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Course Description

Mass timber is a unique, non-commodity building material and, to lay the groundwork for
success, certain critical decisions must be made as early as possible. These decisions can have
a big impact on cost and can either increase or limit opportunities later in design. There are
many cases of project teams that want to realize the full benefits of mass timber, but,
because they base their designs on traditional building practices instead of optimizing them
for mass timber, end up with avoidable price premiums. This presentation will walk through
early project decisions and design steps, focusing on how to optimize projects for mass
timber and how one early decision can influence others. Topics will include construction
types, fire ratings, column grids and beam/panel spans, acoustics and MEP integration.
Completed mass timber projects will be used to illustrate the variety of viable options when

navigating these key decisions.



Learning Objectives

1. Identify construction types within the International Building Code where a mass timber
structure is permitted.

2. Discuss the impacts of construction type on required fire-resistance ratings of structural
elements, noting the impacts that these ratings have on effective member spans and
resulting grids.

3. Review code-compliance requirements for acoustics and primary frame connections, and
provide solutions for meetings these requirements with tested mass timber assemblies.

4. Highlight effective methods of integrating MEP services in a mass timber building and discuss
the relative impacts of each on cost, aesthetics, occupant comfort and future tenant

renovations.



Current State of Mass Timber Projects

As of March 2022, in the US, 1,384 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







Key Early Design Decisions

Significant Emphasis Placed on
the Word Early

Early Because:

Avoids placing limitations due to
construction norms or traditions
that may not be efficient with mass
timber

Allows greater integration of all
building elements in 3D models,
ultimately used throughout design,
manufacturing and install




Key Early Design Decisions

One potential design route:

1. Building size & occupancy informs
construction type & grid

2. Construction type informs fire
resistance ratings

3. Grid & fire resistance ratings inform
timber member sizes & MEP layout

But that’s not all...

-




Key Early Design Decisions

Other impactful decisions:

Acoustics informs member sizes (and
vice versa)

Fire-resistance ratings inform
connections & penetrations

MEP layout informs use of concealed
spaces




Key Early Design Decisions

Other impactful decisions:

« Grid informs efficient spans, MEP
layout

 Manufacturer capabilities inform
member sizes, grids & connections

« Lateral system informs
connections, construction
sequencing

And more...

Platte Fifteen, Oz Architecture, KL&A
Engineers & Builders, Arch Angle Media




Key Early Design Decisions

Where do we start?
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Key Early Design Decisions

Construction Type — Primarily based on building size & occupancy

Construction Type (All Sprinklered Values)

IV-A IV-B IV-C IV-HT l-A l-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 IV-B IV-C IV-HT l-A li-B V-A V-B
Occupancies Allowable Building Height above Grade Plane, Feet (IBC Table 504.3)
A, B,R 270 | 180 | 8 | 8 | 8 | 8 | 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.

|

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

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







Construction Types

When does the code allow mass
timber to be used?

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 IB & II: Roof Decking

Image: StructureCraft Builders
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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
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Construction Types

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

Image: Christian Columbres 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)

e

Image:Perkins + \Wi
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Construction Types

Type IV construction permits exposed
heavy/mass timber elements of min. sizes.

Framing Solid Sawn Glulam SCL

(nominal) (actual) (actual)

s |Columns| 8x8 63/, x 8% 7 x 7%

o

L Beams 6x10 5x10% 5% x 9%

. Columns 6x8 5x8% 5% x7%

o

® | Beams* 4X6 3X6'/g 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




Construction Types

Type IV min. sizes:

Floor Panels/Decking:

4” thick CLT (actual thickness)

4” NLT/DLT/GLT (nominal thickness)
3" thick (nominal) decking covered
with: 17 decking or 15/32” WSP or 74"
particleboard
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Photo: StructureCraft

Photo: WoodWorks



Construction Types

Type IV min. sizes:

Interior Walls:

 Laminated construction 4” thick

« Solid wood construction min. 2 layers
of 1” matched boards

« Wood stud wall (1 hr min)

* Non-combustible (1 hr min)

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




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

g

\— 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 INpaCt ofi concaalad
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

Allowable mass
timber building size
for group B
occupancy with
NFPA 13 Sprinkler

Type lll: 6 stories

£Git: Chrisiigh Columime Photog

Type V: 4 stories



Construction Types

Office
Assembly

Residential —(§

Mercantile
(12 stories) —

Type IV-A

— 270 ft.
(18 stories)

Office
Assembly
Residential —

Mercantile
(8 stories) —

Type IV-B

New Options in 2021 IBC
Allowable mass timber building
size for group B occupancy with

— 180 ft.

