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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 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.



Course Description

As interest in and use of mass timber in the U.S. has grown, so too has interest in pushing
these timber structures to greater heights. Using international examples of successful tall
wood buildings as precedent, some designers have proposed tall wood projects in the
states using a project-specific performance-based design approach. In order to provide a
uniform set of code provisions for these tall wood buildings, the International Code
Council established an ad hoc committee on tall wood buildings that proposed a set of
code changes allowing up to 18 stories of mass timber construction. Those code changes
were announced as approved in January 2019 and will become part of the 2021
International Building Code. Following a brief discussion of history and motivators, this
presentation will introduce the new tall wood code provisions and construction types, as
well as the technical research and testing that supported their adoption.



Learning Objectives

1. Review the global history of tall wood construction and highlight the mass timber
products used in these structures.

2. Explore the work and conclusions of the ICC Ad Hoc Committee on Tall Wood Buildings
in establishing 14 new code provisions for the 2021 IBC that address tall wood
construction.

3. Discuss differences between the new tall wood mass timber construction types and
existing construction types.

4. ldentify the key passive fire-resistance construction requirements and active systems
that enable taller wood buildings to be built safely.



Current State of Mass Timber Projects

As of March 2023, in the US, 1,753 multi-family, commercial, or institutional
projects have been constructed with, or are in design with, mass timber.
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Glue Laminated Timber (Glulam) Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Beams & columns Solid sawn laminations SCL laminations




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

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft




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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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

Credit: KL&A Engineers & Builders

Credit: Grey Organschi Architecture and Spiritos Properties



EVOLUTION

/ INCREMENTAL CHANGE

REVOLUTION

TRANSFORMATIONAL CHANGE
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HYBRID LIGHT-FRAME + MASS TIMBER



CONDOS AT LOST RABBIT, MS

2 Phase 2 and Phase 3
3 stories
30,000sf

Completed in 4 months Lost Rabbit, MS

Credit: Everett Consulting Group



THE POSTMARK APARTMENTS, SHORELINE, WA

5 stories

Pre-fab. walls

Each 30,000sf floor
installed in 3 days

Credit: Katerra, Hans-Erik Blomgren



CIRRUS, DENVER, CO

* 5 over 2 podium
Multi-family
Type llI-A

Credit: KL&A Engineers & Builders



CANYONS, PORTLAND, OR

* 6 stories, 70 units
* 100% ADA accessibility
* Business Case Study

Credit: Jeremy Bittermann & Kaiser + Path



WESSEX WOODS, PORTLAND, ME

* Light-frame
 CLT shaft walls

Credit: Avesta Housing
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320 AND 360 WYTHE AVENUE, BROOKLYN, NY
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MASS TIMBER BEARING WALLS



Model C, Roxbury, MA
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Honeycomb

5 stories, 19,000sf
Affordable housing
Passive house

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
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VERTICAL ADDITIONS AND ADAPTIVE REUSE







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

I BC.
A, Masrige of the Intavratonal Coda Farmly

INTERNATIONAL
BUILDING CODE"
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Construction Types

Where does the code allow MT to be

used?

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

- '4?' T
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

/“' TR tRLOOR T&G FLANK FLOOR CR F!OOFZ
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\— FRAMED OF GLUZD-LAMINATEC MENBE=S
FLOCRS 6 x "0 (MIN )
SHEET METAL DUCT

ROO=S §x 3 INIM:

PERMITTED INSTALLATITHN

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:

I T1T ITT 71T 77 77 TT7 T1T T T TT PT TT TT TT TT TT TT TT TT T

;| |
| |
Noncombustible insulation UO g)oooom m

Dropped ceiling



Construction Types

Type IV concealed space options within 2021 IBC

Option 3:

