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Course Description

The use of cross-laminated timber (CLT) as structural floor and roof panels has seen incredible
growth in the US over the past decade. However, its use as part of a seismic and wind force-
resisting system—either as a diaphragm or shear wall—has only recently been codified. This has
resulted in designing CLT lateral systems through alternative means. This presentation will
introduce new provisions for CLT shear wall and diaphragm design, in the American Wood Council’s
2021 Special Design Provisions for Wind and Seismic (SDPWS). The presentation will cover the
detailing and design requirements for the newly defined CLT shear walls and diaphragms found in
the SPDWS and the range of seismic design parameters (e.g., R values) recognized for CLT shear
wall in ASCE 7-22.




Learning Objectives

. Develop and understanding of design challenges related to using CLT for wind and seismic

resistance while meeting the intent if the building code.

. Discuss the new provisions in the 2021 Edition of Special Design Provisions for Wind and Seismic

applicable to all lateral system.

. Understand the new detailing options and path to code acceptance of several CLT shear wall

systems.

. Review the engineering design requirements for using CLT floors and roof assemblies as horizontal

diaphragms for wind and seismic resistance.




Current State of Mass Timber Projects

As of Q1 2025, in the US, 2,427 multi-family, commercial, or institutional projects have
been constructed with, or are in design with, mass timber.  https://www.woodworksinnovationnetwork.org/projects/

Stage
B Construction Started / Built
[ In Design

Scan this code or use the
url to find the map and
more details online.
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R | A /resources/mapping-
* This total includes modern mass timber and P LT3 mass-timber/

post-and*beam structures built since 2013
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Photo: Andrew Welch



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

Beams & columns Solid sawn laminations SCL laminations

Photo: Freres Lumber

Photo: LendLease : Photo: LEVER Architecture
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Dowel-Laminated Timber (DLT) Nail-Laminated Timber (NLT) Glue-Laminated Timber (GLT)

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft
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Candlewood Suites at

Redstone Arsenal
Huntsville, AL

Photo Credit: Lend Lease



Candlewood Suites at

Redstone Arsenal
Huntsville, AL

Photo Credit: Lendlease




o !,_-E..-EJ

Fort Liberty, NC

oo
o i t w,_“

Candlewood Suites at

Photo Credit: MLP Solutions and Sterling Structural
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Hybrid Mass Timber and Steel Framing
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Barracuda Condos

Madison, WI
Photo Credit: WoodWorks

Brentwood Library

Brentwood, CA

Photo Credit: Blake Marvin/HoImes
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Cooley Landing Education Center
East Palo Alto, CA

Photo Credit: Michael O’Calahan



Cross-Laminated Timber



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 A S
16 to 64 feet* ? N Max Width

4 to 12 feet®

*All dimensions are approximate.
Consult with manufacturers




CLT Product Standards and Code Acceptance

ANSI/APA PRG 320
CLT Product Standard

........................

Standard for Performance-Rated
Cross-Laminated Timber

AWC’s NDS
for CLT structural design

A INTERNATIONAL
Qd )/ BUILDING CODE

International Building Code
2015 thru 2024 editions




FLATWISE Panel Loading

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

Reference & Source: ANSI/APA PRG 320




PRG 320 Defined Layups

Layup
CLT Grade Panel Properties
(basic)
\
TABLE A2
SD REFERENCE DESIGN VALUES® FOR BASIC CLT GRADES AND LAYUPS (FOR USE IN THE U.5.)
X/ Lamination Thicl\gess (in.) in CLT Layup { Majeor Strength Direction Minor Strength Direction \
A \ ot (ocie Dottt v o (FS)ure HoTiEE (o)., e Voo
CLT t fi of in.2/ft of ftof  (Ibf/ft of {I'Lf-ft}'h in.2/ft of (10¢ Ibb/ft  (Ibf/ft of
Grade J(in.) = 1 = L = 1 = width) width) width) width) of width) width)  of width) width)
41/8 13/8 13/8 13/8 4,525 115 0.46 1,490 160 3.1 0.61 495
El 67/8 13/8 13/8 13/8 13/8 13/8 10,400 440 0.92 2,480 1,370 81 1.2 1,490
958 138 138 13/8 13/8 13/8 13/8 13/8 18,375 1,089 1.4 3,475 3,150 313 1.8 2,480
41/8 13/8 138 13/8 3,825 102 0.53 1,980 163 3.6 0.56 660
E2 67/8 13/8 13/8 13/8 13/8 13/8 8,825 389 1.1 3,300 1,440 95 1.1 1,980
95/8 138 138 138 138 138 138 138 15,600 963 1.6 4 625 3,300 364 1.7 3,300
41/8 13/8 13/8 13/8 2,800 8l 0.35 1,160 110 2.3 0.44 385
E3 67/8 13/8 13/8 13/8 13/8 13/8 6,400 an 0.69 1,930 955 61 0.87 1,160
25/8 138 138 13/8 13/8 13/8 13/8 13/8 11,325 769 1.0 2,700 2,210 234 1.3 1,930
41/8 13/8 13/8 13/8 4,525 115 0.50 1,820 140 3.4 0.62 605
Ed 67/8 13/8 13/8 13/8 13/8 13/8 10,400 440 1.0 3,025 1,230 88 1.2 1,820
95/8 138 138 13/8 13/8 13/8 13/8 13/8 18,400 1,089 1.5 4,225 2,850 338 1.9 3,025
4 152 1 2/9 21 2/0 1 2/ 2 005 111 M A48 1 A5 1401 T 7] N 55 E&EM




