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Designing a wood building?
Ask us anything.

FREE PROJECT SUPPORT / EDUCATION / RESOURCES

Mationwide support for the code-compliant design, engineering
and construction of non-residential and multi-family wood buildings.
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« Construction Types « Alternate Means of Compliance
« Structural Detailing + Energy-Efficient Detailing

« Wood-Framed & Hybrid Systems < Building Systems & Technologies
» FirefAcoustic Assemblies
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Melissa Kroskey, AlA, SE Terry Malone, PE, SE Ricky McLain, PE, SE

Need technical assistance on a project?

Email: help@woodworks.org




Current State of Mass Timber Projects

As of December 2021, in the US, 1,303 multi-family, commercial, or institutional
projects have been constructed with, or are in design with, mass timber.
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https://www.woodworks.org/
publications-media/
building-trends-mass-timber/
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Sotirce: WoodWorks, December 31, 2021
* This total includes modern mass timber and post-and-beam structures built since 2013
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Watch the Chat Window,
Ask Questions through the Q&A Box \v

»  During today’s event will be sending links,
files and other pertinent information
through the Chat window, located at the
bottom of your screen.

»  Submit questions in the Q&A box at the
bottom of your screen as they come up in
the presentations. We will get to as many
guestions as possible.




Questions? Ask us anything.
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Jason Bahr, PE David Hanley

Regional Director | KS, AR, MO, OK Regional Director | CO,MT, NE, ND, SD, WY
(913) 732-0075 (303) 570-8293
jason.bahr@woodworks.org david.hanley@woodworks.org

901 East Sixth, Thoughtbarn-Delineate Studio, Leap!Structures, photo Casey Dunn
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“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

Credit(s) earned on completion of this
course will be reported to AIA CES for
AlIA members. Certificates of Completion
for both AIA members and non-AlA

members are available upon request.

This course is registered with AIA CES
for continuing professional education.
As such, it does not include content
that may be deemed or construed to
be an approval or endorsement by the
AlA of any material of construction or
any method or manner of handling,
using, distributing, or dealing in any

material or product.

Questions related to specific materials, methods,
and services will be addressed at the conclusion of

this presentation.
o ue Ff_,l__
)

B ",

R LT
o
(-8
d
m‘



Course Description

Mass timber is often attached to the stigma of being more expensive than other building materials. Because of
this, some people assume it only makes sense for one-off projects where innovation is celebrated but
repeatability is not. Is this true, or do its other benefits result in overall cost efficiency? If it is true, how can we
expect to build the number of new housing units needed across our country in a sustainable and affordable
manner? Typical multi-family housing developments are in the range of 4-6 stories, often utilizing podium or
pedestal construction with 1-2 stories of steel and concrete topped with 3-5 stories of light wood framing.
Beyond these heights, building codes have historically required steel or concrete framing and, to justify the
added costs of these materials, projects often go much taller. This has created a critical gap in housing
developments in the range of 6-12 stories. Can mass timber multi-family projects make financial sense in the
4-6 story range, used in conjunction with light wood-frame systems? What new opportunities will the 2021
International Building Code create for mass timber housing in the 6-18 story range? This presentation will

answer these questions and much more.



Learning Objectives

1. Evaluate the code opportunities for mass timber structures in residential mid-rise projects.

2. 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.

3. Review code requirements unique to hybrid mass timber and light-frame housing projects,
and emphasize solutions for criteria such as construction type, fire-resistance ratings and

acoustics design.

4. Highlight the unique benefits of using exposed mass timber in taller multi-family buildings.



Is Mass Timber a Good Fit for Your
Multi-Family Project?

Ascent, Milwaukee, WI
Source: Korb & Associates Architects




Current State of Mass Timber Projects

As of December 2021, in the US, 1,303 multi-family, commercial, or institutional
projects have been constructed with, or are in design with, mass timber.
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publications-media/
building-trends-mass-timber/

Sotirce: WoodWorks, December 31, 2021
* This total includes modern mass timber and post-and-beam structures built since 2013



Of these 1,303 projects:
324 are Multi-Family (25%)



It’s NOT One Size Fits All:

Of these 324 Mass Timber Multi-Family Projects:
204 are 1-5 Stories (63%)
106 are 6-12 Stories (33%)

13 are 13+ Stories (4%)



MASS TIMBER IN MULTI-FAMILY

EVOLUTION
OR
REVOLUTION?







