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Cross-laminated timber (CLT) has gained significant attention in the construction industry
due to its sustainability, aesthetic appeal, and structural performance. One of the critical
components in the structural design of buildings constructed with CLT is the diaphragm
system, which plays a pivotal role in resisting lateral loads from wind and seismic forces.
This guide provides a comprehensive overview of CLT diaphragm design, covering
fundamental principles, design methodologies, and the latest industry practices.

Understanding CLT Diaphragms

CLT diaphragms serve as horizontal structural elements that distribute lateral loads to
vertical resisting systems such as shear walls and frames. They are composed of layers of
lumber glued together at right angles, which enhances the material's strength and
stiffness. Understanding the behavior of CLT diaphragms is essential for effective design
and ensuring the overall stability of a structure.

Key Functions of CLT Diaphragms

The primary functions of CLT diaphragms include:

1. Load Transfer: They transfer lateral loads due to wind or seismic activity to vertical
elements like shear walls or braced frames.
2. Stability: They provide stability to the building by preventing excessive lateral
deflections.
3. Rigid Floor System: They act as a rigid floor system, which helps in distributing loads
evenly and maintains structural integrity.

Design Considerations for CLT Diaphragms

When designing CLT diaphragms, engineers must consider various factors to ensure
safety, performance, and compliance with codes and standards. Some key considerations
include:

Material Properties

- Strength: CLT panels are rated for their bending, shear, and axial strength.
Understanding these properties is crucial in determining the panel's load-carrying
capacity.



- Stiffness: The stiffness of CLT panels influences the deflection and overall performance
of the diaphragm. Engineers must calculate the effective stiffness based on the panel
dimensions, layer orientation, and adhesive properties.

Design Loads

Design loads must be determined based on local building codes and site-specific
conditions. Key loads to consider include:

1. Dead Load (DL): The weight of the structure itself, including the CLT panels, finishes,
and permanent fixtures.
2. Live Load (LL): The weight of occupants, furniture, and movable objects within the
building.
3. Lateral Loads: Loads due to wind and seismic forces that affect the structure's stability.

Diaphragm Aspect Ratio

The aspect ratio of the diaphragm, defined as the ratio of its length to its width,
significantly affects its performance. Ideal aspect ratios should be maintained to ensure
effective load distribution. Typically, a diaphragm aspect ratio between 1:1 and 2:1 is
recommended for optimal performance.

Connections and Fasteners

The connections between CLT panels and other structural elements are critical for the
diaphragm's performance. Proper selection of fasteners and connection details can
influence the overall strength and stiffness of the diaphragm. Common connection
methods include:

- Nails: Suitable for simple connections; ensure proper spacing and size based on load
requirements.
- Bolts: Provide higher strength but require more detailed design and installation.
- Adhesives: Used in conjunction with mechanical fasteners to enhance connection
performance.

Design Methodologies

Engineers can adopt various methodologies for designing CLT diaphragms, each with its
advantages and limitations.



Equivalent Diaphragm Method

The equivalent diaphragm method simplifies the analysis by treating the diaphragm as a
rigid body. This approach is suitable for buildings with regular shapes and loading
conditions. Key steps include:

1. Determine the total lateral load.
2. Calculate the distribution of the load to shear walls based on their relative stiffness.
3. Check the capacity of the diaphragm and connections.

Finite Element Analysis (FEA)

FEA provides a more detailed approach by analyzing the diaphragm's behavior under
various loading conditions. This method accounts for the non-uniform distribution of loads
and complex interactions between the diaphragm and vertical elements. While FEA can
yield more accurate results, it requires specialized software and expertise.

Code Compliance and Standards

Designing CLT diaphragms must adhere to local building codes and standards. In the
United States, the following are key references:

- National Design Specification (NDS): Provides guidelines for the design of wood
structures, including CLT.
- American Wood Council (AWC): Offers resources and design tools for CLT applications.
- International Building Code (IBC): Establishes minimum design and construction
requirements for buildings.

In Canada, the National Building Code (NBC) and the Canadian Standards Association
(CSA) provide similar regulations for CLT use and design.

Performance Evaluation

After the design and construction phases, evaluating the performance of CLT diaphragms
is essential to ensure they meet the intended criteria. Performance evaluation can include:

Load Testing

Conducting load tests on CLT diaphragms can help verify their performance under real-
world conditions. Load tests should simulate both static and dynamic loads, assessing the
diaphragm's deflection and failure modes.



Monitoring Systems

Installing monitoring systems can provide valuable data on the performance of CLT
diaphragms over time. Sensors can measure deflections, strains, and forces, contributing
to a better understanding of the diaphragm's behavior under varying conditions.

Case Studies and Applications

Several successful projects have demonstrated the effectiveness of CLT diaphragms in
real-world applications. Below are a few notable examples:

1. The T3 Building, Minneapolis: This 7-story office building showcases the use of CLT
diaphragms, providing excellent lateral stability while minimizing carbon footprint.
2. The Brock Commons Tallwood House, Vancouver: As one of the tallest mass timber
buildings in the world, this project extensively utilized CLT diaphragms to achieve high
performance and safety standards.
3. The CLT Pavilion, University of Massachusetts: This innovative structure utilized CLT
diaphragms to create a flexible and sustainable design that meets modern architectural
needs.

Conclusion

The design of CLT diaphragms is a critical aspect of ensuring the structural integrity and
performance of mass timber buildings. By understanding the material properties, adhering
to code requirements, and employing robust design methodologies, engineers can create
safe and effective diaphragm systems. As the construction industry continues to embrace
sustainable practices, the role of CLT and its diaphragm systems will likely become even
more significant, paving the way for innovative and environmentally friendly building
solutions.

Frequently Asked Questions

What is the primary purpose of a CLT diaphragm design
guide?
The primary purpose of a CLT diaphragm design guide is to provide designers and
engineers with standardized methods and best practices for the structural design of cross-
laminated timber (CLT) diaphragms, ensuring safety, efficiency, and compliance with
building codes.



What are the key factors to consider in the design of
CLT diaphragms?
Key factors to consider in the design of CLT diaphragms include load distribution, lateral
stability, material properties, connection details, and the impact of dynamic loads such as
wind and seismic forces.

How does the CLT diaphragm contribute to the overall
stability of a structure?
The CLT diaphragm contributes to the overall stability of a structure by acting as a
horizontal shear element that transfers lateral loads to vertical resisting elements, thus
enhancing the building's ability to withstand forces from wind and earthquakes.

What is the significance of connection details in CLT
diaphragm design?
Connection details are significant in CLT diaphragm design as they influence the load
transfer between elements, the overall rigidity of the system, and the ability to resist
lateral forces. Proper detailing ensures structural integrity and performance under various
loading conditions.

Are there any specific codes or standards that govern
CLT diaphragm design?
Yes, specific codes and standards such as the American National Standards Institute
(ANSI) and the International Building Code (IBC) provide guidelines and requirements for
CLT diaphragm design, ensuring that structures meet safety and performance criteria.
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