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Expert support for your
commercial or multi-family
wood project.

Our experts can help—ask us anything. Get Free Project Support )
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) . ) ) On Demand Education
Light-Frame Multi-Family / Mixed Use Find over 140 continuing education courses on
. . wood topics for architects, engineers, general
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. . . Discover mass timber projects across the US and
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Our experts can help—ask us anything. Get Free Project Support )

WoodWorks is your go-to resource for commercial and

multi-family wood building design, engineering, and

construction. We're here to support you with free one-on-
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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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“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.
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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.
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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 unigue to tall wood buildings, focusing on items such as
sprinklers, shaft construction and concealed spaces.
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TALL MASS TIMBER

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



TALL MASS TIMBER

Projects which exceed the height
[ (e stories and/or story limits of the 2018
Residential o °
(or previous versions) of the IBC
]
: 2 — / = N
i Assembl -
el | | Residential emtiies
LA Office o~ 851t.
1L Mercantile (9 stories) — - Slonse)
o (8 stories) — I Residential —
| i (8 stories)
= i il Assembly —
4l = = Mercantile
K LI Ll (6 stories)
Type IV-A \:_ Bl Type IV-B || | i Type IV-C ||




TALL MASS TIMBER IN THE US
HOW DID WE ARRIVE HERE?
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2008-2015: INTERNATIONAL INSPIRATION
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8-18 STORY PROJECTS IN EUROPE, CANADA, AUSTRAILIA

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



2015-2018: DOMESTIC INNOVATION
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Framework: An Urban + Rural Ecology

TALL WOOD BUILDING COMPETITION, 8 STORY CARBON12 IN PORTLAND



2015-2018: BUILDING A CODE ROADMAP




2015-2018: BUILDING A CODE ROADMAP

IBC

INTERNATIONAL
BUILDING
CODE

IBC

NTERNATIONAL BUILDING COOE

Source: ICC
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2015-2018: BUILDING A CODE ROADMAP
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2015-2018: BUILDING A CODE ROADMAP
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2015-2018: BUILDING A CODE ROADMAP




2015-2018: BUILDING A CODE ROADMAP

Q
%)
o]
U
e
c
(]
—
(%]
@]
o
o
<
o




BUILDING A CODE ROADMAP

2015-2018
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2018-2021: ROLLOUT OF A NEW CODE PATH

Oﬁ'ce == 270 ft- . g‘g‘EfR’T’glONAL ’,‘,‘%
Assembly (18 stories) Y
Residential
s 180 ft =
Mercantile Assembly (12 st'ories)
(12 stories) — Residential —
Office 85 ft.
Mercantile (9 stories) — (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C




Monte French Design Studio
Photos: Jane Messinger
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Office
(9 stories) —

Residential —
(8 stories)

Assembly
Mercantile
(6 stories)

Type IV-C ||

Type IV-C Exposure Limits

All Mass Timber surfaces may be
exposed

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

Photo: Monte French Design Studio, Photo Jane

Messinger




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

Assemb!y
oriories) M 6 85 ft 76,875 SF 230,625 SF
R-2 8 85 ft 76,875 SF 230,625 SF

]

L

s i
==
e s

==

Type IV-C || Areas exclude potential frontage increase

ofce /\—gigg-ones) 85 ft 56,250 SF 168,750 SF
Residential —
@ stores) B 9 85 ft 135,000 SF 405,000 SF

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

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



Kaiser + Path
Munzing Structural Engineering
Photo Andrew Pogue




CARBON12

PORTLAND, OR

First Modern Tall Mass Timber Building
in the US

8 stories

42,000 sgft

1st floor retail, 7 stories of condos

Completedin 2017

Kaiser + Path
Munzing Structural Engineering
Photo Andrew Pogue
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Type IV-B Exposure Limits

Office
Assembly
Residential —

Mercantile
(8 stories)

Type IV-B |

180 ft.
(12 stories)

Photo: Nick Johnson, Tour D Space

.
T R PR S

NC protection on some surfaces of Mass
Timber

2021 IBC: 20% of ceilings or 40% of walls can be exposed
2024 IBC: 100% of ceilings or 40% of walls can be exposed



Type IV-B Building Size Limits
Occupancy | # of Area per | Building
Stories Story Area
-

