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TALL MASS TIMBER CODE ADOPTIONS

Tall Mass Timber Code Adoptions by State

W 2021 IBC in Whole

B No Tall Mass Timber Code Provisions
B 2024 |BC TMT Provisions

M 2021 IBC TMT Provisions

W 2024 1BC Pending

® 2021 IBC TMT Provisions adopted
e on a per-city basis in:

« City of Nashville

2024 IBC TMT Provisions adopted
* on a per-city basis in:
« City of Denver
« City of Dallas
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ASCENT, MILWAUKEE

19 TIMBER OVER 6 PODIUM, 284 FT

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

17 TIMBER OVER 2 PODIUM

1510 WEBSTER, OAKLAND
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1510 WEBSTER, OAKLAND 19 STORIES
17 TIMBER OVER 2 PODIUM
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2057 SW PARK, PORTLAND 12 STORIES
Affordable Housing
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DOES TALL WOOD HIGH RISE'-’
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Mid-Rise vs. High-Rise

If this dimension exceeds
5 feet, building is 10 floor to floor
considered a high rise.

Lowest Level of Fire
Dept. Vehicle Access

FIGURE 6-6 Determination of high-rise building



Sprinklers in High Rises
* Two Water Mains Required if:
e Building Height Exceeds 420 ft, or

 Type IV-A and IV-B buildings that
exceed 120 ft in height







Market Square
Cleveland, OH
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“INTRO, CLEVELAND
Concrete Core Shearwalls
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ASCENT, MILWAUKEE

Concrete Core Shearwalls

Photos: Korb + Associates, Thornton Tomasetti



BROCK COMMONS, VANCOUVER
Concrete Core Shearwalls




FUTURE POTENTIAL LATERAL oo oot oo

CONNECTION BEAM AND BOUNDING
SYSTEM FOR TALL WOOD |

BOUNDING GLULAM i B

COLUMNS - CLT WALL PANELS

U-SHAPED FLEXURAL PLATE —————={} [ CLT FLOOR-TO-WALL

CLT FLOOR PANELS OVER —— CONNECTION
GLULAM BEAMS

CLT SHEARWALL SPLICE

GLULAM COLLAR BEAMS 'A' : 5 HIGH-STRENGTH POST-

e I TENSIONED THREAD BAR

ROCKING TOE DETAIL

- . R &

ELEVATION — POST-TENSIONED ROCKING WALL (STATIC STATE)

Image: KPFF

Mass Timber
Rocking Shearwalls

Photo: WoodWorks
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CONSIDERATIONS FOR LATERAL SYSTEMS

Prescriptive Code Compliance
Concrete Shearwalls
Steel Braced Frames v~
CLT Shearwalls (65 ft max) v *rece 7oy
CLT Rocking Walls

Minimum Design Loads and
Associated Criteria for

Bulidings and Other Structures

COUNCIL




CONSIDERATIONS FOR LATERAL SYSTEMS

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

Connections to steel frame
- Tolerances & adjustability
- Ease of installation
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Shaft Enclosures in
Tall Timber...

 When can shaft enclosures be MT?
 What FRR requirements exist?
* |If shaft enclosure is MT, is NC req’d?

Image: Generate Architecture and Technologies + MIT — John Klein



Tall Wood Shaft Enclosures

Exit & Hoistway Enclosures

E&H Enclosures FRR

IV-A

\VV-B

V-C

Up to 12 Stories or 180 ft:

MT protected with 2
layers 5/8” type X gyp (if
2 HRreq’'d) OR
3 layers 5/8” type X gyp
(if 3 HR req’d) both sides

Above 12 Stories or 180
ft: Noncombustible
shafts (IBC 2021 602.4)

NC or MT protected
with 2 layers 5/8”
type X gyp (IBC 2021
602.4.2.6) both
sides

NC or MT protected
with 1 layer 5/8” type
X gyp (IBC 602.4.3.6)
both sides

2 HR (not less than FRR of floor assembly penetrated, IBC 713.4)
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WOOD PRODUCTS COUNCIL
TECHNICAL BRIEF

Shaft Wall Requirements
in Tall Mass Timber Buildings

Richard McLain, PE, SE e Senior Technical Director e Tall Wood, WoodWorks

The 2021 International Building Code (IBC) introduced three
new construction types—Type IV-A, IV-B and IV-C—which
allow tall mass timber buildings. For details on the new types
and their requirements, see the WoodWorks paper, Tall Wood
Buildings in the 2021 IBC — Up to 18 Stories of Mass Timber.'
This paper builds on that document with an in-depth look at the
requirements for shaft walls, including when and where wood
can be used.

