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“The Wood Products Council” is a 
Registered Provider with The American 
Institute of Architects Continuing 
Education Systems (AIA/CES), Provider 
#G516.

Credit(s) earned on completion of this 
course will be reported to AIA CES for AIA 
members. Certificates of Completion for 
both AIA members and non-AIA members 
are available upon request.

This course is registered with AIA CES 
for continuing professional education. 
As such, it does not include content that 
may be deemed or construed to be an 
approval or endorsement by the AIA of 
any material of construction or any 
method or manner of handling, using, 
distributing, or dealing in any material or 
product.
______________________________

Questions related to specific materials, 
methods, and services will be 
addressed at the conclusion of this 
presentation.



Course Description

As mass timber’s use in commercial and multi-family projects across the 
US has grown, so too have the depth of questions that often arise when 
engineering these projects. This presentation will address some of the 
most common structural design questions related to mass timber 
buildings, as well as provide tips and resources to aid those working on 
such projects. Topics will include where to find and how to use the 
structural properties for mass timber panels; the differences and 
similarities between basic and custom CLT grades, treatment of holes 
and notches in CLT, different approaches to achieving fire-resistance 
ratings and real-world design tips which are not addressed in the design 
standards. 



Learning Objectives

• Discuss the structural properties and performance characteristics of 
mass timber products and review their paths to acceptance on building 
projects. 

• Review unique design situations for CLT panels and present engineering 
strategies to address them.

• Demonstrate design steps for calculated fire resistance of exposed mass 
timber panels.

• Review lessons learned in the design and construction of buildings 
using mass timber



Mass Timber Products
Horizontal FramingCross-Laminated Timber 

(CLT)

Nail-Laminated Timber 
(NLT)

Glue-Laminated Timber (GLT)

Tongue & groove 
decking (T&G)

Image source: StructureCraft

Structural Composite Lumber
Timber concrete composite



Thickness
3 to 20 inches*

Max Length
24 to 64 feet* Max Width

4 to 12 feet*

3+ layers of laminations
Solid Sawn or Structural Composite Lumber Laminations
Cross-Laminated Layup
Glued with Structural Adhesives

What is CLT?

*All dimensions are approximate.
Consult with manufacturers



Candlewood Suites
Redstone Arsenal, AL

Image Credit: Lend Lease

• 62,600 SF, 4 story hotel, 92 
private rooms

• CLT utilized for walls, roof 
panels, and floor panels



UMass Design Building
Amherst, MA

Photo Credit: Alex Schreyer



Photo Credit: WoodWorks

Cheney Park Apartments
CLT floor on Panelized 
Light Frame Walls

Photo Credit: WoodWorks



CrossFit Center
Spokane, WA

Photo Credit: WoodWorks Photo Credit: Mike Bradley, Beacon Builders



5 PLY CLT PANELS, 2-WAY SPAN
~9’X13’ GRID OF COLUMNS

Images: acton ostry architects

BROCK COMMONS
VANCOUVER, BC



North American CLT Product Standard

ANSI/APA PRG 320 Standard for Performance-Rated 
Cross-Laminated Timber

The Standard Covers:
- U.S. and Canada Use
- Panel Dimensions and Tolerances
- Component Requirements
- Structural Performance 

Requirements
- Panel and Manufacturing 

Qualification
- Marking (Stamping)
- Quality Assurance



CLT Basic Stress Grades
CLT Grade Major Strength Direction Minor Strength Direction

E1 1950f-1.7E MSR SPF #3 Spruce Pine Fir
E2 1650f-1.5E MSR DFL #3 Doug Fir Larch
E3 1200f-1.2E MSR Misc #3 Misc
E4 1950f-1.7E MSR SP #3 Southern Pine
E5 1650f-1.5E MSR Hem-Fir #3 Hem-Fir
V1 #2 Doug Fir Larch #3 Doug Fir Larch
V1(N) #2 Doug-Fir Larch (North) #3 Doug-Fir Larch (North)
V2 #1/#2 Spruce Pine Fir #3 Spruce Pine Fir
V3 #2 Southern Pine #3 Southern Pine
V4 #2 Spruce Pine Fir (South) #3 Spruce Pine Fir (South)
V5 #2 Hem-Fir #3 Hem-Fir

