A New Path Forward for
Tall Wood Construction:
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Design Steps
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all Timber Structures

— S Image: Hickok Cole
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BROCK COMMONS, BRITISH COLUMBIA 18 STORIES | 174 FT



CARBON12, PORTLAND, OR 8 STORIES | 85 FT
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ASCENT, MILWAUKEE
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Photo: Korb & Associates Architects |
Architect: Korb & Associates Architects




ASCENT, MILWAUKEE
Tallest Mass Timber Building in the World

Photo: CD Smith Construction |
Architect: Korb & Associates Architects



ASCENT, MILWAUKEE

19 TIMBER OVER 6 PODIUM, 284 FT |

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



80 M ST, WASHINGTON

Photo: Hickok Cole | Architect: Hickok Cole
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Global Population Increase

2050 = 11.2
billion people

2019=7.7

bilion people = 4 5 PO o
el ;."' ) ¢ 1 { #
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- LS @ J Source: https://ourworldindata.org/future-population-growth



Population (millions)

e Staee ot orca US URBAN POPULATION BOOM

B Urban B Rural

400-

300-

T URBAN l RURAL

2019 2714 M 57.7M

200-

2030 301 M 53.7 M

100-

2050 3473 M 42.2 M

1950 1975 2000 2025 2050



New Buildings & Greenhouse Gasses

Global CO, Emissions by Sector

Building
Operations

28%

Industry
30%

Building
Materials and
Construction
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




Construction Impacts: Schedule

Site Selection, Due Diligence, & PSA | e

Mastr Use and Buing Permi - - > O [VIonths
Design Phase — lan 29 -0ct 6
Estimating and GMP Contract Phase | [CEETEE MT Finish  PT Finish

Jul 19 Dec 20

Mass Timber Construction Phase Jan 27 = Jul 19

Mass Timber Below Grade Structure fan 27 - Sep 21

.Jl.ln 22 - Jul 19
R o

Mass Timber Above Grade Struciure

Mass Timber Building Envelope / Finishes / MEP

Maszs Timber Commissioning / Turmover

PT Construction Phase
PT Below Grade Structure _ Jar 27 - Sep 21
PT Above Grade Structure _ Sep 23 - Jun 14

PT Building Envelope / Finishes / MEP [ [

FT Eqmmissiqn.ing,u"Turnmr . Mov 13 - Dec 20

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



Tall Mass Timber: Structural Warmth is a Value-Add

..._“.

TMBR (—unbuilt)‘ 'Minneapoii;,_ MN | Image
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Glue Laminated Timber (Glulam) Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)

Beams & columns Solid sawn laminations SCL laminations

Freres Lumber

yTwvyww



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

Plank orientation

Photo: StructureCraft Photo: Think Wood Photo: StructureCraft

Chitects/Fast + Epp
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Glue Laminated Timber (GLT)




Glue Laminated Timber (GLT)

Photo: Manasc Isaac Architects/Fast + Epp




Cross-Laminated Timber (CLT)




Cross-Laminated Timber (CLT)

With solid sawn laminations

General Panel
thicknesses*

4 1/8” to 19 1/2”

General Panel
dimensions™

4 to 12 ft wide
24 to 64 ft long

*Consult with manufacturers for
available panel sizes



Cross-Laminated Timber (CLT)

With SCL laminations

Photos: Freres Lumber



Nail-Laminated Timber (NLT)




Nail-Laminated Timber (NLT)




Dowel-Laminated Timber (DLT)

Photo: StructureCraft



Other Mass Timber Product Options

N A 4

Glue Laminated Timber Laminated Veneer Lumber Parallel Strand Lumber Laminated Strand Lumber
GLT LVL PSL LSL

Timber-Concrete Composite
TCC

Photos: StructureCraft



io: Ema Peter

STRUCTURAL SOLUTIONS | POST, BEAM + PLATE




POST + PLATE

STRUCTURAL SOLUTIONS |
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STRUCTURAL SOLUTIONS | HONEYCOMB




Photo: John Klein

STRUCTURAL SOLUTIONS | HYBRID LIGHT-FRAME + MASS TIMBER
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Photo: TimberLab

STRUCTURAL SOLUTIONS | HYBRID STEEL + MASS TIMBER
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TALL WOOD IN THE CODE

©201 1. NATIAPOL PORNSAINUWAY
WWW. FIVEOCLOCKSTUDIO .COM



2018 IBC and All Previous Editions:

-
» Prescriptive Code Limit - 6 stories (B

occupancy) or 85 feet

» Over 6 Stories - Alternate Means and
Methods Request (AMMR) through
performance based design =

» Based on the 1910 Helght%!f*
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Source: ICC
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U.S. TALL WOOD

Bl DEVELOPMENT AND CHANGES I

Seen as the catalyst for the mass timber

revolution, CLT first recognized in US codes g
in the 2015 IBC

[BS] CROSS-LAMINATED TIMBER. A prefabricated
engineered wood product consisting of not less than three
layers of solid-sawn lumber or structural composite lumber

where the adjacent layers are cross oriented and bonded with
structural adhesive to form a solid wood element.

2303.1.4 Structural glued cross-laminated timber. Cross-
laminated timbers shall be manufactured and identified in
accordance with ANSI/APA PRG 320.

