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Structural engineering in seismic regions requires a paradigm shift from traditional gravity-load design to a
philosophy centered on energy dissipation and controlled material yielding. The American Institute of Steel
Construction (AISC) has long been at the forefront of this discipline, providing the industry with the definitive
Seismic Design Manual. The 2nd Edition of this manual, specifically updated for the 2010 AISC Seismic

Provisions (AISC 341), remains a foundational text for engineers transitioning between the 14th Edition Steel
Construction Manual and the more recent 15th and 16th Editions. Understanding the intricate relationship between
the Load and Resistance Factor Design (LRFD)philosophy and seismic performance is essential for ensuring
the safety and resilience of modern steel structures.

The Evolution of Seismic Design Philosophy in Steel Construction

Seismic design is fundamentally different from wind or gravity design. While wind loads are generally treated as
external pressures that the building must resist elastically, seismic loads are inertial forces generated by the
building's own mass during ground acceleration. In high-seismic zones, designing a building to remain purely
elastic during a major earthquake is often economically unfeasible and technically inefficient. Instead, the AISC
framework utilizes the concept of ductility.

Ductility allows a structure to undergo significant plastic deformation without a total loss of load-carrying capacity.
By strategically designing certain elements to 'fuse’ or yield—such as the beams in a Special Moment Frame

(SMF) or the links in an Eccentrically Braced Frame (EBF)—the building can dissipate the kinetic energy of an
earthquake. The AISC Seismic Design Manual, 2nd Edition, provides the roadmap for this capacity-based
design approach, ensuring that while certain components yield, the global stability of the structure remains intact.

Load and Resistance Factor Design (LRFD) vs. Allowable Strength Design (ASD)

While both LRFD and ASD are supported by AISC, seismic design heavily favors LRFD. This is because seismic
behavior is inherently non-linear and limit-state oriented. LRFD uses load factors to account for the uncertainty in
load magnitudes and resistance factors (&phi;) to account for uncertainties in material strength and workmanship.

The core equation for LRFD is: &Sigma; &gamma;i Qi &le; &phi; Rn. In seismic applications, this methodology
allows engineers to more accurately predict the point at which a member will yield, which is critical for capacity
design where we must ensure the 'strong-column weak-beam' mechanism is achieved.

Technical Breakdown of the AISC Seismic Designh Manual, 2nd Edition

The 2nd Edition of the manual is structured into nine distinct parts, each addressing a specific facet of seismic
design. This modularity allows engineers to navigate from general requirements to complex connection details
systematically.

The Nine Parts of the Manual

1. General Design Considerations: Covers the selection of Seismic Load Resisting Systems (SLRS) and the
interpretation of the AISC 341 Provisions.



2. Analysis: Focuses on the requirements for linear elastic, p-delta, and non-linear analysis methods.

3. Systems: Detailed design requirements for Moment Resisting Frames (MRFs).

4. Braced Frames: Focuses on Concentrically Braced Frames (CBF), including Special (SCBF) and Ordinary
(OCBF) varieties.

5. Eccentrically Braced Frames (EBF): Technical guidance on link design and rotation limits.

6. Buckling-Restrained Braced Frames (BRBF): Addressing the unique behavior of braces that do not buckle
under compression.

7. Special Plate Shear Walls (SPSW): Design of steel plate webs and boundary elements.

8. Connection Design: Comprehensive examples of pre-qualified connections according to AISC 358.

9. Reference Tables: Dimensions and properties for structural shapes specific to seismic detailing.

Seismic Load Resisting Systems (SLRS) Comparison

Choosing the correct SLRS is the most critical decision in the early design phase. Each system has a unique
Response Modification Coefficient (R), which reduces the design earthquake forces based on the system's
expected ductility.



System Type

Special Moment
Frames (SMF)

Intermediate
Moment Frames
(IMF)

Special
Concentrically
Braced Frames
(SCBF)

Buckling-Restrained
Braced Frames
(BRBF)

Ordinary Moment
Frames (OMF)

R Factor

4.5

3.5

Cd (Deflection)

5.5

Ductility Level

High

Moderate

High

Very High

Low

Key Application

High-rise buildings in
high-seismic zones.

