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“The Wood Products Council” is a
Registered Provider with The American
Institute of Architects Continuing
Education Systems (AIA/CES), Provider
#G516.

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

members are available upon request.

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

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

this presentation.
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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 iscelebrated but
repeatabilityis not. Is this true, or do its other benefits result in overall cost efficiency? If it is true, how can we
expect to buildthe number of new housing units needed across our country in a sustainableand 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
developmentsin 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 opportunitieswill the 2021
International Building Code create for mass timber housingin the 6-18 story range? This presentation will

answer these questionsand much more.



Learning Objectives

1.

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

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.

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.

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.

Stage
B Construction Started / Built
B In Design

DDD

603 Built
700 In Design

WOOD
PRODUCTS

\V COUNCIL.

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



https://www.woodworks.org/publications-media/building-trends-mass-timber/

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?
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Multi-Housing Typologies

MT Floors & Roofs on MT Floors & Roofs on MT Floors & Roofs on
LWF Bearing Wallls Post & Beam Framing MT Bearing Walls

£
A |
-

_— . . B

Credit: KL&A Engineers & Builders Credit: ADX Creative and Engberg Anderson Credit: Grey Organschi Architecture and Spiritos Properties



EVOLUTION

/ INCREMENTAL CHANGE

REVOLUTION

TRANSFORMATIONAL CHANGE



Low- and Mid-Rise Multi-Family

£

Creative&ﬁd Engbe
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HYBRID LIGHT-FRAME + MASS TIMBER



CONDOS AT LOST RABBIT, MS

3 Story, 30,000 SF - :
* Units Completed in 3 Phases
. Completed in4 Months

Lost Rabbit, MS
Credit: Everett Consulting Group



CIRRUS, DENVER, CO

5 over 2, Type Il1A project
285,000 SF
5-ply and 7-ply Panels Used

Credit: KL&A Engineers & Builders



CANYONS, PORTLAND, OR

5 over 1, Type llIA project
70 apartments over 6 retail suites, 113,314 SF
Credit: Jeremy Bittermann & Kaiser + Path Business Case Study — Achieved 46% Higher Leasing for 1-BR




THE DUKE, AUSTIN, TX

Credit: WGI



WESSEX WOODS, PORTLAND, ME

Credit: Avesta Housing

ASCE 7-22 Seismic
Design values for
CLT Shear Walls.

Height Restricted to
65 feet



io: Ema Peter

POST, BEAM + PLATE



360 WYTHE AVENUE, BROOKLYN, NY

) -‘v “ . ~. -
n 5 Stories, retail, office and residential
Credit: Flank 65,000SF, NLT floors w/ post and beam



BARRACUDA CONDOS, MADISON, Wi

A *'
por, T el
\ B ’ ' .'c".. " €
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" 5over?2,GLT floors w/ steel beams and columns
19 luxury 2BR/ 2BA, 1,400-1,730SF

Credit: Populance Architecture and Development



MASS TIMBER BEARING WALLS




Model C, Roxbury, MA

~ 5 storyaffordable housing project
19,000 SF, passive house proejct
i CLT walls w/ postand beam, CLT floors and roof

Credit: John Klein, Generate Architecture



Left: 69 A Street, Boston, MA Credit: Greg Folkins

Above: Timber Lofts, Milwaukee, WI
Credit: ADX Creative and Engberg Anderson Architects
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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

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

IBC

INTERNATIONAL
BUILDING CODE




Construction Types
All wood framed building options:

Type lli
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 lll 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




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

1t Fl CoOMCESLED Ao FE CONIEALED SPACE
TES(FLOOR
' : TG FLAMK FLODR OR ROOF

\— FRAMED OR GLUZD- LAMIMATED MENEBER DRYEALL WL EOARD, ETS DRWALL OR SIMILAR SIDING
FLOORS 6w 10 (MM
ROOFS G a8 (MM SHEET METAL DUCT
FROHIE S NS AL I

PERMITTED IMNSTALLATICH

SUSEENDED CEILIMNG COMNCEALERNGPACE

FROSIBL EL [MSRALLA LY

Credit: IBC



Construction Types

Type IV concealed space options within 2021 IBC

Option 1:

Sprinklers in concealed spaces

Dropped ceiling




Construction Types

Type IV concealed space options within 2021 IBC

Option 2:

—
—
»

Noncombustible insulation () 62888666 666662(

Dropped ceiling




Construction Types

Type IV concealed space options within 2021 IBC

Option 3:

5/8" Type X gypsum on all mass timber

surfaces within concealed space

Dropped ceiling |




Construction Types

Concealed spaces solutions paper

£ WoodWorks

WOOD PRODUCTS COUNCIL

Concealed Spaces in Mass Timber
and Heavy Timber Structures
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The John W. Olver Design Building at UMass
Amherst includes exposed wood structure

in some areas and dropped ceilings in others.
Architect: Leers Weinzapfel Associates
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https://www.woodworks.org/wp-content/uploads/wood solution paper-
Concealed Spaces Timber Structures.pdf



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 Photography



EVOLUTION

INCREMENTAL CHANGE

REVOLUTION

/ TRANSFORMATIONAL CHANGE
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CARBON 12, PORTLAND, OR

Credit: Baumberger Studio/PATH Architecture 8 Story, 85ft, 14 residential units on 7 floors
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~Architect: Korb & Associates ARehitects
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19 TIMBER OVER 6 PODIUM, 284 FT

Photo: Korb & Associates Architects | Architect: Korb & Associates Architects
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11 E LENOX, BOSTON, MA

\

Credit: H + O Structural Engineering
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ATF Lab Tests, 2017
Photo: LendLease



ATF Lab Tests, 2017
Photo: LendLease
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PRESCRIPTIVE BUILDING CODES

Office
Assembly

Residential | Bl

Mercantile

(12 stories) —

Type IV-A

~ 270 ft.
(18 stories)

Office
Assembly

Residential — (el

Mercantile
(8 stories)

Type IV-B |||

(12 stories)

Office

@ stories) | gmHRER

Residential
(8 stories)

Assembly | mi

Mercantile
(6 stories)

Type IV-C |

- 851t
(9 stories)



