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Course Description

The use of cross-laminated timber (CLT) panels for structural floor and roof assemblies has seen incredible
growth in the U.S. over the past decade. However, CLT’s use as part of a seismic or wind force-resisting
system—either as a shear wall or a diaphragm—has only recently been codified. Up until now, this has
required the use of the Alternate Materials and Methods Request (AMMR) process for CLT lateral force-
resisting system design. This presentation will introduce the new provisions for CLT shear wall and
diaphragm design contained in the American Wood Council’s 2021 Special Design Provisions for Wind and
Seismic (SDPWS), including detailing and design requirements, and the range of seismic response

modification coefficients (e.g., “R” values) recognized for CLT shear wall design in ASCE 7-22.



Learning Objectives

1. Develop an understanding of the design challenges related to using CLT for wind and seismic
resistance while meeting the intent if 2022 California Building Code (CBC).

2. Discuss the new provisions in the 2021 Special Design Provisions for Wind and Seismic (SDPWS)
applicable to all lateral systems.

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 floor and roof assemblies as horizontal

diaphragms for wind and seismic resistance.
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Dowel-Laminated Timber (DLT) Nail-Laminated Timber (NLT) Glued-Laminated Timber (GLT)
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s What is CLT?

Solid-sawn or Structural Composite Lumber (SCL) laminations
3 layers minimum

Each layer rotated 90° (sim. to plywood sheathing)

Glued with structural adhesives

1-7/8” to 20” thickness
allowed by PRG 320*
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4 to 12 feet wide*

e

*All dimensions are approximate.
Check with specific manufacturers



> CLT Gravity Systems



CLT in the 2019 CBC (Gravity)

........................ 2019 CODE

Standiend for Performumce-Rated CAN A O S L 1
Cross-Laminaied Timber v
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PRG 320-2018 2018 NDS 2019 California Building Code

CLT was recognized in the 2019
CBC for gravity systems only



wm FLATWISE Panel Loading s

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

Source: PRG 320-2018



m=mm PRG 320 Defined Layups

Layup
Panel Properties

CLT Basic Grades /
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mwm CLT Product Reports msssssssssss
CLT Custom Grades Layup Panel Properties
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> CLT Lateral Systems



wm EDGEWISE Panel Loading mssssssssss

L
Span in MAJOR Strength Direction Span in MINOR Strength Direction

Source: PRG 320-2018



wm EDGEWISE Panel Loading messsssssssss
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Span in MAJOR Strength Direction Span in MINOR Strength Direction

Source: PRG 320-2018



s Shear Force Terminology

Through=the=Thickness Shear

Source: PRG 320-2018 Source: 2018 NDS Commentary

Through-the-Thickness Shear 2018 NDS: F.(t.)

In-plane Shear Forces PRG 320-2018: F,,ot, & F,. o0t
EDGEWISE Shear in PRG 320-2018



CLT In-Plane (Edgewise) Strength

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

145 to 290 PSI Edgewise Shear Capacity
= 1.7 to 3.5 kips/ft (ASD)
per inch of thickness!

Consult with manufacturers for values
Source: APA Product Report PR-L306

Multiply by Cd = 1.6
for short term ASD strength

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



s CLT in the 2019 CBC (Lateral) mossssss

2019 GODE
CRPILL Ll B IREmUEn  TRE 9 e ) v | o

e L .

