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Course Description

This seminar offers a thorough introduction to mass timber construction, tailored for
architects, engineers, and construction professionals who are new to mass timber or still
developing their expertise. The course will define mass timber, the types of products
available, design strategies, and best practices for successful implementation. Technical
topics will include structural performance, fire safety, occupant comfort, and key
considerations during construction. Additionally, participants will receive a primer on how
to implement mass timber from a code perspective and what construction types under
the International Building Code (IBC) can be utilized.



Learning Objectives

1. Learn what mass timber products are available and understand their benefits, including structural

versatility, prefabrication, lighter carbon footprint, aesthetic differentiation, and reduced labor costs.

2. Learn to navigate the International Building Code (IBC) provisions that permit mass timber
construction and understand the specific requirements for building height, floor area, fire-resistance

ratings, and the protection of exposed wood surfaces.

3. Highlight best practices for managing vibration and acoustics in mass timber structures, including floor
system design, connections, and the integration of sound insulation materials to meet occupant

comfort standards.

4. Discuss methods for protecting mass timber during construction and throughout the building's
lifespan, including moisture control measures, detailing, weather protection, and sealing techniques to

prevent water intrusion and ensure long-term durability.



Mass Timber Construction:
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Mass Timber — What is it?

» Large panelized solid wood
formed from small wood
members

» CLT, NLT, Glulam, Etc.
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OVERVIEW | TERMINOLOGY

Light-Frame Wood Heavy Timber Mass Timber
Photo: WoodWorks Photo: Benjamin Benschneider Photo: John Stamets




Mass Timber Framing Systems

Framing
Styles

Post & Beam

Two-Way
Panel Deck

Hybrid Light-
Frame &
Mass Timber

“Honeycomb”




Post and Beam

T3 Minneapolis
Minneapolis, MN
Image Credit: Blaine Brownell
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Two-Way Panels
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Honeycomb

g t; Candlewood Suites on
'\ Redstone Arsenal

« Huntsville, AL

Image Credit: LendLease




Mass Timber Framing Systems

Framing
Styles

Post & Beam

Two-Way
Panel Deck

Hybrid Light-
Frame &
Mass Timber

J

J

“Honeycomb”

Vertical framing (columns &
beams) commonly glulam



Glulam
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Glulam

Glulam = structural composite of lumber and adhesives
» Recognized in IBC 2303.1.3 using ANSI/AITC A 190.1 and ASTM D 3737
» Floors, roof purlins, beams, arches, columns




Glulam Specs

Typical Widths

» 3-1/8”,3-1/2”, 5-1/8”,5-1/2", 6-3/4”, 8-3/4”,
10-3/4”, 12-1/4”

Typical Depths

» Based on number of lams: 6” to 60"+

» Western species lams: Typically 1-1/2” thick
» Southern pine lams: Typically 1-3/8” thick

Typical Species
» Douglas-Fir, Southern Pine, Spruce
» Also available in Cedar & others

FIGURE 1
BEAM CROSS SECTION
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Image: APA Glulam Product Guide




Glulam Specs

» Preservative treated (PT)
readily available

» Fire retardant treated (FRT)
may be available

» Can be cambered, curved,
tapered

» Various Appearance Grades
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Glulam Appearance Grades

MANUFACTURING IRREGULARITIES PERMITTED
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Glulam Layup

High Strength Outer
«—— Compression Lams

Lamination strengths vary:

» Higher strength at top and bottom

» Lower strength in center «———Medium Grade Inner

A Compression Lam
><_Lower Grade
Inner Lams
D Medium Grade Inner

«— Compression Lam

«— High Strength Outer
Tension Lams

Image: APA




Glulam Built-Up Sections

Built-Up Sections:

» Available from some manufacturers
» Widths of 24"+ available
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Flexibility of Spans and Shapes
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Richmond Olympic Oval, Richmond, BC, Canada
Design Team: Cannon Design Architecture, Fast + Epp, Glotman Simpson
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Mass Timber Framing Systems

Framing
Styles

4 I é )
Hybrid Light-
Post & Beam gt Frame & “Honeycomb”
Panel Deck :
Mass Timber

tg Horizontal panels (& vertical panels

in “honeycomb”) many panel options



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

Photo: Think Wood Photo: StructureCraft Photo: StructureCraft




Cross-Laminated Timber (CLT) Cross-Laminated Timber (CLT)
Solid sawn laminations SCL laminations

Photo: Len.dl'.eafe‘ ‘_.f' \ ' R 'iifpotd:‘ LEVER Architecture




Nail Laminated Timber

Photo credit: StractureCraft Builders



Nail Laminated Timber (NLT) Panels

What is it?
» Mechanically laminated to create
solid timber panel

» Dimension lumber on edge
» Nominal 2x, 3x, or 4x thickness
» 4in.to 12 in. width

» Laminations fastened with nails

Image: Think Wood



Nail Laminated Timber (NLT) Panels

When does the code allow it to be used?

» IBC defines NLT as mechanically laminated IBC

decking per IBC 2304.9.3 INTERNATIONAL

BUILDING
CODE’

» Permitted anywhere that combustible
materials and heavy timber are allowed,
plus more




Nail Laminated Timber (NLT) Panels

When is it used?

» Floor and roof panels

» Diaphragms (with Plywood/
OSB added to one face)

» Walls, shafts, etc.

Photo credit: StructureCraft Builders



Nail Laminated Timber (NLT) Panels

Content includes:
» Architecture
» Fire

» Structure

== NAJL- -
» Enclosure JLAM NATED_

MBERf -

» Supply and Fabrication 3 DESIGN &

» Construction and Installation GUIDEle i

» Erection engineering

» Free download at www.thinkwood.com/nltguide




Nail Laminated Timber (NLT) Panels

NLT shrinkage/ expansion design:

» Leave one ply out per 8-10" wide panel




Nail Laminated Timber (NLT) Panels

Construction options:
» On-site/ in-place » Prefabricated offsite

Photo Credit: BN _
sp e el || B\ tructureCraft




Dowel Laminated Timber (DLT)

—

Photo credit: StructureCraft
Builders



Dowel Laminated Timber (DLT) Panels

What is it?
» Similar to NLT
» Dowels instead of Nails connecting lams
» Lams usually finger jointed
» Common in Europe

» Not recognized in IBC

Photo credit: StructureCraft



Dowel Laminated Timber (DLT) Panels

» Resources:
» Timber Framers Guild (for dowel design)
» DLT Design Guide

DESIGN AND PROFILE GUIDE

Dowel Laminated Tlimber

THE ALL WOOD MASS TIMBER PANEL

Credit: StructureCraft



Dowel Laminated Timber Profile Options

Acoustic Friber

- ' forod EAdon
Standard Square-Edge Chamfered Edge

‘ : Fluted Profile
Acoustic Void i

Photo credit: StructureCraft



Glue Laminated Timber (GLT) Panels

y

Photo credit: Structure Fusion Photo credit: Unalam



Glue Laminated Timber (GLT) Panels

What is it?
» Similar to glulam beams on their
side

Image source:
StructureCraft

» Same code references and
manufacturing standards as glulam
beams and columns

» Watch design stresses and layups

» Spec uniform layup (all lams
same species & grade)

ge source:
\ENENE]e
Architects /
Fast + Epp




Glue Laminated Timber (GLT) Panels

» Design values for bending in NDS Supplement
» Layup combinations optimized for beams, not GLT deckings

Whjg‘id]u-
Bending About X-X Axis

Bending About Y-Y Axis ‘
(Loaded Perpendicular to Wide Faces (Loaded Parallel to Wide Faces
of Laminations) of Laminations)
Compression Shear Parallel Modulus Compression | Shear Parallel Modulus
Perpendicular to Grain af Perpendicular to Grain of
ta Grain Elasticity Ban@ng to Grain Elasticity
Tension |Comprassion For For Far i
Facae Face Defedion Stabil Deflection | Sta
Calculations cmjn Calculations ﬁmﬂ
Combination | Species B Foc® | Ex | Exmn| Foy | Fey | Fg®® | E, | Eymin
Symbol | Outer! Core (psi) {psi) (10° psi) | (10°psi) | (psi) (psi) (psi) (10° psi) | (10° psi)
24F-V4 DF/DF 650 650 265 1.8 0.85 1450 560 230 16 0.85
24F-VB DF/DF B50 650 265 1.8 0.95 1550 560 230 16 0.85
24F-E4 DF/DF 650 B50 265 1.8 0.85 1400 560 230 1.7 0.90
24F-E13 DFI/DF B50 650 265 1.8 0.85 1750 560 230 17 0.0
24F-E18 DF/DF 650 650 265 1.8 0.95 1550 560 230 1.7 0.90
24F-V3 SPISP 740 740 300 1.8 0.95 1700 B50 260 16 0.85
24F-VB SPISP 740 740 300 1.8 0.85 1700 B50 260 16 0.85
24F-E1 SPISP BOS 650 300 1.8 0.85 1550 650 260 1.7 0.90
24F-Ed SP/SP BOS BOS 300 1.9 1.00 1850 B50 260 18 0.95

Image source: StructureCraft



Glue Laminated Timber (GLT) Panels

Similar design considerations as NLT:
» Gap panels to allow movement
» Cover with wood structural panel for diaphragm

» Available in variety of lamination options




Cross Laminated Timber (CLT)




Cross Laminated Timber (CLT)

What is it?

