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

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

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

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




Course Description

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 be 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

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

while meeting the intent if the building code.

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

applicable to all lateral system.

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

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

diaphragms for wind and seismic resistance.



Lateral Systems



Photo Credit: WoodWorks









Lateral System Choices (Prescriptive)
v~ Concrete Shearwalls

v~ Steel Braced Frames

v Steel Moment Frames

v Light Wood-Frame Shearwalls

v~ CLT Shearwalls (2021 SDPWS, ASCE 7-22, OR-SAM)

X Timber Braced Frames
X CLT Rocking Walls

Photo: WoodWorks
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Mass Timber Post Tension Rocking Shear Wall Tests

Source: S. PEI et al. http://nheritallwood.mines.edu/



http://nheritallwood.mines.edu/

Cross-Laminated
Timber (CLT)



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

Plank orientation

Photo: StructureCraft Photo: Think Waad Photo: StructureCraft

Photqﬁ;“:Ema Peter

-

F




Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Solid sawn laminations SCL laminations

4
=
-
-
=
-

i
=
e

T,




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

Standard for Performance-Rated
Cross-Laminated Timber

MNATIOMAL DESKGN SPECIFCATION™

@ Aza IV-A, IV-B and IV-C
Construction Types
ANSI/APA PRG 320 2019 AWC NDS 2018 2021 International Building Code

New Type IV Mass Timber Construction up to 18 Stories!



FLATWISE Panel Loading
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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



EDGEWISE Panel Loading

i

L

Span in MAJOR Strength Direction Span in MINOR Strength 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



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.)

5% [in.) in CLT Layup { Major Strength Direction Minor Strength Direclion \l

X/ Lamination Thic

ha

{ \ Tne  Oocie  Norip Vi TS iise BOER  (on S "
cr \1, flof  inifitof  frof  (bifof (b  inisfof (100 IR (Ibi/f of
Grade Jiny = L = L = L =  width)  width)  width) width)  of width) width) of width)  width)

41/8 138 138 138 4,525 115 0.44 1,490 160 3.1 0.61 495
El &7/8B 138 138 138 138 134 10,400 440 092 2,480 1.370 g1 1.2 1,490

958 13/8 13/8 13/8 138 138 138 138 18375 1,089 1.4 3.475 3,150 313 1.8 2,480

$1/8 13/8 138 138 3,825 102 053 1,980 165 3.6 0.54 460
E2 &7/8 138 138 13/8 138 138 8,825 389 11 3,300 1,440 95 11 1,980

95/8 13/8 13/8 13/8 13/8 138 138 138 15600 963 16 4,625 3,300 364 1.7 3,300

A8 138 138 13/8 2,800 81 035 1,60 110 2.3 0.44 385
E3 678 13/8 13/8 138 13/8 138 6,400 an 0.69 1,930 955 61 0.87 1,160

95/8 13/8 13/8 13/8 13/8 13/8 138 138 11,325 769 .0 2700 2,210 234 1.3 1,930

4178 138 13/8 138 4,525 15 050 1,820 140 3.4 0.62 605
E4 67/8 13/8 138 138 13/8 138 10,400 440 1.0 3,025 1,230 88 1.2 1,820

958 138 138 13/8 13/8 13/8 138 138 18400 1,089 1.5 4,225 2,850 338 19 3,025

4 71/82B T3®" 1 3R 1]!3“ T RIS 161 Ay 1 &5 1 &0 b | M && £ £




34 Party Product Qualification of CLT

apra PRODUCT REPORT
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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.EHP' THICKMNESS (s (it of width) j Reference Design Values for Nordic X-Lam Listed in Table 1 (For Usae in
DESIGNATION . e 'y it
v 7s 235" 8200 11.000° Major Strength Direction Minor Strength Direction
[T] idi
vawi Y e = R e Fao®os) | oy | Feaw®os) | Gann
o v 175" 238" 25.500" 34,300 1558 196 1a0® 135
o T = % e S 185 1.52 190 152
L Za5y T e 31 300 12,6007 155 1.79 180 1.79
115y 270" 260" 40_200" 43,200" 185 223 2151 223
o . 14045 | 5172 145 2.39 180 238
Source: ICC-ES/APA Joint Evaluation Report ESR 3631 143-55 5 5/8 185< 2 44 245 2 44
E1 175-55 678 185 2.99 215 299
197-Ts i 1558 337 215 .37
213-7 B 38 185+ 3.64 2151 364
220-Ts 858 185 3.7 215 379
244-Ts 8 5/8 185 4.18 215 4 18
244-T1 8 5/8 185 4,18 215 4,18
267-9 10 142 155 4.58 215+ 4.56
31491 12 38 RS 5.38 2151 5.38

