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SECTION 1
INTRODUCTION

1.1 RPOSE, SCOPE AND ORGANIZATION

The purpose of the Design Guide is to deccuzent a step-by-stzp, easy
to use design methodology for postbuckled flat or curved panels lcaded in

. compression or shear only.

This release of ‘the Design Guide cover:-gstat.ic design and analysis
methods for flat and curved panels loaded ejther 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 desjrgn procedure and on
demonstrating the use of special purpose computer programs ‘vritien to accomp-
lish th: design task. Analysié details are kept to a minimum since a more
compiete documentation is given in Reference 1. The analytical expressions
presented in the Guide are those that need to be used in addition to i;he

programs. Procedures for executing the computer programs are documented in

Reference 2. 'An at,tempt has been made to maintain commonality in the design

approach for metal and composite panels. Differences in design considerations
for the two material types, e.g., fallure modes andl the anisotropic nature' of
composites, are highlighted where appropriate. Panels under shear loading and

under compression loading are addressed in two separate sectiona
1.2 GENERAL CHARACTERISTICS OF POSTBUCKLED PANELS

Stringer or longeron and frame stiffaned panels are widely used in
aircraft const.ruction. In many 6!‘ thesa stiffened panei applications, partic-
.ularly for fuselage st.ructures. significanc vweight and cosr savings can' be
reallzed if the skin or web betwaen the stiffeners is permitted to buckle well
below the deaign l1imit load, The weight savings advant.age in‘-sucn'a deai.gn is

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

farther apart. The reduction 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 redisiribution of a majority of the applied load into the dis-
crete sﬁiff:,;xers and the remainder into the skin, assuming that the skin is

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

eners,: theréf‘ore, the load carrying capacity of postbuckled panelé can be

enhanced to several times the skin initial buckling load assuming failure

6ccurs by stiffener cripriing.

The structural response of postbuckled stiffened panels depends on
the .nature of loading and the panel geometry, i.e., 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 aécompanied
by a simultaneous increase in the fraction of load resisted by the longitudinal
Stirreners (s‘t‘ringers). After ihitial buckling, the applied compréssion load
is carried by the stringers and a small effective width of the skin adjacerit to
the qtringera. 'As the compression load is increased beyond the initial buck-

ling laad, the buckles in the skin become deeper and may also change in number.'

If.the panels are made of metal, -eventual failure can occur in several possible
modes such as permanent ae£ in t:hé sk;n, stringer crippling, stringer yielding
or Euler buckling of the panel as a whole, For fiber-reinforced composite
panels where thé common design practice is to cocure th'e stiffeners with the

skin, panel_ failure can occur by stiffener skin disbonding, stringer crippling
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 beamé. At initial
bucklip'g, the skin in shear panels buckles into diagomal folds. The énsle of

/
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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 ccmponent in the skin resulting from the
ac;plied sheah. The possible t‘ailure‘ modes in metal shear panels are permanent
set in i:he skin, forced crippling of the strinéers-and/or frames due to the
axial compression load and the t;uckles in the skin, or stiffener yielding. In
cbmposite panels, fa_ilure can occur by skin rupture due to the diagonal tension
stress, forced crippling of the sti't‘feners, or by disbonding of the skin and .
the stiffeners. Iﬁ addition, irrespective of the type of material used, exces-
sive stiffener fleiibility' may lead to shear buckling of the panel as a w.bol_e.
The coxipl'exities of load redistribution after skin buckling and
éxiatence of multiple failure modes, make the use of rigorous analysis tech-
niques to design postbuckled structures prohibitive. The methods presented in
the Design Guide, therefore, are semiembirical and intended to facilitate rapid

iterative design.




SECTION 2
SHEAR PANELS

2.1 OVERVIEW OF DESIGN PROC: Uke

A flowcha;'t summarizing the design procedure for flat and curved,

composite or metal sheéu', panels is shown in Figure 2.1. The varioga steps'

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

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

-eralized tensicu field theory documented in Reference 1.

The generalized (for application to composites as well as metals)
tgnsion field analysis procedures are coded in a computer program called ‘i‘ENHEB
that can be used as an efficient design tool. Detailed instructions for the use
of this prograin are given in Reference 2. The equations for analysis incorpo-
rated in broéram TENV'E)% pertain to cylindrically' curvéd composite panels and to
flat composite panels if the radius of curvature in the latter case is set to a
very high value (of f.he order of 1010). Use of appropriate values for _the
ela;tic constants in the program permits its direct application to metal
panels. Ia this section, the methodology for’ accomplishing detail design using
TENWFB is demonstrated. . o ' |

Exa@plea are give;: to uJ:uatrate‘ the ‘applicition of tha‘neth'odélogy.
2.2 o W ,

The desi@ eriteria that rseed lto be e#tabliahed st the outset are:

(a) r%atarialg and mgteria; ;*.robey-tiea,

(b) Design 'a.llovablel streaie# apd struins, and
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(c) Xnitial skin buckling load and its relationship te load factor

(g-level) and the design limit load.

The material p:'opérties that should be established are the elasiic ccnstaats
and the ultimate compression strains (€,,) or s'resses (Fyy)e The latﬁer
valuss are required in’'the stiffener crippling caléulationa. The ultimate
compre'asipn stress values for metals can be obtained from MIL-HDBK-5. For
composite materials.typical of c'.xrx"ént usage on military atrcraft (e.g.,

T300/5208, AS/3501-6 graphite spoxies) the ultimate strain €,, can either be

datern .ned from unnotqhed coupon tests or the following values may be used:

€oy = -012 for laminates with at least 40 percent C-degree plies

.015 otherwise ' (1,

Desiyn data required for composices are the 'allowable strains in

compressior and tension which can be considerably lower than the ultimate '

values.

The general guideline to be'tollowed in det;ning the initial buck-
‘ling ~0ad ls that the skins must not buokle.under loads equivaleat to 1l-g or
lesas. v-'nze l-g condition eorres;;onda to level flight or'groun'd storage. fn
order to realize the potential advantages of postbuckled designs, tbe skin
buckling loads must be set betweea 25 to 35 percent of ‘he design linit load .
(DLL), Thus, the shear flow at design ultimate load. (DUL) ranges between & to’
6 times the initial skin buckling shear flow. The critical static load 'co_:idi-
tions provide the basia for d.finir7 the design ultimate internal shear flows
that the pagel must sustatn without *upture or cdliapao.
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2.3 . CONFIGLRAT SELICTICN

The overall structural requirements; to a large extent, dictate the

selection of a stiffened pinel coﬁrigu."atioa. Tt - size and curvature of the

' panai are detarainsd by panel Jocaticn on the actu.l structwe. In many in-

stances the frame spacing is predeterxzined by the averall structural» configu-
ration and, thus, only the stringer spacing needs to be deterained irn prelim-
inary design. Selection of a stringer spacing and frame spacing is interre-

lated with the design of the skin for a specified buckiing lcad. These geonm-

-etric parameters, thersfore, are deterzined iz the preliuir.ary design stage.