» Solid wood panel
» Solid sawn lams
» 3+ layers

» 90° cross-lams

41/8”-191/2"+



Cross Laminated Timber (CLT) Common Layups

3-ply 3-layer

5-ply 5-layer

7-ply 7-layer

9-ply 9-layer
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7-ply 5-layer

. 9-ply 7-layer




Cross Laminated Timber (CLT) Panel Fabrication

SPRINGER

THE WOOD-MECHANISING COMPANY




Cross Laminated Timber (CLT) Prefabrication

» Panels planed, sanded, cut to size

» Openings cut with CNC routers

» 3" party inspection at factory

» Custom designed and engineered

» Panels delivered/ installed in predetermined sequence
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Cross Laminated Timber (CLT)

» Since 2015 IBC, CLT defined in Chapter 2
Definitions:

[BS] CROSS-LAMINATED TIMBER. A prefabricated
engineered wood product consisting of not less than three
layers of solid-sawn lumber or structural composite lumber
where the adjacent layers are cross oriented and bonded with
structural adhesive to form a solid wood element.

INTERNATIONAL
BUILDING

» And referenced in Chapter 23:

2303.1.4 Structural glued cross-laminated timber. Cross-
laminated timbers shall be manufactured and identified in

accordance with ANSI/APA PRG 320.




Cross Laminated Timber (CLT)

» ANSI / APA PRG 320 Standard

CLT Trademark Example:

Standard for Performance-Rated

Cross-Laminated Timber A P A @
—V2 678" —

3 MILL 0000 ANSI/APAPRG 320-2019 4

1. Grade qualified in accordance with ANSI/APA PRG 320.
2. Product thickness.

3. APA mill number.

4. Referenced product standard.

Source: Structure
Magazine, April 2022




Cross Laminated Timber (CLT) Product Reports

PRODUCT REPORT

ey aprensd oo

PRODUCT REPORT

v e G

Boise Cascade VersaWorks® Veneer Laminated Timber PR-L335 Freres Mass Ply Panels (MPP) and PR-LIZS
Bolsa Cascads Wood Products, LLC _ Revised March 15, 2024 Mass Ply Lam (MPL) Beams and Columns Rervised May 2. 2024
Products: Boise Cascade VemaWorks® Venser Laminatoed Timbs reres Lumber Ing. dba Frores Engineered Wood
Boise Cascade Wood Products, LLC, PO Box 2400, White City, Ovegon 97 503-0400 : — Gﬂ-.._ L - —_— ~
{13) TES-0257 Products: Freres uuu:lg Pansis [MPP) and Mass Ply Lam {MFL} Begems and Columng

i wroinl Freves Lumber Co., Inc.

Lyors, Orogon BT358

Ara PRODUCT REPORT el 224 PRODUCT REPORT

e e G

T S

1 Elaeais of thes product
2021, 2018, and
IB MAX-CORE" Cross-Laminated Timber PR-L327 gued creas-damn| KalesnikoM Cross-Laminated Timber PR-L332
IB X-LAM USA, LLC Rarvisnd November 30, 2023 . EE 'gﬁﬁﬁﬁ Kalesnikoff Mass Timber Inc. Renised Octobar 28, 2023
- 5 ;.
Products: 1B WMaXC - Thmibesr RE0Z 1.8, and
I X-Lam USA, LLC, » 2012 IRC
| (334) 6814100 — : » 018 and 2015
mwmml| 222 PRODUCT REPORT [IES—" PRODUCT REPORT
Fecogrirad in e
L ——— v LBy = AMSUAFA FRG e
« 2021 2018, BC and IRC, 200
ghund ciora-d » AP Reports & 2021, 218,
2 « 2012@c 5 ElementS Cross-Laminated Timber PR-L339 T2021P.38, and gued cross-is| Viaagen Cross-Laminated Timber PR-L328
REG02.1.8, Procuct " 5 z :rm-ﬂm & 2021, 2018
= 2 IRC Ebsrmaerts Cross-Laminsiad Timbe reres Mass RBE0E. 1.6 and| Products: Vaagen Cross-Laminated Timber
» ANSUAPA P fmﬁmmﬂmm.&m.mc—mmwm 1.0 Dousglas-fi L 2012 IRC: Seq Vaagen Timbers, LLC, 1245 M Highway, Colbvile, WA 5114
recogried if A cusiom layups of AN « ANSUARA PR{ (509) B88-3678
« ANSLARS P O pieTnEnRing 0O masdals using fecognized in | Wisw VAsGENtmERS com
ﬁm 1. Basis of e product report mmh-?h:uw s+ ANSUAPA PRI o of
. ae N P IBC and IRG. | 1 I product report
T8, B ot ol b ey e e T are staggered « APA Reporis + 2021, 2018, and 2015 Inlsenational Buikiing Code (IBC): Saction 2303.1.4 Structural
* 2012 BC: Section 10411 Alemative materials Freres MPP s 31. wnd cihar QA CrORs-Smningsied Bmisr
3 e Pockd s 2021, 2018, and 2015 Intermational Residential Code (RG] Sections FRS02.1.6, spylalions, i * 2012 |BC: Section 104.11 ARamative materials
1 R P RECZ 1.6, and RB0Z.1.6 Crosslaminsed imber irkmasans B of 3 2. Product descripsd . ﬁyﬁm;:mmu;;hmmmmummc]:mm.:s.
12 G Section RI104.11 ARsrnative malsnaks Kol crna .14, P8 1.6 Cross-laminated tmber
e - ANSUAPA, PFID 500,010 Suaretant or Pashoemance Rated Cross-Lamineted Turbe longths up 10 48108t oancawiih{  « 2012 IRC: Section R104.11 Aermative malerials
o o in the 3021 I8G and RS ' Fraves Mass Ply Ewrugh procd g = ANSUAPA PRG 320-2019 Slardard lor Pedformance-Rated Cross-Laminuled Tiribar
m"“'m"""m"'"m » ANSUAPA PRYG 320-2017, PRG 320-2012. snd PRG 320-2011 recogrized in the 2018 i I e mechanics. The recognized in the 2021 IBC and IRC
pocl. sl vesll IBC and IRC. 2015 IRC, snd M15 IBC. respoctivaly pemitnd 1o be prrevidesd in Takdy + ANSUAPA PRO 320-2017, PRG 320-2012, and PRG 320-2011 recogrized in ihe 2018
rrihacge » PFS TEGD Rasperts No. 20-202. 20-211, 21-031, 21044, 31052, 21-053. 21-113. - F16. F1BA of Fi0. Wt by 1B and IRC, 2015 IRC, and 2015 1B, respactively
132 21-504. 21-80%9. 21-610. 21-685, and 21580, APA Reports THEIP-06 and T2023P. of 3-116 o 24-173 "‘“'?‘HP""P:“' = APA Reports TI019P-38, TA0Z1P-41, T2025P-05, T2003P-05, TIDZIP-14, and T202IP-
3. Design 18, ard other qualification dats Frecas F21, F1d, - 50, PFS TECO Reports Mo, 20-018 (Rew. 21-08-17), Mo. 20-080, No. 20-000, No. 20-
I el e L el ) R Enaring capacity 527 Mo, 21-068, Mo, 21-187, and Mo, 21-583. and other qualfication data




Mass Plywood Panels (MPP)




Mass Plywood Panels (MPP)

What is it?
» Thicknesses in 1” Increments
» Structural properties in APA PR-L325

Table 1. ASD Reference Design Yalues*= for Freres MPP (For Uise in the LL5.)

Major Strength Direction Minor Strangth Direction
layup | B | T gm | Esha | Eein | (@A | o | oS | €D | @A [y o
(et | (107 Infam 20t) | (10° i) gef-fum) | (10 Inl-mi) | (10% ki) ‘

F16-2 2 1.110 16 082 2,180 210 28 017 695
F16-3 3 1,870 51 123 2,190 355 a0 026 695
F16-4 4 3,325 122 164 2,825 630 oy | 0.34 830
F16-5 5 5200 238 2105 3,650 ki1 42 0.43 1.160
F16-6 & 7500 410 248 4,375 1420 T2 0.69 1,350

F16 | F16-T T 10,200 652 266 5,100 1,930 114 0.81 1,630
F16-8 B 13325 a73 3.04 5,825 2525 Lri 1B=] 1,660
F16-9 a 16,850 1,385 342 6,575 3,200 242 1.04 2,080
F16-10 10 20,825 1,900 380 ¥, 300 3,950 333 115 2320
Fig-11 i1 25173 4,520 418 8,025 4,775 443 1.27 2,550
F16-12 12 29,975 3,283 4.56 8,750 5875 575 1.38 2,715

For Sk 1in, =254 mm; 101 = 3048 mm; 1 b = 4 4484

@ Tabulated values are alowable design vaiues.

™ Tabulated vadees are imited 1o MPP manufaciured with 1-inch-thick Freres 1.6E Douglas-fir LVL.

Mpp il Defection under a specified uniformly distibuted load, w, acting pependicular to the face of a single-span panel may be caloulated as a sum of the
deflections due o morment and shear effects using the elfective bending stiffness, (Elles, and the effeclive in-plane (planar) shear rigdity, (GAjes, a3

fodlonars:

_ zaswit | awid [l
T (ENgpy  20GM)gpy
whera: & = Estimated deflaction, inches; w = uniform load, pif;

L = span, feet, {El}er = tabulated efective bending stffness, 10° ibf-in 2, and
{GAles = tabulated effactive in-plane (planar) shear rigidity, 10° Ibfft
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Early Design Decisions:

Priming Mass Timber
Projects for Success

Jason Bahr, P.E.
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Outline

» Key Early Design Decisions



Key Early Design Decisions

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

Construction Type MEP Layout
Fire-Resistance Ratings Acoustics
Member Sizes Concealed Spaces
Grids & Spans Connections

Exposed Timber (where & how much) Penetrations

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



Key Early Design Decisions

One potential design route:

- : : ‘ %WW%WWWWM g |
1. Building size & occupancy informs S5SNI hmww‘

construction type & grid

2. Construction type informs fire
resistance ratings

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

But that’s not all...