9 STORIES

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

TYPE IV-C

Credit: Susan Jones, atelierjones

Photos: Baumberger Studio/PATH | 3
Architecture/Marcus Kauffman '
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TYPE IV-

Credit: Susan Jones, atelierjones

Type IV-C Height and Area Limits

Occupancy | # of Area per Building
Stories Story Area

85 ft
B 9 85 ft
M 6 85 ft
R-2 3 85 ft

Areas exclude potential frontage increase

56,250 SF

135,000 SF
76,875 SF
76,875 SF

168,750 SF

405,000 SF
230,625 SF
230,625 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



9 STORIES

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

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



IV-C
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12 STORIES

BUILDING HEIGHT 180 F1
ALLOWAELE BUILDING AREA 648,000 SF
AVERAGE AREA PER STORY 54 00051

TYPE IV-B

Credit: Susan Jones, atelierjones

Credit: LEVER Architecture




Type IV-B Height and Area Limits

1\V-B
Occupancy | # of Area per Building
Stories Story Area

B T 180 ft 90,000 SF 270,000 SF

—<_====§:n~

R | N [

- g -_i~m=-

:=====:_’: B 12 180 ft 216,000 SF 648,000 SF
*qq:=-;m_,t§ M 8 180 ft 123,000 SF 369,000 SF
;:=_=$;;: R-2 12 180 ft 123,000 SF 369,000 SF
= ‘-===: i Areas exclude potential frontage increase
“---’.‘ -

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

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

Credit: Susan Jones, atelierjones
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12 STORIES

BUILDING HEIGHT 180 F1
ALLOWAEBLE BUILDING AREA 648,000 SF
AVEHAGE AREA PER STORY 54 00051

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

Limited Exposed MT allowed in Type IV-B for:

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

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

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

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

Credit: Kaiser+Path ‘-



Type IV-B Protection vs. Exposed

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

Credit: Kaiser+Path o



Type IV-B Protection vs. Exposed

I\V-B
Designh Example: Mixing unprotected MT walls & ceilings
i ” ‘E - 800 SF dwelling unit
e o I | * U, _=(800 SF)*(0.20) = 160 SF
| e |+ U, = (800 SF)*(0.40) = 320 SF
e — * Could expose 160 SF of MT ceiling,

OR 320 SF of MT Wall, OR

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

Living room B Bedroom

exposed

Credit: AWC



Type IV-B Protection vs. Exposed

1IV-B

Designh Example: Mixing unprotected MT walls & ceilings

Living room

Credit: AWC

I ==
| Kitchen ﬂ

=

Bathroom

18500

i S .

Hallway [ Utility

roam

i-' Closet

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

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

U,, =120 SF

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









<
A

|
|

AMARARRFEESSIITENN

. '.
- |
l

1
| =
3

aEpes

EEsH

bkEsdddd Nl
f

AL LLEL LR

BERMLLLE s
JEERERRRA RN

: . ~

]
LRLLLL LS

TYPE IV-A

Credit: Susan Jones, atelierjones

Photos: Structurlam, naturally:wood,
Fast+ Epp



IV-A Type IV-A Height and Area Limits
L | L= Occupancy | # of Area per Building
3=======: - Stories Story Area
1T L L
T e 270 ft 135,000 SF 405,000 SF
EEc | roddas
T T B 18 270 ft 324,000 SF 972,000 SF
EE | P ' '
l_na.--mit!f M 12 270 ft 184,500 SF 553,500 SF
j—j:--ma—t
Js:'.._.'='=',:;:f:f. R-2 18 270 ft 184,500 SF 553,500 SF
, SN - -
j==--.'z T . Areas exclude potential frontage increase
- In most cases, Type IV-A height & story
allowances = 1.5 * Type I-B height &
story allowances
TYPE IV-A

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

Credit: Susan Jones, atelierjones



IV-A Type IV-A Protection vs. Exposed
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18 STORIES
BUILDING HEIGHT 270
ALLOWABLE BUILDING AREA 972,000 S 0 i
100% NC protection on all surfaces of

TYPE IV-A MaSS Timber

Credit: Susan Jones, atelierjones

Credit: Acton Ostry Architects, Fast + Epp



IV-A




2024 IBC Changes

RISE Tests, 2020
Photo: RISE




Speed of Construction
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Mass Timber: Structure Often is Finish

.l N 2 A
Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman | Architect: PATH Architecture




MASS TIMBER APPEAL

MATERIAL MASS

79% LIGHTER WEIGHT THAN CONCRETE



MASS TIMBER APPEAL

ENERGY EFFICIENT

Table 2
Thermal resistance of typical softwood at various thicknesses and 12% moisture content

1in. (25mm) 4in. (100 mm) 6in. (150 mm) 8 in. (200 mm)

R-value (h-ft.2:°F-Btu™) 1.:25 5.00 7.50 10.00

RSI (m%*K-W™) 0.22 0.88 1.30 1.80

CLT HAS AN R-VALUE OF APPROXIMATELY 1.25 PER INCH OF THICKNESS.
SOURCE: US CLT HANDBOOK



Source: Generate Architecture + Technologies



Holistic Cost Assessment

Reference 1 Reference 2 Timber Use 1
Concrete Slabs on Steel Deck; Concrete Flat Slab; Timber Floors; Steel Frame;
Steel Frame,; Concrete Cores Concrete Cores Concrete Cores

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

Source: Generate Architecture
+ Technologies



Sustainability Impacts

Reference |

Timber Use 3 Timber Use 4
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Carbon and Sustainability
Value Add Services

FAthenalnstitute

PROJLCT DETALS
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Seattle Mass Timber Tower: Detailed Cost Comparison
Fast Construction

- Textbook example done by
iIndustry 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 Diligence, & PSA - SR

Mastr Use nd Blding esmis I 22 ] Mass Timber

—— —
Estimating and GMP Contract Phase [ EEECEEEE

2018 e

Bass Timber Construction Phase

bzss Tirmber Below Grade Structure

s Timbar Above Grade Struchun

BAass Timber Building Envelope | Finishes f MEP
Mass Timber Comméssioning / Turnover

