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Figure 4-18 shows long columns with differing end (boundary) conditions. If the axial
force P shown acts along the centroidal axis of the column, simple compression of
the member occurs for low values of the force. However, under certain conditions,
when P reaches a specific value, the column becomes unstable and bending as shown
in Fig. 4-18 develops rapidly. This force is determined by writing the bending deflec-
tion equation for the column, resulting in a differential equation where when the
boundary conditions are applied, results in the critical load for unstable bending.g The
critical force for the pin-cnded column of Fig. 4-18a is given by
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which is called the Euler column formula. Equation (4-42) can be extended to apply
to other end-conditions by writing
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where the constant C depends on the end conditions as shown in Fig. 4-18.
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Using the relation / = AK’, where A is the area and k the radius of gyration,
enables us to rearrange Eq. (4-43) into the more convenient form
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End-Condition Constant C

Column End Theoretical  Conservative ~ Recommended
Conditions Value Value

Fixed-free 4 i i
Rounded-rounded 1 1 1
Fixed-rounded 2 1 12
Fixed-fixed 4 1 12

*To be used only with liberal factors of safety when the column load is accurately known.

Unit load

Euler curve

Slendemess ratio §
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ratio is greater than (I/k),. Otherwise, use one of the methods in the sections that
follow. See Examples 4-17 and 4-18.

Most designers select point 7 such that P, /A = §,/2. Using Eq. (4-43), we find
the corresponding value of (I/k), to be
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Upon substituting the known values of @ and b into Eq. (a), we obtain, for the para-

bolic equation,
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EXAMPLE 4-17

Solufion

Answer

Specify the diameter of a round column 1.5 m long that is to carry a maximum load
estimated to be 22 kN. Use a design factor n, = 4 and consider the ends as pinned
(rounded). The column material selected has a minimum yield strength of 500 MPa
and a modulus of elasticity of 207 GPa.

We shall design the column for a critical load of
P =mP = 4(22) = 88kN
‘Then, using Eq. (4-51) with C = 1 (see Table 4-2) gives
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Tuble A-17 shows that the preferred size is 40 mm. The slenderness ratio for this size is
L_ 11500 _
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To be sure that this is an Euler column, we use Eq. (5-51) and obtain
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indeed an Euler column. So select

where 1/k > (1/#), indicates that it
d =40 mm