5/8" Type X gypsum on all mass timber

I T T T 71 T7 707 T 1 T 07 T 1T T 1 T 1 T T T T T T T T T T TT TT TT T1

surfaces within concealed space

Dropped ceiling




Construction Types

Concealed spaces solutions paper

Concealed Spaces in Mass Timber
and Heavy Timber Structures

Concealed spaces, such as those created by a dropped
cailing in a flecricailing assembly or by a slud wall assembly,
v Unkgue regquirements in the Imemationasl Building

Coda (IHC) 1o address tha potantial of fire sprasd in non-
vigible areas Of & Duilding, Section Ti8 of the 2018 1BC
Inchudes prescriptive requirements foe protection andior
compasimentalization of concealed spaces through the wse
of draft stapping, fire blacking, sprinklers and olher means.
For information on ihese requirements, 60 the WooIWorks
Q&A, Are sprinklers required in concealed spoces such as
foer and rocf covilfes in multh-fomily weod-frome bulfdings?'

For mass timber budding ¢lements, the cholce of
CONSIUCon type Can havva asiql‘.ﬂ'.cam impm:! o concaabed

space I"l!ql.lil'l'.‘l'ﬂl‘.'mi. Because mass timber products such as
creds-laminated limbar [CLT) ane prescriplively recognizod
far Type IV construction, there i & Common mEperception
that exposed mass timber hullﬂlﬂul!ll‘l’ﬁl!ﬂlﬁ-tﬂ"ﬂm b used
orf expesed in other consiruction types. This is not the case.

In addition 1o Type W bulldings, structural mass timber
olemants —including CLT, glue-laminated timber {ghulam],
mall-laminated mber (MLTY structursl compoaine lumber (SCLL
ane tangus-and-groaun (TEG) dacking—ean ba utiizesd aned
eXpoEed in Che FOllcwing CoOnStruction types, whehes of nat

& firg-resistance rating is requined:

= Typa iil = Figars, rocfs and imenkor walls may be any material
permétted by code. inchiding mass timber: exterios walls e

tiguined Lo b nencombustible or fire relirdant-trested wood.

« Type V - Floors, roofs, inberiar walls and @xtarios walls
{la, the endire struciure) may be consirected of maas limber

» Types | and Il - Mass imber may De used in select
circumstances sich as reof construction —inclsding the
perimary frame in the 20211BC —in Types -8, |14 or B-8:
exteror columns and arches when 30 feet or more of
harizantal separation is provided; and balconies, canoples
and similar projections.

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

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




® KEY DESIGN CONSIDERATIONS

INTRO, Cleveland, QH2 Credl’cHarborBayReafEstate Advisors




Fire Design of MT

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)
BUILDING ELEMENT TYPEI TYPEI TYPE W TYPE IV TYPEV
A B A B A B A B C HT A B
Primary structural frame’ (see Section 202) | 3*° | 2%¢| I | O¢ || 1*< | 0 | 3 | 2> | > HT | 1| 0
Bearing walls
Exterior " s | 21110222202 2 1] 0
Tnterior ¥ | 2| 1 0] 1] 0] 3221 vHEE [ 10
NOﬂbﬂﬂ.’ﬂg walls and pamuons See Table 705.5
Exterior
Nonbearing walls and partitions See
e e o|o|o]|ofo|o|[o]|o|o]Setn|o]|o
2304.11.2
e m&ﬁ“sm 3 o ondary | 5 | 2 |1 |ofl 1o 2]2]2 HT 1 | o
Roof construction and associated secondary 1,6 N - be be
structural members (see Section 202) 12 e | o || 1 o |1, 1|1 HT 1 0




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) 14to 17 ft
7-ply CLT (9-5/8") 17to 21 ft
2x4 NLT Up to 12 ft
2x6 NLT 10to 17 ft
2x8 NLT 14to21ft
5" MPP 10to 15 ft




