Panel buckling=Bay buckling

* bay (skin between stiffeners) buckles when

i 2 AD)2 ('ATQ)4
N xskin — ? (Dll )skin k + 2[(D12 )skin + 2(D66 )skin ](AR) + (D22 )skin k 2 (5423)
_a equation from before for buckling of ss
(AR) = 9 plate under compression
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Panel Buckling = Bay Buckling

 panel as a whole buckles when
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N — Fror (5.4.2.5)

it is assumed the stiffener has
an open cross-section and,
therefore, GJ=0




Panel Buckling = Bay Buckling

e combining (5.4.2.2) with (5.4.2.3) and dropping the subscript
“skin” from Dy

EA

) AR’
Fror b [(nmkz+z[<ou>+z<oss>]<AR>2+<D22)(’f§)] (5.4.2.6)

« combining (5.4.2.4) with (5.4.2.5) and dropping the subscript
“skin” from Dij :
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Panel Buckling = Bay Buckling

« combining (5.4.2.6) with (5.4.2.7) and rearranging a bit
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{Dllkz +2[Dy, + 2Dg J(AR)? + D, (Aki) ]{Dﬂ+( d)st'f }mz +2[D,, + 2D J(AR)? + D, (AR
s m

(5.4.2.8)

* to proceed, we need to decide on the values of k and m

« recall that k and m are integers that minimize the
respective buckling loads in egs (5.4.2.3) and (5.4.2.4)



Panel Buckling = Bay Buckling

* consider the continuous function

D\4
y =D+, 5 y \/

* this function has one and only one minimum
determined by

X



Panel Buckling = Bay Buckling

* therefore, the discontinuous function y* y

*
Y = Dyk?+D, (AkR) %

* IS minimized when

ol ] o [ ]

whichever makes y* lowest, with one important
note:

if intl[gzzjl/4(,ARJ]—o then k (or m) =1



Panel Buckling = Bay Buckling

 for the case of m,

» for typical applications, x,,,<1
because D,,>D,, and b>a

* SO setting m=1 covers most cases of interest



Panel Buckling = Bay Buckling

* now approximate k with its corresponding X,

kﬁz(izglj (2“?)

Dll

 and substitute for m and k in eq. (5.4.2.8)
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» solving for (El). and dropping the subscript “stiff”

_ (5.4.2.9)

1st equation




Stiffener buckling = PB x skin buckling
.

\ )
\beff beff

* in post-buckling regime, skin is replaced by the
effective skin portion; strain compatibility then gives

b
All di 2beff Ail 2beﬁ
Foin = b . b Fror = Fain = Fror
27, by +EA 2Py + EA
S S (5.4.2.10)
Ftitteners = =A Fror
2A b, +EA
« and for a single stiffener, dividing by n.=b/d,
d, EA (5.4.2.11)
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it — "5 9 A.b, +EA TOT



Stiffener buckling = PB x skin buckling

* single stiffener buckles when

B 72El

Far = — (5.4.2.12)
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« combining (5.4.2.11) and (5.4.2.12):
d EA _ 7’El _7’El b 2A4b, +EA (5.4.2.13)
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Stiffener buckling = PB x skin buckling

« final failure occurs when the post-buckling factor (PB) is
reached; the force in the skin at that load is given by

F = |:skinbuckling (PB) (5.4.2.14)

skin

 with the skin buckling load given by

2

F i - bj{(nu)kz (D) + 20D, J(AR): + <D22>‘Ak§)4} (5.4.2.15)

« combining (5.4.2.10), (5.4.2.14), and (5.4.2.15)
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Stiffener buckling = PB x skin buckling

e Equations (5.4.2.13) and (5.4.2.16) are combined to give

El  (PB)
d.EA 2A.b,

AD)4
[Dllk2 + 2|:D12 + 2D66 ]('ATQ)2 + D22 MR)]

k2

* use the definition of A to simplify things

d EA EA EA
~=>A,-A =—>A(A-)=—=—=(1-1)d
S A A S A = B = (-,
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e Substitute in the above equation to obtain

_ (5.4.2.17)



Stiffener buckling = PB x skin buckling

* from the expression for b, derived eatrlier,

d, =2{1+2(1+A12j[1— L j Ay }
Dyt Ay (PB) ) A, +3A,

(note that instead of a in the original b, expression we
have d, because this is the width of the plate that buckles)
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Results: Min EIl required for stiffeners

e egns (5.4.2.9) and (5.4.2.17) are used to determine the
minimum required bending stiffness for stiffeners

* El is evaluated using both equations and the highest
value Is used

 Note that this does not guarantee that there is no
crippling or inter-rivet buckling failure of the stiffener,
separate checks must be made for these and they
(usually) supersede the EIl requirement (i.e. meeting the
crippling and/or inter-rivet buckling requirements usually
leads to higher El than egs (5.4.2.9) and (5.4.2.17))



Example of min stiffener El required

* [(£45)/(0/90)/(x£45)] skin

D11 659.7 Nmm Al1 28912.44 N/mm
D12 466.9 Nmm A12 12491.43 N/mm
D22 659.7 Nmm A22 28912.441 N/mm
De6 494.0 Nmm A66 13468.58 N/mm

Stiffener geometry and spacing
b=762mm unknown. Determine minimum
El for the stiffeners

a=508mm



Results: Min EIl required for stiffeners
PB=5.0

500 El(D11ds)

panel buckling = bay
buckling
stiffener buckles at
PB x bay buckling
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Stiffener spacing (mm)

* between A=1.1 and A=1.5, stiffener buckling condition

becomes more critical (design driver changes) o
why*~
* note that as d. increases, the min req'd stiffness decreases



Results: Min EIl required for stiffeners

(using the more critical of the two conditions)
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Min stiffener ElI: some notes

e comparing the min El for PB=5 and PB=1.5 when A=1.1
we see that they are identical; the reason is that the
“active” constraint is that bay buckling=panel buckling
which is independent of post-buckling factor PB

« when the axial stiffness EA of the stiffeners is low (A=1.1-
1.2) the min required bending stiffness for the stiffeners is

iIndependent of the ratio of the final failure load to the skin

buckling load (PB)

« for higher axial stiffnesses (A>1.2) the higher the PB the
higher the bending stiffness El required for the stiffener



