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Q. acoustics

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

",L\ of thumb for optimal design, common assemblies, detailing strategies, and
flanking paths. Companion to the Inventory of Mass Timber Acoustic
Assemblies.

Solution Papers

Impact of Wall Stud Size and Spacing on Fire and Acoustic
Performance

Interior wall partitions in a wood-frame building—such as unit demising and
corridor walls in a multi-family project—must meet several design objectives
simultaneously. Two primary functions are fire resistance and acoustical
separation. Having to cite two tested wall assemblies, one for fire-resistance endurance
results and another for acoustic results, is common.

Expert Tips

Acoustical Considerations for Mixed-Use Wood-Frame Buildings

This paper will help you understand the effects of acoustics in the context of
other performance areas, enabling you to more easily navigate the decisions
and trade-offs required when evaluating assembly options.

Solution Papers

Award Gallery

4 This paper covers key aspects of mass timber acoustical design, including rules

Why Wood? About

Designing Mass Timber Floor Assemblies for Acoustics

The growing availability and code acceptance of mass timber for construction
has given designers a low-carbon alternative.

Expert Tips

Firehouse 12

The continuous plywood shell that creates varying acoustic conditions within the
performance space forms the exterior of the auditorium.

Award Winner

Holes and Penetrations in Mass Timber Floor and Roof Panels

@ Guidance for the design of mass timber floor and roof panels with openings,

- including structural, fire resistance, and acoustic impacts, and tips for
reinforcement.

Expert Tips
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Shrinkage and Vertical Movements in
Multi-Story Wood-Frame Structures
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Designing and Engineering Mass Timber
Buildings in California
February 16 @ 11:00 am - 1:30 pm PST
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A New Path Forward for Tall Wood Construction:
Code Provisions and Design Steps

2:00 - 2:05 pm Welcome and Introduction

A New Path Forward for Tall Wood Construction: Code Provisions and
2:05-3:05 pm .

Design Steps, part 1
3:05-3:20 pm 15-minute break

A New Path Forward for Tall Wood Construction: Code Provisions and
3:20—4:20 pm .

Design Steps, part 2
4:20 — 4:30 pm Q&A

4:30 - 6:00 pm Networking/happy hour on the lawn



“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-AlA
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.

Approved
Continuing
Education
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Bygg Mesteren | Voll Arkitekter
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Generate Architecture

Source




Tallhouse, Boston

Sourke: Generate Architecture



Tallhouse
Boston

Building Mass

Global Warming Potential (xgCo:eq)

Reference 1 Reference 2
Concrete Slabs on Steel Deck; Concrete Flat Slab;
Steel Frame; Concrete Cores Concrete Cores

PR T 1 TR |

Timber Use 1 Timber Use 2 Timber Use 3 Timber Use 4
Timber Floors: Steel Frame; Timber Post, Beam, & Plate; Timber Floors; LGM Framing; Timber Floors & Shear Walls;
Concrete Cores Concrete Cores Steel Frame Podium Steel Frame Podium

Steel
18201 201
Tenber
Other -~
1200.000 g 0%
- 14%

- Interior Fit-Out 1,000,000 H
| . ; -26%
. Exterior Wals 800,000 -~ — - - = s - r 3

Floor Slabs
[ —
W
. _ N -
i —_ ==
" structural Walks 200,000 — = >

00,000 —
388 kgCO:-ea/m? 379 kqCO:-eq/m? 333 kgCOs-eq/m? 287 kgCOs-eq/m? 244 kqCO;:-eq/m? 186 kgCOs-eq/m?

GLOBAL WARMING POTENTIAL & MATERIAL MASS

(PER BUILDING ASSEMBLY)
Source: Generate Architecture

The total global warming potential (GWP) of each option is shown with a breakdown by building assembly. The Concrete With Steel Frame and Concrete Flat
Slab options have the highest GWP, with the bulk of the impact embedded in the floor slabs. The Timber Use 1 (Floor Slabs: Steel Frame) option offers a slight
reduction in GWP, with the most of the savings also embedded in the floor slabs. The Timber Use 2 (Post, Beam, and Plate) option offers a relatively typical
approach to building with timber, showing savings in floor slabs, beams and columns, Since Timber Use 3 and 4 are cellular approaches with load-bearing
walls, these options included steel podiums to accommodate the ground floor program. Timber Use 3 shows how a hybrid approach with light gauge metal
vields GWP savings in structural walls and exterior walls, despite the addition of the podium. Lastly, Timber Use 4 emphasizes how a completely cellular CLT



ASCENT, MILWAUKEE

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




ASCENT, MILWAUKEE
Tallest Mass Timbr Building in the World
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Photo: CD Smith Construction |
Architect: Korb & Associates Architects



ASCENT, MILWAUKEE

19 TIMBER OVER 6 PODIUM, 284 FT

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






Global Population Increase

2050 = 11.2
pillon people

2019=7.7
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PORR L * 2 Source: https://ourworldindata.org/future-population-growth



Population (millions)

e Staee ot orca US URBAN POPULATION BOOM

B Urban B Rural

400-

300-

T URBAN l RURAL

2019 2714 M 57.7M

200-

2030 301 M 53.7 M

100-

2050 3473 M 42.2 M

1950 1975 2000 2025 2050



New Buildings & Greenhouse Gasses

Global CO, Emissions by Sector

Building
Operations

28%

Industry
30%

Building
Materials and
Construction
11%

(Embodied Energy)

Transportation
22%

Source: © 2018 2030, Inc. / Architecture 2030. All Rights Reserved. Data Sources:
UM Environment Global Status Report 2017 EIA International Energy Outlook 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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Biophilic Design, Connection to Forests




Labor Availability

Construction Impacts
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Construction Impacts: Schedule

Site Selection, Due Diligence, & PSA _ Jan1-May17
Master Use and Building Permits - 20 25 5 Months
Design Phase — Jan 29 -Oct 6

Estimating and GMP Contract Phase _ Mar 25 - Jan 12

MT Finish
Jul19

PT Finish
Dec 20

Mass Timber Construction Phase Jan 27 - Jul 19

Mass Timber Below Grade Structure Jan 27 -Sep 21

Mass Timber Above Grade Structure _ Sep 22 - Mar 15
Mass Timber Building Envelope / Finishes / MEP _ Oct 27 - Jun 21

Mass Timber Commissioning / Turnover

PT Construction Phase Jan 27 - Dec 20

PT Below Grade Structure Jan 27 -Sep 21

PT Above Grade Structure _ Sep 22 -Jun 14
PT Building Envelope / Finishes / MEP I o 22

PT Commissioning / Turnover . Nov 23 - Dec 20

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



Tall Mass Timber: Structural Warmth is a Value-Add

e
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s MN | Images:
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Glue Laminated Timber (Glulam) Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Beams & columns Solid sawn laminations SCL laminations

Photo: Freres Lumber

LI i [ Y




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

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft

ofo: Manasc Isaac
chitects/Fast + Epp




Mass Timber Connections
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Concealed Connectors Self Tapping Screws Photos: Rothoblaas



Mass Timber Connections

Photo: StructureCraft

Beam to Column

Photo: Structurlarh
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2018 IBC and All Previous Editions:

» Prescriptive Code Limit - 6 stories (B
occupancy) or 85 feet

» Over 6 Stories - Alternate Means and
Methods Request (AMMR) through
performance-based design

» Based on the 1910 Heights and Areas Act
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IBC

INTERNATIONA
BUILDING
CODE

INTERNATIONAL BUILDING COOE

Source: ICC

AN
i

INTERNATIONAL
CODE
COUNCIL®

IBC

INTERNATIONAL
BUILDING CODE"

bor of the Mnfernatinvel Code Favily

INTERNATIONAL foms

BUII.DING 'X

3 YEAR CODE CYCLE
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INTERNATIONAL |
Bunoing
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INTERNATIONAL

BUILDING

CODE

International
Building




U.S. TALL WOOD
Bl DEVELOPMENT AND CHANGES I

Seen as the catalyst for the mass timber

revolution, CLT first recognized in US codes

I
in the 2015 IBC

Il

[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 2015 TERNATIONAL
structural adhesive to form a solid wood element.

y
£
4

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

CODE COUNCIL



U.S. TALL WOOD
Bl DEVELOPMENT AND CHANGES I

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

= 3
S

" 44 ‘ X e Y : s,
‘ W Photos _Se?gate Mass Timber-inc
Pollux Chang photographer




U.S. TALL WOOD
Bl DEVELOPMENT AND CHANGES I

VVOQU

Bulldlngs

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.



