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What is Tall Mass Timber?
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Tall Mass Timber

Projects which exceed the height and/or story

i g limits of the 2018 (or previous versions) of the IBC
Assembly (18 stories)
Residential —/ |
i — 180 ft
M til Assembly -
(éﬁfﬂ”ﬁ;i)_ Residential — (12 stories)
Office —85ft.
Mercantile (9 stories) — (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C




Tall Mass Timber

2021 IBC Introduces 3 new tall wood construction types:
» IV-A

» |IV-B

» [V-C

» Previous type IV renamed type IV-HT

BUILDING TYPE IV
ELEMENT] A | B | A | B [afBlalBlcluT]Aal]B



Tall Mass Timber

2021 IBC: 3 New Tall Mass Timber

Offi — 270 ft. .
As:;%bly (18 stories) Construction Types
Residential —| |
e 180 ft
Mercantile Assembly , e
(12 stories) — Residential — (12 stories)
Office —85ft.
Mercantile (9 stories) — (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C




Monte French Design Studio
Photos: Jane Messinger

— 85 ft.
(9 stories)

Office
(9 stories) —

Residential
(8 stories)

Assembly —
Mercantile
(6 stories)

Type IV-C




Type IV-C Exposure Limits

All Mass Timber surfaces may be exposed

Exceptions: Shafts, concealed spaces, outside face of exterior walls

— 85 ft.
(9 stories)

Office
(9 stories) —

Residential —
(8 stories)

Assembly —
Mercantile
(6 stories)

Monte French Design Studio Type IV-C
Photo: Jane Messinger




Type IV-C Building Size Limits

In most cases, Type IV-C height allowances = Type IV-HT height allowances,
but additional stories permitted due to enhanced FRR

Type IV-C area = 1.25 * Type IV-HT area

Occupancy | # of Area per |Building
Stories Story Area

85 ft 56,250 SF 168,750 SF

Office \\\ 895&.
i stories
85 ft 135,000 SF 405,000 SF  (¢5res) (9 stories)
(8 stories)
M 6 85 ft 76,875SF  230,625SF  scnmn
Mercantile
R-2 8 85 ft 76,875 SF 230,625 SF (6 stores)

o
\o)

Areas exclude potential frontage increase

A
= ==

Type IV-C |

[T 1 1
I [ |
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Office

— 180 ft.
Assembly _
Residential — (12 stories)
Mercantile

(8 stories) —

TiRin LS
B [ o

Type IV-B

Photo: ©Prakash Patel Photos: Nick Johnson, Tour D Space



Type IV-B Exposure Limits

NC protection on some surfaces of Mass Timber
2021 IBC: 20% of ceilings or 40% of walls can be exposed

2024 I1BC: 100% of ceilings or 40% of walls can be exposed

Photo: Nick Johnson, Tour D Space

Office
Assembly

Residential —| |

Mercantile
(8 stories) —

Type IV-B

— 180 ft.
(12 stories)



Type IV-B Building Size Limits

In most cases, Type IV-B height & story allowances = Type |-B height &
story allowances

Type IV-B area = 2 * Type IV-HT area

Occupancy | # of Area per Building
Stories Story Area e

— 180 ft.

Residential (12:3torle8)
180 ft 90,000 SF 270,000 SF
B 12 180 ft 216,000 SF 648,000 SF  jins Lo
M 8 180 ft 123,000 SF 369,000 SF e
R-2 12 180 ft 123,000 SF 369,000 SF [
Areas exclude potential frontage increase :
Type IV-B || i




270 ft.
(18 stories)

Office
Assembly
Residential —

Mercantile
(12 stories) —

Type IV-A ||

"% Photos: Flor Projects




Type IV-A Exposure Limits

100% NC protection on all surfaces of Mass Timber

Photo: Flor Projects

Office
Assembly
Residential —

Mercantile

(12 stories)—| B i

Type IV-A

_ 270 ft.
(18 stories)



Type IV-A Building Size Limits

In most cases, Type IV-A height & story allowances = 1.5 * Type I-B height

& story allowances \
Type IV-A area = 3 * Type IV-HT area Ol .
Resrontal —
el
Stories Story Area AL
270 ft 135,000 SF 405,000 SF 12 snes lFlllll
B 18 270 ft 324,000 SF 972,000 SF E;:j::
M 12 270 ft 184,500 SF 553,500 SF g
R-2 18 270 ft 184,500 SF 553,500 SF O
Areas exclude potential frontage increase - E E EE -:E




Tall Mass Timber in the U.S.

How DID WE ARRIVE HERE?
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2008 - 2015: International Inspiration
8-18-STORY PROJECTS IN EUROPE, CANADA, AUSTRALIA

: | l
[T I! A

|4

T ———

| .",.!j :QTE

Photos: Waugh Thisleton Architects | Bygg Mesteren |
Voll Arkitekter | Michael Elkan | Naturally Wood | UBC



2015-2018: Domestic Innovation
TALL WOoOD BUILDING COMPETITION, 8-STORY CARBON 12 IN PORTLAND, OR
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2015-2018: Building a Code Roadmap
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2015-2018:

Building a Code Roadmap
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" 2015-2018: Building a Code Roadmap
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2015-2018: Building a Code
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2015-2018: Building a Code Roadmap
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N 2015-2018: Building a Code Roadmap
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2018-2021: Rollout of a New Code Path 2021 IBC

Office — 270 ft. .
Assembly (18 stories)
Residential —|
e 180 ft
Mercantile Assembly i
(12 stories) — Residential — (12 stories)
Office 851t
Mercantile (9 stories) — (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C |




Denver Adopts Tall Mass Timber Codes

milehighcre — January &, 2020

On December 23, the City of Denver voted to adopt the 2019 Denver Building Code, which includes the tall mass timber code
provisions approved for the 2021 International Building Code (IBC).

As part of the adoption of the new code, there will be a four-month period where new projects can use either the 2016 Denver
Building Code or the newly-adopted 2019 version. After four months, all building and fire code permits will be processed under
the 2019 Denver Building Code.