Architects: The Miller Hull Partnership wrth Lor Aeck Sargent
=ngineer: Uzun + Case
,j:_f;- Skansa USA
hoto: Jonathan Hillyer




Key Early Design Decisions

Other impactful decisions:

Acoustics informs member sizes (and
vice versa)

Fire-resistance ratings inform
connections & penetrations

MEP layout informs use of concealed
spaces

Miller Hull Partnersﬁp, photo: John Ste



Key Early Design Decisions

Other impactful decisions:

| h i' @
ﬂ.ﬁill--ﬁ-
L T T 1T 17T .

 Manufacturer capabilities inform
member sizes, grids & connections

e Lateral system informs ” " i i,
connections, construction —
eaueneine 11PNl B

And more...

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




Key Early Design Decisions

Early = Efficient

Realize Efficiency in:

» Cost reduction

PRACTICE

Trade coordination |

)

~

Material use (optimize fiber use, minimize waste)

» Construction speed

)

~

» Minimize RFls

Commit to a mass timber design from the start
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» Construction Types



Construction Types

When does the code allow mass timber to be

used?

IBC defines mass timber systems in IBC Chapter 2 I ‘
and notes their acceptance and manufacturing

standards in IBC Chapter 23

Permitted anywhere that combustible materials

and heavy timber are allowed, plus more INTERNATIONAL
BUILDING CODE"®




Construction Types

IBC defines 5 construction types: |, I, llI, IV, V
A building must be classified as one of these

Construction Types | & II:
All elements required to be non-combustible materials

However, there are exceptions including several for mass timber



Construction Types

Where does the code allow MT to be used?
Tvpe B & ll: Roof Decking

— -

‘-mniq‘ ‘ ~': =

.L .lm !E!W; ' J }

Image DeStafano & Chamberlain, Inc Robert Benson Photography Image: StructureCraft Builders




Construction Types

All wood-framed building options:

Type lll

Exterior walls non-combustible (may be FRTW)

Interior elements any allowed by code, including mass timber
Type V

All building elements are any allowed by code, including mass timber
Types Il and V are subdivided to A (protected) and B (unprotected)
Type IV (Heavy Timber)

Exterior walls non-combustible (may be FRTW OR CLT)

Interior elements qualify as Heavy Timber (min. sizes, no concealed spaces
except in 2021 IBC)




Construction Types

Where does the code allow MT to be used?

Type lll: Interior elements (floors, roofs,
partitions/shafts) and exterior walls if FRT

ICE Block |, RMW Architecture & Interiors, Buehler Engineering,
Bernard André Photography




Construction Types

Where does the code allow MT to be used?

Type IV: Any exposed interior elements & roofs, must meet min. sizes;
exterior walls if CLT or FRT. Concealed space limitations (varies by code
version)

-
= ‘ ||v
; M "

Imege: Perkins + .]’




Construction Types

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

Minimum Width by Depth in Inches

Solid Sawn Glulam SCL
(nominal) (actual) (actual)

Framing

Columns 7x7%

Beams 6x10 5x10% 5% x 9%

Columns 6x8 5x 8% 5% x 7%

Beams* 4x6 3X6'/g 3% X 5%

*3” nominal width allowed where sprinklered
See IBC 2018 2304.11 or IBC 2015 602.4 for Details




Construction Types

Type IV min. sizes:

Floor Panels/Decking:

» 4” thick CLT (actual thickness)

» 4” NLT/DLT/GLT (nominal thickness) ] =
T ) F Rk

» 3” thick (nominal) decking covered with: 1” N e

decking or 15/32” WSP or %” particleboard -]

Photo: Aitor Sanchez/ Ewing Cole Photo: WoodWorks



Construction Types

Concealed spaces solutions paper

WOODWORKS

ichard Mclals, PE, SE

v
Concealed Spaces in Mass Timber
and Heavy Timber Structures

Concealed spaces, such as those created by a dropped
Coling n 3 footiceding assembly Of Dy 8 $900 wal assembly,
have unigue reQuitements in the Imematonal Bulang
Coce 08C) 1o address e potental of fire 1pread In non
visitio aroes of a Buliding. Section 718 of the 2008 BC
Inciudes prescriptive requirements for protecton andlor
compartmentalzanon of concealed spaces thwough the use
of Sraft s1opping. fre DIOCking, Sprnkiers and other Means
For indormanon on these requirements, 306 the WoedWorks
GlA, Are 1p0inkiers reguired i CONCESR APOCES Juch O3
foor and roo! covitms i multh-fomdly wood-fame Bulidings *

For mass tmber Duliding cloments, the choice of
construcson type can have » significant impact on concealed
SPO0O requIrements. Because mads Umber Sroducts such &
cross-laminated timber (CLY) are prescriptively recognized
for Type IV construction, these I3 8 COMMON Mnperception
that exposed mass Smber bulding elements canmot be used
Of exposed In oher CONSUCTION Types. This is not Ihe Case

In 203ton 30 Type IV Dulidings, struchural mass Smber
elements —~inchading CLT. ghue laminated tmber (ghulem)

nadl daminated timber (NLT). structural composhe lumber (SCL)
and tongue-and-groowe (TEG) decking —<can be wtillred and
exposed in the following conatruction types, whether o¢ not

a fro-rosistance raang Is requirect

« Type il - Floces, 1008 and ntonor walls mary Be any material
pormitied by code, INCIUAng mass Bmber, exterion wals are
required to Be noncombuntible of fre retardant-troated wood

« Type V « Flodrs. 10085, interion walls and exterior walls
fLe., the entire struCiure) may De Constructed of mass timber

« Types | and Il - Mass Senbar may Do vied In select
CHTUMALANCces sUCh 85 P00f COMANUC LGN — INChaaing The
primary Same b e 2001 18C — in Types 1-8, A o 1B
extanicr Columaa and arches whea 20 feet or more of
horizontal separation Is provided. and balcones, cancpies
and pimilar projections.

INTRO. Ceveland | Oevelana, Qnio

- 2 - Harbor Bay Real Extate ASVisSR
HPA A Miectre
-

The John W. Olver Design Building at UMass
Ambherst includes exposed wood structure

in some areas and dropped ceilings in others.
Architect: Leers Weinzapfel Associates

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

Concealed Spaces Timber Structures.pdf



https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Concealed_Spaces_Timber_Structures.pdf
https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Concealed_Spaces_Timber_Structures.pdf
https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Concealed_Spaces_Timber_Structures.pdf
https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Concealed_Spaces_Timber_Structures.pdf
https://www.woodworks.org/wp-content/uploads/wood_solution_paper-Concealed_Spaces_Timber_Structures.pdf

Construction Types

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

Image: Christian Columbres Photography



Construction Types

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

Type lll: 6 stories

Credit: Christian Columbres Photography

Type V: 4 stories

Credit: Ema Peter

Type |V: 6 stories



Construction Types New Options in 2021 IBC
Allowable mass timber building size for

group B occupancy with NFPA 13

Office — 270 ft. .
Assembly (18 stories) Sprl nkler
Residential —
Office 180 ft
Mercantile Assembly (12 stbries)
(12 stories) — Residential —
Office —85ft.
Mercantile (9 stories) —— (9 stories)
(8 stories) — Residential —
(8 stories)
Assembly —
Mercantile
(6 stories)
Type IV-A Type IV-B Type IV-C
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Key Early Design Decisions

Construction type influences FRR

TABLE 601
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS)

TYPE IV

BUILDING ELEMENT

Primary structural frame’ (see Section 202)

HT

Bearing walls
Exterior®! 3 2 1
Interior 32 22 1

o O

Nonbearing walls and partitions
Exterior

Nonbearindg walls and partitions
Interior

Floor construction and associated secondary members
(see Section 202)

See
Section

602.4.6

Roof construction and associated secondary members
CC C )

Source: 2018 IBC



Key Early Design Decisions

Construction type influences FRR

I ADLE DU
FIRE-RESISTANCE RATING REQUIREMENTS FOR BUILDING ELEMENTS (HOURS

TYPE I TYPE IV
A B c

Primary stmictural frame’ (see Section 202) 1~ 0 3 2
Bearmg walls
Exterior™* 3 2 1 0
Interior 37 27 1 0
Nonbearing walls and partitions See Table 705.5
Exterior

BUILDING ELEMENT

Nonbearmg walls and partitions _ See
Interior” 0 0 0 0 Section

2304.11.2

Floor construction and associated secondary
strctural members (see Section 202)

Roof construction and associated secondary
structural members (see Section 202)

Source: 2021 IBC



Construction type influences FRR

» Type IV-HT Construction (minimum sizes)
» Other than type IV-HT: Demonstrated fire resistance

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

sizing

NTE

RNATIONAL /~./ 8 ji
BUILDING AR
CODE ) /

-
m -
| Fire Testing

e Laboratory oA
NGC

e

TEST REPORT

‘.
American Wood Councll
222 Catoctn Cecle SE, Sulte 204

Losatung, WA 20178

Slato £ WP ode o
Fire Tests of Duiicing Conavructon end Materats
ASTME 1 - 11a

Tow A - " o~
P

b e et 4 S Bt @ | s baeg

F—— -

- - —— tn ——— — ——— . ——

T . ——— - —— —— ——




Construction type influences FRR

Which Method of Demonstrating FRR of MT is Being Used?
» Calculations in Accordance with IBC 722==»NDS Chapter 16

» Tests in Accordance with ASTM E119

Unexposed surface

0 1,'1-‘1 1!2.;1'3.