Moderate seismic
risk or low-rise
buildings.

Efficient for stiff
buildings with height
limits.

Structures requiring
high energy
dissipation without
buckling.

Low-seismic regions
(SDC A, B, or C).

Core Engineering Mechanics: Capacity Design and Protected Zones

In seismic design, we utilize Capacity Design. This means we design the ductile elements (the 'fuses') for the

actual seismic forces, but we design the surrounding elements (the 'non-fuses' like columns and connections) to

resist the maximum possible force that the ductile element can deliver. This force is often called the Expected

Yield Strength, calculated as Ry &times; Fy.

The Role of the Ry Factor

The Ryfactor accounts for the fact that the actual yield strength of steel is typically higher than the minimum

specified yield strength (Fy). For example, ASTM A992 steel has a minimum Fy of 50 ksi, but its expected yield
strength is often closer to 55-60 ksi. If an engineer designs a connection to fail at 50 ksi, but the beam doesn't yield
until 60 ksi, the connection might fail brittlely before the beam can dissipate energy. The Seismic Design Manual

provides these Ry values for various steel grades.

Protected Zones

The Protected Zoneis a region of a structural member where plastic hinging is expected to occur. To ensure the
steel can cycle through plastic deformations without fracturing, the AISC Seismic Provisions strictly prohibit any
attachments, welds, or even some types of markings within these zones. Common protected zones include the
ends of beams in SMFs and the links in EBFs.

Step-by-Step Procedure for Designing a Special Moment Frame (SMF)

Utilizing the AISC Seismic Design Manual, 2nd Edition, follow this technical workflow for an SMF design:

» Determine Seismic Design Category (SDC): Based on ASCE 7-10 or 7-16, identify if the site requires SMF,

IMF, or OMF.

e Select Member Sizes: Initially size beams and columns for gravity and drift requirements.

e Check Width-to-Thickness Ratios: Seismic members must be 'highly ductile," meaning they have lower b/t

ratios than standard 'compact' members to prevent local buckling.



¢ Strong-Column Weak-Beam (SC/WB) Check: Ensure that &Sigma;Mpc* / &Sigma;Mpb* &gt; 1.0. This
prevents a soft-story collapse mechanism where columns yield before beams.

¢ Design the Connection: Use a pre-qualified connection like the Reduced Beam Section (RBS). The RBS 'dog-
bone' cut forces the plastic hinge away from the column face, protecting the weld.

 Verify Stability Bracing: Lateral-torsional buckling must be prevented. Seismic bracing requirements are more
stringent than standard AISC 360 requirements.

Detailed Analysis of Seismic Connections

The 2nd Edition of the manual includes extensive design examples for connections. One of the most common is the
Bolted Unstiffened End Plate (BUEP) and the Reduced Beam Section (RBS). In an RBS connection, a portion
of the beam flanges is purposefully removed. This reduces the plastic moment capacity of the beam at that specific
location.

The mathematical objective is to ensure that the moment at the face of the column, when the RBS yields, does not
exceed the capacity of the column-beam interface (welds and bolts). The manual provides the formula for the
reduced plastic modulus (Z_rbs) and the calculation of the 'shakedown' forces transferred to the column.