34 Party Product Qualification of CLT

APa PRODUCT REPORT ODUCT REPORT
ara Opmrad
Element5 Cross-Laminated Timber PR-L339
Mercer CrossLam CLT PR-L347 ElementS Limited Partnership Revised Apri 18, 2025
Mercer Conway DBA Mercer Mass Timber tssued July 11, 2023
Products € 8 Cocnnd aled Tertae
Products: Mercer CrossLam Cross-Laminated Timber Eoments Limd
Mercer Conway DRA Le Aase Yieeboe 1800 Ob erne Bond Corae, Advansns TV (888) 670- 771
(509) 6080767 xuasscecd
— : PRODUCT REPORT
ara PRODUCT REPORI - a] =
wwnepewesd.en
o 2024
Freres Mass Panels (MPP) and PR-L325
SmartLam Timber PR-L319 - Mass Py L -:(,-m B v Gl Revisd December 16, 2024
SmartLam, LLC Revised August 15, 202) L2 e .
recogy Freres Lumber Co,, Inc. dba Freres Engineered Wood
Products. SmatLam Cross Lameated Timber * ANSH Procucts
Smatam, LLC. 610 3 Stwet West. Columtea Falis, MT 50012 1B8C o rwlmﬁ:’&
(406) 892.2241 o PrSY Lyons, Oregon 973
mwe SMatiam com 132.2 .
o » (503) 850.2121
1. Basis of e pef HA;:,AIM ond T e Seresencd of A
° 2021 2018 SERVICE”
et ot 2 Produts 1. Besisol e PFS-TECO Building Product Evaluation Report 0141
. 20120C § ICC-ES Evaluation Report Roments o 2024, 2021
. 2021, 2018, . m'l laminated t| V
W“l! ANSVAP: o 2024, 2021
o 2012IRC Ruisinmd Aupast 2004 Thet e @it Cordimd \ . .
" A o propertel oA Mercer Cross-Laminated Timber
recogrized A
o ANSVAPA § Sadgwet o rerewea Augud 2008 L wl s :Mn recogrued m' |ﬂC
B B Y e e e e ey B B L e e e ey ey o ANSWAPA W Accotncn Ui+ 2032 Capraton _ronary 28 2028
o APA Report e e 2 eh . w0 an oy prendaat covernd by e repent 3 Desonpd 1BC and IR P
12020030, E Clomentd . 2024, 2018 Roveson. _fetnan 20200
i EVALUATION SUBJECT m m
2 Product escry TERRALAM® CROSS- sesistenc) « APA Repod LXPECEACCEPTANCE. Product Material — Wosd. Pastics and Composnes
SmartLam crof LAMINATED TIMBER C31 Speoticanon Dwvson: 08 00 00 and Section 08 17 19 Cross Lamwated Temter
sccordance wi PANELS pansi-1o- 12021P-38
methematical ¢ with Sect ? PRCE RSV E VUSRS :;:)"“"'L“'
ANSLAPA PRY (SOPWS) Product descr| S Ottt
CLY are provd Freres Mass F ....n:.:.!: e
(SPF.S). Hamy 4 Product o 1.0€ Doughas |
repaced by Od e et custom layupd SLICEPUONOf D PECOLLILUAUATID
$an Me corey martacl models usng Mercer Cross-Laminated Timber (CLT) uses Soruce-Svm#v (SPF). Doughen-F rLarch (DF L) and Scuthem Yelow Pre
CLY can be o 92021, 2018 and 2015 termatony! Sudgng Come (BC) o DO with (SYP) mnatons win ANSI 408 and CSA 01170 approved SIaiunst Siwaved 1 sanutacius uired and castom CLT
wata ot 1279 82021, 2018 ana 2015 fisrasony Aessve Cot 1) - o200 joows g e e e 0 e 7Y e 5 e B e 2 T € e et
N @ ANSVAPA PRG 120-2019 Standard for Perfonmance-Rated Cross-Laminated Tember 5 [~ ”W Mercer CLY ipups, Oencrtmd in Taties 3 Bwougn 6 m Bun Repont, were Seveloped by product quatficaton and Pe
Py mo . o Agpendia X3 of PRG 3202019 Parwls arw loyered ressed e mar A -
D‘M‘v:w‘cul tam(b%wmmhtuwzimmm: Fire-rated wmv::::;:;tnmnuhnu.\v\mq.vuw--;:qvw.:el m-c::..;:-
Wih e slowal Dwvision of State Archilects (DSA). see ESR-5053 CBC and CRC Supplement provedec Freres MPP s
(;lna:: Property evaluated NOS shai apphcations ! v 2015 2008 2021 Mlenatons Bubing Code® (C*) Secton 2301 1.4 Shuchunsd Glusd Cross Laminated Tenbe
€95 b9 ony @ Syuctesl thicknesses (1 o 2015 208 2021 hematonsl Rescentsl Cooe® (IRC*) Sectons RS0Z 1 6. RE0Z 1 6 and ROZ 1 § Croms-
cortanms an
1O @ F re Resstarce 6 Limitation lengths up o 4 Cameanes et
and a) Elom| o ANSIAPA PRG 320-2019. Standand ki Parkrmance-Rated Cross< smwated Tmber
remter 20USES F M I o 2015, 2008, 2027 Natone Design Sgeciicaton® (NOS®) for Wood Constncton
:Q\a:\v.‘" Stering's Temalam crossdaminated Smber (CLT) panels ae cotlied enginesred wood product When b -'-" g . f);‘s_‘m.'ommcamucm“cc.cu-uvvdc-—mAmu-‘mu 4310 e




CLT Product Reports

CLT Grade
(basic or custom)

Layup

ARA Product Report” PR-L319

Panel Properties

Reyised August 15, 2017 Page 3 of 5
el wable Design Properties'® for Lumber/(aminations Used in SmartLam CLT (for Use in the U.S.)
Major Strength Direcfion Minor Strength Directiog
CLT Grade Fvo Eo Fio Fer Feo Fso Fo90 Eswx Fioo Feso Fus0 Fss0
si) (10 psi) (psi) (pg1) (psi) (psi) (psi) (10 psi) (psi) (psi) (psi) (pst)
SL-V4 775 1.1 350 1,000 135 45 775 1.1 350 1,000 135 45
0.006895 MPa

@ Tabulated values are allowable design values a

design values shall be used in conjunction with We section properties provided by the CLT manufacturer based on the

manufacturing the CLT panel (see Tables 2 ang 3).

not permitted to be increased for the lumber flat use or size factor in ;ordance with the NDS. The
actual layup used in

\ \
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 Layup A FiSus El.c: GAus FSuse El.a:: GAurse
S IR il I IR N IR O I PR N I ol el Y ol IO el R

fim) aum | B L Iy L
3-alt 418 | 138|138 | 138 1,800 74 041 1430 | 245 29 0.41 495
amaxx | 512 | 138 1)(32'8 138 2025 | 161 | o049 |1740] 915 | 23 | 085 | %0
5-alt 678 | 138|138 138|138 ]138 4,150 286 083 | 1,980 ] 2120 74 0.83 | 1430
smaxc | 678 5 | 138 | P 5150 | 355 | 14 |2460| 245 | 29 | 086 | 495
g-maxx | 814 | 3;8 ! 32'8 1 32'3 7200 | 506 | 12 [2875] 95 | 23 | 13 | 9%

SL-V4®) —

7-alt 958 | 138|138 138|138 1138|138 | 138 7.325 707 1.2 2,500 | 4825 283 12 1,960
P sy NLN 13"8 4 20 4 20 4 20 13I8 N ANE fatatnl 44 2 a AAN N 410 4 4 2 4 49N




CLT Product Standards and Code Acceptance

ANSI/APA PRG 320

= ! sl Standard for Performance-Rated

===q ross-Lamk Cross-Laminated Timber

=

— et I " |

--_:‘4 ————l = ==

_‘._5‘1 =5 e ——— =

= = == === INTERNATIONAL
~ e BUILDING CODE

* : @ =

3'd Party Product Reports

AWC’s NDS
for CLT structural design

International Building Code




CLT Product Standards and Code Acceptance

........................

