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KEY EARLY DESIGN DECISIONS

What is the Single Most Important Early Design Decision on
a Mass Timber Project? Is it:

Construction Type Exposed Timber (where & how much)
Fire-Resistance Ratings Acoustics
Member Sizes Concealed Spaces
Grids & Spans Connections
MEP Layout Penetrations

The Answer is...They All Need to Be Weighed (Plus Others)



KEY EARLY DESIGN DECISIONS

Mass Timber Projects Are Most Efficient When Key
Decisions and Coordination are Shifted to Earlier in Design

General geometry and grid finalized

All loads validated and finalized

Preliminary MEP/FP routing and penetration sizing
Section optimization

Review and Validation (50% CD)

Edge of deck/slab finalized
MEP openings with reinforcing
Review and approval (100% CD)

SHOP DRAWINGS

3D Modeling

Connection details and design
Coordination Drawings

AoR/ EoR coordination review
Coordination/approval drawings
AoR/ EoR review and approval
Fabrication drawings
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KEY EARLY DESIGN DECISIONS

Construction Type

Construction Type (All Sprinklered Values)

IV-A IV-B IV-C IV-HT ITI-A I11-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
B 18 12 9 6 6 4 4
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
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Fire-Resistance Ratings

* Driven Primarily By Construction Type
 Rated Structure or Not?

* Rating achieved through timber alone or non-com protection required?

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)
P e TYPEI TYPE Il TYPE Ili TYPE IV TYPEV
A B A B A B A B C HT A B
Primary structural frame* (see Section 202) | 2wl 1ee] 0 (RS 3* .y o HT b 0
Bearing walls
Exterior™* 3 2 0 2 2 3 2 2 2 0
Interior 3 z 1 0 1 0 3 2 2 1/HT® 1 0
Nonbea{ing walls and partitions See Table 705.5
Exterior
Nonbearing walls and partiti See
A o|o|lo|of| o] o|o| o 0| Setion| O] 0
2304.112
Floor construction and associated secondary
structural members (see Section 202) 2 2 1 0 1 0 2 2 2 HT 1 0
Roof construction and associated secondary 1,b NG ki . b 1 -
structural members (see Section 202) La | 1% I 00 P e [F ) o f HT |17 | 0
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Penetrations & Connections
 Impact of FRR

* Size & Configuration
 Exposed or Not (Aesthetics)

™
3

Thermal insulation

Through-penetrating item with
enough clearance as to not

touch the mass timber

Fire stopping provided
around through-penetrating
tem, up to an appropniate
depth/thickness to account
for anticipated/calculated

charring of mass timber

Figure I: Detailing of fire-stops through CLT wall [3]

Credit: SLB/ARUP = L% $5
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MEP Integration: Set Realistic Owner Expectations About Aesthetics
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MEP Integration

* Consider Level of Exposure & Owner
Expectations

* Floor to Floor, Structure Depth & Desired
Head Height

* Need for Future Tenant Reconfiguration

 Concealed Spaces, Penetrations
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MEP Integration: Smaller Bay at Central Core, Branches in Exterior Bays
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MEP Integration: Dropped Below MT Framing
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MEP Integration: Penetrations Through MT Framing
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MEP Integration: Under Slab, Through Chases
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MEP Integration: In RAF Above MT Panels
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Member Sizes

* Impact of Sizing on Efficient Spans

0 HR FRR: Consider 3-ply Panel

e Efficient Spans of 10-12 ft

e @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
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Member Sizes

* Impact of Sizing on Efficient Spans

0 HR FRR: Consider 3-ply Panel

e Efficient Spans of 10-12 ft

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

30x30 Grid, 2 purlins per bay ... S
5-ply CLT - &
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Member Sizes

* Impact of Sizing on Efficient Spans

1 or 2 HR FRR: Likely 5-ply Panel

* Efficient spans of 14-17 ft

e 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 '-
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Member Sizes

* Impact of Sizing on Efficient Spans

1 or 2 HR FRR: Likely 5-ply Panel

* Efficient spans of 14-17 ft

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

Clay Creative, Portland, OR .
30x30 Grid, 1 purlin per bay #_S4s
2x6 NLT Fd¥:

Image: Mackenzie
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Fire-Resistive Design

of Mass Timber Members

Code Applications, Construction Types and Fire Ratings

RARarg MoLam, PE, SE » Senior Tectnicsl DOecor » Aodons
SCOUBMMON, FTO, PE SE o SH0r TROIricl DIRcr « WOOAWOS

For marnvy yoars, 0xposad heavy timbar framing olemonts
have been permitted I U.S. bulidings due to thelr inherent
fira-resistance properties. The pradictatifty of wood's char
rato has boen well-ostablished for docades and has long been
recognaed in bullding codes and standards.

