16 Sep. 2009 EMEB Own Copy ASIC NOTES VOL2

i
(o2
Coweove Sraesses ’
£y _ o __
gl-- /,
= I /|
y / /|
/ |
, de )
T/ / |
r{[z / ,
1 /
/ / 1
/ 7 |
/ ré ] -
0.002 E! € €
Using the ’Qambaa- Os gooal (H1) stress-stmaus
g)lmw(az‘l'lbu
Fu _®
E - E. — /£

n = /°3e (0002.)// e! FEM)—@
£, = foval fﬁ)n—-@

For & reﬁ(’m‘«au(u 5ee/‘h;v\., (bxk) , Hhe Coggame
bzw:(ﬁrg moment 18 -

bh™ C _
MCog, = 1z (Z bt °) @
Bﬁ l;l't'e(z"‘d]h;‘“ of @ over the sectiow, al;/ds the
Ffﬂf‘hé e«dafvg momenk : -

PSI — 2000 — ABDRC-01 Rev. H COPYRIGHTED Page 40 of 194



16 Sep. 2009 EMEB Own Copy ASIC NOTES VOL2

a

Co%

thF i pm 2 o [N+l m |1 g‘-.

o - (B o S

+ (Eu')z- (va-ll—l)'(éz )2“:{ —&®

S,&'H'l;g @ = @ andl rcafra.«glff»d 8(’616(5.'-

& s o EET (S

m

Thas o The maémd }barmaﬁrs
° é

«

~f
- E
. Eu'

the ('aggehe stresses [, awol £, can be
determined.

The ked & the sadonce gwnpeend‘.—

g (oggone has shown that it fs Sa,ff:::zéw{'(s
Accurate do calelate £ For a recfamgelar
Cross geckion ano 4o use This value éf_a_/ﬂ_
Cross sections

PSI — 2000 — ABDRC-01 Rev. H COPYRIGHTED Page 41 of 194



16 Sep. 2009 EMEB Own Copy ASIC NOTES VOL2

3

Coda

uSI.'ﬂ Mﬁ DBDVZ. S‘!‘fess- s+r¢|.t'v\ Formu. laj'!ou , we 641‘_’-

ﬂnd-ew(‘ Woetelus :-
1

£y = [j/f +(-F-,'—1-).6,__’-(E£—)"'] 2.0

i

@) ()]

E. -

U

F‘;,r (OMP(ZsSI.OM- bu&é/l:v and, Sheas bu.ckh;&
fn the PIA-S +ie Cauwge, the Ba.clchrj {’Dl'mw(ol, /s
oy H'ew as ﬁol(ows s -

b = k-ZE (W)

Where : Ez.': Ye.
For CJMFMSS/ooh. L:u.cl(f;vg’ I?P?-' 75 = (—_'
anAd, . 6; |
Yor shear 'ouokhvg, ‘?P = (

where 1- £E
G = 2(1 +V)
n_z
l( = l(c ovr l-(s -E_(i___",—z)

PSI — 2000 — ABDRC-01 Rev. H COPYRIGHTED Page 42 of 194



16 Sep. 2009 EMEB Own Copy ASIC NOTES VOL2

4
coz
Alternate stress- steain curve Formulation.
, F .
Using: €4 = &y - E"‘ = 0.002 (by def)
Nn = Same as [gu.@
thew : | c A N
: F L e /B
& T E 7 (Ef:r)
No'l“e: I": s Common /;\. Com,br&s.sf'zw Mﬂ—{jSL's'
’/’o 51(,65‘714}49*5 F;g qfor I:z’_a -

41%5 we Can write the 7:_ an 75 terms
as Fa//ows:—

Y2
OooZEn)(?T)"‘J

Fey

v

VA
[ [ o. ooa G’ n) (ff')ml

4

whece F-S_‘j = 0.55 Ej

V Kef. Michael CY Niu, :Q:}‘F’m,me Stress Ana,lgs/fs
aund 3:3 '-"‘3”'

PSI — 2000 — ABDRC-01 Rev. H COPYRIGHTED Page 43 of 194



16 Sep. 2009 EMEB Own Copy ASIC NOTES VOL2

5
Coz

Much dw+4, exists oco( comprlﬁs/;m pa,: {wre /:1 Terms
of the 67 Stress where the Yo/e Secaut madilus

cuts the steess- strain curve.

