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STRUCTURAL DESIGN OF MASS TIMBER

Disclaimer: This presentation was developed by a third party and is not 
funded by WoodWorks or the Softwood Lumber Board.

Presented by: Greg Kingsley, PhD, PE
President and CEO, KL&A Engineers and Builders

A short primer on the basics of mass timber design
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STRUCTURAL DESIGN OF MASS TIMBER

1. Materials
2. Gravity Load Design
3. Deflection and Vibration
4. Connections
5. Lateral Load Design
6. Fire Resistance
7. Constructability

Outline



MASS TIMBER MATERIALS
Photo Credit: KL&A



MASS TIMBER| WHAT IS IT?

• IT’S MADE OF TREES



MASS TIMBER| WHAT IS IT?

• IT’S MADE OF TREES

• IT’S SOLID WOOD 
(BIG PIECES MADE OUT OF 
LITTLE PIECES)



MASS TIMBER| WHAT IS IT?

• IT’S MADE OF TREES

• IT’S SOLID WOOD 
(BIG PIECES MADE OUT OF 
LITTLE PIECES)

• IT’S FLAT PANELS (CLT, NLT, etc.)

Nail Laminated Timber (NLT) 
Dowel Laminated Timber (DLT)

Glue Laminated Timber (GLT)

Laminated Veneer Lumber (LVL)
and Mass Plywood Panels (MPP) Cross Laminated Timber (CLT)

Images Source: Structurecraft
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MASS TIMBER| WHAT IS IT?

• IT’S MADE OF TREES

• IT’S SOLID WOOD 
(BIG PIECES MADE OUT OF 
LITTLE PIECES)

• IT’S FLAT PANELS (CLT, NLT, etc.)

• IT’S ALSO BEAMS AND 
COLUMNS

• IT’S PREFABRICATED

Photo Credit: KL&A
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Cross Laminated Timber
Image Courtesy of Fast and Epp

• Structurlam
• Nordic 
• DR Johnson
• Smartlam
• Freres Lumber Co
• Katerra
• Vaagen Timber
• Kalesnikoff
• …

Not a 
commodity!



Nail Laminated Timber



Dowel Laminated Timber



Mass Plywood Panel



GRAVITY DESIGN OF CLT



Source: ANSI/APA PRG 320

Strong Axis vs Weak Axis:
CLT is Orthotropic



Provided as combined 
value by manufacturer

Typically = 1Per NDS

FLEXURAL STRENGTH



PRG 320 ASD Reference Design ValuesFLEXURAL STRENGTH



“Planar Shear” = “Out-of-plane Shear” = “Rolling Shear”

Wood Structural 
Panel Term

Structural 
Engineering Term CLT Term

SHEAR STRENGTH



Provided as combined 
value by manufacturer

Typically = 1

SHEAR STRENGTH



PRG 320 ASD Reference Design ValuesSHEAR STRENGTH
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FLEXURE AND SHEAR DEFORMATIONS
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Example: 
Short-term mid-span deflection of a uniformly 
loaded one-way slab

Span = L

Uniform load = w
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Example: 
Short-term mid-span deflection of a uniformly 
loaded one-way slab

Deflection due to short term loading

Immediate deflection due to long term loading

Creep factor for CLT = 2.0 for dry service conditions

Long-term deflection

NDS Eq 3.5-1

Span = L

Uniform load = w



PROPERTIES FOR STRENGTH AND DEFORMATION



DESIGN FOR VIBRATION



U.S. Building Code Requirements for Vibration:

Slide content by Scott Breneman and WoodWorks



Rules of 
Thumb

Empirical 
Methods

Simplified 
Analytical FEM/Modal FEM/Time 

History

Slide content by Scott Breneman and WoodWorks

New Mass Timber Design Guide (2020)

AISC Design Guide 11 (Steel)

CCIP 016 (Concrete)

SCI P354 (Steel)

CRSI Design Guide 10 (Concrete)

FPI / CLT Handbook

Floor Vibration Design Methods



Based on:
• Un-topped CLT
• Single, simple span
• Bearing wall supports

Slide content by Scott Breneman and WoodWorks

One possible approach to vibration analysis:
U.S. CLT Handbook, Chapter 7 (FPI Method)

Limit CLT Floor Span such that:

Span L 



Approximate rules of thumb based on FPI 
Span Limits:

• 3-ply: 11 to 12 ft
• 5-ply: 16 to 17 ft
• 7-ply: 20 to 21 ft

FPI Span Limits for Basic CLT Grades / Layups

These span limits do not account for:
• Strength or deflection limits
• Effect of beam flexibility on vibration
• Effect of panel continuity on vibration

Slide content by Scott Breneman and WoodWorks



MASS TIMBER CONNECTIONS

Photo:  Eric Mortenson / Capital Press



Long self-tapping screws used extensively in mass timber 
construction



Connection “Classes”

Simple Bearing

Proprietary - ExposedCustom Steel Proprietary - Concealed



Panel to beam connectionsPhoto Credit: myticon



Simple bearing with screws



Connection Considerations For Mass Timber

High Loads 



High Loads Parallel to Grain

Connection Considerations For Mass Timber



Aesthetics 

Connection Considerations For Mass Timber



Shrinkage 

Connection Considerations For Mass Timber



Fire Ratings

Connection Considerations For Mass Timber



CLT SHEAR WALLS



3-Story, small building 
maxed out potential of 
rigid CLT shear walls.

Next step: rocking 
walls



Significant Hold-down Forces



CLT DIAPHRAGMS



Slide content by Scott Breneman and WoodWorks

CLT Diaphragm design not yet codified



Single Shear ConnectionsSuggestion: Diaphragm shear connections at CLT panel edges and 
diaphragm boundary connections should be designed to ensure 
that the connection capacity is limited by ductile fastener yielding 
in accordance with Mode IIIs or Mode IV per NDS 12.3.1

Slide content by Scott Breneman and WoodWorks



Single Shear ConnectionsSuggestion: Diaphragm shear connections at CLT panel edges and 
diaphragm boundary connections should be designed to ensure 
that the connection capacity is limited by ductile fastener yielding 
in accordance with Mode IIIs or Mode IV per NDS 12.3.1

Slide content by Scott Breneman and WoodWorks



Image: Structurlam

Half-lap Panel-Panel Connection



Image: Structurlam

Spline Panel-Panel Connection



NAILED SPLINE CONNECTION AT CLT DIAPHRAGM



Diaphragm 
chords and 
collectors







FIRE RESISTANCE



Mass Timber  requires design for fire rated assemblies

Mass wood has inherent fire resistant rating



MT Fire Resistance Ratings (FRR)
NDS Chapter 16 addresses FRR of NLT, CLT, Glulam, Solid Sawn and SCL wood products



MT Fire Resistance Ratings (FRR)

MT NC FRR

IBC 722.7
The fire resistance rating of the mass timber elements shall consist of the fire resistance 
of the unprotected element (MT) added to the protection time of the noncombustible 
(NC) protection



Photo Credit: Shears Adkins Rockmore ArchitectsDU Burwell Center for Career Achievement, Denver, Colorado

Not fire 
protected



CONSTRUCTABILITY
Photo Credit: KL&A
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CONCLUSIONS

1. Materials – Are not commodities
2. Gravity Load Design – For strength rarely governs
3. Deflection and Vibration – Often govern floor design
4. Connections – Are cost drivers
5. Lateral Load Design – Is still evolving in the code 
6. Fire Resistance – Is part of structural design
7. Constructability – Is key to economy
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QUESTIONS?

Greg Kingsley
KL&A Engineers and Builders
gkingsley@klaa.com