“We congratulate the City of Denver on incorpeorating mass timber into its building codes, and recognizing the potential of this
new category of wood products to revolutionize the way America builds,” said American Wood Council president & CEO Robert
Glowinski. “Mass timber offers the strength of historic building materials with lower weight, and, in the rare event of a fire, has
inherent fire resistance. Beyond the aesthetic qualities of mass timber that building owners and designers are seeking, wood is
among the most energy-efficient and environmentally friendly of all construction materials, storing carbon from the atmosphere
for long periods of time."

The adopted proposal to recognize mass timber in the new code was submitted by Dr. Gregory R. Kingsley on behalf of the
Structural Engineers Association of Colorado. The American Weood Council provided technical assistance to the city in support of
the proposal.

The 2019 Denver Building Code will now recognize three new types of construction that also are included in the 2021 IBC:

Credit: City of Denver, Mile High CRE

A
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AMENDMENTS TO THE BUILDING AND
FIRE CODE FOR THE CITY AND
COUNTY OF DENVER

The 2019 Denver Building and Fire
Code includes the following codes except
as amended herein.

APPENDIX U
TALL WOOD BUILDINGS

SECTION U101
GENERAL

U101.1 Purpose. The purpose of this appendix is to provide criteria for three new mass timber construction
types: Type IV-A, Type IV-B, and Type IV-C. These building types expand the allowable use of mass timber
construction to larger areas and greater heights than allowed for Type IV-HT construction.

U101.2 Scope. The provisions in this appendix are in addition to or replace the sections in the 2018
International Building Code where Types IV-A, IV-B, and IV-C construction are used. Where building Types
IV-A, IV-B, or IV-C are not used, this appendix does not apply.

SECTION U102
AMENDMENTS TO THE INTERNATIONAL BUILDING CODE
(Under use of this appendix chapter, the following sections shall be modified or added as follows and

shall supersede the corresponding sections in the International Building Code or Denver amendments to
the International Building Code)



California Building Standards
Commission Passes Tall Wood Code

Change Proposals

Source: Softwood Lumber Board

On August 13, 2020 the California Building
Standards Commission grouped the tall wood code  codeadvisory committee Review
change proposals into one agenda item and

passed them unanimously. = m

0l and
prop: bed by state agy rmia’s
CAC meetings . Industry stake members
ed to atten resent comments in advan mittees.
uuuuuuuuuuuuu
£S5 —Accass|
Building
« GREEN—Green Building Commitise
. «  HF—Heslth Facilities Commitiss ACCESS—FEBRUARY 11 & 12, 2020 +
The cha nges were published as an amendment to I
and Energy Committes
«  SDLF—Structural Design/Lsteral Forcas HF—FEBRUARY 25, 2020 +

the 2019 CBC on January 1, 2021 and became o '
effective on July 1, 2021 :




2019-2022: REFINING THE CODE ROADMAP

The main ainTNZH?
research proje®
was to identify safe
limits of exposed
mass timber surface
areas that
correspond with
performance criteria

Fire Saj’e Implementation of used for previous
Mass Timber In Tall U.S. Building Code
Buildings Changes.

Research of the fire performance of CLT and Glued
Laminated Timber buildings, with visible wood surfaces. Source: RISE



2019-2022: REFINING THE CODE ROADMAP

Compartment Fire Testing of a Conservatism: ATF lab o
Two-Story Mass Timber Building based on older generation
adhesives

<+— 72018 ATF tests were initiated
before the 2018 version of
ANSI/APA PRG 320 was
published and the tested CLT
was not compliant with the new
product standard.

General Technical Report

@ Sevws  Labomay | FeLoTR2 Source: RISE, USDA FS FPL & AWC



2019-2022: REFINING THE CODE ROADMAP

In tall buildings, preventing fire re-growth is key.

Fire re-growth is a phenomenon in which the heat-release rate of a fire
intensifies following a decay phase. Fire re-growth can be initiated when
delamination occurs, as this exposes un-charred wood surfaces, thereby
resulting in an influx of fuel available for consumption by the fire.
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Photo: Urban One Photo: ARUP




2019-2022: REFINING THE CODE ROADMAP

PRG 320 is manufacturing & performance

standard forCLT = semmcsanomesn
Standard for Performance-Rated

Cross-Laminated Timber
2019 edition (referenced in 2021 IBC) added

new elevated temperature adhesive
performance requirements validated by full-
scale and medium-scale qualification testing to
ensure CLT does not exhibit fire re-growth

L

ANNEX B. PRACTICE FOR EVALUATING ELEVATED TEMPERATURE
PERFORMANCE OF ADHESIVES USED IN CROSS-LAMINATED TIMBER

(MANDATORY)



REFINING THE CODE ROADMAP

2019-2022

DDWORKS
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2019-2022: REFINING THE CODE ROADMAP

Change to 2024 IBC: IV-B Ceiling Exposure 4 IBC

602.4.2.2.2 Protected area.

ortions of mass timber ceilings and walls complying with one of the following:

1.1. UnprotectedYportions of mass timber ceilings, including attached beams, limited to an area less than or equal to
100 percent of the floor area in any dwelling unitwithin a story or fire area within a story.

1.2. Unprotected portions of mass timber walls, including attached columns, limited to an area less than or equal to
40 percent of the floor area in any dwelling unitwithin a story or fire area within a story.
1.3. Unprotected portions of both walls and ceilings of mass timber, including attached columns and beams, in any
dwelling unit or fire area and in compliance with Section 602.4.2.2.3.
2. Mass timber columns and beams that are not an integral portion of walls or ceilings, respectively, without
restriction of either aggregate area or separation from one another.



2019-2022: REFINING THE CODE ROADMAP

Change to 2024 IBC: IV-B Exposure Separation

602.4.2.2.4 Separation distance between unprotected mass timber elements.

In each dwelling unit or fire area, unprotected portions of mass timber walls shall be not less than 15 feet (4572 mm) from
unprotected portions of other walls measured horizontally along the floor.

