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Disclaimer: This presentation was developed by a third party and is 
not funded by WoodWorks for the Softwood Lumber Board
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CLT DIAPHRAGMS

No CLT Seismic (R-value) or 
Wind Systems Referenced

NOW WITH CLT 
DIAPHRAGMS & SHEAR 
WALL REQUIREMENTS
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134 Pages!
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Organization

• Introduction

• Codes and Standards

• Methodology of CLT Diaphragm Design

• Diaphragm Shear Components

• Diaphragm Boundary Elements

• Diaphragm Deflections & Stiffness

• Special Design Considerations

• Design Examples (3 in total)

• References

• Appendix A – Precalculated Design Capacities

• Appendix B – Literature Review

Introduction

• Introduction

• Overview

• Purpose of the Design Guide

• State of Practice prior to 2021 SDPWS
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• Basis of Design 

• 2021 IBC

• 2019 ANSI/APA PRG 320

• 2018 NDS

• 2016 ASCE 7

• 2021 SWDPWS

• Nominal Unit Shear Capacity

• Calculated Method to Justify Rigid Diaphragm 
Analysis of Cantilevered Diaphragms

• CLT Diaphragm Provisions
Where ∅D is the LRFD diaphragm resistant factor

Codes and Standards2

• Components of a CLT Diaphragm

Methodology of CLT Diaphragm Design3
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• Philosophies of CLT Diaphragm Design

• Capacity-based design

• Elastic diaphragm design

• Force amplification design = 2021 SDPWS CLT Provisions

AWC: 24’x24’ CLT Diaphragm Test with Plywood Spline

• CLT Diaphragm Design Provisions per SDPWS

• Diaphragm Design Forces per ASCE 7-16

-
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• CLT Diaphragm Design Provisions per SDPWS

• Yielding diaphragm components (i.e. shear 
dowels) are design to the diaphragm design 
forces AND must be controlled by yield modes 
IIIs or IV.

• Remaining components are designed to include 
a force increase factor, γD, where R’NDS = 
adjusted design capacity.

• Combining with ASCE 7-16:

-OR-

-OR-

• CLT Diaphragm Design Provisions per SDPWS (continued)

For Seismic 4.5/2.8 = 1.6!
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• CLT Diaphragm Design Provisions per SDPWS (continued)

• CLT Diaphragm Design Provisions per SDPWS (continued)
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• CLT Diaphragm Design Provisions per SDPWS (continued)

• Workflow of CLT Diaphragm Design

• Amplification of Seismic Design Forces 
per ASCE 7-16, Chapter 12

• Increase collector demands by 25% for certain
irregularities in Seismic Design Categories D, E & F.

• Amplify by Ωo, for at discontinuities in vertical
lateral system.

• Analysis and Design for In-plane Actions

Diaphragm Shear Components4
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• Panel-to-Panel Connections

• CLT Panel Design
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• Detailing Considerations

Diaphragm Boundary Elements5
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• Compression Load Path

• Compression Load Path

23

24



19/05/2023

13

• Gravity Framing as Lateral Element

• If gravity element is intended to serve as lateral element need to check for 
combined loading

• Compression buckling of gravity member, in isolation or combination with CLT panel

• Tension in gravity member, INCLUDING across beam-to-column connection

• For all timber framed buildings additional checks include:

• Transfer of diaphragm forces from CLT to supporting gravity element

• Beam element for tension / compression demand

• Compression perpendicular to grain at beam-to-column interface

• Tension load path across beam-to-column joint

• Maintaining deformation compatibility

For Timber Framed Buildings:
• Recommend keeping diaphragm forces in the CLT plane

• Diaphragm & Collector Connections to Steel VLFRS
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• Diaphragm & Collector Connections to Concrete Shear Walls

• Diaphragm & Collector Connections to Concrete Shear Walls (Continued)
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• Diaphragm & Collector Connections to Light Framed Shear Walls

Diaphragm Deflections & Stiffness6

• Classification of Diaphragm as Flexible or Rigid
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• Semi-Rigid Diaphragm Analysis

• Diaphragm Deflection Equations

• Previously referenced equations

• Proposed CLT specific equation by Lawson, et al

• Fastener Slip Relationships

• Limited in the NDS

• Manufacture Specific Data

• European Guidance

• Analytical Modeling of CLT Behavior

• Homogenous Model

• Discrete Models

• Component Models

• Estimating Inelastic Seismic Deflections
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Special Design Considerations7

• Sub-diaphragms

• Staggered CLT Panel Layouts

• Alternate Diaphragm Procedures

• Durability

• Bracing of CMU / Concrete Walls 
w/ CLT Diaphragms

• Acceptable provided walls are self-
supporting
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Example 1: 12-Story Office w/ Distributed Frames8

• Savannah, Georgia: Wind vs Seismic Checks

• Collector Design Checks
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• Chord Design Checks
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Example 2: 12-Story Office w/ Concrete Cores9

• San Francisco, California

• Collector Design Checks
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• Chord Design Checks

Sandy Pine
Portland, OR
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Example 3: 5-Story Residential w/ Sheathed SW’s10

• Portland, OR
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• Collector Design Checks
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Precalculated Design CapacitiesA

• Individual Fasteners

• Spline Capacities

• Fasteners / Spline Capacities

• Steel Strap Capacities
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Literature ReviewB

• Component Level Testing

• Full Scale Diaphragm Testing

• Diaphragm Design Literature

• Other References
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Thank you

holmes.us
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