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Background



Glue Laminated Timber (Glulam) Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Beams & columns Solid sawn laminations SCL laminations




Dowel-Laminated Timber (DLT) Nail-Laminated Timber (NLT) Glue-Laminated Timber (GLT)

Plank orientation
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Hybrid Mass Timber and Steel Framing?
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What is CLT?

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

Glued with Structural Adhesives Thickness

3to 20 inches*

Max Length 5 ¢S
24 to 64 feet* ? W Max Width

4to 12 feet®

*All dimensions are approximate.
Consult with manufacturers




FLATWISE Panel Loading

Tw
=
Span in MAJOR Strength Direction Span in MINOR Strength Direction
“Parallel” Direction “Perpendicular” Direction
Use subscript ‘0’ in Notation Use subscript ‘90’ in Notation

Reference & Source: ANSI/APA PRG 320
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Kalesnikoff Cross-Laminated Timber PR-L332
Kalosnikoff Mass Timber Inc. Ruvinod May 6. 2021
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SmartLam Cross-Laminated Timber PR-L319
SmartLam, LLC Revised August 16, 2017
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CLT Product Reports

" QLT Grade ) Layup Panel Properties
asic or custom

A Product Report” PR-L319

ReYised August 15, 2017 Page 3 of 5
e 1. wable Design Properties'® for Lumber ,(aminations Used in SmartLam CLT (for Use in the U.S.)
Maior S Direction Minor Strength Directiost
CLT Grade );r ) Es Fue ‘;J Fvo Feo Fam Es Fumo Fem Fvso Faso
si) (10 psi) (psi) ) (psi) (psi) (psi) (10¢ psi) (psi) (psi) (psi) (psi)
sLve | /775 1.1 350 1,000 135 45 775 1.1 350 1,000 135 45

Powsl LperZ 0.006895 MPa
#l Tabulated values are allowable design values aryd not permitted to be increased for the lumber flat use or size factor in ance with the NDS. The
design values shall be used in conjunction with section properties provided by the CLT manufacturer based on the attual layup used in
manufacturing the CLT panel (see Tables 2 ang 3) { A \

Table 2. Allowable Design Capacities® for SmartLam Balanced CLT (for Use in the U.S.)

Thick Lamination Thickness (in.) in CLT Layup Major Strength Direction Minor Strength Direction
CLT Lawp ness FiSus Elers GAus RSam Elaw GAue se
Grade i = - | = = = bt (10 100 Vi s Tbd- (10° (10¢ Ve 2
(in.) - : L - 4 " oy ol- ' ooy | ®F o | Y| e
| On | o o | 8 | bom
3ot | 418 | 138 | 138 | 138 1800 | 74 | 041 | 14301 245 | 29 | 041 | 495
amax | 512 | 138 1132'3 138 2025 | 161 | 049 |1740] 975 | 2 | 085 | 9%
5ot | 678 | 138 | 138|138 ] 138 [ 138 2150 | 286 | 083 | 1980 2120 | 74 | 083 | 1430
smaxx | 678 113;8 138 11;;@ 5150 | 355 | 14 |2460]| 245 | 29 | 086 | 495
Gmaxx | 81g | 138|138 ] 138 7200 | s96 | 12 |2805| ors | 22 | 13 | %%
SL-VA®) x2 | x2 | x2
7an | 958 | 138 | 138 | 138|138 | 138|138 | 138 7325 | 707 | 12 | 2500 4825 | 283 | 12 | 1.960
p J T [vE .- 1 1‘8 4 275 4 98 4 99 1 m N ANE SN0 4 27 2 A A AN T4 4 9 4 498




Structural Design Standardization

—
APA
B

Timber

Table 10.3.1  Applicability of Adjustment Factors for Cross-Laminated

Figure 121

ASD ] LRFD
ASD and LRFD
only only
T T T T
End Distance, Edge Distance s |z
and Fastener Spacing R
Requirements in Narrow Edge |2
of Cross-Laminated Timber = '?’é
2 |&

NDS

National Design Specification* for Wood Construction 1

3D 3D

77

with Commentary __ 4D d
2015 EDITION Fp(Ser) =1 : i end, 4 085
4D - ]
FL(Apa\ml]c])J - WF

0 0.80 A
Fu(ty) R 15 A
Table 16.2.1B Effective Char Depths (for CLT ——
b 15
Fy(Ib -
FA with p»=1.5in./hr.) ER
CLERE
Fo (A Required Effective Char Depths, a.y., n -
< Fire (in.)
(EI}.,;  Endurance lamination thicknesses, hy,, (in.) -
(El)y (hr-) S8 |34 T | o1 -4 -3 | -n2) -] 2 15 -
— f@ - I-Hour 22 122 21 |20 20 19 [ 18] 18] 18 -
RIS I“-Hour | 34 [ 32| 31 [30] 29 ] 28 [28 | 28| 26
2-Hour 44 | 43| 41 |40] 39| 38 |36 36| 36

National Design Specification for Wood Construction

2015 & 2018 Edition




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

nnnnnnnnnnnnnnnnnnnnnnnn

Standard for Performance-Rated
Cross-Laminated Timber

» .,.'
g

s

>

@ =

ANSI/APA PRG 320 2011

AMERICANYVAOOD COUNCIL
National Design Specification” for Wood Construction
with Commentary #
2015 EDITION
N,
1.2004

2015 International Building Code
AWC NDS 2015

CLT Recognized in the Model Building Code!*

(*for gravity systems with existing Construction Types)




EDGEWISE Panel Loading

4

Span in MAJOR Strength Direction Span in MINOR Strengh Direction

Reference & Source: ANSI/APA PRG 320-2017




EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference & Source: ANSI/APA PRG 320-2017




Shear Force Terminology & Jargon

Throughs=the=Thickness Shear

Shear Area

O N

&

Source: ANSI/APA PRG 320-2017 Source: NDS 2015 Manual

Through-the-Thickness Shear NDS 2015: F. (t.)

