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

This paper covers key aspects of mass timber acoustical design, including rules
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.
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Designing Mass Timber Floor Assemblies for Acoustics

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

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.
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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
AIA members. Certificates of Completion
for both AIA members and non-AIA
members are available upon request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to
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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.
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Course Description

We are at an exciting confluence in timber construction. The need for sustainable, urban construction has
never been higher. Concurrently, mass timber products such as cross-laminated timber have opened the
door to many new opportunities for construction, one of which is tall wood. In January 2019, the
International Code Council (ICC) approved a set of proposals to allow tall wood buildings of up to 18 stories
as part of the 2021 International Building Code (IBC). This presentation will introduce the new tall wood code
provisions in depth. Starting with a review of the technical research and testing that supported their
adoption, it will then take a detailed look at the new code provisions and methods of addressing the new
requirements. Topics will include fire-resistance ratings and allowances for exposed timber, penetrations,
sprinklers, connections, exterior walls and much more. Designers can expect to take away the knowledge

they need to start exploring tall wood designs on their projects.



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 code-compliant options for exposing mass timber, where up to 2-hour fire-resistance ratings

are required and demonstrate design methodologies for achieving these ratings.

4. Review code requirements unique to tall wood buildings, focusing on items such as sprinklers, shaft

construction and concealed spaces.
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ASCENT, MILWAUKEE

Tallest Mass Timber Building in the World

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



80 M ST, WASHINGTON, D

Photo: Hickok Cole | Architect: Hickok Cdle
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11 E LENOX, BOSTON, MA 7 STORIES
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11 E LENOX, BOSTON, MA

Credit: H+O Structural Engineering
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Tallhouse, Boston

Souf e: Generate Architecture
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Global Population Increase

2050 =11.2
billion people

2022 = 8.0
billion people -+

%? " \.‘ .
) | < * B

LM
@& f4 . Source: https://ourworldindata.org/future-population-growth



Population (millions)

T ed st o America US URBAN POPULATION BOOM

W Urban B Rural

400-

300-

T URBAN 1 RURAL

2019 2714 M 57.7 M

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
1 1%

(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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Construction Impacts: Labor Availability




Construction Impacts: Schedule

Site Selection, Due Diligence, & PSA B e

Master Use and Buikding Permits T 5 Months
Design Phase _ Jan 29 -Oct &
Estimating and GMP Contract Phase _ Mar 25 - Jan 12 MT Finish PT Finish

Jul 19 Dec 20

Mass Timber Construction Phase Jan 27 - Jul 13

lan 27 -Sep 21

Mass Timber Below Grade Structure

Mass Timber Above Grade Structure

Mass Timber Building Envelope / Finishes / MEP

Mass Timber Commissioning / Turnover

PT Construction Phase Jan 27 - Dec 20

PT Below Grade Structure Jan 27 - Sep 21

PT Commissioning / Turnover . MNov 23 - Dec 20

PT Above Grade Structure

PT Building Envelope / Finishes / MEP

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



Tall Mass Timber: Structural Warmth is a Value-Add
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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
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Dowel-Laminated Timber (DLT) Nail-Laminated Timber (NLT) Glue-Laminated Timber (GLT)

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft

Photquma Pete
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Mass Timber Connections
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Concealed Connectors Self Tapping Screws Photos: Rothoblaas



Mass Timber Connections

Photo: StructureCraft

Beam to Column

Photo: Structurlafn



Exterlor Envelope Prefabrication
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INTERNATIONAL
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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 ANSIVJAPA PRG 320.

I

v
4
/
2 O-I 5 INTERNATIONAL
Building Code
A MODer of Tra Nt 2

= P
; CODE COUNCIL




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

-
-

oy 1 PhotofSeagate Mass Timberitic
Pollux Chang photographer




U.S. TALL WOOD
DEVELOPMENT AND CHANGES

|tte on Tall Wood:

. Buﬂdmgs

In December 2015, the ICC Board established the ICC Ad Hoc
Commiittee 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.

il £ e 217
g b




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
= Tall Wood Ad Hoc Committee s

Commissioned series of 5 full-scale tests
on 2-story mass timber structure at ATF

lab in MD, May-June 2017

914m

00m DIamiSm 3.0m

Figure 2. Elevation view of the front of the cross-laminated timber test structure.

nam

IS —
=
a ||.I
488 m
!

Corridor 1.52m
| 9]
I § Bathroom
Kitchen I ! "
Utllity
Haltway || oo
Clozet
| ERES
610 m
Living room ] Bedroom
1.52m 368 m —-|
457 m
914 m
Figure 1. General plan view of cross-laminated timber test structure.
Images: AWC
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U.S. BUILDING CODES
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 I\V-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



Bedroom
Flashover

Living Room /
Kitchen Flashover

Ignition |

Living Room
/ Kitchen

— —

Photos prowded by U. S Forest Products Laboratory USDA | | Source: AWC



‘ : Living Room /
lgnition ¢ Kitchen Flashover

Decay Phase

‘;:AM

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




TESTS5

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




U.S. BUILDING CODES
Tall Wood Construction Types

Three Main Categories:

1. Noncombustible (Types | and II)
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 Ill and V is very common



INTERNATIONAL
CODE
COUNCIL®

SO WHAT’S CHANGED?? AN
(1 1)

Since its debut, IBC has contained 9
construction type options

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

TYPE I TYPE Il TYPE I TYPE IV TYPEV

A 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 TYPE IV
ELEMENT) A | B | A B |AalBfAajBlclHr|Aa]B
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18 STORIFS 12 SIOKILS 4 STORIES

BUILDING HEIGET 270 SUI DING HFIGHT 180 FT BUILDING HILIGlH ] as'
AlLLOWARLF BUIDING ARFA - 972 000 SF ALLOWAULL BLILDING AHLA 648,000 5| ALLOWABLE BUILDING AREA 4105 000 SF
AVERAGE AREA PER STORY  S1.000SF AVFRAGE ANFATFR STORY  L4,0I0SF AVLRAGL ARLA PLRE S10RY 45000 3]

TYPE IV-A TYPE IV-B TYPE IV-C

IBC 2021

BUSINESS OCCUPANCY [GROUP B]

*BUILDING FLOOR-TO-FLOOR HEIGHTS ARE SHOWN AT 12'-0" FOR ALL EXAMPLES FOR CLARITY IN COMPARISON BETWEEN 2015 TO 2021 |IBC CODES

Credit: Susan Jones, atelierjones

324,000 SF
ALLOWABLE BUILDING AREA

54,000 SF ' :
AVERAGE AREA PER STORY

& STCRIES MAXINUL
ah' -0t MAXIM LM B DING HFIGHT
324.00 5F MAXINMUM AREA

TYPE IV- HT

IBC 2015




9 STCRIES

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

Occupancy | # of Area per |Building
=1 | CEEs Stories Story Area
———

#ﬁﬁ%ii 85 ft 56,250 SF 168,750 SF
— B 9 85 ft 135,000 SF 405,000 SF
Sy G 85 ft 76,875 SF 230,625 SF
R-2 8 85 ft 76,875 SF 230,625 SF
Egﬁj i(?é};:%ﬂi'g"c'ﬁlﬁféf ?}I)S"l?' 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 darea = 1-25 * Type IV'HT daread



Type IV-C Protection vs. Exposed

9 STCRIES

BUILDING HEIGHT 85"
ALLOWABLE BUILDING AREA 405,004 Si
AVERAGE AREA PER STORY 45,000 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
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12 STORIES

BUILDING HEIGH T 180 F1
ALLOWABLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY  54,000SF

TYPE IV-B

Credit: Susan Jones, atelierjones Credit: LEVER Architecture



Type IV-B Height and Area Limits
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12 STCRIES
BUILDING HEIGH | 180 F 1

ALLOWABLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY  54,000SF

TYPE IV-B

Credit: Susan Jones, atelierjones

Occupancy | # of Area per |Building
Stories Story Area
A-2 12

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



Type IV-B Protection vs. Exposed
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12 STORIES

BUILDING HEIGHT 180 F1
ALLOWABLE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY  54,000SF

TYPE IV-B

Credit: Susan Jones, atelierjones

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

*City of Dallas Ordinance 32198 allows 100% of Ceiling

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 =
(Uy/U, ) + (U, /U,,) < 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

\V-B

Desigh Example: Mixing unprotected MT walls & ceilings

Living room

Credit: AWC

18800

Bathroom

—_

= I

iy [ Utility

roam

Closet

! E—

Bedroom

800 SF dwelling unit

* U__=(800 SF)*(0.20) = 160 SF

* U_, =(800 SF)*(0.40) = 320 SF

* Could expose 160 SF of MT ceiling,
OR 320 SF of MT Wall, OR

* |f desire to expose 100 SF of MT

ceiling in Living Room, determine
max. area of MT walls that can be
exposed



Type IV-B Protection vs. Exposed

IV-B
Desigh Example: Mixing unprotected MT walls & ceilings
_Ziitr.hen” ki o (UtC/UaC) + (UtW/UaW) S 1'0
oy | (100/160) + (U,,,/320) < 1.0
gl || U,, =120 SF
:  Can expose 120 SF of MT walls in
. dwelling unit in combination
Living room | Bedroom With eXPOSing 100 SF Of MT
ceiling

Credit: AWC



Type IV-B Protection vs. Exposed .

Ceiling Exposed

(20% max)

Credit: AWC



Type IV-B Protection vs. Exposed

Ceiling Exposed
(<20%)

Wall Exposed
(<40%)

Credit: AWC

Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%)

Bedroom




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

cel
ceili
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 .

I %]
I 2 Bathroom Bathroom
| -]
| Utiity
Hallway | room
Closet
|
15’ min
Bedroom

Credit: AWC
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18 STCRIES

BUILDING HEIGHT 270
ALLOWABILE BUILDING AREA 972,000 SF
AVERAGE AREA PER STCHY 54,0005}

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

Credit: Susan Jones, atelierjones



Type IV-A Height and Area Limits

Occupancy | # of Area per |Building
Stories Story Area
A-2 18

270 ft 135,000 SF 405,000 SF

I
—TiTe B 18 270 ft 324,000 SF 972,000 SF
e
::Jlmg=== M 12 270 ft 184,500 SF 553,500 SF
= ===g:§; R-2 18 270 ft 184,500 SF 553,500 SF
] .
ﬁ-===g g o Areas exclude potential frontage increase

In most cases, Type IV-A height & story
%?Jlli%ﬂl(:!i%[li?g?mTDIN(;ARFA :?/:fj(]f\sF allowances = 1.5 * Type I-B height &

AVERAGE AREA PER STCHY 5400081

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

TYPE IV-A



18 STORIES

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

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



IV-A
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No timber surfaces may be exposed =
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WOOD PRODUCTS COUNCIL

Tall Wood Buildings in the 2021 IBC
Up to 18 Stories of Mass Timber

Scomn Breneman, D, SE WoodWerks « Wood Moducts Counol e Maer Timemers, SE. John A, Martin & Azsocates

* Deores Achardson, PE, CBO

ASD. Amencan Wood Coumol

In January 2019, the International Code Council (ICC)
spproved a set of proposals 1o allow tal wood buildings as pan
of the 2021 International Building Code (1BC). Based on these
proposals, the 2021 1BC wil nclude three new construction
types—Type IV-A, IV-B and IV-C—allowing the use of mass
umber of noncombustible materials. These new types are
based on the previous Heavy Timber construction type
(renamed Type |V-HT) but with addtional fire-resistance
ratings and levels of required noncombustible protection

The code will include provisons for up to 18 stones of Type
IV-A construction for Business and Residential Occupanc les

Based on informaton first published in the Structursl
Engireers Association of Calfornis (SEAQC) 2018 Conference
Proceedings, this paper summarizes the background to these
proposals, technical research that supported ther 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 & growing interest
In tall buidings constructed from mass timber matenals

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

@

1 - !
Va Cenn Milan, Nay | 2013



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 1-B 1IV-A 1V-B 1V-C IV-HT 1HI-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
g 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
é 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 1-B IV-A IV-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, A-4 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 I-B IV-A IV-B IV-C I[V-HT
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 160 65 65 65 65
Anommttomﬁ;ne (IBC Table 505.4)
A-2,A-3, A4 Unlimited o 11 o 3 o 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 1-B 1IV-A 1V-B 1V-C IV-HT 1HI-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
; Unlimited 12 18 12 9 6
imi : 5
Allowable Area Factor (At) for SM, Feet? (IBC Tgble 506.2)
Unlimited | Unlimited 45,000 42,000
Unlimited | Unlimited 108,000 85,500
Unlimited | Unlimited 61,500 72,000




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

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

. 1 0 0 0O 0 C Overall Building Height Limit (85 ft)
8 Stories — Relative to # of Timber Stories (8)
85 ft 0 O O O 0 C
76,875 SF 01 0 00 O0C Same Overall Building Height Limit as
max per floor 1 0 00 0O C IV-HT (85 ft) but higher Fire-Resistance
e e Ratings Req’d
230,625 SF 01 0 0OD0OD0OE
bide. 0 0 0 0 0L 3 Additional Stories Permitted
(areas noted j j j j j j COm pa red tO IV'HT
assume no frontage
increase) B B
i fgneiNsw 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

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

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

Ny sy e [ o [ O o O v [ e ) O e [ O e [ ) |

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

e N s ) e ) O o [ O s O e N o O s O e [ O s [ s ) o |

s [ s [ O s s e [ O s s e [ O s )

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

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

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

e N s ) e ) O o [ O s O e N o O s O e [ O s [ s ) o |

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 Req’d as
IV-C But Limitations on Timber Exposed

4 Additional Stories Permitted
Compared to IV-C

Limited Timber Exposed
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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

o o o o o o v v
D00 DooooDoDDoDOoOOOOGO
o o o O O o o o v v
D000 0DD0DODDoDODOoDOoOO0OOan
D00 DoooooDoOoOOOOO
0O D00 ooDo0DooDoDOoOOODOD
DO0oooooDoooooOoOoGOoan
o o o O o o o ¢
o o o o O o o v ¢
DO0DoDooooDoooOoOoOoGO0an
0DOoo0oooDoDDoDoDoODOO0OO
0DOoo0oooDoDDoDoDOoDOoDOOOO
0DOoo0ooooDoDDoDoDoOoDOO0OO
DO ooDo0DoooDoDDoDoDOoOoDOOOO
0000 ooDoDooDoDOODODOD
0000 ooDoDoDDODODOODOD
DO0o0ooooDoDDoDoODOOOO
DOo0D0DooD0DOoDDODODODDODOD

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
hall f ibl ructi
Exception:Type IV-HT Construction i with

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
minimumes sizes also apply to MT

used in new types IV-A, IV-B and
IV-C

Contained in IBC 2304.11




Type IV Minimum Sizes - Framing

‘--'?( ¢ v R ;‘
i Y
> 3

Framing | SolidSawn|  Glulam SCL
(nominal) (actual) (actual)

s |Columns| 8x8 63/, x 8% 7Xx7%

o

L. Beams 6x10 5x10% 5 x 9%

. Columns 6x8 5x8% 5% x7%

o

< | Beams* 4x6 3X6’/g 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

—PF oto:-;{\/oodWoFlis



Type IV Minimum Sizes — Floor/Roof Panels

Floor Panels/Decking:

* 4” thick CLT (actual thickness)

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

* 3" thick (nominal) decking covered with: =
1” decking or 15/32” WSP or %” e ki 8 E { iw I ﬂEMHﬁh
particleboard v e A

Roof Panels/Decking:

e 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-A B C
e CLT or Non-combustible

Exterior Walls for Type IV-HT

 CLT or FRTW or Non-combustible
 IBC 2018 - 6” Thick Wall (FRTW or CLT)
 [BC2021-4" Thick CLT




MT Type IV Minimum Sizes — Walls

MT Interior Walls in all Type IV:

 Laminated construction 4” thick

* Solid wood 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 layers of 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

1\V-B

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 &

Exterior NC Protection , ) ,
No Exterior Combustible Coverings

FRT Sheathing, Gyp or other NC

Interior NC Protection Per Interior Requirements Not Required

Light Frame FRTW No Yes* 6” Wall*

*Changes in 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)

The definition of “Noncombustible
Protection (For Mass Timber)” is created to
address the passive fire protection of mass

.\L-)/ timber.

