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Hybrid Mass Timber and Steel Framing?
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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



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



3rd Party Product Qualification of CLT



CLT Product Reports
CLT Grade

(basic or custom)
Layup Panel Properties



Structural Design Standardization

National Design Specification for Wood Construction
2015 & 2018 Edition



CLT in the U.S. Building Code - IBC 2015

2015 International Building Code
AWC NDS 2015ANSI/APA PRG 320 2011

CLT Recognized in the Model Building Code!*
(*for gravity systems with existing Construction Types)



EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference &  Source: ANSI/APA PRG 320-2017



Span in MAJOR Strength Direction Span in MINOR Strength Direction

EDGEWISE Panel Loading

Reference &  Source: ANSI/APA PRG 320-2017



Shear Force Terminology & Jargon

Through-the-Thickness Shear
In-plane Shear Forces

EDGEWISE Shear in PRG 320-2017

Source: ANSI/APA PRG 320-2017

NDS 2015: Fv(tv)
PRG 320-2017:  Fv,e,0 tp & Fv,e,90 tp

Source: NDS 2015 Manual



CLT in In-Plane (Edgewise) Strength

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

145 to 290 PSI Edgewise Shear Capacity

 = 1.7 to 3.5 kips/ft (ASD)

per inch of thickness!

Consult with the Manufacturers for Values

Multiply by Cd = 1.6
for short term ASD strength

Source: APA Product Report PR-L306

CLT Panels can have > 9 kips / ft in-plane 

shear capacity



CLT in the U.S. Building Code – IBC 2018 (Lateral)

2018 International Building CodeASCE/SEI 7-16AWC SDPWS 2015

No explicitly recognized requirements 
for CLT Lateral Systems in 2018 IBC

Where Wood Lateral System 

Requirements Reside.

No CLT

Where Seismic (R values) 

and Wind Systems are 

Referenced.  No CLT

2019 CBC



CLT in the U.S. Building Code – IBC 2021

2021 International Building Code
AWC NDS 2018ANSI/APA PRG 320 2019

New Type IV Mass Timber Construction up to 18 Stories!

With new and improved 

adhesive qualification tests Now with

IV-A, IV-B and IV-C

Construction Types



CLT in the U.S. Building Code – IBC 2021 (Lateral)

2021 International Building CodeASCE/SEI 7-16AWC SDPWS 2021

New Requirements for CLT Lateral Systems in SDPWS 2021!
Referenced from IBC 2021

Now with CLT shear wall and 

diaphragm requirements



2021 Special Design Provisions for Wind and Seismic

Top Changes Relevant to CLT Lateral Systems:

• New unified nominal shear capacity

• New CLT Shear Wall requirements

• New CLT Diaphragm requirements

View for free at awc.org

PowerPoint IS NOT the CODE!



2021 Special Design Provisions for Wind and Seismic

Top Changes Relevant to CLT Lateral Systems:

• New unified nominal shear capacity

• New CLT Shear Wall requirements

• New CLT Diaphragm requirements

View for free at awc.org

PowerPoint IS NOT the CODE!



2021 SDPWS – Unified Nominal Shear Capacity

For sheathed wood frame shear walls and 
diaphragms, SDPWS 2015 has two nominal shear 
capacities

𝑣s Nominal shear capacity for seismic loads

𝑣w
Nominal shear capacity for wind loads

SDPWS 2021 has one nominal shear capacity for 
both wind and seismic (for all systems such as 
WSP and CLT)

𝑣n Nominal shear capacity



2021 SDPWS – Unified Nominal Shear Capacity

To calculate the ASD or LRFD shear capacity, 
SDPWS 2021 has different reduction factors for 
wind and seismic

𝑣n/2.0

Design shear capacity

ASD LRFD

Wind

Seismic 𝑣n/2.8 0.5 𝑣n

0.8 𝑣n

SDPWS 2021 Section 4.1.4



2021 Special Design Provisions for Wind and Seismic

Top Changes Relevant to CLT Lateral Systems:

• New unified nominal shear capacity

• New CLT Shear Wall requirements

• New CLT Diaphragm requirements

View for free at awc.org

PowerPoint IS NOT the CODE!