—
m.'
= B
-
S
B

=N =\ ),//;A::\\\\

achar
-

Aeff = 1'zachar . "
Solid wood with Char zone

full strength

Credit: Urban One
Fire exposed surface



FRR Design of MT

Calculated FRR of Exposed MT:
IBC to NDS code compliance path

|BC'
NTERNATIONAL

BUILDING
“"ODE

NATIONAL DESIGN SPECIFICATION®

Tor Wood Corntruction wit menvent sy

AMERICAN
WOOD
COUNCIL

Code Path for Exposed Wood Fire-Resistance Calculations

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

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)

NDS Chapter 16
Fire Design of Wood Members

* Limited to calculating fire resistance up to 2 hours

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

¢ TR 10 and NDS commentary are helpful in
implementing permitted calculations.



FRR Design of MT

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

NDS

NATIONAL DESIGN SPECIFICATION with B“=1'5ln'/hr']
Required Effective Char Depths, a.,,
Fire (in.)
Endurance lamination thicknesses, him (in.)

(hr.) 58 | 34| 7/8 | 1 |1-1/4] 1-3/8 |1-1/2|1-3/4| 2
AMERICAN 1-Hour 22 (2221 (20| 20 | 19 1.8 | 1.8 | 1.8
@ s 1'4-Hour 34 |32 31 |30 29| 28 | 28 | 28 | 2.6
2-Hour 44 |43 | 41 (40| 39 | 38 | 36 | 36 | 3.6




FRR Design of MT

Nominal char rate of 1.5”/HR is recognized in
NDS. Effective char depth calculated to account 2
for duration, structural reduction in heat-affected &

zone
Credit:'ﬁaup
Table 16.2.1A Char Depth and Effective Char Table 16.2.1B Effective Char Depths (for CLT
De or a=15in./hr.
pth (for pn /hr.) with p.=1.5in./hr.)
Char Effective Char Required Effective Char Depths, a .,
Required Fire Depth, Depth, . fi“‘ _____(in) ,
Resistance 8cpar By n {]lll:l.}]lte lamination thicknesses, hiw (in.)
(hr.) (in.) (in.) : si8 | 34| w8 | 1 [1-14] 138 |1-12] 134 2
1-Hour 15 | 8 1-Hour | 22 |22| 21 (20|20 19 | 18| 18| 18
1 %-Hour 21 25 1%Hour | 34 |32 31 [30| 29| 28 | 28| 28| 26
2-Hour 2.6 3.2 2-Hour | 44 [43| 41 |40 39| 38 | 36| 36| 36




WoodWorks Inventory of F

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

ire Tested MT Assemblies

@ WoodWorks™

WOOD PRODUCTS COUNCIL

il s 0 T

Towma id s snlins

o Wil ot v

CLT Pand Manufa ctu rer o hs‘:;’:: e Ceiling Protection i c"_::ﬁ'“ - Floor Topping Load Rating Aﬁ:ﬁm:i' Source Testing Lab

| ]-Ij:;y;;Lﬁ-:i " e SPF miu!i];' L jEMSR 2 layers 1/2" Type X gypsum Hali-Lap Nane i M:d:‘lwm 1 1(Test 1) NRC Fire Laboratory

11053 '::3;3131; i Structulam SPF #1/#2 x SPF #1 /52 1 layer $ /87 Type Xgypsum Half Lap Nane 151~.M§:1mh3 1 1 {Test 5) NRC Fire Laboratory
.]15512:::5_ , Nord ic El None Topside Spline 2 staggered layers of 1 /2% cement boards o n::.i?:m. 3 3 NRC;:’;:?:}T:‘”F
u-,i:],z:::s., Nosdic El ]IJ:::J,: fnidkﬂf.;:{;::"ﬂ: ':i: ::_ Topside Spline 2 staggered layers of 1 /2" cement boards o r:’:i‘f'i‘_'wr 2 s NEC E‘;LZ‘:’;‘:‘MW
| e : - s P :
ety Morkle H HiaperS/1° narmil gypsam Topside Spline i::;f?:‘:ﬁpt::;:ﬂ:::t mmﬁﬁim, : ! uL
u‘.‘ssz:::_ﬂ 5 Mordic El ll.j::_: S: '-': r;%}:ia?i;z::.;i:;l Half-Lap None . h::.:’i " 2 2 R{;:ggl:z
mss-:;g:::s_ : Structurlam " zirjsppnz None Topside Spline 1-1/2° Lhuu;::fp:::i‘tn: over Maxxon o n::.i?:m. g4 5 il TR ahE
11155:2:..:::5'; DR Johnson Wi None h:’i‘;;?“ 2® gypsumtopping See LL:::! A 3 7 SwRI {May 2016}
mss-:; “l_;J‘_T‘ls‘ ; Nordic SPF 11 v; I:}FF:J MSR None Half-Lap None Swmff:ipm.y L5 1 (Test 3) NRC Fire Laboratory
11‘.'55:]; :ﬁri Structurdam SPF #1/#2 x SPF #1 /82 1 layer § /8" Type Xgypsum Half-Lap None — ;‘""‘m":‘::fiw‘_jw 2 1 {Test &) NRC Fire Laboratory
.3:5:‘;];?:;_’ Struerurlam SPF 122 « SPF #1752 None Half-Lap Nane 101% Exﬁ:: ::i.p.:;.} 25 AL NRC Fiee Laborstory
.J«ilﬁfﬂ i SmanLam SLv4 None Half-Lag nominal 1/2* plywood with 8d nails. o n::.l;: s a 12 (Test 4 w"ﬁ‘l‘;zzj:}f:m
Rty Sl s i None Half-Lap sominal 112° plywood with 8 nails. g il 2 12 (Test ) Wt‘”}*';z ;E}f:“ﬂ
']15;:::;:5_) DR Johnson Vi None Half-Lap nominal 112% plywood with £d nails. . h:::‘f'i‘i L 2 12 (Test 6) W&I"ITGTE}?:“”

SplycLy KLH CVIMI Mone Falf-Lap & Noas Londed, 1 1% SwRl




FRR Design of MT

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

Each has unique benefits:

» Testing:

» Can result in higher FRR for some assemblies when compared to calculations (i.e.
2-hr FRR with 5-ply CLT panel).

» Seen as more acceptable by some building officials
» Calculations:
» Can provide more design flexibility

» Allows for project span and loading specific analysis



RR Design of MT

Mass Timber Fire Design Resource
» Code compliance options for demonstrating FRR
» Free download at woodworks.org

Richard Mclain, PE

Scott Beeneman, MO, LS8

Fire Design of
Mass Timber Members

Code Applications, Construction Types and Fire Ratings

For many years, exposed heavy timber framing elements
have been permitied in U S buddings due to ther inherent
fre-resisiance propertes. The peodictablity of wood's
Chat 1ale has Deen wol-establahed for Gecades and has
10ng been 1ecogrized » buliding Codes and slandards

Today, one of the exciting trends in bulicing design is
the growing use of mass tmber—Le., large s0kd wood
panel products such as crossdaminated tmber (CLT)

8o nal-laminated Smber INLT)—1or Booe, wall and rood

Construction. Like hoavy Bmbed, mass UmbBer products
have inherent fre resistance that sliows them 10 De left
exposed and sl achieve a fre-ressiance rating (FRR)
Because of thek strength and dmensional stabiity, these
Products also offer an altermative 10 steel, concrete,

853 MasOnty Io¢ Many ADORCAUONS, Dl Bave & much
Ighter carbon footpring. It i this combination of exposed
structure and strength that developers and designers
210535 The Country ane leveraging %0 create innovative
Jesigns with a waem yet moderm aesthetic, often for
Projects That 0O Deyond traditional Norms.

This paper has Deen writion 50 support aechitects

and engineers exploning the use of mass tmber for
commeecial and multi-family construction. it focuses
On Bow 1O Mot fire-sesistance requirements i the
Pternational Buiiding Code 0BC) Inc uding calculation
o testng Daved methods Uniess otherwise noted,
references refer 10 the 2021 8C

Mass Timber & Construction Type

Before demonstrating FRRs of exposed mass timber
clements, &'s important 10 understand under what
CHOUMALANC oS The CO00 Curmently allows the use of mass
Umber In COMMancial and multh-family CoOntraction

A bulaing's assigned construction type s the main
nacator of where and when a8 wood systems can be
used. 1BC Section 602 defines five main options (Type |
through VX Types L IL W and V have subcategories A
a3 B, white Type IV has subcategories IV-HT, V.A, V-8B
0o IV-C. Types 1L IV and V permit the use of wood

framing throughout much of the structure and are used
extensively for modern mass tmber bulkangs.