Mass timber is permitted to have
- Its own fire-resistance rating (Mass Timber only)

- Combination of mass timber fire-resistance plus
protection by non-combustible materials
- Defined in Section 703.5




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



Prescriptive Noncombustible Contributions to FRR

o a [ e o Contrlbut_mn 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

) ) = 5 P B s ) ) R R ] T T O T ey T 3 e 2 ) [ e ) S REEE RS

Wtass Timber Floor Panel

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




Noncombustible Protection

Noncombustible Protection Required

)
! |
'\D/ IV-B IV-C

Roof below Mass Timber 60 min 40 min* Not Regq. Not Regq.
Primary Frame @ Roof 80 min 40 min* Not Req. Not Req.
Primary Frame 120 min 80 min* Not Req. Not Req.
Below Mass Timber Floor 80 min 80 min* Not Req. Not Req.
Above Mass Timber Floor l&gﬂnﬁgf 1|'\'/||;/an“|;||¢ 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.

redit: Urban One




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)
IV-B

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)
IV-B

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)
IV-B

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. Calculations in Accordance with IBC 722 — NDS Chapter 16

2. Tests in Accordance with ASTM E119

— L NA.

Solid wood with Char zone
full strength

Credit: Urban One




MT Fire Resistance Ratings (FRR)

MT FRR Calculations Method:

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

e 722.1 refers to NDS Chpt 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 1s established by calculations.
based on the fire exposure and acceptance criteria specified in These procedures apply only to the information contained in
ASTM E119 or UL 263. The required fire resistance of a this section and shall not be otherwise used. The calculated

build; 1 blv shall b i fire resistance of concrete, concrete masonry and clay
uildmg element, component or assemoly shall be permitte 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 Constriiction (NDS).



MT Fire Resistance Ratings (FRR)

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

FIRE DESIGN
OF WOOD
MEMBERS

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

Required Effective Char Depths, a..,
Fire (in.)
Endurance lamination thicknesses, hiy (in.)

(ke) 58 |34 78 | 1 |1-1/4]| 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 |'22]:21 |20] 20| 19 1.§ | 18 | 1.8
14-Hour 34 |32 31 |30]129 | 28 | 28 | 28 | 26
2-Hour 44 |43 | 41 |40| 39 | 38 | 36 | 36 | 3.6




MT Fire Resistance Ratings (FRR)

. ” H Table 16.2.1A Char Depth and Effective Char
Nomm?l ch.ar 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 s i)
|-Hour 1.5 1.8
heat-affected zone eHous )] e
T e 1 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, huw (in.)
(Bs) 5/8 |34 | 7/8 1 |1-1/4| 1-3/8 |1-1/2(1-3/4| 2

1-Hour 22 |22|:21 |20]| 20| 19 18 | 18| 18
1%-Hour 34 |32 31 |30 29| 2B | 28 | 28 | 26
2-Hour 44 (43| 41 (40| 39 | 38 | 36| 36 | 3.6




MT Fire Resistance Ratings (FRR)

Structural capacity check
performed on remaining
section, with stress increases

Char layer
Char base

Pyrolysis zone
Pyrolysis zone base
Normal wood

Credit: Forest Products Laboratory

Table 16.2.2 Adjustment Factors for Fire Design?

ASD
) I I
BEL| u g 3 el | ES
6§ 7 c 1 3 £
o= = = s !
Bending Strength Fy X 2.85 Cy Cy C Cy
Beam Buckling Strength Fus X 2.03 -
Tensile Strength F, X 2.85 C
Compressive Strength F. X 2.58 C, Cp
Column Buckling Strength Foa X 2.03 -

a — B tllElE
t

Solid Sawn, Glulam, SCL
CLT

char
Achar = Mam hlarn T Bl (t - (nlarn tg| )]D‘EH

a,=12a,,

Effective Char Depth



MT Fire Resistance Ratings (FRR)

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

as -

A
lnte rtek FPInnovalions<\)
NIC-CNC

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

TEST REPORT

American Wood Council

2 Catoctin Circle SE, Suite 201
Leesburg, VA 20175

Standard Methods of
Fire Tests of Bulldin g Construction and Materials

ASTME119-11a

EVALUATION CENTER
16015 Shady Falls Road
Eimandorf, TX 78112
Phene: (210} 635-8100
Fax: (210) 635-8101

waww intertek com Proliminary CLT Fire Ressstance Testing Report

RENDERED TO

Structurlam Products LP Lindsay Osborme, M.A_S¢

2176 Government Street Christian Dagensis, Eng., M.Sc

Penticton, BC V2A 8B5 Scicmists
Canada Advanced Building Systems - Serviceability Fire Geowp

'TEST REPORT

Contact WoodWorks for Inventory of Tests
11 |




MT Fire Resistance Ratings (FRR)

C’g WoodWorks"

WOOD PRODUCTS COUNCIL

Fire-Resistive Design

of Mass Timber Members

Code Applications, Construction Types and Fire Ratings

RETMALLAN PR, 55 » SeN TRLUNSY DEDSRN o WEOOWDNS
Scoft Gmmeman. PN0. PE SE » Seair Tectnice! Diwchy « VtodVorty

For many yoars, axposad heavy tirnber framing slments
hawe been permntted in U S, buikings dus to thar inherent
fro.1esistance propertios. Tha prodictabilzy of wood's char
rats has been wallsstablishad for docadas and has leng been
recogrizsd n bulding codas and standsrds

Tooay, one of tha axciting rends In bulidng dasgn 15 the
growing uze of mass tmber—i 0., large 2old wood panal
procucts such 35 cross-aminatad tmber ICLT) and nai-
laminated timbar (NLT)—for fioor wal and root construchon.
Liko heavy timbar, mass timbor products have inherert

fra resistance that alows them to be left axposad and still
achieve a fre-resistance ra1ing. Because of theair strength
and dimensond suablity, thoeso products aieo offor 2 ow.
carbon akemative 10 steal, concrets, and masonry for many
apphcatons., It is this combenation of exposed stnucture snd
strangth that dovelcpors and dosigners across tho countty

Catemz | Pecdand. Ovegen
Fager Group | Poth Archracture
Murong Stuctrd Exgreerng

a3 loveraging 1o Create nnovative dosigns with 3 warm
y=1 modern assthatic, aften for projects that go beyond
radisonal noms of wooed dasion

Thig papor has boan writton % support rchitecs and
engineers axploring the use of mass smber dor commarcial
and muit-family constnucdon it focuses an how to mees
fire-resistance requirements in the Inteenationa Building
Code (IBCI, incudng caculation and tasting-based mathods
Uniess otherwise noted. refersncas refer w the 2018 I1BC

Mass Timber & Construction Type

Batora demonstratng fire-resstancs ratings of axposad
mass tmber elements, it's important 1o understand undar
what drcumstances tho codo currontly diows the uss of
mass tmber n commeardial and muti-family construction

A budding's sssgned constructon tyoe i

ha main indicater of whero and when al
wood systams can ba used, I8C Sachon 602
gefnes Nive man cptions (Type | through V)
with 2l but Typo 1V having subcatogerios A
and B. Types Il and V pamit the use of wood
framing troughout much ot the structura and
both aro used axtorsvaly for modem mess
tmber buikings

Type MICEC 602 3 - Timber alamants can
be usad in Noors, roofe and intarnor walls.
Fro-rotardarn roatod wood (FRTW) framing
15 parmitied In extanor wakls with a frs-
resistance rating of 2 hours or less.

