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- The pressure distribution over an aircraft wing results
in a bending moment around the x-axis.

- The bending moment results in tension in the lower
side and compression in the upper side.

- The upper side structural components (stringers and
sheets) are susceptible to buckling.

- In this lecture, we deals with the buckling of both
columns and sheets

Column and sheet buckling – A18 



The government equation for column buckling has the form

Column Buckling

where
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𝑢 𝑧 = 𝑐1 𝑠𝑖𝑛 𝑘𝑧 + 𝑐2 𝑐𝑜𝑠 𝑘𝑧 + 𝑐3 z + 𝑎4

It is a fourth order differential equation that has the 

general solution
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Buckling of straight sheets – C5&C6



Buckling under compression

The general buckling equation under compression load takes the form,

𝜎𝑐 =
𝐾𝑐𝜋
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𝐾𝑐: Buckling coefficient under compression

E: Young’s Modulus

𝑣: Poisson ratio

t: plate thickness

b: panel width



Buckling Compression strength of straight 
sheets

For straight sheets, the

buckling coefficient 𝐾𝑐 is

calculated in terms of the plate

aspect ratio

𝛼 =
𝑎

𝑏

Or 𝐾𝑐 can be calculated from the equation
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൯𝑏 = 𝑚𝑖𝑛(𝑏𝑎𝑣𝑔, 𝑓𝑟𝑎𝑚𝑒 𝑠𝑝𝑎𝑐𝑖𝑛𝑔



Buckling under Compression – Example  

𝜎𝑐 =
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Buckling under Compression – Example  

𝜎𝑐 =
4𝜋2𝐸

12 1 − 𝑣2
0.049
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= 37 978.2 𝑝𝑠𝑖



Shear buckling of straight sheets

𝜎𝑠 =
𝐾𝑠𝜋
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Bending buckling of straight sheets

𝜎𝑏 =
𝐾𝑏𝜋
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Buckling under combined bending and compression



Buckling under combined bending and shear



Buckling under combined shear and longitudinal direct 
stress



Buckling under combined compression, bending, and 
shear

Buckling check in case the load is given

a. Calculate 𝜏𝑐𝑟 for individual buckling under shear.

b. Calculate 𝑅𝑠 =
𝜏

𝜏𝑐𝑟
.

c. Calculate 𝜎𝑐𝑟 for individual buckling under bending.

d. Calculate 𝑅𝑏 =
𝜎

𝜎𝑐𝑟

e. Calculate 𝜎𝑐𝑟 for individual buckling under uniaxial

compression.

f. Calculate 𝑅𝑐 =
𝜎

𝜎𝑐𝑟

g. From Fig. C5-18 determine the buckling value of 𝑅𝑐
corresponding to the calculated values of 𝑅𝑠 and 𝑅𝑏.

h. If the value of 𝑅𝑐 calculated in step 6 is equal to or greater

than the value of 𝑅𝑐 calculated in step 7 then the plate will

buckle.



Buckling under combined compression, bending, and 
shear

To determine the buckling load for given (for example): 𝝈𝒙 = 𝝈

and 𝝉 = 𝝈.

a. Calculate 𝜏𝑐𝑟 for individual buckling under shear.

b. Calculate 𝜎𝑐𝑟 for individual buckling under uniaxial compression.

c. Assume 𝜎0 value.

d. Calculate 𝑅𝑠0 =
𝜎0

𝜏𝑐𝑟
.

e. Calculate 𝑅𝑐0 =
𝜎0

𝜎𝑐𝑟

f. Calculate 𝑅𝑏0 =
𝜎0

𝜎𝑐𝑟

g. From Fig. C5-18 determine the buckling value of 𝑅𝑐1
corresponding to the calculated values of 𝑅𝑠0 and 𝑅𝑏0.

h. Using 𝑅𝑐1, calculate a new stress value 𝜎1
i. Calculate the error between the new and the old stress values, 𝜀 =

𝜎1−𝜎0

𝜎1

j. If 𝜀 is less than 0.05, then the buckling stress 𝜎𝑏𝑢𝑐𝑘𝑙𝑖𝑛𝑔 = 𝜎1,

otherwise GoTo step (d) and repeat.
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Example

Case 1: 𝑃1 = 700 𝐼𝑏. , 𝑃2 = 0, 𝑃3 = 0 Then, the beam is subjected to 

compressive load 2 ∗ 700 = 1400 𝐼𝑏

Thus, a bending moment is produced about x-axis 𝑀𝑥 = 1400 ∗
3.7 = 5170 𝑖𝑛. 𝐼𝑏,
𝑤ℎ𝑒𝑟𝑒 3.7 𝑖𝑛 𝑖𝑠 𝑡ℎ𝑒 𝑑𝑖𝑠𝑡𝑎𝑛𝑐𝑒 𝑓𝑟𝑜𝑚 𝑡ℎ𝑒 𝑙𝑜𝑎𝑑 𝑜 𝑡ℎ𝑒 𝑥 − 𝑎𝑥𝑖𝑠

The total cross-section area of the section including skin and stringer 

= 3.73 sq.in.  , and the moment of inertia about the x-axis is 4.93 𝑖𝑛4
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Error in 52.5 
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Review sheet 2 based on 
Excel solution
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