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SECTION 1

INTRODUCTP.U

1.1 PURPOSE. SCOPE AND ORGANIZATION

The purpose of the Design Guide is to docuzent a step-by-stsp, easy

to use design methodology for postbuckled flat or curved panels loaded in

compression or shear only.

This release of the Design Guide cover static design and analysis

methods for flat and curved panels loaded either in. compression or in shear.

Stiffened panels made of composites as well as metals are addressed. The

emphasis in this Guide is on illustrating the iterative design procedure and on

demonstrating the use of special purpose computer programs written to accomp-

lish ti• design task. Analysis details are kept to a minimum since a more

complete documentation is given in Reference 1. The analytical expressions

presented in the Guide are those that need to be used in addition to the

programs. Procedures for executing the computer programs are documented in

Reference 2. An attempt has been made to maintain commonality in the design

approach for metal and composite panels. Differences ir design considerations

for the two material types, e~g., failure modes and the anisotropic nature of

composites, are highlighted where appropriate. Panels under shear loading and

under compression loading are, addressed in two separate sections.

1.2 GENERAL CHARACTERISTICS OF POSTBUCKLED PANELS

Stringer or longeron and frame stiffened panels are widely used in

aircraft construction. In many of these stiffened panel applications,- partia-

ularly for fuselage structures, significant weight and cost savings can be

realized if the skin or web between the stiffeners is permitted to buckle well

below the design limit load. The weight savings advantage in such a design is



a direct result of the ability to use thin skins and space the stiffeners

farther apart. The reducti.on in the number of stiffeners that results from a

wider spacing also translates into lower manufacturing costs.

The load carrying capability of stiffened panels after skin buckling

is due to the redistribution of a majority of the applied load into the dis-

crete stiff:.aers and the remainder into the skin, assuming that the skin is

continuously connected to the stiffeners. By appropriate design of the stiff-

eners,, therefore, the load carrying capacity of postbuckled panels can be

enhanced to several times the skin initial buckling load assuming failure

occurs by stiffener cripping.

The structural response of postbuckled stiffened panels depends on

the nature )f loading and the panel geometry, Le., whether the panel is flat

or curved. The postbuckling behavior of compression panels is characterized by

the appearance of sinusoidal buckles in the skin between stiffeners accompanied

by a simultaneous increase in the fraction of load resisted by the longitudinal

stiffeners (stringers). After initial buckling, the applied compression load

is carried by the stringers and a small effective width -f the skin adjacent to

the stringers. 'As the compression load is increased beyond the initial buck-

ling load, the buckles in the skin become deeper and msty also change in number.

If, the ?anels are made of metal, eventual failure can occur in several possible

modes such as permanent set in the skin, stringer crippling, stringer yielding

or Euler buckling of the panel as a whole. For fiber-reinforced composite

panels where the common design practice is to cooure the Aiffeners with the

skin, panel failure can occur by stiffener skin disbondang, stringer cripplixg

or Euler buckling of the entire panel.

The characteristic response of postbuckled panels under shear load-

ing is nearly identical to that of partial tension field beams At initial

buckling, the skin in shear panels buckles into diagonal folds. The angle of

'" ,~2 '.



these diagonal folds depends on the panel aspect ratio and curvature- After

initial buckling, the applied shear load is resisted by axial loads induced in

the stringers (chords) and the frames (uprights) as a result of the diagonal

tension in the buckled skin. The angle of the folds is determined by the

direction of the diagonal tension component in the skin resulting from the

applied shear. The possible failure modes in metal shear panels are permanent

set in the skin, forced crippling of the stringers and/or frames due to the

axial compression load and the bucklas in the skin, or stiffener yielding. In

composite panels, failure can occur b) skin rupture due to the diagonal tension

stress, forced crippling of the stiffeners, or by disbonding of the skin and

the stiffeners. In addition, irrespective of the type of material used, exces--

sive stiffener flexibility may lead to shear buckling of the panel as a whole.

The complexities of load redistribution after skin buckling and

existence of multiple failure modes, make the use of rigorous analysis tecn-

niques to design postbuckled structures prohibitive. The methods presented in

the Design Guide, therefore, are semiemPirical and intended to facilitate rapid

iterative design.



2. I OVERVIEW .F .4:1911s;•_

A flowchart summarizing the design procedure for flat and curved,

composite or metal shear panels is shown in Figure 2.1. The various steps

involved in the dosign procedure are detailed in the following paragraphs. The

under.ving analytical basis for detail design of the shear panels is the gon-

eralized tens3o1 field theory documented in Reference 1.

The generalized (for application to composites as well as metals)

tension field analysis procedures are coded in a computer program called TENWE

that can be used as an efficient design tool. Detailed instructions for the use

of this progreis are given in R~ference 2. The equations for analysis incorpo-

rated in program TENWE pertain to cylindrically curved ooaposite panels and to

flat composite panels if the radius of curvature in the latter case is set to a

very high value (of the order of 1010). Use of appropriate values for the

elastic constants in the program permits its direct application to metal

panels. In this seot.on, the methodology for accomplishing detail design using

TENWE is demonstrated.

Examples are given to illustrate the application of the methodology.

2.2 DESIGN CRITERIA

The design criteria that t~ed to be established ct the outset are:

(a) Materials and material properties,

(b) .Design allovable stresses and strmins, aad
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(c) Initial skin buckling load and ita relationship to load factor

(g-level) and the design limit load.

The material p operties that should be established arq the elastic ccIstants

and the ultimate compression strains (COU) or Llresses (Feu). The latter

values are required in'the stiffener crippling calculations. The ultimate

compression stress values for metals can be.obtained from MIL-HDBK-5. For

composite materials typical of current usage on military aircraft (e.g.,

T300/5208, AS/3501-6 graphite epoxi&s) the ultimate strain Eau can either be

daterm .ned from unnotohed coupon tests or the following values may be used:

Ecu = .012 for laminates with at least 40 percent 0-degree plies

2 .015 otherwise (1,

Design data required for composirea are the 'allo'able strains in

compression and tension wnich can be considerably lower than the ultimate

values.

The general guideline to be followed in defining the initial buck-

ling •oad Is that the skins must not buckle under loads equivalent to l-g or

les1 . The 1-g condition correspords to level flight or ground storage. In

order to cealize the potential advantages of postbuckled designs' the skin

buckling loads must be set between 25 to 35 percent of 'he design limit loa4

(DLI). Thus, the shear flow at design ultimate load. (DUL) ranges between 4 to

6 times the initial skin buckling shear flow. The critical static load Oondi-

tions provide the basia for d, finicr the design ultimate internal shear flows

that the panel must sustain without oupture or collapse.



2.3 CONFIGURATION SELECTICN

The overall structura.l requirements, to a large extent, dictate the

selection of a stiffened panel configuration. Th' size and curvature of the

panel are determinad by panel location oa the actu•1 structure. In many in-

stances the frame spacing is predetermi ned by the overall structural configu-

ration and, thus, only the stringer spacing needs to be deterzined in prelim-

inary design. Selection of a stringer spacing and frame spacing is interre-

lated with the design Of the skin fur a specified Duck.ing load. These geom-

etric parameters, therefore, are determined in the preliminary design stage.

