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Course Description

This presentation will provide a detailed look at the structural design processes associated with a
variety of mass timber 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 modern building codes will be discussed. Other technical topics will include
mass timber floor panel vibration criteria, connection options and design considerations, and an
introduction to lateral systems common in mass timber buildings. Mass timber 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 session will also discuss structural design of
mass timber elements under fire conditions.



Learning Objectives

1. Compare structural properties and performance characteristics of mass timber products and review

their unique design considerations.

2. Review structural design steps for members and connections in common mass timber framing

systems.

3. Highlight common connection systems in modern timber structures and resources for associated

design values.

4. Demonstrate design steps for calculated fire resistance of exposed structural timber elements.
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» Mass timber systems and
products

» Acoustics
» Structural design - gravity

» Vibration

» Structural design — lateral
» Connections
» Fire
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Mass timber is a category of \ '8 " i W

framing styles often using
small wood members
formed into large panelized
solid wood construction
including CLT, NLT or glulam
panels for floor, roof and
wall framing




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

Beams & columns Solid sawn laminations SCL laminations




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

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft

PhotqiEma Pete




s Glulam Structural Desigh S —————

Glulam Specs:

TVpical Widths: FIGURE 1
3-1/8”, 3-1/2”, 5-1/8", 5-1/2", 6-3/4", 8-3/4", | scam cross secion

10-3/4”, 12-1/4” y

Typical Depths:

Increments per # of lams from 6” to 60"+
Western species lams are typically 1-1/2” thick| ~ [+ x
Southern pine lams are typically 1-3/8” thick : dept

Typical Species:
Douglas-Fir, Southern Pine, Spruce - v
Also available in cedar & others wiki

Image: APA Glulam Product Guide



=mm Glulam Design Values

Bending About X-X Axis
(Loaded Perpendicular to Wide Faces
of Laminations)
Compression Shear Parallel Modulus
Bending Perpendicular to Grain of
to Grain Elasticity

Tension | Compression For For

Bottom of Beam Top of Beam Face Face Deflection Stability

Stressed In Stressed in Calculations | Calculations
Tension Tension
(Positive Bending)| (MNegative Bending)

Combinaﬂcn SDBC:EBS th+ Fbx- FGJ.K Fv: t2} Ex Ex min

Symbol | Outer/ Core |  (psi) (psi) (psi) (psi) (10° psi) | (10° psi)
24F-1.8E 2400 1450 650 265 1.8 0.95
24F-V4 DF/DF 2400 1850 650 650 265 1.8 0.95
24F-V8 DF/DF 2400 2400 650 650 265 1.8 0.95
24F-E4 DF/DF 2400 1450 650 650 265 1.8 0.95
24F-E13 DF/DF 2400 2400 650 650 265 1.8 0.95
24F-E18 DF/DF 2400 2400 650 650 265 1.8 0.95
24F-V3 SP/SP 2400 2000 740 740 300 1.8 0.95
24F-V8 SP/SP 2400 2400 740 740 300 1.8 0.95
24F-E1 SP/SP 2400 1450 805 650 300 1.8 0.95
24F-E4 SP/SP 2400 2400 805 805 300 1.9 1.00

Source: NDS supplement Table 5A

November 2011

SUPPLEMENT

NDS

National Design Specification®

Design Values for Wood Construction

2012 EDITION

AMBRIEAN WOOD LML




s \What is CLT?

3+ layers of laminations
Typically Solid Sawn Laminations
Cross-Laminated Layup

Glued with Structural Adhesives Thickness

3to 20 inches*

- octiof
pirec
Max Length cuene™

24 to 64 feet* K Wit Max Width
4 to 12 feet®

*All dimensions are approximate.
Consult with manufacturers




s Cross Laminated Timber —

Considerations:

« Large light-weight panels

« Dimensionally stable

« Precise CNC machining available
 Recognized by IBC

« Dual Directional span capabilities

« Often architecturally exposed

 Fast on-site construction

Graphic Credit: StructureCraft



mmmm North American CLT Product Standard me—

ANSI/APA PRG 320-2025 The Standard Covers:

Standard for Performance-Rated
Cross-Laminated Timber - U.S. and Canada Use

- Panel Dimensions and Tolerances

- Component Requirements

- Structural Performance
Requirements

- Panel and Manufacturing
Qualification

- Marking (Stamping)

- Quality Assurance

https://www.apawood.org/ansi-apa-prg-320



s CLT Basic Stress Grad e

CLT Grade Major Strength Direction Minor Strength Direction

E1 1950f-1.7E MSR SPF #3 Spruce Pine Fir

E2 1650f-1.5E MSR DFL #3 Doug Fir Larch

E3 1200f-1.2E MSR Misc #3 Misc

E4 1950f-1.7E MSR SP #3 Southern Pine

E5 1650f-1.5E MSR Hem-Fir  #3 Hem-Fir

V1 #2 Doug Fir Larch #3 Doug Fir Larch

V1(N) #2 Doug-Fir Larch (North)  #3 Doug-Fir Larch (North)
V2 #1/#2 Spruce Pine Fir #3 Spruce Pine Fir

V3 #2 Southern Pine #3 Southern Pine

V4 #2 Spruce Pine Fir (South) #3 Spruce Pine Fir (South)
V5 #2 Hem-Fir #3 Hem-Fir

Basic solid sawn CLT stress grade in PRG 320-2019.

