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The AISC Manual of Steel Construction, particularly the 9th Edition Allowable Stress Design (ASD), remains
one of the most influential documents in the history of structural engineering. Published by the American Institute
of Steel Construction (AISC) in 1989, this manual established the foundational principles for the design of
structural steel buildings in the United States and many parts of the world for decades. Even as the industry has
transitioned toward the Unified Specification (AISC 360) and Load and Resistance Factor Design (LRFD), the
9th Edition—often referred to as the "Green Book"—continues to be a vital reference for engineers evaluating
legacy structures and those who prefer the simplified stress-based approach.

The Theoretical Framework of Allowable Stress Design (ASD)

The core philosophy of Allowable Stress Design is rooted in the concept of providing a margin of safety by
ensuring that the actual stresses produced by working loads (service loads) do not exceed a predetermined
allowable limit. This allowable limit is typically a fraction of the yield strength (Fy) or ultimate strength (Fu) of the
material.

The Fundamental ASD Equation

In the 9th Edition ASD methodology, the safety of a structural component is expressed by the following inequality:
f &le; F_allowable
Where:

« frepresents the actual stress calculated from the applied service loads (e.g., Dead Load + Live Load).

< F_allowable represents the allowable stress, determined by dividing the nominal strength of the member by a
Factor of Safety (FS).
Unlike the modern LRFD approach, which applies partial safety factors to different types of loads (factored loads),
ASD 9th Edition treats all loads equally and applies a singular factor of safety to the capacity side of the equation.
This simplifies the calculation process but often results in less consistent reliability levels across different load
combinations compared to the probabilistic approach of LRFD.

Technical Analysis of Member Design under AISC 9th Edition

To understand the depth of the AISC 9th Edition, one must examine the specific design requirements for different
types of structural members, including those subjected to tension, compression, bending, and shear.

1. Tension Member Design

For members in axial tension, the manual specifies two primary limit states: yielding of the gross section and
fracture of the net section. The allowable stress (Ft) is defined as:

e On the gross area (Ag): Ft = 0.60 * Fy



¢ On the effective net area (Ae): Ft = 0.50 * Fu

This ensures a safety factor of 1.67 against yielding and 2.0 against fracture. The introduction of shear lag factors
also plays a critical role when the tension load is not transmitted to all elements of the cross-section.

2. Compression Member Design (Columns)

The design of columns in the 9th Edition is governed by the slenderness ratio (Kl/r). The manual provides the
AISC Column Equations, which account for both elastic and inelastic buckling. A critical threshold is defined by
the parameter Cc, which represents the slenderness ratio at the transition between elastic and inelastic behavior:

Cc = &radic;(2 * &pi;&sup?2; * E / Fy)

« If Kl/r &It; Cc: The column is in the inelastic range, and the allowable stress (Fa) is calculated using a
parabolic formula with a variable factor of safety.

 If Kl/r &gt; Cc: The column is in the elastic range (Euler buckling), and Fa is determined by 12/23 of the Euler
stress.

3. Flexural Member Desigh (Beams)

Bending strength is perhaps the most complex area of the 9th Edition. The allowable bending stress (Fb) depends
on the compactness of the section and the lateral bracing of the compression flange.

e Compact Sections: For doubly symmetrical I-shapes and channels loaded in the plane of their minor axis, if
requirements for flange and web width-thickness ratios are met, Fb = 0.66 * Fy.

¢ Non-Compact Sections: If the section fails the compactness criteria but meets specific limits, Fb = 0.60 * Fy.

« Lateral-Torsional Buckling: If the unbraced length (Lb) exceeds the limiting length (Lc), the allowable stress
must be reduced using formulas found in Chapter F of the specification to account for potential buckling.

Comparative Analysis: AISC 9th Edition vs. Modern AISC 360

The evolution from the 9th Edition (1989) to the current Unified Specifications (such as AISC 360-16 or 360-22)
represents a paradigm shift in structural engineering. The following table highlights the primary technical
differences.



Feature

Design Philosophy

Safety Application

Load Combinations

Member Stability

Beam Bending

High-Strength Bolts

AISC 9th Edition (ASD)

Pure Allowable Stress Design (Stress-
based).

Single Factor of Safety (FS) on
capacity.

Simple nominal additions (D + L).

Effective Length Method (K-factors).

Uses Fb (Stress) values.

Based on older A325/A490 specs.

Modern AISC 360 (Unified)

Combined ASD and LRFD (Strength-
based).

Omega (&0Omega;) for ASD; Phi
(&phi;) for LRFD.

Probabilistic combinations (e.g., 1.2D
+ 1.6L).

Direct Analysis Method (preferred).

Uses Mn (Nominal Moment) values.

Updated to F3125 standards.

The Role of Lateral-Torsional Buckling (LTB) in 9th Edition Design

One of the most frequent challenges for engineers using the 9th Edition is the calculation of allowable stresses for
beams with long unbraced lengths. The manual provides two primary equations for Fb when Lb &gt; Lc:

1. Equation (F1-6): Applicable when the compression flange is solid and approximately rectangular in shape.
2. Equation (F1-8): Applicable to various I-shaped sections, focusing on the properties of the compression
flange plus one-third of the compressed portion of the web.