The most significant decision to be made at this stage is the selec-

tion of string :r and frame configurations, i.e., the stiffener cross-sectional

sapes. The primary considerations in seleot.ing stiffener cross-sectional

shaes are structural efficiency, manufacturing eas6 , and simplicity of attach-

*.' mrnt to substructure. The most popular concept s in metal designs have been

open-section stifleners such as I-, J-, Z-, inverted hat and hlade sections

since- they facilitate .jointa and splices and attachment to substructure. In

addition, closed seotion stiffeners such as'hat stifferners have also been used.

In composite panel designs the same stiffening con'epts, with the axception cf

Z-sections, can be used. Z-section stiffenerr c-e not desirable since the

single skin attac-i flanri in oscured or adheaiv.'ty bonded construction does .4ot

provide adequate strength under pull-off loads in practical design3.

"IAs &first step in choosing a ,•rose-eeotional shape for the stiff-

eners, a weight coiparison of the different concepts for given loading condi-

tions is necessary. Recognizing that the stiffeners in postbuckled shear

panels are axial oompressicn load carrying members and that the stiffeners as a

whole remain stable up to failure, weight oomparisons carried out for stiffened

panels undar compression loading cen be ubed to evaluatt relative efficiencies.

Sevwral analytioca and experimental studies (O.g.j References 3 throug 6) have

* 7 " "
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Ii
been ccnducted to evaluate the relaLive efficiencies of =e commonly used

stiffenrirg concepts for metals and aomoosites. The results of Reference 5, in

particular, are useful in guiding tbe selection of stiffener configiration on

the basis of weight. These results are summarized in Figure 2.2, reproduced

from Reference 5. As is evident from Figure 2.2, the graphite epoxy J- and
P.

blade configurations have similar structur-al efficiencies. However, for graph-
P.II

ite-epoxy, the hat section stiffeners provide a 32 percent higher efficiency

and, thus, are' most desirable in minimizing weight. The trends are similar for

metal panels with the bat stiffeners providing a 22 percent efficiency gain as

"compared to the open section stiffeners. For both material types, the J-

section stiffeners have a slight edge in efficiency (approximately 5 percent)

over blade stiffeners.

I The higher. efficiency of hat stiffeners and the ease of manufactur-

ing and attachment of open sections iapl.es that the final stiffener cross-

section selection will be a compromise. in general, for curved rame/longeron

or curved frame/stringer type construction, hat section stringers and .1-section

frames provide an efficient combination. For floating frame/stringer type

"construotion 'used only in metal panels, inverted hat section stringers and J-

"section frames may be desirable.

2.•4 ?jjEL1MINAHLj DESGN

M,"e design variables calculated in preliminary design are the skin

• "thickness and the stiffener. spacing. The desigt driver is the s3cin initial

"buckling ioad Nxy,cr and the limiting criteria are minimum skin thickness (.04

in. for graphite/epoxy as well &s aluminum) and a reasonable stiffener spacing.

Tbe design variaoles to be selected are shown in Figure 2.3 where one bay of

the shear panel is shown. The atiffeoer cross-sectional shapes shown are for

reference only.

i 8
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The calculations are carried out by first fixi•g the frame or ring

spacing, hr, and selecting a skin thickness. For composite panels, the number

and orientation of plies must also be tentatively selected. If thd facmb

dpacing is not predetermined by the overall structural configu-ation then a

value between 15 inches and 30 inches for frame/stringer construction may be

selected. For frame/longeron construbtion, the frame spacing may range between

4 inches to 10 inches.

In order to size the skin, a good starting point is minimum gage

thicknbes dictated by prevalent design practice. The skin thickness may have

to be increased in metal panels i: countersunk fasteners have to be accommo-

dated. Metal skin mid-bay thicknesses in the range of 0.05 inch to 0.063 inca

are most commonly used. Lands milled in the metal skins under stiffeners can

serve to accommodate the countersunk fasteners.

Available design data show that for composite panels skin thickness-

es slightly greater than tne minimum permissible gage are adequate for post-

buckled structures. Ply orientations that are predominantly *_45 0 are most

efricient for buckling critical designs. As in conventional cvmposite con-

struction, the stacking sequence should be balanced and symmetric. Biwoven or

unidirectionsi. graphite/epoxy zay be usad to fabricate the skins. The improved

drapability of woven vXapbite/epoxy facilitates layup of curved skins. Unidi-

rectional 0-degree and 90-degree plies are usually Included in the skin layup

to resist longitudinal or transverse axial loads or pressure if these loads are

present in addition to the shear. Since the O's and 90's can be used a•s single

plies as opposed to the L451's which must be used in pai•s, the former are also

m5tro convenient in building up skin thickness 4o a spePio requirement.

On the basis of above consideration, if only the. shear buckling

criteria has to be met then layups such aS 645I23, I Al 14 1 A12 0/ SA 2

C _1& /90/0/90/ J& 3, wheree , denotes a woven ply, may be initially selected for



the skin laminate. Extra plies may be added during the course of tLe design

iteration.

Shear Buckling of Skin

The next step consists in calculating the skin buckling load Nxy,cr

as a function of the stringer spacing hs. These calculations have to be

carried out for eacb skin thickness being considered and in the case of coM-

posites for each ply layup. The shear buckling stress for Composite skins can

be ca3-2ulated using program SS8 documented in Reference 7. The skin boundary

conditions are assumed '.o be fixed at the curved frames and at the stringers.

The curved metal panel initial buckling stress can be calculated using the

following equation:

K i2 Eh2
_ I s if h )h *

Tcr, elastic 12R2 Z2  r s
(2)

K i 2 Eh2  if h h i
= r r

12R-Z 2

where,

K31, K32  £ critical sahearý stress coefficients for Simply supported

curved plates determined from Figures 2.4 and 2.5

(Reference 8).

For flat metal skins the elastiq buckling stress is determined using the fol-

lowing equation:

122

-SE -Y
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with

Ks- 4 .8 3+ 3 .6 1 ( )2.

which is plotted in Figure 2.6.

The metal panel skins in both cases are assumed to be simply sup-

ported at the stringers and the frames.

In Equations 3 and 4,

£s is 3tringer spacing, in

hr is ring or frame spacing, in

R is panel radius, in

t is skin thickness, in

E' is the compression modulus of the skin, in
h2

Z __s z f ) If h >hR'-'T" "r a h

h
2

r J(1 2) if h h
Rt 0 r

WPis t.se Poisson's ratio for the skin material

Selection of Skin Thickness and .Str nzor_.•a

The skin thickness and stringer spaoing are se1eote4 ftros plots of

the calculated -buckling loads versus the stringer spacing. In order to illu-

strate the procedure, two such plots corresponding to Design Example No. I at

the end of this seotion are shovn in Figure 2.7. Referring to the figure, a

buckling parameter X, equal to the retio of the calculatd 'buckling load and

the design buckling load, is plotted against the stringer spacing bs. The,

buckling loads were calculated assu*ing clamped boundary condLtionas at the,

/1
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1.4 BUCKLING LOAD
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frames and a fi'ity intermediate b6tween simply supported and clamped at the

stringers. As is evident from Figure 2.7,. the E . 2/0/ Ai 2 ] skin layup with a

10-inch stringer spacing is the preferred design since for the thinner skin

with a I j. /9U/0/90/.a I layup the narrower stringer, spacing is bound to imposo a

weight penalty. Thus, a selection of skiL thickness and stringer spacing can

be mads by comparison of such plots for the various skin thickLesses and layups

that were initially picked for evaluation.