Seismic Design Manual vs. Steel Construction Manual

It is vital to distinguish between the two. The Steel Construction Manual (16th Edition) is the 'Green Book' or
'‘Blue Book' that handles general member design for strength and serviceability. The Seismic Design Manualis a
supplement that adds layers of complexity required only when the building is categorized in Seismic Design
Category D, E, or F



Feature AISC Steel Construction Manual AISC Seismic Design Manual

Primary Specification AISC 360 AISC 341 &amp; AISC 358

Focus Strength, Serviceability, Stability Ductility, Energy Dissipation,
Inelasticity

Member Limits Compact / Non-compact / Slender Highly Ductile / Moderately Ductile

Bracing Requirement Lp and Lr for LTB Lb &lt; Lpd (Seismic bracing)

Case Study: Lessons from the Northridge Earthquake

The transition to the AISC Seismic Design Manual, 2nd Edition, was heavily influenced by the 1994 Northridge
Earthquake. Prior to Northridge, engineers believed that welded flange-bolted web connections were inherently
ductile. However, the earthquake caused widespread brittle fractures in these connections, often initiating at the
backup bars of the flange welds.

This failure mode led to the creation of the FEMA 350 guidelines and eventually the AISC 358 Prequalified
Connection Standard. The 2nd Edition of the Seismic Design Manual incorporates these lessons by mandating
notch-tough weld filler metals and specific weld access hole geometries to ensure that the connection can undergo
the rotation levels required for SMFs (at least 0.04 radians).

Troubleshooting Common Seismic Design Issues

When implementing the procedures from the manual, engineers often encounter several recurring challenges:

1. Failure to Meet the Strong-Column Weak-Beam Ratio

Problem: The column is too small, and &Sigma;Mc / &Sigma;Mb &It; 1.0.Solution:Either increase the column size
or decrease the beam size. However, if beam size is reduced, ensure drift limits are still met. Using a higher grade
of steel for the column (though rare for W-shapes) or adding doubler plates can also assist, though doubler plates
primarily address panel zone shear, not the SC/WB ratio itself.

2. Excessively Thick Doubler Plates

Problem: High shear forces in the column panel zone require thick doubler plates that are expensive to weld.
Solution:Select a column with a thicker web. While a heavier column increases material cost, it often reduces the
labor-intensive welding costs associated with doubler plates.

3. Bracing Interference

Problem: Seismic stability bracing for beams interferes with HVAC or plumbing.Solution:Use the AISC Seismic
Design Manual Part 9 to find alternative bracing locations. The provisions allow for some flexibility in the exact
placement of braces, provided they are within a certain distance from the plastic hinge.

Advancements in the 16th Edition and Beyond

While the 2nd Edition of the Seismic Design Manual is a cornerstone, the industry has moved toward the AISC
16th Edition Steel Construction Manual (released in 2023) and the 2022 AISC Specification for Structural
Steel Buildings. These updates further refine the 2nd Edition's principles by incorporating:



» Updated $R$ and $C_d$ factors for newer systems like the SpeedCore (CFS-PSW).

* New requirements for High-Strength Bolts (A325 and A490 have been replaced by ASTM F3125 grades).

¢ Refined calculations for the effective area of holes in beam flanges.

* Integration of the Direct Analysis Method (DAM) for seismic stability, which more accurately accounts for initial
imperfections and stiffness reduction due to yielding.

Structural Integrity and Professional Responsibility

The AISC Seismic Design Manual, 2nd Edition, is more than a technical guide; it is a critical component of public
safety. Structural steel's versatility makes it the material of choice for complex seismic designs, but that versatility
requires a deep understanding of material behavior at the limit state. Engineers must not only follow the formulas
provided in the manual but also understand the underlying physics of energy dissipation.

By strictly adhering to the Seismic Provisions and utilizing the LRFDmethod, designers can create structures that
protect human life even in the most severe seismic events. The shift from the 2nd edition to the current 16th edition
standards represents decades of research, testing, and real-world observation. As building codes evolve, the core
principles of ductility, capacity design, and detailed connection validation found in the AISC Seismic Design Manual
remain the industry standard for excellence in structural engineering.

In conclusion, whether one is designing a simple OMF in a low-risk zone or a complex BRBF in a metropolitan
center, the 2nd Edition of the Seismic Design Manual provides the essential examples and theoretical background
necessary for success. It bridges the gap between raw engineering specifications and practical, buildable designs,
ensuring that the next generation of steel buildings is stronger, safer, and more resilient than ever before.
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