Other custom stress grades including structural composite lumber (SCL) permitted



s PRG 320 Defined Layups

Layup
CLT Grade Panel Properties
(basic)
\
TABLE A2
SD REFERENCE DESIGN VALUES® FOR BASIC CLT GRADES AND LAYUPS (FOR USE IN THE U.5.) .
x’ Lamination ThiclJess (in.) in CLT Layup ’ Major Strength Direction ! Minor Strength Direction \
( A ) [Ef:f]fﬂ'}" {[1E oiip {[?tf:}‘lm‘f v, (FS)ores0 EE.I:;}E B (GAliee Voo
CLT t, ft of in.2/ft of ftof  (Ibf/f of {l'i:f-ﬁ;‘h in.2/ft of (106 Ibb/ft  (Ibf/ft of
Grade J(in.) = 1 = 1 = 1 = width) width) width) width) of width) width)  of width) width)
41/8 3/8 13/8 13/8 4,525 115 0.46 1,490 160 3.1 0.61 495
El & 7/8 3/8 138 13/8 13/8 13/8 10,400 440 0.92 2,480 1,370 81 1.2 1,490
9 5/8 38 13/8 13/8 13/8 13/8 13/8 13/8 18,375 1,089 1.4 3,475 3,150 313 1.8 2,480
4 1/8 3/8 13/8 13/8 3,825 102 0.53 1,980 165 3.6 0.56 660
E2 6 7/8 3/8 13/8 13/8 13/8 13/8 8,825 389 1.1 3,300 1,440 95 1.1 1,980
9 5/8 38 13/8 13/8 138 13/8 13/8 13/8 15,600 9463 1.6 4,625 3,300 364 1.7 3,300
4 1/8 38 13/8 13/8 2,800 81 0.35 1,160 110 2.3 0.44 385
E3 & 7/8 3/8 13/8 13/8 13/8 13/8 6,400 an 0.69 1,930 955 61 0.87 1,160
9 5/8 3/8 13/8 13/8 13/8 13/8 13/8 13/8 11,325 769 1.0 2,700 2,210 234 1.3 1,930
4 1/8 3/8 13/8 13/8 4,525 115 0.50 1,820 140 3.4 0.62 605
Ed 6 7/8 3/8 13/8 13/8 13/8 13/8 10,400 440 1.0 3,025 1,230 88 1.2 1,820
9 5/8 3/8 13/8 13/8 13/8 13/8 13/8 13/8 18,400 1,089 1.5 4,225 2,850 338 1.9 3,025
A 1/8 28 1 22/8 7 2R _ 2 RaOn 1017 w-rs 1 A5 14N 2 NeS BEMN




smmm Model Building Code Acceptance ——

—

Standard for
Performance-Rated
Cross-Laminated

Timber

Nazional Design Specifcation” 191 Wood Comutucrion
with Camrmeniary
2015 EDITION ®

2015 International Building Code




BUILDING CODE APPLICATIONS | CONSTRUCTION TYPE

Tall Mass Timber: Up to 18 Stories in Construction Types IV-A, IV-B or IV-C

Office —270ft.
Assembly (18 stories)
Residential —
Office
Mercantile Assembly B (1 18;? ::;Jries)
(12 stories) — Residential —
Office — 85 ft. .
Mercantile (9 stories) — (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly ——
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C
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Mass timber design
Acoustics — IBC 1207

No acoustical code requirements for many mass timber building types such as
offices and assembly. However, many owners require a minimum level of
performance

7
Code requirements for residential occupancies:
Min. STC of 50:

« Walls, Partitions, and Floor/Ceiling Assemblies

2 O-I 5 INTERNATIONAL

Building Code’

Min. IIC of 50 for:
* Floor/Ceiling Assemblies

/. o pushy
CODE COUNCIL




Mass timber design

_ Acoustics
Sound Insulation of Bare CLT Floors and Walls

Examples of Acoustically-Tested Mass Timber Panels

Mass Timber Panel Thickness STC Rating IIC Rating

3-ply CLT wall 3.07" 33 N/A

B-ply CLT wall* 6.875° 34 A

E by O T flonyrt B 1Q76" "4l A

5-ply CLT floor* 6.875° 41 25

-ply CLT floor® 9 65' 44 30

i g 3-1/2° bare NLT 24 bare NLT :
2%4 NLT wall® o il s AR M/A
4-1/4" wath 34" phwood 29 with 3/4" plywood

_ . . 5-1/2" bare NLT 22 bare NLT
2%6 NLT wall® oS I st . R MNA,
B-1/4" with 3/4° plywood 31 with 3/4" plywood

2x6 NLT floor + 1/2° plywood? 6" with 1/2° plywood 34 33

Source! Inventory of Acousticaliy-Tested Mass Timber Assambiies, WoodlWorks”



Mass timber design

. Acoustics
Common mass timber

floor assembly:
* Finish floor (if applicable)

« Underlayment (if finish
floor)

« 1.5" to 3" thick
concrete/gypcrete topping

* Acoustical mat
« Mass timber floor panels

Image credit: AcoustiTECH



Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

Mass timber design

)4

Finish Ficar if Apnlicable ——88 ———

ConcreteGypsum Topping — o L

Acousticsl Mal Product

LLT Panal

Mo direct applied or hung cs=ling —

CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floar sTCt nct Soures
Topping
C:;i,?* 3" concrate Maswon Acousti-hdat® 3/4 Hone 537 ASTC 457 FIIC 72
None 54 a4 29
LT on GenieMat RSTOS 53 a8 a0
" concrete Pliteq GeniohMat™ FF25 Eng Wood on Geniehtat c3 45 g1
RSTOS
Carpet Tile 52 S0 92
None 57 45 103
LT - 58 104
7 layers of X7 USG
- . Fiberock™ on Kinetics™ 55 55 105
. 3307, o
Kinatics® RIM-33L-2-24 System with %" Plywood Soundmatt
CLT 3-ply L¥T an 2 layers of %"
[4.1257) USG Fiberock® an 53 106
" Kinetics® Soundmatt
3 concrete None 57 % 107
LT - 55 108
2 layers of X° USG
. . . ) ) Fiberock™ on Kinetics™ 57 53 109
L]
Kinetics®™ Ultra Quiet SR with synthetic roofing felt Soundmatt
LWT an 2 layers of XY
USG Fiberock®™ an 50 110
Kinatics® Soundmatt
4" concrete Kinetics® RIM-33L-2-24 System with %" Plywood | Wone (] [ sa | 1

Acoustics

g WoodWorks’

WOOD PRODUCTS COUNCIL

Acoustics and Mass Timber:
Room-to-Room Noise Control

Rochard McLavy, PE, SE » Samor Tachiovcal Diracror » WoodWorks

GRT T T 5 e e e e S T e T S S

https://www.woodworks.org/resources/inventory-of-acoustically-tested-mass-timber-assemblies/
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mmmm FLATWISE Panel Loading m—

t’ : ?p
Span in MAJOR Strength Direction Span in MINOR Strength Direction
“Parallel” Direction “Perpendicular” Direction
Use subscript ‘0" or ‘II” in Notation Use subscript ‘90" or “1” in Notation

Reference & Source: ANSI/APA PRG 320



mmmm EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference & Source: ANSI/APA PRG 320
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s Flatwise Flexural Strength