In-plane Shear Forces PRG 320-2017: F,. ot & F, o oot
EDGEWISE Shear in PRG 320-2017




CLT in In-Plane (Edgewise) Strength

TABLE 3—REFERENCE DESIGN VALUES FOR IN-PLANE SHEAR OF THE STRUCTURLAM CROSSLAM"® CLT PANELS'

CLT PANEL FACE LAMINATION ORIENTATION® FACE LAMINATION ORIENTATION®
L :.:.‘Jpg THICKNESS (psi) (Ibfift of width) j Reference Design Values for Nordic X-Lam Listed in Table 1 (For Use in
DESIGNATION v T o 14

99V 1757 235" 8,200° 11 000" Major Strength Direction Minor Strength Direction

160 V 175" 235" 14,0007 18,800" o Geotp™ o Ge.s0 tpld)

; } ; }

VM 239V 1757 235 19,800" 26,600" Fvaa®® (psi) (108 Ibfift) Fve s (psi) (106 Ibfift)

308V 175° 235" 25,600 34,300" 1550) 136 1900 136
105V 195 290 9,700 14,400 o
¥ ¥ [Le}]

VM 175V 270 290° 22,400 24,000° 195 1.52 190 1.52
' 245V 270° 290° 31,3007 33,6007 155 1.79 190 1.79
315V 270° 200" 40,200° 43,200° 185(¢) 2.23 215! 2.23
o o N o 140-4s | 512 145 2.39 190! 2.39
Source: ICC-ES/APA Joint Evaluation Report ESR 3631 143-5s 55/8 185ic) 2 44 215(c) 2 44
_ _ £ 17555 | 678 185 2.99 215 2.99
145 to 290 PSI EdgeWISG Shear CapaC|ty 197-7s |  73/4 155it) 3.37 21510 3.37
- : 213-71 8 3/8 185(c) 3.64 215(c) 364
=1.7to 3.5Kki P s/t (ASD) 220-7s | 85/8 185(¢) 3.75 2150 3.75
per inch of thickness! 244-7s | 9508 185(c) 4.18 2150 4.18
244-7| 9 5/8 185(¢) 4.18 2150 4.18
267-91 | 101/2 15500 4.56 2150 4.56
Consult with the Manufacturers for Values 3149 | 12378 185 5.38 2159 5.38

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)

Where Wood Lateral System Where Seismic (R values) - G
Requirements Reside. and Wind Systems are BUILDING CODE
No CLT Referenced. No CLT
AWC SDPWS 2015 ASCE/SEI 7-16 2018 International Building Code

2019 CBC
No explicitly recognized requirements

for CLT Lateral Systems in 2018 IBC




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

- EEImTTTTOEE 00

Standard for Performance-Rated
Cross-Laminated Timber

With new and improved
adhesive qualification tests

@ =

ANSI/APA PRG 320 2019

NDS

’\U'\TlONAL DESIGN SPtCIHCA'ﬂON

AMERICAN

WOoOD
COUNCIL

AWC NDS 2018

IBC

INTERNATIONAL
BUILDING
CODE

Now with
IV-A, IV-B and IV-C

Construction Types

[
2021 International Building Code

New Type IV Mass Timber Construction up to 18 Stories!




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

IBC

INTERNATIONAL
BUILDING
CODE

Now with CLT shearwalland | L

diaphragm requirements
= -

llllllllll
-------

AWC SDPWS 2021 ASCE/SEI 7-16 2021 International Building Code

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




2021 Special Design Provisions for Wind and Seismic
2021

LA, Top Changes Relevant to CLT Lateral Systems:

* New unified nominal shear capacity

_ * New CLT Shear Wall requirements
SDPWS * New CLT Diaphragm requirements
SPECIAL DESIGN PROVISIONS
FORWIND AND SEISMIC

View for free at awc.org

PowerPoint IS NOT the CODE!

4> AMERICAN




2021 Special Design Provisions for Wind and Seismic

2021
LA, Top Changes Relevant to CLT Lateral Systems:

* New unified nominal shear capacity

_ * New CLT Shear Wall requirements
SDPWS * New CLT Diaphragm requirements
SPECIAL DESIGN PROVISIONS
FORWIND AND SEISMIC

View for free at awc.org

PowerPoint IS NOT the CODE!

4> AMERICAN




2021 SDPWS - Unified Nominal Shear Capacity

For sheathed wood frame shear walls and

?D?T,ZO: diaphragms, SDPWS 2015 has two nominal shear
capacities
Vg Nominal shear capacity for seismic loads
SD WS Vw Nominal shear capacity for wind loads

SPECIAL DESIGN PROVISIONS
FORWIND AND SEISMIC"

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

Unp Nominal shear capacity

4> AMERICAN
L] een

COUNCIL




2021 SDPWS - Unified Nominal Shear Capacity

5072 1 To calculate the ASD or LRFD shear capacity,
BT SDPWS 2021 has different reduction factors for
wind and seismic

Design shear capacity

SDPWS

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC Wind Vpn/2.0 0.8 Vp

Seismic vn/2_8 0.5 Vp

SDPWS 2021 Section 4.1.4




2021 Special Design Provisions for Wind and Seismic

2021
LA, Top Changes Relevant to CLT Lateral Systems:

* New unified nominal shear capacity

: * New CLT Shear Wall requirements
SDPWS * New CLT Diaphragm requirements
SPECIAL DESIGN PROVISIONS
FORWIND AND SEISMIC

View for free at awc.org

PowerPoint IS NOT the CODE!

