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This presentation will provide a detailed look at the structural design processes associated
with a variety of mass timber (MT) products, including glued-laminated timber (glulam),
cross-laminated timber (CLT), and nail-laminated timber (NLT). Applications for the use of
these products in gravity force-resisting systems under the 2021 IBC/2022 CBC will be
discussed. Other technical topics will include MT floor vibration design and connection
details. Also, MT framing components are often left exposed to act as a finish while taking
advantage of their aesthetics. As such, they are often required to provide a fire-resistance
rating demonstrating their ability to maintain structural integrity in the event of a fire. This
presentation will also discuss the structural design of mass timber elements under fire
conditions.
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1. Compare different mass timber framing systems and review their

unique design considerations.
2. Highlight common connection details in modern timber structures.
3. Review structural design steps for components in common mass

timber framing systems.
4. Demonstrate design steps for calculating fire resistance of exposed

timber structural elements.
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Mass timber (MT) is a
category of framing
products often using
small wood members
formed into large
(massive) panelized
solid wood elements
including CLT, NLT or
glulam panels for floor,
roof and wall framing

!

1
It
|. Iy ‘II

B ¥



Mass Timber Products

Cross-Laminated Timber Horizontal Framing
(CLT)

Nail-Laminated Timber
(NLT)

Glue-Laminated Timber (GLT)

Tongue & Groove
Decking (T&G) Timber/Concrete Composite

\_ =

Structural Composite Lumber (SCL)

Image source: StructureCraft



> Mass Timber Gravity Framing Systems



Building Code Acceptance of CLT (Gravity)

2022 CALIFORNIA
BUILDING CODE

CALIFORNIA CODE OF REGULATIONS | TITLE 24, PART 2, VOLUME 1 OF 2
Based on the 2021 International Building Code®
California Building Standards Commission

DS

CIFICATION®
tary

NTERNATIONAL CODE COUNCIL

2022 CBC
(2021 I1BC similar)
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> Connection Details



Long self tapping
screws used
extensively
throughout mass
timber construction

Photo Credit: Alex Schreyer ‘



Connection Details — Panel to Panel

Single Surface Spline

CL OF SPLICE
\ 1 THICK PLYWOOD
; : SPLINE w/ 1/4"@x4"
11/2 112
T 7/ SCREWS

A @8 o.c. TYP.

T =]

- I T I | I I =
| = = = e e e e =

FIRE SEALENT
WHERE OCCURS

REF. ARCH.
6" MyTiCon ASSY 3.0
1L Ecofast Screw
?__ . 8mm x 90 mm
9| 1" Plywood
N S SLT3 Panel

3.90"

Half Lap

b

spline——
i

e

el P
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CL OF SPLICE

CLT5 FLOOR
PANELS
REF. PLAN

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

FIRE SEALENT
WHERE OCCURS
REF. ARCH.

1/4"x5"
(4" 0.c. AT LVL 12)

Butt Joint

SCREWS @ 6" 0.c. TYP.




Connection Details — Panel to Beam

5/16"0x12 5/8" ASSY 3.0
SCREWS @ 24" o.c.

CL OF BEAM o [N KT

’ \ GLULAM BEAM
SIMPSON STRONG-TIE
SDWS22800 L I




Connection Details — Platform Framing

Screws —s — ¢ . . .
- | Simple connections with:
bracket —
* Metal angles
Screws —— -
* Self tapping screws
Self- i
esctr?-:e\’:)smg_)l I =——
e | |
CLT Floor —

Source: US CLT Handbook



> Component Design (Gravity)



NLT Design

NLT Design Guide includes:
Architecture

Fire

Structure

Enclosure

Supply and Fabrication
Construction and Installation
Erection engineering

Free download from www.thinkwood.com



CLT Design

ANSI/APA PRG 320-2019

Standard for Performance-Rated
Cross-Laminated Timber

ANSI/APA PRG 320 Standard for Performance-Rated
Cross-Laminated Timber

The Standard Covers:

U.S. and Canadian Use

Panel Dimensions and Tolerances
Component Requirements
Structural Performance
Requirements

Panel and Manufacturing
Quialification

Marking (Stamping)

Quality Assurance



CLT Design — Scope of PRG 320

CLT Panels shall be used in dry service conditions, such
as in most covered structures, where the average
equilibrium content of solid wood is less than 16 percent... CLT
panels qualified in accordance with the provisions of this
standard are intended to resist the effects of moisture on
structural performance as may occur due to construction delays
or other conditions of similar severity.



wwmm CLT Design — PRG 320 Basic Layups s

Layu Panel Properties
CLT Grade yup P

(basic)

TABLE A2.
THE ALLOWABLE BENDING CAPACITIES®<) FOR CLT LISTED IN TABLE A1 (FOR USE Ijd THE U.S.)