2.5 DE LDSG

Detail design of shear panels involves sizing of the stringers and

the frames and computing margins for the various possible failure modes. The

procedure is iteratiVe in' that initial. sizes'are assumed for the stiffeners:

'the margins computed, and if azr of the margins are negative or too high, the

stiffeners are resized and new margins are computed. This iteration is con-

tinued till all margins are positive and reasonable in magnitude so that any

weight penalties are minimized. The various steps in the detail design pro-

cedure are described in the following paragraphs.

Initial Strinaer and Frame Dimensions

The stringer and frame cross-sectional, shapes were selected in

Section 2.3. For metal panels, the initial dimensions are .4c•termined by se.

lecting a standard'section such as the AND-series I, j or Z sections. The

stiffener cross-sectional area selected for the' first iteration may be arbi-

trary unless historical data are available or geometric constraints dictate

certain dimensions. Exact seotion dimensions can be determined only after

several iterations.

In t~e case of composite panels, on the basis of' structural off I-*

ciency, the most commonly ased stiffener sapes are hat, 4 or blade sections.

' 17



The selection of inatit&l stiffener sizes in this case requires a definiticn of

the ply composition for various elements of the stiffener in addition to the

dimensions. Studies on optimizing sCiffener cross-sections conducted in Refer-

ences 3 and 5 have led to the general guidelines shown in Figure 2.8 for

selecting efficient and practIcal layups in the design of stiffeners under

axial compression loads. The recommended additional 0-degree plies in the skin

should be utilized to ensure a slight taper in the stiffener flange bonded or

cocured to the skin. This can be accomplished by gradually droiping-off the 0-

degree plies as shown in Figure 2.9. The smooth transition from the stiffener

flange to the skin is essential for stiffener/skin interface strength.

The composite stiffener dimensions that need to be selected are

shown in Figure 2.9 as the widths bi and the thicknesses tv. For initial

sizing, typical range of values for the stiffener element widths and the ply

distribution are shown in Figure 2.10. These dliensions were obtained from a

survey of panel designs that have been tested and must be treated as guidelines

only.

Effective Stiffener Areas

Calculation of effective stiffener areas must take into .account the

presence of lands in metal skins and ply drop-ofs in ooaposite skins$. In

metal skins if a web land occurs in oonjunction with the stifrener, the in-

crease in web thickness is assumed an integral part of the stiffener. For

composite panels the thickness of stiffener flanges attacbed to the skin is

defined as the average thickness of the tapered flange.skin combination with

the width equal to the actual flange width. The skin under the cap of a hat

section stiffener is assumed to be an Integral par of the stiffener.

S18-



Hat Section Stiffeners

1. High axial stiffness (0) 0 450 PLIES

plies should be placed P
in the hat cap and skin jIIJ 0i io PLIES
directly above the cap.

Reason: Provide high
bending stiffness to
resist overall buck- -

ling of the panel.

2. Hat webs should be HA WEB

entirely +t450 material.

Reason: Minimize com-
pression load in web
and provide increased
shear stiffness.

J and Blade Section Stiff-

eners

1. High axial stiffness
plies in cap and in
skin under stiffener. _________ 0 PLIES
Reason: High bending
stiffness stiffener. .+ 4 5O PLIES

2. Stiffener webs should
be entirely +450 ma-
terial.

Reason: Minimize' axial

load in webs, thus, sup-
pressing local buckling.

Figure 2.8. General Guidelines for Selecting Ply, Distributien in Stiffeners
Under Axial Compression

,, ,,t9 1,



b _ _ _ _ _ _ _ _ b _ _ _ _ _ _ _ __ b
4 5

/P7 t
(04)1

Figur~e 2.9. Ply Drop-Offs in $at Sec• i'n Stiffener and Stiffener

Design Variables', 
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0.75--b ~1.5 0. 5<b <1 .0 -. ge

_ _ _I 1_-- 2 0-degree __ 
4 O-_egreekp I jes [ Plies

1 "0•4b rC." 5_ 1_4•O.5_ __)2_ __5 O-degree
\ýp ýi ie s

p45 pllies

Basic Skin

0. 75<b <1.5 i1< b - 2

Basic Skin

•1%-b 1• 3' 1 b 5 -. 3

-- 2

.I

¶,14. , ~b~

0 ALL DIMENSIONS IN INCHES

Figure 2.10. Typical Stiffener Dimensions for Initial Sizing
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Stiffener Sizin~g and Margin Computation
V

Thid 3 step is the crux of the detail design activi-j. Stiffener

sizing and margin computation for shear panels is accomplished using the st&tic
'p

ten-ion field analysis of fLeference 9 which was modified to account for mater-

ial anisotropy In Reference 16 The basic semiempirical equations in 'the anal-

ysis and the failure criteria are detailed in Reference 1. These equations

including the failure analysis for modes common to metal. "d composite panels

have been coded in computer program TENWi which is documented in Reference 2.

The semiempirical equations are not repeated here. The emphasis instead is on.

demonstrating the use of TEiWES in designing postbuckled panels. Failure modes

that are unique to metals or composites and which have to be checked for

manually are given in this Guide.

"Shear Panel Failure Modes

The possible failure modes that have to be checked for in des3igniug

shear panels are:

(a) Column stability -of stringers and rings or frames,

• (b) Stability 'of the eatir panel,

(c) Forced crippling of stringers and frames,

(d) Stiffiner/skin separation for compoaite -panels,

(e) - Permanent .set in metal skins due to yielding in diagonal

tension, and

(f) Skin rupture in metal' and composite panels.I * Ultimate failure in shear for metals
p

o Diagonal tension failure in composites

2
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Checks for failure modes A throub D are incorporated in program TENWEB. The

last two modes have to be checked for manually.

Tension Field Inalysis (TENWEB)

The essential elements of the generalized (for application to metals

aad composites) tension fie'd theory as coded in program TENWEB are shown in

Figure 2.11. The diagonal tension factor k characterizes the degree to which

diagonal tension is developed in the skin or stiffened panels loaded in shear.

