@ WoodWorks"

WOOD PRODUCTS COUNCIL

> Mass Timber
Overview:

Systems, Products
& Codes

Bruce Lindsey
Regional Director
WoodWorks




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

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

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

Questions related to specific materials,
methods, and services will be
addressed at the conclusion of this
presentation.
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Due to their high strength, dimensional stability and positive environmental performance, mass timber building
products are quickly becoming materials of choice for sustainably-minded designers. This presentation will
provide a detailed look at the variety of mass timber products available, including glue-laminated timber
(glulam), cross laminated timber (CLT), nail laminated timber (NLT), heavy timber decking, and other engineered
and composite systems. Applications for the use of these products under modern building codes will be
discussed, and examples of their use in U.S. projects reviewed. Mass timber’s ability to act as both structure
and exposed finish will also be highlighted, as will its performance as part of an assembly, considering design
objectives related to structural performance, fire resistance, acoustics, and energy efficiency. Other topics will
include detailing and construction best practices, lessons learned from completed projects and trends for the
increased use of mass timber products in the future.




Identify mass timber products available in North America and consider how they can be used under current
building codes and standards.

Review completed mass timber projects that demonstrate a range of applications and system
configurations.

Discuss benefits of using mass timber products, including structural versatility, prefabrication, lighter
carbon footprint, and reduced labor costs.

Highlight possibilities for the expanded use and application of mass timber in larger and taller buildings.




MASS TIMBER OVERVIEW
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OVERVIEW | TIMBER METHODOLOGIES

Heavy Timber Mass Timber
Photo: Benjamin Benschneider Photo: John Stamets




Glue Laminated Timber (GLT) Cross-Laminated Timber (CLT) Nail-Laminated Timber (NLT)
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Dowel-Laminated Timber (DLT) Mass plywood panels (MPP) Decking
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OVERVIEW | MANUFACTURING
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DESIGNING ACCORDING CAPABILITIES

OVERVIEW | MANUFACTURING & SUPPLY CHAIN
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STRUCTURAL SOLUTIONS | POST, BEAM + PLATE




STRUCTURAL SOLUTIONS | POST + PLATE
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STRUCTURAL SOLUTIONS | HONEYCOMB




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

STRUCTURAL SOLUTIONS | HYBRID STEEL + MASS TIMBER




Photo: Structurlam

STRUCTURAL SOLUTIONS | HYBRID CONCRETE + MASS TIMBER




OVERVIEW | CONNECTIONS
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Concealed Connectors Self Tapping Screws Photos: Rothoblaas



OVERVIEW | CONNECTIONS

Photo: StructureCraft

Beam to Column

Photo: Structurlam



OVERVIEW | CONNECTIONS

Column to Foundation Photo: Alex Schreyer



OVERVIEW | CONNECTIONS

Panel to Panel & Supports Photo: Charles Judd Photo: Alex Schreyer



Mass Timber Projects In Design and Constructed in the US (December 2019)
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http://www.woodworks.org/publications-media/building-trends-mass-timber/
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Photo: Nordic Structures

UMASS AMHERST DESIGN BUILDING

PRECEDENT PROJECTS |



Photo: ©Albert Vecerka/Esto

PRECEDENT PROJECTS | UMASS AMHERST DESIGN BUILDING



Photos: Baumberger Studio/PATH Architecture

PRECEDENT PROJECTS | CARBON 12 | PORTLAND, OR




Photo: Hines

PRECEDENT PROJECTS | T3 MINNEAPOLIS



T ._

\ X

‘}‘ ‘\‘ g |

Photo: Corey Gaffer courtesy Perkins + Will

PRECEDENT PROJECTS | T3 MINNEAPOLIS
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PRECEDENT PROJECTS | T3 ATLANTA
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Photos: Swinerton | DJC Oregon

PRECEDENT PROJECTS | FIRST TECH CREDIT UNION HILLSBORO, OR
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Photos: Michael Elkan | Naturally Wood | UBC
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PRECEDENT PROJECTS | DALSTON WORKS | LONDON



Photos: Bygg Mesteren | Voll Arkitekter

PRECEDENT PROJECTS | MIJOSTARNET | NORWAY



MASS TIMBER PRODUCTS
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Glue Laminated Beams & Columns (GLB)




Glue Laminated Timber (GLT)

Photo: Manasc Isaac Architects/Fast + Epp




Cross-Laminated Timber (CLT)




Cross-Laminated Timber (CLT)

4 1/8" to 19 1/27

10°X40°
8'X64




Nail-Laminated Timber (NLT)




Nail-Laminated Timber (NLT)

Photo: Think Wood




Dowel-Laminated Timber (NLT)

Photo: StructureCraft



Mass Plywood Panels (MPP)

Photos: Freres Lumber



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



MASS TIMBER IN THE CODE
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BUILDING CODE APPLICATIONS | CONSTRUCTION TYPE

Mass Timber in Low- to Mid-Rise: 1-6 Stories in Construction Types llI, IV or V

Credit: WoodWorks



BUILDING CODE APPLICATIONS | CONSTRUCTION TYPE

Tall Mass Timber: Up to 18 Stories in Construction Types IV-A, IV-B or IV-C

324,000 SF
ALLOWABLE BUILDING AREA

54,000 SF
AVERAGE AREA PER STORY

wens
......
......
..........
.....
......