2024 IBC eliminates need for 15 ft separation between exposed
walls and ceilings, and between portions of exposed ceilings



2019-2022: REFINING THE CODE ROADMAP

o

185010

Bathroom

Hallway ] l:ntilg

Closet

(<40%)

m
2
=]
]
Wall Exposed

Min. 15 ft
Separation

Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%)

INTERMATI
IIIIIIII

Min. 15 ft
Separation

Bedroom

Credit: AWC




2019-2022: REFINING THE CODE ROADMAP

2024 IBC Allowances

Q
e Bathroom
o

i Utility
Ei
]

Ceiling
Exposed
(<100%)

Ceiling Exposed
(100%)

Wall Exposed
(<40%)

Credit: AWC | No separation req’d between wall & ceiling



2019-2022: REFINING THE CODE ROADMAP

eleld [ ]
TYPE IV-B - WITHOUT SOFFITS
STUDIG - ONE BEDROOM
380 100% 00
MISFEXPOSEDMASS [/ 482 SFEXPOSEDMASS
(100%) Bl {100%)

S 2024 IBC
100% Timber Ceiling Exposure Up to 12 Stories




2019-2022: REFINING THE CODE ROADMAP

Min. 1”7 NC

N Y I I B S Y Y v v

|
| Viass Timber Floor Panel 7

Min. 1” thick NC protection required
on mass timber floors in IV-A and IV-B.
Not required in IV-C




2019-2022: REFINING THE CODE ROADMAP

F174-21 Change to 2024 IBC: Sequencing of NC

IFC: 3303.5 ° °
Proponents: David Tyree, representing AWC (dtyree@awc.org); Raymond O'Brocki, AWC, representing AWC (robrocki@awc.org) to p p I n g I n Sta I I

2021 International Fire Code

Revise as follows:

3303.5 Fire safety requirements for buildings of Types IV-A, IV-B and IV-C construction. Buildings of Types IV-A, IV-B and IV-C construction
designed to be greater than six stories abovegrade plane shall comply with the following requirements during construction unless otherwise
approved by the fire code official

1. Standpipes shall be provided in accordance with Section 3313.

2. A water supply for fire department operations, as approved by the fire code official and the fire chief.

3. Where building construction exceeds six stories above grade plane and noncombustible protection is required by Section 602.4 of the
International Building Code, at least one layer of noncombustible protection shall be installed on all building elements on floor levels, including
mezzanines, more than four levels below active mass timber construction before additional floor levels can be erected.

Exeeption- Exceptions:

1. Shafts and vertical exit enclosures shall not be considered part of the active mass timber construction.

2. Noncombustible material on the top of mass timber floor assemblies shall not be required before erecting additional floor levels.

4. Where building construction exceeds six stories above grade plane, required exterior wall coverings shall be installed on floor levels,
including mezzanines, more than four levels below active mass timber construction before additional floor levels can be erected.

Exception: Shafts and vertical exit enclosures shall not be considered part of the active mass timber construction. Credit: ICC



2022 AND BEYOND: ADOPTING UPDATED CODES

32198

[y

ORDINANCE NO.

An ordinance amending Chapter 53, “Dallas Building Code,” of the Dallas City Code by amending
Sections 202, [F] 403.3.2, 406.5.2, 504.3, 504.4, 506.2.1, 506.2.3, 506.2.4, 507.3, 507.14,

/ Dallas

1. Unprotected portions of mass timber ceilings, including attached Denver
beams, shall be permitted and shall be limited to an area less than
or equal to 100 percent of the floor area in any dwelling unit or Oregon
fire area: or .

2. Unprotected portions of mass timber walls, including attached Washi hgton

columns, shall be permitted and shall be limited to an area less
than or equal to 40 percent of the floor area in any dwelling unit
or fire area: or




TALL MASS TIMBER CODE ADOPTIONS

Tall Mass Timber Code Adoptions by State

=

B No Tall Mass Timber Code Provisions
2021 IBC TMT Provisions

W 2021 IBC

B, N 2024 IBC TMT Provisions

W 2024 |BC

https://www.woodworks.org/resources/status-of-building-
code-allowances-for-tall-mass-timber-in-the-ibc/
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Construction Start

Fast Construction

Compressing the Typical Schedule

+——+i
. Less soil remediation + smaller foundations

Below-grade foundations + soils i for sites with problematic soils

™

4 »| Faster erection

_________ ., (prefabricated + precise) -
i Py
_________ - schedule savings

&— Earlier start* | If prefabricated, with mass timber in
________ - savings in enclosure -
-------- ' and concrete.
4——— Earlier start* ‘1—! MEP fully coordinated

in design phase &
therefore installed faster

4——— Earlier start* ‘(—P Less finishes with

—————— : exposed wood
Interior finishes ! structure
— 1 Up to 25Y%
0
. P

Overall mass timber construction schedule o""',/— schedule .savmgs
_______________ = Less carrying costs
+ Less GC overhead

+ Ability to lease/occupy
sooner

r

Mass Timbe
Construction
Finish

*Earlier start for follow-up trades;
no waiting for cure times

Construction

Steel/Concrete

Source: Mass Timber Cost & Design Optimization, WoodWorks?
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Mass Timber: Structural Warmth is a Value-Add







Need to Consider Holistic Costs, Not Structure Only
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CONSIDERATIONS:
Ceiling Treatment
Floor Topping
HVAC System & Route
Foundation Size
Soil Improvements
Exterior Skin Coordination
Value of Time

s

Risk"Mitigation: Total Project Cost Analysis

Credit: Haéker Architécts

T RN -



Mass Timber Business Case Studies

WOODWORKS
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A

What'’s the ‘Sweet Spot’ for Tall Mass Timber?

b 4

Depends on many factors:

Project Use

Site Constraints

Local Zoning & FAR Limitations

Budget

Client Objectives for Sustainability, Exposed Timber
And More...