Shaft Enclosure Requirements
in the 2021 IBC

A shaft is defined in Section 202 of the 2021 IBC as “an
enclosed space extending through one or more stories of a
building, connecting vertical openings in successive floors,

or floors and roof.” Therefore, shaft enclosure requirements
apply to stairs, elevators, and mechanical/electrical/plumbing
(MEP) chases in multi-story buildings. While these applications
may be similar in their fire design requirements, they tend to
differ in terms of their assemblies, detailing, and construction
constraints.

Shaft enclosures are specifically addressed in IBC Section 713.
However, because shaft enclosure walls must be constructed
as fire barriers per Section 713.2, many shaft wall requirements
reference provisions for fire barriers found in Section 707.

Generate Architecture and Technologies + MIT - John Klein

Allowable Shaft Wall Materials

Provisions addressing materials permitted in shaft wall A relatively new category of wood products, mass timber can

Shaft Enclosure Design in Tall Timber

utilizing construction Types IV-A, IV-B, or IV-C is that they . o
Structural elements of Type IV construction primarily of

s e i R R R e A I L e Ao e B m e B
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Connection Fire Protection

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

mem'f"frsj 16.3 Wood Connections

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




Connection Fire Protection

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




Fire Resistance of Connections

2304.10.1 Connection fire resistance rating. Fire
resistance ratings in Type IV-A, IV-B, or IV-C

R ceirvirasress o —
R oo —

construction shall be determined by one of the N
following: KN
1. Testing in accordance with Section 703.2 where ‘ %
4 Zachar

the connection is part of the fire resistance test.  source: awcs TR 10

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.



Connection Fire Protection

Many ways to demonstrate connection fire protection:
calculations, prescrlptlve NC, test results, others as approved by AHJ

Photo: Josh Partee ' Photo: Christian Columbres



Connection Fire Protection

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

Fire Test Results

Connector

1 8.757 x 18” 1 x Ricon S VS 3,9051bs lhr
(222mm x 457mm) 290x80 (17.4kN)
2 10.75” x 24” Staggered double 16,6201bs 1.5hrs

(273mm x 610mm) Ricon S VS 200x80 (73.9kN)

3 10.75” x 24” I x Megant 430 16,620lbs  1.5hrs
(273mm x 610mm) (73.9kN)



Connection Fire Protection

SOUTHWEST RESEARCH INSTITUTE

CHEMISTRY AND CHEMICAL ENGINEERING DIVISION FIRE TECHNOLOGY DEPARTMENT
WWW.FIRE.SWRI.ORG
FAX (210) 522-3377

Glulam Connection Fire Test s

Summary Report

[ssue | 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 at:

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

Tall Mass Timber Inspections

Wood Connection Coverings for Fire-Resistance

110.3.5 Type IV-A, IV-B, and IV-C connection
protection inspection. In buildings of Type IV-A, IV-B,
and IV-C Construction, where connection fire
resistance ratings are provided by wood cover
calculated to meet the requirements of Section
2304.10.1, inspection of the wood cover shall be
made after the cover is installed, but before any
other coverings or finishes are installed.

Inspection of Wood Coverings




Tall Mass Timber Special Inspections

TABLE 1705.5.3
REQUIRED SPECIAL INSPECTIONS OF MASS TIMBER CONSTRUCTION

Continuous Special Periodic Special

Type
Inspection Inspection

1. Inspection of anchorage and connections of mass timber construction to timber dee
foundation systems.
2. Inspect erection of mass timber construction

3. Inspection of connections where installation methods are required to meet design loads
3.1. Threaded fasteners

X

<

3.1.1. Verify use of proper installation equipment.

3.1.2. Verify use of pre-drilled holes where required.
3.1.3. Inspect screws, including diameter, length, head type, spacing, installation angle,
and depth.

3.2. Adhesive anchors installed in horizontal or upwardly inclined orientation to resist
sustained tension loads

< | <

<

[><

3.3. Adhesive anchors not defined in 3.2.

33

3.4. Bolted connections

< [ 1<

3.5. Concealed connections

source: International Building code ~ 1@DI€ iS only required for Type IV-A, IV-B, and IV-C




NEW MASS TIMBER CONNECTIONS INDEX

A WooDWORKS & KL&A

\v WOOD PRODUCTS COUNCIL EngineerS&Bquel'S
o ARCHITECTURE
‘ URBAN DESIGN SWINERTON '
d INTERIORDESIGN M ASS TIMBER

WoodWorks Index of
Mass Timber Connections

A library of commonly used mass timber
connections with designer notes and
information on fire resistance, relative
cost and load-carrying capacity.