..

18 STORIES 12 STORIES 9 STORIES . 6 STORIES MAXIMUM
BUILDING HEIGHT 270° BUILDING HEIGHT 180 FT BUILDING HEIGHT 85 85'-0" MAXIMUM BUILDING HEIGHT
ALLOWABLE BUILDING AREA 972,000 SF ALLOWABLE BUILDING AREA 648,000 SF ALLOWABLE BUILDING AREA 405,000 SF 324.00 SF MAXIMUM AREA
AVERAGE AREA PER STORY  54,000SF AVERAGE AREA PER STORY 54,000SF AVERAGE AREA PER STORY 45,000 SF '

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

IBC 2021 IBC 2015

BUSINESS OCCUPANCY [GROUP B]
*BUILDING FLOOR-TO-FLOOR HEIGHTS ARE SHOWN AT 12'-0" FOR ALL EXAMPLES FOR CLARITY IN COMPARISON BETWEEN 2015 TO 2021 IBC CODES

Credit: Susan Jones, atelierjones



BUILDING CODE APPLICATIONS | CONSTRUCTION TYPE

g WoodWorks"

WOOD PRODUCTS COUNCIL

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

.
D eS I n R eS O u r C e Scott Breneman, PD, SE WoodWbrks - Wood Products Counal @ Matt Timmers, SE, John A. Martin & Associstes
* Dannis Richardson PE, CBO, CASp, Amencan Wood Counal
. .
« 2021 IBC provisions
In January 2019, the International Code Council (ICC)

. approved a set of proposals to allow tall wood buildings as part
f the 2021 International Bullding Code (IBC). Based on these
+ Design St °
eS I g n e S proposals, the 2021 IBC will include three new construction
types—Type IV-A, IV-B and IV-C—allowing the use of mass

[} F d I d t timber or noncombustible materials. These new types are
re e Own O a a’ based on the previous Heavy Timber construction type
(renamed Type IV-HT) but with additional fire-resistance
WO O dWO r kS O rg ratings and levels of required noncombustible protection.
L ]

The code will include provisions for up to 18 stories of Type
IV-A construction for Business and Residential Occupancies.

Based on information first published in the Structural
Engineers Association of Calfornia (SEAOC) 2018 Conference
Proceedings, this paper summarizes the background to these
proposals, technical research that supported their adoption,
and resulting changes to the IBC and product-specific standards

Background: ICC Tall Wood Building
Ad Hoc Committee

Over the past 10 years, there has been a growing interest
in tall buildings constructed from mass timber materials
(Breneman 2013, Timmers 2015). Around the world there
are now dazens of timber buildings constructed above eight
stories tall. Some international examples include:
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MASS TIMBER FIRE-RESISTANCE
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Photo C 3 Innovations
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TECHNICAL DETAILS | DESIGN PRINCIPLES

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
TYPEI TYPEII TYPE IV

BUILDING ELEMENT

A B HT A B

Primary structural frame’ (see Section 202) 32 22 1 “ 0 HT 1 “

Bearing walls
Exterior®*

Interior 32
Nonbearing walls and partitions
Exterior
Nonbearing walls and partiti See
cin qrmdg walls and partitions 0 0 0 0 Section
nterior

Floor construction and associated secondary members
(see Section 202)

Roof construction and associated secondary members
(see Section 202)

For SI: 1 foot = 304.8 mm.

a. Roof supports: Fire-resistance ratings of primary structural frame and bearing walls are permitted to be reduced by 1 hour where supporting a roof only.

b. Except in Group F-1, H, M and S-1 occupancies, fire protection of structural members shall not be required, including protection of roof framing and decking
where every part of the roof construction is 20 feet or more above any floor immediately below. Fire-retardant-treated wood members shall be allowed to be
used for such unprotected members.

. In all occupancies, heavy timber shall be allowed where a 1-hour or less fire-resistance rating is required.

. Not Iess than the fire-resistance rating required by other sections of this code.

. Not less than the fire-resistance rating based on fire separation distance (see Table 602).

Not less than the fire-resistance rating as referenced in Section 704.10.

=T}

Credit: IBC Table 601



TECHNICAL DETAILS | DESIGN PRINCIPLES

l:&“:* lm Mass Timber’s Fire-Resistive Performance
1S Well-Tested, Documented and
Recognized via Code Acceptance
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TECHNICAL DETAILS | DESIGN PRINCIPLES

How do you determine Fire Resistance

Rating of Mass Timber?