[{5/:17 %«@ angf rea«r«rcuug[vg, we can write
1
£ - E oy [P

0,7 o [214‘.286 ’ '—E,—

C

PSI — 2000 — ABDRC-01 Rev. H COPYRIGHTED Page 44 of 194



16 Sep. 2009 EMEB Own Copy ASIC NOTES VOL2

6
Coz

EQRQUIVALENT Co22ONE S7RESS FOR A RECTANEULAR

BEDWNG SECTI/ION
b
| | & @

h i‘"ﬂ €¢3)
P"l‘:_ A - —Iﬂ—ﬁ -
(€)
Beaw Sestion Strain Distel bution

Feowm dhe Bernouwlll ~Euler H?\eo(‘:) of beusding , also

known as the Efgl:\eers’ﬂleord of Beudmd (£78)
in w/u;A 77')& ﬁﬁwmp-/-fén /5 mede ﬂlﬂ?‘ p/a,ute se.g;(?;s
revmain p/ane ) the stpain dl.;‘f?‘:ba,{’tgm ’s /Méﬂr.v

%e Mﬂ/xt:nwm .S‘f’rau’-/\, aAL ﬂie Oufef P:éres of the
bezm, /% established é)ﬁ he méix'l:mwm ;J/owaé/e
Kompressfve stress, The Compeessive Stress s //m;p‘ed
b‘d #he /I«.ﬂlaé;///(j or Ca//afse moste of the eom,amsrén
member (pcatexd at The extrewe Eibre of the baz.
Thés  max i C’omzpressz}e Stress, ans assocatod
3‘1(‘(29_&\_, )2 denosten 2s F,i aed Enn 1‘25;3%‘&2/5,

Thus at a sbarce é@om the neatrad axis(WA)
E) = hjp 3

Wﬂ’? /5 afpcz(‘w;f(ﬁ alzo volerved Ap as< the Berouwll -
Hg Poﬁ\&s (s, in Some academic cieles. (Ret RM Rivello)

PSI — 2000 — ABDRC-01 Rev. H COPYRIGHTED Page 45 of 194



16 Sep. 2009 EMEB Own Copy ASIC NOTES VOL2

i
')T)T
5
N ——
M
+.
Y
TN
SUIEN
!
N
®

D:ﬂoerew‘i’c:oﬁoy@ whv £ ”F"’ 5.'.3/4{5 -

n£’
B[

®

De‘f'erm':‘m:ﬂ the momewt cacried b‘j i/z of /?‘ze Sectiowm
éyélds pp

- ke
yé‘.Mm = b/p-g-d:"

S)wbs'f'ul‘whrg E uns .M@ aunX cAa«gyj the
M{'ed ration bou.wés —l—a st yielats : -

e 1) R
Yo - b (%)?ﬂ'£+ed/%)7. B )]azﬁ
Ma,f-h})/éﬁj the brackets awA ga,#\err'rj , Yrelds s -
G 2 e/ F N ¢ /B VIEAN
- b E-Qj)zf[(é) +" “"@j %“*i’é(f'f')(/’?;)]%

Tudegrating wrt. €', glelds:-

PSI — 2000 — ABDRC-01 Rev. H COPYRIGHTED

Page 46 of 194



16 Sep. 2009 EMEB Own Copy ASIC NOTES VOL2

8
Co2

‘2
ﬁ . Vl% F,Zn-f/g/ not (,n-(-z m

E£% @) tYnz rEn
y 2

W

A

M. - b ()

Sulos'h‘fu;f&g the I;d'e(jra;hc;m bowus o the functon
5/2/&/5:_

M. = ?‘ :z g}'(“&) (éf(zuv (fm)zn

+E&/ M+z ( )(ZMX

whiel. fs (Aentieal o %@, but wsiy fhe
gunc‘l-a;h +€r«.45 {J’ o Ej'

i
3

In accordance with the derivation on page 1-COZ, the oy 7 can also be written as follows in
terms of the ultimate stress.