v HATIONAL DESKIN SPECIFICATION FOR WOOD CONSTRUCTION

FIRE DESIGN
OF WOOD
MEMBERS

161 General

16.2 Design Procedures for Exposed
Wood Members

163 Wood Connections 151

Mational Design Spedification® for Wood Construction
2015 EDITION 4

Table 1621 Effective Char Kates and Char Layer
Thicknesses (for [, = 1.8 In.br.) 150

Tabie 1623 Adjustment Factors for Fire Desig— 151

Photo: FPInnovations Appries e Sagimaber 80, THA

() e resting ,;@m Fire resistance of mass timber

C . 7 TL-216
orvices

TEST REPORT for low- to mid-rise structures

for
American Wood Council

i well understood, codified

Leesburg, VA 20175




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. s




U.S. BUILDING CODES

Bl Tall Wood Ad Hoc Committee L =
e o
° ° ° 488 m
Commissioned series of 5 full-scale tests
on 2-story mass timber structure at ATF Coridor 152m
lab in MD, May-June 2017 =T -
‘ | g Bathroom
Kitchen I ’ .
| - Hallway | ity
1 L";Iusat
274m|| Corridor Living room Bedroom 2 44 m 11.0m . ' 5
_ 8.10m
274m|| corridor s dam Living room | Bedroom
’ - -

" | I
, 9.14m , 152me| f——366m—
0Om  0ami5m 3.0 m T | —
914 m
Figure 2. Elevation view of the front of the cross-laminated timber test structure. Figure 1. General plan view of cross-laminated timber test structure.

Images: AWC



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee I

Tests on exposed mass timber, gypsum-covered mass timber; normal sprinkler
protection, delayed sprinkler protection
Majority of flames seen are from contents, not structure
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Photo: LendLease
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U.S. BUILDING CODES
ml Tall Wood Ad Hoc Committee

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.

Test4 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



Ignition | Living Room / Bedroom
M e Kitchen Flashover Flashover

Living Room |
/ Kitchen

Source: AWC
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5 Living Room /
lgnition e 4 Kitchen Flashover
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'
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\

Bedroom Ceiling

Photos provided by U.S. Forest Products Laboratory, USDA Source: AWC




Living Room/
Kitchen Flashover

) Source: AWC
Photos provided by U.S. Forest Products Laboratory, USDA



All mass timber
surfaces fully
exposed in
bedroom and
living room.

Sprinkler —
normal activation

Source: AWC
Photos provided by U.S. Forest Products Laboratory, USDA




TEST 5

All mass timber surfaces
fully exposed in bedroom
and living room.

Sprinkler — activation
delayed for 20 minutes
after smoke detector
activation...approximately
23-1/2 minutes from
ignition

Source: AWC




MASS TIMBER CERTIFICATION

AAAAAAAAAAAAAAAAAAAAAAAA

 ANSI/APA PRG 320 standard for CLT
o . Standard for Performance-Rated
e 2018 edition (referenced in 2021 IBC) added new Cross-Laminated Timber
elevated temperature adhesive performance
requirements
* Testing ensures CLT does not exhibit fire re-growth
* When designing tall wood — specify CLT per PRG
320-18 (req’d in IBC 2021 for all CLT)

|

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



U.S. BUILDING CODES
Bl Tall Wood Construction Types I

Three Main Categories:

1. Noncombustible (Types | and Il)
2. Light-Frame (Types lll and V)

3. Heavy/Mass Timber (Type IV)

Although use of mass timber products in low- to mid-
rise in types lll and V is very common



INTERNATIONAL
CODE

SO WHAT’S CHANGED?? Al CO0E

Since its debut, IBC has contained 9
construction type options

5 Main Types (I, 11, 111, 1V, V) with all but
IV having sub-types A and B

TYPE TYPE Il TYPE 1l TYPE IV TYPEV

A B A B A B HT A




U.S. BUILDING CODES
B Tall Wood Ad Hoc Committee I

2021 IBC Introduces 3 new tall wood
construction types:

IV-A, IV-B, IV-C
Previous type IV renamed type IV-HT

TYPE | TYPE IV
ELEMENT) A | B | A B |AalBfAajBlclHr|Aa]B



.. New Building Types
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18 STORIES 12 STORIES 9 STORIES
BUILDING HEIGHT 270 BUILDING HEIGHT 180 FT BUILDING HEIGHT 85
ALLOWABLE BUILDING AREA 972,000 SF ALLOWABLE BUILDING AREA 648,000 SF ALLOWABLE BUILDING AREA 405,000 SF
AVERAGE AREA PER STORY 54.000SF AVERAGE AREA PER STORY 54,000SF AVERAGE AREA PER STORY 45,000 SF
TYPE IV-A TYPE IV-B TYPE IV-C

IBC 2021

BUSINESS OCCUPANCY [GROUP B]

N 2015 TO 2021 IBC CODES

SON BETWE

m
m

*BUILDING FLOOR-TO-FLOOR HEIGHTS ARE SHOWN AT 12'-0" FOR ALL

Credit: Susan Jones, atelierjones

324,000 SF
ALLOWABLE BUILDING AREA

54,000 SF
AVERAGE AREA PER STORY

6 STORIES MAXIMUM
85'-0" MAXIMUM BUILDING HEIGHT
324,00 SF MAXIMUM AREA

TYPE IV- HT

IBC 2015




9 STORIES

BUILDING HEIGHT 85’
ALLOWABLE BUILDING AREA 405,000 SF
AVERAGE AREA PER STORY 45,000 SF

TYPE IV-C

Credit: Susan Jones, atelierjones

Photos: Baumberger Studio/PATH
Architecture/Marcus Kauffman




Type IV-C Height and Area Limits

IV-C Occupancy | # of Area per | Building
Stories Story Area

85 ft 56,250 SF 168,750 SF
T"‘I'i—g:'rj S
T e ——— - B 9 85 ft 135,000 SF 405,000 SF
T T
)| M 6 85 ft 76,875 SF 230,625 SF
=
- R-2 8 85 ft 76,875 SF 230,625 SF
ol D -
Areas exclude potential frontage increase
iif:‘:fi'fil”,:U']{[m - In most cases, Type IV-C height allowances
R i = Type IV-HT height allowances, but add’l
INEEINEG stories permitted due to enhanced FRR

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

Credit: Susan Jones, atelierjones
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9 STORIES

BUILDING HEIGHT 85’
ALLOWABLE BUILDING AREA 405,000 SF
AVERAGE AREA PER STORY 45,000 SF

TYPE IV-C

Credit: Susan Jones, atelierjones

Type IV-C Protection vs. Exposed

All Mass Timber surfaces may be
exposed

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

Credit: Kaiser+Path, Ema Peter
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12 STORIES

BUILDING HEIGHT 180 FT
ALLOWABLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY 54,000SF

TYPE IV-B

Credit: LEVER Architecture

Credit: Susan Jones, atelierjones



Type IV-B Height and Area Limits

I\V-B
Occupancy | # of Area per Building
Stories Story Area
S 180 ft 90,000 SF 270,000 SF
|
e B 12 180 ft 216,000 SF 648,000 SF
T M 3 180 ft 123,000 SF 369,000 SF
||
jj===:i{ R-2 12 180 ft 123,000 SF 369,000 SF
o . .
‘-===’= = Areas exclude potential frontage increase
_|_ .
In most cases, Type IV-B height & story
. allowances = Type I-B height & story
AVERAGEAREA PERSTORY S4.000SF allowances
TYPE IV-B Type IV-B area = 2 * Type IV-HT area

Credit: Susan Jones, atelierjones



Type IV-B Protection vs. Exposed
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NC protection on all surfaces of Mass
e Timber except limited exposed areas

AVERAGE AREA PER STORY 54,000SF

12 STORIES
BUILDING HEIGHT 180 FT

TYPE IV-B ~20% of Ceiling or ~40% of Wall can be exposed

Credit: Susan Jones, atelierjones

Credit: Kaiser+Path









Type IV-B Protection vs. Exposed

Limited Exposed MT allowed in Type IV-B for:

* MT beams and columns which are not
integral part of walls or ceilings, no area
limitation applies

* MT ceilings and beams up to 20% of floor
area in dwelling unit or fire area, or

e MT walls and columns up to 40% of floor area @
in dwelling unit or fire area, or

* Combination of ceilings/beams and
walls/columns, calculated as follows:

Credit: Kaiser+Path ‘-



Type IV-B Protection vs. Exposed

Mixed unprotected areas, exposing both ceilings
and walls:
* In each dwelling unit or fire area, max.
unprotected area =
(Uio/Uso) + (Up/Uq) = 1.0
* U, =Total unprotected MT ceiling areas
* U_. = Allowable unprotected MT ceiling areas
* U,, = Total unprotected MT wall areas
 U_, =Allowable unprotected MT wall areas

Credit: Kaiser+Path o



Type IV-B Protection vs. Exposed

IV-B
Designh Example: Mixing unprotected MT walls & ceilings
M=t H o[ 800 SF dwelling unit
R o I * U, _=(800 SF)*(0.20) = 160 SF
L [ | e U, = (800 SF)*(0.40) = 320 SF
= * Could expose 160 SF of MT ceiling,

OR 320 SF of MT Wall, OR

* If desire to expose 100 SF of MT
ceilingin Living Room, determine
max. area of MT walls that can be

Living room B Bedroom

exposed

Credit: AWC



Type IV-B Protection vs. Exposed

1IV-B

Designh Example: Mixing unprotected MT walls & ceilings

185010

I —
| Kitchen P

Bathroom

I I

Hallway [

Utility

Living room B

Credit: AWC

(Utc/Uac) + (Utw/an) = 1.0

(100/160) + (U,,,/320) < 1.0

U,, =120 SF

e Can expose 120 SF of MT walls in
dwelling unit in combination
with exposing 100 SF of MT
ceiling



Type IV-B Protection vs. Exposed '

Kitchen

Ceiling Exposed §

(20% max)

Credit: AWC



Type IV-B Protection vs. Exposed

Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%) | Bedroom

3

]

]
(<40%)

Wall Exposed

Credit: AWC



Type IV-B Protection vs. Exposed

Horizontal separation of unprotected areas:
Unprotected portions of mass timber walls
and ceilings shall be not less than 15 feet from
unprotected portions of other walls and

cei
cel
Wa

ings, measured horizontally along the
ing and from other unprotected portions of
Is measured horizontally along the floor.

Credit: Kaiser+Path




Type IV-B Protection vs. Exposed '

0
2 Bathroom Bathroom
o

| Utllity

Hallway | room
Closet
|
15’ min
Living room Bedroom

Credit: AWC



2019-2022: REFINING THE CODE ROADMAP

:

e e al Toaa
Ty

Photo: RISE



2019-2022: REFINING THE CODE ROADMAP

TYPE IV-B - WITHOUT SOFFITS

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




2022 AND BEYOND: ADOPTING UPDATED CODES

32198

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
beams, shall be permitted and shall be limited to an area less than Denver
or equal to 100 percent of the floor area in any dwelling unit or Ore gon
fire area; or .
2. Unprotected portions of mass timber walls, including attached WaShmgton

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
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18 STORIES

BUILDING HEIGHT 270’
ALLOWABLE BUILDING AREA 972,000 SF
AVERAGE AREA PER STORY  54,000SF

TYPE IV-A

Credit: Susan Jones, atelierjones

Photos: Structurlam, naturally:wood,
Fast+ Epp




e T T
:,"=_=_—_....,.-
ey e
— ==y i .
7T P -
=777 T I . T T
1T T T
|0 T 0] 0
| __ A0 LU L0V )
A LL LI L AL
}J-ﬁl--ﬂ&-!»'
J_‘=---_g!\!:
J_‘----!:e(
J--=-"‘<e
4--_—»-‘~
L |
18 STORIES
BUILDING HEIGHT 270’
ALLOWABLE BUILDING AREA 972,000 SF
AVERAGE AREA PER STORY 54,000SF
TYPE IV-A

Credit: Susan Jones, atelierjones

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 area = 3 * Type IV-HT area



18 STORIES

BUILDING HEIGHT 270’
ALLOWABLE BUILDING AREA 972,000 SF
AVERAGE AREA PER STORY 54,000SF

TYPE IV-A

Credit: Susan Jones, atelierjones

Type IV-A Protection vs. Exposed
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100% NC protection on all surfaces of

Mass Timber

Credit: Acton Ostry Architects, Fast + Epp
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Tall Wood Buildings in the 2021 IBC
Up to 18 Stories of Mass Timber

Scott Breneman, PD, SE WoodWorks - Wood Products Counale Matt Timmers, SE, John A. Martin & Associst es
e Dannis Richardson, PE, CBO, CASp, American Wood Counol

In January 2019, the International Code Council (ICC)
approved a set of proposals to allow tall wood buildings as part
of the 2021 International Bullding Code (IBC). Based on these
proposals, the 2021 IBC will include three new construction
types—Type IV-A, IV-B and IV-C—allowing the use of mass
timber or noncombustible materials. These new types are
based on the previous Heavy Timber construction type
(renamed Type IV-HT) but with additional fire-resistance
ratings and levels of required noncombustible protection

The code will include provisions for up to 18 stories of Type
IV-A construction for Business and Residential Occupancies.

Based on information first published in the Structural
Engineers Association of Calfornia (SEAOC) 2018 Conference
Proceedings, this paper summarizes the background to these
proposals, technical research that supported their adoption,
and resulting changes to the IBC and product-specific standards

Background: ICC Tall Wood Building
Ad Hoc Committee

Over the past 10 years, there has been a growing interest
in tall buildings constructed from mass timber materials
(Breneman 2013, Timmers 2015). Around the world there

3
b
I

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

WoodWorks Tall Wood Design Resource

| ool M e “l'N - o ‘



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

Tall Wood Building Size Limits

Construction Type (All Sprinklered Values)

I-A I-B 1V-A 1V-B 1V-C IV-HT 1I-A
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 180 270 180 85 85 85
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A- | Unlimited 12 18 12 6 4 4
é Unlimited 12 18 12 9 6
R-2 Unlimited 12 18 12 8 5
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2, A-3, A- | Unlimited | Unlimited 135,000 90,000 56,250 45,000 42,000
g Unlimited | Unlimited | 324,000 216,000 135,000 108,000 85,500
R-2 Unlimited | Unlimited 184,500 123,000 76,875 61,500 72,000




Tall Wood Building Size Limits

Construction Type (Unsprinklered Values)

I-A I-B IV-A 1V-B IV-C IV-HT
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 160 65 65 65 65
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A-4 Unlimited 11 3 3 3 3
B Unlimited 11 5 5 5 5
R-2 Unlimited 11 4 4 4 4
Allowable Area Factor (At) for SM, Feet* (IBC Table 506.2)
A-2, A-3, A4 Unlimited Unlimited 45,000 30,000 18,750 15,000
B Unlimited Unlimited 108,000 72,000 45,000 36,000
R-2 Unlimited Unlimited 61,500 41,000 25,625 20,500

Even so, Sprinklers may be required by 903.2 (all occupancies) and definitely for residential (420.4)




Tall Wood Building Size Limits

Construction Type (Unsprinklered Values)

I-A |-B IV-A \V-B IV-C IV-HT
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A B, R Unlimited 160 65 65 65 65
~ickn-almost-all.cases; - iec i 5054
A-2, A-3, A-4 Unlimited o 11 . 3 - 3 3
~_sprinklers will be required
R-2 Unlimited 11 4 4 4 4
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2, A-3, A4 Unlimited Unlimited 45,000 30,000 18,750 15,000
B Unlimited Unlimited 108,000 72,000 45,000 36,000
R-2 Unlimited Unlimited 61,500 41,000 25,625 20,500

Even so, Sprinklers may be required by 903.2 (all occupancies) and definitely for residential (420.4)




Non-Tall Opportunities — Large Area

Construction Type (All Sprinklered Values)
I-A I-B 1V-A 1V-B 1V-C IV-HT 1I-A
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 180 270 180 85 85 85
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A- | Unlimited 12 18 12 6 4 4
é Unlimited 12 18 12 9 6
imi Q 5
Allowable Area Factor (At) for SM, Feet? (IBC Tdble 506.2)
Unlimited | Unlimited 45,000 42,000
Unlimited | Unlimited 108,000 85,500
Unlimited | Unlimited 61,500 72,000
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What'’s the ‘Sweet Spot’ for Tall Mass Timber?

Depends on many factors:

* Project Use

* Site Constraints

* Local Zoning & FAR Limitations

e 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

8 Stor O O O 0 O O Overall Building Height Limit (85 ft)
ories . . .
35 ft 00000 @ Relative to # of Timber Stories (8)
76,875 SF O O0OO0TO0DOGO Same Overall Building Height Limit as
max per floor 0O 0O O O O IV-HT (85 ft) but higher Fire-Resistance
I N Ratings Req'd
230,625 SF O OO0OTOD0T 0OEL
bide. O O00O00Q0E L 3 Additional Stories Permitted
(areas noted E : j E j j Compa red to IV-HT
assume no frontage
increase) D D
isfvs All Timber Exposed




Type IV-B Tall Mass Timber

Timber, R-2:
12 Stories

123,000 SF
max per floor

369,000 SF
bldg.