EE
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PENETRATIONS IN TALL WOOD




Penetration Fire Protection

Although not a new code requirement or specific to tall wood, more
testing & information is becoming available on firestopping of
penetrations through MT assemblies




Penetration Fire Protection

Most firestopping systems include combination of fire safing (eg.
noncombustible materials such as mineral wool insulation) plus fire caulk

L.
Thermal insulation L | & ™
0 4. aF!
( » v ,' (!
Through-penetrating item with " { |
enough clearance as to not
touch the mass timber
.
System No. C-AJ-2109 :
F Ratings — 2 and 3 Hr (See ltem 3) P
ll T Ratings — 0, 2 and 3 Hr (See Items 2 and 3) e
' ‘ W Ratlng - Class 1 (See Items 2, 3 and 4)
: L Rating at Amblent — Less Than 1 CFM/sq ft (See Item 4)
Fire stopping provided 11 | L Rating at 400 F — Less Than 1 CFM/sq ft (See Item 4)
around through-penetrating 13 4 ) 1)
item, up to an appropriate ! r ,;, v '1
depth/thickness to account  LEVIF, Ve
for anticipated/calculated ! l, L
charring of mass timber o
Photos: AWC/FPInnovations/Hilti




Penetration Fire Protection

SOUTHWEST RESEARCH INSTITUTE

6220 CULEBRA ROAD 78238-5166 * P.O. DRAWER 28510 78228-0510 » SAN ANTONIO, TEXAS, USA « (210) 684-5111 « WWW SWRI ORG

CHEMISTRY AND CHEMICAL ENGINEERING DIVISION

FIRE RESISTANCE PERFORMANCE EVALUATION
OF A PENETRATION FIRESTOP SYSTEM TESTED
IN ACCORDANCE WITH ASTM E814-13A,
STANDARD TEST METHOD FOR FIRE TESTS OF
PENETRATION FIRESTOP SYSTEMS

FINAL REPORT
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
Leesburg, VA 20175

FIRE TECHNOLOGY DEPARTMENT
WWW.FIRE.SWRIL.ORG
FAX (210) 522-3377

©

Firestop systems tests on Mass Timber
Contact WoodWorks for information

=
WCTE 2018

2018 World Conference on Timber Engineering
August 20 - 23, 2018 | Seoul, Republic of Korea

FIRE PERFORMANCE OF FIRESTOPS, PENETRATIONS, AND FIRE

DOORS IN MASS TIMBER ASSEMBLIES

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

ABSTRACT: Integrity and continuity must be maintained for fire separations required to provide fi
prevent passage of hot gases or increased temperature on the unexposed side. Vulnerable locations, whe
are introduced into mass timber systems, are susceptible to fire spread. Service and closure penetrat]
timber fire separation have been investigated. Many of the fire stop systems were able to achieve 1-%
accordance with CAN/ULC-S115, which would be required for 2-hr fire resistance rated assemblies, su
tall wood buildings. Construction details are outlined which ensure adequate fire performance of these pi

KEYWORDS: Firestop, through-penetrations, fire rated door, mass timber, cross-laminated tim

buildings, fire resistance

1 INTRODUCTION

Many tall wood buildings using mass timber are planned
or are currently being designed for construction around
the world. A few have been built in Canada, including
an 18 storey cross-laminated timber (CLT) and glulam
building in British Columbia. The prescriptive
requirements in the National Building Code of Canada
(NBCC) [1] do not (yet) permit the construction of wood
buildings taller than six stories, however an alternative

construction, as well as in several alter|
building designs.