6or =  [(0.4286-0u")/(Ece,)] VY

Additional Observations

On inserted page 4-COZ above, a statement is made that the material shape power
coefficient “n” can be calculated as per the original “full” definition of the stress-strain curve
defined on page 1-COZ. From further reading of an aircraft manual from a firm that shall
remain nameless, but for whom Prof Niu was a researcher, it has become evident that they
pay particular attention to the “knee” of the o — & curve and in fact define the inelastic
portion of the curve by means of two zones. The first zone extends from their definition of
the proportional limit, 0.0001 to 0.002 permanent set and the second zone extends from
0.002 to €'y. The usual definition of the proportional limit is 0.001 permanent set strain. It is

over the first inelastic zone that the “n” for the formula given on page 4-COZ is intended.

Using the overall or “full” definition of “n” does provide the correct inelastic correction
outside the permanent set strain range of 0.0001 to 0.002.

This refined usage of the o=¢ curve is extended into the manner in which they calculate the
material Cozzone stresses. They also correct for sections that are not rectangular, as
asserted by the original Cozzone assumptions.

As a caveat to what the unnamed Big Aircraft Company is doing, it must be noted that
many, many other very successful aircraft companies use the method as originally
postulated by Cozzone (and presented herein), and is considered to be valid and accurate.
This author has also used the method to successfully design and analyse bending
components that have been tested to destruction. The method has also been used by the
author to “calibrate” aluminium beam section work published on the Cornell University
(USA) website. This work was done by the Civil Engineering (Built Environment) Faculty.
Their theoretical analysis was performed using inelastic FE Analysis and calibrated against
collapse failure laboratory tests. There are additional notes elsewhere in these notes on the
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analysis of I-, C-, and Z-section flanged beams

Another fact that comes to mind here is the question of material strength properties and
allowables. The material strength data used by companies, and in the Mil-Handbooks and
more recently the MMPDS volumes, are statistically guaranteed values for the alloy and/or
from the approved company supplier. When laboratory tests are being done, specific
specimen material properties are required if accurate correlation between analysis and
test is required.

When only the f, Cozzone stress is required at rupture, then a slightly reduced version of
the formula on p 2-COZ can be written as follows: -

foulow = (6/6,°){1/3*(cw/E)” + e, ((n+1)/(n+2))*(6w/E) + (n/(2-n+1))-(e,)} — 2

10.1.1 Inelastic Buckling Correction

Up to now inelastic buckling calculations were determined in most American textbooks with
the use of dimensionless F./Fo7; curves. The introduction of the spreadsheet as an
engineering tool has made it possible to directly use the 4 key strength parameters of a
material to solve for inelastic buckling stress.

The Hill stress-strain formulation from the 4 parameters o, Gy, &, Ec yields the material

exponent “n” and the ultimate material “set” value of &', .

In general, inelastic buckling formulas of all types have the following form: -

Ocr/Me = ke - Ec - (t/b)2 ------------------ (A)
For the given geometry of the panel the RHS of (A) is a constant, which we will call D,. So: -
D, = Kk¢-Ec-(t/b)

The n term in turn is a function of the material inelastic parameters and o, itself, so an
iterative process is required to calculate o, that matches the buckling equation (A).

In many of the classical textbooks on airframe analysis the value of n. is given as: -

Ne = EfEc e (B)
or, MNe = Es/Eg ---------m-m-mmmm e (B"
While in others it is given as: -

Ne = [EJEd]” e (©)

And more confusingly, some company manuals have fine-tuned these correction functions
to even more complex functions based on the stress-strain curve.

For the purposes of these notes and for illustration only, the inelastic correction (B) will be
used: -

Thus: - E(/E. = {U[1+(e"s-EcNloc)(Oerloe)™ ]}
Substituting into Equ. (A) yields: -

ocr - [1 + (€'wEcnlo)(0clow)"™] = Dy

Thus: -

Ocr + [(€'0-EcNlow)-(Uow) - 0e” = Dy

The terms in the [ ] brackets make up a constant that will be called D,, as follows: -
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