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Understanding Column Load Tables in the AISC Manual
for Structural Engineers

For structural engineers and architects, accurately determining the load-carrying capacity of steel
columns is paramount to designing safe and efficient structures. The American Institute of Steel
Construction (AISC) Manual of Steel Construction, often referred to as the AISC manual, is the
definitive guide for steel design in the United States. A critical component of this manual for
understanding column behavior under axial and bending loads are the comprehensive column load
tables. These tables provide engineers with pre-calculated values for various steel shapes and
material grades, significantly streamlining the design process. This article will delve into the
intricacies of AISC column load tables, explaining their purpose, how to navigate them effectively, and
their importance in ensuring structural integrity. We will explore the underlying principles of column
stability, the different types of buckling that influence column strength, and how the AISC manual
consolidates this complex information into user-friendly data. Understanding these tables is not
merely about finding a number; it's about grasping the fundamental concepts of steel column design.

Table of Contents

Introduction to AISC Column Load Tables

The Purpose and Importance of AISC Column Load Tables

Navigating the AISC Manual for Column Load Data

Understanding the Basis of Column Load Tables: Column Stability

Types of Column Buckling and Their Impact on Load Capacity

Key Parameters Influencing Column Load Tables

How to Read and Interpret AISC Column Load Tables

Using Column Load Tables for Different Steel Shapes

Axial Load Capacity and Combined Load Conditions
e The Role of Effective Length and Slenderness Ratio
e Practical Application: Designing Steel Columns with AISC Tables

e Limitations and Considerations When Using Column Load Tables



e Conclusion: The Indispensable Role of AISC Column Load Tables

The Purpose and Importance of AISC Column Load
Tables

The primary purpose of AISC column load tables is to provide engineers with readily accessible data
for the design of compression members, commonly known as columns. These tables are derived from
complex theoretical calculations and empirical testing, all codified within the AISC Specification. They
represent a significant time-saver for engineers, eliminating the need to perform intricate buckling
calculations for every single column design from scratch. By offering pre-computed capacities for a
wide range of steel sections, the tables facilitate rapid preliminary design and code compliance
checks. The importance of these tables cannot be overstated. They are the cornerstone of ensuring
that steel columns can safely support the intended vertical loads, resisting buckling and other failure
modes. Incorrectly interpreting or using these tables can lead to under-designed or over-designed
members, both of which have serious safety and economic implications.

AISC column load tables are meticulously organized to present information in a clear and efficient
manner. They are the result of extensive research and adhere to established principles of structural
mechanics. The data presented allows engineers to quickly compare the capacity of different steel
shapes and determine the most economical and structurally sound option for a given application. This
directly impacts the overall cost and performance of a steel structure.

Navigating the AISC Manual for Column Load Data

Accessing the correct column load data within the AISC manual requires a systematic approach. The
manual is divided into several parts, each addressing different aspects of steel construction. For
column design, engineers will primarily refer to chapters related to the design of members under
compression and combined forces. The most common location for readily usable column load tables is
typically within appendices or specific chapters dedicated to member capacities. These sections often
present data for axially loaded columns, but also for members subjected to combined axial and
bending loads, which are more common in real-world scenarios.

Before diving into the tables, it's crucial to identify the specific steel shape being used. Common
shapes include W-shapes (wide flange), S-shapes (American standard beams), HSS (hollow structural
sections), and angles. Each of these shapes has unique geometric properties that affect its load-
carrying capacity. The AISC manual will have separate sections or tables for these different member
types. Understanding the designation of these shapes, such as W14x90 or HSS8x8x1/4, is essential
for accurate lookup.



Understanding the Basis of Column Load Tables:
Column Stability

Column load tables are fundamentally based on the principles of column stability. A column's ability
to carry a compressive load is limited not just by the material's yield strength but, more critically, by
its susceptibility to buckling. Buckling is a sudden, large deformation that occurs when a slender
compression member subjected to an axial load reaches a critical stress level. This critical stress is
often referred to as the Euler buckling stress.