Today, one of the exciting trands in building design is the
growing wse of mass timber—i.0., larpe s0kd wood pancl
products such as cross-laminated timbor {CLT) and nail.
Iaminatad timbes INLT)—for floor, wall and roof construction
Lika heavy timbar, mass timber products have inherent

fire resistance that alows them to be kit exposed and stil
achwave a fire-resistance rating. Because of thekr strangth
and dmansiona! stabiity. thess products also offar 3 low-
carbon aROMAtive 10 $10¢l, concrete, and masonry for many
apphcatons. It is this combination of exposed structure and
strength that developers and designers across the country

Carbon2 | Pordand, Oregon
Kaisar Gaoup | Path Archisectune
Muruing §uctual Enge

a0 Veraging 10 croato Nnovative dosigns with a wam
yet modarn assthetic, often for projects that go bayond
tradtional norms of wood design.

This paper has beon written o suppert architects and
anginoars exploning the usa of mass tmbar for commarcial
and mutti-family constructon It focuses on how to meet
firo-rosistance requiremants in the Interrational Buikding
Code (1BC), ncluding calcuiation and tosting based mothods.
Unless otherwise noted, references refer to the 2018 IBC.

Mass Timber & Construction Type

Bafore demonstrating fire-res:stance ratings of exposed
mass timber slemants, it's important to understand under
what circumstances tha code currently alows the usa of
mass timber in commearaal and multi-family corstruction

A bulkiing’s assgned construction type Is

the main indicator of wheee and when 2l
wood systame can be used |1BC Section 602
cefines five man optons (Type | through V)
with all but Typa |V having subcategories A
and B, Typos 1l and V permit the use of wood
framing throughout much of the structure and
both are used extensively for modem mass
tmbar buildings

Type I1{IBC 602.3) - Timbor aloments can
ba used in floors, roofs and ntenor walls
Fire-ratardant-reated wood (FRTW) framing
is perrnitted in extonor walls with 2 firo-
resistance rating of 2 hours or less.

Type V (IBC 602.5) - Timber alements can
b0 used throughout the structure, including
Boors, roofs and both Intenor and extedior
walls

Type IV UBC 602 4) - Commanly raferrad to
28 "Hoavy Timber' constructon, 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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Inventory of Fire Tested MT Assemblies

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

Cone Vit

CLT Grade Pancl Connection in Fire Resistan oe
CLY Pand Manu factu rer Cdling Protection Floor T " Load Ratin Source Teting Lab
or Major x Minor Grade Test opping % Achieved (Hours) s
Jply CLY SPF 1650 P | SEMSR Reduced
; N 2 layers 172" Type ) . fone ; i NRC F ’
(114mm 4 485 in) i x SPF #3 Spas 1727 T X pypesm Hall-Lap None 36% Mossant Capacity | | (Test 1) NRC Fire Laboratory
3 o & cod -
plyCLY Strecrurlam SPF o102 x SPF #1902 1 layer S/8” Type Xgypsum Half-Lap Noae sy ! | (Ton 5) NRC Fire Laboratory
(10Snmd 133 ) 75% Moment Capacity o
Sply CLY Loaded, NRC Fire Laboratory
’ e Nord i< £l None Topside Spline 2 staggeved layers of 1 /2% cement boands 2 2 .
(175mmé 575%) Se Manufacterer March 2016
'S . prp—
Sply CLT il . 1 layerof $% ]yF\F)l-uluM:il; . — . I— i Loaded . s NRC Fire Laboratory
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g =
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: 1 hyer S5 Type X Gyp wnder Resilicnt Chamel )
$plyCLy Nordic El mnder 775" | Joists with 1 127 Mineral Wool Half-Lap Vi Loaded 3 21 Intertek
(17 5mm6 275%) Sowoin Iata Sov Manufacterer 8242012
Soly (LY EIMS 1-172* Maxxon Cyp-Gret ¢ 2000 ov or Maxxon Loaded
| Structurl None Topside Spline 2 25 o 212212
(17 Smmé £75%) - MSR 2100 x SPF#2 it peineping Reinforcing Mesh Soe Manufacturer Intertek, o016
SelyCLY Haltly & Loaded
e DR nso \ “one 2° 2 ? S y 2
(17$mm6 575 Johnson 1 Nane Topside Spline gypsumtopping e Mo fhictamne SwRI (May 2016)
Soly OUT SPF 1950 Fb MSR Reducaed
»ly I 2
(175mmé 575" Newdic x SPF a3 Noue Hell-Lap e $ 9% Moment Capacity 13 I Tewt3) NRC Fire Laborstory
Soly LT . - - Unrodu ced 5 -
S SH 28 2 $/K b - None 2
(17 $mm 6 575%) trecturlam PF o182 xSPFaL® | layer Type Xgypsam Hall-Lap one 101% Momsent Capacity 1 (Test 6) NRC Fire Laboratory
°
Toly OLY . i . Uneoduood . =
. : lone $ 7 P '
Q4Smm 9557 Structurlam SPF =1 22 x SPF 2192 None Half-Lap None 101% Moment Capacity 2.8 1 (Tet 7) NRC Fire Laboratory
SelyCLY Sl SL.Va N it ol 13°81 Jwith S nail Loaded, X 12Tt & Western Fire Center
(17 5mmé £75%) ———— - dadu e s i = Pl ace miciac Sov Manufact et - AN 1002622016
ply CLY Suanl e Vi None Half-Lap sominal 172° plywood with $4 nails Laaded, 3 12(Test $) Western Fire Center
(175mmé 575%) So Manufacterct 107282016
Sply CLY - Loaded, . " Western Fire Center
(17 Smm& $75%) DR Johnson Vi None Hall-Lap sonenal 1.2% plywood with Kd nails Sos Maiatiatmes 2 12(Tes1 6) 11/012016
SelyC 3 ] Sw
lyCL KLH ovimi None Haltlp & Nooe Lasded, 1 T oo Sl
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NEW MASS TIMBER
FLOOR VIBRATION
DESIGN GUIDE