180 ft 90,000 SF 270,000 SF

I (12 stories) | A
B 12 180 ft 216,000 SF 648,000 SF
M 8 180 ft 123,000 SF 369,000 SF
1l R-2 12 180 ft 123,000 SF 369,000 SF
: Areas exclude potential frontage increase
i In most cases, Type IV-B height & story

allowances = Type I-B height & story
allowances

Office
Assembly
Residential —

=

Mercantile
(8 stories)

T T T T T 1T WA
T T 1T T 1T 1 WA
T 1—Tr—7r—% 1R

[T T T T T T WA
e | i ] i ) i) |

Type IV-B ||

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

Cleveland, OH

Building Facts 115 ft tall, 9 stories total (8 mass
timber)
Type IV-B
Multi-Family Mixed-Use
Completed 2022

Developer Harbor Bay Ventures
Architect Hartshorne Plunkard Architecture
Engineer Forefront Engineering, Fast + Epp

General Contractor Panzica Construction

Photo Nick Johnson, Tour D Space
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Type IV-A Exposure Limits

Office
Assembly
Residential —

Mercantile
(12 stories)

Photo: Flor Projects

5

100% NC protection on all surfaces of
Mass Timber
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Type IV-A Building Size Limits

y

o 270 f Stories Story Area

Resdonl o 270 ft 135,000 SF 405,000 SF
/;j::/ B 18 270 ft 324,000 SF 972,000 SF

o |||l||l M 12 270 ft 184,500 SF 553,500 SF
:iif:: R-2 18 270 ft 184,500 SF 553,500 SF
::;:: Areas exclude potential frontage increase
E::: In most cases, Type IV-A height & story
W allowances = 1.5 * Type I-B height &

wee v IR story allowances

Type IV-A area = 3 * Type IV-HT area
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2019-2022: REFINING THE CODE ROADMAP

Compartment Fire Testing of a Conservatism: ATF lab tests
M-S e Byliding based on older generation CLT

Samuel L. Zelinka

Lors . e adhesives

David R. Tucholski

eeeeeeeeeeeeeee

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

General Technical Report

Forest Forest Products M
i@ Service Laboratory =~ FPL-GTR-. 247 2061y8 Source: RISE' USDA FS FPL & AWC



2019-2022: REFINING THE CODE ROADMAP

The main aim of this
research project
was to identify safe
limits of exposed
mass timber surface
areas that
correspond with
performance criteria
used for previous

Fire Safe Implementation of
Mass Timber In Tall U.S. Building Code
Buildings Changes.

Research of the fire performance of CLT and Glued

Laminated Timber buildings, with visible wood surfaces. Source: RISE



2019-2022: REFINING THE CODE ROADMAP

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

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




2019-2022: REFINING THE CODE ROADMAP

PRG 320 is manufacturing & performance

standard forCLT = amemesanessnese
Standard for Performance-Rated

Cross-Laminated Timber

2018 edition (referenced in 2021 IBC) added
new elevated temperature adhesive
performance requirements validated by full-
scale and medium-scale qualification testing to
ensure CLT does not exhibit fire re-growth

X

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

(MANDATORY)



2019-2022: REFINING THE CODE ROADMAP

Change to 2024 IBC: IV-B Ceiling Exposure = fs

602.4.2.2.2 Protected area.

protected in accordance with g€ction 602.4.2.2.1.

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

ortions of mass timber ceilings, including attached beams, limited to an area less than or equal to

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



2019-2022: REFINING THE CODE ROADMAP

Change to 2024 IBC: IV-B Exposure Separation

602.4.2.2.4 Separation distance between unprotected mass timber elements.

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

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



2019-2022: REFINING THE CODE ROADMAP

TYPE IV-B - WITHOUT SOFFITS

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



2019-2022: REFINING THE CODE ROADMAP

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




2019-2022: REFINING THE CODE ROADMAP

F174-21 Change to 2024 IBC: Sequencing of NC

IFC: 3303.5 ° °
Proponents: David Tyree, representing AWC (dtyree@awc.org); Raymond O'Brocki, AWC, representing AWC (robrocki@awc.org) t 0 p p I ng l n St a I I

2021 International Fire Code

Revise as follows:

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

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

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

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

Exeeption Exceptions:

1. Shafts and vertical exit enclosures shall not be considered part of the active mass timber construction.
2. Noncombustible material on the top of mass timber floor assemblies shall not be required before erecting additional floor levels.