A value of k = 0 characterizes an mnbuckled skin with no diagonal tension; a

value of k = 1.0 characterizes a web in pure diagonal tension. The diagonal

tension factor is computed using the following expression:

z Tanh .5 + 300 Rslog T

where,

tw web thickness

hr z ring spacing

,ha 3tringr spacing

N u panel radius

Tulj a design ultimate shar stress

Tcr buckling shear stress of web

Th* stiffener sizing commences by first computing the diagonal

tension factor for the stringer and r.ig spacing skln thickness, and panel

23



COMPUTE DIAGONAL TENSION
FACTOR WK

ASSUME DiAGONAL TENSION

ANGLE 'a'

ASSLYE STRINGER AND
FRAME CONFIGURATION

CALCULATE NEW DIAGON;AL
SET TENSION ANGLE a'

NO'

SCOMPUTE STRINGIER AND FRAME1
-A I MARGINS_ OF__ _ NO

[ 0INAL DESIGN

Fig &re 2.l. Application of Tension Field Theory to 'Shear
Panels.

, . . ,. .2 4



radius selected :n the prtliminary design stage. The assumed initial stringer

and ring dimensions are entered in TENWEB and the margins for failure modes A

thrCLgh r given ir tho pr•:ceeding subsection are c'omputed. If the may gins are

not positive then the st~fftn.ers thave to be resized.

In most practical cases, i.e., if the initial dimensions of the

stiffener are selectec based on the guidelines given in Figure 2.10, the design

driver wi11 be :'.e furce'd criTpling mode of failure for stringers and/or rirgs.

The pther itatility requirecentz are, in general, easily met. The approach to

reszi:r.g st~ffeners for pc;tive margins on forced crippling is defined by

exa:;r.ing tne pquat.'onz rý>•ating to this mode of failure:

Strir.ger forced crippling strain:

OS 0.000,58 [((all EC) 0.4 k 2 / 3 ( 1/3]

?P;.r., or frax., forced crippling strain:

or 00.4 / , (6)

where ,a1  i the ldmru'.te allowable strar, E.,E and Ecr are tte modu.us of

tht, .tr~r.ner ar.d rir.g teg attact, C to the web, respectively, and t . and tur

are the tU.,cknezs of .ht ,.trnger a'nc the ring leg attached to the web.

: .2 5 . '



I,~~~o e 1. 1-7 --- -- .7. - .-. . . *-. . ; .

Based on Equations 5 and 6 stiffener resizing should proceed as

follows:

(a) Increase tus and/or tur, Le., increase thickness of stiffener

lob; attaohed to the web,

(b) In the ci.se of metal panels seleot no stiffener material with

a higher yield strain and compression modulus, and

(c) For composite stiffeners fall is generally in the order of 0.004

to 0.006 and cannot be varied significantly. However, the

compression modulus depends on the distribution of plies.

Mhus, tailoring of the stiffener cap and the skin below the

stiffener by increasing the number or 0 0 plies can be usAed to

increase the compreasion modul.us

The new stiffener size, thus, selected is entered in TENWEB and new

margins are computed. This procedure is repeated till a desired set of margias

have been achieved. 7Te process is very quick and at most two or three itera-

tions can lead to final stiffener sizes.

The margins are computed as follows:

Margin of Safety C s (or for)
esmax,(or 'Ermax

where,f Max and 1. 1rmu are the maximum stringer and ring strains, respe;tively.
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Skin Runture agd Permanent Zet Checks

The stiffened panel design obtained from TENWEB is now checked for

skin rupture in the case of metal and composite panels and for permanent set in

the case of metal panels. These checks are performed as follows:

(a) Metal Skins:

The ultimate allowable shear stress in metal skins is given by:

Fs -0.9 Ftv I+0.5 , - )[0.5 + (1-k) 3 Fs-u 0.5 (• F , Ftu ,

where,

"F5 is the ultimate allowable web shear stress, psi.

Ftu is the allowable ultimate tension stress for the web material,

psl.

Fty is the allowable tension yield stress for the web material, psi.

FsU is the allowable ultimate shear stress for the web material,

psi.

PFuation 7 is limited to essentially isotropic metallic materials.

In cases where a &light difference exists in the mechanical properties in the

longitudinal (L) and long transverse (LT) directions, use the minimum proper.

ties.

Since the equation was obtained by a fit to test data,, the effects

of plasticity are included.
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In general, permanent set in the skin at limit load is not permit-

ted. The maximum allowable value of the diagonal tension factor at ultimate

shear stress (kall) to prevent permanent buckling of the skin at limit load is

given by:

kall 0.78- (t - 0.012)0. ,58)

This equation is based on flat aluminum metal panel data and is conservative

for curved panels.

(b) Composite Skins:

TENWE provides as output the diagonal tension strain in the

skin at design ultimate shear flow. (EDT). In order to prevent skin rupture,

therefore,

EDT' tu (9)

where, etu is the allowable tensile strain for the material.

If for the last two manual checks the margins are found to be

negative then the skirn thickne"' has to be increased and in the case of com-

posits panela the ply composition altered. This neoaaitates returning to the

preliminaJ7 design stage and then repeating detail design.

The shear panel design procedure outlined above is demonstrated

by way of the folloulng OcMposite and metal eXamples.
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Examole 1. Curved Composite Panel

A postbuckled coaposito shear panel with a 45 inch radius

is to be designed to carry a design ultimate shear flow of 900

lbs/in with adequate margins. Skins are not permitted to

buckle below 33 percent of design limit load. The frame spac-
ing h r z-24 in.

Design Procedure:

(a) Design criteria:

The materials selected are:

AS/3501-6 unidirectional grapbite/epoxy for reinforcement

of stiffener caps and skin under stiffener.

I370-5H/3501-6 woven graphite/epoxy for skins and stiff-

Saers.

Lamina Properties:

A370-.5H/3501-6 i AS/3501-6

Per ply thickness, in '.013 .0052
EL~, psi 10.0 x 106 18.7110'

ET, psi, 9;2 x 106 1.8Tx106

GLT, psi o.9 x io6  io.85xO6

NMLT 0.055, 0.3

.. 29



Materila Allowables: .

Ea.,, .0.004 in tension and compression

Loads:

Design ultimate shear flow (DUL) z 900 lba/in

Design limit shear flow (DLL) a 600 lbs/in

Initial skin buckling load (IBL) a 200 lbs/in

(b) Configuration Selection:

Panel radius R 4 15 in

SGiven

Frme spacing hr = 214 in

Skins to be designed primarily t'or buckling.

Select viable skin layups:

Layup 1 - (i 2 /90/A!5ej underscore denotes a woven ply

t i .0572 in

Layup 2." [(3590/0/90/i]o

t , .0416 in

Select stiffener oross-sectional sha;s on the basis of

efficiency and ease or attachment tO substructure

30



e Hat section stringers selected for efficiency

* J section frames selected for efficiency and ease of

attachment to substructure.

(c) Preliminary Design:

(1) Obtain skin buckling load (Ny, cr) as a function of

stringer spacing (h3) using program 88 for fixed and

simply supported boundary conditions at the "tringers and

fixed boundary conditions at the frames. Both layups to

be considered.

(2) Nxl,,r versus hb plots for the two layups are shown in

Figure 2.7.

(3) Skin layup 1 with [ 1 2/0/ U, 2 or-ientation of plies with

larger stiffener spacing selected for efficiency and re-

duced manufacturing cost.

