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MASS TIMBER IS A

CATEGORY OF FRAMING

STYLES OFTEN USING SMALL

WOOD MEMBERS FORMED e
INTOLARGEPANELIZED &=
SOLID WOOD CONSTRUCTION —— T
INCLUDINGCLT, NLTOR s .
GLULAM PANELS FOR FLOOR, 5, fiSSsssssssss=  —
ROOF AND WALL FRAMING 144 e

Mass Timber Structural Framing Systems

Gravity
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Hybrid Light-
Post & Beam USAEY) Frame & “Honeycomb”
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Mass Timber
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Mass Timber Structural Framing Systems

Gravity
Framing
Styles

Hybrid Light-
Frame & “Honeycomb”
Mass Timber

Two-Way

Post & Beam Panel Deck

T3 MINNEAPOLIS

MINNEAPOLIS, MN _

IMAGE CREDIT: BLAINE BROWNELL
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UMASS DESIGN BUILDING

EX SCHREYER
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HUDSON BUILDING

VANCOUVER, WA

s .
DEVELOPER: KILLIAN PAC KE
PHOTO CREDIT: wuunwuH:‘n ==

Mass Timber Structural Framing Systems

Gravity
Framing
Styles

Two-Way Hybrid Light-

Post & Beam Panel Deck

Frame & “Honeycomb”
Mass Timber
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CHICAGO HORIZON PAVILION

CHICAGO, IL

56" SQUARE KIOSK
2 LAYERS OF 3-PLY, 4-1/8" CLT ROOF

PANELS IN OPPOSITE DIRECTIONS, EACH
PANEL 8' X 56", CREATING 2 WAY SPANNING

PHOTO CREDIT:
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Mass Timber Structural Framing Systems

Gravity

Framing
Styles

Hybrid Light-
Post & Beam IO Frame &
Panel Deck }
Mass Timber

“Honeycomb”

y

.
AL /

L

) i e Vi




9/18/2019

Mass Timber Structural Framing Systems

Gravity
Framing
Styles

Hybrid Light-
Frame &
Mass Timber

Two-Way

Post & Beam Panel Deck

“Honeycomb”
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Redstone Arsenal Hotel
Huntsville, AL
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Mass Timber Structural Framing Products

Gravity
Framing
Styles

Hybrid Light-
Frame &
Mass Timber

Two-Way

Post & Beam Panel Deck

“Honeycomb”

Mass Timber Structural Framing Systems

Post & Beam

Horizontal
Deck

Primary
Frame

Structural
Composite
Lumber

Solid Sawn
Lumber

Glulam

Other
Materials
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FIGURE 2
BEAM CAMBER PARAMETERS

L = Span (ft.)

R = Radius of curvature (ft.) = Camber [in.)
IMAGE: APA GLULAM PRODUCT GUIDE
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http://www.aitc-glulam.org/capacity.asp
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» 104 SPAN GLULAM ARCHES
GLULAM PURLINS @4’ 0.C

LEMAY AMERICA AUTO. MUSUEM
’ PHQTU CRq)IT: \'ESTERN WOOD STRUCTURES

BUFFALO HARBOR CENTER RINK 1, BUEFALD, NY
PHOTO: HARBORCENTER.COM
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Mass Timber Structural Framing Products

a 1
Horizontal Primary
Deck Frame
[ I ' '
a \
T&G SCL &
NLT GLT CLT Decking Composites

MASS TIMBER PRODUCTS

NAIL-LAMINATED TIMBER (NLT) HORIZONTAL FRAMING

CROSS-LAMINATED TIMBER (CLT)

GLUE-LAMINATED TIMBER (GLT)

TONGUE & GROOVE

TIMBER CONCRETE COMPOSITE

DECKING (T&G)

IMAGE SOURCE: STRUCTURECRAFT
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NAIL LAMINATED TIMBER

PHOTO CREDIT: STRUCTURECRAFT
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BULLITT GENTER

7 " SEATTLE, WA

!

]: l JE i?z"w“

2X4 NLEROOEDECK

2X6 NLT'FLOOR DECK
1""“’* FLOOR ASSEMBLY TOP'TO BOTTOM:
3" CONCRETE TOPPING, ACOUSTICAL MAT, WSP, 2X6 NLT

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
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What is CLT?