2 Options:
1. Calculations in Accordance with IBC 722 =-> NDS

Chapter 16
2. Tests in Accordance with ASTM E119

- L NA.

Solid wood with Char zone
full strength

Credit: Urban One




TECHNICAL DETAILS | DESIGN PRINCIPLES

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 combinations of materials is established by calculations.
based on the fire exposure and acceptance criteria specified in Ehese proceduaeslﬁlfly Onéy tohthe informégionhcom?iﬁd ig

. _ _ this section and shall not be otherwise used. The calculate
ASTM E119 or UL 263. The required fire resistance of a

1 e , fire resistance of concrete, concrete masonry and clay
building element, component or assembly shall be permitted 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 in 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 ANSI/AF&PA National Design Specifi-
Credit: IBC Chapter 7 cation for Wood Construction (NDS).



Code Path for Exposed Wood Fire-Resistance Calculations

TECHNICAL DETAILS | DESIGN PRINCIPLES IBC 703.3

Methods for determining fire resistance

* Prescriptive designs per IBC 721.1

Calculations in accordance with IBC 722
Fire-resistance designs documented in sources
Engineering analysis based on a comparison
Alternate protection methods as allowed by 104.11

Code Path for Calculated
FRR of Exposed MT

IBC 722
Calculated Fire Resistance

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

INTERNATIONAL h!DS Ch-apter 16
Building Code" Fire Design of Wood Members

¢ Limited to calculating fire resistance up to 2 hours

A Member of the International

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

@‘Jﬁ?'&%‘d‘?a’é‘l‘t ¢ TR 10 and NDS commentary are helpful in

implementing permitted calculations.




TECHNICAL DETAILS | DESIGN PRINCIPLES

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

FIRE DESIGN
OF WOOD
MEMBERS

Mational Design Spedification® for Wood Construction
2015 EDITION <

16.1 General

16.2 Design Procedures for Exposed
‘Wood Members

16.3 Wood Connections

150

151

Table 16.2.1  Effective Char Rates and Char Layer
‘Thicknesses (for B, = 1.5 in/Ar) coueeemsee. 150

Table 1622  Adjustment Factors for Fire Design........... 151

Credit: AWC’S NDS

Table 16.2.1B Effective Char Depths (for CLT

with p.=1.5in./hr.)
Required Effective Char Depths, a.u.r
Fire (in.)
Endurance lamination thicknesses, hum (in.)

58 |34 78 |1 |1-1/4] 1-3/8 |1-1/2|1-3/4| 2
1-Hour 22 |22 21 (20| 20 | 1.9 1.8 | 1.8 | 18

14-Hour 34 |32 31 (30|29 | 28 | 28 | 28 | 26
2-Hour 44 |43 | 41 (40| 39 | 38 | 36 | 36 | 3.6

Credit: FPInnovations



TECHNICAL DETAILS | DESIGN PRINCIPLES

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

Credit: AWC’S NDS

Table 16.2.1A Char Depth and Effective Char

Depth (for }» = 1.5 in./hr.)
Char Effective Char

Required Fire Depth, Depth,
Resistance Achar Aoy
(hr.) (in.) (in.)
|-Hour 1.5 1.8
1 Y2-Hour 2.1 2.5
2-Hour 2.6 3.2




TECHNICAL DETAILS | DESIGN PRINCIPLES

Tested Assemblies Method:

« Many successful Mass Timber ASTM E119 fire
tests have been completed by industry &

manufacturers

mas

Testing Laboratory
TL-216

TEST REPORT Page 1 of 53

for
American Wood Council

222 Catoctin Circle SE, Suite 201
Leesburg, VA 20175

Standard Methods of
Fire Tests of Building Construction and Materials

ASTM E 119~ 11a

Test Report No: WP-1950

Assignment No: K-1089

s-Laminated

Subject Material: Cr ad-Bearing)

Test Date Octok 2012
Report Date October 15, 2012
Prepared by: . S~ | S, S

Michael J. Ridzo
Test Engineer

i = F <
¢ B ST
A / 1
Reviewed by: V4

Robeft J. Menchetti
Director, Laboratory Facilities and Testing Services

TEST REPORT

Intertek

REPORT NUMBER: 102891256SAT-001
ORIGINAL ISSUE DATE: February 27, 2017
REVISED DATE: N/A

EVALUATION CENTER
16015 Shady Falls Road
Elmendorf, TX 78112
Phone: (210) 635-8100
Fax: (210) 635-8101
www.intertek.com

RENDERED TO

Structurlam Products LP

2176 Government Street

Penticton, BC V2A 8B5
Canada

PRODUCT EVALUATED: CrossLam® CLT Un-restrained Load-Bearing
Floor/Ceiling Assembly
EVALUATION PROPERTY: Fire Resistance

—~0
( O )
FPInnovations *
Project No. 301006155

Final Report 2012/13

Preliminary CLT Fire Resistance Testing Report

by

Lindsay Osbome, M.A.Sc.
Christian Dagenais, Eng., M.Sc.
Scientists
Advanced Building Systems — Serviceability and Fire Group

and
Noureddine Bénichou, Ph.D.