CLT Shear Walls in SDPWS 2021

h
e

ig
h

t,
 h width, bs

with shear resistance provided by high 
aspect ratio panels only (SDPWS B.3.7)

Panel aspect ratios
2  ≤  h/bs  ≤ 4 Panel aspect ratios

h/bs  =  4

Seismic Design Category A

or SDC B and ≤ 65’ tall

in SDPWS 4.6.3 Exception

CLT Shear Walls
meeting SDPWS 2021 Appendix B

(other)

CLT Shear Walls
not meeting Appendix B



R Values for CLT Shear Walls in SDPWS 2021
Platform Framed

CLT Shear Walls
meeting SDPWS 2021 Appendix B

Panel aspect ratios
2  ≤  h/bs  ≤ 4

Panel aspect ratios
h/bs  =  4

(other)

CLT Shear Walls
not meeting Appendix B

R = 1.5
Cd = 1.5 Ωo = 2.5

In SDPWS 2021 4.6.3

R = 3.0*
Cd = 3.0  Ωo = 3.0

R = 4.0*
Cd = 4.0  Ωo = 3.0

* ASCE 7-22



CLT in the U.S. Building Code – Lateral in IBC 2021

2021 International Building CodeASCE/SEI 7-16AWC SDPWS 2021

New Requirements for CLT Lateral Systems!
(but R values for CLT Shear Walls not in ASCE 7-16)

Now with CLT shear wall and 

diaphragm requirements

Where Seismic (R values) 

and Wind Systems are 

Referenced.  No CLT

SDPWS 2015



CLT in the U.S. Building Code – Lateral in the IBC 2024?

2024 IBC

(in process)

ASCE/SEI 7-22AWC SDPWS 2021

Future Full Recognition of CLT Shear Wall

Now with CLT shear wall and 

diaphragm requirements

Now with

Platform Framed CLT Shear Walls 2
0

2
4



Mass Timber 
Diaphragms



Diaphragm Strategies with Horizontal CLT

• Option 1: Structural Topping as Horizontal Diaphragm

• (1A) Structural Concrete Topping

Careful detailing to provide adequate

load path, minimum rebar cover, etc.



Diaphragm Strategies with Horizontal CLT

• Option 1: Structural Topping as Horizontal Diaphragm

• (1B) Wood Structural Panel Topping

Classify as blocked WSP diaphragm per SDPWS 2015 4.2.7.1?

19/32” thick 4ft by 8ft panel vs 4 1/8” thick 8ft by 24 ft panel?

CLT Panel as 
laminated decking

WSP as diaphragm



NLT Diaphragm Design

Source: NLT Design 
& Construction 

Guide



Pre-fabricated panels 
often pre-sheathed

Once installed, add 
splice strips, tape 
joint if applicable

Photo Credit:  structurecraft

NLT Diaphragm Design



Diaphragm Strategies with Horizontal CLT

• Option 2: CLT as a Diaphragm

CLT Panel as 
Diaphragm

Topping and Flooring 
as needed



2021 Special Design Provisions for Wind and Seismic

Top Changes Relevant to CLT Lateral Systems:

• New unified nominal shear capacity

• New CLT Shear Wall requirements

• New CLT Diaphragm requirements

View for free at awc.org

PowerPoint IS NOT the CODE!



CLT Diaphragms

Strength of Connections 

covered by NDS and 

Proprietary Fastener  

Evaluation Reports

Strength of CLT rarely

governs.  



24’ x 24’ CLT Diaphragm Test with Plywood Spline by AWC

Strong and Stiff Panels  

Diaphragm behavior 

controlled by connections



2021 Special Design Provisions for Wind and Seismic

Only 1 page of 
requirements for CLT 

Diaphragms



CLT Diaphragm Design Guide based on SDPWS 2021

1 page of requirements
leading to

140 page guide



CLT Diaphragm Design Guide based on SDPWS 2021

Chapter Organization 
1. Introduction
2. Codes and Standards
3. Methodology of CLT Diaphragm Design
4. Diaphragm Shear Components
5. Diaphragm Boundary Elements
6. Diaphragm Deflection and Stiffness
7. Special Design Considerations
8. Example 12-Story Office with Distributed Frames
9. Example 12-Story Office with Reinforced Concrete Cores
10.Example 5-Story Residence with Wood-Frame Shear walls
Appendix A – Precalculated Design Capacities
Appendix B – Literature Review