NFPA 13 Sprinkler

(12 stories)

Office

(9 stories) —
Residential -
(8 stories)

Assembly ——
Mercantile
(6 stories)

Type IV-C

—851t.
(9 stories)



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
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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
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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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Fire Design of MT

Original CLT depth

Credit: David Barber, ARUP



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




Key Early Design Decisions

American Wood Council

Construction type influences FRR

Shancard Mathady o
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

IBC

INTERNATIONAL
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



Code Path for Exposed Wood Fire-Resistance Calculations

FRR Design of MT M tor et iy ealetanes

* Prescriptive designs per IBC 721.1
¢ Calculations in accordance with IBC 722

Calculated FRR of Exposed MT: e e B
IBC to NDS COde Compllance path Alternate protection methods as allowed by 104.11

IBC 722
Calculated Fire Resistance

"The calculated fire resistance of exposed wood
4 members and wood decking shall be permitted
& in accordance with Chapter 16 of ANSI/AWC
National Design Specification for Wood
Construction (NDS)

NDS

Hational Roign Specifizatian” far Wood Cenitnation “ NDS Chail"lﬂl' 16

2015 EDITION
INTERNATIONAL Fire Design of Wood Members

BUILDING CODE" el . - .
¢ Limited to calculating fire resistance up to 2 hours

# Char depth varies based on exposure time
{i.e., fire-resistance rating), product type and
lamination thickness. Equations and tables are
provided.

* TR 10 and NDS commentary are helpful in
(Cansi) implementing permitted calculations.



FRR Design of MT

y

AFRICAR WARCHT £ CAHEC

FIRE DESIGN
OF WOOD
MEMBERS

181 Cemeral
162 Desiga Procedures for Expeiod
Wiaod Memlrs

Matignal Design Specific ation” for Weod Consiructi or
2015 EDITION 4

Table 1621 Effectve Char ot sd Sl Lapar
Thirhmrs for £, = L8 0/00] o 150

Toble B33 Adrioment Farturs fas Fier Drdgaom 51

Credit: FPlnnovations .~ = dgl

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, hu., (in.)
(hr.)

5/8 |3/4| 7/8 | 1 |1-1/4| 1-3/8 |1-1/2|1-3/4| 2

1-Hour 22 [22] 21 (20|20 19 (18 | 18| 1.8
1'2-Hour 34 (32| 31 |30]| 29| 28 (28 |28 | 26
2-Hour 44 143 | 41 (40|39 | 38 |36 | 36| 36




FRR Design of MT
Tested FRR of Exposed MT:

« IBC 703.2 notes the acceptance of FRR demonstration via testing in

accordance with ASTM E119

703.2 Fire-resistance ratings. The fire-resistance rating of
building elements, components or assemblies shall be deter-
mined in accordance with the test procedures set forth in
ASTM E119 or UL 263 or in accordance with Section 703.3.
The fire-resistance rating of penetrations and fire-resistant
joint systems shall be determined in accordance Sections 714

and 715, respectively.

Temperature (2C)

1200
1000
800
600
400
200

I E—
[ A
_4—'-‘-‘___—_
/"‘f
60 120 180 240
Time (min)

Standard ASTM E119 test time-

temperature curve




FRR Design of MT

Tested FRR of Exposed MT:
 Many successful Mass Timber ASTM E119 fire tests have been
completed by industry & manufacturers

T
Fire Testing __“,o —
Laboratory Youtng Labersioey
TL28
TEST REPORT Page 1 of 53

L
American Wood Council

222 Catoctin Circla SE, Suite 201
Leesburg, YA 20175

Standard Methods of
Fire Tests of Building Construction and Materials

ASTME 119=11a

Sualsjict Milaial

-Lissinglid Timbe: and Gypsum Board Wal Assembly (Lead-Beaning)
Tost Date October 4, 2012

