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Understanding the AISC Manual of Steel Construction Allowable Stress 
Design

When engineers design steel structures, they rely on a set of well �established rules and tables that ensure safety, 

economy, and performance. In North America, the American Institute of Steel Construction (AISC) publishes the 

Manual of Steel Construction, a comprehensive reference that covers everything from material properties to 

detailed design procedures. One of the most widely used design philosophies outlined in the manual is the 

Allowable Stress Design(ASD) method. This article explores the AISC manual’s ASD framework in depth,

offering a clear, practical guide for professionals who need to apply these rules in real �world projects.

Why the AISC Manual Matters for Steel Design

The AISC manual is not just a book; it is the industry standard for steel design in the United States. It contains:

•  Material specifications and test data for a variety of steel grades.

•  Load combinations and safety factors for different building types.

•  Tables of allowable stresses, buckling curves, and design coefficients.

•  Detailed design procedures for beams, columns, plates, and connections.

•  Guidelines for quality control, fabrication, and inspection.

By following the manual, engineers can ensure that their designs comply with federal, state, and local regulations

while also meeting client expectations for durability and cost efficiency.

What Is Allowable Stress Design?

Allowable Stress Design, often abbreviated as ASD, is a safety �factor �based approach to structural engineering.

Rather than calculating a member’s ultimate capacity and then applying a reduction factor, ASD directly limits the

stress in each component to a fraction of its material’s ultimate strength. The key idea is to keep stresses below a

level that will not cause failure under normal service conditions.

In the AISC manual, ASD is defined by a set of allowable stress values that vary with the type of load (e.g., axial, 

bending, shear) and the steel grade. These values are derived from the ultimate strength by dividing it by a safety 

factor that accounts for uncertainties in material behavior, loading, and construction quality.

Historical Context of ASD

The ASD approach has its roots in early 20th �century engineering, where designers relied on empirical safety

factors to compensate for limited material testing data. Over time, as steel manufacturing improved and testing

became more precise, the AISC manual refined these factors, providing a systematic and transparent method that

engineers can trust. Today, ASD remains popular for its simplicity, especially in regions where code adoption is

slower or where detailed load �resistance factor design (LRFD) is not yet mandated.

Key Concepts in ASD According to the AISC Manual

Material Properties



The AISC manual lists the mechanical properties of various steel grades, such as:

•  Yield strength (Fy)

•  Ultimate strength (Fu)

•  Young’s modulus (E)

•  Poisson’s ratio (;Ò•

These values are critical because allowable stresses are calculated directly from the yield or ultimate strengths,

depending on the load type.

Safety Factors and Load Combinations

For each load type, the manual provides a specific allowable stress factor (ASF). The general formula is:

Allowable Stress = Ultimate Strength / ASF

For example, for bending in a typical steel beam, the ASF might be 1.67. This means the design stress must be

less than 60% of the material’s ultimate strength.

Additionally, the manual prescribes load combinationsthat reflect realistic loading scenarios. These combinations

are used to calculate the maximum expected stresses in each member.

Load Types and Their Impact on Design

•  Dead loads – permanent loads such as self �weight and fixed equipment.

•  Live loads – variable loads like occupants, furniture, and temporary equipment.

•  Wind loads – forces exerted by wind pressure.

•  Seismic loads – dynamic forces from earthquakes.

•  Temperature effects – expansion or contraction due to temperature changes.

Each of these loads is treated differently in ASD calculations, and the AISC manual provides tables and formulas to

handle them appropriately.

ASD vs. LRFD: When to Use Which?

While ASD remains popular, the AISC manual also supports the Load and Resistance Factor Design (LRFD)

philosophy, which uses resistance factors applied to ultimate strengths. The choice between ASD and LRFD often

depends on:

•  Regulatory requirements of the jurisdiction.

•  Project complexity and risk tolerance.

•  Availability of design software and expertise.

In practice, many engineers use ASD for preliminary sizing and LRFD for final verification, especially in projects

that require rigorous safety margins.

Step �by �Step Guide to ASD Using the AISC Manual

1. Gather Material Data

Start by selecting the steel grade (e.g., S275, S355, W-xx �yy). Record its yield and ultimate strengths, modulus of

elasticity, and any special properties (e.g., high �strength, low �carbon).

