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Introducing Cross 
Laminated Timber

New Opportunities for 
Timber Construction

Anthony Harvey, PE



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

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

This course is registered 
with AIA CES for continuing 
professional education. As 
such, it does not include 
content that may be 
deemed or construed to be 
an approval or 
endorsement by the AIA of 
any material of 
construction or any method 
or manner of
handling, using, 
distributing, or dealing in 
any material or product.
________________________________
Questions related to specific 
materials, methods, and services will 
be addressed at the conclusion of this 
presentation.



Course Description

Cross laminated timber (CLT) is an engineered wood 
building system designed to complement light‐ and 
heavy‐timber framing options. Because of its high 
strength and dimensional stability, it can be used as 
an alternative to concrete, masonry and steel in 
many building types. This presentation will introduce 
CLT with a series of project examples that 
demonstrate its use and associated benefits in a 
range of applications. Information on manufacturing, 
specification and code‐related considerations will 
also be discussed. 



Learning Objectives

1. Review completed CLT projects that demonstrate a 
range of applications and system configurations.

2. Discover how CLT can be used under current and 
future building codes and standards.

3. Discuss benefits of using CLT in place of concrete and 
steel, including structural versatility, prefabrication, 
lighter carbon footprint and reduced labor costs.

4. Discuss the fire characteristics of CLT, including the 
benefits of charring, current seismic approaches that 
can be used for CLT buildings, and how the acoustic 
and moisture performance of CLT assemblies can 
inform the design of a project.
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• What is CLT?
• Mass Timber
• The Appeal
• History
• Availability

• Using CLT
• Project Examples
• Best applications
• Cost effective design
• Building Codes and Standards
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Mass timber is a 
category of 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

Mass timber
What is it?



What is Cross Laminated Timber (CLT)? 

4 1/8” to 19 1/2”

10’X40’
8’X64’

• Solid wood panel
• 3 layers min. of solid sawn lams
• 90 deg. cross‐lams
• Similar to plywood sheathing



CLT Composition



Lumber in clt is finger jointed
Typically not edge glued

Cross laminated timber



Structural Composition of CLT

Laminations:  (Per PRG 320‐2012)
5/8” to 2” thick
2.4” ‐ 9.5” wide
Machine Stress Rated or Visually Graded Dimensional Lumber or SCL
Dried to 12% Moisture Content before layup.
A common NA thickness is 1 3/8”  (planed 2x stock)
PRG 320 provides thickness to width requirements of laminations



Structural Composition of CLT

Layers:  (Per PRG 320‐2012)
Oriented in orthogonal arrangement
Odd number of symmetric layers most common
Double parallel exterior layers permitted
Unbalanced layup permitted
Reference glu‐lam adhesive standard  (AITC 405)



Structural Composition of CLT

Panels, also known as Billets.
20 inch max thickness in PRG 320
Up to 8 ft or more wide per manufacturer and shipping
Up to 40 ft or more long per manufacturer and shipping
Major axis:  stronger, stiffer, usually long direction
Minor axis:  less strong and stiff, usually short direction



Mass timber products
Cross-laminated timber (cLT)

3-ply 3-layer

9-ply 9-layer

5-ply 5-layer 

7-ply 7-layer

Common clt layups



How to use CLT ‐ Assembly

Source: US CLT Handbook



What is the appeal of CLT?

• Embodied CarbonSustainability

Performance

Construction 
Efficiency



Reduced Embodied Carbon
Volume of wood used 950 m3

Carbon sequestered and 
stored (CO2e) 760 metric tons
Avoided greenhouse 
gases (CO2e) 320 metric tons
Total potential carbon
benefit (CO2e) 1,080 metric tons

Carbon savings from the choice of wood in this 
one building are equivalent to:

1,615 passenger vehicles off the
road for a year

Enough energy to operate a
home for 803 years

Stadhaus, London, UK
Architect: Waugh Thistleton Architects
Photo credit: Waugh Thistleton Architects



Bullitt center
Seattle, wa

Photo Credit:  bullitt center



Bullitt center
Seattle, wa

Building info:
Office building
4 stories mass timber over 2 stories concrete
52,000 sf
Net zero
Living building challenge certified
Type IV construction
250 yr design life
Completed 2013 Photo Credit: miller hull partnership



Bullitt center
Seattle, wa

Photo Credit: John Stamets

Nail-Laminated Timber Decks Provide:
Maximized Spans, Reduced Number of Columns, More Open Space 

Flexibility, Minimized Structure Depth



• Reduced Embodied Carbon
• Minimal waste productionSustainability

Performance

Construction 
Efficiency

What is the appeal of CLT?