Although the general fire performance

well documented, there are still seven
warrant further investigation to ensuref
safety levels are met and a number

available for designers to use. Generating
generic assemblies will reduce the need f|
completed on an individual construction

‘ 409 GRANVILLE STREET, SUITE 950
GHL VANCOUVER, BC V6C 1T2 CANADA
CONSULTANTSLTD P 604 689 4449
F 604 689 4419
www.ghl.ca

Holder of AIBC Certificate of Practice

FIRESTOPPING TEST WITNESS REPORT

for

NORDIC STRUCTURES




Penetration Fire Protection

Inventory of Fire Tested Penetrations in MT Assemblies

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

@ WoodWorks"

WOOD PRODUCTS COUNCIL

Exposed Side | Penetratin Penetrant Centered . . . Stated Test .
CLT Panel P £ Firestopping System Description F Rating | T Rating Source Testing Lab
Protection Item or (Vfiset in Hole Prowcal
3ply Mo ne 1.5 diamster F— 3.5 in diameter hole. Mineral 179;1] wan msl.ll.h-d in the Jm.mnu]alsp..‘rn.mund The dsta cabl e 1o .lli.lll] depth ul'q.1:|1m;mllr13- 2- S/6din. The 1 hour 0.5 hour |CANULE S11% 16 Inienek
{TRmam 3 07%) data cable bunch remaining in. snnular space (vom the top of the mineral wool 1o thetlop of the Noor s enb ly was illed with Hilld F5-0ne Max csul king. March 3, 20 16
I-ply None 1° capparpipe Centered 4375 in diameter Im.J:-.J'Jp-urq'l wan inslalled .'i.l.l.ll1i1 the cop per pipe 1o allul.ll depth ul'amuumltly 2 = 5/bdin. The remsi ning 1in . annular space 1 hour WA CANLILE 115 16 Inten ek
(TBmm 3 07%) staning & the lop of the mineral woal 10 the1ap of the MNoor s sembly was filled with Hilil FS-Ome Max oo lking. March 30, 20 16
3ply Mo ne 25" ached 40 F— 4.92 in diamet er hole. Pipe wrap wias installed sround the s chedule 40 pipe 10 Illﬂll] depth of approximately 2 — §/64in. The renai ning 1in. annular 1 haur WA CANLLE €115 16 Innen ek
{TRmam 3 07%) Mpe apace slan ing &1 the lop of the pipe wrap o the lop ol the MNoor &8s ensb |y was 3 Hed wath Hilu FS-Ome Max csul King . March 3, 20 16
Rply i Nane 6 castironpipe Cen lered B35 in dismset er hole. Mineral uuu]ul::msl.ll]nd.JnlheJJn.annul-spn::-.\.uund the cast iron l|J|1:'|ill s lonal d-ﬂlhﬂl'.qmnumlle]yl 5/6din. The 1 haur WA CANLLE §115 18 Innen ek
(TEmm 3 U7%) remaining lin. snnular 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 . March 30, 2016
o] Hilui & in drop in 901" diameter hole. Mineral wool was installed in the | = Ldin. annul ar s pace around the drop-in device 1o atotal depth of approxinately | - 7/64in Inten
n
(7% 11::”_: Nong device Syslem Cenlered and the remaining lin. annular space from the top of the mineral wool 1o thelopedgeolthe ¥ - 1/64in. hale in the CLT was (i1l ed with Hilii F5-One 1 hour .75 hour [CANULC 8115 26 March 303016
mm o i
No.; F= B-204% Max caulking.
S-ply CLT Mo ne 1.5° diamseder F— 3.5 diamwener hole, Mineral wool was inatallead inthe | in, annu lar space sround the data cables 1o a 1oial depth of approximately 4 - 5/32 in. The 3 hours 1.8 houss |CANULE 811§ 16 Inienek
{15 mam 5165 remaining in . snnular space (vom the top of the mineral wool 1o thelop of the Noor ss enb ly was illed with Hilld F5-0ne Max csulking. March 30, 2016
datacable bunch
S-ply CLT o 5 C d 4575 in diameter hole. Pipe wrap was indtalled sround the copper pipe 10 atoial depth of approximately 4 - 5732 in. The renaining 1in, annul ar space 1k MA CANLULE 8115 16 Inten ek
2 enl . . 2 . : 8 :
{130 mam 5.16%) - cepperpipe e staning & the lop of the mineral woal 10 the1ap of the MNoor s sembly was filled with Hilil FS-Ome Max oo lking. e March 30, 20 &
S=ply CLT Mo ne 25" sched 40 F— 4. 92 in diameter hole. J'Jp;.-mp wias inslalled .ﬂund.lhf i.l.‘h:'ﬂl.lh‘ 4l pipe 1o Ialul.l] depth ﬂl'aﬂwﬂumlﬂy 4 - 5/32 in. The remaining lin. annul ar 3 hours 0.5 hour |CANULE S11% 16 Intenek
{13 mam 5.16%) Mpe apace slan ing & the lop of the pipe wrap 1o the lop ol the MNoor &k enab ly was 3 Hed wath Hilu FS-Ome Max caul King . March 3, 20 16
S=ply CLT No é C d B.35 in diamet er hole. Mineral woo | was instal led inthe 1in, annul ar s pace anound the cast fron pipeto atonal depth of spproximstely 4 - 5732 in. The 3k WA CANULE $11 4 6 Inienek
* il enl . ¥ . ’ 5 .
{13 mam 5.16%) - alimipip —— remaining 1in. annular space s taning a1 the top of the pipe weap 1o the 1op ofthe Noor assembly was 11 led with Hil FS- One Max caulk ing . e March 30, 20 16
Snly CLT Hilui & in deop in 901" dismeter hole Mineral wool was installed in the | - Ldin. annul & @ pace around the drop-in device 1o a1oisl depth olspproxinaiely | - 7/64in Inten
. n
HH:::S 167 Mane device. Syilem Cenlered and the remaining lin. annular space Mrom the top of the mineral woollothelopeadgeolhe® - 1/64in. holein the CLT was (illad with Hilii F5-COne 2 hours 1.5 hours JCANLULC 8118 26 March 302016
’ No.: F-B-2049 Max coulking . -
4.21 in diamet er with a 34 in plywood red ucer Nush with the 1op ofthe sl sh reducing the opening 102 28 in. Two weaps o Hilu CP 64 8-E W4 5/1-3/47
Fi rest op wrap strp @ two locations with a 30 gauge steel sleeve which etend ed from thetop olthe slabio | in below the slab . The first locati on was
- i . ¥ 3 . 3 .
Sply None 1* nonunal MV Ceniered Wi th 1 he hotlom o lthe weap stnp Mush wath the bonom of the steel sleeve and the s econd was with the boitom of the wrap sinp 3 in . fronm | he bollom 2 hours 2 hours ASTM EH 14 24 QA Laborstories