4> AMERICAN




CLT Shear Walls in SDPWS 2021
(other)
CLT Shear Walls CLT Shear Walls

not meeting Appendix B meeting SDPWS 2021 Appendix B

: .

o width, by
: M
20

]

N o

I (I S N R R |

o . with shear resistance provided by high
Seismic Design Category A aspect ratio panels only (SDPWS B.3.7)
or SDC B and < 65’ tall Panel aspect ratios
in SDPWS 4.6.3 Exception 2 < h/b, <4 Pane;;;pe_ct;atlos




R Values for CLT Shear Walls in SDPWS 2021

(other) Platform Framed
CLT Shear Walls CLT Shear Walls
not meeting Appendix B meeting SDPWS 2021 Appendix B
Panel aspect ratios Panel aspect ratios
2 < h/b, <4 h/b, =

|- - - - | SF | Joalaalaalad
R=1.5 R =3.0%* R =4.0*

Cd =1.5 QO — 25 Cd =3.0 QO — 30 Cd =4.0 QO — 30

In SDPWS 2021 4.6.3 * ASCE 7-22




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

SDPWS 2015

INTERNATIONAL
BUILDING
CODE

Now with CLT shear wall and Where Seismic (R values)

diaphragm requirements A ;'. and Wind Systems are

T Referenced. No CLT

llllllllll
-------

AWC SDPWS 2021 ASCE/SEI 7-16 2021 International Building Code

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




CLT in the U.S. Building Code - Lateral in the IBC 20247

2021

£ LEiRTeING

FORWINDAND SEISMIC™ = ©

Minimum Design Loads and BUILDING
Associated Criteria for CODE
Buildings and Other Structures

- N b

Now with CLT shearwalland |
diaphragm requirements

Now with
Platform Framed CLT Shear Walls

llllllll

IBC

INTERNATIONAL

AWC SDPWS 2021 ASCE/SEI 7-22

Future Full Recognition of CLT Shear Wall

2024 1BC
(in process)




Mass Timber
Diaphragms



Diaphragm Strategies with Horizontal CLT

e Option 1: Structural Topping as Horizontal Diaphragm

e (1A) Structural Concrete Topping

Finish Floor if Applicable

Concrete/Gypsum Topping

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling

Careful detalling to provide adequate
load path, minimum rebar cover, etc.




Diaphragm Strategies with Horizontal CLT

e Option 1: Structural Topping as Horizontal Diaphragm
* (1B) Wood Structural Panel Topping

WSP as diaphragm

CLT Panel as
laminated decking

Classify as blocked WSP diaphragm per SDPWS 2015 4.2.7.17

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




High 1.0ad Diaphragm

NLT Diaphragm Design

Figure 4.7: Prefabricated Pre-sheathed Panels

Key

1.
Z:

Field-intalled Plywood/ OSB

Plywood/ OS B splice location with typical
diaphragm nailing

Plywood/ OSB splice location for high load
daiphragm nailing

Shop-installed plywood/ OSB diaphragm
sheathing

5. Prefabricated NLT panel A
6. Prefabricated NLT panel B
7. INNLT expansion gap location fire stopped as

required

Self-tapping screw pairs crossing plywood/

; Source: NLT Design
OSB splice location &

& Construction
Guide




NLT Diaphragm Design

Pre-fabricated panels
often pre-sheathed

Once installed, add
splice strips, tape
joint if applicable




Diaphragm Strategies with Horizontal CLT

e Option 2: CLT as a Diaphragm

Topping and Flooring /77777777777 7777777 77/77 7777777777777 ]
as needed

CLT Panel as
Diaphragm




2021 Special Design Provisions for Wind and Seismic

2021
LA, Top Changes Relevant to CLT Lateral Systems:

* New unified nominal shear capacity

_ * New CLT Shear Wall requirements
SDPWS * New CLT Diaphragm requirements
SPECIAL DESIGN PROVISIONS
FORWIND AND SEISMIC'

View for free at awc.org

PowerPoint IS NOT the CODE!

4> AMERICAN




CLT Diaphragms

Strength of CLT rarely
governs.

Strength of Connections
covered by NDS and
Proprietary Fastener

Evaluation Reports




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




2021 Special Design Provisions for Wind and Seismic

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Requirements

CLT diaphragms shall be permitted to be used to re-
sist lateral forces provided the deflection in the plane of
the diaphragm, as determined by calculations, tests, or
analogies drawn therefrom. does not exceed the maxi-
mum permissible deflection limit of attached load distrib-
uting or resisting elements. Permissible deflection shall
be that deflection that will permat the diaphragm and any
attached elements to maintain their structural integrity

and continue to support their prescribed loads as deter-
mined by the applicable building code or standard.

4.5.2 Deflection

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

4.5.3 Unit Shear Capacity

CLT diaphragms shall be designed in accordance
with principles of engineering mechanics using design
values for wood members and connections in accordance
with NDS provisions.

The nominal unit shear capacity, vs, of CLT dia-
phragms shall be based on the nominal shear capacity
for dowel-type fastener connections used to transfer dia-
phragm shear forces, as calculated per 4.5 4, Item 1. ASD
allowable shear capacity or LRFD factored shear resis-
tance for the CLT diaphragm and diaphragm shear con-
nections shall be determined in accordance with 4.1.1.

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

1. The nominal shear capacity for dowel-type fas-
tener connections used to transfer diaphragm
shear forces between CLT panels and between
CLT panels and diaphragm boundary elements
(chords and collectors) shall be taken as 4.5Z%,
where Z* 15 Z multiplied by all applicable NDS
adjustment factors except Cp, Kr, ¢, and 4; and Z
shall be controlled by Mode IIls or Mode IV fas-

tener yielding in accordance with NDS 12.3.1.

Connections vsed to transfer diaphragm shear
forces shall not be used to resist diaphragm ten-
sion forces.

Wood elements, steel parts, and wood or steel
chord splice connections shall be designed for
2.0 times the diaphragm forces associated with
the shear forces induced from the design loads.

Exceptions:

1. Wood elements and wood splice connections
shall be permitted to be designed for 1.5
times the diaphragm forces associated with
the shear forces induced by the wind design
loads.