Design properties based on an Extreme Fiber Model:

Flexural Capacity Check:

Z Mb
i

Mb < (Fbseff)’

Bending Stress

Mb = applied bending moment

(FbSeﬁ)’ = adjusted bending capacity

Seff = effective section modulus Separate values
for most

Fb = reference bending design stress of outer lamination components

Reference: NDS



s Flatwise Flexural Strength

Flexural Capacity Check (ASD)

7 Mb

Bending Stress

[ —
(FoSerr)’ = Cp Cm C¢ €L (FpSeqr)
\ J \ )
| |
per Commonly Provided as

NDS 1.0 combined value

— Here and in the following, items in RED
M, < C; (1.0) (F,S.¢) are provided CLT properties

Reference: NDS



s Flatwise Flexural Strength Design Example m—

Select acceptable CLT section W =40 psf DL, 40 psfLL
Given: A A
16 foot span floor | |
40 psf live load, 40 psf total dead load 16 foot span
Assume:

one-way spanning action in major strength axis of CLT
Analysis of a 1 ft strip of panel as beam

Calculate ASD Applied Moment using load combo 1.0DL + 1.0LL

M, = w L2/ 8 = (40+40plf) (16ft)2 / 8 = 2560 Ib-ft/ft



s Flatwise Flexural Strength Design Example m—

Look for Acceptable CLT Grade from PRG 320: F,S ¢, > 2560 Ib-ft/ft

TABLE A2
ASD REFERENCE DESIGN VALUES® FOR BASIC CLT GRAL S AND LAYUPS (FOR USE IN THE U.S.)

Lamination Thickness (in.) in CLT Layup Major Strength Direction Minor Strength Direction
[FI:S] efli0 tE I]I_-H .o {GA}E‘”,‘F o [E ”1:-" i.%0
(Ibf-ft/ (10¢1bF-  (10¢ Ibf/ V., (F.S).ioe (10°1bf-  (GA) 440 V. oo
CLT t, ft of in.2/ft of ft of (Ibf/ft of (Ibf-ft/Ft  in.2/ft of (10¢ IbE/ft  (Ibf/Ft of
Grade (in.) = L = 1 = 1 = width) width) width) width) of width) width)  of width) width)

41/8 13/8 13/8 13/8 108 0.53 1,980 165 3.6 0.5% b60

67/8 13/8 138 138 13/8 138 I 4,800 415 1.1 3,200 1,440 95 1.2 1,280

V1

95/8 13/8 13/8 1,027 1.6 4,625 3,300 364 1.8 3,300

41/8 13/8 123/8 108 0.53 1,980 150 3.6 0.5% 660

VIIMY  &67/8 13/8 13/8 415 1.1 3,300 1,300 95 1.2 1,280
?5/8 13/8 13/8 1,027 1.6 4,625 3,000 364 1.8 3,300

41/8 13/8 13/8 95 0.46 1,490 160 3.1 0.52 495

W AT 13/Am 1R 1A 11RO R A7 n ol 7 ARN 1370 a1 10 1 dan

Select 5-Ply 6 7/8" Thick V1 Panel with F,S.;, = 4800 Ib-ft/ft

Reference: ANSI/APA PRG 320



s Flatwise Flexural Strength Design Example m——

ASD Flexural Capacity: 40 psf DL, 40 psf LL

Dead + Live load, C5 = 1.0 ? Al
(FySer)’ = Cp (1.0) (F,Ser) © i6footspan
= 1.0 (1.0) (4800 Ib-ft/ft)
= 4800 Ib-ft/ft

M, = 2560 Ib-ft/ft < (F,S.) = 4800 Ib-ft/ft

Flexural Strength OK



s Flatwise Shear Strength E——————

Rolling Shear

Source: CSA 086-14, 2016 Supplement



s Flatwise Shear Strength ———————

Design Properties based on Extreme Fiber Model:

Shear Capacity Check: A

V, < F(Ib/Q)f V
V, = applied shear

F.(IbQ).+ = adjusted shear strength

Jargon Alert! AKA “Planar Shear”, “Out-of-Plane Shear”, or “Rolling Shear” Strength

\ ) \ J \ )
| | |

Wood Structural .Struc'tural WSP &
Panel Term Engineering Term CLT Term

Reference: NDS 2018



s Flatwise Shear Strength

Design Properties based on Extreme Fiber Model:

Shear Capacity Check (ASD):

F(1bQ)er = Cp €, (F(IbQ)er) = Cpy €V,
— L

Commonly From Manufacturer

1.0

Note: Duration of Load Effects (Cd and A) NOT
Va < (1 .0) VS applicable to Flatwise Shear Strength in the NDS

Reference: NDS & Product Reports



s Flatwise Shear Strength

TABLE A2
ASD REFERENCE DESIGN VALUES® FOR BASIC CLT GRADES AND LAYUPS (FORUSEINTH U.S.)

Lamination Thickness (in.) in CLT Layup Major Strength Direction Minor Strength Direction

[FbSLII’J o tEILH f.o {GA}e{H ] [E ILII‘ i,50
(Ibf-ft/ (10016 [10¢ Ibf/ (FoS)uioe (10410bf-  (GA) 400  V

cLT t ft of infftof  ft of (Ibf-f/ft  in2/ft of (10¢ ibi/ft  (Ibf/ft of
Grade width) width) of width) width)  of width) width)

in) = L = width)

165 3.6 0.5% 660

W1 1,440 95 1.2 1,980
958 13/8 13/8 13/8 13/8 13/8 138 13/8 8,500 1,027 . 3,300 364 1.8 3,300

41/8 13/8 13/8 13/8 1,980 108 0.53 150 3.6 0.5% 660

VIIM)  &67/8 13/8 13/8 13/8 13/8 13/8 4,530 415 1.1 1,300 95 1.2 1,280
5/8 13/8 13/8 13/8 13/8 13/8 13/8 13/8 8,025 1,027 1.6 3,000 364 1.8 3,300