i1 75mm b 87 5%)

Mpe

of the slabh . The void between the s1eel sleeve and the CLT and between the steel sl eeve and pipe @ the top was (illed with Roxul Safe mineral woal
leaving a 34 indeep void &l thetop of the msembly. Hilti FS-Ome Max Inil umescen| Firestop Sealan | was applied 1o adepth of 34 in on the 1op ofthe
& sembly between the plywood and steel s leev e s well & the steel sleeve and pipe.

March 3, 2017
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Sealants at MT Panel Edges

703.9 Sealing of adjacent mass timber elements. In buildings of Type IV-A,
IV-B, and IV-C construction, sealant or adhesive shall be provided to resist
the passage of air in the following locations:

1. At abutting edges and intersections of 5
mass timber building elements required | A T NS
to be fire resistance-rated | I

2. At abutting intersections of mass timber u ﬂ

building elements and building elements :
of other materials where both are
required to be fire resistance-rated.

2-COMMON NAILS
GALV. @ 300 O/C



Sealants at MT Panel Edges

Sealants shall meet the requirements of ASTM C920 (elastomeric joint
sealants). Adhesives shall meet the requirements of ASTM D3498 (gap
filling construction adhesives, i.e. not fire caulk).

Exception: Sealants or adhesives need not be provided where they are

Photo: ARUP

Photo: NRCAN



Sealants at MT Panel Edges

Several MT fire tested assemblies have successfully been completed w/o
adhesives/sealants at abutting panel edges

2021 IBC will require periodic special inspections of adhesive/sealant
installation (when required to be installed)

Photo: NRCAN Photo: ARUP
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Fire Safety During Construction

New code provisions in International Fire Code (IFC) address construction fire
safety of tall wood buildings

3308.4 Fire safety requirements for buildings of

Types IV-A, IV-B, and IV-C construction. Buildings

of Types IV-A, IV-B, and IV-C construction designed

to be greater than six stories above grade plane

shall meet the following requirements during

construction unless otherwise approved by the

fire code official.

1. Standpipes shall be provided in accordance with
Section 3313.

2. A water supply for fire department operations,
as approved by the fire chief.




Fire Safety During Construction

IFC 3313 Standpipe Requirements

SECTION 3313
STANDPIPES

3313.1 Where required.

In buildings required to have standpipes by Section 905.3.1, not less than one standpipe shall be provided for use during construction. Such standpipes shall be installed prior to
construction exceeding 40 feet (12 192 mm) in height above the lowest level of fire department vehicle access. Such standpipe shall be provided with fire department hose connections at
accessible locations adjacent to usable stairways. Such standpipes shall be extended as construction progresses to within one floor of the highest point of construction having secured
decking or flooring.