Source: APA Product Report PR-L306

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




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

SDPWS
2015

Now with CLT shear wall and
diaphragm requirements

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

initiem

'SDPWS

" SPECIAL DESIGN PROVISIONS

Minimum Design Loads and
Assoclated Criteria lor

Builldings and OEher Structures

7 FORWINDIAND SEISMIC

Now with
Platform Framed CLT Shear Walls

MAINE T -

AWC SDPWS 2021 ASCE/SEI 7-22 2024 International Building Code
(In Process)

Future Full Recognition of CLT Lateral Systems



2021 SPDWS



2021 Special Design Provisions for Wind and Seismic

Top Changes Relevant to CLT Lateral Systems:

* New unified nominal shear capacity

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

View for free at awc.org

PowerPoint IS NOT the CODE!

AMERICAMN
WOoOD
COUMCIL



2021 SDPWS - Unified Nominal Shear Capacity

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

capacities
Vg Nominal shear capacity for seismic loads
SD WS Uw 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)

Un Nominal shear capacity

AMERICAMN
WOoOD
COUMCIL



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

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC” wWind V,/2.0 0.8 Vp

Seismic Vn/2.8 0.5 Vp

COUMCIL

@ AMERICAN SDPWS 2021 Section 4.1.4



2021 Special Design Provisions for Wind and Seismic

Top Changes Relevant to CLT Lateral Systemes:

* New unified nominal shear capacity

1 * 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!

AMERICAMN
WOoOD
COUMCIL



What R-Values can I
use?



CLT Shear Walls in SDPWS 2021

(other)

CLT Shear Walls CLT Shear Walls

not meeting Appendix B meeting SDPWS 2021 Appendix B

[ ]
| =] | [ ﬁ | | [ [ ] B [~

[]

height, h
g,
=
=
o

[]

[]

I m [ m [ \ 4 m m m w Jﬁﬁ _ I m W_WL

(SDPWS B.3.7)

SDCAorSDCB
and < 65’ tall Panel aspect ratios Panel aspect ratios

in SDPWS 4.6.3 Exception 2 < h/b; <4 h/b, = 4
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or 1.5?



CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

applied load v,

CLT Floor —
—_— Floor or Roof -

Above Wall
Ic
=
5
)

Floor or Foundation B
—_— 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 I
Above Wall
o
=
=
O
Floor or Foundation mE m =
—_— 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
=
=
O

Floor or Foundation . L -
—_— Below Wall |
CLT Floor

Section View

\

Elevation View




CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

applied load v,

CLT Floor A
—_— Floor or Roof — — — -
Above Wall

o

=

=

O

Floor or Foundation L L - -

—_— Below Wall |
CLT Floor

Section View Elevation View



CLT Shear Walls in SDPWS 2021
Platform Framed CLT Construction

CLT Floor
Floor or Roof

|
Above Wall
Floor or Foundation
[—_—— |

Below Wall
CLT Floor

CLT Wall m

Section View Elevation View



CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

CLT Floor
—_— Floor or Roof
Above Wall

o

=

=

O

Floor or Foundation

—_— Below Wall
CLT Floor

F

Section View Elevation View



CLT Shear Walls in SDPWS 2021

Panel to Panel Connections Panel to Platform Connection

=i | (8) 16d Box nails \ 1
o o 7 : \s\ o o o [
rd o o & & -
o ]
oe (2) 5/8” bolts /" A
: - : r or lag screws = e a"a
01057 ASTM A633 Gradle 33 Stee! Same steel plate and nails plus
18) 16d box nails o each wall pane! 5/8” @ bolts or lag screws to roof, floor or foundation

3.5” long x 0.135”@ shank with 0.344” @ head



CLT Shear Walls in SDPWS 2021

Panel to Platform Connection

Nominal shear capacity of connector:

VU = 2605 C; [lbs] per angle connector

C adjusts for specific gravity, G of CLT

C;=1.0 for G>0.42
=0.86 for G=0.35
=1.0-2(0.42-G) for0.42>G>0.35

Nominal unit shear capacity:

VUp =n(2605/b,)C; [lbs/ft]



R Values for CLT Shear Walls in SDPWS 2021

(other)

CLT Shear Walls CLT Shear Walls
not meeting Appendix B meeting SDPWVS 2021 Appendix B
Panel aspect ratios Panel aspect ratios
2 < h/b, <4 h/b, = 4

— I i u| JWLLLL

— 3

R= 1.5 R s 3.0* R - 4.0
Cd =1.5 Qo =25 Cd =30 Qo =30 Cd =4.0 QO = 3.0
In SDPWS 2021 4.6.3

* ASCE 7-22
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Photo Credit:
WoodWorks



State of Oregon Statewide Alternative

Statewide Alternate Method
Januwary 2015

Building Codes Division Mo, 15-01
Cross-Laminaied Timber Provisions
(Rel.: DRS §535,060)

Baiies Uusldings T'oF DiFsgas

Stavewlde Alrermore Merlods ave gpproved by the Dhivision odmimisiraie in covisnliaton sih phe

T m:m}' boord Tl -'l.nfl.'fsn.r_r Board 'x review inchudes fechricnd o sciemific fact r.r__fr.iu

rnijmc'dfr{mrm.h-' ard i Tm eacdeliniaar”

®  Banldimg officrals shall approve the woee of cony malerial. desogm or method of comsteicton

addrested i o sl icle altormale mathodd”
The decisin o s a stetew e altvrraie method i3 ol the discrenion of the designer. and
Nt i alferare mnthod’s de ool fond the f:.|.r|'.|'|rn'r1_'_|.' r.!lf;fnr ﬁm’ﬁim:f_l' q_,ﬂ.?nr:l{ o Carnnider
ather praposed allernare methads ncompaceing Bie same subjiect puarter

Code Edition: 2014 Oregon Structural Specialty Cosde [0S0
Code Section:  USSC Section 602 4 Type IV, Heavy Timber
Data: Junuary 15, 2015

Initiated by: Buikhing Codes Division

Subject: Ciross-Lamimssd Timbe

Background:
Cross-lammated timber (CLT) 05 an emergming wood prodisc wath applcations in both reswdenteal
and non-residential buldings. Cregon BUTY has prepaned this altemate method which recognizes

natronally wdopied scceptance of CLT in Tyvpe IV Construction through the Imermational Cosles
Conmcil progess. Ths clmos featwon wall allow roughly 540 percend tadler and barger anldings than




www.oregon.gov/bcd/codes-stand/Documents/sam-15-01-crosslaminatedtimber.pdf

State of Oregon Statewide Alternative Method

Or search for “Oregon CLT SAM 15-01”

T

Statewide Alternate Method

No. 15-01 BCD nu.idlng

Cross-laminated timber l
Seismic force-resisting systems o Busness Servies

Sratewide Alremste Methods are approved by the division sdenismistrstor in consulation with the appropriate sdvisory hboard
The adhviory board”™s review e lodes sechnical and scsentific facts of the proposed aliernabe method. In addibon:
»  Building officials shall approve the we of any msterial, design or methoed of constroction addressed in o stetewinde
aleemate methesd;
o The docisdin his tse @ salewsde altermate malbod i at the dscretion of the spplicant; and
s Sinbcwide alicrmale melbods do oot lenet the authonty of the inldang offioal 1o conader other proposed altermase
mcthods encompassing the seme subsject matter,

Codeledition/section: 2022 Cregon Structuma] Specialty Code (D850 ) Section [613
Amencan Society of Civil Engimeers {ASCE) 72016 or ASCE T-2022

Diate: lssued—lan. 15, X015

Updated-—~Feb, 2, 2123
Subject: Crozs-laminated timber (CLTh—Scisnuic force-resasling system
Backgroumnd:

Crosa-laminaled timber (CLT) b a wood prodisct with both residental and nonresidential apphications. CLT is
defincd and redopnered as a viable constructon matenal subpoct o specific constnactsom moquircments within
Chapiges 2, 5,6, 7, 17 and 13 of the 2023 O55C. Buiklng Codes Division bas prepared this siatewide aliermate
method to recognize CLT shear walls as o seismic force-nesisting system (SFRS) for the appheation of ASCE
T-16 or ASCE 7-22, Mimiminen Design Looads and Associated Criterta for Buildings and (hher Strchares,
Sexction 112, mializing prescnptive design proceduncs,