Type M 1BC 602.3) ~ Timber cloments can bDe used

0 Boces, roofls and intenor walls. Fiee-retardant-tosted
wood FRTW) framing s permitted In exterion wals
required %0 have an FRR of 2 hours or less

Type V (18C 602.5) « Timber elements can be used
W oughout the structure, Including Noors, 1oofs and both

Nlenor and extenor walls

Washington Founders Hall

A ementc Associates
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Structural Grid

Grids & Spans
» Consider Efficient Layouts ®+-— i - =
» Repetition & Scale D }| . - |
.. 24°-07 ; i s somsesp |
» Manufacturer Panel Sizing 1k g . . .
i i
» Transportation @ - — - % I I %F ] ﬁl[}
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Structural Grid

Grids & Spans

»

»

)

A

»

Consider Efficient Layouts
Repetition & Scale
Manufacturer Panel Sizing
Transportation
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Structural Grid

Member Sizes
» Impact of FRR on Sizing
» Impact of Sizing on Efficient Spans

» Consider connections — can drive member
sizing

O HR FRR: Consider 3-ply Panel
» Efficient Spans of 10-12 ft
» Grids of 20x20 (1 purlin) to 30x30 (2 purlins) Albina Yard, Portland, OR

20x20 Grid, 1 purlin per bay

may be efficient 3-ply CLT

Image: Lever Architecture




Structural Grid

Member Sizes
» Impact of FRR on Sizing
» Impact of Sizing on Efficient Spans

» Consider connections — can drive member
sizing

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

. . . First Tech Credit Union, Hillsboro, OR
» GI’IdS Of 15X30 (nO purhnS) tO 30)(30 (1 purhn) 12x32 Grid, One-Way Beams

. . 5-ply (5.5”) CLT
may be Eff|C|ent Imagpe:VSwinerton

/// y

" A




New Mass Timber Floor Vibration Guide

Worked office, lab and residential Examples

Covers simple and complex methods for bearing wall and frame supported
floor systems

U.S. Mass Timber
Floor Vibration

DESIGN GUIDE
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Connections

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

St / / ( / ' g
. - / j
p ’Z ' L . o /
] ~ ,f/ /5 F, i/ o .
” o s % 4
i \

-

Photo: Christian Columbres

Photo: Josh Partee



Connections

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

Connection FRR and beam reactions could impact required beam/column
sizes

e
.
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Photos: Simpson Strong-Tie




Connections

Member to member bearing also commonly used, can avoid some/all steel
hardware at connection




Connections

Member to member bearing also commonly used, can avoid some/all steel
hardware at connection

m

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

O
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Connections

Other connection design considerations:
» Structural capacity
» Shrinkage

)

A

Constructability

» Aesthetics
» Cost

Credit: Alex Schreyer



Mass Timber Connections Index

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

A

WOODWORKS ?
$ KL&A

ARCHITECTURE
SWINERTON
URBAN DESIGN MASS TIMBER

INTERIOR DESIGN

Engineers & Builders

WoodWorks Index of
Mass Timber Connections

| B l L
"

-I \ 1 '*f\
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MEP Layout & Integration

Set Realistic Owner Expectations About Aesthetics
» MEP fully exposed with MT structure, or limited exposure?
» Also consider acoustic impacts of MEPF routing




MEP Layout & Integration

Key considerations:
» Level of exposure desired

» Floor to floor, structure depth & desired head
height

» Building occupancy and configuration (i.e.
central core vs. double loaded corridor)

» Grid layout and beam orientations
» Need for future tenant reconfiguration
» Impact on fire & structural design: concealed

spaces, penetrations
Credit: WoodWorks ‘




MEP Layout & Integration

Smaller grid bays at central core (more head height)

» Main MEP trunk lines around core, smaller branches in exterior bays

.
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Credit: WoodWorks

Credit: Blaine Brownell



MEP Layout & Integration

Dropped below MT framing
» Can simplify coordination (fewer penetrations)
» Bigger impact on head height

Credit: Alex Schreyer

- ’ "'. :
redit: Wobdeor .’/‘
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MEP Layout & Integration

In penetrations through MT framing

» Requires more coordination (penetrations)

» Bigger impact on structural capacity of penetrated members
» Minimal impact on head height

— : T -‘-"

-

T o —
S )



MEP Layout & Integration

In chases above beams and below panels

» Fewer penetrations

» Bigger impact on head height (overall structure depth is greater)
» FRR impacts: top of beam exposure

Credit: KL&A Engineers & Builders




MEP Layout & Integration

In raised access floor (RAF) above MT
» Aesthetics (minimal exposed MEP)
» Acoustic impacts (usually thinner topping req'd)

IIT'—'

| |||| ll---’""'
7.1 ‘.‘!‘!

NON-RAF

Credit: BOKA Powell



MEP Layout & Integration

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

Credit: Global IFS
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Lateral System Choices

Concrete Shear walls

Credit: Hacker Architects



Lateral System Choices

Steel Braced Frame
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Photos: Marcus Kauffmann,-ODF



Lateral System Choices

Wood-Frame Shear walls




.....

MT Shear walls

Lateral System Choices

Photo: Alex Schreyer




Lateral System Choices

MT Rocking Shear walls

/ POST-TENSIONING ANCHORAGE

GRAVITY BEAM-TO-COLUMN PINNED GLULAM COLLAR

CONNECTION BEAM AND BOUNDING
COLUMN CONNECTION

NDIN AM 2t

ggll.JUMDNSG GLUL L CLT WALL PANELS

U-SHAPED FLEXURAL PLATE —— =4 | . CLT FLOOR-TO-WALL

CLT FLOOR PANELS OVER —— : CONNECTION

GLULAM BEAMS CLT SHEARWALL SPLICE

SEULAM SOLLARFEAR HIGH-STRENGTH POST-
TENSIONED THREAD BAR

ROCKING TOE DETAIL

«-— CONCRETE BASE

ELEVATION - POST-TENSIONED ROCKING WALL (STATIC STATE)

Image: KPFF

Photo: WoodWorks



Lateral System Choices

Timber Braced Frame

Credit: Alex Schreyer. ¥ =



Lateral System Choices

Prescriptive Code Compliance

Concrete Shear walls
Steel Braced Frames 5091 SDPWS
Light Wood-Frame Shear walls ASCE 7-22

CLT Shear walls
CLT Rocking Walls
Timber Braced Frames

IBC‘
NTTENA TIONA
oL

B X XA AL

Minimum Design Loads and
Associated Criteria for
Bulidings and Other Structures
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Acoustics & Sound Control

Consider Impacts of:
» Timber & Topping Thickness

» Panel Layout

» Gapped Panels

» Connections & Penetrations
» MEP Layout & Type

Credit: Rothoblaas



Acoustics & Sound Control

Air-Borne Sound:

Sound Transmission Class (STC)

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

» Applies to walls and floor/ceiling assemblies
_I | | L
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Acoustics & Sound Control

Structure-Borne Sound:

Impact Insulation Class (11C)

» Evaluates how effectively an assembly blocks impact sound from
passing through it

» Only applies to floor/ceiling assemblies

.....

e — —




Acoustics & Sound Control

Code requirements only address residential occupancies:

For unit to unit or unit to public or service areas: IBC
Min. STC of 50 (45 if field tested):

BUILDING
CODE

» Walls, Partitions, and Floor/Ceiling Assemblies

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

AN
i



Acoustics & Sound Control

MT: Structure Often is Finish

. o i
Photos: Baumberger Studio/PATH Architecture/Marcus Kauffman | Architect: Kaiser + PATH
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Acoustics & Sound Control

But by Itself, Not Adequate for Acoustics




Acoustics & Sound Control

TABLE 1:

Examples of Acoustically-Tested Mass Timber Panels

Mass Timber Panel Thickness STC Rating IIC Rating
3-ply CLT wall® 3.07" 33 N/A
5-ply CLT wall* 6.875" 38 N/A
B-ply CLT floor® b.1875" 39 22
5-ply CLT floor*
7-ply CLT floor* 9.65" 44 30

3-1/2" bare NLT 24 bare NLT
i
2L NET o 4-1/4" with 3/4" plywood 29 with 3/4" plywood bic
5-1/2° bare NLT 22 bare NLT
&
L 6-1/4" with 3/4" plywood 31 with 3/4" plywood e
2x6 NLT floor + 1/2" plywood? 6" with 1/2" plywood 34 33

Source: Inventory of Acoustically-Tested Mass Timbar Assemblias, WoodWorks?




Acoustics & Sound Control

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

performance:

1. Add mass

2. Add noise barriers
3. Add decouplers

Image credit: Christian Columbres



Acoustics & Sound Control

Concrete Slab: CLT Slab:

6” Thick 6-7/8” Thick
80 PSF Crm—— | 8 P S
STC53 ++—mm— ST C 41



Acoustics & Sound Control

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

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

Finish Floor if Applicable

—_— e ——————————————————— ey

Acoustical Mat Product =

CLT Panel

No direct applied or hung ceiling



Acoustics & Sound Control

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

1. Add mass

2. Add noise barriers
—) 3, Add decouplers

Acoustical Mat:

» Typically roll out or board products
» Thicknesses vary: Usually %" to 1”7+

Credit: Maxxon



Acoustics & Sound Control

Acoustical floor underlayments

Photo: AcoustiTECH '°

Phota Phteq Inc..”