Standard for Performance-Rated
Cross-Laminated Timber

ANSI/APA PRG 320
CLT Product Standard
@ Aea
AWC’s NDS

for CLT structural design

A INTERNATIONAL
Q )/ BUILDING CODE
N

International Building Code




Structural Design Standardization

Table 10.3.1  Applicability of Adjustment Factors for Cross-Laminated
Timber

Fu(Sei)" = FulSen)
Fi(Aparatiet)’ = Fil( A
F.(t,) = FE.(t,)
F(Ib/Q)er’ = Fu(Tb/
Fe(Aparaer)’ = Fo(A
Fo(AY =F.(A)
(EDapp” = (ED)app
(EDapp-min’ = (EDapp

AMERCAN
WOOO0 COUNCIL

National Design Specification for Wood Construction
2015, 2018, 2021 Editions

LRFD
only

ASD
only

ASD and LRFD

Figure 121 End Distance, Edge Distance
and Fastener Spacing
Requirements in Narrow Edge
of Cross-Laminated Timber

3D 3p

77

end end
grain grain

edge
D grain

with f»=1.5in./hr.)

Table 16.2.1B Effective Char Depths (for CLT

Required Effective Char Depths, ag,.,
Fire (in.)

Endurance lamination thicknesses, hy,, (in.)
hr.

b (hr.) 508 | 34| TB I 1-14 ) 1-3/8 [ 1-1/2)1-3/4] 2
1-Hour 22 122 21 200 20 1.9 L8 | 1.8 1.8
1Y5-Hour 34 |32 31 |30 29 2.8 28 | 28 2.6
2-Hour 44 143 41 |40 39 3.8 3o | 36 36




EDGEWISE Panel Loading

O
Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference & Source: ANSI/APA PRG 320-2017




EDGEWISE Panel Loading

P

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference & Source: ANSI/APA PRG 320-2017




CLT in In-Plane (Edgewise) Strength

Table 5. ASD Edgewise Design Values for Mercer CLT 1.4V Grade Panels

TABLE 4—REFERENCE DESIGN VALUES FOR IN-PLANE SHEAR OF THE KALESNIKOFF CLT PANELS' No.of | CLT Layup | Thickness, t Edgewise Shear Stress ()
. Desi ti in. . .
THICKNESS IN-PLANE SHEAR STRESS IN-PLANE SHEAR CAPACITY? ayers | Pesignation (in.) Fveo (psi) Fu.e00 (psi)
cLT
GRADE LAYLPE t Frap Fuas Froste Frasily CLT3-082 3.24 190 215
{in.) {psi) {psi) (Ibfift of width) (Ib#ft of width) = -
3-ply 41/8 105" 105" 52000 52000 CLT3-0%0 3.54 190 215
- G-ply 6 7/ 1657 1657 13,6007 13,5000 CLT3-000T 3.54 190 215
7-ply 9 5/8 1655 165° 19,1005 19,100° 3 m o
S ply 12 38 1867 1657 24,5007 24 500° CLT3-097 3.84 190 215
3-ply a67 105 054 4 600 46007 CLT3-100 3.04 190 215 ld
11 5-ply 5,84 165° 1655 11,6005 11,600°
7-ply 8.02 165° 165° 15,900° 15,900° CLT3-105 4.14 190 215
G-ply 10.18 1657 165° 20,2007 20,2007 CLT5-137 5.40 240 235
3ply 4,50 105 105 5,700¢ 5,700° a @
- 5 oy 750 165" 165 14,900° 12.900° CLTS-150 591 240 235
’ T-ply 10.50 1657 1657 20,8007 20,800° 5 CLT5-152T 6.00 240 ' 235 (d)
8-ply 13.50 165° 165° 26,7005 26,700" = ”
- X CLT5-160 6.30 240 235
Source: ICC-ES/APA Joint Evaluation Report ESR 5105
CLT5-175 6.90 240 ' 235 )
. . B P {d) {d)
100 to 290 PSI Edgewise Shear Capacity e 876 240 2%5
. CLT7-245 9.66 2409 23519
= 1.2 to 3.5 kips/ft (ASD)
CLT9-285 11.22 24019 23519
. . 9
per InCh Of tthknESS! CLT9-315 12.42 240111] 235 (d]
_------)

Source: PFS-TECO Report BP-0141
Consult with the Manufacturers for Values

CLT Panels can have 5 - 20+ kips/ft
In-plane shear capacity

Multiply by Cd = 1.6
for short term ASD strength




Lateral Systems
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Mass Timber Design

Lateral framing systems

Interior steel moment frame

Photo Credit: WoodWorks



Mass Timber Design

Lateral framing systems l

it: John Stamets
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What R Value
Can I use?



R = 3!

or4dorl.5?



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

SSSSSS al Design Provisions for Wind & Seismic

2015 EDITION

Where Wood Lateral System Where Seismic (R values) and
Requirements Reside. Wind Systems are Referenced. BUILDING CODE"
No CLT No CLT

AWC SDPWS 2015 ASCE/SEI 7-16 2018 International Building Code

No explicitly recognized requirements for CLT
Lateral Systems in 2018 IBC




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

IBC

INTERNATIONAL
BUILDING

Now with CLT shear wall and :
diaphragm requirements {

AMERICAN
WOOD
COUNCIL

INTERRATIONAL
.....