Repan Due Owtobar 15, 20412

- Dy e™y
Prapased by =V
Michasd J. Ridpn
Test Enginees

g -
A L
Rarvterwend byt

okl |, Wenchaty

Diracaor, Labomicry Paclities ard Testng Senices

TEST REPORT

Intertek

REPORT HUMEBER: 1028312565AT-001
ORIGINAL ISSUE DATE: February 27, 2017
REVISED DATE: Nia

EVALUATION CENTER
16015 Shady Falls Road
Elmendord, TX 78112
Prhane: (210) 635-8100
Fax: {210) 5358101
WWW.intertek.com

RENDERED TO

Structurlam Products LP

2176 Government Street

Penticton, BC V2A 8B5S
Canada

PRODUCT EVALUATED: Crossbam® CLT Un-restrained Load-Bearing
Floca/Cailing Assemibly
EVALUATION PROPERTY: Fire Reosistance

Report of Testing a GrossLam” GLT Un-restrained Load-Bearing
FlooriCalling Assembly for compliance with the applicabls
requirements of the following criteria: ASTM E119-16a, Standard
Test Methods for Fire Tests of Buliding Construction and

FPInnwations@

Project Mo, 301006155
Final Report 2012113

Prelimisary CLT Fire Resistance Testing Repan

by

Lindsay Oshome, M_A Se.
Christian Dagenais, Eng, M. Sc.
Sclentiscs

Advanced Buslding Sysiems — Serviceability and Fire Group

and
MNowreddine Bénschiou, PhD.

Senior Research Officer
Nazional Research Council of Canada - Fire Research Resource Centre

Judy 2012




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

WOO0 FRODUCTS COUNCIL

AT L

LT T B -

LT Grade Panel Conpection in Fire Resistancr
CLT Pand Sk s o s e _ Caling Protection Floor T Load Ratin Source Tating Lab
or Major 5 Minor Grade ing Ten wwping % Achicved (Hours) &
Sply CLT " SPY 1650 Fb 1 3EMSR - . pi - - el o T
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FRR Design of MT

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

Each has unique benefits:
* Testing:
e Can result in higher FRR for some assemblies when compared to
calculations (i.e. 2-hr FRR with 5-ply CLT panel).
« Seen as more acceptable by some building officials
« Calculations:
« Can provide more design flexibility
« Allows for project span and loading specific analysis
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Fire-Resistive Design

of Mass Timber Members

Coda Applications, Construction Types and Fire Ratings

REPEIACLIR PE ST « SO TRCTTIZE DIBCEN « WO
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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
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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

Albina Yard, Portland, OR
20x20 Grid, 1 purlin per bay
3-ply CLT

Image: Lever Architecture




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 . SRR

Platte Fifteen, Denver, CO
30x30 Grid, 2 purlins perbay .S .
3-ply CLT - &
Image: JC Buck === :



Structural Grid

Member Sizes

Impact of FRR on Sizing

Impact of Sizing on Efficient Spans

Consider connections — can drive member sizing

1 or 2 HR FRR: Likely 5-ply Panel
Efficient spans of 14-17 ft

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

First Tech Credit Union, Hillsboro, OR ..~
12x32 Grid, One-Way Beams |
5-ply (5.5”) CLT &=
Image: Swinerton £




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

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

30x30 Grid, 1 purlin per bay B #:1s.
2x6 NLT &=
Image: Mackenzie




Key Early Design Decisions

Why so much focus on panel thickness?




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



Key Early Design Decisions

Construction Type Early Decision Example

7-story building on health campus

» Group B 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

« 6 stories of IllA or IV-HT over 1 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

Source: Fast + Epp, Timber Bay Design Tool

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



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

Source: Fast + Epp, Timber Bay Design Tool

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



Key Early Design Decisions

Panel volume usually 65-80% of MT package volume

Source: Fast + Epp, Timber Bay Design Tool

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



Key Early Design Decisions

Which is the most efficient option?

Timber Volume Podium on 1st
Ratio Floor?

[IA—- Option1 0.73 CF/SF Yes
[IIA— Option2 0.74 CF/SF Yes
IV-HT 0.51 CF/SF Yes
IV-C 0.82 CF / 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 0.85to 1.0 CF /

Sources 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 1st
Ratio Floor?

