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Continuing	Education	Credit
» Participants will receive a 

certificate of completion via 
email within two weeks.

» AIA credits will be processed by 
WoodWorks



“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
As mass timber transitions from novelty to mainstream, more architects and engineers are 
finding they need a full systems understanding of the unique design considerations 
associated with this type of structure. Intended for those new to mass timber design, or 
those looking to refresh their design knowledge, this pre-conference workshop will take a 
step-by-step approach to the practical design and engineering aspects of mass timber 
buildings. Breakout sessions at the 2023 International Mass Timber Conference will 
examine specific design and construction topics in depth, and this pre-conference seminar 
will equip attendees with the baseline experience needed both to expand their knowledge 
in the main track sessions and start their own mass timber designs. Topics will include 
mass timber products, code compliance, fire resistance, new tall mass timber construction 
types, structural design and layout, connection detailing, acoustics, MEP integration, and 
more. Project examples will be included throughout to highlight and emphasize design 
solutions implemented on real structures. 



Learning	Objectives

1. Identify construction types within the International Building Code where a mass timber 
structure is permitted.

2. Discuss the impacts of construction type on required fire-resistance ratings of structural 
elements, noting the impacts these ratings have on member spans and grids.

3. Demonstrate structural design steps for members and connections in common mass timber 
framing systems.

4. Highlight effective methods of integrating MEP services in a mass timber building and 
discuss their relative impacts on cost, aesthetics, occupant comfort, and future tenant 
renovations.



Agenda

Mass	Timber	Boot	Camp:	
Becoming	a	Mass	Timber	Design	Expert	

12:00 – 1:00 pm Mass Timber Primer: Products, Codes Applications, Fire-Resistance Design, 
Chelsea Drenick, SE; Jeff Peters, PE, CGC, WoodWorks

1:00 – 1:15 pm Break

1:15 – 2:15 pm Structural Design: Member Sizing, Optimized Grids, Connections and Lateral 
Load Resistance, Anthony Harvey, PE; Mike Romanowski, SE, WoodWorks

2:15 – 2:30 pm Q&A

2:30 – 2:45 pm Break

2:45 – 3:45 pm Acoustics, Floor Vibration, MEP Integration, Enclosure and Moisture 
Protection, Jessica Scarlett, EIT; Mark Bartlett, PE; Jason Bahr, PE, WoodWorks 

3:45 – 4:00 pm Q&A



Mass	Timber	Primer:		
Products,	Codes	Applications,	

Fire-Resistance	Design

Adidas East Village Expansion / LEVER Architecture / photo Jeremy Bittermann

March 27, 2023

Presented by Chelsea Drenick and Jeff Peters
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Heavy Timber
Photo: Benjamin Benschneider

Mass Timber
Photo: John Stamets

Light-Frame Wood
Photo: WoodWorks



Mass Timber Building Options

Post and Beam Flat Plate Honeycomb
Photo: Blaine Brownell Photo: acton ostry architects Photo: : LendLease



Mass Timber Building Options

Hybrid: Light-frame Hybrid: Steel framing



What’s in a mass timber building?
Products used



Glue Laminated Timber (Glulam)
Beams & columns

Cross-Laminated Timber (CLT)
Solid sawn laminations

Photo: StructureCraft Photo: LendLease
Photo: LEVER Architecture

Photo: Freres Lumber

Cross-Laminated Timber (CLT)
SCL laminations



Dowel-Laminated Timber (DLT) Glue-Laminated Timber (GLT)
Plank orientation

Photo: StructureCraft

Photo: StructureCraft

Nail-Laminated Timber (NLT)

Photo: Ema Peter

Photo: Think Wood Photo: StructureCraft

Photo: Manasc Isaac 
Architects/Fast + Epp



Mass timber products
glulamglulam specs:

Typical Widths:
3-1/8”, 3-1/2”, 5-1/8”, 5-1/2”, 6-3/4”, 8-3/4”, 
10-3/4”, 12-1/4”

Typical Depths:
Increments per # of lams from 6” to 60”+ 
western species lams are typically 1-1/2” thick
Southern pine lams are typically 1-3/8” thick