Phato: Maxxon Comoration



Acoustics & Sound Control

Common mass timber floor assembly:
» Finish floor (if applicable)
» Underlayment (if finish floor)

» 1.5” to 4” thick concrete/gypcrete topping
» Acoustical mat

» WSP (if applicable)

» Mass timber floor panels

Credit: AcoustiTECH



Acoustics & Sound Control

Solutions Paper

£y WoodWorks

WOOD PRODUCTS COUNCIL

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

Mt MaLan PY. W * Bavr

http://www.woodworks.org/wp-
content/uploads/wood solution paper-
MASS-TIMBER-ACOUSTICS.pdf
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Acoustics & Sound Control
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RANCNAL RO COUNCE, CANADA

REPORT TO RESEARCH CONSORTIUM
FOR WOOD AND WOOD-HYBRID
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Acoustics & Sound Control

Inventory of Acoustically Tested
Mass Timber Assemblies

Following is a list of mass timber assemblies that have been acoustically tested as of April
5, 2024, 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@woodwaorks.org or
contact the WoodWorks Regional Director nearest you:

http:/fwww. woodworks. org/project-assistance

Contents:

Tabde 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed ... &

Tabde 2: CLT-Concrete Composite Floor Assemblies, Ceiling Side EXposed. ... s i s s e 824508 245 884 £ 844 8 S5 450852 450 £ S £ AR SR SR £
Table 3: CLT Floor Assemblles without Concrete/Gypsum Topping, Celling SHIE EXPROSE ......oicoii ot et s s b s e 5402 e S A £ i At b
Table 4: Mass Timber Floor Assemblies with Raised Acoess Floor or Wood Sleepers, Ceiling Side EXPOSELl.......c.vee i seimsmsss s s s s mes e s s s amsnsss ey

Tabde 5: NLT, GLT & T&G Decking Floor Assemblies, Ceiling Side Exposed..................

Tabde B: Mass Timber Floor Assemblies with Ceiling Shde Concealed ... s s s sssmi

11
14

- 18
.

I 7 AU LT WUl o om0 0 0 0 0 0 0 000 0 0 0 01 8 0 2

TABIE B2 SINEIE LT WAL oo ciimiiis it e s smtbs s s 4 e 4 04 4§ 4 5825 254580 828045 84885845 4488405884 4 48 842 S A 0 et
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Acoustics & Sound Control

Inventory of Tested Assemblies
Table 1: CLT Floor Assemblies with Concrete/Gypsum Topping, Ceiling Side Exposed ¥ WoodWorks'

WOGD PROGUCTS ODLURIL

inish Floor if Applicable
oncrete Gy psum Topping

coustical Mat Product

CLT Panel | Concrete/Gypsum Acoustical Mat Product Between CLT and Topping Finish Floor 5TC! nct Source
Topping
None 477 ASTC 472 AlIC
VT - 492 AllC
. Carpet + Pad - 752 AlIC
Maxxan Acousti :
Mt 3/4 LVT on Acousti-Top® - 52T AllC
1-1/2" Gyp-Crete® Eng Wood on Acousti- 2 1
Top® - 51* AllC
None 49° ASTC 452 AlIC
Maxxon Acousti-Mat® 3 Premium VT - 477 AlIC
LVT on Acousti-Top® - 49 AlIC
MNone 458 39¢ 15
T 488 470 16
CLT 5-ply LVT Plus 488 495 58
(6.875") USG SAM N25 Ultra | Eng Wood 478 47¢ 59
Carpet + Pad 458 67" 60
Ceramic Tile 50° 46F 61
None 458 43¢ 15
4.9 597 1 anralemele® 1T Aps AAE 1g




Keys to Mass Timber Success:

Know Your WHY

Design it as Mass Timber From the Start
Leverage Manufacturer Capabilities
Understand Supply Chain

Optimize Grid

Take Advantage of Prefabrication & Coordination __§= |
Expose the Timber |
Discuss Early with AHJ

Work with Experienced People
Let WoodWorks Help for Free
Create Your Market Distinction

Photo Credit: Hacker Architects, Jeremy Bittermann



Mass Timber Construction:
Costing & Construction
Management

Kate Carrigg, PE
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Construction Management Program

Jason Reynolds, MBA, DBIA Brandon Brooks, MBA, PMP
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MULTI-FAMILY/MIXED-USE | EDUCATION | OFFICE | RETAIL | INDUSTRIAL | CIVIC | INSTITUTIONAL

WOODWORKS
Interested in building with mass timber?

Ask us anything. ;

FREE PROJECT SUPPORT o EDUCATION ¢ RESOURCES

Nationwide support for general contractors, erectors,
and trades relating to multi-family and commercial
mass timber buildings

» Preconstruction Scheduling

» Delegated design Protection and

» Moisture management remediation

» Procurement Installer training
» Connections MEPF Integration
» Project education Hybrid details

» Cost drivers Case studies

.
nerton, photo Bryan Aulick

| woodworks.org/project-assistance | help@woodworks.org R
eslIs rcnitecture, [olimes,



Step 1: Do Your Homework

W * Vet Potential Subcontractors

How to Successfully Cost Manage * Determine the Procurement Model
a Mass Timber Project * Procurement Models

Cost-Estimating Considerations for General Contractors

Step 2: Establish a Reliable Pre-Design Budget

e Basic Timber Pricing Dynamics

* Provide this Information for Better Supply Pricing

e Insights for Better Budgeting

* Choose Your List of Bidders

e Adjust Budgets for Other Trades Impacted by Timber

A determining factor in the success of 8 mass timber project—and whether it goes

L]
forward at all—is the general contractor’s ability to provide informed cost estimates Ste p 3 . M an age P roj ect Costs ( n ot cove red )
from the earliest stage of design. However, unlike other matenals, there isn't a hundred °
years of tradition and shared experience 10 guide budgeting, Cost management, and
competitive procurement, of readily avallable cost benchmarking

This paper IS intended to bridge that gap with guidance for minimizing whole project Ti m be r Bid d i ng Pa ckage — Bid d i ng Ch eckl ist ( not cove red )

costs and maximizing the value of mass timber projects. it has been writtén with an
emphasis on cross-laminated timber (CLT) and glue-laminated timber {glulam), but
applies generally to all mass timbeér materials. Follow these steps 1o more confidently
cost plan your neéxt wood buikling

https://www.woodworks.org/resources/how-to-successfully-cost-manage-a-mass-timber-project/



Step 1: Do Your Homework
Factors Influencing Cost Estimation

Design Complexity: High impact on material and labor costs

Material Availability:

* Regional differences in availability and pricing

* Understand which suppliers and subcontractors are appropriate
for your project and how best to use them

Procurement Model: Can impact the timber package price by as
much as 30%—or more than 5% of total project hard costs



Understanding Cost Impacts of Construction Type
Pre-Design Budget Example

4-story building on college campus

 Mostly Group B occupancy, some assembly (events) space
 NFPA 13 sprinklers throughout

 Floor plate =7,700 SF

 Total Building Area = 23,100 SF

Impact of Assembly Occupancy Placement:

Owner originally desires events space on top (4th) floor

* Requires Construction Type IlIA

If owner permits moving events space to 15, 2" or 3rd floor
* Could use Type IlIB



Understanding Cost Impacts of Construction Type
Pre-Design Budget Example

4-story building on college campus

Cost Impact of Assembly Occupancy Placement:

Location of Event Space___| dth Floor__| 1" Floor ___

Construction Type lI-A 111-B A

Assembly Group A-3 A-3 =

Fire Resistive Rating 1-Hr O-Hr | [wi[e]
Connections Concealed Exposed : " R \ e

CLT Panel Thickness 5-Ply 3-Ply | | | E.' ( ’ i ;‘
Superstructure Cost/SF $65/SF $53/SF Ea "

\\

The Canyons / Kaiser+Path, Cantena Consulting Engineers / Photo Jeremy Bittermann



Anatomy of a Turnkey Mass Timber Package

m Project Overhead
m [ abor
m Equipment

Panels are the
biggest part of the
biggest piece of the
cost pie

Source: Swinerton



Material (Direct Cost)

Turnkey Mass Timber Package

Source: Swinerton



Labor (Direct Cost)

Turnkey Mass Timber Package . : \‘;_-;

Photo: Swinerton

Source: Swinerton



Fabrication and Connection Considerations

Factory vs. field
Tolerances
Connection classes
Fire resistance

Inspections

John W. Olver Design
Building at UMass Amherst

Leers Weinzapfel Associates / Equilibrium
Consulting / Simpson Gumpertz & Heger
(EOR) / Suffolk Construction

Photo Alex Schreyer



GUIDES, MANUALS & INVENTORIES

WoodWorks Index of
Mass Timber Connections

A compilation of connections
used in mass timber construction

Platte Fifteen / OZ Architecture / KL&A Engineers & Builders
Photo Alan Ferrin
https://www.woodworks.org/resources/index-of-mass-timber-connections/
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Connection Classes and Fire Ratings

calculations

requirements

Connection | Class 1 Class 2 Class 3 Class 3

class

Fire May be inherently fire Requires additional Tested fire-resistance Requires additional
resistance resistant according to NDS protection to meet fire-rating | rating (as specified by

manufacturer)

protection to meet fire-rating
requirements

Connection
example

Beam Bears on Girder*

Beam Connected to Girder
with Steel Angles*

Beam Connected to
Girder with Concealed
Face-Mounted Knife Plate
Connector*

Beam Connected to Girder
with Proprietary Hanger*

*Table 8 in the Index



https://www.woodworks.org/resources/mass-timber-projects-inspection-ane @
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Construction Quality
Assurance on Mass Timber Projects:
Inspection and Observation

Considerations for project teams developing
inspection and cbservation plans

The Dea on Fasmer |

3
WP Bochaects (P¥ Apscciotes
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Step 1: Do Your Homework
Factors Influencing Cost Estimation

Design Complexity: High impact on material and labor costs

Material Availability:

* Regional differences in availability and pricing

* Understand which suppliers and subcontractors are appropriate
for your project and how best to use them

Procurement Model: Can impact the timber package price by as
much as 30%—or more than 5% of total project hard costs



Step 1: Do Your Homework
Vet Potential Subcontractors

Which products do you manufacture vs. which do you supply?
What services do you typically provide?
What is the ideal project for your company?

