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In the realm of structural engineering, ensuring the stability of steel buildings is a primary objective that transcends
simple member-level strength calculations. The American Institute of Steel Construction (AISC), through its
seminal publication Design Guide 28: Stability Design of Steel Buildings, provides a definitive framework for
navigating the complex requirements of modern building codes. Since the introduction of the 2005 AISC
Specification for Structural Steel Buildings, there has been a paradigm shift from traditional methods to more
sophisticated analysis techniques, most notably the Direct Analysis Method (DAM). This article provides a
comprehensive, in-depth technical exploration of Design Guide 28, the theoretical underpinnings of stability design,
and practical implementation strategies for structural engineers.

Understanding the Evolution of Stability Design

Historically, the stability of steel structures was addressed primarily through the Effective Length Method (ELM).
This approach relied on the calculation of effective length factors (K-factors) to account for the buckling capacity of
columns within a frame. However, as structures became more complex and the demand for leaner, more efficient
designs increased, the limitations of ELM became apparent. The 2005 and subsequent 2010 AISC Specifications
introduced the Direct Analysis Method as the preferred approach for stability design.

Design Guide 28 was specifically authored to bridge the gap between theoretical code provisions and practical
application. It illustrates how engineers can account for the various factors that influence stability, including
geometric non-linearities, residual stresses, and initial imperfections. By following the guidance in DG 28,
engineers can ensure that their designs are not only compliant with AISC 360 but also robust against the second-
order effects that often lead to structural failure.

The Five Essential Pillars of Stability

According to the AISC Specification, any method used for stability design must address five specific requirements.
Design Guide 28 elaborates on these pillars to ensure a holistic approach to structural integrity:

¢ Flexural, Shear, and Axial Member Deformations: All deformations that contribute to the displacement of the
structure must be considered in the analytical model.

¢ Second-Order Effects (P-Delta and p-delta): Analysis must account for the effects of loads acting on the
displaced shape of the structure. This includes both P-&Delta; effects (large scale displacements of the frame) and
p-&delta; effects (displacements of the member relative to its chord).

¢ Geometric Imperfections: Real-world structures are never perfectly plumb. Initial out-of-plumbness and
member out-of-straightness must be accounted for, often through the use of notional loads.

« Stiffness Reduction: The effects of inelasticity, specifically residual stresses and the uncertainty in member
stiffness, must be addressed by reducing the elastic stiffness of the members during analysis.

¢ Uncertainty in Stiffness and Strength: The design must account for the statistical variability in material
properties and cross-sectional dimensions.

The Direct Analysis Method (DAM): Technical Breakdown



The Direct Analysis Method is the cornerstone of AISC Design Guide 28. Unlike the ELM, which modifies the
capacity of the member (via the K-factor), the DAM modifies the demand on the structure through a more rigorous
analysis. This makes it applicable to a wider range of structures, including those with high sensitivity to second-
order effects.

1. Second-Order Analysis

Under the DAM, a rigorous second-order analysis is required. This analysis must capture both the P-&Delta;
(frame stability) and p-&delta;(member stability) effects. Most modern structural analysis software packages (such
as SAP2000, ETABS, or RISA-3D) use an iterative geometric non-linear approach to satisfy this requirement.
Design Guide 28 provides benchmarks to verify that software programs are correctly capturing these effects.

2. Stiffness Reduction Factors

To account for the effects of residual stresses and the transition from elastic to inelastic behavior, the DAM requires
that the stiffness of all members contributing to the stability of the structure be reduced:

¢ Axial and Flexural Stiffness: A factor of 0.8 is applied to both EA (axial stiffness) and El (flexural stiffness).

¢ Additional Flexural Reduction (&tau;b): An additional factor, &tau;b, is applied to the flexural stiffness (El) of
members when the required axial compressive strength exceeds 50% of the yield strength. This factor is calculated
as follows:

If Pu/ Py &le; 0.5: &tau;b = 1.0
e If Pu/ Py &gt; 0.5: &tau;b =4 * (Pu/ Py) * (1 - Pu/ Py)
3. Notional Loads (Ni)
Geometric imperfections are represented by notional loads applied at each story. These are lateral loads
calculated as a fraction of the gravity loads (Yi) acting on that story. The standard notional load factor is 0.002,
which represents an initial out-of-plumbness of L/500 (the standard tolerance defined in the AISC Code of

Standard Practice). Design Guide 28 emphasizes that notional loads must be applied in the direction that adds to
the maximum destabilizing effect.

Comparison of Stability Analysis Methods

Design Guide 28 provides a clear comparison between the three primary methods recognized by the AISC
Specification. The following table summarizes the key differences in application and requirements.



Requirement

K-Factor

Analysis Type

Stiffness Reduction

Notional Loads

Applicability

Direct Analysis Method
(DAM)

K = 1.0 (Always)

Rigid Second-Order

0.8 * &tau;b applied to El
and EA

Required (can be reduced
in some cases)

Universal (all &Delta;2nd/

Effective Length Method
(ELM)

K calculated via alignment
charts

Second-Order

No reduction in analysis

Required for gravity-only
combos

Limited to &Delta;2nd/
&Delta;1st &le; 1.5

First-Order Analysis
Method

K=1.0

First-Order

No reduction in analysis

Required (Additional B1/B2
amplification)

Limited to &Delta;2nd/
&Delta;1st &le; 1.5

&Delta;1st ratios)

Practical Implementation: Floor Systems and Material Properties

One of the practical highlights of Design Guide 28is its treatment of real-world gravity systems and lateral force-
resisting systems. The guide uses detailed examples to show how to apply these abstract principles to daily design
tasks.