Multi-Housing Typologies

MT Floors & Roofs on MT Floors & Roofs on MT Floors & Roofs on
LWF Bearing Walls Post & Beam Framing MT Bearing Walls
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Credit: KL&A Engineers & Builders Credit: ADX Creative and Engberg Anderson Credit: Grey Organschi Architecture and Spiritos Properties



EVOLUTION

/ INCREMENTAL CHANGE

REVOLUTION

TRANSFORMATIONAL CHANGE
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Low- and Mid-Rise Multi-Family

Creativi Engbe



HYBRID LIGHT-FRAME + MASS TIMBER
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Rhoto: John Klein




THE KIND PROJECT, SACRAMENTO, CA
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CONDOS AT LOST RABBIT, MS

Lost Rabbit, MS
Credit: Everett Consulting Group



THE POSTMARK APARTMENTS, SHORELINE, WA

Credit: Katerra, Hans-Erik Blomgren



CIRRUS, DENVER, CO

Credit: KL&A Engineers & Builders



CANYONS, PORTLAND, OR

Credit: Jeremy Bittermann & Kaiser + Path



THE DUKE, AUSTIN, TX

Credit: WGI



, OAKLAND, CA

PROJECT ONE

Credit: Gurnet Point



WESSEX WOODS, PORTLAND, ME

Credit: Avesta Housing
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POST, BEAM + PLATE



360 WYTHE AVENUE, BROOKLYN, NY

Credit: Flank



BARRACUDA CONDOS, MADISON, Wi

Credit: Populance Architecture and Development



MASS TIMBER BEARING WALLS



DALSTON WORKS, LONDON
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Model C, Roxbury, MA

Credit: John Klein, Generate Architecture
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Left: 69 A Street, Boston, MA Credit: Greg Folkins
Above: Timber Lofts, Milwaukee, WI
Credit: ADX Creative and Engberg Anderson Architects

VERTICAL ADDITIONS AND ADAPTIVE REUSE



BREWERY LOFTS, TACOMA, WA

Brewery Lofts, Flynn Architecture, Eclipse Engineering, photos: Brewery Blocks Tacoma, SmartLam



TIMBER LOFTS
MILWAUKEE, WI

Source: ADX Creative and Engberg Anderson Architects

|

“Mass timber shaved 20% off our
construction schedule. It's a
renewable resource and also
creates that warm look. ”

Source: Think Wood






Construction Types

When does the code allow mass
timber to be used in low- and mid-
rise multi-family projects?

IBC defines mass timber systems in
IBC Chapter 2 and notes their
acceptance and manufacturing
standards in IBC Chapter 23

Pl Dl ]
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Permitted anywhere that combustible
materials and heavy timber are
allowed, plus more




Construction Types

IBC defines 5 construction types: |, |1, Ill, IV, V
A building must be classified as one of these

Construction Types | & II:
All elements required to be non-combustible materials

However, there are exceptions including several for mass timber



Construction Types

All wood framed building options:

Type lll
Exterior walls non-combustible (may be FRTW)

Interior elements any allowed by code, including mass timber

Type V
All building elements are any allowed by code, including mass timber

Types Ill and V are subdivided to A (protected) and B (unprotected)

Type IV (Heavy Timber)

Exterior walls non-combustible (may be FRTW OR CLT)

Interior elements qualify as Heavy Timber (min. sizes, no concealed
spaces except in 2021 IBC)




Construction Types

Where does the code allow MT to be

used?

« Type lll: Interior elements (floors,
roofs, partitions/shafts) and exterior
walls if FRT

ICE Block I, RMW Architecture & Interiors, Buehler Engineering,
Bernard André Photography




Construction Types

Where does the code allow MT to be used?

 Type IV: Any exposed interior elements & roofs, must meet
min. sizes; exterior walls if CLT or FRT. Concealed space
limitations (varies by code version)
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Construction Types

Type IV concealed spaces

Can | have a dropped ceiling? Raised access floor?




Construction Types

Type IV concealed spaces

Until 2021 IBC, Type IV-HT provisions prohibited concealed spaces
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Construction Types

Type IV concealed space options within 2021 IBC

Option 1:

Sprinklers in concealed spaces g (] | (@ E
Dropped ceiling :




Construction Types

Type IV concealed space options within 2021 IBC

Option 2:

I T1T TT TT7T TT7T 7T TT 7T T T TT TT TT TT TT TT7 TT TT TT TT TT

= |
| |
Noncombustible insulation UO QUQUOM W

Dropped ceiling



Construction Types

Type IV concealed space options within 2021 IBC

Option 3:

5/8" Type X gypsum on all mass timber

I TT T TT TT 71T TT TT T T 7T TT TT7 TT TT TT1T TT7 TT TT TT TT

surfaces within concealed space

Dropped ceiling




Construction Types

Concealed spaces solutions paper

i"j;] WoodWorks

WDDD FEEDUCTS DOUNIL

Concealed Spaces in Mass Timber
and Heavy Timber Structures

https://www.woodworks.org/wp-content/uploads/wood _solution paper-

Concealed Spaces Timber Structures.pdf




Construction Types

Where does the code allow MT to be used?
« Type V: All interior elements, roofs & exterior walls

Image: Christian Columbres Photograp{




EVOLUTION

INCREMENTAL CHANGE

REVOLUTION

/ TRANSFORMATIONAL CHANGE




Tall Mass Timber Multi-Family




CARBON 12, PORTLAND, OR

Credit: Baumberger Studio/PATH Architecture
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Photo: Korb & Associates Architects |