Key Early Design Decisions

Construction type influences FRR

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
TYPEI TYPEII TYPE IlI TYPE IV TYPEV
BUILDING ELEMENT
A B A B A B . HT A B
Primary structural frame® (see Section 202) 3° 2 1 0 1 0 HT 1 0
Bearing walls
Exterior®f 3 2 1 0 2 2 2 1 0
Interior £ o g 1 0 1 0 I/HT 1 0
Nonbearing walls and partitions Sed Table 602
Exterior =
BBk T . See
e i paEtions 0 0 0 0 0 0 |Section| O 0
602.4.6
Floor construction and associated secondary members
: 1 0 HT 1 0
(see Section 202)
Roo 01stt}ct1011 and associated secondary members b 0 HT e 0

Source: 2018 IBC



Key Early Design Decisions

Construction type influences FRR

TASLE QU1

FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS
TYPE I TYPE IV

BUILDING ELEMENT | ,
A 8 B HT
] 0 | : N HT

Primary structural frame’ (see Section 202)
Bearmng walls
Exterior*!

Intenior
Nonbearnng walls and partitons
Extenor
See
Section
2304.11.2

Table 705.5

Nonbearing walls and partitions
Interior” 0 0 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
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Key Early Design Decisions

TEST REPORT

mmmmmmmmmmmmmmmmm

Construction type influences FRR

Glanclard bathody ol
Firs Tewla of Buliding Construction and Materinls

« 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

BUILDING CODE"



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

T

s _E - Solid wood with Char zone
- full strength
Credit: Urban One

Fire exposed surface



FRR Design of MT

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

WoodWorks Inventory of Fire Tested MT Assemblies

;}b WoodWorks
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FRR Design of MT

g WoodWorks"

WOOD PRODUCTS COUNCIL

Fire-Resistive Design

of Mass Timber Members

Coda Applications, Construction Types and Fire Ratings

REPEIACLIR PE ST « SO TRCTTIZE DIBCEN « WO
ScomEmnaman. Pl P S « S8 TecTcE DERIDE « WOGWOS

Fof many years, axposad haavy tinbar framing clemants
have baen penmitiod in U5 buildings due to thedr inhoront
fire-resistance properties. Tha predictabelty of wood's char
rate has boon well-astsblishod for docadas and has long been
Facngrized in busdng codes and standands.

Today: one of tha coXling trands in bulding design is 1ha
Qrawing usa of Mass im bar-—i 6., large sobd wood panel
products such a8 cross-aminated timber ICLT) and nail-
Iarninatad timber (MLTI—for flear wall and roaf sonstructan,
Lika heawy timber, mass timbar products have inheront
fira resistance that alows them tobe left sxposed and stll
achisve a fire-resistance rating. Becauss of thoir strangth
and dimanzional stabdty, thaes products aizo ofter 3 low-
arbon alamative 1 steel. conciste, and masonrfy faf many
appcatons. It i this combingtion of exposed structura and
strangth that developsns ard desigrars Scross the courtny

S0 IDraQIng 10 LFOA% NNOVITIVG GOSIGNS With 5 Waimi
wat modorn aesthedic, often for projacts that go bayond
traditional nomms of wood design.

This papar has besn weithen o support archiacts and
anginears axploring this usa of mass tmber for commarcial
s rudti-Family congtrucBan It focusas on how 10 Mmoot
fine-rasistanca requiremants in tha intermational Building
Cooda |8C), inchuding calcutation and testing-based mathods,
Urless etherwiss nated, referances rafes 1 the 2018 IBC.

Mass Timber & Construction Type
Balors demonstrating firs-resistanca ratings of sxposed
FTGES UM SMMArE, (1 mEor LIt i understang unde
whal cirtumstances the code currently dllows the use of
rass imber in commercal and muli-family construction

A buikding"s assignad construcion Type is
thé mgin indicater of whaees 3nd whan all
WoOd SVELNTE Can ba usod 1BEC Soction 602
dainas §ve Man optong (Type | theoegh Vi
with all but Typa IV having subcategerios A
and B Typas Il and V pormit the uss af wead
framing throughout much of the structure and
beth are uzed wcensively for medem mass
vt buldngs.