Worked office, lab and
residential Examples

U.S. Mass Timber
Floor Vibration

Design Guide Covers simple and complex methods

for bearing wall and frame supported
floor systems
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P . | MASS TIMBER CONNECTIONS INDEX
"‘ WoodWorks $ KL&"A A library of commonly used mass timber

R Engineers & Builders connections with designer notes and
information on fire resistance, relative
cost and load-carrying capacity.

) ARCHITECTURE
‘d URBAN DESIGN SWINERTON ¥ v

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

Designing a wood building? £ WoodWorks’
Ask us anything. WO0D PROBUCTS CoUNCI
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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 ........cc.iciiiiiiimimimmiiimiiiississ s sesasssssssesass sesssssssssssssssans
Table 2: CLT Floor Assemblies without Concrete/Gypsum Topping, Ceiling Side Exposed

Table 3: CLT Floor Assemblies without Concrete/Gypsum Topping, with Wood Sleepers, Ceiling Side EXposed .........cciimiiciinminesi 9
Table 4: NLT, GLT & T&G Decking Floor Assemblies, Ceiling Side EXPOSEA..........cccoueriiiiiruiniinisassessssssasssrasssrasssesassssanesessssssnsesasesesensesasssssrnnsss 11
Table 5: Mass Timber Floor Assemblies with Ceiling Side CONCRAIEM..........cuuviiiiier it rass e ssstsreassesesssrasesesssassasssessesmassasasesrnsssssasssrnaess 14
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http://bit.ly/mass-timber-assemblies
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Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed ¥y WoodWorks’
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inish Floor if Applicable

oustical Mat Product

CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floor sTC? nct Source
Topping
None 47° ASTC 47° AliIC
LVT - 497 AlIC
. Carpet + Pad - 75 AlIC
MasenAcousti-Mat® 3/4 LVT on Acousti-Top® - 522 AlIC
i ” ® i-
1-1/2" Gyp-Crete %:Nood on Acousti: ) 512 AlIC 1
None 49° ASTC 452 AlIC
Maxxon Acousti-Mat® % Premium VT - 47° AlIC
LVT on Acousti-Top® - 492 AlIC
None 45°¢ 39° 15
LVT 48° 47° 16
CLT 5-ply LVT Plus 48° 49¢ 58
(6.875") USG SAMNZS Ultra [ Eng Wood a7 a7 59
Carpet + Pad 45° 67° 60
Ceramic Tile 50° 46° 61
None 45° 425 15
1-1/2" Levelrock® LVT 48° 445 16
Brand 2500 u LVT Plus 48° 47¢ 58
Carpet + Pad 45° 71° 60
Ceramic Tile 50° 46° 61
None 45° 38° 15
LVT 48° 475 16
USG SAM N75 Ultra VT Plus 28° 29° 58
Eng Wood 47¢ 49°5 59
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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.