The 30at significant decision to be made at this stage is the selec-
tion of st'ri'ng»t-'r and traje configurations, i.e.,, the stiffener cross-sscticnal
shipes. The primary considerations in selecting stiffener cross-sectional

sha,es are structural efficiency, manufacturing eas?, and simplicity of attach-

ment to substructure. The most popular concep!s ino neial designs have been

open-section stifieners such as I-, J-, 2-, inverted ha® and hlade sections
since they facilitate joint: and splices and attachment to substructure. In

addition, closed ssotion stiffeners suck as hat stifferars have also been used.

in composite panel dea‘gna the same stiffening cohospta. with the axception cf

z;aeotions, can be used. Z-section atirtencr: e not desirablo aince the

' single skin att.aqx flangs in oocured or adhesiv: ly bondod construction does uot

"provide adequate strength uander pull-off loads in praoticn doaigns.

u'l,r;rst step in choosing a eroas-ago‘tibml ahabc for the stiff-
eners, a uoight ’o'onpnr_'ison'or" the different concepts for g).von load,ins'condi-
tiocas 'is mcou_i_x‘y. 'Recosniz;hg that the :!ut.f‘on‘oru in poatb;mue& shear
panels are axial oonbrcaucn lo&d carrying members and that the stiffeners as a

whole remain stable up to failurs, voignt»oou_puiaoha carried out for stiffened

- panels undar coapression loading can be used to evaluate relative efficiencies,

Sevaral m‘alyticﬂ' and experimental studies (e.g.; References '3 through 6) have
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veen conducted to evaluate the relative efficiencies of the comzonly used
stiffening concepts for zetais and composites. The resulis of Refarence 5, in
particular, aré useful in guiding the selection of stifferer configiration on
the basis of weight. These results are summarized in Figure 2.2, reproduced
from Reference S. As is evident from Figure 2.2, the graphite epoxy J- and
blade configuraticns have similar structural eft"iciencies. However, for graph-
ite-epoxy,' the hat section stifferners provide a 32 percent higher efliciency

and, thus, are rost desirable in miaimizing weight. The trends are aimilar for

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

coapared to the open sectioa stiffeners. For both material types, the J-

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

over blade stiffeners,

. The higher af{ic;ency of hat stiffeners and the esse of manufactur-
ing and attachmen® of open sections implies that the final stiffaener cross-
section selection will be a compromise. In general, for curved Jrame/longeron
or curved frame/stringer type construction, hat section stringers ard -J-section
frames provide an efficient combination. For. floating frame/stringer type
construotion 'used only in metal panels, inverted hat saction Stringers‘ and J-

ssction fram.s may be desirable.

2.4 . PRELIMINARX DESIGN ' '

The design vu'iablea calcu.lated in prellllnary design are the akin
thicknua and the stift oncr spacing. The design driver is the. sun initial
buokl ing ioad ny"cr»and ‘the limiting oriteria are ainimun skin t.hicknaaa (.04

in, for graphite/epoxy aé well as alumipuz) and a re=ascnable stiffener spacing.

. 7be design variables to be selected are shown in Figure 2.3 where one bay of

the shear panel 13 shown, The stiffsner cross-sectional anabea shown are for

reference only.
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The calculations are carried out by first fixirg the frame ar ring

spacing, b, ard selecting a skin thickness. For composite panels, the number
and orientation of plies must also be tentatively selected. I.t‘ the frame
spacing is not pmdeterniﬁed by the overall structural conrigu~ation then a

. value between 15 inchés and 30 inches for rrame/stringer construction may be
selected. Fof frame/longeron construotion, the frame spacing may range between

4 inches to 10 1nches.

In order f‘.o' size the skin, a good starting point is minimum gage
thickness dictated by prevalent design practice. The skin thickness may have
to be increased in metal panels il countersunk rasteﬁers have to be accommo-
dated. Metal 'skin ‘mid-bay £Mckneases in the range of 0.05 inch to 0.063 inck
are most commonly used. Lands milled in the metal skins under stiffeners can

serve to accommodate the coudtersunk fasteners.

Availablo design data show that for composite panels skin thickness--
es Sl.ightly greater than .tne minimum permissible gage are adequate for post-
buckled structures. Ply orientations that are predominantly $45° are most
efficient er buckling critical designs, 'Aa in conventional cuaposite con-
struction, the stacking sequence should be balanced and symmetric. Biwoven or
unidiracciona‘ graphite/epoxy amay be ussd to fabricate the skins. The improved
drapabuit.y of woven v,raphite/epoxy facilitates layup of curved akina. Unidi-
rectional O-dcgree and 90-degree plies are usually inc;uded in the skin layup
_to resist Idngitudiml or transverse axial loads or pressure if these loads are
present in additioa to the sliear. Since the 0's and 90's can bo"dsed as single
puea as opposod to the £45's which nusz be used in pails, the rorner are also

more canvoniont in building up skia t.hickneaa ¢0 a speniTic raquirement.
' On the basis of above consideration, if only the shear buckling

eriteria has to be met then layups such as (£85]24, [ 45, ]g, ( &g 70/ 35,21.
[ dS, 790/0/907 45, }. vhere ___ denotes s woven ply, may be 1niuany seleoted for

1m0




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

iteration.
Shear Buckliug of Skin

The next ste) consists in calculating the skin buckling load ny,cr
as a ruhétion of the stringer spacing hg, These calculat;ions have to be
carried out for each skin thickness being considered and in the case of com-
posites for each ply layup. The shear buckling stress for composite skins can
' bé cal culated using program SS8 documented in Reference 7. The skin bo'u'ndary
conditiohs are assumed .0 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 .72 Eh?
s

sl .
= —— if h h :
Ter, elastic 12R222 , r > s l
. l (2)
3 Ksz e Eh; | if hs >hr J

12R?22
wherse,

Kg1s ‘32 = c‘riucn' shear stroaav eogrficients for sim‘ply supported
‘curved plates determined trom Figures 2.4 and 2.5

. (Reference 8).

For flat metal: ak‘iixa the el;atic buckl ing stress is determined using the fol-
lowing equation: ' -

. t 2 .A, . -
,"Tcr=K.‘,Ec(,;)” R (3)
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Figure 2.4.

"Figure 2.5.
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with

h z,
Kg= 4-83 + 3.61 (_§. )
. . hr

which is plotted in Figure 2.6.

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

ported at the stringers and the frames.,
In Equations 3 and &,

bg is stringer spacing, in

h. is ring or frame spacing, in
R is papel radius, in

t is skin thickness, in

E, is the compression modulus of the skin, in
2

h .
Z= — Jeo- vz) if h_>h
Rl' ) | 4 s
o 2 g
=z _R—[‘; (1 - V) if h.> hr

V1s tue Poisson's ratio for the skin material

The akin thickness an‘d'atringer spacing ax;u sslected from plots of
the caloulated buckling loads versus the stringer spacing. In order to illue
strate the prucedure, two sﬁch vplota corresponding to Design Example No. 1 at
the end of this seotion are shown in Figure 2.7.. vReterring to the figure, a
buckling parameter A, equal to the retio of the caloulated buckling load and
the design buckling load, 15 plotted against the stringer spacing hy The
buckling loads were calculated assusing clamped boundary conditions at the.

