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In the landscape of modern structural engineering, the requirement for efficient, ductile, and space-saving lateral 

force-resisting systems (LFRS) has led to the widespread adoption of Steel Plate Shear Walls (SPSW). As urban 

environments demand taller structures with more flexible floor plans, traditional reinforced concrete shear walls 

often become prohibitively thick, encroaching on valuable real estate. AISC Design Guide 20serves as the

primary technical authority for the design, analysis, and implementation of these systems. This guide provides

structural engineers with a comprehensive framework for both high-seismic applications and R=3 (non-seismic or

low-seismic) configurations.

The Evolution and Background of Steel Plate Shear Walls

Historically, the development of SPSW technology was influenced by the behavior of plate girders in bridge

construction. Just as the web of a plate girder resists shear through the formation of a tension field after buckling,

the web plates in an SPSW system provide lateral resistance through the same mechanism. Early iterations of

these systems often utilized heavily stiffened plates to prevent buckling, a practice derived from aeronautical

engineering. However, research conducted in the late 20th century demonstrated that unstiffened, thin steel plates

were not only more cost-effective but also exhibited superior energy dissipation characteristics under cyclic loading.

The publication of AISC Design Guide 20marked a significant milestone, consolidating decades of research into a

standardized design procedure. The guide addresses the transition from rigid, stiffened systems to the modern

"tension field" approach, which leverages the post-buckling strength of the steel plate. This shift has allowed for

lighter structures that can undergo significant inelastic deformation without catastrophic failure, a critical

requirement for seismic resilience.

Core Theoretical Framework: Tension Field Action

The fundamental principle governing the behavior of an SPSW is Tension Field Action. Unlike a concrete shear

wall that relies on the diagonal compression of the concrete and the tension of the reinforcement, an SPSW relies

almost exclusively on the diagonal tension developed in the web plate after it has buckled under relatively low

shear stress.

The Strip Model Analogy

To analyze the complex stress distribution in a thin web plate, engineers utilize the Strip Model(or Multi-Strip

Model). In this analytical framework, the steel plate is replaced by a series of inclined tension-only members

(strips). These strips are oriented at an angle $\alpha$, which typically ranges between 30 and 52 degrees,

depending on the geometry of the boundary elements and the thickness of the plate.

•  Stiffness Matrix Integration: Each strip represents a portion of the web plate's cross-sectional area. The sum 

of the horizontal components of these strips' tension forces provides the story shear resistance.

•  Force Distribution: The tension forces in the strips exert significant inward forces on the Vertical Boundary 

Elements (VBEs) and Horizontal Boundary Elements (HBEs).

•  Ductility: As the strips reach their yield capacity, the system dissipates energy through large-scale yielding of 



the plate, providing a stable hysteretic response.

Plate-Frame Interaction (PFI)

An SPSW is not merely a plate; it is a system comprising the web plate and the surrounding moment-resisting 

frame. The Plate-Frame Interactionis critical because the boundary elements must be stiff enough to anchor the

tension field forces without excessive deformation. If the boundary elements (especially the VBEs) are too flexible,

the tension field cannot fully develop, leading to a significant reduction in the system's overall stiffness and strength.

Technical Specifications and Material Requirements

The design of SPSWs is governed by ANSI/AISC 360 (the Specification for Structural Steel Buildings) and ANSI/

AISC 341(the Seismic Provisions). According to AISC Design Guide 20, materials must be selected to ensure that

yielding occurs in the web plate before any failure in the boundary elements or connections.



Component Recommended Material Primary Role

Web Plate ASTM A36 Yields to dissipate energy and provide 
shear resistance.

VBE (Columns) ASTM A992 / A572 Gr. 50 Resist axial loads and anchor the 
tension field.

HBE (Beams) ASTM A992 / A572 Gr. 50 Distribute shear and maintain frame 
continuity.

Connections High-Strength Bolts/Welds Ensure force transfer between plate 
and frame.

ASTM A36 is frequently preferred for the web plates because its lower yield strength (compared to A992) allows for

the use of slightly thicker plates, which simplifies the welding process and reduces the risk of premature tearing.

Thicker plates also improve the out-of-plane stability of the wall during fabrication and erection.

Step-by-Step Design Procedure for SPSW

AISC Design Guide 20 outlines a rigorous procedure for sizing the components of a Steel Plate Shear Wall. The

following steps summarize the technical workflow required for a code-compliant design:

Step 1: Determine Required Story Shear

The engineer must calculate the factored shear force ($V_u$) at each level based on the lateral load analysis (wind 

or seismic). For seismic applications, the Response Modification Factor (R)for SPSWs is typically 7 or 8,

depending on the specific detailing and the building code used.

Step 2: Calculate the Inclination Angle (;�•

The angle of the tension strips is not arbitrary. It is calculated based on the properties of the HBE, VBE, and the

plate itself using the following relationship:$$\tan^4 \alpha = \frac{1 + \frac{L t_w}{2 A_c}}{1 + L t_w \left( \frac{1}

{A_b} + \frac{h^3}{360 I_c L} \right)}$$Where $L$ is the bay width, $h$ is the story height, $t_w$ is the plate

thickness, $A_c$ and $I_c$ are the area and moment of inertia of the VBE, and $A_b$ is the area of the HBE.

Generally, a preliminary angle of 45 degrees is used for initial sizing.

Step 3: Size the Web Plate

The required thickness of the plate ($t_w$) is determined by the shear capacity formula:$$V_n = 0.42 F_y t_w

L_{cf} \sin(2\alpha)$$Where $L_{cf}$ is the clear distance between VBEs. The plate thickness must be sufficient to

resist the factored shear while remaining thin enough to ensure yielding occurs at the desired load level.