2. Where dowel-type fasteners are used in
chord splice connections and the connection
1s controlled by Mode IT1: or Mode IV fasten-
er yielding i accordance with NDS 12.3.1,
fasteners in the connection shall be permit-
ted to be designed for 1.5 and 1.0 times the
diaphragm forces associated with the shear
forces induced by the prescribed seismic and
wind design loads, respectively.

Diaphragm chord elements and chord splice con-
nections using materials other than wood or steel
shall be designed wsing provisions in NDS 1.4.

Only 1 page of
requirements for CLT
Diaphragms




CLT Diaphragm Design Guide based on SDPWS 2021

B
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CLT Diaphra §

De51gn (Guil

WV

e CLT Diaphragm
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Lpageof requirements
leading to

140 page guide '
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CLT Diaphragm Design Guide based on SDPWS 2021

CLT Diaphragm
Design Guide

BASED ON SDPWS 202

Chapter Organization

Introduction

Codes and Standards

Methodology of CLT Diaphragm Design

Diaphragm Shear Components

Diaphragm Boundary Elements

Diaphragm Deflection and Stiffness

Special Design Considerations

Example 12-Story Office with Distributed Frames

. 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

O o NOLEWN R

A




2021 Special Design Provisions for Wind and Seismic

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Requirements

CLT diaphragms shall be permitted to be used to re-
sist lateral forces provided the deflection in the plane of
the diaphragm, as determined by calculations, tests. or
analogies drawn therefrom, does not exceed the maxi-
mum permissible deflection limit of attached load distrib-
uting or resisting elements. Permissible deflection shall
be that deflection that will permit the diaphragm and any
attached elements to mamtain their structural integrity
and continue to support their prescribed loads as deter-
mined by the applicable building code or standard.

4.5.2 Deflection

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

4.5.3 Unit Shear Capacity

CLT diaphragms shall be designed in accordance
with principles of engineering mechanics usmng design
values for wood members and connections in accordance
with NDS provisions.

The nominal unit shear capacity, vu, of CLT dia-
phragms shall be based on the nominal shear capacity
for dowel-type fastener connections used to transfer dia-
phragm shear forces, as calculated per 4.5.4. Item 1. ASD
allowable shear capacity or LRFD factored shear resis-
tance for the CLT diaphragm and diaphragm shear con-
nections shall be determined in accordance with 4.1.1.

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

1. The nominal shear capacity for dowel-type fas-
tener connections used to transfer diaphragm
shear forces between CLT panels and between
CLT panels and diaphragm boundary elements
(chords and collectors) shall be taken as 4. 5Z%,
where Z* 15 Z multiplied by all applicable NDS
adjustment factors except Cp, Kr, ¢, and j; and 7
shall be controlled by Mode IIIs or Mode I'V fas-

tener yvielding in accordance with NDS 12.3.1.

. Connections used to transfer diaphragm shear

forces shall not be used to resist diaphragm ten-
sion forces.

. Wood elements, steel parts, and wood or steel

chord splice connections shall be designed for
2.0 times the diaphragm forces associated with
the shear forces nduced from the design loads.

Exceptions:

1. Wood elements and wood splice congfections
shall be permitted to be desig for 1.5
times the diaphragm forces asgfciated with
the shear forces induced by & wind design
loads.

2. Where dowel-type f ers are used in
chord splice connectyfns and the connection
1s controlled by Mgfe ITI: or Mode IV fasten-
er yielding in agfordance with NDS 12.3.1,
fasteners in thff connection shall be permit-
ted to be dgfigned for 1.5 and 1.0 times the
diaphraggf forces associated with the shear
forces fAduced by the prescribed seismic and
wingfdesign loads, respectively.

Diggfiragm chord elements and chord splice con-
ions using materials other than wood or steel
hall be desizgned using provisions in NDS 1.4.

/ 4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

1. The nominal shear capacity for dowel-type fas-
tener connections used to transfer diaphragm
shear forces between CLT panels and between

CLT panels and diaphragm boundary elements
(chords and collectors) shall be taken as 4.57%*,
where Z* 1s Z multiplied by all applicable NDS
adjustment factors except Cp, Kr, ¢, and &; and Z

shall be controlled by Mode IlIs or Mode IV fas-
tener yielding in accordance with NDS 12.3.1.

Requirements for the shear
connections




Generic Mass Timber Floor System
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Example CLT Diaphragm Design

Collector Chord

\
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Lateral Load

Collector




Example CLT Diaphragm Design

Diaphragm Shear, v \r|

Lateral Load

VARV VvVvVV VVVVVVVVVYV VVVVVVVV\

Chord
o

' ©

—> %%—9%%—9%!%

Shear Transfer Details:

a — panel to panel

b — panel to panel over beam

c — panel to wall / collector

d — panel to chord

e e —shear in panel

Other

z — chord and chord splice

y — collector and collector splice

o




CLT Diaphragm Shear Transfer Connections

Lateral Load

\VAVAVA VvVvVV VVVVVVVVVYV VVVVVVVVV

Chord
 S— O-n—
Diaphragm Shear,v —__| § Q‘|—;

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

o

—STT— —> b ——> > e!—




CLT Diaphragm Shear Connections

1/8" gap, typical
Maintain required Installation
edge distances options for
fasteners _\

N CLT panel typical
\
1 - - >3 <>lgxzv
i i B =
y Threads only.] Screws /
116" gap sp merlgcg\;ilmze pre-drilled
holes
Section view !
[
a) Over wood beam b) Over steel beam c) Over wood stud wall

* Diaphragm shear connections at CLT panel edges:
- Use dowel-type fasteners in shear (nails, screws, bolts)
- Yield Mode llls or Mode IV per NDS 12.3.1 controls capacity




Connection Yield Modes Per the NDS

Single Shear Connections

Double Shear Connections

I s
Mode In = ﬂ«]a‘_. .