41/8 13/8 13/8 13/8 — 2,030 93 0.46 160 3.1 0.52 495

W AT 13/Am 1R 1A 11RO R A ATR A7 n ol 1370 a1 10 1 dan



s Flatwise Shear Strength

Design Properties based on Extreme Fiber Model: 40 psf DL, 40 psf LL

Shear Capacity Check (ASD): f Al

16 foot span

V. =w L /2= (40+40psf) (16ft) / 2 = 640 Ib/ft
F.(IbQ). = V. = 3300 Ib/ft
F.(bQ).. = C,, C, V.

V. <(1.0)V Note: Duration of Load Effects (Cd and A) NOT
a — * S . . .
applicable to Flatwise Shear Strength in the NDS



s Deflection Calculations

A — 4A/

General Purpose: 1 Way, Beam Action
Needed Stiffness: El o GA,

A A A

Analyze as beam representing a strip (e.g 1. ft) of CLT
Can model multiple spans, cantilevers, etc.



s Flatwise Deflection Example m——

Uniform loading on one way slab: w = 80 psf
Beam Analysis using [T
Flexural Stiffness: El ¢
Shear Stiffness: GAo f B 4A|
Maximum Deflection @ Mid-Span | 16 foot span |

A 5 wl? +1 w2
= k — 3k
max= 384 “El,;; ' 8 5/6 GAg,

Note: 5/6 is shear deformation form factor for
rectangular section from mechanics of materials.
See NDS C10.4.1, FPL “Wood Handbook”, etc.



s Flatwise Deflection Example ——

For selected 6 7/8” 5-Ply V1, lookup major strength stiffness values

TABLE A2
ASD REFERENCE DESIGN VALUES® FOR BASIC CLT GRADES AND LAYUPS (FOR USE IN THE U.S.)

Lamination Thickness (in.) in CLT Layup Major Strength Direction Minor Strength Direction

(FuSleprro | (Eerro  (GA)epio (E1),.¢
(Ibf-#1/" § (10¢ b (10 Tbf/ V., (F.S).4 00 [mﬁ (43 (GA)_ V. oo
CLT t, ft of in.2/ft of frof b/ of  (Ibi-fi/ft  in.2/fof (106 b/ (IbE/ft of
Grade (in.) = 1 = = = width] width] width] width] of width) width)  of width) width)

[ 45800 | 3,300 1,440 95 1.2 1,980

8,500 4,625 3,300 364 1.8 3,300

Vi 67/8 13/8 13/8 13/8 13/8 13/8

95/8 13/8 13/8 13/8 13/8 13/8

13/8 13/8

41/8 13/8 13/8 13/8 1,980 1,980 150 3.6 0.59 660

VIIN)  67/8 13/8 13/8 13/8 13/8 13/8 4,550 3,300 1,300 25 1.2 1,980
?5/8 13/8 13/8 13/8 13/8 13/8 13/8 13/8 8,025 4,625 3,000 364 1.8 3,300

41/8 13/8 13/8 13/8 2,030 1,490 160 3.1 0.52 495

W7 ATM 1R 1M 1AM 1R 1R 4 A75 241 nol 7 ARN 1370 a1 10 1 400

Reference: ANSI/APA PRG 320



s Flatwise Deflection Example m——

Uniform loading on one way slab: w = 80 psf
Beam Analysis using [T
Flexural Stiffness: El ¢
Shear Stiffness: GAo f B 4A|
Maximum Deflection @ Mid-Span | 16 foot span |

A 5 wl? +1 w2
= k — 3k
max= 384 “El,;; ' 8 5/6 GAg,

5 80 psf (16 ft)* (12 in)3 1 80psf(16 ft)2 12in
384 415 x10°1bfin?/ft 1 ft 8 °/¢1.1x10°Ibf/ft 1ft

=0.284in +0.034in=0.318 in
=L/604



mmmm Deflection Creep Factor ——

Deformation due to Long Term Loads

Ar = K. A + Agr NDS Eq 3.5-1
AST Deflection due to short-term loading
Arr Immediate deflection due to long term loading

K, 2.0 for CLT in dry service conditions

Design Example:

=40 + 40 psf
Agr from 40psf = 0.159 in (assuming long term = dead) W P
IR TR T AT
A 1 from 40psf = 0.159 in
Ar= 2.0 (0.159) + 0.159 = 0.477 in f — AAI
=L /403 ' '
16 foot span

Reference: NDS 2015
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Floor Vibration Design

“One might almost say that strength is
essential and otherwise unimportant”

- Hardy Cross



s US Building Code Requirements for Vibration s

None

Barely discussed in IBC, NDS, etc.
ASCE 7 Commentary Appendix C has some discussion, no requirements



mmmm Floor Vibration Concepts m—

 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 the performance



s \Walking Frequency

@

ﬁ Walking Speed | Walking Frequency |Steps Per Minute
Very Slow 1.25 Hz 75 SPM
Slow 1.6 Hz 95 SPM
Moderate 1.85 Hz 110 SPM
Fast 2.1 Hz 126 SPM
Running Up to 4.0 Hz 240 SPM
Practical Tip - walk to a metronome too understand the range

The range of walking frequencies considered is
an important consideration of vibration analysis



— —

mmmm Resonant vs Impulsive Response == =

1

T

ﬂﬂ Resonance occurs when
walking frequency = natural frequency
fW = fn

Acceleration

’
’
.
.
’
’
’
’
’
’
’
.

.
.
.
.
.
.
.
.~
.

Also occurs when a harmonic of the walking
frequency ~= natural frequency

| nf,=f,

Time
For ‘n” up to around 4

Excitation Frequency not >> Natural Frequency
Excitation Creates Resonant Build-up of Vibration Walking at f =2 Hz creates resonance in
W

Resonant Response floor with natural frequency, f,, at

2 HZ, 4 Hz, 6 Hz, and 8Hz



mmmm Resonant vs Impulsive Response ma——

TN 1 3
{\n ﬂ h m ﬂ n : rr' r’ r’
c /\ % h : M 3 ﬂ"n 1
L Wl il
A \} JUW JijU.u.ui J“UUWW
Time ’ i
Excitation creates Resonant build-up of vibration Response decays out between load impulses
Resonant Response Impulsive/Transient Response

For walking excitations

f ~<8-10 Hz f ~>8-10 Hz



s \Vibration Desigh Methods meessssssssssss———

Empirical Simplified
Rules of Thumb Methods Analytical

A < L/480 Woeste & Dolan | Wood Frame

f,>14Hz | | FPICLT Handbook | Mass Timber

[ Mass Timber Design Guide J Mass Timber
AISC Design Guide 11 J steel

CCIP 016 J Concrete
SCI P354 | Steel

CRSI Design Guide 10 J Concrete




m \/ibration Design Methods

Empirical Simplified FEM/Modal

Rules of Thumb Methods Analytical Superposition

Mass Timber [ CLT Handbook Method J U.S. CLT Handbook, 2013
Canadian CLT Handbook 2" Ed., 2019

FPInnovations

E%\h EDITION

https://web.fpinnovations.ca/clt/
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s Floor Vibration me————— ——

One approach: US CLT Handbook, Chapter 7
Calculated natural frequency of simple span of bare CLT:

2188 |Elgy,
217 \ pA
Where:
Elapp = apparent stiffness for pinned supported, uniformly loaded, simple span (K, = 11.5) (Ib-in?)

p = specific gravity of the CLT

A = the cross section area (thickness x 12 inches) (in?)