[IA—- Option1 0.73 CF/SF Yes

& There are other impacts of constriction type selection

(exterior waIIs concealed spaces) that should be considered
v-u U.04 LIF / 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 0.85to 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:

Photo: Josh Partee ' Photo: Christian Columbres



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

Photos: Simpson Strong-Tie




Key Early Design Decisions

2017 Glulam Beam to Column Connection Fire
Tests under standard ASTM E119 time-
temperature exposure




Key Early Design Decisions

Fire Test Results

Connector

1 8.757x 18”
(222mm x 457mm)
2 10.75" % 24"
(273mm x 610mm)
3 1075 %24~

(273mm x 610mm)

I x Ricon S VS
290x80

Staggered double
Ricon S VS 200x80

1 x Megant 430

3,9051bs Lhr
(17.4kN)

16,6201bs 1.5hrs
(73.9kN)

16,6201bs 1.5hrs
(73.9kN)



Key Early Design Decisions

SOUTHWEST RESEARCH INSTITUTE
Softwood Lumber Board S e R A e g e

CHEMISTRY AND CHEMICAL ENGINEERING DIVISION FIRE TECHNOLOGY DEPARTMENT

Glulam Connection Fire Test @*
Summary Report
ISSUE | June 5’ 201 7 FIRE PERFORMANCE EVALUATION OF A LOAD BEARING

GLULAM BEAM TO COLUMN CONNECTION, INCLUDING A
CLT PANEL, TESTED IN GENERAL ACCORDANCE WITH
ASTM E119-16a, STANDARD TEST METHODS FOR FIRE TESTS
OF BUILDING CONSTRUCTION AND MATERIALS

FINAL REPORT
Consisting of 32 Pages

Full Report Available at:

https://www.thinkwood.com/wp-content/uploads/2018/01/reThink-Wood-Arup-
SLB-Connection-Fire-Testing-Summary-web.pdf




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

Style of connection also impacts and is impacted by grid layout
and MEP integration




Key Early Design Decisions
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WoodWorks Index of
Mass Timber Connections

MASS TIMBER CONNECTIONS
INDEX

A library of commonly used mass
timber connections with designer
notes and information on fire
resistance, relative cost and load-
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Key Early Design Decisions

|
2304.10.1 Connection fire resistance rating. Fire —— | |
resistance ratings in Type IV-A, IV-B, or |V-C N 2
construction shall be determined by one of the ~ AN :'_ - |
. ] ] |
following: % ’ -
1. Testing in accordance with Section 703.2 where o om0
the connection is part of the fire resistance test.

char ~

2. Engineering analysis that demonstrates that the temperature rise at any
portion of the connection is limited to an average temperature rise of 250°
F (139° C), and a maximum temperature rise of 325° F (181° C), for a
time corresponding to the required fire resistance rating of the structural
element being connected. For the purposes of this analysis, the
connection includes connectors, fasteners, and portions of wood
members included in the structural design of the connection.



Connections

Other connection
design
considerations:

« Structural capacity
« Shrinkage

« Constructability

« Aesthetics

 Cost

fﬁ‘
it: Alex Schreyer

=32
B . ‘

f.m



Penetrations & Firestopping




Penetrations & Firestopping

Construction Type Impacts FRR | FRR impacts penetration
firestopping requirements

714.1.1 Ducts and air transfer openings. Penetrations of
fire-resistance-rated walls by ducts that are not protected with
dampers shall comply with Sections 714.3 through 714.4.3.
Penetrations of horizontal assemblies not protected with a
shaft as permitted by Section 717.6, and not required to be
protected with fire dampers by other sections of this code.
shall comply with Sections 714.5 through 714.6.2. Ducts and
air transfer openings that are protected with dampers shall
comply with Section 717.