Mirdmum Deslgn Loads and
Azzociatod Critoris Por

SDPWS S ot s

Where wood lateral system Where seismic (“R” values)
requirements are and wind systems are
referenced — No CLT referenced - No CLT
=
2015 SDPWS ASCE/SEI 7-16 2019 California Building Code

CLT lateral systems (including “R” values for shear
wall design) were not referenced in the 2019 CBC



s CLT in the 2022 CBC (Lateral) mossssss

2022 CALIFORNIA
BUILDING CODE

0 T, RN I LT ¢ TR T AT T VOO | OF T

Mirdmum Deslgn Loads and
Azzociatod Critoris Por
Buikdings and Othar Shructusras

Where seismic (“R” values)
and wind systems are
referenced — No CLT

2021 SDPWS ASCE/SEI 7-16 2022 California Building Code

CLT lateral systems from the 2021 SDPWS (not “R” values
for shear wall design) are referenced in the 2022 CBC



= 2021 Special Design Provisions for Wind and Seismic ms

Top Changes Relevant to CLT Lateral Systems:

. - New unified nominal shear capacity
SD WS - New CLT Shear Wall requirements

SPECIAL DESIGN PROVISIONS

FORWINBAND SE[SMIC - New CLT Diaphragm requirements

View for free at awc.org




= 2021 Special Design Provisions for Wind and Seismic ms

2021

Top Changes Relevant to CLT Lateral Systems:

. - New unified nominal shear capacity
SD ws - New CLT Shear Wall requirements

SPECIAL DESIGN PROVISIONS

FOR WINDAND SEfSMIC - New CLT Diaphragm requirements

View for free at awc.org




s 2021 SDPWS - Unified Nominal Shear Capacity s

For Wood Structural Panel (WSP) shear walls and
diaphragms, the 2015 SDPWS has two nominal shear
capacities:

Vg Nominal shear capacity for seismic loads

SD ws Uy  Nominal shear capacity for wind loads

SPECIAL DESIGN PROVISIONS

FARVWINBAND SEISMIC. The 2021 SDPWS has one nominal shear capacity for
both wind and seismic loads (for all systems such as
WSP and CLT):

Vp Nominal shear capacity

@ AP ERC AR
WD




w2021 SDPWS - Unified Nominal Shear Capacity msssses

To calculate the ASD or LRFD shear capacity, the 2021 SDPWS

has different reduction factors for wind and seismic

ASD Design Capacity | LRFD Design Capacity
SDPWS sl

SPECIAL DESIGN PROVISIONS Seismic vn/2.8 0.50 vy
Wind Vn/2.0 0.80 v

FORWINDAND SEISMIC

Source: 2021 SDPWS Section 4.1.4




> CLT Shear Wall Design



CLT Shear Wall Design

Denver University Burwell Center for Career Achievement Photo Credit: WoodWorks



= 2021 Special Design Provisions for Wind and Seismic ms

2021

Top Changes Relevant to CLT Lateral Systems:

. - New unified nominal shear capacity
SD ws - New CLT Shear Wall requirements

SPECIAL DESIGN PROVISIONS

FOR WINDAND SEfSMIC - New CLT Diaphragm requirements

View for free at awc.org




s 2021 SDPWS — CLT Shear Wall requirements mssses

applied load v,

CLT Floor é

FIoor or ROOf [ = = 1 = ) ) ) 1 = ) |
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Below Wall "
CLT Floor celow e

Section View
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Elevation View



s 2021 SDPWS — CLT Shear Wall requirements mssses

applied load v,

CLT Floor é
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s 2021 SDPWS — CLT Shear Wall requirements mssses

applied load v,

CLT Floor é
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s 2021 SDPWS — CLT Shear Wall requirements mssses

applied load v,

CLT Floor
— Floor or Roof
Above Wall
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Floor or Foundation

Below Wall
CLT Floor clow Wa

Section View Elevation View



2021 SDPWS - CLT Shear Wall requirements

Panel to Panel Connection Panel to Platform Connection
0.105” ASTM A653 Grade 33 Steel Same steel plate material and nails plus
(8) 16d box nails to each wall panel (2) 5/8” @ bolts or lag screws to roof, floor or

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



2021 SDPWS - CLT Shear Wall requirements

. Nominal shear capacity of connector
Panel to Platform Connection pacity

Vp = 2605 C; [Ibs] 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]



2021 SDPWS - CLT Shear Wall requirements

(platform or balloon-framed) (platform-framed only)
CLT Shear Walls CLT Shear Walls
not meeting 2021 meeting 2021 SDPWS Appendix B
SDPWS Appendix B
L o vy o = = = e o

height, h

M 'J-E—E—ﬂ—E-IL JE.H.H.H.EL

Shear resistance provided by high aspect

Seismic Design Category _ ratio panels only (2021 SDPWS B.3.7)
A or B only Panel aspect ratios
(2021 SDPWS 4.6.3) 2 < h/b, <4 Panel aspect ratios

h/b, = 4



What “R” value
can |l use?