_Architect: Korb & Associates Architects
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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




11 E LENOX, BOSTON, MA 7 STORIES
70 FT

: Passive House

i . - Multi-Family

T 1
y-Credit: H + O Structural Engineeringi, 3| T '
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11 E LENOX, BOSTON, MA
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PRESCRIPTIVE BUILDING CODES




INTERNATIONAL
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ATF Lab Tests, 2017
Photo: LendLease
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ATF Lab Tests, 2017
Photo: LendLease




ATF Lab Tests, 2017
Photo: LendLease
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PRESCRIPTIVE BUILDING CODES

Office 270N
Assembly (18 stories)
Residantial |
Offica
180 1.
il Assembly
Eﬁﬁ rh:} 1 A : {12 stories)
Office S
Mercanile (9 stories) — {9: stories}
(& stories) Residential
(8 stories)
Hmmﬂ. .
(6 stories)
Type IV-A Type IV-B Type IV-C




@ ETORIES

BULDIMNG HEIGHT A5
ALLOWOAELE BUILDEG ARESA 405, D00 5F
AERAGE AREA PEH STORY 45000 5F

TYPE IV-C

Credit: Susan Jones, atelierjones

Photos: Baumberger Studio/PATH
Architecture/Marcus Kauffman



Type IV-C Height and Area Limits

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

85 ft 56,250 SF 168,750 SF
== | | i
-~ B 9 85 ft 135,000 SF 405,000 SF
= T T
) mE M 6 85 ft 76,875SF 230,625 SF
R L
- el el Y W ! R-2 8 85 ft 76,875SF 230,625 SF
el T T L
Areas exclude potential frontage increase
In most cases, Type IV-C height allowances
= Type IV-HT height allowances, but add’l
TYPEINC stories permitted due to enhanced FRR

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

Credit: Susan Jones, atelierjones
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@ STORIES

BULDIMNG HEIGHT i
ALLCWOAER. E SLILD G AREA 405, DN 5k
AVERAGE AHEA PER STOHY 45000 SF

TYPE IV-C

Credit: Susan Jones, atelierjones

Type IV-C Protection vs. Exposed

All Mass Timber surfaces may be
exposed

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

Credit: Kaiser+Path, Ema Peter
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B DG HEIGHT 18 F1
ALLCPAWELE BLILIHNNG AREA 648000 SF
MVEAAGE AREA PER STORY 54 0005F

TYPE IV-B

Credit: Susan Jones, atelierjones

Credit: LEVER Architecture
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TYPE IV-B

Credit: Susan Jones, atelierjones

Occupancy | # of
Stories

WA

TR

-

Type IV-B Height and Area Limits

Area per Building
Story Area

180 ft 90,000 SF 270,000 SF
B 12 180 ft 216,000 SF 648,000 SF
M 8 180 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



sEEFriiuEEn

|
1
!
|
|
i
|
-
s
A
"

2 SIURIES

BLIL MG HEIGHT 18 F T
ALLCHWAYWELE BUILIHMG ARES, 648000 SF
MVERAGE AREA FER STORY 54 0005F

TYPE IV-B

Credit: Susan Jones, atelierjones

Type IV-B Protection vs. Exposed

NC protection on all surfaces of Mass
Timber except limited exposed areas

~20% of Ceiling or ~40% of Wall can be exposed

Credit: Kaiser+Path



Type IV-B Protection vs. Exposed

IV-B

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

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

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




Type IV-B Protection vs. Exposed

Mixed unprotected areas, exposing both ceilings
and walls:
* In each dwelling unit or fire area, max.
unprotected area =
(Utc/Uac) + (Utw/an) =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



Type IV-B Protection vs. Exposed
IV-B

Design Example: Mixing unprotected MT walls & ceilings

= o | 800 SF dwelling unit
LI s * U__= (800 SF)*(0.20) = 160 SF
L e Wy |+ U, =(800 SF)*(0.40) = 320 SF

Bathroom

18803

oSt

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

* |f desire to expose 100 SF of MT
sl A ceiling in Living Room, determine

max. area of MT walls that can be
- ppe - exposed

Credit: AWC




Type IV-B Protection vs. Exposed

IV-B

Design Example: Mixing unprotected MT walls & ceilings
S | U/, + (U /U,,) < 1.0

| EERE (100/160) + (U,,,/320) < 1.0
r— e | U,, =120 SF

:  Can expose 120 SF of MT walls in
| dwelling unit in combination
Living room H Bedroom With eXPOSing 100 SF Of MT
ceiling