Minimal Waste



Why are designers drawn to CLT?

• Reduced Embodied Carbon
• Minimal waste production
• Highly Energy Efficient

Sustainability

Performance

Construction 
Efficiency



Energy Efficient

CLT has an R‐value of approximately 1.25 per inch of thickness. 
Source: US CLT Handbook



• Reduced Embodied Carbon
• Minimal waste production
• Highly Energy Efficient

Sustainability

• Disaster ResilientPerformance

Construction 
Efficiency

What is the appeal of CLT?



Mass timber appeal
Disaster resilient

Mass Timber Shake Table Test at UCSD

CLT Rocking Shear Wall Concept 
Source: KPFF

Innovative mass timber lateral 
force resisting systems



Mass timber appeal
Disaster resilient



Candlewood suites
Redstone arsenal, al

Image Credit: IHG® Army Hotels, 
Lendlease



Candlewood suites
Redstone arsenal, al

Image Credit: Lend Lease



Candlewood suites
Redstone arsenal, al

Image Credit: Lend Lease & schaefer

• 62,600 sf, 4 story hotel, 92 private 
rooms

• CLT utilized for walls, roof panels, 
and floor panels

• 1,557 CLT Panels; Typical floor panel is 
8’x50’ & weighs 8,000 lbs

• Completed Late 2015



• Reduced Embodied Carbon
• Minimal waste production
• Energy Efficient

Sustainability

• Disaster Resilient
• Fire ResistantPerformance

Construction 
Efficiency

What is the appeal of CLT?



Fire Test Results
• ASTM  E119 Fire Endurance 

Test
• 5-Ply CLT (6-7/8” thick)
• 5/8” Type X GWB each side
• 2 hour target
• Actual 3 hours 6 minutes

• 2015 NDS Chapter 16 includes 
char rates for CLT to achieve 
up to 2 hour fire rating



CLT is Defined – 2015 IBC



Mass timber design
Fire resistance

Source: Aitc



Achieving One Hour Equivalency for 
Protected Construction

TR 10

NDS Chapter 16
Fire Design of Wood Members

Available from AWC website

OR



ALL WOOD FRAMED BUILDING OPTIONS:

Type III
Exterior walls non-combustible (may be FRTW)
Interior elements any allowed by code, INCLUDING MASS TIMBER

Type V
All building elements are any allowed by code, INCLUDING MASS TIMBER

Types III and V are subdivided to A (protected) and B (unprotected)

Type IV (Heavy Timber)
Exterior walls non-combustible (may be FRTW OR CLT)
Interior elements qualify as Heavy Timber (min. sizes, no concealed spaces)

Construction types
IBC 602



Type IV Construction – IBC 602.4
Exterior walls are of noncombustible materials and interior 
building elements are of solid or laminated wood without 
concealed spaces. FRT wood or Cross Laminated Timber*‐
2015IBC is permitted in exterior walls, where 2hr fire rating or 
less is required

• Non combustible             
Exterior walls

• Interior walls‐solid without 
concealed spaces

• Fire Retardant Treated exterior 
walls or Cross laminated 
Timber (CLT)‐2015 IBC  are 
allowed if fire rating is 2hr or 
less

• Heavy Timber
*Exterior surface of CLT is protected by FRT 
sheathing, ½” gypsum, or other non‐
combustible materials



Concealed Space Limitations on HT
Type IV Construction requires that interior elements be 
without concealed spaces:
• Concealed spaces include dropped ceilings, attics, 

chases, others

Concealed space requirement does not apply to any other 
construction type. If using heavy timber elements in non 
type IV construction, concealed spaces are permitted but 
may be required to be sprinklered

Example of concealed space 
created by dropped ceiling 

Source: US CLT Handbook



• Reduced Embodied Carbon
• Minimal waste production
• Highly Energy Efficient

Sustainability

• Disaster Resilient
• Good Fire Resistance
• High performing Acoustics

Performance

Construction 
Efficiency

What is the appeal of CLT?