/ W



U.S. TALL WOOD
Bl DEVELOPMENT AND CHANGES I

Interest in tall wood projects in the US was rapidly increasing. Some
building officials were reluctant to approved proposed plans,
primarily due to lack of code direction and precedent

B ]/, .
S0 photdd seazate Mass Timber iic
Pollux Chang photographer




U.S. TALL WOOD
Bl DEVELOPMENT AND CHANGES I

VVOQU

Bulldlngs

In December 2015, the ICC Board established the ICC Ad Hoc
Committee on Tall Wood Buildings. Objectives:

1. Explore the building science of tall wood buildings

2. Investigate the feasibility, and

3. Take action on developing code changes for tall wood buildings.



U.S. BUILDING CODES
Tall Wood Ad Hoc Committee I

Tests on exposed mass timber, gypsum-covered mass timber; normal sprinkler
protection, delayed sprinkler protection
Majority of flames seen are from contents, not structure
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TALL WOOD APPROVED!

Unofficial results posted Dec 19, 2018
Final votes ratified Jan 31, 2019

AWC: Tall Mass Timber code changes get final
approval

Cec 19, 2018

LEESBURG, VA. — The International Code Council (ICC) has released the unofficial voting results on
code change proposals considered in 2018, including passage of the entire package of 14 tall mass
timber code change proposals. The proposals create three new types of construction (Types IV-A, IV-B
and IV-C}, which set fire safety requirements, and allowable heights, areas and number of stories for

i tall mass timber buildings. Official results are expected to be announced during the first quarter of
2019. The new provisions will be included in the 2021 infernational Building Code (IBC).

‘Mass timber has been capturing the imagination of architects and developers, and the ICC result
means they can now turn sketches into reality. ICC’s rigorous study, testing and volting process now



INTERNATIONAL
CODE

SO, WHAT’S CHANGED?? Imaly CO%F

Since its debut, IBC has contained 9
construction type options

5 Main Types (I, 11, 111, 1V, V) with all but
IV having sub-types A and B

TYPE TYPE Il TYPE 1l TYPE IV TYPEV

A B A B A B HT A




U.S. BUILDING CODES
B Tall Wood Ad Hoc Committee I

2021 IBC Introduces 3 new tall wood
construction types:

IV-A, IV-B, IV-C
Previous type IV renamed type IV-HT

TYPE | TYPE IV
ELEMENT) A | B | A B |AalBfAajBlclHr|Aa]B



New Building Types

324,000 SF |
ALLOWABLE BUILDING AREA

54,000 SF
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18 STORIES 12 STORIFS 8 STORIES 6 STOMES MAXEIM

UL DING HEIGMT BUILDING HEIGHT 180 F1 BURLDING HETGHT s 850" MAXIMUM BUILDING HEICRHT
ALLOWASLE BUSLDWNG AREA 972,000 S§ ALLOWARRL E BUILD®NG AREA 048 000 SF ALLOWAEBLE BUILDING AHEA 405 000 SF 128 00 55 MAXMVIUM AREA
AVERAGE AREA PEH STORY sS4 000 AVERAGE AREA PER STORY 54 00054 AVERAGE AREA PER STORY ah OO sl

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

IBC 2021 IBC 2015

BUSINESS OCCUPANCY [GROUP B]

Credit: Susan Jones, atelierjones
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WOOD PRODUCTS COUNCIL

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

S o aman LD SE Witz - WW0od Meds®s Ol o AN Tenrun
o Ovmns Ruteronn FE CBO.CASp. Avers oo Word Ty

In Jarsaary 2012 the imermatomnl Code Councd DEO)
=ppioved & sol Of propossls 10 aliow Ll wooOd Baldngs as part
of the 2021 Intornatiooal Balong Code 1EC) Based on these
proposals, the 2021 1IBC wit nthude thres rew Conatrustion
typea—Type V-A V-8B and V.C—atowng the use of mass
BeNbet OF NONCOMDIUALTIS MAterals Thesa Naw typos &0
based on the provious Hoevy Timber construchon type
(mnamod Type IV-HTI but with sddnoral fire-resatance
mengs and lovels of requred NONCombUItItIo protecion

The codo wil include provisions for up 1 18 stores of Type
IV-A sonstructon for Busiress s Ressdentel Oooupanc es
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Engirean Assccation of Caldorna SEADC 2008 Conference
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nd resutng cranges 10 the IBC and product specfic standerds

Background: ICC Tall Wood Building
Ad Hoc Committee

Dy the pest 10 years, there bas beon a growng irterest
m tadl huldings conatructed from mass timbe! matnrais
(Braneman 2013, Temmaers 20050 Around the workd these
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WoodWorks Tall Wood Design Resource

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




Georgia General Assembly

2019-2020 Regular Session - HB 777

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

Sponsored By

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

{4) England, Terry 116th (5) Smith, Lynn 70th (6} LaRiccia, Dominic 169th
Sponsored In Senate By

Wilkinson, John 50th

Committees

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

First Reader Summary

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

Status History

Julf01/2020 - Effective Date
Tun/26/3070 - Act IRT

Credit: State of Georgia




North Carolina

» Statewide codeis 2018 North Carolina Building Code (based upon 2015 IBC)
« Existing code cycle is 6 years - next NCSBC is 2024 (based upon 2021 IBC)

* Various appointed committees are now reviewing 2021 IBC language for
submittal and impact assessment by the NC State Building Code Council

* Released for public comment and feedback

* Final revisions in place for statewide implementationby 1/1/24




South Carolina

» Statewide code is 2018 South Carolina Building Code (based upon
2018 1BC)

* Itis anticipated that the Building Code Council will consider the

2021 International Codes for adoption beginning the fall of 2020 or
spring of 2021

* Adoptionof 2021 IBC codes expectedin late 2022
* Changes proposed would be effective January 15t, 2023

Note- all dates are subject to change

Lynch Associates Architects



Tall Timber Construction Types

324,000 SF
ALLOWASLE BUILDING AREA

54,000 SF
AVERAGE AREA PER STORY
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18 STORIKES 12 STORES 8 STORIES 6 STORIES MAXMUM

BUILDING HEIGHT BUILDNG HEGHD 180 F1 BUL DING HENIHT ! MAXTLUR BUL DING HEGHT
A AHLE ¥ DING AREA ALLOWABLF ) EA 048000 SF ALLOWARL £ BLSLIDING AREA 405000 S§ 324 00 5F MAXIMUM AREA
AVERAGE AREA HY AVERAOF AHEAPER 4 AVEPAGE AREA PER STORY 45,000 81

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

IBC 2021 IBC 2015

BUSINESS OCCUPANCY [GROUP B]

Credit: Susan Jones, atelierjones



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 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



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
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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/Uao) + (Up/Uqy) = 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

IV-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



Type IV-B Protection vs. Exposed .