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

Thickness
3to 20 inches*

. Max Length
24 to 60 feet*

Max Width
8 to 10 feet*

*All dimensions are approximate.
Consult with manufacturers

First Tech Credit Union, Hillsboro, Oregon
Photo Credit: Structurlam Products
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North American CLT Product Standard

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

APA
—_——

The Standard Covers:

U.S. and Canada Use

Panel Dimensions and Tolerances
Component Requirements
Structural Performance
Requirements

Panel and Manufacturing
Qualification

Marking (Stamping)

Quality Assurance

CLT Stress Grades

Stress Grade | Major Strength Minor Strength Direction
Direction

#3 Spruce Pine Fir
#3 Doug Fir Larch
#3 Misc

#3 Southern Pine
#3 Doug Fir Larch
#3 Spruce Pine Fir
#3 Southern Pine

E1
E2
E3
E4
V1
V2
V3

1950f-1.7E MSR SPF
1650f-1.5E MSR DFL
1200f-1.2E MSR Misc
1950f-1.7E MSR SP
#2 Doug Fir Larch
#1/#2 Spruce Pine Fir
#2 Southern Pine

Standard (Non-mandatory) CLT stress grade in PRG 320-2012.
Other custom stress grades including structural composite lumber (SCL) permitted

21
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Common CLT Layups

3-ply 3-layer

~ e
L :
5-ply 5-layer -
7-ply 7-layer 7-ply 5-layer
9-ply 9-layer 9-ply 7-layer
PRG 320 Defined Layups
|HI:1I-I.'I:I'H.I.II.| i Dl £ A (vl == POl CuF LG s LAELE &1 (PO WAE 8 Feel i)
] AL N T I TPy pa—y S— v L g s e
£ Exis il ||Irlrl'.| Bl L. .|‘:I|-r.l|-l s
Gieds: =) = .-, s s i mm) (e ey iy s e (T
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3rd Party Product Certification of CLT

CLT Product Reports

Stress Grade Layup
(standard or custom) (standard or custom)

\
O

[ feus) \

Panel Properties
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Structural Design Standardization

@
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National Design Specification for Wood Construction
2015 Edition

Model Building Code Acceptance

NDS’

2015 International Building Code

0
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Highlights of CLT Provisions in IBC 2015

« CLT is generally available for use in Type IlI, IV and V construction.

« IBC 2015 Chapter 6 Defines Dimensions of CLT to qualify as Heavy
Timber (Type IV Construction)

« 6" Walls
* 4" Floors
+ 3" Roofs

* Non Fire-Retardant Treated CLT allowed in Exterior Walls of Type
IV construction in many conditions. (IBC 2015 602.4)

The Heavy Timber construction size requirements only apply to Type IV Construction

FLATWISE Panel Loading

l :
R l
- < i .f -~

-~

.,
-

Span in MAJOR Strength Direction Span in MINOR Strength Direction
“Parallel” Direction “Perpendicular” Direction

Reference & Source: ANSI/APA PRG 320-2017
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Flatwise Flexural Strength

Design properties based on an Extreme Fiber Model:

Flexural Capacity Check: ; i "

| |
Mp S (FpSer)’ e

Bending Stress

M, = applied bending moment

(FbSeﬁ)’ = adjusted bending capacity
= effective section modulus

Seif ffecti ti dul

Fb = reference bending design stress of outer lamination

Reference: NDS 2015

Flatwise Flexural Strength

Flexural Capacity Check (ASD)

T (=

Bending Stress

(FoSerr) = Cp Cy C; C (F,Seqr)

\ J \ J
I Y

per Commonly Provided as
NDS 1.0 combined value

M, = Cp (1.0) (FpSer)

Reference: NDS 2015

26



9/18/2019

Flatwise Shear Strength

Design Properties based on Extreme Fiber Model:

Shear Capacity Check: l e

V, < F(Ib/Q)y —

Shear Stress

V.

a

F.(IbQg¢)’ = adjusted shear strength

= applied shear

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

\ ] J \ J
Y I I

Wood Structural Structural CLT Term
Panel Term Engineering Term

Reference: NDS 2015

Flatwise Shear Strength

Design Properties based on Extreme Fiber Model:

Shear Capacity Check (ASD): T
| | Vplanar
Shear Stress
Fs(IbQ)er' = Cy Cy (Fs(IbQ)er) = Cpy Ct&’,ﬂ
Corqrrg)only From Manufacturer
V <(1.0)V Note: Duration of Load Effects (Cd and A) NOT
planar = ( . ) s applicable to Flatwise Shear Strength in the NDS

Reference: NDS 2015 & Product Reports
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Shear Force Terminology

Source: ANSI/APA PRG 320-2017

Source: NDS 2015 Manual

Planar Shear
Rolling Shear NDS 2015: F¢(Ib/Q)gs
Shear-In-the-Plane? PRG 320 Product Reports: Vg g Vs g0
Out-of-plane forces?
FLATWISE Shear in PRG 320 2017

Flatwise Shear Strength

Rolling Shear

Source: CSA 086-14, 2016 Supplement

28
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Flatwise CLT Panel Section Properties

Flexural Strength:  F, S FoSer.00
Flexural Stiffness: Elg S
Shear Strength: Vso Vs.90
Shear Stiffness:  GA, GAetr 90

Values in RED provided by CLT manufacturer

Reference: PRG 320 and CLT Product Reports

Using PRG 320 Standard Grades for Design?

i 2
S RLLOPALIL] WS L I T 0 O T EMTHED B NRANE N ON LCH T TR R
1—— s L L Smm gl Coy S Lerweg, Crre=m

. ; : . e e e Mo i;-"-;.‘ - PRG 320 includes pre-
F . g defined Stress Grades,
Layups and related Design
Properties

Is doesn’t tell you what CLT
grades and layups are
available.

Coordinate your design with
manufactures availability and
information

il
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Deflection Creep Factor

Deformation to Long Term Loads
AT = Kcr ALT + AST NDS Eq 3.5-1
AST Deflection due to short-term loading

ALT Immediate deflection due to long term loading

Kcr 2.0 for CLT in dry service conditions
Design Example:
Agr from 40psf=0.159 in
A1 from 40psf = 0.159 in
Ay = 2.0 (0.159) + 0.159 = 0.477 in f AI

=L/4 ' '
/403 16 foot span

w =40 + 40 psf
T

Reference: NDS 2015

Working with CLT: Know Your Supply Chain

* CLT Manufactures different CLT grades and maximum panel sizes
e CLT Manufacturers have specific CNC capabilities
« 31 pParty Fabricators can have additional CNC capabilities

Photo: DR Johnson Photo: Sauter Timber
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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

Human Body
Dynamics

lllustration: Sven-Olof Emanuelsson
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s Floor Vibration Criteria — Human Comfort |

Acceleration

Range of Acceptable

50 . :
" Perception of Acceleration
20x .
0.5% to 5% g (vertical)
10x

0.05% g

Illustration: Murray et al., 1997

s Framing Materials Properties for Vibration |

Material Floor Weight Damping Material Material Mass  Example Floor
(psf) Stiffness (pcf) System

(106 psi)

Concrete 100-150 1-5%

120-150 2-way slab on
columns
Steel 50-100 0.5-5% 30 490 Concrete on
metal deck on
purlins and
girders
Mass Timber 15-65 1-6% 1.2-1.8 30-40 Beam or wall
supported
Wood Frame 10-40 2-12% 1.2-2.0 30-40 Wall supported

32
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jmssm Beam vs Wall Supported Floors s

Graphic from ASPECT

Graphic from StructureCraft

Mass Timber Panels on Grid of Beams.
Frequency of Floor < Frequency of Panel
Vibration of Floor > Vibration of Panel
Vibration Design Depends on Beams

Mass Timber Panels on Bearing Walls

Low Frequency Floor? High Frequency Floor?

