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In the realm of modern structural engineering, the requirement for efficient, ductile, and high-performance lateral
force-resisting systems (LFRS) has led to the rapid evolution of Steel Plate Shear Walls (SPSW). As urban

centers grow more dense and seismic demands become more stringent, engineers are shifting away from
traditional reinforced concrete shear walls and heavy braced frames toward the more versatile SPSW system. The
definitive resource for this technology is AISC Design Guide 20: Steel Plate Shear Walls. This guide provides a
comprehensive framework for the analysis, design, and detailing of SPSW systems in both high-seismic and
limited-ductility applications.

The Evolution and Practical Scope of SPSW Systems

Steel Plate Shear Walls have been utilized in various forms since the 1970s, but their formal standardization in
American design practice was solidified with the publication of Design Guide 20. Originally, engineers treated steel
plates as elements that should not buckle, leading to the design of heavily stiffened, thick plates. However, research
into the post-buckling strength of thin steel plates revealed that these systems could dissipate immense amounts
of energy through tension field action. This discovery transformed the SPSW from a rigid, heavy component into
a highly ductile seismic fuse.

The practical scope of Design Guide 20 covers the application of these walls in building structures ranging from low-
rise commercial facilities to ultra-tall skyscrapers. By leveraging the inherent ductility of structural steel, SPSW
systems offer significant advantages in terms of reduced weight, faster construction cycles, and increased usable
floor space compared to traditional concrete cores.

Core Concepts and Theoretical Framework

At its most basic level, a Steel Plate Shear Wall consists of an infill web plate, two Vertical Boundary Elements
(VBESs) (typically columns), and two Horizontal Boundary Elements (HBEs)(typically beams). The system
functions analogously to a vertical cantilever plate girder, where the web plate resists shear and the boundary
elements act as the flanges to resist overturning moments.

e Tension Field Action: Unlike a solid concrete wall that resists shear through diagonal compression and
tension, a thin SPSW web plate is allowed to buckle elastically at very low loads. Once the plate buckles, it
develops a diagonal tension field that carries the majority of the lateral shear force.

¢ Energy Dissipation: In seismic events, the web plate undergoes cyclic yielding in tension. This yielding
provides stable hysteretic behavior, which is the primary mechanism for absorbing seismic energy and protecting
the building’s gravity-load-carrying system.

¢ Ductility and Redundancy: The continuous nature of the web-to-boundary-element connection ensures a high
degree of redundancy. If one portion of the web yields, the load is redistributed to adjacent sections.

Comparison of Lateral Force Resisting Systems

To understand why an engineer would select an SPSW over other systems, it is necessary to evaluate its
performance metrics alongside traditional alternatives. The following table provides a side-by-side comparison
based on structural characteristics and construction efficiency.



Feature Steel Plate Shear Wall Reinforced Concrete Buckling Restrained

(SPSW) (RC) Shear Wall Braced Frame (BRBF)
System Weight Low (Reduces foundation High (Increases seismic Moderate
costs) mass)
Construction Speed Very Fast (Prefabricated Slow (Curing and formwork) Fast
panels)
Ductility High (Excellent energy Moderate to High Very High
dissipation)
Stiffness High Very High Moderate
Architectural Impact Thin profile (More floor Thick walls (Reduces area) Diagonal obstructions
area)

Technical Analysis and Core Mechanics

The design of an SPSW according to AISC Design Guide 20 requires a deep understanding of the interaction
between the thin web plate and its surrounding frame. The primary analytical tool recommended for engineers is
the Strip Model.

The Strip Model Approach

Because the web plate buckles early, standard finite element shell models can be complex and computationally
expensive for routine design. Design Guide 20 simplifies this by representing the web plate as a series of inclined
tension-only strips. Each strip is assigned an area based on the plate thickness and the tributary width of the strip.

The angle of these strips, denoted as &alpha;, is not fixed at 45 degrees. Instead, it depends on the stiffness of the
boundary elements and the geometry of the panel. The formula provided in AISC 341 and elaborated upon in
Design Guide 20 for calculating the angle of inclination is:

tan&sup4;&alpha; =[1+t w*L/(2*A c)]/[L+t w*H*(1/A_b + H&sup3;/(360*1_c *L))]

Where:t_w: Thickness of the web plate.L: Distance between VBE centerlines.H: Distance between HBE
centerlines.A_c: Cross-sectional area of the VBE.|_c: Moment of inertia of the VBE.A_b:Cross-sectional area of
the HBE.

Capacity-Based Design Requirements

A fundamental principle in SPSW design is capacity-based design. This ensures that the boundary elements
(VBE and HBE) remain essentially elastic while the web plate undergoes plastic yielding. According to AISC 341
(Seismic Provisions), the boundary elements must be designed to resist the forces generated by the fully yielded
web plate, including the effects of the tension field acting at the angle &alpha;.

Step-by-Step Design Procedure for SPSW

AISC Design Guide 20 outlines a systematic approach to sizing and verifying an SPSW system. The following
procedure is typical for a high-seismic application ($R = 7$ or $R = 83%):

1. Determine Seismic Demands: Calculate the base shear and distribute it over the height of the building using



the Equivalent Lateral Force (ELF) procedure or Response Spectrum Analysis.

2. Preliminary Web Sizing: Size the web thickness ($t_w$) based on the required shear strength. The shear
strength is given by $V_n=0.42 * F_y *t w * L * sin(2&alpha;)$.