Ceiling Exposed

(20% max)

Credit: AWC



Type IV-B Protection vs. Exposed

Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%)

Ceiling Exposed
(<20%) u Bedroom

Wall Exposed
(<40%)

Credit: AWC




Type IV-B Protection vs. Exposed

Horizontal separation of unprotected areas:
Unprotected portions of mass timber walls
and ceilings shall be not less than 15 feet from
unprotected portions of other walls and

cei
cel
Wa

ings, measured horizontally along the
ing and from other unprotected portions of
Is measured horizontally along the floor.

Credit: Kaiser+Path




Type IV-B Protection vs. Exposed .

15’ min

Bedroom

Credit: AWC



2024 IBC Changes

RISE Tests, 2020
Photo: RISE
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TYPE IV-A Photos: Structurlam, naturally:wood,
Credit: Susan Jones, atelierjones = Fast+Epp




Type IV-A Height and Area Limits

:=======:: Occupancy | # of Area per | Building
?,'::=====:: Stories Story Area
. mnra
e R I 270 ft 135,000 SF 405,000 SF
: i ) | miunse
i ﬁEE=ﬂ th B 18 270 ft 324,000 SF 972,000 SF
1 M 12 270 ft 184,500 SF 553,500 SF
j"‘-----—"- ’ ’
e L | T 1
j==E==£f R-2 18 270 ft 184,500 SF 553,500 SF
1 W -
E -===:: ‘_-' 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
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18 STORIES

BUILDING HEIGHT 270
ALLOWABLE BUILDING AREA 972,000 S}
AVERAGE AREA PER STORY 54 000SH

TYPE IV-A

Credit: Susan Jones, atelierjones

Type IV-A Protection vs. Exposed
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100% NC protection on all surfaces of
Mass Timber

Credit: Acton Ostry Architects, Fast + Epp



IV-A

No timber surfaces may be exposed '



e 117 Gl 151

T g




Tall Wood Building Size Limits

Construction Type (All Sprinklered Values)

I-A I-B 1V-A 1V-B 1V-C IV-HT 11-A
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 180 270 180 85 85 85
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A- | Unlimited 12 18 12 6 4 4
é Unlimited 12 18 12 9 6
R-2 Unlimited 12 18 12 8 5

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

A-2, A-3, A- | Unlimited | Unlimited | 135,000 90,000 56,250 45,000 42,000

(o))
o

B Unlimited | Unlimited | 324,000 216,000 135,000 108,000 85,500

~
o

R-2 Unlimited | Unlimited 184,500 123,000 76,875 61,500 72,000




Tall Wood Building Size Limits

Construction Type (Unsprinklered Values)

I-A I-B IV-A 1V-B IV-C IV-HT
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 160 65 65 65 65
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A-4 Unlimited 11 3 3 3 3
B Unlimited 11 5 5 5 5
R-2 Unlimited 11 4 4 4 4
Allowable Area Factor (At) for SM, Feet* (IBC Table 506.2)
A-2, A-3, A4 Unlimited Unlimited 45,000 30,000 18,750 15,000
B Unlimited Unlimited 108,000 72,000 45,000 36,000
R-2 Unlimited Unlimited 61,500 41,000 25,625 20,500

Even so, Sprinklers may be required by 903.2 (all occupancies) and definitely for residential (420.4)




Tall Wood Building Size Limits

Construction Type (Unsprinklered Values)

I-A I-B IV-A 1V-B IV-C IV-HT
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 160 65 65 65 65
udn-almost-all.cases;:. isc i sis4)
A-2, A-3, A4 Unlimited o 11 . 3 o 3 3
. sprinklers will be required :
R-2 Unlimited 11 4 4 4 4
Allowable Area Factor (At) for SM, Feet? (IBC Table 506.2)
A-2, A-3, A4 Unlimited Unlimited 45,000 30,000 18.750 15,000
B Unlimited Unlimited 108,000 72.000 45.000 36,000
R-2 Unlimited Unlimited 61,500 41,000 25,625 20,500

Even so, Sprinklers may be required by 903.2 (all occupancies) and definitely for residential (420.4)




Non-Tall Opportunities — Large Area

Construction Type (All Sprinklered Values)
I-A I-B 1V-A 1V-B 1V-C IV-HT 1I-A
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B, R Unlimited 180 270 180 85 85 85
Allowable Number of Stories above Grade Plane (IBC Table 505.4)
A-2, A-3, A- | Unlimited 12 18 12 6 4 4
é Unlimited 12 18 12 9 6
imi Q 5
Allowable Area Factor (At) for SM, Feet? (IBC Tdble 506.2)
Unlimited | Unlimited 45,000 42,000
Unlimited | Unlimited 108,000 85,500
Unlimited | Unlimited 61,500 72,000




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

Depends on many factors:

* Project Use

* Site Constraints

* Local Zoning & FAR Limitations

* Budget

* Client Objectives for Sustainability, Exposed Timber
* And More...