PT Construction Phase

PT Below Grade Striciune

PT Abave Grade Stnucture

PT Building Envelops f Finishes / MEP

BT Commissioning / Turmaver

| 5 months
M s (25%) faster

hal 19 et 20

lan 2T hal 19

lan 17 - Sep 24

e p—
. Jurn 22 - Jul 19

lar X7 = et 20

lan 27 -Sep 21

B vov 23 pec 20

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 S 9,393,750 $11,768,750 -20.2%

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

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

Source: DLR Group | Fast + Epp | Swinerton Builders



Schedule Savings for Rough-In Trades
Fast Construction

B I
VoS M
—— e
NO curing Curing & maze of

(mass timber) shores (concrete)



Mass Timber Business Case Studies

Adohi Hall

Tt eQa

i
1 NI

S Returns
Challenges
L | Lessons Learned
RMW Architecture & Interiors, P i .
Bernard AndréPhotographys ~ [ . SUCCESSES

i Download online:
7 WOODWORKS . : :
\ WOOD PRODUCTS COUNCIL www.woodworks.org/mass-timber-business-case-studies



https://www.woodworks.org/mass-timber-business-case-studies/
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Photo: Stru

10-Minute Break!

Presented by
John O’'Donald I, PE, WoodWorks

June 15, 2022






Key Early Design Decisions

- - | = | J— . i = N

What is the Single Most Important Early Desigh Decision on a Mass
Timber Project? Is it:

Construction Type MEP Layout
Fire-Resistance Ratings Acoustics
Mc.ember Sizes Concealed Spaces
Grids & Spans Connections
Exposed Timber (where & how much) Penetrations

The Answer is...They All Need to Be Weighed (Plus Others)



Key Early Design Decisions

Early = Efficient

Realize Efficiencyin:

 Costreduction |

 Material use (optimize fiber use, '——_ﬁ_—ﬂmﬁ
minimize waste)

* Constructionspeed ' B E ST

* Trade coordination K

* Minimize RFls PRACTIC E

. |

Commit to a mass timber design from B ¥
the start




Key Early Design Decisions

There are several project-specific factors that influence how early

decisions are made, and in some cases, the order in which they are
made:

e Site (size, orientation, zoning, cost)

 Buildingneeds (size, occupancy(ies), layout,
floor to floor, aesthetics, sustainability goals)

* Resulting code options & design implications




Key Early Design Decisions

One potential design route:
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1. Buildingsize & occupancyinforms “\;‘fm "'" ;%’,V
constructiontype & grid RNy : Vo 4,1'//

2. Constructiontype informs fire resistance
ratings

3. Grid & fire resistanceratings inform timber
member sizes & MEP layout

But that’s not all...




Key Early Design Decisions

Other impactful decisions:

* Acousticsinforms member sizes (and vice
versa)

* Fire-resistanceratings inform connections &
penetrations

 MEP layout informs use of concealed spaces

Miller Hull Pa rtnefship, photo:John Stame



Key Early Design Decisions

Where do we start?

- \ N— . < .
— --V‘ ;- - : I M E 0
e - ,"F~w:~~ . W gl L L I I
. "“‘*’rf‘m ’ 5;«1"_\‘ | Ny & :':‘_. .

1 De Haro, Perkins & Will, photo Alex Nye



Key Early Design Decisions

Construction Type — Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)

IV-A 1V-B IV-C IV-HT i-A 111-B V-A V-B
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B,R 270 180 85 85 85 85 70 60
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3,A-4 18 12 6 4 4 3 3 2
B 18 12 9 6 6 4 4 3
R-2 18 12 8 5 5 5 4 3
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2, A-3,A-4 135,000 90,000 56,250 45,000 42,000 28,500 34,500 18,000
B 324,000 216,000 135,000 108,000 85,500 57,000 54,000 27,000
R-2 184,500 123,000 76,875 61,500 72,000 48,000 36,000 21,000




Key Early Design Decisions

Construction Type — Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)
IV-A 1V-B IV-C IV-HT "Hi-A 111-B V-A V-B
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B,R 270 180 85 85 85 85 70 60

For low- to mid-rise mass timber buildings, there may be multiple

' options for construction type. There are pros and cons of each, don’t |
| assume that one type is always best.

- I ' | ' | ' | ' | - | '

Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)

A-2, A-3, A4 135,000 90,000 56,250 45,000 42,000 28,500 34,500 18,000

B 324,000 216,000 135,000 108,000 85,500 57,000 54,000 27,000

R-2 184,500 123,000 76,875 61,500 72,000 48,000 36,000 21,000




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)
BUILDING ELEMENT TYPEI TYPE TYPE M TYPEIV TYPEY
A B A B A B A B C HT A B
Primary structural frame® (see Section 202) jrbo | pbe | Qhe | QF || IR 0 L n 2 HT 1= | 0
Bearing walls
Exterior®* 3 2 0 2 2 3 2 2 2 0
Interior 3 » 0 1 0 3 2 2 1/HT= 1 0
Nﬂﬂbﬁﬂﬂg walls and partitium; See Table 705.5
Exterior
Nonbearing walls and partiti See
Tiin T DA o lo|o| o o|o0o| 0| 0| 0| Setin| O[O0
2304.11.2
Floor construction and associated secondary :
structural members (see Section 202) 2 2 1 0 1 L : ’ 2 L I .
Roof construction and associated secondary 1,k b b c b 1 b
strochugal bers (see Section 202) 'y |1 1 0 1 0 1/, 1 1 HT 1 0




Fire Design of MT

CLT char depth

Original CLT depth

Credit: David Barber, ARUP



COMPARATIVE STRENGTH LOSS OF WOOD VERSUS STEEL MASS TI M BER DESIGN
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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)
BUILDING ELEMENT TYPEI TYPE TYPE M TYPEIV TYPEY
A B A B A B A B C HT A B
Primary structural frame® (see Section 202) jrbo | pbe | Qhe | QF || IR 0 L n 2 HT 1= | 0
Bearing walls
Exterior®* 3 2 1 0 2 2 3 2 2 2 1 0
Interior 3 » 1 0 1 0 3 2 2 1/HT® 1 0
Nﬂﬂbﬁﬂﬂg walls and parlitiuﬂs See Table 705.5
Exterior
Nonbearing walls and partiti See
Tiin T DA o lo|o| o o|o0o| 0| 0| 0| Setin| O[O0
2304.11.2
Floor construction and associated secondary :
structural members (see Section 202) 2 2 1 0 1 L : ’ 2 L I .
Roof construction and associated secondary " - b c - 1, b
structural bers (see Section 202) ' 1 1 0 1 0 1/, 1 1 HT 1 0




