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“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
AlIA 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
AlA 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 interest in and use of mass timber in the U.S. has grown, so too has interest in
pushing these timber structures to greater heights. Using international examples
of successful tall wood buildings as precedent, some designers have proposed tall
wood projects in the states using a project-specific performance-based design
approach. In order to provide a uniform set of code provisions for these tall wood
buildings, the International Code Council established an ad hoc committee on tall
wood buildings that proposed a set of code changes allowing up to 18 stories of
mass timber construction. Those code changes were announced as approved in
January 2019 and will become part of the 2021 International Building Code.
Following a brief discussion of history and motivators, this presentation will
introduce the new tall wood code provisions and construction types, as well as
the technical research and testing that supported their adoption.



Learning Objectives

1. Review the global history of tall wood construction and highlight the mass
timber products used in these structures.

2. Explore the work and conclusions of the ICC Ad Hoc Committee on Tall Wood
Buildings in establishing 14 new code provisions for the 2021 IBC that address
tall wood construction.

3. Discuss differences between the new tall wood mass timber construction
types and existing construction types.

4. ldentify the key passive fire-resistance construction requirements and active
systems that enable taller wood buildings to be built safely.



The What, Why and How
of Tall Mass Timber
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BROCK COMMONS, BRITISH COLUMBIA 18 STORIES | 174 FT



MJOSTARNET, NORWAY 18 STORIES | 280 FT
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24 STORIES | 275 FT
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Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman | Architect: PATH Architecture

CARBON12, PORTLAND, OR 8 STORIES | 85 FT
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Architeet: Hartshorne Plunkard Architecture
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ASCENT, MILWAUKEE
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Photo: Korb & Associates Architects |
Architect: Korb & Associates Architects




ASCENT, MILWAUKEE

19 TIMBER OVER 6 PODIUM, 284 FT

Photo: Korb & Associates Architects | Architect: Korb & Associates Architects




ASCENT, MILWAUKEE

493,000 SF

| 259 APARTMENTS, MIXED-USE
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80 M ST, WASHINGTON, DC
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NGTON, DC

3 STORY OVER- BUILD

. h RS \
ON EXISTING 7 STORY BUILDING Photo: Hickok Cole | "Architeet: Hickok Colg Q
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80 M ST, WASHINGTON, DC

OCCUPIED PENTHOUSE
17"-0” CEILING HEIGHTS




NIR CENTER, PORTLAND, OR
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10'STORIES.

Type IV—B Construction) |
Hybrid Mass Ti - A - F;hoto: Hennebery Eddy Architects| _Al:c-lfri‘rercE/H.e'nnebery Eddy Architects Archilecty
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Global Population Increase
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Population (millions)

100-

200-

1950

Urban and rural population

1975

United States of America
B Urban B Rural

2000
Year

2025

US URBAN POPULATION BOOM

T URBAN l RURAL

2019 2714 M 57.7 M
2030 301 M 53.7 M

2050 3473 M 42.2 M

2050



New Buildings & Greenhouse Gasses

Global CO, Emissions by Sector

Industry
30%

- Building
Transportation Materials and
22% Consﬂ;ction

(Embodied Energy)

Sowrce: © 2008 1030, Inc. / Archiecture 2030 Al gty Reserved Data Sowrces
UN Eswironesent Glotel Matus Report 2017, B internationsd Energy Owtiook 2017

Image: Architecture 2030

Buildings generate nearly
40% of annual global

greenhouse gas emissions
(building operations + embodied

energy)

Embodied Energy (11%):
Concrete, iron + steel produce

approximately 9% of this
(Architecture 2030)






Carbon Storage
Wood = 50% Carbon (dry weight)
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Image: Lever Architecture



Biophilic Design, Connection to Forests
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Construction Impacts: Labor Availability




Construction Impacts: Schedule

5 Months

O

Seattle Mass Timber Tower Study, Source: DLR Group | Fast + Epp | Swinerton Builders



Tall Mass Timber: Structural Warmth is a Value-Add

TMBR (unbuilt) Minneapolis, MN | Image
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Glue Laminated Timber (Glulam) Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Beams & columns Solid sawn laminations SCL laminations




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

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft

F.3



Mass Timber Connections

Concealed Connectors Self Tapping Screws Photos: Rothoblaas



Mass Timber Connections

Photo: StructureCraft

Beam to Column

«
Photo: Structurlam



Exterior Envelope Prefabrication
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Know The Supply Cham

EFFIC'IENCY FOlj D IN UNDERSTANDING SUPPLY CHAIN,™
DESIGNING ACCORDING TO ITS CAPABILITIES

Photo: DR Johnson



TALL WOOD IN THE CODE
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INTERNATIONAL
CODE
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U.S. TALL WOOD
DEVELOPMENT AND CHANGES

Seen as the catalyst for the mass timber
revolution, CLT first recognized in US codes
in the 2015 IBC

[BS] CROSS-LAMINATED TIMBER. A prefabricated
engineered wood product consisting of not less than three
layers of solid-sawn lumber or structural composite lumber

where the adjacent layers are cross oriented and bonded with
structural adhesive to form a solid wood element.