3313.2 Buildings being demolished.

Where a building is being demolished and a standpipe is existing within such a building, such standpipe shall be maintained in an operable condition so as to be available for use by the
fire department. Such standpipe shall be demolished with the building but shall not be demolished more than one floor below the floor being demolished.

3313.3 Detailed requirements.
Standpipes shall be installed in accordance with the provisions of Section 905.

Exception: Standpipes shall be either temporary or permanent in nature, and with or without a water supply, provided that such standpipes comply with the requirements of Section
905 as to capacity, outlets and materials.

Credit: IFC



Fire Safety During Construction

IFC 3308.4 Cont’d

3. Where building construction exceeds six stories above
grade plane, at least one layer of noncombustible
protection where required by Section 602.4 of the
International Building Code shall be installed on all
building elements more than 4 floor levels, including
mezzanines, below active mass timber construction
before erecting additional floor levels.

4. Where building construction exceeds six stories above
grade plane required exterior wall coverings shall be
installed on all floor levels more than 4 floor levels,
including mezzanines, below active mass timber
construction before erecting additional floor level.

Exception: Shafts and vertical exit enclosures

Photo: Urban One



Fire Safety During Construction

|
|
;|
|

Prior to placement of mass timber floor panels all building |-1.4. i .I ......
elementsmorethan4 floor levelsbelow the level of active

masstimber construction shall be protected as required
bythis section.

Floor level of active mass timber construction.

Noncombustible floor covering required at this level
and all lower floor levels

Heavy bold lines indicate elements one layer of
noncombustible protection on building elements of
masstimber when required by Section 604.2

Shading indicates where exterior wallcovering isrequired
\'I—L |

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

w

2 1 |

Figure 2

| Grade Plane

Credit: ICC






Acoustical Design

Air-Borne Sound:
Sound Transmission Class (STC)

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

* Applies to walls and floor/ceiling assemblies

11 | | -

Airborne

sound A

source 'x Transmission
\ TN » through wall

4

|

\

\

Separating assembly

I




Acoustical Design

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




Acoustical Design

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):
* Walls, Partitions, and Floor/Ceiling Assemblies A

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

AN
ARR
[T 1)
INTESMATIONS
CODE ComcIL




Acoustical Design

25| Nomalspeech canbe uncersood e casly and dsincly trovghwal

m Onset of "privacy"

m Loud speech audible as a murmur

Loud speech not audible; 90% of statistical population not annoyed

Very loud sounds such as musical instruments or a stereo can be faintly heard; 99% of population not
annoyed.

Superior soundproofing; most sounds inaudible




Tall Timber: Structure Often is Finish

i e

i

‘1 A AR A\ - | e
r Studio/PATH Architecture/Marcus Kauffman

.

Photos: Baumberge




Itself, Not Adequate for Acoustics
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T3 Minneapolis
\ Architect: MGA | Michael Green Architecture, DLR Group
Structural Engineer: Magnusson Klemencic Associates

Design Assist + Build: StructureCraft



Mass Timber Acoustics

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
6
2x4 NLT wall 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 wal 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”



Acoustical Detailing

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

\.

1. Add Mass | -
2. Add noise barriers S
3. Add decouplers -. -

o

& e N — , : N
Image credit:‘Christian Columbres I




Mass Timber Acoustics

Common mass timber floor
assembly:

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

e 1.5” to 4” thick
concrete/gypcrete topping

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

Image credit: AcoustiTECH



Mass Timber Acoustics

Solutions Paper

¥ WoodWorks’

WOOD PRODUCTS COUNCIL

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.

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

Example Mass Timber Wall Assembly, STC 58
Plan iew

/8" Gypsum wallbaard

3-ply (LT paned, 4-1/2" thick

25 Mneralwool batt nsuation ———

MASS-TI

zosane wrocma —————— (N VUNNIVAGAAN

Source: US CLT Handbook

Mass Timber Assembly Options: Walls

Mas s timber panels can also be used for mtenor and extanor
walls—bath beanng and non-beanng. For intenar walls, the
nead to conceal services such as elactncal and plumbing

is an added consideration. Common approachas include
buiding a chase wall in front of the mass timber wall or
installing gypsum wallboard an resiient channals that are
attached to the mass timber wall. As with bare mass timber
floor panels, bare mass timber walls don't typically provide
adequate noisa contral, and chasa walls also function as
acoustical impravements. For example, a 3-ply CLT wall panel
with a thickness of 307" hasan STC rating of 337 In contrast,
Figure 3 shows an interior CLT partition wall with chase walls
on both sides. This assembly achieves an STC rating of 58,
axceeding the IBC's acoustical requiraments for mult-family
construction. Other examples are included i the nventory

of tested assemblies noted above.