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
Top Changes Relevant to CLT Lateral Systems: £ BITION

» New unified nominal shear capacity
» New CLT Shear Wall requirements

» New CLT Diaphragm requirements SDPWS

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC"

View for free at awc.org

PowerPoint IS NOT the CODE!




2021 Special Design Provisions for Wind and Seismic

2021
Top Changes Relevant to CLT Lateral Systems: £ BITION

» New unified nominal shear capacity
» New CLT Shear Wall requirements

» New CLT Diaphragm requirements SDPWS

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC"

View for free at awc.org

PowerPoint IS NOT the CODE!




2021 SDPWS - Unified Nominal Shear Capacity

2021
For sheathed wood frame shear walls and - T

diaphragms, SDPWS 2015 has two nominal shear
capacities

Vg Nominal shear capacity for seismic loads SDPWS

Uy 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 wood frame and CLT)

Un 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
Design shear capacity SDPWS

ASD LRFD SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC™

Wind Vp/2.0 0.8 Vp

Seismic VU /2.8 0.5 Vp

SDPWS 2021 Section 4.1.4




2021 Special Design Provisions for Wind and Seismic

2021
Top Changes Relevant to CLT Lateral Systems: £ BITION

» New unified nominal shear capacity
» New CLT Shear Wall requirements

» New CLT Diaphragm requirements SDPWS

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC"

View for free at awc.org

PowerPoint IS NOT the CODE!




CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

applied load v,

CLT Floor

\
e Floor or Roof .
Above Wall
o
=
=
O
Floor or Foundation e
_— Below Wall
CLT Floor —
Section View Elevation View

SDPWS 2021 Section 4.1.4




CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

CLT Floor A
_ Floor or Roof e
Above Wall
o
=
=
O
Floor or Foundation o e e e e e e e
_— Below Wall
CLT Floor <

Section View Elevation View




CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

applied load v,

CLT Floor

\
— Floor or Roof
|| || [ | [ | [ | [ | [ | ||
Above Wall
o
=
H
@)
Floor or Foundation L L - L
—_— Below Wall |
CLT Floor

Section View Elevation View




CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

CLT Floor A
E— Floor or Roof
|| || [ | [ | [ | [ | [ | ||
Above Wall
o
=
=
O
Floor or Foundation - o - —
_— Below Wall |
CLT Floor

Section View Elevation View




CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

CLT Floor A
E— Floor or Roof
Above Wall

o

=

=

O

Floor or Foundation

[=—

Below Wall

CLT Floor v

Section View Elevation View




CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

CLT Floor
E— Floor or Roof
Above Wall

o

=

=

O

Floor or Foundation

_— Below Wall
CLT Floor

Section View Elevation View




Platform Framed CLT Shear Walls

(8) 16d Box nails
’ ’ =] ’ =] ’ -] ’ -] _ ._I. ‘
| ;.»:"h‘

(2) 5/8” bolts

Top and Bottom of Wall Connector  Of lag screws
.105” A653 Grade 33 Steel

33—
- = 8
[+] | o
o | [+]
vi;oo - & I & -y I"E;t
(-] | [*3 \
[ . \ (8) 16d Box nails
e ._%.'_ each side
|« 9 |

Panel to Panel Connector
.105” A653 Grade 33 Steel

\ﬁ\l‘,)\

Shear Wall System




CLT Shear Walls in SDPWS 2021
CLT Shear Walls CLT Shear Walls

not meeting Appendix B meeting SDPWS 2021 Appendix B

L] L] L L] Yy L1 u[“]u L1 —u—u%u—ué‘]u—uu—u—
[

(]
(]

(]

height, h

[] (]
[) (]
[) (]
L [ [] []

| [ | | A 4 - - | IL Dlﬁ _ i N NN WL

o _ with shear resistance provided by high
Seismic Design Category A Panel : aspect ratio panels only (SDPWS B.3.7)
or SDC B and < 65’ tall anel aspect ratios

2 < h/b. <4 :
in SDPWS 4.6.3 Exception /b, Pa“eli;‘;pe_ctft'°s




R = 3!

or4dorl.5?



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, =

| I ol -] Joalaaloalal]
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 Shear Walls in SDPWS 2021
Platform Framed
CLT Shear Walls

meeting SDPWS 2021 Appendix B

Additional important requirements
e Platform framed CLT floors over CLT walls
* Only specific connectors recognized o -

e CLT walls which are not designated shear
walls need to meet same panel aspect ratio
limits and connection detailing Panel aspect ratios Panel aspect ratios

requirements 2 < h/b, <4 h/b/ =
* Hold-downs designed to 2.0 times the
design shear capacity

* Only gravity loads on panel directly
attached to hold-down can be used to resist I — - I Dlﬁ m o= om ﬁﬂm_ﬁlj

overturning moment
R =3.0% R =4.0*

C,=3.0 Q,=3.0 C,=4.0 Q,=3.0

* ASCE 7-22




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

SDPWS 2015
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Now with CLT shear wall and

5 /:u Where Seismic (R values)
diaphragm requirements T

and Wind Systems are

Referenced. No CLT

AMERICAN
WOOD
COUNCIL

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

INTERNATIONAL
BUII.DING CODE

Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures
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Now with CLT shear wall and
diaphragm requirements

Now with
Platform Framed CLT Shear Walls

AMERICAN
WOOD
COUNCIL

AWC SDPWS 2021 ASCE/SE| 7-22 2024 IBC

Full Recognition of CLT Lateral Systems




State of Oregon Statewide Alternative

Statewide Alternate Method
January 2015

State of Oregon

Building Codes Division [ &R} |
Cross-Laminated Timber Provisions

(Ref.: ORS 455.060)

Beaetter Buildings for Oragon

Statewide Alternate Methods are approved by the Division administrator in consultation with the
appropriate advisory board. The advisory board s review includes technical and scientific facts of the
proposed alternate method. In addition:

= Building officials shall approve the use of any material. design or method of construction
addressed in a statewide alternate method:

= The decision to use a statewide alternate method is at the discretion of the designer: and

*  Statewide alternate methods do not limit the authority of the building official to consider
other proposed alternate methods encompassing the same subject matter.