Ssructures eyceading the prescaptne design proceihens contained i@ this slatewide ahemate metbod wall need 1o
fallow the perfommance-based procedures as owilined m RS0 Soction 104, 10 and ASCE 7-16 Sechion 1,3.1.3,

2 Alternatives:

#1: CLT Shear walls per
ASCE 7-22 and SDPWS 2021



http://www.oregon.gov/bcd/codes-stand/Documents/sam-15-01-crosslaminatedtimber.pdf

State of Oregon Statewide Alternative Method

#2: ASCE 7-16 Table 12.2-1 modified by Oregon Buildings Code Division

Alternate method path 2: When this alternate method path is selected, moderate ductility CLT shear walls
shall be used as a SFRS subject to all of the following requirements,

I.  Seismic design factors
Moderate ductlity CLT shear walls shall be considered a bearing wall SFRS per ASCE 7-16 Section

12.2.1.
ASCE 7-16, Table 12.2-1, Desien Coefficients and Factors for Seismic Force-Resisting Syvstems, shall
be modified to include the following item no. 19 under Bearing Wall Systems:

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

Structural System Limitations
ng § o e
ASCE 7 Section Responae In-rludmgmnnc::ﬁ‘"ﬂglu A
Where Detauling Modification Deflection - -
Requirements Coefficient,  Overstremgth  Amplification Seitsmic Design Category
Scismic Force-Resisting System Are Specified R Factor, {" Factor, Cf B C r E F
A. BEARING WALL SYSTEMS
19. Modomic ductility cross- 14,8 3 2 3 65 6% H%5 65 [

www.oregon.gov/bcd/codes-stand/Documents/sam-15-01-crosslaminatedtimber.pdf



http://www.oregon.gov/bcd/codes-stand/Documents/sam-15-01-crosslaminatedtimber.pdf

State of Oregon Statewide Alternative Method

Alternate Path 2: Special Design and Detailing Requirements

I. Designated moderately doctile global mode. Modernte ductility cross:laminated shear walls designed
in accotdandce with ihis stalewide ahernate method shall be designed and detabled to schieve ductility
through asy of the folkvaing ghobal yickd modes:

A Yielding of the hold-dovwrs/straps & the base of ballkson-framed moderste ductility CLT shear
walls

B. Yielling of the shear comnectors st the bose of balloon-frmed maodende duetilaty CLT shesrwalls

C. Yielding of the hald-downs'straps o1 the base in combination with viebding of he shear cannectons
a8 wall pamel vertical joimts for ballogs-frmed moederte ductiliny CLT shear walls

[ Wicklng of the hald-downs straps @l boneontal paned joleis of platform-framed moderate dusctiliny
CLT shear walls

E. Yichkling ol the shear comnectors at horoongal panel jomts of platiomm-fromod moderate ductility
CLT shear walls

F. Yichhng of ihe bold-downsstraps at horssomial paned jomas in combinaton with yicklmg af the
shear conmooton: al wall panel vertical jodngs for platform-fmmed moderate ductility CLT shear
walls

Moderate ductility CLT shear walls with
designated global yield mode

Design other components of shear wall
system using overstrength loads

Overstrength boad combinathons in Seisimic Design Categories [V through F. For stractuies assigmed
0 Selse Dhesagn Category 1, E o F, all COMPOREALE wnidl elements of the SFRS excepl those ST
which contribuie to the ductile maode shall be disagned for the overstrength loads of ASCE 7-16 Section
12,43 usang the besser of the Overstrength Factor, £ and the capacity-lnmited load effect in ASCE 7-16
Scction 12.4.3.2. The capacity-lmmeied load effect shall be caloulated for the ductile global mode using
resstance factors of amity and expected matenal properties for the actions contnbutimg to the ductile
global mode. Expectod matenal propertics shall be calculated in accondance with ASCE 41-17 or materzal
stanidards referenced in the OS50, The capacity-limited load ¢ifect shall not be permiited o be taken less
ihan the demands from the seismic load combmations of OS5C Sechion 1645

EXCEPTIEMNNS:
1. Foundation and sedl actions peed not be destigned for the oversainength hoads unlbess reguired elsewhene
in the O55C or ASCE 7-16.