Credit: AWC









18 STORIES

SLHL LHN LG HEHaH | 2
Al L OWABLE BRUNLDIMNG AHESA - 072 00 S
AVERALE AHEA PER ST0HY B AT

TYPE IV-A

Credit: Susan Jones, atelierjones

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

Credit: Susan Jones, atelierjones

A

Type IV-A Height and Area Limits

Occupancy | # of Area per Building
Stories Story Area

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

Areas exclude potential frontage increase

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

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



IV-A Type IV-A Protection vs. Exposed

L
i)
-
]

bl STOHEIES
L Ps O HEEET 5 v

ALCRAREBLDNGATEA. 32000 100% NC protection on all surfaces of

TYPE IV-A Mass Timber

Credit: Susan Jones, atelierjones

Credit: Acton Ostry Architects, Fast + Epp
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2024 IBC Changes

RISE Tests, 2020
Photo: RISE



= WoodWorks Online Event

Kendeda Building for Innovataive Sustainable 1430 Q, The HR Group Architects, Buehler T3 Minneapolis, MGA, DLR Group, Magnusson
Design, The Miller Hull Partnership with Lord Engineering, Greg Folkins Photography Klemencic Associates, StructureCraft,
Aeck Sargent, photo Jonathan Hillyer photo Ema Peter
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KEY DESIGN CONSIDERATIONS

INTRO, Cleveland, OH: Cfedit’_: 'Har-bc_)r"_Béy R-_eaI'Estate Advisors




MEP SYSTEMS, ROUTING, INTEGRATION

Credit: John Klein, Generate Architecture



MEP Layout & Integration

Key considerations:

Level of exposure desired

Floor to floor, structure depth & desired
head height

Building occupancy and configuration (i.e.
central core vs. double loaded corridor)
Grid layout and beam orientations
Need for future tenant reconfiguration
Impact on fire & structural design:
concealed spaces, penetrations




Fire Design of MT |
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Original CLT depth

Credit: David Barber, ARUP



Key Early Design Decisions

Fire-Resistance Ratings
* Driven primarily by construction type
« Rating achieved through timber alone or non-com protection

required?
TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
OING ELEMENT TYPEI TYPEDN TWFE Wl TYPE IV TPEW
o Y B A B & B & 8 C HT A ]
Prumary structural frame’ (see Section 202) E U 2 o Jhe 0 3 = > HT Jks 0
[ Bearing walls
Extenor’ 2 1 0 2 2 3 2 2 2 1 0
Intenior 3 > | 0 1 0 3 2 2 1/'HT» ] 0
Nonbeanng walls and partiions See Table 7055
Extenor
o walle See
s i e o|o|o|of|o|]o]| o] 0| o] Setin|o|o
1304112
Floor construction and associated
structural members (see Section 202) =3 I L L B B e HT L |
hﬂmfmmmmmdmmﬂmﬂm}r Lih % - ks , i
structural memibers (see Section 202) | ™| eji|ojlis] 1|l HI |17 | O




Key Early Design Decisions

Flre-ReS|stance Ratings (FRR)
Thinner panels (i.e. 3-ply) generally difficult to achieve a 1+ hour
FRR

« 5-ply CLT/ 2x6 NLT & DLT panels can usually achieve a 1- or 2-
hour FRR

« Construction Type | FRR | Member Size | Grid (or re-arrange that
process but follow how one impacts the others)

Panel Example Floor Span Ranges
3-ply CLT (4-1/8" thick) Up to 12 ft
S-ply CLT (6-7/8" thick) l4tol17ht
7-ply CLT (9-5/8") 17to 21 ft
2xd NLT Upto 12 ft
2x6 NLT 10to17 ft
2%8 NLT 14to21 ft
5" MPP 10to15h




Key Early Design Decisions

Construction type influences FRR

TABLE 601

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)

BUILDING ELEMENT

Primary structural frame' (see Section 202)

TYPE YV

TYPE W

"TYPE IV|

Bearing walls

Interio

Floor construction and associated secondary members
(see Section 202)

Exterior** 3 2
[llt":l.'im j! 21
Nonbeanng walls and pamitions
Exterior
Hunbemi;lﬁ walls and partitions 0 o

Roof c

ih‘l‘

Source: 2018 IBC



Key Early Design Decisions

Construction type influences FRR

1MBLE DU
FIRE-RESISTANCE RATING REQUIREMENTS FOR E

BUILDING ELEMENT

A g

P.'I'I.Il.'l..‘ll‘} structural ﬁmmr[we Sechon 202)
Bearmg walls

Externior©

Intenior | 3 >» 1 0

| Nonbeas g walls and partitions
Extenor

Nonbeanng walls and partitons
Interior” P 0 " 0

Floor construction and associated secondary
structural members (see Section 202)

Roof construction and associated secondary
structural members (see Section 202)

Source: 2021 IBC



Key Early Design Decisions

Construction type influences FRR

* Type IV-HT Construction (minimum sizes)
 Other than type IV-HT: Demonstrated fire resistance