Reference: US CLT Handbook, Chapter 7



s CLT Handbook Method

Recommended CLT Floor Span Limit (base value)

0.293 Based on:

[ft] - Un-topped CLT

- Single, Simple span

- Bearing wall supports.

1 (Elefy)

Llim <

12.05 (pA)0-122

Does not account for:

- Supporting beam flexibility

- Multi-span conditions

- Additional floor mass (topping slab, etc)

Reference: US & Canadian CLT Handbooks, Chapter 7




smmm CLT Handbook Base Span Limit m———
For PRG 320-2019 Basic CLT Grades and Layups from Solid Sawn Lumber

Grade Layup Thickness |[Base Span Limit Grade Layup Thickness |FPI Span Limit
3ply 41/8” 13.1 3ply 41/8” 12.6
E1 Sply 6 7/8” 18.2 V1 5ply 6 7/8” 17.6
7ply 9 5/8” 22.7 7ply 9 5/8” 22.0
3ply 41/8” 12.4 3ply 41/8” 12.6
E2 5ply 6 7/8” 17.2 V1(N) 5ply 6 7/8” 17.6
7ply 9 5/8” 21.6 7ply 9 5/8” 22.0
3ply 41/8” 12.0 3ply 41/8” 12.4
E3 S5ply 6 7/8” 16.7 V2 5ply 6 7/8” 17.2
7ply 9 5/8” 20.9 7ply 9 5/8” 21.5
3ply 41/8” 12.7 3ply 41/8” 12.0
E4 S5ply 6 7/8” 17.6 V3 5ply 6 7/8” 16.7
7ply 9 5/8” 22.1 7ply 9 5/8” 20.9
3ply 41/8” 12.6 3ply 41/8” 11.7
E5 Sply 6 7/8” 17.5 V4 5ply 6 7/8” 16.3
7ply 9 5/8” 21.9 7ply 9 5/8” 20.4
3ply 41/8” 12.1
V5 5ply 6 7/8” 16.8
7ply 9 5/8” 21.0

Reference: US Mass Timber Floor Vibration Design Guide, assuming 12% M.C.



mmmm CLT Handbook In Practice ——

 Experience shown it consistently produces well performing floors

e Does not consider

° I\/IuIti-span panels Improves Performance
* Flexibility of supports, e.g. beams Lowers Performance
* Impact of topping slabs berformance??

(more mass, but lower frequency)

e Recommend 20% increase in acceptable span length OK 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 Covers simple and complex methods

for bearing wall and frame supported
floor systems

Design Guide

Available for free from
https://www.woodworks.org/resources/us-
mass-timber-floor-vibration-design-guide/



s Parameters of Modal Superposition Methods

2 Excitation > g ) Vibration &,
Force(s) trﬂ:ture _ Response |§'_|_'
A— — A
Walking Frequency, f, Stiffness Performance Targets
Mass/Weight
Walking Location Damping

Walking Path Boundary Conditions



" . P
mmm Composite Behavior m———— = &

/cnmmnem Even if NOT designed as a composite
for code required strength and

- st stiffness, real systems can show partial

- vansacooic. COMPOSIte action for vibrations

Neutral Axis of Material 2

Incidental Composite Behavior

_ Consider Composite for:

\—Cnmpvnentz
o] o1l Strength  Deflection Vibration
Behavior

Pl > Bl + 2, oW - - -
GAgrr > GAy + GA, | Incidental JEELE o es

/; hz ﬁgrﬂ 4/

Reference: US Mass Timber Floor Vibration Design Guide
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mmm Damping Values sesssssssssssssssss———— =

Lightly damped

Moderately
damped

Heavily damped

Selection Based on Judgement and Experience

Category Range of Damping
{ (% critical)

1-2%

2-4%

4-5%

The lower end includes bare floors without topping and with minimal
furnishing. The higher end includes floors with concrete topping and
furnishings.

Lower values include bare timber-concrete composite floors, or timber
floors with a floating concrete layer and full furnishings. The higher
values include floors with floating floor layers, raised floors, full
furnishings, and mechanical systems. Floors with both furnishings and
permanent partitions, not otherwise accounted for, could also be
represented on the higher end of this damping range.

Floors in this range represent the upper limit of inherent damping.
These floors likely include floating toppings, raised floors, suspended
ceilings, furnishings, fixtures, and/or permanent partitions not
otherwise accounted for.



s Details of U.S. Mass Timber Floor Vibration Design Guide m—

Vibration Design Examples

Residential Bearing Wall Open Office with NLT on

High Performance Lab Space
with CLT on Glulam Frame

Building with CLT Glulam Frame

Available for free from

www.woodworks.org/publications-media/solution-papers/
SB
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Mass Timber Lateral Systems

Shear Walls
Moment Frames
Etc.

Lateral Force

Systems

Vertical
Lateral/Seismic
Force Resisting

Systems

Horizontal
Lateral/Seismic
Force Resisting
Systems

Floor and Roof
Diaphragms



Code Recognized Vertical Seismic System

s S—

e

———

Photos: WoodWorks
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Lateral framing systems I
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CLT in In-Plane (Edgewise) Strength

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

CLT PANEL FACE LAMINATION ORIENTATION? FACE LAMINATION ORIENTATION’
L f.:.‘J p? THICKNESS (psi) (Ibf/ft of width) j Reference Design Values for Nordic X-Lam Listed in Table 1 (For Use in
DESIGNATION o IT o 14

99V 175" 235" 8,200" 11,000 Major Strength Direction Minor Strength Direction

169 V 175° 235" 14,000" 18,800° o Geo ™ o Ge.so tpdl

; } . }

VM 238V 1757 235" 19,800° 26,600° Fueo® (psi) (10° Ibfift) Fua90® (psi) (10° Ibfift)

308V 175° 235" 25,600" 34,300° 1550) 136 1900 136
105V 195 200 9,700 14,400 .