CLT Acoustics

Number of
layers

Thickness (in. ) Assembly type STC IIC

3 3-3/4 to 4-1/2 Wall 32-34 N.A.

5 5-1/3 Floor 39 23

5 5-3/4 Floor 39 24

Measured on field bare CLT wall and floor

Number of
layers

Thickness in. Assembly type FSTC FIIC

3 4-1/8 Wall 28 N.A.

7 8-1/5 Floor N.A 25-30

Sound Insulation of Bare CLT Floors and Walls

Source: US CLT Handbook



Mass timber design
AcousticsCommon mass timber 

floor assembly:
• Finish floor (if applicable)
• Underlayment (if finish 

floor)
• 1.5” to 3” thick 

concrete/gypcrete 
topping

• Acoustical mat
• WSP (if applicable)
• Mass timber floor panels

Image credit: AcoustiTECH



Why are designers drawn to CLT?

• Reduced Embodied Carbon
• Minimal waste production
• Highly Energy Efficient

Sustainability

• Disaster Resilient
• Good Fire Resistance
• High performing Acoustics
• Structural Flexibility

Performance

Construction 
Efficiency



Structural Flexibility

Photo Credit: APA



• Reduced Embodied Carbon
• Minimal waste production
• Highly Energy Efficient

Sustainability

• Disaster Resilient
• Good Fire Resistance
• High performing Acoustics
• Structural Flexibility

Performance

• ~75% lighter than concreteConstruction 
Efficiency

What is the appeal of CLT?



75% Lighter Weight Than Concrete



• Reduced Embodied Carbon
• Minimal waste production
• Highly Energy Efficient

Sustainability

• Disaster Resilient
• Good Fire Resistance
• High performing Acoustics
• Structural Flexibility

Performance

• ~75% lighter than concrete
• Reduced construction time

Construction 
Efficiency

What is the appeal of CLT?



Reduced Construction Time
Murray Grove, London 

UK
• 8 stories of CLT over 1 

story concrete podium

• 8 stories built in 27 
days  (~1/2 the time of 

precast concrete)

Franklin Elementary 
School, Franklin, WV

• 45,200 ft2 2 story 
elementary school

• 8 weeks to construct



Franklin elementary school
Franklin, wv

Photo Credit: Pam Wean, MSES Architects



45,200 sf, 2 story school
CLT utilized for walls, roof 
panels, and floor panels
CLT chosen for its construction 
schedule benefits
Completed January 2015

Photo Credit: Pam Wean, MSES Architects



• Reduced Embodied Carbon
• Minimal waste production
• Highly Energy Efficient

Sustainability

• Disaster Resilient
• Good Fire Resistance
• High performing Acoustics
• Structural Flexibility

Performance

• ~75% lighter than concrete
• Reduced construction time
• Pre‐fabricated and Precise

Construction 
Efficiency

What is the appeal of CLT?



CLT: A Prefabricated Material
• Finished panels are planed, 

sanded, cut to size. Then 
openings are cut with 
precise CNC routers.

• Third party inspection at 
factory.

• Custom engineered for material 
efficiency.

• Custom designed for project.
• Each panel numbered, 

delivered & installed in 
predetermined sequence



CLT History Timeline

1990 2000 2005 2010 2015

Significantly 
increased use 
in Europe

• 2010 – 1st
Production

• 2011‐ PRG320
• 2011 ‐Canadian 

Handbook
• 2013 – US 

Handbookinterest 
began

.3 million m3

of built CLT 
projects

Recognized 
in 2015 IBC

Austria 
industry‐

academia joint 
research

.6‐1 million 
m3 of built 
CLT projectsE
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1st US CLT 
Manufacturer



Product Availability
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Mass Timber Building Options



Promega Feynman Center, The Crossroads, Madison, Wisconsin
Photos:  Aitor Sanchez/EwingCole



New Stanford Heat Recovery Center
Stanford, CA

Image Credit: ZGF Architects



Stanford Heat Recovery Center
Photo: Structurlam

CLT Roof Panels used over 
entrance/walkway

Part of 125,000 sf building 
that is expected to reduce 
campus carbon emissions 
by 50% and save an 
estimated $300M over the 
next 35 years