(4) h3 u 10 In., t .. 0572 in.

.(d) Detail Design:

(1) Select Initial dimensions and ply-distribution for stiff-

enere usin4g the range of values given in Figure 2.10 and

previous experience.
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o Htt Seotion Stringer:

4 O-degree

p plies

Ib 2l cI5 4 O-degree
plies

-_ __,__ _ ,, __ __ __ __ ___ __- _ __ _

Sf iLJBasic Skin~
0.754b 1  -.5 14b b 4 -2

Initial Dimensions and Layup for Hat Section Stringer:

ELEMENT WIDTH, IN. LAYUP

NO.

,1 b13.1 .0 [ A 6/90/02/ -1 2]

2 b2 s1.3 I Al ]4
3 b3=0.75 -± 2/O7/ Ai 2]

4 b491.2 A l5 2/03/90/03/ A.l 2]

o J-aeotion frame:

0.75Ab •I.5

2 0-degree

plies

1. O~b 3. 5

.4'50 ple

1 410-'legree

-7 :U :- , ,,- S -

W i II
Basic Skin

32b * , I~b
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Initial Dimensions and Layup for J-section frame:

ELEMENT WIDTH, IN. LAYUP

NO.

I bi=j.0 !U' 4/90/0/ A 2]

2 b[ =OA - 4/90/0/ -.U 2]
3 b3 z2.9 K5- ]4

4 b421.0 I 12/021 / 2]

5 b5 =O..4 1 E 14

6 b6 =0.5 aj 4/90/01 / i 2]
7 b 7=1.0 Ai 4/90/0/ -U 2]

(2) Run program TENWEE for margin ocmputations

TM"VEB output for initial stiffener dimensions

PROPERTY STRINGER FRAME SKIN

EA, lbs' 0.31x10 7  0.22x10 7

EI, lbsý-in 2  0.9x10 6  0.33x10 7

tui, in 0.112 0.088

y, in eO 0.346 0.81

Crippling Strain 0.0019 .0.0017

Maximum Strain -0.00214 -0.0029 .003029*0

Margin, % 402 -4o 32

-All other margins OK oz, OK

Stu equals thickness of' stiffener leg attached to skin

** Diagonal tension strain

Margin based on tu .004,

e** Location of neutral axis with respeot to skin

midsurfaoe.
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The margins on stringer and frame forced crippling are

both negative. Therefore, the stiffeners must be re-

sized.

(3) Consider first resizing of the hat stiffener. In order to

increase the stringer crippling strain the following ac-

tions are taken:

(a) Increase the width and thickness tu of element 1 by

changing bj from 1.0 to 1.2 in. and increase the

number of 0-degree plies in the skin under the stif-

fener from 6 to 8. Of the two additional plies in

the skin under the stiffener only one is fully effec-

tive with element 1 due to ply drop-offs.

(b) Inorease ths compression modulus of stringer by add-

ing 2 more 0-degree plies in the cap.

(o) Increase t*: width of element 4 from 1.2 to 1.5 in.

The resized stringer properties are:

ELM. WIM~, IN. LAYUP

NO.

1 bial .2* Al 6/90/03/ A• 2 1*

2 b2 21.3 E Al 14
3 b3 '4675 i h ]

4I bzt5 Al A 2/0i1 /9WO// U 2zO

,Deno.tes Changes from initial size

.34.



TEMWE. output for the 2nd iteration:

PROPERTY STRINGER FRA TSE

EA, lbs 0.43xi07 ! 032x107

El, ibs-in 2  0.11x106 I 0"5xio7

tLrn in 0.125 0.091

y, in 0.29 0.774

Crippling Strain 0.0021 0.0020

Maximum Strain -0.0018 -0.0030 .003091

iMrgin, % 11 -33 29

All other -argins3 OK. OK ox

The stringer margi n is nov positive and the frame margin

has improved although still negative. Hence, another

iteration is required.

(4) Resize the J-section frame as follows:

(a) Increase the thickness of elements 1 and 2 by in-

creasing the number of 0-degree plies in the akin

under the J-section. Add 11 more O0-degree plies 4o

the skin under the stiffener. This effectively adds

3 extra 0-degree 'ples in elements 1, 2, 6 and 7.

(b) Add 4 more 0-degree plies in the frame cap to io-

crease the axial modulus of the, section.
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.* The resized J-section properties are:

ELEMENT WIDTH, IN. LAYUP

NO.

1 b1 =1.0 I Ai 4/ 02 190 / 2 / Ai 2*
tr

2 b2 =0.5 L 114/ 0 2/ 9 0 1 0 2/ -U 2Ak

3 b3 -2.9 [Ai 14

4 b4=1.0 A &52/06/ .11 2 ]1

5 Ib [ Ai4

6 b6 =0.5 [ -U 4/02/90/02/ 21

7 b7 =1.0 I Ai4/0 2 /90/0 2 /-41. 21'

"Denotes changes from initial size

TENWE output for the 3rd iteration:

PROPERTY STRINGER FRAIM SKIN

EA, lbs 0.413x107 0.93X10 7 1

E, lbs-in2  0 .1 1 1Xob 0.95x107

tug, in 0.125 0.104

y, in 0.29 0.323

Crippling Strain 0.0021 0.0021

, Max.imum Strain -0.0017 -0.0012 .002997

Margin, $ 25 70 33

All other margins OK OK Ox

All margins positive. The predicted failure mode is

stringer for'ced' crippli n&'

A postbuckled aluminum shear panel of.45 in. radius is to be de-

signed to carry a design ultimate shear flow of 900 lbs/in. The stringer
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spacing is to be 10 in. and the frame spacing equals 24 t.r. The skins are not

permitted to buckle below 33 percent of the design limit load. The stringers

and frames are Z-sect;,ons.

Design Procedure:

(a; Design Criteria:

Material: 7075-76 aluminum

Properties: E:IC.6xlO6 , C 0.3

Y'eid ýtra.r.: .0061

Loads:

'esign ultimate stear flow, N *y DUL) 900 ibs/-n

resign l:,mit sh'ear flow ,DLL,: 60C lbs/in

.,itial tycxing lead CIBL. t 230 *bsi/n

(b, Detail Design:

(1) Calculate skin thickress to meet ZBL requirement. Frpr

F;igure 2.4, tw 0.053 in.

.?) Select standard angles for striierL and frames.

A~'l* 1.25 1 I.375

* I ~.75 0.75 I
t 0.063 0.063 A

S'rADArPD ANC10139- Mr,10 13 -

DE:NAXO r. m201 J 1301
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ý3) Run prcgram TENWEB for margin computations.