(areas noted
assume no frontage
increase)

180 ft Grade to Roof

Multi-Story
Type |IA
Podium

e | O s O e O s [ O s [ e Y e [ Y s [ s Y e [ s Y |

(o s Oy e [ O s O e [ O sy e [ e [ e ) e

(o s Oy e [ O s O e [ O sy e [ e [ e ) e

o O s e e [ N e [ e e [ O s O e [ Y s Y |

o O s e e [ N e [ e e [ O s O e [ Y s Y |

o O s e e [ N e [ e e [ O s O e [ Y s Y |

o O s e e [ N e [ e e [ O s O e [ Y s Y |

o O s s O e [ N e [ s e [ O s O e [ Y s Y

(o s Oy e [ O s O e [ O sy e [ e [ e ) e

o O s e [ o [ [ e [ O e e [ s

Example Mixed-Use, Type IV-B Building
Likely to Utilize Podium Due to Overall
Building Height Limit (180 ft) Relative
to # of Timber Stories (12)

Same Fire-Resistance Ratings Reqg’d as
IV-C But Limitations on Timber Exposed

4 Additional Stories Permitted
Compared to IV-C

Limited Timber Exposed



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

Oo0o0ooooooDODOOOD
OpDoooO0DDODDDODODODOD
DO0DooooODDODODDODODDOGO
DOo0D0oo0Do0DoDoooODO0DOaQ
OO0 DDoDooooO0DODOOAD
DOo0D0Do0DD0DODoDDOoDoOoO0OG0aD
000D oD0DoDO0O0DOO0DOODOOD0RD
D0oooDo0DDoDOoDoDoDOoDoO0DOOGd
000D 0D0DDODOoDODODOoO0OD0aD
000D oD0DoDO0O0DOO0DOODOOD0RD
0O DoDoooO0DODODODOOODDOGD
000D 0D0DDODOoDODODOoO0OD0aD
DO0DoDoooDooooOoOOa0aGn
DOoo0DooDOoODOoDOoDoO0DOOGd
DOoDoo0oooDooooOoOO0O0aGn
DOooo0oooDooooOoOOOO0OOD
0O DoooD0DODODODDODOOODOOGD
OoooooODD0DODODODOOOaN

Example Mixed-Use, Type IV-A Building
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



Materials Permitted

602.4 Type IV. Type IV construction is that type of construction in which the building
elements are mass timber or noncombustible materials and have fire resistance ratings in
accordance with Table 601. Mass timber elements shall meet the fire resistance rating
requirements of this section based on either the fire resistance rating of the noncombustible
protection, the mass timber, or a combination of both and shall be determined in accordance
with Section 703.2 or 703.3. The minimum dimensions and permitted materials for building
elements shall comply with the provisions of this section and Section 2304.11. Mass timber

Exterior load-bearing walls and nonload-bearing walls shall be mass timber construction, or
shall be of honcombustible construction.

Exception:Type IV-HT Construction in rdance with tion 602.4.4.
The interior building elements, including nonload-bearing walls and partitions, shall be of

mass timber construction or of noncombustible construction.

Exception: Type |IV-HT Construction in accordance with Section 602.4.4..



MT Type IV Minimum Sizes

In addition to meeting FRR, all MT elements must also meet minimum sizes

These minimum sizes have been in
place for old type IV (current type
IV-HT) construction and the same
minimums sizes also apply to MT

used in new types IV-A, IV-B and | | X
IV-C . J | i  E = |

Contained in IBC 2304.11 ‘ z



Type IV Minimum Sizes - Framing

Framing Solid Sawn Glulam SCL

(nominal) (actual) (actual)

= | Columns 8x8 63/, x 8% 7x7%

@]

L | Beams 6x10 5x 10% 5% X 9%

« | Columns 6x8 5x8% 5% X 7%

@]

@)

© | Beams* 4x6 3X67/s 3% X 5%

Minimum Width by Depth in Inches
See IBC 2018 2304.11 or IBC 2015 602.4 for Details

*3” nominal width allowed where sprinklered




Type IV Minimum Sizes — Floor/Roof Panels

Floor Panels/Decking:

* 4” thick CLT (actual thickness)

e 4” NLT/DLT/GLT (nominal thickness) R

* 3” thick (nominal) decking covered with: &=
1” decking or 15/32” WSP or %” e
particleboard

Roof Panels/Decking:

* 3” thick CLT (nominal thickness)

e 3” NLT/DLT/GLT (nominal thickness)
« 2" decking (nominal thickness)

e 1-1/8” WSP




MT Type IV Minimum Sizes — Walls

Exterior Walls for Type IV-AB C
e CLT or Non-combustible

Exterior Walls for Type IV-HT

 CLT or FRTW or Non-combustible
 IBC2018-6" Thick Wall (FRTW or CLT)
 [IBC2021-4" Thick CLT




MT Type IV Minimum Sizes — Walls

MT Interior Walls in all Type IV:

 Laminated construction 4” thick

 Solidwood construction min. 2 layers of
1” matched boards

Other Interior Walls in Type IV A,B,C

 Non-combustible (0 hr for nonbearing)

Other Interior Walls in Type IV HT

 Non-combustible (1 hr min)

 Wood stud wall (1 hr min)

Verify other code requirements for FRR (eg.
interior bearing wall; occupancy separation)




Interior Wall Construction Recap

IV-C

Fire Rating (bearing wall) 3 Hr 2 Hr 2 Hr 1 Hror HT*

Laminated construction 4” thick (CLT, NLT, etc)

Construction— MT Solid wood construction min. 2 layersof 1” matched boards

NC Protection Per Interior Requirements No
Noncombustible non-bearing wall O Hr 1 Hr
Wood Stud Wall No 1 Hr

*IBC 2021 requires at least 1 Hr FRR for HT walls supporting 2 levels



Exterior Wall Construction Recap

IV-C

IBC 2021 IBC 2018
Fire Rating (bearing wall) 3 Hr 2 Hr 2 Hr 2 Hr 2Hr
Mass Timber Mass Timber/CLT 4” min thick CLT* 6” Wall*

40 Min NC &

No Exterior Combustible Coverings

Exterior NC Protection FRT Sheathing, Gyp or other NC

Interior NC Protection Per Interior Requirements Not Required

Light Frame FRTW No Yes* 6” Wall*

*Changesin IBC 2015, 2018, and 2021 editions



Tall Wood Fire Resistance Ratings (FRR)

FRR Requirements for Tall
Mass Timber Structures (hours)

Building Element IV-A 1V-B IV-C
Primary Frame 3 2 2
Exterior Bearing Walls 3 2 2
Interior Bearing Walls 3 2 2
Roof Construction 1.5 1 1
Primary Frame at Roof 2 1 1
Floor Construction 2 2 2

Source: 2021 IBC Table 601



Noncombustible Protection (NC)

Where timber is required to be protected, NC must
contribute at least 2/3 FRR

Required Noncombustible Contribution to FRR

FRR of Minimum from
Building Element Noncombustible Protection
(hours) (minutes)
1 40
2 80
3 or more 120

Source: 2021 IBC Section 722.7



Noncombustible Protection (NC)

The definition of “Noncombustible

Protection (For Mass Timber)” is created to
address the passive fire protection of mass
timber.

Mass timber is permitted to have its own fire-
resistance rating (e.g., Mass Timber only) or have a
fire resistance rating based on the fire resistance
through a combination of the mass timber fire-
resistance plus protection by non-combustible
materials as defined in Section 703.5 (e.g., additional
materials that delay the combustion of mass timber,
such as gypsum board).




Prescriptive Noncombustible Contributions to FRR

e 17 e e e Contrlbut_lon per Layer
(minutes)
1/2" Type X gypsum board 25
5/8" Type X gypsum board 40

Source: 2021 IBC Section 722.7.1

Required Noncombustible Contribution to FRR

FRR of Minimum from
Building Element Noncombustible Protection
(hours) (minutes)
1 40
2 80
3 or more 120

Source: 2021 IBC Section 722.7

Noncombustible Protection (NC)

1 layer 5/8 Type X
2 layers 5/8 Type X

3 layers 5/8 Type X



Floor Surface Protection

Min. 1” NC

] | | o ] i il i ' s i | i o

Wiass Timber Floor Panel

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




Noncombustible Protection

Noncombustible Protection Required

Roof below Mass Timber 60 min 40 min* Not Regq. Not Req.