Type V {IBC B02.6) - Timber clamants can
be used throughout the structurs, including
fioors, roots and both intanor 2nd extanar
wals,

Type IV 0BC 602 4) - Commoanly refarrad %
a5 ‘Heavy Timbar' canstruchon, this opbon

Mass Timber Fire Design Resource

 Code compliance options for
demonstrating FRR

 Updated as new tests are
completed

* Free download at woodworks.org



Inventory of Fire Tested MT Assemblies

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

MT Fire Resistance Ratings (FRR)
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WOOD PRODUCTS COUNCIL
TECHNICAL BRIEF

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

fchard MoLow, PL, ST » Senior Tochnea! iector - Tod Wood, WoodWavks

Changes 1o the 2021 Interational Budkding Code 11BC) have :
created oppor lunities lor wood bulldings that are much arger f
and taller than prescriptively allowed in past versions of the z
code. Occupant safety, and the need to ensure fire performance :
In partcular, was a fundamental consideration &s the changes :
wiere devaloped and approved. The result is thrae new E

construction Lypes— lype IV-A, IV-B and IV-C—which are based
on the previous Heavy Timber constructon typs (renamed
Type IV-HT), but with additional fire protection requirements.

One of the main ways to demonstrats that a building wll

meet the required |evel of passive firs protection, regardisss

ol structural materials, & through hourly e ressiance ratings
IFHRS) of its slements and assembbes. |he 1BC dehines an
FRR as the pariod of time a building element, componant or
assembly maintains the abilty to confvie & fire, continues to
perform a given structural function, or both, as detsrmined by the
tosts, o (he rmethods hasod on ests, evescabod i Socton 703

FRR= for the new construction types are simiar to those
required for Type | construction, which s primarily st=el and
concrate ' (See lable 1) Ihey are tound in 1BC Iable 601,
wiuch includes FRA requirsments for all construction types
ana huilaing elements, howeves, other code sections shokd be N y K tes Al clé Iects

checked lor overnding provsions le.g,, cecupancy
shaft enclosures, etc.) that may alter the requirement.

on lomaset

TABLE ©:

FRR Requirements (Hours) for Tall Mass Timber Construction Types and Existing Type |

| ‘ LA VA 1B VB w.e
Rulding Flamant o | J(Ma S won SIS N e o | DU Gevint SN b0 5 o

Tall Timber Fire-Resistance Design

| I Intenar Haanrg vwals £ | 4 F I r F | |




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

\~ FRAMED OR GLUSD-LAMIMATED MENBER
FLOORE 6 &t M.

WORE G 1O ML
FOOFS 8w G (MK

PERMITTED IMNSTALLATIZH

IIIIIIIIIIIIII

PROHBITED INSTAL i

Credit: IBC



Concealed Spaces in Type IV-HT — 2021 IBC

CONCEALED SPACES:TYPE IV-HT

Option 1:

Sprinklers in concealed spaces g |

Dropped ceiling



Concealed Spaces in Type IV-HT — 2021 IBC

CONCEALED SPACES:TYPE IV-HT

~_ W |
A | |

SOOI



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 7T TT TT TT1T TT7 TT TT TT TT TT TT TT TT TT T1T

Mass timber floor panel I 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 TT1 TT7 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

| °
Dropped ceiling .




Concealed Spaces in Type IV-C

Without Dropped Ceiling

Noncombustible material not required

L TT TT TT TT TT TT7 T T T T TT7 7T 7T 7T 7T 71 7T T T TT TT T

Mass timber floor panel

Noncombustible material not required

With Dropped Ceiling

Noncombustible material not required

Mass timber floor panel

I ITT T T TT7 T T 707 T1T °T TT7 TT T TT T TT T TT T TT TT T

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

Dropped ceiling

|
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WOOD PRODUCTS COUNCIL

Concealed Spaces in Mass Timber
and Heavy Timber Structures

At MoLen, PE, SE o Teobwon! Divecier - Tl Wisod, Woadhbodks

Concealed spaces, such as those traated by & dropped cellng othar construction types. This 8 not the case In addton to
In a floorfoeiing assambly or by a stud wail assembly, have Type IV buddings, structunal mass tmber lemants—Incluoeg
LrGQUe raquirements i the Intormationsl Bulding Code (1B0) CLT, glusd-laminated timbor (ghdamy), nail-lamnated terbar

to addeeas the potentidd of fire speoad in nonwisle aroas
8 bulldng. Secton 718 of the 2018 IBC includes pr

ALT), structural composite lumber (SCLI, and tongue-and

groave (T&G) de

retive

ng—cen be utized and exposed in the

raguirements
of ¢ S4£0 spaces Mrough tha use of dreaft stopping, hre
blocking. spankiers, and other means
these requremants, see tha WoodWorks Q&8 A, Are spanilars
requived §
{i-famdy wood-frame buildings?

of protaction endlor comparimenalezator 28, WhHEther of NOt & Tire-1essLance

¢ information on

* Type Ml - Floors, roofs and intenar walis may be amy mataral

permitted by code, ncluding mass timber, extenor walls are

and roaf cavwtes »

conceaod spaces such as 1

requited 10 ba noncombustiie of fire retardant-treatead wood

* Type V - Flocrs, roofs, interioe walls, and extesor wall
oF Mass ber Dalaing alements, the choxe of Constructon
For mass timber balding elements, this choxe ( R Ce (Lo, the entire structurs) may be constructed of mass tmber
type can have & signdicant impact on concealed space % s 3
n . Mass timbor may bo used in solect

regquiroments. Because mass timber peoducts such as croas ypes 1and Il - Mas v o

Cirounms ces

lsminated timber {CLT) are preacriptively recognized for Type IV ch &s ool constructon—inciuding the
SC—mn Typas -8, 0-A or I-8

SXTBNOr Colming and arches whnen 20 188t or mora of

prmary frame in the

corstructon, theve s & co on mispercepbon that exposed
mass timber bulding elements cannot be used or axposad ir
horzantal separation is pravided: and Dalcones, Canopeas

ord smdsr peoje

INTRO, Cleveiard | Ceveland. Ohko
[ Bay Neo! Estete Advisor

HPA Architsctue

»

-
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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.

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 I, Ill, 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.

uuuuuuuuuuuuuuuuuuuuuu

Standard for Performance-Rated
Cross-Laminated Timber

Photo: ARUP




CLT Fire Performance — PRG 320

PRG 320 is manufacturing & performance :
standard forCLT.
2018 edition (referenced in 2021 IBC) added Standard Br Perbormiance 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)

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

(MANDATORY)



Mid-Rise vs. High-Rise

If this dimension exceeds
75 feet, building is 10’ floor to fioor
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
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Concrete Core Shearwalls e

s ; EBIue
i Photo: Panzica Construction
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FUTURE POTENTIAL LATERAL o oo

CONNECTION BEAM AND BOUNDING
COLUMN CONNECTION

SYSTEM FOR TALL WOOD SOUNDIG LA (| L

U-SHAPED FLEXURAL PLATE ———+§f | CLT FLOOR-TO-WALL

CLT FLOOR PANELS OVER —— ¢ CONNECTION
GLULAM BEAMS

CLT SHEARWALL SPLICE

GLULAM COLLAR BEAMS

HIGH-STRENGTH POST-
TENSIONED THREAD BAR

ROCKING TOE DETAIL

«—— CONCRETE BASE

ELEVATION — POST-TENSIONED ROCKING WALL (STATIC STATE)

-

Image: KPFF

Mass Timber
Rocking Shearwalls

Photo: WoodWorks



CONSIDERATIONS FOR LATERAL SYSTEMS

Prescriptive Code Compliance
Concrete Shearwalls Vv~
Steel Braced Frames V'
CLT Shearwalls (65 ft max) v *rece oy
CLT Rocking Walls

INTERNATIONAL
"
LA




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

N
: { |
o oyse A = NS R at R T ¥ AT : Bipse i
M 3
3 L o l
; N N ‘ %

Bl B PLAN VIEW T



CONSIDERATIONS FOR LATERAL SYSTEMS

Connections to steel frame
- Tolerances & adjustability
- Ease of installation

£l
'
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gf Sé

T Photos: Marcus Kauffmz;rm, ODF -



CONSIDERATIONS FOR LATERAL SYSTEMS

Connections to steel frame
- Tolerances & adjustability
- Ease of installation &




Shaft Enclosures in
Tall Timber...