Penetrations & Firestopping

Code options for firestopping through
penetrations

714.4.1.1 Fire-resistance-rated assemblies. Through 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. [hrough
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-
ing 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

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 o

Photos: AWC/FPInnovations/Hilti

{é/%
Taaflied 2
Unagrarers | e
L

System No, C-AJ-2109
F Ratjngs — 2 and 3 Hr [See fem 3)
T Ratings — 0, Z and 3 Hr (See lbems 2 and 3)
W Rating = Class 1 (See ltems 2, 3 and 4)
L Ratlng at Amblent — Less Than 1 CFM/'sg ft (See ltem 4)
L Rating at 400 F — Less Than 1 CFM/sq ft (Ses ltem 4)

IC.AJ 2108




Penetrations & Firestopping

SOUTHWEST RESEARCH INSTITUTE'

4220 CULEBAA ROAD MIZ38-3188 + RO DRAWLA 28510 TEI28-0810 « BAN ANTONID, TEXAS. USA = (219) 584-3111 » WWW SWRI DRG

CHEMIGTRY AND CHEMICAL ENGINEERTG DIVISION

FIRE RESISTANCE PERFORMANCE EVALUATION
OF A PENETRATION FIRESTOP SYSTEM TESTED
IN ACCORDANCE WITH ASTM  ESI14-13A,
STANDARD TEST METHOD FOR FIRE TESTS OF
PENETRATION FIRESTOP SYSTEMS

FINAL REFORT
Consisting of 18 Pages

SwRI® Project No. 01.21428.01.001a
Test Date: September 30, 2015
Report Date: October 22, 2015

Prepared for:

American Wood Council
222 Catoctin Circle SE

FIRE TECHMOLOGY DEPARTMENT
WEW FIRE. FWRLORAG
FAX [218) 3220377

FuiorY

—

=R,
WCTE 2618

2 Word Confarsncs on Timtar Enginssring
Aasgunt 20 - 23, 2050 | Sec, Repabic of Korsa

FIRE PERFORMANCE OF FIRESTOPS, PENETRATIONS, AND FlRE
DOORS IN MASS TIMBER ASSEMBLIES

Lindsay Ranger !, Christian Dagenais L Conroy Lum', Tony Thomas'

ABSTRACT: Integrity and continuity must be maintained for fire scparations required o provide
prevent passage of hot gases or increascd temperature on the umexposed side. Vulnerable locations, wh
are introduced into mass imber systems, are susceptible to fire spread. Service and closure penetr)
timbser fire separation have been investigned. Many of the fire stop systems were able w achieve 1-
accordance with CAN/ULC-5115, which would be required for 2-hr fire resisiance rated assemblies, s
tall wood buildings. Construction details are cutlined which ensure adequate fire performance of these

KEYWORDS: Firestop, through-pencirations, fire ried door, mass timber, cross-laminaied tin|
buildings, fire resistance

construction, a well ag in several alig
building designs.

1 INTRODUCTION

Many tall weod buildings using mass timber are planned

or are curnenily being designed for construction arcund Although the general fire performance
the world. A few have boen built in Canada, inchiding well documented, there are still save
an 18 storey cross-laminated timber (CLT) and glulam warrant further investigation 1o ensur|
building in  British Columbia. The prescriptive safely levels are met and a mumber

Leesburg, VA 20175

requirements in the National Building Code of Canada
(NBCC) [1] do nax (yet) permit the constrstion of wood
buildings taller than six sionies, however an  aliernative
solutions  approach can be wsed to  demonsiraie
equivalent  performance  to  prescriplive  acceptable

aalibins s inn masessabisatihla cssstmatiee T

available for designers to use. Generatin
generic assemblies will reduce the need
completed on an individual constrsctio
which will help case the approvals proce
widespread adoption of tall wood buildin

A0 GRANVILLE STREET SUNTE 880
NGHL gL
CONSULTANTS LTD it
F i il v
ww gl

Finicir o ANC Cariicale of Pracice

FIRESTOPPING TEST WITNESS REPORT

NORDIC STRUCTURES




Penetrations & Firestopping

Inventory of Fire Tested Penetrations in MT Assemblies
g WoodWorks’