14
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Figure 2.7. Buckling Load Versus Stringer Spacing fat { &3, 2/901 45 3] and.
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frames and a fixity intermediate between s'implj supported and clamped at the
stringers. A3 is evident from Figure 2.7, the [ 45 5/0/ 45 ,] skin layup with a
10-inch stringer spacing is the prérerred desj.g'zx'since for the thinner skin

with a [ 45 /90/0/90/ 45 1 layup the rhr_rower stringer spacing i1s bound to imposo a

weight penalty. Thus, a selsction of skiu thickness and striager spacing can
be macs by comparison of such plots for the various skin thickuesses and layups
that were initially picked for evaluation. ‘

2.5  DETAIL DESIGN

Detail design of shear paxiels ;lmrolves sizing of the stringers and
the frames and computing margins for Ehe various possi‘ble_ failure modes. The
procedure is iterative in that initial’ si.zes’ﬁre aasumed for the stiffeners.
the margins computed, and if any of the margins are negative or too high the '
stirt‘aners are resized and new margins are computed. This iteration is con-
tinued till all margins are pcsitive and reasonable :I.n magnitude so that any
weight penalties are minimized. The varions steps in the detail design pro-
ceduxfe are described in the following paragraphs. '

Initial stringer and Frame Dimensions

The st'riﬁger and frame cross-sectional shapes were selected in
Seotion 2.3. For metal panels; the initial dimensions are ,dgnteriihad by se-
lecting a standard section such as the AND-series I, J or % sections. The
stiffener cross-aaéuonal_area selected for the first iteration may be arbdi-
trary unloba historical cata ars avnilabli ar geoﬁet.ric oeiastruntsy dicté.te

certain dimensions. Exact seotica dmena;ona can be determined only after

' several iterations.

In the case of composite pansls, on the basis of structural effie

ciency, the most commonly used stiffener shapes are hat, J or blade sections. '

17




The selection of initial 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-

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

selecting efficient and practical layups in the design of stifferers under

axial, compression loads. The recomendgd additionai O-degree ﬁlies ‘in the skin

shouid be utilized to '‘onsure a slight taper in the stiffener flange bonded or

cocured to the skin. This can be accomplished by gradually droppin'g—oxff 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 by and the thicknesses ty. For initial
sizing, typical range of values for the stiffener element widths and the ply
distribution are shown in Figure 2.10. These dinenmsions were obtained from a
'survey of panel designs that have been tested aud must. be treated as guidelines
only. ‘

Calculation or ertoctiva atit‘t‘ener areaa nust take into accaunt the
presenca of lands in meta.l uina and ply drop-of'fa in composite skins. In
metal skins if a web land ocours in conjunction with the stiffener, the 1n-
creaao in web t.bickness i3 assumed an integral part of the stirronor. For

conposite, panels the thickness of stiffener rlange,a attachod to the akin is
'- defined as the average thickness of the tapered flange-skin combination with
the wi‘dih equal to the actual t'ladge width. -The skin under the cap of a hat

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

18




Hat Section Stiffeners

N L

§ +45° PLIES

1. High axial stiffness (00)
plies should be placed

in the hat cap and skin [l}

ULLHTHTTITETET o° pries

directly above the cap.

Reason: Provide high

bending stiffness to

resist overall buck- S VINRNRRERRERY ——

ling of the panei.

2. Hat webs should be
entirely +45° material.

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

e HAT WEB

S/

|

J and Blade Section Stiff-

eners

i. High axial étiffness
plies in cap and in
skin under stiffener.

Reason: High bending .
stiffness stiffener.

BN ERNEN E:ii

LTI 07 PLIES

2; Stiffener webs should
* be entirely +45° mae
terial.

3 +65° pLins

Reason: Minimize axial
load in webs, thus, sup-
pressing local buckling.

‘Figure 2.8.  General Guidelines for Seld
C : Under Axial Compression

'
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Figure 2.9.

Ply Drop-Offs in Hat Seciion Stiffener and Stiffeﬁer»
Design Variables '

‘




-

0.5<b.<l.0

0.75<b]<1.5 ' .
‘ }2 O-degree ' % ‘ 4 O-degree
. : plies

/plies
I<b.<l}5

O<b&<0.5 2

' 4 O-degree
1.0<b2<3.5 olies

i » ‘/f 7 I

4 0-de rée l ' ;
|

! l ! Ba;%c Skin

IS
1

{
Basic Skin

S
O.75<b1<1.5

leb,<2
3

e s e

I ——y- ’jt —

ALL DIMENSIONS IN INCHES

Fluure 2.10. Typical Stiffener Dimensions for Initial Sizing
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'nus _s;ep is the erux of the detail design activi.y. Stiffener
sizing and maréin qonputation for shear panels 15 accomplished using the static
tencion field anilyais olt Leference 9 which was modified to account for mater-
t1al anisotropy in Reference 1. The basic semiempirical equations in the anal-
ysis and the failiure criteria are detailed in Reference 1. These aquations
including the failure analysis for nodog comaon tb metal aud composite panels
bave bLeen cdded in ocomputer prog}u TENWEB whicbh is documented in Reference 2.
The senienpiricu equations are not repeated here. 7The emphasis instead is on
denonatrating the use of TENWEB in doaigning posthuckl ed pane].s. Fallure modes

that are unique to metals aor conpositos and which have to be checked for
mamully are given in this Guide.

Shear Papel Failure Modea

The possible failure modes that have to be checked for in designing
shear panels are: o

(a) Coluan stabnity -of stringers and rings or frames,

“(b) .‘subi.uty 'of the eatire panel, |

(c) Forced crippling of stringors and franes,

(d) 'Stmonor/aun soplntion for cmpout.o panels,

(e) Pornmnt nt in metal skins due to yielding in diagonal
tonaion, ard ,

(f) Skin rupture.in metal and conpoaiu panels.
o Ultimate failure in shear for metals

‘& Diayonal tension failure in compogites

22




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

last two modes have to be checked for manually.
Tensicn Field Analysis (TENWER)

_ | The essential elements of the generalized (for application to .metals
aad composites) tension fie'§ 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 ol stiffened panels loaded in shear.
A.value of k = 0 charvacterizea an unbuckled skin with no diagonal tension; a
value of k = ‘1.0 characterizes a web in pure diagonal tensi_.on. The diagonal

tension factor is computed using the following expression:

s’ t h T
r
=z Tarh 0.5 + 300 log
L Tc’.r

wbere;

t z web thicknoas

hp =. ring apacing

By = sirlnger 3pacina»

R s pasel radius

C“_
—
~

L]

design Qlt.in‘v.q shear stress
= buckling shear stress of webd

" The stiffener sizing commeunces by first oonpuiing the diagonal

tension factor for the stringer and riag spacing skin thickness, and panel
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COMPUTE DIAGONAL TENSION

FACTOR ‘X'

ASSUME DIAGONAL TENSION
ANGLE ‘a’

—

ASSUME STRINGER AND
FRAME CONFIGURATION

ﬂ{

CALCULATE NEW DIAGONAL
TENSION ANGLE a°

SET
asa
NO
H
Figure Z.11l. Application of Tensi

COMPUTE STRINGER AND FRAME

MARGINS OF SAFETY

Panels.