But Some General Trends Could Be: 80 M Street, SE, Washington, DC

Photo: Hickok Cole | Architect: Hickok Cole



Type IV-C Tall Mass Timber

Example R-2, Type IV-C Building

Not Likely to Utilize Podium Due to

8 Stor O O O 0 O O Overall Building Height Limit (85 ft)
ories . . .
35 ft 00000 @ Relative to # of Timber Stories (8)
76,875 SF O O0OO0TO0DOGO Same Overall Building Height Limit as
max per floor 0O 0O O O O IV-HT (85 ft) but higher Fire-Resistance
I N Ratings Req'd
230,625 SF O OO0OTOD0T 0OEL
bide. O O00O00Q0E L 3 Additional Stories Permitted
(areas noted E : j E j j Compa red to IV-HT
assume no frontage
increase) D D
isfvs All Timber Exposed




Type IV-B Tall Mass Timber

Timber, R-2:
12 Stories

123,000 SF
max per floor

369,000 SF
bldg.

(areas noted
assume no frontage
increase)

180 ft Grade to Roof

Multi-Story
Type |IA
Podium

e | O s O e O s [ O s [ e Y e [ Y s [ s Y e [ s Y |

(o s Oy e [ O s O e [ O sy e [ e [ e ) e

(o s Oy e [ O s O e [ O sy e [ e [ e ) e

o O s e e [ N e [ e e [ O s O e [ Y s Y |

o O s e e [ N e [ e e [ O s O e [ Y s Y |

o O s e e [ N e [ e e [ O s O e [ Y s Y |

o O s e e [ N e [ e e [ O s O e [ Y s Y |

o O s s O e [ N e [ s e [ O s O e [ Y s Y

(o s Oy e [ O s O e [ O sy e [ e [ e ) e

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

Example Mixed-Use, Type IV-B Building
Likely to Utilize Podium Due to Overall
Building Height Limit (180 ft) Relative
to # of Timber Stories (12)

Same Fire-Resistance Ratings Reqg’d as
IV-C But Limitations on Timber Exposed

4 Additional Stories Permitted
Compared to IV-C

Limited Timber Exposed



Type IV-A Tall Mass Timber

Timber, R-2:
18 Stories

184,500 SF
max per floor

553,500 SF
bldg.

(areas noted
assume no frontage
increase)

270 ft Grade to Roof

Multi-Story
Type |IA
Podium

Oo0o0ooooooDODOOOD
OpDoooO0DDODDDODODODOD
DO0DooooODDODODDODODDOGO
DOo0D0oo0Do0DoDoooODO0DOaQ
OO0 DDoDooooO0DODOOAD
DOo0D0Do0DD0DODoDDOoDoOoO0OG0aD
000D oD0DoDO0O0DOO0DOODOOD0RD
D0oooDo0DDoDOoDoDoDOoDoO0DOOGd
000D 0D0DDODOoDODODOoO0OD0aD
000D oD0DoDO0O0DOO0DOODOOD0RD
0O DoDoooO0DODODODOOODDOGD
000D 0D0DDODOoDODODOoO0OD0aD
DO0DoDoooDooooOoOOa0aGn
DOoo0DooDOoODOoDOoDoO0DOOGd
DOoDoo0oooDooooOoOO0O0aGn
DOooo0oooDooooOoOOOO0OOD
0O DoooD0DODODODDODOOODOOGD
OoooooODD0DODODODOOOaN

Example Mixed-Use, Type IV-A Building
Likely to Utilize Podium Due to Overall
Building Height Limit (270 ft) Relative
to # of Timber Stories (18)

Higher Fire-Resistance Ratings Req'd
than IV-B For Primary Frame

6 Additional Stories Permitted
Compared to IV-B

No Exposed Timber Permitted



Materials Permitted

602.4 Type IV. Type IV construction is that type of construction in which the building
elements are mass timber or noncombustible materials and have fire resistance ratings in

accordance with Table 601. Mass timber elements shall meet the fire resistance rating
requirements of this section based on either the fire resistance rating of the noncombustible

protection, the mass timber, or a combination of both and shall be determined in accordance
it ti . . The minimum dimensions and permitted materials for building

elements shall comply with the provisions of this section and Section 2304.11. Mass timber

E tion: Tvoe IV-HT Construction i I ith Section 602.4.4

The interior building elements, including nonload-bearing walls and partitions. shall be of
mass timber construction or of noncombustible construction.

Exception: Type IV-HT Construction in accordance with Section 602.4.4..




MT Type IV Minimum Sizes

In addition to meeting FRR, all MT elements must also meet minimum sizes

These minimum sizes have been in
place for old type IV (current type
IV-HT) construction and the same
minimums sizes also apply to MT

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

Contained in IBC 2304.11




Type IV Minimum Sizes - Framing

Framing Solid Sawn Glulam SCL

(nominal) (actual) (actual)

= | Columns 8x8 63/, x 8% 7x7%

@]

L | Beams 6x10 5x 10% 5% X 9%

« | Columns 6x8 5x8% 5% X 7%

@]

@)

© | Beams* 4x6 3X67/s 3% X 5%

Minimum Width by Depth in Inches
See IBC 2018 2304.11 or IBC 2015 602.4 for Details

*3” nominal width allowed where sprinklered




Type IV Minimum Sizes — Floor/Roof Panels

Floor Panels/Decking:

* 4" thick CLT (actual thickness)

e 4” NLT/DLT/GLT (nominal thickness) =

* 3” thick (nhominal) decking covered with: &
1” decking or 15/32” WSP or %"
particleboard