T&EWiM output for 3tlffener initial dimenSio.ns:

PkRCPERTY ISTRINGER FR A IA SKIN

EA, 1b3 0. 173x,0 7  O.181x1C7

EI, lbs-in2  0.472106. 0.5837

ye in 0.625 o.687

Crippi.ing Strain 0.0026 0.0326

1.axaium Etrair~ -0.00r9 -0.0062 I.002Zi

%'r~. -56 -58 126

All outner Margirns CK OK, OK

jS~ e~ect heavier angess for &trir.gers and fr~ace3:

ANZIC138-1306 for stinger

ANDIO138-1306 for frame
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(5) Run progrm, TEIWEB for mar&tn OOPUtatitons:

PROPERTY STRINGER FRAML SKIN

EA, lbs 4.8z07 j 0.171x106

ZI, lbs-i e i1.45I06 1.456

y, in 0.687 0.687

Crippling Strain 0.0037 0.0037

?s.z-um Stras;, -0.0026 -0.0030 .002286

Margin, 40 23 167

All other marinsI OK OK, 0

Thus, the panel wil fail, by frame Crippling at a load 23

percent higher than DUL.
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COMPRESSION PANJELS

3.1 OVERVIEW OF DESIGN P.ROCEDURE

A flow chart s3ummarizing the design procedure for oomposite or metal

compression panels is shown in Figure 3.1. The various steps Involved in the

design procedure are detailed in the following paragra.pbs. 'The design method-'

ology for compression panels is s•'iespirical and the basic equations used are

documerted in Reference 1. Application of the methodology to m6tal panels is

straight forward and, therefore, oasily implemented by hand calculation. In

the case of composite panels, since the Oonstitutive relations are layup depen-

dent, a computer program called CRIP (Refe rence 2) was written to facilitate

the design. Detailed instructions for the use,of tbis program are given in

Reference 2. Program CRAI includes an approximate closed form expression to

calculate the initial skin buckingA strain for curved composita panels. A more,

accurate buckling strain calculation can be carried out using program S-a8

(Reference. 7). The failure analysis in CPIP is applicable to both flat and

curved skitns. In this section the methodolo f fow accomplishing detail design

of composite compression panels using CRI? is outlianed.

Examples of metal and composite panel .designs are given to illus-

trate the procedure.

3.2 DESIGN CEt:A

AS in the case of show panels, the design owiteria that need to be

established at the outset are:

(.A) Materials and material properties.

(t) Design allowable streoses a" strains,. and
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DESIGN CRITERIA

0 BUCKLING LOAD

* LIMIT LOAD

0 ULTIMATE LOAD

0 MATERIALS,

9 ALLOWABLES

CONFIGURATION SELECTION

0 PANEL RADIUS

0 STIFFENER CONF1GURATONS

* FRAME OR STRINGER SPACING

T

PRELIMINARY DESIGN
O SKIN BUCKLING LOAD AS

FUNCTION OF SKIN THICK 4ESS
AND STIFFENER SPACING

* SELECT SKIN THICKNESS AND
STIFFENER SPACING

DETAIL DESIGN
* COMPUTE STRAINS FOR

- SKIN BUCKLING

- EULER BUCKLIkG
"STRINGER CRIPPLING3

0 COMPUTE FAILURE LOADS FOR
ABOVE INSTABILITY MODES

* COMPUTE MtARGINS BASED ON
LOWEST FAILURE LOAW*

PERMANENT SET FOR METAL
PANELS AND STIFFENER WEB
SEPARATION FOR COMPOSITE
PANELS MUST ALSO SE INCLUDEDiYES

FINAL DESIGN
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(c) Initial &in buckling load and its relationship to the load

factor (g-level) and the design limit load.

The material properties awd design allowable data required are

identical to those listed in Seatio- 2.2.

The skins are not permitted to buckle at or below l-g load. In

general, panels should be designed so that skin buckling occurs between 25 and

35 percent of the design limit load and -the panel is able to sustain design

ultimate load vithout failure or collapsa.

3.3 CONFIGURATION SELECTION

In this step, the overall panel geometry, panel curvature and the

configuration of stiffeners have to be aeloce4" For uniaxial compression

loading the stringers are the primary load carrying members. The frame spacing

defines the effeet-'ve skin length for- buckling caloulations. The key decision

in this step is the selection of a .itiffener configuration and a 39ries of skin

thicknesses for evaluation.

The structural efficiecy comparison of Figure-2.2 together with

manufacturing ease and substructure attachment considerations are used in

Sselctitrj the stringer shape. As shovn in 'Figure 22 hat section stringers are

the most efficient in carrying axial compression loads. The guidelines for

selecting a- stringer configuration are identical to those given In Section 2.3..

3.4 Z2EJ.MINARY DESIGN

The design variables calculated in preliainary design are the •kin.

thickness and the stiffener spacing.' The det Ign driver iS the skin Initial

.buokling load Mx, and the limiting criteria are the mintiau skin thlckness
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and a reasonable stiffener spacing. Guidelines for the selection of a set of

skin thicknesses and, in the case of compoaites, ply layups for compression

panels are identical to those given in S'tion 2.4.

Calculation of Skin Bunklin, Strain/Load - The buckling stress for

curved metal sheet panels can be calculated from:

F CmK 2 rE FCR-) \(10)

where,

FCR buckling stress, psi

tv thickness Of the skin, in

bw effective width of skin panel, In.

E, modulus and Poisson's ratio for the sheet metal

K buckling coefficient determined

from Figure 3.2 (Reference 8)

The theoretical value of K. is obtained from the buckling equations for ,thin

cylindrical shells and is a. function of, the nondisensional ourvature Z of the

;anel expressed as

where r is the radius of the cylincrical panel. Experimental data have shown

that to is also a function of the r/t ratio for the panel. The design curves

Of Figure 3.2, obtained from test data, sot tiLLs dependencie of to 'o rit.
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Compression buckling strains for curved composite panels can be

accurately determinod through the use of computer code 338 (Reference 7), for'

example. However, for an approximate calculation of the skin buckling strain

in cases where the stiffener spacing is realistic, tha simplified equation

given below has been programmed in CRIP.

224
f: W -f-)I - Dl+ 42'(Dl + 2D +DwW ImW 1A b (Icr Exv w

Ev (12)
+

11)2 R2 [E -, E E xwEY 2 +4
L [Exv -w G2XWY - Y b Y .

where Dij are the terms of the bending stiffness matrix of the com-osite skin,

Exw, Eyw, Gxyw, V Xyw and tw are the web elastic constants and thickness,

respectively, L is the panel length, bw is the effective width of the skicn, R

is the radius of curvature of the panel and n and m are the integer coeffi-

cients representing number of half buckle waves in the width and length direc-

tion, respectively, The lowest valu of strain for various values of n and a

represents the buckling strain of th specimen.

The panel length L corres onds to the frame spacing hr. The panel

effective width bw equals the stringer spacing hs (or preliminary design. 'In

detal .desiga, however, bw equals th, distance between stringer fastener lines

for metal panels and the distance bet een adjacent stringer flange conterlines

as shown In Figure 3.3. For both meta and composite panels the boundary

conditions are assumed to be simply supported at the stringers and. the frames

Selection of Skin Thigknes and Strinaer Snaeint In order to

select t*h' skin thickness tW and the stringer spacinig hs assuming for the times

being that the frame spacing hr in fed,. plots, of 6aoulated, buckling loada
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versus the stringer spacing can be generated in a fashion similar to Figure

2.7. From these plots a "best" combination of skin thickness and stringer

spacing can be selected.