ALL MARGINS OF .

NO

SAFETY >0

FINAL DESIGN
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radius selected in the prelizinary design stage. The assuced initial stringer
ané ring dimensions are erntered in TENWEB and the margins for failure modes A
through [ given ir the preceeding subsection are computed. If the margins are
nct pesitive thern the st.iff-rners have_to be- resized.

Ir most'pracmical-cases, i.e., if the initial dimernsions of the
- stifferer are selectec based or the guidelines given in Figure 2.10, the design
driver will be the forced crippiing modé of failure for strirngers and/cr rings.
The gther startiiity requirecents are,.in general, easily met. The approach to
resizirg stifferners for positive margins on forced crippiing is defined by

€xal.ring Lhe equaticns relating to this mode of failure:
Strirger forced crippiing strain:

0.4 1/3

¢ = 0.00058 | [ta11 Ecs 273 (fus | (5)
°s ' 1000 o\ :

Firg or frace forced crippling strain:

| o , Eo\ 04 g 173
S ¢, = 0.00058("all cr) 23 (_21 6)
‘ e 1000 / \ e,

where €,,, 'is the laminate allowatle strair,E.. and E . are the ooduius of
the stringer and r.rg .€g atlachee to the wéb, respectively, and t.s and tur

are the th.cknecs of the :siringer anc the ring leg attached to the wel.

o
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Based on Equationa 5 and 6 stiffener resizing should proceed as

follous:

(3) Increase t . and/or t,., ie, increase thickmess of stiffener
legy attached to the web, .

(b) In the ci.3e of metal panels seleot pew stiffemer material with
a higher yield strain and coapreasion modulus, and

(c) For composite stiffeners €,,, is generally in tne order of 0.004
to 0.006 and cannot be varied significantly. However, the
compression modulus depends on the ‘distribution__'- of plies,

Thus, tailoring of the stiffener cap ahd the sikin below the
atiffener by increasing the nusber or 0° plies, can be used to

increase the compression modulusa.

The new stiffener size, thus, selected is entered in TENWEB and new
sargins are oo.puted. This procedure is repeated till a desired set of margias

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

tions can lead to final stiffener sizes.

The margins are conput.o& as follows:

€5 (or €5r)
€

Margin of Safety = -1

smax (°F €rmax)

vhere,€.,,. a0d €. ., are the maximua stringer and riog strains, respectively.
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Skin Rupture and Permapent Set Checks

The stiffened panel design obtained from TENWEB is now checked for
skin rupture ;n t.bé 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:

' ]
. F 2 F
© Fs = 0.9 Ftyll+0-5 (;,%‘i~ :) “o.s + (1-k)° (Fs—‘i- 0.5,)] (7)
vy . ' tu . N
where,

- Fy i3 the ultimate allowable web shear stress, bai'. ,
Fyy 13 the allovable ultimate tension stress for the web n'at.orial,
psei. v ‘
'Pt.y is the allowable tension yleld stress for the web material, psi.
'Fgyy 18 the 'nlowablo ultiaate shear stress for the web material,
prt. '

Piuation 7 is limited to essentially isotropic metallic materials.
Io cases wbere a slight difference exists i the mechanical .préporuu‘in the
longitudinal (L) and loag transverss (Lr)- directions, use the minimum proper

ties.

Since the equation was obtained by a fit to test data, the erfects
of plasticity are included.
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In general, permanent set in the sakin at limit load is not permit-

ted. 'i'ha maximum allowable value of the diagonal tension factor at ultimate
shear stress (k,;;) to prevent permanent buckling of the skin at limit load is
given by:

kayy = 0.78 - (t - 0.012)0-5 | 8

This equation is based on flat aluminum metal panel data and is conservative
for curved panels.

(b) Composite Skins:

TENWEB provides as output the diagonal tension strain in the
skin at design ultimate aheir flow (€D-r). In order to prevent skin rupture, }

thersfore,
where, ét.u is the allowable tensile strain for the material.

. Eipal Dealgn

If for the last 4t.uo manual checks the margins are found to be
.negative then the skin t.htcknou has to be increased and in the case of com-
posiu pan-u the ply \.o-pouuon al tered, ‘mu neo..sitates ncurning to the
prelisipary design sugo and then repeating detail design,

2.6 - EXAMPLES

The shear panel design procedure outlined above is dononatr_ntod' -
by way of the follouu' composite and netal examples.

-
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Exazple 1. Curved Composite Panel

A postbuckled coaposits shear parel with a 45 inch radius
is to be designed to carry a design ultimate shear flow 61‘ 900
l1bs/in with adequate margins, Skins are not permitted to
buzikle below 33 percent of design linit load. The frame spac-
ing hr z 28 in. |

Resign Procedure:
(a} Design criteria:

The materials selected are:

AS/3501-6 unidirectional graphite/epoxy for reinforcement

of stiffener caps and sidn under stiffener.

£370-5H/3501-6 woven graphite/epoxy for skins and stiff-

'

ejers.

Lazina Propprtiea:

A4370-5H/3501-6!  45/3501-6
Per ply thickness, in| - .013 . i .0052
B, pai | 10.0 x 106 ;:é.vxioﬁ
ET, pat’ | 9:2x 108  {1.87x10%
GLT, pat | 0.9x 108 o.gsx106
NILT : 0.055. | 0.3

29
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Material Allowables:
- €aq11 = 0.004 in tension and compression
Loads:
Design ultimate shear flow (DUL) = 900 lba/in
. Design limit shear flow (DLL) = 600 lb,a'l’inl
Initial skin buokling load (IBL) = 200 1lbs/in
(b) Configuration Selection:
Pansl radius R = 45 in }
‘ Given
Frame spacing h, = 28 in
'Skins to be designed primarily for buckling.

Seleot viable skin layups:

Layup 1 - [ﬁé/QO/&Se] "underacoro denotes a woven ply
t & .0572 ia

Layup 2 - [45/90/0/90/45])
t s .dl16 in

Select stiffener oross-sectiooal shaps on the basis of ,I
efficiency and eass of attachment to aqbstruet.ure_ |




e Hat section stringers selected for efficiency
e J section frames selected for efficiency and ease cf

attachment to substructure.
(c) Preliminary Design:

(1) Obtain skin buckling load (N ,cr) 83 a function of
stringer spacing (hg ) using program SS8 for rixed and
aimply supported boundary conditions at the stringers and
fixed boundary conditions at the frames. Both 1ayups to

be considered.

(2) ":q,cr versus hy plots for the two layups are shown in
Figure 2.7.

(3) Skin layup. 1 with [ 45 5/0/ 45 5] orientation of plies with
larger stiffener spacing selected for efficiency and re-
duced manufacturing cost. '

(3) by = 10in., &t = .0572 in.

-{(d) Detail Design:
(1) Select initial dimensions and ply distribution for - ‘mrt#

eners using the range of values given in Figure 2.10 and

previous oxporioncn.
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o 'Het Sectlon Stringer:.

0.5¢<b.<l.0

l ' 4 O-degree
//plies

4 0-degree

| 1 \ 7 i?]
I S ———— ;

| l Basic Skin—4 g%
0.75<bl<1.5 l<b442 r

Initial Dimensions and Layup for Hat Section Stringer:

£
ELEMENT | WIDTH, IN. LAYUP | | - '
NO.