But Some General Trends Could Be: 80 M Street, SE, Washington, DC

Photo: Hickok Cole | Architect: Hickok Cole



Type IV-C Tall Mass Timber

Example R-2, Type IV-C Building

Not Likely to Utilize Podium Due to

. 0 0 O 0 0 C Overall Building Height Limit (85 ft)
8 Stories Relative to # of Timber Stories (8)
85 ft 0 O O O O L
76,875 SF 1 0 0 0 0 L Same Overall Building Height Limit as
max per floor 1 0 00 O C IV-HT (85 ft) but higher Fire-Resistance
E— e Ratings Req'd
230,625 SF 0 0 0 0 0L
bid. 0 0 0 0 0L 3 Additional Stories Permitted
(areas noted j j E j j j COmpared to IV-HT
assume no frontage
increase) B B
s ffeie All Timber Exposed




Type IV-B Tall Mass Timber

N\
nooEnERERE | Example Mixed-Use, Type IV-B BLMg
Timber, R-2: I0D0D0D0DO00DO0OGD
12 Stories ooooooDoonao Likely to Utilize Podium Due to Overall
oooooDoDboDoaoao Building Height Limit (180 ft) Relative
1230005F ) |l gooooooooo to # of Timber Stories (12)
maxperfloormgC 000 00O0DO0DO0DCGOaD
o O O0O0O0OO0DO0DOOTG ODRG O : : : )
369,0(3)?dSF E TEEERE RN Same Fire-Resistance Ratings Req’d as
& Sloooooooooao IV-C But Limitations on Timber Exposed
(areasnotedg O 00 00D0DO0OO0OG0aGN
f el . . .
e ey |2l oo B DD D BB B | 4Additional Stories Permitted
00oo0oooDOoDaOoao Compared to IV-C
Multi-Story
Type IA Limited Timber Exposed
Podium




Type IV-A Tall Mass Timber

Timber, R-2:
18 Stories

184,500 SF
max per floor

553,500 SF
bldg.

(areas noted
assume no frontage
increase)

270 ft Grade to Roof

Multi-Story
Type IA
Podium

N
Example Mixed-Use, Type IV-A BuMg
Likely to Utilize Podium Due to Overall

Building Height Limit (270 ft) Relative
to # of Timber Stories (18)

Higher Fire-Resistance Ratings Req’d
than IV-B For Primary Frame

6 Additional Stories Permitted
Compared to IV-B

No Exposed Timber Permitted



2025 AND BEYOND: PROJECTS RISING

®

o E o i T,
éftshorne Plunkard Architecture
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11 E Lenox(EED>
Boston, MA

43,000 sf, 7 stories wood

Type IlI-A with code modifications
Multi-Family
Completed 2023

[w|N]

PROFILE

WBLCA

Monte French Design Studio
H+O Structural Engineers
Photo Jane Messinger



Bunker Hill Housing
Redevelopment - Stellata

Boston, MA

Engineer: McNamara e Salvia
Photo: Courtesy Stantec _




Bunker Hill Housing y

Redevelopment — Stellata
Boston, MA

» First of 15 residential buildings
offering 2,699 units
» All buildings designed to Passive

House standards

» Prefabricated Light Gauge metal
and CLT panels

Architect: Stantec
Engineer: McNamara e Salvia
Bryan Maltais with McNamara e Salvia




LT

Ll




- Ascent

Milwaukee, WI

/ 493,000 sf, 25 stories total (19 mass

timber)

Type IV-HT with code modifications

Multi-Family
Completed 2022 PROFILE

BUSINESS
CASE
STUDY
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Korb + Associates Architects
Thronton Tomasetti
Photo: VRX Media Group



TALL MASS TIMBER RESOURCES

4
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Tall Mass Timber

Code opportunities and requirements, FAQs,
project examples and resources for teams
interested in tall timber projects.

Learn More ©)

www.woodworks.org/learn/mass-timber-clt/tall-mass-timber/



TALL MASS TIMBER RESOURCES

— Learn Tools Events A Design Awards Why Wood? About
/1N

Building Systems Building Types

On Demand Education
Find over 140 continuing education courses on

. : wood topics for architects, engineers, general
_ Mass Timber / CLT Education contractors. and code officials

Light-Frame Multi-Family / Mixed Use

Off-Site / Panelized Construction Office WoodWorks Innovation Network
i . . Discover mass timber projects across the US and
Hybrid Commercial Low-Rise connect with their teams.
Industrial

Civic / Recreational
Institutional / Healthcare

View All S

Our experts can help—ask us anything. Get Free Project Support )

Woodworks.org > Learn > Mass Timber / CLT > Tall Mass Timber



TALL MASS TIMBER RESOURCES

Technical Design Guidance from WoodWorks

Carbonl2 / Kaiser+Path / photo Andrew Pogue

Solution Papers

Tall Wood Buildings in the 2021 IBC - Up to 18
Stories of Mass Timber
Looking for information on the tall wood provisions in the 2021 International

Building Code? This paper summarizes the provisions as well as the background
and research that supported their adoption.

Demonstrating Fire-Resistance Ratings for Mass Timber
Elements in Tall Wood Structures

Solution Papers

Shaft Wall Requirements in Tall Mass Timber Buildings

Solution Papers

Concealed Spaces in Mass Timber and Heavy Timber
Structures

Solution Papers

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

Solution Papers

Fire Design of Mass Timber Members: Code Applications,
Construction Types and Fire Ratings

Solution Papers

4



TALL MASS TIMBER RESOURCES

Answersto Tall-iMlass Timber FAQs

5. How are design teams leveraging tall mas timber code provisions to
maximize the amount of timber exposure?

Follow this link for an article that discusses how teams are utilizing the new code provisions to enhance the appearance of their tall mas timber
structures with exposed timber framing.

6. I've heard that the 2024 IBC will allow 100% timber ceiling
exposure in type IV-B, up to 12 stories tall. Is that code language
finalized?

Yes, the 2024 |BC will include new code changes, which have been approved and will be incorporated, which allow timber ceiling exposure in Type
IV-B construction up to 100%. The new code language as it will read in the 2024 |IBC is available here. Several jurisdictions such as the City of
Denver, City of Dallas, State of Oregon and State of Washington are already in the process of incorporating these new timber exposure limits in their
building codes, and several design teams are looking to utilize the new limits in project-specific discussions with their local building officials. Reach
out to your local WoodWorks Regional Director to see how projects in your area can approach these design topics.