Table 3: North American Fire Tests of Penetrations and Fire Stops in CLT Assemblies WOOD PRODUCTS COURCIL
Exposed Side | Ponctrating | Pendirant Contered Stated Test
CLT Pancl Firestopping System Doscription F Radi T Ratin Sawro Testing Lab
Prodoction loom ar (et in Hale lng 8y " ¥ Froincal ing
Sply 15" diamier = 3.5 im dismvier bole. Mineral wool was ins falled in the 1in. annular spacs srcund The daia cabl e to atotal depih of appron sl ey 2 - $/édin. The A MULE €11 8 . I bori vk
(Timm07%) Hage datacable bunch Contersd vesnmining 1in, annular space from the 1op o the mineral waol to the sop of the eer msanbly wan Millad with Hilti F5-One M cmslking Uhewr | #3hour [CANULC 511 2% Masch 30, 3016
Yply B " 4378 ind iameter hale. Pipe wiap won inslallad sound the coppar pipe 1o atolal dopth of approximately 2 - 3/6din. The roma ning 110 a0 nular sp xe G = v o
N 2 Lk d | ha MA CAMULC 8113 16
(TEmm 3 07"} a capperpipe cspiues starting ot the bop of the minaral woal to the top of the Noor s sombly was flled with Hiltn FS-One Max coulking e March ¥, 2018
Yply 25" schod 40 % 492 im diamet ax hole. Pype weap wan inota llad aound the s chedule 40 pipe 1o atotal dopth of spprovimately 2 - 56410 The wmmning Din . anmelar i . Imtert ok
Na L8 d | ha NA CANULL 5115 2
(TRmm 3 07" o Pipe e wpace staning o thetop of the pipe wrap 1o the top af U Moor s emb ly was 11 11ad with M it FSOne Max el king - n March V0, 2018
Yply - i E.35 im diametor hole. Minonal woo | was instal bad in the |in annul o s pace sround the cast iron pipe to atotsl dopth of approx imatcly 2 - S'6din. The ik X N Imerek
(THmm ¥ 07 ") Hoas ¥ omliven pipe Conived remn ing |in . snn ular space sl ng a1 the lop of the pipe weap 1o the top of the Moor sssembly was (11 lod with 1Eiti FS- One Max caulk ing VB KA CANLLCR11 S 16 Mach Y. 2018
Supl Halu & i deop in #.00° diameter b le. Mineral wool wan i talled in the | - L4in. annul o s pace sreand the drop-ia div ice 1o atotal depth olapprosimately | - T/6dia | —,
|7lII:‘P|J"-I Nase device. System Centered and theremain ing lin. snnale space from the top of the mineral wool to thetop ed peofthe ¥ - Lo din. bolein the CLT wan fillod with Hilti FS-One Ihowr 10.75howr [CANULC S11S 2 Maech W0, 2016
o Mo F-B-2049 M ¢ sl ing -
S.ply COLY None 1.5 diamaes Centered 15" dimweter bole. Miners] wo ol was installad inthe |in s ler space sround the data cables 1o 101 depth af spproximastely 4 - 5712 in The I boum | 1. $houn loANULE 8118 76 Imter
(13 mm $.067) Astacabls bunch pemsin ing [ in. a0 aler space Mrom the 1op of the minersl woal 1o thetop of the Hoor s amb Iy was Tillad with Hilt FS-Ome Max conlking . = Masch 30, 2018
Sply CLT - Y 4,375 in dismeter hole. Pipe wrap wan installod sround the copper pipe 10 atotsl depth ofapproximately 4 - 5/32 in. The renaining lin. smnulespace | | T T - [ETE Y
(13 L 5.06%) o el ol s o g iarting ot the wop of the mineral woal 1o the lop of the foor asambly was filled with Hilti F$-One Max cau lkin g 2hmn Tk EARRCSITS s Masch 30,2016
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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)

CLT-0-0

SECTION A-A
CROSS-SECTIONAL VIEW

@\G\ WY
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i i_.,_.,_.,_.

B S - 1 1/

2. HILTI CFS-DID FIRESTOP DROP-IN DEVICE INSERTED INTO OPENING (SEE TABLE 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 FLUSHWITHTOP 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.



Penetrations & Firestopping

Beam penetrations:
« If FRR = 0-hr, analyze structural impact of hole diameter only
* If FRR > 0-hr, account for charred hole diameter or firestop penetration

-
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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

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

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

3-ply CLT (4-1/8" thick) Up to 12 ft
5-ply CLT (6-7/8" thick) 141017 ft
7-ply CLT (9-5/8") 17to 21 ft
2x4 NLT Up to 12 ft
2x6 NLT 10to 17 ft
2x8 NLT 141021 ft
5" MPP 10 to 15 ft

-

MT Panel Span

Credit: Hacker Architects



MEP Layout & Integration

Dropped below MT framing

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

Credit: Alex Schreyer



MEP Layout & Integration

Grid impact: Usually more efficient when using a square-ish grid
with beams in two directions

