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Evolution and Historical Context of Allowable Stress Design (ASD)

The field of structural engineering has seen significant transformations over the last century, but few documents 

have remained as influential as the American Institute of Steel Construction (AISC) Manual of Steel 

Construction, 9th Edition. Published in 1989, this manual focused on Allowable Stress Design (ASD), a

methodology that served as the primary standard for steel design in the United States for decades. Even as

modern codes move toward Load and Resistance Factor Design (LRFD), the 9th Edition ASD remains a

cornerstone for forensic engineering, the renovation of existing structures, and specific industrial applications

where simplicity and historical consistency are paramount.

The 1989 AISC Specification was a refinement of decades of research. It introduced standardized methods for 

calculating the capacity of beams, columns, and connections based on the concept of a Factor of Safety (FS).

Unlike modern limit state designs that apply load factors to various service loads, ASD applies a single safety factor

to the material's yield or ultimate strength to determine a permissible, or "allowable," stress level. This approach

ensures that under service conditions, the structural members remain within the elastic range of the material.

The Philosophical Shift: ASD vs. LRFD

To understand the depth of the 9th Edition, one must understand the philosophical difference between Allowable 

Stress Design and its successor, Load and Resistance Factor Design. In ASD, the focus is on the serviceability 

and elastic behavior of the steel. The fundamental equation is expressed as:

Actual Stress "d Allowable Stress (f "d F)

Where Fis calculated by dividing the nominal strength of the material by a factor of safety. In contrast, LRFD uses

a probabilistic approach, applying separate factors to loads (to account for uncertainty in weight, wind, or seismic

forces) and resistance factors (to account for material variability). While LRFD is technically more precise regarding

probability, the 9th Edition ASD is praised for its straightforward nature and its proven track record in the safety of

thousands of standing structures.

Core Concepts and Theoretical Framework of the 9th Edition

The 9th Edition manual, often referred to as the "Green Book" due to its iconic binding, is divided into several parts, 

including specifications, design aids, and tables for various steel shapes like W-flanges, channels, and angles. The 

technical core relies on the 1989 Specification for Structural Steel Buildings.

Material Properties and Yield Strength

In the era of the 9th Edition, ASTM A36 steel was the industry standard for most structural shapes, with a yield 

strength (F<sub>y</sub>) of 36 ksi. However, the manual also covers high-strength steels like A572 Grade 50. 

Understanding the yield point is critical because almost all allowable stress formulas in the 9th Edition are functions 

of Fy. For example, the allowable tension stress is typically 0.60F<sub>y</sub>, ensuring a 1.67 factor of safety

against yielding.



Safety Factors in ASD 9th Edition

The safety factors in the 9th Edition are not arbitrary. They are designed to account for variations in material

thickness, fabrication tolerances, and the uncertainty of loading. Generally, the safety factors range from 1.5 to 2.0

depending on the failure mode:

•  Yielding: Typically a FS of 1.67 (1/0.60).

•  Fracture: Typically a FS of 2.00 (1/0.50).

•  Buckling: Variable FS based on the slenderness ratio, reaching up to 1.92.

Technical Analysis: Mechanics of Flexural Members

One of the most complex and vital parts of the 9th Edition is the calculation of Allowable Bending Stress 

(F<sub>b</sub>). The manual differentiates between "compact" and "non-compact" sections, a distinction based

on the local buckling susceptibility of the flanges and webs.

Compact Sections and Lateral Support

For a beam to reach its full plastic capacity, it must be "compact." A section is considered compact if its width-to-

thickness ratios are below specified limits (e.g., for a flange, bf/2tf "d 65/"�Fy). If a section is compact and adequately 

braced against Lateral Torsional Buckling (LTB) , the allowable bending stress is:

F<sub>b</sub> = 0.66F<sub>y</sub>

If the beam is not compact but satisfies certain other criteria, the allowable stress drops to 0.60F<sub>y</sub>.

The 9th Edition provides detailed charts to help engineers determine the maximum unbraced length (Lc) for which

the 0.66Fy value is applicable.

Lateral Torsional Buckling Calculations

When a beam's unbraced length (Lb) exceeds the compact limit (Lc), the engineer must calculate a reduced 

allowable stress to prevent LTB. The 9th Edition uses a complex set of equations involving the C<sub>b</sub>

factor, which accounts for the moment gradient along the beam. The equations involve the radius of gyration (rt)

and the area of the compression flange plus a portion of the web.



Condition Allowable Stress (Fb) Formula Requirement

Compact Section 0.66 Fy Lb "d Lc &amp; b/t "d Limit

Non-Compact Section 0.60 Fy Lb "d Lu

Slender Section Complex LTB Equations Lb &gt; Lu

Weak Axis Bending 0.75 Fy Compact Shapes

Column Design and Axial Compression

The 9th Edition approach to column design is based on the Slenderness Ratio (Kl/r). The manual uses the Euler 

Bucklingformula as a basis but modifies it with a safety factor that increases as the slenderness ratio increases.

This reflects the higher risk of instability in slender columns.

The K-Factor and Effective Length

A critical component of column design is the Effective Length Factor (K). This factor accounts for the end

conditions of the column (pinned, fixed, or free). For a column pinned at both ends, K=1.0. For a fixed-fixed column,

the theoretical K is 0.5, though the AISC recommends using 0.65 for design to account for real-world imperfections.