The stability of a column is influenced by several factors, including the material's Young's modulus
(E), the column's cross-sectional geometry (specifically its moment of inertia, 1), and its effective
length. The AISC manual's load tables are a direct application of these stability principles, tailored for
specific steel shapes and configurations.

Engineers must understand that the "load" referenced in these tables is the axial compressive load
that the column can sustain before failure, typically due to buckling. This is distinct from the yield
strength of the steel, which represents the stress at which the material begins to deform plastically.

Types of Column Buckling and Their Impact on Load
Capacity

Several modes of buckling can affect steel columns, and the AISC column load tables are designed to
account for these. The most fundamental type is elastic buckling, described by Euler's formula, which
applies to very slender columns where the stress at buckling is below the proportional limit of the
material. However, most structural steel columns are not perfectly elastic at buckling and experience
inelastic buckling, where the stress at buckling is within the inelastic range of the steel's stress-strain
curve.

Another critical consideration is local buckling. This occurs when a thin element of the cross-section,
such as a flange or web, buckles before the entire column buckles. The slenderness of these
individual elements is a key factor, and the AISC manual incorporates limits on the width-to-thickness
ratios of these elements to prevent premature local buckling. If local buckling occurs, it reduces the
effective cross-sectional area and significantly diminishes the column's load-carrying capacity.

Furthermore, there's flexural-torsional buckling, which is a complex mode that occurs in columns with
cross-sections that are not symmetric about both axes, or when the axis of bending is not the axis of
maximum stiffness. HSS sections, due to their symmetry, are generally less susceptible to flexural-
torsional buckling than open sections like wide flanges, but it is still a consideration in advanced
design.

The AISC column load tables implicitly account for these buckling phenomena by providing capacity
values based on the member's slenderness and cross-sectional properties. Engineers use these tables
to select a column that can safely resist the applied loads, considering the potential for these various
buckling modes.



Key Parameters Influencing Column Load Tables

Several critical parameters dictate the values presented in AISC column load tables. Understanding
these parameters is crucial for accurate interpretation and application of the data.

e Steel Grade: The yield strength (Fy) and tensile strength (Fu) of the steel directly influence its
load-carrying capacity. Higher strength steels generally allow for larger capacities, though
buckling considerations often become the governing factor for slender columns.

* Cross-Sectional Properties: The geometric properties of the steel shape, such as the area
(A), moment of inertia (Ix, ly), radius of gyration (rx, ry), and section modulus (Sx, Sy), are
fundamental to determining stiffness and strength.

» Effective Length (KL): The effective length of a column is not necessarily its actual physical
length. It is influenced by the boundary conditions at the column's ends (e.qg., pinned, fixed,
free). The AISC manual uses the concept of the effective length factor (K) to account for these
end conditions. The product KL represents the equivalent length of a pinned-ended column with
the same buckling load.

* Slenderness Ratio: This is a dimensionless parameter, typically represented as KL/r, where 'r'
is the radius of gyration about the axis of buckling. A higher slenderness ratio indicates a
greater susceptibility to buckling.

* Column Classification: The AISC manual categorizes steel shapes based on the slenderness of
their individual elements (flanges and webs) to prevent local buckling. This classification
influences the formulas used to determine the column's capacity.

Each of these parameters is meticulously incorporated into the calculations that generate the AISC
column load tables, ensuring that the provided capacities are representative of real-world behavior.

How to Read and Interpret AISC Column Load Tables

Reading and interpreting AISC column load tables requires a structured approach to extract the
correct information. Typically, the tables are organized by steel shape and then by various properties
such as effective length (KL) or slenderness ratio. The columns within the tables often represent
different axial load capacities, usually categorized by the axis of buckling (e.g., about the strong axis
or weak axis).

Engineers will first identify the steel section they intend to use. Then, they will determine the
appropriate effective length (KL) for the column in both the strong and weak axis directions,
considering the structural support conditions at the ends. Using the effective length and the radius of
gyration for the relevant axis, the slenderness ratio (KL/r) is calculated. The engineer then locates the
row in the table corresponding to the steel grade and section, and finds the column that matches or
exceeds the required design load. If the required load is between two values, interpolation may be



necessary, or a larger section should be selected to ensure adequate capacity.