Lamination Thiqmess (in.) in CLT Layup Major Strength Direction ‘ Minor Strength Direction

CLT : CLT t \ ’Fbs.n,o ('If;:’lﬂl‘;f. GA, o FySes0 (IE(::"I"bof- GA, 190 ‘
Grade (in.) = I = l = 1 = (Ibf-ft/ft) in.2/ft) (10¢ Ibf/ft) (Ibf-ft/ft) in.2/ft) (10¢ Ibf/ft)
41/8 13/8 13/8 13/8 4,525 115 0.46 160 3.1 0.61
y: 7/8 13/8 13/8 13/8 13/8 13/8 - 10,400 440 0.92 1,370 81 1.2
/9 5/8 13/8 13/8 13/8 13/8 13/8 13/8 13/8 18,375 1,089 1.4 3,125 309 1.8
41/8 13/8 13/8 13/8 ‘ 3,825 102 0.53 165 3.6 0.56
E2 67/8 13/8 13/8 13/8 13/8 13/8 8,825 389 1.1 1,430 95 1.1
95/8 13/8 13/8 13/8 13/8 13/8 13/8 13/8 15,600 963 1.6 3,275 360 1.7
41/8 13/8 13/8 13/8 2,800 81 0.35 110 2.3 0.44
E3 67/8 13/8 13/8 13/8 13/8 13/8 6,400 311 0.69 955 61 0.87
95/8 13/8 13/8 13/8 13/8 13/8 13/8 13/8 11,325 769 1.0 2,180 232 1.3
41/8 13/8 13/8 13/8 4,525 115 0.53 180 3.6 0.63
E4 67/8 13/8 13/8 13/8 13/8 13/8 10,425 441 1.1 1,570 95 1.3
95/8 13/8 13/8 13/8 13/8 13/8 13/8 13/8 18,400 1,090 1.6 3,575 360 1.9
41/8 13/8 13/8 13/8 — 2,090 108 0.53 165 3.6 0.59
V1 67/8 13/8 13/8 13/2& 13/8 13/8 4 800 415 11 1.430 Q5 1.2



CLT Design — Product Report Custom Layups

CLT Grade Layup Panel Properties
(basic or custom)

ARA Product Report® PR-L319

Reyised August 15, 2017 Page 3 of 5
e 1. wable Design Properties'® for Lumber/Laminations Used in SmartLam CLT (for Use in the U.S.)
Major Strength Direcjlon Minor Strength Directiof
CLT Grade lf;r 0 Es Fio FL’{ Fio Feo Fos0 Ew Fioo Feso Fuso Fas0
si) (10° psi) (psi) (pg) (psi) (psi) (psi) (10° psi) (psi) (psi) (psi) (psi)
\ sLva | /775 1.1 350 1,400 135 45 775 1.1 350 1,000 135 45

PorSL_Lper= 0006895 MPa

@l Tabulated values are allowable design values not permitted to be increased for the lumber flat use or size factor in gfcordance with the NDS. The
design values shall be used in conjunction with Yie section properties provided by the CLT manufacturer based on the actual layup used in

manufacturing the CLT panel (see Tables 2 angl 3).
l J \

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

Thick Lamination Thickness (in.) in CLT Layup Maijor Strength Direction Minor Strength Direction
CLT Layup St Fusws | B | G s | E** | Gans
Grade 4 | =2 =c]=1]z - 1 - ot | U9 o | Ve | e | U e | Ve
(n. EE I T B T I IR
n ) in M)
3alt | 418 | 138 | 138 | 138 1800 | 74 | 041 | 1430 245 | 29 | 041 | 4%
amax | 512 | 138 1:32'3 138 205 | 161 | o049 |1740] 975 | 23 | 085 | 990
Sat | 678 | 138|138 | 138 | 138 | 138 4150 | 286 | 083 | 1980 2120 | 74 | 083 | 1.430
Smaxx | 67/8 1,(32‘,3 138 ’32'3 5150 | 355 | 14 [2460| 265 | 29 | o086 | 495
gmaxx | 814 | 328 138 1138 7200 | s96 | 12 |2875| s | 2 | 13 | 90
SL-V4®) X x2 x2
7ot | 958 | 138 | 138 | 138 | 138|138 | 138 | 138 7325 | 707 | 12 | 2500 4825 | 283 | 12 | 1.960
] 2Z.mavvw 1 OEM 1 3‘3 414171 14902 1 1722 1} 1 3'8 1 1 1 a4an¢ |1 oanog 49 a5nwv l 490 ) A 1 41 1 140




CLT Design — FLATWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

|I)

“Parallel” Direction “Perpendicular” Direction

Reference: ANSI/APA PRG 320



CLT Design — Flatwise Flexural Strength

Design properties based on an Extreme Fiber Stress Model:

Flexural Capacity Check:

/
M, < (F.Se) ! B
Bending Stress
Mb = applied bending moment
(FbSeff)’ = adjusted bending capacity
Seff = effective section modulus
Fb = reference bending design stress of outer lamination