What is your lead time?



Mass Timber Construction

Photo: DR Johnson

Know your supply chain

»

)

~

»

)

~

Manufacturers - different species, grades and maximum panel/beam sizes
Trucking logistics and cost
Manufacturer specific CNC capabilities

3" party fabricators can have additional CNC capabilities

Photo: Sauter Timber



Understand Manufacturer’s Capabilities

Credit: TimberLab



Credit: Tanya Luthi, Entuitive

Understand Manufacturer’s Capabilities



Mass Timber Construction

» Staging areas
» Cranes
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Photo Credit: Alex Schreyer



Equipment (Direct Cost)

Photo: Alex Schreyer

Turnkey Mass Timber Package

_ Photo: Swinerton
Source: Swinerton



Step 1: Do Your Homework
Factors Influencing Cost Estimation

Design Complexity: High impact on material and labor costs

Material Availability:

* Regional differences in availability and pricing

* Understand which suppliers and subcontractors are appropriate
for your project and how best to use them

Procurement Model: Can impact the timber package price by as

much as 30%—or more than 5% of total project hard costs




Step 1: Do Your Homework
Procurement Models

Installer Furnish and Install
* Single contract between GC and installer; installer supplies material and
installation

Manufacturer Furnish and Install
* Single contract between GC and manufacturer; manufacturer subcontracts

installer

Furnish and Install Separately
 GC procures material direct from manufacturer; separate contract with installer

GC Self-Perform

Design-Build Subcontract



Procurement Logic for Scheduling

Source: Swinerton

Example 6 Story Type IlIA Project



Procurement Approach Determines Schedule
Example 6 Story Type IlIA Project

Jan1l-Feb1 Concept Design
Feb1-Apri Schematic Design
Apr1-Jull Design Development
Jull-Sep1 85% Construction Documents - Permit Set
Sep1-Decl 100% Construction Documents
Sep 1-Sep 27 [l General Contractor Bidding
Sep 27 - Oct 10 @ General Contractor Award
Oct 10 - Nov 6 ([l Mass Timber Subcontractor Negotiation/Buyout
Nov 6 | Release Mass Timber Subcontractor
Nov 6 - Jan 28 (I Mass Timber Shop Drawings
Jan 28 - Feb 10 [l Shop Drawing Approval
Feb 10 - May 4 (I Single Piece Shop Drawings, Coding, Fabrication & Delivery
May 4 -Jul 24 (I Mass Timber Installation
Mar 4 - May 4

Construction Duration

2019 2020 2021 2021

Source: Swinerton

Design-Bid-Build Procurement



Procurement Approach Determines Schedule
Example 6 Story Type IlIA Project

Jan1l-Feb1 Concept Design
Feb1-Apri Schematic Design
Apr1-Jull Design Development
Jull-Sep1 85% Construction Documents - Permit Set

Sep1-Decl 100% Construction Documents
Sep 1-Sep 27 [l General Contractor Bidding
Sep 27 - Oct 10 @ General Contractor Award
Jul1-Jul 26 (B Mass Timber Subcontractor Negotiation/Buyout
Jul 26 | Release Mass Timber Subcontractor
Jul 26 - oct 17 (R Mass Timber Shop Drawings
Oct 17 - Oct 30 [l Shop Drawing Approval
Oct 30 - Jan 22 (I Single Piece Shop Drawings, Coding, Fabrication & Delivery
Jan 22 - Apr 14 (I Mass Timber Installation
Dec1-Jan 31

Construction Duration

2019 2020 2021 2021

Source: Swinerton

Design-Build/Design-Assist Procurement



Early Move-In for Rough-In Trades.




Procurement Approach Determines Schedule

Construction Start

Compressing the Typical Construction Schedule with Mass Timber3.75.76
Look for these potential schedule savings in comparison to steel and concrete

¢ » Less soll remediation + smaller foundations

for sites with problematic soils
Below grade foundations + soils

« » Faster erection
(prefabricated + precise)

Mass timber structure

¢ Eatlier start® ‘ » If prefabricated, savings
In enclosure time
Buliding envelope/exterior
§——— Earlier start’ ‘ » MEP fully coordinated
In design phase &
therefore installed fastor
<t Earller start® ¢ » Less finishes with
exposed wood
Interior finishes structure
»
Overall mass timber construction schedule -
HE £5|5
*Earlior start for follow-up trades -1 K= w®lc
§ ) ‘: vy e U-.
no ing f 1 = .2, g _2,
82 O
o o
=0 g0
)

Up to 25% schedule savings
= Less carrying costs

+ Less GC overhead

+ Ability to lease/occupy sooner

Source: WoodWorks



Embracing BIM for Fabrication

Photos: Swinerton



Project Overhead

Cost Analysis Design Refinement

Turnkey Mass Timber Package VD&C Detail Optimization Logistics Plannin

Photos: Swinerton
Source: Swinerton



Schedule Impacts: Hybrid Structures

Photos: Swinerton



Step 2: Establish a Reliable Pre-Design Budget
Choose Your List of Bidders

Good to have three or four qualified/interested bidders to

cover both supply and installation scopes if not being bid
together

Not every project is the right fit for every supplier or installer
and producing a good bid takes time

It is important to have a flexible specification to meet the
design team’s intentions.



Step 2: Establish a Reliable Pre-Design Budget

Provide this Information for Better Supply Pricing

Components that will be timber
Grid size and structural typology
Elements that will be exposed and their fire ratings
Appearance grade requirements

Local sourcing and/or forest certification requirements



Pricing Breakdown

Concept/
Schematic

Design

Design
Development

Bidding

Timber

Supply
Package

CLT

Floorroof panels

Wall panels

Stair package

Visual grade

Temporary sealants

Factory-applied membranes

Predrilling/marking

Glulam

Beams

Columns

Blocking/stair package

Architectural finish

Cenrtification premium

Hardware

Connectors

Step 2: Establish a Reliable Pre-

Design Budget
Insights for Better Budgeting

Important to Ask Manufacturers and
Suppliers What is Included (and
Excluded) from Costs they Provide

FPreassembly

Fasteners and splines

Hardware shipping

Logistics

CLT shipping

=lulam shipping

Temporary storage

Other

Froject management/design assist

Schedule duration
Labor and c
equipment XIS e
Cin-site moisture management
Installation
Size
Crane
Duration
Staging yard | Duration
Taxes

Fabrication model/shop drawings

ltems in green are nof typically included in early pricing; develop
seporate budgets if needed



Mass Timber Construction
Cost Balancing

Biophilia
General
Conditions
Vertical

Structure

Foundations

Potential Savings

Acoustic Exterior
Floor Facades
Assembly

Moistur Roof
0|stu’re Assembly
Protection

Fire
Protection

Potential Premiums
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How to Successfully Cost Manage
a Mass Timber Project

Cost-Estimating Considerations for General Contractors

A determining factor in the success of & mass timber project—and whether it oo
forward at ali—is the general contracior’s abiity %0 provide Informed Cost estimates
from the carfiest stage of design. However, uniie other materials, theee 't & hundred
yoars of v nd shared expener o il MANMOEMENE, and

compotn ement, Of reacly v o gy ing

ber (ghutam)

0 more

https://www.woodworks.

org/resources/how-to-successfully-cost-manage-a-mass-timber-project/
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Mass Timber
Construction
Manual

The Soto / Hixon Properties
BOKA Powell
Photo: StructureCraft
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Material Protection

» Moisture

» UV rays

» Damage

New Land Enterprises /

Korb + Associates Architects /
Thornton Tomasetti /

C.D. Smith Construction
Photo C.D. Smith




Managing Moisture: Mass Timber Guide

» Start early
» Evaluate risks
» climate & season
» water mgmt. during construction

» exposure duration

» shipping & storage

Hill! « N

- MOISTURE RISK MANA EMENT STRATEGI 1~
{ R MASS TIMBER BU INGS

.," A guide for designers, constrt m‘ lonals
, a bulldlng dmlopors

» Prepare construction phase moisture i

management plan

-

I
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Moisture Management Plan

Planning starts at the earliest stage
and is collaborative.

Construction team responsibilities include:

» Construction phase plan; on-site strategies
based on risk evaluation

» Coverings
» Deflection/diversion
» Ventilation/drying

» Anticipating and troubleshoots issues

» Monitoring

Type and Extent of Protection

» Decision by architect/contractor

« Appearance requirements

« Extent and cost of protection methods

« Protection in fabrication plant and/or on jobsite

» Capability of fabricator

« Capability of installer/moisture protection subcontractor
» Schedule protection plan

» Protection prior to installation

« Protection during installation

« Protection after installation

Moisture Management Responsibility and Risk
- Responsibility for managing and cost of the plan

Contractor and/or fabricator

- Conditions to be considered
« Schedule delays and revisions

« Construction weather conditions (worst case)

Monitoring Moisture Before, During and After Construction
- Coordination with concrete topping activities
«  Roofing material

» Columns, beams and floor/wall panels

U.S. Mass Timber Construction Manual / WoodWorks




Expert Tips: MT Coatings

»

Protective treatments vs. finishes

»

»

Protective undercoat typically applied in shop

Additional coats for protection and beauty

A

WOODWORKS

h 4

Expert Tips

Architectural Finishes and Mass
Timber: A Primer

Covers coatings and how to choose them, protective
treatments vs. finishes, best practices for protecting wood in
situ, and maintenance cycles

Adidas North Amernics

Bittermann




Transportation & Storage
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Panel Joint Treatment

L T —-—— S

e — e

il

Harbor Bay Ventures / Hartshorne Plunkard
Architecture / Forefront Structural Engineers /
Fast + Epp / Panzica Construction

Photos WoodWorks
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Membranes can be spray-applied, sheet product
(adhesive or non), or board/sheathing product.