2021 SDPWS - “R” Values for CLT Shear Walls

(platform or balloon framed)

CLT Shear Walls

not meeting 2021
SDPWS Appendix B

| T |-

M
“R” = 1.5

Cq4=1.5, Q,=2.5, max. ht.=65’
(2021 SDPWS 4.6.3)

(platform-framed only)

CLT Shear Walls

meeting 2021 SDPWS Appendix B

| || = || Iy T I O T
Panel aspect ratios Panel aspect ratios
2 < hifb, <4 h/bjT=4

J—E—E—d M
“R” = 3.0 “R” = 4.0

C,=3.0, Q,=3.0, max. ht.=65’ C,=4.0, Q,=3.0, max. ht.=65’
(ASCE 7-22) (ASCE 7-22)



s CLT in the 2025 CBC (Lateral) msss

Al murm Dasiga Loads an
Aszociated Critarln for

Budldings and Othes Stroctiang

Now with CLT shear wall and Will have “R” values for CLT
diaphragm requirements shear walls
2021 SDPWS ASCE/SEI 7-22 2025 California Building Code

CLT lateral systems will be fully
recognized in the 2025 CBC



wwm CLT Post-Tensioned Rocking Shear Wall System Tests mwwm
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Source: S. PEl et al. http://nheritallwood.mines.edu/




> CLT Diaphragm Design



s CLT Horizontal Diaphragm Strategies (pre-2022 CBC) mwm

Option 1: Separate diaphragm element over CLT
(1A) Structural concrete topping

CLT deck

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



s CLT Horizontal Diaphragm Strategies (pre-2022 CBC) mwmm

Option 1: Separate diaphragm element over CLT
(1B) Wood Structural Panel (WSP) topping

WSP diaphragm

CLT deck

Classify as a blocked WSP diaphragm per 2015 SDPWS 4.2.7.1.1



s CLT Horizontal Diaphragm Strategies (pre-2022 CBC) mwm

Option 2: CLT as the diaphragm via the AMMR process (principals of
engineering)

Cementitious toppiNg === = == = e e e e e e e |
asneeded Eo-o oo oo o e e e e e e o e e oo

CLT deck as the
diaphragm

CLT diaphragms were not recognized in
the 2019 CBC and Referenced Standards



= 2021 Special Design Provisions for Wind and Seismic ms

2021

Top Changes Relevant to CLT Lateral Systems:

. - New unified nominal shear capacity
SD ws - New CLT Shear Wall requirements

SPECIAL DESIGN PROVISIONS

FORWINDAND SEISMIC - New CLT Diaphragm requirements

View for free at awc.org




wssm CLT Diaphragms

Strength of CLT should
never govern

Strength of connections (covered
by NDS and proprietary fastener
Evaluation Reports) governs design



4.5 Cross-Laminated Timber (CLT)

R T PR P e L Y N B = Y

451 Applicaticn Hequisemaents

CLT daghingena ahsall bee prmmamsd b be s o i
wiit Laweval forces promubed dhe deslaonon wn the plane af
e shiphiagn & doommeed 15 clkoulsven i &
s drEes i, e fd eieed B s
_w_ﬂiﬁl'hnl-ﬂnuhdhﬂ-
I S oL e
uumuumnwuu

e i toral gy

bod ksl o deie
-ﬂb_rﬁ-#hﬂhm&-i.d.d

457 Deflection

1T Saaphaagvr et e adail] b evvmumnd nussg
presapie of mp 4 bmzn

A5 Unit Shesr Capacey

CLT deaptwagues sball be deupred w sooopdece
wr procaplen of mguesnay weharsoy ey deugw
ity B el iwideiry il iR T i o i
Wl N e