2. [Draphragms and diaphmgm chonds nead not be designed for the overstrength loads unless reguined
elsewhere in the OS50 or ASCE T-16,

www.oregon.gov/bcd/codes-stand/Documents/sam-15-01-crosslaminatedtimber.pdf



http://www.oregon.gov/bcd/codes-stand/Documents/sam-15-01-crosslaminatedtimber.pdf

2021 Special Design Provisions for Wind and Seismic

Top Changes Relevant to CLT Lateral Systemes:

* 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!

AMERICAMN
WOoOD
COUMCIL



Generic Mass Timber Floor System

Typical Panel

Purlins/Joists

Columns

a
—_ = Girders

CLT Panels

Shear Wall

11—

N/

ANANANANNANANANANN

NAANANANANN

N\ /

Lateral Load, w




Example CLT Diaphragm Design

Chord

Collector

\ /

\ /

NN\

/A

Lateral Load

Collector



Panel to Panel Connection Styles

Single Surface Spline

1" THICK PLYWOOD
SPLINE w/ 1/4"@x4"
SCREWS

CL OF SPLICE
\ 11/2"

i @ 8" o.c. TYP.

FIRE SEALENT
WHERE OCCURS
REF. ARCH.

Min phywood
Min, phywood edge distance « - Ond dRstance = 14

W - W \ #

bin. CLT edgh diskanca =
T8 »f- W

’#fﬁmmuwﬂ
- for consirection wolerancs

Klin. depth of panel after edge milling =
4" for 3-ply CLT with 4'-Jong SDWS Tember screws
& for S-ply and 7-ply CLT for 6-long SOWS Timber screws

Source: Simpson Strong-Tie






Panel to Panel Connection Tolerances

minimal gap

L < | < | >Hp<| ><| ><I2

significant gap

Built condition

possible spline
buckling or
popping
774
X - 1 3
compression from closure of gap
diaphragm system
behavior

Potential behavior under high
diaphragm loading



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 Reguirements

CLT dusplyagem dholl be permitied 10 be wasd 1o re-
st literal Sorces peoiadad the deflactaon in the plane of
the craploapm. oy detoimesed b cilculafoen, test, of
amlogies dewwm therefiom, doss ot excesd the mam:
noum permsvisbie deflection limit of amacked load distrib-
uhig & il cloména. Pirmunille Seflocton dhall
bee that deflectson that will peremii the diapheagoy and amy
artached elsmesny do maEmain their strectural mkspney

= e raggpeet thew prescidbed aads 2z detrz-
rared by thie apphe sbie bnaldmg code o1 andard

4,52 Deflection

CLT doplexges deflecton thall be determesed marg
praiplts o mg ey mochamo.

4.5.3 Unit Shear Capacity

CLT despdeagrea ahall ke hgnrd. m acodencr
with preciples of sneerng mechanion wieg desgn
vadpes for voood mesnbers and cormecisons in accordance
“Tlhm;q'n'..ﬂm

The somumnal it shear capacity, v, of CLT dia
phrapmn whall b bused on the neevaml chesr 2agoemy
for dawel-type Gsiener comecoes wed o ansler da-
pluagn iheir fivon, o caloulaind pa 454, Bem 1 ASD
allinacable shess capacty of LREFTY Bctorid iheds soiai-
taenoe for the CLT diapheagm and diaplwage shear con:
archan dhill Be dsermumnad m sdecrdancs w4 1.1

4.5.4 Additional CLT Diaphragm Dasign
Requirements

CLT Sinphagenn shall sees e Sollowving s4ditions]
Pty

1. The noemml thew cxpociny for dosael-type f-
tener connections used to transfer daphiagm
b forcen betwenn CLT panchs and betwoms
CLT pimrly ol capleagm bouslay clomeniia
icherdn amd colbacoors) shall be taloen as 4.52°,
where T w £ onultiphed by all spplecable WIS
adrimncnl Bactodi exdait To, K. &, and i, sl T
nkall be commolled bey Mlode 10 or Mode IV fas-

e

tener yackdng m screrdande vath KD 1731
Comnechons used o mesier daphages shear
fiaen aball gt b uaed to semn deuglysgm ton-
0w fodces