TALL MASS TIMBER RESOURCES

Articles-and-Expert Tips

Learn Tools Events A Award Gallery Why Wood? About N“d Prn];ct

Expert Tips

Tall Mass Timber Trends and Exposed Timber Allowances

Recent code changes and jurisdictional approvals provide for greater areas of exposed mass imber.

Share @3




TALL MASS TIMBER RESOURCES

Interactive Tall-Mass Timber-ProjectMap

2= Filters Tall Mass Timber x
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TALL MASS TIMBER RESOURCES

Filter by Tall-Mass Timber-Projects
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Differential Material
Movement in Tall Mass

y Real : e', :-'ﬂ'tll..'v'.:- - Pt |

ite Timber Structures
B'!-
X Patrick Duffy, PE



Tall Mass Timber: New Opportunities, New Engineering
Solutions

Vertical Movements of Timber Elements,
Relative to Other Elements

Photo: H+O Structural Engineering, Kure Creative



Vertical Movements in Tall Mass Timber: Outline

e Codes & Referenced
Standards

e Sources of Vertical Movement

e Detailing to Minimize &
Accommodate Movements

e Calculations vs. On-site
Measured Movements

o . - = — - - e
— i i Tl 4 - Sy, ™ v 4 ,__.;_ P

INTRO, Cleveland, OH, Photo: Harbor Bay Real Estate Advisors, Purple Film



Building Codes and Standards

IBC

References Material Standards
(NDS) and Product Standards
(PRG 320, ANSI 190.1)

IBC 2304.3.3 requires assessment
of shrinkage effects on systems
such as roof drainage, electrical,
mechanical, and other equipment




Building Codes and Standards

NDS

Design properties for wood
members and connections

Includes properties for N DS

calculation of perpendicular to NATIONAL DESIGN SPECFICATION
grain loading, resulting in

crushing

Creep effects on bending &

members



Building Codes and Standards ——,
Slondord for Performance-Roted
Cross-Lomingted Timber

Mass Timber Product

Standards

| amtisgan wangua baspas |
Product tolerances & MC at ANSI A190.1-2022
time of manufacturing Structurol Glued Laminated Timber

EG. CLT panel width +/- 1/8”
CLT panel length +/- ¥4”

@ =

Glulam columns up to 20 ft long
+/- 1/16”

ANSI A190.1: lumber used in glulam
max MC = 16% at the time of bonding @) ara




Building Codes and Standards

What’s not addressed?

« Calculations for shrinkage

 Creep factor for column axial
shortening

« Connection settlements

Engineering judgement is st a01202 T
necessary. The following i SR T tomren

information notes several possible
methods, it is not intended to cover

all options or solutions




Quantifying Vertical Movement

Movement Types

e Column Axial Shortening
Including Creep

e Column Axial Shrinkage

 Panel & Beam Shrinkage

 Panel & Beam Crushing

« Beam Shortening i

 Tolerances & Joint Settlements g

Photo: Alex Nye



Quantifying Vertical Movement

Column Axial Shortening

as — PL/AE

Where:

« Ags = column axial shortening (in.)

P = axial load supported by the column (Ibs)

L = length of the column (in.)

A = cross sectional area of the column (in.2)

E = modulus of elasticity of the column (psi)

Photo: WoodWorks



Quantifying Vertical Movement

Column Axial Shortening

Design example:

- Axial load of 45,000 Ibs (20,000 Ibs dead load,
25,000 Ibs live load, duration of load factor =1.0)

« Assume an 8-3/4-in. x 9-in. Douglas-fir glulam
column, layup combination 2

« Column length =15 feet
« F'c=1,950 psi
- E=1,600,000 psi
Agqs = PL/AE = (45,000)(15*12)/(8.75%9)(1,600,000) = 0.06 in.

Photo: WoodWorks

Not accounting for creep effects



Quantifying Vertical Movement

Column Axial Shortening Including Creep Effects

Equation 3.5-1in the NDS provides a method of
quantifying the deformation effects of long-term loading

on bending members. Where:
« Ags, 7= column axial shortening including creep
effects (in.)

Ags,T = KcrALT + 4sT

« Kcr =time-dependent deformation creep factor

— If we assume the creep factor for axial
compression is the same as for bending,
Kcr = 1.5 for seasoned timbers, glulam or SCL
used in dry service conditions.

 A;7=immediate deformation due to long-term
loading (in.)

« Agt=deformation due to short-term loading (in.)



Quantifying Vertical Movement

Column Axial Shortening Including Creep Effects

For the column in the above example, the 20,000 [bs axial
dead load on the column is the long-term load, and the
25,000 |bs axial live load is the short-term load. If one
applies this creep deformation equation to axial column
shortening, accounting for long-term creep effects, the
total anticipated axial column shortening in this example

would be:

Ags T = (1.5)(0.06)(20,000/45,000) (0.01 in of this
+(0.06)(25,000/45,000) = 0.07 in. total is from creep)



Quantifying Vertical Movement Figure 3
Shortening of glulam columns
Column Axial Shortening
Including Creep Effects

0.01 in creep
0.06 In non-creep
0.07 In total




Quantifying Vertical Movement

Column Axial Shortening

Impact of fire-resistance ratings
Aag — PL/AE

A column that is ‘oversized’ to

provide a FRR will have a larger
cross section for the same load,
resulting in less axial shortening

Photo: David Barber, Arup



Quantifying Vertical Movement

Column Axial Shrinkage

Wood is a hygroscopic material

 Has the ability to take on or give off moisture — acclimates to its
surrounding conditions



Quantifying Vertical Movement

Column Axial Shrinkage

Water exists in wood in two forms:
 Free Water — water in cell cavity

e Bound Water — water bound to cell
walls

Fiber Saturation Point (FSP):

e Point at which cell walls are completely
saturated but cell cavities are empty
(i.e. no free water but still has all its
bound water)

Southern yellow pine cellular makeup
Source: USDA Forest Service Agricultural Handbook (1972)



Quantifying Vertical Movement

Column Axial Shrinkage

4~ Longitudinal 0.1% =

When does wood shrink?

e After MC drops below FSP —
bound water is removed

Why does wood shrink?

e |oss of moisture bound to cell
wall changes thickness of cell wall

Is shrinkage uniform across all
dimensions of a piece of lumber?

e No..