Thpe HHIBC 60230 - Timbse shamants.can
D e iy FIOORS, TOOTS and iNoeor walls.
Fire-ratardani-reated wood (FRTWI framing
s parmitted in cxteror walls with a fire-
resistanss rating of 2 hours or loss.

Thpe V 1BC 6025 - Timber sdemants can
bib usd throughout this Structuns, indluding
floces, roofs and bodh interior and extaricr
walls

Tvpe IVIIBC 502 4) - Commaniy ratarred 1o
a6 Heavy Timbar ConSrUCHon, this option

Mass Timber Fire Design Resource

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



Acoustics & Sound Control




Acoustics & Sound Control

Consider Impacts of:

 Timber & Topping Thickness
 Panel Layout

 Gapped Panels
 Connections & Penetrations
« MEP Layout & Type
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Acoustics & Sound Control
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Images: Maxxon

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

_Ml | |

Airborne

sound s
source 'm Transmission

\ > through wall

- "n\ |

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): INTERNATIONAL
« Walls, Partitions, and Floor/Ceiling Assemblies

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

STC What can be heard
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
39 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 o
MT: Structure Often is Finish
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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

3-1/2" bare NLT 24 pare NLT
3]
2 b el 4-1/4" with 3/4" plywood 29 with 3/4" plywood NS
5-1/2" bare NLT 22 bare NLT
3]
il 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 Assemblies, 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

I
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: ; 'l
¢
i i i \

W s . .
Image credit: Christian Columbres; ¥




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 +—mmmmmmmmmm———————p STC 41



Acoustics & Sound Control

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

—) ] Add mass

2. Add noise barriers
— 3. Add decouplers

| B - .

Finish Floor if Applicable
Concrete/Gypsum Topping

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling



Acoustics & Sound Control

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

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

Acoustical Mat:
« Typically roll out or board products

* Thicknesses vary: Usually V4" to
1”+

Credit: Maxxon



Acoustics & Sound Control

Acoustical floor underlayments

Photo: AcoustiTECH '@

Photo: Kinetics Noise Control, Inc.,"

Photo: Piteq lnc ”

Phato: Maxxon Compormalion



Acoustics & Sound Control

Common mass timber floor
assembly:

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

« 1.5"to 47 thick
concrete/gypcrete topping

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

Credit: AcoustiTECH



Solutions Paper

coustics & Sound Control

£ WoodWorks

WoOD PRODUCTS COUNCIL

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

Inventory of Tested Assemblies

Designing a wood building? $ WoodWorks®
Ask us anything. WO00 PRODUCTS COUNC

FREE PROJECT SUPPORT | EDUCATION | RESOURCES

Acoustically-Tested Mass Timber Assemblies

Following is a list of mass timber assemblies that have been acoustically tested as of January 23, 2019. Sources are noted at the end of this
document. For free technical assistance on any questions related to the acoustical design of mass timber assemblies, or free technical
assistance related to any aspect of the design, engineering or construction of a commercial or multi-family wood building in the U5, email
help@woodworks.org or contact the WoodWorks Regional Director nearest you: http://www.woodworks.org/project-assistance

Contents:

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

Table 2: CLT Floor Assemblies without Concrete/Gypsum Topping, Ceiling Side Exp-osed

Table 3: CLT Floor Assemblies without Concrete/Gypsum Topping, with Wood Sleepers, Ceiling Side Exposed ... e S .
Table 4: NLT, GLT & T&G Decking Floor Assemblies, Ceiling Side Exposed...
Table 5: Mass Timber Floor Assemblies with Ceiling Side Concealed..............