3.5 DETAIL DESIGN

Detail design of compression panels involves sizing of the stringers

and computing margins for the various poQssible failure modes. The procedure

for metal panels Is direct in that the required stiffener dimensions are com-

puted for the given load conditions and a standard extrusion selected to match

the calculated stringer cross-sectional area. For composite panrIs the proce-

dure is iterative in that initial sizes are assumed for the stringers, the

margins computed, and if any of the margins are negative or too high, the

stiffeners are resized and new margins computed. This iteration is continued

till all margins are positive and reasonable in magnitude so any weight penal-

ties are minimized.

Initial Dimens•_ons for Composite3tritr - The guidelines to be

used are identical to those given for shear panels in SectIon 2.5.

Stiffener Sizing and Harin Cormn Sizing of the stringers is

accomplished using the semiempirical equations given in Reference 1. For

composite panels these equations are coded in program CRIP. The use of- program

C%:? and the sizing procedure for metal panels is outlined in the following

paragraphs.

•Comoression Panel Failure Modes The various failure modes that

have to be checked for to designing compre.V'ion panels are:

(a) Euler buckling of the stiffened panel,

(b) Stiffener crippling,

,hot



(c) Stiffener/web separation in comosite panels, and

(d) Permanent set in metal skins

The load carrying capacity of the panel is then determined as the

lowest of the loaets calculated for the above failure modes. For oomposite

panels loads corresponding to the stiffener/web separation mode of failure have

to be separately calculated to supplement the results of CHIP.

Composite Panelq - Program CRIP is applicable to flat as well as

curved composite panels. The panel sizing commences by first entering the

material properties and the selected skin and stringer dimensions into CHIP.

Failure strains correspondi.g to stringer crippling and Euler buckling are

computed next.

The Euler buckling strain is given by:

E C EIT , (13)
EA L2

where, E1 is the equivalent bending stiffness of the panel, EA is the equiva-

lent axial stiffness, L is the panel length, and C is the and fixity coeffi-

clent. The fixity coefficient C a 3.

In the event that the Euler buckling margins are not 2dequate, the

I/A or y the distance from the neutral axis to the mid-plans of the skin has to

be increased. This can be accomplished by a01ing more plies to the stringer

cap or by increasing the stringer height.

If the margins on stringer crippling are not as desired then the

approach to resizing the stringer Is defined by examining the equationzo for

stringer crippling strain calculation. The stringer crippling s3train is cal-

%!ulated by first modelling the stringer as an. interconnected assembly of plate

'SE'.



elements and =en calculating tae individual plate element crippling strains.

These plate elements are sequentially numbered and displayed on the screen

during (+UP ýaxecution. The stringer crippling strain is the most critical of

these plate element crippling strains as described in Reference 1. Thus, to

obtain guidelines for stringer resizing, the plate element crippling strain

equations have to be examined. These are as follows:

cr

where,

C3 crippling strain of the stiffener plate eler.ent

Ccr ntial buckling strain of the stiffener plate element

flu= coepression ultimate strain for the plate element laminate

a ,, : material dependent coefficients obtainsd frem test data.

'he crippli'g strain for stiffener plate elements connected on both sides is

Sgiven by:

L 05 687 I\c 0.4,7567- O.587• c (15)
•CS c~r

and Ecit, the bUtklin& strain for the stiffener plate element is given by:

"c r -b 2 + D12 +2D (16)

x

In Equation 15

b 2 stiffener plate element width

t 2 plate element thickness

E x a compression modulus of the plate laminate along the

longitudinal direction
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L

Dij terms from the laminate bending stiffeness matrix,

(i,j = I, 2, 6)
4

9' Equation 16 applies to plate elements for which the length to width ratio (L/b,

where L = stiffener length) is at least 4.

The crippling strain for plate elements that are connected on one

4 side only is calculated 'using the following equation:

Ecc 0.449SL cr ( U 0.72715 (17)
cr\cr

i
where,

.,

112 D ~ 4ýD'
____-_1 (18)

cr b 2 E L2 E
SX X

.'L. length of the Stiffener

-wiý.A tle other nomenclature remaining the same as for Equations 15 and 16.

SBased on Equations 14 through 18 stringer resizing reqiures increas-

, Ing thi critical plate element buckling strain. Ibis can be accom~plished by:

I.

; ~(.0 Increasing the ellement thickness by adding plies. .±.5-degree

S~plies are preferred.

p

p

J (1)) Decrdegainrg the width b of' the el~eont. .

,50
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The noew stiffener Size, thus, selected is entered in the new run of

CRIP and the margins recalculated. The procedure is repeated till the desired

margina are achieved.

Stiffener/Web Senaratlion

Failure of composite stiffened panels due to stifferer/web separa-

tion is a comm on mode of failure In the postbuckling range. The stiffener/skin

separation strain for oocured AS/3501-6 panels is calculated from:

Cs- 0.4498 e C(u).7 2 7 1 5

CSS-049 •cr E•r (19)

cr

where,

C53 = stiffener/web separation failure strain

ecu 2 compression ultimate strain for the plate element cocured

with the skin

Ecr skin buckling strain.

This failure mode check is not ooded in CRP.

The Euler buckling strain for metal panels is calculated using

Fquation 13.

Stiffener Crinoltn, Strain/Stress Calculation -The crippling

strength of metal stiffeners is calculated using the well established Gerard

' .',.. . .



method documented in Reference 8. The empirical Gerard ,quation for calcula-

ting the crippling stress for 2 corner sections, suOh as the Z, J, and channel

soctions, is:

F r 2 E 1/31 0.75
CS (.._)

Scy Cy

whore,

Fcs a crippling stress for the suction, psi

Fcy a copressive yield strss .of the material, psi

t element thickness, in

A a section area, in 2

A design curve based on Equation 20 is sown in Figure 3.4 taken from Reference

8. Additional crippling equations that apply to sections other tktan 2 corner

sections are given in Reference 8.

Failure Load Calculation - The failure load is calculated as the

lowest of the loads corresponding to Euler buckling and stiffener crippling.

For Eular buckling, the failure load is given by.

E'
E cr (E xAs +8 xb-wt)' (21)

52,



1 L. - - 32(!'V ,Fy

Cy

H--~~-4 77~-- ~-~-

7~ TI-

.2

1 15 2 2.5 3 4 5 6 7 910 15 20 25 30 40 50 607108090100

A F -z

Figure 3.4. Crippling Stress Fcs for Two Corner Sections Z,

J and Channel Sections (Reference 34).
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where,

E a Euler buokiing strain oalmuatd from uatio 13

As a Stringer crOas-aotional area

ha - Stringer spacing'

ta a Skin Thtcksne

The runaAng load is given by:

E PE• hs (22)

The margin is omputed as:

(M .S.) NxE
Euler NxDUL (23)

vhere, NxDUL is the design uAltiaate load.