—
=3

ROOf PanEIS/DECking: — | - " Photo: StructureCraft

* 3” thick CLT (nominal thickness)

e 3” NLT/DLT/GLT (nominal thickness)
« 2" decking (nominal thickness)

e 1-1/8” WSP




MT Type IV Minimum Sizes — Walls

Exterior Walls for Type IV-AB C
e CLT or Non-combustible

Exterior Walls for Type IV-HT

 CLT or FRTW or Non-combustible
 IBC2018-6" Thick Wall (FRTW or CLT)
 [IBC2021-4" Thick CLT




MT Type IV Minimum Sizes — Walls

MT Interior Walls in all Type IV:

 Laminated construction 4” thick

 Solidwood construction min. 2 layers of
1” matched boards

Other Interior Walls in Type IV A,B,C

 Non-combustible (0 hr for nonbearing)

Other Interior Walls in Type IV HT

 Non-combustible (1 hr min)

 Wood stud wall (1 hr min)

Verify other code requirements for FRR (eg.
interior bearing wall; occupancy separation)




Interior Wall Construction Recap

IV-C

Fire Rating (bearing wall) 3 Hr 2 Hr 2 Hr 1 Hror HT*

Laminated construction 4” thick (CLT, NLT, etc)

Construction— MT Solid wood construction min. 2 layersof 1” matched boards

NC Protection Per Interior Requirements No
Noncombustible non-bearing wall O Hr 1 Hr
Wood Stud Wall No 1 Hr

*IBC 2021 requires at least 1 Hr FRR for HT walls supporting 2 levels



Exterior Wall Construction Recap

1I\V-B

IV-C

IBC 2021 IBC 2018
Fire Rating (bearing wall) 3 Hr 2 Hr 2 Hr 2 Hr 2Hr
Mass Timber Mass Timber/CLT 4” min thick CLT* 6” Wall*

40 Min NC &

No Exterior Combustible Coverings

Exterior NC Protection FRT Sheathing, Gyp or other NC

Interior NC Protection Per Interior Requirements Not Required

Light Frame FRTW No Yes* 6” Wall*

*Changesin IBC 2015, 2018, and 2021 editions



Tall Wood Fire Resistance Ratings (FRR)

FRR Requirements for Tall
Mass Timber Structures (hours)

Building Element IV-A 1V-B IV-C
Primary Frame 3 2 2
Exterior Bearing Walls 3 2 2
Interior Bearing Walls 3 2 2
Roof Construction 1.5 1 1
Primary Frame at Roof 2 1 1
Floor Construction 2 2 2

Source: 2021 IBC Table 601



Noncombustible Protection (NC)

Where timber is required to be protected, NC must
contribute at least 2/3 FRR

Required Noncombustible Contribution to FRR

FRR of Minimum from
Building Element Noncombustible Protection
(hours) (minutes)
1 40
2 80
3 or more 120

Source: 2021 IBC Section 722.7



Noncombustible Protection (NC)

The definition of “Noncombustible

Protection (For Mass Timber)” is created to
address the passive fire protection of mass
timber.

Mass timber is permitted to have its own fire-
resistance rating (e.g., Mass Timber only) or have a
fire resistance rating based on the fire resistance
through a combination of the mass timber fire-
resistance plus protection by non-combustible
materials as defined in Section 703.5 (e.g., additional
materials that delay the combustion of mass timber,
such as gypsum board).




Prescriptive Noncombustible Contributions to FRR

e 17 e e e Contrlbut_lon per Layer
(minutes)
1/2" Type X gypsum board 25
5/8" Type X gypsum board 40

Source: 2021 IBC Section 722.7.1

Required Noncombustible Contribution to FRR

FRR of Minimum from
Building Element Noncombustible Protection
(hours) (minutes)
1 40
2 80
3 or more 120

Source: 2021 IBC Section 722.7

Noncombustible Protection (NC)

1 layer 5/8 Type X
2 layers 5/8 Type X

3 layers 5/8 Type X



Floor Surface Protection

Min. 1” NC

[alnepsla=q Y taciuianii ] mduy=Auiitiis I Ao ails Fe hhaiiu v I bl v s fu Rl ub sx fu et u By pufun Ju R tu Ju Iav Ru R i e Juny

Mass Timber Floor Panel

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




Noncombustible Protection

Noncombustible Protection Required

Roof below Mass Timber 60 min 40 min* Not Regq. Not Req.

Primary Frame @ Roof 80 min 40 min* Not Reg. Not Reg.

Primary Frame 120 min 80 min* Not Req. Not Req.

Below Mass Timber Floor 80 min 80 min* Not Reg. Not Regq.
) 1” Min NC 1” Min NC Not Re Not Re

Above Mass Timber Floor Material Material g- g-

Requirements Per new 602.4. * Some MT permitted to be exposed.



MT Fire Resistance Ratings (FRR)

IBC 722.7

The fire resistance rating of the mass timber elements
shall consist of the fire resistance of the unprotected
element (MT) added to the protection time of the
noncombustible (NC) protection.




MT Fire Resistance Ratings (FRR)

However, FRR Doesn’t always need to be from a
combination of MT + NC. In some cases, just NC can
be used, in other cases, just MT can be used:

IBC 602.4

Mass timber elements shall
meet the fire resistance
rating requirements of this
section based on either the
fire resistancerating of the
noncombustible protection,
the mass timber, or a
combination of both.