Tablie 6; SENEHE QLT WANl iuuuuntnssnunsennnnsnsisans sornsrsnsnsoss asns 1sanes svas sosanusensnnsn sanusuneninss10auss 088 n S P08 ST SE80N S0 0AE 10 Fa8 A8 SHR0EHEFS AR TS AR TR SRR LSRET RURTTOR VR 0 AR omve e ammnTonney Do
bl g N WA e o B A o S e B L A i i e B e e B
Table 8: Double CLT Wall ....caeiimminmmmesmmsiemis s s sssssssssssass s w29
I e e i s e e s ety 32

T TITN s i 5 65 555 i 0§ B 4 0 1 AR A 0 S R 3 A3 A S S SR AR SR WS S s s

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 £y WoodWorks’

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

Topping
None 472 ASTC 47° AlIC
T - 49 AlIC
Carpet + Pad = 757 AlIC
Maxxon Acousti-Mat® 3/4 LVT on Acousti-Top® = ST AIC
1-1/2" Gyp-Crete® Eng Wood on Acousti- 512 Al 1
Top® )
None 49 ASTC 45% AlIC
Maxxxon Acousti-Mat® % Premium VT - 47° AlIC
LVT on Acousti-Top® = 497 AlIC
None 458 39 15
VT 48° 47% 16
CLT 5-ply LVT Plus 48° 49" 58
(6.875") USG SAM N25 Ultra Eng Wood ar ar 59
Carpet + Pad 45¢ 67* 60
Ceramic Tile S0¢ 46° 61
None 45° 42¢ 15
1.1/7" | asualrnrk® 1T i AAs 1R




MEP SYSTEMS, ROUTING, INTEGRATION

integrated Mechanical Systems Design, Pre-Fabricated Panelized Envelope
Caordinatod with the Timber STructung Assambly far High-Cuality Construction
and Thermal Performance

Low-Flush and Laow-Flow Water AlLED Lightang to Improwe Lighting Exposed Timbar as a Matorisl in tho
Fratisres 1o Conserve Palable Water Energy Effichency and Provide Living Space Supports a Biophilic
Opportunity for Circadian Lighting m Approsch, Acts as Thermal Mass,

Can Regulate Air Molsture Content,
and Infuence Tharmal Sensation

I
[T

Dpetimized Window-Wall Ralio
o Pravide Daylight and Views
Without Campramising Thermal
Comfert and Enorgy Coits

Credit: John Klein, Generate Architecture



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

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




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

Dropped below MT framing

« Can simplify coordination (fewer penetrations)
* Bigger impact on head height

Credit: Alex Schreyer



MEP Layout & Integration

In penetrations through MT framing
* Requires more coordination (penetrations)

« Bigger impact on structural capacity of penetrated members
* Minimal impact on head height




MEP Layout & Integration

In chases above beams and below panels
 Fewer penetrations

« Bigger impact on head height (overall structure depth is greater)
 FRR impacts: top of beam exposure

Credit: KL&A Engineers & Builderg



EVOLUTION

INCREMENTAL CHANGE

REVOLUTION

/ TRANSFORMATIONAL CHANGE




Ny w, Credit: Haror Bay Real Estate Advisors, Purple Rilm, INTRO, Cleveland, OH I-*‘;’-
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Variance t

Photo: IH_I_a'\'rbor Bay Real Esta




Photo: Korb & Associates Architects |
Ar;hitettsKorb & Associates Architects




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



ASCENT, MILWAUKEE

19 TIMBER OVER 6 PODIUM, 284 FT

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







Global Population Increase

2050 = 11.2
billion people

2019=7.7

bllllon people L P 3 =% P W 'S
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a2 Wl -, Source: https://ourworldindata.org/future-population-growth



New Buildings & Greenhouse Gasses

Global CO, Emissions by Sector

Building
Operations

28%

Industry
30%

Building
Materials and
Construction
11%

(Embodied Energy)

Transportation
22%

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

Image: Architecture 2030

Buildings generate nearly
40% of annual global

greenhouse gas emissions
(building operations + embodied

energy)

Embodied Energy (11%):
Concrete, iron + steel produce

approximately 9% of this
(Architecture 2030)



Carbon Storage
Wood = 50% Carbon (dry weight)
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Construction Impacts: Labor Availability




Construction Impacts: Schedule

Site Selection, Due Diligence, & PSA _ Jan1-May17
A — R 5 Months
Design Phase _ Jan 29 -0Oct 6