The womminal wel des capacey, v o OLT &
prragme dol by buced op the nomsanad dea capacy
do el By ke compee vy pord b Bamnfer ds
g dhea force, n caboaeed per 4. 50 T | ASTD
bl ahew copacaty o LRFD factionnd nhweid reani-
wiwne for the CLT chipisagmn sl daphinm sdem oo
o o ] b cheret praeotell o oo i et 4 |

454 Addficnal CLT Diapheagm Desige
Hegpanienls

LT Sl agrrra abull mert ther folkeemy) sddssarod
B AT

1. The oomesd dhew capucay o downt-type i
e conmacnom sl o mEedn dapleagrs
whea fooor berarem C1T parsls s beroeon
CLT paiects el diigdd s toutelyy demesth
(irhecucds el cvaflorionn ) ksl et talbom. mw A 4",
whore I® w T snalaphued by oll applhcable NS
At Tacmor exoept Ui B, b deiud 3 wiwl
el - oo By Mlioacde [TRa on Mol T e

e e

e yiarldeng . arvemndeme e wndh NI 120

Comascren wend W wanle Saphigs dew
forces alall ot be wasd w0 e duphnagn. wo-
mon forom

Wil elements bl e, b seeod o o]
chand] b o on dhial] b deagred fon
7 e che dopheagn. forces seocosed wih
the abwrie S indeond Sum e diaagn ke

Eicwpiioni:

1 'Weoddh o e gl

alall b prormimed @ b deigaed by 15

iz the doplzage focn ssoosnd with

it abrin’ St deoed by B vl deimgn

[T H

Aheyr dorwel-bype B =0 wmad @

ehord wphice ard fhet:

i ontrodbad by Nk TIL o Ko T fwem-

or yatlding wn socardance wath MUK 1200,

dmiris o e Cofn T dadl e i

el e b Senmgrad for 1 5 el 10 oy B
forces mmscodnd wrd e dbear

e bt by s prescidtend windie wwl

wnd deugn bads respeoely

Mﬁ'_-ﬂ-ﬂﬂm L e ]
Ix tirw than woid o seel
shisll tor wiﬂ#ﬁlﬂh mNDE R

s 2021 Special Design Provisions for Wind and Seismic mssssssses

Only 1 page of requirements for

CLT Diaphragms



24’ x 24’ CLT Diaphragm Test with Plywood Spline Joints by AWC
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s 2021 Special Design Provisions for Wind and Seismic mmssssssses
/ 4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

The_nominal shear capacity for_dowel-type fas-
t ctions L =

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 Cp, Kr. ¢, and A4; and Z

shall be controlled by Mode 1lls or Mode 1V fas-

tener yielding in accordance with NDS 12.3.1.




Joists not at panel

Typical CLT Panel

Generic CLT Floor/Roof Diaphragm

Columns
Joists

CLT Panels
Shear Walls

[ ]
—_ — Girders

]

O 0 o W

—
+—
—
-

edges

Lateral Load




== Generic CLT Floor/Roof Diaphragm s
Chord

Collector

Collector

T N 5

Lateral Load

Chord



Generic CLT Floor/Roof Diaphragm

Lateral Load

| J [ !

Shear Transfer Details:

a — panel to panel

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

d — panel to wall/chord

G e —shear in panel

Other:

z — chord (and splice)

y — collector (and splice)

o




CLT Diaphragm Shear Transfer Connections
Lateral Load

| J [ !