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

width

depth

Image: APA Glulam Product Guide



Mass timber products
glulam

Glulam layup:
Vary strength of laminations
• Higher strength lams at top and bottom -

tension and compression stresses are high
• Lower strength lams in center plies

High Strength Outer 
Tension Lams

Lower Grade 
Inner Lams

Medium Grade Inner 
Compression Lam

High Strength Outer 
Compression Lams

Medium Grade Inner 
tension Lam

Image: Apa



Photo: Think Wood

Nail-laminated timber (NLT) is mechanically laminated 
to create a solid timber panel. NLT is created by 
placing dimension lumber (nominal 2x, 3x, or 4x) on 
edge and fastening the individual laminations together 
with nails. 

NLT shrinkage/expansion design

Mass timber products
Nail-laminated timber (NLT) panels



Mass timber products
Nail-laminated timber (NLT) panels

When does the code allow 
it to be used?
IBC defines NLT as 
mechanically laminated decking 
per IBC 2304.9.3

Permitted anywhere that 
combustible materials and heavy 
timber are allowed, plus more



Mass timber products
Nail-laminated timber (NLT) panels

Nlt panels can be built on-site/in-place or pre-fabricated offsite 

Photo Credit:  john stamets Photo Credit:  structurecraft Builders



Mass timber products
Dowel-Laminated Timber (DLT)

Photo credit: StructureCraft Builders



Dowel-Laminated Timber (DLT)

NLT DLT

Photo credit: StructureCraft Builders



111 East Grand
Des Moines, IA

4 story, 66,800 SF Spec office building
Dlt panels, glulam frame

Credit: StructureCraft Builders

Credit: Nuemann Monson Architects 
courtesy: Ryan Companies



Mass timber products
Glue-laminated timber (gLT) panels

Photo credit: unalamPhoto credit: Structure Fusion



Mass timber products
Glue-laminated timber (gLT) panels

Image source: structurecraft Builders

Glulam decking:
• Similar to deep glulam beams laid on their side
• Same code references and manufacturing standards as 

glulam beams and columns
• Be careful of design stresses and layups used – spec 

uniform layup (all lams same species & grade)

Image source: manasc isaac
architects/fast + epp



Mass timber products
Tongue and groove decking

Tongue and groove decking:
2x, 3x or 4x solid or laminated wood decking 
laid flat with interlocking tongue and groove 
on narrow (side) face
• Recognized in IBC 2304.8 (lumber decking)
• 2x usually has a single t&G; 3x and 4x 

usually have a double t&g
• 6” and 8” are common widths
• Can be used for floor, roof decking

ICE Block I, RMW Architecture & Interiors, 
Buehler Engineering, Bernard André 

Photography



ICE Block I, RMW Architecture & Interiors, Buehler 
Engineering, Bernard André Photography

Ice block I
Sacramento, CA





Photos: Freres Lumber

Mass timber products
Cross-laminated timber with SCL laminations



Project One
Oakland, CA

Image Credit: GURNET POINT 
LLC



Mass timber products
Cross-laminated timber (cLT)



Mass timber products
Cross-laminated timber (cLT)

4 1/8” to 19 1/2”

10’X40’
8’X64’

What is clt?
Solid wood panel
3 layers min. of solid sawn lams
90 deg. cross-lams
Similar to plywood sheathing

Mino
r Axis

Major Axis



Common CLT Layups

9-ply 9-layer

5-ply 5-layer 

7-ply 7-layer

Most Designs
Least $/sf

3-ply 3-layer 



Mass timber products
Cross-laminated timber (cLT)

Photo Credit: DR Johnson



Mass timber products
Cross-laminated timber (cLT)Clt panel fabrication



Mass timber products
Cross-laminated timber (cLT)

Photo Credit: Sissi Slotover-Smutny

Clt prefabrication
• 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



4 stories
16,000 sf
Green Roof

ARCHITECT: Lever Architecture
IMAGE CREDIT: Lever Architecture

ALBINA YARD
PORTLAND, OR



County Office Bldg #3
Redwood city, CA

5-story, 208,000 sf  net zero 
San mateo county office building

Image Credit: Alex nye

Project Team: SOM
Western Wood Structures
Truebeck



Credit: Jeremy Bittermann & Kaiser + Path 

CANYONS, PORTLAND, OR



Mass timber products
Cross-laminated timber (clt)