Code Edition: 2014 Oregon Structural Specialty Code (OSSC)
Code Section: OSSC Section 602.4 Type IV, Heavy Timber
Date: January 15,2015

Initiated by: Building Codes Division

Subject: Cross-Laminated Timber

Background:

Cross-laminated timber (CLT) is an emerging wood product with applications in both residential
and non-residential buildings. Oregon BCD has prepared this alternate method which recognizes
nationally adopted acceptance of CLT in Type IV Construction through the International Codes

Council process. This classification will allow roughly 50 percent taller and larger buildings than

us ' toimon
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State of Oregon Statewide Alternative

ASCE 7-10 Table 12.2-1 modified by Oregon Buildings Code Division

Table 12.2-1 Design Coefficients and Factors for Seismic Force-Resisting Systems

Seismic Force-Resisting System

ASCE7
Section
Where
Detailing
Requirements
Are Specified

Response
Modification
Coefficient,

Ril

Owerstrength
Factor, {37

Deflection
Amplification
Factor, (‘d'"

Structural System
Limitations Including
Structural Height, &, (ft)
Limits’

Seismic Design Category

B C D E* F

A. BEARING WALL SYSTEMS

ML ML 65 65 B35

15. Light-frame (wood) walls sheathed 14.5 6 Y45 3 4
with wood structural pancls rated for
shear resistance
14.1 and 14.5 2 2 2 ML NL NL NL NL

19. Cross-laminated timber shear walls'




Post-Tensioned Mass Timber Rocking Walls
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Source: S. PEI et al. http://nheritallwood.mines.edu/

Photo: Scott Breneman/WoodWorks



http://nheritallwood.mines.edu/

Full Range of CLT Shear Walls!

R=311
Or4orl.5?
Or2or6?

See the WoodWorks Expert Tip
CLT Shear Wall Options in the U.S.

https://www.woodworks.org/resources/clt-shear-wall-options-in-the-u-s/

| TABLE 1 — Timber shear wall structural parameters

Design Why

Q, Learn  Tools  Events e Wood?

Expert Tips

CLT Shear Wall Options
in the U.S.

Covers cross-laminated timber (CLT) and light-
frame wood shear wall systems available for
use now and in development

Share @5 Print&

photo Equilibrium

Need Project
About Support?

Seismic Design Structural Height Limit
System Standards Coefficients per Seismic Design Category (ft)
R 0, Gy A ] C D
SDEWS Appendix B SDRWS 2021
CLT shear walls ASCE 722 B 2 3 L ) B= B
[er..n shear ralsqnce provided by a 3 a ML &5 o -
high-aspect-ratio panels only)
SDF'_NS S A SDPWS 2021 15 25 15 ML 65 NP NP
Exception CLT shear walls
Mass timber rocking Targeting SDPWS 2027
TED (= T T M T 100 ¢
shear walls and ASCE 7-28 RO R L BL 5 RO
Oregon SAM CLT Cregon SAM
path 2 shear walls 15-01 % e C HL o o e
Light-frame wood walls SOPWS ’ "
shaathed with WEPs ASCET 65 3 &4 ML ML ML B5
NL = Mo Limit
NP = Net permiited
Framing CLT

Applied shear

7T

above panels
i
+ — =
\Z

-

Peavy Hall / Oregon State University Forest Science Complex /

e .:‘.-,,_,,\-$
Hold-downs

as needed

Multi-Panel CLT Shear Wall

Shear
connections

N
T—

N
B—1

Exaggerated Deformed Shape

I FIGURE 1: Multi-panel CLT shear wall construction*



https://www.woodworks.org/resources/clt-shear-wall-options-in-the-u-s/

CLT Diaphragms



2021 Special Design Provisions for Wind and Seismic

2021
Top Changes Relevant to CLT Lateral Systems: £ BITION

» New unified nominal shear capacity
» New CLT Shear Wall requirements

» New CLT Diaphragm requirements SDPWS

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC"

View for free at awc.org

PowerPoint IS NOT the CODE!




CLT Diaphragms

Strength of CLT rarely
governs.

Strength of Connections
covered by NDS and
Proprietary Fastener

Evaluation Reports




Typical CLT Floor Assembly

Finish flooring
Topping such as

gypcrete or concrete \
T

|
L

Acoustic isolation layer /

CLT Panel

gypsum wallboard
where needed




Generic Mass Timber Floor System
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Example CLT Diaphragm Design

Collector Chord

\

7} AANANAA /\/ ANNAANANRNAN 1[\ )|W|\

/ Lateral Load
Chord

Collector




Example CLT Diaphragm Design

Lateral Load

\VAVAVA AVAAA VVYVVVVVVVV Y VVVVVVVYV

Chord
o

.
o

Diaphragm Shear, v \F‘

Shear Transfer Details:

a — panel to panel

b — panel to panel over beam

c — panel to wall / collector

d — panel to chord

G e — shear in panel

Other

z — chord and chord splice

y — collector and collector splice

- —-— +5
Qo

NN, J——




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 of resisting elements. Permissible deflection shall
be that deflection that will permit 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 4.52*,
where Z* 15 Z multiplied by all applicable NDS
adjustment factors except Cp, Kr. ¢, and 3 and Z
shall be controlled by Mode ITls or Mode IV fas-

tener yielding in accordance with NDS 12.3.1.

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

Wood elements, steel parts, and wood or steel
chord splice connections shall be designed for
2.0 imes 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 II1; 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 setsmic and
wind design loads, respectively.

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

Only 1 page of
requirements for CLT
Diaphragms




WoodWorks published
Design Guide:

https://www.woodworks.org/resources/clt-

diaphragm-design-guide/

140+ pages



https://www.woodworks.org/resources/clt-diaphragm-design-guide/
https://www.woodworks.org/resources/clt-diaphragm-design-guide/

CLT Diaphragm Shear Transfer Connections

Lateral Load

\VAVA AV W W N VVYVVVVVVVV y VVVVVVVVV

Chord

|

Diaphragm Shear, v ~— !V

g
o

OF
o~

Shear Transfer Details:

a — panel to panel

b — panel to panel over beam
c — panel to wall / collector

o

d — panel to chord
G e — shear in panel
Other

—TT— — b —>— P e!—

z — chord and chord splice
y — collector and collector splice




CLT Diaphragm Shear Connections

1/8" gap, typical

Maintain required Installation

edge distances options for

fasteners

N CLT panel typical
I N
- P s e S N
_/ \_ Plywood or LVL Threads only.~” ticrewﬁ j
. R : in beam roug
1/16" gap SP""Br'gCg‘;ifs'ZEd pre-drilled
holes
Section view 4
—

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




2021 Special Design Provisions for Wind and Seismic

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Requirements

CLT diaphragms shall be parmitted to be vsed 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 permut 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, v, 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, Ttem 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 4.57%,
where Z* is 7 multiplied by all applicable NDS
adjustment factors except Cp. Kr, ¢, and A, and Z
shall be controlled by Mode IIls or Mode I'V fas-

tener yielding 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 induced from the design loads.