Mode |s ™ :_E_.

L ;’ »  Mode Ii

LA . Mode iy

s - N
5. Model, ~C L

s

K “m” denotes main member, ‘s’ denotes side member

B

Mode IV~ EI{L,




Panel to Panel Connection Styles

* Single Surface Spline

CL OF SPLICE

11/2"

FIRE SEALENT
WHERE OCCURS
REF. ARCH.

1" THICK PLYWOOD

Min, plywood
Min. plywood edge distance = // end distance = 1%

1% +/- W' \

Plywood gap as required

Min. CLT edge distance = for construction tolerance

14" /- W'

Min. depth of panel after edge milling =
4" for 3-ply CLT with 4'-long SDWS Timber screws
6" for 5-ply and 7-ply CLT for 6™long SOWS Timber screws

Source: Simpson Strong-Tie




Panel to Panel Connection Styles

* Half-Lap

e —al e —al —al — —al E 4", 6" or 8" 0.c. screw spacing
(Note that screw end distance is
2" min. for all screw spacings)

CL OF SPLICE

1/4"@x5"
SCREWS @ 24" o.c.

Half of panel depth

CLT5 FLOOR
PANELS
REF. PLAN
________________________ 3%" max. (the standard ‘ » :
T e el maximum half-lap dimension 194" max. edge distance
- T ——— for US and Canadian CLT
e T manufacturers)
1/4"@x5"

FIRE SEALENT ) a?lzi‘.f\;‘ST (f)vfi' :)zc; TYP.
WHERE OCCURS i © rce: Si -Ti
REF. ARCH. f Source: Simpson Strong-Tie




astener Vendor Design Support

Quik Drive" Tool Setup

1A ble the Quik Drva PRC G52 cordiess drivec 0ol

japth setting ‘ocates the 8 countarsunk head just

sbove e hold in the emboss

§" nails for spociert Edige mitng s ot Ingued
ambossad hoke but e TN mum gare

L hgnd
framing naber using concentria, full . e

Light Diaphragm Spline Strap (LDSS) for Mass Timber

Abcwable Shear Load (1b./t1)

Fastenor
Fastoners Spacing

i |
- visP | seEmMF |
% a0

CLY Layup

Modol No Ga nin.)

Saismc
DE/SP .‘l SPFIHF
1 0

15548 10 Thioe-py

scription

avioner SPIONG, Ikp

tastenes

| Dot ol suchi

nd ol SR

Typical LDSS48 Instaltation with WSV3S Screws
at 4* o.c, in a Three-Ply CLT Panel
{tive-ply and seven-ply panel similar)

:GQGQG—QJH'

©9%p @

e ©

e

(]

!

A

Canterire

| SIMPSON |

Table 1. Reference allowable load and slip modulus for SDWS Timber Screws (SDW52240605 and
SDWS22600DB) for CLT surface spline fastening with 1-1/8-in. APA rated Sturd-I-Floor wood structural
panel, single-surface splines.

CLT Wood Species Combination | Allowable load per Fastener (1b.) Fastener slip modulus {in./X)
DFL 375 0.15
SPF
SPE-S 335 0.15

1. Allowable loads are given at C;=1.0 and maybe increased up to C-=1.6 as permitted by the
building code.

2. Applicable adjustments shall be applied following the ANSI/AWC NDS2-15 or NDS®-18.

3. Design values are applicable for all grain orientation combinations of major strength directions
in the CLT and the wood structural panel spline and grades of CLT for the species combinations

listed.
4. Designer is responsible to check shear capacity of spline {shear through the thickness and rolling
shear).
[2) SDWS226000B surews . / Plyviood spima

e 5\\'____ !
.-\ /.,..-""- e
—— ’ ——
3 -__--r::_':: -__}, 5-Ply GLT
=T = S
s e ——— \,‘__- =T '

- & -

Figure 1: Typical end elevation - Single-surface spline with 5-ply CLT panels, 1-1/8-in. spline {plywood
shown, 6-in. width), and 6-in. SDWS Timber screws (SDWS22600DB).




An Efficient Panel to Panel Connection

| 5 2"to 57/8”
Self-Tapping Screws plywood strip %” or
as “erection bolts” 17 Thick
@ ~24”0.c | ‘
—

=T

Nails at spacing %L/'?‘o

required for shear < Y
transfer \§ |

el

Graphics: ASPECT Structural Engineers




Panel to Panel Connection Tolerances
118" TYP. \

CLT PANEL, TYP. PLYWOOD SPLINE

Specify gaps between splines
| OF FASTENERS and shoulders of CLT panel
=== = (like spacing of WSP panels)

TYPICAL SPLINE
CONNECTION

CLT PANEL, TYP. GAUGE STEEL SPLI
; W/ (2) ROWS
| OF FASTENERS
S 1 St Plan for construction
’4;6;} < tolerances.

TYPICAL SURFACE GAUGE

CLT PANEL, TYP.

—— —— — )




Panel to Panel Connection Tolerances

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

Minimal gap T

= = e

T Minimal gap

T —

B e =

BUILT CONDITION

% Significant gap

Possible spline
buckling or popping

Closure of gap

Compression from diaphragm system behavior

POTENTIAL BEHAVIOR UNDER HIGH DIAPHRAGM LOADING




Panel to Panel Connections Options

Is a butt joint with angled screws compliant?

CLT PANEL, TYP.

Compliant
configuration

Non-compliant

configuration. |

BUTT JOINT

W/ (2) ROWS
OF FASTENERS

Section View

Shear resisted by dowels In

—

-

LT [ L —"" shear. OK if Mode llIs or IV
sy €]
[T
cEPn | R
i < __ Shear resisted by dowels in tension
N & compression. Not compliant!
7~ >

Plan View




Panel to Beam Connection Styles

SMG6 W12 58" ASSY 3.0
SCREWS @ 24" oo

|

)

- 6"

-r FEE—
CL OF BEAM R ———

= - - -

& w72,

.. r

3 Vi

- ’ R

\ // .....