Key Early Design Decisions

Flre Resistance 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)

Fane Example Floor Span Ranges
3-ply CLT {4-1/8" thick) Up to 12 ft
S-ply CLT (6-7/8" thick) | 14to17ft
7-ply CLT (9-5/8") 17 to 21 ft
2x4 NLT Upto 12 ft
2x6 NLT 10to17 ft
2x8 NLT 141021 ft
5" MPP 10to 15 ft




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



FRR Design of MT

NDS

h.-—-ulﬁ- s Lpeesbsiinn e #tmed Eardne s
5 LEN TN 4

NDS Chapter 16 includes

calculation of fire resistance of
NLT, CLT, Glulam, Solid Sawn
and SCL wood products

with B,=1.5Iin./hr.)

Table 16.2.1B Effective Char Depths (for CLT

Credit: FFﬂnnovations

Required Effective Char Depths, a...,

Fire (in.)

Endurance lamination thicknesses, hi (in.)

(Rr) 5/8 |34 /8 1 |1-1/4| 1-3/8 |1-1/2|1-3/4] 2
1-Hour 22 1122 |21 |20 240 1.9 18 | 1.8 1.8
1%-Hour 34 |32 31 |30 29 2.8 28 | 28 | 2.6
2-Hour 44 143 | 41 |40 3.9 18 36 | 3.6 3.6



FRR Design of MT
WoodWorks Inventory of Fire Tested MT Assemblies

Table 1: North American Fire Resistance Tests of Mass Timber Floor [ Roof Assemblies
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FRR Design of MT

) WoodWorks’

WOOD FREICTS COUNCIL

Fire-Resistive Design

of Mass Timber Members

Cada Applieations, Canstrustion Typas and Fire Ratings
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Mass Timber Fire Design Resource

Code compliance options for
demonstrating FRR
Free download at woodworks.org






Structural Grid
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Structural Grid

Grids & Spans

« Consider Efficient
Layouts

* Repetition & Scale

 Manufacturer Panel
Sizing

* Transportation
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Structural Grid

Member Sizes

* Impact of Sizing on Efficient Spans

0 HR FRR: Consider 3-ply Panel

« Efficient Spans of 10-12 ft

« Grids of 20x20 (1 purlin) to 30x30
(2 purlins) may be efficient

Platte Fifteen, Denver, CO
30x30 Grid, 2 purlins per bay ...
3-ply CLT .

Image: JC Buck =




Structural Grid

Member Sizes

* Impact of Sizing on Efficient Spans

1 or 2 HR FRR: Likely 5-ply Panel

« Efficient spans of 14-17 ft

e Grids of 15x30 (no purlins) to
30x30 (1 purlin) may be efficient

2x6 NLT &= 5
Image: Mackenzie |




Key Early Design Decisions

Why so much focus on panel thickness?

R

A'E .




Key Early Design Decisions

Typical MT Package Costs

= Project Overhead
m | abor
= Material

®m Equipment

Source: Swinerton



Key Early Design Decisions

® Project Overhead

m Equipment

Panels are the biggest part of the
biggest piece of the cost pie

ource: Swinerton



Key Early Design Decisions

Construction Type Early Decision Example

7-story building on health campus

* Group R-2 occupancy, NFPA 13 sprinklers throughout
* Floor plate = 22,300 SF

« Total Building Area = 156,100 SF

MT Construction Type Options:
« If Building is < 85 ft

o 7 stories of IV-C

» 5 stories of lllA or IV-HT over 2 story IA podium
« If Building is > 85 ft

« 7 stories of IV-B



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Type llIA option 1
1-hr FRR

Purlin: 5.5"x28.5”
Girder: 8.75°x33"
Column: 10.5"x10.75"
Floor panel: 5-ply

Glulam volume = 118 CF (22% of MT)
CLT volume =430 CF (78% of MT)
Total volume = 0.73 CF / SF

Source: Fast+ Epp, Timber Bay Design Tool



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Type llIA option 2
1-hr FRR

Purlin: 5.5"x24”
Girder: 8.75°x33"
Column: 10.5"x10.75"
Floor panel: 5-ply

Glulam volume = 123 CF (22% of MT)
CLT volume =430 CF (78% of MT)
Total volume = 0.74 CF / SF

Source: Fast+ Epp, Timber Bay Design Tool

Cost considerations: One additional beam (one additional erection pick), 2 more connections



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Type IV-HT

0-hr FRR (min sizes per IBC)

Purlin: 5.5"°x24" (IBC min = 5’x10.5")

Girder: 8.75"x33” (IBC min = 5"x10.5")
Column: 10.5"x10.75" (IBC min = 6.75"x8.25")
Floor panel: 3-ply (IBC min =4” CLT)

Glulam volume = 120 CF (32% of MT)
CLT volume = 258 CF (68% of MT)
Total volume =0.51 CF/ SF

Source: Fast+ Epp, Timber Bay Design Tool



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Type IV-C

2-hr FRR

Purlin: 8.75°x28.5"
Girder: 10.75"x33"
Column: 13.5"x21.5”
Floor panel: 5-ply

Glulam volume = 183 CF (30% of MT)
CLT volume =430 CF (70% of MT)
Total volume =0.82 CF / SF

Source: Fast+ Epp, Timber Bay Design Tool



Key Early Design Decisions

Which is the most efficient option?

Timber Volume Podium on 15t &
Ratio 2"d Floor?

IlIA— Option1 0.73CF/SF Yes
IIIA— Option2 0.74 CF/SF Yes
IV-HT 0.51 CF/SF Yes
I\V-C 0.82CF /SF No

A general rule of thumb for efficient mass
timber fiber volume is no higher than 0.75
CF per SF. Ratios in the 0.85t0 1.0 CF /

Source: Fast + Epp, Timber Bay Design Tool SF range tend to become cost prohibitive




Key Early Design Decisions

Which is the most efficient option?