Exceptions:

1. Wood elements and wood splice corgfections
shall be permitted to be desig for 1.5
times the diaphragm forces asgficiated with
the shear forces induced by gfe 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 vielding in agfordance with NDS 12.3.1,
fasteners in connection shall be permit-
ted to be dgfigned for 1.5 and 1.0 times the
diaphragg forces associated with the shear
forces fiduced by the prescribed seismic and
wing/design loads, respectively.

Diggfragm chord elements and chord splice con-
ions using materials other than wood or steel
hall be designed 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 Co, Kr, ¢, and A; and Z

shall be controlled by Mode I11s or Mode 1V tas-
tener yielding in accordance with NDS 12.3.1.

Requirements for the shear

connections




CLT Diaphragm Shear Connections

[ oo 1) Diaphragm shear connections between adjacent CLT
== nea] panels and between CLT and diaphragm boundary
N JM 1 ywoodortut elements (chords and collectors) shall use dowel-type
- ™ fasteners in shear to transfer diaphragm shear forces.

Section view

Maintain required Installation

Nails or screws installed perpendicular to the

Threads onl Screws i /
nbean” p?;t‘;‘:iﬁzdj ‘ face of the CLT are dowel-type fasteners in

shear.

a) Over wood beam

SDPWS 2021 Section 4.5.3




CLT Diaphragm Shear Connections

1/8" gap, typical

2) The reference design value of the fastener connection, Z,
shall be calculated per NDS 12.3.1 and only connections

CLT panel typical
W W controlled by fastener yield Mode llls or Mode |V are
] | >L£<]><D" permlttEd Single Shear Connections Double Shear Connections
_/ \; Plywood or LVL : -
1/16" gap Splinerigcg\;grsized - | [ | J Méde |m | : —

Section view

| =
_;J _— Mode Is - T

Maintain required Installation | T
edge distances options for Sy —
” fasteners \ l—u. MOde “
| —
== =1 < === [ =1 =t ] Mode Il
i Ls ode Ilim
I__\ L _—— el
o
Threads only Screws j f e i \
in beam through L = M d “l N
pre-drilled [— *| o ode s - l s
holes _—" . .
. —t— - ——
M Mode IV = L.
a) Over wood beam b) Over steel beam c) Over wood stud wall L I - O e — >
k “m” denotes main member, “s” denotes side member )

Skinny fasteners usually controlled by these modes




CLT Diaphragm Shear Connections

1/8" gap, typical

3) The nominal shear capacity for the dowel-type
f o e fastener connection shall be taken as 4.5 Z*

[ LI/ -

> | ><]><TH
_/ k Plywood or LVL
1/16" gap spline in oversized

= V, = 4.5 7"

Section view

j N where Z%is reference lateral capacity Z
[
T [ <TO <7 S "] < [><T=<tk [><T> . . .
f [ = multiplied by all applicable factors
‘ except Cy, K, &, A=1.0

SDPWS 2021 Section 4.5.4(1)




Table 11.3.1 Applicability of Adjustment Factors for Connections

ASD LRFD
ASD and LRFD
Only

=
=
=

1

Toe-Nail Factor-
Resistance Factor

Time Effect Factor

Load Duration Factor '
Wet Service Factor
Temperature Factor
Group Action Factor
Geometry Factor
End Grain Factor *
Diaphragm Factor
Format Conversion Factor

Penetration Depth Factor
Metal Side Plate Factor °

%
r=s

Lateral Loads

Dowel-type Fasteners
(e.g. bolts, lag screws, wood screws, Z* =7 X 1.0 | Cyu C, Cg Ca - Ceo - 1.0 C,| 1.0 1.0 1.0

nails, spikes, drift bolts, & drift pins) 4

Also 1.0 for CLT Diaphragm Shear Connections

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1




CLT Diaphragm Shear Connections

1/8" gap, typical

4) The nominal unit shear capacity for a connection

T ] o with uniform fastener spacing, s, can be found as
[ g}/ -
= =
y 3
1!16"gap—/ \;Smg{i}r?g\?érl?:i\géd 4-5 Z
Section view Un —
S

Maintain required Installation

e s i e e The factors of SDPWS 2021 Section 4.1.4

jﬁ = are applied to reduce to ASD or LFRD, wind
or seismic unit design shear capacity

a) Over wood beam b) Over steel bea

SDPWS 2021 Section 4.5.4(1)




2021 SDPWS - Unified Nominal Shear Capacity

2021

EDITION

SDPWS

SPECIAL DESIGN PROVISIONS

FOR WIND AND SEISMIC"

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

Design shear capacity

ASD LRFD
Wind Uy /2.0 0.8 U
Seismic Un/2,8 0.5 Uy

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




CLT Diaphragm Shear Transfer Connections

Lateral Load

\VAVA AV W W N VVYVVVVVVVV y VVVVVVVVV

Chord

|

Diaphragm Shear, v ~— !V

g
o

OF
o~

Shear Transfer Details:

a — panel to panel

b — panel to panel over beam
c — panel to wall / collector

o

d — panel to chord
G e — shear in panel
Other

—TT— — b —>— P e!—

z — chord and chord splice
y — collector and collector splice




Panel to Panel Connection Styles

* Single Surface Spline

I
—— el =

S il i
1 ]

il e il e il il il e il

CL OF SPLICE
1" THICK PLYWOOD
; SPLINE w/ 1/4"@x4"
SN SCREWS
# @ 8" o.c. TYP.
1 1 = 0 b | | e | o ]| =
FIRE SEALENT
WHERE OCCURS
REF. ARCH.