VM1 175V 270 200° 22,400 24,000° 155 1.52 190 1.52
' 245V 270° 200" 31,300° 33,600° 155 1.79 190 1.79
315y 270° 200" 40,200° 43,200° 185(¢) 2.23 215! 2.23
140-4s | 51/2 145 2.39 1901 2.39
Source: ICC-ES/APA Joint Evaluation Report ESR 3631 143-55 | 55/8 185! 2.44 215ic! 2.44
_ _ £1 175-5s | 678 185 2.99 215 2.99
145 to 290 PSI EdgeW|se Shear CapaC|ty 197-7s | 73/4 155it) 3.37 2150 3.37
— ' 21371 | 838 1851 3.64 21500 3.64
=1.7to 3.5k pS/ft (ASD) 220-7s | 858 185(¢) 3.75 2150 3.75
per inch of thickness! 244-7s | 9518 185¢) 418 21500 4.18
244-7| 9 5/8 185(¢) 4.18 2150 4.18
267-91 | 10112 155(b) 4.56 2150 4.56
Consult with the Manufacturers for Values 3149 | 1238 185 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




mmmmm CLT SeiSmic D eSi 1 1mmm

CLT Seismic Force Resisting Systems Not addressed In

ASCE/SEI 7-10 12.2.1:

Seismic force-resisting systems
not contained in Table 12.2-1 are
permitted provided analytical

SDPWS and test data are submitted to

Special Design Provisions for Wind & Seismic

the authority having jurisdiction
for approval that establish ......

0

ASCE/SEI 7-10 or 7-16 SDPWS 2015



CLT in the U.S. Building Code - IBC 2021 (Lateral)
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Now with CLT shearwalland | =
diaphragm requirements

AMERICAN
WOOD
COUNCIL

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

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



CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

applied load v,

CLT Floor o~
— Floor or Roof .

Above Wall
o
=
=
O

Floor or Foundation S e e e e e e
_— Below Wall
CLT Floor —
Section View Elevation View

SDPWS 2021 Section 4.1.4



CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

CLT Floor

e

Floor or Roof

CLT Wall

[=—

Above Wall

Floor or Foundation

CLT Floor

Section View

Below Wall

Elevation View




CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

applied load v,

CLT Floor

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

Section View Elevation View



CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

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

Section View Elevation View



CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

CLT Floor A
E— Floor or Roof
Above Wall

o

=

=

O

Floor or Foundation

[=—

Below Wall

CLT Eloor v

Section View Elevation View



CLT Shear Walls in SDPWS 2021

Platform Framed CLT Construction

CLT Floor
E— Floor or Roof
Above Wall

o

=

=

O

Floor or Foundation

_— Below Wall
CLT Floor

Section View Elevation View



CLT Shear Walls in SDPWS 2021

Panel to Panel Connections Panel to Platform Connection
[~ 4.'7_-_? o O
—— i (8) 16d Box nails - ﬂ- -
0 ° = o o ) : l
. 7 R |
o cf/ —J ° ° ° ° . ‘
o | o 4 -
N ° ° - : l : — \ 1
g ° 1 ° (2)5/8”bolts _____—7" /. ! » |
I ° ° | or lag screws 8 ) | CHN
"] ) - A=" - = ] =
0.105” ASTM A653 Grade 33 Steel Same steel plate and nails plus
(8) 16d box nails to each wall panel 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:

‘ Vp = 2605 C; [lbs] per angle connector

-
‘ o o o o 'S C; adjusts for specific gravity, G of CLT
5 J o o o o : ‘
| C;=1.0 for G >0.42
= =0.86 for G=0.35

SR =1.0-2(0.42-G) for0.42>G>0.35

Nominal unit shear capacity:
VUp =n(2605/b,)Cs [Ibs/ft]



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

not meeting Appendix B meeting SDPWS 2021 Appendix B

- - - - A - = L | — i i i Cmw B

: [
- width, b,
- —|
20
(]
i o

Lﬁ m m o A 4 m = - IL r_lﬁ - . - WL

. _ with shear resistance provided by high
>eismic Design Category A aspect ratio panels only (SDPWS B.3.7)

or SDC B and < 65’ tall Panel aspect ratios
in SDPWS 4.6.3 Exception 2 < h/b, <4 Pa“eli;‘;pe_ctft'°s



So what's the R-value?
R = 3!

or4dorl.5?



R Values for CLT Shear Walls in SDPWS 2021

Platform Framed

CLT Shear Walls

meeting SDPWS 2021 Appendix B

(other)

CLT Shear Walls

not meeting Appendix B

| | || ||

..
R=1.5

C,=15Q,=25

In SDPWS 2021 4.6.3

|| ||

2<h

Panel asg
/b, <4

[ | ||

)ect ratios

| I

e

R =3.0%

C,=3.0 Q,=3.0

— i

Pa

-

h/b,

B

i

nel aspect ra

tios

|

1)--

]

R =4.0*

C,=4.0 Q,=3.0

* ASCE 7-22



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

SDPWS 2015
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diaphragm requirements and Wind Systems are

s S L R S 4
: il By g ..
Now with CLT shear wall and ] IS S gie Where Seismic (R values)

Referenced. No CLT

AMERICAN
WOOD
COUNCIL

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

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



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

I BC@

INTERNATIONAL
BUILDING

2021

EDITION

Minimum Design Loads and
Associated Criteria for
Buildings and Other Structures

SDP ‘ S

" SPECIAL DESIGN PROVISIONS
FORWIND AND SEISMIC®

Now with
Platform Framed CLT Shear Walls

Now with CLT shear wall and
diaphragm requirements

AMERICAN
WOOD
irsaovis] COUNCIL

AWC SDPWS 2021 ASCE/SEI 7-22 2024 I1BC

Future Full Recognition of CLT Lateral Systems



Mass Timber Lateral Systems

Lateral Force

Systems
J
|
-
Shear Walls Vertical Horizontal
Moment Frames Lateral/Seismic Lateral/Seismic
Etc. Force Resisting Force Resisting

Systems

Systems

Floor and Roof
Diaphragms



Diaphragm Strategies with Horizontal CLT

e Option 1: Structural Topping as Horizontal Diaphragm
e (1A) Structural Concrete Topping

Finish Floor if Applicable
Concrete/Gypsum Topping

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling

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



Diaphragm Strategies with Horizontal CLT

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

WSP as diaphragm

CLT Panel as
laminated decking

Classify as blocked WSP diaphragm per SDPWS 2015 4.2.7.17

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



Diaphragm Strategies with Horizontal CLT

e Option 2: CLT as a Diaphragm via Engineering Principles

Topping and Flooring '
as needed

CLT Panel as
Diaphragm

CLT Diaphragms not Recognized in IBC 2018 and
Reference Standards.