Quantifying Vertical Movement
Column Axial Shrinkage

Wood is orthotropic, meaning it behaves

differently in its three orthogonal directions:

Longitudinal (L), Radial (R), and Tangential

(T)

e Longitudinal shrinkage is usually
considered negligible in low- and mid-
rise wood buildings

 |ntall mass timber structures, effects can
accumulate, should consider impacts

SHRINKAGE %

I
:.-lr-"‘"‘-“
1 |
Tangential
{ shrinkage

— Radial shrinkage

— Lengthwise shrinkage

N\

MOISTUR

E CONTENT OF WOOD (%)



Quantifying Vertical Movement

Column Axial Shrinkage

Longitudinal shrinkage approximately 0.1%
t0 0.2%

Assuming an avg. of 0.15%, and a fiber
saturation point (FSP) of MC = 28%, this
results in a coefficient of longitudinal
shrinkage of:

0.0015 / 28 = 0.000054

INTRO, Cleveland, OH, Photo: Harbor Bay Real Estate Advisors, Purple Film



Quantifying Vertical Movement

Column Axial Shrinkage

0.000054 is the amount of longitudinal shrinkage per inch of column
length per % of MC change.

Using the column from the example earlier in this
document, assume an 8-3/4-in. x 9-in. column, 15 ft long,
with installed MC of 19% and EMC of 12%. Calculated

longitudinal column shrinkage is:

Column Length:
Ashrinkage = (15 ft)(12 in./f1)(0.000054)(19-12) = 0.0/ in.



|

Shrinkage

|

Quantifying Vertical Movement

- = Beamrshrinkage zone
Beam Shrinkage eliminated by

detailing
—— Glulam column i ﬁ Glfam column A
A
A
/— CLT floor panel /— CLT floor panel —\
7 » . - —
e | =er | e | e | = B = = [ [ =T
T e e - — ]
Q - - & B
(@
o D, = =
h e L
S Beam bears L Bhilem Baen J
% lul an notch in
Glulam beam s ki
reduced cross
section of N N
column extends
up beyond beam
N and CLT panel




Quantifying Vertical Movement

Beam Shrinkage

Longitudinal shrinkage approximately
0.1% to 0.2%

Radial & Tangential (cross-grain)
shrinkage approximately 5% to 7%

Coefficient of cross-grain shrinkage =
0.07 /28 = 0.0025

Photo: WoodWorks



Quantifying Vertical Movement

Beam Shrinkage

Beam to column connection not
detailed to eliminate shrinkage:

For example, an 8-3/4-in. x 24-in. glulam beam with
an installed MC of 19% and EMC of 12% would have an
anticipated shrinkage of:

Beam depth:

Beam width:
Ashrinkage = (8.75in.)(0.0025)(19-12) = 0.15 in.

ﬁ Glulam column
f CLT floor panel

i

N

\— Glulam beam




Quantifying Vertical Movement

ﬁ Glulam column

Panel Shrinkage

f CLT floor panel
Some engineers may also choose to 4
account for panel shrinkage if not
isolated from shrinkage zone:
Assume 5-ply mass timber panel, 6-7/8” thick: -

\— Glulam beam

=(6.8751in.)(0.0025)(19-12) =0.12
Ashrinkage




Quantifying Vertical Movement

Beam & Panel Shrinkage

On-site moisture protection
measures directly impact column &
beam shrinkage

Recall that one of the variables in
the shrinkage equation is installed
MC. The lower this is, the closer it
will be to equilibrium MC, which
results in less shrinkage

Photo: WoodWorks



Quantifying Vertical Movement

On-Site Moisture Protection Strategies to

Minimize Column, Beam & Panel Shrinkage

 Plan Early

 Risk Evaluation

 Develop Construction

« Phase Plan

 Execute the Design and
Moisture Management
Plan

e Monitor

RDH Moisture
Management Guide 15t Ed



| EasTT — "
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Material EnvironmentaIEx_osur
and Moisture Management-

Enroute
Onsite
Post-Install
Other Material




Quantifying Vertical Movement

On-Site Moisture Protection Strategies to
Minimize Column, Beam & Panel Shrinkage




Quantifying Vertical Movement

On-Site Moisture Protection Strategies to
Minimize Column, Beam & Panel Shrinkage

-

% On-Site Considerations






Quantifying Vertical Movement

On-Site Moisture Protection
Strategies to Minimize Column,
Beam & Panel Shrinkage




Quantifying Vertical Movement

Faster timber & enclosure install aids in minimizing
moisture increase

Photo: Wo@dWorks




Quantifying Vertical Movement

ﬁ Glulam column
f CLT floor panel

Limiting perp to grain stresses in bearing (eg. .
column bearing top of beam or panel) results
in small amounts of localized crushing

Beam Crushing

Crushing at 73% of allowable perpendicular-
to-grain stress is 0.02 in. )
g \— Glulam beam

Crushing at 100% of allowable perpendicular-
to-grain stress is 0.04 in.




Quantifying Vertical Movement

Beam Crushing

1.8

1.6

14

1.2

Fcx 10 ——

0.8 —

0.6 -

0.4 -

0.2

0.00 0.02 0.04 0.06 0.08 010 012 014 016
Deformation,

e e EOy e —m e Eq. Eq.
1.0 2.0 3.0

FIGURE 7: Fcl load deformation curve
SDPWS Commentary Example C4.3.4-2 and SDPWS Commentary Reference 67



Quantifying Vertical Movement

Beam Crushing

Where: f.) <Fc1002in Whetre:

A=0.02 x (ch—l) A= deformation, in.

c10.02in.
fc | =induced stress, psi

Where: Fc10.02in. <fcr <Fci0.04in. Fc10.04in. = Fcl =reference design value at 0.04 in. deformation, psi (F¢ )

1- _fer Fc10.02 in. = reference design value at 0.02 in deformation, psi (0.73 F. )
FCJ_O.O4 in.
A=0.04-0.02x
0.27in.