Basic solid sawn CLT stress grade in PRG 320-2019.
Other custom stress grades including structural composite lumber (SCL) permitted



Common CLT Layups

9-ply 9-layer

5-ply 5-layer 

7-ply 7-layer

Most Designs
Least $/sf

3-ply 3-layer 



Building Code Acceptance of CLT

2015 International Building Code



FLATWISE Panel Loading

Span in MAJOR Strength Direction
“Parallel” Direction

Use subscript ‘0’ in Notation

Span in MINOR Strength Direction
“Perpendicular” Direction
Use subscript ‘90’ in Notation

Reference & Source: ANSI/APA PRG 320



PRG 320 Defined Layups

CLT Grade
(basic)

Layup
Panel Properties



Flexural Strength: FbSeff,0

Flexural Stiffness: EIeff,0

Shear Strength: Vs,0

Shear Stiffness: GAeff,0

Flatwise CLT Panel Section Properties

FbSeff,90

EIeff,90

Vs,90

GAeff,90

Values in RED provided by CLT manufacturer

Reference: PRG 320 and CLT Product Reports



Structural Design Standardization

National Design Specification for Wood Construction
2015 & 2018 Edition



Design properties look like an Extreme Fiber Model:

Flexural Capacity Check:

Mb ≤ (FbSeff)′

Mb = applied bending moment

(FbSeff)′ = adjusted bending capacity

Seff = effective section modulus

Fb = reference bending design stress of outer lamination

Flatwise Flexural Strength

Mb

Bending Stress

Reference: NDS

Separate values 
for most 

components



Flexural Capacity Check (ASD)

Flatwise Flexural Strength

Mb

Bending Stress

Commonly
1.0

Provided as 
combined value

Mb ≤  CD (1.0) (FbSeff)

per
NDS

Reference: NDS

(FbSeff)′ = CD CM Ct CL (FbSeff)

Here and in the following, items in RED
are provided CLT properties



Select acceptable CLT section 
Given:

16 foot span floor
40 psf live load, 40 psf total dead load

Assume:
one-way spanning action in major strength axis of CLT
Analysis of a 1 ft strip of panel as beam

Calculate ASD Applied Moment using load combo 1.0DL + 1.0LL

Mb = w L2 / 8 = (40+40psf) (16ft)2 / 8 = 2560 lb-ft/ft

Flatwise Flexural Strength Design Example

16 foot span

W = 40 psf DL, 40 psf LL



Look for Acceptable CLT Grade from PRG 320:   FbSeff,0 > 2560 lb-ft/ft

Flatwise Flexural Strength Design Example

Reference: ANSI/APA PRG 320

4,800

Select 5-Ply 6 7/8” Thick V1 Panel with  FbSeff,0 = 4800 lb-ft/ft



ASD Flexural Capacity:

Dead + Live load, CD = 1.0

(FbSeff)′ = CD (1.0) (FbSeff) 

= 1.0 (1.0) (4800 lb-ft/ft)

= 4800 lb-ft/ft

Mb = 2560 lb-ft/ft ≤ (FbSeff)’ = 4800 lb-ft/ft

Flexural Strength OK

Flatwise Flexural Strength Design Example

16 foot span

40 psf DL, 40 psf LL



Shear Capacity Check:

Va ≤ Fs(Ib/Q)eff′
Va = applied shear

Fs(IbQ)eff′ = adjusted shear strength  

Flatwise Shear Strength

Va

Shear Stress

Reference: NDS 2018

Jargon Alert!  AKA “Planar Shear”, “Out-of-Plane Shear”, or “Rolling Shear” Strength

Wood Structural 
Panel Term

Structural 
Engineering Term

WSP &
CLT Term



Shear Capacity Check (ASD):

Fs(IbQ)eff′ = CM Ct  (Fs(IbQ)eff) = CM Ct Vs

Va ≤ (1.0) Vs

Flatwise Shear Strength

Va

Shear Stress

Commonly
1.0

From Manufacturer

Reference: NDS & Product Reports

Note:  Duration of Load Effects (Cd and λ) NOT 
applicable to Flatwise Shear Strength in the NDS



Flatwise Shear Strength

Source: CSA O86-14, 2016 Supplement

Rolling Shear



General Purpose: 1 Way, Beam Action

Needed Stiffness: EIeff,0   GAeff,0  

Deflection Calculations

Analyze as beam representing a strip (e.g 1. ft) of CLT
Can model multiple spans, cantilevers, etc.