Senior Research Officer
National Research Council of Canada — Fire Research Resource Centre




TECHNICAL DETAILS | DESIGN PRINCIPLES

WOODWORKS INVENTORY OF FIRE TESTED MT ASSEMBLIES

£ WoodWorks™

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

CLT Grade Panel Con nection in Fire Resistan ce
CLT Pand Manu factu Caling Protecti Floor T i Load Ratin Ko Testing Lab
an nufactrer or Major x Minor Grade g ton Test riopping 8 Achieved (Hours) uree ming
3ply CLT y SPF 1650 Fb | SEMSR e _ Reduced . )
(1 14mm 4 488 in) Nendic + SPF #1 2layers 1727 Type X gypsum Half-Lap None 6% Moment Capacity 1 1{Test 1) NRC Fire Laboratory
3plyCLT i : i . Reduced R
5 il SPF #1/82 x SPFF #] /82 11 L1 Xz Half-La None 1 1 {Test §
(108 mm 4133 in) RN, Pl ESLE wLeE e Type Xgypsum P B 75% Moment Capacity {Test 5) NRC Fire Laboratory
Sply CLT Loy ade MNRC Fire Laborato:
b Nordic Ei None Topside Spline 3 staggered layess of 1/2° cement boands , d, 2 2 e ratory
{17 5mme 875%) = See Manufact uner Maich 2016
- 1 layer of $/8% Type Xgypsum under Z- ) i -
Sply CLT ) e A EYpsum o Loaded, NRC Fire Laborato
(175mmé £75%) Nordic El channels ﬂl’\.;i"fl.l.l nlng u'l‘np- with 3 5/8° Topside Spline 2 stagpered layers of 1/2° cemenit boands Soe Manufact uses 2 5 Nov 2014 v
Sply CLT . . . 374 in. proprietary gyperele over Maxxon Reduced .
o E1 Mone T de Spline - 1.5 3
(17 Smm6 £75%) Nordie o opside Splin aovustical mat 5% Moment Capactiy uL
Sply CLT B . - R, 3/4 in. proprielary g yperete over Maxxon Reduced N
o E1 11 L1 sl g T de Spline 2 4
{175mm 6 £75%) Nordic yer(S hermu gypanm opside Splin acoustical mat or proprietary sound boasd 0% Moment Capactiy uL
. 1 layer 58" Type X Gywp under Resilieni Chammel i
SplyCLT MNordic El mder 7 7F |-Jaims with 1 127 Mineral Waal Half-Lap None ) Loaded. 2 21 Interek
{175mmé 875%) beween Jaiss See Manufscuses B24/2012
Sply CLT . E1M5 A 1-1/2" Maxxon Cyp-Grete 2000 over Maxxon Loaded,
5 1 None Topside Spline 25 a8 22272
(175mm6 5757 trustuam MSR 2100 % SPF#2 e opside Splin Reinforcing Mesh See Manufsctuser Intertck, 272272016
Sply CLT HslfLap & ) Loaded,
; " p ol 1 2 p.l
(175mmé £75%) DR Johnson Vi Nomne Topside Spline 2* gypsumiopping See Manufaciuser 2 7 SwRI(May 2016)
$ply CLT ) SPF 1950 Fb MSR Reduced o
(175mm6 £75%) Mosdic x SPF #3 MNone Half-Lap None 594 Momeni Capacity 1.5 1 {Test 3) MNRC Fire Lﬂ]l}]’&iﬂ]‘y
S-ply CLT : . P . .- v g ) Uns edu ced s . .
(17 S 8757 Stnuciurlam SPF #1/82 x SPF #1 /82 1 layer $/8% Ty pe Xgypsum Half-Lap None 101% Moment Capacity 2 1 {Test &) NRC Fire Laboratory
Tply CLT Unreduced .
: : 2% S &2 . ¥ . 2 I
(24 Smm 9.65%) Stnuciurlam SPF #1/82 x SPF &1 /82 Mone Half-Lap None 101% Momeni Capacity 25 1 {Test 7y NRC Fire Laboratory
S-ply CLT ) . _ R i ) Loaded, , . Western Fire Center
(175mmé 8757 Sman Lam SL-Vd4 Momne Half-Lap nominal 1/2% plywood with 8d nails. See Manufactuses 2 12 (Tesn 4) 107262016
SplyCLY Sousnilsen Vi None Half-Lsp ——
— Free download at woodworks org
N n
Splyclr DR Jehnson vl None Half-Lap nonsinall
{175mmé 875%) | Sew MANUL S urer | | 1L/017 2016
Sply CLT . ] Half-Lap & ] Loaded, SwRI
i1 s £ 1" KLH CViMI Nome Touma i amlima None [P T 1 1% e mm mmam