Reference: NDS

Mb



CLT Design — Flatwise Flexural Strength

Flexural Capacity Check (ASD):

; i
/ — Mb

Bending Stress

(FoSerr)' = Cp Cy €, C (FuSes)

\ J \ J

[ |
per Commonly Provided as combined
NDS 1.0 value by manufacturer

M, < Cp (1.0) (F,S.q)

Reference: NDS



CLT Design — Flatwise Shear Strength

Design properties based on Extreme Fiber Stress Model:

Shear Capacity Check:

Va ~ Fs(lb/Q)eff’
V, = applied shear

Shear Stress

F.(Ib/Q).¢ = adjusted shear strength

Reference: NDS




CLT Design — Flatwise Shear Strength

Design properties based on Extreme Fiber Stress Model:

.
l I Vplanar

Shear Capacity Check (ASD):

Shear Stress

Fs(lb/Q)eff’ = \CM C5 (‘Fs(lb/Q)efq =CyC,V,

|
Commonly Provided as combined

1.0 value by manufacturer

Note: Duration of Load Effects (Cd) NOT applicable to

planar = (1 O) V Flatwise Shear Strength in the NDS

Reference: NDS & CLT Product Reports



CLT Design — Flatwise Deflection Calculations

A— 4/

—

General Purpose: One-Way, Beam Action
Needed Stiffness: El_ GA_ 4

A A A

Analyze as beam representing a 1 ft wide strip of CLT
Can model multiple spans, cantilevers, etc.



CLT Design — Flatwise Flexural and Shear Stiffness

—

— . tf .

o EDegjo= 3, Eby 15+ 2, Eboti2]

El
s ot _ Ly

| I (GA) eff 0 P 9 2 :

| |/ [( 2G,b, ) (2 G.b, ) 2G b, )]
—

GA

Reference: ANSI/APA PRG 320 Appendix X3



CLT Design — Flatwise Deflection Calculations

Simplified Beam Deflections:

For single span, simply supported uniform load Uniform load, w
T
5 wL' 1 wL’
An‘ﬂx = ) +— — — A
384 LI, 8 56 GA, ? |
What is Apparent Flexural Stiffness, Elapp, such that Span, L
5 L’
Anmx - ) -
384 El,,
Set equal to each other and solve for El, — =
PP ap 1+ 11.5 £1.,
GA 4L

Reference: US CLT Handbook & NDS



CLT Design — Floor Vibration Concepts

* The natural frequency of a floor, and harmonics of the fundamental

frequency, are the most important parameters in vibration design
and evaluation

* Most practical floors have fundamental frequencies in the range of 5
to 15 Hz, although values outside this range are possible

* Generally, the higher the frequency the better



CLT Design — Common Vibration Sources for Buildings

Vibration sources are complex:

* Footfall, running, aerobics, etc.
* Machinery and equipment

* Vehicular traffic, rail traffic, forklifts

 Ground-borne, structure-borne, air-borne

* Steady-state, episodic, periodic

* Harmonic, pulse, random

* Moving, stationary




CLT Design — Floor Vibration

One approach: US CLT Handbook, Chapter 7 (FPlI Method)
Limit CLT floor span such that:

1 (E[ ) 0.293

app

S 22
12.05 (pA)*"

Where:

L = floor span (ft)

Elapp = apparent stiffness for pinned supported, uniformly loaded, simple span beam, 1 ft wide (Ib-in2)

p = specific gravity of the CLT

A = the cross-sectional area (thickness x 12) (in?)

Reference: US CLT Handbook, Chapter 7



CLT Design — Floor Vibration

FPI Method recommends limiting CLT Floor Span such that:

_ 1 (&1, Usingiterative approach:
12, 0.122
0> () 1) Estimate L
2) Calculate E/,,,
Recall: EI.,= L1y 3) Calculate L
- 11.5 E1, 4) Repeat until L converges
1+ 5
GA@I‘}"L

OR use values provided by manufacturer

Reference: US CLT Handbook, Chapter 7



CLT Design — Floor Vibration

Experience has shown that the FPl Method consistently produces
well performing floors

Does not consider
* Multi-span panels (improves performance)
* Flexibility of supports, e.g. beams (lowers performance)
* Impact of topping slabs (may improve or lower performance)

Recommend 20% increase in acceptable span length for multi-span
panels with non-structural elements that are considered to provide
an enhanced stiffening effect, including partition walls, finishes and
ceilings, etc.