Where: fc; >Fc10.04in.

ch_ 3
A=0.04x P
cl0.04 in.




Quantifying Vertical Movement

B eam Cr U S h I n g _Phdto:.'\/\"/oc'JdWorks

Assume the column in this design example bears on top
of an 8-3/4-in. wide x 24-in. deep glulam beam. F'¢c perp =
650 psi. The perpendicular-to-grain stress on top of the
beam is:

Fe,perp = 45,000 Ibs/(8.75)(9) = 571 psi

And the resulting crushing is:

Stress ratio = 571/650 = 0.88. Therefore, use equation
2.0 to calculate crushing:

wy:

| i _ ! | III ||r
i
:II

Acrushing = (0.04 - (0.02)((1-(571/650))/0.27)) = 0.03 in. < Per bearing interface

Acrushing = (0.03)(2) =0.06 in. <= 2x bearing interfaces



Quantifying Vertical Movement

Beam Shrinkage, Crushing & Shortening  crushing Zones

Crushing commonly assumed to e R
occur within 2” of top and bottom of
beam

What about the short “column” in
between?

Can still be subject to shortening in a
similar manner to PL/(AE) of
columns

Shortening Zone



Quantifying Vertical Movement

Beam Shortening

PL/(AE):
e Pistheapplied load

e Listhe remaining core beam depth (total beam depth minus 2-in.
each top and bottom)

e Aisthe area of the column bearing on the beam (influenced area of
the beam core may be increased 2-in. each direction, not to exceed
beam edges)

e EisE of the beam divided by 30

e E/30termis an estimate derived from ASTM D2555 for clear
wood



Quantifying Vertical Movement

Beam Shortening

For the beam and column
example above, this would result

in @ beam core depth shortening
of:

24"
Deep

Beam

Column is 8.75”x9”

Beam is 8.75”x24”

PL/(AE) = (45,000)(24-2-2)/((8.75)(9+2+2)(1,600,000/30))
= 0.5 in.

207
1

Localized crush in first
2" depth, each end




Quantifying Vertical Movement

Tolerances & Joint Settlements

Material tolerances and small
amounts of vertical settlement at
connections can result in additional
vertical movements

Some engineers include this
additional movement in total building
shrinkage calculations (1/16-in. per
floor for example) while others
choose to ignore it

Y r WA\
A II' f" \ lIl
.:;:"-' I'.I Itl '
o\ I"-. A

Photo: WoodWorks




Quantifying Vertical Movement

Summing all Vertical Movements

Acolumn = Aas,T T Ashrinkage T Acrushing + Asettlement

Using the detail shown in Figure 5 where the beam
is not isolated from the shrinkage and crushing zone,
the net vertical movement per level is:

Acolumn=0.07+0.42 + 0.07 + 0.06 + 0.06 = 0.68 in. x 12 story building = 8.2 in

Using the detail shown in Figure 6 where the beam is
isolated from the shrinkage and crushing zone, the net
vertical movement per level is:

Acolymn = 007 +0 + 0.07 + 0+0.06 = 0.2 In. x 12 story building = 2.4 in



Minimizing Vertical Movement

Now we know how to calculate anticipated movements:
 What do those movements affect?
e Itisn’t necessarily the vertical movements alone that can

cause Issues, It Is the differentia

\

Mechanical

i

movements than can

~ I— Shim package

..-‘"‘/Illl -]

Column shims and flex
connections in vertical
MEP runs accommodate
differential movements

T A Pal
'\1. - J".I'
kY

i1
ek

:ﬁ,,— Shortening




Minimizing Vertical Movement

Impact of Differential Vertical Movements on Non-Structural
Components

11 Brick facade

/7 CLT floor panel
- |

\\\\\5

e |nterior Partitions

|
I i ﬁ Glulam column
| 4

_ Ll
= T

caore wall -—u-"'f ' M Expansion
e I B Creep and shrinkage

e Exterior Cladding

Glass

e Mechanical Equipment

e Roof Drainage




Minimizing Vertical Movement

Impact of Differential Vertical Movements on Structural
Components

Connections to concrete
cores, steel braced frames

Differential gravity support
(eg. mix of beams &
bearing walls)

N

//— Timber

column

Alonger distance can reduce the impacts of differential movements

I\l

—— Concrete
wall




Minimizing Vertical Movement

Beam to beam, beam to column and column to column
connections are key in minimizing vertical movements

Minimize movements by:

Isolating perp-to-grain
shrinkage & crushing

GLULAM
’ COLUMN
CLT PANEL
I |
I I
I I
Il L |
m - !
1 |
Al = S e =
I e el e e s ME ===
1|t il |t
1|t i| |t
1 Il
4
/l
/! <>
% |

\ GLUAM

BEAM
\ GLULAM

COLUMMN

GLULAM

’ COLUMN

[ CLT PANEL

S I I e ] = =

I e P e e e =
el o= | o | o= | =< | == | =<




Minimizing Vertical Movement

Beam to beam, beam to column and column to column
connections are key in minimizing vertical movements

Minimize movements by: k Shim plates to
Custom / achieve vertical
Shimming column connections steel column / tolerances in field
connector _\ / /7 CLT floor panel

Glulam/
beam | ——— Glulam column




Minimizing Vertical Movement

Beam to beam, beam to column and column to column
connections are key in minimizing vertical movements

Minimize movements by:

Adjustments at base with
LEVELING

Ieveling nuts & grout NUT/WASHER AS
| | REQUIRED

e — — -
]
—




Minimizing Vertical Movement

Consider differential stiffness & deflections of supports

Minimize movements by:

Providing equivalent support stiffnesses or connection details that
accommodate differential deflections

GLULAM

f COLUMM

- -
L I -
L -

-, N
- e (] 1 N
T e m e e e E e e e o e = = = = = =S

\ CONCRETE
CONCRETE TRANSFER

COLUMN BEAM




Accommodating Vertical Movement

=,'