Maybe At all but longer floor spans

s Vibration Design Methods mssssssssssss—|

Empirical Simplified
iz @7 Uurs Methods Analytical

A<1/480 I [ Woeste & Dolan J Wood Frame

. fo> 14 Hz I FPI/CLT Handbook J Mass Timber

[ AISC Design Guide 11 J Steel
CCIP 016 | concrete

[ SCI P354 steel
CRSI Design Guide 10 J Concrete

33
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Rules of Thumb Methods

A<1/480 I | Woeste & Dolan I Wood Frame

fn> 14 Hz

Empirical

| —

[ FPI/CLT Handbook J Mass Timber

Simplified
Analytical

jmssm Vibration Design Methods s

i AISC Design Guide 11 | steer

[ CCIP 016 J Concrete
SCI P354 J Steel

[ CRSI Design Guide 10 Concrete

f,>14 Hz I

Empirical Simplifi
Rules of Thumb Methods Analytical

implified

FPI/CLT Handbook | Mass Timber

[ Mass Timber

Design Guide (in development)

s Vibration Design Methods mssssssss—|

A<1/480 I [ Woeste & Dolan J Wood Frame

Mass Timber

|
- T T AISC Design Guide 11 I Steel
CCIP 016 | concrete
[ SCI P354 Steel
CRSI Design Guide 10 J Concrete

34
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s US Mass Timber Vibration Design Guide s

USDA Wood Innovations Grant funded project in progress

Guide to be published by
WoodWorks
in early 2020

Project Team: WoodWorks,
KPFF, Aspect, StructureCraft, &
Fast+Epp

jussn FPI/CLT Handbook Method s vl

Limit CLT Floor Span such that
Based on:

- Un-topped CLT
Frequency f >9.0 Hz - Single, Simple span
- Bearing wall supports.

SpanL Does not account for:

- Supporting beam flexibility

- Multi-span conditions

- Additional floor mass (topping slab, etc)

Reference: US CLT Handbook, Chapter 7
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jmsm FP1 Span Limit for Basic CLT Grades / Layups msss|
Crade ngll;p Thfl;/r;;ss FPI S1pza’1r;’,l_|m|t Grade Layup Thickness |FPI Span Limit
E1  Sply 67/8" 174 3ply 4 122
7ply 9 5/8” 218 V1 5ply 6 7/8" 17’ 0"
3ply 418 1270 7ply 95/8 21°3
E2 Sy 67/ 16'8" Sply 4178 o
7ply 95/8" 20 10” ve Sply 67/8" 16'8"
3ply 41/8 "7 Tply 95/8 20’10
E3  Sply 67/8" 16'1” 3ply 4 120
7ply 95/8" 20'1” V3 5ply 6 7/8" 16’ 9"
3ply 41/8 122 Tply 95/8 21°0
E4 5ply 67/8 170"
7ply 95/8” 213"
Limitations:
Approximate FPI Span Limits: - Does not account for strength or deflections
3-ply: 11to 12 ft - Does not account for beam flexibility
5-ply: 16to 17 ft - Does not account for project specifics
7-ply: 20 to 21 ft

Edgewise Structural Properties

36



9/18/2019

EDGEWISE Panel Loading

Span in MAJOR Strength Direction Span in MINOR Strength Direction

Reference & Source: ANSI/APA PRG 320-2017

Shear Force Terminology & Jargon

TrircHegh=tFa-Thickmess Shaar

. Mbmrar Arwa
o -"J:_..\:_-: Ilf £ Y
'Q-;._E_’__ — :JM st
Source: ANSI/APA PRG 320-2017 Source: NDS 2015 Manual
Through-the-Thickness Shear NDS 2015: F.(t.)
In-plane Shear Forces PRG 320-2017: Fygot, & Fueoty

EDGEWISE Shear in PRG 320-2017

37
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CLT in Lateral Force Resisting Systems

CLT Panels have a significant in-plane shear strength.

Source: ICC-ES ESR 3631

~75 to 195+ PSI Allowable Edgewise Shear
~900 to 2300 PLF per Inch of Thickness.

Consult with the Manufacturers for Details

Source: APA Product Report PR-L306

Standard test method defined using ASTM D198

Mass Timber Lateral Systems

Lateral Force

Systems

Horizontal Vertical
Lateral/Seismic Lateral/Seismic
Force Resisting Force Resisting

Systems Systems

38
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NLT DIAPHRAGM DESIGN

———

PHOTO CREDIT: STRUCTURECRAFT
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CLT Diaphragms

Strength of CLT rarely (never?)

governs. Capacity provided by

manufactures via ASTM standard

testing. Standard to be included
in PRG 320 Update.