TECHNICAL DETAILS | DESIGN PRINCIPLES

@ WoodWorks"

WOOD PRODUCTS COUNCIL

Fire-Resistive Design

of Mass Timber Members

Code Applications, Construction Types and Fire Ratings

Richard MciLaln, FE, SE » Sanior Technical DIecior » WoodVoms
Scott Breneman, FID, PE SE » Senior Technical Direcior » Woodorks

For many years, exposad heavy timber framing elements
have baan parmitted in U.S. buildings due to their inherent
fira-resistance properties. The predictability of wood's char
rate has been well-established for decades and has long basn
racognized in building codas and standards.

Today, one of the exciting trends in building design is the
growing use of mass timber—i.e., large solid wood pansl
products such as cross-laminated timber (CLT) and nail-
laminatad timber (INLT)—for floor, wall and roof construction.
Like haawy timbar, mass timber products have inherant

fira resistance that allows them to be left exposed and still
achieve a fire-resistance rating. Because of thair strength
and dimensional stability, these products also offer a low-
carbon altemative to steal, concrete, and masonry for many
applications. It iz this combination of exposad structura and
strength that developers and designers across the country

are leveraging to create innovative designs with a warm
yet modern aesthetic, often for projects that go beyond
traditional normes of wood dasign.

This paper has bean written to support architects and
anginears axploring the use of mass timber for commarcial
and multF-family construction. It focuses on how to meet
fire-rasistance requirements in tha International Building
Coda (IBC), including calculation and testing-bazad methads.
Unless otharwise notad, refarances refer to the 2018 1BC.

Mass Timber & Construction Type

Bafore demonstrating fire-resistanca ratings of exposed
mass timber alameants, it's important to understand under
what circumstances the code currently allows the usa of
miass timber in commercial and muti-family corstruction.

A building’s assigned construction typs is

tha main indicator of whers and when all
wood systems can be usad. IBC Saction 602
defines five main opticns {Type | through V)
with all but Typa |V having subcategories A
and B. Typas Il and ¥ permit the use of wood
framing throughout much of the structura and
both are uzad extensively for modem mass
timber buildings.

Type HNIBC 602.3) - Timber elernants can
ba usad in floors, roofs and interior walls.
Fire-retardant-treated wood (FRTW) framing
is parmitted in exterior walls with a fira-
resistanca rating of 2 hours or less.

Type V (IEC B02.5) - Timber elements can
ba usad throughout the structure, including
floors, roofs and both interior and exterior
walls.

Type IV (IBC B02.4) — Commanly refarred to
a5 'Heavy Timber' construction, this option

Mass Timber Fire Design Resource

« Code compliance options for
demonstrating FRR

« Updated as new tests are completed

* Free download at woodworks.org
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Connections between building elements must be able
to maintain fire resistance rating no less than that
required of the connected members.

16.3 Wood Connections

Wood connections, including connectors, fasteners,
and portions of wood members included 1n 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
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Multiple ways to demonstrate connection fire protection:
calculations, prescriptive NC protection, test results,

Photo: Josh Partee

others as approved by AHJ

\\\\\\\\

Photo: Christian Columbres
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2017 Glulam Beam to Column = S e —
Connection Fire Tests under standard |
ASTM E119 time-temperature exposure
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SOUTHWEST RESEARCH INSTITUTE
Softwood Lumber Board e

WWW.FIRE.SWRI.ORG
FAX (210) 522-3377

Glulam Connection Fire Test s
Summary Report

Issue | June 5, 2017 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

Full Report Available:

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



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

FIRE PROTECTION OF PENETRATIONS
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Although not a new code requirement, more testing &
Information is becoming available on firestopping of
penetrations through MT assemblies
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Most firestopping systems include combination of fire
safing (eg. noncombustible materials such as mineral
wool insulation) plus fire caulk

4 \5& ‘\
h ﬁ — N B
Thermal insulation ‘ 1

Through-penetrating item with '
enough clearance as to not
touch the mass timber

System No, C-AJ-2109
F Ratlngs — 2 and 3 Hr (See ltem 3)
T Ratings — 0, 2 and 3 Hr (See Items 2 and 3)
W Ratlng - Class 1 (See ltems 2, 3 and 4)
L Rating at Amblent — Less Than 1 CFM/sq ft (See ltem 4)
L Rating at 400 F— Less Than 1 CFM/sq ft (See Item 4)

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

Photos: AWC/FPInnovations/Hilti

ICA.I2109
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Inventory of Fire Tested Penetrations in MT Assemblies

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

éﬁj WoodWorks"