Chord

| X O

A

o O

Diaphragm Shear, v ~_' O Q_|_l
i
[ Shear Transfer Details:
é a — panel to panel

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

d — panel to wall/chord

G e —shear in panel

Other:

z — chord (and splice)

y — collector (and splice)




s==m CLT Diaphragm Shear Transfer Connections

Maintain required Installation
edge distances options for

fastaners ‘\
L]

Ecmwn
pra-dmluﬁ
= ._i._.

a) Swer wood beam &) Ower steel beam €} Ower waad stud wall

Diaphragm shear transfer connections at CLT panel edges:
- Use dowel-type fasteners in shear (nails, screws, bolts)

- Yield Mode llis or IV per NDS 12.3.1 must control capacity



=== Connection Yield Modes Per the NDS mosssssssses




SB7

===m Panel to Panel Connection Styles

Top Surface Spline

", Min, deph of pansl aar edigs millng =
" for Bophy CLT with 4'4ang SOWS Tamber screws
B Sor -3y and T-ply CLT $ou &-long SIWS Timbee sciows

Source: Simpson Strong-Tie



Scott Breneman, 3/7/2017



SB7

m=m Panel to Panel Connection Styles s

Half-Lap

&5 of & 0.0 screw Spacing
(ot that screw el distande is
2 min for a8 screw spacings)

Hait of ganel depth

3% man. (I standand d d
maximum hall-lag dimension 1% max, pdge distance
for LS and Canadian GLT
manufacturen)

Source: Simpson Strong-Tie



Scott Breneman, 3/7/2017



CLT Diaphragm Shear Transfer Connection Design

Nominal capacity of CLT diaphragm shear transfer connection fastener:

7, =45Z7"

Where Z"is reference lateral capacity Z from NDS

multiplied by all applicable factors except Cp, K;, ¢, A = 1.0

Source: 2021 SDPWS 4.5.4(1) and 2018 NDS Table 11.3.1



CLT Diaphragm Shear Connection Design

A 1.0 1.0 1.0 1.0 1.0
£

/

Also 1.0 for CLT Diaphragm Shear Transfer Connections

Source 2021 SDPWS 4.5.4(1) and 2018 NDS Table 11.3.1



Other CLT Diaphragm Components

Lateral Load

| J [ !

Shear Transfer Details:

a — panel to panel

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

d — panel to wall/chord

G e —shear in panel

Other:

z — chord (and splice)

y — collector (and splice)

o




mm Other CLT Diaphragm Components mmssssss
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Other CLT Diaphragm Components

Amplified Diaphragm Design Forces < Design Capacity

U = wind or seismic force demand v =

y:

Y- v<v

/ Adjusted capacity
calculated per the NDS
not4.57*

2.0 for wood and steel components, except:

1.5 for wood members resisting wind loads

1.5 for chord splice connections controlled by Mode llis or IV (seismic)
1.0 for chord splice connections controlled by Mode llis or IV (wind)

*See 2021 SPDWS 4.5.4 for the full information
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= Additional Resources s

Available from woodworks.org

CLT Diaphragm Design for
Wind and Seismic Resistance

https://www.woodworks.org/resources/clt- YR REEIG SR LS, P

diaphragm-design-for-wind-and-seismic-resistance/ i sigserars et o O s i
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=== Additional Resources

Under Development By:

WOODWORKS

WoOoD PRODUGCTS COUNGIL

WOODWORKS"

WoOOD PRODUGTS COUNGIL

Holmes Structures
CLT DIAPHRAGM DESIGN

GUIDE kpff  swerron [l

Funded By:

{} U-S. Endowment
for Forestry and Communities

USDA
]




Questions? Ask us anything.

WOODWORKS

N
s,

Chelsea Drenick, SE Mike Romanowski, SE

Regional Director | CA-North, NV, UT Regional Director | CA-South, AZ, NM
(303) 588-1300 (619) 206-6632
chelsea.drenick@woodworks.org mike.romanowski@woodworks.org

901 East Sixth, Thoughtbarn-Delineate Studio,
Leap!Structures, photo Casey Dunn