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

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



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




Occupancy Separation

Protection of MT used for occupancy separation

Addition to IBC 508.4.4.1 requires:

Mass timber elements serving as fire barriers or
horizontal assemblies to separate occupancies in
Type IV-B or IV-C construction shall be separated
from the interior of the building with a minimum
of 2" gypsum board or a noncombustible
equivalent.

Photo: MIT | John Klein



Incidental Use Separation

Protection of MT used for incidental use
separation

New section 509.4.1.1 requires:

Where Table 509 specifies a fire- resistance-
rated separation, mass timber elements
serving as fire barriers or a horizontal assembly
in Type IV-B or IV-C construction shall be
separated from the interior of the incidental
use with a minimum of %2” gypsum board or a
noncombustible equivalent.

Photo: MIT | John Klein



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

|
|
3 |
|

Prior to placement of mass timber floor panels all building |-1-4. ) "I .....
elementsmorethan4 floor levelsbelow the level of active

masstimber construction shall be protected as required
bythis section.

Floor level of active mass timber construction.

Noncombustible floor covering required at this level
and all lower floor levels

Heavy bold lines indicate elements one layer of
noncombustible protection on building elements of
masstimber when required by Section 604.2

Shading indicates where exterior wallcovering is required
T

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

| Grade Plane

Figure 2

Credit: ICC



TALL MASS TIMBER CODE ADOPTIONS

M 2021 IBC in Whole

B No Tall Mass Timber Code Provisions
W 2021 IBC TMT Provisions

W 2024 IBC TMT Provisions

2021 IBC TMT Provisions adopted
: on a per-city/county basis in:

« City of Nashville, TN

« Memphis & Shelby Counties, TN

2024 |BC TMT Provisions adopted
on a per-city basis in:

« City of Denver

« City of Dallas

WOODWORKS

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



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

2019-2022: REFINING THE CODE ROADMAP

2021 IBC Allowances

o} o}
S &R_. Bathroom E Bathroom
T Kitchen - J , J .
Hallway '.r"lntl:lnlg Hallway ] l:ﬂlg
- | Closet Closet
: : Ceiling Exposed : :
Ceiling 0 (<20%) 4
©
Exposed § _ Min. 15 ft
9 e Separation
(<20%) LR Ceiling Exposed :
Bedroom 5 L (<20%) Bedroom
=
Min. 15 ft
Separation

Credit: AWC



2019-2022:

REFINING THE CODE ROADMAP
2024 IBC Allowances

Ceiling
Exposed
(<100%)

Credit: AWC

Ceiling Exposed
(100%)

Wall Exposed
(<40%)

No separationreq’d between wall & ceiling
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2057 SW PARK
APARTMENTS

PORTLAND, OR

12 stories

Type IV-B

Affordable Housing

- s - e -
1t 131 \{\

Tahran Architecture & Planning
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Angus-Young
Michael Green Architecture
Equilibrium Consulting

Photo Michael Green Architecture
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Baker’s Place
Madison, WI

304,800 sf,
15 stories total (12 mass timber)
Type IV-B

Multi-Family [W|N]
Passive House

Angus-Young

Michael Green Architecture
Equilibrium Consulting
Photo Michael Green
Architecture
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Ascent
Milwaukee, W1

493,000 sf, 25 stories total (19 mass
timber)
Type IV-HT with code modifications

Multi-Family W|N]
Completed 2022

o o o v 0 o fl
BHGRENETEIT

Korb + Associates Architects
Thronton Tomasetti
Photo: VRX Media Group






Construction Start

Compressing the Typical Schedule

o

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

Mass timber structure
&4—— Earlier start®

Building envelope/exterior

\1——+ MEP fully coordinated
in design phase &
i therefore installed faster

| for sites with problematic soils

[ . . .
--------- . Less soil remediation + smaller foundations
Below-grade foundations + soils 1

»/

4——— Earlier start®

|

Faster erection

«4——— Earlier start*

Interior finishes
Overall mass timber construction schedule

r

Mass Timbe

Construction

______

| time

. (prefabricated + precise)

)4—»} If prefabricated,
. savings in enclosure

Fast Construction

Look for these potential
$$ schedule savings
with mass timber in
comparison to steel
and concrete.

|4—> Less finishes with

______ =+ exposed wood

1 structure

Construction

Finish

Steel/Concrete

//

Up to 25%

schedule savings

= Less carrying costs

+ Less GC overhead

+ Ability to lease/occupy
sooner

Source: Mass Timber Cost & Design Optimization, WoodWorks?