Chicago Horizon Pavilion
Chicago, IL

Photo Credit: Tom Harris



Chicago Horizon Pavilion
Photos: Tom Harris

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 plate



Chicago Horizon Pavilion
Photos: Aaron Forrest

Total roof structure 
thickness 8‐1/4”

Spans up to 30 feet between 
columns at points



4 stories
16,000 sf
Green Roof ARCHITECT: Lever Architecture

IMAGE CREDIT: Lever Architecture

ALBINA YARD
PORTLAND, OR



• 20’x20’ Grid, 12’ Floor to Floor
• 3-ply CLT floor panels with electrical conduit 

poured into 1” light weigh gypsum topping 
• Wood shearwall core with open front design 

for glazing wall

ARCHITECT: Lever Architecture
IMAGE CREDIT: LEVER Architecture

ALBINA YARD
PORTLAND, OR

CLT panels for an entire floor 
installed in less than 4 hours
Source: LEVER Architecture1



5 stories
156,000 sf ARCHITECT: HACKER

IMAGE CREDIT: StructurLam

First Tech Credit Union
Hillsboro, OR



ARCHITECT: HACKER
IMAGE CREDIT: StructurLam

First Tech Credit Union
Hillsboro, OR

COMPLETED 2017 – 156,000 SF
626 PANELS  & 988 GLULAMS



Umass design building
Amherst, ma

Image Credit: Alex Schreyer



Image: Alex Schreyer

Umass design building
Amherst, ma

4 story, 87,500 sf facility with: classrooms,  lounges, meeting 
rooms, materials-testing lab, green-building lab, wood shop, 

digital fabrication lab, cafe, exhibit space, and library



Umass design building
Amherst, ma

completed Jan 2017 

Photo Credit: alex schreyer



Umass design building
Amherst, ma

Photo Credit: alex schreyer



Image Credit: Modus Studio

U of Arkansas Student Dorms
Fayetville, AR



Image Credit: Modus Studio

(2) – 5 story buildings
Total over 200,000 sf 
368 residential rooms

U of Arkansas Student Dorms
Fayetville, AR

Image Credit: Modus Studio/leers weinzapfel architects



Wood Innovation Design Center
Prince George, British Columbia
8 Levels/6 Stories
97 feet tall
Completed Fall 2014

Architect: Michael Green Architecture
Structural Engineer: Equilibrium Consulting

Contractor: PCL Constructors Westcoast
Photos: Ema Peter Photography



Photo Credit: ed white

Wood innovation design center
Prince george, bc



Photo Credit: ema peter
Widc mep accommodation



Forte’, Victoria Harbor, Melbourne, Australia
Architect: Lend Lease

• Completed in 2012
• 10 stories 
• ~ 105 ft. tall, > 18.6 K sqft.
• 3 million in R&D
• Poor soils required a much 

lighter building



Forte’, Victoria Harbor, Melbourne, Australia
Architect: Lend Lease



Minneapolis, MN
Image: Michael Green 

Architects/Hines Group

Modern Tall Wood-Carbon 12
2017, 8 stories, 32,000 sf

Portland, OR
Photos:

Baumberger Studio/PATH 
Architecture/Marcus Kauffman



BROCK COMMONS
VANCOUVER, BC

18 STORIES
174 FT

156K SQ.FT.



5 PLY CLT PANELS, 2-WAY SPAN
~9’X13’ GRID OF COLUMNS

Images: acton ostry architects

BROCK COMMONS
VANCOUVER, BC



BROCK COMMONS
VANCOUVER, BC17 stories of timber installation

Started june 6, 2016
Finished august 10, 2016



BROCK COMMONS
VANCOUVER, BC



CLT as an alternate to Concrete/Masonry



U.S. BUILDING CODE STATUS



TALL WOOD IN THE U.S.



New Building Types



US CLT Handbook

1. Introduction
2. Manufacturing
3. Structural
4. Lateral
5. Connections
6. DOL and Creep
7. Vibration
8. Fire
9. Sound 

10.Enclosure
11.Environmental
12.Lifting



As of December 2018, 487 Mass Timber Projects 
designed, under construction or built





As of December 2019, 708 Mass Timber Projects 
designed, under construction or built
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This concludes The 
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Architects Continuing 
Education Systems 
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Anthony Harvey PE
Regional Director
anthony.harvey@woodworks.org
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