2. Identify Load Cases

Determine all relevant load cases:



1.  Dead load (DL)

2.  Live load (LL)

3.  Wind load (WL)

4.  Seismic load (SL)

5.  Temperature effects (TE)

For each case, calculate the corresponding force or moment using building codes, wind load maps, seismic design

charts, and temperature tables.

3. Apply Load Combinations

The AISC manual specifies load combinations such as:

•  1.4 DL + 1.0 LL

•  1.4 DL + 1.0 WL

•  1.2 DL + 1.0 SL

•  1.4 DL + 1.0 TE

Use the combination that yields the maximum stress for each member.

4. Calculate Member Stresses

For each structural element, compute the stresses using standard beam, column, or plate formulas. For example:

Bending stress (<6"’�Ò�Ò§’�ò�•

where M is the bending moment, y is the distance from the neutral axis, and I is the moment of inertia.

5. Compare with Allowable Stress

Using the appropriate ASF from the AISC manual, calculate the allowable stress for the member’s load type. If the

design stress is less than the allowable stress, the member is acceptable.

6. Check for Additional Conditions

Verify that:

•  Stress concentrations (e.g., around holes or notches) are within limits.

•  Buckling resistance for columns meets the slenderness criteria.

•  Connections (welds, bolts) can handle the applied forces.

All these checks are guided by tables and formulas in the manual.

Designing Key Structural Elements with ASD

Beams

Beams primarily resist bending and shear. The AISC manual provides:

•  Tables for allowable bending stresses based on beam size and steel grade.

•  Shear stress tables for different cross �sectional shapes.

•  Guidelines for shear reinforcement (e.g., stirrups or plate stiffeners).

When designing a beam, start by sizing it for bending. Then, check shear to ensure the beam’s cross �section can

handle the shear forces. If shear is critical, consider adding shear reinforcement or selecting a beam with a higher

shear capacity.

Columns



Columns experience axial loads and may also be subject to bending. Key steps include:

•  Calculating the axial load and determining the slenderness ratio.

•  Using the AISC buckling curves to find the critical buckling load.

•  Ensuring the design axial stress is below the allowable stress.

•  Checking for combined axial and bending stresses if applicable.

For very slender columns, additional measures such as bracing or local stiffeners may be required.

Connections

Connections are often the weakest link in a steel structure. The manual covers:

•  Weld design: minimum weld sizes, root fillets, and throat thickness.

•  Bolt design: bolt grades, tensile and shear capacities, and spacing.

•  Plate design: thickness, edge distances, and reinforcement.

Use the provided tables to select the correct bolt size and spacing. For welded joints, verify that the weld throat

meets the minimum required thickness based on the applied load.

Common Pitfalls and How to Avoid Them

Underestimating Load Combinations

Engineers sometimes use only a single load case, neglecting the worst �case scenario. Always use the full set of

load combinations from the AISC manual to capture the maximum possible stresses.

Ignoring Stress Concentrations

Holes, notches, or abrupt changes in section can create high stress concentrations. The manual includes correction

factors for such situations. Apply these factors to avoid over �designing or, worse, under �designing.

Misapplying Safety Factors

Each load type has a specific ASF. Using the wrong factor can lead to unsafe designs. Double �check the manual’s

tables for the correct ASF for each load case.

Overlooking Connection Details

Connections are critical; a weak joint can cause a catastrophic failure. Ensure that welds, bolts, and plates meet the

required dimensions and that the fabrication quality is verified through inspection.

Illustrative Example: Design of a Steel Beam Using ASD

Let’s walk through a simplified example to illustrate the ASD process.

Project Parameters

•  Beam length: 10 /m

•  Steel grade: S355

•  Dead load: 5 /kN/m

•  Live load: 4 /kN/m

•  Wind load: 2 /kN/m

•  Temperature effect: negligible

Step 1: Load Combination

Using the AISC load combination for bending:



1.4 DL + 1.0 LL + 1.0 WL = 1.4(5) + 1.0(4) + 1.0(2) = 7 + 4 + 2 = 13 /kN/m
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