Type IV-A Fire Resistance Ratings (FRR)

Primary Frame (3-hr) + Floor Panel Example (2-hr):

Minimum 1" noncombustible material

Mass timber floor panel
40 minutes of MT FRR

Two layers 5/8" Type X gypsum
Glulam beam (primary structural frame)

60 minutes of MT FRR

Three layers 5/8" Type X gypsum




Type IV-B Fire Resistance Ratings (FRR) y

I\V-?/
Primary Frame (2-hr) + Floor Panel (2-hr)

Minimum 1" noncombustible material

Mass timber floor panel
40 minutes of MT FRR
2 layers 5/8" Type X gypsum

Glulam beam (primary structural frame)

40 minutes of MT FRR

Two layers 5/8" Type X gypsum




Type IV-B Fire Resistance Ratings (FRR) y

I\V-?
Primary Frame (2-hr) + Floor Panel Example (2-hr)

Minimum 1" noncombustible material

Mass timber floor panel

2-hr of MT FRR;
noncombustible material not required

Glulam beam (primary structural frame)

2-hr of MT FRR;
Noncombustible material not required




Type IV-C Fire Resistance Ratings (FRR)

w
Primary Frame (2-hr) + Floor Panel Example (2-hr)

Noncombustible material not required

Mass timber floor panel

2-hr of MT FRR;
noncombustible material not required

Glulam beam (primary structural frame)

2-hr of MT FRR;
Noncombustible material not required




MT Fire Resistance Ratings (FRR)

How do you determine FRR of MT?

2 Options:

1. Calculationsin Accordance with IBC 722 — NDS Chapter 16
2. Tests in Accordance with ASTM E119

Unexposed surface

- -~ N / y -
5 \\ /J ’ "
. \ / {7/ e
YIirky :
5 ‘/ ¥
e

— | NA.

aeff = 1'zachar

Solid wood with Char zone
full strength

Credit: Urban One

Fire exposed surface



MT Fire Resistance Ratings (FRR)

MT FRR Calculations Method:
 |IBC 703.3 allows several methods of determining FRR. One is
calculations per 722.

e 722.1 refers to NDS Chpt 16 for exposed wood FRR

722.1 General. The provisions of this section contain proce-

703.3 Methods for determining fire resistance. The appli- dures by which the fire resistance of specific materials or
cation of any of the methods listed in this section shall be = ¢ombinations of materials is es.tai?l@hed l::} cal-:ul_aticsn_s.
based on the fire exposure and acceptance criteria specified in Tl:}t‘:Sﬂ |_‘!I'.':][‘.'E‘-{|111ES apply only to the {jﬂﬂrmatmn contained in
ASTM E119 or UL 263. The required fire resistance of a this section and shall not be otherwise used. The calculated
buildi : . ¢ 9 blv shall b AR d fire resistance f:ff concrete, concrete masonry and r:,I_a}-'
uilding © ementa component or assembly shall be permitte masonry assemblies shall be permitted in accordance with
to be established by any of the following methods or proce-  ACI 216.1/TMS 0216. The calculated fire resistance of steel

dures: assemblies shall be permitted 1n accordance with Chapter 5 of
' _ _ ' ASCE 29. The calculated fire resistance of exposed wood
3. Calculations in accordance with Section 722. members and wood decking shall be permitted in accordance

with Chapter 16 of ANSUAF&PA National Design Specifi
cation for Wood Construction (NIS).



MT Fire Resistance Ratings (FRR)

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

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

Required Effective Char Depths, a.,,,
Fire (in.)

Endurance lamination thicknesses, hi (in.)
(hr.)

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

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




MT Fire Resistance Ratings (FRR)

. ” : Table 16.2.1A Char Depth and Effective Char
Nomln?l ch?r rate of 1.5 /HR is Depth (for [ = 1.5 In./hr)
recognized in NDS. Effective char

Char Effective Char
depth calculated to account for Required Fire | Depth, Depth,
° ° ° R i char
duration, structural reduction in el P!
1-Hour 1.5 1.8
heat-affected zone e Hous )] ”s
2-Hour 2.6 3.2

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

Required Effective Char Depths, a4,
Fire (in.)

Endurance lamination thicknesses, hi (in.)
(hr.)

5/ (34| 78 | 1 |1-1/4] 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 12221 |20]208 )| 19 18 | 1.8 | 1.8
1%-Hour 34 |32 31 |30 29| 28 | 28 | 28 | 26
2-Hour 44 |43 | 41 (40| 39 | 38 | 36 | 36 | 3.6




MT Fire Resistance Ratings (FRR)

Structural capacity check
performed on remaining
section, with stress increases

Char layer
Char base

Pyrolysis zone
Pyrolysis zone base

Normal wood

Table 16.2.2 Adjustment Factors for Fire Design?

ASD
|
2% = g e, &
iE. | % s | 2 %-
an gl 3| & | £ | Fa|ap
BEAZ| & E A THE L
Bk w = n b =
& = - o o ]
Bending Strength Fy X 285 L Cy Cii L .
Beam Buckling Strengih Fis X 2.03 - -
Tensile Strength Fi X 285 C -
Compressive Strength F. X 258 € Cp
Column Buckling Sirength Fa X 2.03 -

d

Credit: Forest Products Laboratory

— B tD.ElE
i

char

a,=12a,,

Achar = Mam Mam + By (t - (FI

Solid Sawn, Glulam, SCL

wts)) CLT
Effective Char Depth



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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CLT P T pa— "“::::'m Colling Pruinbins h"":':"""" Pt Tuppling Laml Raag _‘::';;':; A Ty Lak
.|||T::|r| 1 Hool - “.._"5: ::. - Plagrn BT" Fypee ¥ gy promim Tt dap o ,ﬁ::f___“_ i 1T W} NRE Fire Labeps sho iy
PO i St ilam GRS | by 10 Bype X 1t g Yoo i Alian Bl | Pl NRL Fire Labein iy