2021 Special Design Provisions for Wind and Seismic

Requirements for the shear 

connections



Generic Mass Timber Floor System

Lateral Load, w

CLT Panels

Typical Panel

Girders

Columns

Purlins/Joists

Shear Wall

Gravity Joist not at 
panel edges



Example CLT Diaphragm Design

Lateral Load

Chord

Collector

Collector

Chord

Shear Zone



Example CLT Diaphragm Design

Chord

Collector

Shear Transfer Details:
a – panel to panel 
b – panel to panel over beam
c – panel to wall / collector
d – panel to chord
e – shear in panel
Other
z – chord and chord splice
y – collector and collector splice

Lateral Load

Diaphragm Shear, v

a

d

b
c

e

z

y



CLT Diaphragm Shear Transfer Connections

Chord

Collector

Shear Transfer Details:
a – panel to panel 
b – panel to panel over beam
c – panel to wall / collector
d – panel to chord
e – shear in panel
Other
z – chord and chord splice
y – collector and collector splice

Lateral Load

Diaphragm Shear, v

a

d

b
c

e

z

y



CLT Diaphragm Shear Connections

• Diaphragm shear connections at CLT panel edges:

- Use dowel-type fasteners in shear (nails, screws, bolts)

- Yield Mode IIIs or Mode IV per NDS 12.3.1 controls capacity



Connection Yield Modes Per the NDS



Panel to Panel Connection Styles

• Single Surface Spline

Source: Simpson Strong-Tie



Panel to Panel Connection Styles

• Half-Lap

Source: Simpson Strong-Tie



Fastener Vendor Design Support



An Efficient Panel to Panel Connection

Graphics:  ASPECT Structural Engineers

5 ½” to  5 7/8” 

plywood strip ¾” or 

1” Thick

Self-Tapping Screws

as “erection bolts”

@ ~24” o.c

Nails at spacing 

required for shear 

transfer



Panel to Panel Connection Tolerances

Specify gaps between splines 

and shoulders of CLT panel

(like spacing of WSP panels)

Plan for construction 

tolerances.



Panel to Panel Connection Tolerances

One reason for size of cut rabbet in CLT for spline to include gaps:



Panel to Panel Connections Options

Is a butt joint with angled screws compliant?

Shear resisted by dowels in 

shear.  OK if Mode IIIs or IV

Shear resisted by dowels in tension 

& compression. Not compliant!

Section View

Plan View



Panel to Beam Connection Styles



CLT Diaphragm Shear Connection Design

Nominal capacity of CLT diaphragm shear connection fastener:

𝑍𝑛 = 4.5 𝑍∗

Where 𝑍∗is reference lateral capacity of the fastener, 𝑍, of NDS 

multiplied by all NDS adjustment factors except CD, KF, ϕ, λ = 1.0

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1



CLT Diaphragm Shear Connection Design

𝑍∗ 1.0 1.0 1.0 1.01.0

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1

Also 1.0 for CLT Diaphragm Shear Connections



CLT Diaphragm Shear Connection Design

Nominal capacity of CLT diaphragm shear connection fastener:

𝑍𝑛 = 4.5 𝑍∗

Where 𝑍∗is reference lateral capacity of the fastener, 𝑍, of NDS 

multiplied by all NDS adjustment factors except CD, KF, ϕ, λ = 1.0

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1

Fastener with regular spacing, S, nominal unit shear connection capacity is:

𝑣𝑛 = 𝑍𝑛/S = 4.5 𝑍∗/S



2021 SDPWS – Unified Nominal Shear Capacity

To calculate the ASD or LRFD shear capacity, SDPWS 
2021 has different reduction factors for wind and 
seismic

𝑣n/2.0

Design shear capacity

ASD LRFD

Wind

Seismic 𝑣n/2.8 0.5 𝑣n

0.8 𝑣n

ASD seismic design capacity:
 4.5 Z* / 2.8 = 1.61 Z*  ≈  CD Z = 1.6 Z 



CLT Diaphragm Shear Connection Design

Fastener with regular spacing, S, nominal unit shear connection capacity is:

𝑣𝑛 = 𝑍𝑛/S = 4.5 𝑍∗/S

SDPWS 2021 Section 4.1.4 and 4.5.4(1)

Required unit shear strength ≤ Design unit shear capacity

𝑣 =  𝑣𝐴𝑆𝐷 ≤
𝑣𝑛

𝑅𝐹

𝑣 = 𝑣𝑢 ≤ 𝜙𝑣𝑛

= 2.8 (seismic)
= 2.0 (wind)

= 0.5 (seismic)
= 0.8 (wind)𝜙 

𝑅𝐹ASD

LRFD



Other CLT Diaphragm Components

Chord

Collector

Shear Transfer Details:
a – panel to panel 
b – panel to panel over beam
c – panel to wall / collector
d – panel to chord
e – shear in panel
Other
z – chord and chord splice
y – collector and collector splice