1 bys1.0 [ 45 /90/05/ 15 5]
bp21.3 " (45 )y
b3=0.75 | [ 43 »/0y/ 45 5] .
bys1.2 [ 45 /03/90/03/ 45 ] R

& Won

o J-section frame:

0.75¢h.81.5 K : . C .

O—degrec
: plxes

e ———————
e y——

1. Osb ‘3 5 JQADA&QJ ' ) ) : R
; 45° pltes ‘
4 0-d
' I/4nliesiar!e
= V |
——ered | !
. | . -
T .
Basic Skin’ A
l\bl 3 l"bss] i
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Initial Dimensions and Layup for J-section frame:

ELEMENT WIDTH, IN. 'LAYUP
NO.
1 by=1.0 [ 15 4/90/0/ 45 5]
2 bps0.3 ([ 45 4/90/0/ 45 L)
3 by=2.9 [ 45 Iy | '
4 by=1.0  |[ 45 p/05/ 45 ,]
5 bgs0d [ 451y
6 bg=0.5 |[ &5 4/90/0/ 45 ,]|
7 bge1.0 ([ A5 4/90/0/ 45 5]

(2) Run program TEWEB for margin computations

TEXWEB output for initial stiffener dimensions

PROPERTY STRINGER FRAME | SKIN
EA, 1bs 0.31x107 0.22x107 |
EI, 1bs-1n? 0.9x108 0.33x107
t,% in 0.112 £ 0.088
y, in wee | 0.3 0.81
Crippling Strain | 0.0019 10,0017
Maximus Strain | -0.0024 -0.0029 | .003029%¢ |
Margin, $ -20 ‘ ~40 32 |
AL other margins | OK ox oK

%® Diagonal tension strain

Margin based on €,, s

.00

* t, equals thickpess of ‘stiffener leg attached to skia

) #88 Location of neutral axis with respect to skin

“. ' midsurface.




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 corder to

increase the stringer crippling straia the following ac-

tions are taken:

(1) Increase the width and thicxness t, of element 1 by

changing by from 1.0 to 1.2 in. and increase the

numbsr of 0O-degree plies in the skin under the stif-

fener from 6 to 3.

Of the two additional plies in

the skin under the stiffener only one is fully ef ec-

tive with element 1 due to ply drop-offs.

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

ing 2 more O-degree plies in the cap.

{e) Inorease *.e width of element 4 from 1.2 to 1.5 in.

The resized stringer

properties are:

~ WIDTH,

ELEMRNT N. LAYUP
¥0, |
1 byat.29 [ 45 /907047 55 o]0
2 bpale3 L5 1y
3 by=0.75 [ 45 »/09/ 35 5]
4 ' busi.S"

.- 45 o/04/90/0y/ 55 1°

#pDenotes changes from initial size
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TENWER output for the 2nd iteratioca:

PROPERTY | STRIMGER |  FRAME | SKIN
EA, lbs | 0.u3x107. | 0.32x10
EI, 1bs-1n2 ; 0.11x108 f c.us5x107 i
t ' 0.125 { 0.09% |
y, in ©0.29 o o0.Ta |
Crippling Stratn | 0.0021 0.0020 |
Maximua Strain -0.0018 ; ©-0.0030 | .003091
Margin, § 11 .33 | 2y
All other margins! OK . U ok 1' ok |

The stringer margin is now positive and the frame margin
bas improved although stiil negative. Hence, another
iteration is required. '

Reaize the J-sectioa frame as follows:

(a) Increasse the thickness of elements 1 and 2 by in-
creaunj the number of O-degree plics in the skin
undor‘ the J-section. Add & n‘lorvo» O-degrge plies to
the skin Qndér the stiffener. This effectively adds

"3 extra O-dégree'plies in elements 1, 2, 6 and 7.

1

. (b) Add & more O-degree plies in the frage cap to in=-
crease the sxial ‘modulus of the, soctibn.
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The resized J-section properties are:

ELEMENT WIDTH, IN. Lite
NO. |
1 by=1.0 [ 35 4/05/90/05/ 45 ,1%
2 b520.5 { 45 5/05/90705/ 85 ,1*
3 i b322.9 [ 45 1y o
3 | bg=1.0 [ 35 ,/05/ 45 1%
5 i bg=0.4 (48 1y .
6 | bg=0.5 [ 45 /0,/90/05/ 45 ,1°
7 " b721.0 . [ 45 4/05/90/05/ - 45 518

® penotes changes from initial size
TEMIEB output for the 3rd iteration:

PROPERTY STRINGER ~FRAE SKIN
EA, 1bs 0.33x107 0.93x107 |
EI, lbs-in? 0.11x10% 0.95x107 |
t,* in 0.125 0.104
¥, in 0.29 0.323 E
Cri?pling Strain 0.0021 0.0021 :
Maximum Strais -0.0017 -0.0012 1 .002997
Margin, $ 25 70 33
Al other margins | OK oK ox

'All margins positive. The predicted failure mode ia

. stringer forced crippling. |
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spacing is to be 10 in and the frame spacing equals 24 in. The skins are not
permitted to buckle below 33 percent of the design limit load. The stringers

and frames are Z-secticns.
Design Procedure:

(a;, Design Criteria:

Material: 7C75-7T6 aluminum
Properties: E=1C.61106, ve= (.3

Yield Strain: G061 '

Loads: ' , -
Cesign uitizate shear flow, ny ADUL) = 900 ibs/ain
Tesign lizit shear flow (DLL) = 60C 1lbs/in

Initial buckiing icad (IBL, = 20C ibsa/in
{b: L[etail lesign:

(1) Calculate sikin thickress to meet IBL requirecent. Fror

Figure 2.4, t = 0.0582 in.

(2] Select standard angles far striigers and fraces.

JDIVENZION | STRINGER © FRAME , I-——B—'_.‘

y a2y 1 oaams T

» " ey L oours f_ : q\

t | 0.063 I 0.063 A o]t
sTanoaRd ANC10138- ! NT10130~ ' L '
DESIGMATION | 1201 l 1309
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Run prcgraz TENWEB for pargin computations.

TENWEB output for stiffener initial dimensions:

PRCPERTY STRINGER FRAME SKIN

EA, 1bs 0.173x107 0.181x167

EI, 1bs-1n? 0.472x108 0.5837

y, in 0.625 0.687

Crippiing Strain ! 0.0026 0.0026

Maxizus Strain | =0.0059 -0.0C62 | .0027

vargir, 8 | -56 <8 |16
cK ok ? oK

All other zargins

Select heavier ang.es for strirgers anc fraces:

ANC1C138-1306 for stringer

!