Acoustical Differences between

Mass Timber Panel Options

The majpority of acoustically-tested mass timber assemblies
include CLT. Howaver, tasts have also been done on other
mass timber panal options such as NLT and doweklaminated
tmber [DLT], as well as traditional heavy timber options such
as tongue and groave dacking. Mast tests have concluded
that CLT acoustical perfarmanca i1s shightly bettar than that

of other mass timbaer options, largsly because the cross-
arientation of laminations ina CLT panel limits sound flanking.

For those intarasted in comparing similar assemblies

and mass timber panel typas and thicknassas, the nventary
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 far high acoustical performancs,
conseration of flanking paths—in araas such as assembly
intarsactions, beam-to-column/wall connections, and MEP
penetratons—is necassary for a budding to meet ovearall
acoustical performance objectives.

One way to minima flanking paths at thase connactions and
nterfaces is to use resiient connection 1solation and sealant
strips. These products are capable of resisting structural
loads in comprassion between structural members and
connactions while providing isolation and breaking hard,
dwrect connactions batwsen members. In the cantext of

the thrae mathods for impraving
acoustical performance noted
above, these strps act as
decouplars. With artight
cannactions, intarfaces and
panatratons, there is a much
greater chance that the acoustic
performance of a mass timber
building will mest expectations.

-

Acsustical solation strips



http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf
http://www.woodworks.org/wp-content/uploads/wood_solution_paper-MASS-TIMBER-ACOUSTICS.pdf

Mass Timber Acoustics

Inventory

. -

f Tesed ssemblies

Designing a wood building? % WoodWorks'
AS}( us anyth]ng WOO0D PRODUCTS COUNCIL

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 U.S., 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 EXPOSEA ........cccveierieimiieseiieieriersssasseesiessssessssssssasssassesesssssssasessassssans 2
Table 2: CLT Floor Assemblies without Concrete/Gypsum Topping, Ceiling Side EXPOSEM........ccoeeiieiiiiiimriinisiiiie e sre s sssssasssass e saesesiesessasesnans 7
Table 3: CLT Floor Assemblies without Concrete/Gypsum Topping, with Wood Sleepers, Ceiling Side EXpOSed ..........cccouuriiieiirieesienesiennsasesnans 9
Table 4: NLT, GLT & T&G Decking Floor Assemblies, Ceiling Side Exposed.........

Table 5: Mass Timber Floor Assemblies with Ceiling Side CONCEAIEM ...........coiiiiiiiiiiii et s sa s a e e s saa e e sbassss s e sanerta
Table B SNl e G WAl i o S R B B B B R B L S L e 21
Table 7 SIngle NL T WAl . i i i B B B R B R G B S S assillsy 26
L1 L= 0 T TU Lo L= o I T | TP 29
SOUNCES ... ecusnseassanmasunsnsussnasussassansasnnussasnss sassanssnannasasnss snssonssnssassasnss ansssuasnnnsssssasnsnssnanannnsasansssansssssuanasnasans anmanuasusnasnasuasannsssnsansassssnssnssanssnannasasnessnais 32
D IS A ITIEN, corismnsnsomssassiinsuossrasiansusosnusansrenasnsssasnansnssassanssssasnssansussansseuanshssasnatanssusnnsananss sassnnsn sasiossnsss son s nssi fasis sxsaasan snsssssssansnnsasshasiasshisnasnsesssbasussaonnass 34

http://bit.ly/mass-timber-assemblies
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Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed

.1"[;1 WoodWorks

WOOD PRODUCTS COUNSIIL

Finish Flaor if Applicabde

Concrete/Gypsurn Topping |

Accustical Mat Product

CLT Fanel

Mo dirsct applied af hung ceiling

EE LT I T LT LT T T T1 TT T [T [T TR T T JTT TT BT TT T T TT TT TJ [T T1

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

Mone A7F ASTC A7 AlIC

VT - 49 AlIC

, Carpet + Pad - 75 AlIC

x =

Maxsan Acqusti-Mat® 3/4 LWT on Agousti-Top™® - 52 AlIC
1-1/2" Gyp-Crete® Eng Wood on Acousti- 1