2303.1.4 Structural glued cross-laminated timber. Cross-
laminated timbers shall be manufactured and identified in
accordance with ANSI/JAPA PRG 320.



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

Phot®s Séaéate Mass Timberinc
Pollux Chang photographer




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.



Taller wood buildings create new set of challenges to address:

AHC established 6 performance objectives:

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.




AHC established 6 performance objectives:

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:

No unusual fire department
access issues

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




U.S. BUILDING CODES S ”

w= Tall Wood Ad Hoc Committee  mmmmmm e S .
™ O TR
.. i —3 "
Commissioned series of 5 full-scaletests [ 4== B
on 2-story mass timber structure at ATF o~ 182 Siirwelt
lab in MD, May-June 2017 r
§|  oumoom
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T Hattwey || 000
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Figure 2. Elevation view of the front of the cross-laminated timber test structure. Figure 1, General plan view of cross-laminated timber tost structure.

Images: AWC



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee

Tests on exposed mass timber, gypsum-covered mass timber; normal sprinkler
protection, delayed sprinkler protection
Majority of flames seen are from contents, not structure




U.S. BUILDING CODES
mm Tall Wood Ad Hoc Committee mmmmmy

Test Description Construction
Type

Test 1 All mass timber surfaces protected with 2 layers of 5/8” IV-A
Type X Gypsum. No Sprinklers.

Test 2 30% of CLT ceiling area in living room and bedroom IV-B
exposed. No Sprinklers.

Test 3 Two opposing CLT walls exposed — one in bedroom and IV-B
one in living room. No Sprinklers.

Test 4 All mass timber surfaces fully exposed in bedroom and IV-C
living room. Sprinklered — normal activation

Test 5 All mass timber surfaces fully exposed in bedroom and IV-C
living room. Sprinklered — 20 minute delayed activation
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U.S. BUILDING CODES
DEVELOPMENT AND CHANGES

ICC TWB Ad Hoc Committee proposals consisted 17 total code changes:

IBC Table 1705.5.3 Special Inspections
IBC Section 110.3.5 Connection Protection Inspection

IBC Section 2304.10.1 Connection Fire Resistance Rating






TALL WOOD APPROVED!

Unofficial results posted Dec 19, 2018
Final votes ratified Jan 31, 2019



INTERNATIONAL
CODE
COUNCIL

SO WHAT’S CHANGED?? NN
(1 1

Since its debut, IBC has contained 9
construction type options

5 Main Types (I, 1, 111, 1V, V) with all but
IV having sub-types A and B

TYPEI TYPEII TYPE 1l TYPE IV TYPEV

B A B A B HT A




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

BUILDING
ELEMENT)| A | B [ A B |AalBfAfB|cClHT|A|B



t

SERLL _1I8NE

'R i L

(LU 81 S 4 1L ! L DG A o " PUR U i

A W | A 1 000 M ALLOWAIEE 1AM Omcs A Ar ALLEVRELE TANLD0G AREA &
MY s W AR FENSNONY & DO0SE AVERALE AREA PR 110 4 OO00s MYEYRAGE 2 Mt

TYPE IV-A TYPE IV-B TYPE IV-C
IBC 2021

BUSINESS OCCUPANCY [GROUP B]

Credit: Susan Jones, atelierjones

ATOAES MAXRA WM
QRAARUM I OV b T
MO ST ML A AT A

TYPE IV- HT




|

i

i
L
!
—
-
"

#STORES

BUILDING HEIGH]T 0
ALLOWAER E BUILDING AREA 408 000 SF
AVERAGE AREA PERSTORY 4500 SF

TYPE IV-C

Credit: Susan Jones, atelierjones

Photos: Baumberger Studio/PATH
Architecture/Marcus Kauffman




Type IV-C Protection vs. Exposed

8 STORES

BUILDING HEIOH]T 0ns
ALLOWAER E BUILDING AREA 408 000 SF
AVERAGE AREA PERSTIORY 45000 SF

TYPE IV-C

Credit: Susan Jones, atelierjones

All Mass Timber surfaces may be
exposed

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

Credit: Kaiser+Path, Ema Peter



Type IV-C Height and Area Limits

Occupancy | # of Area per Building
Stories Story Area

85 ft 56,250 SF 168,750 SF
B 9 85 ft 135,000 SF 405,000 SF
M 6 85 ft 76,875 SF 230,625 SF
R-2 8 85 ft 76,875 SF 230,625 SF
. Areas exclude potential frontage increase
TYPE IV-C In most cases, Type IV-C height allowances

= Type IV-HT height allowances, but add’l
stories permitted due to enhanced FRR

Credit: Susan Jones, atelierjones Type IV'C daréa = 1-25 * Type IV'HT darea
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Type IV-B Protection vs. Exposed

¢ P
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12 STORIES

BUILDING HEIGHT W0 FY
ALLOWAIN E DUVLDWING AREA 040 000 5F
AVERAGE AHEA PER STORY  S2 0005F

TYPE IV-B.