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

Exit & Hoistway Enclosures

E&H Enclosures FRR

IV-A

IV-B

IV-C

Up to 12 Stories or 180
ft: MT protected with 2
layers 5/8” type X gyp
(if 2 HR req’d) or 3
layers 5/8” type X gyp
(if 3 HR req’d) both
sides

Above 12 Stories or 180
ft: Noncombustible
shafts (IBC 2021 602.4)

NC or MT protected
with 2 layers 5/8”
type X gyp (IBC
2021 602.4.2.6)
both sides

NC or MT protected
with 1 layer 5/8” type X
gyp (IBC 602.4.3.6) both

sides

2 HR (not less than FRR of floor assembly penetrated, IBC 713.4)




Shaft
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WOOD PRODUCTS COUNCIL
TECHNICAL BRIEF

Shaft Wall Requirements
in Tall Mass Timber Buildings

Hicharo MeLawm, V& SE @ Senvar (ecnnical Livectar @ 1aY oo, Wocohvanks

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, Tall Wood
Buwidings in the 2021 18C - Up to 18 Stovies of Mass imbev.”
This psper budkds on that document with an in-depth look at the
requicements for shaft walls, inchding 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
anclosed space extending through ane or mave stevies of 2
bulding, connectng vertical openings in successive ficors,

or fioors and roof.” Therefore, shaft enclosure requirements
apply to stairs, elevators, and mechanics/electrical’olumbing
(MEP| chases in multi-story buidings. While these applications
may be simidar in theo fire design requirements, they tend 1o
dillen in terms of ther assemblies, detahng, and constiucthion
constraints

g = (Him

Shall enclosures are specilically addiessed in 1IBC Secton 713,
However, because shalt enclosure walls must be constructed H
as fire barniers per Section 713.2, many shaft wall requirements Al | ‘ ' II

reference provisions foe fire baroers found in Section 707

Tanavate Axhascium aid lachiogus « AT - lofin

Allowable Shaft Wall Materials

Provsions addressing matenals peremitted m shall wall A rclatively now catlegory ol wood products, rmass imber can

Enclosure Design in Tall Timber

utikzing construction lypes IV-A, IV-8, or IV-C s that they ) o
e S AU s e G < S el B S Structurs! elemants of Tyoe V 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'f"‘:rs' 16.3 Wood Connections

o | | 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

S
P

o
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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 N
following: \1‘;;—\"**

1. Testing in accordance with Section 703.2 where ) %ﬂ

L . . 23char
the connection is part of the fire resistance test.  source:Awc's TR 10 et

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



Connection Fire Protection

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




Connection Fire Protection

Fire Test Results

Beam Connector

| 8.75” x 18" 1 x Ricon S VS 3,9051bs l hr
(222mm x 457mm) 290x80 (17.4kN)
2 10.75” x 24" Staggered double 16,6201bs |.5hrs

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

3 10.75” x 24” 1 x Megant 430 16,6201bs 1.5hrs
(273mm x 610mm) (73.9kN)



Connection Fire Protection
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S Of t b‘ Ii OOd Lumber Board 6220 CULEERA AOAD 79238-5166 « PO DRAWER 2050 782208 0510 » SAN ANTONIO, TEXAS, USA + (210) 684-511% « WWW SWRI ORG

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

Glulam Connection Fire Test o7

Summary Report

Issue | 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
R 1AL | TIONS OF R CONSTRUCTION
1 ntin ial Periodi ial
L¥RE Inspection Inspection
X
A
3.1. Threaded fasteners
3.1.1. Verify use of proper installation eguipment. X
X
3.1.3. Inspect screws, including diameter. length. head type, spacing, installation angle, X
and depth. i
3.2. Adhesive anchors installed in horizontal or upwardly inclined orientation to resist X
sustained tension loads =
3.3. Adhesive anchors not defined in 3.2, A
3.4. Bolted connections X
3.5. Concealed connections X

source: International Builing code ~~ 1@DN€@ 1S only required for Type IV-A, IV-B, and IV-C




PENETRATIONS IN TALL WOOD
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Penetration Fire Protection

Although not a new code requirement or specific to tall wood, more
testing & information is becoming available on firestopping of
penetrations through MT assemblies




Penetration Fire Protection

Most firestopping systems include combination of fire safing (eg.
noncombustible materials such as mineral wool insulation) plus fire caulk

Thermal insulation

Through-penetrating item with
enough clearance as to not
touch the mass timber

System Ne. C-AJ-2109

F Ratings — 2 ard 3 Hr (See Bem 3}
T Ratings — 0, 2 and 3 Hr (See bems 2 and 3}
W Rathig - Class 1 (Ses lems 2, 3and 4)
L Ratlng at Amblent — Less Than 1 CFMisq ft (See lam 4)
L Ratlng at 400 F — Loss Than 1 CFMisq ft (Sea [tem 4)

i, o
@Kh_ s
1] : -
il
ad *

Fire stopping provided
around through-penetrating
item, up to an appropriate
depth/thickness to account
for anticipated/calculated
charring of mass timber

| -
Photos: AWC/FPInnovations/Hilti SECTION A<

[CM FILE]




Penetration Fire Protection
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FIRE RESISTANCE PERFORMANCE EVALUATION
OF A PENETRATION FIRESTOP SYSTEM TESTED
IN ACCORDANCE WITH ASTM  ES814-13A,
STANDARD TEST METHOD FOR FIRE TESTS OF
PENETRATION FIRESTOP SYSTEMS

FINAL REPORT
Consisting of 18 Pages

SwRI” Project No. 01.21428.01.001a
Test Date: September 30, 2015
Report Date: October 22, 2015
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Firestop systems tests on Mass Timber
Contact WoodWorks for information

FIRE PERFORMANCE OF FIRESTOPS, PENETRATIONS, AND FIRE
DOORS IN MASS TIMBER ASSEMBLIES

Lindsay Ranger !, Christian Dagenais L Conroy Lum', Tony Thomas’

ABRSTRACT: Integnty and combmuity muost be moniamed for e separalums regquired o provicle fi
prevent passage of hot gases or increased temperanure on the unexposed side. Vulnerable locations, whed
are introduced it mass ormber systems, are susceptible 1o Dre spressd. Service and clisure pened )
timber fire separation have been investigated.  Manoy of the five stop systems were able to achieve 1-42
accordance with CAMN/ULC-51135, which would be required for 2-hr fire resistanee rated assemblies, su

tall wwsd balelings. Constructson detsls arne outhmed which enswre adequate fire perlrrenoe of these

KEYWORDNS: Firestop, through-penetrations,  fire mted deor, moss timber. cross-laminsted  Hm

Taildings, fire resistance

1 INTRODUCTION

Mamy tull wood buildings using moss tomber are planned
o alc currcntly Being designed for construction arowsd
the world. A few have Been bilt e Canada, including
an IE storev cross-lommineted tmber (CLT) ond glulam
building  in  British  Columbia.  The  prescriptive
reqiremeds an the Matonal Building Code of Conada
(NBCC)[1] do noe (vet) permit the construction of wood
huildings taller than six storics, howeever an  alteriative

WCTE 2018

o=

=

comsrruction, 85 well as in several alter]
b leling desagns.