It's vital to pay attention to units, which are typically given in kips (kilonewtons) for load and inches
(millimeters) for length. The tables will also specify the steel grade (e.g., A36, A992) for which the
capacities are valid.

Using Column Load Tables for Different Steel Shapes

The AISC manual provides load tables for a variety of steel shapes, each with its own set of
characteristics affecting its column strength. Understanding these differences is key to selecting the
most appropriate section.

e W-Shapes (Wide Flange): These are the most common structural steel shapes used for
columns. They offer good strength-to-weight ratios and are relatively efficient. The tables for W-
shapes will be extensive, covering a wide range of depths and weights.

e HSS (Hollow Structural Sections): Both square and rectangular HSS sections provide
excellent torsional rigidity and are often used where stability under eccentric loading or
torsional forces is a concern. Their load tables are typically separate from those for open
sections.

¢ Pipe Sections: Round HSS (pipe sections) are also available and are highly efficient in resisting
buckling due to their uniform cross-section.

e Angles and Channels: Lighter members like angles and channels are also used as
compression members, often in built-up sections or for less demanding load requirements. Their
column load tables will reflect their generally lower capacities compared to W-shapes and HSS.

The design process involves comparing the load capacities of different shapes that meet the required
axial load and deflection criteria, considering factors like availability, cost, and constructability. The
AISC column load tables are instrumental in this comparative analysis.

Axial Load Capacity and Combined Load Conditions

While AISC column load tables often present axial load capacities, real-world columns frequently
experience combined loading conditions. This means a column might be subjected to an axial
compressive force and a bending moment simultaneously. These bending moments can arise from
eccentric connections, applied lateral loads, or imperfections in the column's geometry.

The AISC Specification provides interaction equations to check the capacity of members subjected to
combined forces. These equations relate the applied axial force and bending moment to the
member's capacity for each force type. The column load tables, in their purely axial capacity format,



serve as a starting point for these checks. For combined load conditions, engineers will typically use
the axial load capacity from the tables as one component in these interaction equations.

The manual also offers tables that directly address combined axial and bending loads, often referred
to as "interaction tables" or "design aids." These tables are more complex as they account for the
interplay between axial force and bending moment, which can significantly reduce the allowable axial
load. Understanding when to use purely axial load tables versus combined load tables is a critical skill
for structural engineers.

The Role of Effective Length and Slenderness Ratio

As mentioned earlier, the effective length (KL) and the slenderness ratio (KL/r) are paramount in
determining a column's load-carrying capacity. The effective length factor 'K' is crucial because it
translates the actual column length into an equivalent length of a pinned-pinned column. A column
with fixed ends will have a lower 'K' value and thus a lower effective length, making it more stable
and capable of carrying a higher load than a similarly sized column with pinned ends.

The radius of gyration 'r' is a geometric property that represents how the area of the cross-section is
distributed around its centroidal axis. A larger radius of gyration indicates a more efficient distribution
of material, leading to greater stiffness against buckling. The slenderness ratio, KL/r, therefore,
guantifies how susceptible a column is to buckling. Higher slenderness ratios result in lower column
capacities.

When using AISC column load tables, engineers must accurately determine the K values for both the
strong and weak axes of the column. These K values are usually determined based on the end
conditions of the column as defined in the AISC Specification. The tables will then provide capacities
corresponding to various KL values or slenderness ratios, allowing engineers to select a section that
meets their specific requirements.

Practical Application: Designing Steel Columns with
AISC Tables

The practical application of AISC column load tables involves a systematic design process. Here's a
typical workflow:

1. Determine Loads: Accurately calculate the dead loads, live loads, and any other factored
loads that the column must support.

2. Select Preliminary Section: Based on experience and initial load estimates, select a
preliminary steel shape (e.g., a W12x65).