 ANCS0138-1306 for frace ‘

Az1.375, t=.125, BR=1.25




.
e I T - N e

(5)

s
- = E T = T e T = T T i S R )

Run progf-- TENWEB for margin oomputations:

PROFERTY | STRINGER |  FRAMZ ' SKIN
EA, 1bs " w.ext07 I 0.171:106?
| E1, 1bs-g ¢ Caasxed | rasb !
y, in ! 0.687 L 0.687.
Crippling Strain 0.0037 0.0037 ,
Maximm Strass . | -0.0026 | -0.0030 , .002286
Margio, 3 | ; %0 | = ’ 167
ALl other margins| OK ok, | oo

Thus, the panel will fail by frame crippling at a load 23
percent higher than DUL.
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3.1 ‘ pPROC

A flow chart summarizing the design procedure for composite or matal
compression panels is shown in Figure 3.1; The various steps involved in the
design procedure are detailed in the following paragrapis. T™he design method-'
ology for compression panels is sesiempirical and the basic equations used are
docuoutod'ih"noru‘mco 1. Applicaﬁ.ton of the methodology to metal panels is
straight forward and, therefore, easily implemented by hand calculation. In
the case of composite panels, aince the constitutive relations are layup depen-
dent, a computer program called CRIP (Reference 2) was written to facilitate
the design. Detailed inétructiona for the uﬁ,of thia program are given in
Reference 2. Progras CRIP includes an approximate closed form expression to
calculate the initial skin buckling strain for curved composits panels. A more
accurste buckling strain calculation can be carried out using progras SS8
(Reference 7). The failure analysis in CPIP is applicable to both flat and
curved skins. ln this sectioa the aethodology far accoaplishing dot.a.u'doaign
of conpoaito compression panels using CRIP i3 outliped.

Exupfu of metal and composite parsl designs are given to illus-

'7 ti‘at; the proccduxfl.
3.2 RESIGN CRITERIA

As in the case of shear panels, the design oriteria that need to bde
established at the outset are: ' '

(a) Materials and material properties.
(b) Design allowable stresses and strains, and

Y




DESIGN CRITERIA
BUCKLING LOAD
LIMIT LOAD
ULTIMATE LOAD
MATERIALS .
ALLOWABLES

|
CONFIGURATION SELECTION
® PANEL RADIUS

@ STFFENER CONFIGURATIONS

8 FRAME OR STRINGER SPACING
)

'
PRELIMINARY DESIGN

® SKIN BUCKLING LOAD AS
FUNCTION OF SKIN THICK \ESS
ANO STFFENER SPACING

® SELECT SKIN THICKNESS AND
STWFENER SPACING

T

t
DETAIL DESIGN

0 COMPUTE STRAINS FOR
~ SKIN BUCKLING
- EULER BUCKLING
~ STRINGER CRIPPLING

o COMPUTE FANLURE LOADS FOR
ABOVE INSTABWITY MODES -

® COMPUTE MARGINS BASED ON
LOWEST FAILURE LOAD™

{

MARGINS

"PERMANENT SET FOR METAL
PANELS AND STIFFENER WES
SEPARATION FOR COMPOSITE
PANELS MUST ALSO BE INCLUDED

YES

FINAL DESIGN

CFipure 3.1l Compression Pancl Desion Procedare
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(c) Initial skin 'buckling load and its relationship to the load
factor (g~level) and the design limit load.

The material properties and design allowable data required are
identical to those listed in Sectioc 2.2.

The skins are not permitted to buckle st or below 1-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

1

ultimate load without failure or collapsa

3.3 CONFIGURATION SELECTION

In this ai_op, the overall pnﬂol geometry, pamel curvature and the
configuration of stiffeners have to be selecied. For uniaxial compression
loading the stringers are the primary load wrying aembers. The frame spacing
defines the effective skin langth for buckling calculations. The key decision
in this step 1s the aslection of a stiffener configuration and a ag:’-ies of skin

thickresses for evaluation

The structural efficieccy comparison of [-‘igqrtz.'z together with

manufacturing ease and sudbstructure attachment conalxderl_.uons. are used in

selectiry the stringer shape. As shown in Figure 2.2 bat section stringers ares

the aost efficient 1in carryin( axial compression loads. The guidelines for

‘solcctin; a stringer configuration are identical to those given in Sectioa 2.3.

3.4 PRELIMINARY DESIGN
The design variables calculated in preliminary design are the akin .

. thickness and the stiffener spacing. The do'r.xgp driver is the skin initial
buckling load Ny .. and the limiting criteria are the sinimus skin thickness

4z




and a reasonable stiffener .spacing. 'Guiqolims for the selection of a set of

skin thicknesses and, in the case of composites, ply layups far coubreasion

panels are identical to those given inm Section 2.8. .

Sa1nnln&19n_9:_5kLn_Bnnxlin&_ﬁhnninLLQad The buckling stress for

curved metal sheet panels can be ea.lculatod from:

2. 2

o | .
o LT E (i‘i) - (10)
12-%  \b |

where,

Fer buckling streas, pai

t, thickness 9(‘ the skin, in

b, effective width of skin punel, in.

E, , sodulus and Poisaon's nuo» for the sheet netal
Ko buckling coefficient determined

from Figure 3.2 (Reference 8)

The u:ecrat.ical value of i 13 obtained from the buckling equations for thin
cylindricu shells and 13 a function of the mndinonuom curvaiure Z of the

paml -xprouod as

Y 2 _
2o 3 3) o ()

L4 4

where r ia the radius of the cylindrical panel. Experimental data have ‘showa
that K, 13 also a 'run'ction of the r/t uuo for the panel. The design curves
of Figure 3.2, obtuud tro- teat dnu, shov this dopondonco of K, on r/t.
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Compression buckliné strains for curved composite panels can be .
accurately deteramined through the use of computer code SS8 (Refersnce 7), for .
émple. Howder, for an approximate calculation of the skin buckling strain
in cases where the stiffener spacing is realistic, tha simplified equation
given below baa baen progranmed in CRIP.

' 2 SRRV
nL aL
[Du +2.(0y* 2”66).(me ) + l?22(::;»“) ]

W
Eyw (12)
¥ E 2 4
2 2 xw yw\,/nL nL
oy R JE ~-]2 E + E -——.)
( T ) [ xw ( xywyw G, mb ) yw (mbw.

where Dy J are the terms of the bending atirrhesa matrix of the com;baite skin,
Exwr Eyws Oxywr Vxyw and ty are the web elastic constants and thickness,
respectively, L is the panel lengt'.h. Dy is the effective width of the sl;in, R
is the radius of curvature of the panel and n and m are the integer coeffi-
f:;ents repreaoz;tins nuaber of hzll buckle waves in the width and length direc-
tion, reapgcuvely, The lowest valu : of strain for various values of n and m

represents the buckling straia of the specimen.

The panel length L corresponds to the frame spacing h,.. The panel
effective width b, equals the stringqr spacing hy for preliminary desiga.  In

detall design, however, b, equals the distance between stringer fastener _linois‘

. for metal panels and the distance between adjacent stringer flange centerlines
as shown in Pigure 3.3. For both me and composite panels the boundary
conditions are assumed to be simply supported at ﬁho stringers and the fraaes.

WWM~ In order, to

select the skin thickness t, aad the |stringer spaciig bss assuaing for the time

being that the frame spacing b, is fixed, plots of caloulated buckling loads

: gls

AT




Figure 3.3.