In 2018 IBC, CLT is now defined in Chapter 2 Definitions:

And is referenced in Chapter 23:



Construction Types

IBC defines 5 construction types: I, II, III, IV, V

A building must be classified as one of these

Construction Types I & II:

All elements required to be non-combustible materials

However, there are exceptions including several for mass timber



Construction Types

Where does the code allow mass timber to be used?
• Type IB & II: Roof Decking

Photo Credit: DeStafano & Chamberlain, Inc, Robert Benson Photography

Portland International Jetport
• LEED Gold
• Completed 2012

Construction Type IB
Exposed Timber Roof Decking 
and Framing



Low and Mid-Rise Construction Types
All wood framed building options:

Type V
All building elements are any allowed by code, including mass timber

Type III
Exterior walls non-combustible (may be FRTW)
Interior elements 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 except in 2021 IBC)

Photo Credit: Hacker Architects, Jeremy Bittermann



Construction Type – Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)

IV-A IV-B IV-C IV-HT III-A III-B V-A V-B

Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)

A, B, R 270 180 85 85 85 85 70 60

Allowable Number of Stories above Grade Plane (IBC Table 505.4)

A-2, A-3, A-4 18 12 6 4 4 3 3 2
B 18 12 9 6 6 4 4 3

R-2 18 12 8 5 5 5 4 3

Allowable Area Factor (At) for SM, Feet2 (IBC Table 506.2)

A-2, A-3, A-4 135,000 90,000 56,250 45,000 42,000 28,500 34,500 18,000

B 324,000 216,000 135,000 108,000 85,500 57,000 54,000 27,000

R-2 184,500 123,000 76,875 61,500 72,000 48,000 36,000 21,000



Construction Types

Type III: 
6-stories (B)
5-stories (R)

Credit: Ema Peter

Type IV-HT: 6-stories (B) | 5-stories (R)

Type V: 
4-stories (B)
4-stories (R)

Allowable mass 
timber building size 

for group B & R 
occupancy with 

NFPA 13 Sprinkler

Credit: Christian Columbres Photography



MARKET DRIVERS FOR MASS TIMBER

» Construction Efficiency & 
Speed

» Construction site constraints –
Urban Infill

» Innovation/Aesthetic

PRIMARY 
DRIVERS

» Carbon Reductions
» Structural Performance –

lightweight

SECONDARY 
DRIVERS

Photo: Structure Fusion



2021 IBC 
Construction 
Types

What Portion of the Construction Market is “Tall”?

IV-AIV-BIV-C

III, IV, V



2021 IBC 
Construction 
Types

In What Height Range are Most “Tall” Projects Happening?

IV-AIV-BIV-C



U.S. TALL WOOD
DEVELOPMENT AND CHANGES

Interest in tall wood projects in the US was rapidly increasing. Some 
building officials were reluctant to approved proposed plans, 
primarily due to lack of code direction and precedent

Photo: Seagate Structures



U.S. TALL WOOD
DEVELOPMENT AND CHANGES

In December 2015, the ICC Board established the ICC Ad Hoc 
Committee on Tall Wood Buildings. Objectives: 
1. Explore the building science of tall wood buildings 
2. Investigate the feasibility, and 
3. Take action on developing code changes for tall wood buildings. 



U.S. BUILDING CODES
DEVELOPMENT AND CHANGES

Timeline:
Submission of code changes for the 2018 Group A 
Cycle (IBC) in January 2018 – changes for 2021 IBC



U.S. BUILDING CODES
DEVELOPMENT AND CHANGES

5 Working Groups Created
• July 2016 – November 2017: 5 in-person meetings, 

numerous conference calls
• 82 issues addressed, one primary topic was                       

fire performance and life safety



1. No collapse under reasonable scenarios of 
complete burn-out of fuel without automatic 
sprinkler protection being considered.