Primary Frame @ Roof 80 min 40 min* Not Reg. Not Reg.

Primary Frame 120 min 80 min* Not Req. Not Req.

Below Mass Timber Floor 80 min 80 min* Not Req. Not Req.
, 1” Min NC 1” Min NC

Above Mass Timber Floor Material Material Not Req. Not Req.

Requirements Per new 602.4. * Some MT permitted to be exposed.



MT Fire Resistance Ratings (FRR)

IBC 722.7

The fire resistance rating of the mass timber elements
shall consist of the fire resistance of the unprotected
element (MT) added to the protection time of the
noncombustible (NC) protection.




MT Fire Resistance Ratings (FRR)

However, FRR Doesn’t always need to be from a
combination of MT + NC. In some cases, just NC can
be used, in other cases, just MT can be used:

IBC 602.4

Mass timber elements shall
meet the fire resistance
rating requirements of this
section based on either the
fire resistance rating of the
noncombustible protection,
the mass timber, or a
combination of both.




Type IV-A Fire Resistance Ratings (FRR)

Primary Frame (3-hr) + Floor Panel Example (2-hr):

Minimum 1" noncombustible material

Mass timber floor panel
40 minutes of MT FRR

Two layers 5/8" Type X gypsum
Glulam beam (primary structural frame)

60 minutes of MT FRR

Three layers 5/8" Type X gypsum




Type IV-B Fire Resistance Ratings (FRR}

I\V-?/
Primary Frame (2-hr) + Floor Panel (2-hr)

Minimum 1" noncombustible material

Mass timber floor panel
40 minutes of MT FRR
2 layers 5/8" Type X gypsum

Glulam beam (primary structural frame)

40 minutes of MT FRR

Two layers 5/8" Type X gypsum




Type IV-B Fire Resistance Ratings (FRR}

I\V-?
Primary Frame (2-hr) + Floor Panel Example (2-hr)

Minimum 1" noncombustible material

Mass timber floor panel

2-hr of MT FRR;
noncombustible material not required

Glulam beam (primary structural frame)

2-hr of MT FRR;
Noncombustible material not required




Type IV-C Fire Resistance Ratings (FRR)/

I\V-?
Primary Frame (2-hr) + Floor Panel Example (2-hr)

Noncombustible material not required

Mass timber floor panel

2-hr of MT FRR;
noncombustible material not required

Glulam beam (primary structural frame)

2-hr of MT FRR;
Noncombustible material not required




MT Fire Resistance Ratings (FRR)

How do you determine FRR of MT?
2 Options:

1. Calculationsin Accordance with IBC 722 — NDS Chapter 16
2. Tests in Accordance with ASTM E119
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MT Fire Resistance Ratings (FRR)

MT FRR Calculations Method:

 |IBC 703.3 allows several methods of determining FRR. One is
calculations per 722.

e 722.1 refers to NDS Chapter 16 for exposed wood FRR

722.1 General. The provisions of this section contain proce-
703.3 Methods for determining fire resistance. The appli-  dures by which the fire resistance of specific materials or

cation of any of the methods listed in this section shall be combinations of materials is established by calculations.
based on the fire exposure and acceptance criteria specified in rl;lhese PrOCEduaeS Eﬁfl’ly Onéy tohthe informﬁionhcom?iﬁd ig

. this section and shall not be otherwise used. The calculate
ASTM E119 or UL 263. The required fire resistance of a

1 , fire resistance of concrete, concrete masonry and clay
building element, component or assembly shall be permitted masonry assemblies shall be permitted in accordance with

to be established by any of the following methods or proce- ACI 216.1/TMS 0216. The calculated fire resistance of steel

dures: assemblies shall be permitted in accordance with Chapter 5 of
. ' . . ASCE 29. The calculated fire resistance of exposed wood
3. Calculations in accordance with Section 722. members and wood decking shall be permitted in accordance

with Chapter 16 of ANSIVAF&PA National Design Specifi-
cation for Wood Construction (NDS).



MT Fire Resistance Ratings (FRR)

V RATIOMAL DESIGN SPECIFICATION FOR WOOD CONSTRLCTION

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

FIRE DESIGN
OF WOOD
MEMBERS

Table 16.2.1B Effective Char Depths (for CLT

with f,=1.5in./hr.)
Required Effective Char Depths, a...,
Fire (in.)
Endurance lamination thicknesses, hiw (in.)

(hr.) 58 |34 78 |1 |[1-1/4| 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 12221 (20| 20| 19 18 | 18 | 18
1-Hour 34 |32 31 (30|29 | 28 | 28 | 28 | 26
2-Hour 44 143 | 41 (40| 39 | 38 | 36 | 36| 36

Credit: EfPIﬁ{)’an'tiog__s;?



MT Fire Resistance Ratings (FRR)

. ” : Table 16.2.1A Char Depth and Effective Char
Nomln?I ch?r rate of 1.5 /HR is Depth (for [ = 1.5 In./hr)
recognized in NDS. Effective char

Char Effective Char
depth calculated to account for Required Fire | Depth, Depth,

. . . Resi char
duration, structural reduction in el P!

1-Hour 1.5 1.8
heat-affected zone e Hous )] ”s
2-Hour 2.6 3.2

Table 16.2.1B Effective Char Depths (for CLT
with $,=1.5in./hr.)

Required Effective Char Depths, a..,
Fire (in.)

Endurance lamination thicknesses, hiw (in.)
(hr.)

5/ (34| 78 | 1 |1-1/4] 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 (22| 21 (20 2.0 1.9 18 | 1.8 | 1.8
1'-Hour 34 (32| 31 |30 29| 28 | 28 | 28 | 26
2-Hour 44 |43 | 41 (40| 39 | 38 | 36 | 36 | 36




MT Fire Resistance Ratings (FRR)

Tested Assemblies Method:
* Many successful Mass Timber ASTM E119 fire tests have
been completed by industry & manufacturers

77N
<\
ACCREDITEL
Testing Laboratory
TL-218

TEST REPORT Page 1 of 53

for
American Wood Council

222 Catoctin Circle SE, Suite 201
Leesburg, VA 20175

Standard Methods of
Fire Tests of Building Construction and Materials

ASTME 119-11a

Test Report No: WP-1950

Assignment No: K-1089

Subject Material: Cross-Laminated Timber and Gypsum Board Wall Assembly (Load-Bearing)

Test Date October 4, 2012
Report Date: October 15, 2012

Prepared by: . S~ A -
Michael J. Ridzo/
Test Engineer

Tl S

Reviewed by:

Robeff J. Menchetti
Director, Laboratory Facilities and Testing Services

TEST REPORT

Intertek

REPORT NUMBER: 102891256SAT-001
ORIGIMAL ISSUE DATE: February 27, 2017
REVISED DATE: N/A

EVALUATION CENTER
16015 Shady Falls Road
Elmendorf, TX 78112
Phone: (210) 635-8100
Fax: (210) 635-8101

www.intertek.com

RENDERED TO

Structurlam Products LP

2176 Government Street

Penticton, BC V2A 8B5S
Canada

~0
( W),
FPInnovations
Project No. 301006155

Final Report 2012/13

Preliminary CLT Fire Resistance Testing Report

by

Lindsay Osbomne, M.A.Sc.
Christian Dagenais, Eng., M.Sc.
Scientists
Advanced Building Systems — Serviceability and Fire Group

Contact WoodWorks for Inventory of Tests




MT Fire Resistance Ratings (FRR)
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WOOD PRODUCTS COUNCIL

Fire-Resistive Design

of Mass Timber Members

Code Applications, Construction Types and Fire Ratings

Richard MCLEIN, PE, SE = Semior Technical DIecior » WoodVoms
Scott Breneman, Fii0D, FE SE » Senior Tecfnical DIFECior » Wooaors

For many years, exposad haavy timber framing elements
hawe been parmitted in LS. buildings due to their inherent
fira-resistance properties. The predictability of wood's char
rate has been well-established for decades and has long baen
racognized in building codes and standards.

Today, one of the exciting trands in building design is the
growing use of mass timbar—i .., large 2alid wood pansl
products such as crose-laminated timber (CLT) and nail-
laminated timber (MLT)—Ffor floor, wall and roof construction.
Like heawvy timber, mass timber preducts have inherant

fire resistance that allows them to be left exposed and still
achieve a fire-rasistance rating. Because of thair strength
and dimensional stability, thesa products also offer a low-
carbon altermative to steal, concrete, and masonry for many
applications. It iz this combination of exposad structure and
strength that davelopers and designers across the country

are leveraging to create innovative designs with a wam
yet modern aesthetic, often for projects that go beyond
traditional norms of wood dasign.