\. GLULAM BEAM

SIMPSON STRONG-TIE,,/
SDWS22800 LOG |




CLT Diaphragm Shear Connection Design

Nominal capacity of CLT diaphragm shear connection fastener:
Z, =457Z"

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

multiplied by all NDS adjustment factors except C, K., ¢, A = 1.0

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1




Table 11.3.1 Applicability of Adjustment Factors for Connections

ASD
Only

ASD and LRFD

1

Temperature Factor
Group Action Factor
Geometry Factor ’
End Grain Factor °
Diaphragm Factor
Toe-Nail Factor

LRFD

=
=
=3

Resistance Factor

Format Conversion Factor
Time Effect Factor

[.oad Duration Factor '
Wet Service Factor
Penetration Depth Factor
Metal Side Plate Factor °

Lateral Loads

Dowel-type Fasteners

(e.g. bolts, lag screws, wood screws, Z* =7 X 1.0 |Cy C, Cg Cha - C&g - 1.0 Ca

nails, spikes, drift bolts, & drift pins)

Also 1.0 for CLT Diaphragm Shear Connections

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1




CLT Diaphragm Shear Connection Design

Nominal capacity of CLT diaphragm shear connection fastener:
Z, =457Z"

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

multiplied by all NDS adjustment factors except C,, K., ¢, A = 1.0

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

v, =7.1S=45Z*IS

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1




2021 SDPWS - Unified Nominal Shear Capacity

2021

EDITIDN

SDPWS

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC"

MERICAN

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

Design shear capacity

ASD LRFD
Wind V,/2.0 0.8 Uy
Seismic vn/2,8 0.5 Vp

ASD seismic design capacity:
A57Z*%/28=161Z* = C,Z=167Z




CLT Diaphragm Shear Connection Design

Fastener with regular spacing, S, nominal unit shear connection capacity is:
v, =Z7.1S=4.5Z*S

Required unit shear strength < Design unit shear capacity

Un = 2.8 (seismic)
ASD V= Vyep < — RF -7 .0(wind)
ASD RF
— < = 0.5 (seismic)
LRFD v =1, < v, D o8l

SDPWS 2021 Section 4.1.4 and 4.5.4(1)




Other CLT Diaphragm Components

Lateral Load

VARV VvVvVV VVVVVVVVVYV VVVVVVVV\

Chord
Q

Diaphragm Shear, v \l'|

.
o

—> %%—9%%—9%!%

Shear Transfer Details:

a — panel to panel

b — panel to panel over beam

c — panel to wall / collector

d — panel to chord

e e —shear in panel

Other

z — chord and chord splice

y — collector and collector splice

o

Collector —
v ]




Other Diaphragm Components

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Requirements

CLT diaphragms shall be permitted to be used to re-
sist lateral forces provided the deflection in the plane of
the diaphragm, as determined by calculations, tests, or
analogies drawn therefrom, does not exceed the max-
mum permissible deflection limit of attached load distrib-
uting or resisting elements. Permissible deflection shall
be that deflection that will permit the diaphragm and any
attached elements to mamntam their structural integrity
and continue to support their prescribed loads as deter-
mined by the applicable building code or standard.

4.5.2 Deflection

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

4.5.3 Unit Shear Capacity

CLT diaphragms shall be designed in accordance
with principles of engineering mechanics usmg design
values for wood members and connections in accordance
with NDS provisions.

The nominal unit shear capacity, vu, of CLT dia-
phragms shall be based on the nominal shear capacity
for dowel-type fastener connections used to transfer dia-
phragm shear forces, as calculated per 4.5 4. Item 1. ASD
allowable shear capacity or LRFD factored shear resis-
tance for the CLT diaphragm and diaphragm shear con-
nections shall be determined in accordance with 4.1.1.

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

1. The nominal shear capacity for dowel-type fas-
tener connections used to transfer diaphragm
shear forces between CLT panels and between
CLT panels and diaphragm boundary elements
(chords and collectors) shall be taken as 4. 52%,
where Z* 15 Z multiplied by all applicable NDS

tener vielding in accordance y

Connections
not be used to resist diaphragm ten-
forces

3. Wood elements, steel parts, and wood or steel
chord splice connections shall be designed for
2.0 times the diaphragm forces associated with
the shear forces induced from the design loads.

Exceptions:

1. Wood elements and wood splice connections
shall be permitted to be designed for 1.5
times the diaphragm forces associated with
the shear forces induced by the wind design
loads.

2. Where dowel-type fasteners are used in
chord splice connections and the connection
15 controlled by Mode ITI: or Mode IV fasten-
er yielding in accordance with NDS 12.3.1,
fasteners in the connection shall be permit-
ted to be designed for 1.5 and 1.0 times the
diaphragm forces associated with the shear
forces induced by the prescribed seismic and
wind design loads, respectively.

1aphragm chord elements and chord splice con-
Qns using materials other than wood or steel
igned using provisions in NDS 1.4

Wood elements, steel parts, and wood or steel
chord splice connections shall be designed for
2.0 times the diaphragm forces associated with
the shear forces induced from the design loads.

Exceptions:

1. Wood elements and wood splice connections
shall be permitted to be designed for 1.5
times the diaphragm forces associated with
the shear forces induced by the wind design
loads.

Where dowel-type fasteners are used mn
chord splice connections and the connection
15 controlled by Mode III: or Mode IV fasten-
er yielding in accordance with NDS 12.3.1,
fasteners in the connection shall be permit-
ted to be designed for 1.5 and 1.0 times the
diaphragm forces associated with the shear

forces induced by the prescribed seismic and
wind design loads, respectively.