Schedule Savings for Rough-In Trades

Fast Construction

TN
-

AW
AN

DA
l‘ o
v\

_‘\ . ",E:“F“"

\ 4
>

J TR <

Doz
CQI:‘r?—"

. mam
TR cop,
e [

- mﬁA‘*—\ l.__A
o= Photo: WoodWorks_

Curing & maze of

NO curing
(mass timber) shores (concrete)




Labor Availability
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Construction Impacts




Mass Timber: Structural Warmth is a Value-Add

s, MN | Images:

TMBR (unbif) Minneapol






Need to Consider Holistic Costs, Not Structure Only

T E« =\

Image: GBD Architects

$/SF



Risk Mitigation: Total Project Cost Analy3|s

CONSIDERATIONS
Ceiling Treatment

» Floor Topping
HVAC System & Route

* Foundation Size

* Soil Improvements

» Exterior Skin Coordination
Value of Time

Credit: Hacker Architects



Mass Timber Business Case Studies

H
W

WOODWORKS"

WOOD PRODUCTS COUNCIL

INTRO Cleveland

. R ¢ o o™ :';-r S
RITFRERIIEE 1
dmos

"
- WRS Ry e

S Costs + S Returns
Challenges,
Lessons Learned, Successes

Storage Faci

Scan code here
to download the
current package

3
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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

* 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

. OO 00 0 O Overall Building Height Limit (85 ft)
8 Stories Relative to # of Timber Stories (8)
85 ft OO 0O O 0 O
76,875 SF 0 OO0OODOTO OT© O Same Overall Building Height Limit as
max per floor 0O 0O O O O IV-HT (85 ft) but higher Fire-Resistance
A A Ratings Req’d
230,625 SF OO0 00c-CL
bide. OO000G0¢E 3 Additional Stories Permitted
(areas noted O 0O00TU0 0 C Compared to IV-HT
assume no frontage
increase) D D D
g s All Timber Exposed




Type IV-B Tall Mass Timber

ioooBanRuBED [ Example Mixed-Use, Type IV-B Building
Timber, R-2: L O I A
12 Stories ooooooDooaoao Likely to Utilize Podium Due to Overall
pooooooooad Building Height Limit (180 ft) Relative
123’02?% LD B0BBBBBAD | 54 of Timber Stories (12)
AP gl oo nnooooo
e 0 00 0oOO0DODO0OGODOG O : : : )
369,0%?dSF [ Mooooooooo Same Fire-Resistance Ratings Req’'d as
& Sltoooooooooao IV-C But Limitations on Timber Exposed
(areafsmt)tedg o O I O I O s
assume no 1rontage o, o . .
norease) |5 | 1B 0 DO D0D0DOOE | 4Additional Stories Permitted
0 00D00DDDDODDOGD Compared to IV-C
Multi-Story
Type IA Limited Timber Exposed
Podium




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

O|ojogjo|jojo|jo|jojo|jo|jo|o|go|jlojo|o|jg |3
Oojo|o|ioojo|ooojoo|ojo@|o@|a
Oojo|jo|joojo|jo|oojojo|Ojojo|jo|jo|=
O|jojo|jo|jOojojo|jo|o|jOojojo|ojojo|jo|jo|o
o [ O o o e o Y e e (e o e e e e (O o O |

Multi-Story
Type |IA
Podium

Type IV-A Tall Mass Timber

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



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

T : g -
wwl LN N s
QJ» /' 3 X ‘_/ 4
(X “ g ) 2\
R . ’ % t
S . Y
4 ) v'
. ~ 4
gy
= -, ¢d e
L\ o > )
> » v e
» »
i

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

1I\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 &

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



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

Unexposed surface

17/ p S\ ’ " —
/ . "'/'_/ ’—\‘\_ \ /'A’/;/ v/ o =

/‘.' “ / \

\ ’ ' o
\ \ 7, g5
\\\Y///////

—

- - = "‘

aeff = 1'zachar

Solid wood with Char zone
full strength

Fire exposed surface

~ 1 NA.



