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Postgraduate Certificate in Structural Steel Design

Steel Column Design

Steel Column Design is a critical component of the Postgraduate Certificate in Structural Steel Design. This
explanation will cover key terms and vocabulary related to steel column design, including column types,
loadings, analysis methods, and design considerations.

Steel Columns: Steel columns are vertical members designed to resist compressive forces. They are essential
in buildings, bridges, and other structures, providing support for beams, girders, and other horizontal
members.

Column Types: Steel columns can be classified into three main categories: axially loaded columns,
eccentrically loaded columns, and composite columns.

Axially Loaded Columns: Axially loaded columns are subjected to forces acting along the column's axis.
These columns are typically designed using the Euler formula or the Perry-Robertson formula.

Eccentrically Loaded Columns: Eccentrically loaded columns are subjected to forces acting off-center,
causing bending moments. These columns are designed using the Johnson's parabolic formula or the
Tangent Modulus method.

Composite Columns: Composite columns are made of steel and concrete, with the steel section acting as a
compression member and the concrete as a tension member. These columns are designed using the Strut-
and-Tie method.

Loadings: Steel columns are subjected to various loads, including dead loads, live loads, wind loads, and
seismic loads. Dead loads are permanent loads, such as the weight of the structure itself, while live loads are
temporary loads, such as occupants or furniture. Wind loads and seismic loads are environmental loads that
can cause significant forces on a structure.

Analysis Methods: Steel column design requires the use of various analysis methods, including the Euler
formula, the Perry-Robertson formula, Johnson's parabolic formula, and the Tangent Modulus method.

Euler Formula: The Euler formula is used to determine the critical load at which a column will buckle. The
formula is Pcr = π^2 EI / (KL)^2, where Pcr is the critical load, E is the modulus of elasticity, I is the moment
of inertia, K is the effective length factor, and L is the length of the column.

Perry-Robertson Formula: The Perry-Robertson formula is used to determine the critical load for a column
subjected to axial load and bending moment. The formula is Pcr = π^2 EI / (KL)^2 - (Mcr / S)^2, where Mcr
is the critical bending moment and S is the section modulus.

Johnson's Parabolic Formula: Johnson's parabolic formula is used to determine the critical load for a column
subjected to eccentric loading. The formula is Pcr = π^2 EI / (KL)^2 (1 - (e / (KL/2))^2), where e is the
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eccentricity of the load.

Tangent Modulus Method: The Tangent Modulus method is used to determine the stress-strain relationship
for a column subjected to large deformations. The method uses the tangent modulus, which is the slope of
the stress-strain curve at any given point.

Design Considerations: Steel column design requires careful consideration of various factors, including
column slenderness, buckling modes, and load combinations.

Column Slenderness: Column slenderness is the ratio of the effective length of the column to the least
radius of gyration. Columns with high slenderness ratios are more susceptible to buckling than columns
with low slenderness ratios.

Buckling Modes: Buckling modes refer to the different ways in which a column can buckle. Columns can
buckle in a single curvature mode, a double curvature mode, or a combination of both.

Load Combinations: Load combinations are used to determine the most critical load on a column. Load
combinations consider the combined effects of dead loads, live loads, wind loads, and seismic loads.

Example: Consider a steel column that is 6 meters long and has a moment of inertia of 0.005 m^4. The
column is subjected to an axial load of 1000 kN and an eccentricity of 20 mm. Determine the critical load for
the column.

Using the Perry-Robertson formula, we can calculate the critical load as:

Pcr = π^2 EI / (KL)^2 - (Mcr / S)^2

where:

E = 200 GPa (modulus of elasticity for steel)
I = 0.005 m^4 (moment of inertia)
K = 1.0 (effective length factor)
L = 6 m (length of the column)
Mcr = 1000 kN x 0.02 m (eccentricity)
S = I / (ymax) (section modulus)
ymax = 0.3 m (distance from neutral axis to extreme fiber)

Calculating the section modulus, we get:

S = I / (ymax) = 0.005 m^4 / 0.3 m = 0.0167 m^3

Substituting the values into the Perry-Robertson formula, we get:

Pcr = π^2 (200 GPa) (0.005 m^4) / (1.0 x 6 m)^2 - (1000 kN x 0.02 m / 0.0167 m^3)^2

Calculating the critical load, we get:
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Pcr = 2444 kN

Therefore, the critical load for the column is 2444 kN.

Practical Application: Steel columns are used in various structures, such as buildings, bridges, and towers.
Proper design and analysis are essential to ensure the safety and stability of these structures. Steel column
design involves the consideration of various factors, such as column slenderness, buckling modes, and load
combinations. The use of appropriate analysis methods, such as the Euler formula, Perry-Robertson formula,
Johnson's parabolic formula, and the Tangent Modulus method, is necessary to determine the critical load
for a steel column.

Challenge: Design a steel column for a building that is 10 meters tall and has a total load of 5000 kN. The
column has a moment of inertia of 0.01 m^4 and is subjected to an eccentricity of 30 mm. Determine the
critical load for the column.

Using the Perry-Robertson formula, we can calculate the critical load as:

Pcr = π^2 EI / (KL)^2 - (Mcr / S)^2

where:

E = 200 GPa (modulus of elasticity for steel)
I = 0.01 m^4 (moment of inertia)
K = 1.0 (effective length factor)
L = 10 m (length of the column)
Mcr = 5000 kN x 0.03 m (eccentricity)
S = I / (ymax) (section modulus)
ymax = 0.5 m (distance from neutral axis to extreme fiber)

Calculating the section modulus, we get:

S = I / (ymax) = 0.01 m^4 / 0.5 m = 0.02 m^3

Substituting the values into the Perry-Robertson formula, we get:

Pcr = π^2 (200 GPa) (0.01 m^4) / (1.0 x 10 m)^2 - (5000 kN x 0.03 m / 0.02 m^3)^2

Calculating the critical load, we get:

Pcr = 1905 kN

Therefore, the critical load for the column is 1905 kN.

In conclusion, steel column design is a critical component of the Postgraduate Certificate in Structural Steel
Design. Proper understanding of key terms and vocabulary, such as column types, loadings, analysis
methods, and design considerations, is necessary for effective design and analysis. The use of
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