Other CLT Diaphragm Components

1/8" gap, typical

Maintain required Installation
A ) edge distances options for
‘”’ [ CLT panel typical fasteners \
T I N
L = O === << == AP
[ l , !
N N7 .
\_ Plywood or LVL =L
1/16" gap _/ spline in oversized Threads only.~ e j
recess in beam through
_ ) pre-drilled
Section view holes
e '

a) Over wood beam b) Over steel beam c) Over wood stud wall




Other CLT Diaphragm Components

Increased Diaphragm Design Forces < Design Capacity

Yp V<V

. . / Adjusted capacity
v = wind or seismic force demand V= alculated per the NDS

not 4.5 Z*

2.0 for wood and steel components, except:
y — 1.5 wood members resisting wind loads
D : : L
1.5 chord splice connections controlled by Mode llIs or IV (seismic)
1.0 chord splice connections controlled by Mode llIs or IV (wind)

See SDPWS 2021 Section 4.5.4 for the full information




Other CLT Diaphragm Components

Wood elements, steel parts, and wood or steel
chord splice connections shall be designed for
2.0 times the diaphragm forces associated with

I
R'nps =|Yp|Faesign,asp

RFHDS = YD Fdesign,LRFD the shear forces induced from the design loads.
Exceptions:

1. Wood elements and wood splice connections
Force Increase shall be permitted to be designed for 1.5
Component Factor Yp times the diaphragm forces associated with
_ _ the shear forces induced by the wind design

Seismic Wind x =

loads.

Chord splice connections between . Where dowel-t‘_vpe fasteners are used in

wood elements where the connection . ; ;
1.5 1.0
s usihg facienar i shew: coriralied chord splice connections and the connection

by yield mode llls or IV 15 controlled by Mode IIl: or Mode IV fasten-
er yielding 1n accordance with NDS 12.3.1,

bet del M ROE G 20 15 fasteners in the connection shall be permit-
TS ORISR IS IR R0 ' ' ted to be designed for 1.5 and 1.0 times the

the above , _

diaphragm forces associated with the shear
Steel elements including connections 20 20 forces induced by the prescribed seismic and
between steel elements wind design loads, respectively.

Wood elements and connections

See SDPWS 2021 Section 4.5.4 for the full information




Example Calculation - Shear through Surface Spline

4.5 Example Calculation of Surface Spline Connection

An example calculation for a single surface spline detail is provided in Figure 4.8.

Plywood spline

Two rows of spline fasteners

| FIGURE 4.8: Example spline connection

« 10d common nails
« Group 1, 23/32-in.-thick, 48/24 span-rated, general sheathing grade 4-ply plywood spline
« CLT panel with specific gravity, G = 0.50

An ASCE 7-16 diaphragm unit shear wind demand of 1,600 Ibf per ft at strength (LRFD) is assumed.




Example Calculation - Shear through Surface Spline

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

Specific Gravity: G:=0.5
Dowel diameter: D:=0.148 in
Dowel length: L ey =340
Dowel bending yield strength: Fyb := 90000 psi
Side member bearing length: 1_:=0.72 in
Estimated length of tapered tip: E:=2-D=0.296 in per NDS §12.3.5.3
E
Main member bearing length: A R 5 = 2.132:dn
Main member bearing strength: F_ =4650 psi per NDS Table 12.3.3
Side member bearing strength: F . =3350 psi per NDS Table 12.3.3B
F
. — em p—
Bearing strength ratio: By 5 g 1.39
es
1
. — m p—
Bearing length ratio: hy = 7 2.96
Reduction term: R,:=2.2 per NDS Table 12.3.1B

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

Strength fit factors per NDS Table 12.3.1A:

2 2 2 3
‘/Re+2'Re ’[1+Rc+R: ]+Rc ‘R, ‘Re‘(l“"c]
kl:: =1.3
1+R,
F R Dz' R F R 02'
2. yb-(1+2- e)- 2-[1+ e] 2- yb-[2+ e]-
k,:=—1+ 2'[1+Re]+ = =1.24; ky:==-1+ = + = =1.3
3.F'em.'lm . 3.Fem.ls

Single shear yield limit equations per NDS Table 12.3.1A:

D-1_ -F_ ky,-D-1_-F__

; Z t=—————— =666.9 1bf I - z o= =86.4 1bf

Mode Iy: Im R, Mode IIl: IIls (2 +R, ] ‘R

D-1_ F 2 ol oF

s _"es D em " “yb
: Z _t=———=162.3 1bf ) Z = . ¥

Mode I I Mode IV: 107.6 1bf

k,«D-1_-F

g, = z = =210.5 1bf
Mode II: I R - -
k,-D:1 -F
m em

Mode Ill,,: 211tm = (l T 2R )'Rd =218.7 1bf [ Controlling: Z:=2,,,, =86.4 1bf
e

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):

Wet service factor: Cyi=1.0
Temperature factor: C.:=1.0
Group action factor: Cg :=1.0
Geometry factor: C,:=1.0 (determine a value if @ > 1/4")
End grain factor: Ceg =1.0
Diaphragm factor: Cy; 3 =1.0
Toe nail factor: C.,=1.0
Adjusted design value Zopay=2°C,-C, - Cg “C, Ceg +Cy; "C. =86 1bf
Nominal strength: V,:=4.5-2_, =389 1bf per SDPWS §4.5.4 Item |
ASD and LRFD CLT diaphragm shear capacity of nail:
Reduction factor: Q,:=2.0 per SDPWS §4.1.4 for wind design
"4
ASD Adjusted strength: — =164 1bE
D
Resistance factor: ¢,:=0.8 per SDPWS §4.1.4 for wind design
LRFD Adjusted strength: ¢y V. =311 1bf

CLT Diaphragm Design Guide Section 4.5




Example Calculation - Shear through Surface Spline

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

1bf 1bf
Vdesign.ASD :=0.6-1600 . =960 FC ASD load combination factor of 0.6 W applied

"4
n

2,

S, = =2.43 in maximum fastener spacing
design.ASD

St=2.049n

specify 2.0 inches for design and construction
Check assumed Geometry Adjustment Factor depending on fastener diameter:

C,==1.0

2 adjustment factor value confirmed per NDS 12.5.1

Determine design capacity and compute the DCR.