2. Highly reliable fire suppression systems to 
reduce the risk of failure during reasonably 
expected fire scenarios. The degree of 
reliability should be proportional to 
evacuation time (height) and the risk of 
collapse.

Taller wood buildings create new set of challenges to address:

AHC established 6 performance objectives:

Photo: LEVER Architecture



3. No unusually high radiation exposure from the subject 
building to adjoining properties to present a risk of ignition 
under reasonably severe fire scenarios. 

4. No unusual response from typical radiation exposure from 
adjacent properties to present a risk of ignition of the 
subject building under reasonably severe fire scenarios.

AHC established 6 performance objectives:



5. No unusual fire department 
access issues 

6. Egress systems designed to 
protect building occupants 
during the design escape time, 
plus a factor of safety.

AHC established 6 performance objectives:

Photo: Will Pryce



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

Commissioned series of 5 full-scale tests 
on 2-story mass timber structure at ATF 
lab in MD, May-June 2017

Images: AWC



Photo: LendLease



Photo: LendLease



Photo: LendLease



Photo: LendLease



Photo: LendLease



TALL WOOD APPROVED!
Unofficial results posted Dec 19, 2018

Final votes ratified Jan 31, 2019



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

2021 IBC Introduces 3 new tall wood 
construction types:
IV-A, IV-B, IV-C
Previous type IV renamed type IV-HT



Construction Types New Options in 2021 IBC
Allowable mass timber building 
size for group B occupancy with 

NFPA 13 Sprinkler



Fire Design of MT

Credit: David Barber, ARUP



Key Early Design Decisions
Fire-Resistance Ratings
• Driven primarily by construction type
• Rating achieved:

• Timber alone or non-combustible protection required?



Key Early Design Decisions

Fire-Resistance Ratings (FRR)
• Thinner panels (i.e. 3-ply) generally difficult to achieve a 1+ hour 

FRR
• 5-ply CLT / 2x6 NLT & DLT panels can usually achieve a 1- or 2-

hour FRR
• Construction Type | FRR | Member Size | Grid (or re-arrange that 

process but follow how one impacts the others)

Credit: David Barber, ARUP



Key Early Design Decisions
Construction type influences FRR

• Type IV-HT Construction 

• (minimum sizes: Section 2304.11) 

• Other than type IV-HT: Demonstrated fire resistance

Method of demonstrating FRR (calculations or testing) 

can impact member sizing



Key Early Design Decisions

Which Method of Demonstrating FRR of MT is Being Used?
1. Calculations in Accordance with IBC 722       NDS Chapter 16
2. Tests in Accordance with ASTM E119

Credit: Urban One

aeff = 1.2achar



FRR Design of MT

Calculated FRR of Exposed MT:
IBC to NDS code compliance path



FRR Design of MT

NDS Chapter 16 includes 
calculation of fire resistance of 
NLT, CLT, Glulam, Solid Sawn 
and SCL wood products

Credit: FPInnovations



WoodWorks Inventory of Fire Tested MT Assemblies
FRR Design of MT



Mass Timber Fire Design Resource
• Code compliance options for 

demonstrating FRR
• Free download at woodworks.org

FRR Design of MT



Photo: Alex Schreyer

Penetrations & Firestopping



Penetrations & Firestopping
Beam penetrations:

• If FRR = 0-hr, analyze structural impact of hole diameter only

• If FRR > 0-hr, account for charred hole diameter or firestop penetration

Hole diameter

Hole diameter after 1-hr char



Penetrations & Firestopping

Option 1: MT penetration firestopping via tested products

Photos: AWC/FPInnovations



Penetrations & Firestopping
Inventory of Fire Tested Penetrations in MT Assemblies



Penetrations & Firestopping

Option 2: MT penetration firestopping of penetrations via engineering 

judgement details (contact firestop manufacturer)



Chelsea Drenick, SE
Regional Director | CA-North, NV, UT

(303) 588-1300

chelsea.drenick@woodworks.org

Jeff Peters PE, CGC
Regional Director | FL, AL, LA

(386) 871-8808

jeff.peters@woodworks.org

Thank	you!

The Loading Dock / OZ Architecture / KL&A Engineers & Builders / photo Joe Anastasi