‘WOOD PRODUCTS COUNCIL

Exposed Side Penctrating Pemetran t Centered . Stated Test .
CLT Pamel Firestopping System Description F Rating | T Rating Source Testing Lab
Protection Item or (Vfisetin Hole Prowcal
Jply 1.5* diameter . 3.5 in diameter hole. Mineral wool was installed in the lin. annular space anound the dsta cabl e 1o atonal depth of approx instely 2 - S/6din. The . - " Innenek
{TRmm 3 07" Nese dana cable bunch Centered remsining |in . annular space (rom the top of the mineral wool 1o thetlop of the Noor s enb Dy was illed with Hiln F5-One Max csul king. | her b3hour JCANULCSNIS 1% March 3, 20 16
3 ;| 5 . 1 F .
Sply Mo ne 2% cepparpipe Ceniered 4,375 Jnd].‘nﬂﬂ'hﬂ.]t.ljptl\'lqlwJn!ll]]ﬂd .'i.l.l.lﬂd the cop per pipe 1o allul.lldquh ulapp.rumm.ltly_ S/6din. The remmining 1in. annular space 1 hous NA. CANULE §11% 26 Intenek
(T8mm 3 07") slaming & the 1op of the mineral wool lothelopof the I!mru:ﬂuh]y wan [1lled wath Hilti F&-Ome Max cau lking. March 30, 20 &
Iply Mane 25" sched. 40 Centered 4.92 {n diamet er hole. Pipe woap was installed sound Ihr:lr.hrdult 4 pipe 10 Illi.lll] depth of approximately 2 — 5 /64in. The remaining 1in, annular 1 hour NA. CANULE $11% 16 Innenek
{TRmm 3 07" Mpe space stan ing & thetop of the pipe weap 1o the top of the Noor s enb |y was 0 ed with Hiln FS-Ome Max caul king . March 3, 20 16
Rply .38 in diamet er hole. Mineral wool was instal led inthe 1in. annul ar s pace snound the cast fron pipeto atonal depth of spprox imstely 2 — 5/64in. The ) Innenek
My L | Centered . 1h MNA. CANLLC 5115 26
{(TEmm 3 07" - Galindripe —— remaining 1in. annular space s 1aning a1 the lop of the pipe weap 1o the 1op ofthe Noor assembly was 0] lad with Hil FS- One Max caulk ing . mia A A L March 30, 2016
enl Hilti & in drop in 90" diameter hole. Mineral wool was installed in the | - Ldin. annul ar s pace sround the drop-in device 1o atotal depth of spprox inutely 1 - 76 din Interick
Py . . N N . . . . o
. . i . . . . 3
(Rmm 3 477 Nong dﬂr]l’..t.ﬁ]riltl'n Centered and the remaining lin.annular space from the top of the mineral wool 1o thelopedgeofthe® - 1/64in. hale in the CLT was (illed with Hilvi FS-One 1 hour .75 hour [CAMULC 5115 26 March 30, 20 16
Mo F-B-2(49 Max caulking .
S-ply CLT Mane 1.5° diameter Centered 35" diameter hole, M neral wool was installed inthe | in. annular space around the data cables 108 1018l depth of approximately 4 — 5/32 in. The 3 hours 1.8 hours |CANULE $11% 16 Innenek
15 mam 5165 data e remsin ing 1in . annular space (rom the top of the mineral wool 1o thelop of the Noor ss e ly was illed with Hill F5-0ne Max csul king. March 30,2016
lacable bunch
S-ply CLT o N c 4 4.375 in dismeter hole. i pe wrap was inst alled sround the copper pipe 10 atolal depth of approximately 4 - 5732 in. The remaining 1in. annul ar space 3 h NA CANULE §115 16 Intenek
2 eni . . 2 . : 8 2
(15 s 516" .- ppeTppe e slaming & the 1op of the mineral wool lothelopof the I!mru:ﬂuh]y wan [1lled wath Hilti F&-Ome Max cau lking. s March 30, 20 &
S=ply CLT 25" sched 40 . 4.92 in diamet er hole. Pipe woap was installed sound the s chedule 40 pipe 10 ato1al depth of approximately 4 — 532 jn. The renaining 1in, annul & N . . N Innenek
13] nam 5,165 Nese Mpe Centered space stan ing & thetop of the pipe weap 1o the top of the Noos s enb |y was 0 ed with Hiln FS-Ome Max caul king . 1 heuns b3hour JCANULCSNIS 1% March 3, 20 16
S-ply CLT Mo & c d .35 in diameter hole. Mineral wool was instal led in the 1in. annul ar s pace around the cast iron pipeto atotal depth of approx imstely 4 - 5732 in. The 3 h N CANULE €114 16 Innenek
13] nam 5,165 - calimnpipe e remsining 1in. annular space s taning a1 the top of the pipe weap 1o the 1op ofthe Noor assembly was 1] lad with Hil FS- One Max caulk ing . & A A LC - March 3, 20 16
Suply CLT Hilti 6 in drop in 901" dismeter hole, Mineral wool wad indtalled in the | - L4in. annul ar & pace around the drop-in deviceto atoal depth o fspprox inately | - 76 din Inten ek
. n
(131 :::: S.16%) Mane device Syslem Cenlered and the remaining lin. annular space Mrom the 1op of the mineral woollothelopadgeolhe® - 1/64in. holein the CLT was (illed with Hilii FS-One 2 hours 15 hours [CANULC S115 26 March 30. 30 16
: | Mo F=B-2049 Max coulking . T
4.21 in diamet er with a 34 in plywood red ueer Nush with the 1op ofthe sl sh reducing the openin
Fi resit op wrap sirip &l two locations with a 30 gauge s1eel s leev e which extend ed from the top o1
Sply 1* nonunal VO . wi th 1 he botlom o (the weap strp Mush with the bonom of the stee) sleeve and the s econd was wit Free OWn Oa at WOO Wor S Or
Nane Centered ]