NEW MASS TIMBER FLOOR VIBRATION DESIGN GUIDE

Worked office, lab and
residential examples

U.S. Mass Timber
Floor Vibration

Design Guide

Covers simple and complex methods
for bearing wall and frame supported
floor systems



> Fire Resistance
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2018

EDITION

FIRE DESIGN

OF WOOD
MEMBERS TECHNICAL REPORT NO. 10

16.1 General 150

16.2 Design Procedures for Exposed
‘Wood Members 150

16.3 Wood Connections 151
NATIONAL DESIGN SPECIFICATION®
for Wood Construction with Commentary AR f_:'l‘:"“‘:":a‘r‘;‘l"j TR
Table 1622 Adjustment Factors for Fire Design........... 151
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Cold wood

Heated zone Heated zone

Char layer ' Char layer
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1-hr 1-1/2 and 2-hr
Unrated Fire Resistance Rating Fire Resistance Rating

Inner Compression Inner Compression Inner Compression

Core Core Core
Core Core
Core Core
Core Core
Core Core Inner Tension
Core Inner Tension Inner Tension

Inner Tension Inner Tension

Inner Tension

(a) (b)

Figure 3-1 Typical glulam unbalanced beam layups







FPInnovation@
NRC-CNIC

Project No. 301006155
Final Report 2012/13

Intertek

Fire Testing  » = &

¢ Laboratory Testing Laboratory
TL-216

Testing Services

REPORT NUMBER: 102891256SAT-001 Preliminary CLT Fire Resistance Testing Report
ORIGINAL ISSUE DATE: February 27, 2017
REVISED DATE: N/A

TEST REPORT Page 10f 53

for by
American Wood Council Lindsay Osbome, M.A.Sc.
222 Gatoctin Circle SE, Suite 201 T s Christan Degenats, Eng. M.Sx.
Leesburg, VA 20175 16015 Shady Falls Road Advanced Building Systems — Serviceability and Fire Group

Elmendorf, TX 78112
Phone: (210) 635-8100
Fax: (210) 635-8101 and
www.intertek.com

Standard Methods of
Fire Tests of Building Construction and Materials

ASTME 119-11a Noureddine Bénichou, Ph.D.

Senior Research Officer
RENDERED TO National Research Council of Canada — Fire Research Resource Centre
Test Report No: WP-1050
Avdigreent Ne: 100 Structurlam Products LP
2176 Government Street el o015
Subject Material: Cross-Laminaled Timber and Gypsum Board Wall Assembly (Load-Bearing) Penlicton. BC V2A 8B5 Y
Test Date: October 4, 2012 Canada

ST REPORT

Report Date:  October 15, 2012

== See WoodWorks for Inventory of Tested Assemblies

Reviewed by:
Robefl J. Menchetti Bt ol Pt o M

—en® 21 T 1l cnmboninad | nad Baccles
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NEW MASS TIMBER DESIGN MANUAL

110+ pages of mass timber
technical resources, case studies
and more. Links directly to many
additional resources.

Jointly Produced By:

:f'g WoodWorks"

WOOD PRODUCTS COUNCIL

THINK
WOOD.

https://info.thinkwood.com/masstimberdesignmanual




w=== Additional Resources — woodworks.org s

¥ WoodWorks’