Estimating and GMP Contract Phase _ Mar 25 - Jan 12

MT Finish
Jul19

PT Finish
Dec 20

Mass Timber Construction Phase

lan 27 - Jul 19

Mass Timber Below Grade Structure Jan 27 -Sep 21

Mass Timber Above Grade Structure _ Sep 22 - Mar 15

Mass Timber Building Envelope / Finishes / MEP R o2

Mass Timber Commissioning / Turnover . Jun 22 - Jul 19

PT Construction Phase _ Jan 27 - Dec 20
PT Below Grade Structure — Jan 27 -Sep 21

PT Above Grade Structure _ Sep22-Jun 14

PT Building Envelope / Finishes / MEP o2

PT Commissioning / Turnover . Nov 23 - Dec 20

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



Tall Mass Timber: Structural Warmth is a Value-Add







Glue Laminated Timber (Glulam) Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Beams & columns Solid sawn laminations SCL laminations




Mass Timber Connections

Concealed Connectors Self Tapping Screws Photos: Rothoblaas



Mass Timber Connections

Photo: StructureCraft

Beam to Column

Photo: Structurlam



Exterior Envelope Prefabrication
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5.

Know The Supply Cha

EFEIGIENCY FOUND IN UNDERSTANDING SUPPLY CHAIN,
DESIGNING ACCORDING TO ITS CAPABILITIES

Photo: DR Johnson



301 1. NATIAPOL PORNSALNUY
WAWW, FIVEOCLOCKSTUDIO .COM




2018 IBC and All Previous Editions:

scriptive Code Limit - 6 stories (B
mam:y) or 85 feet
» Over 6 Stories - Alternate Means and
Methods Request (AMMR) through
performance based design

» Based on the 1910 Heigh ’ 



PROGRESSION OF PRESCRIPTIVE BUILDING CODES
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INTERNATIONAL

CODE 3 YEAR CODE CYCLE
COUNCIL

INTERNATIONAL

BUILDING
CODE

IBC

ERNATIONA
BUILDING CODE

International

' - oie] InTeRNATIONAL = Building
UILDING P Bunpine Code

C ODE

| Ll

2000 860 -

Source: ICC
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ATF Lab Tests, 2017
Photo: LendLease
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Ad hoc committee

Fire tests 2015 - 2018




ATF Lab Tests, 2017
Photo: LendLease
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ATF Lab Tests, 2017
Photo: Lendlease
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PRESCRIPTIVE BUILDING CODES

Office — 2701t
Assembly : (18 stories)
Residential — [
Office
— 180 ft.
Mercantile Assgmbly (12 stories)
(12 stories) — Residential —| g
Office —~85ft.
Mercantile (9 stories) (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C




a STORIES

BUILDING HEIGHT 85’
ALLOWABLE BUILDING AREA 405,000 SF
AVERAGE AREA PER STORY 45,000 5F

TYPE IV-C

Credit: Susan Jones, atelierjones

Photos: Baumberger Studio/PATH
Architecture/Marcus Kauffman



IV-C
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9 STORIES

'-4.llII[II‘ 3 HEIGHT
ALL III Hllll NG AR I A 1
EA PER STORY 45,001
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TYPE IV-C

Credit: Susan Jones, atelierjones

Type IV-C Height and Area Limits

Occupancy | # of Area per |Building
Stories Story Area

85 ft 56,250 SF 168,750 SF
B 9 85 ft 135,000 SF 405,000 SF
M 6 85 ft 76,875 SF 230,625 SF
R-2 3 85 ft 76,875 SF 230,625 SF

Areas exclude potential frontage increase

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
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a STORIES
BUILDING HEIGHT 85’

ALLOWABLE BUILDING AREA 405,000 SF
AVERAGE AREA PER STORY 45,000 SF

TYPE IV-C

Credit: Susan Jones, atelierjones

Type IV-C Protection vs. Exposed

All Mass Timber surfaces may be
exposed

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

Credit: Kaiser+Path, Ema Peter
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12 STORIES