Uniform loading on one way slab:

Beam Analysis using 

Flexural Stiffness:  EIeff,0

Shear Stiffness: GAeff,0

Maximum Deflection @ Mid-Span

Flatwise Deflection Example

16 foot span

w = 80 psf

Note:  5/6 is shear deformation form factor for 
rectangular section from mechanics of materials. 

See NDS C10.4.1, FPL “Wood Handbook”, etc.

∆𝑚𝑎𝑥=
5

384
∗
𝑤𝐿4

𝐸𝐼𝑒𝑓𝑓
+
1

8
∗

𝑤𝐿2

Τ5 6 𝐺𝐴𝑒𝑓𝑓



Simplified Beam Deflections:

For single span, simply supported uniform load

Deflection Calculations

Span, L

Uniform load, w

What is Apparent Flexural Stiffness, EIapp, such that

EIapp

𝐸𝐼𝑎𝑝𝑝=
𝐸𝐼𝑒𝑓𝑓

1 +
11.5𝐸𝐼𝑒𝑓𝑓
𝐺𝐴𝑒𝑓𝑓𝐿

2

Reference: US CLT Handbook & NDS

Set equal to each other and solve for EIapp

∆𝑚𝑎𝑥=
5

384
∗
𝑤𝐿4

𝐸𝐼𝑒𝑓𝑓
+
1

8
∗

𝑤𝐿2

Τ5 6 𝐺𝐴𝑒𝑓𝑓



Deformation to Long Term Loads

Deflection Creep Factor

Δ𝑇 = 𝐾𝑐𝑟 Δ𝐿𝑇 + Δ𝑆𝑇 NDS Eq 3.5-1

Δ𝑆𝑇

Δ𝐿𝑇

𝐾𝑐𝑟

Deflection due to short-term loading

Immediate deflection due to long term loading

2.0 for CLT in dry service conditions

Reference: NDS 2015

Design Example: 

ΔST from 40psf = 0.159 in  (assuming long term = dead)

ΔLT from 40psf = 0.159 in

ΔT =  2.0 (0.159) + 0.159 = 0.477 in

= L / 403
16 foot span

w = 40 + 40 psf



General Purpose, 2 Way, Plate Action

Flexural Stiffness

EIeff,0   EIeff,90

Shear Stiffness:

GAeff,0  GAeff,90

Deflection Calculations

Analyze as plate in bending using FEM analysis software
Note, CLT is not a symmetric isotropic plate



Possible, however not common.

Structural design issues include:

- Compression perp to grain at support points

- Bi-directional bending stress interactions

- Punching shear

Point Supported Plates

Not covered in NDS



Holes in Mass Timber Panels



Using PRG 320 Basic Grades for Design?

PRG 320 includes pre-defined 
Stress Grades, Layups and 
related Design Properties

Is doesn’t tell you what CLT 
grades and layups are available.

Coordinate with manufacturers 
availability and information



3rd Party Product Qualification of CLT



CLT Product Reports
CLT Grade

(basic or custom)
Layup Panel Properties



• CLT Manufactures different CLT grades and maximum panel sizes

• CLT Manufacturers have specific CNC capabilities

• 3rd Party Fabricators can have additional CNC capabilities

Working with CLT: Know Your Supply Chain

Photo: DR Johnson Photo: Sauter Timber



CLT Panels shall be used in dry service conditions, such 
as in most covered structures, where the average 
equilibrium content of solid wood is less than 16 percent… CLT 
panels qualified in accordance with the provisions of this 
standard are intended to resist the effects of moisture on 
structural performance as may occur due to construction delays 
or other conditions of similar severity.