Skin Width hs for Composite Panel Initial SBuckling
Strain Calculations.
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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 DRETAIL DESIGN

Detail design of compression panels involves sizing of the stringers
and colmputing' margins for the various possible failure modes. The procedure
for metal panels is direct in that the required stiffener dimensions are com-
puted for the given load conditiolna and a standgrd extrusion selectad to match
the calculated stringer cross-sectional area. For composite pansls the proce-
dure is iterative in that initial sizes are assumed for the stringers, the
nargins c'conputed, and if any of the margins are negative or too high, the
stiffeners are resized and new margins computed., Tais iteratlon is continued
till a.ll nargins are poaitive and reasonable in magnitude 80 any weight penal-
ties are nininized.

Mmmuwmm The guidelines to be
used are identical to those given for shear panels in Section 2.5.

mem&gmnnmm - Sizing of the stringers is
accomplished using the semiempirical equations given in Rerereuca 1. For
composite panels these equations are coded in prcgran CRIP. - The uae of program
C"IP and the sizing procedurs for metal panels is outuned in the rolloving
paragraphs.

mw:mm.zmmm The various failure modes that
have to be checked for in deaisnins eonpremion panels are:

(a) Euler buckling of the atufened panel,

(b) Stiffener orippling, I : \

Lk




(c) Stiffener/web separation in compositeé panels. and

(d) Permanent set in metal skins .

' The load carrying capacity of the panel is then determined as the
lowebt of the loads calculated for the above failure modes. For somposite

panels loads corresponding to the stiffener/web separatiou mode of ‘aliure have

. to be separa‘tély calculated to supplement the results of CRIP.

bwa - Program CRIP is applicable to flat as vell as -

~ curved composite panels. The panel sizing comméences by first entering the

matet‘ial'propertiea and the selected skin and stringer dimensions into CRIP.
Failure strains correbpondicg to stringer crippling and Euler buckling a~e

computed next.

The Euler buckling' strain is given by:

2 .
E -s—l—g’ ! (13)

€
CR EA L_Z

where, EI is the equivalent bending stiffness of the panel, EA is the equiva-
lent axial stiffness, L is the panel length, and C is the 2nd fixity coeffi-
cient. The fixity coefficient C = 3. '

In the event tbat the Suler buckling margins are not 2dequate, the 3 A \
I/4 or y the diatance from the neutrnl axis to the mid-plaoe or tac skin has to = L
be increased. This can be accomplished by acdiing more plies to tho stringer
cap or by incressing the stringer height. ' '

It the margins on stringer crippling are not as desireéd :nen the
approach to roaizing the at.ringer is defined by examining the equauonf: for _
stringer crippling strain ealc'xlauon. 'me stringer crippling strainy ts cale ' '
unated by firat nodelung the abringer as an 1ntereonmcm umbly of plato




elesents and then calculating the individual plate element crippling strains.

These piate elements are sequentially numbered and displayed oa the screen

-

during (RIP 2xecution. The stringer crippling strain is the most critical of

these plate element crippling strains as described in Reference 1. Thus, to
obtain gutdelines for stringer resizing, the plate elemert crippling strain
equations have to be examined. These are as follows:

l:cs iéu\-:
—_ = J(i—-) (1)
cr cr

where,

£.9 = crippling strain of the stiffeger plate elerent
€p = 1n1f.ia.1 buckling strain of the stiffener plate 2lément

€., = compression ultimate strain for the plate element laminate

a,) = material dependent coefficients obtainad from test data.

The crippling strain for stiffemer plate elements connected on both sides is

given by:
- » 0.47567
£ = 0.56867. = (15)
CS‘ . cr Lcr

[

"and €,., the buckling strain for the stiffener plate elcment is given by:

to

e T3 ( PPyt P2t 2D66) ' (16)

" In Equation 15

b 2 stiffener plate element width

t = plate element thickness

E, 2 cospression aocdulus of the plate laminate along the
longitudinal direction

89 L —
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Equation 16 applies to plate elements for which the length to width ratioc (L/b,

Dij = terms from the laminate bending stiffeness matrix,
(1,3 =1, 2, 6) ' '

where L = stiffener length) is at leaat 1,

The crippling strain for plate elements that are connected on one

side only is calculated 'using the following equation:

where,

wiun t.q

ing th

ﬁ

(17)

€ )0.72715
cr

€ = 0.4496¢ (c”
CC cr €

WD

12 D, -
€ =73 66 3 ik (18)
bt E Lt E
X X

"Lz length of the stiffener

@ ther comenclature remaining the same as for Equations 15 and 16.

Based on Equations 14 through 18 siriqgor resizing requires increas-

critical plati element buckling strain. This can be accom-blimed by:

{(4) Increasing the element thickness by adding plies. siS-degree

plies are preferred.

()  Decressing the width b of the element.
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The new stiffener size, thus, selected is entered in the new run of
CRIP and the margins recalculated. The procedure is repeated till the desired

pargins are achieved.
Stiffener/¥eh Separation

Failure of composite stiffened panels due to stiffener/wedb separa-
tion is a common mode of failure in the postduckling range. The stiffener/skin
separation strain for cocured AS/3501-6 panels is calculated froa:

cu

(19)

€ ..72715
- 0.4498 ¢ ( ) |
[« ¢

ss

cT

‘where,

€ss 3 Stiffener/web separation failure strain

ch = éo-prﬁaaion ultimate strain for the plate element cocured
" with the skin
€.p = skin buéilins strain.

This failure mode check 15 not ooded in CRIP.
Metal Panels

The Euler buckling straiz for metal panels is calculated using
Equation 13.

imummnmmnussmumm - Tue erippling

strength of metal stiffeners is caloulated uaing the vell established Gerard

5'11
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method documented in Reference 8. The empirical Gerard dquation for caloula-
ting the crippling stress for 2 corner ssctions, such as the Z, J, and cblnno_l

ssctions, is:

el ()] @

<Cy

where,

Fos 2= crippling stress for the section, psi

Fcy . campressive yield stress of the material, pai
t z " element thickness, in
A' s ssection area, 1n2

A design curve based on Equation 20 is shown in Figure 3.4 taken from Reference
8. Additional crippling equations that apply to sections other tkan 2 coroper

Sections are given in Reference 8.

Enjlure Load Calculation - The failure load is calcuhted as t.hc
lowoac of the loads corrupond.tng to Euler buck.ung and stiffener orippling.

For Euler bubkling, the failure load is given bdy:

PE = fer (Ests+£xw.bwtw) : T v _(2”
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where,

€. = Buler buckling strain calculated from Equation 13
Ay s Stringer cross-seotiopal area '
s = Stringer spacing

ty = Skin Thickness

The running load 13 given by:

™
o
m

N -.;;- (22)
The margin is computed as:
(M.5.) N | (23)
“Euler NXDUL. A
whers, N.PUL 15 the design ultimate load.
) X
The failure load due to stringer crippling 13 givea by:
Pec = Feghg + Fegwt ' . (28)

54




wvhere,

ch = Stiffener crippling stress

v = 1.9¢t /E is the effective skin width

. w Fes
A and t are as defined for Equation (21)
The margin is camputed as:
cc Ny € ,
(48) = —@5rp -1 o (25)
:I x .