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




Inventory of Fire Tested MT Assemblies

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

MT Fire Resistance Ratings (FRR)

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

A s £ 1™




Richard McLain, PE, SE
Senlor Technical Director — Tal

WooadWorks — Wood Products

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

Changes to the 2021 International Building Code (IBC)
have created opportunities for wood buildings that are
much larger and taller than prescriptively 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 Korb + Aszoclaes Archiects

One of the main ways to demonstrate that a building
willmeet 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
element, component or assembly maintains the ability

to confine a fire, continues to perform a given structural
function, or both, as determined by the tests, or the
methods based on tests, prescribedin Section 703.

FRRs for the new construction types are similar to those
required for Type | construction, which is primarily steel

: Ascent | Milwauk
1 it <
and concrete! (See Table 1.) They are found in IBC Table 2 . Arehitect: Korb+ Associates Archite

601, which includes FRR requirements for all construction Structural Engineer: Thomton Tomasetti
types and building elements; however, other code

| TaBLE 1: FRR Requirements (Hours) for Tall Mass Timber Construction Types and Existing Type |

I-A v-A 1-B v-B v-c

Building Element wg? n%tm‘ss, %& 18 stories, ?g;{m l;vghﬂ stoges, gg;c‘ 9 stones,
sreas® 324,000 sf** aress”® 216,000 sf** 135,000 sf**

Primary Frame 3 3 2 2 2

Exterior Bearing Walls 3 3 2 2 2

Interior Bearing Wals 3 3 2 2 2

Roof Construction 15 15 1 1 1

Primary Frame at Roof 2 2 1 1 1

Elanr Canctristion S LY S o ]

Tall Timber Fire-Resistance Design



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-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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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

z's
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| B
1
i

T T Photos: Marcus Kauffmang, “ODF




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)




Shaft

@ WoodWorks"

WOOD PRODUCTS COUNCIL
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

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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CONNECTIONS IN TALL WOOD
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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

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)



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




-"'\‘j' E‘;*é\' n' n - W A}_. ' A » LY -

PENETRATIONS IN TALL WOOD




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 No, C-AJ-2109

F Ratlngs — 2 and 3 Hr (See ltem 3)
T Ratings — 0, 2 and 3 Hr (See ltems 2 and 1)
W Ratlng - Class 1 (See ltems 2, 3 and 4)
L Rating at Amblent — Less Than 1 CFM/sq ft (See tem 4)
Fire stopping provided L Rating at 400 F — Less Than 1 CFMisq ft (See ltem 4)
around through-penetrating
item, up to an appropriate
depth/thickness to account
for anticipated/calculated

charring of mass timber ~l’~ o

Photos: AWC/FPInnovations/Hilti

[cas2109]