This paper has bean written to support architects and
anginears axploring the usa of mass timber for commarcial
and multi-family construction. It focuses on how to mast
fire-rasistance requiremantsin the Intarnational Building
Coda (IBC), including calculation and testing-bazsed methods.
Unless otherwise noted, references rafer to the 2018 |BC.

Mass Timber & Construction Type

Before demonstrating fire-resistanca ratings of exposed
mass timber elements, it's important to understand under
what circumstances the code currently allows the usae of
mass timber in commercial and multi-family construction.

A building's assigned construction typsa is

the main indicator of whera and when all
wood syatems can be usad. |BC Saction 602
dafines five main options (Typa | through V)
with all but Typa |V having subcatagories A
and B. Typas Il and V permit the use of wood
framing throughout much of the structura and
bath are uzad extensively for modem mass
timber buildings.

Tvpe HNEC 6802.3) - Timber elemants can
ba usad in floors, roofs and interior wallz.
Fire-ratardant-freated wood (FRTW) framing
is permitted in exterior walls with a fira-
resistanca rating of 2 hours or less.

Tivpe V (IEC 602.5) - Timber elements can
be usad throughout the structure, including
floors, roofs and both interior and exterior
walls.

Type IV IBC 602.4] — Commonly refarred to
a5 "Heavy Timber' construction, this option

Mass Timber Fire Desigh Resource

 Code compliance options for
demonstrating FRR

 Updated as new tests are
completed

* Free download at woodworks.org



MT Fire Resistance Ratings (FRR)

Inventory of Fire Tested MT Assemblies

Table 1: North American Fire Resistance Tests of Mass Timber Floor / Roof Assemblies

p?g WoodWorks™

WOOD PRODUCTS COUNCIL

CLT Grade Panel Connection in Fire Resistan ce
CLT Pamel Manu facm Ceiling Protection Floor T i Losd Ratin S Testing Lab
-~ gk ar Major x Mimor Grade =g Test bl i 2 Achieved (Hours) s e
3ply CLT ) SPF 1650 Fb 1 SEMSR Reduced :
] 2 layers 1/27 Xg - done c N \ 4 ;
(1 14mm 4 488 in) Nordic « SPE#3 2 |ayers 1 Type X gypsum Half-Lap Non 6% Moment Capacity 1 1 {Tesn 1) NRC Fire Laboratory
3ply CLT : i e S s W i = Reduced . h _ :
(105 4,131 in) Swucturlam SPF =1 /#2 x SPFF =] /82 1 layer §/8% Type X gypsum Half-Lap None 75% Moment Capacity 1 1 {Tes1 5 NRC Fire Laboratory
Sply CLT Loade NRC Fire Laboratory
i . Naowdic El Mone Topside Spline 2 siaggered layers of | 227 cement boards 8, 2 2 o o
U7 5mme 875") See Manuflsctuser March 2016
5 | layerof 5/8" Type Xgypsum under Z- 7 < 2
Sply CLT ) g 2 v o Loaded, NRC Fire Laborato
(17 Smme 8757 Noad ic E1 channels :n:—i"ﬁuulng l.:‘lll'l-h with 3 /&% Tops ide Spline 2 staggesed layers of | 22 cemenit boards See Manalacturer 2 5 Nov 2014 Ty
Sply CLT B % e o /4 in proprielary g yporele over Maxxon Red uced -
s El Mone Topside Spl 1.5 3
(175mme 875%) Nordic " opside Spline soous! ical ma 50% Moment Capactiy UL
Sply CLT . A - . . 3/din. proprietary g yponete over Maxxon Reduced .
s El 1 S8 al g Topside Spline 2 4 )
U7 5mmb 875") Nordic e Burmal gypenm opside Splin acoustical mal of proprietary sound board S0 Moment Capaciiy uL
- 1 layer 55" Type X Gyp onder Resilient Chamnel 5
-.51}1} £ LI - Nordic El mnder 7 74 I-Joists with 3 122" Mineral Woal Half-Lap None ) L"‘""‘f"‘ 2 21 Interiek
{1 75mm6 875%) s i See Manufaciuser R24/2012
Sply CLT % E1 M5 , Rt 1-1/2* Maxxon Cyp-Grete 2 000 over Maxxon Loaded, ¥ 39
(17 Smm 6 8757) Simciedam MSE 2100 % SPF#2 Masn TopsidaZpline Reinforcing Mesh See Manufactuser S s Interick, 2222006
Sply CLT , Hali-Lap & - . Losded, y o -
{175mm6 875" DR Johnson i None Topside Spline 2* gypsumtopping See Manufaci user 2 ? SwRI(May 2016)
S-ply CLT ) SPF 1950 Fb MSR ) Reduced : i
(17 5mm6 875%) Nogd ic  SPF #3 Mone Half-Lap None $ 0% Moment Capacity L5 1 {Test 3) NRC Fire Laboratory
Sply CLT . ' e s Unredu ced : )
(175 £75%) St cturlam SPF #1/#2 x SPF & /82 1 layer §/8" Type Xgypsum Half-Lap Mone 161% Moment Capacity 2 1 {Test &) NRC Fire L,ﬂ]u]—aw]—)-
Tply CLT 5 R T e A 2 : Unredu ced z e = < ;
(24 5mm 9.5657) Swucturlam SPF =1 /#2 x SPFF =] /82 Mone Half-Lap None 101% Moment Capacity 25 1 {Test Ty NRC Fire Laboratory
Sply CLT g . ; Loaded, Woestern Fire Center
. T u - 2" 5. 2 2
(17 Smmé 875°) SmanLam SL-V4 Man Hali-Lap nominal 1/2%plywood with #d nail Sos hiansLactuor 12Tes1 4) 102672016
Sply CLT ) . . i Loaded, Western Fire Center
Smanlam Vi Mone Half-1a nal 1/2* plywood with #d nails. 2 12({Tes1 §
17 5mmE 875%) i o F fram Py i s See Manufscuner (Fom 5) 10:2R20 16
Sply CLT . . . i Loaded, Woestern Fire Center
% ] an i 2 2
(17 Smm6 875} DR ) ohnson V1 Mone Half-Lap nominal 12%plywood with #§d nails. Soe Manalacmnsi 2 12 {Test &) 11012016
SplyCLY KLH CVIMI None FalkLap & None  Loaded, 1 1% SwRl
Tona idasnlicna Qaa Manuf adnsas =& o momow aw
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TECHNICAL BRIEF v,

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

\WWOODWORKS

Richard Mclain, PE, SE # Senior Tachnical Director - Tall Wood, WoodWorks

Changes to the 2021 Intaernational Building Code (IBC) have
created opportunities for wood buildings that are much larger
and taller than prascriptively allowed in past versions of the
code. Occupant safety, and the need to ensure fire performance
in particular, was a fundamental consideration as the changes
were developed and approved. The result is three new
construction types—Type IV-A, IV-B and IV-C—which are based
on the previous Heavy Timber construction type {renamed

Type IV-HT), but with additional fire protection requirements.

Image: Kord « Associates Architects

One of the main ways to demonstrate that a building will

meet the required level of passive fire protection, regardless

of structural materials, is through hourly fire-resistance ratings
(FRRs) of its elements and assemblies. The IBC defines an
FRR as the period of time a building elernent, component or
assembly maintains the ability 1o confine a fire, continues to
perform a given structural function, or both, as determined by the
tests, or the methods based on tests, prescribed in Section 703.

FRAs for the new construction types are similar to those
required for Type | construction, which is primarily steel and
concreta.' (See Table 1.) They are found in IBC Table 601,
which includes FRR requirements for all construction types
and building elements; however, other code sections should be
checked for overriding provisions (e.g.. occupancy separation,
shaft enclosures, etc.) that may alter the requirement.