CLT Diaphragms

Strength of CLT rarely
governs.

Strength of Connections
covered by NDS and
Proprietary Fastener

Evaluation Reports



2021 Special Design Provisions for Wind and Seismic

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Requirements

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

4.5.2 Deflection

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

4.5.3 Unit Shear Capacity

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

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

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

1. The nominal shear capacity for dowel-type fas-
tener connections used to transfer diaphragm
shear forces between CLT panels and between
CLT panels and diaphragm boundary elements
(chords and collectors) shall be taken as 4.57%,
where Z* is 7 multiplied by all applicable NDS
adjustment factors except Cp. Kr, ¢, and A, and Z
shall be controlled by Mode IIls or Mode I'V fas-

tener yielding in accordance with NDS 12.3.1.

. Connections used to transfer diaphragm shear

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

. Wood elements, steel parts, and wood or steel

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

Exceptions:

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

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

Diggfragm chord elements and chord splice con-
ions using materials other than wood or steel
hall be designed using provisions in NDS 1.4,

/ 4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional
requirements:

1.

The nominal shear capacity for dowel-type fas-
tener connections used to transfer diaphragm

shear forces between CLT panels and between

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

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

Requirements for the shear
connections



CLT Diaphragm Shear Connections

1/8" gap, typical
Maintain required Installation
/\ 4 edge distances options for
fasteners \

" CLT panel typical
| X
- = | < |[L<<| {m
_/ \_ Plywood or LVL Threads only.~ tShcrewrs1 j = N
3 inei ' in beam roug
1/16" gap spline rlgcté\éirsmed g
holes
Section view ‘L
——
a) Over wood beam b) Over steel beam c) Over wood stud wall

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



Other Diaphragm Components

4.5 Cross-Laminated Timber (CLT) Diaphragms

4.5.1 Application Requirements

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

4.5.2 Deflection

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

4.5.3 Unit Shear Capacity

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

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

4.5.4 Additional CLT Diaphragm Design
Requirements

CLT diaphragms shall meet the following additional

requirements:

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

tener yvielding in accordance j

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

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

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

Exceptions:

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

Where dowel-type fasteners are used m
chord splice connections and the connection
1s controlled by Mode III: or Mode I'V fasten-
er yielding 1n 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.



Short Paper Available from woodworks.org

Additional Information

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

CLT Diaphragfn Design for
Wind and Seismic Resistance

Using SDPWS 2021 and ASCE 7-22

Cross-laminated timber (CLT) has become increasingly
prominent in building construction and can be seen in
buildings throughout the world. Specifically, the use of
CLT floor and roof panels as a primary gravity force-
resisting component has become relatively commonplace
Now, with availability of the 2021 Specicl 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 to
use CLT as a structural diaphragm on a case-by-case
basis from the local Authority Having Jurisdiction (AHJ)

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

AWC SDPWS 2021

SDPWS 2021 is the first edition to provide direct
provisions for CLT to 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 for light-frame
diaphragms (SDPWS §4.2) and shear walls (SDPWS §4.3),
and includes new sections for CLT diaphragms (SDPWS
§4.5) and shear walls (SDPWS §4.6). SDPWS 2021is
referenced in the 2021 International Building Code (IBC)

Shear Capacity

SDPWS 2021 has a single nominal shear capacity for
each set of construction details, vy, defined in 8414
for use with both wind and seismic design. From this
nominal shear capacity, the Allowable Stress Design
(ASD) and Load and Resistance Factor Design (LRFD)
wind and seismic design capacities are determined by
dividing by the ASD reduction
factor, 1p, or multiplying by

a 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


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

WoodWorks CLT Diaphragm Design Guide

https://www.woodworks.org/resources/clt-diaphragm-design-guide/
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NEW MASS TIMBER CONNECTIONS INDEX

A library of commonly used mass timber

V1 N WOODWORKS™ ﬁ KL&A connections with designer notes and

L] L] L] L] L]
\' INREIE ERORIETSIES S i information on fire resistance, relative
ngineers & Builders
r‘-‘ ARCHITECTURE cost and load-ca rryilng capacity.

| g URBAN DESIGN SWINERTON '
INTERIOR DESIGN MASS TIMBER

WoodWorks Index of
Mass Timber Connections

https://www.woodworks.org/resources/index-of-mass-timber-
connections/




s CLT in NDS 2015 - Connectors

Connectors for CLT in NDS 2015:
Dowel Type Fasteners, e.g. Lag Screws, Bolts and Nails

Figure 121

End Distance, Edge Distance

and Fastener Spacing
Requirements in Narrow Edge
of Cross-Laminated Timber
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BUILDING CODE APPLICATIONS | FIRE RESISTANCE
Table 16.2.1A Char Depth and Effective Char

Depth (for [}» = 1.5 in./hr.)

Mass Timber’s Fire-Resistive Performance is Well- _ _ Char Effective Char
Tested, Documented and Recognized via Code Required Fire Depth, Depth,
’ Resistance Apar A
Acceptance (hr.) (in) (in)
1-Hour 1.5 1.8
1 2-Hour 2.1 2.5
2-Hour 2.6 32

Source: AWC’s NDS

Cold woad Cold wood
Heated zone g D Heated zone
Char layer Char layer

Source: AWC’s TR 10
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Table 16.2.2 Adjustment Factors for Fire Design!

gth

Beam Stability
Factor *

Column Stability

Size Factor °
Volume Factor*
Flat Use Factor’

2
£
La
=}
&
3
a
2

oo (Member Stren

I
P!
S

Bending Strength
Beam Buckling Strength
Tensile Strength

N | N
oo | o
Lh | 2

Lh
oo

Compressive Strength

Column Buckling Strength F.e X 2.03 -

1. See 4.3, 5.3, 8.3, and 10.3 for applicability of adjustment factfrs for specifidiproducts.
2. Factor shall be based on initial cross-section dimensions.
3. Factor shall be based on reduced cross-section dimensions.