Credit: Susan Jones, atelierjones
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NC protection on all surfaces of Mass
Timber except limited exposed areas

~20% of Ceiling or ~40% of Wall can be exposed, see
code for requirements

Credit: Kaiser+Path



Type IV-B Height and Area Limits

TYPE IV-B

Credit: Susan Jones, atelierjones

Occupancy | # of Area per Building
Stories Story Area

180 ft 90,000 SF 270,000 SF
B 12 180 ft 216,000 SF 648,000 SF
M 3 180 ft 123,000 SF 369,000 SF
R-2 12 180 ft 123,000 SF 369,000 SF

Areas exclude potential frontage increase

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

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

Credit: Susan Jones, atelierjones

Photos: Structurlam, naturally:wood,
Fast + Epp, Urban One
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TYPE IV-A

Credit: Susan Jones, atelierjones

Type IV-A Protection vs. Exposed

100% NC protection on all surfaces of
Mass Timber

Credit: Acton Ostry Architects, Fast + Epp



Type IV-A Height and Area Limits

Occupancy | # of Area per |Building
Stories Story Area

270 ft 135,000 SF 405,000 SF
B 18 270 ft 324,000 SF 972,000 SF
M 12 270 ft 184,500 SF 553,500 SF
R-2 18 270 ft 184,500 SF 553,500 SF

Areas exclude potential frontage increase

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

TYPE IV-A

Type IV-A area = 3 * Type IV-HT area



WoodWorks Tall Wood Design Resource

http://www.woodworks.org/wp-content/uploads/wood solution paper-TALL-WOOD.pdf



http://www.woodworks.org/wp-content/uploads/wood_solution_paper-TALL-WOOD.pdf




Credit: State of Oregon



WASHINGTON STATE
BUILDING CODE

CHAPTER 51-50 WAC

INTERNATIONAL BUILDING CODE

2015 Edition

Includes adoption of and amendments to
the 2015 International Existing Building Code
and
ICC/ANSI A117.1-2009

Credit: State of Washington

TABLE 504.3
ALLOWABLE BUILDING HEIGHT IN FEET ABOVE GRADE PLANE®

TypeofConstrWon' —— -

Occupancy
Classification See Type | Type Il Type Il . Type IV
Footnotes | A B A B A B A B c hT
) NS® UL 160 65 55 65 55 I 65 635 65 05
A B E.F,M S U . . — — —
S UL 180 85 75 85 75 270 180 85 85
L
NS¢ d
H-1, H-2, H-3, H-5 UL 160 65 55 65 55 120 90 65 65
S | .
NS4 UL 160 65 55 65 55 65 65 65 65
H-4 = I_
S UL 180 85 75 85 75 140 100 85 85
NSd« UL 160 65 55 65 55 I 65 65 65 m63
I-1 Condition 1, 1-3 - - - - - -
S UL 180 85 75 85 75 . 180 120 85 85
NSd=S UL 160 65
I-1 Condition 2, I-2 - 55 65 55 65 65 65 65
S UL 180 | 85 I .
14 NS¢z UL 160 65 55 65 55 . 65 65 65 65
S UL 180 85 75 85 75 180 120 83 85
NS¢ UL 160 65 55 65 55 I 65 65 65 u635
R S13R 60 60 60 60 60 60 4| 60 60 60 Iﬁ(J
S UL 180 85 75 85 75 270 180 835 85

L u I u I L]



Denver Adopts Tall Mass Timber Codes

Credit: City of Denver, Mile High CRE




Credit: State of Utah




Source: Softwood Lumber Board

| _ R wtaed _____________________________________esas.
On August 13, 2020 the California Building e e
Standards Commission grouped the tall wood code  codeadvisory committee review
change proposals into one agenda item and = .
passed them unanimously. SES

FO00 COBE ABVDAET COMBITFIL SLLTIET ARE A Rasiaty
raCAIAMY

The changes will be published as an amendment
to the 2019 CBC on January 1, 2021 and will
become effective on July 1, 2021 e —



Credit: State of Georgia
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Copyright Materials

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 2020