Method of demonstrating FRR (calculations or testing)
can impact member sizing




Key Early Design Decisions

Which Method of Demonstrating FRR of MT is Being Used?
1. Calculations in Accordance with IBC 722 = NDS Chapter 16
2. Tests in Accordance with ASTM E119

Unexposed surface

et

Credit: Urban One



Code Path for Exposed Wobd Firg-Hasatance Calculaticns

FRR DGSign Of MT Efu:uud:i:r:rdmminhgﬁumnm“

* Prescrptive designs par IBC 7210
GCalculations in accordance with 18C 728

Calculated FRR of Exposed MT: Sl

Enginaaring analys:s based on 8 companson

IBC to NDS code compliance path ek et o B o B 1O

IBC 722
Caleulated Fire Resistance

“The calcutated e resistance of exposed wood
r rrrribers and wood deckng shall b paerrratted
& in pcogrdance with Chapter 18 of ANSIJAWE
2 ’ MNational Design Specification for Waoad
Canstruction (NDS]

NDS

wommm el MNDS Chaptar 18
bl Fire Design of Wood Members
Sl t = [Lirmited 1o calculabing fire resistanca up 1o 2 how's

* Char depth vanes based on Eqposure time
{i.e., fira-resastance ratingl, product type and
lamination thackness. Equations and tables are
privaded

= TH 10 and WNDS commentary ane haipiul in
g mplernenting permitied calculations.




FRR Design of MT

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

Table 16.2.1B Effective Char Depths (for CLT

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

(br.) 58 |34 W8 )1 |1-1/4) 1-3/8 |1-1/2]|1-34)| 2

1-Hour 22 |22] 21 j2.0) 20 1.9 1.8 | 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

Credit: FPInnovations




FRR Design of MT

Nominal char rate of 1.5"/HR is
recognized in NDS. Effective char
depth calculated to account for
duration, structural reduction in
heat-affected zone

Table 16.2.1B Effective Char Depths (for CLT

with f»=1.5in./hr.)

Required Effective Char Depths, a..,,

Fire (in.)

Endurance lamination thicknesses, B (i0.)

Or) g [3a] 78 | 1 [1-14] 138 [112]134] 2
| -Hour 22 |22 21 20| 20 1.9 18 | 1.8 1.8
1 ¥s-Hour 34 [32) 31 30|29 | 28 2B | 28 | 26
2-Hour 44 |43 | 41 |40| 39 | 38 | 36| 36 | 16




FRR Design of MT

Two structural capacity checks performed:

1. On entire cross section neglecting fire effects

2. On post-fire remaining section, with stress
increases

Char layos

Char s

Pyrolysis pans

Pyrolysis zohe Dase
NWoarrral wiood

o -'-'.___" %, h'.‘a: T,

T .\:.\"\\ n o
AN

. R ‘::h NN
AL LA e

PR ey

LA AR i
LA

Credit: Forest Products Laboratory

Solid Sawn, Glulam, SCL

CLT

Effective Char Depth



FRR Design of MT
WoodWorks Inventory of Fire Tested MT Assemblies

Ep) WoodWorks'

Table 1: Horth American Fire Resistance Tests of Mass Timber Floor / Roof Sssemblies
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FRR Design of MT

g WoodWorks’

Fire-Rasistive Design
of Mass Timber Members

Cnida Apglications, Conatrinctien Tygss snd Fie Aaioags

Y VLI TN PF - B O - SE——
L9 T 1

> Mass Timber Fire Design Resource

Srromemmee ————_ " |+ Code compliance options for
Sttty Soamesoeseyes, demonstrating FRR

EERESSRT Mt et * Free download at woodworks.org
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Acoustics & Sound Control




Acoustics & Sound Control

Consider Impacts of:

« Timber & Topping Thickness
* Panel Layout

 (Gapped Panels

« Connections & Penetrations
« MEP Layout & Type

Credit: Rothoblaas



Acoustics & Sound Control

R /

Finish Floor if Applicable
Concrete/Gypsum Topping

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling



Acoustics & Sound Control

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

1 | |

Airborne

sound o
source ' . Transmission

\ > through wall

L "u\ |

Separating assembly




Acoustics & Sound Control

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




Acoustics & Sound Control

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

NTERMATIONAL
BLILEMMNG

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



Acoustics & Sound Control

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




Acoustics & Sound Control

MT: Structure Often is Finish




Acoustics & Sound Control

But by ltself, Not Adequate for Acoustics




Acoustics & Sound Control

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
T 31/2" bare NLT 24 bare NLT .
4-1/4" with 3/4" plywood 28 with 3/4° plywood
R e ﬁ,:;ﬁ:frjm?};? :;Ilimr:i 31 wzismh;:ﬁ :lﬂmm hs
2x6 NLT floor + 1/2° plywood? 6" with 1/2* plywood 34 33

Source: Invaniory of Acouwstically-Tasted Mags Timber Assembbas, WoodWorks'