Penetration Fire Protection

Inventory of Fire Tested Penetrationsin MT Assemblies

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

¥ WoodWorks™

WOOD PRODUCTS COUNCIL

Exposed Side | Pemetrating | Penetrant Centered : Stated Test
CLT Panmel Firestopping System Description F Rating (T Rating Source Testing Lalb
Protection Tiem or (Vfset in Hole Protocal
Iply 15" diamwter . 3.8 in diameter hole. Minersl wool was installed in the lin. annular space around 1he data cabl @ 1o atotal depth of approsinmstely 2 - 5/64in. The . - Iniendk
M Cenlored 1 h U5h CANLILC 5115 16
{(TEmm 3 47%) e datacahle bunch . remaining lin. annular space from the top of the mineral wool 1o the wop of the Noor s enab 1y was (illed with Hilti F50ne Max caulking =i e A March 30,20 &
L] 375 . Mipe & i 2=3¢ 1 1 i
Iply None 3 capperpipe Centered 4.3 mdlmu'lﬂhn.ly I pe wrap was installed around ||1t|.‘|.l~|1|1ﬂ'|1||1t!|!|ﬂ!|lll]di.'|1“1 il|l|'l|'l.li.lj.ll1.'lll'.'|]' S/6din. The renwmining |in. annular space | hour N CANULE 8115 6 Inten ek
{(TEmm 3 07%) slaming & the lop of the mineral wool tothe lop of the I]mrusm:h]} wa [illed with Hiltn FS-Ome Max o lking March 50,20 | &
Raply Mo e 25" sched 40 Colered 492 in diameter hale. J'Jp(.'wap was insilalled .uund.llm s.n_lwduh' 4l pipe 10 Illul-l] depth uJ'a.pj[n'uumalrly 2 - S/6din. The renwi ning 1in. annulsr 1 hous NA CANLLE 8115 15 Inten ek
(TEmm 33 07"} ppe space staning & the lop of the pipe wrap 1o the 1op of the Noor s emb )y was 1 lled wanh Hiln FS-One Max coul king March 3, 20 &
Iply i B35 in diameter hole. Mineral woo |l was instal led in the lin. annul ar s pace sound the cast iron pipe o atotal depth of approx ims ely 2 - 564 in. The i Innen ek
Mo 6" il Centened i = i ¥ I h NA. CANLLE 5115 26
{(T8mm 3 47%) g oy g remaining |in. snnular space s 1ami ng &1 the top of the pipe weap 1o the lop ofthe Moor assembly was 11 lad with Hilvi FS- One Max caulking . iy ANMLL March 30,20 &
nl Hilui & in drop in 9.011" dismeter hole, Mineral wool was installed in the | - Ldin, snnular & pace around the drop-in device 1o atotal depth o l'ap prox imanely | - 7/6din Intenck
n
l?ﬂm:]y.l}'.": MNang device Systlem Cenlered and the remaining in, annular space from the top of the mineral wool tothetopad geolthe 9 - 1/64in, hale in the CLT was filled with Hilti F5-One 1 hour (.75 hour JCANLULC 5115 26 March 30, 2016
HMo.; F- B-2049 Max caulking .
3 - q g ¢ . 5 o . ina "
S-ply CLT Mome 1.5° diamseier Contsred 5 dismener hole Mnm]uﬂfﬂluumsla]lnﬂ 10 the | in. annu lar space sround the dslacables lill.!iﬂl]ljl[ﬂh ll|ﬂ|1‘.|1?'ul‘.ll11.:']}l| 5/ 32in The T 1. hous |CANULE 8118 26 Inten ek
(13 mm 5.16%) remaining |in. snnular space from the top ol the mineral wool o the 1w p of the Noor ss ensh ly was (illed with Hilii FS-Ome Max csulking. March 30,20 |6
data cable bunch
S=ply CLT 4375 in dismeter hole. P pe wrap was installed around the copper pipe 10 & total depth of approximately 4 — 5/32 in. The renmining 1in. annul ar space Innenek
3" . : 3 g "g11% 3
(13 mams 5. 06%) None + oApperppe Cenlored slaning a1 the lop ill'lhrmjnualusmllulhr!up:ll'lhr Iluﬂlu::n:lh])-uisﬁ]lrdm!hl!llh Fa-Ume Max caulking. 2 bours NA. CANLLC 5114 16 March 30,20 16
. 1 34" 3 ] { . 537 in. The .

S-ply CLT Moo 24" sched 40 Coniored 492 in diamet er hole. Plpe woap was installed .uund.lhrn.hcdultnlﬂ pjpelnllalulaldm!h u]a.pﬂruxjmu;]ynl 5/32 in. Therenaining |in, annul s 3 heours 0 Shour |CANULCS11$ 2 Intenek
(15 mam 516" mMpe space slaning o the wop of the pipe wrap 1o the 1op ol the Moor &8s enb |y was (3 led wath Hilu FS-One Max caul king March 50,20 | &
S«ply CLT B35 in diameter hole. Mineral woo | wis instal led in the 1in. annul ar s pace sound the cast jron pipeto atotal depth of spprox imstely 4 - 532 in. The Innenek