. - 512 AliC

Top

Mone A49° ASTC 457 AlIC

Maxxon Acousti-Mat® 3 Premium VT - 472 AlIC

LVT on Acousti-Top® - 492 AlIC
Mone A58 396 15
LVT 488 478 16
CLT 5-ply LVT Plus 48" 49¢ 58
(6.875") USG SAM N25 Ultra [ Eng Wood a7 a7 59
Carpet + Pad 458 67" 60
Ceramic Tile 50¢ 46" 61
Mone A58 425 15
1-1/2" Levelrock® VT 48" 445 16
Brand 2500 - LVT Plus Ags 475 58
Seprema” Insenomat [ Eng Wood a7 455 9
Carpet + Pad 458 716 60
Ceramic Tile 50 468 61
Mone A55 386 15

B

USG SAM N75 Ultra T e i e
Eng Wood 475 495 59




Tall Mass Timber Acoustics

Table 2: Impact of Direct Applied Ceiling Gypsum and Dropped Ceiling on Mass Timber Floor Panels’

Base Assembly (top to bottom)

Base assembly plus 2 layers direct
applied 5/8” gyp on underside of

Base assembly plus 2 layers
direct applied gyp plus dropped

mass timber ceiling
1” poured gypsum, STC 50 STC 52 STC 63
acoustical mat, 5-ply CLT | IIC 40 I1C 46 IIC 60
LVT, 1” poured gypsum, | STC 51 STC 52 STC 63
acoustical mat, 5-ply CLT | IIC 43 I1C 48 IIC 63
2” concrete, acoustical STC 52 STC 59 Not tested
mat, S-ply CLT I1C 46 [1C 52
LVT, 2” concrete, STC 53 STC 58 Not tested
acoustical mat, 5-ply CLT | IIC 52 IIC 55
Base Assembly With Direct Applied With Direct Applied
Exposed Timber Ceiling Gyp Ceiling Gyp &

Dropped Ceiling




NEW MASS TIMBER DESIGN MANUAL

80+ pages of mass timber
technical resources, case studies
and more. Links directly to many
additional resources.

Jointly Produced By:

O WOODWORKS

WOOD PRODUCTS COUNCIL

THINK
WOOD.

W

https://info.thinkwood.com/masstimberdesignmanual
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The ICE Blocks: Mass Timber Development

Developmem Overview piormation
Sul bmark (
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The ICE Blocks: Market Context

Sacramento Market

Sbm

NEW MASS TIMBER BUSINESS CASE STUDIES

The Ice Blocks
Midtown Sacramento CA
Tuna 1ai2h

Pmperlleme

o Tuna.

- The ICE Blocks: Qualitative Overview
o Distinctive interiors attract quality tenants at competitive rents

Lease s Mass Timber Business Case Study
ey The ICE Blocks

Sacramento, CA
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Developer: Case Study by:

’ He"er PaCIfIC \/ WOOD PRODUCTS COUNCIL

CONRAD A WOODWORKS"

Download online at

www.woodworks.org/mass-

timber-business-case-studies

Includes financial return
performance data on mass
timber projects

Developers share lessons
learned, challenges and
successes


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

MASS TIMBER CONSTRUCTION MANAGEMENT
RESOURCES

In Progress/Development

Stay up to date with training for construction
‘ﬁ% managers, GC’s, and installers at our website:

MASS TIMBER VIRTUAL OR IN-PERSON

CONSTRUCTION WORKSHOPS https://www.woodworks.org/mass-timber-

MANUAL INSTALLER TRAINING

construction-management-program

In Planning

Brandon Brooks
Construction Management Program Manager

p: (760) 271-3722

ENGAGE WITH COMMUNITY COLLEGES PARTNER WITH e: brandon.brooks@woodworks.org

GENERAL CONSTRUCTION

CONTRACTORS ASSOCIATIONS



https://www.woodworks.org/mass-timber-construction-management-program/
https://www.woodworks.org/mass-timber-construction-management-program/

This concludes The American Institute
of Architects Continuing Education
Systems Course

QUESTIONS?

Anthony Harvey, PE

anthony.harvey@woodworks.org )

Regional Director
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Questions? Ask us anything. A &

WOODWORKS

Anthony Harvey, PE
Regional Director | OH, IN, KY, Ml
(513) 222-3038
anthony.harvey@woodworks.org

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



Copyright Materials

This presentation is protected by US
and International Copyright laws.
Reproduction, distribution, display and use of
the presentation without written permission
of the speaker is prohibited.

© The Wood Products Council 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.
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