Acoustics & Sound Control

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

Image credit: Christian Columbres; |1'%



Acoustics & Sound Control

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

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




Acoustics & Sound Control

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

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




Acoustics & Sound Control

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

1. Add mass
2. Add noise barriers —
3. Add decouplers




Acoustics & Sound Control

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

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




Acoustics & Sound Control

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

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




Acoustics & Sound Control

Concrete Slab: CLT Slab:

6" Thick 6-7/8" Thick
80 PSF +=——> 18 PSF
STC 583 +—mmmmmmm————————p STC 41



Acoustics & Sound Control

—

Finish Floor if Applicable

Concrete/Gypsum Topping
Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling

T e T T T T TP N P P T e e Sy W gy [ e o,
N D A Y i R 1 W I 0 B ) I I N R (T LA Y N ) ' i




Acoustics & Sound Control

—

Acoustical Mat:
« Typically roll out or board products

» Thicknesses vary: Usually 74" to
1”+

Credit:Maxxon



Acoustics & Sound Control

Acoustcal Noor underlayments




Acoustics & Sound Control

Common mass timber floor
assembly:

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

 1.5"to 4" thick
concrete/gypcrete topping

* Acoustical mat
« WSP (if applicable)
« Mass timber floor panels

Credit: AcoustiTECH



Acoustics & Sound Control

Solutions Paper &3 WoodWorks

OO0 FRCEA T COUNG R

Acoustics and Mass Timber:
Room-ta-Room Mose Control

e R T I W i il e
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Acoustics & Sound Control

Inventory of Tested Assemblies

DESiE_!'lin!i'T. a wood tluildj[]ﬂ?
Ask us anything.

FREE PROJECT SUFPORT EOUCATION | RESOURCES

Acoustically-Tested Mass Timber Assemblies
Foliowsng i a livt of mass Bmber preemblies hat bave been sooentically eybed o5 of Fanuay 23, 2009, Soceroes see nobed ot the onad of thig

destument. For free becheigal B5cHlRCe B0 by GUeSTIONS 1elited £o the Bcoustical detign of Muds limber embie, of les tecbscal
mivtange related 15 sy gipect of the dikign, ang ing or ganiructian of & il gr rredti-Taemily waocsd building in the UL emuail
talpifemadugrio o or centach The WoedWarn fegoral Dinsctar nearri yous ik e wosdhenir gl phined]-siystanie

Cantents:

Table 1: QLT Flood Aisermblied with ConcretelGypium Topping, Ceiling Sida Expoasd VAL X
Yable 3 €1F Moar Ausermblied witheond Concrite iypium Tepping, Coling e [mpeoied. R [ |
Table 3: (1T Foor Asuemblies withoat Comorebe Gypsum Topping, with Wood Sleepers, Ceding Sde Exposed ]
Table &: MLT, GLT B TAG Decking Floor Acuembles, Ceiling Side Bxposed . P S P I B PSS 11
Table §: blan TimBeabr Floow Ajipmbles with Ceiling Side Condealed 4
Tabile & Single CLT Wall . . . . S . . . N |
Table 7 Single NLTWal.________ e e s e s i REER e %
Table §: Double CLT Wal o |
Fourge b P
BTN oo o P e s oo i s i e T

http://bit.ly/mass-timber-assemblies




Acoustics & Sound Control

-

Inventory of Tested Assemblies

- Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

CLT Panel | Concrete/Gypium Accustical Mat Product Between CLT and Tepping Fanith Floor ] (= mc Sewron
Topping
[ None AT ASTC | 4T MIC
[ - &5 ASIC
2 [ Carpet + Pad : 75 AIC
Pbamaen, Acenizti-#at™ 5 T
STAC
1-1f3" Gyp-Crete® Eng Wood on Apousii- 51° AIIC 1
Top” —
_None 45T ANC |
Maomn Acousti-Mat* ¥ Premium VT _ 4y AIC_
INT on Acountl-Top® - 5 ANIC
— i
[T Iy s | 16 |
CLT S-ply LNT Piua & 4 58
(68757 USG SAM NES Liltra Eng Wood "E "-E ———]
[Carpet + Pad [ & | e
Ceramic Tilg -t a5 61
Hone 45 o 15
1A I3 |l k® T ] ] K|



Mass Timber in Multi-Family

Early Design Decision Example

7-story, 84 ft tall multi-family building
Parking & Retail on 15t floor, residential units on floors 2-7
NFPA 13 sprinklers throughout
Floor plate = 18,000 SF

Total Building Area = 126,000 SF

“Credit: Monte French Design Studio



Key Early Design Decisions

Early Design Decision Example
7-story, multi-family building, typ. floor plan:

Credﬁ Monte French DeS|n Studlo

240’

«— 30x32 typ. unit

Corridor




Key Early Design Decisions

Early Design Decision Example

MT Construction Type Options: e Croci: Mo Frorioh Desigh S
« 7 stories of IV-C
« 5 stories of IlIA over 2 stories of IA podium
« 5 stories of IV-HT over 2 stories of |IA podium




