , by andhg for the family of panels of least weight that occurs
when0.6 < f/f, < 1.0 . The expressions shew to be unaffected biff . At the extremes of this range
the data will be accurate but with value$/hfbetween about 0.8 and 0.85 very well made panels will have
a small reserve (not greater than 5 per cent) agginst

For an elastic panei,; = N,y = 1.0 , and &R, Wpe, toe, tspe » Dpe @andhge can be evaluated. For the
inelastic panel the values qf,;,  ang, may be obtained from Figuaed2 by usingfq., obtained
assuming the panel to be elastic, and the appropriate valtyesnoim.

TABLE 3.1 Equations for Stress and Dimensions for the Family of Panels of Least Weight for which
06< f/f <10

fy | 0.725%,E(P/EI)™

Wy | 1.3988'p(1/n,,)(P/EI)"?

ty |0.5852'(1/n,)(P/EI")"

to | 1.3077 (1/n o) (P/EIY?

by | 1.6903 (1/ny0)(f/f)"*(PIEI)™

ho |1.0514'(1/n,,)(f/f )" *(PIEINY

ESDU Copyright material. For current status contact ESDU.

4, THE PANEL OF LEAST WEIGHT HAVING DIMENSIONAL LIMITATIONS
4.1 The General Case - Elastic Panels

It is first necessary to determine the dimensions and failing stress of the panel of least weight having no
dimensional restrictions to ascertain whether or not any of the limitations is violated. Restrictiargion

h only can sometimes be met by varyifif between 1.0 and 0.6. If, for the unrestricted panel,

Nao = Npo = 1 it follows thatn, = ny =1 since, < fy, . I, and,, are lessthan 1.0 thgn

andn, may also be below 1.0.
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41.1

A panel of least weight having dimensional restrictions will satisfy one of the following conditions.

(@f=1fg < f_ . This case is treated in two parts:

0.6 < f/f_ < 1.0; inthis range initial irregularities may affect the overall
buckling characteristics of the panel

and fif, < 0.6, in this range initial irregularity effects are negligible.
(b) f =1 < fg . Initial irregularity effects are always present in this case.

The least-weight panel for most restrictions satisfies one of the two conditions of cadeialestricted
to a value abovh, then the least-weight panel satisfies case (b). If the imposed restrictions affett
other dimensions both conditions (a) and (b) must be investigated to discover the least-weight panel.

Figures3, 4 and5 are provided for case (a), Figug®eing constructed fd.6 < f/f, < 1.0 and Figures

4 and5 for f/f_ = 0.5 and 0.4 respectively. Figu@s and8 are provided for case (b) and are constructed

for f/fz =0.8 0.6 and 0.4 respectively. All the figures show contouFsarid lines of constai andH

on grids ofTg againstT. Any imposed set of restrictions will eliminate parts of Figirés 8 but for
consistency there must remain on at least one of the figures a region in which they can be me3. Figure
applies to a range of valuesftif and consideration of the conditions at the ends of the range will show
whether or not a region exists within the range.

The following sub-sections give detailed instructions on the use of Figtwé&s The range ofi on each

of the figures is somewhat limited and wHeis restricted it is often preferable to ignore this restriction
until the final cross-plot of the dimensions and stresses is drawn up.

The Method for Case (a) #/f, < 1.0 - Elastic Panels

Figures3, 4 and5 are provided for this case. The steps listed below give the method of determining the
least-weight panel.

0] Take ff_ = 1.0.
(i) Use Table3.1to calculatdpe, tge , tspe » Poe @aNd hye .
(iii) Use the results of step (ii) to express the imposed restrictions in term$,08 and H

(iv) Use the results of step (iii) to locate on FigBtlae highest value ¢f within the restrictions. Read
off F and the corresponding valuesToflg, B andH. Calculatd, t, t5, b andh.

(V) Takef/f_ = 0.6. Repeat steps (ii) to (iv).

(vi) It will then be possible to see if a range of value§fpfwithin the bound€.6 < f/f, < 1.0 is
likely to meet the imposed restrictions. If so, repeat steps (ii) to (iv) at convenient valligs of
between 1.0 and 0.6 and plot the resulting stresses and dimensions fégamsketermine the
range of geometries available within the restrictions. If it is not possible to meet the restrictions
reducef/f, to below 0.6. Steps (vii) on must then be followed.

(viiy Takef/f_ = 0.5.
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4.1.2

4.2

(viii)  Use the results of step (igbtained whenf/f, was taken as 0.60 express the imposed restrictions
in terms ofT, Tg, B andH.

(ix) Use the results of step (viii) to locate on Figdrthe highest value df within the restrictions.
Read offF and the corresponding valuesioflg, B and H Calculatd, t, t;, b and h

x) Takef/f, = 0.4 and repeat step (ix) using Figérm place of Figuret and using the values of
Ts, B andH calculated in step (viii).