Concrete core wall
Accommodate \

movement at timber to Concrete mnningx

Concrete cora wall
Concrete topping \x

CLT floor pamel —\

concrete cores < N
Example: embedded, , |
oversized steel plate in /
CLT floor panel
concrete. Steel angle LT diaphragm .
. ledger welded on site
field welded to plate
. . Oversized embed plate
once final elevations are  toaliowfor accurate
placement of steel ledger 7

determined (and ideally
once some initial
shrinkage and settlement
has occurred)

Glulam beam —/

Bearing plate and knife
plate welded on =ite

Oversized ambed plate
to allow for accurate

placemeant of baaring plate

- 2




Accommodating Vertical Movement

CREDIT FOREFRONT STRUCTURAL ENGINEERS



Accommodating Vertical Movement

Beyond structural connections, consider movement
Impacts on MEPF services. Flex/compression connections




Accommodating Vertical Movement

Also consider other continuous non-bearing elements such as
exterior walls, shafts. Include deflection tracks, control joints




Calculated vs. Actual Vertical Movement

Calculations may overestimate actual movements on site

Examples of calculated vertical movement for several North American tall timber projects:

2
Brock Commons
18 17 stories
of

- 18 mass timber
E Confidential Tower
g 14
— 12 stories
o 12 of
& mass timber
] 1
o .
= 8 stories
= 0B
e of
T mass timber
o 06
=
9
TE Od
5]
= 0.2

4]

FFR & Exposure 2 hrs - Fully encapsulated 2 hrs - Expased 2 s - Partially encapsulated
Grid 13 =9 20" x 22" average 10 % 12
Structural system Paint-supported CLT CLT an glulam beams 10'x 12
Main story height 92" 11-5* a-a"

Credit: Fast + Epp




Calculated vs. Actual Vertical Movement

Calculations may overestimate actual movements on site

Calculated vertical movement at Brock Commons: 18 story (17 over 1) mass timber
residence hall in Vancouver, BC.

Total Shortening at Roof (inches)

1.8

1.6

1.4

1.2

0.8

0.6

04

0.2

Credit: Fast + Epp

1.89” calculated vertical movement

Parallel to Shortening Shortening Due to Creep & Joint
Grain Due to Live Construction DL Settlement

Total
Shrinkage Load & Additional DL (Estimated) Shortening



Calculated vs. Actual Vertical Movement

Calculations may overestimate actual movements on site

Brock Commons: Measured
movements were ~50% of calculated
movements

Values used for elastic modulus, live
load, creep, joint settlement, and
moisture variation among others can
compel designers to overestimate
the total shortening and lead to
over-shimming. Engineering
judgement and experience in mass
timber buildings are important to
balance theoretical study.

Total Shortening at Roof (inches)

2

. Calculated: 1.89”

16

14

1.2

.1

0.8

0.6

0.4

0.2

Q

Brock Commaons Estimaled
“ -
Uper Limit

17 stories
of
mass timber

Measured

Measured: 0.87”

Credit: Fast + Epp



Calculated vs. Actual Vertical Movement

Calculations may overestimate actual movements on site

Takeaways: calculations are important in setting detailing conditions, but don’t overshim.

Verify on site

h Shim plates to

Custom / achieve vertical

steel column / tolerances in field

connector _\ / /7 CLT floor panel
‘ /

T

Glulam/
beam 1~ Glulam column




Conclusions

Critical to consider axial
column shortening and other
vertical movements in tall
mass timber buildings
Precautions should be taken
to address estimated
shortening due to the
uncertainties that lie within
assumptions

Know impacts of movements
on structural connections &
non-structural components

Photo: H+O. Structural Engineering, Kure Creative



Conclusions

 When properly accounted for,
shortening should not negatively
affect the construction, use, or
long-term performance of the
building

 Negative impacts can be avoided
through a combination of proper
detailing and effective moisture
management strategies

* Involve all members of the design
and construction team In
understanding vertical movements

=

Photo: WoodWorks



Conclusions

On site observations and
Inspections help to ensure that
performance matches design
Intent

Proper detailing must lead to
proper installation

Once fully understood,
accommodating vertical
movement simply becomes
another design criteria




Josephine Racine, EIT
Bryce Lumpkin, PE

+ Epp

Richard McLain, PE, SE

WOODWORKS

Differential Material Movement
in Tall Mass Timber Structures

An Overview of Column Movement Types and How to Address Them

It is a commen narrative that tall mass timber buildings are
relatively new to the U.S., and wood structures between
seven and 24 stories have been built successfully in

other countries for more than a decade. However, while
there are dozens of timber buildings over sight stories tall
worldwide, the suggestion that America is new to these
types of projects is fast becoming out of date.

U.S. interest in tall timber buildings, i.e., buildings that
exceed height and area limits for wood construction
preseribed in the 2018 and previous versions of the
International Building Code (IBC), has steadily increased
over the past several years. With the introduction of three
new construction types in the 2021 IBC—Types IV-A, IV-B

and IV-C, which allow up to 18, 12 and nine stories of

mass timber construction respectively—these projects are
also getting built. Currently, about 10% of the mass timber
buildings in design or built in this country exceed the 2018
prescriptive height limits, In 2021 alone, tall projects such
as INTRO in Cleveland, Ascent in Milwaukee, 11 E Lenox

in Boston, 80M in Washington DC, and Apex Plaza in
Charlottesville, VA either started or completed the mass
timber portion of construction. At the time of writing,
several others are set to break ground,

As the height of mass timber buildings continues to
grow, a new set of design and detailing challenges arises,
creating the need for new engineering solutions to

RO in Cleveland, OH

Vertical Movement in Mass Timber Design Resource

Free download at woodworks.org



WOODWORKS

Questions? Ask us anything. A '
) WOODWORKS 4 -

Patrick Duffy, PE
Regional Director | MA, CT, ME, NH, RI, VT
(603) 686-6746

patrick.duffy@woodworks.org

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