Key Early Design Decisions

Early Design Decision Example

MT Construction Type Options:

o 7 stories of IV-C

Implications of Type IV-C:

2 hr FRR, all exposed floor panels, beams, columns
Likely will need at least 5-ply CLT / 2x6 NLT/DLT
Efficient spans in the 14-17 ft range

Efficient grids of that or multiples of that (i.e. 30x25, etc)
No podium required

CLT exterior walls permitted




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options
« Option 1 240’

<€ >

Credﬁ Monte French DeS|n Studlo

<7 Beams/Walls at 15’ o.c. (align w

32’ unit demising wall)

6 <— No beams or shallower beams at corridor

32’ MT floor panel span
N — Typ. MT Panel




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options
« Option 1 240’

<€ >

Credﬁ Monte French DeS|n Studlo

<7 Beams/Walls at 15’ o.c. (align w

32’ unit demising wall)

0’ No beams at corridor (MT panel spans weak axis)

32’ _ MT floor panel span
I — Typ. MT Panel




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options
« Option 1 240’

Credﬁ Monte French DeS|n Studlo

, Beams at 15’ o.c. (align w unit
32 | demising wall)

6’ 23’-4” beam span typ.

32’ MT floor panel span
I — Typ. MT Panel




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options

° Opt|on 1 240; Credﬁ Monte French DeS|n Studlo

< : >
—
0 — Typ. MT Panel

32’ No beam penetrations at main to

branch MEP
6’ \
32’ Main MEP lines in corridor

«—— MEP branches in each unit




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options
* Option 2 240’

<€

Beams at 16’ o.c. (align w
corridor wall)

32’

6’ No beam at corridor

+— Typ. MT Panel

MT floor

—

panel span

]

L I .Eh e
Credit: Monte French Design Studio




Key Early Design Decisions .

Early Design Decision Example ; ',.-51..' -

Type IV-C Grid Options g, ANk Pk |

« Option 2 240’ = Credit. Monte French Design Studio
<€ >

MEP branches in each unit

30’ Beam penetrations at all beam lines

/ Main MEP lines in corridor

+— Typ. MT Panel




Early Design Decision Example

Key Early Design Decisions i— || l

Credit: Monte Frenéh Design Studio

Type IV-C Floor Assembly Options o, A

Finish Floor if Applicable
Concrete/Gypsum Topping

Acoustical Mat Preduct

CLT Panel

No direct applied or hung ceiling

« 2-hr FRR: 5-ply CLT (tested assembly) or 7-ply CLT (char calculations)
« STC & IIC 50 min: 27 topping (5-ply CLT) or 1.5" topping (7-ply CLT)
Note: many other acoustic mat and topping options exist, one example shown here
Note: 5-ply is most efficient for the 15-16 ft panel spans shown




Key Early Design Decisions

Early Design Decision Example

MT Construction Type Options:

5 stories of IlIA over 2 stories of |IA podium

Implications of Type llIA:

« 1hrFRR

« Potential to use 3-ply or thin 5-ply CLT

« Efficient spans vary with panel thickness

« Efficient grids of that or multiples of that (i.e. 20x25, etc)
« 1 story Type IA podium required

« CLT exterior walls not permitted



Key Early Design Decisions
Early Design Decision Example

Type llIA Grid Options

| L [
° Opt|on 1 — Credli Monte French DeS|n Studlo

Beams at 15’ o.c. (align w
unit demising wall or use
walls as bearing walls)

<— Shallower beam at corridor (main MEP lines)

MT floor panel span

+«— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

Type llIA Grid Options

| L [
° Opt|on 1 — Credli Monte French DeS|n Studlo

No beam penetrations at
/ main to branch MEP

+«— Typ. MT Panel



Key Early Design Decisions

Early Design Decision Example

Type llIA Grid Options & .
° Opt|on 2 = Credﬁ Monte French DeS|n Studlo

Beams at 16’ o.c. (align w
corridor wall)

No beam at corridor

MT floor panel span

+— Typ. MT Panel

—



Key Early Design Decisions

Early Design Decision Example

l l-ﬂq

Type llIA Grid Options kg, AR Il il

o Option 2 Cradit: Monte Erench Desian Studio

Beam penetrations at all
beam lines

+— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

| » . e

MT Construction Type Options: i o oich besign St

5 stories of IV-HT over 2 stories of |IA podium

Type IV-HT in Group R Occupancy:

« Separation walls (fire partitions) and horizontal separation (horizontal
assemblies) between dwelling units require a 1-hour rating.