(xi) Plot the dimensions and stresses calculated in step (iv) and steps (ix) and (x¥&gamstocate
the point of highest stress, and consequently minimum weight. Read off the dimensions and failing
stress of the panel of least weight.

The Method for Case (b) f/fz < 1.0 - Elastic Panels

Figures6, 7 and8 are provided for this case. The steps listed below give the method of determining the
least-weight panel.

0] If not previously executed do steps (i), (i), (iii) and (iv) of Sectoh.1
(i) Take f/fg = 0.8.

(iii) Use the results of step (iii) of Sectidril.1to locate on Figur&the highesE within the restrictions.
Read offF and the corresponding valuesioflg, B andH. Calculatdf, t, tg, band h

(iv) Takef/fg = 0.6 and repeat step (iii) using Figurdakef/fg = 0.4 and repeat step (iii) using Fig8re

(V) Plot the dimensions and stresses calculated in step (iv) of Sédtitand steps (iii) and (iv) above
againsf/fz and locate the point of highest stress, and consequently minimum weight. Read off the
dimensions and failing stress of the panel of least weight.

The General Case - Inelastic Panels

If the procedures of Sectignlare followed and,, and,,, are lessthan 1.0 the least-weight panel may
also be inelasticang, amg, may be below 1.0. Since  ngnd must correspond to thaatieess

of the ratiosT, Tg, B or H is explicitly known. In each case it is therefore necessary to assume a value for
f and work towards the correfddy means of an iterative procedure. Figl@showsn, andy, plotted
against/f,, for various values ah.

In steps (iii) and (viii) of Sectios.1.1the values ofj, and, are unknown. A valud sftherefore
assumedf(= fy is usually a reasonable initial assumption) f#ids calculated and Figufe3 used with the
appropriate value ahto obtain values ofi;, andg,, . The calculation then proceeds and step (iv) or (ix)
in Sectiond.1.1or step (iii) in Sectiord.1.2is executed and tHeobtained compared with the assunied

If the stresses do not agree sufficiently closely a new valddd@ssumed and the procedure is repeated
until agreement is acceptable.
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4.3

4.4

6.1

Cases in which One df, tgor b is Restricted

For these cases Figurgs10 and 1lare provided. All three figures are derived from FigBi@nd are
therefore constructed for case (a) in which < f/f, < 1.0 . To use these figures steps (i) to (v) of Section
4.1.1should be followed except that in (iv) the figure associated with the restricted dimension, that is,
Figure9 for t, Figurel0 for t5 or Figure 1for b, should be used in place of Figie

Cases in whicth only is Restricted

Forh >hg Figurel2is provided. It is derived from Figur8s6, 7 and8 and therefore applies to case (b),
in whichf/fz < 1.0. Use steps (i), (ii) and (iii) of Sectidri.1to obtain the minimum allowable value of
H. The corresponding valuesi, T, TyandB can be taken directly from Figut@ and the failing stress
f, the mass per unit ar@aand the dimensiortsts andb can then be evaluated.

If his less thaing a family of least-weight geometries exists which can be determined from Fijdres
and5 by following the steps of Sectighl.1
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4. GRAYLEY, M.E. Limitations of the wide strut analysis for determination of the optimum
proportions of panels having unflanged integral stiffen®#iR. aeronaut.
Soc, Vol. 73, pp. 888-891, October 1969.

EXAMPLES

Example 1

A panel is to be manufactured from a material for wiich69 000 MN/4 , f, = 392 MN/nf , m = 10

andp =2790 kg/F’h The panelis to be 950 mm square. The following restrictions are to desde; mm,
b=100mm andt = 2.7 mm. The applied load is 1.0 MN and the panel is simply-supported on all four
sides.

It is first necessary to calculate the dimensions of the optimum panel for vafligpetween 1.0 and 0.6
to ascertain whether or not they fall within the restrictions.

Since the panel sides are simply-suppotted = 0.950 m. The panel unit Badli@.950 = 1.05 MN/m
giving,

P/EI' = 1.05/(69 000 x0.950) = 16.02 xT0
Hence, (P/EINY? =0.004 andP/EINY* =0.0633 .
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Table6.1is compiled using the expressions of Tahleand selecting a range of values #fyr f

TABLE 6.1
fl fL fOe fOe/ fn* Woe tOe tsOe bOe hOe
MN/m? kg/m? mm mm mm mm
1.0 197 0.503 14.8 2.22 4.97 102 63.2
0.9 " " " " " 96.4 60.0
0.8 " " " " " 90.9 56.6
0.7 " " " " " 85.0 52.9
0.6 " " " " " 78.7 49.0
Dimensional restrictions are t=22.7 mm| None |b=100 mm h<48 mm

* Value is such that fan= 10 Figured and2 give n,q = N, = 1.0; therefore, the optimum panel is elastic.