Credit: SOM Timber Tower Report



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



MEP Layout & Integration

In chases above beams and below panels at Platte 15
« 30x30 grid, purlins at 10 ft, 3-ply CLT




MEP Layout & Integration

In chases above beams and below panels at Catalyst
« 30x30 grid, 5-ply CLT ribbed beam system

redit: Hans-Erik Blomgren



MEP Layout & Integration

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




MEP Layout & Integration

In gaps between MT panels
 FRR impacts: generally topping slab relied on for FRR

Credit: KPEE




MEP Layout & Integration

In gaps between MT panels
« Impact on assembly acoustics performance

Credit: KPFF



MEP Layout & Integration

In gaps between MT panels
« Greater flexibility in MEP layout

Credit: WoodWorks
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MEP Layout & Integration

In gaps between MT panels
« Aesthetics: often uses ceiling panels to cover gaps

T ———




MEP Layout & Integration

In raised access floor (RAF) above MT
» Aesthetics (minimal exposed MEP)
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MEP Layout & Integration

In raised access floor (RAF) above MT
* Impact on head height
« Concealed space code provisions

Credit: Global IFS




MEP Layout & Integration

In topping slab above MT
» Greater need for coordination prior to slab pour

« Limitations on what can be placed (thickness of topping slab)
* No opportunity for renovations later
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Lateral System Choices
Concrete Shearwalls

,Credit: Hacker Architects



Lateral System Choices
Connection to concrete core




Lateral System Choices

Connections to concrete core
« Tolerances & adjustability
* Drag/collector forces e

~— eI —

See e

BLANVEW PLAN VIEW




Lateral System Choices
Steel Braced Frame

Photos: Marcus K_auffmann, ODF




Lateral System Choices
Wood-Frame Shearwalls
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Credit: KLGSENgingers & Builders| | H"__ - i




Lateral System Choices

Wood-frame Shearwalls:
« Code compliance
« Standard of construction practice well known

« Limited to 65 ft shearwall height, 85 ft overall building height
(Type IlIA construction)
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Lateral System Choices
MT Shearwalls

Photo: Alex Sc'h'reyer s @




Lateral System Choices
MT Rocking Shearwalls

i
W
L

-

-'_ i
. j‘ / POST-TENSIONING ANCHORAGE

! L: y GRAVITY BEAM-TO-COLUMN PINNED GLULAM COLLAR
il CONNECTION BEAM AND BOUNDING
COLUMN CONNECTION

n I

_—
BOUNDING GLULAM " CLT WALL PANELS

COLUMNS
U-SHAPED FLEXURAL PLATE ———=f] | CLT FLOOR-TO-WALL

CLT FLOOR PANELS OVER —— NS IIOH
GLULAM BEAMS ¥

CLT SHEARWALL SPLICE

GLULAM COLLAR BEAMS

HIGH-STRENGTH POST-
TENSIONED THREAD BAR

ELEVATION — POST-TENSIONED ROCKING WALL (STATIC STATE)

ROCKING TOE DETAIL

Image: KPFF

Photo: WoodWorks



Lateral System Choices
Timber Braced Frame




Lateral System Choices

Prescriptive Code Compliance
Concrete Shearwalls v
Steel Braced Frames v
Light Wood-Frame Shearwalls  /

2021 SDPWS
CLT Shearwalls ASCE 7-22

CLT Rocking Walls
Timber Braced Frames

Minimum Design Loads and

Aszocisted Criteria f or
Bulldings and Other Structures

Photo: WoodWorks




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

F-r
| 4

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

i 3 g
i I |
] I 1
e L “ 9 .
- i |
i _Fyres i,
! ~=ﬂ

! T - I
-~ - ¥y
] 2!:,4_'" UG -
] == T . ]
O LA ) T
" Ik | | d e
B I
. ! | d §EFp = '__ L
e 1 L o
1 b= —




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
— T
: ; '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
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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




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

-
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Patrick Duffy, PE S
Regional Director | MA, CT, ME, NH, RI, VT ¥
(603) 686-6746

patrick.duffy@woodworks.org

Momo Sun, PE, PEng,

LEED Green Associate

Regional Director | NY, NJ, PA
(857) 242-8975
momo.sun@woodworks.org
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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 2021

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.