= ;_n 1bf
v, =V, —g— =2333 22
- 1166 plf ASD wind shear capacity of nails
9—”:1166 % > ASD wind shear demand 960 plf
D

L Vaesiqn.ASD -
DCR := = =0.82 DCR < 1.0. OK

n

25

CLT Diaphragm Design Guide Section 4.5




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):

Q- Vdesign .ASD

\"4 :
. .ASD . . . . . .
Rabeg CM Ct Cg CA Ceg Cdi Ctn

Ibf

o 2.0 (960 —--)
Vn.req.ASD ' ft = 1920 1Bt

1.0-10-1.0-10-1.0-1.0-1.0

CLT Diaphragm Design Guide Section 4.5




Example Calculation - Shear through Surface Spline

Pre-calculated design tables in the Appendix A of the Guide

| TABLE A.1.4: Example fastener properties for spline capacities

Fasten

8d commor
10d commao
16d commo
Example sc
Example sc

a. Diameter us
diameter, Dy
b. Minimum pe
and 6D for v

Diameater Da

Lenatht

Yield Strenath

| TABLE A1.2: Example WSP properties for spline capacities

Spline Sic

General sheath

Structural 1she

General single

Structural 1sing

General sheath

Structural 1 sing

General sheath

Structural 1 sin¢

1

I |

| TABLE A.1.3: Reference design value and controlling yield mode for fasteners in splines

Reference Lateral Design Value for Single Fastener, Z* (Ibf)

S
: | TABLE A.1.4: Nominal diaphragm shear capacity for spaced fastener in spline

General sh
m Nominal Diaphragm Shear Capacity of Fasteners, | paoference Spline
s Spline Material Fastener vn =4.5Z°/S, @ Spacing, 5< (plf) Shear Capacity,
Bty 12-in. 0.c.| 6-in.0.c. | 4-in. 0.c. | 3-in.0.c. | 2-in.0.c. Fyty® (pif)
St CLTSG=0.36

General sh General sheathing (23/32) 8d common nail 255 510 765 1,020 1,530 1176

Structural | General sheathing (23/32) 10d common nall 296 592 888 1,184 1,776 1176
% General sheathing (23/32) Example screw 1 266 531 797 1,062 1,593 1176
IS, General sheathing (23/32) Example screw 2 321 641 962 1,283 1,924 1,176

Structural | Structural 1 sheathing (23/32) 8d common nail 3n 623 934 1,245 1,868 1,512

Structural | Structural 1 sheathing (23/32) 10d common nail 359 718 1,077 1,436 2,154 1,512
m Structural 1 sheathing (23/32) Example screw 1 316 631 947 1,262 1,893 1,512
- Structural 1sheathing (23/32) Example screw 2 385 mn 1156 1,542 2,313 1,512

Ganswal alf General sheathing (7/8) 10d common nall 336 672 1,008 1,343 2,015 1,440




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

TABLE A.1.4: Nominal diaphragm shear capacity for spaced fastener in spline continued
Nominal Diaphragm Shear Capacity of Fasteners, | peference Spline
Spline Material Fastener Vn = 4.5Z"/S, @ Spacing, 52< (plf) Shear Capacity,
12-in. 0.c.| 6-in. o.c. | 4-in. o.c. | 3-in. o.c. | 2-in. o.c. Fyty® (pif)
CLTSG=0.50
General sheathing (23/32) 8d common nail 330 659 989 1,318 \ 1,176
General sheathing (23/32) 10d common nail 388 776 1164 1,552 2,328 ! 1176

| @

> reg. nominal 1920 plf

c. Before using highlighted fastener capacity values, verify the adjusted design spline capacity is greater than the amplified demands per
SDPWS §4.5.4:

Verify adjusted spline capacity is greater than SDPWS §4.5.4.3 Exception 1 for wind design.
Verify adjusted spline capacity is greater than SDPWS §4.5.4.3 for seismic design and SDPWS 4.5.4.3 Exception 1for wind design.
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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:
Vo Vaesign.asp = (1.5) 960 plf = 1440 plf

Compare to the NDS adjusted plywood spline capacity (ASD)

1bf in 1bf
Reference in-plane shear capacity: Fvtv := 98 = 12 = = 1176 grmy per APA D510 Table 9
Apply ND ' factors:
ppiy. ND adjusment Mctors per NDS Table 9.3.1
Load duration factor: C,:=1.6
Wet service factor: Cy=1.0
Temperature factor: C,=1.0
, 1bf
ASD adjusted strength: FvEv' yps agp = FVEv-C,-C, - C, [= 1882 T ]

> req. ASD shear 1440 plf, spline OK
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CLT Diaphragm Design Guide based on SDPWS 2021

CLT Diaphragm
Design Guide

Chapter Organization
"1. Introduction
2. Codes and Standards
Methodology of CLT Diaphragm Design
. 4. Diaphragm Shear Components y
Diaphragm Boundary Elements
Diaphragm Deflection and Stiffness
Special Design Considerations
Example 12-Story Office with Distributed Frames
. 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
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Copyright Materials

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

Funding provided in part by the Softwood Lumber Board

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
application without competent professional examination and verification of its accuracy, suitability, code compliance and
applicability by a licensed engineer,; architect or other professional. Neither the Wood Products Council nor its employees,
consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or
guarantee, expressed or implied, that the information is suitable for any general or particular use, that it is compliant with
applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability
or responsibility for the use, application of and/or reference to the information. Anyone making use of the information in any
manner assumes all liability arising from such use.
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