.|I::: :.I..:_‘_. Bl ] e Bl N sl % lims F ooty amnd layvais 110" Sl ik i :::1_1 1 1 ‘i.:-!::-: :I-.I':..'h
”“:2: I.'.I!..l Maaliy ] J.:::::...;—::::'::.:T:: W b B s ® i gl L 0 0 ] il = :::-I 3 3 HEL L:‘;';_::”'}'
I,;.::I_'::L_, Nordic E o Tows id iplims iy "'*"":':’_':I"_‘:"““”- W-::Tl-l—'-r 1.4 i UL
g, | e : R e ey = K w
L ! Tl T [ ey - - : . priec
||!‘-|::::;r1*. S MR .z:nlp:‘::.rl vl e s e e mm::::':.'?ﬂ TR [ I:::hh = - o o T
..:::E:II.:.H T ko nnn i tems .:'::, .::'_ T pramisppm) [ :im 1 1 Sl { My 2016)
II,‘,‘: ::‘:,_I Tl &Pt |.+::'J:.Hﬂ . alfdap o Y ':;':‘_H‘ 1% U iest W) WRE Fire Lsbwwslory
”1""::'_' ::-:-. S iem L T ] | e 100 Ty X s T Lsy LT |-|=.|I.|:-::Tl+.. - | I e ®i MEC Fre Labawmary
Rl I R - e - o T T
.|11!ﬂ:|-'!r. S i e Wai 42y mrmmm 3" by el s B " :::_ﬂ ; STt 'llﬂjﬂu'ﬂ::?'}f:lﬂﬂ
|1'!'::|.h :.::1'. aman = 111 LT [{FTEF s |2 phy o ww b bd wmh = :::'1_“ 3 1.3 iV $i “:.:':::-:;:-:ﬂ“
iy | ORisA— 0 - - vowind 17 plymeed i B el el : ity | Woen Fis Coe

ey KLn VA - B ruvirraral S o | i Tl




FRR Design of MT

WOODWORKS'

WOOD PRODUCGTS 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



Concealed Spaces in Type IV

What if | have a dropped ceiling? Can | have a dropped ceiling?
* Impact on FRR, NC placement, sprinkler requirements




Concealed Spaces in Type IV-A, IV-B

Without Dropped Ceiling

Minimum 1" noncombustible material

L TT ITT ITT TT TT TT TT TT TT1T TT TT TT TT TT TT TT TT TT TT

Mass timber floor panel I | I I I I

Two layers 5/8" Type X gypsum*

*Applicable to most locations; limited exposed mass timber permitted in IV-B

With Dropped Ceiling

Minimum 1" noncombustible material

L TT ITT ITT TT 7T TT TT TT TT TT TT TT TT TT TT TT TT TT T7T

Mass timber floor panel ! I I I I |

Two layers 5/8" Type X gypsum

Dropped ceiling .




Concealed Spaces in Type IV-C

Without Dropped Ceiling

Noncombustible material not required

I TT TT 7T T 1 °T07 §TT7 T T P TT PO TT7 PO TT TT T TT TT TT T1

Mass timber floor panel

Noncombustible material not required

With Dropped Ceiling

Noncombustible material not required

Mass timber floor panel

I TT TT TT7T T T TT7T 77T 717 TT7 70 TT TT TT TT TT TT TT TT TT T

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

Dropped ceiling




£ WoodWorks

WOOD FRODUCTS COUNCIL

Concealed Spaces in Mass Timber
and Heavy Timber Structures
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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

* Impactof Sizing on EfficientSpans

O HR FRR: Consider 3-ply Panel

e Efficient Spans of 10-12 ft

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

R ———— Wt <.

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

Image: JC Buck &=



Structural Grid

Member Sizes

* Impactof Sizing on EfficientSpans

1 or 2 HR FRR: Likely 5-ply Panel

e Efficient spans of 14-17 ft

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

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




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

In chases above beams and below panels at Catalyst
e 30x30grid, 5-ply CLT ribbed beam system

Crit: Hans-Erik Blomgren




MEP Layout & Integration

Dropped below MT framing
* (Can simplify coordination (fewer penetrations)
* Biggerimpact 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
* Minimalimpact on head height

— - . -
> R -
- . - -




MEP Layout & Integration

In chases above beams and below panels

* Fewer penetrations

* Biggerimpact on head height (overall structure depth is greater)
 FRR impacts: top of beam exposure

Credit: KL&A Engineers & Builders
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VANCOUVER

’

BROCK COMMONS

Concrete Core Shearwalls




. POST-TENSIONING ANCHORAGE

FUTURE POTENTIAL LATERAL ... ccocoum

PINNED GLULAM COLLAR

CONNECTION BEAM AND BOUNDING

COLUMN CONNECTION
N AM
SYSTEM FOR TALL WOOD BOUNOING GLUL e

U-SHAPED FLEXURAL PLATE ——ael] ! ~ CLTFLOOR-TO-WALL

CLY FLOOR PANELS OVER ——= = CONNECTION

GLULAM BEAMS CLT SHEARWALL SPLICE

GLULAM COLLAR BEAMS | 4 HIGH-STRENGTH POST-
TENSIONED THREAD BAR

ROCKING TOE DETAIL

CONCRETE BASE

ELEVATION ~ POST-TENSIONED ROCKING WALL (STATIC STATE)

-

Image: KPFF

Mass Timber
Rocking Shearwalls

WoodWorks



CONSIDERATIONS FOR LATERAL SYSTEMS

Prescriptive Code Compliance
Concrete Shearwalls v~
Steel Braced Frames v/ _

CLT Shearwalls (65 ft max) v *ecerns. o T
CLT Rocking Walls . 8
IBC




CONSIDERATIONS FOR LATERAL SYSTEMS

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

Connections to steel frame
- Tolerances & adjustability
- Ease of installation
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Connection Fire Protection

In Construction Types IV-A, IV-B & IV-C, building elements are
required to be FRR as specified in IBC Tables 601 and 602.
Connections between these building elements must be able to
maintain FRR no less than that required of the connected

members. 16.3 Wood Connections

Wood connections, including connectors, fasteners,
and portions of wood members included in the connec-
tion design, shall be protected from fire exposure for
the required fire resistance time. Protection shall be
provided by wood, fire-rated gypsum board, other ap-
! proved materials, or a combination thereof. Source: NDS




Connection Fire Protection

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

’\.