Although the gencral fire performance
well documented, there ame anll seved
worrant  further imvestigation to ensure
safery lovels are el and a mamber
available for desgnes o use, Generating
generic assemblies will reduce the need £

commleted on on individoal construction

NeHL

COMSULTANTS LTD
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Penetration Fire Protection

Inventory of Fire Tested Penetrations in MT Assemblies

Table 3: North American Fire Tests of Penetrations and Fire Stops in CLT Assemblies

g WoodWorks

WOOD PRODUCTS COUNCIL

(1 75mme ¥75%)

pipe

ol the slab . The veo id betwoon the stoel slovve and the CLT and between the steel sloeve mnd pipe st the top v filled with Roxu | Safe mineral woal
leavingaddindeap voud #thetop of the msend ly Hilt FSOne Max Intumescoont Firestop Saalant was applied 1o adepth of Y 4 (mon the 1op of the
a sembly betweoen the plywood snd steel s loes ¢ 2 well 2 the sied sleeve snd pipe

Exposed Side Penetrating Penctrant Contered Stated Test
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v N L 1 ( p SIS 6
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SEALANTS AT MT PANEL EDGES
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Sealants at MT Panel Edges

703.9 Sealing of adjacent mass timber elements. In buildings of Type
IVA, IVB, and IVC construction, sealant or adhesive shall be provided to
resist the passage of air in the following locations:

1. At abutting edges and intersections of
mass timber building elements required
to be fire resistance-rated

2. At abutting intersections of mass timber
building elements and building elements
of other materials where both are
required to be fire resistance-rated.



Sealants at MT Panel Edges

Sealants shall meet the requirements of ASTM C920 (elastomeric joint
sealants). Adhesives shall meet the requirements of ASTM D3498 (gap
filling construction adhesives, i.e. not fire caulk).

Exception: Sealants or adhesives need not be provided where they are
not a required component of a fire resistance- rated assembly.

B ':f.’ B s e i g PR
r o BT Yo T

Photo: ARUP

Photo: NRCAN



Sealants at MT Panel Edges

Several MT fire tested assemblies have successfully been completed w/o
adhesives/sealants at abutting panel edges

2021 IBC will require periodic special inspections of adhesive/sealant
installation (when required to be installed)

Photo: NRCAN

Photo: ARUP



Joints & Intersecting Elements

No (if wall
is bearing)

SECTION 202
DEFINITIONS

Joint. The opening in or between
adjacent assemblies that is created
due to building tolerances, or is
designed to  allow _independent
movement of the building in any plane
caused by thermal, seismic, wind or
any other loading.

Considerations:
 |swall beam and slab rated?
 Required to prevent smoke passage?

e Not a tall timber specific item, applicable

to all mass timber construction




CRDSS-SECII{JMAL VIEW

MAX. 12"

Source: Hilti
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Joint?
Yes (if wall
is non-brng)

Joints & Intersecting Elements

FIGURE 2:

Fire-resistance-

o= ' rated wall
b assembl
<1 Joint at y y
Seismic or
’ /' expansion
joint _—~<L
- p

A Fire-resistance-

IBC Commentary Figure 715.1 -
Examples of Joint Locations

___ Expansion or
wind joint

Fire-resistance-

-\

/,,4/ ~V

rated floor
assembly

Source: International Building Code

Not a tall timber specific item, applicable

to all mass timber construction




Joints & Intersecting Elements

SECTION 715
JOINTS AND VOIDS

715.3 Fire-resistance-rated assembly intersections.

Joints installed in or between fire-resistance-rated walls, floors or floor/ceiling assemblies
and roofs or roof/ceiling assemblies shall be protected by an approved fire-resistant joint
system designed to resist the passage of fire for a time period not less than the required fire-
resistance rating of the wall, floor or roof in or between which the system is installed.

715.3.1 Fire test criteria.
Fire-resistant joint systems shall be tested in accordance with the requirements of either
ASTM E1966 or UL 2079.

Not a tall timber specific item, applicable to all mass timber construction. Firestop
manufacturers should be consulted for specific solutions.

Source: International Building Code



Fire Safety During Construction

New code provisions in International Fire Code (IFC) address construction fire
safety of tall wood buildings

3308.4 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 above grade plane

shall meet 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 chief.




Fire Safety During Construction

IFC 3313 Standpipe Requirements

SECTION 3313
STANDPIPES
3313.1 Where required.

In buildings required to have standpipes by Section 905.3.1, not less than one standpipe shall be provided for use during construction. Such standpipes shall be installed prior to
construction exceeding 40 feet (12 192 mm} in height above the lowest level of fire department vehicle access. Such standpipe shall be provided with fire department hose connections at
accessible locations adjacent to usable stairways. Such standpipes shall be extended as construction progresses to within one floor of the highest point of construction having secured
decking or flooring.

3313.2 Buildings being demolished.

VWhere a building is being demolished and a standpipe is existing within such a building, such standpipe shall be maintained in an operable condition so as to be available for use by the
fire department. Such standpipe shall be demolished with the building but shall not be demolished more than one floor below the floor being demolished.

3313.3 Detailed requirements.
Standpipes shall be installed in accordance with the provisions of Section 905.

Exception: Standpipes shall be either temporary or permanent in nature, and with or without a water supply, provided that such standpipes comply with the requirements of Section
905 as to capacity, outlets and materials.

Credit: IFC



Fire Safety During Construction

IFC 3308.4 Cont’d

3. Where building construction exceeds six stories above
grade plane, at least one layer of noncombustible
protection where required by Section 602.4 of the
International Building Code shall be installed on all
building elements more than 4 floor levels, including
mezzanines, below active mass timber construction
before erecting additional floor levels.

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

Exception: Shafts and vertical exit enclosures

Photo: Urban One



Fire Safety During Construction

2

Prior to placement of mass timber floor paneils all building
elements morethand4 floor levelsbelow the level of active

masstimber construction shall be protected asrequired
bythis section.

Floor level of active mass timber construction.

and all lower floor levels

Heavy bold lines indicate elements one layer of
noncombustible protection on building elements of

Noncombustible floor covering required at this level /

masstimber whenrequired by Section 604.2

Shading indicates where exterior wallcovering is required \.'

Figure 1

Examples of Protection During Construction
For Mass Timber Buildings Greater Than
6 Stories Above Grade Plane

£ - N
l1a | |
l13 | |
|12 | |
12 | |
|10 | |
lo | |
PR
7 1 |
le | |
|
. m—
s 1 |
P
1 l ' Grade Plane

Credit: ICC






Acoustical Design

Air-Borne Sound:
Sound Transmission Class (STC)

 Measures how effectively an assembly isolates air-borne sound and
reduces the level that passes from one side to the other

e Applies to walls and floor/ceiling assemblies

I | | 'L

Airborne
sound g

SOy '\ ' Transmission
through wall

|

4

\

\

Separating assembly

I




Acoustical Design

Structure-borne sound:
Impact Insulation Class (lIC)

* Evaluates how effectively an assembly blocks impact sound from
passing through it

* Only applies to floor/ceiling assemblies

— L



Acoustical Design

Code requirements only address residential occupancies:

For unit to unit or unit to public or service areas: IBC

Min. STC of 50 (45 if field tested):
* Walls, Partitions, and Floor/Ceiling Assemblies

Min. IIC of 50 (45 if field tested) for:
* Floor/Ceiling Assemblies

N
AR
b




Acoustical Design

25

Normal speech can be understood quite easily and distinctly through wall
30 Loud speech can be understood fairly well, normal speech heard but not understood
35 Loud speech audible but not intelligible
40 Onset of "privacy”
42 Loud speech audible as a murmur
45 Loud speech not audible; 90% of statistical population not annoyed
50 Very loud sounds such as musical instruments or a stereo can be faintly heard; 99% of population not
annoyed.
60+ Superior soundproofing; most sounds inaudible