3. Determine End Conditions: Assess the support conditions at the top and bottom of the
column to determine the effective length factors (Kx, Ky).



10.

Calculate Effective Lengths: Multiply the actual column length by the respective K factors to
obtain KLx and KLy.

. Calculate Radii of Gyration: Obtain the radii of gyration (rx, ry) for the selected section from

the AISC manual's geometric properties tables.

Determine Slenderness Ratios: Calculate KLx/rx and KLy/ry. The larger of these two values
will govern the column's buckling behavior.

. Consult Column Load Tables: Locate the steel grade and section in the AISC column load

tables. Find the maximum axial load capacity corresponding to the governing slenderness ratio.

. Check Capacity: Compare the tabulated axial load capacity with the required factored axial

load. If the capacity is greater than or equal to the required load, the section is adequate for
axial load.

. Consider Combined Loads: If bending moments are present, use the interaction equations or

combined load tables to verify the section's adequacy.

Iterate if Necessary: If the selected section is inadequate, choose a larger or more efficient
section and repeat the process.

This iterative process, guided by the data in the AISC column load tables, ensures that the designed

column is safe and efficient.

Limitations and Considerations When Using Column
Load Tables

While AISC column load tables are indispensable tools, it's crucial to be aware of their limitations and
to use them with a thorough understanding of the underlying design principles. Some key

considerations include:

 Idealized Conditions: The tables are based on idealized assumptions regarding material

properties, geometric perfection, and end support conditions. Real-world conditions may involve
eccentricities, residual stresses from fabrication, and unintended imperfections that can reduce
a column's actual capacity.

» Fabrication Tolerances: Fabrication and erection tolerances can introduce slight deviations

from the ideal geometry, which might affect column stability.

e Load Combinations: The tables primarily focus on axial loads. For complex load combinations,

including dynamic or seismic loads, additional analysis may be required beyond what is directly
presented in basic column load tables.

e Local Buckling: While the AISC Specification and the underlying tables account for local



buckling by classifying sections based on the slenderness of their elements, engineers must still
be mindful of these limits.

e Software vs. Tables: Modern structural analysis software can directly perform complex
buckling analyses. While tables are excellent for quick checks and preliminary design, software
offers more detailed and adaptable solutions for intricate scenarios. However, understanding
the tables provides a fundamental grasp of the software's outputs.

» Specific Design Situations: For highly specialized applications, such as columns in fire-
exposed conditions, under extreme temperatures, or with unusual support systems, the
standard AISC column load tables might require augmentation with additional design
considerations.

Engineers must use their judgment and expertise to ensure that the data from the tables is applied
appropriately within the broader context of the overall structural design.

Conclusion: The Indispensable Role of AISC Column
Load Tables

In conclusion, AISC column load tables are a fundamental and indispensable resource for structural
engineers tasked with designing steel structures. They provide a streamlined and reliable method for
determining the axial load-carrying capacity of steel columns, factoring in critical concepts of stability
and buckling. By meticulously organizing data for various steel shapes, grades, and effective lengths,
these tables empower engineers to select appropriate members, ensuring safety, economy, and
structural integrity. While understanding the underlying principles of column stability, effective length,
and slenderness ratio is crucial for accurate interpretation, the AISC column load tables serve as a
powerful design aid. Their continued use, alongside a comprehensive understanding of steel design
principles and potentially advanced analysis tools, remains essential for delivering safe and efficient
steel structures.

Frequently Asked Questions

What is the primary purpose of column load tables in the AISC
Manual?

Column load tables in the AISC Manual provide pre-calculated axial load capacities for various steel
column shapes and material grades, considering different effective lengths and end conditions. This
simplifies the design process by allowing engineers to quickly determine safe axial loads without
performing complex manual calculations for every scenario.



How do column load tables account for the effective length of
a column?

Column load tables typically present capacities based on a range of effective length factors (K) and
unbraced lengths (L). Engineers select the appropriate table or interpolation based on the calculated
effective length of their specific column to ensure the tabulated capacity accurately reflects buckling
behavior.

What factors influence the values found in AISC column load
tables?