Timber Volume Podium on 15t &
Ratio 2"d Floor?

». IIIA— Option1 0.73 CF/SF Yes

There are other |mpacts of construction type selection

(exterlor waIIs concealed spaces) that should be considered
' 1V-U U.6Z U/ OF NO

A general rule of thumb for efficient mass
timber fiber volume is no higher than 0.75
CF per SF. Ratios in the 0.85t0 1.0 CF /

Source: Fast + Epp, Timber Bay Design Too SF range tend to become cost prohibitive






Key Early Design Decisions

Many ways to demonstrate connection fire protection:
calculations, prescriptive NC, test results, others as approved by AHJ
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Photo: Josh Partee



Key Early Design Decisions

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




Key Early Design Decisions

Connection FRR and beam
reactions could impact required
beam/column sizes
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Key Early Design Decisions

Member to member bearing also commonly used, can avoid
some/all steel hardware at connection




Key Early Design Decisions

Member to member bearing also commonly used, can avoid
some/all steel hardware at connection

O\

Style of connection also impacts and is impacted by grid layout
and MEP integration
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JM EP Layout & Integratlon




MEP Layout & Integration

Set Realistic Owner Expectations About Aesthetics
 MEP fully exposed with MT structure, or limited exposure?




MEP Layout & Integration

Key considerations:

 Level of exposure desired

* Floor to floor, structure depth & desired head
height

e Building occupancy and configuration (i.e.
central core vs. double loaded corridor)

e Grid layout and beam orientations

 Need for future tenant reconfiguration

 Impacton fire & structural design: concealed
spaces, penetrations

Credit: WoodWorks



MEP Layout & Integration

Smaller grid bays at central core (more head height)
* Main MEP trunk lines around core, smaller branches in exterior bays

Credit: Blaine Brownell Credit: WoodWorks



MEP Layout & Integration

Smaller grid bays at central core

Main MEP trunk lines around core

Smaller branches in exterior bays
Credit: ARUP



MEP Layout & Integration

Grid impact: Relies on one-
way beam layout.
Columns/beams spaced at
panel span limits in one
direction.

Beam penetrations are
minimized/eliminated

Recall typical panel span

limits: -
Panel Example Floor Span Ranges

3-ply CLT (4-1/8" thick) Upto 12 ft
S-ply CLT (6-7/8" thick) 14 to 17 fi
7-ply CLT (9-5/8") 17to 21 ft
2x4 NLT Upto 12 ft
2x6 NLT 10 to 17 fi
2%B NLT 14 to 21 fi

5" MPP 10to 15 ft

Credit: Hacker Architects



MEP Layout & Integration

Dropped below MT framing

* Cansimplify coordination (fewer penetrations)
* Bigger impact on head height
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Credit: Alex Schreyer




MEP Layout & Integration

In gaps between MT panels
 Fewer penetrations, can allow for easier modifications later

——

Credit: Ema Peter/MGA V : . : . acker Architqqts



MEP Layout & Integration

In penetrations through MT framing

 Requires more coordination (penetrations)

* Bigger impact on structural capacity of penetrated members
e Minimal |mpact on head height
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MEP Layout & Integration

In chases above beams and below panels

* Fewer penetrations
e Bigger impact on head height (overall structure depth is greater)

* FRRimpacts: top of beam exposure

Credit: KL&A Engineers & Builders




MEP Layout & Integration

In chases above beams and below panels at Platte 15
 30x30grid, purlins at 10 ft, 3-ply CLT
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Penetrations & Firestopping

Beam penetrations:

« If FRR = 0-hr, analyze structural impact of hole diameter only
« |fFRR> O-hr, account for char_red hole diameter or firestop penetration
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Penetrations & Firestopping

Code options for firestopping through
penetrations

714.4.1.1 Fire-resistance-rated assemblies. Thirough pene-
trations shall be protected using systems installed as tested in
the approved fire-resistance-rated assembly.

714.4.1.2 Through-penetration firestop system. [firough
penetrations shall be protected by an approved penetration
firestop system installed as tested in accordance with ASTM
ES14 or UL 1479, with a minimum positive pressure differ-
ential of 0.01 inch (2.49 Pa) of water and shall have an F rat-
irtg of not less than the required fire-resistance rating of the

wall penetrated.




Penetrations & Firestopping

Option 1: MT penetration firestopping via tested products




Penetrations & Firestopping
Inventory of Fire Tested Penetrations in MT Assemblies

¥f) WoodWorks’

WOOD PRODUCTS COUNCIL

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

Exposed Side Penvirating Pemetrnn i Centered Stted Tewt
CLT Panel Firestopping System Descript on F Rating T Ratin Suurce Testing Lab
Protection Tem or Offet in Hole il ' ® | Protwcu '

Sply 1.5° diamtes = 5.5 in diamater hole. Minen) wool was insialled in the lin, snnular space around the d ms csbl e 1o 2 1o1sl depth of approx imately 2 - $/bdin. The o = Inienck
(Thmm 3 47%) Lol dats cable bunch Ceniured renmining lin. snn uler space Nom the top of the nineral wool to the tlop of the Moo r s o by was (illed warh Hilu FS-Ome Max cmlking - 03hsur |CANLLCSILS o March 30,20 16
Sply x ; 4.375 indismeter hole. Pi po wrap was installed sround the copper pipe 1o atotal depth of approximstely 2 - 5/64in. The renuining lin. snnulas space u . Intenck