* Floor panels require a 1-hour rating in addition to minimum sizes

- Essentially the same panel and grid options as IllIA

Ref. IBC 420.2, 420.3, 708.3, 711.2.4.3
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Seattle Mass Timber Tower: Detailed Cost Comparison
Fast Construction

- Textbook example done by
industry experts

- Mass timber vs. PT conc

- Detailed cost, material
takeoff & schedule
comparisons

“The initial advantage of Mass Timber office
projects in Seattle will come through the

that developers will experience.”
- Connor Mclain, Colliers




Seattle Mass Timber Tower
Fast Construction

Construction Schedule:

Site Selection, Due Dilgence, & PS4 [ CrETSE

Master Use and Busiting Perescs T e le ,;_Mass Timber

g " | | 5 months

Eiremating and GMP Contract Fuse I "T:":" re (25%) faster
2008 2015 ] 021

M Tirbes Cansiruction Phase Y 27 - 13

Mlirks Tiemibaee Buplonw Grade Straciun - e

Maks Timbee Above Geade Siructuee - ST

Mats Timber Buiding Envelope / Finihes / MEP | SRS

Marss Timber Comminsioning Tursswes . Jot 22 -« bl k9

FT Consiructon Phine

PT Bolow Grade Stracture | EEETE

PT Abgwee Girade Siructure _ Sep 23 - hun 34

PT Bislking Envelope / Finishes / MDP L [EEEeE
T Commbsioning )| Tunnorer . Wawy 27 - De 200

Source: Tall With Timber
A Seattle Mass Timber Tower Case Study by DLR Group'



Seattle Mass Timber Tower
Faster Construction + Higher Material Costs = Cost Competitive

System Mass Timber PT Concrete Mass Timber
Design Design Savings

Direct Cost of Work $86,997,136 $85,105,091 2.2%

Project Overhead $ 9,393,750 §11,768,750 -20.2%

Add-Ons $ 8,387,345 S 8,429,368 -0.5%

Total $104,778,231 $105,303,209 -0.5%

Source: DLR Group | Fast + Epp | Swinerton Builders



Construction Stert

Compressing the Typical Schedule Fast Construction

' '
Less soil remediation + smaller foundations
i # Faster erection
iprefabricated + precise) .
; Look for these potential
B $8 schedule savings
< Enrier star® - —+ If prefabricated, with mass timber in
e e BBVINNGS b0 enclosune .
= : . Prbid comparison to steel
Building envelope/extarior ! UL
S and concrete.
& Earigr atmri® i ¥ MEP fully coordinated
= =me=-=s 0 design phase &
aifp——— Earligr siar® - # Less finkshes with
------- anposed wood
Y Up to 25%

schedule savings

= Less camrying costs

+ Less GC overhead

+ Ahility 1o lease/occupy
sooner

Overall mass timber construction schedule l"‘"'_f

*Eardier start for follow-up rades
ake !.l..-.|'1ill.E for cume fimes

Finish \

Mass Timber

Construction
Fi

Construction

Steal/Concrate :

Source: Mass Timber Cost & Design Optimization, WoodWorks?



Schedule Savings for Rough-In Trades
Fast Construction

i

|
|

NO curing ”'Curing & maze of
(mass timber) shores (concrete)
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Holistic Cost Assessment

Reference 1 Reference 2 Timber Use 1
Concrate Slabs on Stesl Dack Concrete Flat Slat; Timber Floors: Steel Frieme;
Steal Freme Concrate Coares Concrede Congs Concrete Coras

Timber Use 2 Timber Use 3 Timber Use 4 . .
Timbar Poil, Boam, & Plate Tember Floaas: LG Erarmeng; Timsar Floors & Shsar Walls Source: Gen_erate Architecture
Concrete Cones Stewl Frame Podium Stael Frame Podium + Technologies



Sustainability Impacts
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Reduce Risk
Optimize Costs

- For the entire project team,
not just builders

- Lots of reference documents

www.woodworks.org

www.woodworks.org/wp-content/uploads/wood solution paper-
Mass-Timber-Design-Cost-Optimization-Checklists.pdf

1 WoodWorks

WD FROSUCT S DO

Mass Timber Cost and
Design Optimization Checklists

Wi Worka i developed he Felowing checkists 10 ikt
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Keys to Mass Timber Success:
Know Your WHY
Design it as Mass Timber From the Start
Leverage Manufacturer Capabllltles
Understand Supply Chain*
Optimize Grid " gFfaa s T
Take Advantage of Prefabrication & CoordlnatLon
Exposeithe Timber =
‘Discuss-Early with AHJ =+
Work with Experienced People
« et WoodWorks Help for Free
__Create Your Market Distinction

[
—
l."

) ¢ As jates



The challenge 1s not in learning how to accept
change, but in how to orchestrate the most
efficient change

|

Carbon12, Portland, OR Credit: Kaiser + Path




Mass Timber in Multi-Family Housing: Is it a
Good Fit for Your Project?

There’s a good chance it is...Let’s
talk about it!




Questions? A{
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Speaker Name
Title
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Phone
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1

901 East Sixth, 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 2022

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