{1 75mm b K7 5%)

Mpe

of the slab . The vodd between the s1eel sloeve and 1he CLT and between the steel sl veve and pipea
leaving a 3/4 indeep void &t thetop of the ssenth ly. Hilti FS-One Max Intumescen! Finestop Sealan | was applied 1o adepth of 3/4 in on the 1wop of the
i sembly between the plywood and steel s leeve s well & the steel sleeveand pipe.
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ConstructionFireSafetyPractices.com

Construction Fire
Safety Practices

HOME FIRE SAFETY MANUALS TOPICS LINKS & RESOURCES PHOTO GALLERY DOWNLOADS ABOUT US

Five Steps to Follow Fire Safety Manuals Site Specific Fire Safety Plans Use of Codes & Standards

OUR MISSION »

The mission of this website is to provide
background information to both public and
private sector organizations regarding how
to reduce the frequency and severity of
fires during construction. This site identifies
many best management practices that
were collected during a literature search.

RECENTLY POSTED »

CFSP Introduction
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2021 IBC Construction Fire Safety for Tall Mass Timber

2

Prior to placement of mass timber floor panels all building
elements morethan4 floor levelsbelow the level of active

masstimber construction shall be protected as required
bythis section.

Floor level of active mass timber construction.

and all lower floor levels

Heavy bold lines indicate elements one layer of
noncombustible protection on building elements of

Noncombustible floor covering required at this level /

masstimber whenrequired by Section604.2

GradePlane | 3 it
Figure 1

Shading indicates where exterior wallcovering is required -\.I

Examples of Protection During Construction
For Mass Timber Buildings Greater Than
6 Stories Above Grade Plane

Grade Plane

Figure 2

Credit: ICC
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STRUCTURE IS FINISH

Architect: PATH Architecture
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BY ITSELF, NOT ADEQUATE FOR ACOUSTICS

TR TR Tl W R P R VS e

T3 Minneapolis
\ Architect: MGA | Michael Green Architecture, DLR Group
]

i Structural Engineer: Magnusson Klemencic Associates

Design Assist + Build: StructureCraft
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TABLE 1:
Examples of Acoustically-Tested Mass Timber Panels

Mass Timber Panel Thickness STC Rating lIC 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 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
6
2x6 NLT wall 6-1/4" with 3/4" plywood 31 with 3/4" plywood N/A
2x6 NLT floor + 1/2" plywood? 6" with 1/2" plywood 34 33

Source: Inventory of Acoustically-Tested Mass Timber Assemblies, WoodWorks?
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Concrete Slab: CLT Slab:

6” Thick 6-7/8” Thick
80 PSF +———————————> 18 PSF
s1TC€C 53 +—mm > 5T7C 41
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There are three main ways to improve an assembly’s
acoustical performance:

—) 1 Add mass

2. Add noise barriers
— 3. Add decouplers

Finish Floor if Applicable

Acoustical Mat Product

CLT Panel

No direct applied or hung ceiling
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Common mass timber
floor assembly:
* Finish floor (if applicable)

* Underlayment (if finish
floor)

« 1.5"to 4" thick
concrete/gypcrete topping

e Acoustical mat
« WSP (if applicable)

« Mass timber floor panel
exposed on ceiling side

Image credit: AcoustiTECH
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MASS TIMBER ACOUSTICS
DESIGN RESOURCE

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

Richard McLain, PE, SE * Senior Technical Director ® WoodWorks

The growing availability and code acceptance of mass
timber—i.e., large solid wood panel products such as cross-
laminated timber (CLT) and nail-laminated timber (NLT)—
for floor, wall and roof construction has given designers a
low-carbon alternative to steel, concrete, and masonry for
many applications. However, the use of mass timber in
multi-family and commercial buildings presents unique
acoustic challenges.

http://www.woodworks.org/wp-content/uploads/wood solution paper-

While laboratory measurements of the impact and airborne
sound isolation of traditional building assemblies such as
light wood-frame, steel and concrete are widely available,
fewer resources exist that quantify the acoustic performance
of mass timber assemblies. Additionally, one of the most
desired aspects of mass timber construction is the ability to
leave a building's structure exposed as finish, which creates
the need for asymmetric assemblies. With careful design
and detailing, mass timber buildings can meet the acoustic
performance expectations of most building types.