Nas 6" il Centered q . . " 2h NA. CANLLC 5115 26
(13 mam 5.16%) g oy~ g remaining |in. snnular space s 1ami ng &1 the top of the pipe weap 1o the lop ofthe Moor assembly was i1 lad with Hilvi FS- One Max caulking W iy ANMLL March 30,20 &
S.ply CLY Hilu & in drop in 9.011" dismeter hole, Mineral wool was installed in the | - Ldin, snnular s pace around the drop-in device 1o atotal depth o lap prox imately | - 76din Intendk
. n
J"Ipy 516" MNong device System Centered and the remaining lin, annwlar space from the top of the mineral wool 1o theoped geolthe 9 - 1/64in, hole in the CLT was filled with Hilti F5-One 2 hours 1.5 hours JCANLULC 5115 16 March 30 3016
L3N No.: F-B-2049 Max caulking. S s
421 in dismeter with a 34 in plywood red ucer Mush with the top o Mhe sl @b reducing the open ing 1o 2 28 in. Two wiaps of Hilyd CP 64 8-E Wa 5/1-34"
]'ln:ihrp wrap sinp @ two locations with a 30 gaug e steel & loeve which exl end ed from thetopoltheslab 1o | in below the slsh The first locali on was
Sply Mo e 1* nanunasl FVC Colered wi th the bottan o (the weap steip Mush with the banom of the steel sleeve and the s econd was with the bottom ol the wrap strip 3 in. fron 1 he botlom 3 hours 1 hour ASTM ES 14 14 Al Laborstories

{1 75mm b6 K7 57)

mpe

of the slab. The void between the s 1eel sleeve and the CLT and between the stee] il eeve and pipe st the 1op was filled with Roxu ] Sale mineral wool
leaving a 3/4 in degp void s thetop of the ssemb ly. Hilti FSOne Max Intumesoent Firestop Sealan | was applied 10 a depth of 374 in on the 1op ofthe
i sembly between the plywood and steel & leeve s well & the s1eel sleeveand pipe.

March 3, 2017




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 L
mass timber building elements required ” ey
to be fire resistance-rated | ' )

2. At abutting intersections of mass timber E ﬂ

building elements and building elements
of other materials where both are
required to be fire resistance-rated.

2-COMMON NAILS
GALV. @ 300 O/C



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.
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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

/T

—_— Joint?

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




MAX. 12"

Joints & Intersecting Elements

CD\ CROSS-SECTIONAL VIEW
.

..-'_’7

T
RERRN\ Ay
1111111_\@
1111111
Source: Hilti

Joint?
Yes (if wall

is non-brng)

FIGURE 2:

/(/

Fire-resistance-|.

ratedwall 7
assembly

Jointatjuncture -~
of floorand wall |

— Jointat

top of
wall

IBC Commentary Figure 715.1 —
Examples of Joint Locations

__ Expansion or
wind joint

Fire-resistance-
rated wall
assembly

" Seismic or
/  expansion
/ Joint

“__ Fire-resistance-
rated floor
assembly

Source: International Building Code

Not a tall timber specific item, applicable

to all mass timber construction




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
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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

* Applies to walls and floor/ceiling assemblies

Il | | -

Airborne

sound g
source '\ Transmission
\ H » through wall

4

\

\

Separating assembly

|




Acoustical Design

Structure-borne sound:
Impact Insulation Class (11C)

* Evaluates how effectively an assembly blocks impact sound from
passing through it
* Only applies to floor/ceiling assemblies




Acoustical Design

25| Nomalspeech canbe undersood e casly and dsncly trovghwal

m Onset of "privacy”

m Loud speech audible as a murmur

Loud speech not audible; 90% of statistical population not annoyed

Very loud sounds such as musical instruments or a stereo can be faintly heard; 99% of population not
annoyed.

Superior soundproofing; most sounds inaudible




Mass Timber Acoustics

TABLE 1:
Examples of Acoustically-Tested Mass Timber Panels

Mass Timber Panel Thickness STC Rating lIC 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
6
2x4 NLT wall 4-1/4" with 3/4" plywood 29 with 3/4" plywood N/A
5-1/2" bare NLT 22 bare NLT
6
2x6 NLT wall 6-1/4" with 3/4" plywood 31 with 3/4" plywood N/A
6" with 1/2" plywood 34 33

2x6 NLT floor + 1/2" plywood?