The values in column load tables are influenced by several factors including the steel's yield strength
(Fy), the column's cross-sectional properties (shape, area, radius of gyration), the unbraced length,
the effective length factor (K), and the design provisions of the AISC Specification, which account for
buckling and other failure modes.

Can column load tables be used for columns subjected to
combined axial load and bending?

No, standard column load tables in the AISC Manual are primarily for axial loads only. For columns
subjected to combined axial load and bending, engineers must use interaction equations and charts
(like those found in Chapter H of the AISC Specification) to determine capacity, as the presence of
bending significantly affects buckling behavior and overall strength.

What is the role of 'effective length' in relation to column load
tables?

Effective length (KL) is a critical parameter. It represents the equivalent length of a pinned-pinned
column that would buckle under the same load as the actual column. Column load tables are
organized and presented using effective length, allowing engineers to directly find capacities based
on the column's support conditions and bracing.

Where can | find the most up-to-date column load tables in
the AISC Manual?

The most current column load tables are found within the relevant chapter of the latest edition of the
AISC Steel Construction Manual. Typically, they are presented in sections dedicated to column design,
often organized by steel grade and column shape, and always referencing the governing AISC
Specification provisions.

Additional Resources

Here are 9 book titles related to column load tables in the AISC Manual, with descriptions:

1. Steel Structures: Design and Behavior
This comprehensive textbook covers the fundamental principles of designing steel structures. It



delves into the behavior of steel members under various loads, including axial compression, which is
critical for understanding column capacity. The book often references and explains the application of
AISC specifications, making it an excellent resource for those working with column load tables.

2. Manual of Steel Construction: Allowable Stress Design and Plastic Design (or current equivalent
edition)

This is the foundational document from the American Institute of Steel Construction (AISC). It contains
the authoritative design specifications and, crucially, the detailed column load tables that engineers
rely upon. Understanding the context and methodologies presented within this manual is essential for
accurate column design.

3. Introduction to Structural Analysis and Design

This introductory text provides a broad overview of structural engineering principles. It typically
includes chapters on the analysis of structural elements, such as columns, and the application of
design codes. While not solely focused on AISC, it will explain the concepts that underpin the creation
and use of the load tables.

4. Advanced Steel Design

Building upon foundational knowledge, this book explores more complex steel design scenarios. It
would likely cover advanced buckling phenomena relevant to columns and the intricacies of applying
AISC provisions for various column shapes and loading conditions. Users will find detailed
explanations of the design philosophy behind the tabulated capacities.

5. Structural Stability of Columns and Beams

As the title suggests, this book specifically addresses the critical issue of structural stability. It
provides in-depth coverage of buckling theories, which are the basis for determining column load
capacities. The text would clarify how factors like slenderness ratio influence the allowable loads
listed in AISC tables.

6. Engineering Mechanics: Statics and Dynamics

While a more general engineering mechanics text, understanding the forces and stresses acting on a
structure is paramount for column design. This book lays the groundwork for calculating the loads
that columns must resist, which are the inputs for using AISC column load tables. It helps in
comprehending the "load" aspect of column load tables.

7. Design of Steel Structures: Theory and Practice

This book bridges theoretical concepts with practical application in steel structure design. It would
offer explanations of the design process, including how to select appropriate column sections and
utilize the capacity tables from the AISC Manual. The text aims to provide engineers with the skills to
effectively implement design standards.

8. Practical Design of Steel Structures

Focusing on the hands-on aspects of steel design, this book guides readers through real-world
scenarios. It would demonstrate the step-by-step process of designing steel columns, including the
selection of members based on load tables and the consideration of various serviceability
requirements. The practical examples are invaluable for users of AISC data.

9. Load and Resistance Factor Design (LRFD) of Steel Structures

This book delves specifically into the Load and Resistance Factor Design methodology as presented
by AISC. It explains the principles of LRFD, which are used in modern AISC specifications and the
generation of the load tables. Understanding LRFD is crucial for accurately interpreting and applying



the capacities found in the manual.
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