Wood clements, sfee] parts, md wood o stecl
chord splce commectons dhall be dengned for
20tz e duapluagen forcen smocisted vathy
the shew forves induced from. the denign boads

Esncopstisac:

I Wood elementy and wiood sphce conhectomm
thadl ke permstted o be deuigned for 1.5
temes the diaphragm foroes associaed with
e shea S sducdd by the wind diagn
leada

Whae dowel-fype {mtonen &c wed =
cheord splice connections and the connection
iz controfled by Mods I, or Mode Iy fasten-
& Verkdng = sccondance with WIS 12.3.1,
£ s i the il b i~
tesd i be destgmesd for 1.5 and 1.0 itmes the
Emres maduend by the prescysbed s and
wanid degipen laada, repactricely

Dhopiragm chord slements 2nd chood sphoe con=
Eecieons wong cealenaly et s wissd of sbeel
ikl b denafraed e proimoood = NDE 14

Only 1 page of

requirements for CLT

Diaphragms



2021 Special Design Provisions for Wind and Seismic

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Reguirements

ICLT dnphraprm dhall Bae permitted to he med 1o ne-
st literal Sorces peoiadad the deflactaon in the plane of
e daaplaagzn. oy detormsned by cilculatosn, e, of
amlogies dewwm therefiom, doss ot excesd the mam:
noum permsvisbie deflection limit of amacked load distrib-
ity & ieuilmg cloménls. Peemonidble deflochon abiall
bee that deflectson that will peremii the diapheagoy and amy
artached elsmesny do maEmain their strectural mkspney
= b mgmeet thew Aaod Boads ms dotes-
nured by the apphiesble bnnldmg cnde o tardaed

4.5.2 Defiestion

CLT doplexges deflecton thall be determesed marg
preiples of mginenisy mochaon

4.5.3 Unit Shear Capacity

CLT duspdeagrma shall be deugned n sécondence
with preciples of sneerng mechanion wieg desgn
vadpes for voood mesnbers and cormecisons in accordance
“'rl]'lHl:l'ﬁ-rqnhu::n.

The somunal wut shéar capacy, v of CLT dia
phrapmn whall b bused on the neevaml chesr 2agoemy
for dowel-type fastener commecons wed o transfey da
phwagan helr fmon, o caldulated por 454, Hem | ASD
allinacable shess capacty of LREFTY Bctorid iheds soiai-

taenoe for the CLT diapheagm and diaplwage shear con:
archan dhill Be dsermumnad m sdecrdancs w4 1.1

4.5.4 Additional CLT Daphragm Design
R equiremenis

CTT displwagen shall seer the Sollowing sdditicasd
Pty

1. The noemml thew cxpociny for dosael-type f-
tener connections used to transfer daphiagm
el forsen betwesn CLT panchi and betwos
CLT pamcly ol h‘q;ﬂ'l:j:nh:'i:h;j’ et
(chords axad colbectors) shall be talosn as 455,
swhere £ s Z multiphed by all spplcable NDS
adyrptmcnd Eactor exdapt Co, Kr, &, and i, ol T
skl b controlled by Mode 10 or Mode IV s

-

mFrEn!mmdp:ruﬁxLﬁﬂi |
Comnechons used o mesier daphages shear
fnnn.ﬁ.l.“ gl b e B dempnl d.l.li'h:am.lrrp-
s0m forces

Wood clements, o] parts, md wood of sieel
chord splece commecoons shall be deugned for
:l}llq:-.-lﬁriq;lhqpl fmeoy amaccizmng weth
e whear Brered induced Bom the devipn loads

Esncopstisac:

I, Wood elementy and wiood sphoe o
thafl ke perestied o be for 1.3
times the duaphragm foroes iaaed with
e shea foicen eadiacid by wind deagn
leat

i Whae denrl-type 1 oEr wed @
chord splice ¢ ] the cotnection
iz controfled by Mg I, or Mode Iy fasten-

& Varkding = ordanes with W& 12,30,
fanlrmoy cormocton ilall e peimml-
e hr b fior 1.5 and 1.0 times the
1]1.#1' E.'rrnl.'um.l.l;ﬂw;lh I]'lrlhrq'
5.'I¢rl lrvEranﬁlr:l\nqqur.H’

[ g Do, respactiiely

chond slements 2 chond splice con=
Lng saaledialy Sl i wosd o sbeel
b deiagmed wmeng prodmooo = NDS 14

/ 4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

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 Z multiplied by all applicable NDS
adjustment factors except Co, K, ¢, and A; and Z
shall be controlled by Mode Il1s or Mode 1V fas-

tener yielding in accordance with NDS 12.3.1.