Inventory of Fire Tested MT Assemblies

Table 1: North American Fire Resistance Tests of Mass Timber Floor / Roof Assemblies

KEY EARLY DESIGN DECISIONS

WOOD PRODUCTS COUNCIL

4D \WOODWORKS
N4

Fire
CLT Grade or Resistance
Mass Timber Panel | Manufacturer s . Ceiling Protection Panel Connection Floor Topping Load Ratin ) Source Testing Lab
Timber Grade E Pping £ Achieved g
(Ll “I.
3-ply CLT . SPF 1650 Fh | 5EMSR . . Reduced 1 .
’ Mordic 2 lavers 172" Type X gypsum Half-La Mone 1 NRC Fire Laboratory
(114mm 4488 nj x SPF #3 i Ype LEYP P e 36% Moment Capacity (lest 1) - -
3-ply CLT . , , . . , Reduced 1 .
Structurlam SPF#1/#2 x SPF#1/82 1 layer 5/8" Type X gypsum Half-Lap Mone 1 NRC Fire Lahorator
(10Smum 4.133 in) e * ! Ype A EYpSUT ! Hhe T5% Moment Capagity {Test 5 HrRlaty
5-ply CLT Loaded, NRC Fire Laboratory
Py 5 - . 5 i 3
Mordic El MNone lopside Spline 2 staggered layers of 1/2" cement boards 2 2
{175mm G875 e apaideap BES e e Haes See Manufacturer March 2016
- . 1 layer of 33" Type ¥ gypsum under - -
S-ply CLT ) ) - - - . . Loaded, _ NRC Fire Lahoratory
- i 3 channels and 1 7 strips with 3 58" liberglass side § s X staggered lavers of 1/2" ceme ards 2 k
(175 mm 68757 Mordic El hannel: |n||||rr|n__-:L-:: with 3 5/8" fiherglas Topside Splin staggered lavers of | cement hoards See Manufacturet 5 Nov 2014
S.ply CLT - — 3id in, proprictary gyperete over Maxxon Reduced
g 5 El None Topside Spline . 1.5 3 UL
(175mm 6875 Nordic o v acoustical mat 50% Moment Capactiy
5-ply CLT 34 in. proprietary gyporete over Moxxon Reduced
- P I Mordic El 1 layer 3/87 normal gypsum Topside Spline ,p I - = pL_ . ) i 2 4 L
{173mm a.875"} o acoustical mat or proprietary sound board 50%% Moment Capaciiy
= S I layer 58" Type X ryp under Resilient Channel
S-ply CLT Loaded, Intenek
: : 1 der 7 78" 1-Joists wi 1/2" Mineral Wool Lal - L MNone . 2 1
(175mm 6.8T5") Nordic E under Joists wi 12 lineral 1 Half-Lap (L See Manufacturer RI24/2012
beween Joisis
S5-ply CLT El1M3 1-1/2" Maxxon Cyp-Grete 20000 over Loaded,
ply . . e vy - ,
Structurlam None Topside Spline 25 o Intertek, 2/22/2016
(175mm 6.875") s MSR 2100 x SPF #2 apside sp Maxxon Reinforcing Mesh See Manufacturer '
Seplv CLT . . Half-Lap & . . Loaded, . - . .
DR Johnson Vi Mone 217 gypsum topping 2 7 SwRI{May 20146
{175mm 6. TA™) - Topside Splime EXI Pping See Manufacturer - )
S-ply CLT SPF 1950 Fh MSR Reduced 1
(U . . . . - -
Mord None Half-Lap Mone 1.5 NRC Fire Laborato
{17 5mm 68T} e % SPF#3 o ! 1 e 59% Moment Capacity (Test 3) C Fire Labaratory
5 N . -
S-ply CLT . _— e . . : Unreduced 1 -
Structurlam SPF #1/#2 x SPF #1/82 1 layer 3/87 Type X gypsum Hali-Lap MNone 2 NRC Fire Laboratory
{173mm a.275") - e YpeAgyp l © 101% Moment Capacity {Test &) - aratary
Tply CLT , - P . : Unreduced . 1 -
. Structurlam SPF#1/42 x SPF & None Half-Lay Mone . 15 . NRC Fire Laboratory
(245mm %.635") : - P e 101 % Moment Capacity {Test T) - .
S-ply CLT SmanrtT am |1-vd Wana Hali-T an 172" nlvwnad with B nails Londcd, 2 12 Wegtem Fire Conter

https://www.woodworks.org/resources/inventory-of-fire-resistance-tested-mass-timber-assemblies-penetrations/




COMPARATIVE STRENGTH LOSS OF WOOD VERSUS STEEL MASS TI M BER DESIGN
100

FIRE RESISTANCE

90

WOOoD 25% loss @

80 - 30 minutes

70 -

60 -

50% loss

A= 1020°F

40 -

30 - STEEL

90% loss @
30 minutes

20 - i
1380°F

0 1 | | |

10 20 30 40

TIME (MINUTES)
Results from test sponsored by National Forest Products
Association at the Southwest Research Institute

SOURCE: AITC



Current State of Mass Timber Projects Over Time
US Market Year-End 2024
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This presentation is protected by US
and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker is prohibited.

© The Wood Products Council 2025

Funding provided in part by the Softwood Lumber Board

Disclaimer: The information in this presentation, including, without limitation, references to information contained in other
publications or made available by other sources (collectively “information”) should not be used or relied upon for any
application without competent professional examination and verification of its accuracy, suitability, code compliance and
applicability by a licensed engineer, architect or other professional. Neither the Wood Products Council nor its employees,
consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or
guarantee, expressed or implied, that the information is suitable for any general or particular use, that it is compliant with
applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability
or responsibility for the use, application of and/or reference to the information. Anyone making use of the information in any
manner assumes all liability arising from such use.
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