Min. plywood
end distance = 1%%"

Min. plywood edge distance =
1% +/- A

Min. CLT edge distance =

-~ Plywood gap as required
/ for construction tolerance
1% +- 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 SDWS Timber screws

Source: Simpson Strong-Tie




CLT Diaphragm Design Guide CLT Dlaphra?n

De51gn Gui

NS

https://www.woodworks.org/resources/clt-diaphragm-design-guide/

Precalculated nominal shear capacities

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

Nominal Diaphragm Shear Capacity of Fasteners, | paference Spline
Spline Material Fastener Vn =4.52%/5, @ Spacing, 52< (pif) Shear Capacity,
12-in. o0.c.| 6-in. o0.c. | 4-in. o.c. | 3-in. o.c. | 2-in. o.c. Fyty® (pif)
CLT 5G =0.50
General sheathing (23/32) Bd comman nall 331 661 992 1,323 1,984 1,176 3
General sheathing (23/32) 10d common nail 389 779 1168 1,558 2,337 1176 —_— e CEED
General sheathing (23/32) Example screw 1 364 729 1,093 1,457 2,‘_!3# 1176 \v,
General sheathing (23/32) Example screw 2 430 860 1,290 1,720 2,581 1176
Structural 1 sheathing (23/32) 8d common nail 398 796 1.194 1,592 2,388 1,512
Structural 1 sheathing (23/32) 10d common nail 465 930 1,395 1,859 2;'.[89 1,512
Structural 1 sheathing (23/32) Example screw 1 425 850 1,275 1,699 2.549 1,512
Structural 1 sheathing (23/32) Example screw 2 508 1,016 1.524 2,031 3,047 1,512
General sheathing (7/8) 10d common nail 425 850 1,275 1,700 2,550 1,440
General sheathing (7/8) 16d commaon nail 488 975 1463 1,951 2#25 1.440
General sheathing (7/8) Example screw 1 388 776 1,164 1,551 2,327 1,440
General sheathing (7/8) Example screw 2 464 928 1,392 1,856 2,784 1,440
Structural 1 sheathing (7/8) 10d common nail 519 1,037 1,556 2,074 3m 1,584
Structural 1 sheathing (7/8) 16d common nail 589 1178 1,768 2,357 3,535 1,584
Structural 1 sheathing (7/8) Example screw 1 463 926 1,289 1,852 2,778 1,584
Structural 1 sheathing (7/8) Example screw 2 560 1,121 1,681 2,242 3,363 1,584
General sheathing (1-1/8) 10d commeon nail 485 969 1454 1,939 2,908 1.920



https://www.woodworks.org/resources/clt-diaphragm-design-guide/

CLT Diaphragm Design Guide

https://www.woodworks.org/resources/clt-diaphragm-design-guide/

Precalculated nominal shear capacities

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

General sheathing (23/32)

Structural 1 sheathing (23/32)

Structural 1 sheathing (23/32)

Structural 1 sheathing (23/32)

Structural 1 sheathing (23/32)

General sheathing (7/8)

General sheathing (7/8)

General sheathing (7/8)

General sheathing (7/8)

Structural 1 sheathing (7/8)

Nominal Diaphragm Shear Capacity of Fasteners, | paference Spline
Spline Material Fastener Vn =4.52%/5, @ Spacing, 52< (pif) Shear Capacity,
12-in. o.c.| 6-in. 0.c. | 4-in. o.c. | 3-in. o.c. | 2-in. o.c. Fyty® (plf)
CLT 5G=0.50
General sheathing (23/32) Bd commeaon nall 33 661 992 1,323 1.984 1176
General sheathing (23/32) 10d commaon nail 389 779 1,168 1,558 2,337 1176
General sheathing (23/32) Example screw 1 364 729 1.093 1.457 2186 1176

Precalculated ASD seismic shear capacities

I TABLE A1.8: ASD diaphragm seismic shear capacity for spaced fasteners in spline continued

CLT Diaphragm
Design Guide

ON SDPWS 202

- -

.
TR,
3"’-\-,

K WooDWorKs

\

Structural 1 sheathing (7/8)

Structural 1 sheathing (7/8)

Structural 1 sheathing (7/8)

General sheathing (1-1/8})

ASD Seismic Diaphragm Capacity of Fasteners,
Spline Material Fastener Vasd = (4.5/2.8)L"/5, & Spacing, 58« (pif)
12-in.0.c. | 6-in.o.c. | 4-in.o.c. | 3-in.o.c. | 2-in.0.c.

CLT SG = 0.50

General sheathing (23/32) 8d common nail ng 236 354 a72 To9
General sheathing (23/32) 10d common nail 139 278 a7 556 834
General sheathing (23/32) Example screw 1 130 260 390 520 8l
General sheathing (23/32) Example screw 2 154 307 451 614 922



https://www.woodworks.org/resources/clt-diaphragm-design-guide/

Vendor Specific Steel Spline Straps

Source: Simpson Strong-Tie

Quik Drive® Tool Setup
1. Assemble the Quik Dnve PROB00SG2 cordiess driver 1ool

2. Remove the standard Quike Drive nosacip and repiace with the
PNOSECLIP-LDSS,

3, Caibrate the deive depth of the scraw according 1o the
Instructions provided with the PNOSECUP -LOSS. The ideal Mo, e
depth setting locates the bottom of the countersunk head just i

above ™e hole in the embossed feature. FEATLIN SPeCind
fastere! 503010

For &' o.c. fastener spacing, shp
every other tom Fox 2 0.6 fastener
spacing. MM sl doles.

Installation

1. Piace the sirap on the surface of the mass timber panels
viih the centeding notches algnad with jont between
adiacent panels.

2. From a standing position, hoid 100l perpendicular 10 the face
of the strap and place the nosechp over the embossed faature.
Drive the screw. Rapeat

3. Use of specified fasteners

The LOSS has a0 been tested with 0,148" x 218" nails for specifiers Edigh miing is sot requined

or contractors who prefer a nalled conneation. The embossed holke But it ssed tae minmum parsd
allows for the use of a power framing nailee using concentric, Sl ot allor il 1 3
round-haad nais Typical LDSS48 Installation with WSV3S Screws
at 4" o.c. in a Three-Ply CLT Panel
(five-ply and seven-ply panel similar)
" &
Light Diaphragm Spiine Strap (LDSS) for Mass Timber = :

1. Allsweabile loads aro based on the use of oross. lmnated timbe (CLT) prades E1-E4 and V1-Vd materd condorming 1 APA PRG.320.
2. Allowabio Joads hawve Doy NCreashd for wind Of Sosic Deding with no frthar increess Sowod; roduco whoes ot Kaads govomn.