The mass of the optimum panel is therefore 14.8 x 8.95(.4 kg.

Table 6.1 shows that the restrictions cannot be met by varffipdpetween 1.0 and 0.6. It is therefore
necessary to go to an off-optimum condition. Following the recommendations in the last paragraph of
Sectiord., t andb only will be considered restricted and the restrictioh wil be ignored and mtroduced

later. Table5.2 can now be compiled. :

ESDU Copyright material. For current status contact ESDU.
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TABLE 6.2

NAS3 Yim 8suadl| Japun e SHI Aq papinoid

SHI WOy 8suad1| Inoynm papiwiad Buppomiau Jo uoonpoidal oN

9/6L V L000Z NAS3 :s|ie19p Juawnodop jin4

i, | fie foe toe tse boe hge | Restrictions Figure Notes | Highest Ratios at highest F f et tse be he
(see
MN/m?| mm | mm | mm | mm| Tz |B=2 used below) F T Ts B H |MN/m?| mm mm mm mm
Step No. (if) (iii) (iv)
(i) 1.0 | 1.0 197 222| 497 1020 632 122 0.98 3 1 0.980 1422 1.02 .14 .01 193 270 |5.07 116
(v) 06 | 1.0 197 222 497 787 490 122 1.p7 3 2 0967 129 1.08 .27 [.01 190 2.86 |5.37 100
Case (a)
09 | 1.0 197 222 497 964 600 122 1.04 3 land3 0980 .22 [1.02 |1.14 |1.01 193 2.70 | 5.07 110
f=f_<f
E~ L .
(vi) 08 | 1.0 197 222 497 909 566 122 1.0 3 land3 0980 .22 [1.02 |1.14 |1.01 193 2.70 | 5.07 104
(See Section
4.1.1) 0.7 | 1.0 197 222 497 850 529 122 1.18 3 4and3 0978 .22 |1.04 |1.18 |1.01 192 270 | 5.17 100
Step No. (vii) (ix)

(vii) 0.50 | 1.0 197 222 497 787 49.0 1.2

N
=
I
~
N
N

0.910 139 114 .27 DP.99 179 3.09 5.67 100

‘alesay 10} 10N
195 ‘/=995UB0I

x) 0.40 1.0 197 2.22 4.97 78.1 49.0 1.22 1.p7 g 2 0.8%2 1.50 1.22 [1.27 [0.96 168 3.33 6.06 100
Case (b) | Step No. (ii) (iii) (iii) and (iv)
f= fL < fE (ii)* 1.0 0.8 197 2.22 4.97 102 63.2 122 0.98 6 land3 0.932 1.22 (1.07 |1.19 |1.10 184 2.70 5.32 121
(See Section 1.0 | 0.6| 197 | 222| 497 102 632 122 0988 T land3 0.874 L.22 (114 (129 [1.215 |[172 |270 | 567 | 132
4.1.2) (iv)"
1.0 0.4 197 2.22 4.97 102 63.2 1.22 0.98 9 5and 3 0.7P95 1.26 (1.26 |1.41 1.41 157 2.80 6.26 144

Sjuswuindo g

gnH Bunieys juawnosoqg

Restrictions are[ t>2.70 None | b>100 h<48.Q

NOTES

1. The point on th& = 1.22 line closest to the eye of the figure does not contravene the restricB@andris therefore the point of the highest achievBble
2. The point on th8 = 1.27 line closest to the eye of the figure does not contravene the restricti@mdiis therefore the point of the highest achievible

*3. To illustrate the method complete ranges of valué$ cdindf/fg for cases (a) and (b) respectively are set out in the table. It would not normally be necessary to investigate the chséth mraksterisk
since it can be seen that the restrictiorhanill only be met by reducinf, below 0.6.

4. Satisfaction of both of the restrictions yields the highest achieldbtethis case.

5. The eye of the figure lies within the restrictions and is therefore the point of highest actitevable

/L000.L
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Figure6.1 has been constructed from Tabl€. Discontinuities af/fi = 0.6 have been smoothed out by

the dotted lines (see Sectiéri.]) since they relate to the point where initial irregularity effects have been
assumed to terminate. All other discontinuities in the figure are real and relate to changes in the governing
restrictions.

The restriction thah<48 mm is now introduced and from Fidufieit can be seen that within this
restriction the maximuriyis 175 MN/nf atf/f,_ = 0.465. The panel dimensionsre3.17 mm{., =5.80
mm, b, = 100 mm andd+ 48 mm.

The panel cross-sectional area per unit width is therefore

(0.00317 x 0.100 + 0.00580 x 0.048)/0.100 = 0.00585m
Checking the panel stregss 1.05/0.00595 = 176 MN/f

The panel mass is 0.00595 x 0.9502790 = 15.0 kg.
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