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

TYPE IV-B

Credit: Susan Jones, atelierjones

Credit: LEVER Architecture | |



Type IV-B Height and Area Limits

IV-B
V Occupancy | # of Area per |Building
Stories Story Area
s 180 ft 90,000 SF 270,000 SF
J——— LTS
- || .
ey B 12 180 ft 216,000 SF 648,000 SF
o -
AT M 8 180 ft 123,000 SF 369,000 SF
— |-memEmLU
o i R-2 12 180 ft 123,000 SF 369,000 SF
j= ==_ -E - Areas exclude potential frontage increase
e ———

In most cases, Type IV-B height & story
allowances = Type I-B height & story
e na 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 FT
ALLOWABLE BUILDING AREA 648,000 SF
AVERAGE AREA PER 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









18 STORIES

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

TYPE IV-A

Credit: Susan Jones, atelierjones

Photos: Structurlam, naturally:wood,
Fast + Epp



<
>

1
"l:'l'll’

1y
il |

LLLLHthHMﬁJJJJJJJ

BREREEEEE==S44444d
FEEEEEEEEE=444000
""llllllllll““
AAAARFFFEAIYTRNEN

f
L 1

=

18 S |:"H'i S
B | I| G :

ALL | EB |I LDING A | A 9720008
AVE U\ it AREA P H JRY 54,0005k

TYPE IV-A

Credit: Susan Jones, atelierjones
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Type IV-A Height and Area Limits

Occupancy | # of Area per |Building
n Stories Story Area

270 ft 135,000 SF 405,000 SF

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



TV-A Type IV-A Protection vs. Exposed
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18 STORIES
BUILDING HEIGHT 270

ALLOWABLE BUILDING AREA 972,000 SF 100% NC protection on aII Su rfaces Of

AVERAGE AREA PER STORY 54,000SF

R Mass Timber

Credit: Susan Jones, atelierjones

Credit: Acton Ostry Architects, Fast + Epp
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TALL MASS TIMBER RESOURCES

Tall Mass Timber Code Adoptions by State

Povered by Birg
0 GeoMames, Microsoft, TomTom

W 2024 |BC TMT Provisions
W 2024 18C Pending
W 2021 IBCTMT Provisions
W 2021 1BC in Whaole

W Mo Tall Mass Timber Code Provisions
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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

@ WoodWorks"

WOOD PRODUCTS COUNCIL

Mass Timber Cost and
Design Optimization Checklists

WoodWorks has developed the following checklists to assist
in the design and cost optimization of mass timber projects.
The design optimization checklists are intended for building
designers larchitects and engineers), but many of the topics

should algo be discussad with the fabricators and builders. The

Firet Tech Federal
cast optimization checklists will help guide coordination between Credit Union

Hilsboro, CF

designars and builders (genaral contractars, construction managers,

estimators, fabricators, installers, etc) as they are estimating and

making cost-related decisions on a mass timber project.

Most resources listed in this
paper can ba found on the
WoodWorks website. Please

see the end notes for URLs.




Keys to Mass Timber Success:
Know Your WHY
Design it as Mass Timber From the Start
Leverage Manufacturer Capabllltles |
Understand Supply Chain*
Optimize Grid .. ¢
Take Advantage of Prefabrication & Coordlnatlon
Exposeithe Timber = =
Discuss-Early with AHJ = =
Work with Experienced People o
7 et WoodWorks Help for Free =
Create Your Market Distinction

-

L 1/ 48
J " Images: Korb & A ssoCiates h



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

L ol

Carbon12, Portland, OR Credit: Kaiser + Path




WOODWORKS

Momo Sun, PE, PEng, LEED Green Associate
Regional Director | NY, NJ, PA
(857) 242-8975

momo.sun@woodworks.org

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

Funding provided in part by the Softwood Lumber Board

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.






