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Euler’s Column Formula
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• Euler published his studies on elastic beams and 
columns in 1744 and 1759

• He derived a formula for the load P at which a 
uniform section, axially loaded column becomes 
unstable

𝑃𝑐𝑟 =
𝜋2𝐸𝐼

𝐿2
 



Convert to Stress
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• Engineers like to deal with stress, so divide Pcr by A in Euler’s formula

• We can also use an effective length L’ (or a restraint coefficient c) to 
handle different boundary conditions

𝜎𝑐𝑟 =
𝑃𝑐𝑟
𝐴
=
𝜋2𝐸𝐼

𝐴𝐿2
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c = 1 → both ends simply-supported
c = 4 → both ends clamped

where: ρ = radius of gyration
L/ρ = slenderness ratio

use

where: L’ = effective length
c = restraint coefficient

define



Comparison to Test Data
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• Engineers found that test 
data did not agree with 
Euler’s formula for “short”
columns

• Engineers developed many 
alternate formulas for design 
purposes to handle the short 
column range

• We will only consider 
Johnson’s parabola here0
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John Butler Johnson

5“Johnson could teach all he knew and more.”



Johnson’s Parabolic Formula
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• In his 1893 book, J. B. Johnson proposed a parabola for the short 
column range:

Page 148:
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Johnson’s Parabolic Formula
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• The vertex of the parabola 
(at L/ρ = 0) was to be at the 
Elastic Limit of the material

• The constant b was 
computed to make the 
parabola tangent to Euler’s 
formula 

Euler’s Formula

Johnson’s 
Parabola

Point of Tangency

Elastic 
Limit

𝐿

𝜌
=  

2𝑐𝜋2𝐸

𝐹𝑐𝑦
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“Materials of Construction”, 
J. B. Johnson, 1897



Johnson’s Parabolic Formula
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• Johnson’s k would be our cπ2E

• For f (elastic limit), we would use Fcy (compressive yield strength)

• This equation is for primary instability of compact cross-sections, i.e. 
those that are not susceptible to local buckling before failure (see 
later note)



Use on Airplane Structures
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• Johnson’s Parabola has been used for the structural design of airplanes 
almost from the beginning of flight

• see following pages for a few examples…



1920 U.S. Army Air Service Handbook
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1920 U.S. Army Air 
Service Handbook
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Mild Steel Columns



Note they plotted 
L/ρ increasing to 
the left!

1920 U.S. 
Army Air 
Service 

Handbook
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Spruce Columns



ANC-5 (Predecessor to MIL-HDBK-5)
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xxx

15

ANC-5
1938 Edition



Thin-Walled Sections
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• For thin-walled sections, Johnson’s parabola can be used, but in this 
case the allowable stress at L’/ρ = 0 would be the crippling strength of 
the section Fcc (see Rivello, section 16-4)

𝐹𝑐 = 𝐹𝑐𝑦  1−
𝐹𝑐𝑦
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