3, Allowabie ads see based on lesser of calouistions per SDPWS 2021 or assembly tests with & safaty factor,

ienor lndure modas are Modi s or Mode V. oW
5, Nails: 0,148" X 2%" » nal dmension Isted damoter by longth; Screws: #9 x 3° WSV » model WEV3S

6. CLT panal mimimum thickness &g fwes-ply = £,125"

: °
7 The componant of disphragm deflaction dus 1o Bstaner slp Bt pane-t10-pared jonts caloulated as §, = Cle,, whers, )
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Panel to Beam Connection Styles
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Other CLT Diaphragm Components

Lateral Load

Diaphragm Shear, v \F‘

\VAVA AV W VVYVVVVVVVV y VVVVVVVVV

Chord
Q

.
o

Shear Transfer Details:

a — panel to panel

b — panel to panel over beam
c — panel to wall / collector

o

Collector

_-\
NN, J——

- —— P

d — panel to chord
G e — shear in panel
Other

z — chord and chord splice
y — collector and collector splice




Other CLT Diaphragm Components

/\1!8" gap, typical

|

"I‘ /—CLT panel typical

-

1/16" gap _/

-

Section view

\_ Plywood or LVL
spline in oversized

recess

Maintain required
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tances

Installation
options for

fasteners \
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N
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edge dis
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Threads only.~|

in beam

a) Over wood beam

Screws
through
pre-drilled
holes

b) Over steel beam

H

e

]

¢

c) Over wood stud wall

Designed for amplified diaphragm design forces




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 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 engimeenng mechanics using design
values for wood members and connections in accordance
with NDS provisions.

The nomunal unit shear capacity, v, 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 4.5Z2*,
where Z* 15 Z multiplied by all applicable NDS

tener yvielding in accordance j

Connections
not be vsed 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-
WQns using materials other than wood or steel
1gned 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 m
chord splice connections and the connection
1s controlled by Mode III: or Mode I'V 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

Component Design Capacity = Increased Diaphragm Design Forces

v =>vypv

/ Adjusted capacity
UV = calculated per the NDS
not 4.5 Z*

U = wind or seismic
diaphragm design force

2.0 for wood and steel components, except:
y — 1.5 wood members resisting wind loads
D ) : .
1.5 chord splice connections controlled by Mode Ilis 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
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Additional Information

Short Paper Available from
woodworks.org

https://www.woodworks.org/resources/
clt-diaphragm-design-for-wind-and-
seismic-resistance/

WOODWORKS

CLT Diaphragfn Design for
Wind and Seismic Resistance

Using SDPWS 2021 and ASCE 7-22

Cross-laminated timber (CLT) has become increasingly
prominent in building construction and can be seen in
buildings throughout the world. Specifically, the use of
CLT fioot and roof panels as a primary gravity force-
f("sﬂhﬂg component has become colnhvﬂy commonplace
Now, with availability of the 2021 Special Design
Provisions for Wind ond Seismic (SDPWS 2021) from the
American Wood Council (AWC). U.S. designers have a
standardized path to utilize CLT floor and roof panels
as o structural diaphragm. Prior to publication of this
document, projects typically had to receive approval 1o
use CLT as a structural diaphragm on 3 case-by-case
basis from the local Authority Having Jurisdiction (AHJ)

This paper highlights important provisions of SOPWS
2021 for CLT diaphragm design and recommendations
developed by the authors in the more extensive CLT
Diaphrogm Design Guide, based on SDPWS 2021,
Pubishod by WoodWorks - Wood Products Council

AWC SDPWS 2021

SOPWS 2021 is the first edition to provide direct
provisions for CLT 10 be used as an ¢lement in &
diaphragm or shear wall. To differentiate between CLT
and light-frame lateral force-resisting systems, it adopts
the terminology sheothed wood-frome for light-frame
diaphragms (SDOPWS §4.2) and shear walls (SDPWS §4.3),
and includes new sections for CLT diaphragms (SDPWS
§4.5) and shear walls (SDPWS §4.6). SDPWS 2021 s
referenced in the 2021 Intermnational Building Code (1B8C)

Shear Capacity

SOPWS 2021 has a single nominal shear capacity for

cach set of construction detalls, vy, dofined In 8414

for use with both wind and seismic design. From this

nominal shear Capacity, the Allowable Stress Design

(ASD) and Load and Resistance Factor Design (LRFD)

wind and seismic design capacities are determined by
dividing by the ASD reduction
factor, flp, or multiplying by
o resistance factor. $op. for
LRFD design as summarized
in Table 1, For sheathed wood-
frame diaphragms, the SOPWS

AUTHORS:

Scott Breneman, PrD, PE, SE
WoodWorks - Wood Products Council

Enic McDonnelt, PE

84 Tremayne, PE, SE
Donovaen Liancs, PE
Jonas Houston, PE, SE
Mengzhe Gu, PnD, PE

Holmes

Redd Zimmerman, PE, SE
KPFF Consulting Engineers



https://www.woodworks.org/resources/clt-diaphragm-design-for-wind-and-seismic-resistance/
https://www.woodworks.org/resources/clt-diaphragm-design-for-wind-and-seismic-resistance/
https://www.woodworks.org/resources/clt-diaphragm-design-for-wind-and-seismic-resistance/

Additional Information

Extensive guide available from woodworks.org

https://www.woodworks.org/resources/clt-
diaphragm-design-guide/

e Detailing for constructability
 Determination of diaphragm flexibility
* Calculation of diaphragm deflections

* Precalculated connection capacities

* Combination SDPWS y, and ACSE 7 Q

 Worked examples

& WoonwWorks

R
-y
by



https://www.woodworks.org/resources/clt-diaphragm-design-guide/
https://www.woodworks.org/resources/clt-diaphragm-design-guide/

Additional Resources - WoodWorks.org

Q Learn Tools Events A Award Gallery Why Wood?  About

h 4

Resources for Mass Timber Projects

Get the practical information you can apply to projects. Learn about the latest advances and code requirements, explore innovative projects,
and expand your knowledge of mass timber building design.

Unique mass timber facility becomes a point of civic
pride

Mass Timber Project Questionnaire for Builder’s Risk
Insurance

Case Studies

Guides, Manuals & Inventories

OSU Cascades - New campus building makes

. 2 Current EPDs for Wood Products
meaningful use of mass timber

Expert Tips

Case Studies

Introduction to Whole Building Life Cycle Assessment:
The Basics

@ Calculating the Carbon Stored in Wood Products
= Expert Tips

Expert Tips

View all 81 Mass Timber / CLT resulis «--
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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 2025

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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