3.6 EXAMPLES

The composite and metal compression panel design procedure outlined

apove is demonstrated by way of the following examplea.
Exaaple 1. Curved Composite Panel
A postbuckled composite compression panel with a 45 in. radius and
20 in, frame spacing (h,.) 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
' tbe design limit loed. | ‘
Reaign Procedurs .

'(a) Design Criveria:

The material selected is AS/3501-6 unidirectional graphite/

epoxy with the following properties.
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(b)

{c)

o
1
;
.
o
.
i1
[N

""""""""""

By = 17.62106 ps4 B, 2 1.9x100 pst  Gyy x .85x106 pai
v‘z ] °o3 »

The compression ultimate strains are:

€ou = 012 for laminates with at least 408 O-degree plies

= .015 othervise
Loads:

Design Ultimate Load, N, (DUL) = 900 lba/in
Deaign Limit Load (DLL) = 600 lba/in
Initial Buokling Load (IBL) = 150 lbs/in

Configuration Selection:
Panel Radius, R = 35 in.
' Given

Frame Spacing, h,. = 20 in.

Skins designed for buckling only

'Select [+45/545] layup

Seleot bat section stringers for efficiency.
Prdlinimry Ceaign:

To meet initial buokling load requirement of 150 lbs/in with
the given layup, stringer spacing by, = 8.2 ia '

.56
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(d)

Detail Deaign:

(1) Select initial stringer dimeaaions and ply distribution
using the guideline of Figure 2.10 and previous exper-

ience.

(‘.'.Ssb]&l.o

| l 4 O-dezree
| Liolies

4 0-degree
plies .

Initial stringer dimensions:

ELEMENT WIDTH, IN. LAYUP
NO. |
1 . by s 1.2° (£85]24
2 by = 2.0 | [+45]g
3 b3 £ 0.6 (48570214
Y by s 1.2 (245/0,1a

(2) Run progras CRIP for sargin computations.

CRIP output for initial atringei dimensions:’ Skin_buck-
ling strain = .000440




(3

EA, 1lbs

y, in

1lba/in
Margin, $

PROPERTY

bt et e ————

EI, lbs-1n?

OUTPUT

Euler Buckling Strain
Euler Buckling Load, lbs

Crippling Strain®
Crippling Load, P,4» lbs
Crippling Load Ny zP.q/g.2,

.061356
97,720

. 57‘
.002267
3092

t
i
—
7
!
|
|
!
|
i
5
|
)
i
f
!
|
i
i
!

-58
Load in Stiffener at failure, zi 96

131x107
.898x106

3t

"®ELEMENT 2 IS CRITICAL

The negative margin on s;rinéer crippling requires that

elenont.A .2 be shortened and load redistributed from this

element to the caps and.skins under the cap by adding O-
degree plies.

'The string\.rlis resized as .’oilms for the 2nd Lterntvion:
ELENENT WIDTH, IN, - LAYUP

NO. ‘

1 By = 1.0 (44515 .

2 by = 1.3 .[:r.lS]g )

3 b3 2 0.6 [245/91,

4 by = 1.2 [235/031a
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(4) Run progras CRIP for margin oomputations. CRIP output is
as follows: Skin Buckling Strain = .000440.

'PROPERTY . | ouTPUT
‘Buler Buckling Strain 03127
Euler Buckling Load, lbs 89,750
EA, lbs | .209x107
| EI, lbs-in? .791x106
Yy, in . ] .61
Crippling Strain® .0035 ‘ ' o
Crippling Load, Pgoq» 1b8 7501
Crippling Load NysPyq /g2, 962.6
1bs/in } b+
Mergin, 3 | 0 | =
Load in Stiffener at failure, $ 98 z
®ELEMENT 2 IS CRITICAL IN CRIPPLING ) A .

~The predicted failure mode is stringer orippling.

Example 2. Curved Metal Cc-pruiion Panel

A péatbuckleg: curved aiuninu‘n_panol of 45 in. x?adiua,_1o in, 'string- I ‘
er apacink (bg) and 20 in. frame spacing (h,) is to be designed to carry axial ) p ‘
. compression loading. The design ui:iut.q load 15900 lba/in. The skins are : 4 ..
V not permitted to buékle be'.l‘o'w 33 poréént of the dosign lini; load, : | ‘.'. /
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Design Procedyre:
(a) Design Criteria:

(b)

(c)

Material: 7075-T6

Properties: Ee = 10.6x106 psi, = 0.3

Yield Strain: .0061

Loads:
Design Ultimate Load, Nx (DUL) = 900 lbs/in
Design Limit Load (DLL) ; 600 1bs/in
Initial Buckling Load (IBL) = 200 lbs/in

Configuration Selection:

Panel radius, R = 45 in )
Stringer spacing, hg = 10 in. Given

Frame spacing, h. =z 20 in.

Select skin thickness, ty = 0.05 in.
Select Z-section stringers
Detajl Design:

Initia)l buckling stress:

o K p2E t, \2
Fe ™ el
cr 12(1-v7) 8




vhere K, = 13 (froa Figure 3.2)
Fcr a2 3143 pai

Stringer Sizing:

The design buckling load (Ny o.), however, = 200 lb/in Hence,
the stiffener area (Ay) required is dbtained as follows:

A= .1363 inch

Assume the stiffener configuration to be AND 10138-1G04 which

is shown in Figure 3.5. ‘mua, the predicted panel buckling

load Ny op = 206 ib/in which reauif.a in a 3 percent margin of ' . |

safety. o | ' , ,‘ 8

Figure 3.4 was used to calculate the crippling stress F,g for
~ the stiffener: | '

Foq s 28.9 ksl

The effoctivaieb width at the time of stiffener crippling, W, was
caloulated from Equation 2% as: S '

v = 1.2 inoh : o C . . . .

T

A1




po—0.75"—=

stiffener ares A = 0.155 sq. inch

&
stiffener M.0.1. 1 » 0,0236 inch
:’n ' B

Figure 3.5 2-Section 7075-T6 Aluminum Striﬁger.
' AND 10138-1004 Configuration.




“he totai .cac at janel failure Pulc‘is calculated using Equation 24§ as:

Piiv = Fog (Ag s w ty)
= LEGO0 1.155 ¢ 1.2 x .05)

ib.

o
[~
e
r

"
R
(@]
[Sa)
o
(@]

. ' X \ .
Fence, the uwitizate faillure icad jer unit width (qultl 13

N fult
X,1p = 5 ™ 1050 1b/1n

s t

Tkus, the jarel failure load allows approximately a 17 percent mpargin of

salety.

‘For overall parel instatiiity the Fuler buckiing stiress was

calcuiated using Equaticr 132 in the fcilowing form:

rz El

c e .
Euler L2 A
e t

where, L, is the effective length of the panel, Ay is the total area of the
;ahc; anc 1; iy the ranel moment of inertia aﬂout the neutral'axis. Since the
{ranq spacing for design purpoSeS was assumed to be 20 1nches,wthe érrective
iength "L® for Euler buckling is 10 inches {C = & in.,-Equatiqn 13) assuming

fully fixed e-1s. . Thus, the calculated Eﬁlér buckling stress for the panel.

. was:

Orier = 90.63 kai
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