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The AISC Manual of Steel Construction, 9th Edition, commonly referred to as the "Green Book," remains one of
the most influential documents in the history of structural engineering in the United States. Published by the
American Institute of Steel Construction (AISC) in 1989, this manual standardized Allowable Stress Design
(ASD)for a generation of engineers. Despite the structural engineering community's shift toward Load and
Resistance Factor Design (LRFD) and the unified specifications seen in the 13th through 16th editions, the 9th
Edition ASD continues to be a vital reference for forensic engineering, the renovation of existing structures, and
educational foundations.

The Evolution of Structural Steel Design: Contextualizing the 9th Edition

Before the 9th Edition, steel design was characterized by a gradual evolution from empirical rules to rational
mechanics. The 1989 release represented the pinnacle of Allowable Stress Design. In this methodology, the
structural safety is ensured by keeping the calculated stress (based on service loads) below a predetermined
allowable stress. This allowable stress is determined by dividing the nominal strength (or yield stress) by a Factor
of Safety (FS).

Understanding the context of the 9th Edition is crucial for modern engineers. Many buildings currently standing
were designed using these specific parameters. When conducting a structural audit or adding loads to a building
constructed between 1989 and the early 2000s, the 9th Edition is the primary legal and technical document
required to understand the original design intent and capacity.

Core Theoretical Framework: The Philosophy of ASD

At the heart of the AISC 9th Edition is the linear elastic analysisof members. Unlike LRFD, which uses factored
loads to account for uncertainty in load magnitudes, ASD utilizes nominal (actual) service loads. The safety margin
is applied entirely to the material side of the equation.

The Fundamental ASD Equation

The core principle can be expressed as:
f"dF

Where:f = The computed actual stress caused by service loads (D, L, W, S, etc.).F= The allowable stress
permitted by the AISC specification (typically a fraction of the yield stress Fy or ultimate stress Fu).

Material Properties and Specifications

The 9th Edition focuses heavily on ASTM A36 steel, which was the industry standard at the time, offering a yield
strength (Fy) of 36 ksi. However, it also provides provisions for high-strength low-alloy steels like ASTM A572
Grade 50. The manual provides detailed tables for wide-flange (W) shapes, channels (C), angles (L), and structural
tubing (HSS).

Technical Analysis: Member Design Requirements



1. Tension Members

Design of tension members in the 9th Edition focuses on two primary limit states: yielding on the gross area and
fracture on the net effective area. The allowable stress (Ft) is defined as:

¢ For yielding: Ft = 0.60 * Fy
e For fracture: Ft = 0.50 * Fu (on the effective net area)

The manual introduces the concept of Shear Lag, requiring the calculation of an effective net area (Ae) when the
tension load is not transmitted to all elements of the cross-section.

2. Compression Members (Columns)

Column design in the ASD 9th Edition is governed by the slenderness ratio (KI/r). The manual provides a
bifurcated approach to calculating the allowable axial stress (Fa) based on whether the member is in the elastic or
inelastic buckling range. The transition point is defined by the constant Cc:

Cc=sqrt2*<"¢RoOQ’e
If KI/r Cc, the member is subject to elastic (Euler) buckling, and the allowable stress is determined by:
Fa=[12*<" ¢UO O 3#2 ¢, TA+">%D

3. Flexural Members (Beams)

Beam design is one of the more complex sections of the 9th Edition. Allowable bending stress (Fb) depends on
lateral-torsional buckling, the compactness of the section, and the unbraced length (Lb).

e Compact Sections: For members with adequate lateral support and compact flanges/webs, Fb = 0.66 * Fy.

* Non-Compact Sections: For members failing the compactness criteria but still having lateral support, Fb =
0.60 * Fy.

¢ Unbraced Beams: If the unbraced length exceeds the calculated limits (Lc or Lu), the allowable stress must
be reduced using formulas that account for the torsional rigidity and moment of inertia of the member.

Technical Comparison: ASD 9th Edition vs. Modern Unified Specifications

With the release of the 13th Edition in 2005, AISC combined ASD and LRFD into a single "Unified Specification."
The following table highlights the key differences between the legacy 9th Edition and the modern approach.



Feature

Design Philosophy

Load Factors

Safety Factor

Beam Design

Column Curves

Material Standards

AISC 9th Edition (1989)

Allowable Stress Design (ASD) only.

Unity (1.0) for all loads.

Incorporated into "Allowable Stress."

Uses Fb (Allowable Bending Stress).

Single curve based on Cc.

A36 is dominant.