Vaproshield



Platte Fifteen
Oz Architecture / KL&A Engineers & Builders /
Adolfson & Peterson Construction

DeﬂeCtion & DiVerSiOn Photo WoodWorks

From Moisture Risk Management Strategies for Mass Timber Buildings,
© 2020 RDH Building Science Inc.



Moisture Monitoring

Monitor the moisture content
(MC) of wood materials
throughout construction.

»

»

»

»

When materials are received
Regular intervals
After rainfall

Before drying in

Desired MC at

Product MC at Project Close-in
Manufacture with Direct-Applied
Concrete Toppings
CLT 129% +/- 3%a <16%
GLT 12-16%"° <16%
NLT <19%¢ <16%
DLT 15-19%¢ <16%

Sources: °PRG-320 standard, PANSI A190.1,

‘Nail-Laminated Timber Design Guide — U.S. Edition,

and DLT Design and Profile Guide




The best way
to minimize
exposure to
moisture 1s to
close in the
project quickly.

INTRO / Photo Harbor Bay Ventures



Building Envelope: Mass Timber Detailing Guides

WoodWorks provides
structural details on our
website. However, those
don’t consider control
layers of the building
envelope.

VAPROSHIELD
MAass TimBerR BUILDING
EncLosure DEesIGN GUIDE

These are two great
guides with example
building envelope
details for mass timber.

ASS TIMBER BUILDING ENCLOSURE ,'\f“ |
) GUIDE VIR

f

el
) -A-jtis_ PRACTICE DES

l . "-I BUILDING
3 SCIENCE

VaprollSHiELD




QUESTIONS?

This concludes The American
Institute of Architects Continuing
Education Systems Course




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 2026

Funding provided in part by the Softwood Lumber Board

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.



	Intro
	Slide 1
	Slide 2
	Slide 3
	Slide 4

	MT Overview
	Slide 5: Mass Timber Construction: Products, Performance & Design
	Slide 6: Mass Timber – What is it?
	Slide 7
	Slide 9: Mass Timber Framing Systems
	Slide 10: Post and Beam
	Slide 11: Two-Way Panels
	Slide 12: Hybrid Light-Frame & Mass Timber
	Slide 13: Honeycomb
	Slide 14: Mass Timber Framing Systems
	Slide 15: Glulam
	Slide 16: Glulam
	Slide 17: Glulam Specs
	Slide 18: Glulam Specs
	Slide 19: Glulam Appearance Grades
	Slide 20: Glulam Layup
	Slide 21: Glulam Built-Up Sections
	Slide 22: Flexibility of Spans and Shapes
	Slide 23: Mass Timber Framing Systems
	Slide 24
	Slide 25

	NLT
	Slide 26: Nail Laminated Timber
	Slide 27: Nail Laminated Timber (NLT) Panels
	Slide 28: Nail Laminated Timber (NLT) Panels
	Slide 29: Nail Laminated Timber (NLT) Panels
	Slide 31: Nail Laminated Timber (NLT) Panels
	Slide 33: Nail Laminated Timber (NLT) Panels
	Slide 34: Nail Laminated Timber (NLT) Panels

	DLT
	Slide 36: Dowel Laminated Timber (DLT)
	Slide 37: Dowel Laminated Timber (DLT) Panels
	Slide 38: Dowel Laminated Timber (DLT) Panels
	Slide 39: Dowel Laminated Timber Profile Options

	GLT
	Slide 40: Glue Laminated Timber (GLT) Panels
	Slide 41: Glue Laminated Timber (GLT) Panels
	Slide 42: Glue Laminated Timber (GLT) Panels
	Slide 43: Glue Laminated Timber (GLT) Panels

	CLT
	Slide 44: Cross Laminated Timber (CLT)
	Slide 45: Cross Laminated Timber (CLT)
	Slide 46: Cross Laminated Timber (CLT) Common Layups
	Slide 47: Cross Laminated Timber (CLT) Panel Fabrication
	Slide 48: Cross Laminated Timber (CLT) Prefabrication
	Slide 49: Cross Laminated Timber (CLT)
	Slide 50: Cross Laminated Timber (CLT)
	Slide 51: Cross Laminated Timber (CLT) Product Reports

	SCLT
	Slide 53: Mass Plywood Panels (MPP)
	Slide 54: Mass Plywood Panels (MPP)

	WIN
	Slide 55
	Slide 56
	Slide 57
	Slide 58
	Slide 59

	Early Design Decisions
	Slide 60: Early Design Decisions: Priming Mass Timber Projects for Success
	Slide 61: Outline
	Slide 62: Key Early Design Decisions 
	Slide 63: Key Early Design Decisions
	Slide 64
	Slide 65
	Slide 66: Key Early Design Decisions
	Slide 67: Outline
	Slide 68: Construction Types
	Slide 69: Construction Types
	Slide 70: Construction Types
	Slide 71: Construction Types
	Slide 72: Construction Types
	Slide 73: Construction Types
	Slide 74: Construction Types
	Slide 75: Construction Types
	Slide 76: Construction Types
	Slide 77: Construction Types
	Slide 78: Construction Types
	Slide 79: Construction Types
	Slide 80: Outline
	Slide 81: Key Early Design Decisions
	Slide 82: Key Early Design Decisions
	Slide 83: Construction type influences FRR
	Slide 84: Construction type influences FRR
	Slide 85: FRR Design of MT
	Slide 86: FRR Design of MT
	Slide 87: FRR Design of MT
	Slide 88: WoodWorks Inventory of Fire Tested MT Assemblies
	Slide 89: FRR Design of MT
	Slide 90: FRR Design of MT
	Slide 91: Outline
	Slide 92: Structural Grid
	Slide 93: Structural Grid
	Slide 94: Structural Grid
	Slide 95: Structural Grid
	Slide 96: New Mass Timber Floor Vibration Guide
	Slide 97: Outline
	Slide 98: Connections
	Slide 99: Connections
	Slide 100: Connections
	Slide 101: Connections
	Slide 102: Connections
	Slide 103: Connections
	Slide 104: Mass Timber Connections Index
	Slide 105: Outline
	Slide 106: MEP Layout & Integration
	Slide 107: MEP Layout & Integration
	Slide 108: MEP Layout & Integration
	Slide 109: MEP Layout & Integration
	Slide 110: MEP Layout & Integration
	Slide 111: MEP Layout & Integration
	Slide 113: MEP Layout & Integration
	Slide 114: MEP Layout & Integration
	Slide 115: Outline
	Slide 116: Lateral System Choices
	Slide 117: Lateral System Choices
	Slide 118: Lateral System Choices
	Slide 119: Lateral System Choices
	Slide 120: Lateral System Choices
	Slide 121: Lateral System Choices
	Slide 122: Lateral System Choices
	Slide 123: Outline
	Slide 124: Acoustics & Sound Control
	Slide 126: Acoustics & Sound Control
	Slide 127: Acoustics & Sound Control
	Slide 128: Acoustics & Sound Control
	Slide 129: Acoustics & Sound Control
	Slide 130: Acoustics & Sound Control
	Slide 131: Acoustics & Sound Control
	Slide 132: Acoustics & Sound Control
	Slide 133: Acoustics & Sound Control
	Slide 134: Acoustics & Sound Control
	Slide 135: Acoustics & Sound Control
	Slide 136: Acoustics & Sound Control
	Slide 137: Acoustics & Sound Control
	Slide 138: Acoustics & Sound Control
	Slide 139: Acoustics & Sound Control
	Slide 140: Acoustics & Sound Control
	Slide 141: Acoustics & Sound Control
	Slide 142: Keys to Mass Timber Success:

	MT Costing
	Slide 143: Mass Timber Construction: Costing & Construction Management
	Slide 144
	Slide 145: Mike Romanowski
	Slide 146
	Slide 147
	Slide 148
	Slide 149: Step 1: Do Your Homework Factors Influencing Cost Estimation
	Slide 150
	Slide 151
	Slide 152
	Slide 153
	Slide 154
	Slide 155
	Slide 156
	Slide 157
	Slide 158
	Slide 159: Step 1: Do Your Homework Factors Influencing Cost Estimation
	Slide 160
	Slide 161: Mass Timber Construction
	Slide 162
	Slide 163
	Slide 164: Mass Timber Construction
	Slide 165
	Slide 166: Step 1: Do Your Homework Factors Influencing Cost Estimation
	Slide 167
	Slide 168
	Slide 169
	Slide 170
	Slide 171
	Slide 172
	Slide 173
	Slide 174
	Slide 175
	Slide 176
	Slide 177
	Slide 178
	Slide 179: Mass Timber Construction Cost Balancing
	Slide 180

	Mass Timber Construction
	Slide 181
	Slide 182
	Slide 183: Managing Moisture: Mass Timber Guide
	Slide 184: Moisture Management Plan
	Slide 185: Expert Tips: MT Coatings 
	Slide 186: Transportation & Storage
	Slide 187: Panel Joint Treatment
	Slide 188: Coverings 
	Slide 189: Membranes can be spray-applied, sheet product (adhesive or non), or board/sheathing product.
	Slide 190: Deflection & Diversion
	Slide 191: Moisture Monitoring
	Slide 192: The best way to minimize exposure to moisture is to close in the project quickly. 
	Slide 193: Building Envelope: Mass Timber Detailing Guides
	Slide 194
	Slide 195