The failure load due to stringer crippling is given by:

Pcc FcsAs + Fcs vt (24)
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where,

F - Stiffener crippling stress
Cs

S a 1.9ct is the effective skin widthw - .9 w A s

A and t are as defined for Equation (21)
s

The margin is computed as:

CC
cc Nx c

.S.) - (25)

3.6

The oomposite and metal compression panel design procedure outlined

aoove is demonstrated by way of the following examples.

Ezxamle .. Curved Composite Panel

A postbuckled composite oompresslon panel with a 45 in. radius and

20 1n. frame spacing (hr) is to be designed to carry a design ultimate compres-

sion load of 900 ibs/in. Skins are not permitted to buckle below 25 percent of

t. design limit load.

flesiUn Prooedgre

(a) DesipA Crit4ria':

The' material selected is ,S/3501-6 unidirectional grapbite/

epoxy, with the following proprtieo.
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K1 * 17.6x1o6 psi 2 x 1.9z106 psi G12  .85z106 psi

P12 x 0.3

The ComPression ultizate strains are:

Eau a .012 for laminates vith at least 40% O-degree plies

a .015 otherwise

Load.:

Des3gn Ultimate Load,. Xx (DUL) 900 lbs/in

Design LUnit Load (DLL) x 600 lba/in
Initial Buckling Load (IBL) * 150 lbs/in

(b) Configuration Selection:

Panel Radius, A x45 in.

I Given

Framo Spacing, hr a 20 in.

Skins designed tor buckling only

Select *(±45/i7A5J layup

5ele3 t bat section stringers for efficiency.

(c) •Preliinary Design:

To meet initial buckling load requirement of 150 lbs/in with

the given. layup, stringer spacing• h. 8.2 In.
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t.

(d) Detail Design:

(1) Select initial stringer diaesions and ply distribution

using the guideline of Figure 2.10 and previous exper-

ieaoe.

. O-deg ree

O-degret!
plies

I -"
i _ • .: -- I__ asic "Skin -'

Initial stringer dizensiona:

E.EMET WIDTH, IN. LAYUP

NO.

1 a 1.2 [-4512s

2 b2 a 2.0 [&513

3 b 3 0.6 [&5/o2]s

4 b4 1.2 t±315/023A

(2) Run program CAI? for margin omputations.

CRiP output ftor initial stringer disensions: 31cn buck-

lhng strain .00040

57



PROPERTY OUTPUT

Euler Buckling Strain .061356

Euler Buckling Load, lbs 97,720

EA, lbs .13Ix10X

El, lbs-in2  .898Xl06

y, in .574

Crippling Strainf .002267

Crippling Load, Pea, lbs 3092

Crippling Load Nx-P 0o/ 8., 37,

lbs/in

Margin, -58

Load in Stiffener at failure, % 96

*ELEMENT 2 IS CRITICAL

The negative margin on stringer crippling requires that

element 2 be shortened and load redistributed from tbis

element to the caps and, skins under the cap by adding 0-

degree plies.

(3) The string._r is resized as follows for the 2nd iteration:

EL T WIDTH, IN, LAYUP

NO.

1 bi1  1.0 [.0532s

2 b 2 x 1.3 [t45]s

3 b3 a 0.6 [& 5/813

4 b4 a 1.? [.45/0311
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(4) Run prograr, CHIP for margin computations. CHIP output is

as follows: Skin Buckling Strain .000440.

PROPERTY OUTPUT

Euler Buckling Strain .03727

Euler Buckling Load, lbs 89,750

EA, lbs .209xi07

EI, lbs-in2  .791x,0 6

y, in .61

Crippling Strain* .0035

Crippling Load, P..9 lbs 7401

Crippling Load NxzPa/8. 2 , 902.6

lbaiin
MLrgin, % 0

Load in Stiffener at failure, % 98

OELOET 2 IS CRITICAL IN CRIPPLING

The predicted failure mode is stringer crippling.

Exmple 2. Curved Metal Coapression Panel

A postbuckled curved aluminum panel cb" 45 in. radius, 10 in. string-

or spacing (h 5 ) and 20 in. frame spacing (har) is to be desLgaed to carry azial

compression loadin. The design ultimate load is 900 lbs/in. The skins are

not permitted to buckle below 33 percent or the design lmiit load.
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Desijgn•.Eroc edure:

(a) Design Criteria:

Material : 7075-T6

Properties: Ec I0.6xi0 6 psi, s 0.3

Yield Strain: .0061

Loads:

Design Ultimate Load, N. (DUL) 900 lbs/in

Design Limit Load (DLL) 600 lbs/in

initial Buckling Load (IBL): 200 lbs/in

(b) Configuration Selection:

Panel radius, R = 45 ir,

Stringer spacing, h.5  10 in. Given

Frame spacing, hr v 20 in.

Select skin thickness, tw 0.05 in.

Select Z-section stringers

(c) Detail Design:

Initial buckling stress:

K 2 E t\%2

"c 2

cr 12H (1012



where K. = 13 (froL Figure 3.2)

For z 3143 psi

Stringer Sizing:

The design buckling load (Nxcr), however, = 200 lb/in. Hence,

the stiffener area (A.) required is obtained as follows:

N b
A' x~cr s bs tw

Fcr

A .1363 inch2
S

Assume the stiffener ooafiguration to be AND 10138-IGO4 which

is shown in Figure 3.5. Thus, the predicted panel buckling

load Nxy,cr w 206 ib/in whioh results in a 3 percent margin of

safety.

Figure 3.4 was used to calculate the crippling stress Fc, for

the 'stiffener:

Fe1 48.9'kal

The effective web width at the time of stiffener crippling, w, was

calculated from Fquation 24 as:

w * 1.2 inch

: . £ • ''all



(e. 75~75"

stiffener area A* 0.2.55 sq. inch

stiffenbr M.O.I. 1 0.0236 inch4

Figure 3.5 Z-Section 7075-~T6 Aluminum Stringer.
AND 10138-ý1004 Configuration.



he totai :oac at panel failure P.1t, is calculated using Equation 24 as:

Pu. Fs 'A' w tw

4 8 z , 30 .55 + 1.2 x .05)
P Pult :'l05ý0 ;b.

z-ence, the ultl.ate failure load ;er unit width (Nx) is

N Ult
ul -iT - 1050 Wbin

S

Thus, the par.ei fai:Lre load allow: approximately. a 17 percent margin of

safety.

,Frr zverall par.el instatility the Fuler buckling stress was

Scalc,.-ated u.si'ng Equ-t;cr 13 in the fcilowing form:

2 El
e

CEuler L2 A

e t

w*here, Le 1s the effective length of the panel, At is the total area of the

. ;in1l a&nd 1e " the Fanel moment of inertia about the neutral axis. Since the

frame spacing for design purposes was assumed to be 20 inches, the effective

l ength 9LO for Euler buckling is 10 inches (C = 4 in., -Equation 13) assuming

* fully fixed e-13. Thus, the calculated ELLer buckling stress for the panel.

i: was:

E* 0Eul 90.63 ksi
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