Connection Fire Protection

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






Acoustical Design

Air-Borne Sound:
Sound Transmission Class (STC)

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

* Applies to walls and floor/ceiling assemblies

Il | | -

Airborne
sound
source

4

\

\

Separating assembly

|




Acoustical Design

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

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




Acoustical Design

Code requirements only address residential occupancies:

IBC

INTERNATIO!
BUILDING
CODE

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



Tall Timber: Structure Often is Finish

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




Mass Timber Acoustics

TABLE 1:
Examples of Acoustically-Tested Mass Timber Panels

Mass Timber Panel Thickness STC Rating IIC Rating
3-ply CLT wall* 3.07" 33 N/A
5-ply CLT wall® 6.875" 38 N/A
5-ply CLT floor® 5.1875" 38 22
5-ply CLT floor! 0.870° 41 25
T-ply CLT floor 9.65" 44 30

3-1/2° bare NLT 24 bare NLT
5]
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
&
P Wl 6-1/4" with 3/4" plywood 31 with 3/4° plywood heA
2x6 NLT floor + 1/2° plywood? 6" with 1/2° plywood 34 33

Source: inventory of Acoustically-Tested Mass Timber Assembiies, WoodWorks”




Acoustical Detailing

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

1. Add Mass
2. Add noise barriers
3. Add decouplers
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Image credit: ‘Christian Columb



Acoustical Detailing

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

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

STC 62




Mass Timber Acoustics

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

1. Add Mass
2. Add noise barriers
3. Add decouplers
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Image credit: Christian Columbres| Q



Mass Timber Acoustics
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Mass Timber Acoustics

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

— ] Add mass

2. Add noise barriers
—) 3. Add decouplers

Acoustical Mat Product =

Finish Floor if Applicable
Concrete/Gypsum Topping

CLT Panel

No direct applied or hung ceiling




Mass Timber Acoustics

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

2. Add noise barriers
—) 3. Add decouplers

Acoustical Mat:

e Typically roll out or board
products

* Thicknessesvary: Usually 74"
to 1”7+

Image credit: Maxxon



Mass Timber Acoustics

Common mass timber floor
assembly:

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

e 1.5” to4” thick
concrete/gypcrete topping

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

Image credit: AcoustiTECH



Mass Timber Acoustics

Solutions Paper & woodaworks
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Mass Timber Acoustics

Inventory of Tested Assemblies

e

Designing a wood buildi.ng? £ WoodWorks
Ask us anything. 000 FROOUCTS CouNC

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 assembiies, or free technical
assistance refated to any aspect of the design, engineering or construction of a commercial or muiti-family woed bullding In the U.S,, email

Contents:

Table 1: CLT Floor Assemblies with Concrete/Gypsum TOPPINg, CIBNG SIOC EXPOSCY ..o imiieiiiiimismsianiamsssasamsimss s sbnshons ot st o bt 2
Table 2: CAT Floor Assemblies without Concrete/Gypsum TORPINE, CRIINE SIOR EXDOSRE ... wivirerimssmsimsisnsimssmessms s sestsess st iesssess e ws e e 7
Table 3: CLT Floor Assemblies without Concrete/Gypsum Topping, with Wood Sleepers, Cedling Side Exposed . .o..ocoiiicniiiiciicariiiaieas 9
Table 4: NLT, GLT & T&G Decking FIoor Assemblias, COlING SA@ EXPOSRY. ..........ccoovrwussssessosremsressomsrossrasmmssesssrsemsomssessssmsrmsessessresmromsesseassesserse 1 3
Table 5: Mass Timber Floor Assemblies with Collng SI0e Contaaleg ... ... e s s sims s e e e e s oo s s s 14
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http://bit.ly/mass-timber-assemblies
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Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

£9 WoodWorks

WO PRODUCTY. COUMRIIL

Finksh Floor if Applicable

Concrete/ Gy psurm Topping |—

Acoustical Mat Product

CLT Pamel

Mo direct applied or hung celling ——

g - — I N RS O N O G o o o Y R O O O 1 A A A A O D

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

MNone A7 ASTC A7 AlIC

VT - 492 AlIC

. Carpet + Pad - 75° AliC

1 =
Mamxan.dequsti-Mat® 3/4 VT on Acoysti-Top® - 52 AlIC
- ar. 4 L .
1-1/2" Gyp-Crete ;gg:'foud on Acgust B 12 AlIC 1
Top

Mone 49 ASTC A5 AlIC

Maxxon Acousti-Mat® 3 Premium T - 47 AlIC

LVT on Acousti-Top® - 492 AllC
MNone 458 398 15
VT 48" 47" 16

CLT 5-ply LT Plus 48" 49

(6.875") USG SAM N25 Ultra [ Eng Wood a7 ar 59
Carpet + Pad 455 67" 60
Ceramic Tile 50" 45" 61
MNone A58 420 15
1-1/2" Levelrock® LT 48" 445 16
Brand 2500 = VT Plus 48 475 58
seprema” Insenomat Eng Wood a7 A58 59
Carpet + Pad 455 716 60
Ceramic Tile 508 4g" 61
MNone A58 b 15
VT 48" 47" 16
LUSG SAM NT5 Ultra VT Plus 455 g T
Eng Wood 475 4495 59




Questions? Ask me anything.

WOODWORKS

Laura Cullen, EIT
Regional Director | GA, MS

(404) 488-7495
laura.cullen@woodworks.org

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