MASS-TIMBER-ACOUSTICS pdf |

FIGURE 3:
Interior CLT partition wall with chase walis on both sides

Example Mass Timber Wall Assembly, STC 58
Plan iew

5% Gyp
235tuds @ 16" ac. min

3-py (U pandd, 4-1/2" thick.

25 Mneralwoolbatt msulation

Source: US CLT Handbook

Mass Timber Assembly Options: Walls
Mass timber panels can also be used for interior and extanor
walls—baoth beanng and non-beanng. For intenar walls, the
nead to conceal sarvices such as electncal and plumbing

is an added consideration. Commaon approaches include
buikding a chase wall in front of the mass timber wall or
nstalling gypsum wallboard an rasilient channals that are
attached to the mass timber wall. As with bare mass timber
floor panels, bare mass timber walls don't typically provide
adaquate noisa contral, and chase walls also function as
acoustical impravements. For example, a 3-ply CLT wall pans!
with a thickness of 3.07" hasan STC rating of 334 In contrast,
Figura 3 shows an interior CLT partition wall with chase walls
an both sides. This assembly achieves an STC rating of 58,
axceeding the IBC's acoustical requiraments for mult-famaly
construction. Other examples are included in the inventory

of tastad assemblas noted above.

Acoustical Differences between
Mass Timber Panel Options

The majority of acoustically-tested mass timber assemblies
include CLT. However, tasts have also been done on other
mass timber panel options such as NLT and doweklaminated
timber [DLT), as well as traditional heavy timbar options such
as tongue and groove decking. Mast tests have concluded
that CLT acoustical parfarmanca is shghtly battar than that

of other mass timber aptions, largely because the cross-
anientation of laminations ina CLT panal limits sound flanking.

Far those interasted in comparing similar assemblies

and mass timber panel typas and thicknessas, the nventory
noted above contains tested assemblies using CLT, NLT,
glued-laminated timber panels (GLT), and tongue and
groove decking.

Improving Performance

by Minimizing Flanking

Even when the assemblies in a building are carafully
desgned and nstalled for high acoustical parformancs,
consideration of flanking paths—in araas such as assembly
intarsactions, baam-to-column/wall connections, and MEP
penetratons—is necassary for a buiding to meet overall
acoustical performance objectives.

One way to minim e flanking paths at thess connactions and
ntarfaces is to use resibient connection 1solation and sealant
strips. These products are capable of resisting structural
loads in comprassion betwaen structural members and
connections while providing isolation and braaking hard,
dwrect connactions betwsen members. In the context of

the three mathods for mpraving
acoustical performance noted
above, these strps act as
decouplers. With arrtight
cannactions, intarfaces and
penatrations, there is a much
greater chance that the acoustic
performance of a mass timber
bulding will mest axpectations.

stical isolation stips


http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf
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WoodWorks Inventory of Acoustically Tested MT Assemblies

Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed g WoodWorks
% HIUE TS COU
Finish Floor if Applicakde
Conorete/Gypsum Toppdng |—
Acoustical Mat Product 5 I N N — - | JIII.II.II.IIIIII.II.JI.JI]IJJIJIJIJIJIII.II.
I | | I | I | |
CLT Fanel -
Mo direct applied ar hung cedling I | | I I I | |
CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floor STC! nc Source
Topping
None A7 ASTC A7 AlIC
LT - 492 AlIC
, Carpet + Pad - 75 AlIC
] L
Maxan Acousti-Mat® 3/4 LVT on Acgusti-Top® - 527 AlIC
- il L ] 3
1-1/2" Gyp-Crete gm:'u’md on Acousti . 512 AlIC. 1
Top
MNone A9 ASTC 45 AlIC
LT 48" 47" 16
CLT 5-ply VT Plus 48 4498 58
(6.875") USG SAMIN2S Ultra [ Eng Wood a7 a7 59
Free download at woodworks.org
1-1/2" Levelrock® LT 48" 445 16
Besmd SEMAM I3 Bl .~ Fi- 1 AShH ES
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Designing a wood building?

, ﬁ’ WoodWorks
ASk us aHYthlng. WOOD PRODUCTS COUNCIL

FREE PROJECT SUPPORT | EDUCATION | RESOURCES woodworks.org | help@woodworks.org
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WoodWorks can help connect you with:
Manufacturers
Suppliers
Distributors
Experienced Designers, Contractors, Installers
And Much More
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and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker Is prohibited.
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