Step 4: Design the Boundary Elements (VBE and HBE)

The boundary elements must be designed to resist the combined effects of the tension field forces and the overall

overturning moments. AISC 341 requires that boundary elements in "Special" SPSWs remain essentially elastic,

except for plastic hinges at the ends of the HBEs. This is a "capacity-protected" design approach where the plate is

the sacrificial element.

Step 5: Verify Stiffness Requirements

The VBEs must meet a minimum moment of inertia requirement to prevent excessive inward pulling from the

tension field:$$I_c \ge 0.00307 \frac{t_w h^4}{L}$$Failure to meet this stiffness criterion will result in non-uniform



tension fields and reduced efficiency.

Seismic Performance and R=3 Applications

One of the most significant contributions of AISC Design Guide 20 is the distinction between high-seismic 

detailing and R=3applications. In regions of low seismicity, engineers may choose to design the SPSW with an R-

factor of 3, which allows for simpler detailing and eliminates the need for the rigorous capacity-design requirements

of AISC 341. In an R=3 system, the boundary elements do not need to be designed to develop the full capacity of

the plate, and connection detailing is significantly simplified.

Ductile vs. Non-Ductile Performance

•  High-Seismic (Special SPSW): Requires extensive seismic detailing, including protected zones, highly ductile 

connections, and strict width-to-thickness ratios for boundary elements.

•  R=3 (Ordinary SPSW): Focuses on strength and stiffness. It is often the preferred choice for wind-governed 

designs in non-seismic zones like the Eastern United States or the Gulf Coast.

Structural Comparison: SPSW vs. Alternatives

Choosing the right LFRS involves weighing the trade-offs between cost, performance, and space. The following

table compares SPSW with common alternatives.



Feature Steel Plate Shear Wall RC Shear Wall Braced Frame (SCBF)

Floor Space Usage Minimal (6-12 inches) Substantial (12-30 inches) Moderate

Construction Speed Fast (All steel) Slow (Curing/Forming) Fast

Ductility Very High Moderate to High Moderate

Weight Light Heavy Moderate

Foundation Impact Lower seismic mass Higher seismic mass Concentrated loads

Practical Implementation and Field Guide

Successful implementation of an SPSW requires close coordination between the structural engineer and the

fabricator. Because the web plates are relatively thin, they are prone to warping during welding.

Connection Detailing

The web plate is typically connected to the boundary elements via a Fish Plate. A fish plate is a transitional plate

(usually 3/8" to 1/2" thick) that is shop-welded to the HBE and VBE. The thinner web plate is then field-welded or

field-bolted to the fish plate. This allows for easier alignment and compensates for fabrication tolerances.

Fabrication Challenges

•  Warping: Excessive heat during welding can cause the thin web plate to buckle or "oil-can." Intermittent 

welding or specialized heat-management techniques are often required.

•  Erection Sequence: The order in which plates are installed can affect the plumbing of the building. Designers 

often specify that plates be installed after a certain number of floors are erected and leveled.

Case Study: Failure Modes and Troubleshooting

While SPSWs are exceptionally robust, improper design or detailing can lead to sub-optimal performance.

Common issues identified in historical testing and field reports include:

VBE Inward Buckling

In several experimental tests where the $I_c$ requirement (Step 5 above) was ignored, the columns (VBEs) bowed 

inward significantly. This caused the tension field to collapse toward the center of the wall, leading to a loss of 

lateral stiffness and premature plastic hinging in the columns. Solution:Always strictly adhere to the minimum

stiffness requirements in AISC Design Guide 20.

HBE-to-VBE Connection Failure

In high-seismic events, the ends of the HBEs are subject to extreme rotations. If the beam-to-column connection is 

not detailed for ductility (e.g., using a Reduced Beam Section or RBS), the connection may fracture. Solution:Use

pre-qualified seismic connections as specified in AISC 358.

Base Plate Uplift

Due to the high overturning moments and the concentrated nature of the lateral force, base plates at the bottom of 

VBEs are subject to massive tension forces. Solution:Deeply embedded anchor rods and heavy base plate

assemblies are mandatory, often requiring coordination with the foundation engineer to ensure the concrete pier



can transfer these loads to the soil.

Integrating AISC 2022 Specification Updates

The 2022 edition of the AISC Specification (ANSI/AISC 360-22) and the Seismic Provisions (ANSI/AISC 341-22)

have refined the requirements for SPSWs. Key updates include more precise definitions of the "Protected Zone"

within the shear wall assembly and updated $R_y$ and $R_t$ factors for newer steel grades. Engineers utilizing

Design Guide 20 should cross-reference these newer standards to ensure compliance with the latest safety factors

and material constants.

As the industry moves toward performance-based design, the data provided in Design Guide 20 remains the

foundational building block for non-linear time-history analysis. The energy dissipation properties (the area under

the force-displacement curve) of a well-designed SPSW are among the highest of any steel lateral system, making

it an ideal candidate for buildings requiring high performance under extreme loading conditions.

The efficiency of the Steel Plate Shear Wall is maximized when the system is integrated early in the architectural

design phase. By utilizing the thin profile of the steel plate, architects can create open floor plans that would be

impossible with traditional concrete cores. From an engineering perspective, the predictability of steel as a material

—compared to the inherent variability of concrete—allows for a higher degree of confidence in the building's

calculated response. As urban density increases and seismic codes become more stringent, the principles outlined

in AISC Design Guide 20 will continue to be a vital resource for the structural engineering community.
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