No | Centared . I h NA. CANULL 5115 16
{Thmm 3 47%) * e - larting & the top of the mineral woal 1o the top of the Noor s sembly was filled with Hilti FS-One May oo lking. - March 30, 2014
Sply 25" ached 40 . .92 in dlsmeter hole Pipe woap was [nsislled sound the s chedule 40 pipe 10 2101l depth of spproximstely 2 - §/6din. The el ning 1in saolas N Inienck
o Centeted ‘ 1 h NA. CANLLCS115 26
(Thmm 3 477 " pipe “ space starting st the top of the pipe wran to the top of the foor wssenbly was i led with Hilti FS-One Max csul king o March 30,2016
Mply . " .38 i dlwmet or hale. Mineral woo | was instal lod in the 1in, annal s s pace sound ihe cait iron pipe to alotal depth of approx imstely 2~ 564 in. The ; - Intenek
C ; . . . bl 5 - CANL K115 2
(THmm 3 077) g A el e resrmining lin. sunulsr space s taming 21 thetop of the pipe weap to the top ofthe floor assembly was filled with Hilti FS- One Max caulking - T UL 2 March 38,2016
opl Hilti & in deop in .41 " dismater hole Minessl woal was installed in the | - 14in. annul s s pace sound the drop-in device 1o atotal depth o fapprox instely | - T6din tlestk
¥ = MNane device, System Centared i the remsining 1in . smnuls Ww!'mm the top of the mine sl vorol 1o the top ad geolthe - 16 din. hole in the CLT was filled with Hilt i FSOne 1 haus .75 hour JCANLLC S115 26
(Tmm 3 477 : March 30, 2016
Neo.: FrBe2049 Max caulking.
S-ply CLY ¥ 5.5 dimmeler bole. Mingr| wool wes installod inthe |in. annular space sround the datacables 1o 8 1ot al depth of spproximstely 4 -5/32 10 The : Inten ok
T 1.5* diamacter Centered : 2 ha 1.5k CANULL 5115 2
{131 nun 5,047 o datacshle bunch e remuining 1in. s ularspace from the top ol the mineral wool 1o the top of the Mooy s enbly wis illad with Hiltl FS-Oue Mo coulking 2 zizs March 3¢, 2016
Sply COLT o " 4.375 in diameter hole. ' pewiap was installed sound the copper pipe 1o atotal depth of approximately 4 - 332 in. Theremaining lin mnule space | ‘ i " Intenek
(13 om 5.16%) Nene 2" copperpipe Cenlured sating & the op of the mineral wool 1o the top of the Noor sssembly was Glled with Hilli PS-Ome Ma oo lking, i NA.  [CANULCaLLS i March 30, 206
S=ply CLT 2 5* sched. 40 . 492 i ndismet e hole, Pipe wop wa (nstalled sound the schedule 40 pipe 1o ool el depth of spproximaiely 4 - $/32 fn. Theremaining 110 snnul o ik e Inton gk
C . " . A 2 5h L LK 511 n
(13 owm 5.16%) e pipe motared space staning 8 the top of the pipe weag 1o the tog of the Noor s emb y was (i )led wirh Hil FS-One Max coulking hoery ot | [CARILE $H13 + March 30, 20 14
S-ply CLT K-35 in dismaer hole Minesl woo] was installed i the lin sanul s pace sound the cast jron pipe 1o s 1o1al depth of spproximstely 4 532 in. The ; Inten sk
b L A : . . o . 2 . CANLLE 5118 2
(13 aram 506 %) ot Aot sl o i resrmining lin, sunulsr space s taming 21 thetop of the pipe weap to the top ofthe floor assembly was filled with Hilti FS- One Max coulking P i UL a1 2 March 38,2016
Sonly CLT Hilti & in drop in 401" dismater hole Minersl woal wes installed in the | - 19in mnel s spece s und the drop-in device 1o atotsl depth o fappron imately | - 76 din —_—
i . MNane device System Centered and theremsining lin. smnuls 1|uu!'mm the top of the miner sl wool 1o the top ad geolthed = 196 4in. hole in the CLT was filled with Hilti FSOne 2 houm 1.5 houn |[CANLLC 5115 kY
(13 m 316" March 3, 206
N F-B-2049 Max caulking
d 21 inddamelof with s34 in p]}-unud red weer Muah with the tap o Nhealsh rﬂ:lu:!ng the opening to 2 28 in Twa wraps ol Hilyd CP 64 8-E W4 475347
Fiseut op wrap strip = twe locations with a 3 gauge stocl s loeve which extended from the top of theslsh 1o | in below thy alsh. The fira locstion wa
Sply 1" nominal PV . with the battom o Dihe weap st rip Mush with the banom of the stee] gleeve mnd the s eccond was with the boftom ofthe wrap alrip Vin, framithe battom OAl Laharatories
1 1k 2 ASTM 4 24
{1 7 5mma 6 W7 5%) qu: pipe S of the slab_ The vaid betweom the steel sleeve and the CLT mnd betwson the steel il seve and pipest the top e Glled with Roxu | Sale mineral wool B o — March 3, 2017
lesving a3 /4 in deep vaid af the top of the sssenshly. Hilt FS-One Max Iotumesoent Flrstop Sealen ) was spplied to sdepth of 3/4 inon the lop ol the
misombly between the plywood md stee] dloove s well 20 the atee] slecveand pipe.




Penetrations & Firestopping

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

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

Photos: AWC/FPInnovations/Hilti

System Mo, C-AJ2100

F Ratings — 2 and 3 Hr [See Bem 3
TRatirga — 0. 7 and N Hr S Baems 2 brd 7]
W Ritleg - Claas | [Sae Nawrt 2 3 sl &)
L Batirg ot Amblest — Lawy Than 1 CFsg A (e R 4]
L Rakireg al 420 F — Liws Thaen 1 CFMiy A [Saa lium &)

[carm




Penetrations & Firestopping

Option 2: MT penetration firestopping of penetrations via engineering
judgement details (contact firestop manufacturer)

F-RATING = 1-HR. OR 2-HR. (SEE NOTE NO. 3 BELOW)

TOP VIEW SECTION A-A
————— =

CLT-0-0

CROSS-SECTIONAL VIEW

A GK U U
T U U
1

L w2 M i

L 2 RN, &

2 L R T T R

11
= =

| N 1111 — S

- — i—‘.-—'.-—'.-—'

1.3-PLY CROSS LAMINATED TIMBER FLOOR ASSEMBLY (MINIMUM 3" THICK) (1-HR. FIRE-RATING). % @ r M ’
|

2. HILTI CFS-DID FIRESTOP DROP-IN DEVICE INSERTED INTO OPENING (SEE TABELE BELOW) AND SECURED

TO TOP SURFACE OF CROSS LAMINATED TIMBER FLOOR ASSEMBLY WITH THREE 1/4" x 1" LONG STEEL 3
WOOD SCREWS WITH WASHERS.