Lateral Load

Diaphragm Shear, v

a

d

b
c

e

z

y



Other Diaphragm Components



Other CLT Diaphragm Components



Other CLT Diaphragm Components

Increased Diaphragm Design Forces ≤ Design Capacity

See SDPWS 2021 Section 4.5.4 for the full information

γ𝐷 ∙ 𝑣 ≤ 𝑣′

γ𝐷 = 
2.0 for wood and steel components, except:
1.5 wood members resisting wind loads
1.5 chord splice connections controlled by Mode IIIs or IV (seismic)
1.0 chord splice connections controlled by Mode IIIs or IV (wind)

𝑣′=
Adjusted capacity 
calculated per the NDS
not 4.5 Z*

𝑣 = wind or seismic force demand



Other CLT Diaphragm Components

See SDPWS 2021 Section 4.5.4 for the full information



Example Calculation – Shear through Surface Spline



Example Calculation – Shear through Surface Spline

Calculate reference shear capacity of 10d nail connection the spline to the CLT panel following NDS 12.3

CLT Diaphragm Design Guide Section 4.5



Example Calculation – Shear through Surface Spline

Calculate reference shear capacity of 10d nail connection the spline to the CLT panel following NDS 12.3

CLT Diaphragm Design Guide Section 4.5



Example Calculation – Shear through Surface Spline

Calculate nominal CLT diaphragm shear capacity of nail (interior, dry application with sufficient edge distances):

CLT Diaphragm Design Guide Section 4.5

ASD and LRFD CLT diaphragm shear capacity of nail:



Example Calculation – Shear through Surface Spline

Determine required nail spacing and compare resulting capacity with design shear demand (ASD)

CLT Diaphragm Design Guide Section 4.5

1166 plf ASD wind shear capacity of nails
> ASD wind shear demand 960 plf



Example Calculation – Shear through Surface Spline

Alternatively, use the pre-calculated design table in the Appendix A of the Guide,
first calculate the required nominal fastener shear capacity (ASD or LRFD):

CLT Diaphragm Design Guide Section 4.5

2.0 ( 960
lbf
ft

 )

1.0 ∙ 1.0 ∙ 1.0 ∙ 1.0 ∙ 1.0 ∙ 1.0 ∙ 1.0



Example Calculation – Shear through Surface Spline
Pre-calculated design tables in the Appendix A of the Guide

CLT Diaphragm Design Guide Section 4.5



Example Calculation – Shear in Surface Spline

Using the pre-calculated design table in the Appendix A of the Guide,
reference Appendix A.1.4 to find spline detail with required nominal capacity

CLT Diaphragm Design Guide Section 4.5

> req. nominal 1920 plf



Example Calculation – Shear in Surface Spline

Check the plywood spline capacity per NDS against the increased load from SDPWS 4.5.4.3

Find the SDPWS increased ASD design shear:

CLT Diaphragm Design Guide Section 4.5

> req. ASD shear 1440 plf, spline OK

Compare to the NDS adjusted plywood spline capacity (ASD)

= (1.5) 960 plf = 1440 plf



CLT Diaphragm Design Guide based on SDPWS 2021

Chapter Organization 
1. Introduction
2. Codes and Standards
3. Methodology of CLT Diaphragm Design
4. Diaphragm Shear Components
5. Diaphragm Boundary Elements
6. Diaphragm Deflection and Stiffness
7. Special Design Considerations
8. Example 12-Story Office with Distributed Frames
9. Example 12-Story Office with Reinforced Concrete Cores
10.Example 5-Story Residence with Wood-Frame Shear walls
Appendix A – Precalculated Design Capacities
Appendix B – Literature Review



This concludes The American 

Institute of Architects Continuing 

Education Systems Course

QUESTIONS?

Scott Breneman, PhD, PE, SE

WoodWorks – Wood Products Council

Scott.Breneman@WoodWorks.org



This presentation is protected by US 
and International Copyright laws. 

Reproduction, distribution, display and use of 
the presentation without written permission 

of the speaker is prohibited.

© The Wood Products Council 2023

Disclaimer: The information in this presentation, including, without limitation, references to information contained in other 
publications or made available by other sources (collectively “information”) should not be used or relied upon for any 
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manner assumes all liability arising from such use.
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