TABLE 1:
FRR Requirements (Hours) for Tall Mass Timber Construction Types and Existing Type |
I-A IV-A 1-B 1v-B Iv-c
Bt 2 Unfirnited stories, Max. 18 stories, Max. 12 stonea Max. 12 swnes. Max. Qslonoa

Tall Tlmber Fire-Resistance Design

| 1 INBNOI DBaring vvass | 3 | a3 | Z | z | z | |

1 W | == | = 1 x | = | = 1




Concealed Spaces in Type IV

What if | have a dropped ceiling? Can | have a dropped ceiling?
* Impact on FRR, NC placement, sprinkler requirements




Concealed Spaces in Type IV

Previous Type IV (now IV-HT) provisions prohibited concealed spaces

T TRGFLOOR) CONCEALED ACE CONCERLED SPACE

T&G FLANK FLOOR CR ROOF

\— FRAMED OR GLUSD-LAMINATED MENEBER DRYWALL, WL LROART, FTC DRTWALL OR SIMILAR SIDING
FLOGRS 61 10 (MM
ROCSS & 48 (MIN.: SHEET METAL DUCT
FPROHIENZ Y NS AL M

PERMITTED INSTALLATICH

FIHIEH FLODRIMNG

GUSEEMDED CEILIMNG COMCEALESG PACE

PRSI EL IMSRALLALICY

Credit: IBC



Concealed Spaces in Type IV-HT — 2021 IBC

CONCEALED SPACES: TYPE IV-HT

Option 1:

Sprinklers in concealed spaces g i |
|

Dropped ceiling



Concealed Spaces in Type IV-HT — 2021 IBC

CONCEALED SPACES: TYPE IV-HT

~_ W |
A ||

SRR



Concealed Spaces in Type IV-HT — 2021 IBC

CONCEALED SPACES: TYPE IV-HT

Option 3:

5/8" Type X gypsum on all mass timber
surfaces within concealed space

Dropped ceiling |




Concealed Spaces in Type IV-A, IV-B

Without Dropped Ceiling

Minimum 1" noncombustible material

L TT ITT ITT TT TT TT TT TT TT1T TT TT TT TT TT TT TT TT TT TT

Mass timber floor panel I | I I I I

Two layers 5/8" Type X gypsum*

*Applicable to most locations; limited exposed mass timber permitted in IV-B

With Dropped Ceiling

Minimum 1" noncombustible material

L TT ITT ITT TT 7T TT TT TT TT TT TT TT TT TT TT TT TT TT T7T

Mass timber floor panel ! I I I I |

Two layers 5/8" Type X gypsum

Dropped ceiling .




Concealed Spaces in Type IV-C

Without Dropped Ceiling

Noncombustible material not required

I TT TT 7T T 1 °T07 §TT7 T T P TT PO TT7 PO TT TT T TT TT TT T1

Mass timber floor panel

Noncombustible material not required

With Dropped Ceiling

Noncombustible material not required

Mass timber floor panel

I TT TT TT7T T T TT7T 77T 717 TT7 70 TT TT TT TT TT TT TT TT TT T

One layer 5/8" Type X gypsum covering all
mass timber surfaces within concealed space

Dropped ceiling
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Concealed Spaces in Mass Timber
and Heavy Timber Structures

Aichard McLawn. PE, SE @ Senvor Techocasl Divacroy — Ta

Concealed spaces, such as those created by a dropped ceiling other construction types. This is not the case. In addition to

in a floer/ceiling assembly or by a stud wall assembly, have Type IV buidings, structural mass timber elements—including
unique requirements in the International Building Code {IBC) CLT, glued-laminated timber {glulam), nail-laminated timber

to address the potential of fire spreed in non-visible areas of INLT), structural compasite lumber (SCLJ, and tongue-and-

a building. Section 718 of the 2018 IBC includes prescrptive groove |T&G) decking—can be utilized and exposad in the
requirements for protection and/or compartmentalization following construction types, whether or not a fire-resistance
of concealed spaces through the use of draft stopping, fire rating is required:

blocking, sprinkiers, and other means. For information on
these requiraments, see the WoodWorks Q&A, Are spnnklers
requirad in concealed spaces such as floor and roof cavities in
witi-family wood-frame buildings?’

* Type lll - Floors, reofs and interor walis may be any materal
permitted by code, including mass timber; exterior wals are
required to be noncombustible or fire retardant-treasted wood.

m

Type V - Floors, roofs, interior walls, and externior wells

er b 1 oice of o ti
For mass timber building elements, the choice of construction (i the entire structure) may be constructad of mass timber.

type can have a significant impact on concealed space
requirements. Because mass timber products such as cross-
laminated timber (CLT) are prescriptively recognzed for Type IV
construction, there is 8 common misperception that exposed
mass timber building elements cannot be used or exposed in

Types | and Il - Mess timber may be used in salect
circumstances such as roof construction—including the
primary frame in the 2021 IBC—in Types |-8, lI-A or II-B;
extarior columns and arches when 20 feet or more of
horizontal separation is provided; and balkconies, canopies
and simdar projections

INTRO, Cleveland | Cleveland, Ohio
Harbor Bay Real Estate Advisors
HPA Architecture

T

Concealed Space Protection in Mass Timber

C. Ragroduced with parnvisaion. AN fights e ved. wawiccsala og |




ADDRESSING CLT CHAR FALL OFF




CLT Fire Performance — Char Fall Off

CLT char fall off or heat induced delamination occurs when
laminations (or pieces thereof) fall off the underside of a CLT panel
under extended fire conditions.

Photo: Urban One Photo: ARUP



CLT Fire Performance — Fire Re-Growth

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.

.'
& =S s
X
¥
o Y
3

Photo: Urban One Photo: ARUP




CLT Fire Performance — Char Fall Off

Facts about CLT char fall off:

Only an item to consider in tall buildings. Important to avoid in high-rise
construction where required performance is containment of fire within
compartment of origin with no sprinkler or fire service suppression

Not applicable when discussing mid-rise mass timber (or any building
under types Il, lll, IV-HT or V)

Largely a function of adhesive
performance under high temps

Has been addressed in PRG 320-18
(required for all CLT under 2021 IBC,
not just tall wood)

Photo: FPInnovations



CLT Fire Performance — PRG 320

2021 IBC Section 602.4 added:
Cross-laminated timber shall be labeled as conforming to PRG
320 - 18 as referenced in Section 2303.1.4.

AAAAAAAAAAAAAAAAAAAAA

Standard for Performance-Rated
Cross-Laminated Timber

Photo: ARUP




CLT Fire Performance — PRG 320

PRG 320 is manufacturing & performance _
standard forcerr
2018 edition (referenced in 2021 IBC) added Semdard for Petfommance-Rated
new elevated temperature adhesive Cross-Laminated Timber
performance requirements validated by full-
scale and medium-scale qualification testing to
ensure CLT does not exhibit fire re-growth

When designing tall wood — specify CLT per
PRG 320-18 (req’d in IBC 2021 for all CLT)

I

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

(MANDATORY)
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Mid-Rise vs. High-Rise

If this dimension exceeds
75 feet, building is 10" floor to floor
considered a high rise.

Lowest Level of Fire
Dept. Vehicle Access

FIGURE 6-6 Determination of high-rise building



Sprinklers in High Rises

* Two Water Mains Required if:
e Building Height Exceeds 420 ft, or
 Type IV-A and IV-B buildings that
exceed 120 ft in height

1;1'
4

A ”
|
4"5 A
Photo: MichaglX rqé%n Architecture







Market Square
Cleveland, OH

(] Tue, Dec8th, 2020 11:19 AM

4 36°F M Change View <: Share @ Time-Lapses &

|
b

48

&
=
\:;
1>
]

DR A

e v
7,

- ren = | : — N
- E’}-?ﬁ‘[’. - /
— - 4
e :
"‘_,,. s 5
> S5 <
o L3 .
— . T ¥ "\ 3
_ = Wi L — o \ ‘\““\
~- - e - o —y M P by > -~ 7\
3 s TR D SRR X
= - 4 el " ,
TS === e *
g = : - . ! ’ a,
~ —~ ] % <«
- " )

=
| =

i A o - + _ _ @Blue’
Photo: Panzica Construction



- ¥

Photos: Ma

L

&

-



ASCENT, MILWAUKEE

MAAAAAAAAAAAAAAA 04y

Concrete Core Shearwalls

OMﬂ

Photos: Korb + Associates, Thornton Tomasetti



BROCK COMMONS, VANCOUVER
Concrete Core Shearwalls




FUTURE POTENTIAL LATERAL o i e s

CONNECTION BEAM AND BOUNDING
SYSTEM FOR TALL WOOD
BOUNDING GLULAM
M F R A W COLUMNS CLT WALL PANELS
U-SHAPED FLEXURAL PLATE ——| I CLT FLOOR-TO-WALL
: CONNECTION

CLT FLOOR PANELS OVER ——
GLULAM BEAMS

CLT SHEARWALL SPLICE

GLULAM COLLAR BEAMS I A HIGH-STRENGTH POST-

H g l TENSIONED THREAD BAR

ROCKING TOE DETAIL =

ELEVATION — POST-TENSIONED ROCKING WALL (STATIC STATE)

Image: KPFF

Mass Timber
Rocking Shearwalls

Photo: WoodWorks



CONSIDERATIONS FOR LATERAL SYSTEMS

Prescriptive Code Compliance

Concrete Shearwalls

Steel Braced Frames
CLT Shearwalls (65 ft max) v “recc gy
CLT Rocking Walls

Minimum Design Loads and
Assoclated Criteria for
Bulldings and Other Structures




CONSIDERATIONS FOR LATERAL SYSTEMS

Connections to concrete core
- Tolerances & adjustability
- Drag/collector forces T
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CONSIDERATIONS FOR LATERAL SYSTEMS

Connections to steel frame | = ,_ !,g
- Tolerances & adjustability
- Ease of installation
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Shaft Enclosures in
Tall Timber...