3. MINIMUM 3" THICKNESS MINERAL WOOL (MIN. 4 PCF DENSITY) TIGHTLY PACKED, AND FLUSH WITH TOP 1. MASS TIMBER WALL ASSEMBLY (MINIMUM 12" THICK) (1-HR. OR 2-HR. FIRE-RATING).
AND BOTTOM SURFACE OF CFS-DID FIRESTOP DROP-IN DEVICE. 2. MAXIMUM 2" NOMINAL DIAMETER PVC PLASTIC PIPE (SCH 40).

4, MINERAL WOOL (MIN. 4 PCF DENSITY) TIGHTLY PACKED, RECESSED TO ACCOMMODATE SEALANT, AND 3. MINIMUM 4" THICKNESS MINERAL WOOL (MIN. 4 PCF DENSITY) TIGHTLY PACKED AND
COMPLETELY FILLING SPACE BETWEEN CFS-DID FIRESTOP DROP-IN DEVICE AND PERIPHERY OF RECESSED TO ACCOMMODATE SEALANT.

OPENING.
5. MINIMUM 1" DEPTH HILTI FS-ONE MAX INTUMESCENT FIRESTOP SEALANT BETWEEN CFS-DID FIRESTOP 4, MINIMUM 3/4" DEPTH HILTI FS-ONE MAX INTUMESCENT FIRESTOP SEALANT.

DROP IN DEVICE AND PERIPHERY OF OPENING.



Acoustics & Sound Control




Acoustics & Sound Control

Consider Impacts of:

Timber & Topping Thickness
Panel Layout

Gapped Panels
Connections & Penetrations
MEP Layout & Type




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

Il | | -

Airborne
sound
source

—rer

4

\\ m

Separating assembly




Acoustics & Sound Control

r re-born nd:
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:

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

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




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
S-ply CLT fioor® 5.1875" 39 22
S-ply CLT floor* 6.875" 41 25
T-ply CLT floor* 9.65" 44 30

3-1/2° bare NLT 24 bare NLT
B
2x4 NLT wal 4-1/4" with 3/4° plywood 29 with 3/4" plywood N/A
5-1/2" bare NLT 22 bare NLT
&
A0 LT vl 6-1/4" with 3/4" plywood 31 with 3/4* plywood B
2x6 NLT floor + 1/2° plywood? 6" with 1/2° plywood 34 33

Source: inventory of Acoustically-Tested Mass Timber Assembiies, 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

: ’ ]‘
y 1 ‘ /
) \
- \ A
— =

Image credit: Christian Columbres I %




Acoustics & Sound Control

Concrete Slab: CLT Slab:

6" Thick 6-7/8" Thick



Acoustics & Sound Control

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




Acoustics & Sound Control

Inventory of Tested Assemblies

L S - o

Designing a wood building? 2 WoodWorks'
Ask us anything. ™" wooo mooucrs counca

FREE PROJECT SUPPORT EDUCATION | RESQURCES

Acoustically-Tested Mass Timber Assemblies

Following is a list of mass timber assemblies that have been acoustically tested as of January 23, 2019, Sources are noted at the end of this
document. For free technical assistance on any questions related to the acoustical design of mass timber assemblies, or free technical
assistance refated to any aspect of the design, engineering or construction of a commercial or multi-family wood bullding In the U.S., email

..............

Contents:

Table 1: CLT Floor Assemblies with Concrete/Gypsum TOpPIng, CRIBNG SIIE EXPOSOY ...ttt iimscrsnmsimsssaosboms oot s sbnts cad s abis sttt 2
Table 2: CAT Floor Assemblies without Concrete/Gypsum TORPINE, CRUINE SIO8 EXDOSRE. c.iwuivsrursimmirmsimssuntsnsswsssms s esssessses v veasses s s e e s sesisns 7
Table 3: CLT Floor Assemblies without Concrete/Gypsum Topping, with Wood Sleepers, Cedling Side EXposed ... ..ccooiiimmiciiiicsicnniansins 9
Table 4: NLT, GLT & TRG Decking Floor Assemblios, Coiling SEde EXPOSO. . ......c.coooviainsrrasrisrerressisrssesrmsresesres B RO S UL e 1
Table 5: Mass Timber Floor Assemblies with Celling Side Concealed...........oceveecrcrcnicninns SRSV PO COVCE o CONTR U DML s 2 o M1 W PETRLLS 14
TR 0 0 G WV o s vsii SO e MO TN M e R A A O T TR I TR B STV SO TS O AT 21
L N M I ———————— YT TV VIO O TSV DYDY ST oT YR 26
- R PRI R R AR S R AN Yo W e SR R P R LR R LBy SR A AR RS AR R AL SRV AU o 100 W 32
IDRBERIMIIRGE <ot i s s o oo on von s i oty i o s A Pl kAR s DN P GO D b s S PO LS AT HE i I TS PPy M SRR A S VPP T 3

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



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

@

Finish Floor if Applicable -
Loncrete/Gypsum Topping =
Acoustical Mat Product o = 3 I I
| | I | | |
LT Panel
i .. | | I | | |
o direct applied or hung ceiling
CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floor sTCt lict Source
Topping
EIE; ::'F;W 3" concrete Maxxon Acousti-Mat® 3/4 MNone 531 ASTC 452 FlIC 72
MNone 54 44 29
VT on GenieMat RSTOS 53 48 90
2" concrete Pliteg GenieMat™ FF25 Eng Wood on GenieMat 3 a6 91
RSTOS
Carpet Tile 52 50 92
None 57 45 103
LT - 58 104
2 layers of " USG
Fiberock® on Kinetics® 55 55 105
Ry e Jizah W ith %"
Kinetics® RIM-33L-2-24 System with %" Plywood et
CLT 3-ply L\VT on 2 layers of 1"
(4.125") USG Fiberock® on - 59 106
Y Kinetics® Soundmatt
MNone 57 46 107




Mass Timber in Multi-Family

Early Design Decision Example

e

il
-

’ 5
Credit: Monte French Design Studio

ErE

7-story, 84 ft tall multi-family building
« Parking & Retail on 1st 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:

' | i | S e
Credit: Monte French Design Studio

240°

«— 30x32 typ. unit

Corridor




Key Early Design Decisions

Early Design Decision Example

|} O
[ ~s8
[- -4
| -2
=
Joi s 81
==

MT Construction Type Options: i i be S
e [ stories of I[V-C
« 5 stories of IlIA over 2 stories of |IA podium
« 5 stories of IV-HT over 2 stories of |A podium




Key Early Design Decisions

Early Design Decision Example

- e

MT Construction Type Options: | L mmme—-!réﬁé‘h’szsinStudio
« 7 stories of IV-C

Implications of Type IV-C:

« 2 hrFRR, 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

.y

° Opt|0n 1 240; =4 C—.rédit: Mﬂéﬁjrenéh.bés}m%
N
, Beams/Wallls at 15’ o.c. (align w
32 ; unit demising wall)
, X .
) J +<— No beams or shallower beams at corridor
AN

32’ MT floor panel span

+<— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

.