Scope of PRG 320



International Community 
Health Services
Shoreline, WA

Photo Credit: Andrew Pogue Photography



EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference &  Source: ANSI/APA PRG 320



In-Plane (Edgewise) Shear Testing per PRG 320

Source: ICC-ES/APA Joint Evaluation Report ESR 3631

145 to 290 PSI Reference Shear Capacity
= 1.7 to 3.5 kips/ft

per inch of thickness!

See Manufacturers and Evaluation

Reports for Values

Multiply by Cd = 1.6
for short term ASD strength

Source: APA Product Report PR-L306



Mass Timber Design
Connections

Photo Credit: Alex Schreyer

Long self tapping 
screws used 
extensively 
throughout mass 
timber construction

52



Panel to Beam Connection Styles



Proprietary Products

Variety of Self Tapping Screws

Source:  MTC Solutions

http://www.strongtie.com/webapps/fastenerfinder/index.aspx?type=Hand-Drive%20Screw&description=SDS%20&application=Structural%20Wood-to-Wood%20Connections
http://www.strongtie.com/webapps/fastenerfinder/index.aspx?type=Hand-Drive%20Screw&description=SDW%20&application=Structural%20Wood-to-Wood%20Connections
http://www.strongtie.com/webapps/fastenerfinder/index.aspx?type=Hand-Drive%20Screw&description=SDWS%20&application=Structural%20Wood-to-Wood%20Connections


Panel to Panel Connection Styles

Surface Spline Half Lap

Load Sharing… 
not load bearing

Butt Joint



NDS covers notches on tenson side of 
beams at support up to:

1/4th depth for solid sawn
1/10th dept for SCL

1/10th depth for Glulam beams

Reinforcement methods, outside the 
NDS, possible for notches beyond this.

Notched Beams

Obvious

Subtle



For Exposed Wood Members: IBC 722.1 References AWC’s NDS 
Chapter 16 (AWC’s TR 10 is a design aid to NDS Chapter 16)

Mass Timber Fire Resistance



NDS Chapter 16 includes 
calculation of fire resistance of 
NLT, CLT, Glulam, Solid Sawn and 
SCL wood products

Source: AWC’s NDS

Mass Timber Fire Resistance



CLT fire design:
• Lam thickness affects 

char depth
• For simplicity, partially

charred cross layers are 
often neglected for 
structural checks

Source: US CLT Handbook

Mass Timber Fire Resistance



Given:

16 foot span floor

40 psf live load, 40 psf total dead load

Selected 5ply 6 7/8” V1 Panel

Check 1 hour fire resistance rating required

Calculate ASD Applied Moment using load combo 1.0DL + 1.0LL

Mb = w L2 / 8 = (40+40psf) (16ft)2 / 8 = 2560 lb-ft/ft

CLT Fire Design Example

16 foot span

W = 40 psf DL, 40 psf LL



Source: AWC’s NDS

Source: WoodWorks

CLT Fire Design Example



1.9”

6.875”

2,090

Source: Ansi/apa prg 320

CLT Fire Design Example



NDS Table 16.2.2 
stress adjustment 
factors applied to 
adjust to average 
ultimate strength 
under fire design 

conditions

Source: AWC’s NDS

CLT Fire Design Example



Mf’ = (2.85)(FbSeff)(CL) = (2.85)(2090)(1.0) = 5957 lb-ft/ft

Fire Check: Mf’ > Mb

Mf’ = 5957 lb-ft/ft > Mb = 2560 lb-ft/ft

5-PLY V1 CLT adequate for 1 Hour Fire Exposure

Source: WoodWorks

Source: WoodWorks

CLT Fire Design Example



Many successful CLT fire tests have been 
conducted, both with and without gypsum 
board protection

CLT Fire Design Example



Additional Resources – WoodWorks.org

Inventory of Fire-Resistance Tested Mass Timber Assemblies



Additional Resources – WoodWorks.org



RENDERING: Hartshorne Plunkard Architecture

CONNECTIONS

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













RENDERING: Hartshorne Plunkard Architecture

PENETRATIONS



MODEL: Lignum Design











RENDERING: Hartshorne Plunkard Architecture

MOISTURE
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