WOOD PRODUCTS COUNCIL

Fire Design of Mass Timber Members

Code Applications, Construction Types and Fire Ratings

Richard McLain, PE, SE « Senior Technical Director  WoodWorks
Scott Breneman, PhD, PE. SE  Senior Technical Director » WoodWorks
For many years, exposed heavy timber framing elements
. A ™
have been permitted in U.S. buildings due to their inheref 5 : - WOOdWOI'kS
: b : T: 1: North American Fire Resistance T f Mass Timber Floor / Roof mbli
fire-resistance properties. The predictability of wood's ch able ort erica e Resistance Tests of Mass ber Floo I oof Assemblies WOOD PRODUCTS COUNCIL
rate has been well-established for decades and has long
recognized in building codes and standards. CLT Grade Fire Resistance
CLT Panel Manufacturer or Major x Minor Grade Ceiling Protection Panel Connection Floor Topping Load Rating Achieved Source Testing Lab
Today, one of the exciting trends in building design is the (Hours)
growing use of mass timber—i.e., large solid wood pane 3ply CLT . SPF 1650 Fb 1.SE MSR e o Reduced j % i
I ] Nl ¥ ) (Test1) | NRC Fire Laborato
products such as cross-laminated timber (CLT) and nail- (114mm 4488 in) xXSPE#3 o 36% Moment Capacity W
laminated timber (NLT)—for floor, wall and roof construc m:-plyf:.; — T 1 lager S5 Type X gypeun MalfLap _ - “Rui.mg ‘ ; — NRC Fire Laboratory
Like heavy timber, mass timber products have inherent blisiuelod) Mommen Copecty
fire resistance that allows them to be left exposed and s mf::,,.g:s-) Nordic El MNoos Topside Splise 2 staggered lyers of 12" cement boards hmm 3 2 NRC;auchL;loa:nﬁmmw
achieve a fire-resistance rating. Because of their strength el =
; Sply CLT Hises of S o X gpemn wher 2 Loaded, NRC Fire Laboratory
dimensional stability, these products also offer an alterna m"’- ety Nordic El channcls and furming strips with 3 /8" Topside Spline 2 staggered layers of 122" cement boards it 2 s Nov 2014
Smn 6. A urer ov
steel, concrete, and masonry for many applications, but i = Soorpless bess = o "
. -ply . i /4 in. proprictary gypercte over Maxxon educed
much lighter carbon footprint. It is this combination of ex (175mm 65787 Nordic El None Topside Spline ical st $0% Moment Capactiy 1.5 3 uL
structure and strength that developers and designers acr| S LT = - — - Fry—— e a - i 5
(175mm 6.8757) o Yt S ] plons CPSICESPIRE | coustical mat or proprictary sound board | 50% Moment Capactiy =
Tlayer 5" Type X gyp under Resilicnt
Soply CLT s : : Losded, Intertck
(175mm 64757 Nordic . e A Lome HskLap None Soo Masafictune 2 H 82472012
S-ply CLT EIMS N " 1-1/2" Maxxon Cyp-Grete 2000 over Loaded, 5,
(175men 6.875%) Baypcaitery MSR 2100 x SPF £2 Hone Topside Spline Maxson Reinforsing Mesh Sch Makmctirii 25 6 Interick, 2/22/2016
S-ply CLT Half-Lap & ” . Loaded,
(7eenba7eey | DR Jobmson vi None R 2* gypsum topping B T 2 7 SwRI (May 2016)
S-ply CLT SPF 1950 Fb MSR Reduced ..
(175mm 6.875%) Nordic <SPF#3 None Half-Lap None 59% Mosment Capascity 15 1 (Test3) NRC Fire Laboratory
Sply CLT . Unreduced .
ms:-:\s,m'n Structurlam SPF #1/#2 x SPF 81782 1 layer $/8" Type X gypsum Half-Lap None AL o ; 2 1 (Test6) NRC Fire Laboratory
7-ply CLT Unreduced x
1245::.-9.53"1 Structurlam SPF #1/42 x SPF #1/82 None Half-Lap None 1018 AL o 25 1 (Test ) NRC Fire Laboratory | |
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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 of the 2021 IBC/2022 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.



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*

. o“
5 SV

ot &
4 to 12 feet wide*

*All dimensions are approximate.
Check with specific manufacturers



> CLT Lateral Systems



m=mm EDGEWISE Panel Loading

]

Span in MAJOR Strength Direction Span in MINOR Strengh Direction

Source: PRG 320



mmmm EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Source: PRG 320



s Shear Force Terminology

Source: PRG 320

Through-the-Thickness Shear
In-plane Shear Forces
EDGEWISE Shear in PRG 320-2018

Throughsthe=Thickness Shear

Source: 2018 NDS Commentary

2018 NDS: F,(t,)

PRG 320: F

v,e,0 1:p & I:v,e,90 tp




CLT 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’ _ ) S )
CLT ; THICKNESS (psi) (Ibf/ft of width) j Reference Design Values for Nordic X-Lam Listed in Table 1 (For Use in
LAIUF DESIGNATION " It r I — : —
9V 775 735 5.200° 71.000" ajor Strengt u{;ecn(t):d] Minor Strength Derectnc::m
169 V 175° 235" 14,000° 18,800° () (psi .0 @) (psi ©.90
VM1 239V 175° 235" 19,800" 26.600° it (10° Ibf/ft) et (10° Ibfift)
309 V 175° 235" 25,600 34,300° 155 1.36 190® 1.36
105V 195 290 9,700 14,400 155 152 190® 152
6 6
any [ e
T 5 T e fe) 2.23 2150 223
315V 270 290 40,200 43,200 185 : :
s e oo e 14U-4§" 0 L 145 2.39 190 2.39
Source: ICC-ES/APA Joint Evaluation Report ESR 3631 143-5s 55/8 185(¢) 2.44 21500 2.44
. . E1 175-5s 6 7/8 185 2.99 215 2.99
145 to 290 PSI Edgewise Shear Capacity 197-7s | 73/4 1550) 3.37 215 3.37
— = 213-71 8 3/8 185 3.64 215© 3.64
- 1 - 7 to 3 - 5 kl pSlft (AS D) 220-7s 8 5/8 1859 3.75 215 3.75
per inch of thickness! 244-7s | 958 185 4.18 2150 4.18
244-7| 95/8 185 4.18 215 418
267-9I 10 1/2 155 4.56 215 4.56
Consult with manufacturers for values 314-91 | 1238 1850 5.38 2159 5.38

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 2021 IBC/2022 CBC (Lateral) ms

2022 CALIFORNIA
BUILDING CODE

CALIFORNIA CODE OF REGULATIONS | TITLE 24, PART 2, VOLUME 1 OF 2
Based on the 2021 International Building Code®
California Building Standards Commission

Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

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

AMERICAN
WOOD
COUNCIL

2021 SDPWS ASCE/SEI 7-16 2022 CBC (2021 IBC similar)

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



= 2021 Special Design Provisions for Wind and Seismic mas

2021

EDITION

Top Changes Relevant to CLT Lateral Systems:

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

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC - New CLT Diaphragm requirements

Free (view only) version at awc.org




= 2021 Special Design Provisions for Wind and Seismic mas

2021

EDITION

Top Changes Relevant to CLT Lateral Systems:

: - New unified nominal shear capacity
SD WS - New CLT Shear Wall requirements
SPECIAL DESIGN PROVISIONS . .
FORWIND AND SEISMIC - New CLT Diaphragm requirements




s 2021 SDPWS - Unified Nominal Shear Capacity s

For Wood Structural Panel (WSP) shear walls and
22l 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

RV INEIVD SEEstE 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




w2021 SDPWS - Unified Nominal Shear Capacity msses

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

EDITION

has different reduction factors for wind and seismic

m ASD Design Capacity | LRFD Design Capacity
SDPWS |5l i

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

FORWIND AND 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 mas

2021

EDITION

Top Changes Relevant to CLT Lateral Systems:

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

SPECIAL DESIGN PROVISIONS

FORWIND AND SEISMIC" - New CLT Diaphragm requirements




s 2021 SDPWS - CLT Shear Wall requirements msssses

CLT Floor

Floor or Roof

applied load v,

CLT Wall N

Above Wall

Floor or Foundation

[=——

CLT Floor

Section View

Below Wall

F

Elevation View



s 2021 SDPWS - CLT Shear Wall requirements msssses

applied load v,

CLT Floor é
_— Floor or Roof - - o - -
Above Wall
=
=
i
O
Floor or Foundation
= T e e
Below Wall
CLT Floor clowWa

F

Section View Elevation View



s 2021 SDPWS - CLT Shear Wall requirements msssses

applied load v,

CLT Floor é
_— Floor or Roof
Above Wall

=

=

i

O

Floor or Foundation
e—

Below Wall
CLT Floor clowWa F

Section View Elevation View



s 2021 SDPWS - CLT Shear Wall requirements msssses

applied load v,

CLT Floor
_— Floor or Roof
Above Wall
=
=
i
O
Floor or Foundation
e—
Below Wall
CLT Floor clowWa

Section View Elevation View



2021 SDPWS — CLT Shear Wall requirements

Panel to Panel Connection

o o
) o
o o
) o
o | ©
| e o
o o
'lo o
1

0.105” ASTM A653 Grade 33 Steel
(8) 16d box nails to each wall panel
3.5” long x 0.135”@ shank with 0.344” @ head

0l OIC
| I S T

Panel to Platform Connection

Same steel plate material and nails plus

(2) 5/8” @ bolts or lag screws to roof, floor or
foundation



2021 SDPWS — CLT Shear Wall requirements

Panel to Platform Connection

: .‘_

Nominal shear capacity of connector

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 o = = e
f; width, b
'En —p
2
le o o o .1 I lecloclag ad]

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) (platform-framed only)
CLT Shear Walls CLT Shear Walls
not meeting 2021 meeting 2021 SDPWS Appendix B
SDPWS Appendix B
Panel aspect ratios Panel aspect ratios
2 < h/b, <4 h/b, = 4

T S TN R

llR" = 1.5 llR” = 3.0 llR” — 4.0

C4=1.5, Q,=2.5, max. ht.=65’ C4=3.0, Q,=3.0, max. ht.=65’ C4=4.0, Q,=3.0, max. ht.=65’
(2021 SDPWS 4.6.3) (ASCE 7-22) (ASCE 7-22)



s CLT in the 2024 IBC/2025 CBC (Lateral) ms

N

Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

: = 1’ ?/‘./,"’ <]
£ 44D

Now with CLT shear wall and
diaphragm requirements

Will have “R” values for CLT
shear walls

AMERICAN

WOO
Nrvaarue COUNCIL

2021 SDPWS ASCE/SEI 7-22 2025 CBC (2024 I1BC similar)

CLT lateral systems will be fully
recognized in the 2024 IBC/2025 CBC



wwm CLT Post-Tensioned Rocking Shear Wall System Tests mwwm

CLT rocking wall test Minimal Damage @ 5% Rej amag

PT STHESSING 7] |
APARATUS \

kol
28
20
15
10
s
2o
5 sl
No notable g,-,ja
strength -15
degradation ) il
1

T "3-0 s ' i E 1 pe: 4
e =42 =70 -8 =6 ~4 =2 2 4 & & 10 12
drit (%) : o 5 8 10 12

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




> CLT Diaphragm Design



= 2021 Special Design Provisions for Wind and Seismic mas

2021

EDITION

Top Changes Relevant to CLT Lateral Systems:

: - New unified nominal shear capacity
SD WS - New CLT Shear Wall requirements
SPECIAL DESIGN PROVISIONS ) )
FORWIND AND SEISMIC - New CLT Diaphragm requirements




mssm CLT Diaphragms

Strength of CLT should
never govern

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




2021 Special Design Provisions for Wind and Seismic

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Requirements

CLT diaphragms shall be permitted to be used to re-
sist lateral forces provided the deflection in the plane of
the diaphragm. as determined by calculations, tests, or
analogies drawn therefrom  does not exceed the maxi-
mum permissible deflection limit of attached load distrib-
uting or resisting elements Permissible deflection shall
be that deflection that will permit the diaphragm and any
attached elements to maintain their structural integrity
and continue to support their prescnibed 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 umt shear capacity, va, 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 4.5Z*,
where Z* 15 Z multiplied by all applicable NDS
adjustment factors except Cp. Kr, 9. and J; and Z
shall be controlled by Mode ITTs or Mode IV 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 conmections
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 ITT; or Mode IV fasten-
er yielding i accordance with NDS 12.3.1,
fasteners in the connection shall be permut-
ted to be designed for 1.5 and 1.0 times the
diaphragm forces associated with the shear
forces induced by the prescribed seismic and
wind design loads, respectively.

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

Only 1 page of requirements for

CLT Diaphragms



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




2021 Special Design Provisions for Wind and Seismic

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Requirements

CLT diaphragms shall be permitted to be used to re-
sist lateral forces provided the deflection in the plane of
the diaphragm_ as determined by calculations, tests, or
analogies drawn therefrom, does not exceed the maxi-
mum permussible deflection limit of attached load distrib-
uting or resisting elements. Permissible deflection shall
be that deflection that will perrmit 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, va, 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 diaphrapm and diaphragm shear con-
nections shall be determined in accordance with 4.1.1.

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

1. The nominal shear capacity for dowel-type fas-
tener connections used to transfer diaphragm
shear forces between CLT panels and between
CLT panels and diaphragm boundary elements
(chords and collectors) shall be taken as 4.5Z%,
where Z* 15 Z multiphied by all applicable NDS
adjustment factors except Cp, Kr, ¢, and J; and Z
shall be controlled by Mode ITTs or Mode IV 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 tumes 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 asyfciated with
the shear forces induced by e wind design
loads.

2. Where dowel-type fagfners are used in
chord splice connectyfns and the connection
1s controlled by Mgfe TTT: or Mode TV fasten-
er yielding 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
diaphraggfl forces associated with the shear
forces fiduced by the prescribed seismic and
wing/design loads, respectively.

Diggffhragm chord elements and chord splice con-
tons 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* is Z multiplied by all applicable NDS
adjustment factors except Cp, Kr, ¢, and A; and Z
shall be controlled by Mode IlIs 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 N 5 W

—
+—
—
-

edges

Lateral Load




=== Generic CLT Floor/Roof Diaphragm messssssssses

Collector Chord

e . Co I I ector

Shear Zone

e T s B e e T

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 o5

a O

|

Diaphragm Shear, v ~__ 1T ) 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)




CLT Diaphragm Shear Transfer Connections

/\1/8“ gap, typical

f

|

CLT panel typical

[}

-

—
e
-

116" gap _/

-

\_ Plywood or LVL

spline in oversized
recess

Section view

Maintain required Installation
edge distances options for
fasteners \
T 11 .
~Z | >< | b< I ><>ﬁ?><>n<><\<>{<' S| >
e — )
Threads only. Screws J
in beam through
pre-drilled
holes

——

a) Over wood beam

b) Over steel beam

c) Over wood 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 s

Single Shear Connections Double Shear Connections

L. Modelm [ T
. Model - @*
X5 . Modell

- %J, Mode Il

T Modem, Tl A

" S
‘A Modev AT,

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




m== Panel to Panel Connection Styles s

Top Surface Spline

Min. plywood
end distance = 11"

Min. plywood edge distance =
19" +/- W

~ Plywood gap as required
/ for construction tolerance

Min. CLT edge distance =
10" 4/- "

CL OF SPLICE
1" THICK PLYWOOQD
" SPLINE w/ 1/4"@x4"
R SCREWS
‘\ A @ 8 o.c. TYP.
S 2 BB L o e e i s gt S
| — 1 = | = — e = =
Min. depth of panel after edge milling =
SES RECTEN IEELSP ESTE W 4" for 3-ply GLT with 4*-long SDWS Timber screws
6" for 5-ply and 7-ply CLT for 6"-long SDWS Timber screws
FIRE SEALENT —
WHERE OCCURS Source: Simpson Strong-Tie

REF. ARCH.