* When can shaft enclosures be MT?
* What FRR requirements exist?
* |If shaft enclosure is MT, is NC req’d?

Image: Generate Architecture and Technologies + MIT —John Klein



Tall Wood Shaft Enclosures

IV-A 1I\V-B IV-C

Up to 12 Stories or 180
ft: MT protected with 2
layers 5/8” type X gyp

(if2 HRreq'd) or 3 NC or MT protected NC or MT protected
layers 5/8” type X gyp with 2 layers 5/8” . ”

) ) (if 3 HR req’d) both type X gyp (IBC i 2L e T 6 0t
Exit & H0|stway Enclosures sides 2021 602.4.2.6) gyp (IBC 692'4'3'6) both
both sides sides
Above 12 Stories or 180

ft: Noncombustible
shafts (IBC 2021 602.4)

E&H Enclosures FRR
2 HR (not less than FRR of floor assembly penetrated, IBC 713.4)
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TECHNICAL BRIEF

Shaft Wall Requirements
In Tall Mass Timber Builldings

Richard Mclain, PE, SE  Senior Technical Director « Tall Wood, WoodWorks

The 2021 International Building Code (IBC) introduced three
new construction types—Type IV-A, IV-B and IV-C—which
allow tall mass timber buildings. For details on the new types
and their requirements, see the WoodWorks paper, all Wood
Buildings in the 2021 IBC - Up to 18 Stories of Mass Timber.!
Ihis paper builds on that document with an in-depth look at the
requirements for shaft walls, including when and where wood
can be used.

Shaft Enclosure Requirements
in the 2021 IBC

A shaft is defined in Section 202 of the 2021 IBC as "an
enclosed space extending through one or more stories of a
building, connecting vertical openings in successive floors,

or floors and roof.” Therefore, shaft enclosure requirements
apply to stairs, elevators, and mechanical/electrical/plumbing
(MEP) chases in multi-story buildings. While these applications
may be similar in their fire design requirements, they tend to
differ in terms of their assemblies, detailing, and construction
constraints.

John Kein

Shaft enclosures are specifically addressad in IBC Section 713.
However, because shaft enclosure walls must be constructed
as fire barriers per Section 713.2, many shaft wall requirements
reference provisions for fire barriers found in Section 707.

Ganerate Archaectwo and Techaologies + M'T

Allowable Shaft Wall Materials

Provisions addressing materials permitted in shaft wall A relatively new category of wood products, mass timber can

Shaft Enclosure Design in Tall Timber

utilizing construction Types IV-A, IV-B, or IV-C is that thay ‘ o
Structural elements of Type IV construction primarily of
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Connection Fire Protection

In Construction Types IV-A, IV-B & IV-C, building elements are
required to be FRR as specified in IBC Tables 601 and 602.
Connections between these building elements must be able to
maintain FRR no less than that required of the connected

mem'?‘frs" 16.3 Wood Connections

Wood connections, including connectors, fasteners,

and portions of wood members included in the connec-

“ tion design, shall be protected from fire exposure for
the required fire resistance time. Protection shall be
provided by wood, fire-rated gypsum board, other ap-
proved materials, or a combination thereof. Source: NDS




Connection Fire Protection

Steel hangers/hardware fully concealed within a timber to
timber connection is a common method of fire protection
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Fire Resistance of Connections

2304.10.1 Connection fire resistance rating. Fire
resistance ratings in Type IV-A, IV-B, or IV-C
construction shall be determined by one of the

following: \
1. Testingin accordance with Section 703.2 where ) %

i 2achar

the connection is part of the fire resistance test.  source:awcsTrR10

2. Engineering analysis that demonstrates that the temperature rise at any
portion of the connection is limited to an average temperature rise of
250°F (139°C), and a maximum temperature rise of 325°F (181°C), for a
time corresponding to the required fire resistance rating of the structural
element being connected. For the purposes of this analysis, the
connection includes connectors, fasteners, and portions of wood
members included in the structural design of the connection.



Connection Fire Protection

Many ways to demonstrate connection fire protection:
calculations, prescrlptlve NC, test results, others as approved by AHJ

Photo: Josh Partee ‘ Photo: Christian Columbres



Connection Fire Protection

2017 Glulam Beam to Column Connection
Fire Tests under standard ASTM E119
time-temperature exposure
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Connection Fire Protection

Fire Test Results

Connector

1 8.757x18” 1 x Ricon S VS 3,9051bs lhr
(222mm x 457mm) 290x80 (17.4kN)
2 10.757x 24” Staggered double 16,6201bs 1.5hrs

(273mm x 610mm) Ricon S VS 200x80 (73.9kN)

3 10757 x 247 I x Megant 430 16,620lbs  1.5hrs
(273mm x 610mm) (73.9kN)



Connection Fire Protection

SOUTHWEST RESEARCH INSTITUTE
Softwood Lumber Board e o e e

CHEMISTRY AND CHEMICAL ENGINEERING DIVISION FIRE TECHNOLOGY DEPARTMENT
WWW.FIRE.SWRI.ORG
FAX (210) 522-3377

Glulam Connection Fire Test 7

Summary Report

[ssue | June 5, 2017 FIRE PERFORMANCE EVALUATION OF A LOAD BEARING
GLULAM BEAM TO COLUMN CONNECTION, INCLUDING A
CLT PANEL, TESTED IN GENERAL ACCORDANCE WITH
ASTM E119-16a, STANDARD TEST METHODS FOR FIRE TESTS
OF BUILDING CONSTRUCTION AND MATERIALS

FINAL REPORT

Full Report Available at:

https://www.thinkwood.com/wp-content/uploads/2018/01/reThink-Wood-
Arup-SLB-Connection-Fire-Testing-Summary-web.pdf



https://www.thinkwood.com/wp-content/uploads/2018/01/reThink-Wood-Arup-SLB-Connection-Fire-Testing-Summary-web.pdf
https://www.thinkwood.com/wp-content/uploads/2018/01/reThink-Wood-Arup-SLB-Connection-Fire-Testing-Summary-web.pdf

Tall Mass Timber Inspections

Wood Connection Coverings for Fire-Resistance

110.3.5 Type IV-A, IV-B, and IV-C connection
protection inspection. In buildings of Type IV-A, IV-B,
and IV-C Construction, where connection fire
resistance ratings are provided by wood cover
calculated to meet the requirements of Section
2304.10.1, inspection of the wood cover shall be
made after the cover is installed, but before any
other coverings or finishes are installed.

Inspection of Wood Coverings




Tall Mass Timber Special Inspections

TABLE 1705.5.3
REQUIRED SPECIAL INSPECTIONS OF MASS TIMBER CONSTRUCTION
Continuous Special Periodic Special
Type . :
Inspection Inspection
1.In ion of anchor n nnections of m imber construction to timber X
foundation systems. 2
2. Inspect erection of mass timber construction X
3.1. Threaded fasteners
1.1, Veri roper installati pm 2
i -dri r X
3.1.3. Inspect screws, including diameter, length, head type. spacing, installation angle, X
and depth. =
3.2. Adhesive anchors installed in horizontal or upwardly inclined orientation to resist X
in nsion | il
3.3. Adhesive anchors not defined in 3.2. X
3.4. Bolted connections X
3.5. Concealed connections X

Source: International Building Code Table is 0n|y reqUirEd for TVDe IV'Ar IV'B) and IV'C




Questions? Ask us anything.

WOODWORKS

f‘ Please take our survey!

Mark Bartlett, PE

Regional Director | TX

(214) 679-1874
mark.bartlett@woodworks.org

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