AISC 16th Edition (2023)

Unified ASD and LRFD.

Factored loads (LRFD) or Unity (ASD).
2 60V or ASD; <b ... 1" “or LRFD.

Uses Mn (Nominal Moment) divided
by 'a

Multiple curves based on member
type.

A992 (50 ksi) is the standard for W-
shapes.

Procedural Guide: Step-by-Step Beam Design using ASD 9th Edition

To design a structural steel beam according to the 9th Edition ASD, an engineer follows this technical workflow:

1. Determine Design Loads: Calculate the total service load (Dead + Live + Snow, etc.) without applying load

factors.

2. Calculate Required Section Modulus (Sx): Use the formula Sx = M_max / Fb, where Fb is initially assumed
to be 0.66Fy for a compact, braced beam.
3. Select a Shape: Choose a W-shape from the manual's properties tables that meets the required Sx.

4. Check Compactness: Verify that the width-to-thickness ratios (b/t) of the flange and (h/tw) of the web are

within the limits specified in Table B5.1.

5. Check Lateral Support: Compare the actual unbraced length (Lb) to the allowable limits (Lc and Lu). If Lb >

Lc, recalculate Fb using the lateral-torsional buckling formulas in Chapter F.

6. Check Shear: Ensure the actual shear stress (fv =V / (dtw)) does not exceed Fv = 0.40 * Fy.
7. Check Deflection: Ensure the calculated deflection under service loads does not exceed building code limits

(e.g., L/360 for live load).

Mathematical Modeling: Column Slenderness and Safety Factors

One of the unique aspects of the 9th Edition is the variable Factor of Safety used for columns. The FS increases as
the slenderness ratio (Kl/r) increases, peaking at 1.92 at the transition point Cc. This accounts for the increased

sensitivity to initial imperfections and eccentricities in more slender members.

FS = [5/3] + [3(KI/r) / 8Cc] - [(KI/r)? / 8Cc?]

This cubic equation ensures a smooth transition between the safety requirements of short blocks and long, slender

columns.

Case Study: Assessment of an Existing Warehouse (Built 1992)

Consider a facility manager intending to install heavy rooftop HVAC units on a warehouse built in 1992. The original
blueprints cite "Design per AISC ASD 9th Ed."

The Challenge



The original design used A36 steel W16x31 beams. The new units add 5 kips of point load at mid-span. A modern
LRFD analysis might suggest the beam is overstressed due to different load combinations, but the legal structural
integrity must first be verified against the code of record.

The Solution

By referencing the 9th Edition Allowable Stress Design, the engineer calculates the existing service load stress
and adds the new point load stress. If the total f remains below 0.66Fy (24 ksi), and the lateral bracing (provided by
the metal deck) is sufficient, the beam is deemed safe under the original specification. This illustrates why the 9th
Edition remains a staple in the library of any practicing structural engineer.

Common Pitfalls and Troubleshooting in Legacy ASD Design

While the 9th Edition is robust, users often encounter specific challenges when applying it today:

¢ Confusion with Modern Units: The 9th Edition uses US Customary units. Engineers working in SI must be
extremely careful with conversions, as the manual does not provide metric equivalents.

¢ High-Strength Bolts: The 9th Edition precedes many modern bolt grades. When retrofitting, engineers must
reconcile the A325/A490 specifications of 1989 with the modern F3125 standards.

e Seismic Provisions: The 1989 manual has limited seismic detailing compared to modern AISC 341
specifications. For buildings in high-seismic zones, the 9th Edition cannot be used for new design and must be
supplemented for retrofits.

e Web Crippling vs. Web Yielding: The formulas for concentrated loads on webs in Chapter K have been refined
significantly in later years. The 9th Edition methods are sometimes less conservative than modern research
suggests.

The Enduring Significance of the AISC 9th Edition

The AISC Manual of Steel Construction, 9th Editionrepresents a masterwork of simplified engineering. Its
ability to condense complex material behavior into manageable allowable stress values allowed for the rapid
expansion of the American skyline. For the modern professional, it serves as a bridge to the past, a tool for forensic
investigation, and a reminder of the fundamental mechanics of steel. While we have moved toward the statistical
precision of LRFD, the "Green Book" remains an authoritative voice in the field of structural steel design.

As the industry moves toward Performance-Based Designand advanced computational modeling, the principles
found within the 9th Edition—such as the importance of slenderness, the behavior of compact sections, and the
fundamental limits of elastic design—continue to provide the essential framework upon which all modern steel
codes are built.
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