Scott Breneman, 3/7/2017



m== Panel to Panel Connection Styles s

Half-Lap

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

CL OF SPLICE

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

Half of panel depth

CLT5 FLOOR
PANELS
REF. PLAN
Y A A 3%" max. (the standard . h
|7 B e maximum half-lap dimension 194" max. edge distance
e e e = for US and Canadian CLT
manufacturers)
1/4"@x5"

FIRE SEALENT S(":REWS @ 6" o.c. TYP.
e URs aill’ eeETEAg Source: Simpson Strong-Tie
REF. ARCH.




Scott Breneman, 3/7/2017



CLT Diaphragm Shear Transfer Connection Design

Nominal capacity of CLT diaphragm shear transfer connection fastener:

7, =457Z7"

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



Table 11.3.1 Applicability of Adjustment Factors for Connections

ASD LRFD
ASD and LRFD
Only Only

3

Resistance Factor

Toe-Nail 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 *

I
R

Lateral Loads

Dowel-type Fasteners
(e.g. bolts, lag screws, wood screws, Z* =7 x 1.0 |Cu C; Cg Ca - ch - 1.0 C,| 1.0 1.0 1.0

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

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 [ !

Chord
i K y -]
Diaphragm Sh ¢TO é
iaphragm Shear, v \

Shear Transfer Details:

a — panel to panel

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

P R d — panel to wall/chord
Collector I G e —shear in panel

o

0' Other:
‘ TT z — chord (and splice)
op

y — collector (and splice)




mwmm Other CLT Diaphragm Components msssssssns

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 mawi-
mum permussible 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 presciibed loads as deter-
mined by the applicable building code or standard.

4.5.2 Deflection

CLT diaphragm deflection shall be determined using
prnciples of engineening 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 i accordance
with NDS provisions.

The nominal unit shear capacity. va, 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 diaphrapm and diaphragm shear con-
nections shall be determined in accordance with 4.1.1.

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional

requirements:

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

tener yielding in accordance with NDS 12.3.1.

2. Connections used to transfer di

forces shall Tesist diaphragm ten-

3. Wood elements, steel parts, and wood or steel

chord splice connections shall be designed for
2.0 tumes 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 wsed m
chord splice connections and the connection
is controlled by Mode I 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.

Diaphragm chord elements and chord splice con-
1ons using materials other than wood or steel
designed using provisions in NDS 1.4.

-~

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.

Where dowel-type fasteners are used in
chord splice connections and the connection
1s controlled by Mode III: or Mode IV fasten-
er yielding in accordance with NDS 12.3.1,
fasteners in the connection shall be permit-
ted to be designed for 1.5 and 1.0 times the

diaphragm forces associated with the shear
forces induced by the prescribed seismic and
wind design loads, respectively.




Other CLT Diaphragm Components

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 Ills or IV (seismic)
1.0 for chord splice connections controlled by Mode Ilis or IV (wind)

*See 2021 SPDWS 4.5.4 for the full information



> Additional Resources



= Additional Resources s

Available from woodworks.org

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

diaphragm-design-for-wind-and-seismic-resistance/

WOODWORKS )

CLT Diaphragﬁ 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 floor and roof panels as a primary gravity force
resisting component has become relatively commonplace
Now, with availability of the 2021 Speciol Design
Provisions for Wind ond Seismic (SDPWS 2021) from the
American Wood Council (AWC), U.S. designers have a
standardized path to utilize CLT ficor and roof panels

as a structural diaphragm. Prior to publication of this
document, projects typically had to receive approval 10
use CLT as a structural diaphiagm on a 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
developad by the authors in the more extensive CLT
Diaphrogm Design Guide, based on SDPWS 2021,
published by WoodWorks - Wood Products Council

AWC SDPWS 2021

SDPWS 2021 is the first edition 1o provide direct
provisions for CLT 1o be used as an element in a
diaphragm or shear wall. To differentiate between CLT
and light-frame lateral force-resisting systems. it adopts
the terminology sheathed wood-frome o1 light-frame
diaphragms (SDPWS §4.2) and shear walls (SDPWS §4.3),
and includes new secticens for CLT diaphragms (SDPWS
§4 5) and shear walls (SDPWS §4.6). SDPWS 2021 is
referenced in the 2021 International Building Code (1B8C).

Shear Capacity

SDPWS 2021 has a single nominal shear capacity for
each set of construction details, v, defined in §4.1.4

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, fip. or multiplying by

o resistance factor, $p. for
LRFD design as summarized

in Table 1. For sheathed wood-
frame diaphragms, the SDPWS

AUTHORS:

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

Eric McDonnell, PE
Bill Tremayne. PE. SE
Donovan Lianes, PE
Jonas Houston, PE, SE
Menczhe Gu. PnD. PE



s Additional Resources pssssssssssssssssss

https://www.woodworks.org/resources/clt-diaphragm-design-guide
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Questions? Ask me anything.

Mike Romanowski, SE
Regional Director | CA-South, AZ, NM
619.206.6632

mike.romanowski@woodworks.org

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