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




Mass Timber Acoustics
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Mass Timber Acoustics

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

— ] Add mass

2. Add noise barriers
—) 3. Add decouplers

Finish Floor if Applicable

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling
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Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

.Z'i:j WoodWorks

WOOD PRODUCTS COUNSIIL

Finish Floor if Applicable

Concrete/Gypsurn Toppdng |

Acowustical Mat Product

CLT Famel

Ma direct applied or hung cedling

EE LT LT T T T L1 T T T T T T [T [T TR T4 T T T TT TT JTJ T[T TT TT TT JTI T

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

MNone A7 ASTC A7 AlIC

VT - 492 AlIC

. Carpet + Pad - 75 AlIC

X =

Maxxon.Acousti-Mat® 3/4 VT on Acousti-Top® - 522 AlIC
1-1/2" Gyp-Crete®™ Eng Wood on Acousti- 1

. - 512 AlIC

Top

MNone 49° ASTC 457 AlIC

Maxxon Acousti-Mat® 3 Premium VT - 472 AlIC

LVT on Acousti-Top® - 492 AlIC
Mone A58 396 15
VT 488 478 16
CLT 5-ply LVT Plus 48" 49¢ 58
(6.875") USG SAM N25 Ultra [ Eng Wood a7 ars 59
Carpet + Pad 458 67" 60
Ceramic Tile 50% 46" 61
Mone A58 425 15
1-1/2" Levelrock® VT 48" 445 16
Brand 2500 - VT Plus AR 478 58
Seprema” Insenomat Eng Wood a7e 458 9
Carpet + Pad 458 716 60
Ceramic Tile 508 46" 61
MNone A5% Eh 15

B

USG SAM N75 Ultra TR e i e
Eng Wood 475 4495 59




Tall Mass Timber Acoustics

Table 2: Impact of Direct Applied Ceiling Gypsum and Dropped Ceiling on Mass Timber Floor Panels’

Base Assembly (top to bottom)

Base assembly plus 2 layers direct
applied 5/8” gyp on underside of

Base assembly plus 2 layers
direct applied gyp plus dropped

mass timber ceiling
1” poured gypsum, STC 50 STC 52 STC 63
acoustical mat, 5-ply CLT | IIC 40 I1C 46 IIC 60
LVT, 1” poured gypsum, | STC 51 STC 52 STC 63
acoustical mat, 5-ply CLT | IIC 43 [1C 48 IIC 63
2” concrete, acoustical STC 52 STC 59 Not tested
mat, S-ply CLT I1C 46 [1C 52
LVT, 2” concrete, STC 53 STC 58 Not tested
acoustical mat, 5-ply CLT | IIC 52 IIC 55
Base Assembly With Direct Applied With Direct Applied
Exposed Timber Ceiling Gyp Ceiling Gyp &

Dropped Ceiling
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APEXPLAZA

CHARLOTTESVILE, VA

Office building

CLT panels / glulam frame & braced

frames

8 stories (6 mass timber), 187,000 sqft

William McDonough + Partners
Simpson Gumpertz & Heger
Photo Prakash Patel
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8OM

WASHINGTON, DC

3 story MT vertical addition on top of
existing 7 story building

CLT panels / glulam frame

108,000 sqft

16 ft floor to floor

Hickok Cole
Arup
Photo Maurice Harrington



eartwood

Seattle, WA

atelierjones LLC
DCI Engineers
Image: atelierjones LLC




atelierjones, iic

Heartwood

Seattle, WA

atelierjones LLC
DCI Engineers
Image: atelierjones LLC

66,000 sf, 8 stories

Type IV-C

Workforce Housing

MT / CLT

Wood construction: 1 day per floor
Completed 2023

[W|N]
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WOODWORKS

Questions? Ask us anything.

John O’Donald I, PE
Regional Director | VA, DC, DE, MD, WV
(814) 880-5636

john.odonald@woodworks.org

Survey

Bret 4%

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



Copyright Materials

This presentation is protected by US
and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker is prohibited.

© The Wood Products Council 2024

Funding provided in part by the Softwood Lumber Board

Disclaimer: The information in this presentation, including, withoutlimitation, references to information contained in other
publications or made available by other sources (collectively “information”) should not be used or relied upon for any
application without competent professional examination and verification of its accuracy, suitability, code compliance and
applicability by a licensed engineer, architect or other professional. Neither the Wood Products Council nor its employees,
consultants, nor any other individuals or entities who contributed to the information make any warranty, representative or
guarantee, expressed or implied, that the information is suitable for any general or particular use, that itis compliant with
applicable law, codes or ordinances, or that it is free from infringement of any patent(s), nor do they assume any legal liability
or responsibility for the use, application of and /or reference to the information. Anyone making use of the information in any
manner assumes all liability arising from such use.
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