Calculating Allowable Axial Stress (Fa)

The manual provides Table I-C, which allows engineers to look up the allowable stress (Fa) directly based on the Kl/

r value. For A36 steel, the maximum Kl/r is generally limited to 200 for compression members. The transition 

between inelastic and elastic buckling is defined by the constant C<sub>c</sub>, calculated as "�(2<�$R�ò�g’’à

Bolt Specifications and Connection Design

Structural integrity depends heavily on the connections between members. The 9th Edition covers both bolted and 

welded connections in great detail. Allowable Stress for Bolt Specificationis categorized by the type of bolt and

the nature of the connection.

Types of Bolts

•  A325: High-strength bolts for structural joints.

•  A490: Higher strength than A325, used in heavy industrial applications.

•  A307: "Low carbon" or common bolts, often used for secondary members.

Connection Modes

The manual distinguishes between Bearing-Type (N or X) and Slip-Critical (SC)connections. In bearing

connections, the bolts are expected to come into contact with the side of the holes. In slip-critical connections, the

bolts are tightened to a high tension to create friction between the joined plates, preventing any movement. This is

crucial in structures subject to fatigue or vibration.



Bolt Type Thread Condition Allowable Shear Stress (Fv)

A325 Threads Included (N) 21.0 ksi

A325 Threads Excluded (X) 30.0 ksi

A490 Threads Included (N) 28.0 ksi

A490 Threads Excluded (X) 40.0 ksi

Step-by-Step Design Procedure for a Steel Beam

Following the 9th Edition logic requires a systematic approach to ensure all failure modes are addressed. Below is

the standard workflow for designing a simply supported beam.

1.  Determine Loads: Calculate dead, live, snow, and wind loads. Sum them up for the total service load (W).

2.  Calculate Maximum Moment (M) and Shear (V): For a simple span, M = WL/8 and V = WL/2.

3.  Select a Trial Section: Use the Section Modulus (S) table. Calculate the required Sx = M / Fb (Assuming Fb = 

0.66Fy initially).

4.  Check Compactness: Ensure the chosen shape's b/t ratios are within the limits for a compact section.

5.  Check Lateral Support: Verify if the unbraced length Lb is less than Lc. If not, recalculate Fb using LTB 

formulas.

6.  Check Shear Stress: Ensure fv = V / (d * tw) "d Fv (usually 0.40Fy).

7.  Check Deflection: Ensure 9B�&B�Âó3c��`or live loads or L/240 for total loads to maintain serviceability.

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

Structural engineering has moved toward the unified AISC 360 Specification, which combines ASD and LRFD.

However, the legacy 9th Edition remains unique in several ways.

Why Engineers Still Use the 9th Edition

Many senior engineers and industrial sectors (such as petrochemical and power plants) prefer the 9th Edition

because of its "allowable stress" transparency. In these environments, loads are often well-defined, and the

conservative nature of the 1989 ASD provides a comfort margin that is easily communicated across disciplines.

Furthermore, when retrofitting buildings designed in the 1990s, the 9th Edition is the primary reference for

understanding the original design intent.

Metric vs. Imperial Units

The 9th Edition is predominantly an Imperial-unit manual. While modern codes provide easy conversions, the 1989 

version's tables for W-shapes(Wide Flanges) are the definitive source for US customary structural shapes used in

late 20th-century construction.

Case Studies and Field Implementation

Case Study: Industrial Platform Expansion

Consider an industrial facility built in 1992. An engineer is tasked with adding a new heavy pump to an existing

steel mezzanine. To evaluate the capacity, the engineer must refer to the 9th Edition ASD tables. If the beams are

A36 W12x26, the allowable moment capacity is calculated using the 0.66Fy limit, provided the floor grating



provides continuous lateral support. By using the 9th Edition, the engineer maintains consistency with the original

calculations, ensuring that the new safety factors don't conflict with the existing structural logic.

Common Troubleshooting in ASD Design

A frequent error in using the 9th Edition is the misapplication of combined stress formulas. When a member is 

subjected to both axial compression and bending (like a column in a moment frame), the engineer must use the 

Interaction Equations(Equations 1.6-1a and 1.6-1b). These formulas prevent the member from failing due to the

P-Delta effect, where axial loads exacerbate the bending moments. Ignoring the amplification factor (Cm) can lead

to an unsafe underestimation of stress.

The Legacy and Practical Future of ASD

The AISC Manual of Steel Construction 9th Edition is more than just a historical document; it is a testament to the 

reliability of elastic design. While LRFD offers a more statistically rigorous approach to safety, the simplicity of 

Allowable Stress Designensures it will continue to be taught in engineering schools and used in professional

practice for years to come.

For the modern practitioner, the 9th Edition serves as a vital tool for forensic investigation. When a structural

failure occurs in an older building, investigators must analyze the structure using the codes in place at the time of

construction. Understanding the nuances of 1989's allowable stresses is the only way to determine if a failure was

due to design error, material fatigue, or overloading.

Ultimately, the transition from the 9th Edition to the unified specifications represents the growth of the engineering

profession. By mastering the 9th Edition, engineers gain a deeper appreciation for the fundamental mechanics of

steel, the importance of lateral stability, and the rigorous safety standards that protect the built environment.

Whether you are designing a simple lintel or evaluating a complex industrial lattice, the principles laid out in the

1989 AISC Specification provide a solid foundation for structural excellence.
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