CLT Diaphragm Shear Connections

1/8" gap., typical
Maintain required Installation
edge dislances options for
fasteners
CLT panel typical _\
'| T %
]
il = Screws
\_ Plywood or LVL Threads only.~|_ ¥ ¢ |I
116" _/ ol In it in beam Exoo
gap pre-drilled
fBueas holes
Section view
|
a) Over wood beam b) Over steel beam <) 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

1o

- 'l]" . Modely - _L'_

L. Models

X . Model

L AL Mode I

A, Modems T

r | o m—
""[H‘;.. Mode IV "(

K “m” denotes main member, “s” denotes side member )




Table 11.3.1 Applicability of Adjustment Factors for Connections

ASD LRFD
Only ASD and LRFD Only

]

1
1

Wet Service Factor
Temperature Factor
Group Action Factor
Geometry Factor
Penctration Depth Factor -
End Grain Factor
Diaphragm Factor
Toe-Nail Factor
Format Conversion Factor
Resistance Factor
Tume Effect Factor

Metal Side Plate Factor *

Load Duration Factor '

\7

Lateral Loads

Dowel-type Fasteners

(e.g. bolts, lag screws, wood screws, Z* =L X 1.0 |Cy C Cg Co - Cﬂ_. - 1.0 C,| 1.0 1.0 1.0
a

nails, spikes, drifl bolts, & dnifl 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:

7, =457

Where Z™is reference lateral capacity Z of NDS
multiplied by all applicable factors except C,, K, &, A = 1.0

SDPWS 2021 Section 4.5.4(1) and NDS Table 11.3.1



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

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC Wind V,/2.0 0.8 Vp

Seismic vn/2,8 0.5 Vp

AMERICAN ASD seismic design capacity:
@ COUNCIL A57*/28=1617Z* = C,Z=162Z



2021 Special Design Provisions for Wind and Seismic

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Reguirements

CLT duphragern dhall be peemrited 1o be maed ia e
sl labsral forces peoidad the defactaon in the plane of
the chaplragm, o determissed by cilculaboes, fosty, of
malogies dravwn therefiom, doss ot excesd the max:
oo permsvisbie deflsction limit of amacked boad distrib-
uhing ox acunhng rlomenla Mmoot Seflrckon dall
b it deflacinom that walll peremii the diapheagny and @m
antached elemenny do maEsain their strectural mtspnsy
& I it thew § il Boadi aa deles-
mransed by the agyplicsble building code o sandard

4,52 Deflection

CLT doplexges deflecton thall be determesed marg
preaciples of engineoteg mochansts

4.5.3 Unit Shear Capacity

CLT despleagma shall be ﬁ-u.gnnl m arcodencr
with preeciples of esgineerng meckanics wneg design
vadues fior woood mesnbers and corsecions i aooendance

The momunal wut shear capacdy, v, of CLT dua
plrapem dhall ke based on the nesmaml shesr sxpacity
for dowel-fype: fasiener connecoes wad jo tansler do-
phwagm aheir fovoe, as caloulsted par 4,54, Bem | ASD
allowabie shei capicaty o LEFD Gbwdd ahtld ioini-
tance for the CLT diaplyapm and dapleagm shear cone
prctons hill be detrmmed m scdarduee wsh 4 | 1

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT duphragon shall eseet the Sallowvmy addtional
PRk

1 The neemnml shear cxpaciey for dowel-type fas-
tener connechons used to tander doplsagm
bl forces between CLT pineli amd bebiveos
CLT pimch sk daapteas easday clomards
[charrds aead colleceors shall be talosn s 455,
where Z* w Z multiphed by all spphcable NDS
sdjustment factors excep O, Ki, & and i 4l 7
nball ber coniralled by Mode 105 or Aiode IV fas-

bener yaolding i sceordance wih NDE 123,

?  Commechons used io amsder dophages shear

firces alall gt b used to somn dugplyagm on-

Endepioat:

I Wood alamienbs fnd Wiosdd splate Sormadtnin
thadl ke permstied o be designed fior 1.5
times the diaphragm foroes associaed weth
e shea foidin sadiucdd by the wind disgn
hichila.