Type IV-C Grid Options

.y

° Opt|0n 1 240’ = Credit Monte French Design Studio
A
, Beams/Wallls at 15’ o.c. (align w
32 ; unit demising wall)
X [ | [ |
0’ ! No beams at corridor (MT panel spans weak axis)
A [ | |

32’ - MT floor panel span

+«— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example

1N B !
| —=2 g )
L. ==3) ™} o i
=l » a 2
-~ a n B
[\ —3 4 !

ATETS,

.y

Type IV-C Grid Options g . |
° OptIOn 1 240’ = Credit: Monte Frenc

e <ion Studio
A
, Beams at 15’ o.c. (align w unit
32 demising wall)
J X J 7
6 23-4” beam span typ.

32’ MT floor panel span

+«— Typ. MT Panel




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options

e Option 1 240’
A
«— Typ. MT Panel
32 No beam penetrations at main to
branch MEP
X
6 | .\
A
32’ Main MEP lines in corridor
MEP branches in each unit

.

—_—— e
is o [+ L] o

1 &) ) Q " 1
E

» —
| N
-

Credit: Monte fren

-

:
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ch Design Studio




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options

° Option 2 240’
4 Beams at 16’ o.c. (align w
corridor wall)
32’
A .

0 ! No beam at corridor

A
32’

«— Typ. MT Panel

panel span

| -
@)
O
(v
—
=

.

—_—— e
1 o 12 L T

1 &) ) Q " 1
E

..
] -~
-

Credit: Monte fren

-
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ch Design Studio




Key Early Design Decisions
Early Design Decision Example

Type IV-C Grid Options

e Option 2 240’

0) MEP branches in each unit

30 Beam penetrations at all beam lines
Main MEP lines in corridor
B 4

6 v

A
32’

«— Typ. MT Panel

.

; | ;
Credit: Monte Frenc

-

h Design Studio



Key Early Design Decisions

Early Design Decision Example

0| =] we
: I wen] |,
' [- -4 )
I e X
I =mnl |p
2%
I =5
o L
r ' S

.
20 T RS SN - S .‘.i

Type IV-C Floor Assembly Options 1

Credit: Morte French Desion Studio

Finish Floor if Applicable
Concrete/Gypsum Topping

Acoustical Mat Product

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: 2" 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

- e

MT Construction Type Options: | ~Credit: Monte French Design Studio

« 5 stories of llIA over 2 stories of |1A podium

Implications of Type IllIA:

1 hr FRR

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 |A podium required

CLT exterior walls not permitted



Key Early Design Decisions

Early Design Decision Example

1S B F
-4 e '
e » o i
s » a 2
s v} 2
[\ —3 4 !

ALEDS,

.y

Type llIA Grid Options |

Y 5 ' | i
° Op‘non 1 = Credit: Monte French Design Studio

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

1S B F
-4 e '
e » o i
s » a 2
s v} 2
[\ —3 4 !

ALEDS,

.y

Type llIA Grid Options |

Y 5 ' | i
° Op‘non 1 = Credit: Monte French Design Studio

No beam penetrations at
main to branch MEP

+<— Typ. MT Panel




Key Early Design Decisions

Early Design Decision Example
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Type llIA Grid Options ‘ , o
° Op‘non ? ' Credit. Monte French Design Studio

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

Type llIA Grid Options
e Option 2

Beam penetrations at all
beam lines

«— Typ. MT Panel

.

—_—— e
1 o 12 L T

1 &) ) Q " 1
E

..
] -~
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Credit: Monte fren
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:
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ch Design Studio




Key Early Design Decisions

Early Design Decision Example

N S

MT Construction Type Options: —— mme'greaéh-‘samsmdio

« 5 stories of [V-HT over 2 stories of |A 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 llIA

Ref. IBC 420.2,420.3, 708.3,711.2.4.3



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

Mass Timber Cost and
Design Optimization Checklists

WoodWorks has developed the following checldists to assist

in the design and cost optimization of mass timber projects,

The desgn optmueation checkists are mended foc buiding

desgners rchitects and angnoeers!, bt many of the topcs

should 8iso be dacussad with the tabncatons and buiders. The

cost optvnzabon chechlists will help guide coordination betweaen ::";":::"‘
desgners ang Dusiders (general CONrAcIors, CONSIUCHDN MAanagers

estmators, fabncators, mstaliers, alc ) 88 they are estimating and

makng cost-rolated decisions 0 a mass tmber project

Most resources isted n ths
paper can be found on the
WoodWorks webaite. Ploase

soe the end notes for URLs



https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Mass-Timber-Design-Cost-Optimization-Checklists.pdf

Keys to Mass Timber Success:

Know Your WHY

Design it as Mass Timber From the Start
Leverage Manufacturer Capabilities
Understand Supply Chain
Optimize Grid
Take Advantage of Prefabrication & Coordination
Exposethe Timber
Discuss-Early with AHJ

Work with Experienced People
Let WoodWorks Help for Free
Create Your Market Distinction




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

18 b
=

Carbon12, Portland, OR Credit: Kaiser + Path



Questions? Ask us anything. A

WOODWORKS

John O’'DonaldII, PE
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Regional Director | VA, DC, DE, MD, WV
(814) 880-5636
john.odonald@woodworks.org
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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, 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.