Strength of Connections
covered by NDS 2015 and
Proprietary Fastener
Evaluation Reports
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CLT Diaphragm Design Example Paper

CROSS LAMINATED TIMBER

Norizontal Diaghragm Design

1 MORUONTAL CUMRALAL DY iy ) .

R L L e S
P e e B e g By | o VOV by
ke B st e pbbded g - by = e b |

R

. e - [
vt s Bohog sl e re A b ol S ———
——
b ks
* ANTL AT MDD 231 N D Moy e (WL b W

| —— o @ | p——

http://www.structurlam.com/wp- v, AR N A - St e
content/uploads/2016/10/Structurl e A i Ao T
am-CrossLam-CLT-White-Paper- o KT o . - Gwtetntd 4. b
on-Diaphragms-SLP-Oct-2015.pdf AL 005,00 Sruatbain fi Sraaturst Bvet e

Mass Timber Lateral Systems

Lateral Force

Systems

Horizontal Vertical
Lateral/Seismic Lateral/Seismic
Force Resisting Force Resisting

Systems Systems
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Mass Timber Lateral Systems

Lateral Force

Systems

Vertical Horizontal
Lateral/Seismic Lateral/Seismic
Force Resisting Force Resisting

Systems Systems

Code Recognized Innovative System
Seismic Force via Alternative
Resisting System Means

MASS TIMBER DESIGN

LATERAL FRAMING SYSTEMS

LIGHT-FRAME W00 HIéARWALLS A

PHOTO CREDIT: WOODWORKS
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v e :

LATERAL FRAMING SYSTEMS

CENTRAL CORE — CONCRETE SHEARWALLS

PHOTO CREDIT: STRUCTURECRAFT

LATERAL FRAMING SYSTEMS

EXTERIOR STEEL MOMENT FRAME

PHOTO CREDIT: WOODWORKS
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MASS TIMBER DESIGN

LATERAL FRAMING SYSTEMS

—

| ol 1L |
g

Es

S

INTERIOR STEEL MOMENT FRAME

PHOTO CREDIT: WOODWORKS

MASS TIMBER DESIGN

LATERAL FRAMING SYSTEMS
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Tall Wood Structural Systems

Lateral Force

Systems

Horizontal
Lateral/Seismic

Vertical
Lateral/Seismic
Force Resisting

Systems

Force Resisting
Systems

Code Recognized Innovative System
Seismic Force via Alternative
Resisting System Means

CLT Shear Wall Seismic Design Values

What R value can | use?

Photo: KLH
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CLT Seismic Design

CLT Seismic Force Resisting Systems Not addressed In

SDPWS _

0

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

State of Oregon Statewide Alternative
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State of Oregon Statewide Alternative

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

19. Cross-laminated timber shear walls' 141 and 14.5 2 2% 2 NL NL NL NL NL
Innovative Systems
: " ™ .
; e -
' > »
' < pe
| . -
§ . .
' . .
: - .
. .
') | » »
/ . .
Nd ~ Ty L ”~

Cross-Laminated Timber Post-Tensioned Rocking Shear Walls

47



9/18/2019

Range of Shear Wall Systems

Rocking Wall Systems (R = ~67?)

Ordinary Shear Walls (R = ~27?)

Seismically Detailed Walls
(R=47)

o

Ongoing FEMA P-695
study by John van de Lindt

48
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MASS TIMBER SHEARWALLS

PHOTO CREDIT: ALEX SCHREYER
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PHOTO GREDIT: FP INNOVATIONS
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Table 16.2.18 Effective Char Depths (for CLT

with [lu=1.51n./hr.)

Hagulred
Fire
Fodurums
(B

] 13 [1-1a]1-3

]
ik
L ¥ ]

13 | 18
34 | 18
14 | 38
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Figure 4.5: Bearing Reduction where Supported
on Exposed Charred Timber Beam
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Intertek

TEST REPORT

Questions?

This concludes The American
Institute of Architects Continuing
Education Systems Course \““

Contact

PHOTO CREDIT: TOM HARRIS
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Reproduction, distribution, display and use of
the presentation without written permission
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