3. Calculate Angle of Inclination: Use the iterative formula to determine the precise angle of the tension field.

4. Design Horizontal Boundary Elements (HBE): The HBE must be capable of resisting the vertical component
of the tension field and the moments resulting from the frame action. HBEs are typically designed as plastic hinges
in extreme events.

5. Design Vertical Boundary Elements (VBE): The VBEs (columns) must resist the horizontal component of the
tension field and the cumulative axial forces from the floors above. They must be checked for stability under
combined axial compression and bending.

6. Connection Detailing: Design the web-to-boundary element connections. These are typically continuous fillet
welds to a fishplate (a transition plate welded to the boundary elements).

High-Seismic vs. $R = 3% Applications

Design Guide 20 is unique in that it provides guidance for two distinct design philosophies. In seismic regions, the
system is designed for high ductility. However, in regions of low seismicity, an $R = 3$system can be used, which
avoids the rigorous capacity-design requirements of AISC 341. The table below highlights the differences:



Requirement High-Seismic (Special SPSW) Non-Seismic / $R = 3$ (Ordinary)

Design Code AISC 341 &amp; AISC 360 AISC 360 Only

Capacity Design Required for VBE/HBE Not Required

Web Buckling Expected and utilized Permitted

Connection Testing Strict pre-qualification Standard AWS requirements
Stiffness Modeling Strip Model or Shell FEA Linear Elastic (Simplified)

Welding and Connection Considerations (Reference to Design Guide 21)

The integrity of an SPSW is entirely dependent on the connection between the web plate and the boundary
elements. AISC Design Guide 21: Welded Connectionsis often used in conjunction with Design Guide 20 to
ensure these joints can handle the high-strain demands of a seismic event. Key considerations include:

e Fishplate Geometry: The use of a fishplate allows for easier installation and accommodates fit-up tolerances
in the field. The web plate is lapped onto the fishplate and fillet welded.

* HBE-to-VBE Connections: These are typically Moment Connections. They must be capable of developing the
plastic moment capacity of the HBE while subjected to the large shear forces from the web.

e AISC 303 Compliance: All steel fabrication and erection should follow the Code of Standard Practice for
Structural Steel Buildings (AISC 303) to ensure that tolerances for plumbness and plate flatness are maintained,
though it should be noted that initial out-of-flatness does not significantly impact the performance of a tension-field
system.

Modeling and Analysis Techniques

While the strip model is the traditional method for analyzing SPSWs, advanced Nonlinear Time History Analysis
(NLTHA)is becoming more common. In these models, the web plate is modeled using shell elements with non-
linear material properties and initial imperfections to trigger buckling.

The Equivalent Brace Model

For preliminary design or for engineers working in software that does not easily support multiple strips, an
Equivalent Brace Modelcan be used. In this model, the entire SPSW panel is replaced by a single diagonal
brace. The cross-sectional area of this brace is calculated to provide the same lateral stiffness as the tension field
in the web plate. While useful for global building drift checks, this method is often too coarse for detailed boundary
element design.

Practical Implementation and Field Guide

Implementing an SPSW system requires close coordination between the structural engineer and the fabricator.
Because the web plates are relatively thin, they are susceptible to damage during shipping and handling.

Installation Sequence

1. Frame Erection: The VBEs and HBEs are erected first, forming the bay that will house the shear wall.
2. Fishplate Attachment: Fishplates are usually shop-welded to the beams and columns.



3. Web Plate Placement: The web plate is lifted into place, often with temporary erection bolts to hold it against
the fishplate.

4. Final Welding: Once the frame is plumb and square, the final fillet welds are applied. It is critical to follow a
welding sequence that minimizes residual stresses and prevents excessive warping.

Troubleshooting Common Design Challenges

Engineers often encounter challenges when integrating SPSW into multi-use buildings. Below are common issues
and their technical solutions:

* Opening for Utilities: Small penetrations can be made in the web plate if they are properly reinforced with
stiffeners. Large openings usually require the wall to be split into two narrower panels with an intermediate column.
¢ Column Overturning: The high lateral capacity of SPSW can lead to massive uplift forces at the foundation.
Using Composite SPSW (steel plate encased in concrete) or increasing the number of bays can help distribute
these loads.

» Acoustics and Fire: While the steel plate itself is not a fire-rated assembly, it is typically enclosed in gypsum
board or spray-applied fire resistive material (SFRM) to meet AISC Design Guide 19 standards.

Broader Implications for the Structural Engineering Industry

The adoption of AISC Design Guide 20 marks a significant milestone in the move toward Performance-Based
Design (PBD). By providing a clear roadmap for utilizing the post-buckling strength of steel, the guide allows for
structures that are not only safer but also more resource-efficient. The reduction in material usage compared to
traditional concrete walls aligns with global sustainability goals, reducing the carbon footprint of high-rise
developments.

Furthermore, the synergy between AISC Design Guides—such as the relationship between Design Guide 20
(SPSW), Design Guide 11 (Vibrations), and Design Guide 360 (Specification)—creates a holistic ecosystem for
steel design. As computational power increases, the ability to model the complex non-linear behavior of these walls
will become even more accessible, likely leading to even thinner plates and more optimized boundary elements.

Ultimately, the Steel Plate Shear Wall is a testament to the ingenuity of structural steel design. It balances the
paradoxical requirements of extreme stiffness for wind drift control and extreme ductility for seismic energy
dissipation. Engineers who master the principles in Design Guide 20 are well-equipped to design the next
generation of resilient, high-performance urban infrastructure.
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