Tall Timber: Structure Often is Finish
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Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman




But by Itself, Not Adequate for Acoustics
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Mass Timber Acoustics

TABLE 1:
Examples of Acoustically-Tested Mass Timber Panels
Mass Timber Panel Thickness STC Rating IIC Rating
3-ply CLT wall® 3.07" 33 N/A
5-ply CLT wall* 6.875" 38 N/A
5-ply CLT floor® 5.1875" 39 22
5-ply CLT floor? 6.875" 41 25
7-ply CLT floor* 9.65° 44 30
3-1/2" bare NLT 24 bare NLT
4 NLT wall® . : A
XA BT e 4-1/4" with 3/4" plywood 29 with 3/4" plywood N/
5-1/2" bare NLT 22 bare NLT
6
ZxGHLEwEl 6-1/4" with 3/4" plywood 31 with 3/4" plywood WA
2x6 NLT floor + 1/2" plywood? 6" with 1/2" plywood 34 33

Source: Inventory of Acoustically-Tested Mass Timber Assemblies, WoodWorks”



Acoustical Detailing

Regardless of the structural materials used in a wall or floor
ceiling assembly, there are 3 effective methods of improving
acoustical performance:

1. Add Mass
2. Add noise barriers
3. Add decouplers

VealW.

Image credit: Christian Coiumbres Iy &\




Acoustical Detailing

What does this look like in typical wood-frame construction:

TONGLE AD GROOVE PLYWOCD
OR Ote

1. Add Mass
2. Add noise barriers
3. Add decouplers

\am INSULATION \mr PO BOND

STC 62




Acoustical Detailing

What does this look like in typical wood-frame construction:

TONGLE AD GROOVE PLYWOCD
OR Ote

1. Add Mass
2. Add noise barriers
3. Add decouplers

STC 62




Acoustical Detailing

What does this look like in typical wood-frame construction:

TONGLE AD GROOVE PLYWOCD
OR Ote

1. Add Mass ¥
2. Add noise barrlers\>
3. Add decouplers

\NTT INSULATION \mf bl

STC 62




Acoustical Detailing

What does this look like in typical wood-frame construction:

TONGLE AD GROOVE PLYWOCD
OR Ote

1. Add Mass
2. Add noise barriers
3. Add decouplers

\am INSULATION \mr PO BOND

STC 62




Mass Timber Acoustics

Mass timber has relatively low “mass”
Recall the three ways to increase acoustical performance:

A

1. Add Mass AN\ ——
2. Add noise barriers T
3. Add decouplers

——

Ima“ge credit: Christian Columbres ﬂ



Mass Timber Acoustics

Concrete Slab: CLT Slab:

6” Thick 6-7/8” Thick
80 PSF +——m——m—ooooooooooeep 18 PSF
sic53 +—mm > §7(C41



Mass Timber Acoustics

There are three main ways to improve an assembly’s
acoustical performance:

—) ] Add mass

2. Add noise barriers
—p 3. Add decouplers

Finish Floor if Applicable

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling



Mass Timber Acoustics

There are three main ways to improve an assembly’s
acoustical performance:
1. Add mass

2. Add noise barriers
—p 3. Add decouplers

Acoustical Mat:

e Typically roll out or board
products

* Thicknesses vary: Usually 72”
to 17+

Image credit: Maxxon



ass Timber Acoustics

Acoustical floor underlayments

Photo: AcoustiTECH' ) .
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Photo: Kinetics Noise Control, Inc.,"

Phota Pkteq Inc.”

Phato: Maxxon Comoration



Mass Timber Acoustics

Common mass timber floor
assembly:

* Finish floor (if applicable)
 Underlayment (if finish floor)

e 1.5” to 4” thick
concrete/gypcrete topping

* Acoustical mat
e Mass timber floor panels

Image credit: AcoustiTECH



Mass Timber Acoustics
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Mass Timber Acoustics

Solutions Paper

¥ WoodWorks

WOOD PRODUCTS COUNCIL
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Room-to-Room Noise Control
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Mass Timber Acoustics

Inventory of Tested Assemblles

Deéigning a wood building?
Ask us anything.

FREE PROJECT SUPPORT | EDUCATION | RESOURCES

Acoustically-Tested Mass Timber Assemblies

Following is a list of mass timber assemblies that have been acoustically tested as of January 23, 2019. Sources are noted at the end of this
document, For free technical assistance on any questions related to the acoustical design of mass timber assemblies, or free technical
assistance related to any aspect of the design, engineering or construction of a commercial or multi-family wood building in the U.S., email
help@woodworks.org or contact the WoodWorks Regional Director nearest you: http://www.woodworks.org/project-assistance

Contents:

Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed..........c.ccocvnnivnens

Table 2: CLT Floor Assemblies without Concrete/Gypsum Topping, Ceiling Side Exposed
Table 3: CLT Floor Assemblies without Concrete/Gypsum Topping, with Wood Sleepers, Ceiling Side EXPOSed ..........ccuiimimiciniinssiecnssinssans 9
Table 4: NLT, GLT & T&G Decking Floor Assemblies, Ceiling Side EXPOSE.........couiiiiiiiiiiioeiesiiiisisereessessssssrsssssessssssssssssssssesasssanssssssesassassasss 11
Table 5: Mass Timber Floor Assemblies with Ceiling Side CONCEAIEM.............crreirmmrsiiimemomeesesssrs e srsssassssssssrsermesssnssesrssrssansssssassssasssesasssnsanss 14
TR G S L Bl o e e R S T s
Table 7: Single NLT Wall.......ccoccivceiiniannns

Table 8: Double CLT Wall

http://bit.ly/mass-timber-assemblies
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Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

£ WoodWorks

WOOD PRODUCTS COUNeL

Finish Flaor if Applicabde

Concrete/Gypsum Topping l—

Acoustical Mat Product

CLT Fanel

Mo direct applied ar hung cellling ——

g - = i U N R R N P R R o o R R O O O O 6 O A I A D

CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floor STC! nct Source
Topping

Mone A7 ASTC A7 AlIC

VT - 497 AliC

, Carpet + Pad - 752 AlIC

1 =

Manen feousti-Mat® 3/4 LWT on Acousti-Top® - 522 AlIC
1-1/2" Gyp-Crete® Eng Wood on Acgusti- 1

- - 512 AliC

Top

Mone 492 ASTC A5 AlIC

Maxxon Acousti-Mat® 3 Premium VT - 47 AlIC

LVT on Acousti-Top® - 492 AlIC
Mone 458 398 15
VT 48" 47" 16

CLT 5-ply LVT Plus 48" 49¢

(6.8757) USG SAM N25 Ultra [ Eng Wood a7 a7 59
Carpet + Pad 455 67" 60
Ceramic Tile 50f 46" 61
Mone 458 420 15
1-1/2" Leve|rock® LT 48" 445 16
Brand 2500 = VT Plus 488 475 58
Seprema” Insonomat [ Eng Wood a7 458 59
Carpet + Pad 455 716 60
Ceramic Tile 508 46" 61
Mone 455 386 15
LVT 48" 47" 16
USG SAM NT5 Ultra VT Plus a8 4G5 T
Eng Wood 475 455 59
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State of Oregon

Building Codes Division

Statewide Alternate Method
No. 18-01 Tall Wood Buildings — Background

Better Buildings for Oregon

Statewide Alternate Method (SAM) Number 18-01 provides prescriptive path elements for Tall Wood
Buildings of mass timber construction. This alternate path includes scientific conclusions established by
the International Code Council’s Ad Hoc Committee on Tall Wood Buildings that were incorporated
into fourteen national proposals and utilizes concrete, steel or masonry for the vertical elements of the
seismic force-resisting system.