Material Specification and Selection

Based on AISC Manual Table 2-3, the guide highlights the standard material properties used in contemporary steel
construction. Accurate material data is critical for determining the yield strength (Fy) and ultimate strength (Fu)
used in stability checks:

e Beams and Columns: ASTM A992 is the preferred specification, offering a yield strength (Fy) of 50 ksi and a
tensile strength (Fu) of 65 ksi.

e Bracing and Angles: ASTM A36 is frequently used for bracing members, with Fy = 36 ksi and Fu = 58-80 ksi.

¢ Hollow Structural Sections (HSS): Typically ASTM A500 Grade C (Fy = 50 ksi for rectangular sections).

Loading and Member Weights

The design examples in the guide illustrate the meticulous accounting of loads required for stability analysis. This
includes Dead Loads (DL) such as the weight of the floor deck, concrete topping, and fireproofing; Live Loads (LL)
based on occupancy; and Environmental Loadslike wind and snow. Design Guide 28 demonstrates how the self-
weight of the members must be included in the total gravity load (Yi) used to calculate notional loads, as even small
increases in gravity load can amplify P-Delta effects in flexible frames.

Step-by-Step Procedure for Stability Design using DG 28

To ensure a rigorous design that adheres to AISC Design Guide 28, engineers should follow this systematic
workflow:

1. Develop the 3D Analytical Model: Create a model that includes all primary lateral and gravity members.
Assign appropriate end-releases (pinned or rigid).

2. Apply Reduced Stiffness: Modify the material or property modifiers in the software. Apply a factor of 0.8 to all
stiffness properties. Check if &tau;b is required (if Pu / Py &gt; 0.5). If the axial load is unknown, an iterative
approach or a conservative &tau;b may be used initially.



3. Determine Notional Loads: Calculate Ni = 0.002 * Yi for each level. Apply these loads in the same direction
as the lateral loads in each load combination.

4. Perform Second-Order Analysis: Run a non-linear P-Delta analysis. Ensure the software captures both the
global (P-&Delta;) and local (p-&delta;) effects. If the software only captures P-&Delta;, the p-&delta; effect can be
accounted for by subdividing members into multiple segments.

5. Verify Design Strengths: Compare the required strengths (Mu, Pu, Vu) from the second-order analysis to the
design strengths (&phi;Mn, &phi;Pn, &phi;Vn) calculated using an effective length factor K = 1.0.

6. Check Drift Limits: Ensure that the lateral displacements under service loads meet the project's drift criteria,
noting that the reduced stiffness used for strength design is typically not required for serviceability (drift) checks
unless specifically mandated.

Case Study: Comparison of Drift and Stability in High-Rise vs. Low-Rise

The impact of Design Guide 28's provisions varies significantly depending on the height and stiffness of the
building. In low-rise structures with robust bracing, second-order effects might only increase moments by 5-10%. In
these cases, the First-Order Analysis Method may be simpler to implement.

However, in mid-to-high-rise structures or flexible moment frames, the ratio of second-order displacement to first-
order displacement (&Delta;2nd/&Delta;1st) can exceed 1.2 or 1.3. At these levels, the Direct Analysis Method
becomes essential. The 0.8 stiffness reduction can lead to a significant increase in the calculated P-Delta
moments, which might reveal a potential instability that a traditional first-order analysis would have missed. Design
Guide 28 provides a benchmark example of a multi-story moment frame where the use of DAM resulted in a 15%
increase in column sizes compared to the older ELM, illustrating the guide's role in identifying hidden risks.

Common Pitfalls and Troubleshooting in Stability Design

Even with the comprehensive guidance of AISC Design Guide 28, structural engineers often encounter challenges
during the modeling and analysis phase. Addressing these common pitfalls is vital for technical accuracy.

1. Incorrect Application of Notional Loads

One common error is the failure to apply notional loads in gravity-only load combinations. The AISC Specification
requires that notional loads be applied to allload combinations. However, if the ratio of second-order drift to first-
order drift is less than or equal to 1.7, notional loads only need to be applied to gravity-only combinations and not
those that already include lateral loads.

2.lgnoring p-delta (Small Delta) Effects

Many engineers assume that global P-Delta analysis is sufficient. However, if a member is subjected to significant
axial load and has a large initial curvature or is subjected to transverse loads, the local p-&delta; effect can
significantly increase the internal moments. Design Guide 28 suggests that if the software does not natively handle
p-&delta;, engineers must manually amplify the moments using the B1 factor or refine the mesh of the column.

3. Misunderstanding Stiffness Reduction

Applying the 0.8 reduction to all members is a requirement of the DAM. Some engineers mistakenly apply this
reduction only to the lateral force-resisting system. However, for the analysis to correctly redistribute loads as the
structure approaches its limit state, the reduction must be applied to all membersthat contribute to the frame's
overall stiffness, including gravity columns that provide P-Delta lean-on resistance.

Conclusion: The Future of Steel Stability Design



AISC Design Guide 28: Stability Design of Steel Buildings represents a critical evolution in structural engineering
practice. By moving away from the empirical nature of K-factors and embracing the more rigorous Direct Analysis
Method, the profession has gained a more accurate and versatile tool for ensuring building safety. The guide
provides the necessary technical depth to handle the non-linear realities of steel structures, accounting for
everything from the microscopic residual stresses in a rolled W-shape to the macroscopic lean-on effects of a multi-
story floor diaphragm.

As structural analysis software continues to evolve, the principles outlined in Design Guide 28 will remain the
bedrock of stability design. Engineers who master these concepts are better equipped to design taller, more
complex, and more efficient structures without compromising the safety of the occupants. The ongoing revisions
and errata provided by AISC ensure that this guide stays at the forefront of engineering knowledge, reflecting the
latest research and field observations in the world of structural steel.
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