Whore dowel-fype Imfonery oo sacd m
chord splice connections and the connecnion
15 poniredled by Mods 101, or Mode I fasden-
2 yarkdmg = setordance with WS 12,31,
fgteneiy m the conmchon wball be permm-
teed i b dhemigguesd fior 1.5 and 1.0 times the
dhapbragm fordes sasodaaled vwath the ikear
ot indhacnd by dhe proscrdbod shsme sod
wind design loads, respacanvely

Dogptragm chord elements e chond splice con-
pecTeon: iy saalahdly otfs tham wodd oi sboe]
kil be dewjfaeed Sisni prenmens = NES 1 4

[ =)

>

Wood elements, steel parts, and wood or steel
chord splice connections shall be designed for
2.0 ttmes 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
tumes 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 IIl: or Mode I'V fasten-
er yielding in accordance with NDS 123.1,
fasteners in the connection shall be permat-
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

178" gap, typical

‘"’ CLT panel typical

_/ Plywood or LVL
1/16" gap spline in oversized
recess
Section view

Installation

oplions for
fasteners \

Threads only .~
in beam

o) Over wood beam




Other CLT Diaphragm Components

Increased Diaphragm Design Forces < Design Capacity

Vp V<V

. L 1 Adjusted capacity
U = wind or seismic force demand V= calculated per the NDS

2.0 for wood and steel components, except:
Yp = 1.5 wood members resisting wind loads
D 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



CLT Diaphragm Design Resource

C WOODWORKS

A 4

CLT Diaphragm Design for
Wind and Seismic Resistance

Using SDPWS 2021 and ASCE 7-22

AWE SDPWS 2001
SOPWE 2007 b the B

Shear Capacity

507WS 207120 et s coomcy Free at woodworks.org



CLT Diaphragms

Is the Diaphragm
Rigid or Flexible?




CLT Diaphragm Deflection Requirements

SDPWS 2021 Section 4.5.2 Requirement:

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

o HIHT nnimir YINRINRNIREYRY

&

SW3

SWi1




CLT Diaphragm Design Guide

» Under Development By:

& WooDWoRKs
% WOODWORKS
Holmes Structures
CLT DIAPHRAGM DESIGN kpﬂ: SWINERTQNI

GUIDE

Funded By:

‘ U.S. Endowment

for Forestry and Communities

USDA
g1




Solutions Paper on CLT Modeling

) WoodWorks"

WoOD PRODUCTS COUNCIL

An Approach to CLT Diaphragm Modeling for
Seismic Design with Application to a U.S. High-Rise Project (NOt per SPDWS 2021)

Actanieal frorr @ peper by Feotd Sransman = Sre Melnral® pood Radd 8 Aerenernan© prazeniad s mie 5008 Wik Confarance on fimbsy Enpnpseng

ABSTRACT:

A candidate croas-taminatad timber [CLT1 diapheagm analysis
model approsch s presenied and evalusted &% an angiresering
design toal rmotvated by the needs of sesmic dasign in the
United Statas The madebng approach consists ol axplicily
rrzdaling CLT panels as discrete orhotregic shall slements
with connechons betwsesn panels and conmechions fram
panets o structural framdng modsled 85 Two-poentl SoONQs
Thet madeling appreach has been comparsd 1o 8 developed
CLT disphragm design example based on LS. standerds
shivwing the ability 1o oblain malching deflection results
Tha sansitivity of the deflection calouletions o eonssdanng CLT
parel-lofianel cantaclion gap clasire is lnms‘.lg.ulﬂd Lsing &
simgla daphragm axsmple. The proposed modaling spproach
is also applied o the candidate lloor diaphragm design for the
Framawork project. a wimner of tha LS Tat Waood Building
Prirs Compatdion, currently ursiar desgn, Dbserations fram
thi= effiort ere that the progosed method, while 8 mare retined
rmodel than typically used dusing bisding design, shows promise
o mael the needs of innovatve CLT sesmic REIQNS Wharg
approprate simpler disphragm modals are nat avaiabio

Free at woodworks.org
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Questions? Ask us anything.
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