The provisions detailed in the SAM are crafted to coincide with the 20/4 Oregon Structural Specialty
Code (OSSC) when selected for use.

Three new types of construction are introduced under this method, all three of which are organized
under Type IV construction, typically referred to as heavy timber.

The new types of construction are:
« TypelV A
« TypelVB
. Type IV C 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*

Type of Constrffttion ™ " ™= F
Occupancy
Classilication Sae Type | Type ll Typell Type IV I
Footnotes | A B A B A E A B C HT
| |
NS® UL 160 [ 55 (i 55 I [ 65 65 65
ABEFMSU - . ~
S UL 180 ] 78 ] 75 4| 270 180 5] I.*-'-S
H-1, H-2_. H-3, H-5 UL 160 65 55 65 55 I 120 a0 65 mfis
b
NG UL 160 65 55 65 55 m| 65 65 65 65
H-4
S UL 180 55 75 85 75 140 100 84 RS
_I —
Mad= L'L 160 65 55 65 55 65 65 65 65
1-1 Condition 1, 1-3 - = = = v =
5 L'L 180 25 75 5 15 m| 180 120 e IH:‘
, MNgded UL 160 6Hs
I-1 Condition 2, 1-2 55 65 55 I 6s 65 65 LT
b} UL 180 BS
14 NSLE L'L 160 65 55 65 55 m| 65 (i) 65 Ihi
s UL 180 ] 75 k5 75 180 120 85 &5
[ =
NSd UL 160 65 55 (] 55 65 65 65 65
R S13R 6l ] 60 (] & 60 =) 60 i) ) 60
3 ' 5 v 5 7% Ly 5 ;
5 UL 18D RS 5 85 4 I 270 180 X5 K5
Eone &1 1 Famt — A © s ] . [



Denver Adopts Tall Mass Timber Codes

Denver voted to adopt the 2019 Denver Building Code. which includes the tall mass timber code

21 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
Buliding Code or the newly-adopted 2019 version. After four months, all bullding and fire code permits will be processed under

the 2019 Denver Building Code

"We congratulate the City of Denver on Iincorporating mass timber into its building codes, and recognizing the potential of this
new category of wood products to revolutionize the way America builds,” said Amernican Wood Council president & CEO Robert
Glowinski. “Mass timber offers the strength of historic buliding matenals with lower weight, and, in the rare event of a fire, has
Inherent fire resistance. Beyond the aesthetic qualities of mass timber that bullding 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 iong pernoas of ime.

The adopted proposal to recognize mass timber in the new code was submitted by Dr. Gregory R. Kingsley on behalf of the
Structural Engineers Assocla

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

on of Colorado. The American Wood Council provided technical assistance to the city in support ol

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 15 to provide crotena for three new mass timber consiruction
types: Type IV-A, Type I¥-B, and Type [V-C. These building tvpes expand the allowable use of mass timber
construction to larger arcas and greater heights than allowed for Tyvpe IV-HT construction,

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

SECTION U102
AMENDMENTS TO THE INTERNATIONAL BUILIMNG CODE

(Under use of this appendix chapier, the following scctions 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 Codce)



UTAH STATE

Legislators Bills Code Committees Audits

Zim  LEGISLATURE

Hame 2020 Geperal 5ession H.E. 54

H.B. 54 Building Construction Amendments

Enrolled H.B. 54

Printer Friendly &
1
BUILDING CONSTRUCTION AMENDMENTS

2020 GEMERAL SESSION

STATE OF UTAH

Credit: State of Utah

58

B0
51
62
B3
B4
B85
66
67
B8
B9
70
71
72
73

74
7o
76
T
78

(5) "Utah Code" means the Utah Code Annotated (1953), as amended.
Section 2. Section 15A-2-101 is amended to read:

15A-2-101. Title -- Adoption of code.

(1) This chapter is known as the "Adoption of State Construction Code."

(2) In accordance with Chapter 1, Part 2, State Construction Code Administration Act,
the Legislature repeals the State Construction Code in effect on July 1, 2010, and adopts the
following as the State Construction Code:

(a) this chapter;

(b) Chapter 2a, Tall Wood Buildings of Mass Timber Construction Incorporated as
Part of State Construction Code;

[(8]] (c) Chapter 3, Statewide Amendments Incorporated as Part of State Construction
Code, [and]

[fe}] (d) Chapter 4, Local Amendments Incorporated as Part of State Construction
Codel:]; and

(e} Chapter 6, Additional Construction Requirements.

Section 3. Section 15A-2-102 is amended to read:

15A-2-102. Definitions.

As used in this chapter [end], Chapter 2a, Tall Wood Buildings of Mass Timber
Construction Incorporated as Part of State Construction Code, Chapter 3, Statewide
Amendments Incorporated as Part of State Construction Code, and Chapter 4, Local
Amendments Incorporated as Part of State Construction Code:




~Caln "i";“"':;j' Building Standards
-Commlssmn Passes Tall Wood Code

Change Proposals

Source: Softwood Lumber Board

= OES  Bulldieg Sandards Commszsion T - - |

On August 13, 2020 the California Building - s —
Standards Commission grouped the tall wood code  codeadvisory committee review

change proposals into one agenda item and o s

The changes will be published as an amendment .. E=as :

to the 2019 CBC on January 1, 2021 and will = e -
become effective on July 1, 2021




Georgia General Assembly

2019-2020 Regular Session - HB 777

Community Affairs, Department of; consider amending the state minimum
standard codes to allow tall mass timber construction types; direct

Sponsored By

(1) Corbett, John 174th (2) Burns, Jon 159th {3} McCall, Tom 33rd

{4) England, Terry 116th (5) Smith, Lynn 70th (&) LaRiccia, Dominic 169th
Sponsored In Senate By

Wilkinson, John 50th

Committees

HC: Agriculture & Consumer Affairs SC: Agriculture and Consumer Affairs

First Reader Summary

A BILL to be entitled an Act to amend Chapter 2 of Title 8 of the Official Code of Georgia Annotated, relating to standards and
requirements for construction, alteration, etc., of buildings and other structures, so as to direct the Department of Community
Affairs to undertake a review of the 2021 edition of the International Building Code so as to consider amending the state
minimum standard codes to allow tall mass timber construction types; to provide a date by which said review is to be
completed; to provide for related matters; to repeal conflicting laws; and for other purposes.

Status History

Jul/01/2020 - Effective Date
Ton /24952020 - Act IRT

Credit: State of Georgia




Commonwealth of Massachusetts

Division of Professional Licensure

Office of Public Safety & Inspections
1000 Washington Street, Suite 710- Boston MA 02118

Proposed Tenth Edition

Join Our List

| Jmin Qur Maling List! |

Building Code

Ladies and Gentlemen -

This message is sent to inform you that members of the Board
of Building Regulations and Standards (BBRS) have decided to
take a different path with regard to the tenth edition building
code.

Initially, BBRS members intended to use the 2018 International
Codes as the basis for the tenth edition, targeting an
implementation date of January, 2020. For numerous reasons,
they have decided to redirect efforts and, instead, plan to
develop the tenth edition code using the 2021 International
Codes as a template, with an effective date of January 1, 2021.

This effort does not affect promulgation of new energy code
requirements based on the 2018 International Energy
Conservation Code (IECC) scheduled to become effective on
January 1, 2020. (Massachusetts General Law Chapter 143, Section
94(o) requires BBRS members to advance energy provisions on a
particular cycle.)




IBC 2021 Adoption in Texas

e Dallas

* Includes upcoming IBC 2024 allowance for 100% mass timber ceiling exposure
in Type IV-B construction

* Austin

* Fort Worth

* Bryan

* Plano

* Allen
 Carrollton

* Grand Prairie



Questions? Ask us anything.

Mark Bartlett, PE

Regional Director | TX

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

=

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


mailto:mark.bartlett@woodworks.org
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