The manual requires engineers to calculate Fb using multiple formulas and select the largest value (subject to
limits), ensuring that the most favorable stable condition is utilized while maintaining a safety factor of 1.67. This
iterative process was often facilitated by the Allowable Stress Design Selection Tables found in Part 2 of the
manual, which provided pre-calculated values for various Lb and Cb (bending coefficient) scenarios.

Connection Design and Bolt Specifications

The AISC 9th Edition Manual of Steel Construction provides extensive guidance on connection design, including
bolted and welded connections. At the time of publication, the manual primarily referenced ASTM A325 and ASTM

A490 high-strength bolts.

Bolted Connections

Allowable shear and tension capacities for bolts are presented in Table J3.2. These values differ depending on
whether the bolt threads are included (N) or excluded (X) from the shear plane. For example:

« A325N Bolts: Allowable shear stress is roughly 21 ksi.
e A325X Bolts: Allowable shear stress increases to roughly 30 ksi.

In bearing-type connections, the bearing strength of the connected material is also checked, usually limited to 1.2 *

Fu for standard holes, providing a robust buffer against local hole deformation.

Welded Connections

For fillet welds, the 9th Edition uses a simplified approach where the allowable stress is 0.30 times the nominal
tensile strength (Fexx) of the weld metal. A common rule of thumb derived from this manual is that the strength of



a 1/16-inch fillet weld is 0.928 kips per inch for E70 electrodes.

Practical Implementation: A Field Guide for Engineers

When working with the AISC 9th Edition in a modern context, engineers should follow a rigorous workflow to
ensure compliance with both the legacy manual and current safety expectations.

Step-by-Step Design Procedure:

1. Identify Material Properties: Determine if the steel is A36 (Fy=36 ksi) or A572 Grade 50 (Fy=50 ksi). Note
that A992, common today, was not prevalent in 1989.

2. Determine Loads: Calculate service loads (Dead, Live, Wind, Snow, Seismic) without applying LRFD load
factors.

3. Select Member Shape: Use the Properties Tables in Part 1 to find Ag, Sx, Zx, and radii of gyration (rx, ry).

4. Check Slenderness: Ensure Kl/r does not exceed 200 for compression members or 300 for tension members.

5. Calculate Allowable Stress: Based on the member type (Tension, Column, Beam), use the formulas in
Chapters D, E, F, or G.

6. Verify Capacity: Ensure fa + fb &le; F_allowable (including interaction equations for combined axial and
bending loads).

Case Study: Retrofitting a 1980s Industrial Warehouse

Consider a project involving the installation of a new rooftop HVAC unit on a warehouse built in 1985. The original
design was performed using the AISC 9th Edition. To validate the existing roof beams, the engineer must:

* Analyze the Original Design: Review the original structural drawings to identify the beam sizes (e.g., W16x31)
and the specified steel grade.

e Assess Current Conditions: Inspect for corrosion or modifications that might have reduced the effective cross-
sectional area.

¢ Recalculate with New Loads: Add the weight of the HVAC unit to the original dead loads. Use the 9th Edition
Interaction Equations (H1-1, H1-2) to check if the beams can handle the combined effects of the existing roof load
and the new point load.

e Evaluation: If the Interaction Ratio exceeds 1.0, the member is overstressed. Because the original design was
stress-based, the engineer can clearly communicate the percentage of overstress (e.g., "The beam is at 115% of
its allowable capacity").

Troubleshooting Common Errors in Legacy ASD Design

Engineers transitioning back to the 9th Edition from modern codes often encounter several pitfalls:

e Confusing Gross vs. Net Area: In tension members, forgetting to account for the 1/8-inch hole diameter
increase (1/16" for the bolt + 1/16" for damage) can lead to unsafe net area calculations.

 Ignoring Ch: The bending coefficient Cb can significantly increase the allowable bending stress for members
with non-uniform moment diagrams. Neglecting it leads to overly conservative and expensive designs.

 Inappropriate K-factors: Misidentifying the end conditions (pinned vs. fixed) in the Alignment Charts can result
in incorrect effective lengths, fundamentally altering column capacity.

¢ Mixing Codes: Never mix LRFD load factors with ASD 9th Edition allowable stresses. This "hybrid" approach
is mathematically incorrect and structurally dangerous.

The Broader Implications of AISC Standards Evolution



The transition from the 9th Edition to the 13th, 14th, 15th, and now 16th Editions of the Steel Construction Manual
reflects the maturing of structural engineering as a science. While the 9th Edition relied heavily on empirical data
and simplified factors of safety, modern codes utilize reliability-based design to ensure a uniform probability of
failure across all structures.

However, the 9th Edition's longevity is a testament to its clarity. The stress-based approach provides an intuitive
sense of how a member is performing. When an engineer says a beam is stressed to 20 ksi and the limit is 22 ksi,
it offers a tangible physical understanding of the "safety buffer" that is sometimes lost in the abstract factoring of
LRFD.

In conclusion, whether one is performing a forensic analysis of an existing building or designing a simple structure
where the ASD approach is permitted, a deep technical mastery of the AISC 9th Edition Manual of Steel
Constructionis indispensable. It represents a bridge between the historical craftsmanship of steel design and the
rigorous computational analysis of the modern era. By maintaining the "Green Book" in their library, technical
professionals ensure they have the tools necessary to interpret the past and build a safer, more resilient future.
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