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John W. Olver Design Building 
At UMass Amherst
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Cheney Park Apartments
CLT floor on Panelized 
Light Frame Walls
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CLT Building Code Acceptance

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



EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference &  Source: ANSI/APA PRG 320



EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference &  Source: ANSI/APA PRG 320



CLT Lateral Force Resisting Systems Not addressed In

CLT Lateral (Seismic & Wind) Design

ASCE/SEI 7-10 or 7-16 SDPWS 2015



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



• Free view at AWC.org

2021 Special Design Provisions for Wind and Seismic



• Unit shear capacity based on dowel-type 
fastener connections

• Fastener Z value controlled by Mode IIIs

or IV per NDS

• Wood elements, steel parts and chord 
splice connections designed for 2.0 times 
forces induced from design loads

Exceptions:

1) Wood elements and chord splice 
connections for wind (1.5 times)

2) Mode IIIs or IV dowels in chord splice 
connections (1.5 times for seismic, 1.0 
times for wind)

2021 Special Design Provisions for Wind and Seismic



Generic Mass Timber Floor System

Lateral Load, w

CLT Panels

Typical Panel

Girders

Columns

Purlins/Joists

Shear Wall

Gravity connection 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
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b
c

e

z

y



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



Panel to Panel Connection Styles

Surface Spline Half Lap

Load Sharing… 
not load bearing

Butt Joint



An Efficient Panel to Panel Connection

Graphics:  ASPECT Structural Engineers

5 ½” to 6” plywood strip 
~ ¾” or 1” ThickSelf-Tapping Screws

as “erection bolts”
@ ~ 24” o.c

Nails at spacing 
required for shear 

transfer

Oversize rabbet cut in CLT
(width of groove)

1/8” or more, each side



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



Panel to Beam Connection Styles



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



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

CLT Diaphragm Shear Connection Design

SDPWS 2021 Section 4.5.3

CLT Diaphragm 
Shear Capacity



Connection Yield Modes Per the NDS CLT Diaphragm 
Shear Capacity



Nominal capacity of CLT diaphragm shear connection fastener:

CLT Diaphragm Shear Connection Design

𝑍𝑛 = 4.5 𝑍∗

Where 𝑍∗is reference lateral capacity 𝑍 of NDS 

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

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1

CLT Diaphragm 
Shear Capacity



CLT Diaphragm Shear Connection Design

𝑍∗ 1.0 1.0 1.0 1.01.01.0

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

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)

CLT Diaphragm 
Shear Capacity

Required unit shear strength ≤ Design unit shear capacity

𝑣 = 𝑣𝐴𝑆𝐷 ≤
𝑣𝑛
𝑅𝐹

𝑣 = 𝑣𝑢 ≤ 𝜙𝑑𝑣𝑛

= 2.8 (seismic)
= 2.0 (wind)

= 0.5 (seismic)
= 0.8 (wind)𝜙𝑑

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 CLT Diaphragm Components

Amplified Diaphragm Design Forces ≤ Design Capacity

See SDPWS 2021 Section 4.5.4 for the full information

γ ∙ 𝑣 ≤ 𝑣′

γ =
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 splices connections controlled by Mode IIIs or IV (wind)

𝑣′=
Adjusted capacity 
calculated per the NDS

Additional Design 
Requirements

𝑣 = wind or seismic force demand



CLT Diaphragms

Is the Diaphragm 
Rigid or Flexible?



Flexible by Calculation

ASCE 7 12.3.1.3
30

(2A)



Rigid by Calculation

IBC 1604.4

IBC1604.4: A diaphragm is rigid for the 
purpose of distribution of story shear and 
torsional moment when the lateral 
deformation of the diaphragm is less than or 
equal to two times the average story drift. 

31

(2B)



SDPWS 2021 Section 4.5.2 Requirement:

CLT diaphragm deflection shall be determined
using principles of engineering mechanics. 

CLT Diaphragm Deflection Requirements



2015 White Paper on CLT Diaphragms

Available from structurlam.com

Developed in 2015, predates

SDPWS 2021 design requirements



• Design example following SDPWS 2015, US CLT Handbook

• Includes Modified 4-term wood panel sheathed diaphragm equation 
in SDPWS 2015

2015 White Paper on CLT Diaphragms

𝑪 =
𝟏

𝟐

𝟏

𝑷𝑳
+

𝟏

𝑷𝑾

PL is panel length
PW is panel width
en is connector slip at diaphragm edge

Chord
Flexure

Panel
Shear

Chord
Slip

Connector
Slip



WoodWorks Solutions Paper on CLT Modeling

http://www.woodworks.org/wp-content/uploads/Approach-to-CLT-Diaphragm-Modeling-for-Seismic-WoodWorks-Jan-2017.pdf

http://www.woodworks.org/wp-content/uploads/Approach-to-CLT-Diaphragm-Modeling-for-Seismic-WoodWorks-Jan-2017.pdf


WoodWorks CLT Diaphragm Guideline with Examples

Under Development By:

Funded By:



WoodWorks CLT Diaphragm Guideline with Examples

3 Examples

High and Low Seismic & Wind

Example from Holmes Structures



Scott Breneman
Senior Technical Director
Scott.Breneman@woodworks.org

Thank You!  Questions? 
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